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L&i noi dau

Dé1 véi ky su diéu khién - ty d6ng héa néi riéng va nhitng ngudi nghién ciru
khoa hoc — k thuat néi chung, md phéng la céng cu quan trong cho phép khao
sat cac d6i tugng, hé thong hay qua trinh ky thuat — vat ly, ma khong nhat
thiét phai c6 doi tugng hay hé thong thuc. Duge trang bi mot céng cu mé phong
manh va cé h1eu biét vé cac phudng phdp mé hinh héa, ngu01 ky su s& c6 kha
nang rat ngan thoi gian va giam chi phi nghién cUu phat trién san phim mét
cach dang ké. Diéu nay dic biét ¢ y nghla khi sdn pham la cic hé théng thiét
bi k§ thuat phiic hgp véi gia tri kinh t& 16n. Cac khai niém mé phéng Off-Line,
Software-in-the-Loop, Hardware-in-the-Loop (hay Real Time Simulation: md
phdéng thdl gian thlIC) va Prototyping, da thé hién rdé nét cac bude clia qua trinh

phat trién san phdm véi sy hd trg clia may tinh.
Trong nhiéu nam qua, ngudi bién soan sach nay da st dung phan mém md
phong MATLAB & Simulink trong hoat dong nghién citu — phat trién thyc tién
va giang day clia minh. Dac biét, khi diéu kién thi nghiém tai trudng dai hoc
nudc ta con rat thi€u thén, phdn mém trén da gép phan hitu ich trong qua trinh
dao tao cac ky su didu khién - tu dong héa. Tuy nhién, viéc thi€u mot tai liéu
tham khao thich hgp da han ché& hiéu qua dao tao. Véi MATLAB & Simulink ta
¢6 trong tay mot cong cu mé phong manh kém theo tai liéu dudi dang files .pdf
vd cung chi ti€t va phong phu. Nhugc diém chinh cua cac tai liéu 46 la: 1.
Ching khéng hé truyén dat cho ngudi doc kién thiic vé phuong phdp mo hinh
héa; 2. Ching qua chi tiét, dén mic tan man, va vi vay da lam mat khéng it
thai gian ctia ngudi hoc. Nhu cdu vé mot tai liéu bing tiéng Viét, khic phuc
dugc hai nhuge diém d6, 1a nhu cau bic xtc clia qua trinh dao tao, khién tac gia
dat quy&t tAm bién soan cudn sach nay.
Cuén sach bao gom ba phan chinh:
1. Phan co s¢ vé MATLAB va mdt vai Toolbox quan trong. Phan nay goém
cac chuong 1 - 5.

2. Phéan gidi thidu Simulink va cac thu vién & kém. Phan nay gém céc
chuong 6 — 9.

3. Phan gidi thidu Motion Control Blockset, cong cu khao sat cac hé thong
diéu khién chuyén déng. Phan nay gém cac chuong 10 — 12.

Phan 1 va 2 dugc bién soan chu y&u dya trén nén giio trinh vé MATLAB (tai
liéu [1]) cha dai hoc Miinchen (CHLB Dtc). Phan 3 bao gém cac két qua nghién
clu ctia ban than tac gid, cia ddng nghiép (tai lidu [9]) va cla sinh vién tai dai
hoc Bach Khoa Ha Nai. N6i dung du kién ban diu ctia sach con bao gbm hai
Toolbox quan trong 1a Real-Time Workshop, Stateflow Blockset. Tuy nhién, dé
gidi han kich ¢d sach va thdi gian bién soan (trong khi sinh vién dang tréng dgi
tai liéu hoc) nén ngudi viét tam nging lai ¢ khéi lugng 12 chuong. Cac ndi dung
con thidu sé duge bd sung & 1an tai ban sau nay.

Can phai khing dinh rdng MATLAB khéng phai 12 mét ngdn ngit 1ap trinh,
mic di phadn mém nay ciing c¢6 cic kha ning clia mdt ngdn ngit lap trinh bac
cao: MATLAB & Simulink trudc hét 12 mot cong cu toan s8, véi thé manh tinh



toan va md phéng hé théng. Dat muc tiéu han ché vao 461 tugng ban doc chinh
1a sinh vién va k§ su nganh diéu khién - tu dong héa, cudn sach thé hién rd thé
manh trén cta b phan mém. Khi bién soan, ngudi viét c¢d ging trinh by cac
van dé mét cach dé hidu va ting bude déu c¢6 minh hoa béi vi du di kém. Dé bao
dam tinh chinh xac, ngudi viét tu tay minh thuc hién lai t4t ca cac vi du (s
dung MATLAB phién ban 6.0/ rel. 12, Simulink phién ban 4.0).

T4c gia cam on Dipl.-Ing. (Uni.) J. Meyer (Dresden, CHLB Dic) da cho phép
stt dung cac md hinh ctia minh. Xin cdm on TS. Tran Thi Thu Huong, ban dsi
clia tac gia, ngudi da ludn dong vién va tao diéu kién dé tac gia hoan thanh
sach. Cam on chi Nguyén Thi Ngoc Khué, Nha xuit ban Khoa hoc va Ky thuat,
da hop tac va tao diéu kién dé sach nhanh chéng ra mét han doc.

Xin nh&n manh 14n cudi dic diém bién soan clia cudn sach: D& nhanh chéng
¢6 sach phuc vu cho sinh vién (461 tugng ban doc chinh), tac gia da bién soan
chu yéu dya trén cac tai liéu ciia nhiu tac gia xuit ban 6 nudc ngoai. Trit mot
s8 két qua cla cac nghién ctu dng dung cu th, cudn sach néi chung khéng
mang dic diém cong trinh khoa hoc ¢ia ca nhan ngudi bién soan. Tuy nhién, hy
vong da cung cdp cho ban doc, cho ngudi hoc mgt tai liéu tham khao ¢6 ich.

Du da dugce viét kha cdn than, sach khé tranh khéi con nhitng sai sét. Moi
151 gép ¥, nhan xét hay dé xuét b sung nhadm hoan thién sach, xin ban doc gui
vé Nha xu4t ban Khoa hoc va K§ thuat, hay vé Phong thi nghiém trong diém vé
Tu déng héa - Truong dai hoc Bach khoa Ha Néi, xin than thanh cdm on.

Ha Néi, hé Quy Mui 2003
Téac gia
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1 Codsdvé MATLAB

MATLAB la mét bd chudng trinh phan mém 16n cta linh vyc toan sé. Tén b
chuong trinh chinh 14 chit viét tit tit MATrix LABoratory, thé hién dinh huéng
chinh ctia chuong trinh la cac phép tinh vector va ma tran. Phan cét 15i clia
chuong trinh bao gdm mét s ham toan, cac chitc nang nhap/xuit cling nhu cac
kha nang didu khién chu trinh ma nhd d6 ta ¢6 thé dung nén cac Scripts.

Thém vao phan c6t 15i, c6 thé mua bd sung cac Toolbox' (bd céng cu) véi
pham vi chiic nang chuyén dung ma ngugi sit dung cin. Tai liéu nay sé& chi gigi
thiéu han ch& mét s6 Toolbox lién quan téi Pidu khién — Tu déng héa nhu:
Control System Toolbox, Signal Processing Toolbox, Optimization Toolbox,
Stateflow Blockset, Power System Blockset, Real-Time Workshop va SIMULINK.
SIMULINK la mot Toolbox ¢6 vai trd dac biét quan trong: Vai tro cua mot céng
cu manh phuc vu mé hinh héa va méd phong cdc hé thong Ky thudt — Vit ly trén
cd sG so d6 cau tric dang khdi. Cung véi SIMULINK, Stateflow Blockset tao cho
ta kha ning md hinh héa va mo6 phdng cac automat trang thai hitu han.

Cudi ting chuong, muc sé c6 phdn téng két lai tat ca cac 1énh quan trong
nhit, gitip ban doc hé théng héa lai néi dung ctia chuong, muc d6. Ciing can
phai quy udc trude: Cac bién sé luén dudc viét nghiéng va cac tham sé duge vidt
trong ngoidc vudng [ ]. Phdn méa cia MATLAB ciing nhu céac s6 liéu nhap/xuit
dugc phén biét nhd dang chil danh may.

1.1 Nhimg budc di dau tién v6i MATLAB

1.1.1 Man hinh MATLAB

Sau khi khéi déng matlab ta thu duge man hinh MATLAB, méi trudng tich
hop véi nhitng ctta so chinh nhu hinh 1.1. D& ¢6 man hinh dé, ta 1an lugt chon
menu: View, Desktop Layout, Five Panel.

Clia s8 1énh Command Windows @: D4y 1a clta s8 chinh cia MATLAB. Tai
déy ta thyc hién toan b¢ viéc nhap dit lidu va xuat két qua tinh toan. DAu nhép
nhay >> bao hiéu chuong trinh sian sang hoat déng:

! Chi ¥: Ngudi bién soan sich ch truong st dung nguyén tit gée. Nghia dich trong ngodic chi
¢6 gia tri tham khao.
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1 Cosovi MATLAB

>> (403 + 3*Zel) [/ T

1000
M6&i 14dn nhap da ligu dude két thic bing dong tac nhdn phim ENTER.
Nguyén tac “nhan, chia thuc hién trude cdng, trit” va thi tu uu tién cua diu
ngoic vnn nhu binh thtrdnq S8 ¢o gia tri lon thuong dude nhip vdl ham e nr
(c6 thé viét E). Coé thé két thie chudng trinh bing cich déng man hinh
MATLAB, hodc goi lénh quit, exit, hodc nhin té hop phim Ctrl+q.

<) MATLAR ] . : i - o=
Fa (il Veu Wep Wodew Help
DDI il ’n‘ﬁ ? Cmﬂﬁm'rrh\d»hﬁ‘ﬁw =1

| e nﬂ ; -
W E | @ e . =

To get stacced, seslect “"MATLAE Help fcom the Help menu.

I A ATLAD
+ ﬂtnnr_cul yarew

G of\ Fuzzy Lopic Te r—————————gw 33 LADAD + 3vZed| /7

t- o\ RATLAD Crapale

! ff\nororola D3P I @ ans = @

w i Mu-hnalyaty ar 10000
A
i f\ucuui Netwock

11 floprimizacion 1_J i

+ of\ Rabust Conzeal

! - Process

g signal Prosess B) C:\ArchiviBuchB (Matiabl\Fig02_16.m [ 1E1]

H {\3\,’;}70110 Hath
i\ Syscen Idencef

v B sy
l! F

Fie Edl Yew [ed Eal:ug Breskpomis ‘Wek ‘Window Heip

Dwiléi B :Hw ”‘i“f’l 2R Ry RR m

3 Fitsr Draw the Frames @
4!1 __________________________________________ ——— R
5[— Eramel = uiconccaligef,
& ‘Scyle!, “Frame®,
7 ‘Posicion’, (0.1 0.1 0.8 0.3
PR
Sl— Erame? = ulconteel (gef,
10 ‘Sryle!, ‘Frame®
i H k T T B
rigD2_ 16 ’é‘) \ .
f1g0z_16 8 \Ei— senifuamel , ‘Bac¥groundl Yy d
3 2:1% AM 50702 11 x
heo Llrgs AN SA06/02 e
radio_t.
(40%3 4 d7zedl ¢ 7 _L[lj feradoem  Fgiz_tem [
K i ok ' | 2} Reaty

Ready

Hirnh 1.1 Man hinh MATLAB

Cita s6 soan thao Editor @: Nhd chudng trinh soan thao cia MATLAB ta co
thé vidt mdi, hay.xt 1y sita déi cac Scripts va cdc ham. Bén canh chic ning
soan thdo, con cé cic chiic niing thong thudng khac ma mot mdi truong soan
thao chu’dng trinh cAn phai eé, phuc vu xit Iy titng bude néi dung chudng trinh,
hay dé phdt hién 161.

Ctia 86 qua khit Command History @: Tat ca cac 1énh da st dung trong
Command Windows @ duge luu giit va hién thi tai day. Cé thé lap lai lénh ci
bang cach nhay chudt kép vao lénh dé. Cling ¢6 thé cit, sao hodc xéa cid nhém
lénh hoac tiang lénh néng ré.

Ctia s6 mdi trudng cong tic Workspace Browser @: Tit ca cdc bién, cac
ham tdn tai trong méi trudng céng tac déu duge hién thi tai clta sé nay vdi ddy
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du théng tin nhu: tén, loai bién/ham, kich ¢d tinh theo Bytes va loai du ligu.
Ngoai ra ¢on ¢6 thé cit vao bd nhd cac dit liéu d6, hodac st dung chite nang Array
Editors (soan thao mang) dé thay déi cic bién,

Ctia s6 Launch Pad ®: Cla s6 nay cho phép ngudi sit dung truy cap nhanh
cac cing cu cua MATLAB, phin Help (trg giip) hodc Online Documents (tai lidu
truc tuyén), mé Demos (chudng trinh trinh dién).

Cita s6 thu muc hién tai Current Directory Browser ®: Nho cia s0 nay,
ngudi st dung c6 thé nhanh chéng nhan biét, chuyén déi thu mue hién tai ctia
mai trudng céng tac, md File, tao thu muc mdéi.

Trén day chi thuan tay 1a vi du vé mdt kha nidng tao man hinh céng tac. Nho
menu View, ngudi st dung ¢6 thé thay déi linh hoat man hinh MATLAB cho phit
hdp véi théi quen vi nhu ciu st dung ctia ban than,

1.2 Tiénich trg giap (Help) cia MATLAB ™

Tién ich Help cia MATLAB la v8 cing phong pht. Tay theo nhu cau, hoic
goi help [command] dé xem ndi dung hd trg cia lénh command true tiép trén
Command Windows, hoic su dung cong cu truy cap Help (hinh 1.2).

3) Help . . "HEE
Fle Ed Yew (o Web ‘Window Hep

— v el

Product fller. ¢ Al (T Selecled Select.. l

— = ' [HATL.anunclmnR ferance: 1og :J Add 10 Favorites

o | waox  Sewrch | Favertes | |
| B

j: Search type; |Full Texd ___L[ Tos |‘.

| sewchter e [ | Natural doganiam
loa v| Go

]

|

|

{Help Nadgalor

Tille Syntax
Release Notes . 2
Fued-Point Blocksel 3 0 Release Moles — || ¥ = log[y
Major Bug Fues )
Description

Oevelopmenl Environment Features

Simulink Report Generalor 11 Refease b Tne togfunclionaperates element-wise an arrays s comain includes complex and

negalve numbers, which may l8ad lo unespetied resuils if usad uninlenlionally.

MATLAR
| Y = log|X) refums e nalural logarithin of the elements of X Far complex of negatve
2, where 2 o« x + =) the complex foganthm is relumed

logm
Kee |
| eepliig asessitnlop loglzt « logiabslz)) + ivacanz[y,x)
Wigwing the License Manager Log File

Alptiabelicsl List of Funthions || Examples |
angle | |
| aiary | The statemen) ans(log(-1}}45a cleserwayla generale g |
| |Axes Propeses ! |
[ ans =
Inf | |
b | !
! 1 o i i.l418 " i

278 pages contaln the word: log

Hinh 1.2 Ciza s6 truy cdp Help ciia MATLAB (goi doc log)
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C6 thé goi clta s6 & hinh 1.2 bing cach goi trén menu, goi 1énh helpwin hay
doc truc ti€p trén clta s6 Command Windows. Bing lénh lookfor
searchstring ta cé thé tim chudi ky tu searchstring trong dong ddu clia moi
MATLAB Files trong thu muc MATLAB:

>>help log
LOG Natural logarithm.
LOG(X) is the natural logarithm of the elements of X.
Complex results are produced if X is not positive.

See also LOG2, LOG1l0, EXP, LOGM.

Overloaded methods
help sym/log.m .

>>

Cac lénh lién quan téi tién ich Help dugc tap hgp trong bang sau:

Help
help [command] Tién ich Help truc tuyén cia MATLAB trong ctia sd

1énh Command Workspace

helpwin [command]  Tién ich Help truc tuyén cia MATLAB trong cita sd|
truy cap Help

doc [command] Tu lidu tryc tuyén cha MATLAB trong cia s6 truy
cap Help

lookfor searchstring Tim chubi ky tu searchstring trong dong ddu tién
ctia moi MATLAB Files trong thu muc MATLAB

1.1.3 Cac bién

Théng thudng, két qua cta cac bién dugc gan cho ans. S dung ddu = ta ¢6
thé dinh nghia mot bién, déng thdi gan gia tri cho bién d6. Khi nhap tén cta
mot bién ma khéng gan gia tri, ta thu dugc gia tri hién tai cha bién. T4t ca cac
bién déu la bién global trong Workspace. Tén cla bién c¢6 thé chita téi 32 chit
cai, gach ngang thdp () cling nhu chit s6. Chit viét hoa to va chit viét nhd déu
dugc phén biét.

Viéc nhap gia tri ¢6 thé duge thyc hién thanh mét chudi lénh trong cing mdt
dong, chi cach nhau bdi d4u (;). Néu st dung dau phéy (,) d€ tach cac 1énh, khi
Ay cac gia tri s& dugc xuidt ra man hinh:
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\
)

)
/

n
>>variable 1 = 25; variable 2 = 10;
>>variable 1
variable 1 =
25

>>a = variable 1 + variable 2, A = variable_ 1 / variable 2
a =

35
A =

2.5000

Mot s6 tén bién nhu: pi, i, j va inf da duge MATLAB dung dé chi cac hdng

s0 hay ky hiéu, vay ta phai tranh st dung ching. Déi vdi cac phép tinh bat dinh
(vi du: 0/0), trén man hinh s& hién két qua NaN (Not a Number). eps cho ta
biét cdp chinh xac tuong d6i khi biéu dién s6 véi ddu phdy dong (vi du: eps =
2.2204e-016):

>1 /0 o % Inf: infinite (vd cung)
Warning: Divide by zero.
ans =
Inf
>>0 /0 % NaN: not-defined (b&t dinh)
Warning: Divide by zero.
ans =
NaN
Cac ky hiéu
= Gén gia tri cho bién
+ =% /" Céac phép tinh
; Nhap gia tri (con gilt vai trd d&u cach khi nhap nhiéu gia
tri trong ciang mdt dong)
, D4u cach khi xudt nhiéu gia tri trong cing mot dong
eps Cap chlnh xac tuong ddi khi st dung gia tri d&u phiy déng
i3 ~ Toan tl ao
inf Vo cling (<)
NaN Not a Number
Pi Hing sé n

1.1.4 Cac ham toan

Chuong trinh MATLAB cé sin rat nhiéu ham toan tap hdp trong bang sau

day. D& xem ky hon, ban doc cé thé st dung cac 1énh help elfun hodc help
datafun. T4t ca cac ham trong bang déu c6 kha nang st dung tinh véi vector.
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Cac ham toan

sqrt(x)  Can bic hai rem(x,y) Sé du ctia phép chia x/y

exp{x) Ham miicos6 e round{x) Lam tron sé

log{x) Logarithm ty nhién ceil(x) Lam tron lén

1og10(x) Logarithm c s8 thap phan floor(x) Lam tron xudng

abs(x) Gia tri tuyét doi sum(v) Téng cac phan tit vector

signx) Ham dau prod(v) Tich cAc phan t vector

real(x) Phan thyc min(v) Phan t vector bé nhat

imag(x) Phan o max(v) Phan tl vector 16n nhat

phase(xr) Goc pha clia s6 phic mean(v) Gia tri trung binh cdéng
Cac ham lugng giac

sin(x) Ham sin atan(x) Ham arctg +90°

cos(x) Ham cos atan2(x,y) Ham arctg +180°

tan(x) Ham tg sinc(x) Ham sin(zx)/(zx)

1.2 Vector va ma tran

MATLAB c¢6 mot s 1énh dic biét dé khai bao hosic xit 1y vector va ma tran.
Céach don gian nhit dé khai bao, tao nén vector hodc ma tran 13 nhap truc tiép.
Khi nhap truc tiép, cac phan ti cia moét hang dude cach bdi ddu phdy hoic vi
tri cach bo tréng', cAc hang dugc cach bdi dau () hodc ngit dong.

>>my vector = {1 2 3]
my_vector =
1 2 3
>>my matrix = [my_vector; 5 6 7]
my matrix =
1 2 3
5 6 7

Vector c¢6 cac phdn ti tiép dién véi moét buée nhat dinh, c6 thé dude nhap
mot cach don gian nhd toan tl () nhu sau (start: increment: destination)*. Néu
chi nhap start va destination, MATLAB sé tu dong dat increment 1a +1.

Ciing c6 thé nhap cac vector tuyén tinh ciing nhu vector ¢6 phan hang
logarithm bing cach dung lénh linspace(start, destination, number®) va
iogspace. Dél1 véi logspace, start va destination dudc nhap bdi s6 mii thap
phén, vi du: thay vi nhap 100 (=10?) ta chi cdn nhap 2:

! Trong moi trudng hgp khac MATLAB s& b qua vi trf cach bé tréng
2 (xudt phdt:[bwdc:)dick)
3 86 lugng phén tit chia vector
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>>long = 1:8
long =
1 2 3 4 5 6 7 8

>>deep = 10:-2:0
deep =
10 8 6 4 2 0

>>longer = linspace(1,19,10)
longer =
1 3 5 7 9 11 13 15 17 19

>> increase = logspace(l,2,5)
increase =
10.0000 17.7828 31.6228 56.2341 100.0000

Bang cac ham ones(line, column) va zeros(line, column) ta tao cac ma tran
c6 phan ti 1a 1 hoac 0. Ham eye(line) tao ma tran don vi, ma tran toan phudng
vdi cac phan t 1 thudc duong chéo, tit ca cac phan tit con lai 14 0. Kich cd cia
ma tran hoan toan phu thudc ngusi nhap:

>> two_three = ones (2, 3)
two_three =
1 1 1
1 1 1 -

Viéc truy c4p ting phan ti cia vector hodic ma tran dudc thuc hién bing
cach khai bao chi s8 cia phan ti, trong d6 cin Iuu ¥ rang: Chi s6 bé nhat 1a 1
chit khong phai 1a 0. Dic biét, khi cAn xuit titng hang hay ting cot, c6 thé sit
dung toan tit () mdt cach rat lgi hai. Néu dau-(:) ditng mdt minh, diéu ay cé
nghia 1a: Phai xu4t moi phén t thudc hang hay cot:

>>my matrix(2,3)
ans = :
7

>>my_matrix(2,:)
ans =
5 © 7

MATLAB c6 mét 1énh rit hitu ich, phuc vu tao ma tran véi chiic ning tin
hiéu th, d6 12 rand(m, n). Khi goi, ta thu dugc ma tran m hang, n cot véi phin
tt mang cAc gia tri ngdu nhién:
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>> chance = rand(2, 3)

chance =
0.9501 0.6068 0.8913
0.2311 0.4860 0.7621

Khai bao vector va ma tran
fx1 x2 ... ;x3 x4 ... 1 Nhap gia tri cho vector va ma tran
start:increment:destination Toan t (})
linspace (start, destination, number) Khai bao tuyén tinh cho vector
logspace (start, destination, number) Khai bao logarithm cho vector

eye (line) Khai bao ma tran don vi

ones (line, column) Khai b&o ma tran véi cac phéin ta 1
zeros (line, column) Kha% béao ma tran véi c{ac Phén tj’x 0 ’
rand (line, column) Khai bao ma tran véi cic phan tu

nhan gia tri ngiu nhién

1.2.1 Tinh toan véi vector va ma tran

Nhiéu phép tinh c6 thé dude ap dung cho vector va ma tran. Vi du: Phép
nhan véi ky hidu (*) duge dung d€ tinh tich cha vector hoiic ma tran. Viéc
chuyén vi cta vector va ma tran dugc thuc hién nho 1énh transpose hodc (7).
Né&u vector, ma tran la phic, ta ding thém 1énh ctranspose hoic (") dé tim
gia tri phic lién hgp. D61 véi cac gia tri thue, hai 1énh trén cho ra két qua nhu
nhau:

>> two_three * my matrix'
ans =

6 18

6 18

N&u nhu mét trong cac phép tinh * / ~ cdn dugc thyc hién cho titng phén
tl cua vector hodc ma tran, ta sé phai dét thém vao trude ky hidu cia phép tinh
d6 ky hiéu (.). Phép tinh 461 véi cac bién vo huéng ludn dude thyce hién cho ting
phan t& mot:

>> two_three ./ my matrix

ans =
1.0000 0.5000 0.3333
0.2000 0.1eg7 0.1429

Phép tinh trén ciing ¢6 hidu hic ¢ khi ma tran c6 cac phan ti phic:

>>complex = [1+i 1-1i; 2 3]
complex =
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1.0000 + 1.00001 1.0000 - 1.00001
2.0000 3.0000
>> complex * complex
ans =
2.0000 5.0000 - 3.000041
8.0000 + 2.00001i 11.0000 - 2.000041
>> complex .* complex
ans =
0 + 2.00001 -0 - 2.00001
4.0000 9.0000

Lénh diff(vector [n]) tinh vector sai phian. Bing 1énh conv(vector_l,
vector_2) ta chép hai vector vector_1 va vector_2. Né&u hai vector cdn chap c6
phén tit 12 c4c hé s6 cla hai da thic, k&t qua thu dudc sé {ing véi cac hé s sau
khi nhin hai da thic d6 v8i nhau:

>>diff (my vector)
ans =
1 1

Hai lénh inv va det ding dé nghich ddo ma tran toan phuong va tinh dinh
thitc cha ma tran. Gia tri riéng cha ma tran matrix dudc tinh bdi 1énh
eig(matrix) va hang bdi rank(matrix):

>>matrix = [1 2; 4 9] *
matrix = i

1 2

4 9

>> rank (matrix)
ans =
2

>>eig(matrix)
ans =
0.1010
9.8990

>> det (matrix)
ans =
1
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Tinh toan véi vector va ma tran

B A Céc phép tinh véi tiing phan ti
transpose (matrix) hoic matrix”  Chuyén vi ma tran matriz— .

ctranspose (matrix) hodc matrix’ Chuyén vi ma tran matrix c6 phdn t
phiic lién hgp

inv (matrix) Dao ma tran

det (matrix) Tinh dinh thic cia ma tran

eig (matrix) Tinh cac gia tri riéng cua ma tran
rank (matrix) Xac dinh hang cia ma tran

diff (vector [n]) Tinh vector sai phan

conv (vector_1, vector_2) Chap vector (nhan da thiic)

1.3 Cau trac va trudng

1.3.1 Cautric

D& thuan tién cho viéc quan 1y va st dung,'ta c6 thé tap hop nhiéu bién lai
trong mot cau trac. Trong d6 mdi mang c6 mét tén riéng (mdt chudi ky tu
string’) dat gitta hai ddu (* ’) c6 kém theo gia tri. Mot cdu tric duge tao nén
bdi 1énh struct(name_1’, value_1, 'name_2’, value_2, ...):

>>my structure = struct('data', my _matrix, 'size', [2 3]):
Viéc truy cap vao di liéu duge thuyc hién véi ddu cach (.):
>>my_structure(2).data = my matrix.”(-1);

>>my structure(2) .data(l,:)
ans =
1.0000 0.5000 0.3333

Cau truc moc vong

Cac cu tric duong nhién ciing c6 thé dugc tao nén méc vong véi nhau. Vi du
salt day minh hoa kha ning dé: Ta khai bao mét c&u tric c6 tén 1a componist
v6i mang diu tién cé tén l1a name, dudc gan gia tri 1a chudi ky ty ’ Johann
Sebastian Bach’. Mgt cdu tric thi 2 c6 tén datum véi 3 mang Day, Month va
Year dé cdt giit ngay, thang va niam sinh. Sau d6 ta gan cdu tric datum vao
mang born cia ciu triic componist:

' Xem thém muc 2.2 v8 van dé strings
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>> componist = struct('name','Johann Sebastian Bach')
componist =
name: 'Johann Sebastian Bach'

>>datum,bay = 21; .

>> datum.Month = 'March';
>>datum.Year = 1685;

>> componist.born = datum;

>> componist

componist =
name: 'Johann Sebastian Bach'
born: [1x1 struct]

Ta gan cho mang name ctia ciu tric componist gia tri méi la chubi ky tu
'Wolgang Amadeus Mozart’. Cac gia tri cia mang born dudgc gan truc tiép:

>> componist (2) .name = 'Wolfgang Amadeus Mozart';
>> componist(2) .born.bPay = 27;
>> componist (2) .born.Month = 'January';

>> componist (2) .born.Year = 1756;

>> componist (2)

ans =
name: 'Wolfgang Amadeus Mozart'
born: [1x1 struct]

>> componist (2) .born

ans =
Day: 27 -
Month: 'January'
Year: 1756

~

Cau tric componist lic ndy mang déc diém ciu tric cia cac vector, va vi
vay c6 thé xi Iy cac phan ti cua cdu tric d6 nhu la cac vector. Trong¥i du via
néu, cic vector d6 chinh 1a hai mang name va born:

>> componist

componist =

1x2 struct array with fields:
name
born
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1.3.2 Trudng

Téng quat 6 mdt mic cao hon cau tric 1a truong (Cell Array). D6 chinh 1a cac
Array (mang nhiéu chiéu), chita Cell (t&€ bao) véi dit liéu thude cac loai va kich
¢3 khac nhau. Ta c6 thé tao ra Cell Array biing 1énh cell, ho#c don gian bing
cach ghép cac phén ti bén trong ddu ngodc { }. Tung phéan ti cia Cell Array cb
thé duge truy cap nhu cac vector, ma tran thong thudng hodc nhu cac Array
nhidu chiéu, chi cin luu ¥ ring: Thay vi sit dung d4u ngodc tron () ta st dung
ddu ngodc méc { }.

Gia st ta tao mot Cell Array réng c6 tén my cell nhu sau:

>>my_cell = cell(2,3)
my cell =
(] [ [l
[] (1 (1

Bay gid ta 14n lugt gan cho tiing mang clia my cell cdc gia tri sau day,
trong d6 c6 ca cac phadn tl ciu triic componist (1) va componist (2) & muc
1.3.1:

>>my cell{l,1} = 'The first Cell (1,1) contains a text';
>>my_cell{l,2} = 10;

>>my cell{l,3} = [1 2; 3 4];

>>my cell{2,1} = componist(1l);

>>my cell{2,2} = componist(2);

>>my_cell{2,3} = date;

Khi nhap tén cua Cell Array trén man hinh hién 1én ddu &l c4u tric clia né.
C6 theé biét noéi dung (hay gia tri) cia mét hay nhiéu Cell khi ta nhap cac chi s6
cua Cell:

>>my cell

my cell =
[1x36 char ] { 101} [2x2 double]
[1x1 struct] [1x1 struct) '12-Apr-2002"'

>>ny cell

my cell =
[1x36 char ] [ 10] [2x2 double]
[1x1 struct] [1x1 struct] '12-Apr-2002"

>>my_cell{2,3}
ans =
12-Apr-2002
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>>my cell{2,1:2}

ans =
name: 'Johann Sebastian Bach'
born: [1xl struct]

ans =
name: 'Wolfgang Amadeus Mozart'
born: [1xl struct] i

>>my cell{2,2}.born.Month

ans =

January

CAu trac (Structure) va trudng (Cell Array)

struct(nl’, vl 'n2’, v2, ...) Khai bao cdu tric
structure.name Truy cap vao phéin tit name
my cell = {} Tao Cell Array réng
cell(n) Tao n x n Cell Array
cell(m, n) Taom x n Cell Array

1.4 Quanly bién

Kich cd ca vector hay ma tran dugc xac dinh bdi 1énh size(variable). D6i
véi vector con c¢6 thé dung lénh length(variable), va khi sit dung lénh d6 cho
ma tran ta sé thu dugc gia tri cia vector mang kich ¢d 16n nhat. Ngoai ra, mét
bién c6 thé c6 kich ¢d 14 0, néu né da duge tao nén bdi lénh'variable = [].

>> length (my _matrix)
ans =
3

>>size (my_matrix)
ans =
2 3

Bing lénh who ta c¢6 thé kiém tra dudc moi bién dang ton tai trong
Workspace nhd danh muc hién trén man hinh. Bing whos ta con biét thém cac
thong tin vé kich ¢d va nhu cAu bd nhd cia bién. Bang 1énh clear {variable_1
variable_2 ... ] ta c6 thé x6a c6 chit dich mot s& bién nhat dinh, néu chi goi
clear ta sé x6a toan bd bién trong Workspace.
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>> whos
Name ' Size Bytes Class
ans 1x2 16 double array
complex 2x2 64 double array (complex)
componist 1x2 1320 struct array
datum 1x1 - 398 struct array
deep 1x6 48 double array
increase 1x5 . 40 double array
long 1x8 64 double array
longer 1x10 80 double array
my cell 2x3 2070 cell array
my matrix 2x3 48 double array
my:structure 1x2 456 struct array
my_vector 1x3 24 double array

two_three 2x3 48 double array

Grand total is 276 elements using 4676 bytes

C6 thé st dung clta s6 Workspace Browser (hinh 1.1, goi qua menu Show
Workspace hoic bing 1énh workspace) dé xem théng tin vé cac bién, ciing cé
thé xem bing 1énh help elmat.

Quan ly bién

size (variable) Kich ¢d cta bién

length (variable) Chiéu dai cta vector, kich ¢d 16n nh4t trong
ma tran .

clear Xo6a tat ca bién

clear [variable_1 variable_2] Chi x6a cac bién trong ngoic [ ]

Who Danh muc céac bién trong Workspace

Whos Danh muc chi tiét cac bién trong
Workspace, ¢6 kém theo tén, kich ¢d, dung
Iugng choan bd nhd va loai dit liéu

1.5 Cac phép so sanh va phép tinh logic

Cac phép tinh logic ¢6 thé duge sit dung cho t4t ca cac s6. Khi tihh, cac gia
tri khac O Gng 'vdi logic true va gia tri 0 Gng véi logic false. Khi xudt gia tri 1én
man hinh ta sé chi thu dudgc cac s6.0 hodc 1.

MATLAB cung cidp diy du cac phép so sanh va tinh logic VA (AND), HOAC
(OR), PHU DPINH (NOT) va HOAC LOAI TRU (exclusive OR), thong thudng biéu
dién bing mot ky hiéu hay dau ngodc don. Vi du phép a VA b: a & b, hoic
and(a, b). Cac phép tinh dugc thuc )hién theo trinh tu: Trudc hét l1a cac biéu
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thitc toan, tiép theo la biéu thiic logic. Tuy nhién, khi c6 cam giac khéng chic
chin, ban doc nén dung cach viét véi ddu ngoic don.

>>test = 1;
>>test ~= 1

ans =
-0

>> (4>5-2 & 4<=5) | ~test
ans =
1

Vi du tiép theo cung cap cho ta bang két qua khi st dung cac phép tinh logic
AND, OR, exclusive OR, NOT, NAND va NOR déi véi hai s6 nhi phan a va b.

>a = [0011})";
>b = [01 0 11"';
>>logtab = [a b a&b alb xor(a,b) ~a ~(a&b) ~(alb)]
logtab = '
0 0 0 0 0 1 1 1
0 1 0 1 1 1 1 0
1 0 0 1 1 0 1 0
1 1 1 1 0 0 0 0

¢ Mbt 1énh rat hitu ich la exist (variable) gitip kiém tra xem trong Workspace
c6 ton tai bién hay ham nao tén la variable hay khéng: Néu khong, ta thu dude
két qua 1a s6 0, néu két qua la sd khac 0, 36 chinh 1a sd néi 1én ban chat cla
variable. Vi du: 1 néi ring variable 1a bién trong Workspace, 2 néi ring variable
1& mét MATLAB File trong thu muc MATLAB, 7 néi ring variable la mét thu
muc® vv... Cé thé xem danh muc cac 1énh nhd help ops.

Phép so sanh ) Phép tinh logic
== eq(a,b) bang _ ~ not(a,b)  Negation (NOT)
~= npe(a,b) khac & and(a,b) AND
< 1lt(a,b) béhon - ‘ or(@,b)  OR
<= le(a,b) béhon hoicbing xor(a,b)  exclusive OR
> ' gt(a,b) 16n hon . Su tén tai ?
>= ge(a,b)  14n hon hodc bang exist(x’) Tim sy tdn taichax

' C6 thé xem danh muyc chi tiét & phdn Help clia exist
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1.6 Ré& nhanh va vong lap

1.6.1 Lénh ré nhanh if va switch

Béng cac phép so sanh va logic & muc trudc, ta c6 thé dua ra duge cac quyét
dinh, phan biét cac trudng hgp. Dé lam diéu d6, MATLAB c6 cac 1énh sau day:

o if term command {elseif term command ...] [else command] end

o switch term case term command [...] [otherwise command] end
>>test = 5;

>>if test<=2; a=2, elseif test<=5; a=5, else a=10, end;
a =

5
>> switch test case 2; a=2, case {3 4 5}; a=5, otherwise
a=10, end;
a =

5

Trong ca hai trudng hgp trén, cac 1énh con duge ngén cach bdi ddu () va dau
(,). Trong cac Scripts, thudng ta hay viét mdi 1énh con trong mét dong riéng.
Ngoai ra, ta cling c6 thé viét nhiéu ciu tric if va switch méc vong, dan xen ]
l4n nhau.

1.6.2 Vong lip st dung for vawhile

Bing vong lap ta c6 thé thuc hién lap lai nhidu 14n mdt s6 1énh nhat dinh:
e for variable = term command end

e while term command end .
Trong ca hai truong hgp, 1énh break déu c6 tac dung két thic vong lip.

>> for k=1:0, k"2, end;

>n = 1;

>>while 1, n=n+l; m=n"2, if m>10, break; end; end
m =

4
m =

9
m =

16
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Trong vi du trén vong lap for da khéng hé duge thyc hién vi pham vi 1:0
clia k 1a pham vi rng va diéu kién ngitng dudc kiém tra trude. Nguge lai, ciing
trong vi du d6 vong lip while dd duge thyc hién it nhdt 1 lan, vi diéu kién
nging chi dude kiém tra sau ciing. Ngoai ra, vong while cdn hai lénh end dé
két thie.

1.6.3 Gian doan bing continue va break

Hai 1énh hitu ich rdt hay dude st dung dé diéu khién chu trinh tinh toan la
continue va break. Trong vong lidp for hay while, khi goi continue ngay
lap ttc chu trinh tinh chuyén sang budc lap (iteration step) ké ti€p, moi lénh
chua thuc hién ctia vong lap (thudce vé budc lap hién tai) sé bi bd qua.

Lénh break con manh hon: Ngitng vong 1dp dang tinh. Lénh break c¢6 tac
dung ca trong cic cfu tric ré nhanh dung if, switch. Néu break -dugc st
dung ngoai vong for, while trong pham vi cia mdt script file hay function cla
MATLAB, khi &y script file va function sé bl ngitng tai vi tri ca break.

Vi du sau sé minh hoa cac ndi dung vita dé cap dén trong muc nay véi noi
dung: Can kiém tra xem trong cac s& nguyén thudc khoang 3 — 7, s6 nao la s&
nguyén t&. Viéc kiém tra dudc thuc hién é mach vong bén ngoai.

> form = 3:1:7,
for n = 2:1:m-1,
if mod(m,n) ~= 0, continue, end
fprintf (' %2d is not a prime number!\n', m)
break
end $ n
if n == m-1,
fprintf('!! %2d is a prime number!\n', m)
. end % if
end ¥ m

Mach vong trong ¢6 nhiém vu: Lan lugt chia s6 cidn kiém tra m cho tat ca cac
s6 trong khodng tit 2 d&n (m-1), sau d6 kiém tra xem s§ du mod(m, n) clia phép
chia c6 khac 0 hay khéng. Néu s6 du bang 0, khi &y m chia hét cho n va 1énh
continue khong duge goi, 1énh fprintf! xuat théng bao 1én man hinh. Néu s6
du khac 0, khi 4y m khéng chia hét cho n va 1énh continue ¢6 hiéu lye, lénh
fprintf va break bi bd qua d& chuyén sang kiém tra vong lap méi véi n 16n
hon. Néu m khéng chia hét cho cac s6 trong khoang tit 2 dén (m-1), ma chi chia
hé’t cho 1 va ban than m, khi &y m 1a s6 nguyén t&. Viéc kiém tra n == m-1 la
cin thiét, vi néu m khong pha1 12 s8 nguyén t6, va vi vay vong lap phia trong da
dudc rdi bo bdi 1énh break dé tiép tuc cac 1énh thude vong lip phia ngoai.

1 ~ . L A ~ 2, - 5 - = Y
Lénh fprintf dugce gidi thiéu ky hon 6 muc 2.3 THUiEN KOS VIR TRURT DEAR S fi

nb_.,_ﬂﬂﬂ&. (3896)
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MATLAB dua ra két qua trén man hinh nhu sau:

is a prime number!
is not a prime number!
is a prime number!
is not a prime number!
is a prime number

~ oy b W

Dé xem t4t ca cac 1énh tao kha ning diéu khién chu trinh tinh toan, ban doc
hay goi help lang.

Ré nhanh, vong lip va diéu khién chu trinh tinh
if..,[elseif ...][else...], end Lénh if
switch ..., case .. [otherwise ..],end Lénh switch
for variable = term , command , end Vong lap for
while term command end Vong ldp while
continue Lap tic chuyén sang budc tiép
: theo ctia vong ldp
break Lap tic két thiic vong lap

1.7 Cac Scripts va cac ham cia MATLAB

1.7.1 Céc Scripts cia MATLAB

Bén canh kha ning nhap lénh tryc tiép, ta c6 thé viét va cat nhidu chubi
1énh trong céc scripts cia MATLAB dudi dang file v6i ky tu ASCII (m-file). Mot
seript duge khai bao tén khong c6 dudi .m. D€ soan thao cac file d6 ta c6 thé st
dung trinh soan thio cia MATLAB bing cach goi menu File/New/M-File hoic
File/Open. Ciing ¢6 thé goi truc ti€p nhd nit nhan trén cla s6 MATLAB. Gia s
ban doc chua cai dat trinh soan thao dé, c6 thé st dung bat ky trinh soan thao
ASCII nao khac cing duge.

Hinh 1.3 minh hoa vi du file pwm.m, c¢6 nhiém vu tinh toan diéu ché dién ap
hinh sin. File pwm.m giit vai trd cia mdt ham chiic ning, dugc mot m-file khac
c6 tén la tutor8.m goi. Trong vi du trén ta c6 thé thdy rd phan thuyét minh (mé
ta bang 10i) cac dong lénh déu dudc cach ly bdi ddu %, nghia la: Moi ky tu ndm
bén phai ddu % ¢ho dén hét dong déu bi MATLAB bd qua.

Vi mét dong 1énh c6 thé trd nén qua dai, ngudi st dung c6 thé xudng dong
(chua két thic) bing dédu ...
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85 e \archivibuchB {matlab)\diives-smu2\FPWH.M [_{0] x]
Eﬂe Edt Yiew Jext Debug. Breakpoints Web Window . Help . '
nél,x,aagnﬁ]nfw@:@l@@@@@{su«r“—jen X
7 Tunction Vout=pum(fr,fc,n,t) A
2|
3 % Function to conpute a sinusoidal-PVHM voltage waverform for TUTORS.H
T4 %
5| x fr -> Reference frequency (fr>0).
[ % fc -> Carrier frequency (fc>f).
7 % Program assumes that fc=n*f, vhere n is an integer number.
8 % m -> Modulation (O<m<l): Mag.Reference/Mag.Carrier
9 ¥ t => Time
10
1M{-| v=1:
12[- fc = floor(fc/fr)*fr;
43|-] it fodfr, fc=fr; end
14~ N=length(t):
1§/={ for i=1:N;
16— carrier=triangwt{fc,t(i)):
17(-| reference=m*sin (2*pi¥erre{i));
18|~ if carrier>=reference,
19(- Vu{i)=v;
20| - else
2= Vu(i)=0;
22| - end;
23| - if -carrier>reference,
24|~ Vv(i)=0;
25| - else
26(- Vv(i)=V:
27|~ end
28|~| end . -
29|-| Vout=Vv-Vu; -
1] : - . l)'_l
Ready

Hinh 1.8 Trinh soan thdo cia MATLAB vdi vi du file PWM.M

1.7.2 Cac ham cua MATLAB

Mot danhg dic biét ciia m-files 1a cAc ham ciia MATLAB (cac function). Khi
goi mot function ta c6 thé chuyén giao dit liéu cho function hay nhan dit
lidu do function d6 tra lai. Ngoai ra, mét function ciing cé thé dugc cac
function khac hay script goi, va mot script ciing c6 thé dudc cac scripts goi.

Céc bién trong pham vi mdt function la bién local (cuc bd). Cac bién global
(toan cuc, c6 gia tri sit dung chung) duge dinh nghia béi 1énh global variable...
Lénh dinh nghia d6 phai dugc goi truc tiép tit Command Windows cua
MATLAB, hay tit mét script, va ciing ¢6 thé dinh nghia trong pham vi mot
function.

Trong pham vi function ta ¢6 thé sit dung hai bign nargin va nargout dé
xac dinh s6 lugng di liéu dude chuyén giao hay nhan trd lai.

Ham trong vi du sau duge dung dé tinh gia tri trung binh, cit trong m-file
nao dé va c¢é dang nhu sau:

function [arithm, geom] = average value (x)
arithm = mean(x); % arithmetic average value
geom = prod(x)”"(1l/length(x)); % geometric average value
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vi

M

Bqng viéc g01 average_value (test) ta s& chi nhan dugc dit liéu thit nhat,
vay viéc goi dé nhan diy du dit lidu cin sé duge thuc hién nhu sau:

>>test = 1:2:7;
>> [A, G) =average value(test)
A =
4
G =
3.2011

Né&u mét MATLAB script hay mot MATLAB function lan dau tién duge goi,
ATLAB sé dich ra ma 4o (Pseudo-Code'), 12 mi sé dugc kich hoat dé thuc hién

nhiém vu dit ra cho script hay ctia function. Néu vé sau khong c6 su thay déi

gi trong m-file, qua trinh dich sé& khong x4y ra lan tht hai. Bing 1énh clear
functions ta c6 thé xéa cudng bic cac ham da dich, ddng thdi git nguyén cac
m-files.
Cac Scripts va cac ham

% D4u cach phan thuyét minh véi 1énh

function [out, ...] = name (in,..) Dinh nghia ham cia MATLAB

nargin Xac dinh s6 lugng dit liéu vao

nargout X4c dinh s8 lugng dit liéu ra

clear function Xéa cac ham da dich

1

to

.8 Tém tat ndi dung chuong 1

Nhim gidp ban doc hé théng héa dude ndi dung, sau méi chuong sé cé6 phan
m tét cac van dé da dudc giai quyét tai chuong d6. Cac van dé da duge tra 16i

& chuong 1 la:

Lam thé& nao dé khdi dong MATLAB ?

Workspace 1a gi ?

Lam thé nao dé dinh nghia mét bién ?

Cac quy dinh phai tuan theo khi dit tén bién ?

¥ nghia caa bién ans ?

Lam thé& nao dé thuc hién cac phép tinh céng, trit, nhan, chia va liy
thita ?

Lam thé€ nao d€ khai bao mét s8 phiic ?

Lam thé& nao dé khai bao mét vector ?

Lam thé& nao de khai bao mdt ma tran ?

O Lam thé nao dé truy cap t6i tan ting phan td cta vector hay ma tran ?

oo W

"“090."

1 C6 thé tao Pseudo-Code bing lénh pcode, sau d6 cat duéi dang p-file
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11. Nhiing lénh nao c6 tic dung tao ra: Ma tran véi moi phan ti 12 1 hodc 0,
ma tran don vi, ma tran ngiu nhién ?

12. Dau (.) ding trude cac ddu cta phép toan cé tac dung gi khi tinh véi
vector hodc v4i ma tran ?

13. Céc dic diém cta cdu tric struct la gi ?

14. Lam thé& nao dé khai bdo mét struct ?

15. Lam thé nao d€ truy cap vao mét struct ?

16. Lam thé nao dé hién thi cac bién trong Workspace ?

17. Lam thé nao dé x6a cac bién ?

18. Cé nhitng phép so sanh gi trong MATLAB ?

19. C6 nhiing phép tinh logic nao trong MATLAB ?

20. C6 nhitng kha nang ré nhanh nao trong MATLAB ?

21. C6 nhiing dang vong lap nao trong MATLAB ?

22. Su khac nhau giita script va ham function trong MATLAB ?

23. Lam thé nao dé tao ra va st dung mdt function ?

24. St dung tién ich trg givp Help khi cin tra ctiu mot 1énh nhu thé nao ?
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T4t ca cac lénh gidi thiéu trong chudng nay cé tac dung diéu khién man
hinh, phuc vu xuat va nhap dit liéu theo phuong thic doi thoai véi ngudi su
dung, ciing nhu xuit va nhap khau dit liéu. Néi dung quan trong thit hai la van
dé biu dién bing d6 thi, ciing nhu viéc xuit va nhap khiau d6 hoa thudc cac
chuén (format) khac nhau.

2.1 Piéu khién xuat ra man hinh

V& mit ci phap, cac 1énh diéu khién xudt ra man hinh MATLAB kha giéng
véi cac lénh tuong tu cia UNIX. Chiing trudc hét dude sit dung vao muc dich
kiém tra, phat hién 16i chuong trinh, hay dé tim hiéu mot s6 méi lién quan nhat
dinh.

Né&u can thuyc hién viéc xudt ra man hinh theo ting trang mot, ta c6 lénh
more. Bing more on ta déng va more off ta ngit ch& d6 xuit ra theo ting
trang, more thay d6i trang thai va more(n) hién thi n dong ctia mét trang. Viéc
diéu khién giéng nhu trong hé diéu hanh UNIX: Né&u lugng xuit ra dai hon mét
trang, khi &y phim Return c6 tac dung nhich lén ting dong, phim tréng hién thi
trang ké tiép va phim chit @ sé ngling viéc xu4t.

Bang echo ta co thé hién thj tdt cd cdc lénh da dugc thyc hién sau khi goi
mot script hay mot function. Lénh echo on c6 tac dung déng, echo off cb
tac dung ngit ché& do hién thi lénh cla script. Lénh echo function on sé hién
thi cac lénh (xem vi du sau day: sit dung ham average_value(x) d muc 1.7.2)
do ham c6 tén function goi, echo hoidc echo function sé chuyén man hinh sang
trang thai khac.

>>echo average value on
>> [A, G] = average value(1l:2:7)
arithm = mean (x); ) % arithmetic average value
geom = prod(x)~(l/length(x)); % geometric average value
A = .

4
G =

3.2011

Dai khi, d€ phuc vu céng tac luu trit va xi 1y sau nay ta rat can cdt diz lidu
dd nhdp hodc xudt tai Command Windows dudi dang File. Dé ghi tat cad dong
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thai nhap / xuit (khéng ké dé hoa) qua ban phim vao File v6i dinh dang ASCII
ta st dung lénh diary(file’)'. Néu da ton tai File, cdc dong thai mdi sé dugce ghi
ndi tiép thém vao dudi. Lénh diary on kich hoat ghi, diary off ngiing va
diary sé chuyén déi giita hai ché d6.

Co6 thé tam ngiing ché do xudt man hinh bing 1énh pause, ch& d6 tam
ngitng dé s& bi huy bd néu xiy ra ddng tic nhdn phim mdi bat ky. Lénh
pause(n) c¢6 tac dung tam nging trong n gidy, pausesof f vé hidu héa tdt ca
cic lénh pause tiép theo va pause on lai cho phép pause c6 tac dung trd lai.

Trong vi du sau day, cit sau mdi vong lip bé d€m lai dugc xudt ra man hinh
va dgi khodng thdi gian (tinh bing gidy) tng véi ndi dung bd d€m. Cudi cung ta
thoat khdi trang thai tam nging bing mot dong thai ban phim.

>> for i=1:2:6, disp(i), pause(i),end ,disp('Ende'),pause

1

3

5
Ende
>>

Ngoai ra con ¢6 mot 1énh rat hitu ich 1a clc (Clear Command Windows) cé
tac dung x6a tat ca cac nhap / xuit trén Command Windows va dua Cursor vé
dong dau tién cla cua sb.

Piéu khién xuit ra man hinh
more Xudt ting trang mot ra man hinh
echo Hién thi cac lénh d3 goi trong Scripts (m-File) va Functions
diary(’file’) 'CAt céc thao tac xudt ra man hinh trong File c6 tén 'file’
pause Tam ngling xudt ra man hinh
| clc X6a moi hiu gili v€ thao tac nhap / xuit ra man hinh

2.2 Dd&i thoai cua MATLAB véi ngudi str dung

Cac d6i thoai véi MATLAB, cdn thiét khi nhap / xuat vin ban (Text) va di
liéu (Data), duge thuc hién nhg cic 1énh mé ta trong muc nay. Trudc hét ta hay
xem xét viéc xtt Iy van ban trong MATLAB.

! Tén ca File chudn la ' diary’. Bing lénh get (0, ‘DiaryFile’) ta cé thé héi xem File
ghi hién tai cé tén gi



2.2 D6i thoai cua MATLAB véi ngudi st dung 25

2.2.1 Vin ban (Text) trong MATLAB

Céac doan van ban (cac chudi ky ty, Strings) thudng dudc bao trong pham vi
hai d&u moéc trén cao va c6 thé dude gan cho cac bién theo kiéu: string = text’.
Céac bién String dude cat dudi dang vector va c6 thé tap hgp lai bing cach viét
[text]’text2’]. Néu mét Script cé chudi ky tu véi ndi dung kéo dai nhiéu dong,
chudi ky tu d6 phai duge két thuc sau mbi dong, nham loai trit kha ning ddu
ngit dong ... duge MATLAB coi 14 mdt phan t ctia chudi ky tu dé.

>>text = [('This is',' ','a Text']
text =
This is a Text

>>whos text

Name Size Bytes Class

text - 1x14 28 char array
Grand total is 14 elements using 28 bytes

2.2.2 Doi thoai khi nhap van ban

Viéc héi tim s6 liéu duge thuc hién bdi lénh variable = input (string) . Chudi
ky tu ’string’duge xuit ra man hinh va dong thdi gan cho bién cé tén 'variable’.
Né&u trong dit Héu héi ta khéng tim s& liéu ma tim chudi ky ty, khi &y 1énh ¢
dang string = input (string,’ s’ ). Trong khi thuc hién lénh, ¢6 thé st dung mét
s6 ky. hidu dic biét nhu dgu ngit xuéng dong \n, ddu méc trén cao * /! va gach
nghiéng chéo \\2,

Sau day 1a vi du vé mot Script c6 khic d8i thoai nhap vin ban:

price = input ([’What does the exchange rate \n’,
"look like today ? 1)
currency = input (/DEM\\EUR ? ’, "s’);

Sau khi goi Script va nhap s6 liéu cla nim 2001, vi du ta ¢6 thé nhan két
qua nhu sau.

What does the exchange rate
look like today ? 1.93
DEM\EUR ? DEM

! Khi thye hign ta thu duge trén man hinh duy nhat mét dau /
2 Khi thyc hién ta thu duge trén man hinh duy nhit mét d4u \
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2.2.3 Xuat theo dinh dang

Khi xu4t sb liéu hay chudi ky tu ra man hinh ta déu c6 thé dat dinh dang
cho viéc xudt. Lénh disp (string) c6 tac dung xudt chudi ky tu. Lénh nay ¢6 thé
stt dung cho chudi ky tu chita van ban ddng, trong d6 cac chit s6 phai duge bién
thanh chudi k¥ tu nho 1énh num2str (variable |, format]).

D3l véi s8 lidu vector ta c¢6 thé lap dinh dang xudt nhd string =
sprintf (string, variable), sau d6 xuit bang 1énh disp. Khi st dung hai lénh
num2str va sprintf, ci phap lap dinh dang vé co ban ciing giéng nhu ngon
ngit lap trinh C (xem thém théng tin bang 1éph help sprintf). T4t ca céc
bién phai dugc khai bao chung trong mét ma tran duy nhat, va mbi cét 1a mot
bo tham s6 xuat. Ta hiy tiép tuc vi du § muc trudce:

~

disp([’'However ’',num2str (price, ’'%0.2f’), ’'’, currency,

' is already very expensive ! ’']);
disp(’ 7); % Dong bd trdng
pause % Tam ngung
display = sprintf (' Two Euros cost %2.2f %s. ',

price*2, currency):;

disp(display) ; C .

once _more = sprintf (’%4d Euros cost %2.2f. \n’,
[3:5; (3:5)*pricel);

disp (once more) ;

Két qua thu dudgc la:

However 1.93 DEM is already very expensive !

Two Euros cost 3.86 DEM.
3 Euros cost 5.79 DEM.
4 Euros cost 7.72 DEM.
5 Euros cost 9.65 DEM.

Bén canh cac kha nang vira duge giéi thiéu, MATLAB con tao. diéu kién xay
dung cac giao dién véi ngudi st dung bang dd hoa (GUIY), mé ta & muc 2.9.

Déi thoai khi nhap van ban
variable = input (string) Hoi tim s& liét cla bién
string = input (string, 's’) Héi tim chudi ky tu
num2str (variable [, format]) Bién moét s6 thanh chudi ky tu
disp (string) Xuat chudi ky tu ra man hinh
string = sprintf (string, variable) Tao dinh dang cho chudi ky tu

! GUIL: Graphical User Interface
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Ky hiéu dic biét ' Dinh dang

%2d S8 nguyén (vi du: 21)
%6.3f S8 ddu phdy déng (vi du:
65,321)

Chuéi ky tu

\n Ngét xuéng dong
AR Gach nghiéng trai
DAu méc don trén cao

o\
0

2.3 Nhap va xuat dir liéu

2.3.1 Cat vao hoic goi di liéu tir File

Tuy su lua chon, c6 thé thong qua File dé nhap hoic xuat dit liéu dusi dang

‘ma ASCII hodic ma nhj phan. Dé cat hoic goi dit liéu ta dung mdt trong hai 1énh

load file_name [variable_1 variable_2 ..] va save file_name (variable_1
variable_2 ..]. Gia st tén File d3 dudc cit trong bién ky tu string, khi 4y ta chi
cAn viét ngin gon load (string) va save (string, (variable_l, variable_2 ...]).

Né&u sau load ta viét tén mét File khong cé6 dudi (phan sau ddu chdm .), khi
a4y MATLAB s& chon mot File v6i dinh dang di 1iéu theo ma nhi phén (cac File
c6 dudi MAT). Mot File MAT bao gid cling cat ddy du cac gia tri va tén cta bién.
DéE goi s8 1iéu 6 dang ma ASCII, ta phai viét t&n ddy du cla File, tic 12 phai cé
ca phin duéi. Cac s6 liéu thudc cing mot dong phai dude viét cich nhau nho
phim trong ho#c phim Tab (khéng dung dau phé{y) Mbi dong phai chita nhiéu
phéin t (dudc phép chén ca thuyét mlnh) Khi goi (doc dit heu), cac gia tri sé
dudc gan cho bién ¢6 tén trung véi tén caa F. Lle

>>test_vector = [0:0.1:10]"; % Column vector
>> test matrix = [test_vector cos(test_vector)]; % Matrix
>>save test Save into file test.mat

oe

>>clear % Clear Workspace
>> load test % Load from file test.mat
>>who % Display Workspace

Your variables are:
test matrix test_vector

Khi cdn c4t ¢ dang ma ASCII ta sé phai bé sung vao dong lénh save thém
khéa -ascii. Trong trudng hgp nay, tén cta cac bién s& khong dudge cat kém
theo va gia tri cla cac bién duge ghi tuin tu ndi dusi nhau vao File. Do khong
cit tén cta cac bién, sau nay khi goi ra, MATLAB sé khéng c6 kha niang phan
loai cac gia tri theo bién nita.
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t

Q

>> save test.txt -ascli test matrix % Save into file test.txt

>> clear % Clear Workspace
>> load test.txt % Load from file test.txt
>> who % Display Workspace

Your variables are:
test

Né&u khi goi hodc ¢4t ta khéng viét cu thé tén cac bién, khi &y MATLAB sé& goi
tat ca cac bién da dudc cat trong MAT-File, hodc cidt vao MAT-File moi bién
dang tén tai trong Workspace.

2.3.2 Cat cé dinh dang vao File vin ban

Khi xuit mét File vin ban ta ciing c6 thé st dung 1énh fprintf véi cd phap
giéng nhu cliia sprintf. Tuy vay, bing fprintf ta chi ¢6 thé xit 1y s§ thuc, dé
x1 1y s6 phiic, ta phai chuyén s6 sang thanh phan thuc va 4o riéng ré. P& mé va
déng mét File xudt, ta c¢6 cac lénh id = fopen(file.extension, 'w') va
fclose(id), trong d6 id phuc vu nhan dang File 43 md. Gia st File vi du & hai
muc 2.2.2 va 2.2.3 ¢6 tén exchange.txt (véi ndi dung vé ty gia quy d6i) , vide xudt
File d6 s& nhu sau:

>>exchange id = fopen(’exchange.txt’,’'w’);

>> fprintf (exchange id, ’%4d Euros cost $%2.2f.\n’,
{3:5; (3:5)*pricel);

>> fclose (exchange id); )

Dé xem thong tin chi tiét vé cac 1énh phyc vu viée truy cap File ta st dung
lénh help iofun.

Nhap va xuat khau dit liéu

load file [variable. . .] Doc tit MAT-File

save file [variable. . .] Cat vao MAT-File

load file.extension [variable. . .] Doc tlt ASCII-File

save file.extension —ascii [variable...] CA&t vio ASCII-File

fprintf (f_id,string,variable) Ghi vao ASCII-File
fiid=  fopen (file.extension, w') M3 File

fclose (f_id) Déng File
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2.4 Hé diéu hanh va quan ly File

Thong thudng, dé MATLAB tim dudc cac Scripts hay dit lidu, bit buge céc
Files lién quan phai nam tai thu muc (Folder, Directory) hién tai. Sau day ban
doc sé 1am quen v6i mot s8 1énh dua trén co sd cac hé didu hanh phé bién, cho
phép tim thdy File trong khu ring diy dic cac thu muc. N&u ta diat dadu chdm
than ! § ddu clia mét dong, khi &y MATLAB sé& chuyén giao toan bd phan con lai
ctia dong cho hé diéu hanh duéi dang cac lénh.

Mot 1énh tuong d8i manh (nhung ciing kha ric r6i khi s dung) 12 1énh
eval(string). eval ¢6 tac dung kich hoat cac 1énh ma MATLAB di trao cho hé
diéu hanh. Vi du sau ddy tao nén thu muc test_directory, gan cho bién cdu tric
(bién loai st ruct) directory tén cia thu muc va sau dé lai x6a thu muc dé di.

>>mkdir ('test directory')
>>directory = dir ('test direc*')

directory = i
name: 'test_directory'
date: '20-Apr-2002 14:36:16"'
bytes: 0
isdir: 1

>>eval (['!rmdir ',directory.namel)

+) Set Path M=l E3

All changes take effectimmediately.

MATLAB search path:

Add Folder... [ (3 charchibuch (matlab)its piot f:l
’ ) clarchibuch6 (matlab)\pol-zero-gain
w SC;IMATLABm 2\quangik43 dhbKlasm fuzzy
- - I3 crarchivbucht (matlab)
- |33 civarchivibuch6 (matlab)idrives-simu3
(g crarchibuch6 (matlabj\drives-simu2
Mave Up ) (3 charchivibuch (matlabidrives-simut
(3 C:\WMATLABR1 2\quang\drives\gui [
(3 C:\WATLABR1 2\quangielectric machinemitransforme ™ -,
Move Down - 13 C:WATLABR1 2\quanghelectric machinemisynchrono "+ -
.,C] C:\MATLABR1 \quang\electric machinenism in powt "
{3 C\MATLABR1 \quanglelectric machineryimagnetics .

v
{\, MAMATI AQD4 Nrnianminlactrice manhinandintradoetin .
< B : ; .

«Move to Top

d:

Rein OVé

il

Maove to Bottorn | +

Sa\;eA—_I Close ‘ Reveﬁ l DeraulktV I ,{w'uHelp |

Hinh 2.1 Cia sé truy cGp thw muc (Path Browser) cia MATLAB

Ngoai ra, ban doc c6 thé di theo menu View / SetPath hay truc tiép goi
pathtool tit Command Windows dé téi duge cuita s:. truy cap thu muc Path
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Browser (hinh 2.1). Trong cita s8 d6, c6 thé nhin nit Add Folder dé tao thém
thu muc méi. P& xem chi tiét ban doc hiy goi help general.

pwd

dir [...]

1s [...]

cd directory

mkdir directory

copyfile source destination
delete file

! commando

Goi tit hé diéu hanh va quan ly File

Hién thi thu muc hién tai

Hién thi noi dung cia thu muc [...]
Hién thi ndi dung cta thu muc [...]
Chuyén thu muc

Tao thu muc méi

Sao chép (copy) file

Xéa file

Goi 1énh tit hé diéu hanh

2.5 Biéu dién bing dé hoa

Khi khéi 1u0ng d@ liéu 16n, viéc xuidt ra man hinh duéi dang sb sé it c6 ¥
nghia. Viéc biéu didn ching duéi dang dd hoa tré nén quan trong va la déi
tugng cua muc nay. Trudc hét ta dé cap dén cac 1énh lién quan véi gdn nhu moi
qua trinh xuit ra man hinh duéi dang d6 hoa, nhu cac 1énh tao nén, truy cap
vao méi trudng va vao titng phan td clia db hoa, vi du: téi truc hay viée dit tén
va thit nguyén cho truc. Trong hai muc tiép theo 2.6, 2.7 ban doc sé lam quen
v6i cac kha néng tao do thi 2 - 3 chiéu ti tap cic dit lidu da c6, minh hoa qua vi
du cu thé. Muc 2.8 gidi thiéu kha ning nhap / xuat va in cac loai dd hoa.

2.5.1 Clra sé Figure - co s& cia d6 hoa MATLAB

) Figute No 1
[ie Edt Yew [oset Took Window Hep - -

[]x]

lneRa@irarslppn

! Figure: ¢6 nghia 13 “hinh“

Hinh 2.2 Cia s6 Figure ciia
MATLAB

Khuén khé ctia moi thao tac
xuét d6 hoa trén nén MATLAB la
Figure'. C6 thé tao ra clta s§ nhu
hinh 2.2 bing cach goi lénh
figure va mdi Figure sé tu déng
duge danh sé.

>> figure
>>gcf
ans =

1
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Cé thé goi mét Figure da c6 s6 bang l1énh figure (number). S8 cla Figure
(thuc chat 1a handle chit khéng phai number) sé hién thi néu ta goi gcf (Get
handle to Current Figure).

Trong cac nit nhan ndm dudi thanh menu ta can biét chiic ning cta cac nit
sau: nit * md trinh Property Editor (soan thao dic tinh, hinh 2.4), nit A cho
phép ta viét Text vao hinh, nit 7 va 7 cho phép ta vé thém cac nét ¢6 hoic
khong ¢6 mii tén, ® va ® kich hoat chtic nang Zoom (dan, co hinh), con @ sé
gitp ta xoay d6 hoa, dic biét 1a d6 hoa 3 chiéu.

Bing lénh subplot (row, column, counter), c6 thé chia déu mot Figure
thanh nhiéu Subplots (46 hoa con) dugc counter (bd dém) danh sé § phia trén
bén trai. Néu viéc danh sé chi cAn mot chit s8, chiung sé dugc viét tuan tu khong
can d&u phéy hay ddu cach (hinh 2.5).

C6 thé x6a ndi dung ctia mdt Figure bing 1énh c1f (clear current figure), va
léenh delete figure(number) sé x6a chinh Figure. Tudng tu, lénh
close(number) sé déng Figure mang s6 number con 1énh close all sé déng
tat ca cac Figures dang md.

Root
Figure
l I |
Axes Ulcontrol Ulmenu| |Ulcontextmenu
I [ |
Image Light | | Line Patch Rectangle | {Surface| |Text

Hinh 2.3 Caéu tric phén cdp cia mét déi tuong dé hoa

M6t d6i tugng dd hoa c6 ciu triic phan cip dude mé ta é hinh'2.3. C6 thé xem
dic diém chia mdt Figure (handle FigureHandle) bing lénh get, véi lénh set!
ta lai c6 thé lap dic diém cho Figure.

get (FigureHandle, ' FigureProperty' )
set (FigureHandle, ' FigureProperty' , PropertyValue)

Viéc 1ap trinh d6 hoa trong MATLAB ludn phu thudc vao d61 tugng cu thé va
vd cung phong phu. Mgt ¢dng cu lam nhe bét cong viée 1a trinh soan thao dic
tinh d6 hoa (Property Editor) véi clia sb gi6i thidu 6 hinh 2.4.

! Lap (x4c dinh) dac diém cho Figure: set (0, ’ DefaultFigureProperty’ , PropertyValue)
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¥7 Property Editor - Figure CIEED

Edit Properties for: [eigure : 1 =] ﬂ_»J
stie | Tite | Rendering | Info |
Background color [[0.800 0.800 0.800] ~]
Menu bar IDerauIt figure menu itams (figure) _v_]

Figura copy short cuts
Usae this to apply a global change 1o your figure and its conlents before copying to another application,

Changelemplalel Apply template| Restore ﬂgure'

OK J cancelJ Apply JW Immediate apply Help ]

Ready

Hinh 2.4 Ciia s6 Property Editor ctia MATLAB

Vi kha nang phuc vu xtt 1y d6 hoa cua Property Editor kha phong phd, vugt
khuén khé cia muc nay, d€ nghi ban doc tra cttu chi tiét tinh ning va ¥ nghia
cla titng muc, titng nit nh&n & phén trg gitup truc tuyén (Online Help).

Téng quan vé d6 hoa
figure [ (number) ] : Tao méi (hay md) Figure
subplot (row, column, counter) Tao subplot
gcf : ‘Héi s6 cua Figure hién tai
clf X6a ndi dung ciaa Figure
get (Handle, ' Property’ ) Xem dic tinh clta Figure
set (Handle, ' Property’ , Value) Lap dic tinh cho Figure
delete (figurer (number)) X6a Figure mang sd number
close (number) Déng Figure mang s6 number
close all Déng tat ca Figure

2.5.2 Truc va dién ky tu cho truc

Viéc phan chia thang bic cua truc thudng dugc MATLAB tu dong thuc
hién. Tuy nhién, ta c6 thé phan chia th céng trong trudng hdp hai chiéu (2-D)
béng lénh axis ([x_min,x_max,y_min,y_max)) va trong trudng hop ba chidu
(3-D) bing lénh axis ([x_min,x_max,y_min,y_max,z_min,z_max]). Lénh
axis (’auto’) s& trao quyén chia truc lai cho MATLAB. Lénh grid on sé tao
ra mot 1u0i tga dd Ung véi cach chia truc d& xac dinh (muc 2.6.2 gidi thiéu
thém vé cach thay d6i luéi toa do). Déi véi db hoa 3-D ta ¢6 thém 1énh box on
dé tao khung bao cho 3-D-Plot.
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DE dién ky tu viao mdt d6 hoa ta cé nhiéu kha ning khac nhau: Dung
xlabel (string), ylabel (string), zlabel (string) d€ dién tén cho truc; ding
title (string) dé dién tén cho Figure. Ngoai ra ta con c6 thé viét cac ky tu lén
cao, tut thdp hay cac ky ty Hy Lap theo cach viét! WX vy du ta viét lénh:
ylabel (‘\alpha a u t o [m/s"2]’), ta sé thu dugc a,,[m/s?].

Bing lénh legend (string_1,string_2, ..., [position]) ta c6 thé dién thém
mét s8 161 ghi chi vao d6 hoa. Vi tri clia céac 15i ghi chii dude xac dinh bdi s6
ghi trong [position], v6i ¥y nghia: 1...4 sé dat 101 ghi chid vao 4 gée, 0 dit tu dong
va -1 dat vao bén phai, canh d6 hoa. Lénh text (x_value,y_value, string) cho
phép ta dién mot doan van ban véi noi dung string vao toa do bat ky x_value,
y_value trong dé hoa.

Dé c6 thé quan sat k¥ hon mot mang nao d6 trong dé hoa, ta st dung lénh
zoom on dé dung chudt cit va co dan mang dé (hoic nhan vao nut tudng Ung
trong clta s8 Figure, xem hinh 2.5). Ngoai ra, clia s6 Figure con c6 mot vai mit
cho phép dung chuét dién doan van ban, vé thém nét hofic mai tén, va md
Property Editor.

C6 thé xem thém théng tin chi ti&t vé xuit d6 hoa ra man hinh bing cach goi
help graph2d, help graph3dva help specgraph.

D6 hoa: Cac truc

axis ([x_min,x_max,y_min,y_max}) Chia truc 2-D
axis([x_min,x_max,y_min,y_max,z_min,z_max]) Chia truc 3-D
axis (’auto’) Ty d6ng chia truc
grid [on | off] Tao ludi toa dd
zoom [on | off] Cat va co ddn mang

D6 hoa: Pién ky tu
xlabel (string) Dién tén truc x
ylabel (string) Dién tén trucy
zlabel (string) Dién tén truc z
title (string) Dién tén Figure
text (x_value, y_value, string) Dién vin ban
legend (string_1,string_2, ..., |position}) Dién 161 ghi cha

! Cach vigt cdc ky hiu dac biét \n, /¥ hay \\ (md ta § muc 2.2) khéng c6 gia tri tai day
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2.6 D6 hoa 2 chiéu (2-D Graphics)

2.6.1 Cac lénh vé (Plot Commands)

Lénh plot (x_value,y_value. . . [, plotstyle]) vé d6 thi néi cac diém cho bdi
cap gia tri x_value, y_value. Théng thudng cac diém d6 dugec néi bdi mot nét
lién. N&u ta nap luan phién nhiéu vector x/y, ta sé thu dugc nhiéu nét néi dsc
lap véi nhau. Néu thigu x_value, khi 4y cac gia tri clia y_value s& dugce vé theo
thit tu chi s& clia ching. N&u y_value 12 cac gia tri phic, khi 4y d6 thi vé véi hai
truc 4o va truc thuc. Lénh stars ciing dugc viét véi cd phap tuong ty nhung sé
tao ra db thi c6 dang bac thang (xem cac tin hiéu trich miu, vi du & muc 8.4).

Chudi ky tu plotstyle c&u tao bdi hai thanh phdn: Thanh phéin thi nhat 1a
mét chit cai ¢é chon mAu va thanh phan thit hai 1a chudi ky hiéu dic trung cho
dang chdm / gach néi tao nén nét dd thi. Vi du: ' r--’ s& tao nén 456 thi dung
nét dit va c6 miu d6 (dung lénh help plot dé€ xem thém chi tiét).

Mau Nét va diém
k Den r Dé - Nét lién g Cham tron
b Xanh lam m D6 sim -- Nét gt Ch&m sao
c Xam y Vang : Nét.gach chdm *  D4u cong
g Xanh 14 cay w Trang . Nét chim x  D&u nhéan

Mbi 14n goi méi lénh plot, cac d6 thi dd c6 trong Figure (hoic trong
Subplot) hién tai sé bj x6a. C6 thé ngin chan diéu d6 bing cach goi 1énh hold
on sau lénh plot d4u tién. D4 hoa ¢ hinh 2.5 dudc tao nén bdi vi du ké tiép.

Hinh 2.5 D6 hoa MATLAB c¢6 chita hai Subplots
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>> figure;

>> subplot (121);

>> plot ([-5:0.1:5], cos((-5:0.1:5)*pi), 'k:');
>> hold on; :

>> fplot ('2*sin(x)', [-5 5], 'k--");

>> subplot (122);

>>t = (0:20)*0.9*pi;

>>plot (cos(t), sin(t));

Lénh fplot (function, range) trong vi du trén minh hoa kha nang vé truc
tiép cac ham tudng minh (explicit). Ngoai ra, MATLAB con tao diéu kién vé cac
ham khéng tudng minh (@mplicit) mdét cach dé dang nhd lénh
ezplot (function_1, {function_2, ] range) .

>> subplot (121);

>> ezplot ('x"2 - y*2 -2');

>> subplot (122);

>> axis([-0.15,0.25,-0.22,0.15});

>> ezplot ('sin(3*t) * cos(t) / (t+pi)', .
'sin(3*t) * sin(t) / (t+pi)', [0, 4*pil):

) coslt)/ (4x), .5 8In31) sin()/ f4z)

e

.

Ti016. 0.2 7 0.26

Hinh 2.6 Ham implicit (bén trdi) va ham explicit (bén phdi: dé thi cé tham s6) vé bing
lénh ezplot

Hai lénh semilogx va semilogy ciing c¢6 ¢t phap gidng nhu plot véi diém
khac duy nhat: Hai truc x va y duge chia thang logarithm. Lénh loglog cb tac
dung chia dong thdi ca hai truc x va y theo thang logarithm.
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D6 hoa: Cac 1énh vé d6 hoa 2-D

plot ( [x_value, 1y_value. . .1, plotstyle]) Vé dé thi tron
stairs ([x_value, 1y_value. .. [, plotstyle]) VG:B do _thi bac thapg
loglog (x_value,y_value. .. [, plotstyle]) V& hai truc logarithm

Vé truc x logarithm

semilogx (x_value,y_value. . .[,plotstyle}) g
Vé trucy logarithm

semilogy (x_value,y _value. .. [, plotstyle])

fplot (function, range) Vé ham explicit

ezplot (function (x,y) [,range]) Vé ham implicit

ezplot (function_1, (function_2,] [,range]) V&ham implicit c6 tham s&
hold [on | off) Bao vé cac do thi da vé

2.6.2 Vidu: Khau quan tinh bac nhat PT, va khau ty 1&-vi phan PD

Sau day 1a mot vi du sé tao nén 46 thi ¢ hinh 2.7. Vi du tinh ham déc tinh
tn sd clia khau quan tinh bac nhat PT, va khau ty 1é-vi phan PD véi hing s6
thdi gian T trén mién anh Laplace, sau d6 v& d6 thi cia ham vita tinh duge.

PT, H(s)=ﬁ-1;?; PD: H(s)=1+sT

Trudc khi theo ddi vi du, xin luu ¥ ban doc: Bing lénh set ta thay d6i thang
chia cua hai truc. Lénh gca (Get handle to Current Axis) truy cap tryc tiép téi
truc chia titng Subplots dé thay d6i tham s8 ytick va yticklabel.

Toan van doan 1énh sau day dudc cit vao File c6 tén la Fig02_07.m, sau khi
goi trong Command Windows ta thu dudc d8 thi ¢ hinh 2.7.

o

T = 0.04; Time constant PT1 [s]
omeg = logspace (0,3,100); Vector frequency(rad/s]
frequency_response =(T*j*omega+l).”(-1); % Frequency response PT1
amplitude_ response =abs(frequency response); % Amplitude response
phase_response = angle(frequency_response); % Phase response

oo

figure (3); % Make figure 3
clf; % Clear all old plots
subplot (121); % Subplot: Amplitude
loglog (omega, amplitude response, 'b-');
hold on; '
loglog (omega, amplitude response.”(-1), 'r--'); %PD: invers
grid on;
title ('Transfer Functions’);
xlabel ('\omega {rad s”*-"1]");

ylabel ('Amplitude {dB]');

legend ('PT1-Element', 'PD-Element', 2);

text (1/T, 0.03, '| Time Codstant');

axis ({1 le3 0.01 1001); % Visible range
skala = -40:20:40 % Desired axis scale
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set (gca, 'ytick', 10."(skala/20));
set (gca, 'yticklabel', skala);

Set axis scale (dB)
Set label

o oo

<3

subplot (122); Subplot: Phase
semilogx (omega, phase_response*180/pi, 'b-');
hold on;
semilogx (omega, -phase_response*180/pi, 'r--'); % PD: invers
grid on;
xlabel ('\omega [rad s~-"1]');
~ ylabel ('Phase [Degree]');

axis ([l 1e3 -390 901); % Visible range
skala = -90:30:90; % Desired axis scale
set (gca, 'ytick', skala); % Set axis. scale(Degree)
set (gca, 'yticklabel', skala): % Set label
' : Transfer Functions
40 fm=s DD O BT 01 ¢ TR SRR B R R £ R IR R R S DA .. 90 Ayl
{| =—— PTi-Element g : s o
4 === PD-Element | ; AT
N H 60 }----- .‘..c’ .....
. 4
el g + >
. 'l
— © 30 b e AR
3 -2 4
_8 - 8 -”_’r
=2 2 (<)) R R i e S B 111 Rt I
=, 3 8 TG
5 8 a0l N L
« o’
-20 e N
_60 ............... . 5\_ REE WP
1573 $a inb. . ) N\
|- 1stant : N
o - \.\M__
T T R S 1 10' @ 10
w [rad s"] R 3 w [rad s"] '

Hinh 2.7 Vidu vé ddc tinh tdn sé'cia khdu PT1 (nét lién) va khau PD (nét dizt)

Ban doc can biét: Ham déc tinh tan s6 cdn c6 thé duge tinh va biéu didn nho
hai 1énh bode va t £ (chuong 3).

>>ptl = tf ([1], [0.04 1]);:
>>pd = tf£ ([0.04 11, [11);
>>Dbode (ptl, 'b-',pd, 'r--")

Nho 1énh t£ ta c6 thé tao nén ham truyén dat dudi dang phén thice (c6 da
thidc miu va ti s6). Sau dé, 1énh bode gitp ta vé d6 thi BODE (hinh 2.8: nia
trén 1a d6 thi bién, nia dudi 1a d6 thi pha logarithm).
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Frase (deg)

Magnituie (dS)

Bode Diagram
14 T Hinh 2.8 Do l"Ll BoDr
af e vé bang lénh
5- - bode
a R
| e

---------

Frequency (mdsen)

2.7 Do hoa 3 chiéu (3-D Graphics)

D& bidu dién, minh hoa cac quan hé nhiéu chiéu ta thudng st dung db hoa
3-D. Muc nay md ta mot s 1énh cd ban phuc vu muc dich dé. Riéng cae lénh
dién ky tu va chia thang cho truc hoan toan gidng vdi do hoa 2-D.

2.7.1 Caclénh Plots

Hink 2.9 D6 hoa 3-D vé
bang lénh plot3
4
S ™
A * - % _ Lénh plot3 cé tac dung
* E % tuong ty nhu Iénh plot,
24 Wty vy, *:,M“j E ditm khac duy nhat la
'!“_ **“"' + ‘_’- LA S ~A+ 3 ed ho otor a6
+ 7 : $ ettt e plot3 c6 thém wvector s
+ + . " - ” .
8 L * ol licu th@ ba danh cho truc z.
05 /(/fﬂ Vi du ta ¢ thé tao duge do6
0 o 0.5 hoa nhu ¢ hinh 2.9 khi gol
0.5 05 chudl 1énh sau day:
=101 '
>>phi = (0:100) / 100*2%*pi;

>>plot3(sin(2*phi), cos(3*phi), phi,

I'b*’);
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D& biéu dién cac ham 2 chiéu dudi dang mit trong khong gian ta st dung
lénh surf (x_value,y_value,z_value... [, color]). Néu x_value, y_value,
z_value 14 cac ma tran cé s6 hang va sb cot gidng nhau, khi 4y cac diém clia dé
hoa sé& dudc vé va ndi lién thanh mat.

Néu cac diém c6 mot khodng cach déu dan vé phia hai truc x va y, khi dy
x_value va y_value c¢6 thé chi 1a vector. Trong trudng hop nay, cac gia tri
x_value dugc chuén theo cdt va y_value chuén theo hang clia ma tran z_value.

Hai lénh mesh va waterfall c6 cd phap gibng nhu surf, nhung lai tao ra
mit ludi khong dién ddy-va @b hoa kiéu thac nude. Ngude lai, contour lai vé
nén cac dudng “déng mic* (dudng néi cac diém cé cung z_value).

Ngoai ra ta con c6 thé thém mot ma tran color d8 xac dinh mau cho d4 hoa.
M&i phén ti clia color (ing v6i mét phan ti clia z_value. Céc gia tri mau sé duge
stt ‘dung trong moét bang mau, va ta co thé thay d6i bang dé nhd lénh
colormap (name) . N&u khéng khai b4do ma tran mau, MATLAB sé tu déng gan
color = z_value. DAi mau cé thé dudc co ddn thang nhd Iénh caxis (color_min,
color_max). Ban doc c6 thé tim hidu ky hon vé céc bang mau c6 sin cla
MATLAB bang cach goi help graph3d.

2.7.2 Phdi canh (Perspective) trong d6 hoa 3-D

C6 thé dung 1énh view (horizontal, vertical) dé phéi canh cho dd hoa 3 chiéu
bing cach khai cac géc theo phudng ndm ngang (horizontal) va phudng thing
diung (vertical) tinh bing b (°, Degree). Géc chuén cho trudc 1a (-37.5°, 30°). Ta
¢6 thé quan sat cac kha nang biéu dién khac nhau minh hoa & hinh 2.10. Ngoai
ra, cing c6 thé tao dung hay thay d8i ph6i canh bing cach nhay va kéo tha
chudt, sau khi da goi l1énh rotate3d.

2.7.3 Vidu vé d hoa 3-D cé phdi canh

Trong vi du sau diy, lénh meshgrid c6 tic dung tao nén haima tran X va 'Y
tit hai vector x va y, ¢6 hang va c¢6t (tng v8i x va y. Tt 46 MATLAB tinh dudc ma
tran Z. Toan b vi du bao gdbm chudi lénh (cit dudi dang File c6 tén
Fig02_10.m) sau day (hinh 2.10):

X 0:0.05:2;
y = -1:0.2:1;

[(X,Y] = meshgrid(x, y); %Produce matrix over the range of x, y
Z = (Y+1) .* cos(2*pi*X.”"2) + (Y=1).* sin(2*pi*X.*2) / 5;

figure
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subplot (221);
surf (X, Y, Z);
view (=40, 30);
title ('surf (X, ¥, 2); view (-40, 30);");

subplot (222);
. mesh (X, Y, Z);
view (=20, 30);
title ('mesh (X, Y, 2); view (=20, 30);"):
xlabel ('grid off; box on;');
grid off;
"box on;

subplot (223);
waterfall (X, Y, Z):
view (=20, 10);
title ('waterfall (X, Y, Z); view (-20, 10);');

subplot (224);
contour (X, Y, Z);
title ('contour (X, Y, 2);');

surf (X, Y, Z); view (-40, 30); mesh (X, Y, Z); view (-20, 30);

10 -1 o) 05 . 1
grid off; box on;

waterfall (X, Y, 2); view (-20, 10); contour (X, Y, Z);
24 . 1 M
AR SN
] 051"
0+ ‘ :
0
194
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Hinh 2.10 Vi du vé cdc phuong phdp biéu dién khdc nhau d6i vdi diz lieu 3-D



2.8 Nhap, xudt va in dd hoa

41

D6 hoa 3-D
[X,Y] =meshgrid (x_vector,y_vector)
plot3 (x_value,y_value,z_value. .. [, plotstyle})
surf (x_value,y_value,z_value. .. [, colorl)
mesh (x_value,y_value, z_value. .., color])
waterfall (x_value,y_value,z_value...[...])
contour (x_value,y_value,z_value...[...])
box [on | off]
rotate3d [on | off]
view (horizontal, vertical)
zlabel (string)

Pat mau

colormap (name)
caxis (color_min, color_max)

Ma tran toa d6

V& 8-D (diém / nét)

V& 3-D (mat)

Vé 3-D (luéi)

Vé 3-D (thac nudc)

V& 2-D (nét ding miic)
DPéng / ngit box

Tao phéi canh nhd Mouse
Dit géc phoi canh

Dién ky tu cho truc z

Chon méiu
Co dian thang mau

2.8 Nhiap, xuét va in d8 hoa

Néu cin phai gan mét File @6 hoa c6 sdn (vi du: File anh) vao khuén hinh

cha Figure, ta c6 thé st dung hai lénh variable

image (variable).

= imread (file,fmt) va

+) Figure No_ 1
Blo K&k Yew focet Lock Window Help -
@@ A2/ 122D

- O] x|

Hinh 2.11 File dnh duge gdn vdo khuén hinh cua Figure
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Bing lénh imread ta gan File d0 hoa voi dinh dang fmt cho bién variable.
Né&u variable nhan hinh anh chi bao gdm gam mAiu xam, variable s& 1a mot bién
2 chifu. N&u d6 1a anh mau RGB, variable sé 1la mot mang (Array) 3 chiéu.
Dinh dang cta d6 hoa dugc khai bao béi fmt’. Lénh image (variable) sé xudt d6
hoa mdi gan cho variable ra man hinh Figure. Theo cach via md ta, nhing
dong lénh sau day sé tao ra mét Figure (hinh 2.11) c6 chta anh véi dinh dang
Jpg cua Truong dai hoc Bach Khoa Ha Noi hanoi_uni.jpg.

>> example = imread('hanoi uni.jpg', 'jpeg'):
>> image {example)

Db hoa Figure cia MATLAB ciing c6 thé duge xuit sang cac dinh dang khac.
Lénh print -frnumber sé in Figure mang s6 number ra may in. Lénh print
~fnumber option file sé xudt Figure thanh File véi cac dinh dang d6 hoa khac.
Vi du: bmp (Windows bitmap), emf (Enhanced metafile), eps (EPS level 1), jpg
(JPEG image), pcx (Paintbrush 24-bit) hay tif (TIFF image, compressed) Dé
biét chi tiét ban doc hay goi 1énh help print.

DE minh hoa, sau khi da tao ra dugc d6 hoa Figurel phu hinh 2.11, lic nay
c6 thé viet —~fnumber = -£1, ban doc hay 14n lugt thit chudi 1énh sau day:

>>print -fl; % Print to standard printer
>>print -fl -dmeta 'picture'; % Convert to picture.emf
>>print -fl -depsc 'picture'; % Convert to plcture.eps

Néu cdn phai luu la)l dé sau nay xi 1y, ban doc c6 thé cat cac dé hoa da thu
duge thanh File véi dinh dang fig cia MATLAB. Dé c4t, hoic ta di theo menu
File / Save as, hodc goi 1énh saveas (handle, ' file’ [, format]). Lénh saveas
cat handle (Figure hién tai, c6 thé dung gcf dé héi) thanh tép co tén file voi
mot trong cac dinh dang: 'fig’ (File nhi phén), 'w (gdbm mot File fig va mot
File Script, 1& File s& goi File flg) Ngoai ra, ¢6 thé dung lénh print d€ cat véi
cac dinh dang khéc nhu d3 mé ta d trén.

P6 hoa: Nhap, xuat va in
print -fnumber In d6 hoa ra may in
print -fnumber -dfmt file Cat d6 hoa ra file véi dinh dang fm¢
saveas (handle, ' file’ ,' fig’)  C&t d6 hoa dudi dinh dang MATLAB
variable = imread (file, fmt) Gan cho variable d6 hoa cit dudi dinh
dang fmt trong file
image (variable) Xuit &6 hoa thudc variable ra man hinh

! Céc dinh dang: ‘bmp’ Windows Bitmap, ’ico’ Windows Icon Resources, jpg’ hodc jpeg’
Joint Photographic Expert Group, ’ pcx Windows Paintbrush, ’tif” ho#c 'tiff’ Tagged
Image File Format.
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2.9 Giao dién d6 hoa

DE tién dung va thoai mai, ta c6 thé tao nén mét giao dién dé hoa' (GUI)
gitta ngudi st dung va MATLAB. Giao dién d6 1a mot d6 hoa giao luu tich cyc
(interactive), dugc xay dLIng tuogng tu nhu mét hop d6i thoai (Diaglog Box).
Trong giao dién do, ta c6 thé xudt dit liéu dudi ca hai dang: Van ban va db hoa.
P& tao GUI, hodc ta tao theo phuong thic thi cong, hoac ta tan dung céc cong
cu d6 hoa do MATLAB cung cip. Muc 2.9 sé gidi thiéu ca hai phudng thic. Tuy
nhién, phén trg gidp tét nh4t cho chi dé tao GUI van la cuén sd tay véi ndi
dung v6 ciing phong phu va chi tiét, dudc cdp kém theo dia CD cai MATLAB.

2.9.1 Layout (dién mao) cliia GUI

D& tao nén hay xi 1y Layout cia GUI, ta vao lénh guide d€ goi trinh soan
thao GUIDE va thu dugc mot Layout rdng nhu hinh 2.12.

<} untitled.fig ) . 1D] x]
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Hinh 2.12 Trinh GUIDE md cita »sé’sogzn thdo GUI, bét déu bdng moét Layout réng

! Graphical User Interface
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Tuy nhién, ta sé quay trd lai v6i guide sau, vi chi khi d6 ta méi thuc su hiéu
r8: guide da lam thay cho ta nhiing viéc phién toai nhu th& nao. Cho dn nay
ta da lam quen véi modt s6 1énh nhu input, disp hay fprintf, phuc vu viée
nhap / xuat ky tu va s6 liéu 1én MATLAB Command Windows. Viéc tao GUI
chinh 14 nham tao nén mot cong cu db hoa, phuc vu nhép / xuat mét cach truc
giac, rat thuan tién. Hon thé& nia, ta con cé thé dung GUI dé giam sat cac qua
trinh, hién thi cac dac tinh cta déi tugng.

2.9.2 Nhap va xuat ky ty, sé liéu ra GUI

Ta hay thi goi chudi cac 1énh sau day véi tdc dung nhap gia tri nhiét d6 do
bang d6 Fahrenheit, sau d6 quy ddi tuong duong sang d6 C (Celsius).

>> f input ('Enter temperature (degreés Ky: ");
>>c = (f - 32)*5/9; ‘
>> fprintf (1, 'Temperature (degrees C) is: %g\n', c);

Ba dong 1énh trén day da thuyc hién cac thao tac
e Nhap gia tri dau vao

e Thuc hién tinh quy d6i tuong duong

e Xuit gia tri quy d6i ra man hinh.

Vay ta hay thi tim cach cai ciac dong lénh trén, sao cho ching thuc hién
trong khuén kho cia mét khung d6 hoa nao dé.

Tao khung hinh déu tién »
Dé tao ra hai khung hinh chit nhat trong clta s§ Figure hién tai' véi mau
nén xam, ban doc hiy lan lugt vao chudi lénh sau day.

set(gcf, 'DefaultUicontrolUnit', ’'Normalized')
framel = uicontrol({(gcft,

'Style’, 'Frame',

'Position’, [0.1 0.1 0.8 0.3]);
framezZ = uicontrol (gcf, :

'Style'’, 'Frame',

'Position’, [0.1 C.6 0.8 0.31);

set (framel , 'BackgroundColor', . [0.50 0.50 0.50]);
set (frame2 , 'BackgroundColor', [0.50 0.50 0.50]);

! Néu hién tai khéng c6 Figure nao dang duge md, MATLAB sé tu déng tao Figure méi
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Hai khung (Frames) dé c¢6 gdc trai phia duéi dit & hai toa do (0.1 0.1) va (0.1
0.6), cling c6 chiéu cao 0.3 don vi va bé rong 1a 0.8 don vi. Tai ddy can phai luu
¥ ban doc: Don vi duge tinh bang % cta kich ¢d ngoai cua Figure. Vay ta c¢6 thé
dién dat lai cho d& hiéu nhu sau:

¢ Khung thd nhat c6 géc trai phia dusi tai diém co toa dd ung véi 10%

chiéu ngang va 10% chiéu cao cua khung ngoai Figure.

e Khung thit hai ¢6 géc trai phia duéi tai diém c6 toa dd tng véi 10% chidu
ngang va 60% chiéu cao clia khung ngoai Figure.

e Ca hai khung c6 chiéu cao bang 30% chiéu cao, va bé ngang bing 80%
bé ngang cia khung ngoai Figure.

Dung I8nh edit va text d€ nhdp / xuét ky tu va sé lidu

Trén diy ta da sit dung lénh uicontrol dé tao va xac dinh vi tri cha hai
khung hinh. Doan lénh sau day st dung uicontrol d& viét chudi ky tu
“Fahrenheit (chudi Text) 1én khung bén trén.

text £ = uicontrol{gcf,
'Style’, 'Text',
'String', 'Fahrenheit: ',
'Position', [0.3 0.7 0.2 0.05],

'HorizontalAlignment', 'Left');

Chudi ky tu “Fahrenheit* dugc dit vao dung vi tri ddn trai ctia 6 c6 Position
ghi trong doan chudng trinh trén. Doan sau diy sit dung Edit dé viét chudi ky
tu “68.0“ vao vi tri bén canh caa “Fahrenheit”. Chudi ky tu dé cé vi tri don phai
trong & (Position Box).

edit £ = uicontrol (gcf,
"Style', "Edit’',
'String’, '68.0",
“'Position’', [0.6 0.7 0.1 0.057,
'"HorizontalAlignment', 'Right’,

'Callback', 'fc_calc' };

Do st dung Edit, chudi ky tu “68.0% 1a chudi c6 thé viét lai dugc (editable)
truc tiép trén GUI. Sau khi nhan nit [Enter], gia tri méi viét lai duge tiép nhan
va MATLAB s6 goi 1énh viét trong phin Callback: fc_calc.

Cudi cung, ta con phai dung uicontrol dé tao ra hai chudi Text, hién thi
ky tu “Celsius” va “20.0“ trong khung bén dudi.

text_cl_ = uicontrol (gcf,
'Style', 'Text',
'String’', 'Celsius: ',
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'Position', [0.3 0.3 0.2 0.057,

'HorizontalAlignment', 'Left');
text c2 = ulcontrol({gctk,

'Style’, "Text',

'String’, V2D,

'Position', [0.6 0.3

0
'HorizontalAlignment', ‘Right’

Sau khi da 14n lugt vao tat ca cie chudi lénh trén ta sé thu dude két qua nhu
hinh 2.13. Dé thuin tién, ban doc nén viét cac Iénh d6 trong mot Secript (m-
File), vi du: FigD2_13.m.

———
‘ ) Figure No. 1

File Edit View |nset Tools Window Hslp

Hinh 2.13 Vi du GUI phue vy tinh quy dét tit Fahrenheit (°F) sang Celsius ("C)

Tu ddng cap nhét gia tri lén GUI

Dé hoan thién vi du GUI 6 hinh 2.13, ta cdn phai thue hién chudng trinh véi
nhiém vu tinh quy déi ti °K sang °C va tu dong dién két qua tinh vio 6 bén
canh 6 mang ky-tu “Celsius”. Poan chuong trinh phuc vu vao muc dich
“Callback" (hoan tra gia tri) dé duge cit dudi tén fe_cale.m. .
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get(edit f , 'String');

f =

f = str2num(f);

c = (f - 32)*5/9;

c = numZstr{(c);

set (text c2 , 'String', ¢};

Doan Script trén di nhan gia tri do 1énh uicontrol ’Edit’ doc vao dudi
dang String va sau dé lan lugt:

e  bién d6i tit String sang dang s8 (1énh str2num),
e tinh quy d6i tit nhiét 46 Fahrenheit sang Celsius,
e bién d6i tit s6 sang String (1énh num2str) va

¢ xuit két qua dudi dang String ra GUI nho text _c2 .

2.9.3 Nhap sd ligu tir thanh trugt (Slider)

Ngoai cach nhap s6 liéu tit ban phim, ta c¢6 thé nhap s8 liéu ti mét thanh
trugt. Ban doc hiy hinh dung ra vai tro cia mét bién trd, thudng dude sit dung
dé (vi du) thay d6i gia tri diat (gia tri chli dao) clia mét vong diéu chinh tuong
tu. : :

Chu §: MATLAB chi hb trg viéc xay dung cac Slider theo phudng ndm ngang
(horizontal) chit khéng hd trg tao Slider theo phuong thing dtng (vertical).

Dé tao Slider (hinh 2.14), ban doc hdy nhap chudi 1énh:

slider £ = uicontrol (gcft,
'Style', 'Slider’,
'Min', 32.0,
'Max', 212.0,
'Value', 68.0,
'Position’', (0.6 0.8 0.2 0.05],

'Callback', 'fc_slider f; fc_calc');

Vi du trén cho thdy: Callback c6 thé goi mot chudi cac Iéenh MATLAB, viét
cach bdi ddu chdm than ho#c ddu phdy. Chudi callback goi fe_slider_f.m:

f = get(slider f , 'Value');
f = num2str(f); .
set (edit_f , 'String', f);

véi tac dung nhap gia tri nhiét d¢ giit tai ' value’ cua slider f f, vao vi
tri bén canh 6 ky tu “Fahrenheit. Sau d6é, Callback goi tiép fe_cale.m d& tinh
quy d6i gia tri nhiét d6 va gan vao vi tri canh 6 ky ty “Celsius®.
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Tuy nhién, dé c6 thé cap nhat dugc gia tri méi, do nguoi sd dung trugt Slider
gay nén, ta phai thay déi lai chudi 1énh Callback clia Edit uicontrol nhu
sau:

set (edit £ ,
'Caliback', 'fc edit £, fc _calc'j;

Trong d6, fc_edit_f.m:

i

i get (edit £ , 'String');
f = str2num(f);
set(slider £ , 'Value', 1},

c6 nhiém vu cap nhat gia tri git tai ' value’ cia slider f f, dé réi sau do
fe_cale.m 1am nét phén viée con lai: Tinh quy ddi va gan vao vi tri canh 6 ky tu
“Celsius".

Tit ddy trd di, ca hai khung (Frames) cia GUI hoat dong hoan toan déng bd
v@i nhau.

L

Hinh 2,14 Quy déi tit Fahrenheit (°F) sang Celsius (°CJ, nhap gid tri béng thankh trugt
{Slider)
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2.9.4 Nhap dir liéu tay chon (Popup Menu, List Box, Radio Button and Check
Box)

Ngoai kha nang nhap dit liéu ¢ dinh theo kiéu ky tu (String) hay kiéu s¢, ta
hoan toan c¢6 thé thuc hién viéc nhap tiy chon tit mot danh muc nao dé. D

~ minh hoa, ta tam thoi rdi bé GUI dé quay vé véi Command Windows va thuc

hién chudi 1énh sau day:

f = input (’Enter temperature (degrees F): ');
r = f + 459.7;

c = (f - 32) *5 / 9;

k = c + 273.15;

choise = input([’'Enter 1 for Rankine,’,
’ 2 for Celsius,’,

’ 3 for Kelvin: '’ 1)

if choise ==

fprintf (1, ’ Temperature (degrees R) is: %g\n’, r);
elseif choise == 2

fprintf (1, ’ Temperature (degrees C) is: %$g\n’, c);
elseif choise == 3

fprintf(l, ’ Temperature {degrees K) is: %g\n’, k):
end )

Gia st ban doc cit chudi 1énh d6 trong mét File c6 tén la test.m véi gia tri
nhap cta nhidt d6 c6 don vi 1a °F (40 Fahrenheit), gia tri xudt 1én man hinh c6
thé dugc biéu dién véi don vi °R (46 Rankine), °C (d6 Celsius) hodc °K (d6
Kelvin). Khi goi test.m ta thu dudc két qua:

>> test
Enter temperature (degrees F): 26
Enter 1 for Rankine, 2 for Celsius, 3 for Kelvin: 1

Temperature (degrees R) is: 485.7

Trong vi du trén: Khi dugc hdi ta da chon nhiét dé dau vao 1a 26°F, va chon
dich quy d6i 1a °R. Tuy nhién, céng cu GUI cia MATLAB cho phép ta thuc hién
su lua chon cach nhap dit liéu vao mdt cach thuan 1gi hon thé. Tiép tuc vi du
tinh quy d6i va xudt gia tri nhiét do, muc nay gidi thiéu véi ban doc bén phudng
an nhap tiy chon sau day:

e  Phudng 4n menu (Popup Menu).

¢ Phuong an hop danh muc (List Box).
e Phudng an nit chon (Radio Button).
. Phudng an hop hoi dap (Check Box).



50 ’ 2 Xudt va nhap di ligu trén man hinh

Phuong an Popup Menu
Ta hay x6a bo ky tu “Celsius” trong lénh text cl_va thay vao dé kha ning
lua chon theo Popup Menu (hinh 2.15) nhu sau:

delete (text ¢l );

popup ¢ = ulcontral (gcf,
o 'Style', 'Popupmenu ',
'String', ‘Rankine|Celsius|Kelvin',
"Value', 2
‘Position', [0.3 0.3 0.2 0.051,

"Callback', 'fc_popup c; fc calc2');

=
«) Figure No. 1 [_ (O] x]

File Edit View [nseit Jocls Windaw Help

Hinh 2.15 Quy ddt ti Fahrenheit (°F) sang don vi tiy chon: Phiong dn Popup Menu

Hinh 2.15 1a k&t qua thu duge sau khi ta bd xung chudi 1énh trén. Khi kich
chudt vao Popup Menu, ¢6 ba kha niang lda chon sé xuat hién, tiép tuc nhay
chudt vao mét trong ba kha nang d6, Popup Menu sé& bién mat chi con lai don vi
duge chon. Khirdiing chudt kéo thanh trugt ¢ Frame phia trén, ta sé c6 gia tri
quy ddi sang don vi duge chon hién thi & phia dudi.

Trong doan chudng trinh trén ban doc hay luu §; Then chét 1a * value’ véi
gia tri dat sén la 2. Khi Callback goi fe_popup_c.m: ‘
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choise = get (popup c , 'Value');

gi4 tri cua bi€n choise dugc dua t6i ' value’. Sau dé Callback goi tiép
fe_cale2.m dé xem két qua chon dudc ¢4t trong choise.

f = get(edit £ , 'String'):;
f = str2num(f);

r = £ + 459.7;

c = (f - 32y *5 / 9;

k = c¢c + 273.15;

if choise == 1, t = r;
elseif choise == 2, t = ¢c;
elseif choise == 3, t = k;
end

t = num2str{t);
set(text c2 , 'String', t);

Can luu ¥ rang, dé dat duge k&t qua nhu hinh 2.15, ta con phai bao cho Edit
va Slider uicontrols biét d€ st dung fe_cale2.m (trudc kia hai 1énh d6 dung
fc_cale.m) bing cach bé sung thém cac dong sau:

set (edit f , .

‘Callback', 'fc _edit f; fc _calc2'):
set (slider_f , .

'Callback’, 'fc_slider f; fc_calc2');

Chi ¥: Bing cach thay ’Popupmenu’ uicontrol bdéi ’Listbox’
uicontrol ban doc s& c6 duge phuong an List Box (hép danh muc). Diém khac
duy nhat la: Néu sau khi chon, Popup Menu chi chita mot phan td, thi List Box
¢6 thé chita ddng thoi trong danh muc nhiéu phan t& hon, duy nhat phu thuoc
vao chiéu cao tai vi tri ( Position’ property).

Phuong an Radio Button (nut chon)

Ta hay dung lénh delete (popup c ) dé x6a uicontrol tao Popup Menu
“Rankine/Celsius/Kelvin® va thém vao d6 ba uicontrol tao ba nit chon thit
nguyén nhiét d6 sau day:

delete (popup_c_):

['Rankine'; 'Celsius'; 'Kelvine']
[ 0 ; 1 ; 0 ]
[ 3 : 2 H 1 ]

i

strings
show
ys

* ~e ™~

0.075 + 0.075;
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for i=1:13
radio ¢ (i) = ulcontrol(gef,

'Stylet, 'Radiobutton’,
'String', strings (1),
"Value', show (1),
"Position', 0.3 ys(i) 0.2 0.05},
'Callpack', 'fc radio_c; fc_calc2');

end

Két qua thu dude sé nhu hinh 2.16 sau day.

<} Figuie Ho. 1 t ' HM=1E3
Fle Edit View Insett Jools Window Help

Hinh 2.16 Quy ddi tit Fahrenheit (F) sang dan vi tity chon: Phitong dn Radio Button

Nit duge chon ban dau la “Celsius® (" Value’ nhan gia tri ban dau la 1).
Néu ta dung chudt nhay vao mét trong ba niat, MATLAB sé dién gia tri vao nit
d6, sau d6 goi chudi Callback vdicae 1énh dd dinh. Can Iuu ¥ 14 ta chi st dung
mét chudi Callback chung cho cd ba nudt. Trude hét Callback goi
fe_radio_c.m d& nhan bigt xem nit nao (1, 2 hay 3) duge chon, sau d6 cit gia tri
duge chon vao bién cheice.
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for i=1:3
if gcbo == radio c (i)
choice = 1i;
set(radio _c (i), 'Value', 1);
else
set(radio_c (i), 'Value', 0);
end;
end;

Doan Script trén 1a mot vong lap, so sanh so (handle) Callback do thu dugc
(gia tri do ham gcbo tra lai) véi s8 (handle) cua mdi-mit. Nt nio c6 sb trung sé
duge déng (turned on; 'Value’ = 1), nit ndo khac s6 sé bi ngit (turned off,
"Value’ = 0). Cudl ciing, Callback goi fe_calc2.m dé thuc hién viéc tinh quy
déi da duge chon va hién thi két qua.

2.9.5 Cac phuong phap tao GUI

Théng qua mot vi du cu thé xuyén sudt cac muc 2.9.1 — 2.9.4, ban doc da lam
quen véi cach tao GUI, da thdy dugc kha ning phong phu cta céc cong cu do
MATLAB cung cap. Tuy nhién, vi du d6 méi cho thdy cach tao GUI theo phudng
phép thi ¢éng. Con cb thé tao GUI mdt cach don gidn hon nita bang cac céng cu
d8 hoa. Trén cd sd vi du tinh ddi tién “Exchange of Funds“ (dugc trich tir tai liéu
tham khao), muc nay hé thong héa hai phuong phap, giip ban doc ¢6 mdt cach
nhin so sanh, thuan tién khi can phai lia chon.

a) Phuong phap tao GUI bang céng cu dé hoa

Ta da bist: Khi vao 1énh guide ta sé goi trinh dé hoa GUIDE dé soan théo
Layout, két qua dau tién 1a Layout réng & hinh 2.12. Viéc diu tién phai lam la
m& Menue Tools/Application Options dé xac dinh:

e Liéu ta chi muén tao GUI dudi dang file c6 dinh dang .fig,

® hay dong thdi tao ca script (m-file). Trong vi du sau diy ta sé& chon
Option nay. Sau khi da hoan thién, d& sit dung GUIDE ta chi viéc nhap
tén cta m-file d6 & ctta s6 Command Windows, ho#c kich hoat & Menue
Tools/Activate Figure.

Tiép theo, ta lan lugt st dung chudt dé gip cac phan t& cia GUI tit thu vién
nam phia bén trai cia Layout réng (hinh 2.12) va nha vao cac vi tri ta mudn. Cé
thé st dung chudt dé co dén, thay d6i kich thude ctia Layout va cla cac phéan ti
thudc Layout. Cac kich thudc d3 xac dinh trén Layout cling s& 1a kich thude
xuét hién trén GUI sau nay (hinh 2.17).

Cac phan t caa Layout duge quan ly theo mét cdu triic cé phdn cdp, trong
d6 dd hoa clia GUI ding & cdp cao nhat. C6 thé kiém tra c&u tric dé bing cach
md ctta s6 Tools/Object Browser (hinh 2.18: hinh § giita, bén trai).
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MS&i phan tit cia clta s§ Layout déu can phai ¢6 nhing dic diém (tham sd)
nhat dinh. D& soan thao cac tham sd 4y, ta st dung Property Inspector (hinh
2.18: hinh phai), goi bang mdt trong cac cach: Nhay chudt kép vao phan ti,
dung lénh inspect, hay qua Menue Tools/Property Inspector.
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Hinh 2.18 minh hoa kha niing soan thao tham s§ cho phan t& Popup Menue
dung dé chon nudc (Ptc, Phap, Y hay Ao): Chon dic diém ’ string’ cta Popup
Menue dé md clta s6 soan thao, sau d6 viét tén cac nudc vao cta s6 (hinh 2.18:
hinh duéi). Tuy nhién, ’ String’ chi 12 mt trong nhiéu dic diém cin dugc xac
dinh ctia phan t& Popup Menue. Bang sau day tap hdp mot s6 dic diém (tham
s8) quan trong clia phan tl va cac gia tri dic trung dat sén.

Cac tham sé xac dinh dic diém cta GUI

Parent handle Phan tl cap trén
Position [left, below, width, height] Vi tri (khoang cach, kich c@)
Units "points’ Don vi xac dinh vi tri
BackgroundColor [red, green, bluel MA4u nén
Style 'pushbutton’ Dién tich chon
' togglebutton’ Dién tich chon
" checkbox’ Vung clia hop hoi dap
" radiobutton’ Vung cta nut chon
" popupmenue’ Danh muyc chon
"text’ Ving cta ky tu (Text)
‘edit’ Vung nhap ky tu
"slider’ Thanh trugt
" frame’ Khung c6 mau
String ‘string’ Ky tu dudc hién thi
Ustring_I’; ’string_2’] Cac phédn tl clia danh muc

(' popupmenue’)

Value number Tich cuc = 1, phan ti dugc
chon ti danh muyc

Tag string Nhéan d€ nhan dang phan ti

Callback string’ Goi ham

MQi phﬁn t déu c6 thé nhan ndi dung hay gia tri cho sin trude, va trong
qua trinh st dung do goi ham (Callback) ndi dung hay gia tri d6 cé thé bi thay
ddi. Vay la ching da c6 sn chitc nang xudt dit liéu. Mot ving edit’ ¢6 ca hai
chiic nang nhap va xuit (nhap va hién thi ky tu).

Ting phan tl — tuy theo thu tu gép/tha ching — c6 thé bi xép chdng len
nhau. D#c biét cic phan ti * frame’ cdn dude tao'dau tién dé tranh ching che
14p cac phan ti khac. Sau nay, ta c6 thé thay trinh tu d6 bing cach d6i thi tu
clia cac chudi 1énh tuong tdng trong m-file. Ngoai ra, dé thu dugc mét Layout
dep mit, ta c6 thé st dung cong cu Menue Layout/Align Objects dé giong thing
hang cac phéin ti cta GUIL

Tham s& Value chtia gia tri hién tai cha phan ti:
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e Phan tlt ' pushbutton’: Gia tri dé cho biét, lidu dién tich ctia nit nhan
¢6 duge chon (=1) hay khéng (=0). Ho#c d6i tugng nao trong danh muc
(danh s6 thu ty 1, 2, 3, ...) dugc chon.

e Phantd’edit’ (nhap ky tu): Cho biét gia tri ca s6 duge nhap. Néu dit
liéu duge nhap 1a chudi ky ty, gi4 tri s€ 1a mot ma tran réng.

e Phan t& ’popupmenue’: Do dic diém chon mang tinh duy nh&t nén

khong tén tai cdc gia tri khac nhau.

e CAc phan ti con lai: Gia tri dudc cung cap nhd thao tac goi ham.

Vi du “Exchange of Funds“ ¢ hinh 2.17 minh hga ké&t qua tao GUI, giao dién
phuc vu tinh quy ddi tién clia cac nudc Dic (DEM), Phap (FRF), Y (ITL) va Ao
(ATS) sang ddng tién chung EUR cta chau Au va ngude lai. Vi du dugc bién
soan lai dua trén miu waehrung_guide.m vd waehrung guide.fig cua
trang Web www.eat.ei.tum.de/lehre/ssm. Sau khi bién soan, hai Files méi
c6 tén monetary guide.mva monetary_guide .fig.

Chirc nang cta Gu!

Chic ning that su ciia phin ti thudc GUI nidm &n trong cac tham sb cla
Callback. Mbi khi kich hoat phén ti (nhay chudt hay nhap di liéu), cac 1énh
sé& dugc chuyén cho MATLAB dudi dang chudi ky tu va dude thuce hién. Néu ta
st dung m-file (goi 1a Application M-File, viét tit: AMF), trén cla s6 Property
Inspector, tai vi tri nhap dong 1énh cia Callback ta co:

monetary guide(’Value Land Callback’,gcbo, [],guidata(gcbo))

Néu ta viét mét gia tri ndo dé vao ving nhép gianh cho ddng tién riéng cia
nudc dugde chon, sau dé nhén niat Enter, khi 8y ham monetary _guide (tén clia
ham AMF) sé dugc kich hoat. Trong cfu tric cia monetary guide, ham con
Value_ Land Callback di dude dinh nghia nhu sau:

function varargout = Value_Land_Callback(h, eventdata, handles, varargin)
set(hgndles.Value_Land,'Value',str2num(get(handles.Value_Land,'String')))

Trong ham trén, bang 1énh set, gia tri 14y tit viing nhap k¥ tu duge gan cho
handles.Value_ Land. Trudc 46, gia tri 8y da duge doc tit viing ’ String’ cla
handles.Value Land va da dugc MATLAB dung ham str2num dao thanh mét
gia tri s0 hoc. Néi chung, mdi @b hoa GUI déu dugc MATLAB nhéan biét nhd mot
chi s8, gan cho bién handles ¢ ddu ctia ham AMF. Khi c4t Layout cta GUI,
MATLAB sé ty dong tao ra phan ddu (phin dinh nghia) cia AMF. Ta sé chi phai
dién bang tay phin néi dung ctia ham . Trong vi du trén, phan d6 nhu sau:

function varargout = monetary guide(varargin)
% MONETARY_GUIDE Application M~file for monetary guide.fig
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% FIG = MONETARY_GUIDE launch monetary_guide GUI.
% MONETARY GUIDE('callback name', ...) invoke the named callback.

2

% Last Modified by GUIDE v2.0 21-Jan-2003 18:25:51
if nargin == 0 % LAUNCH GUI
fig = openfig(mfilename, 'reuse'):;

% Use system color scheme for figure:
set (fig, 'Color',get (0, 'defaultUicontrolBackgroundColor'));

Generate a structure of handles to pass to callbacks, and
store it.

handles = guihandles (fig):;

guidata (fig, handles);

1N
S
o
°

if nargout > 0
varargout{l} = fig;
end

global Factor; % Factor global define
Factor = 1.95583 ; % Default for Factor
set (handles.Monetary, 'String', 'DEM'") ; % Default for Monetary

elseif ischar(varargin{l}) % INVOKE NAMED SUBFUNCTION OR CALLBACK

try
[varargout{l:nargout}] = feval (varargin{:});
% FEVAL switchyard
catch
disp(lasterr);
end
end

Phéan dinh nghia ndm & ddu cta ham AMF d6 dugc tao nén hoan toan tu
dong. Ngudi thiét k& GUI duy nhat chi phai dién bing tay ba dong sau:

global Factor; . % Factor global define
Factor = 1.95583 ; % Default for Factor
set (handles.Monetary, 'String', 'DEM'); % Default for Monetary

Khi goi GUI, ba dong lénh d6 c6 tac dung lap tri cho bién Factor va xac
dinh d6 1a bién c6 tac dung global trong pham vi clia monetary guide, cho
phép cic ham con st dung Factor mét cach d& dang. Sau d6, cac gia tri ctia hé
s8 quy d6i gitta déng tién chung Euro va déng tién riéng clia quéc gia duge dit
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vao Mark cia CHLB Dtc: 1.95583 va ’ DEM’ . Trudc d6, viing danh muc chon
tuong Gng ' Germany’ da dugc dit gia trila /1’ tai dong ' Value’ cda cla s8
Property Inspector. Tuy nhién, ta ciing c6 thé thuc hién thi cong thao tac d6
bang cach viét thém dong lénh set (handles.Land,’Value’, 1).

Phan dau cla Application M-File (AMF)
Qua vi du trén ta thdy, do 1énh if, phdn d4u cia bdm monetary guide da
bi chia thanh hai phan nhu sau:
¢ Phin tht nhat sé dudc thuc hién, néu khéong cé trao tham sé khi goi
monetary_ guide. D6 chinh 1a 14n goi GUI ddu tién: D6 hoa duge md ra,
chi s6 handles dudc cit vao bién fig, mau cla d6 hoa dugc lap, GUI
dudc gan cho bién handles va cac thong sé cia GUI dudce xac lap.

e Phin thi hai dugc thuc hién khi GUI da dugc kich hoat va chi duge goi:
Hoac khi nit chon bi nhdn, hodc khi danh muc chon hoat déng, hoéc khi
goi mo6t ham con xac dinh & vang CallBack.

Céc ham con cta Application M-File

Phan ham con ¢6 chiia ciAc ham cho phép thuc hién cac thao tac theo y&u
cdu. Vi du: Thay d6i ky tu nhap (Style " edit’), thay d6i danh muc chon (Style
"popupmenue’), hay goi ham con riéng trong ham monetary guide nhu
Land_Callback clia danh myc d& chon nudc.

function varargout = Land_Callback(h, eventdata, handles, varargin)
global Factor k )
switch get (handles.Land, 'Value') , "y
case 1, Factor = 1.95583; set (handles.Monetary, 'String', 'DEM'};
2, Factor = 6.55957; set(handles.Monetary,'String’', 'FRF');
case 3, Factor = 1936.27; set(handles.Monetary, 'String', 'ITL');
4, Factor = 13.7603; set(handles.Monetary,'String’,'ATS});

case

case
end;

function varargout = Value_ Land _Callback(h, eventdata, handles, varargin)
set (handles.Value_Land, 'Value', str2num(get (handles.Value_Land, 'String')))

fun&tion varargout = Value Euro_Callback(h, eventdata, handles, varargin)
set (handles.Value Euro, 'Value',str2num(get (handles.Value Euro, 'String')))

function varargout = Euroc2Land_Callback(h, eventdata, handles, varargin)
global Factor
set (handles.Value_Land, 'Value', get (handles.Value_Euro, 'Value')*Factor)
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set(handles.ValueHLand,‘String‘,num2str(get(handles.Value_Land,'Value')))

function varargout = Land2Euro_Callback(h, eventdata, handles, varargin) #
global Factor
set(handles:Value_Euro,‘Value‘,get(handles.Value_Land,'Value')/Factor)

set (handles.Value Euro,'String'.num2strigetihandles. Value Fura, '¥alue '} 1)

Moi 1an, khi thém mdt phan ti (c6 kha nang thuc hién mét thao tac nao dé)
vio Layout cia GUI, MATLAB sé tu dong bd sung thém mdt ham con mang tén
TagName Callback. Trong d6 TagName la ky hiéu gianh cho thao tac, viét §
dong Tag cla cla s6 Property Inspector. Théng thudng, MATLAB dit tén
cho cac ham con d6 nhu: checkboxl Callback, popupmenu3_Callback vv..
va 1an lugt danh s (néu c6 nhiéu ham con ciung loai) ching theo thi tu tang
dan. Vi du:

function varargout = checkboxl Callback(h, eventdata, handles, varargin)
% Stub for Callback of the uicontrol handles.checkboxl.
disp ('checkboxl Callback not implemented yet.')

Néu ngudi thiét k& GUI mudn dit tén khac, ngudi d6 sé phai chu dong dat
tén trén dong Tag trudc khi cat (save) GUIL Néu d4 13 cat réi, ta khong chi phai
thay d6i Tag trong Property Inspector, ma con phai dong thoi thay tha cong tén
ham con trong AMF.

b) Phuong phéap thi céng tao GUI

D& c6 thé truy cap vao tham s§ cia méi phan tl (object) cia GUI, phén ti d6
phai ¢6 kha nang dugc MATLAB nhén biét mét cach chinh xac. C6 thé bdo ddm
kha nang nhan biét nhd dic diém Tag. Lénh findobj (' Tag’, string) sé hién
thi chi s6 nhan biét (goi 14 handles) clia phan ti cé tén string.

Vigc truy cip doc ndi dung duge thuc hién bdi lénh variable =
get (handle,’ Parameter’). Tuong ty, c¢6 thé ghi bing lénh
set (handle, ’ Parameter’). D& ghi / doc s8 liéu vao cac ving ’ text’,
. "edit’, ta phai dung cac lénh scanf, sprint f hofic num2str.

Khi dinh tao GUI theo phudng phap thu cdng, nguoi thi&t k& nén xac dinh
trudc pham vi tinh néng dy dinh ciing nhu vé phac bd cuc cia Layout. Thao tac
mang tinh chuén bi nay sé& lam don gian céng viéc sau nay rit nhiéu.

Bing 1énh handle = figure (‘paramater’ value, ...) ta tao mdt clia sd réng.
Sau nay, gia tri handle sé dugc dung d8 sdp x&p trat tu cac phan tit con (goi la
Childs) cua Layout.

h0 = figure('Units', 'points’',
'Position', [100- 100 300 100]);
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Céc phan ti con dugc tao bdi handle = uicontrol (‘paramater value, ...).
Lénh d6 cho phép ta quy dinh dic diém ctia phan ti con, va mdi dic diém sé
_ dudc khai bao trén mot dong riéng, xudng dong bdi ddu ... Trinh ty khai bao dac
* diém khong c6 ¥ nghia quan trong. Vi du: Doan md MATLAB ctia 6 bén trai
hinh 2.17 ¢6 thé c6 dang sau:

hl = uicontrol ('Parent',h0, ... % vung nhdp ky tu
'Units', 'points’',
'Position', [20 13 60 151,
'BackgroundColor*, [1 1 1],
'String',’ 1.00¢,
'Tag', 'Value Euro', ... % Nhan biét phdn t
'Style', 'edit');

Cac tham s6 Callback sé dudc nhap theo cach tudng ty. Béi vi cac 1énh cla
MATLAB déu dugc viét dusi dang ky tu, dé d& phan biét: Moi ky tu trong pham
vi mét 1énh déu phai duge géi gon bén trong dau ngoiac kép ' gidng nhu trong
vi du sau day:

hl = uicontrol ('Parent',ho,
‘Callback', ['Land=get (findobi (' 'Tag'', ''Land"''), *'Value'');"';

Bang sau day téng hgp cac 1énh do MATLAB cung c&p dé tao GUI thu cong.

Cac lénh tao GUI
handle = figure ('parameter’ ,value, ...) Tao clia sb réng
handle = uicontrol (’parameter’ ,value, ...) Tao phén td GUI
handle = uimenu (’parameter’ ,value, ...) Tao menu cua GUI
handle= findobj (’Tag’,string) Tim chi s6 kandle
variable = get (handle,’ parameter’) Doc tham s&
set (handle, ' parameter’ ,value) Ghi tham s6
string = num2str (variable[,format]) Dao s6 —» Ky tu
string = sprintf (string,variable) Xudt ky tu
variable = sscanf (string,format) Doc ky tu

Sau diy 12 ma MATLAB ctia vi du “giao dién tinh quy ddi tién*, thiét k& theo
phuong phap thl cong. Phan ma in ra day chi bao gdm nhiing tham s6 can thi&t
nhit.

h0 = figure('Units’', 'points’, ... % Tham s&8 cda Layout
'Position', [100 100 300 1007,
'NumpberTitle', ‘off’', ... % Khéng cé "Figure" & dong tén

'Name', 'AUTOLAB - Example for manual made GUI',
% DOng tén cua Layout

9

"MenuBar', ‘none'); $ Khdéng cdn Menu ?
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hl = uicontrol ('Parent',h0, ... % Vung Text
'Units', 'points',
'Position', {0 70 300 301, ...
'FontSize', 24,
'String’', 'Exchange of Funds',
‘Style', ‘text!');

% Chon nuéc
Factor = 1.95583; . % bat trudc
Monetary = 'DEM'; bat trudc

o

hl = uicontrol ('Parent',h0, ... % Tao Popup Menu ?
'Units', 'points’,
'Position', 180 40 90 15],
'BackgroundColor', [1 1 1},
'String', ['Germany'; 'France ';'Italy ';'Austria'],

'Callback', [ 'Land=get (findobj (' 'Tag'',''Land'"'), ''vValue''); "', ...
'switch Land case 1,Factor = 1.95583; Monetary = ''DEM'';',...
! case 2,Factor = 6.55957; Monetary = ''FRF'';', ...
' case 3,Factor = 1936.27; Monetary = ''ITL'';"',...
! case 4,Factor = 13.7603; Monetary = ''ATS'';end;"',...
‘set (findobj (''Tag'',''Monetary''}), ''String'', Monetary);'],
'Tag', 'Land', ... % Nhan bié&t phén tu
'Style', 'popupmenu’,
‘Value',1); % Pbat trudc: Germany

% Gia tri da tinh quy d8i sang Euro

hl = uicontrol ('Parent',ho,
'Units', 'points',
'Position', [20 13 60 157,
'BackgroundColor', {1 1 1],
'String'," '1.00°, -
'Tag', 'Value_Euro', ... $ Nhan biét phén t
'Style', 'edit');

oe

vung nhép dr 1iéu

o

hl = uicontrol ('Parent', h0,
'Units', 'points’',
'Position', [80 13 30 15],
'String', 'EUR’,
'Style’, "text');

vung nhép Text

% Gia tri nh&p bang ddng tién qudc gia

hl = uicontrol('Parent',h0, ... % Vung nhdp dir 1liéu
'Units’', 'points', ...
'Position', [190 13 60 15], ...
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'BackgroundColor', [1 1 1],
'String',' ° 0.00', ... % bat trudc
'Tag', 'Valde Land', ... % Nh&n biét phén ti
'Style', 'edit');

hl = uicontrol ('Parent’',hO, ... $ Ving Text (Xu&t)
'Units', 'points’
'Position', [250 13 30 15],
"String', 'DEM’, % bat trudc
'Tag', 'Monetary', % Nhan biét phén tw
'Style', "text');

% Tinh quy d&i

hl = uicontrol('Parent’,h0, ... % vung chtra ky hiéu ===>
'Units', 'points’
'Position’, [130 36 40 20],

'Callback', ['Value Euro=sscanf (get (findobj(''Tag'',''Value Euro''),'

' llStringll), Il%fll).l
'Value_Land = sprintf(''%8.2f'', Value_Euro*Factor);’,

'set (findobj (' 'Tag'', ''Value_Land''), ''string'',Value_Land);'
‘set (findobj (''Tag'', ''Monetary''),''String'',Monetary); '],

hl

'Style', 'pushbutton'
'‘String', '===>");

= uicontrol ('Parent',h0, ... % vang chia ky hiéu <===
'Units', 'points'
‘Position', [130 10 40 20],

'Callback’, {'Value Land=sscanf (get(findobj(''Tag'"',''Value_Land''),

Ylstringll)’ ll%fll);l
'Value Euro = sprintf({''%8.2f'', Value Land / Factor);’',

‘set(findobj("Tag","Value_Euro"),"String",Value_Euro);'
'set (findobj (''Tag’"', ' 'Monetary''), ''String'‘', Monetary);'],

2.10

‘Style', 'pushbutton’
'String’', '<===");

Tém tat noi dung chudng 2

Chuong 2 nhim giip ban doc tra 16i dudc cac cau héi sau day:

1.

W

Lam thé nao dé dinh nghia mot bién ¢6 dang doan vin ban (chuoﬂ ky ty,
Strings) ?

Lam thé nao dé xuit s6 lidu hay chudi ky tu ra man hinh ?

Nhiing 1énh nao gitip ta xust chudi ky tu theo dinh dang ?

Co nhtmg ky hiéu dic biét hay phan t dinh dang nao khi xust ? *

Lam thé nao d& cit van ban hay di liéu dudi dang File ?
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6. Lam thé& nao dé€ cit dit liéu dudi dang ma nhi phan hay ma ASCII ?

7. St dung cac lénh ctia hé diéu hanh nhu thé& nao ?

8. Cau triic ctia 46 hoa MATLAB ?

9. Cu phap tong quat cia mot 1énh vé d6 thi trong MATLAB ?

10.Cac kha ning dién ky tu va chia truc cta dé thi cin vé ?

11.Lam thé& nao dé vé 46 thi 2 chiéu (2-D) ? .

12.Lam th& nao dé vé dd thi 2 chiéu (2-D) logarith ?

13.Lam thé nao dé vé mat cong 3 chiéu (3-D) ?

14.D4 hoa 2-D va 3-D khac nhau & dic diém gi ?

15.Cac kha nang dién ky tu va chia truc ctia d6 hoa 3-D ?

16.Y nghia cla x_value, y_value vi z_value trong lénh plot3 (x_value,
y_value, z_value) ?

17.Tac dung cua lénh [X,Y] = meshgrid (x_vector, y_vector) ?

18.Lam thé nao dé in hay cét vao bd nhd cac d6 thi, d6 hoa da tao dudc ?



3 Control System Toolbox: Céng cu khao sat - thiét
ké hé théng diéu khién

Control System Toolbox (CST) 1a mot bd cdong cu cuc ky c¢b6 ¥y nghia va tién Igi
déi véi ky su diéu khién tu déng hay nhitng ngudi nghién cttu 1y thuyét hé
thong. Vdi CST ta c6 thé thuc hién tit ca cac budc can thiét dé khao sat — thiét
ké hé théng, dic biét 14 cac hé thong diéu khién (Control System):
e M6 ta cac hé tuyén tinh — ditng (hé c6 tham s3 hang) dudi dang lién tuc
hay gian doan (ham truyén dat, so @6 phin bd diém khong - diém cuyc,
mo hinh trang thai, mé hinh dic tinh tan s6; muc 3.1).

e Chuyén d8i hodc xtt Iy hé (muc 3.2), phan tich dic tinh hé théng (dong
hoc, dap ing bude nhay, giam bac; muc 3.3).

e Thi&t k€& va tinh t6i uu cac khau diéu chinh (khau DC: quy dao diém cuc,
gan cuc, t61 wu LQ'; muc 3.4).

Ngoai ra, CST ¢on cung cap mét sd thuat toan cho phép danh gia db tin cay
clia cac phép toan s6 (muc 3.5) sit dung khi khao sat hé thong. Phan 18n cac
thuat toan s8 dugc cat dudi dang m-Files (cac Scripts) va do d6 hoan toan ngd,
cho phép ngudi st dung stta ddi, bd sung theo ¥ minh.

3.1 M0 hinh héa cac hé tuyén tinh - dirng (hé LTI?)

Thudng bao gid ta ciing bit ddu cdng viéc nghién cttu hé théng didu khién
bang viéc mo6 hinh héa. Xuat phat ti cac dic diém vat 1y, ta tim cAch md ta hé
bang toan, phan anh cac quan hé nhin qua giita cac tin hiéu vao u va cac tin
hiéu ra y. MATLAB cung c&p cho cac hé LTI (lién tuc ho#c gidn doan) cé dang:

e  hé mdt vao / mdt ra (hé SISO: single-input / single-output) hay

e hé nhiéu vao / nhiéu ra (hé MIMO: multiple-input / multiple-output)

bén phudng thitc md ta sau day:

e Ham truyén dat (Transfer Function: TF)

e M0 hinh diém khéng - diém cuc (Zero Pole Gain: ZPK)

e Mo hinh trén khéng gian trang thai (State Space: SS)

' T6i wu LQ: linear — quadratic optimal control
2 Ha LTI linear time-invariant systems
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e M0 hinh dit liéu dic tinh tin s6 (Frequency Response Data: FRD)

Trong bén phudng thic, cac mé hinh TF, ZPK va SS déu 12 mé hinh tham s6,.
con md hinh FRD phuc vu mé ta va phéan tich dic tinh ctia hé véi b di liéu thu
dudc qua do dac hay mé phdng. Chinh vi vay, viéc phéan tich s dung m6 hinh
FRD chi han ch& vao cac phudng phap dic tinh tdn s6.

Ban doc c6 thé xem chi tiét vé mé hinh biing cach goi lénh 1timodels.

3.1.1 M5 hinh truyén dat

Ham truyén dat 12 mot phan thic hiiu ty cia s vdi da thdc td s§ num
(numerator) va da thiic mau s6 den (denominator), md ta dic tinh truyén dat
ctta hé trén mién anh Laplace.

h(s)= num(s) _ a,s" +8,.8"" + -+ as +a
den(s) b,s" +b, 8" 4+ b5 +b

3.1)

Khai bao TF cho hé SISO

Ham truyén dat clia hé SISO c6 thé dudc khai bao theo hai cach:

1. S dung 1énh tf (num,den): Nhap da thic ti s6 num va da thic miu s§
den dudi dang vector tham s6 ciia s theo trinh ty s6 mii cia s bé dan.

>>h = tf ({2 -3], [1 1})
Transfer function:
2 s -3

2. Khai bao dudi dang ham hitu ty cia s: Trudc hét ta p.héi khai béo s 1a
bién ciia md hinh TF, sau d6 nhap ham truyén dat duéi dang ham hitu ty
cuas.

>> s = £tf ('s')
Transfer function:

s
>>h = (s+2)/(5"2+5*s+4)
Transfer function:

s + 2

s™"2 + 5 s + 4

Chu y: Khi s da dugc khai 12 bién cia mé hinh TF, moi mé hinh ti€p theo
dudi dang ham hiu ty cha s déu dudc coi 14 md hinh TF, cho téi khi s duge
khai bao mdi.
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Khai bao TF cho hé MIMO

Ham truyén dat ctia hé MIMO dugc mé ta dudi dang ma tran 2 chiéu H, véi
h; 12 phan tl truyén dat ti ddu vao thd j téi ddu ra thia i. Tdc 1a: Cac hang Gng
véi cac bién ra va cac cdt (ng véi cac bién vao.

num,, num, 25-3 s*+5-6
H= hiy hy _ den,, den,, _ s+1 s+5 (3.2)
hyy Pyl num,  numy, s+2 -1

den,; deny, | |s°+5s+4 25" +6s5+10

Ham truyén dat (3.2) c¢6 thé duge khai bao theo hai cach:
1. Khai bao TF cho titng phin td clia ma tran truyén dat H:

>>hll = tf ({2 -31, [1 1));
>>hlz = tf ({1 1 -6], [1 51);:
>>h21 = tf ([1 2), [1 5 4]);

>>h22 = tf (-1, [2 6 10}):
ho#c duéi dang ham hitu ty cia s:

>>s = tf ('s')

>>hll = (2*s-3)/{(s+1);
>>hl2 = (8"2+s-6)/(s+5);
>>h21 = (s8+2)/(872+5*s+4);
>>h22 = =-1/(2*s"2+6*s+10) ;

Sau d6 ghép lai cac phan ti lai thanh ma tran H:
>>H = [hl1l hl12 ; h21 h22);

2. Khai bao hai trudong (Cell Arrays) véi kich ¢d Ny x Nu (Ny: sb bién ra,
Nu: 56 bién vao): Trudng NUM c6 chita cac da thic tit s6 va trudng DEN
chia cac da thitc miu sb.

num, num, den,, den,,

NUM = ; DEN= (3.3)

num,, numy, den,, den,,

Dén day ta c6 thé nhap cac vector tham s8 clia s theo trinh tu s6 mi gidm
dan nhu sau:

>> NUM {[2 -3] {11 -6] ; [1 2] -1};
>>DEN = {[1 1] [1 -5] ; (1 5 4] [2 6 10}};

Il

Ma tran H duge khai bao bang cach goi t f vdi cAc tham s6 NUM va DEN:

>>H = tf (NUM, DEN);
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C6 thé kiém tra k&t qua bang cach goi H:

>>H
Transfer function from input 1 tc output...
2858 -3
$#l: ——=-—-—-
s + 1
s + 2
$2: ——m—————————

s™2 + 5 s + 4

Transfer function from input 2 to output...
s"2 + s - 6
#1: -

2 8”2 + 6 s + 10

Khi hé MIMO chi chira cac phén ta ty 1é khong co quén tinh
Néu hé MIMO chi chia duy nhét cac phan ti ty 1é khéng c6 quan tinh (cac
hé s8 khuéch dai), khi 4y ta chi cAn goi nhu sau, dé khai bao mé hinh TF:

>G = tf ({1 2 ; 3 01
Transfer function from input 1 to output..

¥1: 1
$#2: 3
Transfer function from input 2 to output...
$#1: 2
$#2: 0

3.1.2 Mb hinh diém khéng - diém cuc

Dang mé ta dic tinh truyén dat tudng tu nhu ham truyén dat 14 mé hinh
diém khong - diém cuc:
h(s)=k(s_z‘)"'(s_zwl)(s—zﬁ (3.4)
(s=p)(s=Pus)(s—p0)
Trong (3.4) k 12 hé s6 khuéch dai véi gia tri thuc, 2, ... z,, va p, ... p, 12 cac gia
tri thyuc va / hodc cac cip gi4 tri phtic lién hgp clia diém khong, diém cuc!.
Chung chinh 1a nghiém cda da thitc tit va miu sd.

! Zero, pole
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Khai bao ZPK cho hé SISO

Giéng nhu mé hinh TF, ta c6 hai kha ning dé khai bdo mot mé hinh ZPK:

1. St dung lénh zpk(z,p,k): Nhap vector diém khéng z ([-6 1 1}),
vector diém cucp ([-5 1]) va hé s6 khuéch daik (3).

>> h = zpk ([_6 1 l]/[_s 1113)
Zero/pole/gain:

3 (s+6) (s-1)"2

2. Khai bao duéi dang ham hitu ty cta s: Trudc hét ta phdi khai bdo s 1a
bién ctia mé hinh ZPK, sau d6 nhap ham truyén dat duéi dang ham hitu
ty cua s.

>> s = zpk('s')

Zero/pole/gain:
S

>> h = 2*1/((s-1)* (s+2))

Zero/pole/gain:

Can phai luu y: Khi ta da khai bao s 1a bién clla mé hirh ZPK, tit ca cic md
hinh biéu dién duéi dang ham hitu ty clia s s& dugc coi 1a mé hinh ZPK, téi khi
nao ta khai b4o lai bién s hay bi€n mé6 hinh ZPK sang mé hinh TF.

Khai bao ZPK cho hé MIMO
Ma tran truyén dat H véi kich ¢ Ny x Nu va cac phén tt Ay, déc trung cho
ham truyén dat tit diu vao thitj (ct) téi ddu ra thit i (hang) vi du c6 dang sau:

2
211 212 ____1___ 3(3_1) (s+6)

Ry, - S22 TR
H:lhu hlZ]: upu 12plz _ (s_l)(s+2) (3_1)(s+5)
Par Pl Zmog Zel | (s-1)(s-2) s+1
Do D22 (s+4)(s+1) (s2 + 2s +2)(s+1)

(3.5)

C6 thé khai bao H theo 2 cAch ma ta da biét & trén:
1. Dung lénh zpk dé khai bao tiing ham truyén dat ZPK-SISO riéng ré:
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>> hll = zpk ([],([-2 11,2):
>> hl2 = zpk ([-6 1 1],([-5 1]1,3):
>> h21 = zpk ([1

(-1

2],1-4 -11,1):
>> h22 = zpk [-1 -1+1 -1~i],-1);
hoac dudi dang ham hitu ty cia s

>> s = zpk('s');
>> hll = 2*1/((s-1)*(s+2));

>> hl2 = 3*(s"2-2*s+1) * (s+6)/ (s"2+4*s-5);
>> h21l = (s"2-3*s+42)/(s"2+5*s+4);
>> h22 = -1*(s+1)/((s724+42*%s+2) * (s+1));

va sau dé ghép cac phan tit thanh ma tran H:
>> H = [hll hl2 ; h21 h22];

2. Khai bao hai trudng (Cell Arrays, kich cd Ny x Nu, c¢6 cac ddu vaoi=1 ...
Ny, cac ddu raj =1 ... Nu) cho cac da thic diém khéng (Z), cac da thic
diém cyc (P) va ma tran (K) kich ¢d Ny x Nu cho cac hé s& khuéch dai.

z z k k
7 — |2 12 P= P Plz‘;Kz i} 12 3.6)
Z1 Zp P P» ky  ky
> 2 = {[] [-6 1 1]1;[1 21 -1};
> P = {[-2 1] [-5 11;[{-4 -1] [-1 -1+i -1-i]};
> K= {2 3 ;1 -11;

Sau d6 goi zpk véi chc tham s6 Z, P va K:
>> H = Zpk (Zz,P,K)
Zero/pole/gain from input 1 to output...

$l: -

$2: —emmmmm -
(s+4) (s+1)
Zero/pole/gain from input 2 to output...
3 (s+6) (s-1)"2 '
$#l: -
(s+5) (s-1)
- (s+1)
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3.1.3 Mb hinh trang thai

Trong phuong phap mé ta bing mé hinh trang thai ta khéng quan tam téi
quan hé ‘truyén dat gitta cac bi€n vao va bién ra, ma chi quan tam t6i sé cdc
phdn ti tich lidy ndng luong déc lgp ton tai trong hé: Ta phai tim cho mbi phan
i tich liy (dng v6i mdt khau tich phén, Intergrator) mét phuong trinh vi phén
bdc 1. Chinh vi vay, mét hé c6 n khau tich lity ddc lap s& khong duge md ta béi
mét ham truyén dat bac n, ma bdi mdt hé n phuong trinh vi phén bdc 1. Hé
MIMO thudng dudc mé ta bdi mé hinh trang thai téng quat, viét dusi dang ma
tran nhu saw:

o Phuong trinh trang thai:

x=Ax+Bu 3.7
e Phuong trinh d4u ra:
y=Cx+Du : (3.8)
Vol
x: Vector trang thai (Nx x 1) A: Ma tran trang thai (Nx x Nx)
u: Vector biénvaio  (Nu x 1) B: Ma tran dau vao (Nx x Nu)
y: Vector bién ra Ny x 1) C: Ma tran daura (Ny x Nx)
D: Ma tran lién théng (Ny x Nu)

Trong hé trén, Nx 1a bac cua hé (ing v6i s phan ti tich iy nang lugng doc
lap trong hé), Nu 1a s& bién vao va Ny la s6 bién ra. Khi d6i tugng la hé SISO
thudng gip, chi ¢6 1 bién vao va 1 bién ra, khi 4y hai phuong trinh (3.7),(3.8) sé
trd nén don gian va ta chi viéc thay th€ Bbdi b (Nx x 1), C bdi T (Nx x 1) va D
bdi d (b, c 1a hai vector, d 12 dai lugng v6 hudng): 4

¢  Phuong trinh trang thai:

x=Ax+bu (3.9)
e Phuong trinh dau ra:
y=¢' x+du (3.10)

Vi trong thuc tién, hau hét cac d6i tugng diéu khién déu c6 dic diém quan
tinh (dac diém loc thong thap) nén khéng c6 thanh phén lién théng, tic1a D =0
hodcd = 0.

Viéc khai bdo md hinh trang thai trong MATLAB dudgc thuc hién mét cach
rat don gian nho lénh ss (A, B, C, D), trong 86 A, B, C va D 1a cAc ma tran hay
vector tuong Gng.

Chu y:

o Khi déi tuong la khGu qudn tinh: Khi dy chi cdn gan cho ma tran lién

théng D gia tri vo hudng 0 1a d4, ma khéng can quan tdm téi kich ¢d caa
uvay.
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>> D = 0;

e Heé SISO: Né&u vector ¢ von 13 vector cot, ta phai chuyén ¢ thanh vector
hang c7.

>> ss(A,B,C’,D)

D& minh hoa ta theo d5i vi du vé& d6i tugng MIMO c6 2 trang thai, 2 ddu vao
va 3 dau ra sau day.

0 1 0
1 2 11
A= ;B= ;C=1 2;;D=|0
3 4 01 31

Khai b4ao véi MATLAB:

>> 8YS = ss({1 2 ; 34),{(11; 01},[01 12 ; 311,0}

a =
x1 X2
x1 1 2
X2 3 4
b =
ul uz
x1 1 1
X2 0 1
c =
x1 X2
yl 0 1
y2 1 2
y3 3 1
d =
ul uz
yl 0 0
y2 0 0
y3 0 0

3.1.4 Mb hinh dir liéu dic tinh tdn s6

Ngugc lai v6i ba loai mé hinh da giéi thidu, mé hinh dit liéu dic tinh tin s&
FRD khong dya trén cd s6 mé ta toan hoc ctia hé thong, cia doi tugng, FRD dya
trén mét bo dit liéu déc tinh tin s6 thu thap duge qua do dac hay mé phdéng. Cé
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thé thu thap duge bd dit lidu d6 théng qua do bién d6 va goc pha cla tin hiéu ra
khi kich thich hé & ddu vao bdi mt tin hiéu hinh sin véi cac tadn s§ khac nhau.
Tin hiéu ra thuong ¢6 dang nhu sau:

p(0) =¥ (@)sin(wr-+ ()= [F ()fim{e™ D) @

Quan sat thuan tdy toan, ham dic tinh tan s6 chinh 1a dap ung phic ciia hé
khi kich thich & ddu vao bdi mét tin hiéu hinh sin:

a,,,(jw)m + ot a (jw)+a0

w)=|F(jw)e) = 1
F(JW)_‘F(J )I b,,(jw)"+...+bl (jw)+b0 @12
|F(jw)= \/Re{F( j@)f +1m{F (jw)}’ (3.13)
gp(w):arctg:—:;—%%—j—z% (3.14)

Khai bao mé hinh FRD cho hé SISO .
Viéc khai bao dudc thuc hién bdéi 1énh frd (answer, freq, unit). Trong dé,
answer la vector chla cac dap Ung phuc, Gng vdi cic tdn sO cit trong vector
freq. unit 1a tham s8 tuy chon, cho biét don vi ctia tAn s6 14 ' rad/s’ (don vi
chuéin mic dinh) hay la " Hz’.
P& minh hoa ta hay khai bao khau quan tinh bac nhat PT, sau day:
1 _ 1- jUJT 1 e—jarctg(uT)

Tl el 14 (wT)? —\/l+(wT)2

(3.15)

>> freq = {0.01 0.1 1 10 100 1000 10000]; % T&n sé

>> answer = (l-j*freq) ./(l+freq.”2); % Tao PT1
>> sysfrd = frd(answer, freq, 'Units', 'rad/s")

From input 1 to:

Frequency (rad/s) output 1
0.01 9.99900e-001-0.0099991i
0.10 9.90099e-001-0.0990101
1.00 ‘5.00000e-001~-p.5000001
10.00 9.90099%9e-003-0.0990101
100.00 9.99900e-005-0.0099991
1000.00 9.99999e-007-0.0010001
10000.00 1.00000e-008-0.0001001

Continuous-time frequency response data model.
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Khai bdo mb hinh FRD cho hé MIMO

M5 hinh FRD cua hé MIMO dudc khai b4o cling theo phudng thic tuong tu,
diém khac 1a: Dap ung phic answer khong con 1a vector ma 1a mét tensor' c6
kich ¢d Ny x Nu x Nf, v6i Nu bién vao, Ny bién ra, va vector tin s& freq c6 dd
dai NY.

3.1.5 MO0 hinh gian doan theo thdgi gian

D6i v6i mb hinh gidn doan theo thdi gian ta khong dung anh Laplace ma
dung phudng phap anh z dé mé ta hé, va thay thé cac phuong trinh vi phan sé
14 cic phuong trinh sai phan. Cac md hinh gian doan duge khai bao tuong tu
nhu mé hinh thgi gian lién tuc, thém vao d6 1a chu ky*trich méu T, dudi dang
tham s& Ts. N&u ta chua xac dinh chu ky trich miu, Ts sé ty déng nhan gia tri
—1. P& khai bao ta si dung cac 1énh MATLAB sau day:

systf =tf (num,den,Ts)
syszpk = zpk (z,p,kR,Ts)
sysss =ss (a,b,c,d,Ts)

sysfrd =frd (answerfreq,Ts)

M6 hinh gran doan TF va ZPK

Ham truyén dat glan doan dugc dinh nghla 12 ham hitu ty cha toan ti z, md
ta dudi dang ham truyén dat (mé hinh TF) hay biéu dé ¢iém khéng - diém cuc
(m6 hinh ZPK).
z—0 R 5 A z— 0, 5

I A 2T
22+z—2 Pk (z+2)(z—1)
Ta c6 thé khai b4o theo 2 cach:

hTF =

1. Dung lénh tf (num,den, Ts) hoic lénh zpk(z,p, k, Ts): Khai bao céc
tham s6 hé théng gidng nhu muc 3.1.1 va 3.1.2, bd xung thém chu ky
trich mau T,.

> h = tf ([1 -0.5],[1 1 -2],0.01)
Transfer function:
z - 0.5

Sampling time: 0.01

Mo hinh ZPK;

1 N P oA
Tensor: Ma tran nhiéu chiéu
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>> h = zpk (0.5,[-2 11,1,0.01)

Zero/pole/gain:
(z-0.5)

(z+2) (z-1)
Sampling time: 0.01

2. Khai b4do ham hitu ty clia z: Trudc hét ta phai khai bao z 14 bién ctia mé
hinh TF hoac ZPK, sau d6 nhap ham truyén dat dudi dang ham hitu ty

cua z.
M6 hinh TF Mé hinh ZPK
> z = tf ('z',0:01) >> z =.zpk ('z',0.01)
Transfer function: Zero/pole/gain:
;ampling time: 0.01 gampling time: 0.01
>> h = (z-0.5)/(z"2+2z-2) >> h = (2-0.5)/((z+2)*(z-1))
Transfer function: Zero/pole/gain: 4
z ~ 0.5 (z-0.5)
2tz -2 (242) (z-1)
Sémpling time: 0.01 Sampliné time: 0.01

Mo hinh gian doan TF theo dinh dang DSP*

Trong linh vuc diéu khién tu dong, cAn dén xi 1y tin hiéu s6, cac hdm truyén
dat thudng dudc cho duéi dang ham hizu ty ciia bién z'!, viét theo thi tuw sé' mi
tdng dan. Piéu nay mau thuin véi cach viét thong thudng, cac da thitc clia z véi
bac khac nhau & ti va mau s6 dude viét theo thit tu s6 mi gidam dan. Giai quyét
mau thudn nay, MATLAB cung cdp 1énh filt (num, den, Ts), cho phép ta khai
bao mé hinh TF theo dinh dang DSP.

>> h = filt ([1 -0.5],[1 1 -21,0.01)
Transfer function:
1 - 0.5 z~-1

1 + z*~1 - 2 z7=-2

Sampling time: 0.01

! DSP: Digital Signal Processing (x11 1y tin hiéu s3)
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Mo hinh gian doan SS
Mb hinh gian doan SS (mé hinh gian doan trén khong gian trang thai) cé
dang téng quat:
x(k+1)=Ax(k)+Bu(k) (3.16)
y(k)=Cx(k)+Du(k) (3.17)
Trong hai phuong trinh trén ta cdn hiéu: a(k): a(kTs). Viéc khai bao
hoan toan tudng tu muc 3.1.3: Thém tham s6 Ts.
>> sys = ss([ 31,013 1,00.51],0,-1);

Cac phuong thic khai bdo md hinh gian doan cho déi tugng tuyén tinh —
ditng (hé LTI) duge tap hgp lai trong dudi day.

Khai b4o mé hinh gian doan ctia hé LTI

tf (num,den,Ts) Ham truyén dat:
Vector cic hé s6 cua da thic tit s num, vector cac
hé s6 cta da thitc mau sé den
zpk (z,p.k,Ts) Biéu d6 diém khong - diém cuec:
Vector cac diém khong z, vector cac diém cuc P,
vector cac hé s& khuéch dai %
ss (A,B,C,D,Ts) M6 hinh trang thai:
Ma tran hé théng A, ma tran dau vao B, ma tran
d4u ra C, ma tran lién théng D
frd (answer.freq.unit,Ts) Mo hinh dit liéu dac tinh tan so:
Dap dng tan s& answer, vector tan s8 freq, unit 1a
don vi (th nguyén) clia tin s6 rad/s (mac dinh)
hodc Hz (unit='Units’,’rad/s’)
Chu ky trich miu cta hé gian doan
khong khai T,: Mo hinh lién tuc vé thoi gian

T, =-1: Mb hinh gidn doan vé thoi gian,
chu ky trich miu chua xac dinh

3.1.6 Thdi gian tré trong cac hg tuyé&n tinh - dimg (hé LTI)

Trong cac hé théng ky thuat thudng tén tai hién tugng tré thai gian. Nghia
14, chi sau mét khoang thai gian nhat dinh, tin hiéu kich thich méi cé hiéu luc &
dau vao, hodc ta méi quan sat duge tin hiéu dap iing ¢ dau ra, hoic ndi tai cla
hé théng c6 cac hiéu tung tré nao d6. Dé md hinh hoéa hién tugng tré, Control
System Toolbox cung c4p cho ta cic 1énh s& duge md ta dudi day.
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Thdi gian tré gidta d4u véo - dau ra

Trén mién anh Laplace, dic diém thdi gian tré T, thé hién qua viéc nhan
thém ¢ ™ vao ham truyén dat. Trong MATLAB, dic di€m tr8 thoi gian giita
d4u vao thi j va ddu ra thi i duge khai bao théng qua tinh chat I0Delay cia
md hinh LTI, thé hién bdi ma tran Td chda thdi gian tré gikta titng cip vao/ra.
Ma tran Td phai cé kich ¢d dung nhu kich ¢d cia mé hinh LTI. Lénh c6 dang:

set (sys,’I0Delay’,Td)

D& minh hoa, ta st dung vi du khai bao md hinh TF cho hé MIMO c6 2 bién
va0 va 2 bién ra ¢ cudi muc 3.1.1. Ta 14n lugt khai bao ma tran NUM clia cac da -
thic tl s6, ma tran DEN cua cac da thitc miu s8, dinh nghia ma tran truyén dat
H. Ding 1énh set d& gan cho quan hé gita dAu vao 2 va d8u ra 1 thdi gian tré
12 0,4s. Cudi cung ta goi H(1, 2) d€ kiém tra phén ti cia 4 & hang 1, cot 2.

>> NUM = {[2 -3] [1 1 -6] ; [1 2] -1};
>> DEN = {[1 1] [1 -5} ; [1 5 4] [2 6 10]}; Mau s8

>> H = tf(NUM, DEN); Khai baoc H
>> H % Kiém tra k&t qua

™ s&

o O o°

Transfer function from input 1 to output...
2 s -3
#l: ~—=--—--

s"2 + 5 s + 4

Transfer function from input 2 to output...
s"2 + s - 6

$#l: ——mm—— -

2 82 + 6 s + 10

>> set(H, 'IODelay', [0 0.4 ; 0 0]); % Tré&: input 2/output 1
>> H(1l,2) % Kiém tra TF: input 2/output 1

Transfer function:
s"2 + s - 6
exp(-0.4%s) * —-----o-m-—-
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Thoi gian tré xuét hién truc tiép & déu vao hay dau ra

. Néu thoi glan tré xudt hién truc txep & dau vao hay dau ra, ta c6 thé khai
bao ching bing cach bd sung dic diém ’ InputDelay’ hodc ' OutputDelay’
vao md hinh SS clia d6i tugng LTI. Trén mién thoi gian, khi c6 tré T, giiia
vector bién vao u va vector trang thai x, ho#c tré T, gitia vector trang thai x va
vector bién ra y, mé hinh trang thai dugc viét dudi dang:

x() = Ax(t)+Bu(t—T,,) (3.18)
y(t)=Cx(t=T,)+Du(t—(T,; +T,)) (3.19)

Theo mé hinh trén, viéc khai bao thdi gian tré tré nén don gian hon nhiéu so
véi trudng hdp tré gitta ddu vio - dau ra. Ly do: Thay vi phai khai bao tré giéng
nhau (cé gia tri IODelay) riéng ré cho ting phan tlf cla ma tran, ta chi cin
nhap mot vector thdi gian tré diu vao InputDelay ho#c ddu ra OutputDelay.

Thdi gian tré trong céc hé gian doan theo thoi gian

D61 véi cac hé gian doan, viéc khai bao thoi gian tré duge thuc hién tuong tu
nhu cac hé lién tuc vé thai gian, chi can b8 sung thém boi s§ n 14n cta chu ky
trich mau T,. Trén mién anh z, viéc b8 sung Gng vdi viéc nhan thém thita sb 2™
vao ham truyén dat gian doan, dong nghia vé6i viéc gan thém cho hé diém cuc
lap lai n 14n tai z = O (tai gdc toa d6). Néu xuit hién nhu ciu bién ddi thoi gian
tré thanh diém cuc nhu trén, ta ¢6 thé ding lénh sysp = delay2z (sys).

Vi du sau ddy minh hoa viéc khai bao thoi gian tré ddu vao tng vdi 4 chu ky
trich maiu.

>> h = tf ([1 -0.5]1,[1 1 -2],0.01, 'InputDelay';4)

Transfer function:
z - 0.5

Sampling time: 0.01

Phép xap XI Pade* cho cac hé thai gian lién tuc

Bang phép x&p xi Pade ta ¢6 thé thay th& gdn dding thanh phén tré e 4

cua hé lién tuc bdi mdt ham hitu ty.

pade (sys,n) (num,den] = pade (sys,ni,no,nio)
pade (sys,ni,no,nio) sysx = pade (8ys,ni,no,nio)

Trong 1énh pade, n chinh 1a bac cia ham x4p xi cAn tim.

! Padé-Approximation
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Véi d6i tugng MIMO, c6 thé khai bao bac riéng ré cho tiing ddu vao trong
vector ni, cho ting ddu ra trong vector no, va thdi gian tré giita cac ddu vao/ra
trong ma tran nio. Cac bién xut num va den chiita da thie ti s6 va miu s6 cia
ham hitu ty xap xi, thu dugc dudi dang mo hinh TF. Bién sysx sé€ luu lai dang
clia md hinh gdc sys. Ap dung x4p xi Pade cho ham truyén dat con H(1,2) & vi
du trén ta sé& thu dugc ham truyén dat (hitu ty) x4p xi sau day:

>> pade (H(1,2))

Transfer function:
-5™"3 + 4 s™"2 + 11 s - 30

s"2 - 25
Khai bao dic diém cua thai gian tré
InputDelay Thoi gian tré truc tiép § dau vao
OutputDelay Thdi gian tré truc tiép d dau ra
IODelay Thdi gian tré giita ddu vao - ddu ra

Lénh lién quan dén thoi gian tré
totaldelay(sys) Xac dinh moi thdi gian tré clia toan hé

delay2z (sys) Thay thdi gian tr8 bing diém cuc taiz =0
pade (sys, n) X4p xi Pade véi bac n

3.2 Nguyén tiac sirdung mé hinh LTI

3.2.1 Pic diém clia md hinh LTI

Daéi tuong LTI .

Hoan toan khéng phu thudc vao phudng thiic mé ta hé (d6i tugng), MATLAB
luén c&t moi dit liéu vé d6i tugng LTI (LTI object) trong mot bién c6 dic diém
ciu tric (Struct, muc 1.3) hodc trudng (Cell Arrays, muc 1.3). Dic diém cua d6i
tugng vay la sé duge thé hién qua nhiéu mdng khac nhau véi tén cho trudc
(EigName), c6 chla cdc gid tri dugc gan (EigValue).

Viéc truy c4p vao tiing mang cu thé (vao dic diém) duge thuc hién bing lénh
» . ho#c cac 1énh get (hdi dic diém) hodc set (thay d6i diac di€ém). Can luu y
rdng, MATLAB khong phan biét chit viét to hay nhd déi véi tén cla dic diém.
C6 thé tra ctiu thém vé& dic diém cta cac doi tuong LTI bing cach goi
ltiprops.



80

3 Control System Toolbox: Cong cu khéo sat - thigt k& hé théng diéu khién

Xéc lap va thay doi dac diém cua mé hinh
C6 ba kha ning gan gia tri EigValue cho dic diém EigName:

1.

St dung cac 1énh t £, zpk, ss hoac fra: Khi khai bao d6i tugng LTI c6 thé
két hop gan dic diém bing cach khai ludn tén EigName kém theo gia tri
EigValue.

sys = tf (num,den,Ts,’ EigName' ,EigValue)

. S dung lénh set: Bing lénh nay c6 thé xac lap hay thay d6i déng thai

nhiéu dic diém ctia m6 hinh.
set (sys, ' EigNamel’ , EigValuel, ' EigName2' , EigValue2)

Lénh set (sys) khong kém theo tham s6 c6 tac dung hién thi t&t ca cac
dic diém cta doi tugng LTI

. Lénh ™. cho phép thay ddi dic diém (c6 dang cdu tric) cua d6i tugng

mét cach rat don gian. Vi du, bang cach goi:
sys.EigName = EigValue

ta da gan gia tri EigValue cho dic diém EigName ctia md hinh sys.

Héi dac diém cGa mé hinh
C6 thé héi dic diém ctia md hinh bing mét trong hai cach

1. St dung lénh get (sys, ' EigName’ ): Lénh get c6 tadc dung ngugc véi
1énh set va cho biét gia tri hién tai cta cac dac diém. Néu chi goi
get (sys), toan bod cac dic di€m cia sys sé duge hién thl ho#c gan cho mot
bién nao dé.

2. Sut dung lénh “.“: Béng cach goi sys.EigName ta c6 thé hién thj gia tri
EigValue cia dic diém EigName clia hé sys, hay gan cho cac bién khac.

Vi du

Trudc hét ta st dung 1énh tf dé khai bao ham truyén dat cta hé sys. Diac
diém 'Notes’ cia sys nhan gia tri 1a chudi ky tu ' LTI-Object’. Sau d6 ta
ding 18nh set dé xac lap gia trj 0.05 cho chu ky trich mau Ts (ma trudc dé
chua khai bao bing t £), ddng thdi gan cho dic diém ’ InputName’ chudi ky tu
" InputVariable’. Khi ta goi sys.OutputName = ’'OutputVariable’, dic
diém ’ OutputName’ s& nhén gia tri 1a chudi ky tu / Outputvariable’. Ngoai
ra, ta gan cho bién samplingtime chu ky trich miu Ts, gan cho bién notiz
gia tri Notes. Cudi ciing ta hién thi toan bd dic diém cta sys biing lénh get.
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>> sys = tf ([1 -0.5],[1 1 -2),-1,'Notes','LTI-Object"')
Transfer function:

z - 0.5
Sampling time: unspecified

>> set(sys,'Ts',0.05, 'InputName', 'InputVariable')
>> sys.OutputName = 'OutputVariable'

Transfer function from input "InputVariable" to output
"OutputVariable":

z - 0.5

Sampling time: 0.05

>> samplingtime = sys.Ts

samplingtime =
0.0500

>> notiz = get{sys,'Notes"')

notiz = .
"LTI-Object’

>> get(sys)

01 -0.51}

num: {[
den: {[1 1 -2]}
Variable: 'z'
Ts: 0.05
ioDelay: O
InputDelay: O
OutputDelay: O
InputName: {'InputVariable’}
OutputName: {'OutputVariable'}
InputGroup: {0x2 cell}
OutputGroup: {0x2 cell}
Notes: {'LTI-Object'}
UserData: []

Cac dac di€ém chung va riéng ctia mé hinh

Cac d6i tugng LTI mang mot s dic diém téng quat chung (generic
properties), nhung dong thdi lai ¢6 moét s§ dic diém riéng (model-specific

properties) tuy theo loai cua mé hinh d6i tugng (loai TF, ZPK, SS hay FRD).
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Trong hai bang sau day, ¢dt thit nhat chia tén cia cac dic diém, cot thi hai
chia doan mé ta ngin vé dac diém d6 va cot thi ba cho biét dang cia gia tri ma
dac diém c6 thé nhan.

Cac dac diém chung ctia mé hinh LTI

Ts Chu ky trich miu (tinh bang gidy) Vb huéng (Scalar)
InputDelay Thai gian tré tai ddu vao Vector

OutputDelay  Thdi gian tré tai dau ra Vector

ioDelay Thoi gian tré gitta hai ddu vao-ra  Ma tran

InputName Tén cua diu vao Vector Cell cia Strings
OutputName Tén clia diu ra Vector Cell cia Strings
InputGroup Tén ctia nhém dau vao Truong (Cell Arrays)
OutputGroup  Tén clia nhém dau ra Trudng (Cell Arrays)
Notes Ghi cha Text

Userdata Dit liéu phu . Tuy y

2 ol .~ . A ~ .~
Cac dac diém riéng ciia md hinh TF

num Tw sb Trudng (Cell Arrays) cac vector hang thuc

den Mau s§ Trudng (Cell Arrays) cac vector hang thuc
Variable Bién TF "s’,'p’,"2z’,'q" hodc’z -1’

Cac dic diém riéng clia mé hinh ZPK

z Diém khéng Truong (Cell Arrays) cac, vector cot thuc
p Diém cuc Truong (Cell Arrays) cac 'vector cdt thuc
k Hé s6 khuéch dai Ma tran thuc 2 chiéu

Variable Bién ZPK "s’,'p’,"z','q" hosc’z"-1'

Céc dic diém riéng ctia mé hinh SS

a Ma tran trang thai ~ Ma tran thyc 2 chiéu
b Ma tran dau vao Ma tran thuc 2 chiéu
c Ma tran dau ra Ma tran thuc 2 chiéu
d Ma tran lién thong  Ma tran thuc 2 chiéu
e Ma tran Descriptor ~ Ma tran thuc 2 chiéu
StateName  Tén cac trang thai Vector Cell cia Strings
Céc dic diém riéng ciia mé hinh FRD
Frequency Céc gia tri tAn s6 Vector thyc
ResponseData Dap tng tin s6 Ma tran phic nhiéu chiéu

Units | Thit nguyén (don vi) clia tdn s ‘' rad/s’ hodc ' Hz’
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3.2.2 Truy cap nhanh dir liéu cia mé hinh

Vi MATLAB c4t moi dit lidu clla md hinh trong LTI Object (xem muc 3.2.1),
ta c6 thé nhanh chéng tim dudc cic dit 1iéu quan trong nhat cia md hinh nho
cac lénh truy cap sau: :

[num,den, Ts] = tfdata (sys)
(z,p,k,Ts)] = zpkdata (sys)
la,b,c,d,Ts] = ssdata (sys)
[

answer, freq, Ts] frddata (sysfrd)

Trong cac 1énh trén, sys 12 mé hinh TF, ZPK hay SS, con sysfrd 1a mé hinh
FRD. Vi du, st dung tfdata v6i ham truyén dath = tf ([2 -3],[1 11) &
muc 3.1.1 sé cho ta két qua sau:

>> [num,den,Ts] = tfdata (h)
num =
[1x2 double]
den =
[1x2 double]
Ts =
0
>> num{1l,1} % Truy cap Cell Arrays
ans =
2 -3

A

Bdi vi num va den cla tf, cling nhu p va z cla zpk (ngay ca dé6i véi hé SISO)
déu thudc dang trudng (Cell Arrays), ta c6 thé st dung tham s6 /v’ d€ budc
MATLAB phai cat ching dudi dang Vector hang cht khéng phai Cell Arrays
nita. Khi 4y, viéc truy cip Vector con trd nén nhanh hon nita.

>> [num,den,Ts] = tfdata (h,'v'):;
>> num ' % Truy cap Vector
num =

2 -3

3.2.3 Trinh tu vu tién cia md hinh LTI

Khi st dung toan tit d61 véi cac mé hinh LTI (thudc cac loai khac nhau), hay
khi d4u vao clia 1énh 12 cac loai mé hinh khac nhau, khi 4y loai cia mé hinh két
qua sé dugc quyét dinh theo trinh ty wu tién sau (khi viét A > B: ¢6 nghia 1a A
dudc vu tién hon B):

FRD > SS > ZPK > TF

A
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Theo trinh ty néi trén, trudc h&t MATLAB sé tu dong tim ra loai md hinh c6
muc uu tién cao nhAat, tiép theo dao tat ca cac moé hinh loai khac sang loai c6
muc cao nhit d6, va cudi cing méi thyc hién phép toan duge yéu cau. Néu
mudn vugt qua nguyén tic nay, dé budc két qua theo mét loai mé hinh mong
mudn nao d6 cu thé, ta c6 hai cach di (md hinh TF: syst £, mb hinh SS: sysss):

e Dao loai mé hinh tit trude: Trude hét ta dao tat ca cadc md hinh sang

loai ma ta can thiét, sau d6 méi tinh toan.

sys = systf + tf(sysss) $ Pdo loal trudc, sau mdi tinh

e Dao loai mé hinh sau: Trudc hét ta thuc hién phép tinh, sau d6 dao »
két qua sang loai md hinh mong muén.

sys = tf(systf + sysss) % Tinh trudc, dao loai sau

Chu y: Hai cach tién hanh trén khéng dong nhat vé mit s6. Do trinh tu dao
khac nhau cé thé dan dén khé khan khi hién thi s6. Muc 3.5 sé quay lai dé cap
dén van dé nay.

3.2.4 Tinh ké& thira cia mé hinh LTI

Mot diéu quan trong can dude quan tam la: Cac phép tinh anh hlmng nhu
thé& nao téi cac dac diém chia md hinh LTI? Cau hdi tuong tu cung nay sinh khi
ta két hop nhiéu mé hinh c6 loai khac nhau Mac du diéu nay con tuy thudce vao
phép tinh, van c6 thé dua ra dugc mét s nguyén tic co ban sau:

e M5 hinh-LTI gian doan: Khi st dung mét phép tinh dé két hop céac méd
hinh LTI gian doan, moi md hinh bét budc phai ¢6 chu ky trich miu
giéng nhau. Chu ky trich mau ctia két qua sé 1a chu ky cha ting mé
hinh.

¢ Notes vaUserData: Khong duge k€ thita d6i véi da sé cac phép tinh.

o K&t hgp hai hé: Néu hai hé duge két hgp bdi cac toan ti +, *, [, 1, [;1,
append hay feedback, khi Ay tén cia dau vao, ddu ra (InputName,
OutputName) hay tén ciua nhém dau vao, ddu ra (I nputGroup,
OutputGroup) s& duge k& thita, néu chung gio’ng nhau d ca hai hé. Néu
khong glong, cic dic diém d6 ctia hé két qué sé bi bd trong {khoéng nhan
gia tri cu thé).

e Cac dai lugng bién thién: Déi véi hai loai mé hinh TF va ZPK, trinh
tu uu tién nhu sau:
- Mo hinh lién tuc: P > s
- M6 hinh gidn doan: z*-1 > g > =z
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3.2.5 Dao loai cho mé hinh LTI

Dé st dung ddng thdi mé hinh LTI ¢6 loai khac nhau, vi du: Dé ghép néi mé
hinh, hay dé st dung cac phép tinh (phép tinh chi c¢6 thé thuc hién véi mét loai
md hinh nhat dinh) d&i véi moi md hinh, ta bét budc phai c6 kha ning ddo mo
hinh tir loai nay sang loai khac.

Déo tuong minh (explicite) )
Khi cdn dao mé hinh LTI c6 sdn sang mét loai nhat dinh, ta st dung lénh
van dung dé khai bao loai d6, véi tham s5 14 md hinh can duge dao sys.

SYyS = tf (sys) % bao sang mé hinh TF
Sys = zpk (sys) % pdo sang md hinh ZPK
sys = ss (sys) % pdo sang md hinh S$S
sysfrd = frd (sys, freq) $ bdo sang md hinh FRD

Viéc dao gilta ba loai TF, ZPK va SS 12 hoan toan khéng cé van dé gi. Khi dao
ti mot loai khac sang mo hinh FRD ta phai khai bao thém vector tan sé freq.
Viée ddo tir mé hinh FRD sang logi khdc la khong thé duoc.

Ngoai ra, MATLAB con cung cdp thém mét s6 céng cu dao sau day:

TF > ZPK > SS -
TF: [num, den]= : zp2tf(z,p, k) ss2tf (A,B,C,D, iu)
ZPK: [z,p,k] = tf2zp (num, den) ss2zp(A,B,C,D, i)
SS: [A,B,C,D}= tf2ss (num, den) zp2ss{z,p, k)

Dao ty dong

C6 mdt sd phép tinh (mot s 1énh) chi hgp véi vai loai mé hinh nhat dinh.
Néu ta trao cho lénh d6 nhiing tham s8 14 mé hinh khéng hop loai, MATLAB sé&
tu dong dao loai trudc khi thuc hién 1énh. Vi du: Lénh step c6 tac dung tinh
dap tng bude nhay trén co s mé hinh trang thai SS clia hé. Vi vay, néu hé duge
trao cho 1énh duéi dang mé hinh khac loai, mé hinh sé tu dong duge dao sang
md hinh SS. Ciing tai day ta phai than trong véi cac van dé khi biéu dién bang
s6 (muc 3.5).

3.2.6 Cac phép tinh sd hoc

Vi m6 hinh LTI 14 mé hinh toan, ta c¢6 thé ap dung hdu hét cac phép tinh (ca
phép tinh ma tran) 461 véi ching. -

Phép cbng va phép trur

Phép céng hay trir hai hé ting véi viéec méc song song hai hé d6. Nghia 13, ca
hai hé nhan tin hiéu ddu vao nhu nhau, ta chi thuc hién coéng hay tri hai tin
hiéu d4u ra.
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Sys = syS,+8ys, SYS = 5YS,-SYS,

Hinh 3.1 Phép cong va triz déi vdi mé hinh LTI

Phép cong Phép trit
Yy=Y¥,+y¥,=Gu+G,u Yy=Y1—-Y, =Gu-G,u (320

Khi sif dung m6 hinh trén khéng gian trang thai ta cé:
A0 B,
0 A, B,

;B=

]; C= [C: (—)Cz}; D=D,+D, (3.21)

Phép nhan ’
Phép nhan hai hé LTI Ung véi viéc méc néi tiép hai hé d6. Khi méc néi tiép
hai hé cé cau tric ma‘tran cin phai chd ¥ dén trinh ty ctia hai hé.

y=Gv=G,(G,u)=(G,xG,)u (3.22)

Sys = sys,*sys,
Hinh 3.2 Phép nhén hai mé hinh LTI

D6i véi md hinh trén khong gian trang thai ta cé:
A 4Blcz B,D,

2

l; C=[C, DGC,|;D=DD, (323

Phép ddo, phép chia ma tran tt phia trai va phia phai

Cac phép tinh nay chi dugc dinh nghia cho ma tran toan phuong (ma tran
vudng), titc 1a cho cae d6i tugng cb sd ddu vao va d4u ra nhu nhau, diéu d6 dong
nghia vdi viée D cling 14 toan phuong.
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Phép dao: sys = inv(sys) £ u=G7ly (3.24)
Phép chia tit phia trai: sysl \ sys2 L GG, - (3.25)
Phép chia tit phia phai:  sysl / sys2 L GG (3.26)

D31 v6i mé hinh trén khong gian trang thai ta sé phai thuc hién do ma tran
D va sau d6 tinh nhu sau:

A=A-BD'C;B=BD ;C=-D'C;D=D"' (3.27)
Cac phép tinh sd hoc
+ Cong *  Nhan inv  Ddo ma tran
- Tru ~  Liy thua / Chia ti phia phai
.’ DPdo cot thanh hang \ Chia tit phia trai

3.2.7 Lua chon, thay ddi va ghép néi md hinh LTI

Lua chon va thay déi

Vi cdc md hinh LTI ¢6 c&u tric theo kiéu ma tran, ta c6 thé xu ly, bién ddi
ching kha d& dang: C6 thé tach hé théng con ra khéi hé théng me hay thém bét
d4u vao, ddu ra mdt cach don gian.

Vi du sau diy minh hoa cic kha nang dé: Trudc hét ta khai bao mot ddi
tugng MIMO véi hai ddu vao, hai dau ra theo mé hinh TF ¢6 tén 14 systf. Sau d6
ta tach hé thong con partsys (ham truyén dat tit dau vao 2 t6i dau ra 1) ra khoi
hé théng me systf. Tiép theo ta gan cho partsys mét ham truyén dat ¢6 dic tinh
I (d4c tinh tich phan) va tra lai cho hé thong me systf.

>>4s tf('s');

('
>> hll (2*s+1)/ (s+0.1);
>> h2l = 0;
>> hl2 = 1/(s+0 5);
>> h22 = 1/(s-1);
>> systf = tf ([hll h12;h21 h22]) % Khai bido hé& théng me

Transfer function from input 1 to output...

2 s + 1
#l: -——---—-

s + 0.1
$#2: 0

Transfer function from input 2 to output...

$1: —-o---- % h21 trudc khi bi&n ddi
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oe

>> partsys = systf (1,2) Tach hé théng con partsys

Transfer function:

>> partsys = tf (1,1 0]) % Gan dac tinh I cho partsys
Transfer function:
1

S

>> systf (1,2) = partsys $ Trd partsys lai cho systf

Transfer function from input 1 to output...

2 s +1

#l: -
s + 0.1

#2: 0

Transfer function from input 2 to output...

1

#1: - $ K&t qud h2l sau khi bié&n ddi
s i

1 .

$#2: ——-—-

s -1

Bay gid ta x6a cot thi nhat (ing vdi: x6a dau vao 1), thay vao d6 mét cot méi
(ing véi: bé sung dau vao méi). Khi thue hién ta phai chu y hai van dé: Néu ta
goi sys (i, j) = new, md hinh sé giit nguyén loai géc, néu ta goi sys = [sys,
new] md hinh s& bi dao sang loai cia new.

>> systf (:,1) = [] . $ Xba ddu vao 1
Transfer function from input to output.
1 A\l
#l: -
s
1
$2: —--—-
s -1

>> systf (:,2) = [tf(1,[1 -1]) ; tf(1l,1)] % Thém diu vao
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Khi tach hé théng con khdi hé théng me c6 dang mé hinh SS ta sé& phai goi
partsys = sys(i,j) dé tao hé con véi cdc ma tran a, b(:,j), c(i,:) va
d(,j).

Ghép ndi mé hinh LTI i _
Dé ghép ndi, tao nén hé thong tit nhidu hé théng con ta c6 thé sit dung mot

s6 kha néng sau day.

u, : A
— ] S¥$, i SYS, ———
: u g
u, | 5 Y
| SYS: P SYSe

a) 8YS T b)iSYs T 5
u, A ]—}——b : !
— | sys; [—+— L sys, ;

; ; u_ ! ju, Ylé Py
u, | Y L Yo ¥ |
——— sys, ——> V2 | SYyS, | 12y
¢ SYS T 5 dy 8y$ T i

Hinh 3.3 Cdc khd ndng ghép mo hinh LTI: a) Ghép theo hang, b) ghép theo ct, ¢) ghép

theo dudng chéo, va d) ghép song song

Ghép theo hang (hinh 3.3a): Ghép theo hang (khi quan sat trén
phuong trinh cia mé hinh) c6 nghia 1a ghép dau ra cla cac hé thong con
c6 dau vao khac nhau. Ma tran ddu ra H thu dugc nho ghép theo hang
hai ma trdén ddu vao H,, H, chia hai hé théng con.

Sys = [sysl , sys2]

u, (3.28)

y:[Hl»Hz] =Hpu, +H,u,
u;
Ghép theo cdt (hinh 3.3b): Ghép theo cot (khi quan sat trén phuong
trinh ctia mé hinh) c6 nghia 1a ghép cac hé théng con c¢6 chung mét dau
vao. Vector bién ra bao gém hai vector bién ra clia cac hé théng con. Ma
tran dau ra H thu dugc nhd ghép theo ¢t hai ma trgn dau vao H,, H,

cua hai hé thdng con.
H .
y‘}:{ ‘]u (3.29)

sys =[sysl,sys2]; y=
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Ghép theo dudng chéo (hinh 3.3c): Khi ghép theo dudng chéo ta sé
thu duge mot hé théng mdéi bao dam cach ly hoan toan gidta hai hé théng
con ban dau.

uy
u,

Yi

Y2

sys = append (sysl , sys2); y= (3.30)

10 H,

Ghép song song (hinh 3.3d): Ghép song song 14 dang téng quat cla
phép cong cac hé. Khi ghép ta c6 thé khai bao ghép ca ddu vao va ddura
v6i nhau: Hai vector chi s§ (Index Vedtor) inpl va inp2 cho ta biét,
nhitng dau vao nido cla u, (vector bién vao ctia hé sysl) va cta u, (vector
bién vao ctia hé sys2) cdn duge ndi véi nhau. Hai vector chi s6 outl va
out2 cho biét, nhitng d4u ra nao ciia y, (vector bién ra caa hé sysl) va
cla y, (vector bién ra ctia hé sys2) cin dudc cong vdi nhau.

sys =parallel (sysl, sys2,inpl,inp2,outl, 0uz‘2) (3.31)

Hinh 3.4 Cdc khé nang ghép mé hink LTI: a) Ghép tudn tu, b) ghép c6 phdn héi

Ghép tudn tu (hinh 3.4a): Ghép tudn tu 12 dang tdng quat cia phép
nhan hé. D& ghép ta cAn phai khai bao: Nhitng ddu ra outputsl nao cla
sys1 can duge néi véi nhitng ddu vao inputs2 nao clia sys2. Hé méi xuat
hién sau khi ghép s& c6 Dim(u) bién vio va Dim(y) bién ra.

sys=series (sysl,sys2,outputsl, inputs2) (3.32)

Ghép c6 phan hdi (hinh 3.4b): Déc biét loi hai 1a kha néng ghép c6
phan héi nhd énh feedback. Nhd 1énh d6 ta ¢6 thé tao ra mot vong
diu chinh mét cach dé dang.

Syszfeedback(sysl,sySZ); (E+sysl-sys2)‘lsysl (3.33)

y Hinh 3.5 Vong diéu chinh: xudt hién bang cdch phdn
héi tin hiéu ra.

1/sT,

, Vi du don gian & hinh 3.5 s& minh hoa tac dung
Vv " cda lénh feedback, Theo do6, ddu ra cha mot khiu
tich phan dugc phan héi qua moét khiu ty 18 V.
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Héng s& thoi gian tich phan: T, =3s
Hé s6 khuéch dai: Vv =2
H in d G YT,
am truyén dat: ) B —
yén d; GO TV (gsT)
>> integrator = tf(1,([{3 0]) % Khail bédo khau tich phén I
Transfer function:
1
3 s .,
>> proportional = tf (2,1) % Khai bdc khéu ty 18 Vv
Transfer function:
2
>> feedback (integrator,proportional) % Tao vong phdn héi

Transfer function:

Tu tao mé hinh LTI ,
Control System Toolbox tao diéu kién cho ngudi su dung tu tao mot s6 dang

- md hinh LTI nhat dinh. Vi du: Viéc tao nén cac mdé hinh ngiu nhién lién tuc

hay gian doan, viéc tao nén cac hé bic 2.
* Tao cac hé ngiu nhién: Cac Iénh rss hay drss tao nén cac md hinh
LTI én dinh (lién tuc hay gian doan) trén khéng gian trang thai. D6 la
md hinh ¢6 ma tran chiia cdc phin t& mang gia tri ngiu nhién.

it

sys rss (n[,p,ml)
Sys drss (n[,p,ml)
Bing cac lénh rmodell hay drmodell ta c6 thé tao ra moé hinh TF bac n
ngiu nhién (lién tuc hay gian doan) va md hinh SS bac n véi m ddu vao va p
dau ra.

_ [num,den] = rmodell (n)
[num,den] = drmodell (n)
[A,B,C,D] = rmodell (n[,p,m))
[A,B,C,D] = drmodell (n[,p,m])
o Tao cac hé bac 2: Mot hé bac 2 duge mb ta bdi ham truyén dat sau:
1 .
G(s)= (3.34)

s +2wyD s+ wi
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Trong d6 w, 1a tdn s6 riéng va D 1a hé s8 tit dan cla hé. C6 thé tao md hinh
TF hay SS cho hé bang cac lénh sau:
[num,den] = ord2 {(w,D)
[A,B,C,D)] = ord2 (weuD)

Ghép md hinh LTI
(.1 Ghép theo hang
(] Ghép theo cit

append Ghép theo dudng chéo
parallel Ghép song song
series Ghép tuan ty

- feedback Ghép c6 phan héi

Tao mdi mé hinh LTI
drmodel, drss Tao mé hinh ngdu nhién, 8n dinh va gian doan vé thoi gian
rmodel, rss Tao md hinh ngiu nhién, én dinh va lién tuc vé thoi gian
ord2 (wy, D) Tao md hinh bic 2

3.2.8 Chuyén dai giira hai hé lién tuc va gian doan vé thdi gian

Trong nhiéu trudng hop ta c6 nhu cau bién d8i t¥ md hinh lién tuc ctia d6i
tugng sang mé hinh gian doan hay ngugc lai. Vi du: Khi x4y dung md hinh dé
tong hop cac hé trich mau (diéu khién c6 st dung vi xtt 1y), hay don gian chi
nham so sanh cac k&t qua (lién tuc) thu duge tit md phdng véi cac gia tri (gian
doan) do dudge.

De chuyén d06i cac md hinh TF, ZPK hay SS ta ¢6 thé st dung hai 1énh sau
day cua MATLAB:

sysd = c2d (sysc,Ts [,method])
sysc = d2c (sysd [,method))

Lénh c2d chuyén d8i mot hé lién tuc sysc sang hé gian doan sysd, con lénh
d2c c6 tac dung ngudgc lai. Khi gian doan héa mb hinh lién tuc, ta bit bude phai
khai béo chu ky trich m&u Ts. Tham s8 tity chon method quyét dinh phuodng
phép gian doan héa dugc st dung khi chuyén d8i: St dung khéu giit cham bac 0
(ZOH: Zero Order Hold), gitt cham bac 1 (FOH: First Order Hold) x8p xi Tustin
(x&p xi kiéu hinh thang). Phuong phap mic dinh duge chon 1a st dung khau gii
cham béac 0.

Khau gilr chém bac 0 ,
Phuong phap tinh khi st dung khiu ZOH la rit don glan Gia tri trich mau
dudgc giit nguyén dén thdi diém trich mau méi (x&p xi kiéu hinh chi nhat).

u(t)zu[k] kT, gzg(k+1)Ts (3.35)

Né&u chuyén mét mé hinh gian doan ding ZOH sang md hinh lién tuc, ta can
chi § cac han ché sau day:
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e  Khong duge phép ton tai diém cyc tai gbc toa 62 =0

e Cac diém cuc thuc Am trén mién anh z s& chuyén thanh cac cap diém
cuc phc lién hgp trén mién anh Laplace s, nghia 1a: bac cia mé hinh bi
néng lén.

Khéu giit cham béac 1

Khau FOH néi suy tuyén tinh giita hai gia tri trich mau va vi vay (vé nguyén
tdc) d6i véi mo hinh lién tuc sé chinh xac hon ZOH, tuy nhién chi thich hgp véi
md hinh gian doan.

u(t)zu[k]-}-t_kTS

(ulk+1)—ulk]) kT, <t<(k+1)T, (3.36)

R
N

Xap xi Tustin

Dé tinh ulk], x&p xi Tustin st dung gi4 tri trung binh cla dao ham tai bién
trai va bién phai cia khoang thdi gian duge xét. Phép x4p xi khéng duge dinh
nghia cho cac ddi tudng cé diém cuc tai z = -1, va rat khé st dung khi hé ¢
diém cuc & 1an can z = -1. Giita anh Laplace s va anh z ¢6 quan hé sau:

1+szs~
e 2 2271 (3.37)
1 T, At z+1

Trong vi du sau diy, trudc hét ta khai bao ham truyén dat lién tuc cha mét
khau PT, (khau ty 1& c6 quan tinh bac hai), sau d6 glan doan héa khéu PT, d6
bang cac lénh MATLAB khéc nhau zoh, foh va tustin. Cudi ciing ta in cac két
qua thu dugc dé so sanh.

R 1
Khau PT, c6 céng thic sau: F(s) =
s°4+0,7s +1
>> sysc = tf ([11,[1 .7 11) % Khai bao khéu PT,
Transfer function:
1
s*2 + 0.7 s + 1
>> sysd = c2d (sysc,1.5) % Giadn doan bang ZOH

Transfer function:
0.6844 z + 0.4704

z”2 - 0.1951 2z + 0.3499
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Sampling time: 1.5
>> sysdl = c2d (sysc,1.5,'foh')

o

Gian doan bing ZOH

Transfer function:
0.2654 z~2 + 0.7353 z + 0.1542

2”2 - 0.1951 z + 0.3499

Sampling time: 1.5
>> sysd2 = c2d (sysc,1.5,'tustin') % X&p xi Tustin

Transfer function:
0.2695 z72 + 0.5389 z + 0.2695

z™2 - 0.4192 z + 0.497

oe

Sampling time: 1.5 V& dap Uung budc nhdy
>> step (sysc,'r-',sysd,'c-',sysdl, 'g--',sysd2,'y--")

“Step Response
j T T Hinh 3.6 Ddp ung budc
nhéy cua khau
] PT,
i
i
o2f
:.%.  & a,ﬁ] §f~gﬁ é! % % W
: B ' Time (sec) ' ‘
Thay d01 chu ky trich méu

Néu cén thay d6i chu ky trich miu T, cho mét d01 tuong, da dugce khai bao
dusi dang mé hinh TF, ZPK hay SS gian doan, ta s dung chudi lénh
c2d (d2c(sys), Ts).

Control System Toolbox st dung 1énh d2¢ 12 1énh dgi 6 ddu vao mét mé hinh
ZOH. Chu ky trich miu méi khong bét bude pha1 12 boi so nguyen 1an chu ky ci,
tri khi: Cdc diém cue tren mién dnh z lo diém cuc phu’c khi 4y chu ky trich-

m&u mdi phdi la béi s6 nguyén chdn cia chu ky trich méu cii. Ta hdy quan sat
vi du kbh&u quan tinh bac nhit PT, sau day:

>> sysc = tf(1,[(1 1)) % Khai bao khau PT1
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Transfer function:

>> sysd czad

Transfer function:
0.8647

time: 2
=d2d

Sampling
>> sysdd
Transfer function:
0.5034

Sampling time: 0.7

>> step

(sysd,0.7) %

(sysc, 'r-',sysd, 'c-',sysdd, 'g--")

(sysc, 2) % Gian doan bang ZOH

pdi chu ky trich miu

% Vé dap ung

Step Response

T T T

Hinh 3.7 Ddp ing budc
nhédy sau khi
thay d6i chu ky
trich mdu khéu

PT,

)
] 8

110
Time (sec)

c2d (sysc, Ts, method)
d2c (sysd, method)
d2d (sys, Ts)

method

Chuyén d6i giita hai hé 1ién tuc va gian doan

Chuyén hé lién tuc thanh hé gian doan
Chuyén hé gian doan thanh hé lién tuc
Thay d8i chu ky trich miu

Phuong phap gian doan héa:

‘zoh’, "foh’,’tustin’, 'prewarp’, 'matched’ ’
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3.3 Khao sat mo hinh LTI

Sau khi ta d& mé hinh hoa mét hé théng didu khién, budc ti€p theo §& 1a
khdo sat dac tinh ctia hé. D& thu duge cac két luan vé dic tinh cta hé, ¢6 thé si
dung rat nhiéu céng cu clia Control System Toolbox, phuc vu khdo sat tu cac
dac diém téng quat, tdi dac tinh dong hoc clia mé hinh trén mién thoi gian hay
trén mién tan s6, ké ca viéc kiém tra tinh diéu khién duge.

3.3.1 Cac dac diém téng quat

Dic diém téng quat 1a cac tinh chat rat cAn khi viét cac scripts hoéc ham
(functions) can c¢6 dic diém téng quat. Vi du: Khi viét mét seript xt 1y s6 lidu do,
script s& phai ¢6 kha nang tié€p nhan di liéu ti nhiing md hinh thudc cac loai
khéac nhau, dé réi sau d6 goi cac ham phan tich pht hop va chon dung phuong
thitc biéu dién dit ligu loai d6.

Mot trong s6 cac 1énh thude loai ké trén 1a class (object), cho ta biét object
thudc loai nao, cell hay double hay char. Cé tac dung ngugc lai 1a lénh
isa (object, ' classname’ ), 1énh @6 kiém tra xem lidu object c6 thudc loai
classname hay khong.

>> sys = ss([ 12 ; 341,[11;01],[311,0);

>> class (sys)

ans =

SS

>> 1isa (sys, 'cell')

ans =

0

Bing hai 1énh isct (sys) va isdt (sys) c6 thé kiém tra xem sys 14 md hinh
lién tuc hay mé hinh gidn doan, va lénh issiso(sys) sé cho dap an la mic
logic 1 néu sys 1a mot hé SISO.

>> isct (sys)

ans =
1
>> issiso (sys)
ans =
0

Dung lénh isempty (sys) c6 thé x4c dinh cac dau vao, dAu ra con thidu.

>> sys = tf ([1 3],[2 1 5});
>> isempty (sys)
ans =

0
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>> hasdelay (sys)

ans =

0
>> isproper (sys)
ans =

1

Mot 1énh quan trong trong viéc khao sat dic diém tdng quat cia mé hinh 1a
lénh size. Phu thudc tham s6 tuy chon dugc st dung, 1énh sé cho biét s& dau
vao, dau ra, kich cd caa truong LTI, bac cha md hinh TF, ZPK va SS, cling nhu
s6 lugng tan s ctia mo hinh FRD.

size (sys): Cho biét s6 d4du vao, dau ra d6i v6i md hinh LTI; d61
véi trudng LTI ta sé biét thém kich ¢d cia md hinh
d = size(sys): Vector hang d = [Ny Nul c6 phéan tt 1a s§ dau vao,

dau ra déi v6i mé hinh LTI, hodc d = [Ny Nu S1 82 ...
Spl 461 véi trudng LTI dang S1 x S2 x ... x Sp ¢6 Nu
d4u vao va Ny dau ra

Ny = size(sys,1): S6 lugng dau ra

Nu = size(sys,2): S6 lugng dau vao

Ns = size(sys,' order’): Béac va sb trang thai cia md hinh SS
Nf = size(sys,’ frequency’): S0 lugng tdn s6 ctia md hinh FRD-

>> sys = tf ([1 37,[2 1 51);
>> size (sys)

Transfer function with 1 output and 1 input.
>> d = size (sys)

i

d =
1 1

>> Ns = size (sys,'order')

Ns =
2 .

>> sys = [ t£([1 3],(2 1 5]) , zpk([l -11,[2 27,2} ]

Zero/pole/gain from input 1 to output:
0.5 (5+3)

(s*2 + 0.5s + 2.5)

Zero/pole/gain from input 2 to output:
2 (s-1) (s+1)
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Khao sat diac diém tong quat
class (sys) Cho biét loai cia md hinh sys
isa (sys,’classename’) Kiém tra xem classname c6 phai 12 loai cda sys
hasdelay (sys) Kiém tra xem sys c6 tré hay khong
isct (sys) Kiém tra xem sys c6 phai 1a mé hinh lién tuc
isdt (sys) Kiém tra xem sys c6 phai 12 md hinh gian doan
isempty (sys) Kiém tra xem sys c6 cac ddu vaolra hay khong
isproper ({(sys) " Kiém tra xem liéu Rang(T¥ s6) > Rang(MAau s6)
issiso (sys) Kiém tra xem liéu sys c6 phai 1a hé SISO
size (sys) Cho biét kich cd clia sys

3.3.2 Khao sat ddéng hoc ciia md hinh

Khong nhat thiét phai c6 do thi thoi gian hay dap tng dau ra khi kich thich
4 dau vao cda hé cac tin h1eu thit, ta vin c6 thé tren ¢o sO cac thong s6 khac
nhau d€ rit ra nhan xét vé dac diém dong hoc cua hé théng, vi du: Hé sb
khuéch dai tinh va dac diém tit dén, hay cac tan sé cong hudng va tinh én dinh
caa hé.

Hé sé khuéch dai tinh

Ta cé thé-tim duge hé s6 khuéch dai tinh: (khuéch dai mot chiéu) clia hé sys
khi s = O (md6 hinh lién tuc) hay z = 1 (mé hinh gian doan) bing lénh
dcgain (sys). Cac hé véi dic tinh tich phan 4p da6 sé c6 hé s khuéch dai tinh
bing . !

>> sys = [ tf(zpk([-1],(1 0),2)),tf([2 1 -6),12 1 1 -4]) ]
Transfer function from input 1 to output:

2 s + 2

s*2 - s

Transfer function from input 2 to Qutput:
2 3"2 + s -6

2 s"3 + s8™2 + 5 -~ 4

>> dcgain(sys)
ans =
Inf 1.50000000000000

Tén sé riéng va hé so tét dan
Tan s6 riéng w, va hé s6 tit ddn D dude x4c dinh bdi ciap diém cyc phic lién
hgp a +jf véi:
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«
w, =+Ja? + 3 D=——f— (3.38)
Ja© + 0
Khi céc gi4 tri riéng (Eigen Value) déu la thuc, hé s6 tit dan con duge nhan
sT

véi sign (EigenValue). D3i v6i mé hinh gian doan, c6 thé thong qua z=¢
d8 tinh cac diém cuc s trén mién anh Laplace, tng véi cac diém cyc trén mién
anh 2.

damp (sys)

[ d] =damp (sys)

(od,p] =damp (sys)

Trong d6,  1a vector tin sd riéng, d 1a vector hé s& tit din va p la vector

diém cuc.

>> sys = tf(1,[2 -3 1 21)

Transfer function:

2 8s"3 - 3 s8"2 + s + 2

>> damp (sys)

Eigenvalue Damping Freg. (rad/s)
-5.83e-001 1.00e+000 5.83e-001
1.04e+000 + 7.94e-0011 -7.95e-001 1.31e+00C0
1.04e+000 - 7.94e-0011 -7.95e-001 i 1.31e+000

Diém khéng va diém cuc

C6 thé tim diém cyc cla hé bing lénh pole (sys). Khi hé c6 dang mé hinh
SS, diém cuc chinh 1a céc gia tri riéng clia ma tran hé théng A. D6i v6i mé hinh
dang TF hay ZPK, diém cuc 12 nghiém ctia da thic miu s6, ¢6 thé tinh dude nha
1énh roots. Goi p 1a vector cac diém cyc cta d8i tudng sys va r 1a vector nghiém
cua da thiic ¢, ta cé:

p = pole (sys)
r = roots (c)

Lénh zero (sys) cho ta biét cac gia tri diém khong. Néu ta gan két qua cta
zero (sys) cho vector [z,k], z sé chla vector cac diém khong, con k 12 hé s&
khuéch dai ctia hé.

2= zero (sys)
(2,k] = zero (sys)

Trong vi du sau day ta sé trudc hét tinh cac diém cuc cia mé hinh ZPK, sau
d6 tim cac da thic ti s6 va da thic miu s6 cia md hinh TF tudng ng, va cudi
cung tim nghiém cta da thic miu s§ (duong nhién phai trung véi gia tri cac
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diém cuc). K&t thic, ta tinh vector diém khong va hé s§ khuéch dai cia mé hinh
ZPK.

>> sys = zpk(({-0.2 0.6],(-0.5 -0.7-0.8*1 -0.7+0.8*1 0.3],2)
% Khai bao mbé hinh ZPK
Zero/pole/gain:
2 (s+0.2) (s-0.6)

>> pole (sys) % Ppiém cuc cda md hinh ZPK
-0.5000

~0.7000 - 0.80001
~-0.7000 + 0.80001

0.3000
>> [num,den] = tfdata(tf(sys),'v');
% Chuyén sys sang TF va gan da thic num, den

>> num

num = -

0 0 2.0000 -0.8000 -0.2400
>> den
den =

l.OOOO. 1.6000 1.2600 0.0160 -0.16095

>> roots (den)

ans =
-0.7000 + 0.800041
-0.7000 ~ 0.80001

-0.5000
0.3000
>> [z,k] = zero (sys)
7 =
-0.2000
0.6000
k =
2

Lién quan t6i cac vector diém khéong, diém cyc, MATLAB con cung cap hai
cdng cu hitu ich, phuc vu phén loai. D6 14 cadc ham esort va dsort.
s = esort (p) s = dsort (p)
(s,ndx] = esort (p) [s,ndx] = dsort (p)
Lénh esort sp xép cac diém cyc trong vector p theo thit tu: Trudc hét 1a
cic diém khéng 8n dinh va sau d6 la cac diém 6n dinh, theo thit tu phan thuc
giam din. ndx mé ta chi s§ clia diém cuc trong vector p.
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>> pc = pole (sys);

>> [sc,ndxc] = esort (pc):;
>> [ pc , sc , ndxc ]
ans =
-0.5000 0.3000 4.0000
-0.7000 - 0.80001i -0.5000 1.0000
-0.7000 + 0.8000i -0.7000 + 0.80001 3.0000
0.3000 -0.7000 - 0.80001 2.0000

Lénh dsort sép x&p cac diém cyc cia md hinh gidn doan trong vector p theo
thi tu: Trude hét 1a cac diém khéng 6n dinh va sau d6 14 cac diém 6n dinh, theo
thi tu phan thuc giam dan.

>> pd = pole (c2d(sys,1)): % Chuyén sys tu lién tuc
% sang gién doan véi Ts = 1
>> [sd,ndxd] = dsort (pd):;
>> [ pd , sd , ndxd ]
ans =

0.3460 + 0.35621 1.3499 4.0000
0.3460 - 0.3562i  0.6065 3.0000
0.6065 0.3460 + 0.35621i 1.0000
1.3499 0.3460 - 0.3562i  2.0000

Bi€u dé diém khéng - diém cuc

Chitc ning cua hai lénh pole va zeros duge théng nhit trong 1énh pzmap.
Véi pzmap ta c6 thé biéu dién phén b6 diém khéng diém cuc bang d6 thi hoac
c&t ching dudi dang hai vector diém khéng z va diém cUcp

pzmap (8ys)
(p,2] =pzmap (sys)

Déchkiwuccﬁadﬁﬂﬂcéthésﬁdunghaimnhsgridvézgrid

sgrid zgrid
sgrid (z,wn) zgrid (z,wn)

D61 véi mé hinh lién tuc, 1énh sqgrid sé& tao trén mién anh s (dnh Laplace)
mang ludi tng véi cac gia tri hing cia hé s tdt dan (trong dai 0 — 1 véi budc 1a
0,1) va cua tan s riéng (trong dai 0 — 10 rad/s véi bude 1a 1 rad/s). D61 véi mé
hinh gién doan, 1énh zgrid sé tao trén mién anh z mang luéi I’Ing vdi cac gié tri
hing cha hé s6 tit din (trong dai 0 — 1 vdi buée 1a 0,1) va cla tdn s6 rleng
(trong dai 0 — nt véi bude 1a n/10).

Hinh 3.8 minh hoa biéu d4 diém khéng - diém cuc (thu duge nhd pzmap) cta
md hinh ZPK trong hai trudng hgp: Trén mién anh Laplace s (trai: md hinh lién
tuc) va trén mién anh z (phai: mé hinh gian doan). Cac diém khoéng duge ky
hiéu bdi o va cac diém cuc bdi x.
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Pole-Zero Map Pole-Zero Map
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Hinh 3.8 Ve bidu dd diém khong - diém cuc bdng pzmap: mién dnh Laplace s (trdi) va ‘
mién dnh z (phdi) .

>> sys = zpk([{-0.2 0.,6},[-0.5 -0.7-0.8*%1 -0.7+0.8*1 0.3},2)

Zero/pole/gain:
2 (s+0.2) (s-0.6)

(s+0.5)* (s-0.3) (s"2 + 1l.4s5 + 1.13)

>> sysd = c2d(sys,1) %‘Chuyén mé hinh ZPK lién tuc
% sang ZPK gian doan vdi Ts = 1
i

Zero/pole/gain:
0.47509 (z-1.827) (2z-0.8187) (z+0.5171)

(z-0.6065) (z-1.35) (272 - 0.6919z + 0.2466)

Sampling time: 1

>> subplot(121), pzmap (sys) , sgrid % Hinh 3.8 tréai
>> subplot (122), pzmap (sysd) , zgrid $ Hinh 3.8 phai

Chuén cta mo hinh LTI (H, va H.)
Bing chuén cia md hinh ta ¢6 thé khao sat 6n dinh cha hé théng mot cach

kha dé dang. Control System Toolbox hd trd hai loai chuén: Chuin H, va H..
N&u nhu chuén H, khéng phi hgp véi md hinh FRD, thi chuin H, lai ¢6 thé xi
1y khong loai trit mé hinh nao. Cd phép céc 1énh dung chuin nhu sau:

norm (Sys)

norm (8ys,2)

norm (sys,inf[,tol})
(ninf,fpeak] = norm (sys,inf)



3.3 Khao sat mé hinh LTI 103

Chu4n méc dinh ciia MATLAB la chuin H,, ¢6 hiéu luc khi goi norm (sys)
hoéc norm (sys, 2). Chudn H, sé ¢6 higu lyc khi ta goi norm (sys, inf[, tol]) véi
tham s6 méc dinh tol dung dé dat d6 chinh xac khi tinh. Lénh [ninf, freak]l =
norm(sys, inf) cho ta bigt hé s§ khuéch dai ti da ninf va tin sé fpeak tai diém
d6. Ngoai ra, con ¢6 thé dung chuén H,, dé tinh dit trit pha (muc 3.3.4) cua hé.

Trong vi du sau day, MATLAB tinh chufin H, cia ham truyén dat va sau d6
vé dic tinh tdn s6 ctia ham & hinh 3.9.

Bode Diagram
20 e
g w
g
§ ol
=
80
0
|
3
3 %0t .
& sl ] Hinh 3.9 D6 thi BODE ciia
ham truyén dat 6 vi
B 5 — du dudi
Frequency (rad/sec)
>> sys = tf(1,[1 2 100}) % Khai bdo md hinh TF cda sys

Transfer function:

s™2 + 2 s + 100

>> [ninf, fpeak] = norm(sys, inf)
ninf = ‘
0.0503 % Gid tri khuéch-dai k = max
fpeak =
9.8995 $ T4n s8 tai diém k = max
>> bode (sys) % V& d6 thi BODE cla sys

Tim phuong sai khi kich thich bang 6n trdng

S dung lénh covar (sys, W) ta c6 thé xac dinh duge ham tu tuong quan
(Auto Correlation) ddu ra clia hé sys khi kich thich bang 4n tring véi bién d6 W
& dau vao cta hé. D&i véi mé hinh SS ¢on c6 thé thu duge tu tuong quan trang
thai. ,

[P,Q1 = covar (sys, W)

Trong lénh trén, P 1a ham ty tudng quan @, clia ddu ra va Q 1a ham @, clia

cac trang thai
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>> sys = tf(1,[1 2 100]); % Vi du 1
>> P = covar(sys,1l)
P =

0.0025
>> sys = tf(l, [eps 11); % Vi du 2
>> P = covar(sys, 1)
P =

2.2518e+015

Khao sat dong hoc ciia méd hinh
covar (sys,W)  Tim phuong sai véi dn trang
damp (sys) Tim tan s6 riéng va hé sd tat dan
dcgain (sys) Tim hé s6 khuéch dai tinh
norm (sys) Chuén ctia md hinh LTI (H, va H,)
pole (sys) Tim diém cuc ciia md hinh LTI
dsort (sys) X&p thit tu diém cyc clia mé hinh LTT gian doan
esort (sys) Xép thu tu diém cuc cua mé high LTI lién tuc
pzmap (sys) Biéu d6 diém khong - diém cuc
eig (A) Tim gia tri va vector riéng cua ma tran A
roots (c¢) Tim nghiém cta da thic ¢
zero (sys) Tim diém khéng cla md hinh LTI
sgrid Tao ludi cho biéu dé diém khong - diém cuc (qiy
dao nghiém s6) trén mién anh Laplace s
zgrid Tao 1usi cho biéu dé diém khong - diém cuc (qiy
dao nghiém s6) trén mién anh z

3.3.3 Dap trng cta hé trén mién thdi gian

D61 véi ky su diéu khién tuy dong, hiéu bidt dic tinh clia hé trén mién thdi
gian git mot vai tro rat quan trong. Ta biét riang, tin hidu dau ra trén mién thoi
gian (lién tuc va gian doan) ctia mét hé cé dang:

¢
y(r)=CeMx,y + f CeA B D}u (t)dr (3.39)
7=0
k-
y[k]=CA*x, +>_|CA*'B+D]uli] (3.40)
i=0

vdi vector trang thai ban d4u x, va vector tin hiéu vao u. V& nguyén téc, ta
thudng quan tdm téi dap tGng ctia hé déi véi mot s6 tin hiéu thi dang chuén
nhu dap tng xung Dirac (ham trong lugng) hay dap tng buéc nhay (ham budc
nhay). Control System Toolbox cé sin cac ham: Tim dap Ung gia tri ban diu
initial, tim d4p {Ing xung Dirac impulse va tim dap ung budc nhiy step.
Lénh gensig cho phép tu tao tin hiéu thit va 1sim sé.tinh dap tng ra.
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Déap ung gia tri ban dau

Dap tng gia tri ban ddu m ta phan {ng cla hé khi khong c6 kich thich dau
vao nhung tén tai cac gia tri ban ddu clia vector trang thai x,, phan tng d6
thudng dudc goi 1a chuyén déng tw do cha hé. Pap ung dude tinh bing lénh
initial.

initial (sys,xq, [,¢])
ly,t,x] = initial (sys,xqy, [,1])

Trong 1énh tha nhat, sys 1a mot d6i tugng MIMO biéu dién theo mé hinh SS
véi x, 14 vector trang thai ban dau. Tham s6 tuy chon ¢ cho phép xac dinh
khoang thdi gian tinh, khi khai bao ¢ 1a gia tri don, ta chi xac dinh khodng thoi
gian tinh. Néu viét ¢t = 0:dt:Tf, thdi gian sé& 1a mot vector bao gdm céc gia tri tU
0 tdi Tf véi budc dt. Néu sys 14 md hinh gian doan, dt nén dong thai 1a chu ky
trich mau 7.,. N&u sys 1a md hinh lién tuc ta phai chon d¢ du nhd, vi khi tinh
dap tng MATLAB sé& phai gian doan héa m6 hinh theo phudng phap ZOH hoic
FOH va trich mAu tin hiéu véi chu ky dt.

Né&u st dung 1énh thi hai, ta c6 y 1a vector bién ra, ¢ 14 vector thdi gian va x
1a vector trang thai cla cac trang thai. Trong trudng hgp sys 1a d6i tugng SIMO,
dap Ung y sé c6 s6 hang ding nhu s6 phan tit cia ¢ va s6 ¢t bang s6 bién ra cla
sys, tic 1a ¢6 kich ¢ length (¢) x Ny. Khi sys 1a d61 tugng MIMO, khéng gian
cla y sé thém mdot chiéu thit ba: S& lugng cac bién vao Nu.

SIMO: Dim(y) = length (¢) x Ny
~ MIMO: Dim(y)=1length(¢)x Ny x Nu

Tai day ta cin chd y: Nhiing diéu mé ta trén d4y vé vector thdi gian ¢ hay
khong gian cla y 1a dtng véi tat ca 4 1énh initial, impulse, step va lsim.
Doan vi du dudi day da dugc st dung dé tao nén cac dap dng § hinh 3.10.

s 3 o ) o4

Hinh 3.10 Ddp ing gid tri ban ddu: Ddp itng thoi gian (trdi) va qiy deo trang théi (phdi)



106

3 Control System Toolbox: Cong cu khéo st - thist k& hé thdng diéu khién

>> systf tf (5,11 1 10))

Transfer function:

sys = ss (systf):;

[y.t,x] = initial (sys,'r-',[4 -1],12) :
subplot (221) % V& hinh trén, bén trai
plot(t,y)

subplot (223) % V& hinh dudéi, bén trai
plot(t,x(:,1),'r-",t,x(:,2),'g--")

subplot 122) % V& hinh bén phdi:
plot(x(:,1),x(:,2)) % ,Quy dao trang thai

Dap ung xung Dirac (ham trong lugng)

Ta thu dugc dap tng xung khi kich thich § d4u vao cia hé mét tin hidu cé
dang xung Dirac &¢), hay xung don vi &%] khi 461 tugng 1a hé gian doan. Lénh
impulse c6 thé dudc st dung theo ca¢ phudng 4n sau:

impulse (sys[,t])
y = 1lmpulse(sys[,t])

[y.t] = impulse (sys[,t])
[y,t,x] = impulse(sys[,t])
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Hinh 3.11 Dap éng xung Dirac (thu duoc tiz vi du cua hinh 3.9): Ddp éng thoi gian (trdi)

va qiy dao trang thdi (phdi)
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Khi dung impulse, sys c6 thé 1a mot mé hinh LTI b4t ky. Nhitng thong tin &
trén (khi st dung initial) vé vector thoi gian ¢ va vé d6i tugng MIMO 1a ding
ké ca khi st dung impulse. Viéc tinh vector trang thai x chi c6 gia tri d6i véi
moé hinh S8, khi &y vector trang thai ban ddu duge dit bing khong.

Dép ung budc nhéy
Pap tng budc nhdy (ham bude nhdy) thu duge khi ta kich thich & dau vao
clia hé mét tin hidu ¢6 dang budc nhiy don vi off), con goi 1a ham 1(f). Cac
phuong an 1énh cling tuong tu nhu khi tim dap tng xung Dirac.
step(sys[,t])
y = step(sys[,t])
[y,t] = step(sysl[,t])
[y,t,x] = step(sys{,it])
Cac thong tin da trinh bay J trén d6i véi lénh impulse cling ding doi véi
step. Hinh 3.12 minh hoa hiéu lyc clia step, md hinh vi du 14 d6i tugng SIMO
v6i hai ham truyén dat 1a cac khau quan tinh bac nhat PT, va bac hai PT,.

>> sys2in = [ tf£(5,[1 1 10]) , t£«(1,([1 1]) 1;
>> subplot (211) '

>> impulse (sys2in);

>> subplot (212)

. >> step (sys2in);
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Hinh 3.12 Ddp itng xung Dirac (hang trén) va ddp iing budc +hdy (hang dudi) ciia khéu
PT, (cft trdi) va khéu PT (cit phai)



108 3 Control System Toolbox: Cong cu khao sat - thidt k& hé thoéng diéu khién

Dép ung d6i vai tin higu vao bét ky

Mst ham khéc rat hitu ich 1a ham 1sim(sys,u,t): C6 thé st dung 1sim dé
tim dap dng cha sys khi kich thich sys béi mat tin hidu vao v gin nhu bit ky.
Cu phap cua lénh nhu sau:

lsim(sys,u,t, {,%x])
[y,t] = lsim(sys,u,t)
(y,t,x]1 = lsim(sys,u,t, [,x,])

D61 tuong sys 1a mot hé LTI (néu & dang SS c6 thé khai bao vector trang thai
ban diu x,), ¥ 1a ma tran tin hiéu vao bat ky, c6 s6 hang bang s6 phén ti cla
vector thdi gian ¢ va sd c¢dt bang s§ bién vao cla sys. Vay kich ¢d cta u la
length () x Nu. Khi khai bao vector ¢, néu ta chon sai dt (vi du: qua 1én),
1sim sé tu déng nhéan biét va thay vao d6 bang mot gia tri d¢t phu hgp hon.

Tao tin hiéu thir

Dé tao diéu kién cho ngudi st dung khéng phai 1ap trinh phtic tap khi cin
mét tin hiéu thit méi, Control System Toolbox cung c4p cong cu gensig dé tao
tin hiéu thit © kém theo vector thdi gian ¢.

[u,t] = gensig(yp,taul,Tf, Ts])

Béng tham s6 typ ta c6 thé chon mot trong s8 cac tin hiéu: Hinh sin (" sin’),
hoac chudi xung vudng (' square’), hodc ham xung c6 chu ky (' pulse’). Chu
ky cta tin hidu duge khai bao nho tham s8 tau, Tf xac dinh khoang thoi gian
dit tin hiéu va Ts 1a chu ky trich miu. Hinh 3.13 minh hoa dap tng cta hai
khau PT,, PT, dudi day khi bi kich thich bdi tin hiéu do gensig tao nén.

>> syszin = [ tf(1000,[1 3 1000]) ; tf(1,[2 1]) };
>> [u,t])] = gensig ('square',3,10,0.01); % Tao tin hiéu u
>> [y, t] = lsim(sys2in, 'r~',u,t); % Pap Ung d8i véi u

>> plot(t,y(:,1),t,y(:,2),t,u)
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Hinh 3.13 Ddp itng d6i véi tin hiéu thi tu tao (ding gensiqvd lsim
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Pap ¥ng cua hé trén mién thoi gian
gensig (typ,tau) Tao tin hidu thit méi
impulse (sys[,t]) Tim dap Gng xung Dirac (ham trong lugng)
initial (sys,x,, [,¢t]1) Tim dap tng gia tri ban dau
lsim(sys,u,t, [,%,])  Tim dap ttng déi véi tin hiéu bat ky
step (sys[,t]) Tim dap Gng budc nhay (ham budc nhay)

3.3.4 Dap tng cua hé trén mién tan sé

D61 véi ky su didu khién tu dong, cac hiéu biét vé dic tinh cia hé trén mién
tan s6 git mét vai trd v cling quan trong: Cac tin hidu thi thuong cé dang sin,
thém vao d6 la cac tham sé thiéu chinh xac. Bing cac phuong phap khao sat
dac tinh tin s8 ta c6 thé rat ra duge rat nhiéu théng tin vé cac dic diém phu
thude tan s6 ctia hé: Dy trit module (bién d6) va du trit pha, bé réng bing tan,
tinh én dinh cta vong diéu chinh.

Truéc hét ta quan tdm dén ham ddc tinh tan F(jw), duge dinh nghia véi vai
trd cia ham truyén dat cia mét hé LTI-SISO trén truc phic. Dé tim duige F(jw),
diéu kién cin c6 13 hé phai én dinh tiém can: Phan thuc cda cac gia tri riéng
phai 12 4&m. Ta chi quan tdm dén trang thai xac lap, tic la: Toan b cac phan
thuc o; déu da tit tiém can hoan toan.

Tim dép tmg tan sé
Dé tinh dap ting ta st dung hai lénh evalfr va freqresp.
frsq = evalfr (sys,f)
H = freqgresp (sys,w) i
Né&u chi can biét dap ung cta sys d61 véi mot tin s6 cu thé, ta dung evalfr.
C4n biét ring f ciing c¢6 thé 1a tdn s8 phic. Khi tim dap tdng cia sys d6i véi
nhiéu tan s6, ta diing freqresp véi vector tan s§ w. Trong moi trudng hop,
bién dap ting H ludn 1a mét trudng 3 chiéu véi kich ¢d Ny x Nu x length (w).
Bing cach viét H (i,j, k) ta ludn c6 kha nidng truy cap téi tiing phén ti cta H:
Dap ing thi k& cia ham truyén dat giiia ddu vao thaj va dau ra tha i.

>> sys = tf ([3 -1],([-2 1 1])

Transfer functibn:
-3 s +1

Columns 1 through 2
0 - 1.00001i -2.0000 - 1.00001
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Column. 3
. -1.0000 + 1.0000i " .
>> levalfr(sys,w(l)) ; evalfr(sys,w(2)) ; evalfr(sys,w(3))]}
ans =
0 - 1.00001

0.5846 - 0.32311i

0.6000 + 0.80001
>> H = freqgresp(sys,w)

H(:,:,1) =
0-- 1.00001

H(:,:,2) =
0.5846 ~ 0.32311

H(:,:,3) =

0.6000 + 0.80001

D6 thi BODE

D6 thi BODE biéu dién dic tinh tdn s§ cla F(jw) thanh hai d6 thi riéng ré
bién va pha vdi truc tdn s§ dudc chia theo thang lbgarithm. D6 thi th nhat c6
tén 1a dic tinh bién tin logarithm, dugc chia thang véi thit nguyén la decibel
dB, véi 1dB = 201og,o|F (jw))). DS thi thit hai dugc goi 1a dic tinh pha tin

logarithm chia thang theo do (°).
Cach biéu dién nay c6 uu diém, vi dic tinh tin s6 F(w) c6 cdu tric méc ndi
ti€p cua nhiéu hé LTI con (tich cta ting dic tinh tin s6 con F,(jw))

n

n j}:wiw) ' , .
F(jw)zn‘}‘} (jw)‘e ‘ : (3.41)

va vi vay c6 bién d6 logarithm 1a téng cla cac bién d¢ logarithm thanh phan
|Fjwy| va géc pha 1a t8ng cla cac géc pha thanh phin ¢(w).
e  Dic tinh bién tan logarithm:

logyo | (jw)| =logio | (Juw) +logio|[F (jw)|+ -+ +logyg
o ,";}‘)éc tinh pha t4n logarithm:

o(w)=g¢ (v)+ o, (w)++@,(w) (3.43)

Trong MATLAB ta c6 thé vé db thi BODE cta hé sys mot cach rat don gidn
nho cac 1énh sau:

bode (sys)
bode (sys, w)
[mag, phase,w] = bode (s5ys)

Cé thé khai bao vector tdn s6 w mét cich don gidn chi bing gidi han dugi
wmin va giéi han trén wmax (tinh bing rad/s, viét trong ngoic méc), hay
dung lénh logspace (muc 1.2) d8 khai bao veetor tan s& véi khoang cach
logarithm gitta cac diém tan sb.

F,(jw) (.42
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w = wmin:increment.wmax
w={wmin ,wmax }
w = logspace (start,destination,number)

Néu ta st dung phuong an 1énh thit 3, khi 4y bode sé cat didc tinh bién trong
mag, dac tinh pha trong phase va vector tan s6 kém theo trong w. Can chi y
ring mag va phase 1a cac trudng 3 chiéu véi kich ¢ Ny x Nu x k véi k =
length(w). Trong truong hgp sys 14 hé MIMO, mag (i,j, k) va phase(i,j, k)
chinh 1a gia tri bién t4n va pha t4n Gng véi nhanh truyén dat tit dau vao thaj
t6i ddu ra thi i. Khi sys 1a hé SISO, ta sé& phai truy cap gia tri bién/pha tan cho
gia tri o, cu thé bang lénh mag(1,1,%) va phase (1,1, k). D&i véi hé lién tuc,
bode chi tinh vdi cac gia tri tdn s6 @ dudng trén truc 4o. D8i véi hé gian doan,
bode chi tinh ham truyén dat Ung v4i ntta trén cia dudng tron don vi (mién
anh z) theo:

. ’N .
z=¢es 0<w<wy =? (3.44)

S
Trong (3.44), wy 14 tAn s6 Nyquist. Ni1a duéi cia dudng tron don vi tring véi
niia trén do tinh tudn hoan véi chu ky 2wy ciia ham truyén dat z.
Chu y: Néu ta cén in d#c tinh tdn s6 clia nhiéu hé trén cing mét d6 thi
BODE hay NYQUIST, ta c6 thé goi cac 1énh bode va nyquist nhu sau:

bode (sysl,sys2, ... ,sysN[,w])

bode (sysl, 'styll’, ... ,sysN,’styIN')
nyquist (sysl,sys2, ... ,sysN[,w])
nyquist (sysl,’styll’, ... ,sysN,’stylN’)

Trong cach viét 1énh & trén, sysl, sys2 ... 1a cac hé LTI giéng nhau vé s§
lugng ddu vao, ddu ra. N&u khai bao dang clia nét vé d6 thi bdi (* styll’, * styl2’
...), ta phai khai bao cho tat ca cac hé (khong loai trit hé nao), va khi 4y ta sé
khong thé khai vector tdn s§ duge nita. Dé khic phuc nhuge diém nay ta sé phai
tu dién vao d6 thi nhd cac 1énh loglog va semilogx (xem muc 2.6.1).

Hinh 3.14 minh hoa tac dung cia 1énh bode. Ntta trai ciia hinh duge tao béi
doan ma sau ddy: Trudc hét ta dinh nghia ham truyén dat sysPT1, tiép theo ta
gian doan héa ham d6 véi chu ky trich mau 0,05 va thu duge sysPT1d. D4 thi
BODE cua ca hai hé dudc in 6 nta trai cia hinh 3.14.

>> sysPT1l = tf (1,(0.05 117) % Khai b&o khau PT1
Transfer function:
1
0.05 s + 1 }
>> sysPT1ld = c2d (sysPT1,0.05) % Gian doan hdéa kh&u-PT1
Transfer function:
0.6321
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Sampling time: 0.05
>> subplot(121)
>> bode (sysPTl, 'r-',sysPTld,'b

] o°

V& nta trai cla hinh 3.14
)

Bode Diagram , Bode Diagram
o— 40
) & 20
T .5 = .
g 8 Oty
2 2
£ 5, -20
& -10 &
= = 40
-15 -60
M 0 presr=s
s-__\\\ ~~:;\ -
\\ ~ Lo
— -45 N e — -45 N \.'-
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Frequency (rad/sec) Frequency (rad/sec) :

Hinh 3.14 D6 thi BODE ciia sysPT1, sysPT1d(trdi)va sysPT? (phdi)

Viéc tao ntia bén phai hinh 3.14 c6 phic tap hon: Ta vé d6 thi BODE cta
ham truyén dat sysPT2 (khau ty 18 ¢6 quan tinh bac 2) véi cac hé s6 tat dan c6
gia tri khac nhau. Trong vong 13p for diu tién ta dinh nghia mot moé hinh TF
véi 4 dau vao (chd §: size (sysPT2) = length(d)+1) va 1 ddu ra. Hé s0 tit
dan D cua ting ham truyén dat con duge 1dy ti vector d.

Vi s6 lugng thanh phan cta vector d duge chon tuy ¥ va cac d6 thi BODE c4n
duge biéu dién x€p chdng trén cung mét hé truc, trude khi goi 1énh bode ta phai
goi 1énh hold on dé kich hoat chitc ning diing - doi sau ting dé thi. Dang nét
caa ting do thi BODE dugc khai bao va ct trong Cell Array stil va sé lan lugt
duge goi bang 1énh stil{n}.

>> sysPT2 = tf£ (10,[1 0.05 10}]) % Pinh nghia sysPT2

Transfer function:
10

s*"2 + 0.05 s + 10

>> d = [sqrt(2)/2 1.6 3]; % Vector d cd 4 gid tri
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>> for n = 1l:1:1ength(d) , $n-=1, 2, 3, 4
sysPT2 = [sysPT2 ; tf(10,[1 d(n) 101)1:
end; % vong for 1: Khai béao
% 4 hé con cua sysPT2
>> subplot (122) , % V& nia trai hinh 3.14
>> hold on; % Lénh dung-dgi
>> stil = {'r-' 'b:' 'k-.' 'g--'}; % Khai bdo nét vé
>> for n = 1:1:(length(d)+1) ,
bode (sysPT2(n),stil{n}); % V& sysPT2 thu n
% theo styl thio n
end;

Ntita trai cia hinh 3.14 chi cho ta thay: Do chu ky trich miu cta sysPT1d
duge chon qua 16n, @4 thi BODE clia sysPT1 va sysPT1d khéng thé trung véi
nhau. D& minh hoa két luan nay, ta gian doan héa sysPT1 lai mét 14n nita véi
chu ky trich mau 0,01 va thu dugc sysPTldnew, sau d6 ta so sanh dap Ung
buée nhiy ciia ca 3 ham trong hinh 3.15.

>> sysPTldnew = d2d
Transfer function:
0.1813

Sampling time: 0.01

>> step(sysPTl, 'r-

', sysPT1d,

(sysPT1d,0.01)

'b--',5ysPTldnew, 'g-")

14 T

Step Response

% oo 02

0 3
Time (sec)

04 - 05

Hinh 3.15 Ddp iing bude nhdy cia sysPT1, sysPTldvd sysPTldnew



114 3 Control System Toolbox: Céng cu khao sét - thiét k& hé thong diéu khién

Dur trir bién va pha

Mot ¢dng cu quan trong nita, phuc vu khéo sat én dinh cta hé, 1a hai 1énh
margin va allmargin. Hai lénh d6 tinh du trit én dinh (vi du: du tri bién va
pha) cia hé LTI.

e Du trit bién: Dugc dinh nghia 1a hé s6 khuéch dai Fg, ma néu ta bg
sung Fy thém vao ham truyén dat cta vc‘)ng hd, hé khép kin s& vita vin
dat t6i gidi han gitta 6n dinh va khong én dinh. Gia tri F; dudc tinh tit
nghich dao ctia bién dd |F(]a)) | tai tdn s6 ddo pha w, (pha bt ddu vugt
—180°).

e Duytri pha Dugc dinh nghla 14 khoang cach géc @y (tinh tit géc pha tai

vi tri diém cit gnIa |F(]a)) | ctia vong hd véi du0ng tron don vi) tdi —180°.
Tan s& w, tai diém cit d6 duge goi 1a tan sb cit bign.

D& bao dam cho hé 8n dinh cin co:
w,<w, - dongnghiavéi Frp>1 dongnghiavdi ¢g>0

Tai ranh giéi én dinh ta cé: w, = w, va FR = 1 va ¢ =0
Lénh margin dudc viét nhu sau:
margin (sys)
[Gm,Pm,Wcg, Wepl =margin (sys)
(Gm,Pm,Wcg, Wepl =margin (mag, phase, w)

Né&u margin dudc goi khong cé bién tra vé, 1énh sé in d6 thi BODE nhu &
hinh 3.16. Cac bién dudc ydu cAu tra lai 1a dy trit bién Gm véi tin s6 dao pha
Weg, du trit pha Pm vé6i tdn s6 cit bién Wep. Cac gia tri mag, phase, w Gng véi
dinh nghia da biét khi ta st dung 1énh bode.

T i Bodcolaaam
Gm =560218 dB (at 1.7302 radissc), Pm =27.142 dsg (.-n 12528 rad/sec)

Magnitude (dB)
o8 588328

Phase (degy
8
1

“ 77 Froquency gadeec)

Hinh 8.16 D6 thi BODE vdi du trit bién va pha
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D4 thi BODE 6 hinh 3.16 dugc vé bing doan 1énh sau day:
>> sys = zpk({],[-1 -1 -1],4)

Zero/pole/gain:

(s+1)"3
>> margin(sys)

Lénh allmargin ¢6 tac dung rong hon 1énh margin: Lénh allmargin tinh
nhiéu tham s& lién quan dén dn dinh ctia hé trén cd sd mach vong hé va sau dé
cdt cac tham sd tinh dudc trong bién tén la stabil c6 dang cau tric Struct.

stabil = allmargin (sys)

Céac trudng thudc ciu tric cia stabil ¢c6 ¥ nghia nhu sau (tdn s8 tinh bang
rad/s):

GainMargin Dy tri bién: Gia tri dio ctia bién d6 tai tin s&
GMFrequency

GMFrequency Gia tri tdn s6 ma tai d6 d6 thi pha cit dudng
thang ndm ngang —180°

PhaseMargin Du tri pha: Khoang cach géc (>0) ti vi tri
PMFrequency t6i —180°

PMFrequency Gié tri tdn s6 ma tai d6 d6 thi bién cat dudng
thdng ndm ngang 0 dB (ing véi hé s8 khuéch
dai 1) ,

DelayMargin Duy trit thoi gian tré: Gia tri thoi gian tr& ma
néu vudt qua, hé sé mat on dinh

DMFrequency Gia tri tdn s6 Ung vdi DelayMargin

Stable = 1 khi mach vong khép kin én dinh
= 0 cho cac truong hgp con lai

Tiép tuc st dung vi du ctia hinh 3.16 sé& gitp ta 1am sang t6 y nghia cta cac
tham s¢ trén. K&t qua tinh cia allmargin (sys) dudc gan cho bién stabil: Hé
sys 6n dinh, du trit bién 14 2,0008, dy trit pha 1a 27,1424° va du trit thdi gian tré
14 0,3843s. Ta ciing c6 thé doc duge cac gia tri nay ti hinh 3.16.

>> stabil = allmargin (sys)

stabil =
GMFrequency: 1.7322
GainMargin: 2.0003

. PMFrequency: 1.2328
PhaseMargin: 27.1424
DMFrequency: 1.2328
DelayMargin: 0.3843

Stable: 1

o

K&t ludn: sys 8n dinh
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Né&u bay gid ta thit gan thém cho sys khoang thdi gian tré véi gia tri
stabil.DelayMargin+0.01, tc 1a vugt qua du tri thoi gian tré 0,01 giay.
K&t qua tinh toan méi clia allmargin sé théng bao tinh khéng én dinh ciia sys
sau khi bi gan thdi gian tré.

>> sys.lioDelay = stabil.DelayMargin + 0.01
% GAn thoi gian tré& cho sys
Zero/pole/gain:

exp (-0.39*s) * —-=----
(s+1) "3

>> allmargin {sys)

ans =
GMFrequency: [1x8 double]
GainMargin: [1x8 double]
PMFrequency: 1.2328
PhaseMargin: -0.7063
DMFrequency: 1.2328
DelayMargin: -0.0100

Stable: 0 K&t luan: sys khéong 8n dinh

o°

DG thi NYQUIST

Mot kha niang mé ta dic tinh tan s khac cling rat hay dugc sit dung la d6
thi NYQUIST: Biéu dién cac gia tri thuc va 4o thudc ham truyén dat phiic cua
mach vong hé Fy(jw) trong dai tdn s tit @ = 0 téi @ = o trén hé toa dd phiic.
Dudng cong do cac diém tao thanh dugc goi 1a qity dao bién pha Fy(jw).

Trén co sd tidu chuén 8n dinh NYQUIST ta c6 thé rit ra k&t luan vé tinh 6n
dinh ciia vong diéu chinh khép kin (c6 phan héi don vi - 4m) ti dd thi
NYQUIST. '

“Vong diéu chinh khép kin sé 14 6n dinh néu, tia néi tit toa d6 nguy hiém ~1+j0 t6i
qiiy dao bién pha 1-Fy(w) quét mot gée la:
w=+0u ™

A ¢p=nm+n,— (8.45)
w=0 2

khi @ bién thién ti 0 téi «. Trong d6, ham Fy(je) ciing duge phép chita thanh phin

Z v
F, (s):ﬁ((%eﬂr’; ny >my, T, >0 (3.46)

Trong (3.45) va (3.46), m, va n, 12 bac cia da thic ti va miu s8 cha Fy. n,, n, v
n, 12 nghiém ctia Ny(s) ndm phia phai (khéng 8n dinh), trén (gidi han 8n dinh) va bén
trai (8n dinh) truc 4o ctia mién &nh Laplace.
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Cu phap ctia lénh vé @6 thi NYQUIST nhu sau:

nyquist (sys)

nyquist (sys, w)

[re,im,w] = nyquist (8ys)
[re,im] = nyquist (sys,w)

Khi khai bao vector tdn s6 w, hay khi vé nhiéu dic tinh x&p chdng trén cling
mot hé truc toa dd, ban doc ¢é thé thue hién gidng hét nhu d6i véi lénh bode.
Dé minh hoa hiéu Iyc ctia 1énh nyquist, ta thyc hién vi du sau: Trudc hét, khai
bao md hinh ZPK sys, sau d6 tao tit sys ba md hinh ZPK gian doan véi chu ky
trich mAu khac nhau. Cuéi cung, ta vé d6 thi NYQUIST cla ca ba chung trong
hinh 3.17.

>> sys = zpk([],[-1 -1 -1},4);
>> sysdl = c2d(sys,0.3)
>> sysd2 c2d(sys,1.5);
>> sysd3 = c2d(sys, 4.0);

>> nyquist (sys,'r-',sysdl,'b:',sysd2, 'k-",sysd3, 'g--")

’

Nyquist Diagram
T T II » T Ll T T
3l o T
2 =
) 4
/4
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-3+
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Hinh 3.17 D6 thi NYQUIST ciia sys, sysdl, sysd2 va sysd3 vdi chu ky trich méu khde
nhau

Hinh 3.18 minh hoa d6 thi NYQUIST cla cac khau PT,, PT, da s& dung
trong phan vi du thudc 1énh bode.
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>>
>>
>>

>>
>>

>>
>>

>>
>>
>>
>>

sysPTl = tf (1,(0.05 1]); .
sysPT1ld = c2d (sysPT1,0.05);
sysPT2 = tf (10,1 0.05 10]);

o®

Khai bao khéau PT1
Gian doan hdéa khau PT1
Khai bao khau PT2

e

a°

subplot (121) % V& nlta hinh bén trai
nyquist (sysPT1l,'r-',sysPTld, 'b--")

d = [sqrt(2)/2 1.6 3}1; ¢ Khai bao 4 hé sd D
for n = 1:1:1length(d) ,

sysPT2 = [sysPT2 ; tf(10,[1 d(n) 10])];
end; % Khai bao 4 x sysPT2

subplot (122) , $ V& ntta hinh bén phai
hold on;

stil = {'r=' 'b--' 'k-.' 'g--'}:

for n = 2:1:size(sysPT2,1) ,

nyquist (sysPT2(n),stil{l+mod(n-1,size(sysPT2,1))}):
end;

Imaginary Axis
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Hinh 3.18 D6 thi NYQUIST ciia sysPT1, sysPT1d (trdi) va sysPT2 vdi cdc hé s6'tdt dén D

khdc nhau (phdi)

Pap tng ctia hé trén mién tan sd

bode Vé dé thi BODE

evalfr Tim dap Ung d6i véi mdt t4n s8 phic
freqresp  Tim dap @ng d6i v4i nhiéu tin s theo lya chon
margin Tim dy trd bién va pha

allmargin  Tim cic tham s§ én dinh
nyquist Vé d6 thi NYQUIST
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3.3.5 M6 hinh giam bac

D61 khi,viéc stt dung md hinh giam bac rat c6 lgi trong cong tac phan tich
dic diém hé thdng. Vi du: Khi can khao sat dac diém tin sd thap hay tan sé cao
ctia hé, ma khéng dugc phép boé qua cac tinh chat quan trong.

Tu dong giagm béac

Bing lénh minreal ta c6 thé logi triz cdc trang thdi khong quan sdt duge va
cdc trang thdi khong diéu khién duwoc ra khéi mé hinh SS, hay triét tiéu cdc
diém khéng - diém cuc tring nhau ra khdi ham truyén dat chamé hinh TF va
ZPK. Tham s& tuy chon tol cho biét dung sai khi loai trit trang thai hay triét
tiéu diém khéng - diém cuc. Khi khéng khai bao, Control System Toolbox mic
dinh dat tol = sqrt (eps).

sysr = minreal (sys, [tol])
msys = sminreal (sys)

Khi hé dugc khai bao dudi dang md hinh trang thai, 1énh sminreal loai tri
tat ca cac trang thai ton tai do dac diém riéng cia cfu tric, nhung lai khéng hé
anh hudng tdi quan hé vao/ra. Ta c6 thé d& dang nhan thdy tit vi du dudi day:
Viéc khai bao dung sai 14 0.01 s& dn dén viéc triét tiéu diém khong —0,999 va
diém cyc —1,001.

>> sys = zpk ([-0.999 1],(-1.001 2],0.5)
’ ) % Khai bdo md hinh ZPK
Zero/pole/gain: :

0.5 (s+0.999) (s-1)

>> minreal (sys) % tol madc dinh qua nhd
% khéng cé téac dung khi

Zero/pole/gain:

0.5 (s+0.899) (s-1)

>> minreal (sys,0.01) % Khr véi dung sai 0.01

Zero/pole/gain:
0.5 (s-1)

Trong vi du tiép theo, bién trang thai thit hai ctia md hinh sys (¢ dang SS)
khong hé c6 lién quan gi tdi dau vao va diu ra. Sau khi dung sminreal, hé
duge ha bac xudng sys (1, 1).
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>>
>>
>>

sys = ss ([1 2 ; O 31,[4 : 01,05 01,0) ;
msys = sminreal (sys);
[ msys.a msys.b msys.c msys.d ] -

ans =

1 4 5 0

Gidm béac c6 muc dich

Néu ta dinh don gian héa mot mé hinh cé bac cao, hay don gian chi 1a dy
dinh khao sat riéng ré cac trang thai v4i ddong hoc khac nhau, khi 4y ta nén
dung céng cu modred.

rsys = modred (sys, elim)
rsys = modred (sys,elim [, method])

Bén canh sys, cdn phai chuyén cho modred (théng qua tham s& elim) vector
chita chi 8 cla cac trang thai cAn dugc triét tiéu. V& cd ban ta c6 hai phuong
phap tinh khac nhau, khai bao trong tham sé method (gia tri mac dinh: *mdc’).

‘mdc’  (matching dc-gain) c¢6 tac dung tao mé hinh giam bac c6 hé

s6 khuéch dai mot chiéu (dc, khuéch dai tinh) giéng nhu
cua hé goc. Dao ham (vé& trai) clia cac trang thai khai bao
trong elim dugc dat bang khong, nhy vay cac trang thai dé
s€ bi loai trit ra khoi cac phuong trinh con lai.

"del’ (delete) tach cac trang thai khai trong elim ra khdi m6 hinh-

gdc. Viéc tach nay sé lam thay ddi hé s6 khu&ch dai mot
chiéu (dc, khuéch dai tinh), nhung (trén nguyén téc) lai bdo
dam dong nhat t6t hon gita mé hinh giam bac va mé
hinh géc trén mién tan sé. i

Vi du sau diy sé tao md hinh sys tit hai ham truyén dat ctia hai khau PT,
(sysPT1) va PT, (sysPT2). Tiép theo ta sit dung hai phudng phap 'del’ va

"mdc’

dé tim cAc mé hinh gidm bac‘syslmdel, sys2mdel va syslmmdc,

sys2mmdc. Cudi cung ta vé dap iing budc nhiy clia cac mé hinh gidm bac trong
hinh 3.19 va d6 thi BODE trong hinh 3.20 dé so sanh.

>>
>>
>>
>>

>>

>>
>>
>>
>>

T =20.2 ; V=0.8;

wn = T/0.001 ; d = 0.05;

sysPT1l = ss (tf (V, [T 11));

sysPT2 ss (tf (wn™2,[1 2*d*wn wn”

Khai bao khau PT1
1))

Khai bao khdu PT2
sys ¢6 5 trang thai

N oP

o°

sys = sysPT1l + sysPT2;

e

syslmdel = modred (sys,[2,3],'del'");
sys2mdel = modred (sys,[1l],'del');
syslmmdc = modred (sys,[2,3],'mdc');
sysZzmmdc = modred (sys,[l], 'mdc');

[

Gidm bac theo
ph2 "del’
Gidm bac theo
ph? 7 mde!

o° o

o
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>> sys.a %
ans =
-5.0000 0 0
0 -20.0000 -156.2500
0 256.0000 0
>> [sysPTl.a , syslmdel.a , syslmmdc.
ans = %
-5 -5 -5 %

>> [sysPT2.a ,
ans =

sys2mdel.a ,

o°

oe

-20.0000 -156.2500 -20.0000 -156.2500

sys2mmdc.

Ma tran A cla sys

al

Ma tran A cua sysPT1
trudc va sau gidm bac
al

Ma tran A cla sysPT2
trudc va sau giam bac
-20.0000 -156.2500

256.0000 0 256.0000 0 256.0000 0
>> figure (1) % V& dap Gng budc nhdy
% (hinh 3.19)
>> subplot (221) , step (sys,'r-"')
>> subplot (222) , step (sysPTl, 'b-',sysPT2,'g--"')
>> subplot(223)’, step (syslmdel, 'b-',syslmmdc, 'g--")
>> subplot (224) , step (sys2mdel, 'b-',sysZmmdc, 'g--")
>> figure (2) % V& &6 thi BODE
, % (hinh 3.20)
>> subplot (121),bode (sysPTl, 'r~',syslmdel, 'b-"',syslmmdc, 'g--")

'r-',sys2mdel, 'b-', sys2mmdc, 'g-=")

Step Response

05 - 1
Time (sec)

Step Response

q .
J\}’)\flv.t“?“w‘ PRIy

>> subplot(122),bode(sysPT2,
Step Response
2 P P 2
o 15 o 15
© ©
=2 3
"_é_ 1 -é_ 1
< 0.5 < 05
‘0 : , o
0 0.5 1 k 0
Time (sec)
0 Step Response
...-—;——-»;-_-‘-_‘;,"_".;a -------- — a .
L B 2fing,
= < 3 Haay
= -1F = u 1)
S Ry £
« 0.5 <
0 -
0 05 ., 1 00
Time (sec)™ : '

02 04 " 06

" Time (sec) -

Hinh 3.19 Pdp itng bude nhiy trude va sau gidm bdc: sys (trén-trdi), sysPT1 va sysPT2
(trén-phdi), syslmdel va syslmmdc (duwdi-trdi), sys2mdel va sys2mmdce

(dudi-phdi)
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Bode Diagram v Bode Diagram
S Iy N
3 .10 3
2 2
c c
2 -20 2
= =

0 N
—_ - !
g g -45 !
3 ) )
Q. 2 -90 !
.g _g 1
o o -135 ]
’d

0 2 -180% 2 3

10 ! 10 10 10

Frequendy (radisec) + Frequendy (rad/sec)

Hinh 3.20 D6 thi BODE trudce va sau gidm bdc: sysPT1, syslmdel va syslmmdc (trdi);
sysPT2, sys2mdel va sys2mmdc (phai)

M6 hinh gidm bac
minreal  Loai trit trang thai, triét tiéu diém khéng - diém cuc
modred Giam bac c6 muc dich
sminreal Ty dong gidm bac theo cdu tric

3.3.6 Cac phuong phap mo ta trén khdng gian trang thai

Tuy theo muc dich ngh1en cltu ma ta cé thé st dung cac phudng phap md ta
khac nhau trén khong gian trang thai. Nhg st dung cac ma tran chuyén thich
hdp ma ta c6 thé tao ra cic md hinh khac nhau, vi du: Cac'ma tran mé ta dic
diém diéu khién hay quan sat, cho phép khdo sat tinh didu khién duge hay
quan sat dugc cua hé.

Cac mé hinh dang chuén téc (canonical normal form)
Control System Toolbox cung cip cho ta 1énh canon, cho phép thyc hién hai
dang md ta chuén tc trén co s8 khai bao tham s& type.
csys = canon (8ys, 'type’)
lesys, T] = canon(sys, ’type’)
Khi sys 1a mé hinh SS, MATLAB s& ¢4t ma tran chuyén trang thai trong bién
T, 1a ma tran sé tao nén vector trang thai méi x, = Tx. Néu tham s6 type nhan
-gia tri 'modal’, ma tran hé thong clla hé mdi csys sé chda cac gia tri riéng
thyc 4; trén dudng chéo, con cac gia tri riéng phic o+ jw phan bd trén 2 x 2 ma
tran con.
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A 0 0
Gia trl riéng thUC /11, /12 O o w 0
Gia tri riéng phiic lién A, = : (3.47)
hop otjo —w o 0

0 0 0 XA

Mb hinh dang chuén diéu khién

La dang chudn do canon tao ra khi ta gan cho tham s8 type gia tri
" companion’. Ma tran hé théng (cia mé hinh méi) duge hgp thanh tiu cac hé
s6 chia da thitc déc tinh P(s) nhu sau (n: S6 trang thai):

P(s)=s"+c¢s"" ++c, s +¢,

0 0 0 -—c,

1 0 0 -+ 0 —c,,4

o1 0o ... : : (3.48)
= Ac=]|. 0

0 0 =-c

0 0 1 —¢q

Tinh quan sat dugc

Mot théng tin rat quan trong d6i véi ky su didu khién ty dong khi khao sat
hé thong, d6 1a: Lidu trang thai cha 461 tugng c6 quan sit duge hay khdong?
Hay, néu khéng phai tat ca cac trang thai déu quan sat dudc thi: Nhiing trang
thai nao ¢6 thé quan sat dugde?

Dé tra 13i cac cAu héi trén ta st dung ma tran kiém tra dic diém quan sat
duge Ob (Observability Matrix), tinh tit ma tran hé théng A va ma tran diu ra
C theo cong thiic sau: '

e
CA
Ob =| CA? (3.49)

hCAn—‘

Néu ma tran Ob c6 hang (rang) day di nhu ma tran hé thdng, khi 4y hé la
quan sat dugc toan phin. N&éu khéng phai vay: Hang cia Ob tng vdi s6 trang
thai c6 thé quan sat dude ctia hé. Dé kiém tra ta st dung:

Ob = obsv(4,C) '
Ob = obsv (sys)



124 3 Control System Toolbox: Céng cu khdo st - thiét k& hé théng diéu khién

N&u can biét cu thé: Nhitng trang thai nao 1a khéng thé quan sat duge, khi
dy ta sé phai sit dung dang chuin quan sat dé khao sat. Néu mét hé 1a khong
quan sat dudc toan phan, ta c6 thé dung phudng phap chuyén hé sang dang bac
thang:

A=TAT ;B=TB;C=CT’ (3.50)
v6i k&t qua c6 dang téng quat:
— |A A, — |B..| =
=|"" TRI.B=| ™| .C= [0 C,] (3.51)
0 A, B,

Trong céng thic (3.51), A,, 12 ma tran cua cac trang thai khéng quan sat
duge va B,, 12 ma tran ctia phan dau vao tudng tng. A,, B, va C, ]a cac ma
tran clia phan trang thai quan sat duge.

Trong MATLAB ta tim ma tran kiém tra dac diém quan sat duge nhu sau:

[Abar, Bbar,Cbar, T, k] = obsvi(A,B,C, [tol))

Ba bién Abar, Bbar, Cbar chiia cac ma tran A, B, C. Vector k& ¢6 chiéu dai
bing kich ¢d ctia A, véi tong cac phan ti clia £ chinh 1a s cac trang thai quan
sat duge. T'1a ma tran chuyén hé va tham s8 tiy chon tol cho biét dung sai cho
phép khi tinh dang chuan quan sat.

Vi du sau ddy minh hoa hiéu qua cta hai 1énh obsv va obsvf,

Lénh obsv ‘ Lénh obsvf
> A= [ 6 -1 ; 1 4] >>[Abar,Bbar,Cbar, T, k]l=obsvf (A,B,C)
A = Abar =

6 -1 6 -1

1 4 1 4 k
> B = [ -2 2 ; =2 2] Bbar =
B = -2 2

-2 2 -2 2

-2 2 Cbar = N
> C=[10; 01] 1 0
C = 0 1

1 0 T =

0 1 1 0
>> Ob = obsv (A,C) 0 1
Ob = 'k = |

1 0 J 2 0

0 H Y U

6 -1 T
o 1 4
. >> rank (Ob) C4 hai lénh déu dua ra két luan:
;ans = i Hé (khai bao & bén trai) 1a quan
2 sat dude toan phén.
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Tinh diéu khién dugc

Mot dac diém quan trong nita la tinh diéu khién dugc ctia hé théng. N&u ta
mudh diéu khién mot s trang thai nhat dinh, ta phai biét: Cac trang thai dé c6
diéu khién dugc hay khéng. D& kiém tra tinh ch&t nay ta cé thé st dung mot
trong hai céng cu; Ma tran kiém tra diac diém diéu khién duge. Co
(Controllability Matrix), hay dang chudn diéu khién clia mé hinh trang thai.

Ma tran Co ctia hé véi n trang thai dude tinh theo céng thic sau day:

Co=|B AB A’B A"'B

Néu Co c6 hang (rang) ddy di nhu ma tran hé théng, khi ay hé 1a diéu
khién dudc toan phan. Néu khong, hang ctia Co tng véi s6 trang thai c6 thé
diéu khién duge. Cu phap cla 1énh kiém tra nhu sau:

Co = ctrb(A,C)
Co = ctrb(sys)

N&u cin biét cu thé vé cac trang thai khong diéu khién duge, ta st dung
dang chuin diéu khién dé khao sat. Néu hé 1a khong diéu khién duge toan
phén, ta ciing c6 thé st dung phuong phap chuyén hé sang dang bac thang véi
cong thiic nhu (3.50) va thu dude két qua:

A, O = [Cnc Cc]
Ay, A
T4t ca cac trang thai khong diéu khién dude ndm trong A,., phan diéu khién
dudgc cat trong caic ma tran A, B,va C,.
Trong MATLAB ta tim ma tran klem tra ddc diém diéu khién duge nhu sau:
[Abar,Bbar,Cbar,T,k] = ctrbft(A,B,C, [tol])
Tuong tu khi khdo sat tinh quan sat dLIQC: Ba bién Abar, Bbar, Cbhar chiia

(3.52)

- 10
B (3.53)

c

c

cac ma tran A, B, C. Vector & ¢6 chiéu dai bing kich ¢3 cla A, véi téng cac
phan ti cta £ chinh 12 s§ cac trang thai didu khién duge. 7' 12 ma tran chuyén
hé va tham s6 tuy chon tol cho biét dung sai cho phép khl tinh dang chudn
quan sat.

. Vi du sau day minh hoa hiéu qua cua hai 1énh ctrb va ctrbf.

Lénh ctrb Lénh ctrbf

> A= [ 6 -1; 114] >> [Abar,Bbar,Cbar, T, k] =ctrbf (A,B,C)

A = Abar =
6 -1 5.0000 -0.0000
1 4 2.0000 5.0000

> B = [%22; -2 2] Bbar =

B = ) 0 0
-2 2 2.8284 -2.8284
-2 2 .. Cbar =

> C=[10; 01] -0.7071 -0.7071

C = 0.7071 -0.7071
1 0
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0 1 T =
>> Co = ctrb (A,B) -0.7071 0.7071
Co = -0.7071__ -0.7071
-2 2 -10 |k = 1
10 : 1 0
-2 2 -10 [T T """""""""
A0
>> rank (Co} Ca hai lénh déu dua ra két luan:
pans = | Hé (khai bao 6 bén trai) 1a khong
: 1 diéu khién dugc toan phan

Mo ta trén khéng gian trang thai
canon M3 hinh dang chuén modal
ctrb  Mb hinh dang chuén diéu khién
ctrbf Mb hinh dang chuén diéu khién c6 dang bac thang
obsv M3 hinh dang chudn quan sat
obsvf Ms hinh dang chudn quan sat c6 dang bac thang

3.4 Thiét ké& vong diéu chinh

Muc dich cubi ciing cia qua trinh nghién citu — khao sat chinh 1a viéc thiét
k& (con goi la: téng hgp) vong diéu chinh. Nghia la: Thiét k& khau diéu khién
lam viéc trong mach vong khép kin, ¢6 phan hdi ddu ra hay phan héi trang
thai, nham gan cho hé mét dic tinh hé théng mong muén nao dé. Budc dau tién
can lam cta giai doan nay 1a lua chon khau diéu khién, ti€p thed 1a budc tham
s6 héa khau da chon.

Chi sau khi da thu duge cac két qua méd phdng nhu ¥ ta mdi bit ddu qua
trinh thuc hién k§ thuat trén hé théng thiét bi thuc va cudi cling 14 thit nghiém
kiém chitng. Né&u cac két qua thit nghiém théa man chat lugng dit ra, nhiém vu
nghién ctiu — thigt k& méi c6 thé dude coi 1a da k&t thuc.

Tuy nhién, d6i khi ndy sinh nhu cdu cai thién, nang cao chat lugng két qua
da thu duge, dan dén: T4t ca cac budc (bat dau tit mé hinh héa, khao sat hé
théng cho téi thiét k& khau diéu khién) phai duge thyc hién lip lai nhiéu l1an.

Control System Toolbox cung cdp cho ta mét s& céng cu thiét k&€ theo céc
phuong phap:

e Phuong phap quy dao diém cuc

e Phuong phap gan cuc (tim phan héi va khau quan sat trang thai)
¢  Phuong phap tinh theo tiéu chuén tich phan (tuyén tinh, binh phuong)

e Quan sat trang thai khi ¢6 nhiéu bing loc Kalman
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3.4.1 Thiét k& theo phudng phap quy dao diém cuc

Phuong phap kinh dién dé tham s hoa khau diéu khién ctia vong diéu chinh
hé SISO la phuong phap quy dao diém cuc (QDDC).

Quy dao diém cuc

Quy dao diém cyc 1a quy dao hop thanh bdi cac diém cyc ctia vong diéu chinh
(DC) phu thudc vao hé s6 khuéch dai phan héi £ va duge biéu dién trén mit
phéng phic véi thanh phan thyc Re{4} = o trén truc hoanh x va thanh phén o
Im{A} = w trén truc tung y.

Trong khuén khd ctia Control System Toolbox, ham truyén dat vong hé -G,
bao gém cac ham truyén dat G, cla d6i tuong (object), G, ctia khau diéu khién
(controller), Gy cia cam bién do (measurment) va hé s8 khuéch dai phan héi &
(n: da thic tl s6, d: da thiic mau so):

n.nn
-Gy =kG,G Gy =k M (3.54)
0 c (o] M dc do dM
Ham truyén dat ctia vong DC khép kin (c6 phan héi 4m ddu ra) c6 dang:
G.G n.n,d
= C o = c''o M (3'55)
1+chGoGM dcdodM+kncnonM
Diém cuc cta vong PC chinh 1a nghiém cta da thic miu s6 cta (3.55).
dyt+knyg=d,d,dy+kn.n,ny =0 (3.56)
u y ,
— G [ G Hinh 3.21 Vong diéu chinh co

phdn héi 6m déu ra

2l Gy D61 véi hé SISO ¢6 dang md
hinh LTI ta ¢6 thé st dung
1énh rlocus:

rlocus (sys(,k])
{r,k1 = rlocus (sys)
r = rlocus(sys, k)
M6 hinh LTI sys trong 1énh trén 1a ham truyén dat cha mach vong hé
G, G, Gy ma chua c6 hé s6 khuéch dai phan héi &, 1a tham s§ tuy chon sé
dugc khai bdo riéng. Diéu dé c6 nghia la: sys dudc tao thanh bdi su ghép néi cac
md hinh riéng 1é (cAn déc biét chi ¥ t6i trinh tu khai bao).

Ham truyén dat ctia vong hd: Gy=G,G,Gy
Cud phap MATLARB: sys = sysM * sysO * sysC

Khi goi rlocus (sys{,k)) ma khong yéu cdu tra bién vé, ta sé thu dugc db
thi cha quy dao diém cyc. Néu ta khéong chli dong khai bao cac hé s6 khuéch dai
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trong vector tham s8 tiy chon k2, MATLAB sé tu dong quyét dinh gia tri thich
hop. Nhan day ciing xin nhéc lai kha nang in phan b6 diém khéng - diém cuc
bang 1énh pzmap (muc 3.3.2). Tuong ty, tai day ta cling c6 thé st dung hai lénh
sgrid va zgrid dé vé ludi tao bdi cac dudng déng tri vé hé s6 tit ddn D trén
mién anh Laplace s va mién anh z.

Néu ta st dung [r,k] = rlocus (sys), vi tri cia cac diém cuc (ing véi cac
hé s8 khuéch dai cat trong vector k) dugc cdt trong ma tran r. Ma tran r c6
length (k) cot, va cac diém cuc thudc gia tri k(n) dudc cdt & cot thi n. Hinh
3.22 bidu dién quy dao diém cuc cla sys véi k trong khoang 81 thidu — t5i da.

Root Locus

Imag Axis

2t N 4

-3} . : ' i ~ .

4t . ~

-5 -4 -3 -2 -1 0
Real Axis

Ll o

Hinh 3.22 Quj dao diém cuc ciia ham sys
>> sys = zpk([],[-0.1 -1-i -1+i],1) % Khai béo sys
Zero/pole/gain:

>> rlocus (sys) % V& quy dao diém cyc
>> [r,k] = rlocus (sys):
>> [k(l) , k(max(find(k<inf))) ;
r(:,1) , r(:,max(find(k<inf))) 1}
ans =
1.0e+005 *
0 4.5575 - % Khodng min<k<max
-0.0000 + 0.00001 0.0004 + 0.00071
-0.0000 ~ 0.00001 0.0004 - 0.00071
-0.0000 -0.0008
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Xuét vector hé s6 khuéch dai

Gia st da st dung rlocus dé vé quy dao diém cyc (hinh 3.22), MATLAB cén
tao diéu kién dé ta tim cac gia tri lién quan (hé s§ khuéch dai, cac diém cuc
khac cung nhém) téi mét diém cuc bat ky nidm trén quy dao d6: D6 1a lénh
rlocfind.

[k, r] = rlocfind(sys)
[k,r] = rlocfind(sys,p)

Sau khi goi rlocfind, bing chudt ta cé thé chon (nhay chuét trai) mot diém
trén db thi da vé, va nhan dugc cac gia tri ¢4 néi & trén. Ban doc c6 thé tu minh
kiém chiing bing cach 1an lugt thuc hién chudi 1énh trong vi du duéi day. Hinh
3.23 hién thi ba diém cuc (d4u +) sau khi ta chon diém c6 toa do:

~0.42621892019453 + 0.983934349692751

Cuéi cung ta goi sgrid dé tao lusi cho dd thi.

Root Locus

0% 0% 042 028 0k
4“&3;_ RN B

-0.9),

-5 -4 -3 -2 1 0 1
Real Axis

Hinh 3.23 Tim hé s6’khuéch dai va cdc diém cue lién quan nho rlocfind
>> sys = zpk([],[-0.1 -1-1 -1+4i},1) % Khai bao ham sys

Zero/pole/gain:

(s+0.1) (s™2 + 2s + 2)

>> rlocus (sys)

>> [kf,rf] = rlocfind (sys)

Select a point in the graphics window
selected_point = ‘
~0.42621892019453 + 0.983934349692751

o°

V& quy dao diém cuc
Chon diém cuc bing
mouse

Toa db diém chon:

o0 o

o
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kf = % H& s& khué&ch dai kf
1.228851909821764 $ cda ¢iém d3 chon
rf = % Gi4 tri cha ba diém

oo

-1.25424252487196

-0.42287873756402 + 0.979994174616531
-0.42287873756402 - 0.979984174616531
>> sgrid

cyc ung vdi kf

Bing viéc khai bao thém vector tham s6 p, rlocfind sé tim cac diém thudc
quy dao gan vdi cac gia tri trong p. Cac gia tri cia & dugc tinh theo & =
]den(p)/num(p) |, con cac diém cuc 1a nghiém cua (3.56). Tiép tuc vi du trén:
Trudc hét ta khai bao diémp = [-0.9-0.61i] va sau d6 tinh hé s§ khuéch dai
kff, cac nghiém rff. Cudi ciing ta biéu dién p(0) va céc gia tri tuong tdng rff(o)
trong hinh 3.24.

o0

>> p = [-0.9-0.6*1]
p=
-0.9000 - 0.60001

Khai bao diém p

>> [kff,rff] = rlocfind (sys,p) % Tinh:
kff = % hé s& khuéch dai
0.66098411478643

rff = % va bd diém cuc
-0.69521695931838 + 0.85444053768211i % lan céan
-0.69521695931838 - 0.854440537682111
-0.70956608136323

>> hold on )

>> plot (p, 'ks') s ve diém p(0)

o

>> plot{rff, 'kd") Vé 3 diém rff (o)

Root Locus
07 0l B4z o o

intag Axis

DT 042 03 0f4
3

-5 -4

-2 -
Real Axis

Hinh 3.24 Tim b diém cuc rff(0) lan can diém p(Q)
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Phwong phap quy dao dié'm cuc
rlocus (sys(,k]) Vé quy dao diém cyc
rlocfind (sys,p) Tim b6 tham s gan diém p

3.4.2 Thiét ké theo phuong thirc ddi thoai giira ngudi va PC

Khi thiét k& cAc hé thong SISO, Control System Toolbox cung cip cho ngudi
st dung mét cong cu hoat ddng theo kiéu d3i thoai (interactive) kha tién lgi, d6
1a: SISO Design Tool. Qua trinh khao sat d6i tuong va thiét ké vong DC x4y ra
trong khuén khé mot van ban cé sin.

D& goi ta st dung lénh sisotool véi cac cach viét nhu sau:

sisotool (sys[,comp])
sisotool (view, sys,comp,options)

. SISO Design for System sys LIQd|
File Edit Yiew Compensator JTools Window Help

I xo & sftimzx|w

Current Comp
B

Root Locus

8 T oes. Gk 04 "2”'0'"4 ' »
g s 5 2 038 04 / .
YN A ,_-*\ | 0
ol g
69y : 2
b g
2f 2
; & -0
$05 z .
th
@ 60| GM 129dB
< 0 Freq: 1.40 ladlsac
- Stable loop :
E 0
R 0
0975
2t
| : [ :
0.9 L s
3 N L @
N 2
b : & -t
o5 IS A A PM 727 dog
s, 089° "~.056 042-028 014 Freq UABEVad/sec ol oo
5 NP s SYSN i s 270
5 5 4 3 2 A 0 1 2 107 10" 10° i0'

Raal Axis Frequency (rad/sec)

Loop gain changedto 1 A
Right-click on plots for more design options.

" Hinh 3.25 Cong cu SISO Design Tool

Néu goi sisotool khéng c6 tham s& ta thu duge cua s6 SISO Design Tool
réng. Thém tham s sys ta trao cho 1énh mét mo hinh d5i tugng dang LTI da
khai bao, tham sd tuy chon comp 14 mé hinh LTI cua khau di€u khién
(compensator) Tham s8 view c6 thé nhan gia tri ' rlocus’ khi cin vé: qu)‘r dao
diém cuc, hay 'bode’ khi'can dé thi BODE. options la b1en c6 dang-cdu trac
struct vdi hai truong: :
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e options.location: Khai biao khdu diéu khién nim & nhanh xudi
(" forward’, mic dinh néu ngudi st dung khéng cht dong khai) hay &
nhanh phan hdi (' feedback’).

e options.sign: Quyét dinh phan héi ¢6 ddu 4m (-1, méc dinh khi ngudi
s dung khéng cht ddng khai) hay dudng (1)

Vi du 8 hinh 3.25 dugc tao nén bdi doan 1gnh sau day

>> options.location = 'forward' ;
>> options.sign = -1 ; \
>> sisotool (zpk([],[-0.1 -1-i -1+i],1),1,options) ;

Muc nay sé khong ti€p tuc di sdu vao cong cu SISO Design Tool, ban doc
quan tam c6 thé tra cttu truc tiép User’s Guide ctia Control System Toolbox hay
On-Line Help cia MATLAB.

3.4.3 Diéu khién va quan sat trang thai

Phuong phép thiét k& trinh biy trong muc nay dya trén cd sd mé hinh trang
thai ca d8i tugng, st dung 1y luan ctia diéu khién va quan sat trang thai. Cac
ndi dung 1y thuyét chi dugc trinh biy mét cach ngin gon va khéng c6 dan dat.
Ngoai ra, ching chi duge trinh biy vita di &€ hiéu tinh ning va tac dung cla
cac ¢dng cu thiét k&€ ma Control System Toolbox cung cip. Ban doc nao cén tra
citu sau vé 1y thuyét sé phai xem céc tai liéu chuyén khac.

Diéu khién trang thai : '1
Vé nguyén tic, hé théng c6 diéu khién trang thai la hé ¢6 phan héi Am toan
bd cAc bién trang thai théng qua 'ma tran phan héi K (hinh 3.26).

Hinh 3.26 H¢ c6 phdn héi
D trang thdi

C Y o  Phuong trinh trang
thai ctia dé1 tugng:
A .

x=Ax+Bu (3.57)

K

y=Cx+Du
e Luat diéu khién (w = 0):

u=-Kx (3.58)
e Vong DC khép kin:

;zz (A-BK)x (3.59)
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Diéu kién dé thuc hién hé thong diéu khién trang thai nhu hinh 3.26 1a kha
nang phan hoi tat ca cac bién trang thai, nghia la: Moi bién trang thai déu phai
do duge, diéu khé duge thda mén trong thuc tién. Chinh vi vay ta sé phai can
dén khau quan sat, cho phép tinh vector bién trang thai tit cac gia tri do duge &
d4iu ra.

Quan sat trang thai (khdu quan sat Luenberger)

Khau quan sat kinh dién st dung mét mé hinh tuong duong véi ddi tugng,
va mot ma tran L phan héi sai léch giita dau ra that va dau ra cia mé hinh, ¢
nhiém vu hiéu chinh d#c tinh md hinh cho phu hgp véi déc tinh cta déi tugng.

D
u B ,:FXI"XC Y
A
L e
— B o5 | o © !
==l
D .

Hinh 3.27 Quan sdt vector bién trang thdi

e Phuong trinh trang thai cia khau quan sat:

x=Ax+Bu+Le (3.60)
§=C§+Du

e  Sailéch quan sat:
e=y—§r:C(x—;{) (3.61)

e  Phuong trinh trang thai maéi:

.
X

i

(A-LC)x+(B-LD)u+Ly

R (3.62)
-(A-LC)x+[B-LD L][“}
y
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Diéu khién trang thai str dung khéuqquan sat Luenbefger
Khi thuc hién hé théng diéu khién trang thai, néu ta su dung vector trang

thai quan sat duge X thay cho vector trang thai thuc x, ta thu dugc phudng
trinh ctia hé thong c6 phan héi nhu sau:

X A -BK BK X ~
= ce=X-X (3.63)
N 0 A-LC
c

Viéc thiét ké khau diéu khién (ma tran K) va khau quan st trang thai (ma
tran L) thudng dudc thuc hién theo phuong phap gan cuc. Tai ddy ta cAn chu §:
Déng hoc ciia khau quan sat phai bdo dam nhanh hon déng hoc cta khau diéu
khién.

3.4.4 Thiét ké theo phuong phap gan cuc

Day la phudng phap phd cap khi thiét k& hé thong didu khién trang thai: Ma
tran phan héi K duge chon sao cho cac diém cuc mdi xuat hién (khi hé thdng da
khép kin) ting v6i cac diém cuc ctia mét da thiic mong muédn cho trude.

Tinh vector k / ma tran K phan héi trang thai

Control System Toolbox cung cdp cho ta hai l1énh acker va place. Ca hai
lénh d6 déu tim vector phan hdi trang thai k, hay ma tran phan héi trang thai
K, sao cho cac diém cyc cla hé déng nhat véi cac didm cuc mong muén (khai
béo trong vector p). Cac diém cuc mong muén nén tranh lip lai nhiéu lan.

k = acker(4,b,p)
K = place(A,B,p)
{K,prec, message] = place(A,B,p)

Hai lénh trén khac nhau duy nhét & dac diém: acker chi thich hgp véi déi
tugng SISO, con place thich hgp ca véi SISO va MIMO. Thém vao d6, place
manh hon va cho phép ta khai bao cu thé hon vé muc tiéu thiét k&: D¢ 1a do
chinh xac (tham s8 prec) clia vi tri diém cyc thude hé méi (hé c6 phan hdi trang
théai) so véi vi tri dy dinh gan, va s& c6 canh bao (cat trong message) khi sai so
gan 16n hon 10%. Mot nhugde diém chinh cta acker la 1énh d6 sé nhanh chéng
trd nén mit én dinh khi phai thuc hién mét khéi lugng 16n tinh toan sé.

Tinh ma trén L phan héi sai léch quan sét trang thai

Ta cling ¢6 thé dung hai 1énh acker va place d€ tinh ma tran L cia khau
quan sat trang thai. Tuy nhién, trudc khi st dung ta phai thuc hién chuyén vi
{transpose) cho ma trin A, va thay vao vi tri ctia B ta khai bdo ma tran chuyén
vi ctia C. Cuéi cung, ma tran L 1a k&t qua cta phép chuyén vi ma tran do
acker va place tim dudc.

4
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L
L

acker{(A’,c',p).’
place(A’,C',p)

Thiét k€ khdu quan sat trang thai
Néu viée tinh ma tran L da két thuc, ta ¢6 thé tdng hop rat nhanh chéng va -
don gian khiu quan sat trang thai. Lénh estim ¢6 tac dung tao ra cac phuong
trinh hé théng ctua khiu quan sat est nhu sau:
est = estim{(sys, L)
est = estim(sys,L,sensors, known)
C6 thé st dung lénh theo dang thi nh4t, néu tat ca cac tin hiéu vao déu la
bién nglu nhién (tap 4m hé thong w, tap 4m do ludng v) vi moi bién ra déu c6
thé do duge. Phuong trinh co s6 ciia tinh toan 1a nhu sau:

Dd&i tugng Khiu quan sat
x=Ax+Bw x=Ax+L(y-Cx)
y=Cx+Dw A : (3.64)
‘ y| |C|~
X I

Néu st dung thém hai vector chi s6 sensors va known, ta c6 thé khai béo cic
bién ra do duge va céc bién vao ma ta biét. Cac bién ra khong do duge sé dudgc
cit trong z. w va v 12 tap 4m hé théng va tap 4m do 1u0ng Lic nay, phuong
‘trinh co s6 clia tinh toan la:

¥

Po6i tugng Khau quan sat
x=Ax+B,w+B,u ;:A;+B2u+L(y—C2;—D22u)
Z:C1x+D”w+D]2u il e D
vyl |G, D,, D,, =1 x4 P u
X I 0
(3.65)
u (known) y
—> —
Y (sensors) est ; Hinh 3.28 M6 hinh est cua khdu quan sdt
— — trang thai

M5 hinh khiu quan sat est, tim thay nho 1énh estim c¢é cac ddu vao u, y va

cac dau ra y, X dugc minh hoa bdi hinh 3.28. Vi du sau diy sé& lam sang té
thém hiéu luc cla cac 1énh vita dugde gidi thidu: Tit cac diém cuc cha ddi tugng
sys ta tim céc diém cyc polo ctia khau quan sat va sau d6 dung 1énh place dé
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tim vector phan héi trang thai k. Véi & ta tao m6 hinh est ctia khau quan sat, va
cudi cung cit dap ng budc nhay cia sys trong y, 1a tin hiéu s& dude s dung
lam d4u vao thid hai (hinh 3.28) ctia est. Dap ing budce nhdy cta est thu duge
nhd 1énh lsim véi xo0 1a gia tri ban ddu clia khau quan sat. K&t qua duge
minh hoa & hinh 3.29.

s(tf£(100,[1 2 1001))
3*real (pole(sys))

>> sys = s
>> polo =

% Khai bdo sys
+ imag(pole(sys))/3*i ;
b.cyc cua kh&u QS

e

>> [ pole(sys)
ans =
-1.0000 + 9.94991
-1.0000 - 9.9499i

polo ]

-3.0000 + 3.31l66i
-3.0000 - 3.31661

>> L = place(sys.a',sys.c',polo).’ % Tinh ma trén L
place: ndigits= 15
L =

-1.7600

1.2800

>> est = estim(sys,L,1,1) ; % Duyng khé&u QS
> t = 0:0.1:4 ; "% Khai bao truc t
>> [y,t,x] = step(sys,t) ; % PAp Umng cla sys
>> xo0 = [0.5 ~-0.4]) ;

>> [yo,to,x0] = lsim(est, (ones(size(t)) vyl,t,x00) ;

% Tinh dap ung cua est

06 N 5 T : v
- x1 —_y
. . x10 . Vo)
04 State 1 |1 4 Output
02 * 4 ‘
3 p
0 /\/\/\/\/\«v L
02
0 1 i 3 4
15
. — x2
1l c x20
. State 2
051 N\ “aes
Ry i
0
05 - —— 2 — L L
0 1 2 3 4 0 1 2 3 4

Hinh 3.29 Keét qud tinh ciia khdu quan sdt trang thdi est
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Sau khi thuc hién doan lénh trén, moi gia tri dap ing buéc nhdy ctia sys (d6i
tugng) dugc cdt trong [y, t, x], cua est (khau quan sat) trong [yo, t0,x0]. Dé
vé cac d6 thi & hinh 3.29, minh hoa két qua cia doan 1énh trén, ta 14n lugt thuc
hién tiép chum lénh sau day:

>> subplot (221) $ b6 thi trang thai 1
>> plot(t,x(:,1),'b-",t,x0(:, ) ')

>> legend (' xl' X ",'State )

>> subplot (223) % P& thi trang thai 2
>> plot(t,x(:,2),'b-",t,x0(:,2),'r.")
>> legend (' x2' 'x20','State 2")

5 thi diu ra y

- ©O°
W}
O

>> subplot (122)
>> plot(t,y(:,1), styyo(s, 1), '
>> legend (‘y','y ! 'Output )

Thiét k& hé théng diéu khién str dung khau quan sat

Sau khi d4 tim dugc cAc ma tran phan héi L va K, ta ¢6 thé dung hé théng
diéu khién st dung khau quan sat trang thai bing lénh reg.

rsys = req(sys,K,L)
rsys = req(sys,K,L,sensors, known, controls)

Trong lénh trén, K va L 1a hai ma tran phan héi dugc tinh nhd 1énh acker
hay place, sensors 1a chi s8 ctia cac bién ra do dudge, known la chi s8 cua cac
bién vao uy ma ta biét, con controls 1a bién vao cia déi tugng. Phuong trinh mé
ta d6i tugng va hé thong diéu khién tron ven c¢6 dang sau:

D& tuong Hé thong diéu khién
x=Ax+Bu x=(A-LC-(B-LD)K)x+Ly .
=Cx+Du ~ o
y u=-Kx
u ~
4 (known) est X | X u:

Y (sensors) | (L)

Hinh 3.30 Hé thong diéu khién rsys s dung khdu quan sdt trang thdi

Hé thdng diéu khién trang thai rsys duge minh hoa trong hinh 3.30. Vi du
duéi day sé gitp ta hiéu r6 thém cach st dung req: Déi tugng sys can dude diéu
khién trén khong gian trang thai. Pé thuc hién ta 1an lugt xac dinh cac diém
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cuc mong mudn ciia khau quan sat va clia khau diéu khién trén cd sd cac diém
) % N . . Y1 2, R 2 ~
cuc ctia déi tugng sys. Can chu ¥: Phai lam sao cho cac diém cuc cia khau quan
73 2 R o a oA e R
sat nhanh hon cic diém cuc cia khau diéu khién.

>> sys = ss(tf(100,[1 2 100}))
>> polo 10*real (pole(sys)) + imag{(pole(sys))/10*i ;
>> polc 5*real (pole(sys)) + imag({pole(sys))/5*i ;

Trong doan 1énh trén, ta da gan cho bign polo gia tri diém cyc ciia khau
quan sat va bién polc gia tri diém cuc ciia khau diéu khién. D& dang nhan
thdy rang: Phan thyc clia khau quan sat (gap 10 1an ctia d6i tugng) 16n gép 2
1an phén thyc ctia khau didu khién (gap 5 14n cta d6i tugng). Viée lva chon nhu
vay chinh nham tao dong hoc 16n hon cho khdu quan sat.

Sau day ta dung lénh place dé tinh hai vector phan héi L va K. D& tién so
sanh vé sau, bén canh hé théng diéu khién khép kin rsys, ta tao thém khau
quan sat est.

>> L = place(sys.a',sys.c',polo).' % Tinh vector L
place: ndigits= 15
L =
-0.7002
5.7600.

o°

>> K = place(sys.a,sys.b,polc) Tinh vector K

place: ndigits= 15

K = . )
4.0000 ~2.2200

>> est = estim(sys,L,1,1) ;

>> rsys = reg(sys,K,L) ;

Tim kh&u quan sat
Tim khau diéu khién

o

oP

Tiép theo ta 1an lugt tinh dap Lrng budc nhdy ctia d6i tugng sys, cia khau
quan sat est (khi hé chua c6 DC) va cla hé thong rsys (khi hé da c¢6 DC)

>> t = 0:0.05:4 ; . % Xac'd;nh_truc t
>> [y, t,x] = step(sys,t) ; % Pap Ung cua sys
>> %00 = [0.5 -0.4] ; $ Gi4 tri ban diu xo
>> [yo,to,x0] = lsim(est, [ones(size(t)) vyl,t,x00) ;

% Pap ung cia est
>> xc0O = [0 0] ; % Gia tri ban dau xc
>> [yc,tc,xc] = lsim(rsys,ones(size(t)),t,xc0) ;

o

b&p Ung cla rsys

DE so sanh céac két qua thu dudc ta thyc hién tiép chudi lenh sau de vé do
thi cac dap Ung buée nhaiy VlIa tinh dugc va in ra 6 hinh 3.31.

>> subplot (221) : % Dép ing trang thai 1
>> plot(t,x(:,1),'b-",t,x0(:,1),'r.", t,xc(:,1), 'g-~")
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>> legend ('x1l', 'xlo', 'xlc")
>> subplot (223) % Pap Ung trang thai 2
>> plOt(t,X(:,Z),'b_'/trxo(:lz)ll rtrXC(ifz)r'g‘_')
>> legend ('x2','x20','x2c')
>> subplot (122) % Dap t'mg didu ra
>> plot(t,y(:,1),'b-",t,yo(:,1),'r.", t,yc(:,1}),'g--")
>> legend (‘y',‘'yo','yct)
06 25
. — x1 —y
* x1o - = Yo
04 === x1c 4 2L === yc |

[—x2
- *+ Xx20

Hinh 3.31 Pdp ing budc nhéy cia hé théng diéu khién si dung khdu quan sdt trang thdi

Qua hinh 3.31 ta c¢6 thé rat ra hai nhan xét sau:

e Khiu quan st c¢6 kha ning bam rat nhanh theo dac diém cta ddi tugng.
Cac gia tri quan sat duge hoi tu nhanh va chinh x4c vé gia tri thuc t&.

e Khau diéu khién c6 dong hoc rat tét, dua cac bién nhanh chong t61 mot
gia tri xac 1ap ma khéng x4y ra qua didu khién- Tuy phién, gia tri xac
lap d4u ra khong phai la 1 nhu ta trong doi.

Sai léch tinh ké trén ¢6 nguyén nhéan & sy thay d8i ham truyén dat cla mach
vong khép kin. D& khic phuc, théng thudng ta phai bd sung thém mét khau
phéi hgp gia tri ¢4t ddu vao, nhim dua sai léch tinh vé& khéng. Tuy nhién, diéu-
nay lai din d€n sai léch méi khi hé bi nhiéu. Chinh vi vay, d€ khéc phuc mot
cach triét @6, ta sé phai st dung mét khau diéu khién trang thai c6 thém khau

tich phan ¢ dau vao.
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Gan cuc
acker (A, b,p) Gan cuc cho hé SISO theo cdng thic Ackermann
place (A,B,p) Gan cuc cho hé MIMO

Tinh khau quan sat va diéu khién trang thai
estim(sys, L) Tinh khiu quan sat trang thai
reg(sys,K,L) Tinh khau diéu khién trang thai

3.4.5 Thiét k& theo tiéu chuan tich phan tdi uu

M6t phudng phap quan trong hay dugc st dung dé thiét k& hé théng diéu
khién trang thai 1a phuong phap dua trén cd sd tiéu chuédn tich phan tél uu
tuyen tinh. Theo phuong phap nay, cac tham s6 cia khau diéu khién dugc chon
xudt phdt ti né luc tim cuc tiéu cho mot ham chét lugng (ham muc tiéu), chiZ
khong xudt phdt tit mét dang ddp tng cho trude (1a ban chat ciia phudng phap
gan cuc).

Khi cidn DC mét déi tugng LTI trén khéng gian trang thai, duge mé ta bdi:

M6 hinh lién tuc M6 hinh gian doan

x=Ax+Bu Xy =AX, +Bu, 3.67)
y=Cx+Du Yi =Cxy +Duy

ta st dung khau phan héi trang thai: _

M5 hinh lién tuc M6 hinh gién doan

u=-Kx u, =-Kx, (3.68)

v6i ma tran phan hdi K, dugc thiét k& sao cho ham chat lugng dudi day la toi
thiéu:
o0
J(x,u)= f(xTQx+uTRu+2xTNu>dt (3.69)
t=0
Bai toan dit ra cho (3.69) sé quy tu vé viéc giai phuong trinh dai s Riccati
d61 v6i S (st dung 1énh care hay dare ctia Control System Toolbox).

= A’S+SA—(SB+N)R™' (B'S+N")+Q (3.70)
Sau khi tinh S, ma tran phan hdi trang thai K c6 dang:
K=R"'(B’S+N') (3.71)

Khi déi tugng dugc md ta bdi md hinh gian doan vé thoi gian, ham chat
lugng dugc viét theo cong thiic sau:
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o0

Z(xﬁQ‘xk +ujRu, +2x/N uk) (3.72)
véi phuong trinh va ¢6ng thic tinh tuong tu:
0= ATSA-S—(ATSB+N)(BTSB+R)‘l (B'SA+N")+Q
(3.73)
K=(B'SB+R) (B'SA+NT) (3.74)

Trong cac cong thic trén, Q 12 ma tran trong lugng cua cac bién trang thai,
R 12 ma tran trong lugng cta cac bién diu vao. Ma tran N cho phép ta xét dén
cAc tuong tac giita cac bién vao va cac bién trang thai, dic biét quan trong khi
" ma tran lién thong D # 0. T4t ca cac thanh phan khéng diéu khién dudc ctia hé
phai bdo dam &n dinh tiém can.

Tinh ma trén phén héi K
Control System Toolbox cung c&p cho ta 4 1énh dé tim ma tran phan héi K
theo tiéu chuén tich phan t6i uu tuyén tinh.

[K,S,e] = 1qr(A,B,Q,R[,N)])
[K,S,e] = dlqr(A,B,Q,R[,N])
[Kd,S,e] = 1qrd(A,B,Q,R[,N1,Ts)
[K,S,e] = lary(sys,@,R[,N1)

Khi stt dung cac 1énh trén, ta luén bat budc phai khai bao diy d céc ma
tran hé théng A, B hay sys (1&nh 1gry) va hal ma tran trong lugng Q, R. Ma
tran N 1a tham s6 tuy chon va duge dit mic dinh bang khéng. Déi véi 1énh
1grd ta con phai khai bdo thém chu ky trich miu Ts.

K&t qua st dung lénh 14 ma tran phan héi trang thai gan cho bién K, 1di giai
cua phudng trinh Riccati gan cho bién S vi e = eig (A-B*K) nhan cac gia tri
riéng cla hé théng di c6 phan hoi (vong DC da khép kin). Lénh 1qr cé tac dung
tinh ma tran phan hdi K cho hé lién tuc trén cd s3 cac coéng thic (3.69) - (3.71).
Lénh d1gr ¢6 tic dung tudng tu nhung déi véi hé gian doan theo (3.72) - (3.74).
Ngugc lai, 1énh 1qrd tim ma tran Kd cta khau diéu khién gian doan (Digital
Controller) cho ddi tugng lién tuc tuong tng, duge trich mau véi chu ky T's theo
phudng phap ZOH (xem muc 3.2. 8)

Trong trudng hgp, thay vi nham vao cac bién trang thal ta mudn dat muc
tiéu t6i Wu vio cac bién ra, 1énh 1qry c6 tac dung gitp ta tim cuc tiéu cho ham
chat lugng sau day:

= f(yTQy+UTRU+2yTNu)dt (3.75)
=0
Khau loc Kalman

Loc Kalman cho phép ta xét dén thuc t& 1a: Ca hé théng 1an bién ra y déu co
chtta mét ham lugng tap 4m w, v vdi ky vong nhu sau:
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E{w}=0;, E{v}=0 (3.76)
E{WWT}ZQ; E{VVT}=R; E{wvr}zN 3.77
Muc tiéu t61 vu khi tinh toan loc Kalman lic nay la: Quan sat (tinh ;ﬁ)
vector trang thai x sao cho gi tri trung binh toan phuong cta sai léch trang
thai x —x 1a bé nhat.
~ ~\T) !
chmE{@—xXx—x)}zmm (3.78)
t—o0

Hinh 3.32 mé ta khau loc Kalman cho trudng hgp hé lién tuc.

D v

Hinh 3.32 Khdu loc Kalman
e  Phuong trinh trang thai cua d8i tugng:

x=Ax+Bu+Gw

3.79)
y,=Cx+Du+Hw+v
e Phudng trinh trang thai cia khiu quan sat:
x=Ax+Bu+Le (3.80)

§':C;&+Du
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o  Sailéch quan sat:

e=y,—Yy (3.81)

Ma tran L phéan héi sai léch quan sat dugc tinh bang cach giai phudng trinh

Riccati. Trong trudng hop hé gian doan ta con cAn dén ma tran M, diing dé tinh

hiéu dinh lai k&t qua udc lugng cta chu ky trich miu trudc d6. Phan trinh bay

lién quan t6i 1y luan, chi nham gidp ta hiéu hiéu luc cha cac 1énh, duge dimng tai

day. Ban doc nio quan tdm sé budc phai tham khéo thém cac sach chuyén siu
va User’s Guide cua Control System Toolbox.

Thiét k& khé&u loc Kalman
" D& thist k& khau loc Kalman ta c6 thé s& dung hai 1énh kalman va kalmd.
Lénh kalman tinh khau loc Kalman lién tuc tt md hinh sys cua déi tugng. Khi
da thist k& xong moét khau loc lién tuc va viéc thi nghiém da dua lai két qua
t6t, ta c6 thé sit dung kalmd dé tao nén mot khau loc Kalman gian doan tudng
Ung véi chu ky trich mau Ts.
[kest,L,P] = kalman (sys,@n,Rn[,Nn,sensors, knownl)
(kest,L,P,M,Z] = kalman(sys,@n,Rn,Nn)
{kest,L,P,M,Z] = kalmd(sys,@n,Rn,Ts)
D01 tugng sys ¢6 cau tric duge mb ta bsi phuong trinh (3.79):
sys.a = A sys.b = {BG]
) sys.c =C sys.d = {DH ]

BAt budc phai dude khai bao 1 cac ma tran phudng sai @n va Rn, md ta dic
diém cla tap Am hé théng va tap 4m do ludng. Ma tran Nn dude dat mic dinh
bing khéng. Hai vectar sensors va known chtta chi s6 clia cac bién ra do duge va
cac dau vao ta biét. Khi dung kalmd ta phai khai bao thém Ts.

Két qua tinh kest (thu dugc khi st dung cac lénh trén) chinh 14 mé hinh
trang thai caa khau loe Kalman (dang SS) véi cac dau vao/ra nhu hinh 3.33. Ma
tran L chinh 12 ma tran L (con goi 14 ma tran khuéch dai Kalman) phan héi sai
léch quan sat. P 12 ma tran phuong sai cia sai léch tinh. Trong trudng hgp gian
doan ta con thu duge thém ma tran M va ma tran Z phuong sai cla sai léch
diéu khién.

u (known) y Hinh 3.33 Mo hinh kest cua khéu loc
" = Kalman

Y. (sensors) kest X
— —»

Vi du sau day sé minh hoa qua trinh thiét k& kha phong phu khau loc
Kalman cho d6i tugng bi nhiéu bdi tap 4m hé théng va tap am do ludng. Trudc
hét, ta dinh nghia mét khau ty 1& c¢6 quan tinh bac 2 ¢6 tén la object (khau
PT,) bi nhiéu hé théng w.

>> sys = ss(t£(1000,[1 10 1000])) ;
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>> object = ss (sys.a,[s
>> object.inputname = {'
>> object.outputname = {

'w'} ;

ys b sys.bl,sys.c,sys.d) ;
u’
'y'l o

Tiép theo ta gan cho hai phudng sai (trong vi du nay chi 1a vo6 hudng, scalar)
Qn va Rn gia tri 1 va st dung 1énh kalman dé tao md hinh kest cta khau lgc
Kalman:

> @Qn =1 ; Rn =1 ;
>> [kest,L,P] = kalman (object,On,Rn) ;

Dé kiém tra dap tng cla hé khi bi nhiéu ta tao thém hé noise véi ba bién
vao 1a u, w va v, trong d6 v chi Anh hudng truyc tiép 6 dau ra chi khong nhiéu
vao hé noise:

>> noise = ss(sys.a,[sys.b sys.b O*sys.b],
[sys.c ; sys.cl],{0 Q0 ; OO0 11)

>> noise.inputname = {'u' 'w' 'v'} ;

>> noise.outputname = {'y' 'yv'} ;

Cubi ciing, dé mé phéng bing 1énh 1sim ta con phai tao tin hiéu dau vao u
va hai tin hiéu tap 4m w va v. Tin hiéu u ¢6 dang ham xung vuéng vdi bién do
12 2 va chu ky 1a 3:

>> [u,tt] = gensig ('square',3,%,0.01) ;
>> u = 2*%u ;

>> randn('seed',0) ;

>> w = sqrt(Qn) * randn(length(tt),1) -
>> v = sgrt(Rn) * randn(length(tt),1) ;

Qua trinh tinh dap tng diu ra (mé phdng) bit ddu bang viéc dung 1énh
1sim dé tinh dap Gng ra yideal khi khéng c6 tap 4m, tiép theo la dap tng
ynoise khi d6i tugng bi nhidu bdi w va v. Cudi cuing, khau quan sat duge nudi
bdi tin hiéu dau vao u va tin hiéu dau ra bi nhidu ynoise ( (chmh la yv),
tao nén tin hiéu ra yestim:

lsim (noise, [u,0*w,0*v],tt) ;
lsim (noise, [u,w,Vv],tt) ;
lsim (kest, [u,ynoise(:,2)],t) ;

>> [yideal, t]
>> [ynoise, t]
>> [yestim, t]

Céac lénh gan dudi day chi nham lam don gian phén viét 1énh vé d6 thi:

e

Pau ra 1y tudng
P4u ra bi nhi&u
Pdu ra loc Kalman

>> y = ynoise(:,1) ;
>> yv = ynoise(:,2) :
>> ye = yestim(:,1) ;

[

o°
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Dé ¢6 thé danh gia duge chat lugng clia cAc tin higu, ta dinh nghia thém bién
sai s6 do ludng emeas va bién sai sd quan sat ecbs, sau d6 tinh phuong sai cia
ching:

>> emeas =y - yv ;
>> eobs =y - ye ;
>> [ cov(emeas) cov{eobs) ]
ans =
1.09988981779003 0.19287914850951

Budc cudi cung ctia vi du 1a vé d6 thi cia cAc dap tng trong hinh 3.34:

>> figure (1)

>> subplot (311) , plot (t,yideal(:,1))

>> title ('Noiseless Output Signal')

>> ylabel ('yideal')

>> subplot (312) , plot (t,y,'b-',t,ye,'r.")

>> title ('Output Signal with Noise')

>> ylabel ('Outputs: y, ye')

>> subplot(313) , plot (t,emeas,':',t,eobs, ' 'k-")
>> title ('Estimation and Measurement Errors')

Noiseless Output Signal
4 T T T T T
— 2 [
[
g
>
0 i
¥
2 ] L 1 | 1
0 1 2 3 4 5 6
Output Signal with Noise
6 T T T T T
24
>
22
=3
=]
S0

Hinh 3.34 Khéu loc Kalman si dung dé quan sdt trang thdi ciia hé bj nhiéu
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Thiét ké theo tiéu chuén tich phan t6i uu st dung loc Kalman
Tuong tu 1énh reg, ta c6 thé st dung lénh lggreg dé thiét k& khau diéu
khién trang thai theo tiéu chudn tich phan t6i wu, st dung loc Kalman dé quan
sat trang thai. Tham s6 chuyén cho lénh chinh 14 phuong trinh hé théng cta loc
Kalman kest va ma tran phan héi trang thai K, tim dudc tit trudc bang kalman
va mét trong cac 1énh 1qgr, dlgr, 1qrd hay lqgry.
rlgg = lqgreg (kest,K)
rlgg = lagregq (kest, K, controls)
Néu ta khai bao thém vector chi & controls, khau loc Kalman sé nhan thém
cac diu vao uy, khong c6 tac dung diéu khién truc tiép dsi tugng.
Phuong trinh mé ta d6i tugng va hé théng diéu khién c6 dang sau day:

Déi tugng Hé thong diéu khién
x=Ax+Bu+Gw x=(A-LC-(B-LD)K)x+Ly, (3.89

y=Cx+Du+Hw+v ~
u=-Kx

Heé thong rlgg duge ghép vao véng diéu khién trang thai nhu hinh 3.35.

w UL
- bo1 . y,
u | tugng
Hinh 3.85 Vong diéu chinh
u khép kin, thiét ke
: theo tiéu chudn tich
; u
P4 K kest « d phén t61 vu va s
§ - (L) XV dung loc Kalman dé
r lq g X A y quan sdt trang thdi
H v
1
Thiét k& theo tiéu chudn tich phan t8i wu
lgr (A,B,Q,R[,N]) Khau diéu khién cho hé lién tuc
dlqr(A,B,Q,R[,N)) Khau diéu khién cho hé gian doan
lqrd(A,B,Q,R(,N1,Ts) Khau diéu khién gian doan cho hé lién tuc
lgry (sys,Q,R[,N]) Khau diéu khi€3n ¢6 trong lugng dau ra
lqgreg (kest, K) Khau diéu khién dung loc Kalman

Loc Kalman
kalman (sys, @Qn,Rn,Nn) Tinh loc Kalman
kalmd (sys,@n,Rn,Ts) Tinh loc Kalman gidn doan cho hé lién tuc
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3.5 Cac van dé khi tinh toan so6

Théng thudng, ngay tit khi mé hinh héa cac van dé thyc tién ta da phai tién
hanh don giadn héa, vi du: Tuyén tinh héa xung quanh mét diém céng tac hay
ha bac cﬁa d6i tugng. Mot mé hinh toan thu dude nhu vay sé chi phan anh dic
diém cta hé da don gian héa, tuy nhién tu than né 1a chinh x4c vé€ toan hoc.
Ngay viéc biéu dién, thuc hién tinh toan bén trong may tinh ciing lai 1a dong
tac lam don glan héa m6 hinh. Don gian héa do may tinh giy nén c6 thé la:
Phuong phap biéu dién s8, pham vi gidi han cha s§ biéu didn duge, hay kha
ning tinh cling nhu bd nhd rat han ché.

Nganh khoa hoc nghién citu va giai quyét cic van dé trén 1a nganh toan sé.
Két qua nghién cttu 1a nhitng thuat toAn cho phép gidi gin ding cac vdn dé
toan clia nhiéu linh vuyc rat khac nhau (linh vic khoa hoc ty nhién, hay ky
thuat cong nghé ...) va danh gia chit lugng phuong phap tinh theo nhitng quan
diém cting khac nhau (vi du: theo ddi hdi nang sudt tinh, theo nhu ciu b6 nhd
hay theo kha nang phan tich 151).

Vay 14, ngudi st dung MATLAB phai d8i dau véi cau hdi: Anh ta s& phal chu
¥ diéu gi khi thyc hién tinh toan trén PC dé ¢6 thé nhan duge cac két qua tinh
chinh x4c va tin cay cho vdn dé cia minh.

Muc nay sé& chi trinh bdy ngdn, cé tinh téng két cac van dé xung quanh kha

‘nidng danh gia, so sdnh cic dang mé hinh LTI nhu: mé hinh trang thai, mé hinh
truyén dat hay mé hinh diém khéng - diém cuc.

3.5.1 Khai niém 16i

D& phan biét khi tim nguyeén nhan gay 181, ta chia 151 thanh cac loai sau:
o Léi diz liéu hay 16i ddu vao: Cé cdi ngudn tit cac dit litu ddu vao khéng
chuan xac, vi dy: do bi tap 4m. Tac dong loai nay tdi hé thong l1a khong

tranh khéi. Tuy nhién, ta c6 thé va can phai giam thleu anh hudng cta
16i t6i ket qua.

o Léi phuwong phdp: Xuat hién do mé hinh hoa vau d€ mét cach chua day
da, dic biét khi glan doan héa moé hinh, hay do phep tinh lap (dé quy,
iterative) chi c6 s& hitu han budc.

o L&ilam tron s6° Xudt phat tu phuong phép biéu dién va pham vi s8 cta
may tinh bi han ché. Day 12 nguyén nhan khéng thé coi thudng.

Gén lién v6i khai niém 15i 1a khai niém sai s6 tuyét déi &, va sai s6 twong doi
&, (khi x, # 0) clia gia tri x4p xi gin ding X = (xl, . xn) so vdi gia tri chinh

Xac x:(x,,...,x,,) véil<k<n:

. T . X — X
6/( = xk _"xk 6/( :_k_"_"—k_ (3.83)
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Van dé 16i dit liéu hay 16i dau vao duge mé ta qua khai niém lam diéu hoa
md hinh, 1y giai é muc 8.5.2. Lbi phudng phap va 16i lam tron duge trinh bay
trong 3.5.3.

3.5.2 Khai niém diéu héa mé hinh

Khai niém diéu hoa (conditioning) chi vao anh hudng cta 13i dit lidu téi cac
ké&t qua tinh toan. Mé hinh la diéu hoa tét néu cac bién déng nhd cua dit liéu
dau vao chi gay ra bién dong rat nhé cia két qua tinh. M6 hinh la diéu hoa kém
néu chi cac bién déng nho clia dd liéu vao da giy ra sai léch 16n cha két qua
tinh (so véi k&t qué ding). Dudi cach nhin nhan nhu vay ta cé thé néi: M6t méd
hinh diéu hoa kém sé& khong thé dua lai két qua tinh t8t, ngay ca khi ta st dung
thuat tinh hay va én dinh v& mat sé.

P& danh gia mic diéu hoa cia mé hinh, nganh toan sé da dinh nghia hé s6”
diéu hoa ciia moé hinh, phan anh miic do anh hudng ctia bién ddng ciia moét gia
tri dit lidu vao t6i mét gia tri két qua tinh.

Viéc giai hé phudng trinh tuyén tinh A x = b va tinh cac gia tri riéng, vector
riéng 12 mét nhiém vy quan trong cta linh vyuc mé phoéng s6 (Numerical
Simulation). Vi hé phuong trinh tuyén tinh thudng la diéu hoa rat kém, dé
danh gia duge 18i ta dinh nghia mutc di€u hoa clia ma tréan A nhu sau: Ti hé
phuong trinh tuyén tinh bi nhidu

A(x+Ax)=b+Ab (3.84)

ta thu dude 158 Ax = A™'Ab véi nhidu Ab. Léi d6 c6 thé tinh duge bing
mét chudn vector/ma tran bat ky:

lax] < ”A““ |Ab| (3.85)
Sai 0 tudng ddi duge tinh theo cong thic:
”A ” ” A~ ” ” I ”Ab" (3.86)
Il = o] '
Hé s8 diéu hoa cﬁa ma tran A duge dinh nghia nhu sau:
cond(A):=[a~"] ] (3.87)

Hé s6 cond(A) co g1a tri >1 d6i véi chuén tu nhién. MATLAB cung cip cho ta
mét s6 cong cu dé kiém tra mitc didu hoa clia ma tran nhu sau:

cond(A[,p])
condest (A)
condeig (A)

Lénh cond(A[,p]) tinh hé s§ diéu hoa cha ma tran A (nhdm muc dich
danh gia kha nang dao A) véi tham s8 p = 1 d6i vdi chuéin tu nhién, p = 2 déi
v6i chufin dang phd (gia tri mac dinh), ’ fro’ d8i véi chudn Frobenius va inf
d6i véi chudn vé ciing. Lénh condest (A) st dung dang chuén tu nhién va mjt
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thuat toan khac véi cond (A, 1) dé tinh hé s§ didu hoa, danh gia kha ning
nghich dao ma tran. Lénh condeig (A) tinh mot vector hé s& diéu hoa clia cac
gia tri riéng thudc ma tran A. Khi tinh cac gia tri riéng va dé giai mot hé
phuong trinh tuyén tinh (cAn phdi ddo ma tran), ma tran hoan toan cé thé cé
cac dic diém diéu hoa khac nhau.

Khi s dung cac lénh trén con cin phai chd §: Lénh 10g10 (cond(A)) cho
ta biét s6 vi tri sau ddu phdy sé bi mat do 16i lam tron trong qua trinh giai hé
phuong trinh tuyén tinh. Mot biéu hién cta dic diém diéu hoa kém la: gia tri
cond (A) 16n hon nhiéu so véi 1/sqrt (eps).

Hé s6 diéu hoa
cond (A[,p]) Heé sd didu hoa chia ma tran A vé kha ning dao theo chuén p
condest (A)  Hé s6 diéu hoa cia ma tran A vé kha ning dao theo chuén 1
condeig (A) Hé s6 diéu hoa cia ma tran A vé gia tri riéng

3.5.3 Tinh &n dinh s& hoc

Ngudc lai v6i van dé diéu hoa, tinh 6n dinh s6 hoc ddnh gid dnh hudng cia
phuong phap gLaL (thuat toan giai) téi két qua.

Vé nguyén tic, cac may tinh sb (DLthal Computer) déu st dung cac phép
tinh s hoc véi d&u phdy déng va tap cac s8 ¢6 thé biéu dién duge hoan toan phu
thudc vao dé dai han ch& (Word Length) chia Bus may tinh. Diéu nay dian dén
viéc thuong xuyén phai lam tron s6, va ¢6 thé lam cho nhiéu vi tri s6 bi xé6a.
Néu diéu nay xdy ra trong mdt qua trinh tinh nhiéu budc, 16i trén cé thé duge
tich luj va din dén tinh trang mat én dinh s6 hoc. Hién tugng nay c6 thé duge
goi hién tuong lan truyén 16i.

Vi cac phép tinh s6 hoc co sd “cong, trd, nhan va chia“ c6 sy nhay cam khac
nhau d8i véi viéc x6a ké trén, trinh tu thuc hién cdé phep tinh sé hoc trong ciing
mot thudt todn c6 thé cé dnh hudng quyét dinh tdi két qua D61 véi cac phép tinh
6 hoc giita hai s8 ta c6 thé c6 nhan xét sau:

e  Phép nhan va phép chia 14 hai phép tinh “thlén“

o Phép cong va phép tru sé 1a “thién“, néu hai toan hang.cé cung (phép
cong) hodc khac ddu (phép tri). Trudng hop nay tng véi viéc cong tri
tuyét d6i1 cua hai toan hang, sau d6 nhan véi dau chung ctia két qua.

N sz G

e Phép cong va phép trir sé 1a “a4c” va c6 thédan dén mat 6n dinh sd hoc,
néu hai toan hang khac (phép céng) hoic c6 cung ddu (phép tr), déng
thai lai ¢6 gia tri xdp xI nhu nhau. Trudng hgp nay ng véi vide trix tri
tuy@t do1 cta hai toan hang, sau d6 nhan véi ddu chung clia k&t qua.
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3.5.4 Panh gia md hinh LTI theo quan diém tinh s&

* C6 thé néi ngay: Phuong thtic biéu didn trén khong gian trang thai (md hinh
LTI loai SS) 1a thich hgp nhdt d6i vdi tinh todn sé. Chinh vi vay, nhiéu thuat
toan ciia MATLAB va caa Control System Toolbox dugc cai dit trén co s6 md
hinh LTI-SS. M6 hinh LTI duéi cac dang khac sé dugc hoidc ty dong hodc chu
dong ddo dang sang LTI- SS. Tuy nhién, du cé 1gi thé so véi cac loai mé hinh
khéc, mé hinh LTI-SS vAn phai dam bao dleu hoa t6t méi ¢6 thé cung cdp dude
cic 101 gidi chinh x4c. D& thda min yéu ciu nay, ta c6 thé dang lénh ssbal dé
tao tit md hinh ban ddu mot mé hinh méi gidm thiéu su khdc biét vé kich cd
giita cdc phdn ti ctia vector /ma trgn.

M5 hinh ham truyén dat (md hinh LTI-TF) chi thich hgp véi cac¢ ddi tugng c6
bac thap (<10) va thudng cé hé sd diéu hoa thap khi miic chénh léch gitta cdc hé
s6'la lon. Mot van dé nita cia md hinh LTI-TF 1a: Khi dao sang md hinh LTI-SS
(diing 1énh ssbal), ta thudng thu duge mdt ma tran di€u hoa kém vé cac vector
gia tri riéng, dac biét 1a cac hé bic cao.

Néu ¢6 thé, nén uvu tién dang md hinh diém khéng - diém cyc (md hinh LTI-
ZPK), béi vi viéc ddo sang md hinh trang thai sé khéng lam sai léch gia tri cac
diém cuc.

3.6 Toém tat ndéidung chuong 3

Sau khi da nghién cttu chuong 3, ngudi doc cAn ndm viing cac ndi, dung sau
day: ‘ ,
1. C6 thé méo td hé dudi nhiing dang md hinh nao cla Control System
Toolbox ? '
2. Sy khac nhau giiia cac dang mb6 hinh d6 ?
3. D3&i tugng LTI 1a gi va lam thé nao dé kiém tra hay thay dai dac diém cua
ching ?
Lam thé& nao dé tao cac hé théng phitc hgp tit mé hinh LTI ?
. C6 bao nhiéu phuong phap chuyén mé hinh LTI tit lién tuc sang gian
doan vé thoi gian ? Can chu ¥ diéu gi khi chuyén ?
C6 thé kiém tra nhiing dac diém nao cla mé hinh ?
Lam thé nao @& tinh va bidu dién vi tri diém khéng - diém cuc ?
Control System Toolbox cung cip 1énh c6 sin nao dé tim dap tng cta hé
trén mién thaoi gian ? Cach st dung 1énh ra sao ?
9. Lam thé& nao dé khao sat dap tng cta hé khi st dung mét tin hiéu thi
bat ky ?
10.Nhiing 1énh nao gitp ta khdo sat moé hinh LTI trén mién tan s6 ?
11.Lam thé& nao dé khéo sat tinh quan sat duge va tinh diéu khién duge cta
md hinh LTI ?
12.Control System Toolbox hd trg nhiing phudng phap nao dé thiét k& khau
diéu khién ?

o

®
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13.Lam thé& nao dé vé quy dao diém cuc ? Nguyén tic cd ban st dung SISO
Design Tool ?

14.Thiét k& khau didu khién theo phuong phap gan cuc trong MATLAB ?
Cén sl dung nhiing ma tran nao khi thidt k& khau diéu khién va khiu
quan sat trang thai ? Cach tlnh ching ?

15.Cach tinh ma tran phan hdi ctia khau diéu khién trang thai thiét k& theo
tiéu chuin tich phan téi uu tuyén tinh ?

16.Can st dung khau quan sat gi khi hé bi nhidu bdi tap am ? 9

17.Nhiing dleu can chu ¥ khi biéu dién va tinh toan s8 trén may tinh ?
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Trong khi di tim giai phap cho cac van dé k§ thuat, d6i khi ta phai tién hanh
tim cuc tiéu hay cuc dai cho cac ham muc tiéu nhiéu chiéu. Viéc tim cuc tri d6
thuong con bi rang bubc bdi cac diéu kién phu, mod ta dudi dang phuong trinh
hay bat phuong trinh, cé nghia la: Ngay tit dau, tap cic 101 gidi da bi han ché.
Qua trinh tinh toan trén dude goi 14 qua trinh tim t&i vu dudi cac diéu kién phu
(constrained optimization). Mot phuong phap rat phd bién khi di tim nghiém
gan duing cho cac hé phuong trinh thi€u la phuong phap binh phuong sai phéan
bé nhat (least squares). Phuong phap nay con hay dugde sit dung dé tim dudng
cong x&p x1 (curve fitting). Tuy nhién, {ing dung cua phudng phap nay khong
chi diing & d6. Ngoai ra, least squares con cé cac bién dang khac véi diéu kién
phy, hay phuong phap least squares tuyen tinh va phi tuy&n. Mot bai toan con
hay gip khi tim t6i wu 12 tim nghiém cla cac hé phuong trinh phi tuyén. Dé
giai bai toan tinh toan tim t&i uu, Optimization Toolbox cung cip cho ta nhiéu
thuat toan khac nhau.

Muc dich ctia Optimization Toolbox khong phai 1a phan tich hay téng hop
(thiét k&) cac thuat toan tim t6i vu, muc dich ctia bd céng cu nay la: Lam sao su
dung mot cach tién 1gi cac thuat toan da biét. Do’i vl tlmg thuat toan, chuong 4
sé& chi m6 ta nhiing dac diém chinh cdn thiét, néu mudn tim hiéu k§ hon, ban
doc bat budc phai tra ctiu cac tai liéu chuyen slu tudng IIng Sau diy, khi di tim
cuc tri ta sé khéng phan biét giita cuc tiéu va cuc dai nifa, ma chi tap trung vao
bai toan tim cuc tiéu. T4t ca cac bai toan tim cuc dai véi ham muc tiéu F(x) déu
c6 thé duge quy vé bai toan tuong tdng: Tim cyc tiéu cho ham muc tiéu -F(x).
Tai day, ta quy udc mot s6 cach viét trong chuong nay: Cac ham vector sé duge
viét bang chit hoa to F, ham vé hudng (scalar) dugc viét bing chit thudng nhd f,
vector viét bing chit thuong dam v va ma tran bing chit hoa dam M.

D& st dung Optimization Toolbox, ham muc tiéu va cac diéu kién phu phai
dudge khai bao dudi dang ham MATLAB (MATLAB function) viét thanh m-File
hay inline object. Viéc xdy dung cac hAm MATLAB da dugc dé cap dén & muc
1.7.2. Ngoai ra, viéc st dung inline object thay cho ham MATLAB (trong khuén
khé MATLAB scripts) c6 thé rat cé 1oi.

4.1 Inline Objects

Thay vi phai cAt ham MATLAB lén dia citng dudi dang m-File, ta c6 thé tao
ham tryc ti€p dudi dang inline object cit trong MATLAB Workspace. V&€ nguyén
tic, moi ham MATLAB déu c6 thé duge dyng dudi dang inline object, dic biét
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thich hgp 1a cac ham nhd dude goi lip lai nhiéu 1an trong cAc MATLAB scripts.
Béang cach 4y ta c6 thé lam cho cac MATLAB scripts phic hdp tré nén ngén gon
rit nhiéu. .

Vi du: D& dinh nghia ham f; (x)=x* + x—1 ta phai goi lénh:

>> f1 = inline('x"2+x-1"','x")
fl =

Inline function:

fl(x) = x"2+x~-1

Két qua thu dugc 1a inline object mang tén £1 cit trong MATLAB Workspace.
Cung trén dong 1énh inline ta ciing cé thé khai béo nhiéu bién doc lap khac

nhau. Ham hai bién f, (x1 , x2) =x - X3 4+ 3x,x3 duge tao bi:

>> f2 = inline('X1"2-x2"2+3*x1*x2"2"','x1', 'x2")
f2 =

Inline function:

£f2(x1,x2) = x172-x2"2+3*x1*x2"2

~ Viéc tinh ham duge thyc hién bang cach goi tai vi tri can tinh, Gia tri cla
cAc bi&n dudc viét tach bdi ddu phdy.

>> yl = £1(3), y2 = £2(3,2)
yl =

11 i
y2 =

41

T4t ca cic inline objects cit trong MATLAB Workspace c6 thé dugc hién thi
qua lénh whos. Néi dung cta inline objects duge hdi bing cach goi chinh né:

>> f2
f2 =
Inline function:
£f2(x1,x2) = x1"2-%2"2+3*x1*x2"2

Bing 1énh inline ta c6 thé khai béo cac biéu thitce MATLAB bat ky. Vi vay,
ta c6 thé tao nén cac ham véi vector gia tri.

o
Vi du: Ham vector f;,,. (xl,xz)z[xlz—x22-1—3x1x22 x12+x2—1 dugc

dinh nghia béi 1énh sau:

>>f3_vec=inline('[x1A2—x2A2+3*xl*x2A2;xlA2+x2—l]',‘xi','x2')
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f3_vec =
Inline function: . ‘
f3__VeC(X1,X2) = [X1A2“X2A2+3*X1*X2A2,‘ x1A2+x2_1]

Dé tinh gia tri cu thé cia ham vector ta goi:

>> y3 = £3 vec(3,2)
y3 =~

41

10

Né&u ham nhin céac vector lam bién va phal tinh ting phén tu mdt, khi ay
thay vao vi trf cac toan ti *, /, ~, ta ¢ thé stt dung cac toan ti diém .*, ./, .
dé giam bét s6 vong lap for. th vay ¢ thé st dung 1énh cho ca cac bién vector
ciing nhu céc bién scalar.

Inline Objects
f = inline{’ function’, ’‘wvarl’, ’‘var2’', ...) Taoinline object

4.2 Diéu khién thuat toan

T4t ca cac thuat toan cua Optimization Toolbox sit dung mét bién cé tén la
options (thudc loai structure) dé diéu khién cac budc tinh toan. N&u khi héi ta
nhan duge hai ngodc vudng réng (], cé nghia 12 bién réng. Néu khi goi ta khéng
khai bao tham s3 cu thé, lac bdy gib céc gia tri mic dmh sé dugce chon. Hai 1énh
optimget va optimset dugc st dung dé thay d6i bién options. Khi nhap
1énh:

>> options = optimset
options = ‘

ActiveConstrTol: []
DerivativeCheck: []
Diagnostics: []
DiffMaxChange: []
DiffMinChange: []
Display: [}
GoalsExactAchieve: []
GradConstr: 1]
GradObj: [}
Hessian: []
HessMult: {]
HessPattern: []
HessUpdate: []
Jacobian: {]
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JacobMult: |
JacobPattern: [
LargeScale: [
LevenbergMarquardt: [
LineSearchType: [
MaxFunEvals: |
MaxIter: [
MaxPCGIter: [
MaxSQPIter: [
MeritFunction: [
MinAbsMax: [
Preconditioner: [
PrecondBandWidth: [
ShowStatusWindow: [
TolCon: [
Tolfun: [
TolPCG: [
TolX: [
TypicalX: [

S U U U T S S S S S VHOT R UV (S S

ta sé& thu dudc mdt ciu tric véi cAc trudng réng [], trong d6 ky hidu[] cb
nghia 1a: trudng da ty doéng nhan tham s6 mic dinh do Optimization Toolbox
gan. Dé thay ddi gia tri cla ting trudng cu thé ta sit dung lénh:

options=optimset (oldopts,’paraml’,valuel,’'param2’,value2, ...)
) ~ '
Vi du: Dé thay déi cac gia tri hién tai'ctia hai trudng TolX va MaxIter ma
khéng cin phai dinh nghia thém bién oldopts, ta nhap:

>> options = optimset (options, 'TolX', le-6, 'MaxIter', 30);

T4t ca cac trudng clia options (gidng nhu cac structure trong Workplace) c6
thé duge hién thi bing cach goi options. D hién thi titng trudng riéng ré ta
goi optimget kém theo tén caa trudng 6. Vi du:

>> par = optimget(options, 'TolX'")
par = .
1.0000e~006

D& véi ting 1énh cu thé chia Optimization Toolbox, khong phai bao gid ciing
can st dung tat ca cac trudng. Dé kiém tra xem mot lénh cu thé (gia si c6 tén
l4: command) st dung nhiing trudng nao ta nhap optimset (’ command’ ). Khi
goi nhu vay, gia tri cla cac trudng duge command s dung ciing sé duge hién
thi. Mot trudng quan trong, duge hiau hét cac 1énh sit dung 1a truong Display.
Céc gia tri duge phép dit cta Display bao gbm ’off’; ' final’, 'notify’,
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va 'iter’. Néu la ' off’, s& khong thuc hién xuit; 1a 'notify’, s& chi xuit
néu thuat toan khong hoi ty; la ' final’, sé chi xuit két qua cudi cing, con
néula ’ iter’, sé xudt thong tin cu thé cla ting budc lap (iteration steps).

C6 thé st dung bién options dé diéu khién thuat toan cla tat ca cac lénh
trong Optimization Toolbox. Néu cin st dung trinh tu diéu khién thuat toan
khac nhau cho cac lénh khac nhau, ta chi viéc dinh nghia cac ' *~ #&u khién
khac nhau, vi du: optionsl, options2, options3 ...

Pit ché do diéu khién thuat toan

options = -optimset Khai bao bién réng
options

options = optimset (oldopts,’parl’,valuel) Thay ddi gia tricla
trudng cu thé

optimset (' command’) Hién thi cac trudng ma

command st dung

Hién thi gia tri cla

parl |

optimget (options, 'parl')

4.3 Tim diém khéng

‘Cé nhiéu bai toan con (xuat hién khi giai quyét van dé tim t6i uu) ddi hoi
" phai tim nghiém ca hé phuong trinh phi tuyén, hay xac dinh diém khéng cta
ham phi tuyén. Tam goi chung d6 1a van dé “tim diém khéng”. Thong thudng,
chi ¢6 thé tim diém khong cia ham phi tuyén theo phudng phap sd (numerical
methods), vi ta khong thé c6 cac cong thuC tim nghiém t6ng quat. Viéc giai
phuong trinh phi tuyén luén cé thé quy vé bai toan tim diém khéng, vi vay,
trong muc nay ta sé chi dé cap dén van dé “tim diém khong”. Cong cu tim diém
khéng trong MATLAB la hai lénh: fzero danh cho ham scalar va fsolve danh
cho ham vector phi tuyén ciing nhu hé phuong trinli phi tuyén.

4.3.1 Ham Scalar

D& nim chic van dé, ta s& bit d4u bing viéc st dung lénh fzero dé tim
diém khoéng clia mdt ham scalar. Lénh fzero cai dit mot thuat todn sd tim
diém khéng, xuat phat tit ¥ tudng: Tai nhitng diém x thuc ndo ham fx) s& déi
d4u. Diéu nay din téi hai hé qua: 1. cac diém khéng vdi gia tri phic sé khong
dude quan tadm, va 2. cac diém tiép xuc gitta f{x) va truc x s& khong phai 1a diém
khéng theo ¥ tudng trén. fzero cé thé duge sit dung theo hai cach sau day:

nullst = fzero (' function’, x0, optio:s)
(nullst, f valuel = fzero(’function’, x0, options)
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Tham s& function khai bao tén ciia ham (t&n cta m-File hay clha inline
objects) can tim diém khéng. N&u x0 dude khai bio dudi dang scalar, fzero st
dung x0 1am gia tri xuit phat, gia tri d6 dugc ting dan cho dén khi phat hign ra
ham d6i d4u, khoang gia tri tim thyc t& sé phu thudc vao cdu tra 1di: Tim theo
huéng nao sé& phat hién dugec diém khong trude. Néu cAr xac dinh rd rang
khoang gia tri tim nghiém, ta khai bao x0 duéi dang vector ¢6 49 dai 1a 2, trong
d6 d4u clia ham sé thay déi tai 2 gia tri bién cia khoang gia trj tim (khi 4y sé&
tén tai chéc chén it nhat 1a 1 diém khong)

Hiy ldy ham

f(x)=x6+x5—3x3—-x2—6x+l. . S (4

dé thit hidu lyc cia lénh fzero. Trudc hét ta hiy soan thao mdt script, (m-
File) c6 tén functionl.m sau ddy va sau d6 c4t script vao mét thu muc nio dé
da dugc khai bao trong menue File/Set Path.

$functionl.m
function y = functionl (x)
y = x.A6+x.A5-3*X.A4—X.A2—6*x+l;

Dé tién theo d&i, ta st dung doan 1énh sau dé vé do thi cha ham (4. 1) nhu ]
hinh 4.1.

>> fplot ('X"6+x"5-3*x"4-x"2-6*x+1',{-3 2],'b-")
>> grid on . ’ A
>> axis([-3,2,-10,20]) : R :
>> title ('functionl.m') e
>> xlabel ('x') R . ‘ i
>> ylabel ('f(x)"') g .

« functlontm -4 L R
T

......................

.........................................

e N 45 P DU U

5 e, I

Hinh 4.1 D6 thi cia ham S(x)=x*+x" =3 —x* —6x+1
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-+

o : ¥
Vi trf diém khéng & 1an can x » 0,2 (xem hinh 4.1) dugc phat hién nhd 1énh
fzero xudt phat tit x0=0 sau diy:

>> X0 = 0; [nullst fvalue] = fzero('functionl', x0)
nullst =

0.1620
fvalue =

0

Né&u gia tri xuat phat dude chon 1 x0=-0. 8, ta sé tim dugc diém khong thi
hai ndm & 14n c4n x ~ -1,25 (xem hinh 4.1):

>> x0 = -0.8; [nullst fvalue] = fzero('functionl', x0)
nullst =
-1.2766
tvalue =
-8.8818e-016

Nhu vay 1a nhd c6 dd thi 6 hinh 4.1 ta da xac dinh khoang can tim va do d6
da dan dén dich mot cach kha thuan lgi. Dé xac dinh duge ca 4 diém khong ta
sé& phai thuc hién mét chubi lénh nhu sau:

>>.[nullstl fvaluel] = fzero('functionl', x01)
nullstl =
©=2.1854
fvaluel = - '
2.1316e-014 ' ' ) v,
>> [nullst2 fvalue2] fzero('functionl', x02)
nullst2 =
-1.2766
fvalue2 =
-8.8818e-016

>> [nullst3 fvalue3]
nullst3 =

0.1620
fvalue3 =

0
>> [nullst4 fvalued]
nullst4 =

1.6788
fvalued =

0

fzero('functionl', x03)

fzero('functionl', x04)

il

Lénh fzero bao gis cling tu dong ngling sau khi tim thz‘a’ylmc}t diém khong
va khong tiép tuc tim cdc diém khac. Vi vay, khi cdn tim nhiéu diém khéong
khac nhau ta s& phai khai bao nhiéu khoang gia tri tim khac nhau.
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Né&u khong can tinh tuyét d6i chinh xac vi tri diém khoéng, ta c6 thé bao cho
fzero biét d6 chinh xac ma lénh phai bdo dam. Dd chinh xac duge dit thong
qua tham s8 TolX cla bién options, 1a tham s6 quyét dinh sai s6 t1 da theo
huéng truc x. Néu khéng truc tiép khai biao, MATLAB sé dit mac dinh
TolX=eps. Ta thit khéo sat anh hudng clia TolX thong qua gia tri diém khong
thit 4 nullst4. Néu giam dd chinh x4c xudng con le-6, fzero sé dua ra két
qua kém chinh xac hon trude nhiéu, tuy nhién, sé budc lap khi tinh lai giam di
dang ké:

>> tol=le-3; options=optimset;
>> options=optimset (options, 'TolX', tol);
>> [nullstd fvalued] = fzero('functionl', x04, options)
nullst4 =
1.6781
fvalued =
-0.0372

Dé& dang thay riang: Khi giam d6 chinh xéac, gia tri fvalue4 clla ham sé
khong hoan toan chinh xac bang khéng nita.

Vi functionl la mét da thic cla x, ta cling ¢6 thé s dung mot 1énh khac
dé tim ddong thoi tat ca cac diém khoéng (ké ca cac diém cb gia tri phic). Lénh
roots dude cung cdp.cac héd s6 cua da thic, khai bao dudi dang vector, va sau
khi tinh sé cho két qua 1a toan b cac diém khéng:

>> poly = [1 1 -3 0 -1 -6 1} nullst = roots{(poly)
nullst = ,
-2.1854
1.6788
-1.2766
0.3106 + 1.10531
0.3106 - 1.10531
0.1620

Tuy vay, d6i véi ham phi tuyé&n, duy nhat lénh fzero c6 thé gitp ta téi dich.
Vi du, &€ giai phuong trinh: arctg(x) = 0.5x. Truéc hét ta viét function2.m,
va sau d6 c6 thé tim ba nghiém chi bing mét chudi lénh don gidn:
$function2.m

function y = function2(x)
y = atan(x)-0.5.*x;

>> x01 = [-3 ~1]; nullstl = fzero('function2', x01r
nullstl =
~2.3311
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>> x02 = [-1 1); nullst2 = fzero('function2', x02)
nullst2 =

0
>> x03 = [2 3}; nullst3 = fzero('function2', x03)
nullst3 =

2.3311

4.3.2 Ham vector va hé phuong trinh

Dé tim nghiém ctia hé phudng trinh phi tuyén ta dung 1énh fsolve, déi véi
hé phudng trinh tuyén tinh ta dung toan ti \. Trudc hét ta xét cac hé khong
thia va ciing khong thiéu phuong trinh, 12 cac hé ho#c khéng cé nghiém hodc ¢6
mét lugng hitu han nghiém. Déi véi hé tuyén tinh, diéu dé c6 nghia 1a hé hoic
vd nghiém, hoéc c¢6 duy nhat mét nghiém. Hé phuong trinh tuyén tinh:

X +2x, +3x; =1
2% +3x, +6x;=3 (4.2)
3x,+2x, +7x3=0
c6 thé dude viét dudi dang ma tran:
Ax=b; x= [x] X, X3 ]T (4.3)
va sau d6 gidi bang chudi lénh dudi day:

> A= (12 3; 2 3 6; 32 7] )
A = [

1 2 3
2 3 S
3 2 7
>> b = [1; 3; 0]
b:
1
3
0
>> x = A\b
x =
-7.5000
-1.0000
3.5000

Néi chung, 1énh A\b s& c¢6 dap 4n tuong tu nhu inv (A) *b (xem lénh inv &
muc 1.2). Diém khac ¢ ddy la: Thay vi tinh ma tran ddo, A\b da giai hé bing
phuong phap th€ cla Gaup, 1a. phuong phap c6 1gi hon vé mit tinh s6 trong
nhiéu trudng hgp. A\b con dudc goi la phép chia ma tran ti bén trai. Kha niang
giai hé c6 thé dude kiém tra trudc biing cach tinh dinh thic clia ma tran A.
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'

>> determinante = det (A)
determinante =
2

D61 véi hé phuong trinh phi tuyén c6 thé x4y ra hai kha niang: Hoac vo
nghiém, ho#c vo s8 nghiém. Lénh fsolve cung cip cho ta nhiéu thuat toan
khac nhau dé giai hé véi dang F(x) = 0, trong d6 F(x) 12 ham vector clia nhiéu
bién. Cu phap cta 1énh nhu sau:

x = fsolve (’function’, x0, options)
" [xfval] = fsolve (’function’, x0, options)
[x fval exitflag] = fsolve (' function’, x0, options)

Bing bién options ta c6 thé chon cac thuat toan khac nhau dé giai hé, c6 thé
chii dong khai béo (vi du) ma tran Jacobi va sai s& can thi&t. Dé biét chi tiét vé
cac thuat toan, ban doc nén xem tryc tiép User’s Guide (Optim_tb.pdf trong thu

..NHELP\PDF_DOC\OPTIM).»Néu bd qua options fsolve sé& ty dong st
dung cac khai bao mac dinh. Hé phli‘dng trinh F(x) cdn dugc dinh nghia trudc
ducn dang m-File hay inline ob_]ect xO 1a gla tri xuat phat cua thuat toan. x la
diéu kién da dAn dén két thic thuat toan. exltﬂag > 0 néi rang da tim dugc mot
nghiém. Ngudgc lai, exitflag < O cho biét thuat toan da khong hoi tu. Néu exitflag
= 0, khi 4y ta biét 1a s& budc lap (iteration steps) da dat téi gia tri t6i da. Dé
minh hoa ta hay theo ddi hé phuong trinh sau

x2—3x,+e ™
F(x)=| & =0 (4.4)
sin(x;)+x, —e™* : .
Trude hét ta dinh nghia F bing mot ham c6 tén function3.m. fsolve s&
. goi ham dé tai mdi budc lap.

$function3.m
function F = function3(x) .
F = [x(1)"2-3*x(2)+exp(-x(1)), sin(x(1))+x(2)-exp(-x(2))];

Bay gid ta c6 thé goi chay thuat toan fsolve véi ham function3.m. Duéi ‘
day, trong phan khai bao options ta d3 yéu cdu fsolve hién thi trén man hinh
két qua cla tiung buéc 13p. Gia tri xuat phat duge chonla x0 = [1 1].

>> x0 = [1 1);
>>'options=optimset ('fsolve’);options=optimset (options, 'Display', 'iter');
>> [x, fval, exitflag] = fsolve('function3', x0, options)
* Norm of First-order
Iteration Func-count f(x) step optimality CG-iterations
1 4 ©4.83529 1 6.91 0
2 7 0.244343 1.02472 L, l.74 1

3 10 7.64713e-005 0.144197 0.0241 1



4.3 Tim diém khong 163

4 13 1.81679e-009 0.00591701 0.00014 1
5 16 8.59255e-020 1.888e-005 1e-009 1
Optimization terminated successfully:
Relative function value changing by less than OPTIONS.TolFun

X =
0.48791614046545 0.28398883749062
fval = '
1.0e-009 *
0.27238244992844 -0.10456246979373
exitflag = :
1

Bén canh nghiém x vA gi4 tri cia ham fval ta c¢6 exitflag=1, cho biét
thuat toan da hoi tu rat tét. Viéc hién thi két qua cla tiing budc tinh cho phép
ta theo d6i dién bién cta qua trinh tim nghiém: Func-count cho biét s& 14n
tinh ham, f (x) cho biét gi4 tri cha ham, Norm of step cho biét gi tri cha
budc duge st dung. Vi thuat toan c6 sit dung dén cac dao ham bac nhit (ma
tran Jacobi), s6 14n tinh ham sé 16n han s6 budc lap. Ma tran Jacobi duge xac
dinh (bang s8) ¢ 14n c4n cla vi tri hién tai x. S6 lugng budc 1ap phu thudc nhiéu
vao viéc chon gia tri xudt phat. Néu ta chon gia tri xudt phat xa vi trf nghiém
(chua biét), sd lugng budc l4p tang va khol lugng tinh sé& trd nén 16n. Vi vay,
khéng bao gid c6 thé xac dinh duge trude chinh xac s6 lugng phép tinh sé dan
t4i dich. Thay d6i gia tri x0 clia vi du trén ta s& chitng nghiém duge diéu d6.

>> x0 = [10 10]; ‘
>> options=optimset('fsolve');options=optimset (options, 'Display', 'iter');
>> [x, fval, exitflag] = fsolve(‘functionB'i, x0, options)
Norm of First-order
Iteration Func-count f(x) step optimality CG-iterations
1 4 4989.42 1 1.39e+003 0
2 7 545.43 10 . 243 1
3 10 20.8371 2.16159 24.6 1
4 13 20.8371 4.39244 24.6 1
5 16 4.94664 1.09811 4.65 0
6 19 4.94664 2.19622 4.65 1
7 22 2.76698 0.549055 . 1.85 0
8 25 0.79441 1.09811 2.18 1
9 28 0.0864245 0.481581 1 1
10 31. 5.26005e-005 0.106422 0.0252 1
11 34 2.68477e-012 0.00208816 3.03e-006 1
12 37 8.08509e-024 1.48047e-006 9.29%e-012 1

Optimization terminated successfully:

Relative function value changing by less than OPTIONS.TolFun

X = :
0.48791614041662 0.28398883757459
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fval =
1.0e-011 *
0.27967628213332 -0.05130340596793
exitflag =
1

D61 véi cac hé phuong trinh phi tuyén c6 thé tén tai khéng phai chi mdt ma
v6 s nghiém. Né&u ta biét udc chitng vi tri ciia nghiém, ta nén chon diém xu#t
phat & 1an can vi tri d6. Nghiém tht 2 cla hé (4.4) c6 thé duge tim thay nhanh
chéng khi ta chon diém xuét phatla x0 = [-2 2].

>> x0 = [-2 2];
>> options=optimset ('fsolve');options=optimset (options, 'Display’', 'iter');

>> [x, fval, exitflag) = fsolve('function3', x0, options)
Norm of First-order
Iteration Func-count £ (x} step optimality CG-iterations
1 4 29.9547 1 61.8 0
2 7 2.63653 0.879018 10.7 1
3 10 0.0877609 0.373429 1.42 1
4 13 0.000731681 0.131078 0.116 1
5 16 9.46893e-008 0.0141595 0.0013 1
‘6 19 1.69041e-015 0.000163721 1.74e~-007 1

Optimization terminated successfully:
Relative function value changing by less than OPTIONS.TolFun

X =
-0.92286750724255 1.12272683994279
fval = , )
1.0e-007 * ‘
0.40709509097070 0.05757234466941
exitflag =
1

Qua cac vi du trén, mét didu tré nén rat rd rang 1a: Thudt todn chi c6 thé tim
th&y mét nghiém duy nhit, cac nghiém con lai chi ¢6 thé tim duge sau khi ta da
thay d6i gia tri xuit phat mét cach pha hdp. Vi vay, néu cdn tim mot nghiém
déc biét ndo d6, ta cAn phai tim cach thu dugc thong tin so bé vé vi tri ctia né.
Vi du: Bang cach vé d6 thi, dé rdi qua d6 chon cac gia tri xuit phat.

D61 véi cac hé bac cao hay cac thuat toan véi khéi lugng tinh 16n, ta c6 thé
gidm bét s6 1an tinh ham (Func-count) bing cach khéng dé cho fsolve phai
ty tinh x4p xi bing s6 cac ma tran Jacobi nita, ma cho phép fsolve st dung
cAc ma tran Jacobi da dudc Optimization Toolbox chuén bi sdn. Dé lam diéu do6
ta s& phai dit tham s6 options.Jacobian vé “on’. Ma tran Jacobi dugc dinh
nghia nhu sau:

J oF,

ij= ?a;ci (4.5)

J
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Ham méi function4d .m st dung cho vi du (4.4) dudc md réng thém ma tran
Jacobi nhu sau:

$functiond.m

function [F, J] = functiond (x) .
F = [x(1)"2=-3*x(2)+exp(-x(1)), sin(x(1))+x(2)-exp(-x(2))]1:
J = [2*x(1)-exp(-x(1})), -3; cos(x(l)), l+exp(-x(2)) 1;

Chum lénh da duge stt dung véi function3.m dugc sta lai v6i hiéu qua nhu
sau:

>> x0 = [-2 2];
>> options = optimset('fsolve');
>> options = optimset (options, 'Display','iter','Jacobian’','on');

>> [k, fval, exitflag] = fsolve('functiond', %0, options)
Norm of First-order
Iteration Func-count f(x) stép optimality CG-iterations
1 2 29.9547 1 61.8 0
2 3 2.63653 0.8739018 10.7 1
3 4 0.0877609 0.373429 1.42 1
4 5 0.000731682 0.131078 0.:116 1
5 6 9.46897e-008 0.0141595 0.0013 1
] 7 1.69041e-015 0.000163722 1.74e-007 1

Optimization terminated successfully:
Relative function value changing by less than OPTIONS.TolFun

X =
-0.92286750724359 1.12272683994438 ;
fval =
1.0e-007 *
0.40709284387930 0.05758714283211
exitflag =
1

Két qua thu dugc rd rang la gidng hét nhu khi khéng khai bado ma tran
Jacobi. Piém khac d& nhan thay chi la: 86 Func-count da giami di mot cach
dang ké.

Tim diém khéng

[nullst, f valuel = fzero (' function’, x0, options) Tim diém khéng cho
“ham scalar

\ (slash) Giai hé pt. tuyén tinh
Ax=Db

[x fval exitflag] = fsolve (' function’, x0, options) Giai hé pt. phi tuyén
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4.4 Tim cuc ti€u cho ham phi tuyén

Cong cu Optimization Toolbox cung c4p rat nhidu thuat toan glup ta tim cuc
tiéu ctia cac ham phi tuyén. D6 chlnh 14 cic cong cu t&i thiéu héa
(mlnlmzzatlon) cac ham muc tidu khi g1a1 quyét bai toan tim t6i vu. Muc nay dé
cap dén van dé t&i thiéu héa cae ham scalar phi tuyén véi mot hay nhidu bign
va khong kém theo dleu kién phu (unconstramed optimization).

Trudng hdp don gidn nhat }a tim cuc tidu cta ham scalar mot bién trong mot
khoang chd trudc. Bai toan ¢6 thé diai quyet dugce bang cach dat dao ham bac
nh4t cta ham bang khéng va tim nghiém tha phu0ng trinh mdi thu duge. Lic
nay nhlem vu dat ra dudc quy vé bai toan fim diém khong (béng phlidng phap
$8) cia mot ham phi tuy&n ma ta da gidi quyét. Ngoai rd, diém tim dude theo
cach d6 khofig nhat thi&t phai 1a mét diém cuc tri, ma c6 thé la mot diém véi
dién bién ham dang hinh yén ngUa Cac thuat toan cua Optimization Toolbox
déu da chufin bi sdn sang cho $4t ca cac tinh hudng do.

~ Lénh c6 chitc nang tim cye tiéu ctia ham scalar mot bién trong khoang cho
trudc 12 1énh fminbnd. Thuat tedn fminbnd cung cip gia tri cuc tiu cuc bo
trong dai gia tri x, < x < x,. Lénh dugc goi nhu sau:
{x, fval, exitflag] «~ fminbnd (‘ function’, x1, x2, options)

Trong d6 ba bién fval, exitflag va options chi la cic bién tity chon, khong bit
bude. functlon phai 12 mot ham lién tuc khong ¢6 diém gian doan dot bién.
N goa1 rd ta cdn luu ¥ T8c d9 hoi tu két qua clia thuat toan sé cang cham thém,
néu diém cin tim nim cang gﬁn mot trong hai bién cha dai gia tri.

Ta hay th}i tim cuc tiéu va cue dai cia ham sau:

f(x)= 0,5x3 - x2 —x +%1* ' (4.6)

functiong.in

Hinh 4.2 D6 thi cia ham f(x)=0,52° - 2% - 2 + €™

Dé tién theo doi ta dd vé dé thi cla (4.6) & hinh 4.2 bng chum lénh dudi
ddy. Ta dinh nghia ham (4.6) trong script ¢6 tén function5.m.
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>> fplot ('0.5*x"3-x"2-x+exp(0.1*x)"',[-2 31, 'b-")
>> grid on

>> axis([-2,3,-3,31)

>> title ('function5.m'")

>> xlabel ('x'")

>> ylabel ('f(x)"')

Gia tri cuc tidu duge tinh bing chiim 1anh sau day:

>> options = optimset ('fminbnd');

>> options = optimset (options, 'Display', 'iter');
>> x1 = 1; x2 = 2;
>> [x, fval, exitflag] = fminbnd('function5',x1l,x2,options)
Func-count X - f(x) Procedure
1 1:38197 -0.823935 initial
2 1.61803 ~0.942405 golden
3 1.76393 -0.938283 golden
4 1.6808 ~-0.948653 parabolic
5 1.68179 -0.948657 parabolic
6 1.68268 -0.948658 parabolic
7 1.68265 -0.948658 parabolic
8 1.68262 -0.948658 parabolic

Optimization terminated successfully:

‘the current x. satisfies the termination criteria using

OPTIONS.TolX of 1.000000e-004
X:
1.68264892760592
fval = k
-0.94865814609520
exitflag =
1

Bén canh k&t qua x=1.6826 ta thu dugc gia tri ham fval tai vi tri cuc tiéu,
déng thoi Optimization Toolbox bao cho ta bigt cu thé thuat toan (cot
Procedure) da dudc st dung tai tiing budc lap. Vi tri cuc dai cia ham c¢6 thé
tim dudc bang cach tinh cuc tiéu clia ham function6.m = -1*function5.m.
Doan 1énh sau day tim gia tri cuc dai d6 va khéng xuat di liéu cla ting buéc.

>> options = optimset (options, 'Display', 'final');

>> x1 = =-2; x2 = 0;
>> [x, fval, exitflag] = fminbnd('functioné6',xl,x2,options)

Optimization terminated successfully:
the current x satisfies the termination criteria using
OPTIONS.TolX of 1.000000e-004
X =
~ -0.35645793682000
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fval =
-1.17173153613543
exitflag =
1

Thuat toan cai dit trong fminbnd duge xay dung trén cd sé phuong phép
tim ¢6 tén “Nhdt cdt vang“ va ndi suy parabol. Lénh fminsearch ciling cé tac
dung nhu fminbnd, nhung lai c6 thuat toadn dugc cai d&t trén co sd phuong
phap “Simplex. Phudng phap “Simplex” khéng doi hoi tinh gradient (s6 hay
giai tich), vi vay c6 kha nang tim dugdc két qua trong dgi ca khi ham 1a khong
lién tuc. Ban doc mudn tim hiéu k§ vé hai phuong phap “Nhdt cdt vang® va
“Stmplex s& budc phai tim doc cac tai liéu toan chuyén siu, sach nay s& khong
di sdu vao gidi thiéu hai phudng phap dé.

D& tim cuc tiéu clia cac ham scalar nhiéu bién va khéng c6 cac didu kién
rang budc (unconstrained optimization) ta st dung 1énh fminunc vdi cach goi
nhu sau:

(x, fval, exitflag] = fminunc( function’ , x0, options)

fval va exitflag 14 hai tham s6 tuy chon. Néu khéng c6 yéu cdu cu thé,
fminunc sé mac dinh hiéu rdng nhiém vu t&i wu dat ra thudc pham tru Large
Scale. Nghia 13, s8 lugng bién x,, x,, ..., x, ciia ham 14 rit 16n. D& cho khdi lugng
tinh s6 khéng trd nén qua 1én, ta c6 thé chuyén sang pham tra Medium Scale
nho lénh options = optimset (options, 'LargeScale', 'off') (nging
Large Scale trong options) Thuat toan tim st dung phuong phap Newton cb
bién d6i, neu cin hiéu sau, ban doc c6 thé xem thém trong Users Guide. Trinh
tu tim cuc tiéu duge minh hoa thong qua vi du vdi ham:

f(2,%;) = 2x] + x5 — 227 — 2x5 + 4sin(x;x5) (4.7)

Dé tién theo d5i, ta vé d6 thi 3-D cla ham (4.7) bing chim l1énh dudi day.
Xung quanh v&n d€ vé d6 hoa 3-D c6 phdi canh ban doc xem muc 2.7.2, tai d6 cé
giai thich rd ¥ nghia cta cac 1énh:

>> x = -1.5:0.05:1.5; y = -1.5:0.05:1.5;

>> [X,¥Y] = meshgrid(x, vy);:
>> Z = 2*X . NM+Y N4 -2*%X N 2-2*%Y M2+ 4% sin (XL FY L *L) ¢,
>> figure

>> surf (X, Y, 2);

>> axis([-1.5,1.5,-1.5,1.5,-5,10])
>> title ('Ham muc tieu')

>> xlabel ('x1')

>> ylabel ('x2")

>> zlabel ('f(x1,x2)")

>> view (~40, 30)

Sau khi thuc hién chum 1énh ta thu duge két qua d hinh 4.3.
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Hinh 4.3 D0 thi 3-D clia ham f(x;,x,)=2x] +x; - 2x; - 225 + 4sin(xx,)

Ta lai soan thao mdt script c6 tén function7.m v6i ndi dung nhu dudi day
va c&t vao mdt thu muc da khai bao v6i MATLAB:

$function7.m
function F = function7 (x)
F = [2*%x(1)74+4x(2)74-2*x (1) "2-2*x(2) "2 + 4*sin(x(1)*x(2))];

Vi trf cuc tiéu d4u tién ndm & lan can x = [1 —1], (diém [x, x,] = [1 —1]), duge

tim thiy nho chtim 1énh sau day:

>> options = optimset ('fminunc');
>> options=optimset (options, 'Display', 'iter', 'LargeScale’', 'off');
>> x0 = [1 -11;

>> [x, fval] = fminunc('function7', x0, options)
Directional
Iteration Func-count f(x) Step-size derivative
1 2 -4.36588 1 -8.05
2 8 -4.63276 0.0642678 -0.272
3 14 -4.6476 0.0525359 3.21e-005
4 21 -4.64761 0.965714 -1.16e-008

Optimization terminated successfully:
Search direction less than 2*options.TolX
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0.9039 -1.1732
fval =
-4.6476

Diém cyc tiéu thit hai & gn x = [-1 1] s& d& dang dudc tim thay sau khi ta
thay d6i gia tri xuét phat mot cach thich hgp. Chiim 1énh can thiét (khéng xuit
tung budce lap) la nhu sau:

>> options = optimset('fminunc');
>>options=optimset (options, 'Display', 'final', 'LargeScale’, 'off');
>> x0 = [-1 1];

>> [x, fval}l = fminunc('function7', x0, options)

Optimization terminated successfully:
Search direction less than 2*options.TolX
K =
~0.9039 1.1732
fval = '
-4.6476

D6 chinh xac cta két qua (di theo la khdi lugng tinh) c6 thé duge ting lén
bing viéc giam TolX hay TolFun trong bién options. Ngoai ra, viée lya chon
cac gia tri xudt phat c6 anh hudng quyét dinh téi kha ning héi tu cha thuat
toan tim t61 wu. Vi du: 6 lan can cha gbc toa do, ham (4.7) ¢6 d6 thi tueng d6i
phang, do d6 dao ham béc nhat va bac hai cla (4.7) ¢6 thé c6 gia tri rat nhd.
Diéu dy dan dén, thuat toan tim t6i vu trong pham vi sai s6 cho;phép (do TolX
va TolFun quyét dinh) s& c6 thé dua ra mot k&t qua, ma thuc t& tai d6 khong hé
ton tai cuc tiéu. Ban doc c¢6 thé tu kiém chitng diéu nay bang cach chon x, =
[0,010 01] Luu ¥y nay nhic nhd ta khong dude phép tin mot cach mi quang vao
két qua do thuat toan dua ra ma pha1 ludn c6 y thic hiéu va stt dung thuat
toan mot cach thich hgp.

4.5 Tim cyc tiéu khi cé diéu kién phu

Khi g1a1 quyet cac bal toan tim t6i uu thuong ta khong ch1 quan tam tdéi
diém cuc tiéu ctia ham muc tiéu. Hon thé nita, khi di tim cuc tleu bién doc lap x
con phai théa man mét s6 diéu kién phu. Cac diéu kién d6 hoic c6 thé do ngudi
st dung dit ra, hodc do cAc han ché& vé vat ly gay nén. Cac diéu kién phu
thuong dugec mé ta dudi dang phuong trinh, hoéc bat phuong trinh, hosc hdn
hgp ca hai. Thuat ngit mé ta viée tim t6i wu dudi didu kién phu la constrained
nonlinear optimization.
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Optimization Toolbax cung cép cho ta l1énh fmincon, nhim tim cuc tiéu cla
f(x) duéi nhiéu diéu kién phu khac nhau. Cac diéu kién dugc phan thanh diéu
kién phu phi tuyén va diéu kién phu tuyén tinh. Thu4t toan fmincon tim:

min /() (4.8)
duéi cac diéu kién:
c(x)<0 (4.9)
¢, (x)=0 (4.10)
Ax<b (4.11)
A, x= beq (4.12)
Ib <x<ub (4.13)

Trong cac céng thic trén, ¢ va ¢, 1a cac ham vector phi tuyén, A va A, la
cac ma tran hang, b va b,, 1a cac vector hang, con 1b va ub la cac gidi han duéi
va gidi han trén clia vector k&t qua x. Lénh goi thuat toan c6 dang sau day:

{x,fval, exitflag]
= fmincon (’ function’ ,x0,A, b,Aeq, beq,lb,ub, ' nonlcon’ ,options)

Khi goi 1énh khéng nhat thiét phai khai bao tat ca ciac tham s6. Tai vi tri clia
nhiing tham s& khong can st dung dén, ta chi cdn thay vao d6. d&u réng [].
function 13 ham muc tiéu can tim cuc tiéu, x0 1a gia tri xust phat. Cac tham s§
ti A t6i ub-chinh 1a cAc diéu kién phu mé ta bdi cac céng thic (4.9) ... (4.13).
Bién options c6 tac dung diéu khién trinh tu tinh clia'thuat toan nhu ta da biét.
Cac diéu kién duge mé ta dudi dang phudng trinh hay bat phudng trinh nhu
(4.11), (4.12) duge khai bido nhd ham nonlcon. Cac diéu kién phi tuyén phai
dugc khai bao ding nhu cac céng thic d trén, tic 1a phai két thic bdi “=0” hay
“<0”. Cac script vigt dudi dang m-File dé mo ta diéu kién phu phi tuyén phai c6
dang téng quat sau:

% Nonlinear Constrained Conditions

function.[c, ceq] = nonlcon (x)

c = ’ % Nonlinear Non-Equation
ceq = ... % Nonlinear Equation

Trong nonlcon, diéu kién duéi dang bat phuong trinh phai dudc viét trudc,
sau d6 méi dén diéu kién dudi dang phuong trinh. Y nghia cla x, fval va
exitflag da dugc giai thich 3 trén. Tai day cling ton tai van dé tim t6i uu Large
Scale (rdt nhiéu chiéu) hay Medium Scale (nhiéu chiéu vita phai) ma ta cn cha
¥. Néu tim t6i' uu theo Large Scale, ham muc tidu phai tra lai cac gia tri
Gradient sau mdi budc tinh ham. Ham muc tiéu fun tion c6 dang tdng quat
sau:

% Function for Optimizing
function [£f, g] = functionx(x)
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Function for optimizing
Gradient as vector of x

f= ... %
g=1 ...1 %

Néu stt dung thuat toan theo Medium Scale, ta phai khai bao ché& d d6 bang
cach dung lénh options = optimset (options, 'LargeScale', 'off')
dé loai Large Scale. Trong trudng hop nay sé khéng can dén viéc tra lai cac gia
tri Gradient. D&i véi ca hai, hAm muc tiéu function va ham diéu kién nonlcon,
déu phai théa man do1 hoi: Chiing phai 12 cac ham lién tuc. Ngoai ra, tuy theo
gia tri xud't phat x0, két qua thu duge chi 14 diém cuc tiéu cuc bd.

D& hiéu rd chitc ning clia lénh fmincon ta tiép tuc st dung ham (4.7) véi dd
thi & hinh 4.3. Ta b8 sung thém diéu kién phu, vector nghiém chi dugc phép
nam trén dudng tron sau day:

(M«Ojf+w§:1 (4.14)

Ham muc tleu . Ham dieu kien blen
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Hinh 4.4 D6 thi 3-D ciia ham muc tiéu f(x,,x,)=2x! + xf - 2x? ~ 222 + 4sin (x025) (hinh
trdi) va ham diéu kién phu (x, - 0,5)2 +af =1 chiéu vao ham muc tiéu (hinh
phdi) '

Hinh 4.4 duge tao bdi chudi 1énh duéi day. Dé dang nhan th&y: Chi bang

nhitng 1énh co ban da lam quen ¢ muc 2.7.2 ta da c6 thé thyc hién dé hoa 3-D
phic tap mét cach tuong doi dé dang.

>> subplot (121); % Tao & hinh tréai
>> x1 = -1.5:0.05:1.5; yl = -1.5:0.05:1.5;
% Dai gia tri x1, x2
>> [X1,Y1] = meshgrid(xl, yl); % Tao ma tran gid tri
$ clta cac diém trong d3i

*H1L.M+Y1.74-2*X1.72-2*Y
>> suri (X1, Y1, Z1);
>> axis(f{-1.5,1.5,-1.5,1.5,-5,101])
>> titie ('Ham muc tieu', 'FontSize',12)

S2+44*sin(X1.*Y1,*1);
V& ham muc tiéu

oo

>> 721 = 2
(
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>> xlabel ('x1','FontSize',12)

>> ylabel ('x2','FontSize',12)

>> zlabel ('f(xl,x2)','FontSize',12)

>> view (=40, 30)

>> subplot (122); % Tao & hinh phai

>> [theta,radius] = meshgrid((0:5:360)*pi/180,0:0.05:1);
Ma tran gia tri cua cac
diém trong d.trén r=1
)

Chuyén tu toa dbé cuc
sang toa d& Cartesian
Dich tam dudng tron
LN244*%sin (X2.%Y2.%1) ;

V& ham muc tiéu bi chan
trong dudng tron

—_——

e

oe

>> [X2,Y2] = pol2cart(theta,rédiu

o0 oo W

>> X2 X2+0.5;
>> 72 = 2*%X2.,"MN4+Y2 ,N4-2%X2 ,N2-2%*Y
>> surf (X2, Y2, Z22);

a0 N oo

o

>> axis([-0.5,1.5,-1,1,-5,101])

>> title ('Ham dieu kien bien', 'FontSize',12)

>> xlabel ('x1', 'FontSize',12)

>> ylabel ('x2','FontSize',12)

>> zlahel ('f(x1,x2)','FontSize',12)

>> view (-40, 30)

>> hold on

>> surf (X2, Y2, zeros(size(X2))-5, 'FaceColor','w')

) % V& hinh chiéu xudng nén
va td midu tréng

[

>> hold off

Hinh chidu xudng nén (hinh 4.4, bén phai) ciia phdn mit cong (4.7) bi giéi
han bdi diéu kién phu (4.14) gitip ta c¢6 ngay dudc nhan xét: Phan miit cong d6
¢6 hai diém cue tiu cuc bd & gn x = [0,5 —1] va x = [-0,2 1]. Trude hét ta khai
bao:

e  Ham muc tiéu

$function8.m

function [f, g] = function8 (x) -

£ = [2*x(1)M4+x(2)M-2*x (1) "2-2*%x(2)"2 + 4*sin(x(1l)*x(2))];

g =11

e Ham diéu kién

$nonlcon.m

function {[c¢, ceg] = nonlcon (x)

c = []:

ceq = (x(1)-0.5)"2 + x(2)"2 - 1;

Diém cuc tiéu thit nhat & gin x = [0,5 —1] s& dudc tim th&y nhd chiam lénh:
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>> options = optimset('fmincon');
>> options = optimset (options, 'Display’', 'iter', 'LargeScale’,

'off');
>> x0 = [0.5 -1);
>> [x,fval)l = fmincon{('function8',x0,(),{],1{),{1, 01,1}, ‘nonlcon’,
options)
max Directional
Iter F-count f(x) constraint Step-size derivative Procedure
1 3 -3.2927 0 1 -20.3
2 10 -4.19884 0.3179 0.125 -1.11
3 14 -4.25756 0.09838 1 -0.101
4 18 -4.26616 0.01449 1 0.0204
5 22 .-4,24513 0.0001185 1 0.00018
6 26 -4.,24495 6,181e-009 1 8.54e-009 Hessian

modified
Optimization terminated successfully:
Magnitude of directional derivative in search direction
less than 2*options.TolFun and maximum constraint violation
is less than options.TolCon
Active Constraints:
1

0.8523 -0.9359
fval = .
-4.2450

Trong khi tim diém cuc tiéu ta da ngdt ch& d6 Large Scale, vi vy khong cin
khai bao Gradient (g=[], xem function8.m). Piém cuyc tiéu' tht 2 ndm lan
canx = [-0,2 1] (hinh 4.4, bén phai) duge tim thay nho chum 1énh (d& bd qua
viée xuit tiung budc lap):

>> options = optimset('fmincon'); .
>> options = optimset(options, 'Display’', 'final', 'LargeScale’,
'off');
>> x0 = [-0.2 17;
>> [x,fval)l = fmincon('function8',x0,(],[1,[),1[1,11,(], ‘nonlcon’,
options)
Optimization terminated successfully:
" Magnitude of directional derivative in search direction
less than 2*options.TolFun and maximum constraint violation
is less than options.TolCon
Active Constraints:
1

x =
-0.2868 0.6172
fval =
-1.4721
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K&t qua nhan duge 1a vector x (vi tri diém cuc tiéu), diéu kién két thic tinh
toan va gia tri ham tai diém x. Ngoai ra ta con biét thém: Liéu cé diéu kién
phu, hay diéu kién phu nao da c6 hiéu lyc khi tim cyc tiéu? Cau trd 15i Active
Constraints: 1 c¢6 nghia la: Diéu kién phu thit 1 ¢6 hiéu lyc (trong vi du nay
cling chi tén tai 1 diéu kién (4.14)). Néu cac diém cuc tiéu cuc b nim trong mot
pham vi (chi khéng phai trén dudng cong nhu vi du (4.14)), khi 4y diéu kién
phu dudc mé ta dudi dang bat phuong trinh.

Lai st dung ham (4.7) lam vi du chiu diéu kién phu dudi dang bat phuong
trinh tuyén tinh.

X 2>%5 X 2>—1 (4.15)
Dok e Ta dang chum 1énh sau dé€ biéu dién
L S S S S vung giéi han bdi cac diéu kién phu.

>>fplot ('x1',[-2.5 1.5],'b-")
>>hold on .
>>fplot('-1',[-2.5 1.5],'b-")
>>hold off
>>title ('Dieu kien bat pt',

'FontSize',12)
>>xlabel ('x1l', 'FontSize',12)
>>ylabel ('x2','FontSize',12)
S >>axis({-2.5,1.5,-2.5,1.5])
'23 - f IR N S >>axis square

x1 o >>grid on

Hinh 4.5 Mién gidi han (B) theo (4.15) ,
D& biéu dién diéu kién phu hgp thic theo (4.11) ta phai dinh nghia ma tran
A va vector b nhu sau:

-1 1 0}
, . (4.16)

0 —1f 1
A va b sé dugc trao cho thuat toan tim cuc tiéu. Viée tinh toan duge thuc
hién bang chum lénh:

>> A = [-11; 0.-11; b = [0; 1);
>> options = optimset{('fmincon');
>>options=optimset (options, 'Display', 'final', 'LargeScale', 'off');
>> x0 = {1 0]; ' .
>> [x, fval] = fmincon('function7',x0,A,b,([], (), [}, (], [],options)
Optimization terminated successfully:
Magnitude of directional derivative in search direction

less than 2*options.TolFun and maximum constraint violation

is less than options.TolCon
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Active Constraints:
2

0.9135 -1.0000
fval =
-4.4428

Tu két qua thu duge ta ¢6 thé thdy rd l1a diéu kién phu thi 2 (active
Constraints:2) cta (4.15) da c6 hiéu lyc khi tim t&i thiéu. Trong trudng hgp
don gian nay thuc ra ta da c6 thé xust phat tit dap an x, = -1 dé rit ra két luan
ring diéu kién x, > -1 sé ¢ hidu lyc. K&t qua tim dugc ndm chinh trén duong
thdng x, = -1.

Lénh fmincon 12 mét 1énh rat manh va c6 khé ning xét dong thoi nhiéu bat
phuong trinh hay phuong trinh diéu kién phu. Tuy nhién, cAn phai luu tAm dé
gianh lai dugec mét khéng gian nghiém, tranh trudng hgp cac diéu kién phu loai
trit 14n nhau. Cang tai day cdn phai nhéc lai: Nhu moi thuat toan da dé cap
dén & cac muc trude, fmincon chi ¢6 thé tim duge moét diém t6i thiéu & 1an can
diém xudt phat.

Né&u ham muc tidu khéng phai la scalar (vé6 huéng) ma 1a ham cé gia tri
vector, khi 4y ta ding truéc mét bai todn t6i wu vdi nhiéu muc tiéu
(multiobjective optimization problem). S& c6 nhiéu ham phai déng thdi thoa
man nhiéu diéu kién t8i vu khac nhau (goal attainment problem). Optimization
Toolbox c6 Iénh fgoalattain dé gianh cho trudng hop nay. Mot bai toan tiéu
biéu @61 véi cac ham muc tiéu dang vector 1a viée t8i thiéu héa kha ning x4y ra
két qua x4u nhat (worst case), tic 1a gidm kha ning x4y ra t6i da cla ting
thanh phan riéng 1é thugc ham muc tiéu. Bai toan t5i wu dang d6 thudng dugc
goi 1a van dé Minimax, va dé gidi bai toan 6 ta c6 thé dung 1énh fminimax clia
Optimization Toolbox. Ban doc muén tim hiéu ky hai 1énh fgoalattain va
fminimax s& phai xem User’s Guide hay Online Help.

Tim cuc tiéu khi ¢6 diéu kién phu
[x,fvall=fmincon (' function’ ,x0,A,b,Aeq, beq,lb, ub, ' nonlcon’ , options)
Tim t6i thiéu ctia mét ham nhidu bién chiu diéu kién phu
md ta dudi dang phuong trinh hay b4t phuong trinh
(%, fval)l=fminimax (' function’ ,x0,A,b, Aeq, beq,lb, ub, ' nonlcon’ , options)
Giai bai toan minimax
[x,fvall=fgoalattain (' function’ ,x0,'goal’ ,weight, A, b, Aeq, beq,lb,...,
ub, ' nonlcon’ , options)
Giai bai toan goal attainment
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4.6 Phuong phap binh phuong sai phan bé nhat

Khai niém binh phuong sai phan bé nhat (least squares, L.Q) bao gobm nhiéu
phuong phap tim t81 uu khac nhau nhung déu c¢6 chung mdt muc tiéu: Tim i
thiéu clia téng cdc gid tri sai s6”binh phuong. Ta phan biét gita phuong phap
LQ tuyén tinh hay phi tuyén, va c6 hay khong c6 diéu kién phu. Vi L.Q rat hay
duge st dung dé tim da thic x8p xi (tim dudng cong xap xi), trong tai liéu
chuyén mon ta con hay gap khai niém curve fitting nham vao ing dung nay.

Phuong phap LQ tuyén tinh khéng kém theo diéu kién phu c6 thé duge st
dung dé giai mot hé phuong trinh tuyén tinh thita (s6 phuong trinh Ién hon s§
an). Hé phuong trinh:

Cx=d & Cx—-d=0; CeR™ decR™ (4.17)

la mot hé thua khi n > m va vi vay khong c6 nghiém. Vi (4.17) khéng co
nghigm chinh xac, ta c6 thé coi (4.17) 12 van d& tim t31 wu, véi bai toan tim t8i
thiéu dugc dién dat béi:

min |[Cx — d”; (4.18)

2 > . " .
Trong (4.18), II ”2 la chuan toan phuong Euclid cua vector. Néu ta thay F(x)
= Cx-d vio va tinh chudn Euclid, ta thu dugc:

minzn:E- (X)2 | (4.19)
X =l

F(x) 1a sai léch gitta thanh phan thit i clia (4.17) v6i nghiém chinh xac. Ta sé
phai tim vector x, sao cho tdng binh phuong sai phan (4.19) 1a bé nhat (la t6i
thiéu). Mot vi du tng dung kinh dién 13 viéc st dung phuong phap LQ tuyén
tinh dé tim mot da thitc x4p xi cho cac gia tri do. Cac gia tri ddu vao u; dugc cat
trong vector u = [u, ... u,] va cac gia tri do dugc y; c4t trong vector y = [y, ... y,].
Quan hé y = f(u) cAn duge x4p xi bdi da thitc bac m sau day véi m < n.

y;=aytau +aul +--+au’ (4.20)

M&i cap gia tri cha diém do cdn phai ndm rat gdn da thic cin tim. He
phuong trinh tuyén tinh mé ta van dé dit ra c6 thé duge quy vé dang tuong tu
v6i (4.17). Cac ma tran sé c6 dang téng quat nhu sau:

2 m
1w wy - oy aq Yo
1w, u? - u” a
c=| " M T M g2 (4.21)
1 2 m a
u, u, - u, n Yn

Viéc tim nghiém t81 uu cta hé phuong trinh thita dang (4.19) dudc thuc hién
bdi 1énh \ (slash) cia MATLAB. Vin dé t3i uu (4.18) ciing c6 thé gidi dugc theo
phuong phap giai tich va sé& luén tudng minh khi n > m, ttc 1a khi s6 phuong
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trinh 16n hon s6 lugng cac hé s6 ciia da thitc. Vi du sau day 14y tu két qua thyc
t& cia mét phép nhan dang off-line dién cam stator cia mot déng cd di bo phu
thude dong kich tir L, = fd,,). Céc gia tri dau vao la dong kich tit da chuén héa
bdi dong kich danh dinh Iy, tang din tu O ... I,y v6i bude tang la 0,11y, dugc
cdt trong vector u. Céc gia tri L, tuong ung do phép nhan dang thu dudc c6 thi
nguyén la mH dudgc cit trong vector y. Ta khai bao hai vector cdt chita cip di
liéu do phép nhan dang off-line cung cip:

> u = [0.10.20.30.40.50.60.70.80.91.0]";
>> vy [154.1 174.5 171.7 155 140.4 133.7
116.9 92.4 71.7 41]1"';

Da thitc xap xi theo dang (4.20) mé ta dac tinh tit héa L, = fll,) dugc chon la
da thic bac 4. Ta dé dang thu dudc cac hé s cia da thic bang chum lénh sau:

>> d = y; C = fones(length(u),1l) u u.”2 u.”3 u."4};
>> x = C \ d ‘
X =
1.0e+003 *
0.1132
0.5978
-1.9395
2.2077
-0.9394

Da thic thu duge ¢é dang:
s =113,2+597,81 , —1939,512, +2207,71;, 939,41}, (1.22)

Giatrido Ls =Ls(isd)

01 02 03 04 06 06 07 08 09 1
. Isd [x IsN]

Hinh 4.6 Da thic L, =113,2+597,81,,-1939,5/2, +2207,713, - 939,41%, xdp xi két qud nhdn
dang duong ddc tinh ti héa ciia déng co di b6 ba pha
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DE dé so sanh va danh gia hiéu qua, cac cip gia tri nhan dang va dd thi cla
(4.22) dudc biéu dién 6 hinh 4.6 sau khi thuc hién chum 1énh duéi day:

>> plot(0.1,154.1, 'b*"',0.2,174.5, 'b*',0.3,171.7, 'b*",
0.4,155, 'b*',0.5,140.4, 'b*',0.6,133.7, 'b*", ...
0.7,116.9, 'b*',0.8,92.4, 'b*',0.9,71.7,'b*",1,41, 'b*");

>> hold on

>> fplot ('113.2 + 597.8*x - 1939.5*x72 + 2207.7*x"3

- 939.4*x74', 0:1, 'k-");

>> hold off

>> title('Gia tri do Ls = Ls(Isd)', 'FontSize',12});

>> xlabel('Isd [x IsN]','FontSize',12);

>> ylabel ('Ls [mH]', 'FontSize',12);

>> grid on .

Vi van dé vita giai quyét chi 1a bai toan t&i uu tuyén tinh, sé ludn ton tai dap
an rd rang va khong phu thudc vao gia tri xuit phat. Néu gia st vi cac diéu
kién k§ thuat — vat 1y, hay vi 1y do nao d6 ta doi hdi tat ca cac hé s6 cua da thic
phai khéng Am:

. 2
min HC X — d”7 ;x>0 (4.23)
. 2

Luic nay bai toan tim t6i uu (4.23) c¢6 thém diéu kién phu va duge goi bang
thuat ‘ngt nonnegative least squares. D& tim nghiém t8i wu ta st dung lénh
1sgnonneg. Do c¢6 diéu kién phu, c¢6 thé tdn tai nhiéu di€m cuc tiéu cuc bo, va
ta sé phai khai bao gia tri xudt phat. Néu khéng khai bao gia tri xuit phat,
1sgnonneg sé tu dong 1dy goc toa d6 lam diém xudt phat. Lénh duge viét nhu
sau:

x = lsgnonneg(C,d,x0,options)
[x,resnorm] = lsqnonneg (C,d,x0, options)

Vector x chita cac gia tri k&t qua tinh va d6 du sai s6 ctia chuén toan phuong
Euclid dugc c4t trong bién resnorm. Bdng d¢ du d6 ta c6 thé danh gia chat
lugng ctia cac nghiém. Ta lai 18y cac gia tri nhan dang & trén dé dit thém diéu
kién phu x > 0.

>> d =y; C = [ones(length(u),1) uu.”2 u.”3 u.”4};
>> x0 = [10 10 10 10 10]; options = optimset ('lsgnonneg');
>> options = optimset(options, 'Display', 'final');
>> [x,resnorm] = lsgnonneg{(C,d,x0,options)
Optimization terminated successfully.
x =

1.0e+002 *

1.25140000000000

0

0
0
0



180 4 Optimization Toolbox: Céng cu tinh toan tim téi uu

resnorm =
1.771586400000000e+004

Né&u khoéng cdn dén gia tri xuét phat, ta viét x0=[]. Dé so sanh véi truong
hop t61 thiéu khong c6 diéu kién phu va dé danh gia duge chat lugng, ta hay
tinh cac gi4 tri chuéin. Nén chi ¥ ring, 1énh norm déu tién duéi day tinh chuén
cta két qua toi wu nonnegative least squares, 1énh norm thit hai tinh chuén khi
khoéng c6 diéu kién phu. Lénh norm tinh chuin Euclid (khéng binh phuong), vi
viy ta sé phai ldy binh phudng k&t qua cla norm s& thu dugc gia tri cha
resnorm.

>> norm(C*1lsgnonneg{C,d,x0,options)-d)
% C6 diéu kién phu

Optimization terminated successfully.

ans =

1.331009541663770e+002
>> norm(C* (C\d) -d) % Khéng diéu kién phu
ans =
10.22908007858367

Dé c6 thé xét d&n tat ca cac diéu kién phu dudi dang phuong trinh hay bat
phuong trinh, ta st dung 1énh 1sqlin, dung dé giai bai toan:

min |Cx —d; (4.24)
X .
duéi cac diéu kién phu: '
Ax<b T (4.25)
A, x=b, (4.26)
Ib<x<ub (4.27)

Y nghia cta cac ky hiéu da duge giai thich 8 muc 4.5. Lénh 1sqlin dude goi
nhu sau:
[x,resnorm] = lsqlin(C,d,A,b,Aeq,beq,lb,ub,x0,options)
Nhiing tham s6 khéng st dung dén khi goi 1énh cin dugc thay thé bdi dau
[1. D& minh hoa ta lai 14y vi du tim x&p xi duong d#c tinh tit héa cia déng co di
b v6i 10 cdp gia tri nhan dang. Da thdc cin tim sé& phai chiu thém diéu kién
phu: a, + a; = 0. Diéu kién d6 sé dudc théa man néu ta khai bao:

A,=10 011 0} b, =0 (4.28)

eq
Chum 1énh tim t6i uu 1a nhu sau:

> u = (0.1 0.2 0.3 0.40.50.60.70.80.91.0]1"';
% Khai bao cac gia tri diu vao
>> y = [154.1 174.5 171.7 155 140.4 133.7

116.9 92.4 71.7 4131°; % Khai bdo cac gia tri Ls
do nhén dang tim dugc

o°
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>> d = vy; C = [ones(length(u),1) u u.”2 u.”3 u.”4];
>> options = optimset('lsglin');
>> options optimset (options, 'Display', 'final',
'LargeScale', 'off');
>> BAeq = (0 01 1 0]; beg = [(0];
>> [x,resnorm] = lsqglin(C,d, (], [],Aeqg,beq, [],[],[],options)
Optimization terminated successfully.
X =
1.0e+003 *
0.1251
0.4329
-1.3012
1.3012
-0.5160
resnorm =
136.3343

V6i két qua méi tim duge theo cac diéu kién phu (4.26) va (4.28), déc tinh ti
héa (4.22) lidc nay c6 dang:
2 3 4
s =125,1+432,91,,—1301,2 1, +130L,2 73, — 516/,  (4.29)
a a3
Dé dé so sanh, ta vé cac gia tri nhan dang, dic tinh xap xi (4.22) va (4.29)
trén hinh 4.7.

Gia trido Ls =Ls(lsd) !

Ls [mH}

0.1 02 03 04 05 06 07 08 09 1
Isd [x lsdN) .

Hinh 4.7 Ddc tinh tt héa theo da thirc (4.22) (nét lién), da thite (4.29) (nét ditt) va cde gid
tri nhdn dang (chém *)

~ Hinh 4.7 cho thdy ca hai cach dit bai todn LQ déu cho ké&t qua tdt va kha
giong nh’au. Tuy nhién, chi nhdm muc dich minh hoa cach st dung cac lénh,
nguoi viét da trén co s§ (4.22) dé ¢4 tinh chon diéu kién a, + a; = 0 cho dé hoi tu.
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Hinh 4.7 da dugc vé hoi-chum lénh duéi day:

>> plot(0.1,154.1, 'b*',0.2,174.5,'b*",0.3,171.7, 'b*"',
0.4,155,'b*',0.5,140.4, 'b*',0.6,133.7, 'b*",
0.7,116.9,'b*"',0.8,92.4,'b*',0.9,71.7, 'b*"',

1,41, 'b*"); % V& cac cép gia tri
>> hold on

>> fplot ('113.2 + 597.8%x - 1939.5*x"2 + 2207.7*x"3 ...

- 939.4*x"4"', 0:1, 'r-'); % V& dac tinh (4.22)

>> fplot ('125.1 + 432.9*x - 1301.2*x72 + 1301.2*x"3 ...
- 516*x"~4', 0:1, 'b--'); % V& dac tinh (4.29)

>> grid on

>> title('Gia tri do Ls = Ls(Isd)"', 'FontSize',12);
>> xlabel{('Isd [x IsdN]','FontSize',12);

>> ylabel ('Ls [mH]', 'FontSize',6 12);

>> hold off

Néu cée gia tri do khong thé duge x4p xi bdi mét da thic, ma bdi mot ham
phi tuyén bat ky, bai toan &6 dudgc goi la curve fitting phi tuyén duge mé ta bai:

2 L
2 = mxm E :[F (X, xdata,i ) - ydata,i
i=1

Trong (4.30), Xye, VA Yiu, 12 vector cac gia tri do can duge x4p xi bdi ham
vector phi tuyén F(x,x,,,). Vector x chita cAc tham s6 ctia ham cin tim. Dé tim
t61 uu theo (4.30) ta st dung lénh 1sgcurvefit véi cach gol sau:

2
(4.30)

mxin ”F (X’ X data ) o

[x, resnorm]=1sqgcurvefit (‘ function’ ,x0,xdata ,ydat&, Ib, ub, options)
Ham function dudc dinh nghia duéi dang inline object hay m-File nhu sau:

function F = function9 (x, xdata) .
F=...; % Phu thudc tham s8 x va vector xdata

Cac tham s8 con lai déu da dugc giai thich ¥ nghia va huéng dan cach khai
bao. Ta hay theo dbi cach st dung lénh théng qua mét vi du thuc té, Mot doi
tugng diéu khién duge kich thich bdi mot xung & ddu vao va do dap tng y = [y,
... ¥,] ((ng véi ydata) & dau ra trong khoang thoi gian t = [¢, ... t,] (tng véi
xdata). Vi c6 tap Am do ludng, vector y chita cac gia tri bi nhiéu. Gia thiét ta
biét khai quat vé dd1 tugng d6: Trong vi du 1a khau PT, (khau ty 1& c6 quan tinh
bac 2). Trén mién thsi gian, khau dé dugec mé ta bdi mot dap ting c6 dao dong
tit dan, dic trung bdi ba tham s6 K, T va o theo cong thic:

y(r)=Ke™" sin(wr) (4.31)

Trudc hét ta viét mét script ¢6 tén function9.m, véi bo tham sé cdn tim K,
T va w, chita trong vector x = [x (1) x(2) x(3)].
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$function9.m
function F = function9(x,t)
F = x(1).*(exp(-t./x(2)).*sin(x(3).*t));

Sau khi dd c6 function9.m, ta thyc hién vi du qua chudi lénh dusi day.
Trudc hét ta khai bao mdt d6i tugng sys 1a khau PT, duéi dang md hinh TF. Sau
d6 tim dap Ung xung cla sys, vector cac gia tri ddu ra (chua hé bj nhiéu) va
vector thdi gian tuong dng dudc cit trong hai bién y va t. Tiép theo ta dinh
nghia bién y noise (dac trung cho dap tng ra do dugc va bi nhiéu do tap 4m
do) bang cach céng thém vao vector bién y mdt lugng tap 4m randn nao dé. Hai
vector y_noise va t ({ing véi ydata va xdata cia cong thic (4.30)) s& 1a ¢ s6 dé
thuat toan 1sqgcurvefit tim b thamsd x = [x(1) x(2) x(3)] dinh nghia
trong*'functionS.m.

>> sys = tf (5,[1 1 10]) % Khai b&o d8i tugng
Transfer function:
5

‘

s*"2 + s + 10
>> [y,t] = impulse(sys,0:0.02:10); % Pap Ung chua nhiéu
*>> y noise = y + O.l*randn(length(t),1);

% Pap Ung cé nhi&u do
>> options = optimset('lsqcurvefit');
>> options optimset (options, 'Display', 'final',

'LargeScale’', 'off');
>> x0 = [1 1 4); % Gia tri xudt phat
>> [x,resnorm] = lsqcurvefit('functiond',6%0,t,y noise,
[1,[),0options) % Tinh Curve Fitting

Optimization terminated successfully:
Search direction less than tolX
x =
1.61742519421002 1.98339388319347 3.12667250622918
resnorm =
5.25168500083788

\

Thuat toan LQ curve fitting da cho ra két qua:
Veurvest (1) =1.61742 71939 5 (3.126671) (4.32)

D& dé so sanh va danh gia dugc hiéu lyc ciia 1énh 1sqcurvefit, ta vé do thi
y, y_noise va (4.32) & hinh 4.8 bang chiim lénh sau day.

>> fplot ('1.61742* (exp(-x/1.98339)*sin(3.12667*x))"',
[0 10),'g-");

>> hold on

>> plot(t,y, 'k.',t,y _noise,'r-');.

>> grid on;’
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>> title('Curve Fitting', 'FontSize',12);
>> xlabel ('t','FontSize',12);
>> ylabel ('y, y with noise', 'FontSize',12);

Curvae Fitting
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Hinh 4.8 Ddp iing ddu ra cia doi tugng sau'khi nhdn xung kich thich:y (khong chita
tap Gm, nét lién), y_noise (chita tap 8m) V& Yeypup (N6t chim)

Hinh 4.8 cho thay: Dudng cong xap xi Yeurvefi (nét chdm dam) va dudng cong
cua dap tng ly tudng y thuc su trung khit v6i nhau, cho thdy kha niang manh
cla lsqgcurvefit trong viée tim x4p xi té1 wu cho mot chudi gia tr; do bi nhidu
y_noise. Tuy nhién, can phai luu y thém vé vai trd quan trong clua gia tri xuit
phat x0 d61 véi kha nang va téc dd hoi tu khi tim x&p xi.

Mot phlidng phap md rong cla LQ tuyén tinh theo (4.18) l1a phuong phap LQ
phi tuyen dugc coi 1a trudng hdp téng quat cua LQ. Muc 4.7 trinh bdy mét vi du
chi tiét minh hea ing dung cia phu0ng phap.

Muc tiéu cua binh phlidng sal phan bé nhat ph1 tuyén 1a tim b tham s6 téi
wu cua ham vector phi tuyén F(x) véi cac tham s6 cin tim x theo phuong trinh:

x)”; = min ZE. (x)’ (4.33)
X =

Dé giai bai toan (4.33) ta su dung lénh 1sgnonlin cta Optimization
Toolbox. Trong lénh 1sgnonlin, téng cac gia tri binh phuong cta (4.33) khong
dudc tinh riéng mét cach tudng minh. Thay vao d6, ta trao cho lsgnonlin mot
ham vector function véi ci phap goi:

" [x,resnorm] = lsqnonlin (" function’ ,x0,1b, ub, options)

Cach khai bao cac tham s6 con lai ta déu da biét, bo khéng khai tham s6 nao
ta phai thay [] vao vi tri cia tham s6 d6. T6c d6 hoi tu phu thude rat nhiéu vao
viée lua chon gia tri xuit phat x0.
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Dé giam bét khéi lugng tinh, ta c6 thé khai bao thém tham s& tuy chon
options = optimset (’Jacobian’, ’‘on’), dong théi thuc hién xuit ma
tran Jacobi duéi dang bién ra thd hai cia ham function. Ngoai ra, khi lya chon
gia tri xudt phat can phai luu ¥ rdng: 1sqnonlin chi luén tim duge bd gia tri
cyc tiéu cuc bb.

Phuong phap binh phuong sai phan bé nhat
(Least Squares, L.Q)

/ (slash)

LQ tuyén tinh khéng c6 diéu kién phu
[x, resnorm]=1snonneg (C, d, x0, options)

LQ tuyén tinh véi x > 0
[x,resnorm]1=1sqlin (C,d,A,b,Aeq, beq, b, ub,x0, options)

LQ tuyén tinh cé diéu kién phu
{x,resnorm]=1sqcurvefit (' function’ ,x0,xdata,ydata,lb,ub, options)

Curve Fitting phi tuyén
{x,resnorm]=lsqnonlin (' function’ ,x0,lb,ub, options)

LQ phi tuyén

4.7 Tim bd tham s6 tdi uu cho md hinh SIMULINK

V& cd ban, moi tim t6i thidu cho cac ham phi tuyén vector déu c6 thé dung dé
tim bd tham s6 t61 uu cho mé hinh SIMULINK. Trong cic chudng 6 — 8 ta s& dé
cap ky hon vé viéc xay dyng mé hinh. D€ minh hoa ting dung clia 1sqnonlin,
ta hay 14y viéc st dung phuong phap LQ tim bd tham s8 t6i uu Kp, K; va K, cia
khau DC theo luat PID lam vi du. Téng cdc binh phuong ciia sai léch ddp ing
ra (khi c6 kich thich budc nhay & ddu vao) phdi la t6i thiéu trong mét khodng
thoi gian cho trude. Dap ng budc nhiy g(t,x) ciia hé phu thudc phi tuyén vao
thoi gian ¢ va bo tham s8 x dang cdn tim. Khi mé phéng hé bang SIMULINK, ta
c6 thé ghi lai cac gia tri dau ra sau méi bude tinh. Ty bd tham s6 x ma ta thu
duge tin hiéu ra y(¢,x) khac nhau. N&u tap hop tit ca cac gia tri y,(x) = y(t;,X)
trong vector tin hiéu ra y(x), ta thu dugc mot ham vector va c¢6 thé dung
1sqnonlin dé tim cuc tiéu cta ham d6. Khi gia tri dit y,, la hing va n la s6
budc tinh (buéc tich phan), ham vector cin tim cuc tiéu c¢6 dang:

N (x) T Vref
F(X) — Y2 (X):— yref 4.34)
Yn (X) - yref

Liic nay c6 thé 4p dung lénh 1sgnonlin dé tim b tham s6 DC t5i wu theo
phuong phap L.Q :
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[x,resnorm]=1sqnonlin (’ function’ ,x0,1b, ub,options)
Ham MATLAB function chita cac khai bao ctia F(x) theo (4.34). Gia thiét, ta
¢6 nhiém vu di tim bd tham s8 t61 wu cia khau DC véi dic tinh PID, nhdm diéu
khién mét d6i tugng quéan tinh bac 3 (c6 kha nang dao dong) nhu ¢ hinh 4.9.

—>—— =

Scope

4

342 552+3944.6
Saturation  Rate Limiter Blant

]

Reference

[ ]

yout

Kl Integrator

>

Derivative

Hinh 4.9 Cédu tric diéu khién d6i tugng qudn tinh bdc 3, st dung khau PID

Céc tham s8 cla khau PID duge khai bao tdng quéat & phan Block Parameters
1a KP, KI va KD. D4u ra clia khau PID bj chén vé bién d6 (khau Saturation: +8)
va d§ ddc (khau Rate Limiter: £3). C4u truc duge cit dudi tén £ig04 09.mdl.
Vi lénh lsqnonlin cha Optimization Toolbox chi c6 kha ning tim t8i uu cho
ham, ta s& phai viét mét ham dudi dang m-File, c6 nhiém vu tra vé cac gia tri
sai léch diéu chinh (hiéu s giita gia tri dat va gia tri thuc) tai tat ca cac thoi
diém mé phdng: Ta dit tén cho ham (vi du) 14 simopterror.m, chita ba bién
chinh 14 céc tham s6 can tim ctia khau PID. Ham c6 nhiém vu goi md hinh
fig04_09.mdl (hinh 4.9), tinh cac vector sai léch diéu chinh cung cdp cho
thuat toan tim t6i uu 1sgnonlin. Script simopterror.m gdm chudi 1énh nhu
sau:

Q

% simopterror.m
function F = simopterror (x)

KP = x(1); % P8i tén bié&n thanh
KI = x(2); % tén cac tham s8& cua
KD = x(3); % cdu truc fig04 09

% Khai bao ché 46 lam viéc cia fig04 09.mdl va bao cho
% Workspace bi&t &€ trao déi bién
opt = simset('solver', 'odeb', 'SrcWorkspace','Current Y

M6 phéng f£ig04 09 trong khodng 0...10s
tout,xout,yout] = sim('fig04_09"', [0 10], opt)
Tinh sai léch bPC; GiA tri dat la 1

F = yout - 1;

¢ — oP
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Viéc ddi tén cac bién ctia ham simopterror.m thanh KP, KI va KD la cin
thiét, vi @6 chinh 13 tén clia cac tham s s dung trong mdé hinh SIMULINK.
Bing simset ta d4t ché dd mé phdéng cho mé hinh £ig04 09.mdl. D#c biét,
simset ('SrcWorkspace', 'Current') c6 tac dung budc qua trinh mé phéng
phai duge thuc hién trong khudn khé Workspace (noi luu giit t&t ca cac bién
hién tai cia MATLAB), va do d6 c6 trao ddi bién giita mé hinh va Workspace.
Diéu nay vé cling quan trong vi trong qui trinh tim bo tham s t6i vu, md hinh
fig04 09.mdl ludn phai st dung dén KP, KI va KD nam trong Workspace.
Qua trinh mé phdng s& dudc 1sgnonlin lip lai nhiéu 1an cho t6i khi thoa man
diéu kién t81 uu (4.33). Cudi cung, dé don gidn héa céng viéc, ta cdt cham 1énh
tim td1 vu trong mot script cé tén simopt .m.

i

%$simopt.m .
$Optimization of simulink model fig04 09.mdl
x0 = [1, 1, 1]; % Gia tri xult phat cla

Q

' % bd tham s& cla PID
6ptions = .optimset ('LargeScale', 'off', 'Display’', 'iter’,
' '*TolX',0.05, 'TolFun',0.05) ;
x = lsqnonlin('simopterror',x0,[],[],options);
% Tim tham s&8 t8i wu
KP = x(1); KI = x{(2); KD = x(3); % Ddi tén trd lai

Sau khi d& hoan t4t cong viéc chuén bi, ta goi:

>> simopt
‘Directional
Iteration Func-count Residual Step-size derivative Lambda
1 3 5.1112 1 -0.77
2 10 4.50158 1 -0.0453 2.33614

Optimization terminated successfully:
Gradient in the search direction less than tolFun
Gradient less than 10* (tolFun+tolX)

KpP =
1.5582

KI =
1.3535

KD =
1.3947

Sau khi da tim duge by tham s§ KP, KI va KD t8i uu, ta thay ching vio mé
hinh £ig04 09.mdl va goi'truc tiép, cho £ig04_ 09.mc1 chay md phdng véi by
tham s6 méi dé thu duge dap tng ddu ra yout (xem hinh 4.9), cit trong
Workspace. D& so sanh hiéu qua ta vé dd thi cia yout (d4p dng budc nhiy clia
déi tugng cé diéu chinh) va yout2 (d4p ting budc nhdy cta ddi tuong khéng c6
diéu chinh). Trudc khi v&, ta con phai tim cach thu thap yout2 nhu dudi day.



188 4 Optimization Toolbox: Cong cu tinh toan tim t&i wu

~ e ~

>> sys = tf(4, [1 2.5 3 4.6]) % Khai bdo d8i tugng sys

o

Transfer function:

s"3 + 2.5 82 + 3 s + 4.0

>> t = 0:10/57:10;

o@

Chu y: Phai dung vdi kich
cd tout trong Workspace

o

>> [yout2, tout2] = step(sys,t); )
% Dap ung budc nhiy ciha sys
>> plot(tout, yout, ‘k~*, tout2, youte, 'r.") .
>> grid on
>> title('Tim tham so PID', 'FontSize',b12);
>> xlabel('t','FontSize',12):
>> ylabel ('yout', 'FontSize',12);
>> legend('controlled y', 'noncontrolled y')
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Hinh 4.10 Ddp itng budc nhéy khi chua c6 DC (nét chém) va khi cé DC bdi khdu PID (nét
lién) vdi bg tham s6°t6i wu tim duge theo phuong phip LQ phi tuyén

Theo hinh 4.10, ré rang nho ¢6 by tham s6 DC t6i wu ma d6i tudng bac 3 dao
dong da duge ting hé s6 tdt ddn mot cach dang ké. Tuy nhién, cin phai chu ¥
t6i cdc déc diém phi tuyén ciia hé (khau DC bi chin vé bién d6 va do doc ¢ dau
ra). Thuat toan LQ cai dat trong Optimization Toolbox tim t&i uu phu thude vao
bién dd cia bude nhiy kich thich va vi vay rat dé bi anh hudng t6i két qua.
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4.8

Tém tit ndi dung chuong 4

Sau khi d3 nghién ctu k§ chuong 4, ngusi doc cAn ndm vitng cac noi dung
sau day:
1. Khai bao va st dung Inline Objects ?

&

A

Hién thi va khai bao Options (dat ché d¢ didu khién) cho cac thuat toan
tim t&1 vu khac nhau ?

Tim diém khéng clia cac ham scalar ?

Giai hé phuong trinh tuyén tinh va phi tuyén ?

Tim t6i thiéu ctia ham scalar ¢6 hay khéng c¢6 diéu kién phu ?

Su dung phuong phap binh phuong sai phén bé nhat tuyén tinh khi cé
hay khéng cé diéu kién phu

Tim bo tham s t6i vu cia mdt ham theo phlidng phap Curve Fitting trén
cd sd chudi gia tri do duge ?

. Ap dung phuong phap binh phddng sal phan bé nhat phi tuyén d6i véi

cac ham vector. Vi du: Nham tim t6i uu cho mé hinh SIMULINK ?



5 Signal Processing Toolbox: Céng cu xu ly tin hiéu

Cac phuong phap xit 1y tin hiéu truéc hét phuc vu ché bién, loc va phén tich
cac s6 liéu thu thap duge. Thong thudng, cac s6 liéu d6 ton tai dudi dang gia tri
do va - @€ c6 thé ch& bién tiép - dugc MATLAB doc vao duéi dang vector. Trong
didu khién tu d6ng, c6 rat nhiéu bai toan (thudc cac pham trit nhu nhan dang,
quan sat va diéu khién thich nghi vv...) cin céc gia tri do d& qua x Iy - ché&
bién thich hgp. Chinh vi vay, Signal Processing Toolbox c6 mét ¥ nghia diic biét
d61 véi linh vyc xi 1y tin hiéu néi chung, va diéu khién - tu dong héa néi riéng.

5.1 Phuodng phap ndi suy (Interpolation)

Cac phép do thudng dugc thyc hién tai cac thoi diém gian doan (cach déu
ho#c khéng cach d&u). Tuy nhién, lic sit dung cac gia tri do dudc, d6i khi ta cdn
ca cac gia tii ndm giita cac thdi diém do. Cong cu ndi suy (Interpolation) sé cung
cdp cho ta cac gia tri ndm giita d6. Trong MATLAB ta c6 thé sit dung 1énh
interpl (x_value,y_value,x_processing, method) & thuc hién néi suy mét
chiu, hay interp2 va interp3 @& thyc hién ndi suy nhjéu chiéu hon. Khi
thyc hién ndi suy, cac s6 liéu do phai dugc sdp x&p theo trinh tu toa d6 tang dn
(giong lénh vé surf).

Vi du 6 hinh 5.1 (bén trai) dugc thyc hién bdi chim 1énh sau day. Hinh @6
cho ta théy rat rd, duy nhat hai phudng phap Splines va Cubic cho phép ngoai
suy (Extrapolation) vugt ra khoi khoang bi chin bdi cac budc thé.

>> x rough = -0.6:2.4; % Chon budc thd
>> x fine = -1:0.1:3; % Chon budc ndéi suy
>> data = exp(-x_rough."2/2); % S8 liéu do duoc

[

% N&6i suy s8 liéu theo cédc phuong phap khac nhau

>> inter_linear = interpl(x_rough, data, x_fine, 'linear');
>> inter_cubic = interpl (x _rough, data, x_fine, 'cubic');
>> inter_Spline ="interpl (x_rough, data, x_fine, 'spline');

$ V& d6 thi d€ so sanh

>> figure

>> plot (x_rough, data, 'k*');
>> hold on;



192

5 Signal Processing Toolbox: Cong cu xu 1y tin hiédu

>>
>>
>>
>>
>>
>>
>>

plot (x fine,
plot (x fine,
plot (x fine,
plot(x fine,
grid on;

legend ('Test

exp(-x_fine."2/2),

inter linear,
inter cubic,
inter spline,

r.

"ki');
"b-"');

‘g--"');

")

Points', 'ideal', 'linear’', 'cubic', 'spline’);
title('interpl', 'FontSize',12);

1.2

1

08

interp1
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Hinh 5.1 Cdc phuong phdp néi suy khdc nhau

Néu ta c¢6 bo dit liéu nhiéu chiéu chua duge #& ly, ta c6 thé dang
griddata (x_value,y_value,z_value, x_proc,y_proc, method) dé tao ra khung
s6 liéu. Lénh griddata phi hgp dé tao ra (va hién thi dé hoa 3-D) mot ludi tix
cac sd liéu do ¢6 phan bo khong déu nhu hinh 5.1 (bén phai), dude tao bdi chum
lénh duéi day. Lénh rand (rows, columns) tao ra mét ma tran vdi kich ¢d tiy
theo ta khai bao véi gia tri ngiu nhién trong khoang 0.:.1.

>>
>>
>>
>>

>>

>>
>>
>>
>>
>>

rand
rand

H]

X
y =
z =
[XI, YI}
ZI =

mesh (XI,
hold on;

YI,

plot3(x, vy, z,
title('griddata', 'FontSize',12);

hold off:;

= meshgrid

(100,1)*4-2;
(100,1)*4~-2;
X.*exp (-x

2=y N2)

griddata (x, y, 2z, XI,

Z21);

lol);

9

°

O I ¢ IO

Tao vector s& nglu nhién

(-2:0.25:2,

I

Vé

Vé

% Cac gia tri thu
-2:0.25:2);
Tao khung toa dd
, 'vat);

Tao ludi ZI tlr gid tri thw
(n8i cac diém)

ludi Z1

cdc diém trén lusi
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Né&u can phai tim mdi quan hé ham giita cac s6 liéu do bing cac ham néi suy,
ta c6 thé st dung cong cu Basic Fitting. D& st dung, trudc hét ta bidu dién s§
liéu do bang mét céng cu d6 hoa. Sau dé goi Basic Fitting-Tool trong menue
Tools cta d6 hoa méi vé. D& minh hoa ta hay vé cac gia tri ctia vi du ¢ hinh 5.1
(bén trai) bing cac 1énh duéi day: '

>> x rough = -0.6:2.4;
>> data = exp(-x_rough.”2/2);:
>> figure

>> plot (x_rough,data, ‘ko')

Sau d6 ta vao menue Tools cua GUI thu dugc va chon Basic Fitting, mot cliia
s6 méi (hinh 5.2, bén phai) md ra va ta c¢6 nhiéu kha nang dé lua chon phuong
phép néi suy, kém theo thuyét minh vé dusng cong (legend, bén phai phia trén
clia @6 hoa). N&u ta chon thém 6 Show Equations, tham chi thu dugc ca phuong
trinh cla cac dudng cong néi suy (hinh 5.2, bén trai).

Fie Edkt | view [Insert Tools Window Help Select data: r_—uatm _"__I,.
“D = o QI XA A/ ’ B e I Center ang scalstalar
Using Basic Fitting Tools ‘[.Plolﬁ'c
? .
1.2 T T —r T ~r s Check to display fits on figure
! } . | o datat

I~ spline interpolant
I~ hermite interpolant
I7 linear

[V quadratic

¥ cubic

[~ 4th degree polynomial
™ 5th degree polynormial
I~ 6th dearee palynomial _‘J

H : . : ;| = linear
Tkt L, - : foaao- : quadratic

08k RSN :

06/ ; ; f i

[ b ‘ © o ¥ 8how equations

H : : } : Significant digits: ]2 "I
[ PO

0 29 + 081 I™ Piot residuals
y= X+

oboy= ..QJ__)_(....0_1..111_0‘8&“.._.,__,A,s _________ i ' fearpol <]
v= om' 04958 0061‘x+1 ‘ : : | T —

™ show norm of residuals

Hinh 5.2 Ngi suy bing cong cu Basic Fitting trong menue Tools cia GUI

02 i i ; : : i
-1 -05 0 08 1 1.5 2 2.5

Lgi th& 16n nh4t cha cong cu Basic Fitting 1a tao cho nguoi st dung kha nang
danh gia nhanh hiéu qua n01 suy bang dd hoa. Tuy nhién, néu cin cac két qua
c6 d6 chinh x4c cao, hay can xu 1y — ché bién trong cac scripts thi dung 1énh
interpl van thuan lgi hon.

Mbét céng cu kha tot niia cha GUI la Data Statistics (hlnh 5.3, bén phai),
chon tit menue Tools. Trong clta s6 Data Statistics ta c6 thé doc duge cac gla tri
trung binh, sai léch chuén, gia tri median (trung binh théng ké) va mot s gia
tri théng ké khac nita.
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ek alalx
Flo EGt Vew lnsert Toos Window Help
fcs@aixar i@
Using Basic Fitling Tools
12 - - -~
: : : : o datat
! H : 1| — lingar
N SRR U N S t{— guadgatic |4
% H i —— cubic

[ek:] R ST foeeenenes fooeeneened
R . (0l xi
°e Slatistics for Ida(a 1 v[
Check to piot stalistics on figure
[0 o SUbCRLRE L ST R LEL ML SISl
I X Y
min ~-0.6( 0,056L3(f
g2 max 2.4i" 6.9231)1
y=- 029‘x+081 mean 0.9 0.5475/"
o ¥~_Q1-)52 QLJ')HO% j H e median 0.9]17, 0,6053{I"
y=034% - 049% - 0.0§1 a1 : std 1290 0.4062|[~
! H i H range 3 0.667
: : H : T 0
i ] h 1 L
_0'2-1 05 o] 05 1 16 2 25
Bave lawavksnace...l Hsip l Ciose J

Hinh 5.3 Ddnh gid két qué noi suy ciia Basic Fitting bang cong cu Data Statistics

Noi suy
interpl (x_value,y_value,x_processing, method)  Néi suy
griddata (x_value,y_value,z_value,x_proc, ... Taokhung sd liéu
y_proc, method)

Basic Fitting ch)i,suy bér}g GUI
Data Statistics Thong ké bang GUI
5.2 Bién ddi Fourier gian doan - .

Bién ddi Fourier (Fourier Transformation) 1a cong cu quan trong st dung
trong phan tich s6 liéu trén mién tan s6. Cong thic bién ddi Fourier lién tuc
nhu sau:

j K(t)e i“tdt (.1)

De 6 thé xit ly ducc cac s6 lidu do thu dugc tai cac thdi diém gian doan, ta
can phép bién d6i Fourier gian doan (Discrete Fourier Transformation: DFD).
Dé tinh x4p xi cong thitc (5.1), ta thay phép tich phan bdi phép tinh tdng N dién
tich hinh chit nhat c6 chiéu cao 1a A(nT) véi T 14 chiéu réng cta cac hinh chit
nhat. T chinh 13 chu ky trich mAu cta phép do, F = 1/7'1a t4n s6 trich miu va N
14 s6 lugng gia tri do.

N-1 .
Hy(oy)= Y [h(nT)e " ] (5.2)

n=0
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DFT chi dugc dinh nghia cho tin s6 gian doan @, = kAw, Do phan giai tan &
Aw = 24/(NT) hodic AF = 1/(NT) 1a ty 1& nghich véi khodng thdi gian do. Tan s6
t81 da c6 thé do duge 1a F,_ = F/2 = 1/(2T). Tuy theo géc pha cla ting tin s&
thanh phén, ¢6 thé xu#t hién cac hé s§ Fourier véi gia tri phic.

Lénh fft (x) cia MATLAB c6 tac dung ché bién vector s6 liéu x, tra lai két
qué dudi dang mot vector cé cung dd dai véi x, va cac hé s§ Fourier!. Cac hé sd
Fourier ¢ hai khoang d61 xting 1 <k <N/2va N/2 <k <N.

Né&u cin xac dinh cac hé s6 thuc a,, b; ctia chubi Fourier:

K
a : .
h(t) = _éo_ + Z[ak cos (kayt) + by sin (kayt) | (5.3)
k=1
bing céng cu DFT, ta cin chi ¥ téi chu ky trich m&u T va chun héa két qua

bing thdi gian do NT. D& lam diéu d6 va dé xét téi chidu rong T cha lugng ti
dién tich chit nhat, ta chia cac phin t& cia H, cho N. Dong thdi ta tach dai tin

trén F,,, ra, vi g&p doi s§ phan ti con lai (khong k& thanh phin mot chiéu c6
chi sé 1).
2 2
a, = TV—Re {Hy(R)}; b, = —Flm {H,(k)} (5.4)

Trong vi du dudi day, trudc hét ta tao ra mot vector gia tri do x kém theo
vector thdi gian ¢t. Sau d6 ta xac dinh chu ky trich mau 7', s6 lugng N cua gia tri
do va vector tan sd f. K&t qua bién d6i H dudc chuin hoéa va han ché vao pham

vi < F,... Tin hiéu do va phd tdn dudc minh hoa 4 hinh 5.4.
> t = 0.01:0.01:0.5; % Vector thd&i gian (F=100Hz)
>> x = 5 + 8*sin(2*pi*8*t) + 4d*cos (2*pi*33*t);
% Vector s& liéu do
>> T = diff (£(1:2)); $ Chu ky trich miu
>> N = length (x); % Chiéu dai vector s& liéu
>> £ = [0: (N-1)/2] / (N*T); % Vector té&n s8 {phuc vy in)
>> H = fft(x); % Bién ddi Fourier
>> H = H/N; % Chuin héa
>> H = [H(l) 2*H(2:N/2)]; % Gi¢i han vao <F max

Dé hién thi k&t qua bién d6i Fourier vita thyuc hién, ta vé d6 thi nhu sau:

>> figure;

>> subplot (121); $ V& @6 thi tin hiéu do
>> plot(t,x):;

>> title('Signal’', 'FontSize',12);
>> subplot (122); % V
>> plot(f,abs(H),'o");

>> xlabel ('Frequency [Hz]',6 '"FontSize',12);
>> title('Spectrum', 'FontSize',12);

8 phd tan thu dugc

! Trong MATLAB chi s§ (index) dugc d6m tit 1 dén N, chit khong phai t¥ 0 téi N-1
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Signal Spectrum

: : 4
i i i i 000 400000009 |
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Hinh 5.4 Tin hi¢u ban ddu va phé tdn s6

Trong vi du trén, chu ky trich mau 7 = 10ms va tin s6 cao nhit c6 thé do
dugc 1a F,,_, = 50Hz. Cé tat ca 50 gia tri do da duge xt 1y. Do phan gidi tan s6 12
AF = 2Hz. Phé dudc tinh cho cac tdn s6 0, AF, 2AF, ..., F,..., néu xuat hién mét
thanh phan tan s8 cla tin hidu do duge ndm gitia cac tan sé tinh (hinh 5.4: nam
gitta vac ch&m tron), 6 chinh 1a do hién tugng dd tan s6' (Leakage Effect) gay
nén: Bién d6 ¢6 phan b rai sang ca cac tan s6 1an can. Hién tugng nay sé& xuit
hién khi khoang thdi gian do NT khéng phai 12 bdi s& (g8p mdt s6 nguyén 1an)
cla chu ky cta thanh phan tin hiéu cAn duge phan tich.

Viéc chon d6 phan giai tdn s6 AF min hon nhadm muc dich loai trit do tdn s&
cting chi ¢6 tac dung han ché, vi qua d6 tap Am s& c¢6 anh hudng manh hon. Bién
phap t6t hon 12 s dung cac ham cla s6 (windows function) hoic tao gia tri
trung binh (phudng phap Averaging).

-

5.2.1 Phuong phap Averaging

Né&u ¢6 mdt bd s6 lidu do di dai, ta cé thé chia thanh nhidy chum (sequences)
dé c6 thé st dung bién ddi Fourier (phan tich phd) cho tiing chum, tiép theo ta
tinh gia tri trung binh cho titng phé vita thu dugc.

Vi du sau day st dung bd s6 liéu do duge cha mot tin hidu trong khoang hon
25s. Ta chong thém vao tin hiéu d6 mot lugng tap Am c6 phan bd chuin bing
lénh randn (rows, columns). D6 dai cia chum duge chon trude 12 N_seg=50
diém do:

>> t = 0.01:0.01:25; % Vector thdi gian

! Ban doc quan tam téi Leakage Effect & phai tut tra citu tai lidu chuyén vé xit 1y tin hiéu
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>> x = 5 + 8*sin(2 pi*8*t) + 4*cos(2*pi*33*t);
% Vector s& liéu (gia tri do)

>> x = x + 5* (randn (1, length(t)));

$ Tao thém thanh phdn tap am
>> N _seq = 50; % Chiéu dai cla sequence
>> T = diff(t(l:2)); % Chu ky trich miu
>> N = length(x); % Cchiéu dai vector s8& 1liéu
>> f = [0:(N_seg~1)/2] / (N_seq*T);

% Vector tén s&
>> H = zeros(l,N seq); % Khai vector phd tén sd&
>> for k = 1:N/N_seq ,
>> x seq = x(1l+(k-1)*N_seq:k*N_seq); % Ca&t sequence
>> H = H + abs (fft(x seq)); % DFT va tinh tdng
>> end;

>> H = [H(l) 2*H(2:N seq/2)] / N;

% Gidi han, chudn hoa
% V& phd tan s&: Hinh 5.5, bén tréai

>> figure;

>> subplot (121);

>> plot(f,abs(H),'0o');

>> xlabel ('Frequency [Hz]', 'FontSize',12);

>> title('Spectrum with Averaging', 'FontSize',12);
>> grid on;

Spectrum with §0 Times Averaging Spectrum without Averaging

Amplitude
Amplitude

(2% $0900990099 o00go00s = ; ;
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Frequency [Hz] Frequency [Hz}

Hinh 5.5 Phé tan thu duoe bing DFT khi ¢ (hinh trdi) va khong (hinh phdi) si dung
phuong phdp Averaging dé'loai triz do tdn sé

bé dé dang so sanh, ta vé phd tin cla trudng hop khéng st dung phuong
phap Averaging bang doan 1énh sau day (hinh 5.5, bén phai).
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>> t = 0.01:0.01:0.5; % Vector thoi gian
>> x = 5 + 8*sin (2*pi*8*t) + 4*cos(2*pi*33*t);
>> x = x + 5*(randn(1l,length(t))); % Vector s& liéu (gia

<% tri do) cé tap am
>> T = diff(t(1:2)); % Chu ky trich miu
>> N = length(x); % Chiéu dai vector s& liéu
>> f = [0:(N=-1)/2] / (N*T); % Vector té&n sé
>> H = zeros(1,N); % Khai bao vector phé tén
>> H = fft(x); $ Bién ddi DFT
>> H = [H(1) 2*H(2:N/2)] / N; % Gidi han, chudn héa
>> subplot (122); % V& hinh 5.5 bén phai
>> plot (f,abs(H),'o"):
>> xlabel ('Frequency [Hz]', 'FontSize',612);

>> title('Spectrum without Averaging', 'FontSize',12);
>> grid on; "

5.2.2 Phudng phap tao cira sé s6 liéu

Ngoai Averaging ta c6 thé sit dung phudng phAp tao cda s8 s§ liéu (trudc khi
thyc hién DFT) dé han ché& hién tugng do tdn s6. Y tudng co ban clia phuong
phap c6 thé duge dién dat nhu sau: Viéc thuc hién phép do mét tin hiéu tudn
hoan dai vé6 han trong mot khoang thai gian hitu han (quan sat dudi gidc d¢
toan hoc) tuong dudng véi viéc nhan tin hiéu can do véi mot ham cé6 dang hinh
chit nhat, goi 1a ham ciza s6 hinh chit nhdt. Ham c6 gia tri 1 trong khoing thai
gian do, ngoai ra la bing 0. Trén mién tin s6, diéu dé ng vdi phép tich chap

_gitta phd tan s8 hitu ich va phd tin cta cla s6 hinh chit nhat. Téc d6 tit dan

cham cla phd tin cia s§ (4ng vdi sudn c6 d6 doc rat 16n clia clta s8) chinh 1a
nguyen nhan cta hién tugng do tin s§. Néu thay vao do ta sit dung mét ham
c11a s6 ¢6 sudn khéng qua déc (co nghia la: khong phal s0 lidu do nao ciing c6 hé
s6 trong Iugng 1), khi 4y ¢6 thé han ché& do tdn s8 rat nhiéu. Trong MATLAB da
c6 sdn mdt s6 lénh tao ham cla s6 véi chiéu dai n nhu: boxcar (n),
hamming (n), barlett (n),blackman(n) va hann(n).

Khi st dung ham ctia s6, ta sé khong thuc hién DFT cho toan bd tap sd liéu
nita ma chi 4p dung cho phan s& lieu do clta s6 cit ra. Ca phap goilénh £t déi
v4i bd b lidu x stt dung clta s6 Hamming 1a nhu sau:

H = fft (hamming(length(x))’ .*x);
Vi du sau day s€ minh hoa rd hon cach stt dung cac lénh trén. -

>> t = 0.01:0.01:0.5; % Vector t (F=100Hz)
>> x = 8*sin(2*pi*ll*t) + 4*cos(2*pi*33*t);

% Vector s& liéu do
>> T = diff(t(1:2)); % Chu ky trich mau
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>> N = length (x);

>> f = [0:(N-1)/2} / (N*T);
>> H = fft (hamming(N)'.*x);
>> H = H/N;

>> H = [H(1l) 2*H(2:N/2)];

>> subplot (121);

>> plot(f,abs(H),"'0");

>> axis ([0 50 0 101);

>> xlabel ('Frequency [Hz]', 'FontSize',12);

>> ylabel ("Amplitude [Hz]','FontSize',6 12);

>> title('Spectrum with Hamming Windows', 'FontSize',12);
>> grid on;

Spectrum with Hamming Windows * §pectrum without Windows Function
o]

- Amplitude Hz)
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Hinh 5.6 Ph&tin thu duge bing DFT khi 6 (hinh trgi) va khong (hinh phdi) s dung
phuong phip ciza s6 Hamming d¢ logi triz do tdn s6” -

D4 thi clia phd tin § bén phai clia hinh 5.6 duge vé bdi chiim 1énh tuong tu
nhu hinh 5.5. So sanh hai phd ta d& dang rit ra nhan xét: Khi st dung cta sd
Hamming, hién tudng do chi con x4y ra § 1an c4n hai tin s§ 11Hz va 33Hz va
déng thoi bién d6 (amplitude) cling giam di. Quyét dinh cuéi cung: Cé hay
khong stt dung ham clia s, sé phai dugc quyét dinh tuy theo ing dung cu thé,
xem lidéu c6 duge phép hay khong.

M6t céng cu phéan tich phd khéng kém phén lgi hai khac cia MATLAB la
lénh spectrum(x), c6 kha nang tinh va hién thj phé mat d6 cong suat'. Cho
dén nay ta mdi dé cap dén lénh fft (x), c6 tac dung bién ddi Fourier cho mét
tap s6 lidu x, tic 1a bién d6i Fourier mét chiéu. Trong trudng hop ta cé nhiéu
tap 's§ liéu do, duge sdp x€p trong ma trdn X, khi 4y ta c6 thé st dung lénh

! Phé mat dd cpng sudt md ti nang lugng clia cac thanh phén tdn s6 thude phd va duge xac
dinh nthd binh phuong cia cac hé s§ Fourier.
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Y=££t2 (X) dé tim anh Fourier hai chiéu cia X. C6 tac dung ngudc lai véi £t
va fft2 1a caclénh ifft va ifft2. ifft (y) c6 tac dung bién d6i nguge anh vy,
néuy=fft(x),tacéh:x= ifft(y) = ifft(fft(x)). Tudngty, ifft2(Y) cb
tac dung bién ddi ngugc dnh Y, néu Y = £ft2(X), ta ¢6: X = ifft2(Y) =
ifft (££ (X)),

Bién déi Fourier gian doan .
fft (x) Bién d6i Fourier gian doan (DFT) mét chiéu
fft2 (X) Bién 81 Fourier gian doan (D¥FT) hai chiéu
1t (x) Bién d6i nguge anh fft
1£5t2(X) Bién d8i ngudc anh fft2
spectrum (x) Phan tich kém theo phé cong suit
boxcar (order) Ham clta s6 chit nhat
hamming (order) Ham ca s6 Hamming
bartlett (order) Ham ctta sb Bartlett
blackmann (order) Ham clia s6 Blackmann
hann (order) Ham cia s6 Hann
rand (rows ,columns) S8 ngAu nhién trong khoang 0 ... 1
randn (rows ,columns)  S& ngiu nhién (tap 4m) phan bs chuin

5.3 Ham tuong quan (Correlation Functions)

Ham tuong quan dude st dung dé phén tich sy tudng dong, hay tham chi
kha ning déng nhat giita cac tin hiéu. Ham tudng quan dugc dinh nghia cho ca
tin hiéu lién tuc 1An tin hiéu gian doan. D& phan tich dudc bing MATLAB, cac
tin hiéu déu c6 sin dudi dang gian doan, vi vay tai diy ta sé chi quan tAm tdi
ham tudng quan cua cic tin hiéu gian doan. Ham tuong quan chéo (cross
corelation functions) ®,, gitta hai tin hiéu x(n) va y(n) dugc dinh nghia bdi:

D, (k)zz—i]—é[x(nJrk)y(n)] (5.5)

C6 thé tinh ham tudng quan ctia mét tin hiéu duy nhat, goi 1a ham tu tuwong
quan ®_, (autocorelation functions) dinh nghia nhu sau:

N
@, (k) =+ S[x(n e k)x(n)] (5.6
Céac ham tuong quan déu 1a ham chin, vi vay:
@, (~k) =@, (k); B, (-k) =@, (k) 6.7

Dé tinh duge ham tuong quan mét cach chinh xac, thuc ra ta cin sit dung
moét tap s6 liéu dai vé han, nghia 1a N — «. Cac céng thic (5.6), (5.7) chi 14 céng
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thitc gAn ding, v6i két qua tinh tiém can truong hgp ly tudng khi N tang. Tuy
nhién, tai liéu nay sé& khong di sdu vao van dé tuong quan.

Trong MATLAB, ham tuong quan chéo @, giita hai tin hiéu duge tinh bdi
lénh xcorr: )

¢cxy = xcorr(x, y, ‘options’)

Trong lénh trén, x va y la gia tri trich mau cta cic ham thoi gian. Né&u
khéng khai bao options, ham tuong quan ®,, sé khong dugc tinh cho toan b
chiéu dai N cla tin hiéu, nghia la: Hé s§ 1/N trong cong thuc (5.6) sé mat di.
Né&u gan cho options gia tri biased, khi 4y ta thu duge két qua theo (5.6).
Ham ty tudng quan @,, chi cAn mt vector bién vao x 1a da.

cxx = xcorr(x, 'options’)

K&t qua ctia xcorr la mdt vector c6 o dai 2N-1. Khi chiéu dai cla tap s&
liéu 1a N, ham tuong quan tim dugc chi xé dich trong khoang -(N-1) < & < N-1.
Ngoai khoang d6, ham tuong quan cé gia tri la 0. Trong pham vi hai vector cxx
va cxy, cac phan tl cia ham tuong quan duge sip xép theo thit tu nhu sau:

P (—N+1)=cxx(1)
P (—N+2)=exx(2)

O} (0) cxx(N) (5.8)
®,. (1)=cxx(N +1)

P (N —1)=cxx(2N -1) !

Vi du: Ham tu tuong quan

D& minh hoa phuong thitc tim ham tu tuong quan ta hay quan sat mét khau
truyén dat don gian. Trong vi du d¢, tin hiéu c6 ich (tiéng néi, gia tri do) bi
nhiéu béi t1er1g vong. Bing céng cu ham ty tuong quai, ta xac dinh thdi gian di
chuyén cta tiéng vong (hinh 5.1).

Truéce hét ta tao ra tin hiéu c6 ich duéi dang chudi ngdu nhién trong khoang
thoi gian 0,5s véi tan s8 trich mau F,. Tiép theo, ti tin hiéu ban d4u ta tao hai
tin hiéu vong (bang cach lam tré 30ms va 100ms) cé suy giam. Cudi cing, ta
kiém tra ty tuong quan cta tin hiéu hén hgp méi tao.

% Pad8 cd tin hiéu (&m thanh, tin hiéu do, vv...)

>> Fs = 44.1e3; % Tan s8 44,1kHz
>> Ts = 1/Fs; % Chu ky trich miu
>> t = 0:Ts:0.5;

>> endIndex = length(t):

% Tao tin hiéu cé ich duéi dang s& ngdu nhién
>> signal = randn(l,endIndex]);
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% Tai vi tri b&t ky xudt hién tin hiéu vong di bi suy gidm .

>> echol = zeros(l,endIndex);

>> delayl = 30e-3; 3

>> delayIndexl = ceil (delayl/Ts);

>> echol{(delayIndexl:endIndex) = 0.5*signal (l:endIndex
-(delayIndexl-1));

>> echo2 = zeros(l,endIndex);

>> delay2 = 100e-3;

>> delayIndex2 = ceil (delay2/Ts);

>> echo2(delayIndex2:endIndex) = 0.l*signal (l:endIndex
- (delayIndex2-1));

% HOn hop tin hiéu cé ich va tiéng vong

>> compound = signal + echol.+ echo2;

$ Tim ty tuong quan (autocorrelation) cha tin hiéu hén hop

>> cxx = xcorr (compound, 'biased');

% V& d6 thi phia truc duong

>> subplot (121)

>> plot(t(1:221),compound(1:221));

>> title('Total Signal','FontSize',12);

>> xlabel ('Time [s]','FontSize',12); axis ({0 0.005 -3 3]);
>> grid on;

>> subplot (122)

>> plot (t,cxx(endIndex:2* (endIndex)-1));

>> title('Rutocorrelation’, 'FontSize',12);

>> xlabel('Shifting k\cdot Ts', 'FontSize',12);
>> axis ([0 0.5 -0.1 1.5]); '
>> grid on; '
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Hinh 5.7 Ham tu tuong quan phuc vy tinh thdi gian chay cta tin hiéu vong
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Vi du: Ham tugng quan chéo

Véi su trg gitip ciia bén may phat, ta cin xac dinh dugc vi tri cia mot may
thu, bd tri cing trong mot phong véi cac may phat. Vi tri cia cac may phat dugc
coi la da biét. T4t ca bén may phat cung phat theo chu ky cac chudi tin hiéu
khéc nhau, bao gdm hai gi4 tri -1 va +1. May thu thu dudc ca bén tin hiéu da bi
tré va tap am gay nhiéu. Bang ham tuong quan chéo ta xac dinh dugc khoang
cach cia may thu téi cac may phat.

Trudc hét ta tao ra chudi Bits +1 va -1. Sau do, ta khai bao cac khoang thoi
gian chay cta tin hiéu tit b6n may phat va tao cac tin hiéu bi tré v6i khodng
thoi gian chay d6. Can chi ¥ 1a ca bon may déu phat tin hiéu lap lai. Tin hiéu
hén hop tit bén ngudn duge x&p chdng thém mot thanh phan tap Am. D& tim
dude khoang cach (tic 1a: tim dudc thoi gian tin hiéu chay tit may phat t6i may
thu), cAn phai tim ham tudng quan chéo giita titng chudi Bits phat riéng ré véi
tin hidu hén hgp ma may phat thu dudgc.

Chudi lénh MATLAB thuyc hién qua trinh vita mé ta va vé d6-thi ¢ hinh 5.8 1a
nhu sau:

T4n s8 trich miu do 10kHz
Chu ky trich midu do

o°

>> Fs = 10e3;

>> Ts = 1/Fs;

>> t = 0:Ts:0.5;

>> endIndex = length(t):;

[

>>-seql = sign(randn(1l,5001)); % B&n tin hiéu

>> seq2 = sign(randn(1l,5001)); % phat gidéng nhau
>> seqg3 = sign(randn(l,5001));

>> seq4 = sign(randn(1l,5001));

i

o

>> delayl = 100e-3;
>> delay?2 200e-3;
>> delay3 = 150e-3;
>> delay4 = 400e-3;
>> delayIndexl = ceil
>> delayIndex?2 ceil
>> delayIndex3 ceil
>> delayIndex4 ceil

Khai bao thdi gian tr& cua
tung tin hiéu tai may thu

o

delayl/Ts);
delay2/Ts);
delay3/Ts);
delay4/Ts);

o
~ o~~~

% Tao 4 tin hiéu bi tr& bAt dugc tai may thu
>> delayedSeql = [seql(length(seql)-delayIndexl:
' length(seql)) seqgl(l:length(seql)-delayIndexl)];
>> delayedSeq2 = [seq2(length (seq2)-delayIndex2:
length(seq2)) seq2(l:length(seg2)-delayIndex2)];
>> delayedSeq3 = [seq3(length(seqg3)-delayIndex3: ’
length(seq3)) seg3(l:length(seq3)-delayIndex3)];
>> delayedSeq4 = [seqg4(length(seqgd)-delayIndex4:
length(seqg4)) seqgd4 (l:length(segd)-delayIndex4)];
>> noise = randn(l,endIndex); % Vector tap am
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% Tin hiéu hdn hgp do may thu thu duogc
>> compound = delayedSeql (1:endIndex)
+ delayedSeqZ (1l:endIndex)
+ delayedSeqg3 (l:endIndex)
+ delayedSeqg4 (l:endIndex) + noise;

$ Lan lugt tim tuong quan chéo gifta tin hiéu hén hogp
% compound va tung tin hiéu seql, seg2, seg3 va seg4
>> cxyl = xcorr (compound, seql, 'biased’')
>> cxy2 = xcorr (compound, seqg2, 'biased');
>> cxy3 = xcorr (compound, seq3, 'biased’)
( )

’

>> cxyd = xcorr (compound, seqg4, 'biased’);

% Bi&u di&n cac ham tuong quan chéo trén cung mdét dd thi

>> plot(t,cxyl((length(cxyl)-1)/2+1:1length(cxyl)),
t,cxy2 ((length(cxy2)-1)/2+1:length(cxy2)),
t,cxy3 ((length(cxy3) - )/2+1:length(cxy3)),
t,cxyéd ((length(cxyd) - /2+1:length(cxy4))),

>> legend('S1l, 100ms', 'S2, 200ms', 'S3, 150ms’
's4, 400ms',—1);

>> xlabel ('Time (s]', 'FontSize’,12};

>> axis ([0 0.5 -0.2 0.9]);

>> title('Cross Correlation', 'FontSize',12);
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Hinh 5.8 Ham tuong quan chéo s dung dé’tim thoi gian tin hiéu chay
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Dé xac dinh phd cha ham tu tuong quan va ham tudng quan chéo, ta st
dung 1énh csd (cross spectral density). Lénh csd tinh ph8 mat d6 cong suit tu
tuong quan va tuong quan chéo.

[Pxy f1 = csd(x, ¥y, nfft, fs, window)

Gia tri ma csd tra lai 1a phé mat d6 céng suét Pxy va cac tn s6 kém theo 7.
Bén canh hai tap gia tri do x va y, ta con cé thé khai bédo chiéu dai cua phép
bién déi Fourier cdn thuc hién, tdn s& trich mau va loai ham ctia sé (muc 5.2. 2)
ta muén st dung. Lénh csd sé thuc hién nhiéu phép bién ddi Fourier nhu s8
lugng gia tri do. Phd tdng hdp thu dude 1 gia tri trung binh cta cac phd riéng

18. Phé méat d6 céng suit tu tuong quan duge tinh bing csd(x,x, . ..), hoic
psd (x, . ..). Cach st dung psd giéng nhu csd.
Ham tuong quan
xcorr (x, y, 'options’) Ham tuy tuong quan va tuong quan chéo
csd(x, ¥y, nfft, fs. window) Phc‘i mat 46 cong sué:t tuong quan chéo
psd(x, nfft, fs, window) Pho mat dd cdng suat tu tuong quan

5.4 Loc so (Digital Filter)

.Dé c6 thé 1am nhut b6t hay tén thém modt dai tdn s6 nhat dinh nao d6 cta
tin hiéu, ta thuong st dung bd loc. Loc s6 duge phan thanh hai loai FIR! va IIRZ.
Ham truyén dat clia bd loc s6 ¢6 dang tong quat trén mién anh z sau day:

y_ o) B ,,
iz ==
x(z' ) A(z_ )

(5.9)

bh+bz T+ bz P+ 4b, 2"

a+taz taz P+ +a, 2"
Trong (5.9), x va y 14 tin hiéu vao va tin hiéu ra cia b¢ loc. Chuyén sang
dang phuong trinh sai phan, gia tri thi £ cla ddu ra y(k) chinh la téng cac gia

tri qua khit clia dau vao, dau ra, sau khi nhén véi mot hé sd trong lugng nhat
dinh.

aly(k)———b,x(k)—}—bzx(k—l)—}—-'- +b,,x(k—m)

, (5.10)
—a,y(k—1)—-- —a,y(k—n)
Déi véi bd loc FIR, cac hé s6 a, = ... = a,,, = 0, vi gi4 tri dau ra chi dugc tinh

ti cac gia tri dau vao. Dong thit 2 cia (5.10) sé khéng tdn tai.

! Pinite Impulse Response
2 Infinite Impulse Response
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5.4.1 B loc FIR va ham cira sé

B% loc FIR c¢6 dap tng xung hitu han va vi vay (dudi gidc do hé théng diéu
khién) rat 6n dinh. Bé.loc c6 tac dung lam léch tuyén tinh géc pha cta tin hiéu
vao va thdi gian tré trung binh 1a 7, = m7/2, T'1a chu ky trich mau. So véi bd loc
[IR, nhudc diém chinh cta FIR 1a bac m (s6 lugng cac phan t) kha cao.

Viéc tinh toan, thiét k& mot bd loc FIR théng thap duge thyc hién nhd 1énh:

firl (order, limitfrequency, window)

Két qua do 1énh firl cung cip la vector hé s6 c6 46 dai m+1 (hinh 5.9, bén
trai, nét *). Sau khi chuén héa, tin s6 ¢ gia tri nim trong khoang 0...1, trong
d6 1 dng v6i % cha tdn s§ trich mau. Tham s8 order 1a bac cﬁa bd loc,
limitfrequency 1a tan s gi6i han va window dac trung cho ham cta s6 ta dinh
st dung. Néu blen lzmztfrequency chaa hai g1a tri, ta c6 thé khai bao gigi han
trén va dudi cia mot dai tdn s6 ma ta mudn cho di qua hay chan lai, Mét vai
cach st dung dic trung duge tap hop lai dudi day:

£irl(20,0.2) Loc thong thap: < 0,2F, .
fir1(20,0.2,"high") Loc théng cao: > 0,2F, .
firl(20,[0.2 0.4]) Théng bang tan: 0,2F,,.. ... 0,4F,. .
£irl(20,(0.2 0.41,”stop’)  Chin bang tin: 0,2F,, ... 0,4F,

Hinh 5.9 (bén phai) minh hoa ham truyén dat ciia mét bd loc thong thap. Ta
¢6 thé nhan thay hién tugng map mé dang séng & gan tan s6 téi da F,,, (hién
tugng c6 tén Gibbs). Hién tuong dé c6 thé dude han ché nhd cac ham cua s
khac nhau. Lénh firl méic dinh s& dung cia s6 Hamming. Trong muc 5.2 ban
doc da lam quen véi tac dung cia ham clta s6, nhadm han ché& hién tuong do tin
s6 khi thuc hién bién di Fourier. Ham truyén dat ctia b6 loc dudc tim nhd 1énh:

freqz (num,den, points, samplingfreq)

Lénh freqz tinh ham (5.9) véi z* = exp(~jk@T). Tham s6 points xac dinh d9
phén gidi, tdn s trich mau samplingfreq duge khai bao véi thit nguyén 1a Hz.
Mau s6 den ¢c6 gia tri 1 (chi dé1 véi bd loc FIR), tit s6 num chita chinh cac hé s§
cua bd loc vita thu duge sau khi thyc hién 1énh firl. Khi thiét k& bo loc FIR
cdn luu ¥: Chiéu dai ctia ham clta s6 bao gio ciing 1a m+1. Ta hay thuc hién vi
du & hinh 5.9 bang chum lénh dudi day:

% Thi&t k& bd loc

>> B+= firl(20,0.2,boxcar (20+1)):

>> Bw = firl(20,0.2,hamming{length(B))) ;" .
% Ham truyén dat cla bd loc khéng cé va cé cia s8 Hammlng
>> [H,F] = freqz(B,1,200,100);

>> {Hw,Fw] = freqz(Bw,1,200,100);

% V& hinh 5.9
>> subplot (121); % Tao n&a hinh trai
>> number. = -10:1:10;
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>> plot (number,B, 'r*',number,Bw, 'go'); % Biéu d8 hé s&
>> grid on;

>> title('Filter Coefficients', 'FontSize',12);

>> xlabel ('Number of Coefficients', 'FontSize',12);

>> legend ('FIR', 'FIR + Hamming');

>> axis([-10 10 -0.1 0.31);

>> subplot (122); % Tao nita hinh phai
.>> plot (F, abs(H),'r-',Fw, abs(Hw),'g--");

>> grid on;

>> title('Filter Transfer Function' ,'FontSlze ,12);

>> xlabel ('Frequency [Hz]', 'FontSize',12);

>> legend('FIR', 'FIR + Hamming');

Filter Coefficients Filter Transfer Functlon
0.3 . . . 14 r
: * FIR . : —FR
0.25 © FIR +Hamming | ‘ 12b-A L —-== FIR +Hamming ||
: : 5 P C
0.2f-----eremee- frmmeeean Lol - S TITEOETPET SOPPPRPRA ] :
.0 4 1ES S S .
045 o TR NI |
) e | o 0.8} L fooeooooas RN [ RS
P LT S S |
Pe i e Y S| SOPPRR: SURPRRMRIN: OORRRN SOROO
0.05[------------- G fmnnnseees G SR H
1o : °: 04l X R R
o"g""b"é'? """"""" """"""" ?'6'6""2“ ) ; : :
005 xa ki ] S St 0.2} 1 LI R — R
. i f i ' ' : § i
-0.1 i H - _ 0 A~ e e
-10 -§ 0 5 10 0 10, 20 30 40 80
Number of Coefficients : + Frequency [Hz]

Hinh 5.9 Hé s6'(hinh trdi) va ham truyén dot (hmh phdi) cia bé loc FIR khi khéng dung .
va 6 ditng ham cita s6 Hamming

B6 loc FIR 6 hinh 5.9 ¢6 bac m = 20, tan s6 trich mau la F = 100Hz va tin s§
gidi han 1a(F/2).0,2 = 10Hz. Véi bd loc FIR dung ctta s6 Hamming (c6 tén Bw)
vira dugc thiét k&, ta loc tin hiéu x & hinh 5.4 (bén trai) bang 1énh:

filter (num,den,data)

Trong 1énh trén, bién num 1a vector hé s& cia da thitc ti s& (chmh 1a Bw, két
quéa cha lénh thiét k&€ £ir1), con den la vector hé s§ cla da thic miu s6. Vi ta
thiét k& bo loc FIR, den sé chi c6 gia tri 1. Trén hinh 5.10 ta nhan th4dy rit r5
qué trinh qua d6 cta bd loc FIR khi dung lénh filter, va ca thdi gian tré gin
v chu ky (T, = 20.0,005s/2 = 0,05s).

Dé& khéc phuc quan tinh (giy nén qua trinh qua do) va thoi gian tré, ta sit
dung lénh:

filtfilt (hum,den,data)
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Thuc chit, 1énh filtfilt 12 mdt m-File st dung lénh filter doi voi tap sd
liéu x nhu binh thudng. Tiép theo, chudi sd lidu da qua lgc lai duge dua nguge
trd lai ddu vao dé qua loc mét 1an nita. Vi qua loc FIR hai 1an, ban doc c6 thé
nhan thiy su suy giam nhe bién d3 (hinh 5.10) cha tin hiéu ra. Khi st dung
fil=filt ta phailuu y: filtfilt doi hdi chiéu dai cia tdp s6 liéu x phdi ldn
hon it nhdt 3 lan so véi bac m cua FIR. Trong vi du duéi day, do ta khai bao
t=0:0.005:0.5, x s& 12 mot vector véi 101 phan ti (d§ dai: 101), bao dam 16n
hon 3 1an so véi bac m=20 cta bd loc FIR mang tén Bw:

VoV o oe

Tao tdp s& liéu x cé chiéu dai length(x)=101
>t = 0:0.005:0.5;

> X = 5 + 8*sin(2*pi*8*t) + 4*cos(2*pi*33*t);
. Thidt k&€ bd loc FIR

>> Bw = firl(20,0.2,hamming(20+1)) ;"

Ao

% Dung Bw dé loc x theo 2 céch: filter va filtfilt
f = filter (Bw,1,x);
ff = f1iltfilt(Bw,1,x);

! % Vé db thi cac tin hiéu chua qua va d3 qua loc (hinh 5.10)
: >> plot(t,x,'g-"',t,x f,'r-',t,x ff,'b.");

>> axis([0-0.5 =10 30)), )

>> title('Discrete Filter', 'FontSize',12);

>> xlabel('Time [s]', 'FontSize',12);

>> legend('non-filtered', 'FIR filter', 'FIR filtfilt');
i - .
| 30 ' I';)Ecrete Flltg :
! === non-filtered
25, — FIR filter
! e FRAUG ||
! 20l -

_10 A 4 1 -

2 . 0.3
Time [s)]

Hinh 5.10 Tin hiéu khong qua loc va tin hiéu qua loc FIR dung filterva filtfilt
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B6 loc FIR va ham ctia s6
firl (order, lzmztfrequency, window) Thiét k& bs loc FIR (loc thong thép)

filter (num,den,data) Loc s8 liéu
filtfilt (num,den,data) Loc s8 liéu ¢6 hiéu chinh pha

freqz (num,den, points, samplingfreq) ~DAap ung tan s6 gian doan

54.2 Bo loc IR

Khac véi FIR, b loc IIR hoat dong theo phuong thitc dé quy (recursive), ¢ si
dung cac gia tri qua khit ctia ddu ra. Bing cach dé, ta c6 thé thuc hién b loc chi
cin bac thap nhung dai théng c6 do doc sudn trudc va sau gidng nhau. Chinh vi
bac thap, IIR rat hay dudce st dung trong cac hé théng trich mau, dic biét 1a cac
hé théng diéu khién tu dong.

Bén canh doi héi dai thong c6 d6 doc suon g1ong nhau, mtc d6 map mo trong
dai thong hay dai chén ciing 14 mét tiéu chuin hay dudc dat ra. Chinh vi vay,
ta thudng phan biét cac loai b loc khac nhau, dap tng nhitng tiéu chuén nhat
dinh dat ra. Ta ¢6 thé thiét k& bs loc IIR bing mot trong cac cdng cu sau:

butter (order,limitfreq)

chebyl (order, ripple, limitfreq)

cheby? (order, ripple, limitfreq)

ellip (order, ripple, attenuation, leLtfreq

Khl st dung lénh cheby1, ta khai bao miic map mé ripple ctia dai thong, d6i
véi cheby?2, ta khai bao miic map mé ripple ciia dai chin. Mic map mo ripple
va d6 suy giam attenuation duge khai bao bing dB! (decibel). Tuy theo lya
chon, k&t qua thiét ké c6 thé dudc tra lai dusi dang da’ thic ti s6 / mau s§ cua
ham truyén dat, hay diém khéng / diém cuc ctia md hinh trang thai (déu trén
mién anh z). MATLAB phan biét doi hoi tra két qua théng qua s6 lugng bién
nhan két qua ma ta khai. Tuong tu FIR, tan s6 dugc chudn héa béi gia tri F,,, =
F/2. Viéc khai bao thiét k& loc théng cao hay thong thap, loc théng bang hay
chién bing cling tuong tu nhu FIR, vi du thiét k& mét bs loc IIR bac 6:

% Loc théng thdp. Xudt k&t qud: dang ham truyén dat
>> [B,A] =butter(6,0.6);

% Loc théng cao, d6 midp md 3dB. Xudt k&t qud: md hinh
% diém khéng, diém cuc va hé s& khuéch dai

>> {Z,P,K} =chebyl(6,3,0.6,"high’);

% Loc chan bang. Xudt k&t qua: md hinh trang thai

>> [A,B,C,D] =ellip(6,3,20,(0.3 0.61,"'stop’);

Vi du sau minh hoa viéc thiét k&€ va st dung mot bs loc TIR Butterworth bac
4 @€ loai thanh phan tan s6 40Hz ra khéi tin hiéu cé ich véi tan s6 8Hz.

! Mitc m&p mé hay do suy gidm 20dB dng véi 1/10 bién d6 cla tin hidu chua qua loc
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Tén s6 gidi han ctia bd loc duge chon 12 20Hz. Két qua (hinh 5.11) cho théy:
Chi véi bd loc bac 4 (kha thap) ta dd thu duge két qua loc rat tot.

>> t = 0.01:0.01:1; :

>> x = 5 + 8*sin(2*pi*8*t) + 4*cos(2*pi*40*t);

>> [B,A] = butter(4,20/50); % Thi&t k& bd loc IIR

>> x £ = filter(B,A, x); Loc tin hiéu x

>> x ff = £filtfilt(B,A,x); Loc tin hiéu x cé bu pha
>> plot(t,x,'g-",t,x £, 'r-",t,x £ff,'b:");

>> axis ([0 0.5 -10 30]);

>> title('Discrete Filter', 'FontSize',12);

>> xlabel ('Time ([s]','FontSize',12);

>> legend('non-filtered', 'IIR filter', 'IIR filtfilt');

o° oo

o

Discrete Filter
30 , ‘ ' I
— non-filtered
»5 === |IR filter N
------ IIR fiitfilt

20}

18

10

0.1 02 . 03 04 0.5
: Time [s]

Hinh 5.11 Tin hiéu khong qua loc va tin hiéu qua loc IIR kiéu Butterworth bic 4

B6 loc IIR
butter (order, limitfreq) Thiét k& loc Butterworth
chebyl (order, ripple, limitfreq) Thiét k€& loc Tschebyscheff Typ 1
cheby? (order, ripple, limitfreq) Thiét k€& loc Tschebyscheff Typ 2
ellip (order, ripple, attenuation, limitfreq) Thiét k& loc Elliptic (Cauer)
filter (num,den,data) o Loc s8 lidu
f£iltfilt (num,den,data) Loc s6 lidu ¢6 hiéu chinh pha

freqz (num,den, points, samplingfreq) Dép tng tdn s6 gian doan
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5.5 Loc tudng tu (Analog Filter)

Bb loc tuong tu doi khi duge st dung dé mé phong cac hé thong lién tuc, vi
du: md phéng véi SIMULINK. Viéc thiét k& c6 thé duge thuc hién véi cac 1énh
thiét k& loc IIR da biét, chi can khai bao thém tham s6 * s”. Ngoai ra ta c6 thém
lénh: '

besself (order,omega)

TAn s6 giéi han omega dude khai bao véi thit nguyén rad/s va ¢6 thé mang

gia tri duong bat ky.

o

Loc Butterworth analog
Tim ham truyén dat va
vector tén sé&

Xudt dic tinh tén sé

>> [B,A] = butter(4,1,'s’);
>> [H, W] fregs (B,R);

1l
o

o°

oo

>> semilogx (W,abs(H));

Hinh 5.12 minh hoa dac diém truyén dat ctia mét vai khau loc tuong tu véi
cac bac 2, 4 va 6. Dac tinh truyén dat dudc tinh bang lénh fregs (num,den)
nhu ta da bi&t. Két qua thu dugc c6 thi nguyén 1a rad/s.

1 Butterworth - 1Tscheb_yscheff1 4 Elliptic (Cauer) 1 Bessel
hbuat n
09} N 1 09 é i 1
038 J ost #1% ] J
H
06 1 ost %li 2 .
05[ . {1 05 :: % *
, ‘ 0. il 1 1
04 ‘ 1 04 $ 1 4
03} 1 o3} |
02} 02t}
04} | o1
?o" 10' (1)0'1 102 ! et o° o 107 ¥ :
hormalis8d F}Qquency1 : 1 1 10 10

Hinh 5.12 Pdc tinh truyén dat ciia vai b6 loc tuong tw ¢ bic 2, 4 va 6

Loc tuong ty (Analog Filter)

besself (order,omega) Thiét k& loc Bessel (analog)

butter (order, limitfreq,’ s’ ) Thiét k& loc Butterworth

chebyl (order, ripple, limitfreq, ' s") Thiét k& loc Tschebyscheff

cheby? (order, ripple, limitfreq, ' s’ ) Thiét k& loc Tschebyscheff
Typ 2

ellip (order, ripple, attenuation, limitfreq, ' s’) Thiét k& loc Elliptic (Cauer)
fregs (num,den, func) Di#c @ng tan s6 (analog)
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5.6

Tém tat ndi dung chuong 5

Sau khi da nghién cttu k§ chuong 5, ngudi doc cAn nim viing cac ndi dung
sau day:

1.
2.
3.

oo

No6i suy cac tap so liéu do mot hoic nhiéu chiéu ?

Phan tich tin hiéu bang cong cu bién déi Fourier gian doan ?

Tim chudi Fourier (anh Fourier) ctia tin hiéu tuin hoan tir két qua bién
ddi Fourier ?

Thuc hién Averaging dé han ché& hién tugng do tan sé ?

. Tinh ham tu tuong quan va ham tuong quan chéo clia cac tin hiéu thu tu

phép trich mau ?

. Thiét k& b loc FIR c6 st dung cac ham cita s§ khac nhau ?

Thiét k& cac loai bd loc IIR ?

. Thiét k& cac bd loc tucng ty (analog) phuc vu mé phdéng xap xi lién tuc ?



6 Cosdvé SIMULINK

SIMULINK la phan chuong trinh mé réng ciia MATLAB nhim muc dich mé
hinh héa, mé phéng va khao sat cac hé théng dong hoc. Giao dién dé hoa trén
man hinh ctia SIMULINK cho phép thé hién hé théng duéi dang s¢ d6 tin hiéu
v6i cac khéi chitc nang quen thudc. SIMULINK cung c4p cho ngudi sit dung mét
thu vién rat phong phu, c6 sdn véi s lugng 16n cac khdi chiic nang cho cac hé
tuyén tinh, phi tuyén va gian doan. Hon thé, ngudi stt dung ciing ¢6 thé tao nén
cac khéi riéng ctia minh.

Trong chuong nay ban doc sé lam quen véi cac dic diém co ban cua
SIMULINK, vdi cach thic tao nén va st dung mot mé hinh mé phdéng. Ngoai ra,
chuong 6 sé& gidi thiéu chi tiét mot sé thu vién quan trong cia SIMULINK.

Sau khi di xay dung mé hinh ctia hé théng cAn nghién citu, bang cach ghép
cac khoi can thiét thanh so d6 cdu trac clia hé, ta ¢6 thé khdi déng qua trinh mé
phéng. Trong qua trinh mé phéng ta c6 thé trich tin hiéu tai vi tri bat ky cta.so
dd cau tric va hién thi dic tinh cda tin hiéu d6 trén man hinh. Hon thé nita,
néu c6 nhu ciu ta con cé thé cit giit cac dic tinh dé vao méi trUOng nhé (vi du:
cét lén dia cting). Viéc nhap hoac thay ddi tham s8 clia tat ca céc khéi cling c6
thé duge thuc hién rit don gian bang cach nhéap truc tiép hay théng qua
MATLAB. D& khio sat hé théng, ta c6 thé sit dung thém cac Toolbox nhu Signal
Processmg (xt ly tin hiéu), Optimization (t6i uu) hay Control System (hé théng
diéu khién).

6.1 Khdi dong SIMULINK

Dé c6 thé lam viéc véi SIMULINK, trudc hét ta phai khdi dong MATLAB (muc
1.1). Néu chay dudi hé diéu hanh LINUX, sau khi thuc hién lénh simulink3 ta
& thu dugc ctta s6 thu vién cta SIMULINK (hinh 6.1). Néu lam viéc dudi
WINDOWS, sau khi goi simulink ta c6 ciia s6 tra ctu (Browser) thu vien nhu
hinh 6.2. Néu nhay phim chuot phai vao dong “Simulink” ctia nlia clia sé phia
trai hinh 6.2 ta thu dugc ctia s thu vién véi noi dung giong nhu hinh 6.1.

Cac thu vién con Sources (cac khéi ngudn tin hiéu), Sinks (cac khéi xuit tin
hiéu), Math (cac khéi ghép néi toan hoc) va Signals & Systems (cac khéi tin
hiéu va hé con) sé dugc gidi thiéu trong pham vi chudng nay. Cac nhém
Continuous (cac khoi lién tuc), Nonlinear (cac khéi phi tuyén) va Functions &
Tables 1a doi tugng cua chuong 7. Cac khéi thugec nhém Discrete (cac khai gian
doan) dugc dé cap dén trong chuong 8.
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ﬁ Library: simulink3
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Hinh 6.1 Cia sé thu vién cdc nhém chitc ndng cia SIMULINK
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Hinh 6.2 Ciza s tra cizu (Browser) thu vién ciia SIMULINK
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Tinh chét cla cac khéi chure ndng

b flu) b

o Hinh 6.3 Khoi chitc ndng ctiza SIMULINK

T4t ca cac khéi chic nang déu dugde xay dung theo mét miu (hinh 6.3) gidng
nhau: M&i khéi c6 mdt hay nhiéu ddu vaofra (trit trubng hop ngoai 1é: cac khoi
thudc hai thu vién con Sources va Sznks) c6 tén va § trung tdm ctia hinh khéil
chit nhat c6 biéu tu0ng (ham truyen dat, d6 thi ddc tinh hay tén file) thé hién
dac diém riéng cta khéi. Ngu01 stt dung c6 thé tuy y thay ddi tén cta khoi
(nhay kép phim chudt trai vao vi tri ten) tuy nhién, mdi tén chi c6 thé st dung
mét 14n duy nhat trong pham vi clta s§ md hinh mé phéng. Khi nhay kép phim
chudt trai truc tiép vao khéi ta sé md clta s§ tham s6 Block Parameters (tri cac
khéi Scope, Slider Gain, Subsystem) va c6 thé nhap thu cong cac tham s& dic
trung cte khéi. Khi d4 nhap xong, nhay chudt trai vao nit OK (khép clia sb)
hay.nut Apply (ctta s6 vAn md) dé SIMULINK ch&p nhan cac tham s& vita nhap.
Né&u nhay kép phim chudt trai vao niat Help ta sé md clta s§ cla tién ich trg
giip truc tuyén. Nhay mét 1an phim chuét phai truc tiép vao khéi c6 tac dung
md menu chta cac 1énh (vi du) cho phép'soan thdo va lap dinh dang (format)
khéi.

SIMULINK phan biét (khéng phu thudc vao thu vién con) hai loai khéi chiic
nang: Khét do (virtual) va khéi thue (not virtual). Cac khoi thuc déng vai trd
quyét dinh khi chay mé phéng mé hinh SIMULINK. Viéc thém hay bét mét khéi
thuc sé thay ddi dac tinh dong hoc cta hé théng dang duge mé hinh SIMULINK
md ta. C6 thé néu nhidu vi du vé khéi thue nhu: Khéi tich phan Integrator hay
kh&i ham truyén dat Transfer Fcn cha thu vién con Continuous (muc 7.1), khéi
Sum hay khéi Product clia thu vién con Math (muc 6.5). Ngudc lai, cac khoi ao
khéng c6 kha nang thay ddi dic tinh clia hé théng, ching chi ¢é nhiém vu thay
ddi dién mao d6 hoa ctia mé hinh SIMULINK. D6 chinh 1 cac khoi nhu Mux,
Demux hay Enable thudc thu vién con Signal & System (muc 6.7.2). Mot s6
khéi chitc ning mang déc tinh 4o hay thuc tuy thudc theo vi tri hay cach thic
st dung ching trong md hinh SIMULINK, cic md hinh d6 dudc x&p vao loai do
c6 diéu kién. Khdi chlic ning no, véi dic diém thudc loai nao, khi dé cap dén
ting khoi cu thé ta s& quay trd lai tra 13i cAu héi nay.

M©b hinh SIMULINK

Tit clia s6 thu vién khéi (Library) hay tit ctia s6 truy cap thu vién (Library
Browser) ta c6 thé tao cac clta 6 mé phdng méi bdng cach di theo menu File /
New | Model, hoic md cac File di c6 sdn qua menu File / Open. Mét File
SIMULINK khi dugc cat gitt (menu File / Save hoéc File | Save As trong cla s8
mod phéng) sé c6 dudi .mdl.
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6.2 Tao m@éi va soan thao luu do tin hiéu

SIMULINK gan nhu chi ¢6 thé st dung dudc nhd chuét. Bang cach nhay kép
phim chudt trai vao mét trong sd cac thu vién con thudc clta s6 thu vién chinh
Library ta sé thu dugc mot clta s6 méi c6 chtta cac khéi thudc thu vién con dé.
Hoac ciing ¢6 thé.thu dude két qua tuong tu bang cach nhay kép chudt trai vao
nhanh cla thu vién con, ndm & phin bén phai clia cia s8 truy cap Library
Browser. Tit cac khéi chita trong thu vién con ta ¢6 thé xay dung duge luu d6 tin
hiéu mong mudn. Dé tao dinh dang (Format) va soan thao ta c6 cac kha ning
sau day:

e ‘Sao chép: Bing cach gép va tha “Drag & Drop” nhd phim chuét phai ta

¢6 thé chép mot khoi tit thu vién con (ciing co thé tit mdt clia s6 khac
ngoai thu vién).

e Di chuyén: Ta c6 thé d& dang di chuyén mot khéi trong pham vi clia s8
ctia khé1 d6 nhd phim chuét trai.

+ Danh dau: Bing cich nhay phim chugt trai vab khéi ta c6 thé danh
d4u, lua chon ting khéi, hodc kéo chudt danh ddu nhiéu khéi mot luic.

e Xéa: Co thé x6a cac khéi va cac dudng néi da bi danh dau bing cach goi
léenh menu Edit / Clear. Bing menu Edit / Undo hodc t8 hgp phim
Ctrl+Z ta c6 thé citu van lai ddng tac x6a via thuc hién.

e Hé théng con (Subsystem): Bing cach danh ddu nhiéu khéi cé6 quan hé
chiic ning, sau dé gom ching lai théng qua menu Edit / Create
Subsystem, ta c6 thé tao ra mot hé thdng con méi (xem muc 6. 7)

e Néi hai khai: Dung phim chuét trai nhay vao diu ra cia mdt khéi, sau
d6 di mii tén cta chudt (git nguyén trang thai nhan phim chudt trai)
t61 ddu vao cAn ndi. Sau khi tha ngén tay khéi phim chudt, dudng néi tu
déng duge tao ra. Cé thé ré nhanh tin hiéu bing cach nhay phim chudt
phai vao mét dLIOng néi c6 sin va (gii nguyen trang thai nhan phim
chugt) kéo dudng ndi méi xuat hién ti dau vao cin nol

* Di chuyén dudng néi: Dé luu dé tin hiéu thoang va dé theo ddi, nhiéu
khi ta phai di chuyen bé tri 1ai vi tri cac duong néi. Khi nhay chon bing
chudt trai ta c6 thé di chuyen tuy y cac diém goc hodc di chuyén song
song ting doan thing clia dudng néi.

e Tao vector dudng néi: Dé d& phan biét gita dudng néi don (scalar) va
d\wng néi cac tin hiéu theo dinh dang vector, hodc ma tran, hodc mang
(Array), ta ¢6 thé chon menu Format /| Wide nonscalar lines dé tang bé
day (tang d6 dam nhat) cia dudng ndi.

e  Chi thij kich ¢& va dang dit liéu ctaa tin hiéu: Lénh chon qua menu
Format / Signal dimensions sé hién thi kich ¢& (muc 6.3.1) ctia tin hiéu
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di qua duong néi. Lénh menu Format / Port data types chi thi thém loai
dit liéu (muc 6.3.2) cla tin hiéu qua dudng noi.

e Dinh dang (Format) cho mdt khdi: Sau khi nhay phim chudt phai vao
mot khéi, clta s dinh dang khéi sé md ra. Tai muc Format ta ¢6 thé lua
chon kiéu va kich ¢& ch@, ciing nhu vi tri cha tén khdi, c6 thé lat hoac
xoay khéi. Hai muc Foreground Color va Background Color cho phép ta
dit ché d6 mau bao quanh cling nhu mau nén cua khéi.

¢ Dinh dang cho dudng ndi: Sau khi nhay phim chudt phai vao méot
dudng néi, ctta s dinh dang dudng (cha cd dudng dan téi dudng ndi dé)
sé md ra. Tai day ta c6 cac 1énh cho phép cit bd, chép (Copy) hoic x6a
duong ndi.

e Hép dai thoai (Dialog Box) vé dic tinh cta khéi (Block Properties):
Hodc di theo menu cta ctia s6 mb phdng Edit / Block Properties, hoic
chon muc Block Properties cla cla s6 dinh dang khdi, ta sé thu duge hop
dsi thoai cho phép dat mot vai tham s6 tdng quat vé& dic tinh cla khéi.
Vi du: & muc Description ta c¢6 thé viét vai 16i mé ta ngin vé khdi, hay &
muc Open Function ta c6 thé nhap tén cia MATLAB File (m-File) sé
dudgc kich hoat khi nhay kép chudt vao khéi.

e Hop déi thoai vé dac tinh cta tin hiéu (Signal Properties): C6 thé
t61 dugc hop thoai Signal Properties cia mot dudng néi (cta tin hiéu)
ho#c bang cach nhay chudt danh d&u dudng néi trén clta s6 mé phdng,
sau d6 di theo menu Edit / Signal Properties, hodc chon muc Signal
Properties tii clia s§ dinh dang dudng. Trong hop d6i thoai ta c6 thé dat
tén cho dudng néi hoic nhap mdt doan van ban mé ta.Tuy nhién, dé dat
tén cho dudng nédi ciing con cich khac don gian hon: Nhay kép phim
chudt trai vao dudng néi ta sé tu dong téi duge ch& ¢6 nhap van ban.

6.3 Tin hiéu va cac loai dir liéu

6.3.1 Lam viéc vdi tin higu

Déi v6i SIMULINK, khai niém tin hiéu nhim chi vao dit liéu xuat hién § dau
ra cta cic khéi chiic ning trong qua trinh mé phéng. Ta tam hinh dung ring:
Céc tin hiéu (cac dit liéu) d6 chay doc theo dudong néi tir dqu ra cta khoéi chic
ndng nay téi dau vao ctia cdc khéi chitc ndng khde ma khong tén thoi gian. Tin
hiéu trong khudn khé MATLAB c6 nhitng dic diém riéng do ngudi st dung xéc
dinh, vi du: dat tén (muc 6.2), quy dinh kich g (tiép sau diy) hay loai dit liéu
(muc 6.3.2).
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Trong SIMULINK ta phén biét 3 loai kich ¢@ tin hiéu:

e Tin hiéu don (scalar).

e Vector tin hiéu: Con dudc goi 1a tin hiéu 1-D, vi kich ¢d cua tin hiéu chi
dudc xac dinh theo mot chiéu véi do dai n.

e  Ma trgn tin hiéu: Con duge goi 1a tin higu 2-D, vi kich ¢§ cta tin higu
dudc xac dinh theo hai chiéu [mxn]. Ca vector hang [1xn] va vector cot
[mx1] ciing thudc vé pham tru ma tran tin hiéu. Dbi khi, vi du: lic khai
bao dinh dang, ma tran ciing dude goi la mang (Arrays).

Tuy tlmg tru0ng hgp cu thé, cac khéi chic ning c6 thé ch4p nhan & dau vao

(hay xudt & dau ra) cac tin hiéu v6i mdt hay nhiéu kich ¢d khac nhau.

2 —
3 vS2<nvs1>
1 >
(123 o
Constant 6 > Display
3 vs1<nvsl, nvs2> .
123 >
il 7 s
Constant1 vs3<nvs2>
Mux
Number of inputs = 2 Display1
Demux

Number of outputs = 2
Bus selection mode: off

Hinh 6.4 Vidu vé tin hidu do trong so dé6 mo phong SIMULINK

Khi tao mot ciu tric SIMULINK, cic khdi ao sé tao nén cac dudng tin hiéu do
(hinh 6.4), duy nhit nhdm muc dich 1am cho so d6 cdu tric trd nén dd rdi mit,
nguoi st dung d& quan 1y hon. Tin hiéu 4o ¢6 thé duge coi 1a su tap hdp hinh
anh cua nhiéu tin hidu 4o, khong 40, hay hén hgp ca hai loai. Trong qua trinh
mo phéng, SIMULINK st dung mét thi tuc tén signal propagation & nhan biét:
Nhiing tin hiéu thuc (khéng 40) nao duge ghép vao (chiim) tin hiéu do. Dién dat
mot cach khac: Nhiing khoéi chiic niing nao duge ghép thuc sy § ddu cudi cla tin
hiéu. Vi du & hinh 6.4 minh hoa noi dung trén. Céc tin hiéu thuc nvsl va nvs2
duge cac khéi Constant va Constantl phat ra va dugde bd dén kénh (multiplexer)
Mux ghép lai thanh tin hidu vsI' (vector véi chiéu dai 6). Sau khi chon Number
of Outputs = 2, bd phan kénh Demux sé lai tach vsI trd lai hai thanh phan tin
hiéu ban dau. vsI 1a mét tin hiéu 4o vi vsI chi la dai dién hinh hoc cta nvsi va
nuvs2 trén so¢ d6 cau trdc. Vi ly do &y, hai ddu ra clia Demux 12 vs2 va vs3 sé
phai 1 tin h1eu ao. Tuy nhién, bing tha tuc signal propagatwn SIMULINK
nhan biét ring vsl ciu tao bdi nvsl, nvs2 (tu déng bd sung vao nhéin cua tén
vs1 ky hiéu <nvsl, nvs2>) va vs2, vs3 thuc chét 1a nvsl, nvs2 (tit dong bé sung
vao nhén cua tén vs2, vs3 k¥ hisu <nvs]> <nvs2>). Nghia 13, SIMULINK biét
réng cc khéi Constant, Constant1 néi véi Display, Displayl.

! vs, nvs: virtual signal, not virtual signal (tin higu 2o, tin hiéu thuc)
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D61 vdi cac tin hidu do ta c6 thé md hop thoai Signal Properties va khai chon
Show propagated signals. Sau khi khai chon (nhu hinh 6.4 cho thay) tén cta tin
hiéu sé tu dong duge b§ sung thém phén (trong ngodc < >), cho biét cac tin higu
chita trong d6. -

Bus tin hiéu (signal buses) 1a tap hgp cac tin hiéu ao riéng ré. Khi tach Bus
bdi bs phan kénh Demux ta sé khong thé truy cap vao titng phén ti chia mi tin
hiéu, ma chi c6 thé truy cap vao titng tin hidu. Vi du sau minh hoa ré diéu nay:
Trong sd d6 § hinh 6.5, hai bd dén kénh Mux va Mux1 nhan dau vao la nvsl va
nvs2.

N
4" 11
2 —
> ispla
1 > vs2<> 10} play
nvs1
Constant 4 > Display
3 vslenvst, nved>
’ > C
fe 1 12) nvs2 3 2 > 11
Constant1 Vo3 2]
Mux :
Nunber of inputs = 2 Display1
Demux
Number of outputs = 2
Bus selection mode: off
> . vsa<nvs1>
! T
4 _ Display2
vedamt. mvez> —
3" 3 - 11
: veBenve2>
Mux1
Number of inputs = 2 _ :
P Demux1 Display3

Number of outputs = 2
Bus selection mode: on

Hinh 6.5 Vidu vé tin hiéu do va Bus tin hiéu trong so d6 mo phéng SIMULINK

Trong hinh 6.5, ché& d§ Bus selection mode ctia bé phan kénh Demux bi dat 1a
off, vi vy Demux chi c6 thé tach vector vsI thanh hai tin hiéu vs2 va vs3 véi
kich ¢ 1a 2. Tuy nhién, trén cita s§ nhap lénh (Command Windows) cta
MATLAB ta sé nhan dudc canh béo 14 MATLAB khong thé thuc hién signal
propagation d6i véi vs2 va vs3. Chinh vi vay, vs2 va vs3 chi dudc bd sung thém
vao tén diu ngodc < > réng. Ngude lai, Bus selecticn mode ctia Demuxl dudc
khai bao on; do d6 vs4 12 Bus tin hiéu. Do d6 Demuxl khong thé tach vs4 thanh
hai tin hidu véi kich cd 1a 2, ma chf c6 thé tach thaiih hai tin hiéu vs5 va vs6
{tng véi xuit st cia ching 14 nvsl va nvs2.

Chic ning ctia Mux va Demux dugc dé cap dén k¥ hon ¢ muc 6.7.2.
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6.3.2 Lam viéc vdi cac loai s6 liéu

Bén canh cac dic diém da duge gidi thidu, méi tin hidu thudc so d6 ciu tric
SIMULINK déu dudc gan mét loai sé liéu nhit dinh, va do d6 quyét dinh dén
dung lugng bd nhé danh cho mat tin hidu. SIMULINK cling hé trg tat ca cac loai
s6 liéu cha MATLAB.

e double (double-precision floating point: chinh xac cao, ddu phay d6ng).
e single (single-precision floating point: chinh xéac vita, ddu phay dong).

e int8, uint8, intl6, uintl6, int32, uint32 (signed ! unsigned 8-, 16- or 32-
bit integer: sd nguyén 8-, 16- hay 32- bit ¢ / khéng c6 dau).

e boolean (0 hoic 1, logic, duge SIMULINK xt Iy nhu uint8).

Loai s6 liéu méc dinh sin cia SIMULINK la double. Trong qua trinh mo
phéng, SIMULINK s& kiém tra xem viéc d4o giita cac loai s6 lidu (néu so dé mé
phdng st dung nhiéu loai s6 liéu khac nhau) c¢6 ding hay khéng, nhim loai trir
cac két qua sai lam c6 thé xay ra.

Kha niang khai bao, xac dinh loai s8 liéu cha tin hidu ciing nhu cta tham s
thude cac khdi chitc nang trong SIMULINK la dic biét c6 § nghia, néu ta du
dinh tao ra t mé hinh SIMULINK ma chay cho cac tng dung thdi gian thuc.
Nhu c4u vé bd nhé va téc d6 tinh toan phu thudc vao loai sé liéu dudge ta chon.

6.4 Thu vién SOURCES va SINKS

6.4.1 Thu vién Sources

Khi nhay chuét kép vao ky hiéu Sources, cita s6 cia thu vién con véi cac khai
chiic nang s& md ra. Cac khéi chuén trong d6 bao gdm cac ngudn phat tin hiéu,
céac khdi cho phép nhap s& liéu tit moét File, hay tt MATLAB Workspace. Sau day
ta ]an lugt diém qua y nghia cta ting khéi.

Constant
Khéi Constant tao nén mét hing s6 (khéng phu thuge thoi gian)
b thuc hoac phitc. Hing s6 d6 ¢6 thé 1a scalar, vector hay ma tran,
tuy theo cach ta khai bao tham s8 Constant Value va & Interpret

Constant vector parameters as 1-D c6 dudc chon hay khéng. Néu 6 dé duge
chon, ta c6 thé khai bao tham s6 Constant Value 1a vector hang
hay cot véi kich cd [1 x n] hay [n x 1] dudi dang ma tran. Néu 6 d6
khong duge chon, cac vector hang hay cot d6 chi duge stt dung nhu
vector vdi chiéu dai n, tic 14 tin hiéu 1-D.

Vi du vé cach khai bao khéi Constant:
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. -
[10 11 12] |e— (L0 11 12) ee—
[1x3] 3
Constant Constant
Constantvalue = [10 11 12] Constantvalue=[101112) .
Interpret vector param. as 1-D = oft Interpret vector param.as 1D =0n
10
11 _’
1z || D3] : (10 11 12) |t
Constant Caonstant
Constant value = [10; 11, 12] Constant value = [10; 11, 12]
Interpret vector param. as 1-D = off Interpret vector param. as 1D =on

Step va Ramp

Step

/,

Ramp

Nhd hai khéi Step va Ramp ta ¢ thé tao nén cac tin hiéu dang bac
thang hay dang déc tuyén tinh, dung dé kich thich cic mé hinh
SIMULINK. Trong hop thoai Block Parameters cua khéi Step ta c6
thé khai bao gia tri ddu / gia tri cudi va ca thoi diém bit ddu cla
tin hiéu budc nhdy. D&i véi Ramp ta c6 thé khai bao do déc, thai
diém va gia tri xudt phat cia tin hiéu & dau ra.

D&i véi ca hai khéi (giong nhu khéi Constant), ta c6 thé sit dung
tham s6 tiy chon Interpret vector parameters as 1-D dé quyét dinh
cac tin hiéu dang budc nhdy hay dang ddc tuyen tinh c6 gia tri
scalar hay vector hay ma tran.

Chi y: Hai khéi Step va Ramp khong phai chi tao ra mét tin hiéu
nhu nhiéu ngum vAn hiéu nham, ma c6 thé tao ra mot tap céc tin
hiéu duge xtt Iy dudi dang vector (hang hay c6t) hodc ma tran nhu
vi du duéi ddy minh hoa.

N[ E—
E » Display :j
ispl
Initial value [0 0] _
Finalvalue{1 1} Display1

Signal Generator va Pulse Generator .-

oooo
00 P

Signal
Generator

TR

Puise
Generator

Béng Signal Generator ta tao ra cac ddng tin hiéu kich thich khac
nhau (vi du: hinh sin, rang cua), con Pulse Generator tao chudi
xung hinh chit nhat. Bién d6 va tin s§ c6 thé khai bao tuy y. Dsi
v61 Pulse Generator ta con c¢6 kha nang chon ty 1& cho bé rong xung
(tinh bing % so véi ca chu ky). D&i véi 22 hai khdi (gidng nhu khéi
Constant), ta c6 thé st dung tham s tiy chon Interpret vector
parameters as 1-D dé quyét dinh cac tin hiéu c6 gia tri scalar hay
vector hay ma tran (xem vi du tiép the. ).
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A o —C)
ﬂ.ﬂ_ﬂ > Display
Display2
Pulse Generator
Period [t 2); Duty cycle [50 80} DisplayT

Amplitude [10 20]; Starttime [0 5]
Pdi véi cac hé gian doan hay hé lai (so dd cé ca hai loai khéi lién
tuc va gian doan) ta st dung khoi Discrete Pulse Generator dé tao
chu6i xung chit nhat.

Repeating Sequence

/VW

Repeating
Sequence

Sine Wave

A
\/

Sine Wave

Khéi Repeating Sequence cho phép ta tao nén mot tin hiéu tuan
hoan tuy . Tham s6 Time values phai 1a mot vector thdi gian vdi
cac gia tri don diéu téng. Vector bién ra Output values phai c6 kich
¢d (chiéu dai) phu hgp véi chiéu dai cia tham sd Time values. Gia
tri 16n nhat ciia vector thdi gian quyét dinh chu ky lip lai (chu ky
tudn hoan) cha vector bién ra.

Khéi Sine Wave dude stt dung dé tao tin hiéu hinh sin cho ca hai
loai md hinh: lién tuc (tham s6 Sample time = 0) va gian doan
(tham s& Sample time = 1). Tin hidu déu ra y phu thudc vao ba
tham sd chon: Amplitude, Frequency va Phase trén cd sd quan hé y
= Amplztude sin(Frequency.time + Phase). Vi thi nguyen (don vi)
clia Phase 1a [rad], ta c6 thé khai bao tryc tlep gia tri cua Phase
la mot hé s6 nao d6 nhan véi pi. Gidng nhu khéi Constant, ta cé
thé st dung tham s0 tuy chon Interpret vector parameters as 1-D

" 38 quyét dinh cac tin hiéu c6 gia tri scalar hay vector hay ma tran.

From Workspace

simin b

From
Workspace

Khéi From Workspace c6 nhiém vu 1ay s6 lidu tir cita s6 MATLAB
Workspace dé cung cip cho md hinh SIMULINK. Cac s6 lidu 14y vao
phai ¢6 dang ctia biéu thitc MATLAB, khai bao tai dong Data.

Néu s6 liéu 14y vao 1a tin hiéu scalar hay vector (tin hiéu 1-D), khi
dy bidu thdc khai tai Data phai la mét ma tran vdi vector thit nhat
1a vector thai gian c6 gia tri tiang din, gan cho vector (hay ma.
tran) céc gia tri tin hidu 1ay vao. Néu sd lidu doc vao 1a n tin hidgu
scalar / vector ul ... un, khi ay biéu thiic MATLAB khai tai dong
Data (tén mic dinh 12 simin) s& phai c6 dang:
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From File

untitied mat

From File

4 ul u2, - unm

o t ul, u2, - um

simin =| . cb 6.1)
tﬁnal ulﬁnal uzﬁnal t UNpal

Né&u st dung dinh dang Structure (phan danh cho thoi gian bd
trong) va Structure with time', ta c thé doc tit Workspace khong
chi cac s liéu scalar va vector (s6 lidu 1-D), ma 14y ca sd liéu ma
tran (2-D). Vi du sau sé lam rd thém cdu tao cua dinh dang
Structure with time.

Gia st ta phai lay sd liéu cta céac tin hiéu 1 (scalar), u2 (vector
véi chiéu dai 14 4) va u3 (ma tran [3 x 2]) sau day:

T
structurname.time-—-[tl Ly 1 ﬁnal}

T
structurname.signals(]).values=[u11 ul, - ulﬁna,}

structurname.signals(1).dimensions =1

structurname.signals(2).values = [u2l Uy o U gy d
structurname.signals(2).dimensions = 4
structurname.signals(3).values = [u3l udy; o Udgy }T
structurname.signals(3).dimensions = [3 2]
(6.2)

Dinh dang clia ma tran (mang, Array) va cia ciu tric ciing giéng
hét nhu khi doc s6 liéu qua Workspace I/O cua hop thoai
Simulation Parameters (muc 6.6). Mot dinh dang Structure with
time do khdi To Workspace giii vao Workspace bao gid ciing c6 thé
lay vao dugc mét cach dé dang. Bang tham s§ Form output after
final data value ta c6 thé xac dinh dang tin hiéu ra-cta From
Workspace sau gia tri cudi cung (Extrapolation: ngoai suy; hay
SettingToZero: x6a vé khong; hay HoldingFinalValue: giit nguyén
gia tri cudi; hay CyclicRepetition: 13p lai theo chu ky)

Bang khéi From File ta c6 thé 18y s8 liéu tit mét MAT-File (xem
muc 2.3) c¢6 sin. MAT-File c6 thé 1a két qua ctia mét 14n mé phong
trudc d6, da dugc tao nén va c4t di nhd khéi To File trong so dé
SIMULINK. S5 liéu cit trong MAT-File phai c6 dinh dang nhu sau:

' O Format thuéc trang Workspace I/0: t6i bing menue Simulation / Simulation Parameters
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O R
ull ulz ulﬁml
ul’ll unz ot ul’lﬁna[ J

Trong (6.3), t 1a vector bao gdm cac gia tri thai gian don diéu ting,

ul ... un la cac vector gia tri clia cac tin hiéu ra. Nhu vay, tin hiéu

ra cua khéi From File 13 mot vector 1-D véi chiéu dai n.

Tap céc s6 liéu do khéi To File tao nén (mang hay ma tran) c6 thé

duge khéi From File doc vao ma khong phai qua xut ly, hay ché

bién gi thém. Néu can 14y tap s6 liéu do khéi To Workspace tao

nén va cit thanh File, can phai chu ¥ hai diéu sau day:

e  Khdil To Workspace khong cat cac gia tri thol gian. Tuy nhién,
¢6 thé budc SIMULINK phai c&t ¢ bang céch chon 6 Time &
menue Simulation / Simulation Parameters | Workspace 1/0.

e DE khdi From File c6 thé doc duge, mang (Array, ma tran) cic
gia tri tin hiéu do khéi To Workspace tao nén can phai duge
chuyén vi' trudc khi cit.

6.4.2 Thu vién Sinks

Thu vién con Sinks bao gém cac khéi xudt chudn ciia SIMULINK. Bén canh
kha nang hién thi don gian bing s8, con c6 cac khai dao dong ky dé biéu didn
cac tin hiéu phu thudc thoi gian hay bidu dién hai tin hiéu trén hé toa do x-y.
Ngoai ra con c6 kha ning xuat s6 liéu vao cita s6 MATLAB Workspace hay cit

duéi dang File.
Scope
Nhd khéi Scope ta ¢6 thé hién thi cac tin hidu cia qua trinh mo
o ] phdng. N&u md clta s6 Scope sin tit trude khi bat ddu mé phéng,
ta c6 thé theo doi truc tiép dién bién cta tin hiéu. Y nghia cta cac
Scope it trén clta s6 ¢4 duge minh hoa & hinh 6.6. '

Khi nhan vao nut Propertzes hép thoai ’Scope’ Propertzes (dac
diém cta Scope) sé md ra. Tai trang chon General ta c6 thé dit

. ché& d9 cho cac truc. Khi dat Number of axes > 1, clia s6 Scope sé c6

nhiéu dé thi con, tuong ty nhu lénh subplot cia MATLAB. Né&u
dién mot s6 cu thé vao 6 sze range, &6 thi sé chi dude biéu dlen
tGi thoi diém do gia tri cla s6 xac dinh.

1 A - .
Ma tran chuyén vi: transposed matrix
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Zoom theo hudngx vay

Zoom theo hitdng x
Zoom theo hudéng y
Ty d6ng dan d6 thi
Cat tham s dit cta cic truc ——
Nt Properties (cac dic tinh) —
In (Print)

Hinh 6.6 Cia s6 cua Scope sau khi mé

Tai 6 Sampling, néu chon ché& dé Decimation la ta di chon mét “hé
6 loai bd”. Vi du, gia st ghi 100 c6 nghia la: Cit doc vao 100 gia tri
Scope méi hién thi 1 gia tri (loai bé 99 gia tri).

O floating scope gitip chon ché do hién thi mét hay dong thoi
nhiéu tin hiéu ctia mé hinh SIMULINK, néu nhiéu thi cic dudng
tin hiéu khdng cAn nd1 vdéi khdi Scope nita: Khi chon 6 floating
scope, dudng tin hidu tdi Scope sé tu dong an di.

Trong khi mé phéng, nhiing tin hiéu nao d3 duge danh dau sé
duge hién thi. Viéec danh dau thuc hién bing cach nh&n giit phim
Shift cua PC, dong théi nhay chudt vao dudng tin hiéu mudn danh
déu, hodc théng qua Signal Selector (nhay chudt phai vao ctia s6
Scope khi mé hinh mé phéng dang chay). Khi chon float scope cin
bao dam ring: Tham s& Signal storage reuse thudc trang
Advanced ctiia hop thoai Simulation Parameters duge dit vé off.
Né&u nhay chuét phai vao truc cla clia sé Scope va chon Axes
properties ta sé& c6 thém mot s6 kha ning dit ché& dé cho truc.

Khi nhay chudt vao nut Properties clia clia s Scope, sau dé téi
trang chon Data history, tai dé6 ta c6 thém mét s6 kha ning tac
dong téi khéi lugng s8 lidu dude hién thi va duge cat. D€ ¢6 thé
hién thi toan bd s8 lidu clla qua trinh mé phéng, hoic ta loai
khéng chon 6 Limit data points to last, hodc ta khai bao mot s8 >
s6 lugng diém thuc t€ 14y vao. Save data to workspace sé cit cac
tin hiéu hién thi trén Scope vao Workspace véi tén khai bao tai
Variable name va Format (Array khi Number of axes = 1,
Structure va Structure with time khi Number of axes > 1). M6t
mang (Array) dudc cat dudi dang nhu sau:
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l‘] ) ull u21 te unl
5 : 6.4)
t final ul final u2 final T U g

Pinh dang trén c6 thé duge khéi From Workspace doc vao ngay
ma khéng can qua xu 1y / ché& bién gi.

Mbét Structure khi dugc cdt sé c6 ba mang time, signals va
blockName. Mang thdi gian time 1a réng. Néu muén cit ca thoi
gian md phong ta phai chon Structure with time. Gia s{ ta ndi mdt
Bus tin hiéu vdi bé réng n t6i dau vao cua Scope, Structure with
time dudc cit sé co dang dudi day:

T
structurname.time =\t t, ! final
ul uz, - uny
) ul, U2, - um,
structurname.signals.values =
ul Sfinal u2 final 7" Wl guar

structurname.signals.dimensions = n
structurname.signals.label ="' Label of Signal coming to
_ Block Scope'
structurname.signals.title ="Title of Scope Plot'
structurname.signals. plotStyle = [1 X n]
structurname.blockName ="' Model Name | Name of

Block Scope'
(6.5)
XY Graph ‘
j XY Graph bi\éu dién hai tin hiéu ddu vao scalar trén hé toa d6 xy
dudi dang d6 hoa (Figure) MATLAB. Dau vao thd nhat (bén trén)
Ung véi truc x, dau th hai véi truc y. Trong hép thoai Block

XY Graph Parameters ta c6 thé dit gidi han cho hai truc.
To Workspace
_ Khoi To Workspace gli s6 liéu § dau vao cia khéi t6i méi trudng
. simout MATLAB Workspace dusi dang Array, Structure hay Structure

ToWorkspace ~ With time va 14y chubi ky tu khai tai Variable name dé dit tén cho
tap s0 liéu dugc ghi.
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Néu tai 6 Save format ta da chon tham s& Array, d& thu thap
khong bd sét toan bd khoang gia tri mé phdng, ta sé phai nhap gia
tri inf cho tham s& Limit data points to last. Array cb cdu truc

nhu sau:
ul, u2, - um
ul u2 - Un
2 2 2 6.6)
ulﬁnu/ "“"‘"ﬁnal o unﬁnal

Mbt cdu tric Structure with time do khéi To Workspace ghi c6 ciu
tao bdi hai mang time va signals véi dang nhu sau:

T
ncturnameltime =\t b, - lgy
ul, u2, o unmy
. ulz u22 ot un2
structurname.signals.values =
ul final u final 77 U fingy

structurname.signals.dimensions = n
striucturname.signals.label = ' Label of Signal coming to
Block To Workspace'
structurname.blockName ="' Model Name | Name of

Block To Workspace'

6.7
Khi chon Structure, mang time s& la mang réng. Tham s&
Decimation quyét dinh (giong nhu khéi Scope): Bao nhidu s6 liéu
s& bi bd qua khi v& XY Graph. Khi md phdng bing thuat giai
(Solver) véi buéc linh hoat Variable step (xem muc 6.6) ta cin tan
dung uu th& cla tham s6 Sampling time: Khi chon buéc linh hoat
Variable step, khoang cach giita cac thdi diém cua qua trinh md
phong 14 linh hoat (khéng ¢6 dinh), ta c6 thé dung Sampling time
d€ khai bao mét chu ky (budc tinh bing s) ¢§ dinh cho qua trinh
gui s6 liu t6i mdi trusng MATLAB Workspace. N&u Sampling
time git gia tri mdc dinh -1, budc gii s6 liéu sé do Solver quyét
dinh. Dé c6 thé st dung khéi From Workspace doc Array (18y s6
liéu) cat trong mdi trudng MATLAB Workspace, ta can vector thoi
gian tuong tng véi thoi diém thu thap s& liéu. Dé tao vector thai
gian, ta phai kich hoat 6 time tai trang Workspace I/0, téi qua
menue Simulation | Simulation Parameters cta ctia s md hinh
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To File

untitied. mat

To Fite

Vi du:

md phéng SIMULINK. Khai From Workspace c6 thé doc Structure
with time ma khong can xu 1y gi.

Khéi To File cat tap s6 liéu (mang, Array hay ma tran) & ddu vao
cua khdi cung véi vector thdi gian dusi dang MAT-File (muc 2. 3)

Array c¢6 dinh dang gidng nhu dinh dang ma khoi From File cén,
va chinh vi vay: S& lieu do To File cit c¢6 thé duge From File doc
truc tiép ma khéng can phai xit 1y / ché bién gi.

Dé khéi From Workspace doc duge mang ta phai ti€n hanh chuyén
vi (transpose) cho mang. Trong hop thoai Block Parameters cua
khéi To File ta c6 thé dit tén cho MAT-File va Array. Cac tham s¢
Decimation va Sample time c¢6 tac dung va cach khai bao giéng
nhu khéi To Workspace.

Vi du sau diy sé minh hoa rd hon chic ning clia ciac khdi Sine Wave,
Repeating Sequence, Scope va XY Graph. Hinh 6.7 md ta ciu tric mé phong cé
tén Fig06_07.mdl, trong d6 hai tin hiéu hinh sin (sinus) va rdng cua (sawtooth)
dudgc hién thi doc 1ap, ddng thai trén hé toa db xy.

- o] Hinh 6.7 Vidu sudung cdc khét Sources
W v va Sinks: mé hinh SIMULINK cé
Sine Wave Sinus tén Fig06_07.mdl
Period: 125.664s ‘
Amplitude: 1 Tham s6 cua khéi Sine Wave:
M@l Bién dé (Amplitude): ‘ 1
» Tén s6' (Frequency, rad/sec) 0,05
¥ Sinus; Y Sawtooth Pha (Phase): 0
Sample time: 0
/]/M » ] Béng cac tham s6 trén ta da khai bao
Repeating Seuaath tin hiéu hinh sin véi chu ky T = 2n/w =
Sequence Period: 200s ZTY/0,0BS = 125,664HZ
Amplitude: 2.5

Tham s6 cua khéi Repeating Sequence:

Time values: [0:20:200]

Output values:  [0:0.25:2.5]

Véi cac tham s6 trén ta da chon chu ky ctia rang cua 14 200s, bién d6 14 2,5.

Tham s6 cua khéi X: Sinus; Y: Sawtooth:

x-min:
x-max:
y-min:
y-max:

-1
1

0
2.5

Sample time: -1
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Bing cac tham s6 trén, do thi sé duge biéu dién theo truc x va y ctia XY
Graph trong khoang bién dd dd chon cho cac tin hiéu dau vao.

Cac tham sd mé phdéng dude khai bao tai trang Solver cua hgp thoai
Simulation Parameters (tdi qua menue Simulation tai cla sd md hinh
SIMULINK) nhu sau:

Simulation time:

Start time: 0.0

Stop time: 1000.0

Solver options:

Type: Variable-step, ode45(Dormand-Prince)
Max step size: 2.0

Min step size: auto

Initial step size:  auto

Vdi cac tham s6 nhu trén, qua trinh md phong xdy ra kha cham va ta sé cé
cd hoi dé theo déi dién bién clia céc tin hiéu trong khi vé db thi. Trong hai khéi
Scope, 6 Limit data points to last da khong duge chon dé bao dam hién thi toan
bd qua trinh mé phong, khang phu thudce vao bude. Vi diy 1a mét hé thong rat
don gian, ta ¢6 thé st dung thuat todn ode45 (mic dinh chon) dé tich phan. Két
qua md phéng dude gidi thiéu tai hinh 6.8.

) Sinus Period: 125.664s Ampliitude: 1

jcpp ABRE &

Hinh 6.8 Cia sé Scopes (trén) va XY
Graph (dwdi) sau khi mé
phong vi du Fig06_07.mdl
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6.5 Thu vién Math

Thu vién con Math c6 mdt s6 khél vdi chic niing ghép toan hoc cic tin hiéu
khac nhau. Bén canh cac khéi don gian nhim céng hay nhén tin hiéu, trong
Math cdn c6 nhiéu ham (toan, lugng giac va logic) duge chuén bi sdn. Sau day
ta chi mé ta ngdn mot s6 khéi quan trong nhat. Khéi Algebraic Constraint sé
duge dé cap dén trong muc 7.6.

Sum

Sum

Sum

D4u ra caa khoi Sum la tong cha cac tin hiéu vao. N&u céac tin
hiéu vao la scalar, tin hiéu téng ciing 1a scalar. Néu dau vao co
nhiéu tin hiéu hén hop, Sum tinh téng tiing phén ti. Vi dy, dau
vao bao gdm 3 tin hiéu: 1, sin(x) va [4 4 5 6], tin hiéu ra s& c6 dang
[5+ sin(x) 5+ sin(x) 6+ sin(x) 7+ sinx)].

Néu khoi Sum chi c6 mét dau vao dang vector, khi 4y cac phan ti
clia vector sé dudc cong thanh scalar. Vi du, & dau vao chi ton tai
vector [4 4 5 6],  dau ra s& xuat hién gia tri 19. Tai 6 List of signs
ta c6 thé khai bao cuc tinh va s6 lugng ddu vao bing cach viét mot
chubi cac ky hidu + va -.

Product va Dot Product

7

Product

¢ b

Dot Product

Khéi Product thuc hién phép nhén ting phan ti hay nhan ma
tran, cling nhu phép chia gifia cac tin hiéu vao (dang 1-D hay 2-
D) cta khéi, phy thude vao gia tri dit ciia tham s6 Multiplication
va Number of inputs. Viéc chon Multiplication = element-wise cd
nghia: Két qua 1a tich hay thuong cla titng phin tl oQia tin hiéu
vao (tudng duong vdi phép tinh vy = ul.*u2 cia MATLAB). Vi du:
Né&u mot khéi Product cé6 tham s6 Number of inputs = */*, véi ba
tin hiéu vao 1a 5, sin(x) va [4 4 5 6], khi 8y tin hiéu ddu ra cb dang
[20/sin(x) 20/sin(x) 25/sin(x) 30/sin(x)]. Néu khdi Product chi c6
mdt dau vao dang vector, khi 4y céc phén tit ciia vector s& duge
nhan véi nhau thanh scalar 3 dau ra.

Néu Multiplication = Matrix, véi ba tin hiéu dang ma tran (c6
kich ¢d thich hgp) A, B, C, va (gia sti) Number of inputs = **/, &
ddu ra ta thu dugde két qua ABC™.

Khéi Dot Product tinh tich scalar (vé6 hudng) clia cac vector dau
vao. Gia tri ddu ra cta khéi tuong duong véi 1énh MATLAB y =
sum(conj (ul) .*u2).

Math Function va Trigonometric Function

eV b

Math
Function

Trong khéi Math Function c6 mdt lugng kha 16n cac ham toan da
dugc chuén bi sén tai 6 Function, cho phép ta lua chon theo nhu
ciu st dung. Tuong tu, khéi Trigonometric Function cé tat ca céc
ham lugng gidc quan trong. Ngugc véi khéi Fen (thu vién con
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sin p

Trigonometric
Function

Function & Tables), ca hai khéi Math Function va Trigonometric
Function déu c6 thé xi 1y tin hiéu 2-D.

Gain, Slider Gain, Matrix Gain

Slider
Gain

@,

Matrix
Gain

Khéi Gain c6 tac dung khuéch dai tin hiéu dau vao (dinh dang 1-
D hay 2-D) bing biéu thtc khai bao tai 6 Gain. Biéu thic d6 c6
thé chi 1a mot sd hay mot bién. Né&u 1a bién, bién dé phai ton tai
trong méi truong MATLAB Workspace, chi khi 4y SIMULINK méi
c¢6 thé tinh toan dugdc véi bién. Nho thay ddi gia tri clia tham s
Multiplication ta c6 thé xac dinh: Phép nhéan cta bién vao véi
Gain dudc thyc hién theo phudng thitc nhidn ma tran hay nhén
tiing phan tu.

Khéi Slider Gain cho phép ngudi sit dung thay d6i hé s6 khuéch
dai scalar trong qua trinh mé phong Khi nhay kép chuft trai vao
kh01 ctia s6 ctua Slider Gain md ra nhu dudi day:

-} Slider Gain

D& dang thdy § cita s6 trén: Khi da khai bao gia tri 16n nhat (6
High) va bé nh&t (6 Low), ta ¢6 thé thay ddi hé sé khuéch dai
trong khoang Low ... High bing thanh trugt hoac bing s& cu thé.
Khéi Matrix Gain cing giéng nhu Gain, diém khac chi 1a: Phai
khai b4o cac tham s thich hgp dé thuc hién phép nhén gitta ma
tran Gain véi dau vao.

Logical Operator va Relational Operator

AND p

Logical
Qperator

<= b

by

Relational
Operator

Khéi Logical Operator thuc hién két hop cac bién vao cla khéi
theo ham Logic da chon tai 6 Operator. Bién ra sé nhan cac gia tri
1 (TRUE, duing) hay 0 (FALSE, sai). Néu cac bién vao cé dinh dang
vector (tinh hiéu 1-D) hay ma tran (tin hiéu 2-D), cac phan ti cla
ching sé duge két hgp theo ham Logic da chon, va 6 ddu ra sé
xudt hién mot vector hay ma tran. Khi cac tin hiéu khéng thudc
loai boolean (khong cé gia tri 0 hoac 1, vi du: double) duge dua téi
dau vao cha Logical Operator, can pha1 chd §: Tham s& Boolean
logic signals (trang Advanced cua hép thoai Simulation
Parameters) phai dude chon 12 off. Khi 4y, cac tin hiéu # 0 dudc coi
la TRUE, con = 0 134 FALSE.
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<

Khéi Relational Operator thuc hién két hop hai tin hiéu diu vao
theo toan ti so sanh da chon tai 6 Operator. Bién ra sé nhan céac
gia tri 1 (TRUE, ding) hay 0 (FALSE, sai). Vi du: Tin hiéu u1 néi
v6i ddu vao phia trén va tin hiéu ©2 néi véi ddu vao phia dudi, tin
hiéurasélay=ul <u2 hayy=ul >u2 .., thy theo toan ti so
sanh da chon. Cac tin hiéu vao dang 2-D dugc xi 1y giéng nhu
khéi Logical Operator. Néu tham s& Boolean logic signals (trang
Advanced cua hop thoai Simulation Parameters) dugc chon la off,
tin hiéu diu ra sé khong phai 1a boolean ma 1a double.

Vi du:

Vi du vat ly don gidn sau ddy nhdm minh hoa chiic ning clia cac khoi
Product, Gain va Math Function (khdi Mux thudc thu vién con Signals &
Systems s8& dugc dé cap dén d muc 6.7). Hinh 6.9 giéi thiéu mé hinh SIMULINK
c6 tén Fig06_09.mdl v6i nhiém vy mé phdng phuong trinh sau:

f(1)=80 exp[—-sl—ot]sin[O,ZSt +§] (6.8)

Dao d6ng hinh sin tit dan va dudng bao sé& dudc ghi va hién thi. Khéi Clock
xac dinh thoi gian mé phéng ¢ va duge st dung dé tinh ham exp cta dudng bao.
Phép chia cta thoi gian mé phéng ¢ cho hang s6 80 dude thuc hién khi da dit
gia tri */ cho tham s6 Number of inputs ctia khéi Product1.

Sine Wave :
x

( ) x ~»I>—> e! — Product2 —

Clock * ol X |
Product! . Gain Math T

Function Product . Dao dong

80 | -1 Mux  tatdan
Constant , Gain1

Hinh 6.9 Vidy minh hoa chitc ndng cdc khoi thudc thu vién con Sources, Sinks va Math

Tham s6 caa khoi Sine Wave:

Amplitude: 1
Frequency (rad/sec): 0,25
Phase: pi/3
Sample time: 1 0

Theo cac tham s6 trén, tin higdu hinh sin ¢6 chu ky T = 2n/o = 21/0,25s =
25,133s va bién d6 1a 1.

Ch& d§ mbd phdng (trang Solver ctia hdp thoai Simulation Parameters) dudc
chon nhu sau:
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Simulation time:

Start time: 0.0

Stop time: 400.0

Solver options:

Type: Varlable-step, oded5(Dormand-Prince)
Max step size: 0.005

Min step size: auto

Initial step size: auto

K&t qua mé phong duge gidi thidu ¢ hinh 6.10.

Hinh 6.10 Cira s6 Scope
sau khi méo
phéng vidu
Fig06_09.mdl

6.6 Chuan bi mé phdng: Khai bao tham s& va phudng phap
tich phan

Trudc khi tién hanh mé phéng ta phai ¢é nhiing thao téc chudn bi nhit dinh:
D6 1a khai bao tham s6 va phudng phap md phong. Céc thao tac chudn bi duge
thuc hién tai hop thoai Simulation Parameters (61 qua nhanh menue
Simulation | Simulation Parameters). Tai dé, tit ca cAc tham sd déu da c6 mot
gia tri mac dinh (defawlt) sin, nghia 1a: C6 thé khai dong mé phdng truc ti&p
khéng cin chuén bi. Tuy nhién, dé thu dude k&t qua md phong tét nhét, phai
thuc hién chudn bi, ddt cac tham s phu hgp véi md hinh SIMULINK cu thé.

Hép thoai Simulation Parameters bao gom bén trang:

Solver

Tai trang Solver ta ¢6 thé khai bao thoi diém bit dau va két thic, thudt todn
tich phén vi phuong phdp xudt két qud cia méd phong. Hinh 6.11 mé ta ctia sd
cua trang Solver v8i cac tham sé mic dinh.
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Solver Wotkspace I/OI Dlagnoshcsl Advancedl HealanneWotkskan

Hinh 6.11 Trang Solver
(vdi cdc tham s6
mdgc dinh) cua
hép thoai
Simulation

*Parameters

SIMULINK cung c&p cho ta mét s6 thuat toan (Solver) khéc nhau dé giai
bing s6 phuong trinh vi phan dap tng mot phd kha rong cac bai toan dit ra.
DG v6i hé gian doan ta cé thé chon thuit toan discrete v6i budc tich phén linh
hoat (Variable-step) hay c§ dinh (Fixed- step) D61 véi hé lién tuc ta cb cac thuat
toan Variable-step khac nhau nhu ode45, ode23 (ca hai déu dya trén phuong
phap Runge-Kutta), hay ode2 (phuong phap Heun), hay odel (phudng phap
Euler tién). Ngoai ra, SIMULINK con cé cac thuat toan Variable-step danh cho
md phong hé théng citng® nhu odel5s, ode23s, ode23t hay ode23tb.

Thuat toan Variable-step 1am viéc v6i budc tich phan linh hoat. Viée giai cac
PTVP dugc bat dau véi bude tich phan khai bao tai Initial step size. Néu ngay
khi vira bit ddu, dao ham cla céc bién trang thai dd qua 16n, Solver sé chon gia
tri bé hon gia tri ghi tai Initial step size. Trong qua trinh mé phéng, SIMULINK
s& cb ging giai PTVP bing budc cho phép 16n nhat ghi tai Max step size. Kich ¢d
Max step size c6 thé tinh (phu thudc vao Start time va Stop time) nhu sau:

Stop time — Start time

50

Do c6 kha ning thich nghi budc tich phan, thuat toan Solver véi Variable-
step c6 thé giam sat bié’r} thién (giam sat 16i) chia cic bién trang thai tt thoi
diém vita qua téi thdi diém hién tai. Thém viao d6, thuat toan c6 thé nhan biét
céc vi trf khéng lién tuc clia ham (zero crossing detection) nhu cac dot bién dang
budc nhiy.

Khi méi st dung chuong trinh 14n dau, vé nguyén tic ta c6 thé st dung ngay
thuat toan mic dinh ode45.

Max step size =

! Phuong trinh vi phan: viét tit PTVP
% He thong cizng 1a nhitng hé c6 tén tai tAn s§ (cong hudng) cao hon déng hoc clia hé rat nhiéu.
" Vi du: Cac hé théng co véi truc kich ¢d 16n va cting nhung c6 céng hudng.
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Giam sat sai s6

DE c6 thé thich nghi budc tich phan véi déng hoc clia cac bién trang thai, tai
mdi bude tich phan, SIMULINK lai tinh d6 bién thién ctia bién trang thai tit thoi
diém vita qua t6i thoi diém hién tai. D§ bién thién d6 dudc goi 1a sai s6 cuc bd
local error e; (i = 1 ... : s6 bién trang thai clia hé, hinh 6.12). Ct mbi buéc tich
phan, thuat toan Solver (dang Variable-step) lai kiém tra xem local error cia
mbi bién trang thai c6 thda man diéu kién acceptable error (sai s8 c6 thé chap
nhan) dude xac dinh bdi cac tham s6 Relative tolerance va Absolute tolerance &
hop thoai Simulation Parameters (viét tat: reltol va abstol). Diéu kién
acceptable error dugc mé ta bing cong thitc sau:

,abstol )

acceptal;le error

Né&u mét trong sb cac bién trang thai khéng thda man diéu kién trén, buéc
tich phan tu déng dugc giam va qua trinh tinh clla budc s& duge lip lai. Viée
acceptable error dugc xac dinh trén cd sd lya chon t61 da (max) c6 nguyén do
nhu sau: Gia tri khai bao tai Relative tolerance 1a ting v4i bién thién cho phép
tinh bing % clia gia tri tic thoi cla bién trang thai x,. N&u acceptable error chi
dugc quyét dinh béi Relative tolerance, vay khi |x;| bé thi Relative talerance cé
thé trd nén qua bé, ddng nghia véi viéc: Bién trang thai khong duge phép bién
thién (tdng/giam) gi nita. Diéu nay sé khéng x4y ra né&u acceptable error duge
chon theo cong thic & trén. Néu ta khai bao cho Absolute tolerance gia tri auto,
khi Ay SIMULINK sé& bit ddu bang 10° Sau d6 abstol dugc diat vé
reltol.max(|x;1). Nh& cach chon buéde linh hoat nhu vay, SIMULINK cho phép
cac bién trang thai vin dugc phép bién thién ngay ca khi |x;| rat bé, hodic tham
chi bang 0. Hinh 6.12 minh hoa nhiing ngi dung vita giai thich.

x,@) 1

¢ < max(reltol.[x,.

local
error e,

¢
=z "

Acceptable error Acceptable error Acceptable error
xéc dinh béi xéc dinh bdi xéc dinh béi
reltol* | x| abstol i reltol* | x|

Hinh 6.12 Gidm sdt sai s6 ciia bude tich phén khi Solver =i dung Variable-step
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Néi chung, do c¢6 kha ning giam sat sai s6 SIMULINK sé tu dong giagm buéc
tich phan, néu trong mét dai nao dé d6 thi thoi gian ctia cac bién trang thai co
d6 déc 1én. Nguge lai, trong nhitng dai gan nhu khéong c6 sy thing gidng cla
bién trang thai lai cé thé tiét kiém thdi gian tinh toan nhd st dung budc tich
phan 16n nhit duge phép Max step size.

Zero crossing detection

Khai niém zero crossing trong SIMULINK dugc hiéu la tinh khong lién tuc
trong didn bién cla trang thai hay 1a cac diém khéng théng thudng. Cac tin
hidu khong lién tuc thudng do mot s6 khdi nhat dinh gidy ra nhu Abs,
Backslash, Dead Zone, Saturation hay Switch. M6i khéi ham loai nay c6 kém
theo mot bién zero crossing, phu thudc vao cac bién trang thai khong 1ién tuc va
ddi d&u mdi khi gip diém khéng lién tuc. Cit sau mdi bude tich phan,
SIMULINK lai kiém tra cac bién zero crossing va qua d6 nhan biét: Trong budc
hién tai c6 x4y ra zero crossing hay khéng. Néu c6, SIMULINK nd luc tinh chinh
xac t61 da thoi diém xu4t hién bang phuong phap ndi suy gitta gia tri vita qua
va gia tri hién tai cia bién zero crossing d6. Khi da biét chinh xac, SIMULINK
sé chi tinh cho tdi can trai cia diém khong lién tuc, @8 rdi budce tich phan sau d6
bit ddu tinh tiép tU can phai. Vi vay, néu chon sai s6 qua thé sé c6 nguy cd bd
s6t cac diém khong (cha bién trang thai x; hay cta bién zero crossing). Néu c6
nghi v&n bd s6t diém khong, cin phai giam sai s6 da khai bao dé bao dam la
Solver v8i Variable-step s& chon budc tinh di nhd. Hinh 6.13 minh hoa vadn dé
vita trinh bay.

x;(t)1 x0)}

Diém khéng Diém khéng
bi bo s6t bi phat hién

Hinh 6.13 Viéc phdt hién diém khong hoan toan phu thudc vao sai s6

Solver v6i Fixed-step hoat ddng véi budc ¢6 dinh va viéc glam sat — phat hién
cac diém khong lién tuc 1a khong thé. Song vi biét chinh x4c s6 lugng buée tich
phén, ta c6 thé udc luong kha chlnh x4c thdi gian tinh cua mé hinh mé phdng.
Diéu nay dic biét c¢6 § nghia néu ta du kién sé cai d4t mé hinh (sau khi md
phong thanh c¢éng) trén mot cdu hinh Hardware nao d6.




6.6 Chuan bi md phdéng: Khai bao tham s8 va phudng phép tich phan T 237

Workspace 1/0

Nhd khai béao thich hdp tai trang Workspace I/0 ta c6 thé gii s6 liéu vao,
hosc doc s8 liéu tit méi trudng MATLAB Workspace ma khong cin st dung céc
khéi nhu To Workspace, From Workspace trong md hinh SIMULINK. Ngoai ra,
ta c6 thé khai bao gia tri ban ddu cho cac bién trang thai tai day. Hinh 6.14 cho
ta thay cdu tao chia trang Workspace I/0 véi cac tham s6 mic dinh.

I «Final "

Save oplions
7 Limit data points tolast: [ 1000 .
Decimation: ' r1
-, Format - e IAnay :J

Hinh 6.14 Trang Workspace
1/0 vdi cdc tham
s6’'mdc dinh

oK | Cancel | e | Aol |

Néu chon 6 Input (ndm dudi dong Load from Workspace), ta c6 thé khai bao
4 phan danh dé dién chi@t bén phai: Tén cla cic tap s6 liéu cin doc tu
Workspace. Cac tap s6 lidu d6 c6 thé c6 dinh dang quen biét Array, Structure va
Structure with time. T4t ca cac yéu cdu vé dinh dang 1a hoan toan giéng nhu
déi véi khéi From Workspace.

D& dit gia tri ban ddu cho bién trang thai, ta phai chon 6 Initial State va ghi
vao phan danh d€ dién chit bén phai: Tén cta bién dang gitt gia tri ban d4u,
bién d6 c6 thé c6 dinh dang Array hay Structure. Viéc tan dung kha ning khai
bao bién giit gia tri ban d4u la rat c6 ¥ nghia khi ta cdn st dung cac gia tri
trang thai cha mot 14n mé phdng trude d6, dang con nam trong Workspace nho
da kich hoat 6 Save to Workspace va khai bao Final state (hinh 6.14), hay nho
da st dung khéi To Workspace. Dién dat cach khac: Nhd Workspace I/0 ta c6é
thé b4t ddu l4n mé phéng méi bing chinh cac gia tri trang thai ma ta da két
thic 14n mé phéng trude dé.

Bién ra cta md6 hinh SIMULINK dudc c4t bang cach dién tén bién ra vao
phan dién chit bén canh 6 Output, sau khi da kich hoat Output. Cin cha ¥:
SIMULINK chi ch&p nh4n 1a bién ra nhitng bién duge néi véi mot khoéi Outport.
Tudng tu, bang cach kich hoat 6 States (hinh 6.14) va viét tén bién trang thai
vao phdn dién chit bén canh, SIMULINK s& cit bién trang thai d6 vao
Workspace. Khi ta kich hoat mét trong cac 6 thude trang Workspace I/0, ta cdn
st dung phan Save Options dé khai thém céc yéu cdu phu vé dung lugng sé liéu
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va vé dinh dang (Format) cla céc s§ liéu muén cét. Dinh dang Array khi cat di
¢6 ciu tric nhu sau (gidng nhu khai To Workspace).

ul, u2, - oum
ul u2 -« un
2 2 2 (6.9)
u 1ﬁnal u2ﬁnal ”' unﬁnal

Cau trac Structure with time c6 hai mang: time va signals. D61 véi Structure
mang time 1a mang rong.

T
structurname.time:{t1 t, - tﬁna,}

T
structurname.signals (1 ).values = [ull ul, - ul ﬁna,]
structurname.signals (1 ).label ="'Label of Signal I'

structurname.signals (1).blockName = ' Model Name | Name of

Block generating Signal I'

T
structurname.signals (n).values = [un] un, - um ﬁnal]
structurname.signals (n).label ="'Label of Signal _n,;

structurname.signals (n).blockNarhe ="'Model Name/ Name of

Block generating Signal n'

(6.10)

D& bibt chinh xac vé trat tu sap xép cac dai lugng trang thai thanh cot (d6i

véi Array) va thanh mang (dé1 véi Structure va Structure with time) ta hiy goi
lénh {size, x0,xstord] = modelname.

Du bao (Diagnostics)

Trang ti€p theo cua menue Simulation / Simulation Parameters la
Diagnostics. Tai 6 Configuration options ta c¢6 thé khai bao phudng thic xi ly
clia SIMULINK d6i véi cac su kién x4y ra trong qua trinh mé phéng. Hinh 6.15
minh hoa trang Diagnostics véi tham s8 mic dinh. Sau khi lya chon bing cach
nhay chudt vao mdt trong cac su kién (Algebraic Loop: vong lip dai s6, Min step
size violation: vi pham budc bé nhit vv...), ta c6 thé chon va bao cho SIMULINK
biét dé st dung mot trong ba cach xi Iy nim dudi Action: Warning s& chi c6 tac
dung canh bao trong clta s6 MATLAR, con Error 1a bao 15i sé din dén ngitng mé
phong. .

O Simulation options c¢6 hai vi tri khai bao Consistency checking va Bounds
checking. Néu dugc kich hoat (khi gia tri chon la warning hay error), théi gian
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mé phdng ¢6 kha ning bi ting 1én dang ké. Consistency checking chi cin thiét
khi so d6 SIMULINK c6 chita nhitng khéi 1a ham S! ty viét, c6 nhiém vu bao
dam tinh n#éng cia cac khéi dé gidng nhu cac khéi théong thudng cua
SIMULINK. Bounds checking c6 nhiém vy khong ché&, bao ddm ring khéong c6 s6
lidu nao cta khéi bi ghi ra ngoai ving nhé gianh riéng cho khéi.

~) Simulation Parameters: Fig06_09

Solver| Workspace I/Ol Diagnosticsl Advancedl Heal-Ti'neWotkshopl

Simulation options .
Consistency checking: |none 'I Bounds checking: Inone 'l
Configuration options: Action
-1 sample time in source Varning « r None
Algebraic loop Warning
Block priority violation Warning " Warring
Check for singular matrix Nona r Efror
Data overflow Warning
int32 to float conversion Warning
Min step size violation Warning
MultiTask rate transition Error . i Hinh 6.15 Trang
S-function upgrades needed None CoE . Diagnostic
Sional label mismatch None ..'.l o s véﬁcdc
' — . tham s6’
~ 0K I Cancel ] “ Help | Apply | : mgc dinh

-) Simulation Parameters FigD6 _| 09

7Block reduction

1Boolean logic signals 0ff
Parameter pooling On
Signal storage reuse On
Zero crossing detection On

Hinh 6.16 Trang
Advanced
vdi cde
tham sé”
mdc dinh

' Ham S: 8 Function
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Advanced (khai bdo ndng cao)

Hmh 6.16 minh hoa trang Advanced cla Simulation Parameters vé1 cac
tham s6 khai bao méc dinh.

Viéc kich hoat 6 Inline parameters sé phi dinh kha ning thay d6i tham s¢&
caa cac khéi trong qua trinh md phoéng. Duy nhat nhlmg tham so liét ké trong
danh sach Global (tunable) parameters la van 6 thé thay déi duge (hlnh 6.17:
thu duge sau khi nhan nut Configure). Vi nhung tham s& khong thay d6i dudc
sé bi coi 12 hing s8, thdl gian tinh toan (so vdi cdu tric tham so mic dinh, cau
tric ma hau hét tham s8 ¢6 thé thay déi dugc) sé gidm di dang ké.

-} Model Parameter Contiguration: FigUBJJQ

- Description

Daefine tha global (tunable) paramnhnforyoul modal..These parameters stfact:
1. the simulation by providing tha ability to tuna paramatass during onwhon and
| 2. tha ganerated coda by onabllng nocslo pluma!m by othor moduhA ]

~Source list “Global Qunable) parameters——

IMATLAB workspace 1 “TiName [ % Btoraga class’~ [+ Storage type qualiier’ |
| Name

Refreshlist" Addtotable>=l : New | = Remove |

.

Ready OK | Cancel ] Help J Apply l

Hinh 6.17 Sau khi nhén nit Configure cia 6 Inline parameters, ta thu duge cita s6 m&i
dé khai bdo cu triic tham s6 cia moé hinh (Model Parameter Configuration)

Tai 6 Optimization (hinh 6.16) ta ¢6 thém vai kha nang khai bao tac dong téi
khéi lugng tinh todn md phdéng. Block reduction vA Parameter pooling anh
hudng tdi viée tao ma chay (tao Code) ctia Real-Time Workshop. Néu tham so
Boolean logic signals dugc chon 14 off, khi 4y tit cd nhitng tham s& khéng thuéc
loai boolean (vi du: thudc loai double) van duge phép néi t6i ddu vao cla nhitng
khéi (vi du: khdi Logical Operator) binh thudng chi chdp nhan tin hidu vao
dang boolean. Cac tin hiéu c6 gia tri > 0 duge coi 14 TRUE, con gid tri = 0 1a
FALSE. Khi Boolean logic signals = off, khoi Relational Operator sé tao tin hiéu
dau ra c6 dang double thay vi boolean, 1am don gian bét viée xit 1y tin hiéu
trong cac khoi ti€p theo.

Tham s Signal storage reuse’ chi nén dit vé on khi so d6 SIMULINK cé st
- dung floating scope (xem lai khdi Scope, thu vién Sinks) hay floating display, vi
nhu ciu st dung bd nhé clia mot so dé nhu vay la rat 16n.

! Signal storage reuse: Cho phép stt dung 1ap nhiéu 14n viing nhé (gianh riéng cho gia tri) cia
tin hiéu
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Viéc chon Zero crossing detection = off cho phép chl dong loai trit kha nang
phat hién cac vi tri khong lién tuc cla tin hiéu trong qua trinh mé phdng (st
dung Solver véi Variable-step) va nhd d6 giam bét khéi lugng tinh toan. Viéc
chon Zero crossmg detection = off cing pht dinh kha ning nhan biét vi tri
khong lién tuc caa cac khéi c6 dic diém giy nén su khéng lién tuc cta tin hiéu.
D6 1a khoi MinMax, Abs, Sign va Relational Operator (Math), Saturation,
Backslash va Dead Zone, ciing nhu Integrator va Step. Tham s8 khong c6 anh
hudng gi téi khoi Hit Crossing.

6.6.1 Khdi dong va ngimg mé phdng

Qua trinh md phéng cla md hinh SIMULINK dugc khéi dong qua menue
Simulation / Start. Trong khi mo phdng, ¢6 thé chon Simulation / Pause dé tam
ngitng, hay Simulation / Stop dé ngung hén qua trinh mé phdng.

Thém vao dé ta con ¢6 thé dleu khién qua trinh mé phdng bing cac dong
1énh viét tai cita s8 lénh (clta s6 Command) cia MATLAB. Diéu nay dic biét c6 y
nghia khi ta muén ty dong héa toan bd cic chu trinh mé phong, khong muén
khdi dong, ngiing hay xt 1y vv... bing tay. D6 14 cac lénh set param va sim.

¢ Lénh set param dudc goi nhu sau:

set_param(’sys’,’ SimulationCommand’ ,’cmd’)
Trong 1énh trén, mdé hinh mé phdng cé tén sys sé dugc khdi dong khi
cmd = start, hay ngting lai khi cmd = stop. Sau khoang théi gian nghi
pause, ta ra lénh ti€p tuc mé phdong bing continue. Néu chon cmd =
update, md hinh sé duge cap nhat méi. C6 thé kiém tra tinh trang mé
phdng cla sys bang lénh: i

get param(’sys’,’SimulationStatus’)
Bén canh tac dung diéu khién qua trinh md phdng, c6 thé st dung
set_param lap cic tham s§ cia khéi, cdc tham s§ md phong.

e Lénh sim dugc goi nhu sau:

[¢,x,y] = sim("model’)
Né&u muén chuyén giao ca tham s8 mé phdng, hay goi:
[t,x,y) = sim('model’ ,timespan,options, ut)

Bing lénh trén ta cha dong dugc qua trinh dat tham sd md phdng tit
mdi trudng MATLAB (méa thong thuong phai thuc hién tai cac trang Solver
va Workspace I/0 clia hop thoai Simulation Parameters). V& trai clia lénh
gdm céc vector thdi gian ¢, ma tran bién trang thai x va ma tran bién ra y
ctia md hinh. Cac tham s6 ctia sim c6 ¥ nghia nhu sau: model 14 tén cia md
hinh SIMULINK, timespan viét duéi dang [tStart tFinal] dinh nghia
thoi diém bit ddu va thoi diém ngiing chay mé phdng. Tham s8 ut cho phép
doc tap sd liéu di cé vao khéi Inport, ¢6 tac dung tuong tu nhu khi khai 6
Input thudc trang Workspace I/0 caa hop thoai Simulation Parameters.
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Biang options ta chuyén giao cho mé hinh cac tham s6 mé phdng quan
trong nhu thuit toan va budce tich phén, sai 58, cae diéu kién xuit sg liéu
vv... Viée tao cdu tric tham sd options (dinh dang structure) duge thuc hién
bing lénh:

options = simset (property,value, ...)

V6i lénh trén, cdc tham s8 di dat trong hop thoal Simulation
Parameters sé khéng bi thay d6i, ma chi bi vo hiéu héa khi sim khdi dong
qua trinh mé phdéng. Bing lénh:

newopts = simset (oldopts, property,value, ...)

ta c6 thé thay ddi bo tham sd & ¢6 oldopts (chi thay ddi nhiing chd khai
tai property) boi bd tham s8 mdéi newopts. Khi gol simset khong céd khai
bao di kém, khi Ay todn bd “properties” va céc gia tri cia ching duge xuat
ra man hinh. Véi lénh:

struct = simget (" model’)

ta s& thu dugc tron ven bo tham sd options da duge khai bao nhé 1énh
simset hay nhd hdp thoai Simulations Parameters.

Vi dy, lénh:

{t,x,y] = sim("model’, [],simset (simget (' model’ ),
"solver’ ,’ode2’, MaxStep’,0.01));

sé dua thuat toan tich phan ctia s¢ d6 SIMULINK c6 tén model vé ode2
v6l bude 16n nhat 1a 0,01 gidy. Tai vi tri clla timespan ta viét {1, nghia la:
Cac gia tri dat cua Start time va Stop time & hdp thoail Simulation
Parameters duge git nguyén,

6.6.2 Xuly 16

N&u xudt hién 161 trong qua trinh mé phdng, SIMULINK s& ngting mé phdng
va md hép thoai thong béo 161 Simulation Diagnostics nhu hinh 6.18.

!'._S_i_n_mlatiun Diagnostics: Fig6_09
Message Source Fullpath Repored By | Summary
@ Block error~ Gain Fig06_09/Ga... Simulink Error evaluati...

Emor evaluating parameter 'Gain' in block 'FigD6_09/Gain' Undefined function or variable 'g'

DpenJ mg_l

Hinh 6.18 Thong bdo 15 bang hop thoai Simulation Diagnostics
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Trong phén phia trén clia hop thoai bao 16i (hinh 6.18) ta thdy c¢6 danh sach
céc khéi gay nén 18i. Khi chuyén vach chon téi khéi nao (thude danh sach), ta sé
thay ¢ phan dudi hop thoai cac mé ta ky vé 16i ctia khoi d6. N&u nhay chuét trai
vao nit Open, clta s6 Block Parameters ciia khi sé md ra dé ta thay déi, stia lai
cic tham s6 khai bao tai d6. Pai khi, ngudn gay 15i trén sd dd con dugdc tén néi
bat thém bing mau, gitip ta nhanh chéng xac dinh dude vi tri cia khai gay 15i.

6.6.3 Tap hop cac tham sé trong Script clia MATLAB

D3i véi cac so @6 SIMULINK phiic hgp, ta khong nén truc tiép khai bao tham
0 cho ting khéi cu thé, ma nén tap hop ching lai trong mét script (m-File).
Bing cach 4y, moi cong viéc khai bao hay thay d6i tham s6 déu cé thé duge thuc
hién mot cach rat rd rang, tudng minh va khé nham lan.

P& lam nhu vay, thay vi viét cac gia tri cu thé, ta chi cdn viét tén cta cac
bién. Cac bién d6 sé dugc gan gia tri cu thé sau nay, trong khuon khd cla
script. Trude khi bt ¢u méd phdng hay sau khi thay déi tham s&, ta sé phai goi
seript € nap cac bién vao mdi trudng Workspace cia MATLAB. Nhd vay, trong
qua trinh mé phéng SIMULINK c6 thé truy cap va st dung céc bién d4 nap.

Mot kha nang khac dé kich hoat mét script chita cac tham s6 mé hinh, 1a
viéc st dung cac th tuc Callback (Callback Routines). Kha niang nay cho phép
ta tiét kiém, khong cAn mat cong goi script d6 bang dong 1énh trong ctia s 1énh
(Command Windows). Mot script, khi da dugc lién k&t véi tham s6 InitFcn cla
so d6 SIMULINK nhg lénh set_param, ltic bt ddu mé phéng sé dude kich hoat,
nhung ludn ludn trudc khi doc Block Parameters.

Vi du lénh: 4

set_param(’ model’ , ' InitFen' , ' model_ini’ )

sé lién k&t script c6 tén model_ini.m véi tham sd InitFen cia md hinh
SIMULINK cé tén model.mdl. Méi lién két dé sé bi htly néu ta goi:

set_param(’'model’, ' InitFen',' ')

Théng tin: Thu tuc Callback nao duge goi va dugc goi vao lic nao, sé do lénh
sau day quyét dinh:

set_param(0,’ CallbackTracing’ ,"on’)

Lénh d6 sé buc SIMULINK phai liét ké toan b cac thi tuc Callback tai clia
s6 Command khi chiing dugc goi. Dé biét thém vé 1énh set param va Callback
Routines ban doc goi 1énh help set param. Ngodi ra ¢ thé xem chi tiét trong
User’s Guide hay Online Help tit ciia s MATLAB.

6.6.4 Vidu

Vi du sau day so sanh tin hiéu ra cta hai khéi Constant va Repeating
Sequence v8i nhau. Cac tin hiéu ra dugc cait rleng ré vao méi trudng Workspace
va hién thi bing d4 hoa MATLAB. Tham s8 clia cac kh01 dugc khai bao trong
script ¢6 tén Fig06_19_ini.m.
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Mot seript khac véi nhiém vu v& d6 thi c6 tén Fig06_19_plot.m. Ca hai script
¢6 ndi dung nhu dudi day. Mé hinh SIMULINK Fig06_19.mdl dugc gidi thiéu &
hinh 6.19.

| Gain_Const
Const ain To Workspacel
Constant Gain L]
r> >= »| Result
Relational To Workspace Hinh 6.19 Vi du minh hoa
/b%& Operator viée tham s6 héa

- mo hinh
Repeating #{ Repeat .
Sequence o P SIMULINK tix

To Workspace2 script

20000000000000000090222000090902009200200009900909090000
’o’o%’o’o’ooﬁo‘s/ooo’oooooo‘éoooooooo’éoooooooooooooooo%ooooooo
% %
% File: Fig06 19 ini.m %
$ Comment: Initialization file for SIMULINK model %
% Fig06 19.mdl %
X o
° ‘ 0
5555555555555 55%5%%%5%5%555%%%%5%%5%%355%%%5%5%%%5%55%%%5%5%%%
% Input
Const = 1.15;

Time = [0:15:135];
Repeat = [0 0 5 5 10 10 20 20 10 10];

% Gain

Gain = 10; :
5555555555555 55555555555%5555%59%5%5555%5%%55%5%%5%%%%
% %
% File: Fig06_19 plot.m %
5 Comment : Print file to plot signals of SIMULINK $%
5 model Fig06 19.mdl %
% %
5555555535555 55555%%55%5555%5555%%5%555%%%%
subplot (2,1,1);

plot (tout, Gain_Const, tout, Repeat);

grid on;
set (gca, 'Fontsize',13);
title{'Constant and Repeating Sequence');

subplot (2,1,2);

plot (tout, Result);

grid on;

set (gca, 'Ylim', [0 2],'Fonfsize',l3);
title('Result of Comparison');
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Vi du duge thiie hién theo ba bude sau:
e  Budc 1: Goi lénh
 »> Fig06_19_ini
dé khai bao tham s6 vdéi méi truong Workspace.
e  Budc 2: Start mé hinh Fig06_19.mdl
e  Budc 3: Goi lénh
>> Fig06 19 plot

Két qua mé phéng duce gidi thiéu d hinh 6.20, hinh duéi. Trong hinh d6, cac
tin hiéu Gain_Const, Repeat va Result (cit véi dinh dang Array) duge bidu dién
thanh hai d6 thi theo thoi gian mé phong tout, do ta da bude SIMULINK tu dong
cit tout bing cach kich hoat 6 Save to Workspace |/ Time trong hép thoal

Simulation Parameters.

— Repeating table (mask) (link)

Output a repeating sequence of numbers specified in a table of
time-value pairs. Values of time should be monatonically increasing.

— Paramelers
Time values,

[T img|

Output values:

IH epeat

oK I Cancel I Help | Apply I

Constant and Repeating Sequence

/ioo 360
- ; ] Reslult of Compar{ison :
e e e
B
| R 1 e s
0 i ' i |

D 1 00, D O O e S 00 S 8400 500

Block Parameters: Repeating Sequence i SRE| Hinh 6.20 Trdai: Khai bdo

tén tham s6' cho
khéi Repeating
Sequence. Gid
tri cta Time va
Repeat duge gan g
Fig08_19 ini.m.
Dudi: Két qud mo
phiong mé hinh

- Fig06_19.mdl
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6.6.5 In mo hinh SIMULINK

Ciing gidng nhu @ hoa MATLAB, ta c6 thé xuit mé hinh SIMULINK duéi cac
dang khac nhau. Bang I&énh pr int -smodel ta s& xuit md hinh c6 tén model ra
may in. Tuy nhién, néu in qua menue File / Print ta sé c6 nhiéu kha nang khai
béo tham s6 in hon, vi du: Chi in mét tdng mé hinkh' nhat dinh. Trudc khi in ta
nén chuyén tham s& Paper type vé khd A4, vi mot vai may in ¢6 van dé khi in
theo khé usletter. Co thé lam diéu d6 tit ctta s6 Command cia MATLAB.

set (gcf, ’ PaperType’ ,’ A4’ )

Viéc in mé hinh SIMULINK thanh File dugc thyc hién tuong tu nhu @b hoa

MATLAB:
print -smodel;
print -smodel -dmeta model;
print -smodel -deps model;

Xudt model.mdl ra may in
Xudt ra file model.emf
Xudt ra file model.eps

d° o0 o

. 6.7 Hé thdng con (Subsystem)

Pé c6 thé bao quat t6t hon cac mé hinh hé thdng phtc hgp, SIMULINK tao
diéu kién dé ngudi st dung _phan mot hé tho’ng 16n thanh cac hé tho’ng con (mbd
hinh con). Bén canh uu diém 13 giam s6 lugng cac khéi trong mot cla s6 md
phéng, ta c6 thé gom cac khdi c6 lién quan chic ning véi nhau thanh cac hé
thdng con ¢é chiic ning doc lap. Bang cach dé, ta thiét k& mé hinh mé phong
theo mot ciu trac c6 phan tang vdi s& tang sdu tuy y.

6.7.1 Tao hé théng con

Cé hai cach tao cac hé théng con:

e (Cach 1: Dung chuot danh d&u t4t ca cac khéi (thuéc mé hinh hé théng
16n) ma ta mudn gom lai véi nhau. Cin chu § danh dau ca cac dudng tin
hiéu kém theo. Sau d6 chon Create Subsystem thudc menue Edit. Cac
khdi bi ddnh d&u s& dugec SIMULINK thay thé bdi mot khéi Subsystem.
Khi nhay chudt kép vao khéi méi, clta s6 c6 tén cla khoi méi s& md ra.
Céc tin hiéu vao / ra cia hé con sé dugc tu dong ghép vdi hé théng me
bdi cac khéi Inport va Outport.

e Cach 2: Dung khai Subsystem c6 sin cta thu vién Szgnals & Systems.
Sau khi gap khéi d6 sang mé hinh hé théng dang md, ta nhay chuot kép
vao khoi dé md ciia s§ (dang con trong réng) ctia khoi va 1an lugt gap cac
khdi cin thiét dé tao thanh hé théng con. Viéc ghép ndi véi hé thong me

! Hé théng phitc hdp ¢6 thé duge phan thanh cac hé théng con (Subsystems) ¢6 chiéu sau tuy
¥, tao thanh cac ting
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(hé thong tang cap trén tryc ti€p) phai duge chi ddng thyc hién bing
tay nhd cac khéi Inport va Qutport. Day 1a cach di nguge véi cach 1: Ta
1an ludt tao cac hé théng con (bat ddu tit tAng th&p nhit), sau d6 ndi cac
hé thong con dé tao thanh hé théng me (ting cAp trén truc tiép).

6.7.2 Thu vién Signals & Subsystems

Subsystem

SubSystem

Khéi Subsystem dude st dung dé tao hé théng con trong khuén khd
clla mot md hinh SIMULINK. Viéc ghép v6i mé hinh thudc cac tang
cdp trén dugc thuc hién nhé khéi Inport (cho tin hiéu vao) va
Outport (cho tin hiéu ra). S8 lugng dau vao / ra ctia khéi Subsystem
phu thudc s6 lugng khéi Inport va Outport.

Dau vao / ra cia khoi Subsystem sé duge dit theo tén méc dinh cla
cac khéi Inport va Outport. Néu chon Format /| Hide Port Labels
trén menue cta cua s6 khéi Subsystem, ta c6 thé ngan chan dude
cach dat tén ké trén va cht dong dit cho Inport va Outport cac tén
phu hgp hon véi ¥ nghia vat 1y ctia ching.

Inport va Outport

D

Inl

(1)

QOutl

Inport va Outport 14 cic khéi dau vao, dau ra cia mot mé hinh mé
phéng. Tai hép thoai Block Parameters ta ¢6 thé dién vao 6 Port
number s6 thit tu cta khél. SIMULINK tu dong danh sé cac khéi
Inport va Outport mot cach doc 14p w6i nhau, bit ddu tit 1. Khi ta
bd sung thém khéi Inport hay Outpqrt, khéi méi sé nhan s6 th tu
k& tiép. Khi x6a mot khéi nao dé, cac khdi con lai sé duge ty dong
danh s6 mdi. Trong hop thoai Block Parameters cua Inport, ta con
¢6 6 Port with dung dé khai bao bé réng ciia tin hiéu vao. Khi ghép
mdt tin hiéu c6 bé réng 16n hodc bé hon bé réng da khai bao véi
Inport, ngay 1ap tic SIMULINK béo 16i.

Can luu tAm dén mot vai tham s§ quan trong khéac cta khéi
Outport. Vi du, Output when disabled cho hé théng biét can xu ly
tin hiéu ra nhu thé& nao khi hé thong mé phédng dang ngiing khong
chay (x6a vé khong hay gili nguyén gia tri cudi ciing). Initial
Output cho biét gia tri cAn phai 1ap cho diu ra.

Théng qua céac khéi Inport va Outport thudc ting trén ciing (chu
khong phai thudc cac hé théng con), ta c6 thé cit vao hay 14y s&
liéu ra khéi méi trusng Workspace. D& 1am diéu d6 ta phai kich
hoat cac 6 Input va Output & trang Workspace I/0 clia hop thoai
Simulation Parameters va khai bao (3 6 dién chit bén canh) tén cta
cac bién can 14y s& lidu vao, hay tén clia cic bién ma ta sé gii s
liéu t6i.
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Enable va Trigger

Il

Enable

EN

Trigger

Hai phan ti Enable va Trigger nham muc dich tao cho cac hé con
Subsystem kha nang khdi dong c6 diéu kién. Trong mot hé con chi
¢6 thé st dung mot khéi Enable va Trigger. Khi duge gan mot trong
hai khéi do, tai khdi Subsystem sé xudt hién thém mot dau vao
diéu khién dic biét, ndi ma tin hiéu Enable (cho phép kich hoat)
hay Trigger (xung kich hoat) dugc dua téi.

Cac hé con c6 khdi Enable dude goi 1a hé (d3 duge) cho phép. Hé con
d6 sé duge kich hoat tai nhitng budc tich phan c¢6 phat ra tin hiéu
Enable véi gia tri duong. Tham s8 States when enabling cho biét
can dat gia tri ban ddu cho bién trang thai nhu th& nao (x6a vé
khong hay giil nguyén gia tri cudi cuing) trudc khi duge kich hoat.
Tham 8 Show output port gan cho khéi Enable thém mot dau ra,
tao diéu kién x1t 1y hay sit dung tiép tin hiéu Enable.

Cac hé con c¢6 khdi Trigger goi 1a hé dudc kich hoat bang xung. Viéc
kich hoat x4y ra tai sudn duong (Trigger type: rising), hay sudn a4m
(Trigger type: falling), hay ca hai suon (either) cia xung kich hoat.
Néu Trigger type dugc chon 14 function-call, ta c6 cd hoi chi dong
tao xung kich hoat nhd mét S-function (ham S) do ta ty viét.

Cac khéi Enable va Trigger 1a khoi 4o c6 diéu kién.

Mux va Demux

hux

Demux

Khoi Mux ¢6 tac dung giong nhu mét bd chap kénh (multiplexer), cé
tac dung chap cac tin hiéu 1-D riéng ré (tdc la: cac tin hiéu scalar
hay vector) thanh mét vector tin hiéu mdi. Néu nhu mét trong sé
cac tin hiéu riéng ré 1a 2-D (ma tran tin hiéu), khi &y ta chj c6 thé
tap hgp cac tin hiéu riéng ré thanh Bus tin hiéu (muc 6.3.1). Tai 6
tham s6 Number of inputs ta c6 thé khai bao tén, kich cd va s6
lugng tin higu vao. Vi du: Viét [4 3 —1] nghia la c6 tat ca 3 dau vao,
dau vao thi nhat c6 bé réng 1a 4, dau vao thit 2 bé rong la 3, con
d4u vao thit 8 chua duge xac dinh vi gia tri khai la -1.

Khéi Demux c6 tac dung ngude véi Mux: Tach cac tin hiéu duge
chap tit nhiéu tin hiéu riéng ré trd lai thanh cac tin hiéu riéng ré
moéi. Khdi Demux 1am viéc ho#c theo ché d6 vector (Bus selection
mode = off) hoic theo ch& dd chon Bus (Bus selection mode = on). 0
ch& d6 vector, Demux chi chdp nhan tin hiéu 1-D § ddu vao va sé
tach tin hiéu 1-D d6 thanh cac tin hiéu riéng ré nhu da khai bao
tai Number of outputs. Tham s8 Number of outputs c6 thé dugc
khai b4o dudi dang mdt s6 nguyén > 1 hay dudi dang mét vector
hang. Khi khai béo la vector hang, viéc tach cac phan ti cha tin
hiéu vao va phan chia cdc phan ti d6 thanh cac tin hiéu ra hoan
toan phu thudc vao bé rong tin hiéu vao, s8 lugng va bé rong cla
tin hiéu ra ma ta khai bao. Khi chon ché& d6 bus selection, Demux
chi ch4p nhan Bus tin hiéu § ddu vao cha khoi.




6.7 Hé théng con (Subsystem) 249

Mux va Demux ludn ludn 1a do. Cac vi du sau ddy minh hoa rd
thém cach st dung khéi Demux.

Hinh 6.21 Khéi

Demux
{123 lﬁ > Dlseley
Constant Der!uTL.- 7] Display1 T{'én VeA\CtOI;tin higu
Number of véi 3 phan tu dudgc
outputs = 3 Display2 ' tach thanh 3 tin hiéu
scalar.
C— 17 Dudi: Vector tin hiéu

Display3 véi 4 phan ti duge
tach thanh 3 tin hiéu

riéng ré (tu dong

Display4

Constant1

Number of .
outputs = 3 Display5 tach).
| Hinh 6.22 Khoi
Demuz
‘
C 7 Vector tin hiéu vdi 7
4 2 £} 4
—1, _E Dy | 5 ph?.n tu d’UQC‘tAach
(7 > > 5 thanh 3 tin hiéu
Constantt De [ 7 Separ riéng ré (ngudi su
: Number of dung tach).
outpuls=[421)  Display2 ;

1

Bus Selector va Selector

Cac tin hiéu do khéi Mux chap laf, ¢6 thé dudc tach ra khong chi
bing khéi Demux. Ta c6 thé sit dung khdi Bus Selector dé tai tao lai
cac tin hiéu tit mét Bus tin hiéu, ddng thdi gom ching lai thanh cac
tin hiéu riéng ré ban dau. Trong vi du & hinh 6.23, 3 tin hiéu riéng

Sel?:cswr ré clia 3 khdi Constant da duge khdi Mux chap lai thanh Bus tin
hiéu (hon hgp ca tin hiéu 1-D va 2-D).
o
5 Hinh 6.23 Khéi Bus
1 Selector
C_— 171
Selector 3 | K
SSonalT> , Téach hai tin hiéu
<siqna|3>b Display signal 1 va signal 3
s - tut Bus tin hiéuﬂ&
dau ra cua khéi

Constant2 Display1

Mux.

Tai hop thoai Block Parameters ciia khdi Bus Selector (hinh 6.23b)
trong 6 Signals in the bus ta cé thé thiy danh sach liét ke tit ca
cac tin hiéu nidm trong Bus. Nhan niit Select >> ta c6 thé chon
nhitng tin hiéu ma ta cin tach ra khdi Bus va gom lai nhu ban dau.
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-} Block Parameters: Bus Selector
- Bus Selector

This block accepls input from a Mux or Bus Selector block. The lelt listbox shows the signals in the input bus. Use the
Select button to select the outpul signals. The right kstbox shows the selections. Use the Up, Down, of Remove
buttanto ieorder the selections. Check ‘Muxed oulpu to miiplex the output. ]

Signals thebus_— ,‘g».sqwgdsigm ; ’
[signal 1 . 11| Up: | [signal 1 -
signal 2 'J '——J signal 3 'J
signal 3
" heb ] _torly |

Hinh 6.23b Hép thoai Block Parameters ciia khéi Bus Selector

Trong vi du d hinh 6.23 ta d& chon hai tin hiéu signall va signal3
dé tach ra khoi Bus (xem 6 Selected signals ctia hinh 6.23b). Sau
khi chon, ddu ra ciia Bus Selector c6 hai tin hidu. N&u nhu ta kich
hoat 6 Muxed output, khi 4y tin hidu ra sé chi la 1.

Khdi Seléctor cho ta kha ning lua chon con linh hoat hon Bus
Selector: Kha ning tach ra khoi Bus tin hiéu 1-D (vector) hay 2-D
(ma tran) cac phan tit riéng 1é dé rdi sau dé6 gom ching lai thanh
mdt tin hiéu 1-D hay 2-D mdi. Vi du § hinh 6.24 cho ta thiy rd sy
khéc biét 4y. Khdi Bus Selector ludn luén 1a ao, khéi Selector 12 ao
c6 diéu kién.

A 4

Selecinr

Constant Selector
Input Type = Vector Display
Elements = [1 3 6]
Input portwicth =7

(1:7) | VECIT |3

s 2 2 x| matx [r2x2y |l 5] [ 6]
810 9 Selector [ g 0]
Selector1 . Display1
Constant1 Input Type = Matrix
Rows = [2 3]
Cotumns = [3 2]

Hinh 6.24 Khoi Selector cho phép tdch tieng phdn ti riéng 1é ra khéi vector
hay ma trdgn tin hiéu
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Hit Crossing

1 Khoéi Hit Crossing ¢6 tac dung phat hién thdi diém tin hiéu dau vao
P di qua gia tri khai tai Hit crossing offset theo huéng khai tai Hit
crossing direction. Néu ta chon Show output port, tai thdi diém

Crol.!lslsting Crossing ddu ra sé nhan gia tri 1, con lai 1a 0. Néu tai trang
- Advanced cla hop thoai Simulation Parameters ta dat Boolean
logic signals = off, tin hiéu ra sé la double, ngoai ra la boolean.
[
] Kp()'i IC c¢6 tac dung gan cho tin hiéu ra cia khoi mot diéu kién ban
d4u nhat dinh. Trong vi du & hinh dudi day, tin hiéu simout cé gia
= tri 1 tai thoi diém ¢ = 0, ngoai ra la 3.
1 )
3 ! - p{ simout
simout
Constant ic To Workspace

6.7.3 Kich hoat cé diéu kién cac hé thdng con

Cac hé théng con cé chtta khéi Enable hay Trigger® goi 1a cac hé (43 dudc)
cho phép kich hoat hay hé kich hoat bing xung. Viéc kich hoat hé con hoan
toan do tin hiéu diéu khién tuong tng xac dinh. Nhu vi du dudi day (hinh 6.25)
cho thay, khi gan khdi Enable hay Trigger cho mot hé con, hé d6 s& tu ddng c6
thém mot dau vao gianh cho tin hiéu diéu khién.

D) T 1 €D, | I3
Inl In1 In3 In1
Out1—>®, 0ut1—>@

In2 outl 2 out
n2 SubSystem ina SubSystem
with Enable block with Trigger block

Hinh 6.25 Vi du minh hoa cde h¢ thong con dutge kich hoat theo diéu kién

Vi du tiép theo (hinh 6.26) gidi thich r3 hon nita cach st dung khéi Enable.
Hai tin hiéu hinh sin c¢é cung bién dé va tan s& dudc dura téi mot Subsystem. Tin
hiéu sin thit nhat dugc dua tdi dau vao Enable, tin hiéu sin thit hai duge dua téi
dau vao Inl ctia hé con. Bén trong hé con, tin hiéu ctia Inl dugc nhan (khéi
Product) véi tin hidu ra ctia khoi Enable. Tin hiéu diu ra ctia khoi Product va
cua khoi Enable duge chap kénh, dua tdi khoiScope va cat vao Workspace dudi
dinh dang Array d€ sau d6 plot thanh d4 thi nhu hinh 6.26 (dusi).

! M&i hé théng con chi dude phép chita mot khéi Enable hay Trigger
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Hinh 6.26 Trén: Vi du vé hé con

A\ ] simaut kich hog{ ¢ diéu ]
\ Z kién. Giita: Hé con ¢6
Sine Wave P Workspace kiGi Enable. Dudi:
7 I o thi cz)’q hai tin
l’ \T 7 -in1 Outl - L] hiéu ra cdt vao
|V 2 Workspace
Sine Wavel SubSysEm Fighe_26.md
‘H- enable ‘
Enable
x >
enghle x sinus Outl
7y Product
int
[ Fig06-26.mdl: Use of Enable Block
1 7 R . T T T T T

- - - Signal Enable
— Signal Enable x Sinus

Sau khi chay Fig06_26.mdl, dé thu duge dé thi trén ta cin thuc hién cac
dong 1énh sau:

>> plot (tout,simout(:,1), 'r=-.", tout, simout (:,2), 'g-");
>> title('Fig06-26.mdl:Use of Enable Block', 'FontSize',12);
»>>» legend('Signal Enable', 'Signal Enable x Sinus');

Vi du ti€p theo (hinh 6.27) sé minh hoa tac dung cua khéi Trigger. Trong so
dd md phéng: Hai tin hiéu hinh sin c¢é tan s6 khac nhau dude dua téi médt hé
con. Khdi Sine Wave thu nhit cung cip tin hiéu Trigger cho hé con. Khéi Sine
Wave thit hai chi duge dua tugng trung qua hé con. Ba tin hiéu Trigger, tin hiéu
ra cua Subsystemn va Sine Wave tht hai duge dua téi Scope. Tuong tu vi du
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trude, ca ba tin hitu duge plot dé ta so sanh. Tuy nhién, tham s8 cta khéi
Trigger da duge dat vao either, nghia la: Hé con duge kich hoat bing ca hai
suon 1én va xudng cia xung kich hoat. Nhu hinh 6.27 (dudi) cho thay, nho da su
dung ¢4 hai sudn ctia xung kich hoat nén tan sd trich mau ctua tin hiéu Sine
Wavel ¢6 tan s6 gdp ddi so v4i tan sé cua tin hidu Trigger.

‘ \ 7 simout
Sine Wave I To wiorkspace
3 ¥
/ 1 Outt 1 =
P

Yj & rigger

Sing wavel SubSysem Fighé_27.mdl (T ’ 1 :
In outl
Fig06-27.mdl: Use of Trigger Block

1 J T T T T —r

+ Trigger Signal
—- - Out1 Signal
— Sinus Signal

0.6
04

0.2

Hinh 6.27 Trén (trdi): Vi du vé hé con duge kich hoat bing xung. Trén (phéi): Hé con ¢6
khéi Trigger. Dudi: D4 thi cua ba tin hidu duge cdt vao Workspace ‘

Sau khi chay Fig06_27.mdl, tic 1a khi: K& qua md phong da dude cit vao
Workspace, ta thuc hién chum lénh duéi day d€ thu duge dé thi nhu hinh 6.27
(duén).

»>» plot (tout,simout(:,1l), "r*',tout,simcut(:,2), 'b-."
tout, simout(:,3), "k=-");
»» title ('Fig06-27.mdl: Use of Trigger Block',
"FontSize',12);
>> legend ('Trigger Signal', 'Outl Signal’', 'Sinus Signal');

14
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6.7.4 Panh didu cac hé con (Mask Subsystems)

Kha niang danh ddu cac hé con cho phep lam don glan viéc tham s6 hoa hé
thong con rat nhiéu. Nhd danh d4u, tit ca tham s8 can thiét sé duge gom lai
trong mdt hop thoai Block Parameters duy nhat. Nhd danh dau, mot hé con
phitc hgp sé ducc thu lai chi con 12 mét khéi véi cdc dau vao / ra tudng ung. Day
chinh 1a cach dé tao ra mét thu vién con méi.

Cac bién st dung trong hé con d3 danh ddu (Subsystem) duge gan gia tricu
thé tai hop thoai Block Parameters. Vi du: Hai hé s§ m va b cua biéu thiic mx+b
trong hinh 6.28. Nhu vay, cic bi€n d6 chi ¢6 y nghia cuc bd (local) va khdng thé
bi truy cap va xi 1y qua méi trudng Workspace. Diéu nay bao dam tinh déc lap
cua khoi da danh d4u (gidng nhu cac khéi chudn) va do d6 ta cé thé st dung
ching lap lai nhiéu 1an trong cung mdt md hinh md phéng.

Vi du minh hoa

D& minh hoa ta hay danh d&u hé con mx+b trong hinh 6.28 (trai). Hé d6 tinh
phuong trinh duang thang y = mx+b c6 dd doc m va giao diém véi truc tung tai
b, 12 hai tham sé ¢c6 thé dugc dat gia tri bat ky ti hop thoai Block Parameters
cua hé (sau khi 3 danh d&u), chit khong phai vao tan khdi Gain hay Constant
(hinh 6.28, bén phai: khdi Do doc va Cat truc y) € khai bao gia tri nita.

@———-bx ¥ yl:]

Clock mX+b Stope

Cattruc y

Hinh 6.28 Vi du ddnh ddu hé con. Trdi: Mo hinh SIMULINK cé Subsystem. Phdi: So dé
cua Subsydtem mx + b

Khi ta danh dau hé con mx+b va goi Mask Subsystem & menue Edit, hop
thoai Mask Editor s& md ra. Trang Icon c6 chila cac kha ning trinh bay Icon
(trang tri ngoai hinh) ctia khoi méi. Trang Initialization gianh cho viéc dinh
nghia cac tham s6, trang Documentation cho phép ta viét mot doan Text ngin
md ta chiic nang va noi dung Help (phan Text md ra khi nhan nit Help) caa
khéi méi.

Tai 6 Prompt cua trang Initialization (hinh 6.29, phia trén, bén trai) ta khai
bio tén ciia tham s, tai 6 Variable khai ky hiéu cta bién dic trung cho tham sé
dé. Can chid ¥ rang, d6 chinh la tén ctia tham sd va tén bién sau nay s& xuft
hién-tai hép thoai Block Parameters cia khdi méi. Nhay chudt vao nit Add, hai
tén (tham s8 va bién dic trung cho tham s8) s& dugc nhap vao danh sich
(parameter list). O Control Type dugc dit 1a Edit, c6 nghia la: Phia dudi tén cla
tham s6 phai danh mét dong tréng dé ta viét (khai bao) gia tri ctia tham s6. Gia
tri d6 sau nay s& dugc MATLAB (do chon Evaluate tai 6 Assignment) doc vao va
gan cho bién tudng ing (trong vi du 1a m va b).
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-) Mask Editor: Fig06_28/mx + b

jon | inalzation | Documentation |

y
Mask type; | Straight Line Equation
Prompt Type Yaiiable

Hinh 6.29 Ddnh ddu hé con
‘mx+b’. Trdi: trang

I [———— P—— l___—__l ) Inftiali.’z.afion. Dudi
(bén trai): trang

Voriabe: | Assigment.  |Evaka Documentation. Dudi

Popupstings: | ; (bén phai): hép thoai

. Intalization commends: Block Parameters ctia
khél mdi xudt hién sau
khi ddnh ddu

0K | Concel | unmask | Hep | mopy |

-} Mask Editor: Figd6_28/mx + b

leon” | Iniietzstion | Dacunedatiml

Mask type: | Straight Line Equation

Block description:

The block calculates the straight ine equation y = mx + b, .
Parametars ate the tising gradient ‘Do doc' (m} and the inteisection point ‘Cat '
truc y' (b) with the achs y.

| Block Parameters:mx + b
Block heip: : -  Stiaight Line E quation [mask}
Y g v 0 p The black calculates the straight ine equation y « mx + b.
;H':: values Do doc' (m) and Cat kuc y' (b) must be wiitten down into the text Parameters are the rising gradent Do doc: (] and the esssction point
ield. Cat tiug y' (b) with the achs y.
r Cattucy -
Do dac
0K | cocel | unmesk | Heo | aeoy | [T ] coos | b | oo |

Tai 6 Mask type ta dién ky hiéu ma ta mudn gan cho khdi méi. Khi da xong
tdt cd cac khai bao, ta nh&n ndt Apply dé két thuc, moi khai bao da duge khéng
dinh. V& sau, khi nhay chu¢t kép vao khéi (thay thé hé con) trong vi du
Fig06_28.mdl ta s& khong thu dugc clta sd clia hé con nita, ma 1a hop thoai
Block Parameters nhu hinh 6.29 (hinh duéi, bén phai).

Tai 6 Block description (hinh 6.29, dudi, bén trai) cua trang Documentation
ta nhap doan ky tu moé ta chitc nidng cia khéi méi, 1a doan ky tu sé xuat hién
tai hop thoai Block Parameters (hinh 6.29, duéi, bén trai).
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Tai trang Icon ta c6 thé tién hanh tao dang va trang tri biéu tugng cua khai.
Tai d6 c6 mot sé 1énh phuc vu viéc biéu dién 15i vin, dudng nét ciing nhu ham
truyén dat. Ta c6 thé gan ca hinh anh véi dinh dang TIFF. Vi du d6i véi hé con
mx+b ta st dung cac 1énh plot ({0 11,[0.1 0.1]) plot([0.1 0.11,(0
1]) dé vé mot hé toa d6 xy va plot ([0 2], (0.3 3]) dé vé mdt doan thang
véi m >0 va b >0. Tai 6 Drawing coordinates ta chon Normalized (chuin héa:
géc bén trai phia dudi cé toa dd (0,0); géc bén phai phia trén c6 toa do (1,1)).
Bing cac tham s& Icon frame, Icon transparency va Icon rotation ta c6 thé khai
" bao thém cac dac diém cta khung (dic hay trong sudt) va kha ning xoay dd hoa
trang tri. N&u thay cho d6 hoa hay hinh anh, ta mudn gan 15i van thi c¢6 thé su
dung lénh vé& (Drawing commands) nhu disp (' Text’) hodc disp (Variable
name). Cin luu y: Variable name phai 1a tén cta bién da dinh nghia tai 6
Prompts cua trang Initialization. Khi 4y, trong khudn hinh ctia khéi sé& luén
xuit hién gia tri dugc gan cho bién (véi diéu kién ta da khai bao gia tri cho bién
d6). Khi goi disp (* Text’ ) ta c6 thé st dung lénh \n dé cudng Text xudng dong.

Mot khi @3 khai bao xong xudi khéi méi ma ta mudn thay d6i, ta c6 thé goi
Mask Editor bang cich danh ddu khéi, sau d6 chon menue Edit / Edit Mask.
Khi chon menue Edit / Look Under Mask, clta s6 clia hé con sé md ra hét nhu
khi ta nhay chuét kép vao hé con (Subsystem) chua qua danh dau.

6.8 Toém tat ndi dung chuong 6

Sau khi da nghién ctu ky chuong 6, ngudi doc ciAn ndm viing cac ndi dung
sau day: i
1. X4y dung va bién soan luu d6 cdu tric cho mé hm SIMULINK
St dung cac khéi cta cac thu vién con Sources, Sinks, Math va Signals &
Systems
Hiéu biét co s8 vé cac tham sd clia hop thoai Simulation Parameters
Co 6 vé gidm sat sai s§ v nhan biét cac diém khong 1ién tuc
Cac kha nang goi ra hodc cit s8 liéu vao mdi trudng MATLAB Workspace
St dung lénh sim va set_param dé didu khién qua trinh md phdéng tu
MATLAB
Gom céac tham sb ctia khéi trong mot script
In mé hinh SIMULINK ra may in hoic ra File anh
Xay dung va kich hoat c6 didu kién cac hé con
O Hiéu biét cd sd vé danh dau hé con

N

& oew

"“990.\’



7 Cac hé théng tuyén tinh va phi tuyén

Trén cd sd cac hidu biét ban ddu vé SIMULINK & chuong 6, trong chuong 7 ta
b6 xung thém cac khéi dic trung cho dong hoc clia cac hé lién tuc vé thoi gian
(14y tit thu vién con Continuous), cac phan ti phi tuyén trong hé nhu khdéi béo
hoa hay khau tré (thu vién con Nonlinear), cac ham kha trinh cia MATLAB va
cic “bang tra” cua thu vién con Function & Tables. Chuong 7 ciing dé cap t6i
cac van dé vé “vong lap dai s6” va lap trinh ham S (S Functions).

7.1 Thuvién Continuous

Integrator

1
>§P

Integrator

Khéi Integrator 14y tich phan tin hiéu dau vao ctia khéi. Gia tri
ban dau dudc khai bao hodc truc ti€p tai hop thoai Block
Parameters, hodc thong qua chon gia tri internal tai & Initial
condition source dé sau d6 dién gia tri ban ddu vao dong viét ctia 6
Initial condition. N&u Initial condition source dugc chon 13
external, trén biéu tugng cia khéi sé xuét hién thém mot dau vao
thit hai gianh cho gia tri ban dau L8y tu nguén bén ngoai khéi.
DAu ra cta khéi Integrator c6 thé dugec mét tin hiéu bén ngoai lap
vé (reset) mét gia tri ban ddu. Tai 6 External reset ta c6 thé chon
dang cua tin hiéu reset (vi du: rising c6 nghia 1a sudn lén). Khi
chon cho External reset mot trong cac gia tri rising, falling, either
hay level, khéi Integrator sé tu dong c6 thém mot dau vao gianh
riéng cho tin hiéu reset.

Né&u cin chin bién dd tin hiéu ra, ta kich hoat & Limit output va
khai bao gia tri t6i da tai dong (Upper hay Lower) saturation limit.
Khi kich hoat 6 Show saturation port ta ¢6 thé 18y duge tin hiéu
bAo hoa tuong ting: 1 tai diu ra khi ¢6 bao hoéa duong, -1 khi bso
hoa 4m, con 0 cho cac gia tri lung chitng gitta hai ngudng bio hoa.
N&u kich hoat 6 Show state port, trén biéu tugng cta khéi s& xuat
hién thém mot dau ra (state port) cho phép trich tin higu trang
thai cia khéi Integrator. Bién trang thai ctia khéi thuc chit dong
nhit vé gia tri véi bién ddu ra, tuy nhién, SIMULINK tinh hai
bién d6 (bi€n ra va bién trang thai) tai nhitng thdi diém it nhidu c6
khac nhau. Trong mgt vai truong hgp viéc sit dung bién trang thai
14 cin thiét: Gia st tin hiéu ra duge dua héi tiép trd vé& diu vao xéa
hay lap tri ban dau, sé xuat hién vong lap, néu dua vé dau vao lap
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Derivative

duict p

Derivative

State-Space

X'z Ax+BY
y=Cx+Dy

State-Space

b

tri ban ddu, tham chi con 1a vong lap dai s6. C6 thé phong ngita
diéu d6 bang cach hdi ti€p bién trang thai, thay cho bién dau ra.
Néu md hinh SIMULINK chtia cac bién trang thai rdt chénh léch
nhau vé kich ¢d gia tri, khi 4y nén khai b4o tham s8 Absolute
tolerance riéng ré thém cho ting khéi Integrator cia mé hinh, mic
du ta da khai Absolute tolerance chung tai hép thoai Simulation
Parameters. Viéc khai bao thém sé& budc SIMULINK sé& bao dam
ding gia tri sai s0 yéu cAu déi vdi tiing khél.

Phép tinh dao ham tin hiéu dau vao dugc thuyc hién nhg khéi
Derivative. Tin hiéu tim dudc & ddu ra c6 dang Au/At, véi A 1a bién
thién ctia dai lugng cdn tinh ké tit bude tich phan lién trude do.
Gi4 tri ban diu caa biénrala 0.

Khoéi State-Space 12 md hinh trang thai cla mét hé tuyén tinh,
dudc mé ta bdi hé phuong trinh sau day (xem Control System
Toolbox, muc 3.1.3):

x=Ax+Bu

y=Cx+Du

Bac cia hé do kich ¢d clia ma tran trang thai A quyét dinh. Néu
Nx 14 s8 bién trang thai, Nu 1a s bién vao vaNy 1a s8 bién ra, cac
tham s6 ctia hé sé phai c6 kich ¢d nhu sau: A(Nx x Nx), BWx x
Nu), C(Ny x Nx) va D(Ny x Nu). Khai bao nhu vay ta da quyé’tyi
dinh Nu 14 bé roéng cta vector tln hiéu vao va Ny la bé rong cla
vector tin hiéu ra.

(7.1)

Transfer Function va Zero-Pole

1

-— P
S+1
TransferFen

(s-1)
5(5+1)
ZemnPole

b

Nho khéi Transfer Fen ta c6 thé mo hinh héa ham truyén dat cta
mét hé tuyén tinh. Khéi Transfer Fen c6 dac diém hoan toan tudng
duong véi 1énh tf (num,den) cua Control System Toolbox. Tham
s6 ciia khéi 14 cic hé s6 chia da thic ti s6 (Numerator) va méu s&
(Denominator), khai bao theo thi ty s§ mi cha s gidm din. Bac
clia miu s8 phai 16n hon ho#c bang béc clia ti s6. Vi du: Néu nhap
cho Numerator [4 3 0 1] va Denomznator [1 073 1], khéi s& tao ra
ham truyén dat:
y(s)  4s®+3s2+1
H(s)= =— - : (7.2)
u(s) sT+Ts"+3s+1
Tai 6 Numerator ta cling c6 thé khai bao ma tran. Bé réng cta
vector tin hiéu ra sé tuy thudc vao sé dong cia ma tran da duge
khai. C4c tin hiéu vao chi duge chdp nhan 1a scalar.
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Memory

l__| b

Memory

Ngudc lai véi Transfer Fcn, khéi Zero-Pole sé tao nén tit cac tham
s0 Zeros, Poles va Gain mot ham truyén dat dudi dang hé sd héa
theo diém khong, diém cyc (m = s lugng diém khéng, n = s6 luong
diém cuc). Vi du:

Z(s) _ (s=z()(s—2(2))...(s = Z(m))
P(s) (s——P(l))(s——P(Z))...(S—P(n))

Z(s) c6 thé 1a mdt vector hay ma tran chita cac gia tri diém khéng
cia hé, P(s) 1a vector cac gia tri diém cyc. Dai lugng scalar (hay
vector) K c6 chtta hé s6 (hay cac hé s6) khuéch dai cia hé théng. S6
lugng phan ti cha K tng véi s§ dong cta Z(s). S§ lugng diém cuc
phai 16n hon hoidc bing s lugng diém khéong. Cac diém khoéng,
diém cuc phic phai 1a phic lién hdp. Khéi Zero-Pole hoan toan
tuong duong véi 1énh zpk (z, p, k) cua Control System Toolbox.

H(s)=K

(7.3)

Khé&i Memory xuit 6 dau ra gia tri cia dau vao thudc buée tinh
phan vita qua. Nhu vay, khdi Memory c6 dic diém ctia mot khau
gitt cham bac 0, luu gid tin hiéu trong khoang thdi gian mdt budc
tinh. Khi mé phdng véi odel5s va odel13 (ca hai déu 1a phuong
phap tich phan da budc) ta khong nén stit dung khdi Memory.

Transport Delay va Variable Transport Delay

D%U

Transport

Delay

b

Dy b

Variable
Transport

Delay

Khéi Transport Delay 1lam tré tin hiéu vao khoang thoi gian > 0
khai bao tai 6 Time delay truéc khi xuét t6i ddu ra. Chi dén khi
thoi gian mo6 phéng bat dau vugt qua thdi gian tré (so véi ldc bat
dau mé phdng), khéi Transport Delay méi xuat gia tri khai tai
Initial input t6i d4u ra. D€ tam cit s§ liéu, SIMULINK st dung
mot vung nhd dém véi kich ¢d do Initial buffer size quyét dinh.
Néu s6 liéu tam cat vugt qua kha ning ving nhé dém da khai,
SIMULINK sé ty dong b6 sung thém dung lugng cdn thiét nhung sé
lam qué trinh mé phdng cham di dang ké.

Bing khéi Variable Transport Delay ta c6 thé diéu khién tré tin
hiéu mot cach rat linh hoat: Tin hiéu chita thdi gian tré dugc dua
t6i dau vao thd hai (ddu vao phia dudi) cia khéi. Tai 6 Maximum
delay ta phai khai mét gia tri tré t6i da, cé tac dung gidi han (chin
trén) gia tri cia tin hidu diéu khién thoi gian tré. Cac tham sé
Initial input va Initial buffer size c6 chic ning giéng nhu da mé ta
khéi Transport Delay.

Ca hai kh6i déu c6é tham s8 Pade order, noi ta khai bao mét s&
nguyén > 0, xac dinh bac cia phép xdp xi Pade ma hai khoi st
dung. Tham s8 nay rdt ¢6 y nghia néu ta dinh tuyén tinh héa mét
sd d6 SIMULINK. Gia tri mic dinh Pade order = 0 cho biét: Khi
tuyén tinh héa, hai khéi duge thay bdi hé s§ khuéch dai = 1.
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Vi du

Vi du nay chu yé&u 1y gidi van dé reset khoi Integrator. Mot khéi Integrator
tinh tich phan gia tri 0,5 cua khéi Constant. Mdi khi tin hiéu ra ctia khéi
Integrator dat téi gia tri 2, ddu ra ctia khéi lai dugc reset (External reset =
rising) va chan x, nhan gia tri do khéi Ramp (c6 tén Initial Value: hinh 7.1) dua
t6i 1am gia tri ban dau. C&u tric (hinh 7.1) nhu vay da tao nén mot vong quéin,
bdi vi ddu ra cua khéi Relational Operator (tic 13 tin hiéu reset cia chinh khéi
Integrator) lai phu thudc truc tiép dau ra cia khéi Integrator.

05 ——— l +[ l
1
Constant gk f > - Scope
%0 |—->
Integrator 2 Relational
Operator
Initial Value Constanti

Hinh 7.1 Vidu reset khéi Integrator: Tai déy xuét hién vong quén

Dé& khAc phuc v&n &€ niy sinh & hinh 7.1 ta b8 sung thém kh&i Memory &
nhanh din tin hiéu reset nhu hinh 7.2. Tuy nhién, khi s dung Solvers c6 budc
linh hoat Variable step ta'dé dang nhan th&y nhudc diém tré tin hiéu reset (1am
sai lac dic tinh thuc ciia hé thong) do khéi Memory gy nén (hinh 7.4, bén trai).

05— L ..;l ]
ol ! N
Constant '-’FE f gl Scope
]
rblntegrator 5 Relational
Operator
Initial Vaiue Constantl
tMemory

Hinh 7.2 Viduy reset khéi Integrator: Ngin ngita vong quén bing khoi Memory

Giai phap théng minh hon 13 giai phap 6 hinh 7.3: Thay vi st dung tin hiéu
ra, tin hiéu trang thai cta khéi Integrator duge stt dung dé tao tin hidu reset
(kich hoat 6 Show state port). K&t qua dugc giéi thiéu & hinh 7.4 (bén phai).

Khi tin hiéu d6 ddc ¢ dau ra cta khdi Ramp ting 16n hon 2, tin hiéu ra cla
khéi Integrator sé ting ty 16 thuan véi gia tri ban ddu (dit tai x,). D8 tranh didu
d6 ta da gi6i han ddu ra vé gia tri 2 (kich hoat Limit output, Upper saturation
limit = 2).
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S
0.5 o > l:l
Constant s . Scape
l—»xo
Integrator | o Relational
Operator
Initial Value Canstantl

Hinh 7.8 Vidu reset khoi Integrator: Ngén ngita vong quén bangtin hiéu trang thdi

Reset with Memory Block Reset with State Variable

0 5 1b 1‘5 2b 25

Hinh 7.4 S6'liéu Scope ctia hinh 7.2 (trdi): Reset bing tin hiéu ra qua khét Memory, va
hinh 7.3 (phdi): Reset truc tiép bang tin hiéu trang thdi

7.2 Tuyén tinh héa

Viéc tuyén tinh héa cac mé hinh SIMULINK c6 thé duge thuc hién nhd 1énh
linmod cua MATLAB. Hé da qua tuyén tinh héa sé duge xuét ra dudi dang mé
hinh trang thai véi cac ma tran A, B, C va D. Cac d4au vio / ra cia hé (thudc

| tang cao nhét khi hé chita ca cac h¢ con) phai duge thé hién ré trong so db

| SIMULINK bang cac khéi Inport va Outport. Cac khéi chic ning clia thu vién

| con Sources va Sinks khéng duge SIMULINK coi 12 dau vao, dau ra. Tuy nhién,

| viée stt dung hai kiéu khdi d6 khong loai trit 14n nhau, vi du: C6 thé sit dung cac
khéi Inport song song véi cac khéi thuge Sources, néu dau ra cha ching cung
dua t6i khéi tinh t6ng Sum. Lénh 1inmod dugc st dung nhu sau:

| [A,B,C,D) = linmod(’sys’,x,u,pert,xpert,upert)
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Trong lénh trén, sys 1a tén cia md hinh SIMULINK. Théong qua vector bién
trang thai x va vector bién vao u ta c6 thé khai bao mot diém lam viéc ma ta
cin tuyén tinh héa mé hinh xung quanh d6. Céc gié tri mac dinh cta chung la
0. Bing tham sd pert ta xac dinh mét hé s6 nhiéu (perturbation), dic trung cho
nhidu noi tai d6i véi vector bién trang thai va vector bién vao khi tim mé hinh
trang thai cla so d6 SIMULINK. Néu khéng nhan duge mét gié tri cu thé, pert
sé duge dat mac dinh 14 105, Biing xpert va upert ta c6 thé khai bao hé s8 nhiéu
riéng ré cho vector cic bién trang thai va vector cic bién vao, khi 4y pert sé bi
b qua.

Bén canh 1énh linmod con cé 1énh 1inmod2 véi cach vidt (syntax) cling hét
nhu vay. Diém khac duy nhat 1a 1inmod2 cé két qua tinh cao han, do st dung
mot thuat toan khac, cho phép giam thiéu sai s8 1am tron. Khi tinh ma tran hé
thong, mdi bién trang thai s& nhan duge mot hé s6 nhiéu riéng va tham s& pert
chi con mang y nghia 1a gia tri giéi han duéi clia cac hé s8 d6. Gia tri mac dinh
12 10°%. Do 1inmod2 chinh xac hon nén thdi gian tinh thudng cling kéo dai hon.

Né&u mé hinh can tuyén tinh héa c¢é chita khéi Derivative hoic Transport
Delay, truéc khi tuyén tinh héa bing linmod nén tim cach thay th& bdi cac
khéi tuong tng ciua Control System Toolbox, hay bdi khéi Switched derivative
for linearization hodc Switched transport delay for linearization thudc thu vién
con Extras | Linearization cia SIMULINK. C6 thé tdi thu vién con Extras /
Linearization bang cach nhay chudt kép vao ky hiéu Blocksets & Toolboxes
trong cia sé thu vién chinh (hinh 6.1, Library: simulink3) hay vao nhanh
Simulink Extras cia thu muc truy cap (hinh 6.2, Simulink Library Browser).

Né&u so d khoi SIMULINK dé ¢6 sén duéi dang mé hinh trang thai (véi cac
ma tran A, B, C va D), ta con c6 thé st dung thém mot sd 1énh khac cla
Control System Toolbox (muc 3.1). Vi du véi: i

sys = ss(A,B,C,D)
ta chuyén sd d6 khéi SIMULINK sang dang d6i tugng LTI (Linear Time
Invariant), dé rdi 4p dung lénh
bode (sys) .
vé db thi BODE clia ddi tugng LTI 1a sys va biéu dién trong MATLAB Figure.
Véi 1énh:
[den,num) = ss2tf(A,B,C,D)

ta budc MATLAB xuit cic hé s§ clia da thic mAiu s6 den va tlt s6 num (theo
trinh ty s6 mit gidm dan) ctia ham truyén dat.

Ngoai ra, dé tuyén tinh héa cac hé trich miu ta st dung lénh dlinmod
(muc 8.4 s€ quay lai véi lénh nay).

Vidu

Hinh 7.5 minh hoa mt md hinh quan tinh bac 2, ¢6 diu ra dudc dua héi tiép
trd lai diu vao qua mdt khau quan tinh bac nhit. Cac ddu ra cta hé chinh 1a
ddu ra cta hai khdi Transfer Fen, ddu vao chinh la diém tac dong ca tin hiéu
kich thich.

“
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1 y s
——— r simout
252 +1 5s+0.1

Excitation Object To Workspace
1
In1 s+1 Outl
Feedback
Transfer function
{2 )
Out2

Hinh 7.5 Vidu vé tuyén tinh héa hé théng: M6 hinh SIMULINK cé tén Fig07_05.mdl

Sau khi da x4y dung md hinh SIMULINK nhu hinh 7.5 va cit thanh File
tén Fig07_05.mdl, ta goi:

>> [A,B,C,Dl=linmed('£fig07 05")

A =
-0.7500 -0.0500 1.0000
1.0000 0 0
0 0.5000 -1.0000
B =
1.0000
0
O.
C =
0 0.5000 0
0 0 1.0000
D =
0
0

K&t qua sau l1énh 1inmod la mé hinh trang thai véi c'ic ma tran hé théng.

7.3 Xac dinh diém can bing

Bing lénh trim cia MATLAB ta c6 thé xac dinh diém cin bing (trang thai

xac lap, X = 0) cua mé hinh SIMULINK. Lénh:
[x,u,y] = trim{(’sys’ ,x0,u0,y0)
sé tim th&y diém can bing ctia m6 hinh sys, ndm gin diém x0, 10, y0 nhat.
Céc hé phi tuyén c6 thé c¢6 nhidu diém can bang. Tuy nhién, trim ludn chi tim
ra mot diém gén vdi b gia tri ban ddu nhat. N&u bd gia tri ban ddu khong cho
trude, SIMULINK sé tim diém gin véi x0 = 0 nhat. Néu khong ton tai diém can
bing, SIMULINK sé& xudt ra két qua diém c6 dao ham cla x 1a t6i thidu.
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Ta hdy thi tim diém c4n bing cho mé hinh SIMULINK trong hinh 7.5.

>> x0 = [1; 1; 112 u0 = [3]:
>> [x,y,2z,d%x] = trim('fig07_05",x0,u0)
X=

-0.0000

-1.3793

-0.6897

0.6207

-0.6897
-0.6897 -
dx =
1.0e-016 *
0.6939
-0.0000
0
Bang viéc khai bao thém bién dx trong dong 1énh, ta ¢a buéc MATLAB phai
- cho ta biét théng tin vé 36 du sai s& (so v6i 0) dao ham clia cac bién trang thai.
D& biét thong tin v& trat ty cla cic trang thai tuong dng véi cac khéi trong
sd d6 SIMULINK ta goi (tham s§ xstord):

>> [size,x0,xstord] = £ig07_05
size =

PR ORNOW.I

0

0

0

xstord =

'Fig07_05/Object’
'Fig07_05/Object’
'Fig07_05/Feedback
Transfer function'

Tham s8 xstord cho ta biét: Vi tri cia ba bién (ba phin ti) thudc vector
trang thai clia mé hinh trang thai thu ti so 46 Fig07_05.mdl.
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7.4 Thuvién Nonlinear

Rate Limiter va Saturation

Khéi Rate Limiter gi6i han dao ham bac nhat clia tin hiéu ddu vao
*  tai cAc tham s& Rising slew rate (gidi han khi tin hiéu vao tang) va
Falling slew rate (gidi han khi tin hiéu vao giam).

Rate Limier Khéi Saturation giéi han gia tri t61 da ctia tin hiéu vao vé phia
dudng (Upper limi.y va phia 4m (Lower limit).
Saturation
Quantizer

Khéi Quantizer chuyén tin hiéu ¢ ddu vao ctia khéi thanh tin hi
P ¢6 dang bac thang. Chiéu cao clia bac do tham s8 Quantizatio.
interval quyét dinh. Tai thdi diém tich phan th i, tin hiéu ra y()

Quantizer duge tinh ti tham sé Quantization interval g va tin hiéu vao u(@),
déng thoi st dung ham lam trén round cia MATLAB theo:
uli
,y(i)zq-round —(2 (7.4)
q
g simout
f > >
“ - l To Workspace

Clock ©MNB2+3  Quantizer v
i

Demonstration of block Quantizer

30 ! T ; ) ! ! ! T T

; : - Parabola

H H 1 | — quantized Parabola
25 \—----- O SRREEE R b N M AR Mt Sy
() P, A SR SIS SO SO PO E PO AP U

SIS NS S LE EE
| e
ol——1 i S I T i - i 1 5
0 1. 2 3 4 5 8 7 .8 .9 10
B : i Time [s] BRI o

Hinh 7.6 Vidu vé chitc ndng ciic khéi Quantizer




266 7 Cac hé théng tuyén tinh va phi tuyén

Backlash

Khéi Backlash phéng lai dic tinh cia mot hé théng ¢6 d6 do. Do do
ﬁ b thudng xu4t hién trong cac két cdu cd khi c6 chita hop s8, d6 chinh
12 d6 do l4c giita hai banh rang khdp nhau ctia hop s6. D6 do léc
thudng xuat hién do gia cong thi€u chinh xac hay vi 1y do hao mon
vat lidu. Tham s Deadband width khai bao bé rong ctia dé do (d61
xiing & diu ra).

Backlash

* »-
nooo simout
L] Fo ! | #
. To Workspace

Signal Rate Limiter Backiash

Generator
1
Constant .
N Demonstration of block Backlash
2

14 T T T T T T

— - - Input Backlash
—— Output Backlash

2 3
P " Time [s]

Hink 7.7 Vi du vé chitc ndng ctia khéi Backlash

Khéi Backlash c6 thé c6 mot trong ba trang thai hoat dong sau:

* Kich do theo chiéu duong: Tin hiéu ra tiang ty 1é véi tin hiéu
vao, y(@) = u(®) — (1/2) - Deadband width. Vi du hop s6: Banh
riang dang trong trang thai hoat dong, téc 46 quay dudng phia
ddng cd truyén dong tao nén tdc d6 quay duong phia tai.

e Cdch ly: Néu tin hiéu vao dao dau, phai quét qua toan bj bé
rong cia d9 do cho tdi khi kich dd theo chiu 4m. Trong qua
trinh d(), tin hiéu ra hoan toan cach ly véi tin hiéu vao. Vi du
hép s8: Khi ph1a truyén dong dao chiéu, hai banh rang sé roi
nhau ra va ldc 4y khong thé diing dong cd truyén déng dé didu
khién tdc d6 quay cia phia tai.
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Dead Zone

[

3

/

Dead Zone

e Kich do theo chiéu @m: Tin hiéu ra giam ty 1& véi tin hiéu vao,
y(@) = u(@) + (1/2) - Deadband width. Vi du hop s6: Hai banh
ring lai trong trang thai hoat dong (1an nay 4p nhau tai sudn
d61 dién cta rang), toc dd quay am phia dong co truyén dong
giy nén toc d6 quay 4m phia tai.

Vi du & hinh 7.7 minh hoa hoat déng ctia khéi Backlash: Bang khoi

Rate Limiter ta bién chudi xung hinh chit nhat (bién d6 1, tdn s&

0,4Hz) cha Signal Generator thanh chudi xung ring cua cc’) gia tri

do déc sudn 1én va sudn xudng giong nhau. Chudi xung ring cua la
tin hiéu vao cha khéi Backlash, véi Initial output = 0 va Deadband
width = 1. Tt d6 thi & hinh 7.7 (hinh duéi) ta c6 thé nhan thdy rat
ro ba trang thai hoat dong ctia khoi Backlash. Tai sudn duong cla
tin hiéu vio u, tin hidéu ra y chi ting cham mot khodng 14 0,5 so véi

u (trang thai kich do sudn dudng). Khi u dao chiéu, y van giit

nguyén gia tri (trang thai cach ly) cho dén khi toan bo bé rong clia

khoang do 14c da qua, ldc d6 (trang théi kich do sudn 4m) y bit dau

giam cling chAm mot khoang 14 0,5 so véi u.

Bing khéi Dead Zone ta c6 thé mo. phdng céc d8i tugng véi dic
diém: Tin hiéu ra c6 gia tri O trong mot khoang (khodng liét) nhat
dinh ¢Ga tin hiéu vao. Gidi han dudi va trén ctia khoang liét do cac
tham s8 Start of dead zone va End of dead zone quyét dinh. Né&u tin
hiéu vao cé gia tri nim trong khoang bi chan bdi hai gisi han d6, tin
hiéu ra sé nhan gia tri 0. Khi tin hiéu vao u < Start of dead zone,
tin hiéu ra y = u - Start of dead zone. Khi tin hiéu vao u = End of
dead zone, tin hiéura y = u - End of dead zone.

Coulomb & Viscous Frlctlon

b

;F

]

Coulomb &

Viscous
Friction

Khéi Coulomb & Viscous Friction mo phong mot hé c6 ma sat dmh
va ma sat trugt. Cac dang ma sat nay tén tai trong cac hé thong cd
¢6 chuyén dong tinh tién hay chuyen déng quay tron. Do tdn tai ma
sat dfnh, khi tin hiéu vao di qua diém khong (vi du: van téc géc clia
chuyén dong quay tron), tai d6 s& xust hién mdt di€m g1an doan.
Chi khi mémen tao chuyen dong quay thang duge mdémen can cua
ma sat dinh, khi ﬁy méi bt dau c6 chuyen déng quay cia tai. Néu
mémen tao chuyén dong gidm xudng bé hon mdémen cin, tai sé
nging quay. Khi tdc d quay > 0, xuat hién thanh phin mémen ma
sat can ting tuyén tinh so véi tc‘)'c d6, duge goi 14 mémen trugt (ma
sat trugt).

Giéa tri cua mdémen dinh duge xac dinh bdi tham s8 Coulomb friction
value (Offset). D6 dbc clia mdémen trugt do Coefficient of viscous
friction (Gain) quyét dinh.
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'Relay (khdi Hysteresis)

Tuy theo tin hiéu vao (tin hiéu diéu khién), khdi Relay c6 tac dung
chuyén ddi tin hiéu ra giita hai gia tri Output when on va Output
when off. Relay sé d6ng mach (trang thai 'on’), néu tin hiéu vao u >
Switch on point, va tin hiéu ra y = Quiput when on. Relay giit
nguyén trang thai, néu tin hiéu vao u < Switch off point, va tin hiéu
ra y = Qutput when off.

Gia tri Switch on point luén phai dugde chon 16n hon hodc bing gia
tri Switch off point. Khi Switch on point > Switch off point, khéi
Relay mé phéng dudng dic tinh Hysteresis. Khi Switch on point =
Switch off point, khoi Relay mé phdng mot cong tic chuyén mach.

Switch,Manual Switch va Multiport Switch

>:\\_>

-
Multiponrt
Switch

Khéi Switch ¢6 tac dung chuyén mach, dua tin hiéu ti ddu vao 1
hodc 3 tdi ddu ra. Tin hiéu diéu khién chuyén mach dudc dua téi
ddu vao 2 (ddu vao § giita). Ngudng gié tri diéu khién chuyén mach
dudc khai bao bing tham s6 Threshold. Khi tin hi¢u diéu khién >
Threshold, ddu ra dugc ndi véi ddu vao 1. Khi tin hiéu diéu khién <
Threshold, ddu ra dudc ndi véi dau vio 3.

D& véi khdi Manual Switch, viée lya chon ddu vao dé néi véi ddu ra
duge thuc hién bing cach nhay kép chudt trai tai dau vao cdn néi.
Kh&i Multiport Switch c6 ddu vao diéu khién ndm trén cung. Dau
vao duge chon phu thudc gia tri lam tron cta tin hiéu diéu khién. Vi
du: Pau vao diéu khién c6 gia tri 1a 8,3 (lam tron 1a 3), vay ddu vao
tht 3 (d€m tit trén xudng, khong ké ddu vao diéu khién) dude néi.
véi d4u ra. S8 lugng dau vao dude quyét dinh bdi gia tri khai bao tai,
Number of inputs.

7.5 Thuvién Function & Tables

Look-Up Table va Look-Up Table (2-D)

taok-Up
Table (2-D}

Khéi Look-Up Table tao tin hiéu ra tit tin hiéu vao trén cd sd thong
tin cdt trong mdt bang tra (Vector of input values x Vector of output
values). Néu gia tri hién tai cta tin hiéu vao trung véi mot gia tri
thudc Vector of input values, gia tri tudng ng trong bang thudc
Vector of output values sé dudc dua t6i ddu ra. N&u gia tri cta tin
hidu vao nam gita hai gia tri thudc Vector of input values,
SIMULINK thuyc hién ndi suy hai gia tri tudng Ung cta Vector of
output values. Néu gia tri clia tin hiéu vao bé hon / 16n hon gia tri
dau tién / gia tri cudi cung ctia Vector of input values, SIMULINK s&
thuc hién ngoai suy hai gia tri dau tién / cudi cung caa Vector of
output values. Vector of input values c6 thé 1a mot vector hang hay
mot vector cot.
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Trong vi du sau, Look-Up Table c6 chia cac gia tri:

% Vector of input values

>> vecin = (-10:2:101};

% Vector of output values

>> vecout = (-5 -5 -5'-2 -2 -2 4.5 4.5 4.5 Q -11};

Tin hiéu vao cla khéi Look-Up Table cé6 dang ddc tuyén tinh
(Ramp) véi d déc 1, do d6 tin hidu s& quét toan bd dai gia tri cla
bang. Tai ddu ra s& xu4t hién tin hiéu c6 dang bac thang cit trong
Look-Up Table.

* . Demonstration of block Lock-Up Table. -

&

- W

+Output signal of Look-Up Table -
RN

-1
-2
‘ -3
l simout g
HAR A
/] ToWorkspace|
Ramp Look-Up 1 f‘ S v B .
Table : |nput mgnal Rampwlm slope 1

Hinh 7.8 Vidu vé chizc ndng cua khoéi Look-Up Table

Khéi Look-Up Table (2-D) cho phép ta tao nén mdt bang tra 2
chiéu. Bang tham s§ Table ta khai bao mdt ma tran cét cac gia tri
ddu ra. Mudn tim dugc gia tri dua tdi ddu ra, ta cin bidt Row &
tim hang, va Column 6 tim cét cta 6 gia tri trong ma tran. Nghxa
12: Biing Row va Column ta dinh-nghia cac diém trén mit phéng xy,
con Table la cac gla tri z tuong dng.

Tin hiéu dit ¢ ddu vao phia trén duge so véi Row, con tin hidu

~ dat & ddu vao phia dudi dugc so véi Column. Né&u tdn tai trong
Table mjt 6 ing véi cdp gia tri dau vao, gia tri cla 6 46 duge dua t6i
d4u ra. Trong cac trudng hgp con lai, SIMULINK sé ty dong ndi thay
ngoai) suy cac gia tri cia bang dé tim gia tri dua téi dau ra, tuong
ty nhu dé1 v6i Look-Up Table.

Function

Biéng khéi Fen ta c6 thé khai bao mot ham cua b1en vao, dudi dang
1 & P mgt bidu thic viét theo phong cach ciia ngén ngit lap trinh C. Néu

Fon viét u, d6 la tin hidu vao scalar hay chi la phin ti ddu tién cda
vector tin higu vao. Néu viét u(i) hay uli], d6 12 phén ti thd i caa
tin hiéu vao dang vector (tin hiéu 1-I)).
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Biéu thiic toan dudc phép chita s8, cac ham toan (muc 1.1), cac toan
tit s6 hoc, toan ti logic hay toan tl so sanh (muc 1.5), cac ddu ngodc
vudng, ngodc don, va ca cac bién da dinh nghia trong méi trudng
MATLAB Workspace. Trinh tu wu tién cla céc toan ti trong khi tinh
duge SIMULINK tuédn thd theo cic nguyén tic cia ngdn ngit lap
trinh C. Céc phép tinh ma tran khong duge Fen h trg.

Vi du: Biéu thic

(ul1)}/m - g*sin(u[3])*cos(ul3]) + 1*

power‘(u [2],2)*sin(u[3]))/ (M/m + power(sin(u([3]),2))
trong khéi Fen thuc hién ham toan dudi déy:

—[—1] -g sm( [3]) cos(u [3]) +1-u [2]2 -sin(um)
y= R (7.5)
— +sin (u [3])
véi y 1a bién ra scalar, con m, M, 1 va g 1a cac bién duge dinh nghia
trong MATLAB Workspace.

Matlab Function
WATLAD Khéi MATLAB Fen 1a mét dang md rong 9&& khdi Fen. Tai 6
Funcon [ MATLAB function ta cé thé khai bdo mét biéu thitc toan hay mét
MATABFm  ham MATLAB (viét dudi dang m-File: muc 1.7.1) clia bién déu vao:
. Diéu quan tréng cin chid ¥: Bé rong cla tin hiéu do ham MATLAB
xudt ra phai tuong tng véi Output width cua khdi MATLAB Fcn.
Gia tri méc dinh —1 s& gan cho dau ra ctia khdi bé rong ctia diu vao.
Tai 6 Output signal type ta khai loai (auto, real hay complex) can cé
cua tin hiéu ra.
Viéc tinh toAn khéi MATLAB Fcn t6n nhiéu thdi gian hon khéi Fen
rat nhiéu, bdi vi cit mdi budc tich phan SIMULINK lai phai goi
MATLAB parser d& phan tich cd phap (Syntax) caa m-File. Vi vay,
dé tiét kiém thdi gian tinh, d6i véi cac ham don gian nén st dung
kh&i Fen hay Math Function. Cac ham phiic tap nén dudc viét dudi
- dang ham S (S-Furiction).

S-Function
J Khoi S-Function tao diéu kién dé ta ghép ham S (S-Function), hoic
System b vigt dudi dang MATLAB Script (m-File), hoic dudi dang MATLAB

SFunction  Executable File (C mex file, ngon ngit C), vao mét so dé khai
SIMULINK. Tén ctia S-Function dugc khai bdo tai 6 S-function
name. Ngoal ra, ta c¢6 thé chuyén cho S-Function thém mét vai
tham s& (viét cach nhau bdi dau phdy) tai 6 S-function parameters,
vi dy: Cac biéu thitc MATLAB hay céc bién. N&u ham S-Function c6
nhiéu bién vao, S-Function s& 1an lugt goi tit phan ti ddu tién cla
tin hidu vao (dang 1-D) va danh sb thit ty 1 vv... Ta s& quay lai van
dé S-Function § muc 7.7.
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7.6 Vong quan dai s6

Vong quén dai s6'c6 thé xuat hién trong cac mé hinh c6 st dung khéi vdi dic
diém direct feedthrough®. Trong nhiing khéi nay, tin hiéu ddu ra cta khéi phu
thudc truc ti€p ddu vao tai cing mot thoi diém. Khéi c6 dac diém direct
feedthrough vi du la: Sum, Gain, Product, State Space c¢6 ma tran lién théng
D=0, Integrator (lién quan tdi gia tri ban dau; vong 14p — xu4t hién do hoi tiép
tin hiéu ra dé 14p tri ban ddu — khong duge phép 1a vong quén dai s8), cing nhu
Transfer Function va Zero-Pole (néu bac clia ti va miu s6 gidng nhau).

Né&u diu ra caa khéi direct feedthrough dugc hdi tiép vé ddu vao caa chinh
khéi d6 nhd mot khéi direct feedthrough khac, tin hidu dau vao hién tai cla
khéi sé phu thudc truc tiép vao ddu ra cia chinh né tai cing mot thdi diém, ma
d4du ra vén lai phu thudc ddu vao ciing tai thoi diém &y. Mot vong quén dai s6
da xuat hién.

D6i v6i khéi Integrator, vong quan dai s§ sé xudt hién néu tin hiéu ra cda
khéi duge dung truc tiép (hay théng qua mot khoi direct feedthrough) dé diéu
khién gia tri ban ddu tit bén ngoai Integrator. Vain dé nay da duge gidi quyédt
thong qua cac vi du ¢ hinh 7.1 — 7.4: Giai phap t6t nhat 1a s dung bién trang
thai 14y tit ddu ra state port cia khéi Integrator dé diéu khién lap tri ban dau.
Ctlia state port 13 mot ddu ra phu, duge SIMULINK tu dong tao thém khi ta kich
hoat 6 Show state port.

Néu mdt mé hinh c6 chita vong quin dai s8, ¢t mbi budc tich phan
SIMULINK lai phai goi mét chudng trinh con c6 chiic ning giai bai toan d6 theo
phuong thtc iterative? (phudng phap tich phan lap Newton). Dé phép tinh hoi
tu, nhiéu khi ta phai khai bdo mét gia tri ban dau cho phép tich phan lap. Cé
thé lam diéu d6 bing cach st dung khéi Initial Condition (IC, thu vién con
Signals & Systems).

Mot kha ning khac tuong déi tién lgi dé giai quyét van dé vong quéan dai s6
12 st dung khéi Algebraic Constraint. Gia tri khdi diu cta phép tich phan lap
sé do tham s& Initial guess quyét dinh.

Algebraic Constraint

P~ Khéi Algebraic Constraint cudng tin hiéu vao ctia khdi vé 0 va
@yp-0 2f xudt ¢ dau ra caa khdi gia tri cia bién z (1a gia tri tng véi khi
dau vao 1a 0). Tuy nhién, bién ra phai cé tac doéng ngude trd lai

Algebraic dau vao théng qua mot vong héi ti&p thich hgp.

Constraint Tai 6 gianh cho tham s6 Initial guess ta c6 thé khai bao mét gia
tri khoi ddu cho thuat toan gidi vong quin dai s6. Bing cach lya
chon khéo 160 Initial guess ta c6 thé cai thién dé chinh xac, tham
chi 14 cach lam duy nhat trong mot vai trudng hdp gay cén
(critical case). ,

! Tam dich: N&i thong tryc tiép
% Tich phan theo budc lip
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Vi du dudi day sé minh hoa rd hon chitc ning ctia khéi Algebraic
Constraint. Ta can tim nghién? cla phuong trinh sau:

f(z)=—;—z3—51§sinz—z—5:0 * (7.6)
(7yuns >+
Fen

(1/28)*sin(u) -

pi o
Fenl >z f(z) 0 z »
5 > Algebraic Constraint Display
Constant
Sum

Hinh 7.9 Vidu vé chitc ndng clia khoi Algebraic Constraint

Nhu hinh 7.9 cho thiy, sau khi khéi Sum tinh téng cla céc s§
hang (tao tit cic khéi Fen va Constant), khéi Algebraic
Constraint sé cudng gia tri & ddu vao cha khoi vé 0 va xuit 6 dau
ra gia tri z (tng véi f(z) = 0, hién thi tai khéi Display). D&i véi vi
du trén, thuat toan giai da chi ¢6 thé tim duge nghiém z = 3,971
néu ta chon gia tri khoi ddu Initial guess > 2. Trén clia s6
Command ciia MATLAB sé xuat hién 16i canh bao: MATLAB da
phat hién ra vong quén dai sd.

Warning: Block diagram 'Fig07 09' contains 1
algebraic loop(s).
Found algebraic loop containing block(s):
'Fig07 09/Algebraic Constraint/Initial Guess'
'Fig07_09/Fcn’
'Fig07_09/Fcnl’
'Fig07_09/Sum'
'Fig07 09/Algebraic Constraint/Sum' (algebraic
variable) )

re

7.7 Ham S (S-Functions)

Ham S 1a cac ham c6 thé kich hoat trong s d¢6 SIMULINK nhd st dung khéi
S-Function (thu vién con Functions & Tables). Ham S ¢6 thé ¢6 dang:
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e  MATLAB Scripts, tic 1a m-File,

e File chay (MATLAB Executable Files) viét bing ngén ngit C, con dudgc goi
1a C m#éx-Files, hodc

¢ TFile chay viét bing ngén ngit bac cao C++, Fortran hay Ada, ciing dugc

goi la C mex-Files.

Vige 1ap trinh trén MATLAB vé nguyén tic d& hoc hon, vi s6 lugng cac thu
tuc (chugng trinh con) cin goi la it. Tuy nhién, thuat toan ciia ham S cang phiic
tap ta lai cang nén st dung mot ngén ngit bac cao (vi du C) dé lap trinh. Cac
ham S dang mex-File do ngudi st dung dich (compile) san ti trudc thanh dang
File chay va c6 thé goi khi cdn. Ngugc lai, ham S dang m-File sé budc
SIMULINK quét va phan tich tiing dong méi khi goi nén kha cham.

Diéu quan trong nhat khi lap trinh ham S la: Tuan thu nghiém ngit cac
“diéu kién khung” (goi chuong trinh con, dung cd Flags vv..), giip cho
SIMULINK c6 thé d6i thoai mét cach chuéin xac véi ham S trong qua trinh mé
phdong. Ngoai ra, ngudi lap trinh hoan toan ty do véi slic sadng tao cua minh.
Nho kha ning lap trinh ham S, ta c6 thé md réng thu vién chuin c6 sin cla
SIMULINK thém cac ham b4t ky.

Néu so sanh véi viée xay dung so d6 khdi SIMULINK, viéc lap trinh ham S
duong nhién la phiic tap hon nhiéu, do ta phai bao dam chinh xac cac diéu kién
khung. Tai muc nay ban doc s& chi trén co s6 mét vi du don gian (ham S dang
m-File) lam quen véi lap trinh ham S. Trong phin ndi dung tng dung ctia sach,
ta s& c6 cac vi du lap trinh bang C. Ban doc nao quan tdm buéc sé phai doc ky
tai lidu gbc trong thu muc Help/PDF _DOC chia MATLAB, tai liéu Writing S-
Functions (File sfunctzons pdf)

Giéng nhu moi khdi chuén cua SIMULINK ham S cling phén chia cac tin
hiéu thanh vector bién vao u, vector bién trang thai x va vector bién ra y.
Trong ham S, cac bién trang thai lién tuc va gian doan dugc x1 ly tach biét,

nghia 14, SIMULINK s& goi cAc chuong trinh con khac nhau dé tinh x va x Kl

Hinh 7.10 minh hoa cac budc cia mét qua trinh SIMULINK tinh mé phdng
va cac chuong trinh con (duge ham S goi) tuong lng cta ting budc. Trong ham
S ta con cin dén tham s8 flag*. Tham s8 flag c6 nhiém vu trao déi théng tin véi
chuong trinh con, duge SIMULINK chuyén giao cho ham S, qua d6 bao cho ham
S biét: Qua trinh md phong dang & giai doan nao.

Khi ham S dugc viét duéi dang mex- -File, cac chu0ng trinh con dudgc
SIMULINK tryc tiép goi, va do d6 khéng cin dén flag. Ngudc véi ham S dang m-
File, ham S dang mex-File cén c6 nhiéu chtIdng trinh con khae, ngoai cac
chuong trinh con d thé hién & hinh 7.10. Khi goi:

mex name_of_C_mex_SFunction.c
MATLAB sé thong dich (compile) ham S ¢6 ténname_of_C_mex_SFunction.c.

! Puge goi la cd
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Cac chuong trinh con va c@
cua giai doan tuong iing

mdlTnitializeSizes

B4t ddu qua trinh mé phéng: | _ flag = 0
Lap tri (Initialization)
Tinh thoi dién; ciia bude trich mdlGetTimeOfNextVarHit
mAu tiép theo (cac khéi c6 flag = 4
chu ky linh hoat: variable)
> md1lOutputs
Tinh vector biénray cho | _ flag = 3
buéc 16n nhat
Dang buéc I6n nhét 48 tinh g o2
céc trang thai gian doan --
hién tai x,,,
mdlDerivatives
. Nflag =1
Tinh cicdaoham x | TTC
lv mdlOutputs
v £l =3
Tinh vector bién ra y - T et A
Tich phén
il (véi bude
. nhd hon)
Tinh cac dao ham x mdlDerivatives
flag =1
Xac dinh vi trf cac
diém khéng
/
mdlTerminate
K&t thiie qué trinh m6 phdng: flag = 9
Thye hién nhiém vy tiép theo |

Hinh 7.10 Cdc bude mé phdng va cdc chuong trinh con tuong itng (do ham S goi)
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Dé& hé trg ngusi st dung khi viét chuong trinh tao ham S, MATLAB da chuén
bi sin cac Files mau sfuntmpl.m va sfuntmpl_basic.c | sfuntmpl_doc.c, cit tai
hai thu muc $MATLABPATH | toolbox | simulink [ blocks va $MATLABPATH /
simulink | sre. Cac Files miu d6 da chta rat day da cac “diéu kién khung” ma
ta can tuan thu. :

Vi du: Khéu ty Ié c6 quan tinh bac 1 (khau PT,)

Vi du ¢ hinh 7.11 duéi ddy minh hoa cach st dung ham S dang m-File. Ham
S c¢6 tén Fig07_11m.m, dugc khai bao tao 6 Block Parameters cua khéi S-
Function thudc so @6 SIMULINK Fig07_11.mdl. Him S mé phéng khau ty 1& c6
quan tinh bac nhat PT, véi hing s6 thdi gian 7. Hinh 7.11 (bén phai) mé ta dap
ung budc nhdy cta khau PT,.

m-File S-Function

Figd7_11m v
Step SFunction To Workspace

Block Parameters: S-function 7% A LA x
i~ SFunction——
Usasr-definable block. Blocks may be wiitten in M, C, Fortan or Ada and
must conform to $Hunction standards. t.x.u and flag are automatically

passed to the S-function by Simulink. "E xtra” parameters may be
speciiied i the ‘S-function parameters” field.

B

S-unction name:
[Fig07_11m
S-function parameters:
I

[Tok ] cwcd | Hop | aew |

Hinh 7.11 S-Function viét dudi dang m-File: Khdu PT,

Ham FLg07 1Im.m c6 ma ngudn dudi day, dugc viét theo “diéu kién khung”
quy dinh ¢ hinh 7.7:

% Source code of the M-File S-Function Fig07_l1lm.m
function (sys,x0,str,ts] = Fig07_11(t,x,u,flag,T)
$ FIG07_11lm mé phdng dic tinh khau PT1. Hing s& thdi gian T

$ dugc coi 13 tham s8 14y tU kh8i S-Function va xudt hién
% tai cla s8 Block Parameters cia kh&i.

% Pinh nghia md hinh trang théi:

A= [-1/T]; % Ma tran hé& théng {(tai day: scalar’

B= [ 1/T]; $ Ma tran diu vao (tai day: scalar)

C=11 1; $ Ma tradn ddu ra (tai day: scalar)

D [ 0 1; % Ma trén 1lién thdéng (tai day: scalar va =0)
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switch flag,

case 0, $ Initialization: Lap tri ban diu
[sys,x0,str, ts]—mdlInltlallzeslzes(A B,C,D);

case 1, % Derivatives: Tinh dao ham
sys=mdlDerivatives(t,x,u,A,B,C,D);

case 3, $ Qutputs: Tinh bié&n ra
sys=mdlOutputs (t, x,u,A,B,C,D);

case (2, 4, 9}, % Cac cd khéng st dung dén
sys=[1; )

otherwise % CAc trudng hop 101
error (['Unhandled flag = ',num2str(flag)l);

end - % end fig07 11

[ I p—

% Chuong trinh con: mdlInitializeSizes
% Return the sizes, -initial conditions, and sample times
% for the S-function.

function [sys,x0,str,tsl=mdlInitializeSizes(A,B,C,D)

sizes = simsizes;
sizes.NumContStates = size(A,1);
Kich ¢d A quy&t dinh s8&
lugng bié&n trang thai
sizes.NumDiscStates 0; Khéng c¢é trang thdi discrete
siies.NumOutputs = size(C,1); ;
Kich ¢3 C quyé&t dinh s&

% luong bién ra
size(B,1);

$ Kich ¢d B quyé&t dinh s8&

1l
o® o° o°

o°

sizes.NumInputs

% luong bié&n vao
sizes.DirFeedthrough = 0;
sizes.NumSampleTimes = 1; % at least one sample

o°

time 1is needed
sys = simsizes(sizes);

e

Khai bdo diéu kién ban diu

x0 = zeros(size(a,1),1); $ Trang thdi ban d8u: x0 = 0
str = []; % str ludn 1a ma trén réng

oe

Khai bdo day chu ky trich miu (initialize the array of
sample times). Trong vi dy néy ta ¢é md hinh lién tuc,
vdy ts va Offset duoc dat vé 0.
ts = [0 0]);

% end mdlInltializeSizes

g

e
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% Chuong trinh con: mdlDerivatives
% Return the derivatives for the continuous states.

function sys=mdlDerivatives(t,x,u,A,B,C,D)

Q

sys = A*x + B*u; % Tinh cdc dao ham xpoint
% end mdlDerivatives

function sys=mdlOutputs(t,x,u,A,B,C,D)

sys = C*x + D*u; % Tinh vector bién ra y
% end mdlOutputs

Ta d& dang nhan th&y: Vi khau PT1 1a mét ddi tugng lién tuc, ta chi cin sl
dung cac chuong trinh con mdlInitializeSizes, mdlDerivatives va
mdlOutputs, con mdlUpdate va mdlGetTimeOfNextVarHit dd khéng dugc
dung dén. Ngoai ra, vi khong xuat hién doi héi tinh toan méi (sau khi da két
thic mét vong tinh) ta cling khong ciAn ham con md1Terminate.

Ham con mdlInitializeSizes c6 tac dung xac dinh nhiing dic diém cd
ban ctia khdi S-Function: Chu ky trich mau, gia trl ban ddu clia cac bién trang
thai, ciing nhu kich ¢d (sizes) cta array. SIMULINK can cac théng tin d6 dé
nhan biét S-Function. Lénh sizes = simsizes c6 tac dung gan cho bién sizes
mdt ciu tric gdm cac mang nhu sau:

NumContStates S6 lugng bién trang thai lién tuc
NumDiscStates S6 lugng bién trang thai gian doan
NumOutputs S6 lugng bién ra
NumInputs S8 lugng bién vao
DirFeedthrough Cd gianh cho direct feedthrough
NumSampleTimes S lugng chu ky trich mau
Cac mang trén cé gia tri mic dinh 1a 0, ngudi st dung sé phai tu minh dién
cac gia tri thich hgp. Khi goi hAm simsizes 14n 2, sys = simsizes(sizes);

cac théng tin chila trong cu tric sizes duge chuyén sang cho bién sys duéi dang
Array, va sé dugc SIMULINK hdi dén trong giai doan lap tri (khi flag = 0).
Céac ham con mdlDerivatives v mdlOutputs ¢6 nhiém vu tinh dao ham
cua vector trang thai va vector bién ra. Ca hai vector d6 déu la scalar trong vi
du trén.
Duéi day, ban doc c6 ca phan ma nguén cia S-Function dudi dang C-mex-
File mang tén Fig07_12c.c, md phéng khau PT, trong s¢ d6 Fig07_12.mdl. |
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Trude khi md phdng ta goi:
>> mex Fig07_12c.c

Két qua thong dich thu duge 1a File c6 tén Fig07_I12¢.dll, dugc khai bdo si
dung tai ciia s6 Block Parameters cua khdi S-Function (hinh 7.12). Tai day cin
luu § ban doc: P& dich Fig07 12c.c nhu trén, ta cé thé st dung cac C-
Compiler khac nhau (diéu kién: da cai dit ching trén PC). Ban than MATLAB
cling c6 C- Compzler riéng. Viéc lua chon duge thuc hién nha 1énh:

>>mex —-setup

Sau khi goi, MATLAB sé liét ké cac C-Compiler da cai dé ta lya chon.

E—pl Figo7_12c H

S+unction To Workspace

C-mex-File S-Function

Block Parameters: 5-Function L R |

S-Function
User-definable block. Blocks may be written in M, C, Foitran or Ada and
must conform to S-function standards. tx,u and flag are automatically
passed to the S{unction by Simulink. “Extra” paramatais may be
specified in the 'S{unction parameters' field.

P,
F

S-funclion name:
[ Figd7_12d
S-funclion puunetmf

Im
e N T T

Hinh 7.12 S-Function viét dudi dang C-mex-File: Khau PT,
M3 ngudn cha C-mex-File ¢6 tén Fig07_12c.dll 1a nhu sau:

/* Source code of C MEX S-Function Fig07 12.c */

/* Used by SIMULINK-File Fig(07 12.mdl in the S-Function
block and simulating the dynamical behaviour of one PTL
object. */

fdefine S FUNCTION NAME Fig07 12c

fdefine S_FUNCTION_LEVEL 2

#include "simstruc.h"

fdefine U(element) (*uPtrs[element]) /* Pointer to
’ Input Port0 */

#define TIMECONSTANT IDX O

fdefine TIMECONSTANT PARAM(S)

ssGetSFcnParam(S, TIMECONSTANT IDX)
#define NPARAMS 1
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/* S-function methods */
$define MDL_CHECK PARAMETERS
#if defined(MDL_CHECK_PARAMETERS) &&
defined (MATLAB MEX FILE)
/* Function: mdlCheckParameters
* Abstract:
* Validate our parameters to verify they are okay */
static void mdlChe~kParameters (SimStruct *S)
{ /* Check lst parameter: time constant */
{ 1f (mxGetNumberOfElements (TIMECONSTANT PARAM(S)) > 1)
{
ssSetErrorStatus (S, "The parameter TIMECONSTANT”
“must be typed in and scalar");
return;

}

}
#endif /* MDL_CHECK PARAMETERS */

/* Function: mdlInitializeSizes

* Abstract:

* The sizes information is used by Simulink to determine
* the S-function block's characteristics (number of

*

inputs, outputs, states, etc.) */

static void mdlInitializeSizes (SimStruct *S)
{ ssSetNumSFcnParams (S, NPARAMS); /* Number of expected
' parameters */
#if defined (MATLAB_ MEX FILE)

if (ssGetNumSFcnParams (S) == ssGetSFcnParamsCount (S))
{ mdlCheckParameters (S); .
if (ssGetErrorStatus(S) != NULL)

{ return; } }
else { return; /* Parameter mismatch will be reported
by Simulink */ }
tendif

ssSetNumContStates (S, 1);
ssSetNumDiscStates (S, 0);

if (!ssSetNumInputPorts (S, 1)) return;
ssSetInputPortWidth(s, 0, 1);
ssSetInputPortDirectFeedThrough(S, 0, 1);

if (!ssSetNumOutputPorts (S, 1)) return;
ssSetOutputPortWidth (s, 0, 1);
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ssSetNumSampleTimes (S, 1);
ssSetNumRWork (S, 0);
ssSetNumIWork (s, 0);
ssSetNumPWork (S, 0O);
ssSetNumModes (S, 0):;
ssSetNumNonsampledZCs (S, 0);
ssSetOptions (S, 0);

/* Function: mdlInitializeSampleTimes

* Abstract: ‘

* S-function is comprised of only continuous sample time

* elements */

static void mdlInitializeSampleTimes (SimStruct *S)

{ ssSetSampleTime(S, 0, CONTINUOUS SAMPLE TIME);
ssSetOffsetTime (S, 0, 0.0); }

#define MDL_INITIALIZE CONDITIONS /* Change to #undef to
remove function */
/* Function: mdlInitializeConditions
* Abstract: Initialize continuous states to zero */
static void mdlInitializeConditions(SimStruct *S)
{ int T i;
real T *x0 = ssGetContStates(S); ;
int T contstates = ssGetNumContStates(S);
for(i = 0; i < contstates; i++){
*x0++ = 0.0; } 1} .
/* Function: mdlOutputs
* Abstract:
* In this function, you compute the outputs of your
* S-function block. Generally outputs are placed in the
* output vector, ssGetY(S). */
~static void mdlOutputs (SimStruct *S, int T tid)
{ real T*y = ssGetOutputPortRealSignal(S,0);
real T*x = ssGetContStates(S);
InputRealPtrsType uPtrs =
ssGetInputPortRealSignalPtrs (S, 0);
y[0l = x[01;
}

#define MDL DERIVATIVES /* Change to #undef to remove
function */

/* Function: mdlDerivatives

* Abstract: Calculate state-space derivatives */

static void mdlDerivatives (SimStruct*S)

{ real T * dx = ssGetdX(S);
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251 T * x = ssGetContStates(S);
Inm tRealPtrsType uPtrs =
ssGetInputPortRealSignalPtrs(S,0);
poal T O* tcpr = mxGetPr (TIMECONSTANT_ PARAM(S));
2707 = (~1/tcpr{0]) * x[0] + (1/tcpr(0]) * U(0)

f+ Tunction: mdlTerminate
* Alstract: No termination needed, but we are required to
~ave this routine. */
statio void mdlTerminate (SimStruct *S)

Zemuired S-function trailer */
b1def MATLAB MEX FILE /* Is this file being compiled
as a MEX-file? */
ciude "simulink.c" /* MEX-file interface mechanism */

ie "cg_sfun.h" /* Code generation regist--
function */

‘o phin giéi thiéu cac ng dung mé phdng, ta sé con quay lai van dé 3-

Fus «+ Judi dang C-mex-File. Tai day can luu ¥ rang: Lgi thé 16n nhat ct: ;j-
Functior 18t bing ngén ngit C 1a kha nang truy cap vao phan cing, diéu ki. .

thé thar hién dude véi m-File S-Function. Thém vao d6, S-Function v1et balw
Conce - File s tang toc d6 tinh toan 1én rat nhiéu, cho phép ta rit ngén th

i md phong cac hé théng 16n - phic hop.

7.8 7T6m tat ndi dung chuong 7

~

iii da nghién cttu ky chuong 7, ngudi doc can ndm vitng cac ndi dung

sau v
1. Su dung cac khéi clia thu vién con Continous, Nonlinear va Functions &
Tabics.
2. }(1\ ‘n thic cd s§ khi tuyén tinh héa moé hinh SIMULINK v& viéc xac dinh
diém can bang
Xt 1y vong quén dai s6.
4. (¢ 56 lap trinh ham S (S-Functions).



8 Cac hé thong trich mau (hé gian doan)

Trong diéu khién tu déng ta khéng chi quan tdm tdi cac hé lién tuc (trén
mién anh Laplace), ta con quan tam téi ca cic hé gian doan vé thdi gian (trén
mién anh z). D6 la cac hé théng hoat dong theo nguyén tic trich miu tai cac
thoi diém gian doan cach déu, va trude hét, d6 1a cac hé duge didu khién bang vi
xu 1y, bang may tinh. SIMULINK hd trg nghién ctiu, khéo sat cac hé thong nhu
vay bang mét thu vién riéng: Thu vién Discrete.

8.1 Cac khai niem tc“;ng quan

Thai gian (chu ky) trich méu

D6i v6i hé gian doan ta phai khai b4ao cho méi khéi mét chu ky trich mau
(tinh bing gidy) ctia khéi d6. T4t ca cac khéi gian doan (vé thdi gian) déu duge
trang bi 8 dau vao mdt khau trich mau va ¢ ddu ra mét khau gitt cham bac 0.
Nghia 1a: Tin hiéu vao dudc trich miu tai moi thdi diém ¢ = ET, tin hiéu ra la
hing gitta hai thoi diém trich miu k& tiép nhau. Bing cach d6, SIMULINK cé
thé két hop nhiéu khéi vdi chu ky trich miu khac nhau, hay tham chi lai tap hé
thong gitta nhiéu khéi lién tuc va gian doan (trit khéi co budc tich phan cé dinh:
muc 8.4).

Khi chon-chu ky trich mAu cin chu ¥:

e Offset (46 chénh léch): N&u khai bao chu ky trich mAu (tham s¢ sample
time) 1a mot vector véi chidu daila 2, vi du: (T offset], s6 dau tién dudgc
coi 1a chu ky trich mAiu con s6 thtt 2 dude coi 14 d6 chénh léch. Nghia la:
viée trich miu duge thuc hién tai cac thoi diém cach déu ¢ = offset + kT.

e K& thira: Chu ky trich mAu (va dd chénh léch) d8u c6 thé chuyén giao
mang tinh k& thita cho cac khéi khac bing cach: Tai cac khoi d6 ta nhap
gia tri —1 cho chu ky trich mau.

Biéu dién bang d6 thi

DE vé& d6 thi cac dudng dic tinh gian doan vé thii gian, ta st dung lénh:
stairs (x_value,y_value(, plotstyle] "

tuong tu nhu 1énh plot. D4 thi thu duge s& c6 dang bac thang.

Danh ddu bédng méu
Tham s& tiy chon Format | Sample time color. tao diéu kién cho ngudi st
dung vé& c6 phan biét mau sic giita cac khéi trong 16t so d6 SIMULINK lai tap.
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Ta c6 thé phan biét gifta nhiing khéi c6 chu ky trich miu khac nhau
lién tuc va khoi gian doan, hay gitia cac hé con (Subsystems). C6 thé ki ::
s8 quy uéc mau c6 sin: khoi lién tuc c6 mau den, hé con (va ca nhiing i
tin hiéu véi chu ky trich miu khac nhau nhu Mux va Demux) ¢6 wou va
khéi véi chu ky trich mAu bé nhat c6 mau d6, khdi véi chu ky trich o i thid
hai ¢6 mau xanh 14 cay vv...

8.2 Tham sd md phdng

Néu trong sd d6 SIMULINK chi gdm thuan tdy cac khéi gian doan va htidng
hé c¢6 khéi lién tuc, ta nén qua menue Simulation / Parameters d¢ chon thui
toan tich phan la discrete (khong c6 trang thai lién tuc, no continuci:: siates).
Céac tham s6 Solver Options con lai s8 khong c6 hiéu lyc.

Tuy nhién, khi chon Solver dé mé phéng mét c&u tric SIMULINK giiin doan
can phai rat chu §: Lidu c6 ding d6 1a mot hé thudn tiy gian doan, hay do¢ ihuc
ra 1a mot hé lai (hybrid systems) giita gian doan va lién tuc. Ngoii ra con cAn
phai chi ¥, cac khéi gian doan st dung 1 hay nhiéu chu ky trich ma: khic
nhau (muc 8.4). Mot s8 nguyén tic dudi day nham gidp ta lua chon Selver mot
cach dung dén.

e Hé gian doan thuan tay

" e Céac khdi gian doan c6 chu ky trich mau giéng nhau:

Mo phéng vdi bude c6” dinh: C6 thé st dung discrete (no continious
states) hodc cac Solver khac cé budc cd dinh (Fixed step size) Néu
chon auto va Fixed step size, budc tich phan sé& tu dong dude chon
thich hgp vé6i chu ky trich mau. Ngoai ra, ta s& phai chon Fixcd step
size, sao cho chu ky trich miu gdp ding mét s nguyén lin cita Fized
step size. Vi du: Khi sample time c6 gia tri T = 0.7, Fixed step size ¢
thé duge chon 12 0,1 hay 0,05. Khi khéng cht ¥ nguyén tic niy sé c6
canh bio cia MATLAB.

M6 phéng vdi bude linkh hoat: C6 thé st dung discrete (no continuvus
states) hodc cic Solver khac c¢é bude linh hoat (Variable step). Neu
chon auto va Max step size, budc tich phéan sé tu dong duvge chor ¢
dinh thich hgp véi chu ky trich mau. Néu Max step size co gin tif 1on
hon chu ky trich miu, gia tri t01 da cua budc sé tu dmm .
xudng ding bang chu ky trich mau, déng thdi xuit hién canl: bao ~aa
MATLAB.

e Cac khai gian doan c6 chu ky trich mau khac nhau:

M6 phdng vdi bude c6 dinh: Co thé st dung discrete (no continuous
states) hoac cic Solver khéc ¢6 budc ¢d dinh (Fixed step size). Thum =8
Mode phai dugc dit vé Single Tasking khi cac khéi (c6 chu ky trich
mAau khéng giéng nhau) khéng néi véi nhau qua Zero-Order Hoid hay
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Unit Delay (muc 8.4.1). Néu chon auto va Fixed step size, budc tich
phéan sé nhén gia tri (ing véi udc sé chung 16n nhit cua tat ca cac chu
ky trich mau (fundamental sample time). Vi du: Mot mé hinh c6 hai
chu ky trich mau la 0,75 va 0,5 s& dudc md phéng véi bude tich phan
1a 0,25. Néu tu chon Fixed step size (khong dung auto) ta cling phai
chu ¥ chon wéc s6 chung 1én nhit nhu vay.

Mo phdng vdi bude linh hoat: Co thé st dung discrete (no continuous
states) hodc cac Solver khac c6 budce linh hoat (Variable step). Khi
chon Solver nhu vay, khong phu thudc vao viéc Max step size cb gia
tri auto hay mét gia tri nao khac, bude tich phan sé dugc chon sao
cho tat ca cac khéi duge tinh phu hgp véi chu ky trich miu riéng cla
n6. Néu Max step size c6 gia tri 16n hon chu ky trich mau, gia tri tai
da clia budc sé tu ddng dude ha xuéng ding bing chu ky trich miu,
déng thoi ta nhan duge canh bao cia MATLAB.

e Hélai

Chon Solver loai discrete (no continuous states) cho budc ¢ dinh hay buéc
linh hoat déu khong thé s dung dudc nita, vi hé théng c6 ca khéi lién tuc
l4n khdi gian doan. Khi 4y nén st dung Solver loai ode23 hay oded5
(phuong phap Runge-Kutta bac linh hoat). Do tén tai cac dic tinh khéng
lién tuc (vi du: c6 thé xuat hién trong cac khdi gian doan do trich maiu va
gitt cham) khong nén st dung Solver loai odel5s va odel13.

Céc khdi gian doan cé chu ky trich mau giéng nhau:

M6 phong véi budc c¢é dinh: Khi chon auto va Fixed step size, budc
tich phan sé tu déng dudc chon thich hgp véi chu ky trich mau. Ngoai
ra, ta sé phai chon Fixed step size, sao cho chu ky trich miu gip
ding mot s6 nguyén lan cla Fixed step size. Khi khong chu ¥ nguyén
tic nay sé c6 canh bao cia MATLAB.

M6 phéng véi bude linh hoat: N&u Max step size c6 gia tri 16n hon chu
ky trich mAu, gia tri t8i da ctia buéc sé& ty dong duge ha xuéng ding
bing chu ky trich miu, déng thoi xudt hién canh bao cia MATLAB.
Céac khdi gian doan cé chu ky trich mau khac nhau:

M6 phong véi budc c¢6” dinh: Tham s6 Mode phai duge dat vé Single
Tasking khi cac khéi (c6 chu ky trich mau khéng gidng nhau) khong
né1 véi nhau qua Zero-Order Hold hay Unit Delay (muc 8.4.1). Néu
chon auto va Fixed step size, budc tich phan sé nhan gia tri ing véi
udc s6 chung 16n nhat cla tat ca cac chu ky trich mau (fundamental
sample time). N&u ty chon (khéng dung auto) ta ciing phai chd ¥
chon uéc s6 chung 16n nhat nhu vay.

M6 phong vdi budc linh hoat: N&u Max step size ¢ gia tri 16n hon chu
ky trich mAu, gia tri t6i da clia budc sé tu ong duge ha xudng ding
bang chu ky trich miu, ddng thoi xué't hién canh bao cia MATLAB.
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8.3 Thuvién Discrete

Thu vién Discrete phuc vu mé phéng dong hoc c4c hé thong gian doan vé thai
gian. Cac khdi phuc vu nhap, xuét s8 liéu, cdc ham mé td & chuong 6 (12 nhitng
kh&i khéong cé déng hoc riéng), duge st dung mét cach binh thudng trong hé
gian doan. Cac khéi nay sé tu dong nhan thita ké chu ky trich mau cta céc khéi
néi phia trude ching. T4t ca cac khéi thude thu vién déu c6 mot khau trich miu

g dau vao.

Unit Delay

1
- b
ra

Unit Delay

Khéi Unit Delay cé tac dung trich mau tin hiéu vao va cat gilt gia tri
thu duge trong mot chu ky trich mau. Vi vay, khéi c6 dic diém nhu
mot phan ti co ban cla cac hé gian doan. Khéi ¢6 thé duge sit dung
nhu mot khau qua dd tit tdn s6 trich mau thdp sang tan s6 trich miu
cao.

Discrete-Time Integrator

T

— b

z1

Discrete-Time
Integrator

Khoi Discrete-Time Integrator (tich phan gian doan) vé co ban ciing
giong nhu khoi Integrator (tich phan) lién tuc. Bén canh chu ky trich
mau ta con phai chon cho méi khéi thuat toan tich phan (tich phéan
Euler tién, tich phan Euler lui hay tich phan hinh thang). Sau khi da
chon thuat toan tich phan biéu tugng (Icon) ctia khéi lai thay d6i
tuong Ung.

Discrete Filter (scalar)

1
140571
Discrete Fitter

Khéi Discrete Filter mé ta mot khau loc s6 c6 ham truyén dat nhu
sau:

-1 -1 _ - _
e M) ) et e
X(Z—l) A(Z_]) a, +azz_l +a3z,_2 +"'+an+lz_n
) (8.1)
Céc hé s6 ctia da thic ti s6 va mau s6 duge khai bao theo trinh tu s6
mii cia z gidm dan, bt ddu tit hé s6 cha 2° Bing khéi Discrete Filter

ta c6 thé cai dat mdt cach rat d& dang cac khau loc digital da mé ta &
muc 4.4.

Discrete Transfer Function (scalar)

1
z+0.5

Discrete
Transfer Fcn

3

Khéi Discrete Transfer Function c¢6 dic diém giéng khdi Discrete
Filter va dugc md ta béi ham truyén dat sau:

B(z) bz"+bz"" +bz" 24+ b
H(z)= (z) % — 2l (8.2)

Cac hé sd cua hai da thic tit s6 va mau s6 dugc khai bao theo trinh tu
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s6 mi cla z giam din, bat d4u tit m (t s8) va n (miu s6). Néu ta khai
béo chiéu dai cta hai vector hé s ti va miu s6 nhu nhau bang cach,
bé sung vao vector ngin hon cac hé s§ vdi gia tri 0, khi 4y khéi
Discrete Transfer Function sé hoat dong giong nhu khéi Discrete

Filter.
Discrete Zero-Pole (scalar) '
N Trong khdi Discrete Zero-Pole, thay vi phai khai bao cac hé sd, ta khai
P bao diém cuc - diém khéne ~ia ham truyén dat (8.2) va mot hé s6
2z-0.5) » .
, khuéch dai.
Discrete
Zero-Pote

Discrete State Space

Khoi Discrete State Space mé td mot hé théng gian doan
bing moé hinh trang thai. Khdi c6 dac diém s dung gidng
nhu khoi State Space ctia cac hé lién tuc.

¥(m=Cx(n)+Du(n)
*(n+1)=Ax(n)+Bu(n)

Discrete State-Space

Zero-Order Hold

Khoi Zero-Order Hold trich mau tin hidu dau vao va gii gia tri thu
J-L\_? dugde dén thoi diém trich mau tiép theo. Nén st dung khéi Zero-Order
Zero-Order Hold trong cac hé trich mau chua c6 mdt trong cac khdi gian doan da
Hoe  ° dudec md tad & trén (tc 1a nhitng khdi ¢6 sdn khau giit cham bac 0).
Khi chon buéc tich phén ciing, c6 thé st dung khéi Zero-Order Hold
tai cac vi tri chuyén tit tin s& trich mau cao sang tin so trich miu

thap hon. ‘

[

8.4 Heé cé6 chu ky trich mau hén hgp va hé lai

Mot hé thong s6 ky thuat thudng st dung nhiéu chu ky trich mau khéac nhau
(goi 1a hé c6 chu ky hén hdp), va can phai dugc luu y dic biét khi md phdéng. Hé
lai 12 cac hé c6 chtta ca hai thanh phén lién tuc va gian doan.

8.4.1 Hé c6 chu ky hon hgp

Khi hé 1a hén hgp, SIMULINK sé& tinh ting khéi véi chu ky trich miu cta
chinh no, néu trén menue Simulation / Parameters ta d3 chon Solver véi
Variable-step.

Khi chon Solver véi Fixed-step ta cin chu y sao cho: Moi chu ky trich miu
déu nidm trong khung thdi gian do budc tich phan (budc tinh md phdng) tao
nén. Nguyén téc nay phai duge bdo dam ca d6i vdi nhitng hé s dung chu ky
trich mau bj dich di'bdi Offset va nhiing diém qua &b giita cac chu ky.
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Néu tai 6 Mode (ché d6) ta chon SingleTasking (6 nay sé chi hién lénvéi
Fixed-step), SIMULINK sé& ty dong thyc hién k&t hgp tai nhiing diém chuyén
tlep giita cac chu ky trich mau. Ngugc lai, ch& do MultzTaskmg lai c6 yeu cau
khit khe hon: Ta pha1 stt dung khéi Zero-Order Hold tai diém chuyen ti tan so
trich mau cao xuéng thap, khéi Unit Delay tai diém chuyén ti tan s& trich miu
thap 1én cao. Trong ca hai trudng hgp, khéi Zero- Order Hold va Unit Delay déu
lam viéc véi tin s6 trich mAu thdp hon (trong s6 hai tan s§ tai diém chuyen
tiép). Néu chon ché d6 (dat Mode vé) Auto, SIMULINK sé tu déng quyét dinh
SingleTasking, khi tit ca cac khoi cha sd d6 cé chu ky trich miu gidng nhau,
hoac MultiTasking, khi so d6 c6 nhiéu chu ky trich miu khéc nhau.

8.4.2 Hé lai

D6i véi hé lai ta phai khai bao cho cac phan td lién tuc mdt phuong phap
tich phdn, v& nén uu tién chon mét trong hai thuat toin ode45 hay ode23
(menue Simulation | Parameters).

Khi st dung buéc mé phdng c6 dinh (Fixed-step Solver), ta phai tuan tha cac
nguyén téc nhu ddi véi hé cé chu ky hdn hgp (muc 8.4.1). Khi 4y, cac phén ti
lién tuc sé duge SIMULINK d6i x nhu cac khéi gian doan c6 chu ky trich miu
bé nhat (chinh bing budc mé phdng).

. Test Signal

Step —-l—P'O _ 1 Continuous
r»o’ 52+0.55+1
A Transter Fen _l-L'—

h 4

Y

Sine Wave Zeng-QOrder
0.1129z+0.1038 Hold ]
z2-1.5622+40.7788 |PT2-discrete-zon _
- » Scape
Discrete )
Transfer Fen PTZ-discrete-TUSTIN

0.05263z2+0.1053z+0.05263
721 579z+3.7895

Discrete
TransferFcnl
Hinh 8.1 Mé\hinh SIMULINK (h¢ lai) c6'tén Fig08_01.mdl: Phdn hé lién tue (trén) va
phan hé gidn doan vdi chu ky trich mau 0,5s (dudi)

Hinh 8.1 md ta ¢ phia trén la phin hé théng lién tuc (cé va khéng cé trich
miu), phia duéi 1a phén hé théng gian doan theo hai phlIdng phap khac nhau
Euler explicit (Zero-Order Hold: ZOH) va x&p xi Tustin. Cé thé d& dang tao nén
cic phin hé théng d6 nhd sl dyng cic lénh quen biét cta Control System
Toolbox (chuong 3) dudi day:
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tf([1},[1 0.5 1]);
c2d(pt2,0.5,"'zoh'");
c2d{pt2,0.5, "tustin’');

>> pt2
>> ptZ discrete zoh
>» ptl discrete tustin

Bang lénh thi nhat ta tao ra mdt khau ty 1& quan tinh bac 2 c¢6 tén la pt2
(phéan trén cla hinh 8.1). M6 hinh gian doan theo phuong phap ZOH cla khau
pt2 d6 duge tao bdi 1énh thit 2, theo phudng phap TUSTIN béi 1énh tht 3 (phan
gitta vi duéi ciia hinh 8.1), ca hai mé hinh gian doan déu dugc tao véi chu ky
trich mau 0,5s.

15
T
05 e e S P —
— Test Signal
— Continuous
—— Sampled
' ¢ | — - PT2-discrete-ZOH
i i | = - PT2-discrete-TUSTIN
0 A L
0 5 . . 10 15
Time [s]
2

Akt TestSignal L X b
——— Continuous
l -—-— Sampled : : b
-1.5 1 — - PT2-discrete-ZOH ’ S A /A —

— - - PT2-discrete-TUSTIN

Tirpe [s] T

3

Hinh 8.2 Két qud mo phdng vdi so d6 SIMULINK & hinh 8.1

Gia sit mudn tao ra mot hé trich mau ti mot so d6 SIMULINK (lién tuc, gian
doan) c6 san, ta ¢6 thé (tuong tu muc 7.2) diing 1énh:
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dlinmod (' modelname’ ,T[,x,u,pert])
véi ci phap gin gidng nhu linmod. Tham s& thém 1a chu ky trich miu 7.
Lénh dlinmod chi si dung phuong phap Euler explicjt (ZOH) dé gian doan héa.
Chinh vi vay, ham truyén dat cta khéi Discrete Transfer Fcn (hinh 8.1, giita)
con ¢6 thd duge tao ra bdi cac 1énh dudi day (véi didu kién: Khéi Transfer Fen
phai duge dit vao giita hai khéi Inport va Outport, 1a hai kh6i khéng xu4t hién
¢ hinh 8.1).

>> [A,B,C,D] = dlinmod(’Fig08 01’,0.5);
>> pt2 discrete_zoh = tf(ss(A,B,C,D,0.5));

K&t qua md phdng dudc gidi thiéu & hinh 8.2. Trong hinh bén trai dudng nhu
hai d6 thi “Sampled” va “PT2-discrete—-ZOH” trung v6i nhau. Tuy nhién, viée
tring hoan toan 1a khéng c6 va ciing khong thé c6: Cac gia tri ciia “Sampled”
phu thubc vao tin hiéu lién tuc va do d6 phu thubc vao Solver da chon, cac gia
tri ciia “PT2-discrete-ZOH” (tin hidu ra cia ham truyén dat gian doan) lai
phu thudc vao phuong trinh sai phan 14 ham x4p xi (Euler explicit) cua anh z
chinh xac.

8.5 Toéom tét ndi dung chuong 8

Sau khi d3 nghién citu kj chuong 8, ngudi doc cdn ndm vitng cac ndi dung
sau day:
1. Sit dung cac kh01 cla thu vién con Discrete.
2. Tu chon dudc Solver (thuat toan tich phan) phtt hgp cho cac hé gian doan
thuén tdy, hay hé lai, ¢6 chu ky trich mau thong nhat hay hén hgp.
3. Kién thitc co sd vé mé phdng cac hé Multjtasking.
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Chuong nay sé st dung két hgp cic kién thic thu duge tit muc 3.3, chuong 6
va chuong 7 vao muc dich phan tich va tdng hop (thist ké) vong diéu chinh
(DC). Trén co sé vi du don gian 1a hé théng diéu khién dong co mot chiéu
(BCMC) kich thich ddc lap, ta sé ting budc x4y dyng vong DC trén nén
SIMULINK, tinh todn tham sd ctia bo diéu khién (DK) va thiét k& khau quan sat
(QS) can thiét.

9.1 Pong co mdt chiéu kich thich déc lap

Déi tuong PK 1a DCMC can phai duge DC dong {qua d6 DK mdémen quay ctia
dong co) va BC toc do quay. Dai tugng duge md ta boi hé cac phuong trinh dudi
day (d€ don gidn ta chi xét trudng hgp tit thong 1a hang va c6 gia tri danh
dinh?):

diy

e Dién dp phdn ing: u,=e,+R, 1A+LA = 9.1)"
e Suc tw ddong cdm tng: e =k, n i (9.2)
. dn 1
e Técdj quay: —_—= ——(mM —my ) 9.3)
dar  2nJ
o  Moémen quay: my, =k i, ' (9.4)
e Hang s6'dong co: k, =27k), (9.5)
. . . L
e Hang s6'thoi gian phan ing: T,= —1-2-’4— (9.6)
A

So db c&u tric DK cha déi tugng DCMC dude gidi thidu § hinh 9.1. Déng co ¢6
cAc tham s8 sau day:
Dién trd phéan ing: R, =250mQ  Mémen qudn tinh: J =0,012kgm?
Dién cdm phan tng: L, =4mH 'Hang s6' dong co: k,=236,8
T thong danh dinh: 5 =0,04Vs | ky = 38,2

! Gi4 trj danh dinh: Rated value ¢
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My
i My |—
U, .F_——— L/,»— A1 TM ' i n
e 1 1 P 1
R, 1457, 2nJs

kb

Hinh 9.1 S0 dé cGu triic cia DCMC kich thich déc lap (tic thong hing)

9.1.1 Khai bao lap tri ban dau

Tham s6 cia DCMC dugc khai bao trong mét File ¢6 tén 1a Fig09_01i.m va ta
s& phai goi File ti ctta s6 Command cia MATLAB trude khi md phéng. Ngoai ra
ta con dinh nghia mét vai tham s6 mé phéng nhu thdi gian ngiing Tstop va
budc tich phén t6i da step_max (hinh 9.3). Dong thdi, ta xac dinh tin hidu dau
vao dudi dang budc nhéy dién ap tai thdi diém Tstep 18n gia tri UAref:

%% Initialization file for Fig0%9 02.mdl

Tstop = 0.2 ; %
step max = 0.0001 ; %

% General simulation data .

Stopp the Simulation
Maximal step size

$% Voltage reference step

=0 ;

50 ;

o
]

oe

%% Load torque step

o°

oo

%% Data of DC motor

RA
LA
TA
PsiR
J

kM
kE

1

0 ;

0 ;
0.250 ;
0.004 ;
LA / RA
0.04 ;
0.012 ;
38.2 ;

2%pi*kM

oe o

R e o0 o

Step time [ s ]
Reference voltage [ V]

Step time [ s ]
Step amplitude [ Nm ]

Armature resistor [ Ohm ]
Armature inductance [ H j
Armature time constant [ s ]
Rated fluxs [ Vs ]
Torque of inertia [ kg m*2 ]

Motor constants
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9.1.2 MO hinh SIMULINK

Vi sd d8 cAu tric & hinh 9.1, cac bién va tham s6 khai bao tai Fig09_01i.m,
ta d& dang x4y dung duge md hinh SIMULINK c6 tén Fig09_02.mdl (hinh 9.2).
So db ¢6 stt dung cac khél sau day:

Thu vién con Khéi Thu vién con  Khéi
Sources: Step Continuous: Integrator, Transfer Fen
Sinks: To Workspace Math: Sum, Gain

Signal&Systems: Inport, Outport

Load
uet .
uA(l Amature circuit forque Torque of Inertia
1
& Jbss TAS+1
S+
: To Workspacel
UAret Gain TrarsterFen Gain2  Integrator P

To Workspace? iA n

Hinh 9.2 M6 hinh SIMULINK cé tén Fig09_02.mdl cua DCMC kich thich déc lgp

Hinh 9.3 cho ta thdy tham s& khai bao tai cac trang Solver va Workspace
I/0. Tai trang Workspace I/O ta dit tén t cho bién, thdi gian tai Save to
Workspace va y cho d4u ra Qutput.

I

<) Simulation Parameters: Figdg_02 ‘* . =10 «} Simulation Parameters: Figd9_02

Solvell Workspacel/ﬂ' Diagm:licsl Advancedl Hed-TimeWoxkshopl Solvarl WO(kSDaCeI/UI Diagno:licsl Advancedl Fleal-TimaWalkshap‘
Simulation time Load from woikspace Save to workspace
Start time: [ 0.0 Stop time: | Tstop I Input; Ii’ o  Time: t ]
Solver options ™ Iniial state: I st ~ States )
Type: IValiabIe~slep _:] [0de45 (Doimand-Prince) E ¥ Output: Iy
Max step size: | step_max Relative lolerance: [ 1e-3 ™ Final state: | ~7i3

Min step size: l aute Absolute tolerance: | auto Save options

CTHE I~ Limk data points to last: [ 1%
Initial step size: | auto
Dacimation: [ 1

Output options Faimat: [Auay ,:J

fRefine auput X Refine factar; [ 1

0k [ Concel | Hew [ s | ok [ Concel | Hep | g |

Hinh 9.3 Hgp thoai Simulation Parameters: trang Solver va Workspace /0

Bing cac khéi To Workspace ta cit toc d6 quay dudi tén bién n va dong phin
ting i, dudi tén bién iA (hinh 9.4).
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Block Parameters: To Workspacel e

Tn Workspac — { To Workspace

Block Parameters: To Workspace2

Wiite input to specified airay of structure in MATLAB's main workspace.

‘} Data is not available until the simutation is stopped of paused.

: B :

‘— Vaiiable name: ! Vasiable name:

F
|

Limit data points to fast

| ‘Write input to specified anay or stiuctwre in MATLAB's main workspace.
\ Data is not avadable until the sicwlation is ttopped ot paused.

Limit data points to last:

inf [inf

1
Decimation: " Decimation:
o | i
Sample time; | Sample time:
O :
|
i Save fomat |Anay ~] T Save fomat: [Anay ~]

oK I Cancel | Help I Aprly I oK _l Cancel l Help J g '

Hinh 9.4 Trang khai bdo Block Parameters: Cdc khéi To Workspace cdt téc dé quay n va
dong phdn ing i,

Khéi Inport uA, cac khéi Outport n va iA dude sit dung nhim muc dich tao
mé hinh trang thai va mé hinh truyén dat ti ddu vao uA tdi cac ddu ra n, iA:
Cac md hinh d6 sé duge sit dung dé khao sat d6i tugng bing cic phuong phap
giéi thidu d chuong 3.

9.2 Khao sat dong hoc cta dai tuong

9.2.1 Khao sat bing SIMULINK

Dé khao sat ta hiy bét ddu bing viéc dua téi ddu vao cia DCMC mot dién ap
¢6 dang budc nhdy. Dé lam diéu d6, ta st dung & ddu vao mot khdi Step. Khéi
Step ¢6 hai tham s8 Step time, Final Value nhan hai gia tri Tstep, UAref dudc
khai b4o trong File 1ap tri ban ddu Fig09_01i.m. Ta lan lugt thuc hién cac budc:

e Budc 1: Lap tri ban d4u va khai bao tham s§ DCMC bing cach goi:

>> Fig09_011i;
e Budc 2: Khoi ddong moé phong md hinh Fig09_02.mdl

e Budc 3: V& d4 thi biang cach goi:
>> Fig09 0b5plot;
Két qua thu dugc chinh 1a hinh 9.5. Chudi 1énh vé d6 thi dudc tap hgp trong
script ¢6 tén Fig09_05plot.m vdi ndi dung sau diy:

%% Plot file of Fig09 02.mdl
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figure
subplot (211)
plot (t, n*60)
title('Speed n [RPM]', 'FontSize',6 12)
subplot (212)
plot (t, iA)
title ('Amature current iA [A]', 'FontSize',12)
xlabel (*Time t'.'FontSize',12)

, print -depsc p_gnm nia.eps , end

if exist('print') == 1
if exist('print') == 1 , print -deps p gnm nia sw.eps , end
Speed n [RPM]
600 T T T T T T T T T
400 + ’ B
200 ]
0 1 I

L L 1 | | i i
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 02
Amature current iA [A]

1 4 L 1 [l 1 A 1 1
0 002 004 006 008 01 012 014 016 018 02
g Time t ) :

Hinh 9.5 Pdp iing téc dé quay n va dong phén itng i, khi c6 bude nhéy dién dp u,

9.2.2 Khao sat bing MATLAB st dung md hinh tuyén tinh héa

D& ¢6 thé st dung cac cong cu (ma Control System Toolbox cung cip) vio
muc dich khao sat mdt moé hinh SIMULINK, trudc hét ta phai chuyén mé hinh
SIMULINK sang dang mé hinh LTI. P& chuyén dang mé hinh, ban doc da biét
dén cac cong cu cia MATLAB nhu céc 1énh 1inmod, 1inmod2! va dlinmod, hay
cua Control System Toolbox nhu ss (xem muc 7.2). :

! Lénh 1inmod?2 stt dung mgt thuat toan da cai thién so véi linmod, cho phép giam hitu hidu
sai s§ 1am tron khi tinh toan.
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Buéc dau tién phai lam la vige tao tit phdn mé hinh SIMULINK (can dudc
khao sat, ndi tai dugc mé ta bdi mot hé phuong trinh vi phan thudng Ordinary
Differential Equations: ODE) mdt mé hinh trang thai tuyén tinh — dung":

[A,B,C,D] = linmod('sys’ [,x,ul)
[A,B,C,D] = linmod2('sys’ [,x,ul)
[A,B,C,D] dlinmod (‘sys’ ,Ts[,x,ul)

Trong cac 1€nh trén, sys 12 tén cia md hinh SIMULINK, Ts 1a chu ky trich
mAu cta hé gian doan. V4i cac tham s6 tiy chon x va u ta ¢6 thé khai bao gia tri
clia bién trang thai va bién vao, tic 1a: Khai bao diém lam viéc ma ta mudn
tuyén tinh héa mé hinh quanh d6. Diém lam viéc méc dinh sé& 1a diém 0.

Cac dau vao / ra phai dudc tao ra & tdng mé hinh trén cing? cia so dd
SIMULINK nh¢ cac khéi Inport va Outport. Trong muc 9.1.2 (hinh 9.2) ta da
chuén bi sin diéu nay véi cac bién ua, n va iA. Cudi cung, A, B, C va D chinh 1a
cac ma tran quen biét ciia mé hinh trang thai.

M6 hinh LTI dang SS duge tao ra tit cAdc ma tran cia mé hinh trang thai
bang cac 1énh da biét 6 muc 3.1.3.

sys = ss(A,B,C,D)
sysd = ss(A,B,C,D,Ts)

Viéc ap dung céc thao tac cin thiét vita mé ta cho déi tugng DCMC ctia vi du
6 hinh 9.2 dugc tap hdp lai trong script cé tén Fig09_06.m véi ndi dung duéi
day.

%% Fig0%9 06.m

%% Using linmod to generate a LTI model from Fig09 02.mdl
[A,B,C,D] = linmod('Fig09 02') Linearization of

) simulink model
Generating the LTI
model sysDCMotor

o°

o

sysDCMotor = ss (A,B,C,D)

o°©

o\©

sysDCMotor.InputName = 'uA' ; % Set the LTI input
' % variable
sysDCMotor.OutputName = {'iA' 'n'} ; % Set the LTI output
% variables
sysDCMotor % Output and show the
% LTI model

Sau d6 ta goi script vita méi viét ttt Command Windows cia MATLAB va thu
dugce két qua.

>> Fig09 06

A =
1.0e+003 *

-0.0625 -0.0384

1.2666 0

! Hé ditng 12 hé c6 hé s§ hing
% Tgc 1a: khong duge phép § trong cac Subsystems
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B =
4.0000
0
C =
62.5000 0
0 1.0000
D:
0
0
a::
x1 X2
x1 -62.5 ~38.403
x2 1266.6 0
b =
UA
x1 4
X2 0
c:
x1 x2
IA 62.5 0
N 0 1
d =
_ UA
IA 0
N 0

Continuous-time model.

Véi két qua tinh cia Fig09_06.m ta thu dugec md hinh da tuyén tinh héa ct:
s6 d6 SIMULINK (xung quanh diém lam viéc duge khai bao, dic trung bdi cac
ma tran A, B, C va D) va m6 hinh LTI dang SS (c6 tén sysDCMotor, ddc trung
bdi cdc ma tran a, b, c va d). Liic nay ta da c6 thé st dung cac cong cu quen biét
ctia chuong 3 dé khao sat PCMC. Vi du: Ta dé& dang thu dudc tin s6 riéng w,, hé
s tat dan D va cac diém cuc cha PCMC bing cach st dung 1énh damp (muc
3.3.2):

>> damp (sysDCMotor)

Eigenvalue Damping Freq. (rad/s)
~3.13e+001 + 2.18e+002i 1.42e~001 2.21e+002
~3.13e+001 - 2.18e+0021 1.42e~-001 . 2.21e+002

>> bode (sysDCMotor)
>> pzmap (sysDCMotor)
>> sgrid

P4 thi BODE va biéu d6 vi tri 2 diém cuc cia DCMC dude tao bdi cic 1énh
bode va pzmap duge minh hoa tai hinh 9.6.
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Hinh 9.6 D6 thi BODE (trdi) va biéu do phdn b6 diém cue (phdi) cta déi tuong DCMC
duwdi dang mé hinh LTI-SS ¢ tén sysDCMotor

Tao mo6 hinh LTI ti m6é hinh SIMULINK

linmod ('sys’ [,x,ul) Tao mé hinh trang thai lién tuc (tuyén tinh
linmod2 (’sys’ [,x,ul) héa), ttt md hinh SIMULINK ¢6 tén sys

dlinmod (’sys’ ,Ts[,x,u]) Tao mé hinh trang thai gian doan (tuyén
) tinh héa) véi chu ky trich miu Ts, ti md
hinh:SIMULINK c6 tén sys
ss(A,B,C,D[,Ts]) Tao md hinh LTI (dang SS) lién tuc hodc
. gian doan tit mé hinh trang thai v6i A, B, C
va D cho trudc

9.2.3 Khao sat mé hinh LTI qua déi thoai véi LTI-Viewer

Ngoai hai kha nang giéi thiéu  muc 9.2.1 va 9.2.2, SIMULINK con cung cap
cho ta cong cu LTI-Viewer, cho phép khao sat hé théng nhanh va don gian ma
khdng can dén 1énh cia MATLAB.

bé goi LTI-Viewer ta vao menue Tools / Linear Analysis tai cia s6 cia mb
hinh SIMULINK (ma ta dang mudn khéo sat): Sé xuat hién clta s clia thu vién
Model_Inputs_and_Outputs (hinh 9.7, bén trai) va giao dién cua LTI-Viewer
(hinh 9.9).

D& st dung LTI-Viewer, so d5 SIMULINK sé phai c6 it nhat mot khéi Input
Point va mot khéi Output Point, duge gip ti thu vién
Model_Inputs_and_Outputs dua sang ctia s6 clia so d6 SIMULINK va tha (thao
tac Drag & Drop) vao duong tin hiéu ma ta quan tdm (hinh 9.8). Sau nay, khi
da khao sat xong, bang cach chon Remove all Input/Output Points tai menue
Simulink ctia LTI-Viewer, ta lai gé bd toan bo cac khéi méi gip sang va so do
SIMULINK trd lai nguyén nhu ban dau.
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[IModel_Inputs_and Vi B = 1Library: cstblocks v, =100 x|
File | &3 | view Simulation Format Filé—lg:ml View Format  Help

Tools  HYE

) | = & éi FANE - R Simulink blocks for use with the

Control System Toolbox

o0, N s
Input Point Output Point t. r
LTI System
To specity the inputs and outputs
of the analysis model, + PN
drag and drop the above blocks >_8—>_ >.
on the appropriate signal linas. Input Point Output Point
F[100% f I 41| Ready [100% [Locked 4

Hinh 9.7 Thu vién Model_Inputs_and_Outputs va cstblocks

Control System Toolbox cé mot thu vién riéng mang tén cstblocks, khi goi
tit clta s6 Command ciia MATLAB (ngoai hai khéi Input Point va Output Point)
c6 thém khéi LTI System (hinh 9.7, bén phai) phuc vu muc dich tao mé hinh
LTI truc tiép trong so d6 SIMULINK.

. Load
uA(l amature circuit rguat Torque of nertia
1 —
. & 1RA - KM*PSH )@ ) :
. S+
1
Uparet  [nputPaint Gain TranserFon Gain! hain2 Integrator | 10 Werkspace
) 7 (2D
To Workspace2 ) n
KE*Psin LL 1«

3 OutputPaint
Gain3 .

Hinh 9.8 M0 hinh SIMULINK (c6 tén Fig09_08.mdl) ctia PCMC, dd b6 sung thém hai
khéi Input Point va Output Point

Hinh 9.8 cho ta thay s d6 SIMULINK ctia DCMC d4 dugc chuén bi (bd sung
hai khéi Input Point danh cho dién ap vao uA va Quiput Point cho toc do quay
n) dé khao sat bang LTI-Viewer.

Hinh 9.9 gi6i thiéu dap tng budc nhiy va dd thi BODE cuia téc 6 quay. Dé
b4t ddu, ban doc hady goi menue Simulink |/ Get Linearized Model. Véi
Simulink LTI-Viewer ta c6 thé khao sat déi tugng bang cac phuong phap khac
nhau, nhu v& cac d6 thi BODE, NYQUIST, NICHOL hay bi&u d6 phan bg diém
cuc. D€ chon phuong phép, ta chi cAn nhay chudt ;hai vao clta s6 LTI-Viewer,
mot menue vdi cidc kha niang chon lya s mé ra.

Dé c6 thé biét sau thém vé cach st dung LTI-Vizwer, cac ban doc quan tdm
s& budc phai ty minh tim doc User’s Guide cia MAT' AB va SIMULINK.
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Hinh 9.9 LTI Viewer: Ddp iing bude nhdy (trén) va dé thi BODE (duéi)

9.3 Diéu chinh véi nhiéu vong phan cip (Cascade Control)

Muc tiéu tiép theo 13 mé phdéng hé thédng DC téc d6 quay cho DCMC. Cau
tric kinh dién ctia mot hé truyén dong nhu vay la c&u tric ¢6 nhidu vong phan
cp véi mot khau DC tdc dd quay n 6 vong ngoai va khau DC dong phéan ting i, &
vong trong. Ta déu biét: Vong DC i, phia trong c¢6 tac dung 4p nhanh mdmen
quay my (do tit thong 14 hing, mdémen chi phy thudc iy, cong thic (9.4)).

Do trong tdm hién tai cha ta 12 xAy dung mé hinh va mé phéng hé théng
bing MATLAB, SIMULINK, chit khong phai 14 thiét k& (t6ng hgp) cac khau DC
cla ca 2 vong. V& van dé nay ban doc s& phdi tra cttu trong tai liéu chuyén
khac.
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9.3.1 Diéu chinh déng phan tng

Pé thiét k& khau DC dong, thudng ta st dung ham truyén dat cia mach dién
phan tng va bd qua sic tit ddng cam Ung e,. Vong DC dong c¢é ciu tric nhu
hinh 9.10 duéi day.

my
e e s g B
T 1| ks i
R, 1+sT, 2mJs

ko
Hinh 9.10 Vong diéu chink dong clia PCMC vdi ham truyén dat bd qua sizc tiz dong e,

Né&u coi gan ding thiét bi chinh luu c¢6 DK 1a khau ty 1& véi quan tinh bac
nhat (khau PT,, hing s& thoi gian T,), ham truyén dat cia mach phan tng la:

is(s) 11 1

Gi(s) 4y (s) 14T, R, 1+, ©-D
Hing s6 thdi gian cia mach phan ting va hé s& khuéch dai ta da biét:
leTAz—L—A— V:L (9.8)
R, R, k
Héng s6 thoi gian cia khau chinh luu la: ;
T, =T, =100us 9.9

Khau DC dong gia st dugc chon 1a khau PI, thiét k& theo tiéu chuén t3i wu
module véi c¢dng thic sau:

L _Rily Ly (9.410)

Toy =T, =T V, = =
RI 1 A R 2TV 2T, 2T,
T d6 ta thu duge ham truyén dat ctia khau PC dong kiu PI nhu sau:
u (s 1 L 1
iy (s)—zA(s) sTp; ) 2T, sT,

So @6 cau tric SIMULINK c6 diéu chinh dong phan {tng cia DCMC duge gidi
thiéu & hinh 9.11, xdy dung trén cd sd sd d6 § hinh 9.2. So d6 SIMULINK & hinh
9.11 ¢6 tén 1a Fig09_11.mdl, st dung script Fig09_11i.m d& khai bao tham s&
ban diu cua vong DC, va duong nhién st dung tham s8 cia DCMC cAt trong
Fig09 _01i.m:

%% Fig09 1l1li.m
Initialization file for Fig09 11.mcl

o°

%
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oe

% Motor and general simulation parameters

Fig09 01i % Parameters of DC motor

%% Time constant of controlable rectifier

T t = 0.0001 ; % Time constant

%% Current blocks

T IAref = 0.05 ; % Width of period [ s ]

IA ref = 10 ; % Set point for current [ A )

%% PI current feedback controller

V_Ri = LA / (2*T_t) : % Gain [ Ohm ]

T Ri = TA ; % Time constant of controller [ s ]

o°

th_Ri =0 Start value of integration part

Tuong tu muc 9:2.1, dé mo phdng trudc hét ta goi Fig09_01i.m trén
Command Windosws cia MATLAB dé khai bio cac bién va tham s6 véi
Workspace, sau d6 ta chay so d6 Fig09_I11.mdl & hinh 9.11 duéi day.

-~ !

T 1541
G;uelf:m, PICument  Transfer Fent Gain  TransferFen Gaint Gainz  Imtegrator Toworkspace!
Controller ey
e D
ToWorkspate2 iA n
To workspaced
KE'P.,.P,# v

Gain3
Hinh 9.11 M5 hinh vong DC dong phén ing ciia PCMC (c6 tén Fig09_11.mdl)

Hinh 9.11 ¢6 khdu DC dong (PI Current Controller) 1a mot Subsystem dude
mb ta 6 hinh 9.12.

This is & cutrant feedback contsolier with P behevior ,

Pa

Convoller Gain
VR

Output

Start value of inlegrator
Ilnl_W

4]
]
|
1 part integrator Reset Time '
T_Ri J
[ —

[k ] concel | Hep | ey |

Hinh 9.12 So dé khdu (Subsystem) DC dong phén ung (trdi) va ciza s6 nhdp s6 lieu (phdi)

Sau khi chay ta thuc hién chium 1énh duéi day dé vé hinh 9.13.

>> Fig09 111
>> subplot (221)
>> plot(t,60*n, 'k-")
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>> title('Speed n [RPM)', ‘FontSize',10)

>> subplot (223)

>> plot (t,IA ref, 'k-',t,1iA, 'k--")

>> title ('Amature current IA, IAref [A]','FontSize',10)
>> [A,B,C,D] = linmod('Fig09 11");

>> sysDCMotor = ss (A,B,C,D);

>> subplot(122)

>> bode (sysDCMotor)

r600 Speed n [RPM] Bode Diagram
From: U (1) From:UR@)
&0
. f=

1000 g £ o

e L “
-60
600 ] g =
£ 0

o £:

0" 0.06 0.1 016 . 02 E s W
g 180
15 Amature current IA, lAref [A] = 100
s o

-~ > —._\\ \
10 p= © 5 -100

Tp— E@ [
£ 2w
6 [1}
8 w0
o 4
& 180
sl 270 .
0 0.06 0.1 0.16 0.2 10 .10°
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Hinh 9.13 Trdi: Pdp #ng téc d6 quay n va dong i, khi cé DC. Phdi: DS thi BODE, phdn
dnh quan hé vao ra gita cdc ddu vao U(1), U(2) va cde déu ra Y1), Y(2)

9.3.2 Piéu chinh téc do quay

mr
n : iy : u, :— Uy l— V— i l— My i n
7| KnaubC “4| KnaubC 1 € 1 i ko 1
t6c dg quay dong 75T R, 1457, 2nJs
k0

Hinh 9.14 H¢ théng diéu chinh téc dé quay cia DCMC vdi hai vong cé phén cép

Déi véi vong DC tc d6 quay, vong DC dong vira thiét ké 1a vong cap dudi, co
thé duge gom lai thanh mot phan cta déi tugng DK véi ham truyén dat nhu sau
(Iscl = vong DC dong thay thé, Substitutional Control Loop):
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is(s) 1 .
Glser (S): C 22~
iy(s) 1+2Ts+2T7s* 1427
Ciing véi ham truyén dat cha phén cd, d6i tugng DK téng quat lic nay s& c6
md hinh truyén dat nhu sau:
Gy (5) n(s) kyv 1 11
s = == =
VUTE(s) 2nds 142Ts Tys 1+7T,s
Véi hai tham s8 clla d8i tugng 1a hing s8 thdi gian cd Ty va hing s thoi
gian thay thé clia vong trong T, ta d& dang ap dung phuong phap thiét ké theo
tidu chu4n t61 wu d6i xing va thu duge cac tham s cua khiu DC:
T 1 2nJ
Ton = 4T, =8T Vew = = —_———
RN o ‘ RN T S 4T, k0

o

(9.12)

9.13)

9.149)

Véi cac tham s6 trén ta thu dugec ham truyén dat tdng quat (thay thé:
Substitutional Control Loop) ciia vong DC toc d6 quay, thiét ké theo tiéu chuan

t61 uu déi xang:
n (s) 14+ 87;s

G —_ =
st (5) n*(s) 1+8T;s + 16T 5% +167;’s’

So d6 SIMULINK Fig09_15.mdl chinh 14 s6 d6 ¢ hinh 9.11 c6 hdi tiép toe do
quay, dugc md rong thém vai khdi To Workspace, Input va Output dé thuén tién
cho viéc khao sat.

(9.15)

Rectifier W Amature circut
7 -
- #—1 6)-MIRA TA'_‘ B
Pl Snend 5+ S+
PISpeed -
Cumurslbr PICurrent TransterFent Gain  TransierFen
Controlier
To Workspaced
To Workspace2
To Workspace3 ]
E*PsR
Gain3

Hinh 9.15 Céu tric hé thong DC téc dé quay ciia DCMC kich thich doc lép vét hai vong
DC ¢6 phdn cép

Gidng nhu cac 14n khéo sat trudc, 14n nay cac tham s clia déng co va didu
kién mé phong cling duge khai bao 14p tri trong mét File ¢6 tén 1a Fig09_15i.m.
Trong 14n khao sat nay, ngoai d6t bién budc nhiy ctia gia tri dat cho téc d6
quay N_ref, ta con kiém tra dic tinh cia hé bing cach tao dot bign phu tai Mw.
Script 1ap tri ¢6 ndi dung nhu doan ma dudi ddy. Sau khi chay Fig09_15i.m, ta
khéi dong Fig09_15.mdl dé md phdng. Cudi cing, cac k&t qua khao sat duge
biéu dién bing b thi § hinh 9.16:
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$% Fig09 15i.m
%% Initialization file for Fig09 15.mdl

%% Motor and general simulation data

Fig09 011 DC Motor

Fig09 111 Current control loop
+ Rectifier

Maximal step size

de o° o

o

step max = 0.0001 ;

%% Reference value of speed
T Nref = 0 ;

N ref = 500/60 ;

%% Step of load torque

T MW = 0.10 ;

MW = 100 ;

o°

Width of a period [ s }
Set point of speed [1/s]

o

o

Step time [s]
Step amplitude [Nm]

e

%% Speed controller: PI-Behavior, symmetrical optimum
V_ Rn = 2*pi*J/ (kM*PsiR*2*2*T t); % Controller gain [Vs]
T

_Rn = 4*2*T_t ; % Reset time [s1]
int regn = 0 ; % Start value of integrator
Speed n and speed reference N-raf [RPM] ' s Speed n and speed reference N-ref APM]

a0

€00

a0 ’ 1 500 —

- \/
" A

U I " i A 4& A e -
0 0.002 0.004 0.006 0.008 a0t 0.095 .1 0.106 0.1
1600 Amature current |A and miemsnoe valus 1Ame! [A] | Amature current |A and migrance valus {Are! [A]
— 20
100
1000 P‘ T /
2 9]
L\ N 1
€00 \ E of ! q
0
of |
V4 2 |
800 L : . . 0 "
0 0.002 0.004 0.006 0.008 0.01 0.09% 0.1 0.106 011

Hinh 9.16 Pdp ing budc nhdy gid tri dit téc dé (trdi) va ddp ing nhidu phu tdi (phdi).
Hang trén la téc dé quay, hang dudi la dong phan ing

D4 thi 6 hinh 9.16 thu duge nhd chiim 1énh duéi day:

>> Fig09 151 % Lap tri ban ddu va chudn bi md phdng
(Sau khi goi Fig09_15i.m, cho chay Fig09_15.mdl)

>> subplot (221)

>> plot (t,60*N ref, 'k--',t,60*n, 'k-")

>> axis ([0 0.01 0 800])
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>> title('Speed n and speed reference N-ref [RPM]',
'FontSize',10)

>> subplot (223)

>> plot(t,IA ref,'k--"',t,1iA, 'k-")

>> axis ([0 0.01 -500 1500])

>> title('Amature current iA and reference value
IAref [A]','FontSize',10)

>> subplot (222)

>> plot(t,60*N _ref, 'k--',t,60*n, "'k-")

>> axis([0.095 0.11 450 5501])

>> title('Speed n and speed reference
N-ref [RPM]', 'FontSize',10)

>> subplot (224)

>> plot(t,IA ref, 'k--',t,1iA, 'k-")

>> axis([0.095 0.11 0 120])

>> title ('Amature current iA and reference value
IAref [A]', 'FontSize',10)

9.4 Quan sat trang thai

Vi cac diéu kién cong nghé nhit dinh, hay ciing c6 thé vi Iy do muén gidm
chi phi thiét bi, ta ¢6 ¥ dinh tiét kiém khau do téc d6 quay nhung lai vAn muén
DC tdc d6 quay cia DCMC. Dai lugng ra duy nhat c6 thé do chi con 1a dong
phin dng i,. Vay la ta sé phai thiét k€ mot khau QS, phuc vu muc dich tinh
(chit khéng do) tdc dd quay.

i

Amature Circuit

To Workspace1

UAref
Puise
Generator

ToWorkspace2 A -
KE*PsiR|
To Workspace3

Gain3

L= Ax+Bu |5 -
~ U *y=Cx+Du m

To Workspaced

PT1-Rectifier

Gain  PT1-Amature Gain? Integrator

v
"

State-Spate
Hinh 9.17 M6 hinh SIMULINK cua DCMC vdi khdu QS trang thdi (Fig09_17.mdl)

Mb hinh mé phdong dugc giéi thiéu 6 hinh 9.17: Bao gém DPCMC ¢6 thém thiét
bi chinh luu (thay thé x4p xi bdi khau PTI-Rectifier) va khéi State-Space (dic
trung cho khau QS va dudc gan cac ma tran trang thai cua bcMC lam tham s6).
Thém vao d6, mach dién phan tng cia PCMC (xem lai hinh 9.2) vén duge mé
phong bing khéi Transfer Fen,. nay dude thay bing khéi PT1 (ban chit 1a hé
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con duge danh d&u c6 clta s6 nhap tham sg; xem muc 6.7.4). Viéc thay th& d6

nhidm bao ddm tin hiéu ra cia khéi

(dong phén tng i,) déng thdi 14 mot bién

trang thai cia mé hinh trang thai thay thé DCMC.

Outl

Block Parameters: PT1-Rectifier

PT1 (mask)
]:PT‘] with Feedback Integrator

:

Time Constant
Tt

]

Cancel ] Help l Apply J

Hinh 9.18 Khéi PT1: Dudi dang khdu tich phin cé hoi tiép va ciza s6 nhip tham sé

D& lap tri ban ddu, khai bao tham s6 mé phdng va tao mé hinh LTI kiéu SS
c6 tén sysDCMotor, ta soan théo script mang tén Fig09_17i.m véi ndi dung dudi

day:
$% Fig09 17i.m
%% Initialization file for
%% General simulation data
Tstop = 0.8 ; : %

oe

step max = 0.00001 ;
Rectifier data

0.0001
Amature voltage puls

a9
GO

o0

’

T uAref = 0.4 ; %
uA ref = 500/60 ; %
%% Load torque step

T MW = 0.40 ; %
MW = 10 ; %
%% Data of DC motor

RA = 0.250 ; %
LA = 0.004 ; %
TA = LA / RA ; %
PsiR = 0.04 ; %
J = 0.012 ; %
kM = 38.2 ; %
kE = 2*pi*kM ;

%% Observer basic settings
obs ss([],[0 01,([],[0 O]
obsx0 [ 0 1:

[A,B,C,D]= linmod('Fig09 17");

sysDCMotor = ss(A,B,C,D);

zu Fig09 17.mdl

Stop time of simulation
Maximal step size

Dead-time

Puls width [s]
Reference voltage [V]

Step time [s]

Step height [1/s]
Armature resistor [Ohm]
Armature inductance. [H]
Armature time constant [s]
Rated fluxs [Vs]
Torque of inertia [kg m"2]

Motor constants

Initialization of observer
Initial states of observer
Extracting system matrices
Generating SS-LTI-model

)

e

o

e
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D& hiéu rd trinh tu thit k& khau QS ta sé phai phan tich ¥ nghia vai lénh
sau. Truée hé&t, mudn tuyén tinh héa mé hinh SIMULINK béng lénh 1inmod, t4t
ca cac bién va tham s6 phai ¢6 sin mot gia tri cu thé. K& ca khéi State-Space, 1a
khéi ma dén thoi diém nay ta chua hé tim cac ma tran trang thai cia DCMC.
Chinh vi vay ta phai khai b4o lap tri ban diu cho cac ma tran ctua obs, déng
thdi dinh nghia mot vector trang thai ban dau obsx0.

DE ¢6 thé xac dinh dugc cac diém cyc clia khau QS ciing nhu tham s6 cia ma
tran phén héi L, ta cAn dén mo ta trang thai cha déi tugng véi cac bién vao u,
cAc trang thai x va cac ddu ra y. Dé tim mbd ta d6 (dic trung bdi cac ma tran a,
B, C va D) ta dung lénh linmod ('Fig09 17') va sau d6 tit bén ma tran 4, B, C
va D ta chuyén sang thanh md hinh LTI dang SS ¢6 tén sysDCMotor.

Tin hiéu vao cGa hé théng la gia tri dit cho t6c 46 quay (duéi dang dién ap)
uAref; cac trang thai 13 dong phan ung 13, dau ra (khong tén) ctia khau chinh
Iuu PT1 va tdc d6 quay n; tin hiéu ra ctia hé dong thdi 1a tin hiéu trang thai IA.

Trinh tu moé phdng van la: Truéc hét goi Fig09_17i.m tai Command
Windows cia MATLAB, sau dé chay md phdng Fig09_17.mdl. Can nhéc lai 1a ta
phai luu ¥ trinh tu cla cic bién trang thai sau khi tao mé hinh LTI-SS bing
sysDCMotor = ss(A,B,C,D). D& kiém tra trinh tu ta co thé sit dung lénh
[size,x0,xstord] = modelname (muc 6.6, doan néi vé Workspace I/0 va
muc 7.3). Trong lénh d6, xstord la tham s c4t cic bién trang thai theo trinh

tu ma SIMULINK da chon. Ap dung 1énh vao vi du trén ta thu dugc k&t qua:

>> [obs,obsx0,xstord] = Fig09_17;

>> xstord

xstord =
'Fig09 17/PTl-Amature/Integrator'
'Fig09 17/Integrator’
'Fig09 17/PT1-Rectifier/Integratorl’

Cac bién trang thai vay 1a c¢6 trinh ty: 1. DAu ra cta khau tich phan trong
khéi PT1-Amature (dong phan Ung i,); 2. DAu ra cla khau tich phan (tdc do
quay n); 3. Dau ra ciia khAu tich phan trong khéi PTI-Rectifier (dién ap dit lén
dong co).

Vi khau QS con cé thé duge tim thiy nho 1énh est im, khi &y vector bién vao
cha khau QS sé c6 hai thanh phan: Bién vao cia hé thong uAref va bién ra cia
hé thdng dong phan tng IA. Vector bién ra cia khau QS la yobs, chita cic gia
tri tinh dugc cia bién ra va cac bién trang thai ctia hé (hinh 3.28).

9.4.1 Khau quan sat Luenberger
D@ thiét k& khau QS Luenberger ta st dung cac phudng phép va lénh da

dugc gi6i thidéu & muc 3.4.3. DE tién theo di ta viét lai 14n nita tai ddy phuong
trinh cta khau QS Luenberger da c6 sai s6 QS (hinh 3.27):
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2 ~ u
x=(A-LC)x+[B-LD L (9.16)
y
Viéc tim ma tran phan héi L dugde thuc hién nhg 1énh place tuong tu vi du &
muc 3.4.4 (hinh 3.31). D& chuén bi cho qua trinh mé phéng, ta b sung thém-
cho Fig09_17i.m ba . dong lénh dudi day va cat thanh File méi c6 tén
Fig09_19i.m.

%% Luenberger observer
polo = 5*real (pole(sysDCMotor) ) +imag(pole (sysDCMotor) ) /5*1i;
% Pole of observer
L = place(sysDCMotor.a',sysbDCMotor.c',polo) .’ ;
% Estimating the feedback vector
obs = estim(sysDCMotor,L,1,1);
% Observer for LTI-SS-model

Trong doan 1énh bd sung trén, trude hét ta xac dinh cac diém cuc polo cia
khau QS, sau d6 giao polo cung véi cac ma tran chuyén vi sysDCMotor.a' va
sysDCMotor.c' cho lénh place dé tinh L. Cubi cung, 1énh estim sé trén cd sd
mé hinh LTI-SS sysDCMotor va L dé tim khau QS obs. K&t qua quan sat bing
khau Luenberger obs dugc gi6i thiéu § hinh 9.19.

Output y = IA and observed value yobs(:,1) 200 Speed n and observed value yobs(,3)

0 02 04 06 08 o 02 04 06 0.8

Observer error & = 1A - yobs(;,1) Cbserver error 6 = 60*{n - yobs(:,3)]

1 n . "

0 02 04 06 08 o 02 04 0j6 ) 08

Hinh 9.19 Khéu QS Luenberger: (trén) Gid tri do (nét lién) va gid tri tinh duoc (nét dizt)
cua dong va téc dé quay; (dudi) Sai s6'quan sdt.

Sau khi mé phong, hinh 9.19 da dugc vé béi chum lénh MATLAB duéi day:

>> subplot (221)
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>> plot(t,IA, "k-',t,yobs(:,1), 'b-=-")

>> title ('Output y = IA and observed value
yobs(:,1)"', 'FontSize',10)

>> subplot (223)

>> plot (t,IA-yobs(:,1),'k-")

>> title('Observer error e = IA - yobs(:,1)','FontSize',10)

>> subplot (222)

>> plot(t,60*n, 'k-',t,60*yobs(:,3), 'b--")

>> title('Speed n and observed value
yobs(:,3)','FontSize',10)

>> subplot (224)

>> plot(t, 60* (n-yobs(:,3)),'k-")

>> title('Observer error e = 60*[n -
yobs (:,3)]"', 'FontSize',10)

Qua sai s6 QS 3 hinh 9.19 (hai hinh du6i) ta d& dang nhan thay ring: Ban
dau (khi PCMC lam viée & ch& @6 khong tai), gia tri thuc (nét lién) va gia tri
tinh duge (nét dut) hoan toan trang véi nhau. Tuy nhién, sau khi ¢6 thay ddi
phu tai (d6t bién moémen can), da xu4t hién va tdn tai mot sai s6 QS dang ké.

Diéu nay cé xuat sit tit cdu tric clia khadu QS: Mot mat, mé hinh LTI-SS st
dung dé thiét k& da bd qua, coi phu tai (dudc coi 14 nhiu) 1a 0. Mat khac, vector
sai s6 QS lai chi dugc phan héi ty 1é qua L va do d6 khau QS sé& khong c6 kha
nang khit sai s§ QS tinh. bé g1a1 quyét van dé ta s& phai st dung khau QS
nhiéu ¢ muc tlep theo.

9.4.2 Khau quan sat nhiéu (QS phu tai) :

D& triét tidu sai s& QS tinh, ta phai md rong khau QS (D = 0, vi DCMC ¢6 dic
diém khau quan tinh) thém nhanh phan hdi nhu ¢ hinh 9.20.

Sai s6 quan sat e =y —y dudc dua qua ma tran diéu khién K, khau tich
phan va ma tran ddu vao nhidu F téi cita x. Khau tich phan c6 tac dung tich
lay sai léch tinh (tac dung hiéu chinh) téi chitng nio sai léch d6 bi triét tiéu.
Sau khi thé sai léch e =y —y, phuong trinh trang thai ciia khau quan sat
nhiéu sé c6 dang:

x=Ax+Bu+Le+Fz=(A-LC)x+Bu+Ly+Fz (9.17
z=Ke=-KCx+Ky (9.18)
y=Cx (9.19)

Viét lai cdc phuong trmh trang thai trén dugi dang mé hinh ma tran quen
biét ta cé:
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e

x| [A-LC F§+B Lllu
« 1-KC ofl;| [0 K|y
z (9.20)
y=[C o]i“
z|
‘lz
F
u . B X J'
A
il——‘ |
F
!
L. B x f

A

Hinh 9.20 Khéu quan sdt nhiéu

P& mo phong ta sé bién ddi vector bién ra QS dugc y, sao cho déng thdi ca
cac bién trang thai X va cac bién nhidu z déu dugc cat trong yobs:

C 0

yobs =1 0

0 1

Nhu céc vi du trude, ta thuc hién khai b4o 14p tri ban ddu va tinh cac ma
tran cua khéu QS béng script c6 tén Fig09_21i.m véi ndi dung sau day:

9.21)

N> )
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% Initialization file for simulation
%% with disturbance observer

o°

Fig09 171i; *$ Initialization of motor
% and LTI-model data
F=1[0-1/(2*pi*J) 0 ]'; % Disturbance matrix
%% Luenberger observer: Placement of observer pole
polo = 5*real (pole(sysDCMotor) ) +imag (pole (sysDCMotor)) /5*1i;

o)
%% Estimating the state feedback

L = place(sysDCMotor.a', sysDCMotor.c',polo)."';
%% Feedback coefficient

K = 100;

%% Computing the matrices of disturbance observer
clear obs

obs.a = [ sysDCMotor.a-L*sysDCMotor.c F ;
-K*sysDCMotor.c 0 ]1;

obs.b = [ sysDCMotor.b L ; 0 K ];

obs.c = [ sysDCMotor.c 0 ; eye(size(obs.a)) 1;

obs.d zeros (size(obs.c*obs.b));
%% LTI-SS-Model as observer,
obs = ss{obs.a,obs.b,obs.c,obs.d);

Dé& dang thay rang, File Fig09_21i.m trén chuén bi s& liéu cho viéc mé phdng
bang so &5 SIMULINK & hinh 9.17: Sau khi st dung Fig09_17i.m dé khai bao
tham sd cia DCMC va tim mé hinh sysDCMotor (mé hinh LTI-SS) cua dong co,
ta xac dinh cuc polo dé tim vector phan hdi trang thai L cua khau Luenberger
théng thuong. D& mé phdéng véi khau QS nhidu: Ta khai bao thém ma tran ddu
va0 clia nhiéu F, hé s6 hdi tiép K va thay thé& cac ma tran ctia khau QS
Luenberger (khéi State-Space: hinh 9.17) bdi cAc ma tran méi tinh theo cac
cdng thic (9.20), (9.21). '

Tai dong khai ma tran ddu vaoctaphutai F = [ 0 -1/(2*pi*J) 0 ]'
ban doc can luu y: Khi khao sat so d6 & hinh 9.17 (trang 308) ta d4 héi trinh tu
clia cac bién trang thai bang lénh:

>> [obs, obsx0, xstord] = Fig09 17;

>> xstord

Xstord =
'Fig09 17/PT1l-Amature/Integrator’
'Fig09 17/Integrator’
'Fig09 17/PT1-Rectifier/Integratorl’

va nho d6 ta bit: Tdc dd quay (ndi tin hidu phu tai can thiép vao hé thong)
duge SIMULINK dét & vi tri thit hai. Vi vay, ta phai khai diém can thiép d6 3 vi
tri thi hai ca vector nhiéu F. Két qua md phdng duge giéi thiéu ¢ hinh 9.21.
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Output y = |A and observed value yobs(:,1} - Speed n and observed value yobs(:,3)
. 200 ——
150 . ¢ ]
100 ,“u ]
50 [V\/ " 1
-10 . - A -50 : ~ -
0 02 04 06 08 s 0 02 04 06 08
, Observer error e = |A - yobs(:,1) Observer error e = 60*{n-yobs(:,3)]
20 .
15 0
1 J -20
05 1 -40
0 - 60 . 1
-05 - . -80 s .
0 02 04 06 08 8 0 02 04 06 038

Hinh 9.21 Khau QS nhiéu: Gid tri do duge (nét lién) va tink duge (nét dizt), sai s6'QS
(hang dudi). Gid tri dong do, dong tink duge va sai s6 (cét trdi).. Gid tri téc 16
quay do, dong tinh dude va sai s6 (c6t trdi).

Khac hin véi két qua mé phéng & hinh 9.19, hinh 9.21 cho ta thay rat rd tac
dung cua thanh phén tich phan I' trong khau QS nhiéu: Sai s6 QS da dudc triét
tiéu hoan toan (hinh 9.21, hang duéi) sau khi xuat hién nhiéu (dé6ng mémen
tai) ching 0,1s.

9.5 Diéu khién trang thai str dung khau quan sat trang thai

Trudc hét ta bit dau bing viéc thiét k& va thuyc hién hé théng DC téc do
quay cho DCMC trén khéng gian trang thai nhu hinh 9.22.

Amature Circult Torque of Inertia

Gain  PTi-Amature Integrator o Workspacel
e Gain1 Gain2
Generator
To Workspace2 : CP
KE*PsIR
ToWorkspace3
< Gain3

Dot
Product

State Feedback
Controlier

Constant

Hinh 9.22 M6 hinh DK téc d6 quay cia DCMC trén khéng gian trang thai

! Thanh phan I trong nhanh héi tiép sai s6 QS ciing ¢6 thé duge tinh ghép vao L tit trudc
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Dac diém chinh cha so @6 DK trang thai ¢ hinh 9.22 1a: Viéc phan héi cac
trang thai n, UA va IA (ky hiéu clia sd d6 SIMULINK) qua vector phan hdi R va
viéc phéi hgp dai lugng chi dao (gia tri dat) qua hé s6 Kv. Vi tri cdc diém cyc
clia hé ¢6 phan hdi trang thai cAn duge chon véi d6 tat dan hgp ly. Vi du: Dich
nhiéu 14n sang trai dé tang dong hoc clia hé c6 phan héi so vdi khi chua cé phan
héi. Hé s§ phoi hdp gia tri cht dao duge tinh theo:

=— 1 (9.22)

K, = —
C(A - BR) B
Hé s6 Ky, 1a k&t qua thu dudce ti luat DK sau day (w 1a vector gia tri dat, gia
tri cht dao):

u=K,w-Rx (9.23)

Trong vi du mé phdng tiép theo (hinh 9.23), phan khai bao cac tham s6 md

phdng chung dugc cit trong script ¢6 tén Fig09_23i.m. Cac tham s6 ciia DCMC
da dugc cdt trong Fig09_01i.m.

n_ref
Pulse
Generator i %

To Wovkspaces To Workspace2

kE*PsIR L

To Workspace3
State Feedback State Observer Gain3
Controtier -
4 x'=AxrBy
¥= Cxe0u [ 4]

Dot
Product

Cons(am ToWarkspaced

Seleclor State-Space

Hinh 9.23 Hé théng én dinh téc dé quay cua DCMC st dung khéu QS va DC trang thdi

Trudc khi mé phong hé théng DK c6 sit dung khau QS trang thai (khau QS
Luenberger thong thuong hay khau QS nhidu) ta sé phai goi script
Fig09_23L0i.m hoac Fig09_23D0i.m d& tinh cic ma tran cia khau QS da chon.
Hai scripts nay bao gid cling bit ddu bing viéc goi hai scripts con khac la
Fig09_01i.m, Fig09_23i.m. Trong Fig09_23i.m, ta quan tam trudc hét tdi cac
dong léenh dudi day: Gidng nhu vi du § muc 9.4, ta phai dung lénh 1inmod
tuyén tinh héa md hinh SIMULINK & hinh 9.17 d€ thu duge mé hinh LTI-SS caa
doi tugng 6 tén sysObs, lam co sd thiét k& khau QS obs:

%% Generating the SS-LTI model for obeserver design

obs ss([},(0 01,11,0) ; % Initial observer states
obsA0 =10 ] ;} % Observer start values
[A,B,C,D] linmod ('Fig09_ 17'); % 'System matrices

sysObs = ss(A,B,C,D); % SS-LTI model
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Tiép theo, d€ c6 thé thi&t k& vector phan héi trang thai R va hé s§ phdi hop
ddu vao Ky, ta tuyén tinh héa sd d6 & hinh 9.22 bing 1énh 1inmod va thu dugc
md hinh LTI-SS ¢6 tén sysCon:

%% Generating the SS~LTI model for state controller design
R {0007 ; % Switch-off the feedback
KV =1 % Prefactor start values
[A,B,C,D] = linmod('Fig09 22'); % System matrices

sysCon = ss{A,B,C,D); % SS-LTI model

Dén day, rat co6 thé ndy sinh cau hdi: Tai sao dé thiét k& khau QS ta lai st
dung so d6 ¢ hinh 9.17, con thiét k& khau DC trang thai lai phai dung hinh
9.22. Quan sat ky ta thay: Hinh 9.17 chi khai bao véi SIMULINK 1 Inport 1a
dién ap uAref va 1 Outport 1a dong phan ting IA, con hinh 9.22 c¢6 1 Inport 1a
dién ap uAref va 1 Outport 12 tdc d6 quay n. Tai muc 7.2 ta d& biét vai tro cta
cac khéi Inport va Outport khi st dung 1énh 1inmod, md hinh LTI-SS ctia cing
mot d8i tugng duge tao ra hoan toan phu thudc vao vi tri (tic 1a vi tri dau vio,
diu ra ctia hé) ctia hai khéi loai d6. Khi thiét k& khau QS ta xudt phat tit gia
thiét: Khong do toc d6 quay, chi do dong phan tng, diéu nay phu hgp véi cau
tric § hinh 9.17. Khi thiét k& khau DC ta lai c6 xu4t phat diém khac: Dai lugng
ma ta muén DC én dinh chinh 1 t6c d6 quay n (khong cin biét tin hiéu n tu
dau tdi, tit khau QS hay khau do) va hinh 9.22 sé& 1a c&u tric phu hgp dé tim md
hinh déi tu0ng

biéu vira dién giai ciing mmh hoa thém tinh déc lip' gita hai qud trinh
thiét ke’ khdu @S va khdau DC. Chinh vi vay, ngoai hai doan ma lénh trén, scrzpt
Fig09_23i.m con c6 doan thiét k& khau DC trang thai duéi day (chung cho ca
hai trudng hgp st dung khiu QS Luenberger hay khau QS nhiéu):

ate controller design: Placement controller poles

%
©

St
polc = 5*real(pole(sysCon))+1mag(pole(sysCon))/5*
% Computing the feedback vector
R = place(sysCon.a,sysCon.b,polc)
KV = -1/(sysCon.c*inv(sysCon.a-sysCon.b*R)*sysCon.b)

Céach s dung 1énh place dé gan cuc mong mudn va tit dé thiét k& vector R
phan héi trang thai da dugce dé cap dén rat k§ tai muc 3.4.4. Trong ciu tric DK
¢ hinh 9.23, khéi Selector c6 nhiém vu tach ra khdi vector cac gia tri QS yobs
hai tin hiéu trang thai n va UA, tin hiéu trang thai IA con lai la tin hiéu do
dugc, vi vay ta 14y IA tryc ti€p tit mo6 hinh d6i tugng:

sel out = [3 4] ; % 2 Selectc: output
sel in = size{(obs,1) ; % Number of selector inputs

! Separation Theorem: Dinh 1y vé tinh ddc lap giita hai qua t.inh thist k& khau QS va khau
DK trang thai.
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Cubi cing, 6 mé phdng s¢ d6 SIMULINK § hinh 9.23 (DC 6n dinh téc do
quay trén khéng gian trang thai, stt dung khau QS Luenberger hay khau QS
nhiéu) ta con phai tién hanh thiét k& khau QS bang cach goi 1 trong 2 scripts
dudi day:

¢ Khau QS Luenberger: Fig09_23L0Oi.m

%% Simulation of Fig09 23 with Luenberger observer

%% General motor and simulation data

Fig0% 011i;

Fig09 23i;

%% Degign of Luenberger observer

polo = 100*real (pole (sysObs))+imag({pole(sysObs))/100*1i

% Observer poles

L = place(sysObs.a',sysObs.c',polo) .’
% Computing the feedback vector
obs = estim(sysObs,L,1,1) % Observer based on SS-LTI model

Khau QS nhiéu (phu tai): Fig09_23D0Oi.m
%% Simulation of Fig09% 23 with disturbance observer
%% General motor and simulation data

Fig09 01i;

Fig09 23i;

%% Design of disturbance observer

F= 1[0 -1/{2*pi*J) 0 ]' ; % Disturbance matrix

polo = 60*real (pole (sysObs))+imag(pole(sysObs)) /60*1
. % Observer poles
L = place(sysObs.a',sysObs.c',polo) .’
% Computing bf feedback vector
K = 50 ; : % Feedback coefficient
%% Computing of observer matrices

clear obs

obs.a = [ sysObs.a-L*sysObs.c F ; -K*sysObs.c 0 ]} ;
obs.b [ s3ysCbs.b L ; O K ] ;

obs.c = [ sysObs.c 0 ; eye(size(obs.a)) ] ;

obs.d = zeros{size{(obs.c*obs.b))

obs = ss(obs.a,obs.b,obs.c,obs.d)

% Observer based on SS-LTI model

Hinh 9.24 va 9.25 gidi thiéu k&t qua mé phdng, gdbm c6 dap ting dong IA va
toc @6 quay n khi c6 budc nhay gia tri dit téc d6 & ddu vao, dap dng nhidu ciing
cia dong IA va tdc d6 quay n khi c6 d5t bién phu tai.

Tit hai hinh 9.24 va 9.25 ta thdy r4t ré ring hé thong DC t6c d6 quay cla
DCMC trén khong gian trang thai (khéng do téc dd6 quay ma sit dung khau QS)
c6 kha nang hoat dong t6t va khong cé van dé€ gi 14n. Tuy nhién, viéc chon thuat
toan tich phan ode45 da 1am cho sai s6 QS khong dugc triét tiéu hoan toan.
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-

QOutput IA and observed value yobs(:, 1) [A] Speed n and observed value yobs(;,3)

400
0 1 300 ]
10 b 200 1
100
0 1
L A — I 0 — T S L
0 0.02 0.04 006 0.08 0.1 0 002 0.04 006 0.08 0.1
0 X 10'3 Observer error e = (A - yobs(:,1} [A] 0.06 Observer efror 8 = 60*[n - yobs(:,3)]
os WW
15 062
2 -
25 L ; - 0 +
0 2 4 6 8 0 2 4 6 8
x16° _ x16°

Hinh 9.24 PK trang thdi sz dung khdu QS Luenberger: Ddp itng budc nhdy cia dong
phdn ung IAva téc d6 quay n (hang trén), sai s6' QS dong va téc d6 quay (hang
dudi)

Output JA and observed value yobs(:,1) [A] Speed n and observed value yobs(: 3j

—— 380 —— -
8 1 360
6f '
340
4
9 320
8 — 1 L 308 L o _— L
38 04 042 044 046 048 38 04 042 044 046 048
0 X 10'3 Observer emor @ = IA - yobs(:, 1) [A] : Observer error & = 60°[n - yobs(:,3)]
ARITITIFI TR 0 l
-1
1 1
;2 2
‘ 3 4
)
-4
_4 3. A _5 1. i T
04 0402 0404 - 0406 ’ 04 0402 0.404 0406

Hinh 9.25 DK trang thdi sw dung khdu QS Luenberger: Ddp :ing nhiéu phu tdi cia dong
phan ing 1A va tée df quay n (hang trén), sai s6' S dong va téc d6 quay (hang
dudi)
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Qua hinh 9.25 d& dang th4y ring khau QS Luenberger da khong triét tidu
sai s6 QS khi ¢6 nhiéu (c6 phu tai). Hién tugng nay da duge giai thich k§ qua vi
du & hinh 9.21 va ciing tuong tu: Cé thé st dung khau QS nhidu (thiét k& bsi
Fig09_23D0i.m) d& kh sai s& tinh d6.

9.6

Tém tat ndi dung chuong 9

Sau khi d4 nghién ciitu k§ chuong 9, ngudi doc cAn ndm viing cac néi dung
sau day:

1.

Soan thao cac scripts phuc vu khai bao tham s6, lap tri ban dau cho mo
hinh SIMULINK.

X4y dung md hinh SIMULINK st dung cic khdi c6 sdn trong thu vién.
Trao d6i (cit vao, 14y ra) dit liéu, bién véi MATLAB Workspace.

Tuyén tinh héa mé hinh SIMULINK bang 1énh 1inmod.

Sip x6p va st dung ding trat tu cic bién trang thai cha mé hinh
SIMULINK da tuyén tinh héa.

St dung clta s6 LTI-Viewer.
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10.1 Khai quat vé Motion Control Blockset

Motion Control Blockset 13 mét thu vién con c6 thé cai dit xen vao thu vién
me SIMULINK, bao gém cac khéi hé trg mé phdng, khao sat cac hé théng truyén
dong don 1é ciing nhu cac hé théng nhiéu dong co truyén ddéng, tao nén cac
chuyén déng phitc hgp. Nhiing hé théng phitc hgp nhiéu déng cd truyén dong ay
dude ta nghién citu ché& ngy trong mot linh vue méi 1a diéu khién (cdc qud trink)
chuyén dong' (Motion Control). Cac vi du vé tay may nhiéu bac tu do (hinh
10.1), hay thiét bi gia céng kim loai nhiéu truc CNC la nhitng minh chiing rd
rang nhat vé tinh phitc hgp ctia cac hé thong DK nhu vay.

Hinh 10.1 Tay mdy cong nghiép: Vi du dién hinh vé mot hé thong diéu khién chuyén déng
phuc hop

Cho dén nay, viéc nghién citu cdc hé théng DKCD da thudng dién ra mot
cach chua ddy @4 va mot chiéu, vi du: Cac k¥ su truyén dong dién thudng thdéa

! Pidu khién chuyén dong: DKCD
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min vdi viée mé hinh héa va md phéng hé thong DK dong co, con cac ky su vé
tay may nhiéu khi chi quan tam tdi viée viét phudng trinh déng hoc mé ta qiy
dao chuyén dong va cac yéu té cd hoe di kém chu khéng hé bidt lyc/momen tu
diu sinh ra, véi dac tinh (quality) va module (quantity) nhu thé pio. Dé v1ec
nghién citu, khao sat cac hé théng chuyén dong trd nén diy du, hoan thién, cin
phm ¢6 ¢ong cu hd tro moé hinh héa va md phong hé thong vOl tron ven ca hai
mang dién va cd d6. D6 chinh la dong co da théi thiie tic gia nd luc xay dung bd
cong cu Motion Control Blockset®.

Hign tai cong cu MCB chua hoan thién, né bao gom nhiéu khéi do tac gia va
dong nghiép (hmh 10.2) tu xdy chmg ad si dung riéng trong qua trinh nghién
cttu & phat trién linh vye DK truyén déng/chuyén dong. T nam 2000 bit ddu
dude bd sung thém mot loat khéi méi (hinh 10.3) trong khuén khé cac dé tai tot
nghiép dai hoc, luan van tdt nghiép cao hoc. Chuong nay gidi thidu véi ban doc
mdt s6 khoi cua MCB va vai vi du tng dung ching. Nhu ban doc sé thay, cac
khoi d6 hoan toan duge xay dung trén cd sd kién thite co ban di duge gisi thidu
6 cac chuong trude. Vi vay mue dich cta phian C chi la: Truyén téi ngusi doc
cam giac tu tin khi st dung cic kién thic cd ban vé MATLAB & SIMULINK dé
ms hinh héa va mo phong hé théng theo ¥ tudng ciia riéng minh.

[=\Library: motion R =101
File Edit vied] | ZERED | Help

MOTION CONTROL BLOCKSET: Block Library with C Saurces
and precompiled MEA-Files

Convertier and hotors Template Structures

Invertar for Drives
References/ _—
Controlierd )
Coordinates- Lema Files
Transformer
Mechnical Elerments Damos
and Others

Templalz Structures

Hinh 10.2 Thu vién MCB giai doan tride 1999: Thuc hién tai triuong Dai hoe kY thudt
Dresden (Technische Universitit Dresden)

Phin C bao gém bon phan chinh (ba chuong 10-12); Phén mé hinh héa va
xdy dung cac kh6i may dién (phan ti san sinh mémen/lue, dé tao nén chuyén

! Mation Control Blockset: MCB
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d6ng), phan danh cho cde thiét bi bién daéi dién nédng (phin ti diéu khién may
dién), phan danh cho cde thiét bi co (phan tl truyén dong cd hoc) va cudi cung la
mot val vi du minh hoa (Demos).

nlnnﬂm contral/Motion control
File EBI | i | Selsbien | Format . Todls ' Help

D e EHS| BB RELYS| P = [od

Inverer Measuremant Demas

Motor

; Motion Control Blockset
o s Department ol Automatic Cantial

g = Key Labaralony of Automalion

1 e Ha Moi University ol Teshnology

=i _O_ -
Feedback Coordinate
controler tmnskmation
Ready 100% | [ [oda+5 Y

Hinh 10.8 Thit vién MCB giai doan tiz sau 1999: Thue hién tai truimg Dai hoe Bach khoa
Ha Nai

Hy vong dén mot thoi diém nao @6, cac két qua ¢ hai hinh 10.2 va 10.3 da da
chin mudi d€ c6 thé tap hop lai thanh mot Blockset thong nhit, cung cip (dudi
hinh thiic phit hop) cho cac ky su diéu khién tu dong dang lam viéc trén linh
vuc Motion Control.

10.2 May dién mot chiéu kich thich déc lap

Trudc khi tién hanh mé hinh héa may dién mot chidu (MBMC, xem mue 9.1)
ta hay tém tdt lai phudng thic hoat dong cia may. V& nguyén 1y chi tiét, ban
doc sé phai tra ciiu tai cac tai lidu chuyén dung. Trong muc nay, ngudi viét cd
tinh viét MDMC, chit khong viét DCMC nhu muc 9.1. Déng co chi la mét trong
hai ché do van hanh (ché ddo may phat hay ché dd ddng co) clia may, vi viy cach
viét MPMC la chuén xac hon.

Mémen guay ciia MDPMC dude sinh ra trén cd so tac dong qua lai gita tu
thong Stator (tu théng cua cudn kich thich) vii tit théng Rotor (ti thong cua
cudn day phan iung). Trén bé miit Rotor (bé mat cuén day phén ing) cé tic dong
cua lue ti€p tuyén giy Chuyen dong quay cua Rotor (cua cugn day phan ung).
C6 thé hinh dung ra luc ddy do khi ta dua hai cuc giong nhau ctia hai nam
cham lai gdn nhau, Khi Rotor quay, tai ¢é gop dién sé xiy ra chuyén mach sang
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cudn day phén ung tiép theo, va lai xuét hién lyc déi véi cugn day phéan dng
méi. Qua trinh chuyén mach va tao luc ci lién tuc tiép dién nhu vay, tao nén
chuyén déng quay cia MPMC (hinh 10.4).

Gong tu

Cudn kich thich

Cuc dong co (cyc chinh)
Cujn b

Cudn diy phén dng

C3 gop dién

Cuén bu ddo cyc

-.— Tryc chdi than

Hinh 10.4 Nguyén ly cu tgo clia mdy dién mét chiéu kich thich dic lap

Cudn bu co tac dung khit méo dang ti théng phan bd trén bé mit Rotor do
anh hudng clia cuén day phan ing. D61 véi MDMC c6 DK, sit dung trong cac hé
truyén déng c6 doi h6i chat lugng tét, cudén day phan tng va cuén kich thich
dude nudi bédi hai nguon dién (c6 DK) doc lap. Tai day ta sé khong dé cap té6i loai
MDMC c6 kich thich n6i tiép. i

Dac tinh co (dic tinh tinh) cia MPMC c6 thé duge mé ta bdi d6 thi téc d(f) —
moémen (66 thi n — my,) nhu 6 hinh 10.5. Khi ting phu tai, téc d6 quay cia may
sé glam 0 ch€ do dong co nhung lai ting ¢ ch€ d6 may phat theo mot dudng
thang tuyén tinh.

1,6

—

|
|

normalized Speed
e
=) >

'0’5_.1 -0,5 0 0,6 1

normalized Torque

Hinh 10.5 Ddc tinh co cia mdy dién mdt chiéu kich thich déc lip
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C6 thé mé ta dac tinh co nhu hinh 10.5 bdi phuong trinh dudng thing:
Ua R,

w= - 2
kar (kMz/))

Biéu thic ddu tién cla (10.1) tng vdi téc dd quay khong tai, biéu thic thi 2
mb ta quan hé phu thudc bac nhat caa téc dd quay vao mdmen tdi. Néu mudn
mo ta diy du dic diém dong hoc, ta sé phai bd sung vio md hinh so db thay thé
(hinh 10.6) cia mach dién MPMC. Trong so db d6 ta da khong thé hién cac cuén
b ti théng dinh cuc, cudn bu ddo cuc. Tac dung cta hai cuén day dé6 da duge bd
qua khi ta gia thiét: Hai cudn day phén ing va kich thich khéng cé tac dong
tuong hd vé tit (doc lap 1y tudng). Ta cling da bd qua cac hién tugng danh lia
chéi than, nhiéu c8 gép (da dude han ché nhd cudn bu dao cuc).

myy (10.1)

Hinh 10.6 So dé mach dién thay thé clia
MDPMC kich thich dic lgp

Khi mé hinh héa MDMC béng so d6 SIMULINK ta da phai chap nhan cac gia
thi€t dudi day. Tuy nhién, cAn nhan manh ring cac mé hinh d6 da phan anh
day d4 hau hét cac ch& d6 van hanh, va cé hiéu hyc khi khao sat ca ché& dd dong
14n ché& d6 tinh. Cac phuong trinh md ta c6 hiéu lyc ca cho ch& do6 tin hiéu bién
d6 16n (vi du: Khi xay ra budc nhay gia tri dit). i

e Cac cudn day dudc coi 1a bd tri tap trung.

e Tham s6 clia md hinh 13 hing (vi du: Khéng phu thudc nhiét do).

e BS qua hién tugng bo hoa vat lidu tit. Tuy nhién, c6 thé d& dang cai dat

khau b&o hoa bing cach sit dung ham xap xi.

¢ B& qua ton hao dong quén trong vat liéu tit.

e Bb qua tén hao ma sat (vi du: Clia quat lam mat, clia 8 bi. Cac tdn hao

nay can dugc xét dén trong mé hinh phén co).

May dién dugc mé td bdi hé phuong trinh da gidi thidu & muc 9.1, dé tién
theo ddi ta viét lai mdt 1an nita tai day:

e Dién dp phan ing: u,=kypw+Ryi,+L, %A— (10.2)
. t

e Mbmen quay: my, = ky i, (10.3)
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dn }

e Phuong trinh chuyén déng: —=——(m,, —m (10.4)
~odt 2nJ ( M T)
¥ nghia caa cac ky higu s dung trong (10.2), (10.3) va (10.4) da dudc giai
thich 6 muc 9.1. Ngoai ra, ta ¢6 thém phuong trinh mach kich tit nhu sau:
. dif
up=Rylp+Lp—- | (10.5)

Véiu,vaiyla dién ap va dong, R, va L;1a dién trd va dién cam cta mach dién

kich thich. Trong thu vién ta ¢6 sdn ba mé hinh nhu sau:

e M5 hinh d hinh 10.7a: Cai dat hai phudng trinh (10.2), (10.3), phuc vu
mé phdng céic bai toan don gian, tiét kiém thdi gian.

e M5 hinh 6 hinh 10.7b: Giéng hinh 10.7a, nhung dudc b3 sung thém
phuong trinh chuyén ddéng (10.4). Cho phép md phdng c6 bd sung thém
tac dung cia mdémen quan tinh nhung chua c6 dén hé théng cd duge
ghép phia phuy tai.

e M5 hinh 6 hinh 10.7c: Gidng hinh 10.7a, nhung dudc bé sung thém
phuong troinh kich tt (10.5). Rat c¢6 ¥ nghia khi khao sat cac hé cé kich
ti thay d6i (vi du: Suy giam ti thong & dai tdc do ngoai danh dinh).

1
»{CPHI
Voltage . Ta:s+1 o
I_amature M_motor
a) —®
Speed iA

CTp>

M_result ™o Speed n

o Crrile
< el

EMK

Voltage

1/Ra I_amature M_motor

1 ¥ 1

z Ra_1 <
Voltage Ta.s+1 —;i "( )

U_reserv Ra_1 I_amature M_motor mM
2 x N
Speed EMK '@
iA
1 C)
»CPHIIMR
Of Tis+1
1Rf I_excited CPsifikn . CPsi

iF

Hinh 10.7 Ba.m6 hinh SIMULINK c6 sdn ciia MPMC kich thich doc lép trong thu vién
Mbotion Control Blockset
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Hinh 10.8 1A mét vi du md phéng st dung mé hinh 10.7b, md ta qua trinh
khéi dong MPMC (khéng c6 DK) khi déng dién ban diu va déng tai sau 0,5 gidy.

15 i T T T T T T
: : ; i i H : — Motor torque
S} SO0 N O S RS PP RS R ---- Load step

05

Torque [Nm]
o

o
3]

-

-
o
(=]

..................................

-

o

o
T

o
o
T
S
B
K
{

Speed [Radian/s]

0 0.1 02 03 04 05 06 07 08 08 1
: Time [s]

Hinh 10.8 Ddc tinh ciia DCMC kich thich déc lap khi khdi dong va khi déng tdi

Mot hé théng truyén dong c6 DK ca hai phia (phin ing va kich ti) sé duge
thuc hién (vi du) bdi so d6 nhu hinh 10.9. Diém dic biét cta so d6 14 khéi chink
luu' ¢6 DK theo phudng phap cit pha va c¢6 hai vong DC dong, DC téc db quay.
Trong muc 11.2 ta sé dé cap tdi vAn d¢& md phdng thiét bi CL nay. D& gon mit
dé nhin, trong hinh duéi day ta da st dung Subsystem dé gom thanh cac hé
théng con GSM4 (DCMC), Flux Controller (DK tit thong), SR-VO (cAu chinh luu).

p VTSV
Ref_Gen s “1srR-vo N
bear. V. 1.2 N ol oo
Digital Controlled <N »
Pl Controiler Rectifier e )
Controller DC Motor

Hinh 10.9 Cdu tric hé théng truyén dong dién mét chiéu c6 DK momen va tiz théng kich
thich, st dung mé hinh cdu chinh lwvu 6 pha (c6 diéu khién)

! Chinh luu (Rectifier): viét tit CL
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10.3 May dién khéng déng b6 xoay chiéu ba pha

V& nguyén téc, c6 thé mé ta két cdu cia MDDB nhu hinh anh don gian sau:

Hinh 10.10 Nguyén ly két cGu (mdt cdt) cia mdy dién khong dong bg ba pha

Khi d#t dién 4p xoay chi€u ba pha 1én hé thong cuén day phia Stator sé& tao
ra dong Stator, gdy nén dién ap cam tng phia Rotor va do dé xut hién dong
Rotor. Dong hai phia Stator, Rotor ¢6 tac dung tao nén tit théng Stator, Rotor,
va d6 chinh 14 nguyén nhan sinh ra mémen quay ciia may dién. Diéu kién dé
x4y ra cam ng va tao dugc mdomen 1a tén tai mdt “su trugd” nhat dinh (khong
déng bs) giita thuyén dong quay ctia Rotor va clia vector tit thong Stator. Trong
trudng hgp dong bs, may dién sé khong tao dugc mémen quay.

2
Hinh 10.11 Bdc tinh cd ciia mdy
15 dién khong déng b ba
8 pha (Rotor long séc)
g- \___
w1 —]
o
205
g
[
g
20
-0,5 /
-1 -0,6 0 0,5 1
normalized Torque

! Induction Machines, hay 3-Phase Asynchronous Machines, may dién di bo, viét tit: MPDB
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Pac tinh ¢o cia MPDB duge biéu dién § hinh 10.11, tinh theo c6ng thic
Kloss dudi day:

Ty - - 28 'R, ~0 (10.6)
mg —+ °K
sk S
3 1 (U R
L 2o o B o
s \ Ws s0 g

myg  Mbmen lat R,  Dién trd Rotor
Sk Hé s6 trugt khi my, = my L, Dién cam Stator
my Momen dong co z, S6 doi cyc
U, Dién ap Stator o Hé s6 tan

o,

3 T4n s6 Stator (van tdc gbc

ctia cic vector phia Stator)

Cong thiic (10.6) la céng thiic gin ddng, xuit phat ti gia thiét dién tra
Stator R, = 0. Gia thiét d6 c6 thé coi 1a ddng d6i véi may dién cong suit 16n ~
rat 16n. Dé xay dung hé phuong trinh mb ta déng hoc cia MPDB, ta ¢6 thé xuit
phat tlt so 46 thay th& mot pha dudi day:

R L, L, R

r

Hinh 10.12 So dé thay thé
cua MDDB

Jurb, i

Tt so d6 thay thé ta d& dang viét dugc cac phuong trinh m6 ta MPDB.
e  Phuong trinh dién dp Stator

. d
=Ri +—= 10.8
u, g 7 (10.8)

e  Phuong trinh dién dp Rotor

0=Ri, + d, _ Jw, (10.9)
dt
e  Phuong trinh tic thong
P, = Li,+L,ji, (10.10)

"J-’r = Lmis + Lrir
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R, Dién trd Stator u, Vector dién ap Stator
R, Dién tro Rotor i,  Vector dong Stator

L, Diéncdm Stator i,  Vector dong Rotor

L, Diéncam Rotor 1, Vector tir thong Stator

L, Hbécimgitahaicudnday ¢  Vector tif thong Rotor

Céac phuong trinh (10.8), (10.9) va (10.10) mé t2 MDDB trén hé toa do af c6
dinh so v6i Stator. Viét lai hé phudng trmh d6 duéi dang thanh phan ta thu

duge md hinh sau day: ,
SR TE .
@ e e e e
g—g%-z%isa—%#a“w s
d:ffﬂ :%‘isg +W¢r/a '—Tirwr{/i
(10.11)

Trong hé phlidng trinh (10.11) ta da dinh nghia thém cac tham s& va bién
mdi sau day:

L/ . .s_L/ . _, L, )
1= =Yg o =1 AL, : '
=¢%Jm =, +J'7l’£;1 =¥ Lm+j 1/1%’"

Cuéi ciing ta con phai bd sung thém phuong trinh mémen.

3 / . :
mM = Ez ( ) (wra sﬁ wrﬁ Zsa) : (10'12)
Hé phuong trinh mé ta MDDB da dugc x4y dyng trén cd sd chap nhan céc gia
thiét sau:

e Heé phugng trinh thu dugc trén co s6 hai co ban ctia cac dai lugng dong,
ap va ti thong. Hién tugng méc vong ti thong gilta Stator va Rotor chi
xay ra véi hai cd ban. Mémen hai chua duge quan tam.

e Hé chua xét t6i hién tudng bao hoa vat libu tit. Tuy nhién, ¢6 thé st
dung ham xA&p xi d€ b sung dic tinh bao hoa mdt cach rat dé dang.

e Chua xét tdi ton hao dong quin va tén hao sit tit.

e Chua xét tdi hién tugng dan dong (xuit hién d&i véi hai dong bac cao,
lam tdng gia tri hiéu dung caa dién trd).
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e Stator va Rotor c6 két cdu tron déu déi xing. Hé thong Stator c6 chua z,
‘cudn day ba pha Viéc dat dién ap Rotor bang 0 xuit phat tu két cau
ngin mach ctia mach dién phia Rotor. Déi véi mé hinh cia MPDB Rotor
day quén sé phai b sung thém phuong trinh cho hé.

¢ Tham s8 ciia md hinh Ia héing (vi du: Khéng phu thudc nhiét dg).

¢ B3 qua tdn hao ma sat (vi du* Cla quat 1am mét, cia & bi. Céac tdn hao
nay cin dudc xét dén trong mo hinh phan co).

C6 thé chuyén mé hinh (10.11) sang biéu dién bang d hoa nhu hinh 10.13.

my
U,, 1 Ta ina 1 '/’ﬁa 3 L?" ~ Zp w
7 cL | / 1+sT, | > 1+sT, — |2L "E sd
cll1-0 "
oT,
pa
?( ’ ¥—|§£ L e
l1-o0 o
oT,
oL, ~ 1+sT, i, 1+sT, '/.p o % Ih

Hinh 10.13 M0 hinh MPDB Rotor long sic trén hé toa dé af (hé toa do Stator)

N&u chuyén mé hinh (10.11) sang biéu dién trén hé toa dd dq, 12 hé toa dd c6
truc thuc d trang vdi truc cia vector tit thong Rotor 1,. Nghia 13, hé toa 49 dg
quay doéng bd véi vector 25, va con dudc goi 12 hé toa d6 tir thong. Khi &y mé
hinh sé& c¢6 dang. '

di 1 1-¢ l-0 ,, 1-0
=— + + Wy lgg +— ¥ —u
dt cT, oT. & ol ' T oL,
di { 1 1-0 1— 1- 1
sq . ) . o / g
=W lsqg — + - w’(/}rd + ’djrq + Usq
dt oT, oT, oT, oL,
dily _ 1 1
/
— = g — g (W —w) Yl
dt T T |
dyp, 1 1
q / /
= qu - (ws w) djrd - _qu
dt T T

(10.13)
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vd1 phudng trinh mémen nhu sau:

3

2
L,

3 /.
My ==2, =2l = —2,(1=0) L, gy, (10.14)
2 7L, 2
Tuong tu, ta ciing ¢6 thé biéu dién mé hinh (10.13) nhu hinh 10.14.
My
Uy, ug| 1] T, | ia 3L, | & %
oL, 1+sT, 2L *?|m, sd
1
T,
e_js a, [
a)) e
m‘
1
1 1 1-o -
Uy, u,l 1 _]J T Vol —=—— 8
— N S z
oL, 1+sT, [i, T, oL of

[

Hinh 10.14 M6 hinh MPDB Rotor long séc trén hé toa dé dq (hé toa dé ti thong Rotor)

Viéc xay dung mo hinh md phong d&n day khong con 14 van dé khé khian: Ta
chi viéc stt dung cac khéi c6 sin thudc thu vién SIMULINK dé két hgp lai theo
ding nhu mot trong hai hinh 10.13 v& 10.14. Md hinh SIMULINK cua MDDB
trén hé toa d6 dg ¢ hinh 10.15 14 mdt minh chitng cho cach thyc hién nay.

goc

Integrator1

: [ Tsm
. frsm.s+1
b

Tsm

+ Tsm.s+1

Hinh 10.15 M6 hinh mé phong MBDB Rotor l6ng séc trén hé toa d¢ tir thong Rotor, thuc
hién bang cdc khoi 6 san tir thu vién SIMULINK
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Hinh 10.16 giéi thiéu vai két qua mé phéng MDDB véi mé hinh xdy dung
trén hé toa d6 af (hinh 10.13): Qua trinh khdi dong ban dau khéng tai va déng
tai sau 0,5s (hinh trén). Tai chi duge doéng sau khi bién d6 ctia tU théng Rotor
(hinh dudi) da dat téi gia tri danh dinh. Dong Stator (hinh giita) cho ta thay rat
rd qua trinh khdi dong ning (du.1a khéng tai) chia MDDB vi dong cd con dang
trong quéa trinh tit hoa: Dong khdi dong cé thé lon gdp nhiéu ldn dong danh
dinh. Ban doc can luu §: Cac hinh d6 mé ta mot qua trinh khoi dong chua c6
DK, gidng nhu khi ta déng mach néi dong co truc ti€p véi ludi dién.

8peed up process and load step -
1.6 T T T T T T T
8 1
3 N
.G 08 R I/—\-/”v-—\-—«-h—-——--—-~—
) ]-\—/'a‘_/:x-.-—ﬁ—-—-—--—/ — normalized Motor speed -
g — normalized Real torque
205 — - normalized Load step -
Rl ! L 1 1 1 I L 1 1
0 0.1 02 03 ~ 04 0.5 Q.6 0.7 0.8, 0.9 1
m II T T T T T T T T ¥
< 20 1‘ -
)
5.*°HH]1, \ )
% 0 J“JH]“ VRV VAARNARA VARRAAY A
§-10 II —— Is-alpha T
8ol I - — Is-beta 4
w_m 1 1 1 I' 1 1 'v[ 1 1
0 01 - 0.2 0.3 0.4 - 0.6 0.6 0.7 0.8 0.9 1
4 T T T T T T T T T
O 1 o " . ' ‘
. , 1 l TEETTEIN ! LanbENEERA
- 5 2r l l I. | l HE ) \_ ' . | | " \ \ SN e ly | l (Al eI R T
2 |V 1 't‘\'ll 'l‘ ifk (hA e S T
= pimTiy i ll')I ] I"JI “'II”I U ||"l RO R e
QO \fd H'l'”'ll lHl”ll”“['HIrI‘. |""l \“ l il I!I I||I||I {IE”
Q ' \ |, Bina X
T ol ~,|'.'f‘rf|’|f,'-!-;!,|.‘ f JJ-I.!I
t,.'-.' o i ' |j Bl Gl U
AR A NSRS, (] AN
4 1 1 _ 1 - 1 L 1 1 i
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Hinh 10.16 Qud trinh khdi dong khong tdi cia MPDB Rotor léng sdc, va dong tdi sau
khi bién dé ti thong da di lon

Maic di viéc md hinh héa MDDB ldc nay da trd nén don gian va dé dang, ta
vAn phéi néu ciu héi: M6 hinh SIMULINK cla riéng MPDB di phong phu nhu
vay, néu ghép vao mét hé thong DK truyen ddng/chuyén dong véi tat ca cac
thuat toan ch& ngy dong cd, ché ngy chuyén dong thi n6 sé con trd nén phong
phu nhu thé nao nita, liéu ¢6 vugt qua kha ning cia may tinh khong?
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P4y qua thuc 1a mdt van dé can dugc suy nghi va gidi quyét. Trong thuc té,
nhiéu khi chi mot hé truyén dong véi mot MPBDB Rotor 16ng séc duy. nhat, DK
béng phuong phdp tua theo tiz thong Rotor', 33 0 dé 1lam PC mat rat nhidu thoi
gian tinh. Chua néi dén viéc md phong cac hé DKCD nhleu truc phlIC hgp véi
ddy &4 moi phan tl cd - dién cla cac truc (hmh 10.1). Dé giai quyet van dé nay,
thay vi xdy dyng mé hinh theo cach st dung cic khéi c6 sdn ti thu vién
SIMULINK, ta phai ty tao ra cac kh6i méi stt dung ham S (muc 7.7: S-Function).
D& tao ham S ta c6 hai cach:

Soan thao mdt script (m-File), lap trinh tinh toam cidc phudng trinh
thudéc hé (10.11) hodc (10.13), kém theo phuong trinh mémen (10.12)
hodc (10.14), ¢6 thé ¢6 (hodc khdng c6) phuong trinh chuyén dong (10.4).
Khi viét phai tudn thh cic diéu kién khung mé ta ¢ hinh 7.10.

Soan thao chudng trinh bang ngén ngiz béc cao nhu C, C++, FORTRAN
hay Ada (thuan lgi nh4t 1a C), tinh toan cic phudng trinh mé hinh caa
may dién. Sau khi soan thio, ma ngudn dude dich sang thanh File chay
truc ti€p. Véi cac phién ban MATLAB cii, File chay dugc goi 1a mex-File
(c6 dudi .mex). Hién tai, tit MATLAB 6.0 trd vé sau, m& ngudn dudgc dich
tryc tiép sang File c6 duéi .dll (Dynamic Link Library) rit thuin tién
cho viéc st dung lip lai. Tuy nhién, cac dll-File vin dudc goi 1a mex-File,
bdi ching dudc tao nén bdi 1énh mex cia MATLAB.

D& goi ham S ta sit dung kh&i S-Function (muc 7.5: thu vién Function &
Tables) véi tach khai bao tudng tu vi du ¢ hinh 7.11. Doan script dudi day 1a vi
du vé& ham S, md hinh cia MDPDB Rotor long séc trén he toa d6 af, tinh hé
phudng trinh (10.11):

fu

o° o0 A o o o o

o0 oo

si
Tr
Ts

00T

nction [sys,x0,str,ts] =
ASMabm(t, x,u, flag,Lr,Ls,Rr,Rs, Lm, pc)

Motor paramters

Lr Rotor inductance

Ls Stator inductance

Rr Rotor resistance

Rs Stator resistance

Lm Mutual inductance between stator and rotor
pc  Number of pole pair

Computing motor parameters

gma = 1-(Lm*Lm)/(Lr*Ls); % Total leakage factor
= Lr/Rr; % Rotor time constant
= Ls/Rs; % Stator time constant
= 1/ {(sigma*Ts); % Axiliary variables

= 1/Tr;

(l1-sigma) /sigma;
1/ (sigma*Ls);

! Tya theo tit théng Rotor: Rotor Flux Orientation, viét tit T'R
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g = c*b;
e = a+g;
f = (3/2)*pc*Lm*Lm/Lx;

o°

The flag controls the calls of S- function routines at
each simulation stage.
switch flag,

o°

case 0 % Initialization
[sys,x0,str,ts] = mdlInitializeSizes(t,x,u);
case 1 % Calculate derivatives
sys = mdlDerivatives(t,x,u,b,c,d,e,qg);
case 3 % Calculate outputs
sys = mdlOutputs(t,x,u,f);
case {2,4,9} % Unused flags
sys = [1;
otherwise
error ([ 'Unhandled flag=',nwm2str(flag)l);
end

% mdlInitializeSizes
% Return the sizes,initial conditions, sample time, state
% ordering strings (str) for the S -function

function [sys,x0,str,ts] = mdlInitializeSiges(t,x,u)
% Call simsizes for a sizes structurg , fill it in and
% convert it to a sizes array '

sizes = simsizes;
% Load the sizes structure with the initialization
% information

sizes.NumContStates = 4; % isa, isb, Psira’, Psirb’
sizes.NumDiscStates = 0;
sizes.NumOutputs = 4; % isa, isb, |Psird’|, mM
sizes.NumInputs 3; % usa, usb, omega
sizes.DirFeedthrough = 0;
sizes.NumSampleTimes = 1;

% Load the sys vector with the sizes information

ys = simsizes(sizes);
0 = zeros(4,1);
tr = []:

e

Initial conditions

str is an empty matrix
( No state ordering )
Initialize the array of sample time: the sample time is
continuous, so set ts to 0 and its offset to 0.

s =[0 0];

% End mdlInitializeSizes

o° o 0w X
o° o°

+



334 10 Thu vién mé hinh may dién quay

% mdlDerivatives:
% Return the derivatives for the continuous states.
% Equations (11l.1lla, B, c, d)

function sys = mdlDerivatives(t,x,u,b,c,d,e,qg);

sys(1l) = —-e*x(l)+g*x(3)+c*u(3)*x(4)+d*u(l);
sys(2) = —e*x(2)-c*u(3)*x(3)+g*x(4)+d*u(2);
sys(3) = b*x(1l)-b*x(3)~-u(3)*x(4);
sys(4) = b*x(2)+u(3)*x(3)-b*x(4);

% End Derivatives

o

oo

mdloutputs
Return the block outputs

oe

function sys = mdlOutputs(t,x,u,f);

sys(l) = x(1):

sys$(2) = x(2);

sys(3) = sqrt( X (3) ~2+x(4)~2) ; : $ |Psir'|

sys(4) = £*(x(3)*x(2)-x(4)*x(1)); % Equation (11.12)

$End mleutputs

Mb hinh MDDB Rotor 16ng séc trén hé toa do tir thong (hé toa do dg) duge

thyc hién bdi doan m-File dudi day:

function [sys,x0,str,ts] = ... ' :
ASMdgm(t, x,u, flag,Lr,Ls,Rr,Rs, Lm,pc)
% Motor paramters

% Lr Rotor inductance

% Ls Stator inductance

% Rr Rotor resistance

% Rs Stator resistance

% Lm Mutual inductance between stator and rotor
% pc  Number of pole pair

% Computing motor parameters
sigma = 1-(Lm*Lm)/(Lr*Ls);
Tr = Lr/Rr;

Ts = Ls/Rs;

= 1/ (sigma*Ts);

1/Tr;

= (l-sigma)/sigma;

= 1/(sigma*Ls);

c*b;

= a+qg;

(3/2) *pc*Lm*Lm/Lx;

Total leakage factor
Rotot time constant
Stator time constant
Axiliary variables

@ oo

o o

fl

1}

HOWQ QO TN
I
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% The flag controls the calls of S-function routines at
% each simulation stage.
switch flag,

case 0 % Initialization
[sys,x0,str,ts] = mdlInitializeSizes(t,x,u);
case 1 % Calculate derivatives
sys = mdlDerivatives(t,x,u,b,c,d, e, g);
case 3 % Calculate outputs
sys = mdlOutputs(t,x,u, £f,b);
case {2,4,9} % Unused flags
sys = [1;
otherwise
error ([ 'Unhandled flag=',num2str(flag)]);
end

% End of function ASMdgm

Qe e, e et e e m = —— — = ——

mdlInitializeSizes
Return the sizes, initial conditions, sample time, state
ordering strings (str) for the S -function

unction (sys,x0,str,ts] = mdlInitializeSizes(t,x,u)
Call simsizes for a sizes structure, fill it in and
convert it to a. sizes array

o g0 tHh O° @ P o

o°

sizes = simsizes;

% Load the sizes structure with the initialization

% information ;
sizes.NumContStates = 3; % isd, isq, Psird'
sizes.NumDiscStates = 0;

sizes.NumQutputs = 5; % isd, isqgq, Psird', mM, omega
sizes.NumInputs = 4;
sizes.DirFeedthrough = 0;
sizes.NumSampleTimes = 1;
% Load the sys vector with the sizes information

sys = simsizes(sizes);

x0 = [0,;0;.00001}; % Initial conditions

str = {1, % str is an empty matrix
% ( No state ordering )

% Initialize the array of sample time: the sample time is
continuous, so set ts to 0 and its offset to 0.

ts ={0 0]; .

% End mdlInitializeSizes

o

% mdlDerivatives
% Return the derivatives for the continuous states.
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% Equations (11.13a, b, c)

function sys = mdlDerivatives(t,x,u,b,c,d, e, g)
sys(l) = -e*x(1l) + u(4)*x(2) + g*x(3) + d*u(l);
sys(2) = —u(4)*x(l) - e*x(2) - c*u(3)*x(3) + d*u(2);

sys(3) = b*x(1l) - b*x(3);
% End Derivatives

% mdloutputs
% Return the block outputs

function sys

sys(1l) = x(1);
sys(2) = x(2);
sys(3) = x(3);
sys(4) = £*x(2)*x(3); % (2.7e)

sys (5) b*x (2)/x(3); % (2.7d)
%End mdlOutputs

I

Né&u mudn tang téc d6 mé phong thém niia, giai phap t6t nhat van la xay
dung mé hinh duéi dang C-mex-File, dich sang thanh .dil-File d& goi tit khéi S-
Function. Doan ma nguén C duéi day 134 mé hinh cia MPDB trén hé toa 46 af
(hé toa d6 cd dinh Stator): -

/****************************************,**************

* ASMIABX.C: C-MEX-File to simulate a 3-phase IM in
* stator coordinates
Syntax: [sys,x0] = asmlabx(t,x,u, flag,p, x0)
Parameters p[Rr,Lr,Lm,Rs,Ls,sz
Rr Rotor resistance
Lr Rotor inductance
Lm Mutual inductance
Rs Stator resistance
Ls Stator inductance
zp Pole pair
Variables xo{isa0,isb0, Psiral,Psirb0]}
isal0 Start value of stator current alpha
isb0 Start value of stator current beta
Psira0 Start value of rotor flux alpha

* Psirb0 Start valua of rotor flux beta *
*****************************************************/

*

T IV I

P T

/* The following #define is used to specify the name of
* this S-Function */

fdefine S_FUNCTION_NAME asmlabx
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/* Need to include simstruc.h for the definition of the
* SimStruct and its associated macro definitions */
$#include "simstruc.h"

/* Input variables: */

#define usa ul0} /* Stator voltage usa */
#define usb ull] /* Stator voltage usb */
#define w mech u(2] /* Rotor speed w_mech */

/* Output variables: */

#define mm yi{0] /* Torque mM */

/* State variables */

#define isax x[0] /* Stator current alpha isa */
#define isbx Xx[1] /* stator current beta isb */
#define Psirax x[2] /* Rotor flux Psira */

#define Psirbx x[3] /* Rotor flux Psirb */

/* Derivatives: */

#define disax dx[0]
#define disbx dx[1]
#define dPsirax dx|[2]
#define dPsirbx dx[3]

/* Defines for easy access of p, xo matrices which are
passed in */

#define p ssGetArg (S, 0)
#define xo ssGetArg (S, 1) '
/* mdlInitializeSizes - initialize the sizes array */

static void mdlInitializeSizes(S)
SimStruct *S;

{ ssSetNumContStates (S, 4):; /* number of continuous
states */
ssSetNumDiscStates (S, 0); /* number of discrete
states */
ssSetNumInputs (S, 3); ‘/* number of inputs */
ssSetNumOutputs (S, 5) ; /* number of outputs */
ssSetDirectFeedThrough(S,0); /* direct feedthrough
flag */
ssSetNumSampleTimes (S, 1) ; /* number of sample
times */
ssSetNumInputArgs (S, 2); /* number of input
. arguments */
ssSetNumRWork (S, 0) ; /* number of real work

vector elements */
ssSetNumIWork (S, 0); /* number of integer wo

rk
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vector elements */
ssSetNumPWork (S, 0); ’ /* number of pointer work
vector elements */

}

/* mdlInitializeSampleTimeé ~ initialize the sample times
* array */
static void mdlInitializeSampleTimes (S)
SimStruct *S;
{ ssSetSampleTimeEvent (S, 0, 0.0):;
ssSetOffsetTimeEvent (S, 0, 0.0);
}

/* mdlInitializeConditions - initialize the states */
static void mdlInitializeConditions (x0, 8)

double *x0;

SimStruct *S;

{ inti;
for (i=0;1i<4;1i++)
x0{1i] = mxGetPr(xo){i]};

}

/* mdlQutputs - compute the outputs */
static void mdlOutputs(y, %, u, S, tid)
double *y, *x, *u;
SimStruct *S; :
int tid;
{ { double *param;
double Lr,Lm, zp;
param = ( double *)mxGetPr (p);

Lr = param{l]: /* Rotor inductance */
Lm = param([2]; * /* Mutual inductance */
zp = param[5]; /* Pole pair */

mm = 3.0/2.0 * zp*Lm/Lr * (Psirax * isbx
- Psirbx * isax):
/* Motor torque */

y[1l] = isax:
y{2] = isbx;
y[3] = Psirax;
yl4] = Psirbx;

}

/* mdlUpdate -~ perform action at major integration
* time step */

static void mdlUpdate (x, u, 3, tid)
double *x, *u;
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SimStruct *S;
int tid;

{
}

/* mdlDerivatives - compute the derivatives */

static void mdlDerivatives(dx, x, u, S, tid)
double *dx,
SimStruct *S;

*x, *u;

int tid;
{ double *param;
double Rr,Lr,Lm,Rs,Ls,zp;
double Tr, Ts, sigma;
param = ( double *)mxGetPr (p):
Rr = param[0]; /* Rotor resistance */
Lr = param[l]; /* Rotor inductance */
Im = param[2]; /* Mutual inductance */
Rs = param{3]; /* Stator resistance */
Ls = param(4]; /* Stator inductance */
zp = param(5]; /* Pole pair */
/* Computing of auxiliary parameters */
Tr = Lr / Rr; /* Rotor time constant */
‘Ts = Ls / Rs; /* Stator time constant */
sigma = 1 - Lm*Lm/ (Ls*Lr); /* Total leakage factor */

/* State equations */

disax

disbx

dPsirax

dPsirbx

}

+
+

+

(1/ (sigma*Ts)+(l-sigma)/ (Tr*skigma) ) *isax

(l1-sigma)/ (sigma*Tr*Lm) *Psirax

(l1-sigma) / (sigma*Lm) *zp*w _mech*Psirbx

1/ (sigma*Ls) *usa; /* isa */
(1/(sigma*Ts)+ (l-sigma)/ (Tr*sigma)) *isbx
(l-sigma) / (sigma*Lm) *Psirax*zp*w_mech
(1-sigma)/ (sigma*Tr*Lm) *Psirbx

1/ (sigma*Ls) *usb; /* isb */

(-Psirax + Lm*isax)/Tr

Psirbx*zp*w _mech; /* Psira */
(-Psirbx + Lm*isbx)/Tr
Psirax*zp*w_mech; /* Psirb */

/* mdlTerminate - called when the simulation is
* terminated */

static void mdlTerminate (S)
SimStruct *S;

{
}
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#ifdef MATLAB MEX FILE /* Is this file being compiled
as a MEX-file? */

#include "simulink.c" /* MEX-file interface mechanism */
telse
#include "cg_sfun.h" /* Code generation registration

function */
#endif

Cho d&n nay, cic md hinh MDDB Rotor 1dng séc (trén hé toa dé dq hay af)
déu xudt phat tir gia thiét: May dién dugc nudi bdi mét thist bi ngudn ap (vi du:
Nghich luu ngudn dp* dang xung bam, hay dang xung Block). Trong thuc tién,
rat nhiéu dong cd vdi cong suit rat 1én dude nudi bdi nghich luu nguén dong?, cé
loc & mach dién mét chiéu trung gian® 1a cuén cdm. Do céng suit qua 1én, ta
khong thé dung tu dé loc duge nita. Trong trudng hgp d6, mé hinh (phén dién)
thich hdp cia MDDB sé& chi con 14 hai phuong trinh cubi cha hé (10.11) hay
(10.13). Cac phuong trinh mémen quay (10.12), (10.14) va phuong trinh chuyén
dong (10.4) van git nguyén hiéu luc.

Phan ma nguén C sau day 1a vi du v& mé hinh trén hé toa d6 af cia MPDB
nudi bdi nghich luu ngudn dong.

/*******************************************************

* ASM3ABI.C: C-MEX-File to simulate a 3-phase IM in *
* stator coordinates fed by a current source inverter *
* Syntax: [sys,x0] = asm3abi (t,x,u, flag,p) *
* Parameter p[Rr,Lr,Lm,Rs,Ls, zp] *
* Rr Rotor resistance *
* Lr Rotor inductance § *
* Lm Mutual inductance *
* Rs Stator resistance *
* Ls Stator inductance *
* zp Pole pair *
. ******************************************************/
/* The following #define is used to specify the name of
* this S-Function */
#define S_FUNCTION NAME asm3abi

/* Need to include simstruc.h for the definition of the
* SimStruct and its associated macro definitions */
#include "simstruc.h"

/* Input variables: */
fdefine isa ul[0] /* Stator current isa */

* Nghich Iuu ngudn 4p: Voltage-Source Iny erter
% Nghich luu ngudn dong: Current-Source : nverter
3 Mach mét chiéu trung gian: DC-Link
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$define isb ufl] /* Stator current isb */
#define w_mech u{2] /* Rotor speed w _mech */

/* Output variables: */
$define mm ~ y1{0] /* Torque mM */

/* State variables: */

#define Psirax x[0] /* Rotor flux Psira */
#define Psirbx x[1] /* Rotor flux Psirb */
#define M KONST x[2] /* Motor constant:

B ' 3.0/2.0%zp*Lm/Lr */
#define Tr x[3] /* Rotor time constant */

/* Derivatives: */
#define dPsirax dx[0]
#define dPsirbx dx{1]

/* Defines for easy access of p, xo matrices which are
* passed in */
tdefine p ssGetArg (S, 0)

/* mdlInitializeSizes - initialize the sizes array */
static void mdlInitializeSizes (S)
SimStruct *S;

{ ssSetNumContStates (S, 2); /* number of continuous
states */
ssSetNumDiscStates (S, 2): /* number of discrete
states */
ssSetNumInputs (S, 3) ; /* number of inputs */
ssSetNumOutputs (S; 5) ; /* number of outputs */
ssSetDirectFeedThrough(S,0); /* direct feedthrough
flag */
ssSetNumSampleTimes (S, 1) ; /* number of sample
times */
ssSetNumInputArgs (S, 1) ; /* number of input
arguments */
ssSetNumRWork (S, 0) /* number of real work
vector elements */
ssSetNumIWork (S, 0); /* number of integer work
’ vector elements */
ssSetNumPWork (S, 0); /* number of pointer work

‘ vector elements */
} . N

/* mdlInitializeSampleTimes - initialize the sample times
* array */ ’
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static void mdlInitializeSamplgTimes (S)
SimStruct *S;

{ ssSetSampleTimeEvent (S, 0, 0.0);

ssSetOffsetTimeEvent (S, 0, 0.0);

}

/* mdlInitializeConditions - initialize the states */
static void mdlInitializeConditions (x0, S)
double *x0;
SimStruct *S;
{ inti;
double Lm,Lr,Rr,zp;
Rr = mxGetPr(p) [0]; /* Rotor resistance */
Lr = mxGetPr(p)[1]: /* Rotor inductance */
Lm = mxGetPr (p) [2]; /* Mutual inductance */
zp = mxGetPr(p) [3]; /* Pole pair */

for (i=0;1i<2;i++)
x0[i] = 0;
x0[2] = 3.0/2.0*zp*Lm/Lr;
x0[3] = Lr/Rr;
}

/* mdlOutputs - compute the outputs */
static void mdlOutputs(y, x, u, S, tid)
double *y, *x, *u;
SimStruct *S;
int tid; i
{ { mm = M KONST * (Psirax * isb - Psirbx * isa);
/* Motor torque */

y[1l] = isa;
yl[2] = isb;
y[3] = Psirax;
y[4] = Psirbx;

}

/* mdlUpdate - perform action at major integration
* time step */
static void mdlUpdate (x, u, S, tid)

double *x, *u;

SimStruct *S;

int tid;

{

}
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/* mdlDerivatives - compute the derivatives */
static void mdlDerivatives{(dx, x, u, S, tid)
double *dx, *x, *u;
SimStruct *S;

int tid;

{ double Lm,zp,w_el;
Lm = mxGetPr(p) [2]); /* Mutual inductance */
zp = mxGetPr(p) [3]; /* Pole pair */

/* Computing of auxiliary parameter */
w el = zp * w_mech;

/* State equations */

dPsirax = (Lm*isa-Psirax)/Tr-Psirbx*w el; /* Psira */
dPsirbx = (Lm*isb-Psirbx)/Tr+Psirax*w el; /* Psirb */
}
/* mleerminéte - called when the simulation is

* terminated */
static void mdlTerminate (S)
SimStruct *S;
{

}
#ifdef MATLAB MEX FILE /* Is this file being compiled
as a MEX-file? */

#include "simulink.c" /* MEX-file interface mechanism */
$else '
#include "cg sfun.h” /* Code generation registration

function */
#endif

10.4 M6 hinh may dién déng bd ba pha kich thich vinh ctru

May dién ddng bd ba pha kich thich vinh cttu (MPDB-KTVC) c6 két cau phia
Stator gidng nhu MDDB: D6 1a hé théng cuén day nhan ngudn cip dién ba pha.
Phia Rotor, noi MDDB phai dua vao sy truot téc dé giita Rotor va hé théng
vector phia Stator dé tao tit thong Rotor, MDDB-KTVC c6 mot hé théng nam
cham vinh cltu gin chit trén bé mat. Nghia la: Tt théng ludn ludn ton tai,
khong con nhu cdu trugt toc do dé cam tng tit Stator sang Rotor nita, va may
dién hoat déng hoan toan dong bo. Két cdu ctia MPDB-KTVC ¢6 thé duge md ta
bang so d6 mat cit don gian nhu 6 hinh 10.17.

Pham vi st dung chinh cia MPDB-KTVC la cong nghiép ché tao may ché
bién (vi du: May gia cong cit got kim loai, may déng bao géi, may gia cong
chinh x4c vv...). Trong cic ing dyng d6, MPDB-KTVC gin nhu tuyét d6i chi
duge stt dung kém theo thiét bi DK (vi du: Nghich luu ¢6 DC) chat lugng cao.
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Cudn phan ing
(cudn day Stator)

am cham
vinh cttu

Rotor-

Hinh 10.17 Nguyén ly két cu (mdt cdt) cia mdy dién dong bg kich thich vinh citu

M6 hinh toan cia MPDB-KTVC ciing duge xay dung xudt phat tit gid thiét
coi may dién cé két cau tron ddi xing. Cac dai lugng xoay chiéu ba pha da dugc
biéu didn dudi dang vector va chuyén sang hé toa do tit théng dg, dong thaoi
ciing 12 hé toa d¢ ¢8 dinh trén Rotor. Vi vay c6 thé xuat phat tit so d6 thay thé&
mot pha d hinh 10.18 duéi day.

Lqu Rs
Hinh 10.18 Sodé thay thé ciia MDDB-KTVC
Ju, _
Tit so d6 thay thé ta viét duge cac phudng
" trinh sau:
e Phuong trinh dién dp Stator

f .
u! = R, il +%S—+ja;s e (10.15)

o Phuong trinh ti thong
Y= Lil +y/ (10.16)
Viét lai dudi dang thanh phan va sau vai bién ddi ta c6 hé phuong trinh:

" Chi s “f *viét trén cao, bén phai: Flux, vector thudc hé toa do tit thong
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diy 1 L,
Zsd — d + Wy + — Uy
dt T, L L
sd sd (10.17)
di, L. 1 . 1 P
— = —Ws —ﬂl‘sd - —I‘sq + '—usq — W -+
dt L, T, L, L,,
V61 phudng trinh tu thong:
Vod = Loglog +
° e e (10.18)
wsq = qu I
L,, Dién cam Stator do T,=L,/R, Hingsdthdigian Stator
& vi tri dinh cyc tai vi tri dinh cyc
L,, Dién cam Stator do T,, =L, /R, Hingsd thsigian Stator
3 vi tri ngang cue tai vi tri dinh cuc
" Tu thong cyc (vinh
P cuu)
Phuong trinh mdémen ciia MPDB-KTVC cé dang sau day:
3 . .
mpy = _2'zp ("/Jsd I‘sq - "/qu I‘sd)
(10.19)

My
u,, u, bl ] o z, )
L, sJ
e % »,=w
wl
1
Uy, Uy L v s
L, | M|
i

Hinh 10.19 Mé hinh MDDB-KTVC trén hé toa d6 dq (hé toa dé tic théng cuc)

Tuong tu MPDB (hinh 10.15), véi sd d6 khéi & hinh 10.19 ta da c6 thé xay
dung mé hinh SIMULINK cho MDDB-KTVC mdt cach dé dang nhd st dung cac
khéi c6 sén ciia thu vién. Mé hinh SIMULINK & hinh 10.20 14 vi du minh chitng
cho cach di nay.
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+{>—w Tsd

Tsds+1

Voitage
Converter
usy isd

3 » b/
CH— 2 I'_'
usv dal___ +»(2)
3 Coordinate » > .®|sq
usw Transformation

n

Hinh 10.20 M6 hinh mé phdng MPDB-KTVC trén hé toa d§ tit théng cuc, thic hién bang
cdc khot c6 sdn tir thu vien SIMULINK

Dé ting téc d6 md phdng ta ciing ¢6 thé trén cd sd cac phuong trinh (10.17)
va (10.19) dé soan thao mot C-mex-File, st dung duéi dang ham S, nhu doan
mi ngudn C dudi day:

/****'k****************************************************

* PSMDQ.C: C-MEX-File to simulate a 3-phase permanent
excited synchronous machine in dg-(rotor) coordinates *
Syntax: [sys,x0] = psmdq(t,x,u, Parametervektor) *
Parametervektor = [Rs Lsd Lsq Psi_p zp] *
Rs Stator resistance *
Lsd d-axis stator inductance : *
Lsqg g-axis stator inductance ; *
Psi_p Permanent rotor flux *
*
*

* zZp Pole pair
KKk k ko k ok ok kKK Kk ok Kk ok ok ok k ok k sk ok ok Kk ok sk Kk ok kK Kk ok K ok %k ko kK ok K %k ok k kK ok ok ko ke ok

L S TR e

/

/* The following #define is used to specify the name of
this S-Function */ :

#tdefine S_FUNCTION NAME psmdg

/* Need to include simstruc.h for the definition of the

* SimStruct and its associated macro definitions */
#include "simstruc.h"

#include <math.h> /* needed for fabs-function */

/* Input wariables: */

$define usa uf{0]} /* Stator voltage usa */
$define usb ull] /* Stator voltage usb */
#define w _mech u[2] /* Rotor speed w_mech */

/* Output variables: */
$define mm y[0] /* Torque mM */
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/* State variables:

#define
#define
#define
#define

fdefine

#define

/* Parameter definition:
Parameter ssGetArg(S,0)
Rs mxGetPr (Parameter)

#define
#define
#define

#define

#define
#define

isdx
isgx
phix
disdx

disgx

dphix

x[0]
[]

2]
dx[O]
dx[1]

dx[2]

*/

/*
/*
/*
/*

/*

/*

Stator current alpha isa */
Stator current alpha isb */
Elektrical pole angle */
Derivative of stator current

alpha

isa */

Derivative of stator current
beta isb */
Derivative of elektrical

pole angle */

/* Parameter vector */

[0] /* Stator resistance */
/* d-axis stator

Lsd mxGetPr (Parameter) [1]

Lsqg mxGetPr (Parameter) [2]

Psi p mxGetPr (Parameter) [3]

zp

mxGetPr (Parameter) [4]

inductance */
/* g-axis stator

inductance */
/* Pole flux */
/* Pole pair */

/* Mathematical function definition */

#define

sign(x

(x==0.020.0:

((x>0.0)?21.0:-1.0))

/* Sign-Function */
$define TWO PI 6.283185307179586217248937900876

/* mdlInitializeSizes - initialize the 51zes array */
static void mdlInltlallze81zes(S)
SimStruct i
{ ssSetNumContStates (S, 3); /* number of continuous
states */
ssSetNumDiscStates (S,1); /* number of discrete
states */
ssSetNumInputs (S, 3); /* number of inputs */
ssSetNumOutputs (S, 3); /* number of outputs */
ssSetDirectFeedThrough(S,0); /* direct feedthrough
flag */
ssSetNumSampleTimes (S, 1) ; /* number of sample
times */
ssSetNumInputArgs (S,1); /* number of input
arguments */
ssSetNumRWork (S, 0) ; /* number of real work
vector elements */
ssSetNumIWork (S, 0); /* number .of integer work
vector elements */
ssSetNumPWork (S, 0) ; /* number of pointer work
vector elements */
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/* mdlInitializeSampleTimes - initialize the sample
* times array */
static void mdlInitializeSampleTimes (S)
SimStruct *S;
{ ssSetSampleTimeEvent (S, 0, 0.0);
ssSetOffsetTimeEvent (S, 0, 0.0);
)

/* mdlInitializeConditions - initialize the states */
static void mdlInitializeConditions(x0, S)

double *x0;

SimStruct *S;

{ { /* Start values of state variables: */

x0[0] = 0.0; /* isdx */
x0[1] = 0.0; /* isgx */
x0[2) = 0.0; /* phix */
x0[3] = 0.0; /* discrete dummy state */

}

/* mdlOutputs - compute the outputs */
static void mdlOutputs(y, x, u, S, tid)

double *y, *x, *u;

SimStruct *S;

int tid;

{ mm = 3.0%zp/2.0*isgx* (Psi p+isdx*(Lsd-Lsq));
y[1l] = isdx;
y[2] = 1isqgx;

}

/* mdlUpdate - perform action at major integration
* time step */
static void mdlUpdate(x, u, S, tid)

double *x, *u;

SimStruct *S;

int tid;

{ { if (fabs(phix) > TWO PI)

phix = phix-TWO_ PI*sign(phix);
}
}

/* mdlDerivatives - compute the derivatives */
static void mdlDerivatives (dx, %X, u, S, tid)
double *dx, *x, *u;
SimStruct *S;
int tid:; i
{ double w_el,usd,usqg;
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w el = w_mech*zp;
usd = usa*cos (phix)+usb*sin(phix);

/* Coordinate transformation */
usg = usb*cos{phix)-usa*sin{phix);

/* from fixed into dg coordinates */
dphix = w_el; /* Calculating pole angle

from mechanical speed */
disdx = usd/Lsd + w_el*Lsq/Lsd*isgx - Rs/Lsd*isdx;
disgx usq/Lsq - w_el*Lsd/Lsg*isdx - Rs/Lsg*isqgx
'~ w_el*Psi p/Lsgqg;

}

/* mdlTerminate - called when the simulation is
* terminated */
static void mdlTerminate(S)
SimStruct *S;
{
}

#ifdef MATLAB_MEX FILE /* Is this file being compiled
as a MEX-file? */

#include "simulink.c" /* MEX-file interface mechanism */
#else
#include "cg_sfun.h" /* Code generation registration

function */
tendif

D& két thuc muc 11.1.3 (md hinh héa MPDB-KTVC), xin cung cap tiép cho
ban doc m¢t md hinh khac, mdt ham S duéi dang m-File. Trong 46, tac gia da
cit bt cac phdn thuyét minh bing tiéng Anh cho gon:

function ([sys,x0,str,ts] = )
PSM dqg(t,x,u, flag,Lsd, Lsq,Rs, mN, IN, pc)
Tsd Lsd/Rs; Tsq = Lsg/Rs; IsgN = sqrt(2)*IN;
Psip = (2/3)* (mN/{pc*IsgN));
a = 1/Tsd; b = 1/Tsq; ¢ = Lsg/Lsd; d = 1/c;
e = 1/Lsd; f = 1/Lsq; g = Psip/Lsq; h = Psip/Lsd;
switch flag,

case 0
[sys,x0,str,ts] = mdlInitializeSizes;
case 1 % Derivative states
sys = mdlDerivatives(t,x,u,a,b,c,d,e,£,9);
case 3 % Return output
sys = mdlOutputs(t,x,u,pc,h,Lsd,Lsq);
case {2,4,9} % Dummy states
sys = [1];

otherwise



350

10 Thu vién mé hinh may dién quay

error (['Error,unknow flag=

end

',num2str (flag)]);

function [sys,x0,str,ts] = mdlInitializeSizes

sizes = simsizes;
sizes.NumContStates =
sizes.NumDiscStates
sizes.NumOutputs = 3;
sizes.Numlnputs = 3;
sizes.DirFeedthrough = 0;
sizes.NumSampleTimes = 1;

sys simsizes (sizes);

x0 = zeros(2,1);

str {1:

ts (0 01

[
o N
~e N

function sys

o

isd, isg

o

isd,isq,mM
usd, usq,ws

e

mdlDerivatives(t,x,u,a,b,c,d,e, f,qg)

sys(l) = -a*x(1l)+c*u(3)*x(2)+e*u(l);
sys (2) = =d*u(3)*x(1l)-b*x(2)+f*u -g*u(3);
function sys = mdlOutputs(t,x,u,pc,h,Lsd, Lsq)
sys(l) = x(1);
sys(2) = x(2);
sys(3) = (3*pc/2)* ((h+x(1l))*Lsd*x -Lsg*x (1) *x(2));
. mM
D
isd 4
D
Permanent Transterfcn 39
excidSM

/

S-function paiametess:

{LsdLsaRs.mNIN.oc

3] l Cancel J Help I Apply

|

Hinh 10.21 Khai bdo mé hinﬂ PSM_dq trong khéi S-Function
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Hinh 10.21 minh hoa cich sit dung ham S ¢6 tén PSM_dq ma ta vita mdi
soan thao. Trong ham S d6, ban doc d& dang thay ring ta da bd qua chua cai
dat phan phuong trinh chuyén déng va chi b6 sung thém bén ngoai bing cac
khoéi ¢6 sin cia SIMULINK. Hinh 10.22 minh hoa mdt qué trinh khéi dong tu
nhién (khéng c6 DK) cia MDDB-KTVC.

uncontrolled Speed-up Process

! T T T T T T

L T LT LT T TTT TR LT PP PR PPEES EPPREPPRR
—— normalized Motor torque

1.2--1 — normalized Speed Ry bbbt ieieisisib e el iy

Time [s]

Hinh 10.22 Qud trinh khdi dong tu nhién (khong c6 diéu khlen) ctia mdy dién déng bé
ba pha kich thich vinh ciu

§

10.5 M hinh may dién dong bd ba pha kich thich doc lap

May dién ddng bd kich thich doc lap (MPPB-KTDL) ¢6 cdu tao (mét cit). &
hinh 10.23. M6t mdt, so véi MPDB-KTVC (hinh 10.17), MDDB-KTDL c6 hé thong
kich tlf cing nam trén Rotor, nhung khéng ciu tao bdi nam cham vinh cttu ma
bdi nam cham dién nuéi béi nguén ap mdt chiéu dua tit ngoai tdi'. Két cau nay
12 cdn thiét khi may dién c6 cong suit rat 16n, khong thé ché tao cac nam cham
vinh citu ¢6 kich ¢B 16n v81 mat dd tit ning cao. Mdat khde, so vdi MPMC (hinh
10.4) ta lai thay c¢6 nhiéu diém giéng nhau: Chi cdn hoan d6i vi tri clia hai cuén
ddy phan Ung va cudn day kich thich cia MPMC la thay ré sy giéng d6. Cuén
day kich thich cia MPDB-KTDL khéong nim trén Stator ma trén Rotor, nhan
dién ap kich thich qua hai vanh gép dién. Cudn day phan ting cha MPDB-KTDL
khéng nam trén Rotor ma trén Stator, c6 két ciu thich hgp dé nhan ngudn ap
nudi xoay chiéu ba pha ch khéng phai 4p mét chiéu.

! Vi thé duge goi 1a kich thich déc lap
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Ad

Cuén phan iing
_\% (cudn day Stator)
c ~ Cuénbu
- 5808% Cu(?n kiAch thich

(cudn day Rotor)
C6 gép

” A ) 4—Goét cuc

2502

Hinh 10.23 Nguyén ly két cdu (mdt cdt) cia MPDB ba pha kich thich déc lép

Ciing gidng nhu cac loai dong co da qua, tac dong tuong hd gida tit thong
Stator (do ngudn xoay chiéu ba pha tao nén) va tit thong Rotor (do kich thich
d6c 14p tao nén) sé& san sinh ra mémen quay. Mémen dé6 sé gia téc may dién téi
téc d6 quay ddng bo, va sau dé téc d6 duge giit 6n dinh (khéng phu thudc tai)
cho téi diém lat chiéu quay.

1,5 /f‘\ i
3 I/ 'y b\
1 LA \\
ffUbng | TN
14 -4 L)
Il' AT IR '\ \
l"I' ™. Y L\
0’5 W R o, NN
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:‘ ~
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\\\\‘ “‘. s
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- NN a4
\\ 1=l
N Y /’
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Load angle -

Hinh 10.24 Momen quay cia MPPB-KTDL phy thudc géc mang tdi
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Trudc khi téi diém lat, mac du téc d6 quay khong d6i, goc giita hai vector tit
théng Stator va Rotor tang ty 1& voi phu tai. Géc d6 duge goi 1a géc phu tai'. Khi
géc phu tai (hinh 10.24) dat tdi gia tri 16n hon % budc cyc? (hodc > 90° dién),
mdmen quay bat ddu giam. Néu mémen cla dong cd khong con du 16n dé thang
moémen tal, xudt hién trang thai lat toc d6 va déng cd sé bi ld budc quay. Day 1a
hién tugng khéng chi ton tai véi MPDB-KTDL, ma con x4y ra vdi ca MDDB-
KTVC. Trong trudng hgp MPDB-KTDL (vdi két ciu cuc 16i) con c6 thém cac hidu
tdng khac, vi du: mémen phan khang vdi hau qua day diém lat vé phia cac géc
nhé hon. Hinh 10.24 cho thiy tac dung ting moémen khi tang kich thich cua
MDDB-KTDL (tang U).

D& mb ta toan hoc MPDB-KTDL ta sé phai xuit phat ti phuong trinh dién
ap cia mach dién Stator (mach dién phé&n Ung), mach dién Rotor (mach dién
kich thich) va ctia mach dién cudn bu. Ta gid thiét Stator c6 két cau tron déu
con Rotor déi xiing qua hai truc doc va truc ngang. Tuong ty phuong phap mé
td TR cia MPDB-KTVC, ta md ta tua theo hudng cta tit thong Rotor. Dé mé
hinh héa ta cAn dén mot loat tham s8 hodic 1a kho biét, hodic 12 khong thé biét.
Vi du: H6 cam giita cudn Stator va cudn bu, giita cudn Rotor va cudn bu, hay
giita cudn Stator va cudn Rotor. Bang cac phudng phap do dac rat phong phi va
kha phic tap (do ngdn mach va hd mach) ta c6 thé thu dugc cac tham s& cia
mét so d6 thay thé& tuong tng. Van dé nay vugt qua khuon khd clia cudn sach va
ban doc budc phai tham khao cac tai liéu chuyén sau. Trong sach nay ta sé& chi
st dung cac m6 hinh toan cé sén.

* Théng thuong, dé xay dung’md hinh ta phai st dung cac dai lugng da qua
chuén héa. Bang sau day tap hgp cac dai lugng chuéin duge st dung.

Dién ap pha U, = \/ggun U, | Dién ap danh dinh
Dong pha I, = \/51,, I, Dong danh dinh
Dién ap kich thich U o= I 10 R ' I Dong kich khong tai
Van téc géc danh dinh wy =271, A Tén s6 danh dinh
Van t8c géc co Wyp = Wy / z, 2, | S6déicuc

Tl théng Yy = Uy Jwy

Cong suit S, = (3/2)U010

Mémen quay M, = So/wmo

Khang phic Z, =U0/10

Dién cam Ly =v,/1,

! Géc phu tai: Load angle
2 Budc cuc do s6 ddi cuc clia hé théhg cudn day Stator quyét dinh
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Véi cac dai lugng chudn tit bang trén, MDDB-KTDL dugc md ta bdi hé
phuadng trinh duéi day.

Uy = Rsisd + swsd —Ww

. (10.20)
usq :Rslsq+5¢sq+w¢sd
. U .
1/)d:)(d(s) 1/Rf' U,
* wy * 1+5T40 wol g
X, (s)
wsq: Z)O lsq
me:—izp(wsdisq_ sqisd)
dd T w
W=—j W, =—
dt z,
14sT, )(14 5T,
Xd(s)—( d)( Sd) X, (10.21)
(145750 ) (14 5T |
14 5T, ,‘
X, ()= ((1 Uen)
+quo)
U,, =w u Up |2
shd — %n¥sd — % fh -
U 3.
fn
. 1 ”
Lig = Ugng E—’ sd ~i, sd (10.22)
isq:wsqw_"l'_i;q
q

Uy Dién ap tit trudng chinh phia Stator (truc d)
i'?d Déng Stator qua do (truc d)

L.  Dong Stator qua do bac 2 (truc @)

i”sq Dong Stator qua dé bac 2 (truc q)

Uy Dién ap kich tit thong chinh
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Trén cd sb cac phudng trinh moé ta MDDB-KTDL ta viét C-mex-File duéi day:

/*************************************)\'******************

* E SMdg.C: C-MEX-File to simulate an external excited *

* gsynchonous 3-~phase machines in rotor coordinates *
* Syntax: [sys,x0] = *
* e smdg(t,x,u,RatedValues, Parameter) *

********************************************************/

#define S_FUNCTION_NAME E_Squ

/* Need to include simstruc.h for the definition of the
SimStruct and its associated macro definitions */

#include "simstruc.h"

#include <math.h>

fdefine sign(x) (x==0.020.0:((x>0.0)?21.0:-1.0))
/* Definition of Sign-Function */
#define TWO PI 6.283185307179586217248937900876

/* Block parameters */
$define RatedValues ssGetArg(S,0)
$#define Parameter ssGetArg (S, 1)

/* Input variables */

#define ua u[0] // Stator voltage alpha
#define ub ul[l] // Stator voltage beta
$define uE ul(2] // Exciting voltage
#define omega_m u[3] // Mechanical speed ,
/* State variables */

#define theta x[0] // Stator angle theta

$define psid x[1] // Stator flux d-axis
$define psiqg x[2] // Stator flux g-axis
#define idE X[3] // Mutual current
#define id2 X[4] // Subtransient stator current d-axis
fdefine iqg2 X[5] // Subtransient stator current g-axis
#define idl x[6] // Transient stator current d-axis

]

#define uEh X (7
#define Xd 1 x[10] // Factor 1/Xd

#define Ge x[11] // 1/Rf

fdefine U fac x[12] // Voltage factor Un/UEn*sqrt (2/3)
fdefine hfacl x[13] // Axiliary factor (Xd-Xd1l)*IE0/UO
#define hfac2? x[14] // Axiliary factor w_n*(1/Xq2-1/Xq)
#define hfac3 x[15] // Axiliary factor w_n/Xq

#define hfacd4 x[16] // Axiliary factor 1/Xd2-1/Xdl
#define hfac5 x[17] // Axiliary factor 1/Xd1l-1/Xd
#define w_n x[18] // Rated frequency

// Exciting main voltage
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/* Derivatives of state variables */
#define d theta dx[0]

#define d psid dx[1]
#define d psiq dx[2]
#define d_idE dx[3]
#define d id2 dx[4]
#define d _iqg2 dx (5]
#define d_idl dx[6]
#define d_uEh dx[7]
/* mdlInitializeSizes - initialize the sizes array */

static void mdlInitializeSizes(S)
SimStruct *S;

{ ssSetNumContStates (S, 8); /* number of continuous
states */
ssSetNumDiscStates (S, 11); /* number of discrete
states */
ssSetNumInputs (S, 4); /* number of inputs */
ssSetNumOutputs (S, 6) ; /* number of outputs */
ssSetDirectFeedThrough(S,0); /* direct feedthrough
flag */
ssSetNumSampleTimes (S, 1) ; /* number of sample
times */
ssSetNUmInputArgs (S, 2); /* number of input
arguments */ ,
ssSetNumRWork (S, 0) ; /* number of real work
vector elements */
ssSetNumIWork (S, 0); /* number of integer work
vector elements */
ssSetNumPWork (S, 0) ; /* number of pointer work

vector elements */

}

/* mdlInitializeSampleTimes - initialize the sample
* times array */
static void mdlInitializeSampleTimes (S)
SimStruct *S;
{ ssSetSampleTimeEvent (S, 0, 0.0);
ssSetOffsetTimeEvent (S, 0, 0.0):;
}

/* mdlInitializeConditions - initialize the stdtes */
static void mdlInitializeConditions (x0, S)
double *x0;
SimStruct *S;
{ { int i;
double UEO,IEOQ, fn,axilvar,Xq2,Xq, Un, Xd, Xd1, Xd2;
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Un mxGetPr (RatedValues) [0];
fn mxGetPr (RatedValues) (1]
UEQ = mxGetPr (RatedValues) [2];
IEQ mxGetPr (RatedvValues) [3];
Xd = mxGetPr (Parameter) [1];
Xdl mxGetPr (Parameter) [2];
Xd2 mxGetPr (Parameter) [3];

[

)

i

il

]

Xq mxGetPr (Parameter) [4];
Xq2 = mxGetPr (Parameter) [5];
for (i=0;1i<9;i++)

x0(i] = 0.0; /* Initial stafes: zeros */

axilvar = sqrt(2.0/3.0) * Un;

x0[12] = axilvar / UEOQ;

x0[18] TWO PI * fn;

x0[11] IEO/UEO;

x0[13] = (Xd - Xdl) * IEO / axilvar;
x0([14)
x0[15] = x0[18] / Xqg;

x0(16] = 1.0 / Xd2 - 1.0 / Xdl;
x0[10] = 1.0 / Xd;
x0[17] = 1.0 / Xdl - x0[10];

}

/* mdlOutputs - compute the outputs */
static void mdlOutputs(y, x, u, S, tid)
double *y, *x, *u;
SimStruct *S;
int tid;
{{

double zp,ushd,id,iq}didl,did2,diq2,sintheta,costheta;

// Reading block parameter:
zp = mxGetPr (RatedValues) [4];
// Computing axiliary variables:
ushd = w_n * psid - uEh * U fac;

dig2 = (psiq * hfac2 - iqZ);
did2 = (ushd * hfacd4d - id2);
didl = (ushd * hfacb - idl);

id = ushd * Xd 1 + didl + did2;
iq = psiqg * hfac3 + diqg2;
sintheta = sin{(theta);
costheta = cos(theta);
.// Computing output variables:
if ((u{0] == 1.23e-7) || (ul[l] == 1.23e-7))
{ id = 0.0;
ig = 0.0;
}

x0[18] * (1.0 / Xg2 - 1.0 / Xq);
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y[0] = 1.5 * zp * (psid * ig - psiq * id):; // Torgue
y[1l] = id * costheta - ig * sintheta; // is_alpha
y[2] = id * sintheta + ig * costheta; // 1s beta
y[3] = psid * costheta - psiqg * sintheta; // psi_alpha
y[4] = psid * sintheta + psig * costheta; // psi_beta
y[5] = uEh * Ge - (id * hfacl - idE); // Exciting current

}

/* mdlUpdate - perform action at major integration
* time step */
static void mdlUpdate(x, u, S, tid)
double *x, *u;
SimStruct *S;
int tid:
{ { if (fabs(theta) > TWO_PI) // Limit: -2PI<theta<2PI
theta = theta - TWO PI * sign(theta);
}
}

/* mdlDerivatives - compute the derivatives */
static void mdlDerivatives(dx, x, u, S, tid)
double *dx, *x, *u;
SimStruct *S;
int tid;

{ { double ud,uq,Tdl,Td2, Tqg2,zp,Rs,Td01l, omega;
double ushd, id,iq,didl,did2,diqg2;
double sintheta, costheta;
sintheta = sin(theta):
costheta cos (theta):

// Coordinate transformation into rotor-fixed coordinates
ud = ua * costheta + ub * sintheta:
ug = ub * costheta - ua * sintheta;

// Reading block parameters:
zp = mxGetPr (RatedValues) [4];
Rs = mxGetPr(Parameter) [0];
Td0l = mxGetPr (Parameter) [6];
Tdl = mxGetPr (Parameter) [7];
Td2 mxGetPr (Parameter) (8] ;
Tq2 mxGetPr (Parameter) [9];

// Computing axiliary variables:
omega = zp * omega_m; // Computing elektrical frequency
ushd = w_n * psid - uEh * U fac;
dig2 = (psiq * hfac?2 - iq2);
did2 (ushd * hfac4 - id2);
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didl = (ushd * hfac5 - idl);
id = ushd * Xd_1 + didl + did2;
ig = psiqg * hfac3 + diqg2;

// Computing derivatives:
d idE = (id * hfacl - idE) / TdOl;
d ig2 = dig2 / Tqg2;

d id2 = did2 / Td2;
d_idl = didl / Tdl;
d uEh = (uE - uEh) / TdO1;

d psig = ug - Rs * ig - omega * psid;
d psid = ud - Rs * id + omega * psiqg;
d theta = omega;

}

/* mdlTerminate - called when the simulation is
* terminated */
static void mdlTerminate(S)

SimStruct *S;

{

}
#ifdef  MATLAB MEX FILE /* Is this file being compiled
‘ as a MEX-file? */

#include "simulink;c" /* MEX-file interface mechanism */
#else '
#include "cg sfun.h" /* Code generation registration

1l

function */
#endif

Dé thit nghiém ta hay bd sung cac khéi con thifu thanh so d6 MPDB-KTDL
néi tryc ti€p vai ludi dién nhu hinh 10.25 dudi day. Cach thic khai bao st dung
C-mex-File vita soan thao dugc nhéc lai ¢ hinh 10.26.

sin-» _m-Norm
P »
: -0

1
urr SM_t INT —»[b——»
4 = Scope

Stator voltage =

External
excited SM

Exciting voltage

Load

Hinh 10.25 Mo phong mdy dién dong b kich thich déc lap néi trice tiép vdi ludi dién va
khéng st dung thiét bi diéu khién
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O 1

Ua

D ™
Ub E_SMdg }—»Demux Mux :@
o MUX Exterrial Vector of

UE excited SM Demux auxiliary

@——4 1 Muxt variables

S-unction by Simuligk. "Extra" paramsiers may be specifiad in the 'S-function
I parameters' fisid.

S-function name:
[E_SMda /

SHunction parameters:

rParameters —
|
|

l&[b c)

Cancel Help J Aty

Hinh 10.26 Khai bdo mé hinh E_SMdq trong khéi S-Function

Két qua mé phong kiém tra C-mex-File vita bién soan E_SMdgq theo s db &
hinh 10.25 dudc gidi thiéu & hinh 10.27.

uncontrolled Speed-up and Load Step
T T T I T T
: : : : — Load step
— - Motor torque
—~ - - Motor speed

N
o

~normalized Speed and Torque

4 5 6 7 8 . 9 10 1 12 13 14
' Time [s]

Hinh 10.27 Qud trinh khéi dong va dong tdi (sau 10s) cia mét déng co dong b kich
thich déc ldp, néi true tiép vdi ludi va khong qua thiét bi didu khién
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10.6 May dién khong dong bd ngudn kép!

Da mét thdi, nhd c6 kha ning cung cap dién 4p dong thdi ca hai phia Stator
va Rotor, may dién di boé Rotor ddy quin (MDPDB-RDQ) dudc st dung nhiéu
trong cac Ung dung truyén dong cé DK téc d6 trong pham vi hep. Hién tai, do
cac loai MDDB Rotor 16ng séc, hay MPDB-KTVC chiém uu thé tuyét dsi trong
cac hé truyén déng c6 PK téc d6, MDDB-RDQ da bi ddy lui khéi cac tng dung
truyén déng. Tuy nhién, MDDB-RDQ ngay cang dudc st dung nhiéu trong cac
hé théng phat dién chay stc gié nho uu thé: Thiét bi DK st dung van ban din
cong suat-16n (dién ti céng suidt) dugc dit & phia Rotor (hinh 10.28) va vi vay
chl cAn duge thiét k& véi cong sudt cd =1/3 cong suft cia may phat, gia thanh
cua hé théng dugc ha xuéng rat nhiéu.

Trafo
u
oK
N 4
Ni Gl
3~ Ung =

Control elektronic |

Hinh 10.28 So dé khéi hé thong phdt dién chay sitc gié stz dung MPDB-RDQ
Cdc ky hiéu: uy, u,: dién dp ludi, dién dp Stator; Up.: dién dp mach mét chiéu
trung gian; i, i, iy: dong Rotor, Stator va phia ludi; Trafo: bién thé; PS: Power
Switch; NI, GI: net side, generator side inverter; DFIM: Doubly-fed induction
motor; IE: incremental encoder

MDDB-RDQ dudc md ta bdi cac phuong trinh trén hé toa do tya theo huéng
cua vector dién ap luéi uy sau day:

d,

u, = Rsis+ d +jws¢s

! (10.23)
o =Ri +3%
r rer dt JW, 9,

! Cén goi 12 may dién di bé Rotor day quin (MPDB-RDQ): Doubly-fed Induction Machines
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Viéc lya chon vector dién ap ludi uy lam hudng tya xudt phat tit hai nguyén
nhéin chinh nhu sau:
e Hé thong may phat trude khi phat dién lén ludi can phai duge hoa déng
bd véi ludl, tic 1a véi uy. .
e  Sau khi hoa dong b, Stator cia may phat duge néi véi ludi va vi vay:
da,
dt

Nghia 14, vector dién ap luéi va vector tit thong Stator ciia may phat luon
vudng goéc véi nhau, rat thuan lgi cho viéc mé hinh héa. Mét khac, thiét bi DK
dugc dat 6 phia Rotor va ta c6 co hoi dé st dung dong Rotor 1am bién DK trang
thai ctia déi tugng MDDB-RDQ. Vi vay, trong mé hinh (10.23) ta sé& tim cach
théng qua phuong trinh tit thong:

1’)5 = iXLS + ier
'lpl' = isLm +il‘Lf

khit dong Stator i, va tit thong Rotor ,, git lai dong Rotor i, va ti théng

— ~
~

uy =u = Uy R jwA, (10.24)

(10.25)

Stator 1, ddng thdi viét lai dusi dang phuong trinh thanh phén.

di, 1(1 1-a). o 1-of1 )
=T = L +wrlr +— sd — WUy
dt O'{T, T, ] RGN [Tswd Yo
+ 1 u —l—au
O'L, rd O'Lm sd
di 1 l-o l—of1 |
=y ——|—+ iy +——| =, + Wi
dr rird o T;. T; rq o T; ,wsq w.sd
(10.26)
+—-1—u —l—au
oL, " oL
g, 1. 1 ;1
_—A:_lr T s +ws( S +——-le
dt 7—; d 7—; d L/)q Lm d
d@qu 1 / ' 1 / 1
—_:——'il' —W Wy — Wy +__us
G e T T e

B 5 m
D& hoan thién mé hinh ta bd sung thém phudng trinh mémen (dac trung cho
cdng sudt hitu cdng) va phudng trinh hé sd céng suit cosy (ddc trung cho cong
sult vd cong) ctia mAay phat:

3 L . 3 :
my ==z, L—'" i = =352 (1—o) L iy (10.27)
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I . i
sdo o sd (10.28)

CoS(p =
“ | Jis +i2,

Qua hai céng thie (10.27), (10.28) ta c6 thé thdy rd: Co thé st dung hai
thanh phan i, i,, cha vector dong i, 1am dai lugng DK cong suit hitu cong va vo
cbéng clia may phat mét cach rat 1gi hai. Hé phuong trinh (10.26), (10.27) duge
st dung cht yéu lam mé hinh d8i tudng dé thigt k& hé théng PK cua may phat.

Cang c¢6 thé d& dang thu dude md hinh trén hé toa 6 ¢d dinh véi Stator (hé
ap) tuong tu nhu cac loai may dién & cac muc trude.

T N S PR S (1-0)i l+L—'"i-
dr of, * oLT Y Lt
1 L,
+ uY(Y r(Y
oL oL
di. 1 L, 1
s m
= L + Lg—wW=— l—o e +_lra
dr oT, g oL, & o ( ) » }
1 L
+ u, —u,
‘ oL, oLL "
dira Lm 1 . m
= Lo ™ Loy —WwW— lsﬂ + lrﬂ - usu +———ura
dt  oLT, oT, . L., oL,
dig _ Ly 4o Ly ] L,
= s3 P W7 e ra| s T Hy
d  oLT, g ol, g o|L, oL,L, g oL, g

(10.29)
Chuyén hé (10.29) sang mién anh Laplace (s: toan tit Laplace) ta c6:

i oL | Ln_, +2|(1-0)i +Lm; +L L,
 A+4soT, |oLT, ™ o g L " oL, ** oLL '
L W= R A PR ) UL VS I
8 r8 T sa T fra i3 — r
" N+soT, |oLT. ™ o L oL, ¥ oLL "

j o | w9y g |, L

" AsoT |oLT, " o|L Y| oLL " oL "

PO P B U I VR B
P NtsoT, |oLT, " o|L ™| oLL ¥ oL

(10.30)
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M hinh diy du trén hé toa do af sé bao gom ca cac phuong trinh sau:
wra =L, +Lrira

m- s

o Phuong trinh ti thong: . . (10.31)
Qprﬁ = Lmlsﬁ +Lrlrﬂ
. . 3 L, . ,
o  Phuong trinh mémen: my = Ezp 'L—(wm’sﬁ - w,ﬁzm) (10.32)
* r
. J dw
o  Phuong trinh chuyén déng: my, = my +——— (10.33)

Mot C-mex-File cia mod hinh (10.30) s& choan rit nhiéu trang, néu dugc in
tron ven ra day. Vi vay, ta tam hai 1ong v6i md hinh m6 phéng xay dung bdi cac
khéi ¢6 sin tif thu vién SIMULINK trong hinh 10.29 duéi day.

Tao et
_ b 7 &
1i(sigma’Ls) Ry mh
—>@ | signa'Ts T _’.
igma* Ts s+1 Isa 020 vip
Lmi(siginatLs*Lr Transkerfen WIZPLALD
- : 53 »
as ioma [*. Omega
sigma'Ts g
1#{sigma’Ls) P {rad’s)
Usb igma* Ts s+1
Transter Fenl
ad' al b3
Lmisiginals*Lr)
| sigmatTr
25" " bigma* Trs+1 o
. TransferFecn2
(sigmatLo) [—_444
Ura » ’
.—-1 o L!‘ sigma*Tr
L —>l Eigma*Trs+l
LmisipnaiLsL) i Tr:nslechnS F ¥ &5
"’ X X
as"
signar ) ] -
Urb bat
yF v
LmisigmatLs*Ln X

Hinh 10.29 M6 hinh SIMULINK mé phdng mdy dién di b6 nguén kép trén hé toa dé aff

Dén day, dé budc dau kiém tra md hinh vita x4y dung, ta gom hinh 10.29 lai
thanh Subsystem (hinh 10.30) va b§ sung thém cac ngudn nudi cdp dién cho
Stator, phia Rotor ta dit dién ap bing 0 (ting véi MPDB Rotor ngdn mach). Két
qua md phong qua trinh khdi dong khong c6 PK cia mét MPDB-RDQ vdi cong
suit 690kW dudc gidi thiéu 6 hinh 10.31.
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i

Usa

Usapha Omega »{ 2

> 3
Usb P|Usbeta Ira ™ ab :
»{mT Irt P

(ab :

\ 1
v m s[T™ Iro’
afy
#{Urb Speed
Doubly-fed Induction
Maching

To Workspace

Usc

¥

c
A
g

[+

urp'

mT

Hinh 10.30 M6 hinh SIMULINK mé phéng mdy dién di b6 nguédn kép 620kW (Rotor bi
néi ngan mach), néi truc tiép vdi luoi dién ba pha 690V (khéng c¢é DK)

unconirolled Speed-up Process

T T T T
: H | —— normalized Motor torque
""""""""""""""""""""""""""""""""""""""""" —— hormaiized Speed B
"5 T g
o©
©
a
1]
g
©
g 0.5
<3
S
-~ 0O
°
©
Sos
£
<]
z

Time [s] )

Hinh 10.31 Qud trinh khéi dong MPDB-RDQ khi néi thing vdi ludi

10.7 May dién tir khang kiéu déng ngat*

May dién tit khang 1a loai may dién c6 nguyén Iy hoat ddng khac véi tat ca
cac loai ta da khao sat d cac muc 10.1 — 10.6: D& tao mdémen quay, MDTK khéng
can hé théng kich tit, ma chi cAn moét hé théng cani khang phan bd khéng déu
trén toan bd pham vi khe hé gita Stator va Rotor.

! May dién ti khang kiéu déng ngdt (MDTK): Switched Reluctance Machines
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Pé hiéu nguyén 1y hoat dong clia DCTK ta chi viéc quan sat phuong trinh
(10.19), phuong trinh mémen ciia DCDB-KTVC. Mémen quay bao gom hai
thanh phan: Thanh phédn chinh do tit théng cuc 1, (nam cham vinh citu) gly
nén, thanh phén phdn khdng do hiéu s6 L, — L, gdy nén. R3 rang la: Néu may
dién hoan toan khéng cé kich thich va 1, = 0, khi 8y may dién van c6 kha ning
tao ra mémen, va mémen d6 cang 16n néu chénh léch tit khang L, — L,, cang
16n. D4y chinh 1a co s vat Iy cia MDTK, 14 loai may dién khéng cé hé thong
kich tit mot cach ro rang.

Stator cia MDTK c6 c&u tao bdi nhiéu cyc tit chiia cac cudn day tap trung.
Khac vdi cudn day ciia may dién 3 pha, 13 loai may véi cudn diy c6 thé phan tan
tiy theo s& d6i cuc. Rotor cia MPTK khong chita cudn day va dugc ché tao bing
sét tit c6 xé ring (teeth), véi tong s8 ring bao gid ciing it hon téng sd cuc Stator.
Hinh 10.32 gi6i thiéu hai MDTK, bén trai la déng co 3 pha vdi stator 12 cuc va
rotor 10 rdang (goi tit: loai 12/10), bén phai 1a déng co 4 pha véi stator 8 cuc va
rotor 6 rang (goi tit: loai 8/6). Dé tao chuyén ddng quay, cac cudn day pha -
stator sé 1an lugt duge déng ngét nguon phu thude vi tri cia rotor. Dé c6 thong
tin vé vi tri cta rotor, thong thuong ta sé phai sit dung khau do vi tri tuyét doi.

a)

Hinh 10.32 Déng co tit khdng vdi (o) dutng sitic tiz ngdn, va (b) duong site tir dai

b)

Mémen quay cia MDTK ¢6 dudng phan bé trén bé mat rotor lip lai theo chu
ky ctia ring. Trong mdi chu ky déu cé hai vi tri: vi tri déng truc (cuc c¢6 cudn day
mang dong - goi 14 cyc active - va rang déng truc v6i nhau) va vi tri léch truc
(cuc active 6 vi tri giita 2 rang). Mdomen dudc tinh theo:

my (31 -1z o)
MAY2 I 0 dy
Chis6j: Cudn diy cyc thitj clia Stator

Hinh 10.33 minh hoa vi tri déng truc cta loai dong cc 8/6. & vi tri léch truc,
ring gin nhat véi cuc active sé chuyén dong vé phia cuc active dé dat duge

(10.34)
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trang thai dong truc. Hinh 10.34 minh hoa phan b8 mdémen quay ctia dong cd
8/6, trong @6 géc 0° chinh 1a vi tri déng truc chia Stator va Rotor.

10,04
£ 0,02 [T
- "léchitruc?
o
2 0
g, "dbng truc"
' -0,02
«© 3
s N J
i 1 e
-300 -15° 0 15°
Goc léch

Hinh 10.33 Trdi: Vi tri “dong truc” clia rotor va cuc stator active. Phdi: Mémen quay
cua 1 pha phu thude géc léch giita cuc va rang

Xui't phat ti phuong trinh dién ap pha:

dy,

uy = Rij+— (10.35)
dé don gian, ta hay bd qua dién trd R va viét:
' di., . dL ((p)
u;=L(p)—=+i,——w (10.36

Trong (10.35), dién cam L la mét tham s phu thu(f)c,‘ vi tri ¢ cha rotor. D&
tinh céng suit ta hiy nhan hai vé& ctia (10.35) vdi dong i:

di; dlL
P J .2
ujzj—LIJ.?t—{—lj%w (10.37)
hodc:
alt , I ,dL
P =—|-Lii|+—=i;—w 10.38
J dt[2 J] 27 do ( )

Biéu thuc thit nhat ¢ v& phai ctia (10.37) dac trung cho thanh phén ti ning
tich trong cudén diy pha. Biéu thiic thd hai ctia (10.37) mé ta cd nang cung cip
ra truc dong cd. T d6 ta ¢6 cong thitc tinh mémen quay da cho & (10.34) va thay
rd: Dau ciia mémen — quyét dinh ché d6 dong co hay may phat — hoan toan do
ddu cia dL/dy quyét dinh. Cing theo (10.34), ddu clia mémen hoan toan
khéng phu thudc vao diu cua dong. Dong i chi c6 tac dung DK bién d5 ctua
mémen quay.

Cén luu ¥ rang, dong va ap trong cAc phuong trinh (10.34) - (10.38) 1a dong
ap clia mdt cudn day Stator tich cuc, ¢ 1a vi tri cia Rotor so véi cyc Stator tich
cuc (cuc active: cuc ¢6 cudn day dang dude cap dong).

300
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D& DK bién dd cha mdmen, MDTK phai duge DK nhd mot vong DC dong.
Thiét bi nghich luu thudng duge nudi bdi ngudn ap mot chiéu, va déi véi MDTK
- theo cong thic (10.34) - chi cin dong chiy theo mét chiéu cling da dé van
hanh & ca 4 géc % (ch& do van hanh 4Q).

Nghich luu 1y tudng phai c6 kha nang déng/ngit dong khong co tré. Dé cé
thé PC dong pha, ¢6 thé sit dung hai van (hin’h 10.34, trai): van N phuc vu chon
pha, van PWM! ¢6 nhiém vu diéu ché bé rong xung ap dit 1én cudn diy pha va
nho d6 dé dang PC dong qua cudn day. Nhiam gidm ton hao déng/ngét cla van,
td nang tich lay khi dong chdy qua cuén ddy phai c6 kha nang dudc hoan
nguyén trd lai nguén (hinh 10.34, phai).

|1

|R]

0
(-]

)
— 1

—»
L Y

Hinh 10.34 Cuén déy pha a) khi ddn dong, va b) khi ngp dong ngude tré lai ngudn

D& md hinh héa MDTK ta viét lai phuong trinh (10.35), phuong trinh dién ap
ctia pha thit j (pha tich cuc) véi sy anh hudng cia tat ca cac pha con lai:

u;=Ri; + _‘Z_Zwkj " (10.39)
dt

Trong (10.39), 7 1a chi s6 cta cudén day dang dudc ta quan sat, m la sd pha
cla Stator. Tit (10.39) ta thu dugc:

u; = Ri, +%Z[ij(ik,go)ik] ‘ (10.40)
k=1

Céng thirc (10.40) chi ré: Dién cdm L; cta cudn day pha thit j, hé cam L,
gitta hai cudn day pha thit &, j khéng chi phu thude vao géc o (dic diém phan bs
khong déu dé tao momen), L; con phu thudc vao dong i; va Ly, vao dong i, (dic
diém bao hoa ctia cudn cam).

Tiép tuc khai trién (10.40) ta c6:

. m. | OL,: di di . OL,;
uj:le—i-Z by, —24. b+ Ly =2+, N (10.41)
k=1 3lk dt dt 8(70

Phuong trinh (10.41) 14 phuong trinh dién 4p ddy d cla mdt cudn ddy pha

Stator va 14 c6 s6 dé ta m6 hinh héa MDTK. Tit (10.41) ta rat ra cic nhan xét:

! PWM: Puls Width Modulation, diéu ché bé réng xung
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e Phuong trinh (10.41) 14 co sé dé ta x4y dung md hinh SIMULINK cho 1
- cudn day pha Stator. Néu MDTK c¢6 m pha, ta sé phai st dung m md
hinh SIMULINK 1 pha giéng nhau.

e Viéc chuyén mach gita m mé hinh SIMULINK 1 pha (chuyén mach giia
m pha) dudc thuc hién phu thudc vao géc ¢ (tai vi tri c6 bién thién dién
cam) d€ tao mémen theo ch& d6 cong tac (d6ng co hay may phat). Pidu
nay dugc thuc hién trén cd sd (10.34) va minh hoa qua hinh 10.35.

Vi tri d6ng truc

L A
Vi tri léch truc

[}
| ]
[ ]
[ ]
[}
1
1

f 5 v

@ @t "
a) !
i '

@ @i "

: i

: :

C) : go‘

Hinh 10.35 Dién cam L cia MPTK: a) Ddc tinh L Iy tuong phu thudc vi tri rotor ¢
b) Dong pha tao ché dé déng co; ¢) Dong pha tao ché'dé mdy phdt

e Biéu thic thi nhat ndm trong ngoéc cha (10.41) mé ta dic diém bio hoa
tit cia may dién. Néu tam coi dién cam L; va L,; khong phu thudc dong,
biéu thtc nay s& bang 0. Ta ¢6 md h1nh SIMULINK tuyén tinh (hinh
10.36a). Né&u bigt dudng dac tinh ti héa, ta c6 thé cat dic tinh vao mot
bang tra (Look-Up Table, hay Look-Up Table 2-D) va xay dung mé hinh
SIMULINK phi tuyén (hinh 10.36b).

._’ i
Gain
>
TETAON 1. (2D
> Lt Current
LA >
+ s ] T (3)
Rela Integrator
Iret Y 0 Inductance Torque mM
: —————» (1)
rem(u,pir2) : Inductance1
teta
Fcn
a)

TETAOFF
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Gain

S e —<& ¥ =
o ﬂ‘J Bh—=

=

Relay inegrator > Torge
Table Tabie
theta Fon b)

TETAOFF

Hinh 10.36 So dé SIMULINK mé phéng 1 pha ctia Stator: a) M6 hinh tuyén tinh (trang
trude); b) M6 hinh phi tuyén siz dung Look-Up Table

Vi dy, dé m6 phéng mdt MDTK loai 6/4, ttc 1a c6 6 cyc (= 3 pha) va 4 rang, ta
phai stt dung ba md hinh 1 pha (18y ti hinh 10.36a hodc 11.36b) nhu sau:

ret

v

Current
> theta
- TETAON
Torque ={r—]
¥ TETAOFF
Prase
Phase 1 orque
TETAOM Fcn3
et > [a]
Dongdien
{ U+TETAS !—b teta Total
L torque
L ; = Fen * plreTaon
TETACFF Fcn4 mamen
F|TETRO Infegrator  Gain Speed
Phase 2 Gaint
P ref . ]
Dongdien 5
~| U-TETAS feia IS graior T Treta
Lenl  lteETAoN
momen
| TETAOFF

Phase 3

urTETAIN
Fen2

Hinh 10.37 Sodé SIMULINK mo phong mdy dién tie khang loai 6/4

D& dang thay: Trong so d6 10.37 ta c¢6 st dung khau do vi tri Rotor (géc
Theta) va sau khi so sdnh Theta v6i cac géc TETAON (vi tri déng mach pha)
TETAOFF (vi tri cit mach pha), s @0 sé dua ra quyét dinh kich hoat cac pha.
Tac dung clia TETAON va TETAOFF sé sang td thém néu ta quan sat kj hai
phuong an & hai hinh 10.36a,b. Trong hai phudng 4n d6, khéi Switch (chuyén
mach: S-Function c6 tén cm) sé& trén cd s§ Theta, TETAON va TETAOFF dé chon
bién dua ra tinh dong i (theo cong thiic (10.41)) va tinh mémen clia pha (theo
cong thic (10.34)). Momen tdng cia MDTK ¢ dau ra sé dudgce tinh theo:

m >:=—Z dL(% )

(10.42)
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Dé hiéu ré hon chic nang vita mé ta ciia khéi Switch, ban doc hiy xem
doan ma quan trong nhat cia S-Function cm: Doan chuyén mach chon dai
luong dé€ PC dong i (DC theo kiéu 2 diém, bing cach chuyén mach van ban din:
khéi Relay).

% This function allow to chose the commutation instants
% of the semeconductor

function sys = mdlOutputs(t, x,u)
global V;
teta = u
e = u
i = u

u

u

TETAON
TETAQOFF =
sys = 0;
if (teta >= TETAON) & (teta <= TETAOFF)
sys = e;
elseif (teta > TETAOQFF)
CAif (1 > 0)
sys = -V;
elseif (1 <= 0) )
sys = 0;
end;
end;
% End of mdlOutputs.
Trong truong hop md hinh phi tuyén (hinh 10.36b) viéc tim gia tri dong dé
roi tinh momen dya trén két qua tra bang dic tinh tit héa. Trong trudng hgp
md hinh tuyén tinh (hinh 10.36a) ta phai st dung hai khéil Inductance (S-
Function L) dé tim dong i, va khéi Torque (S-Function T) dé tinh mémen caa
pha. Hai doan ma sau diy ciing 1 hai doan quan trong nhat trong hai script dé.
S-Function L

This function has to output the current
belong to flux and teta

e @
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function sys = mdlOutputs(t, x,u)
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global TETAS TETAX TETAY TETAXY TETAON TETAOFF TETAQ
global V AUP BUP ADOWN BDOWN DL A B LMIN LMAX

flux = u(l);

teta = u(2);

if (teta >= 0) & (teta <= TETAX)

sys = [flux/LMIN, LMIN];
elseif (teta > TETAX) & (teta <= TETAY)
sys = [(flux / (AUP * (teta - TETAX) + LMIN),

(AUP * (teta - TETAX) + LMIN)]:
elseif (teta > TETAY) & (teta <= TETAXY)
sys = [flux / (ADOWN * (teta - TETAY) + LMAX),
(ADOWN * (teta - TETAY) + LMAX)];
elseif (teta > TETAXY)
sys = [flux / LMIN, LMIN];
end;
% End of mdlOutputs.

S-Function T

This program computes the output torgue in one phase
with the input current and teta

o @

o°

function sys = mdlOutputs(t,x,u)
global TETAS TETAX TETAY TETAXY TETAON TETAOFF TETAQ
global V AUP BUP ADOWN BDOWN DL A B LMIN LMAX

i = u(l);

teta = u(2):

if (teta > 0) & (teta <= TETAX)
sys = 0;

elseif (teta > TETAX) & (teta <= TETAY)
sys = 0.5 * (DL) * (i*i);
elseif (teta > TETAY) & (teta <= TETAXY)

sys = -0.5 * (ADOWN) * (i*i);
elseif (teta > TETAXY)
sys = 0;

end;
% End of mdlOutputs.

Cac hinh anh tiép theo minh ho:t két qua mé phéng mé hinh MDTK theo so
d6 & hinh 10.37, phudng an tuyén t nh (so 6 1 pha theo hinh 10.36a). Tai day
cling can luu ¥ ban doc: Gidng nhu nhiéu vi du d qua, ta con phai soan thao
mt script véi tac dung khai bao ca: tham s6 cia d6i tuong DK va ché d6 mé
phdng. Script d6 sé dugc goi trude khi bat ddu qua trinh mé phdng.
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normalized Rotor Angle and normalized Inductance
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+ Angle [x 35md]
Inductance [x 0.€H]
0.5 / \ / \ / \ -
U U
0 1 1
0 0.02 ‘0 0.06 008 . 012 014 016 018 02
'_‘10 T T T L T T T T T
=
=
g
3 5t =
(&}
[13)
4
=
o 0 1 1 1 1 1 1 1 I}
0 0.02 004 006 008 01 012 014 018 018 0.2
4 T T T T T T T T T
£ ke el bl
£
w2 + Phase torque
gr Total torque
O 4 K
- TR I AR
0 | n . | L 1 b e
0 002 004 006 008 0.1 012 014 016 0.8 0.2
T L T T T T T T T
100 -
o
11}
E S0 q
[ i
U 1 1 1 1 | 1 1 ) A1
0 002 004 006 008 0.1 012 014 016 018 02

Hinh 10.38 Két qud m6 phong MPTK loai 6/4 vi mé hinh tuyén tinh (ti trén xudng):
1. D6 thi vi tri cia Rotor va dién cdm tuong ting; 2. Dong c6 DC (2 diém) cia 1
pha; 3. Mémen cia 1 pha (duong dém) va mémen tong; 4. Téc dé quay

D4 thi trén ciing clia 10.38 cho ta thdy rat rd dic tinh dién cdm phu thude vi
tri ctia Rotor (géc Theta) nhu hinh 10.35 dd minh hoa. D4 thi & hinh tiép theo
l1a dong dién chdy qua cudn day pha. D& dang thay ring dong da duge bom vao
cuén diy hoan toan phu thudc vao vi tri Rotor, tai sudn ting ctia d6 thi dién
cam, noi ma theo (10.34) mdémen quay c6 ddu dudng cin dé gia téc dong co.
Phén bam § dinh xung dong cho thay tac dung DK én dinh bién d6 dong (va do
d6 cia mémen quay) ctia khau DC 2 diém (khéi Relay). Phan mémen déng gop
cta 1 pha (hinh tiép theo: nét ddm) minh hoa thém: Xung dong pha chi déng
g6p. vao viéc tao mémen quay trong khoang (ma theo (10.34)) thuc sy théa man
diéu kién OL/3¢ = 0. Hinh 10.39 minh hoa phan b8 dién cadm ctia ba cuén day

pha Stator phu thudc vi tri Rotor.
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. Phase Inductances
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Hinh 10.39 Phén bé'dién cdm cia ba cudn déy pha (MPTK loai 6/4) phu thudc vao vi
tri cua Rotor

10.8 Tém tit ndi dung chuong 10

Sau khi d4 nghién citu kj chuodng 10, ngudi doc cAn nidm viing céc ndi dung

sau day: \

1. X4y dung mé6 hinh toin cla cac loai may dién hAhu: May dién mét chiéu
kich thich déc lap, may dién di bo Rotor long séc, may dién di bé ngudn
kép (con goi la may dién di by Rotor ddy quén), may dién dong bd kich
thich vinh clu, may dién dong bo kich thich déc lap va may dién tu
khang kiéu déng ngét.

2. Chuyén m hinh toan cia cac loai déng co ké trén sang md hinh trén nén
MATLAB va SIMULINK, theo phuong thiic so dd khéi SIMULINK, phlIdng
thttc S-Function kiéu m-File hay C-mex-File (sau khi thong dich chuyén
thanh .dli-File). Qua d6 rén luyén ky nang tao S-Function d€ tao ra
nhitng khéi SIMULINK méi.



11 Thu vién md hinh thiét bi bién doi (dién tr cong
suat)

Tung nhanh cta chuyén dong phic hop (hinh 10.1) déu do mét hé théng
truyén dong st dung mdt déng co dién thuc hién. C4u tric DK cha hé thong
truyén déng don thuong c6 dang nhu hinh 11.1 dudi day.

Khéu tao Khau Khau BC Khau Thiét bj
gia tri dat DC vi tri téc &6 quay DPCdong DK dign ap

A RS 8 N

Dong co

Hinh 11.1 Céu tric mét hé thong truyén déng don, tao mot chuyén dong nhdnh

Cau tric c6 nhiéu vong DC phan cdp trén 1a mot clu tric quen thude, véi
vong trong cung 1a vong DC dong c6 ddng hoc cao, nhdm muc dich ap dit
mémen quay (hay luc chuyén dong) véi téc do cao nhat! Vong ngoai tiép theo la
vong DC 6n dinh téc d6 quay, va ngoai cung (c6 thé ton tai, ciing ¢6 thé khong)
1a vong DC vi tri (hay géc). Diéu ta cin chu ¥ trong cfu tric la: Nam gitta khau
DC dong va déng co bao gid ciing la thiét bi tao dién ap DK, ban chat 1a thiét bi
dién tl céng sudt st dung van ban dan cé dong / ap 16n,

C4u tric trén cho ta thay su lién két chat ché giita thiét bi dién tu cong sudt’
va khau DC dong. Trong mdt sé trudng hdp, tham chi nguyén 1y DC dong con
quyét dinh dang clia mach DTCS. Chinh vi 1& nay, khi tién hanh mé hinh héa
thiét bi DTCS ta sé thuc hién hai phudng an: 1. Phuong an khéng cé vong PC
dong; 2. Phuong an c6 tich hgp ca vong DC dong. Nha d6, ngudi st dung sé ¢
nhiéu kha ning dé lya chon khéi thich hgp va d3 mat thai gian dé xay dung mé
hinh mé phéng. .

! Dién t cong sust: DTCS, Power Electronics
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11.1 Mb hinh c4u chinh luu 6 xung c6 didu khién cit pha

Mac du ¢6 kha nhidu phudng an mach chinh luu (viét tét: CL), trong muc
nay ta sé chi tap trung mé hinh héa cdu 6 xung duge diéu khién theo phuong
phap cit pha. Van ban dan st dung trong so d6 thudng la Thyristor (hinh

11.2a). -
Vi %fz Vs | Udec+
Udc_result
Uaﬁ
3~ Ub-—mm
Uc ==
110
a) V4| V5] V6] Ude-
2 2

/
/

B
/

e /

S
N\
/

N

RZ D,
<
<
~N
d

T~ s
)

\U U Ub .
o/ \lg’ N AVE RN o bas AN ) N
/ \ / \ / \ \ / \

(8

Vi V2| V2§ V3 V3i Vij V1| V2

V1 iV2iV2i{V3ivV3iVl]{VliV2 i
1,51 -1,5H

V6 | V6 i V4iVel Vs Vs Ve! Vs VB V6! V6| Va] V4l Vb V5! V6| V6
-2 i -2 :

b) )

Hinh 11.2 o) So d6 cdu chinh luu 6 xung siz dung Thyristor, diéu khién theo phuong phdp
cat pha; b) Dc_‘?c tink dién dp clia cdu khi géc cdt a = 0; ¢) Déc tinh dién dp cua
clu khigéc cit a 20

~ Hinh 11.2b,c m ta dang cla dién 4p ra, phu thudc vao dién ap luéi va géc
cat a, dong thai cho ta biét cac cap van nao dén dién trong ting khodng thoi
gian dng vdi géc 60°. Gia tri trung binh cda dién ap dit 1én dong co duge tinh
theo c6ng thitc sau:
7%4—&

1 ~ ~
U,, =— f Ucos(2rfi)dr  U=+2Uy (11.1)
6f —%+a

K&t qua tinh tich phén cla (11.1) sé 1a:
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__sin (W 6) :
U :U—7T————-cos(a)gl,35UN cos(cv) (11.2)
7
Uy Dién ap hiéu dung caa ludi

T cong thite (11.2) ta c6 thé tinh duge d& dang, khi dién ap luéi la 380V,
dién ap dau ra ctia cdu chinh luu sé& 1a 513V véi « = 0. Khi x4y dung md hinh
cdu chinh luu ta cdn luu §: Tin hiéu (dién ap) ra ctia khau DC dong 1a gia tri
ma cdu CL phai thuc hién. Tuy nhién, viéc thuc hién dé bao gid ciing bi tré mot
khoang thdi gian phu thudc vao géc cit a. Co thé xét téi hidn tugng nay bing
cach bd sung thém & ddu vao mét khau quan tinh bac 1 véi hdng s6 thdi gian
phu thudc tin s& 1udi (1/6)/fy. Khi mé hinh héa cdu CL ta s& khéng con cd hdi st
dung cac khdi ¢6 sn cia thu vién SIMULINK va con dudng duy nhat sé la: Soan
thao ham S tinh céng thitc (11.2) bing mét trong hai cach, hodc m-File, ho#c C-
mex-File. Hinh 11.3 giéi thiéu két qua cua cach gidi quyét véi C-mex-File.

Hinh 11.3 Trdi: Céu CL 6 xung (SR1)
vdi gid tri ddt do khoél
Repeating Sequence tao.
Duéi: Gid tri dién dp ddt va

1

Repeating gid tri dién dp thuc 6 ddu ra
Sequence ciia CL
To Workspace
Six-puls Bridge Rectifier
600 T T T T T T
AN i ‘
400+ AN i
|
200+ !
) | |
i .
° 1 . i
0 . b
8 ' 1 ‘
5 X
> I e R
-200}F . ;
! |
400 | [=~"Reference Voltage '_
—— Rectifier Qutput \
600 L 1 i I { | 1 L ]
0 0.02 0.04 0.06 0.08 " 01 - D12 0.14 0.16 0.18 0.2
] - Time|s] '

Mbt phuong phap mé hinh héa khac ciing c6 thé duge st dung mdt cach rat
1i hai: D6 1a sl dung cong thitc tinh phé ciia cdc séng hai (phu thudc o) chita
trong dién 4p ddu ra ciia CL. C6 thé tim th&y kha d& dang cong thic d6 trong
cac sach chuyén nganh vé DTCS. D4 thi cia dang dién ap ra chinh 13 tong cla
t&t ca cac thanh phan hai.
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zi:[a cos(nt)+b, sm(nt)]

f(t+2k7r)=f(t) (k=0,%£1,...)

Cac thanh phéan thudc (11.3) chi khac 0 d6i véi nhitng hai c¢6 tan s gdp (ntl)
lan tan s6 ludi va dudce tinh cu thé theo:

(11.3)

a, =Esin£cosa : (11.4)
V4
3 cos(a(n—kl))-cos(a(n—l)) i n 6k |
a,=1m n+1 n—1 (11.5)
0 khi n=6k
i 1 i -1
2 Sm(a(n+ ))_Sm(a(n )) Wi ne 6k
b,,zwr{ n+1 ' n—1 (11.6)
10 khi n=6k

K&t qua md phong sau khi mé hinh héa thiét bj CL theo cac cong thic (11.4),
(11.5) va (11.6) cung tudng tu nhu hinh 11.3.

Trong 161 md d4u ctia muc 10.2 ta da dé cap dén mé hinh CL c6 kém theo
khau DC dong. Viéc thiét k& xap xi khdu DC s6* xuat phat tit cAc tham sb cia
MDMC (dd dinh nghia 6 cac muc 9.1 va 10.1.1) va dugc tién-hanh thanh hai
buéec. i

e Budc 1: Thiét k& khau DC trén mién tdn s6 (mién anh Laplace).

v, R -
G, (s):VP+—s’— v, :#;szl/,TA (11.7)

z
véi: Ty =1/6fy; T, =L,/R,

e Bubc 2: Gian doan héa khau DC (11.7)
Vo +(V, T =V,)z™" 1+dz™"
G.pi (2)= ( 0 ) =Vp =
l—z -z
v8i: T = chu ky trich miu, d, :VIT/ -1 '

(11.8)

Hinh 11.4 gidi thiéu sd dé SIMULINK md phéng hé truyén dong dién mot
chiéu, st dung mé hinh cdu CL theo cac cbng thic (11.4) - (11.6) c6 cai dit khau
DC dong. Két qua mé phéng mot qué trinh khdi déng va dst bién phu tai duge
gidi thiéu & hinh 11.5.

! Khau DC s6: Digital Controller
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! I p| V0TSV
g0008s+1 | | .
Speed Filter s "SRV > o N
Reference bear. V.12 GSM3 { ‘
PI1 Rectifier Scope
DC Motor
out
Load Norm To Workspace

Hinh 11.4 M6 hinh hé truyén dong dién mét chiéu si dung cdu CL 6 xung (SR-V1) ¢6

khdu PC dong phdn ing

300
200

100

-100°

-200 — -------- h

<300 |- ereennrdrenaae e }--i

DC-Motor fed by Current-controlled Converter
500 ! j ! ! ; ! ) '
: : : ; i | ~-- Reference Speed
400 —— Real Speed o

-— - Torque

.....................................

400 i

Time [s]

Hinh 11.5 M6 phong qud trinh khdi dong va dét bién tdi si ding so d6 & hinh 11.4

11:2 M6 hinh nghich luu bam xung nguén ap

Nghich luu bdm xung nguén dp' 1a dang thiét bi DTCS rat quan trong, dugc
st dung dé DK cac may dién xoay chiéu ba pha (XCBP). Nghich luu (NL) c6
nhiém vu tao ra mét hé théng ngudn XCBP c6 bién d6, tdn s6 va géc pha theo
nhu ¥ muén. Nghich luu nguén ap (NLNA) bao gid ciing dugec nudi bdi mot
ngudn dién ap mdt chiu Upc (hinh 11.6).

! Pulsed Voltage-Source Inverter: Pulsed VSI
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+
u+ v+
Une T

u- V-

AN /

VT .

a) Chiim xung kich d&n tit vi xu 1y
Pha v B

. &
‘h

é) 3 O
L opriadd e

AN /' Sg :
Wy Ug
b) Pha w

Hinh 11.6 a) So d6 mach nghich luu nguén dp nudi mdy dién XCBP; b) Cdc vector dién dp
chudn ug u, ... uy tao bdi ba nhdnh van IGBT (Q, ... Q. gbc phidn tu; S, ... Ss:
goc phan sdu)

Bing ba nhanh van ta c¢6 thé tao ra 8 trang thai légich, tng v6i 8 vector dién
ap chuén g, 1, ... u,. Trong d6, hai vector u, — cd ba cudn ddy néi vdi cuc dm —
va u, — cd ba cuén ddy néi vdi cuc duong - 1a cac vector c6 module bang khong.
Vi tri tuong ddi cta cac vector chuén so véi cac truc a, p duge minh hoa & hinh
11.6b. Vector chuan chia khong gian vector thanh cac géc phan sau S, ... S,
(Sector) va géc phan tu Q, ... Q, (Quadrant). Trang thai 16gich cla cac nhanh
van duge tap hgp trong bang sau.
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Pha| wg | uy | uy | ug [ u, | uy | ug | uy
u 0 1 1 0 0 0 1 1
v 0 0 1 1 1 0 0 1
w 0 0 0 0 1 1 1 1

D& thuc hién mdt vector dién ap bat ky, vi du: u, dang ndm trong S, (hinh
11.7, trai), ta tach u, theo hudng cia hai vector chudn thudc Sector d6 thanh
hai vector bién phai u, va bién trai u,. Tt d6 ta quy van dé thyc hién u, thanh
viéc thuc hién hai vector chuén (trong vi du) u, va u, trong khoang thdi gian T,
va T, (hinh 11.7, phai) Gng véi:

Tp Z[Tpuls]|u(u‘p' T :[Tpuls] lutl : |uS|max :§'UDC (119)

max

000 {100 110 | 111 110 [100{ 000 | 100

Hinh 11.7 Trdi: Thue hién vector dién dp bdt ky bang hai vector bién; Phdi: MGu xung
cta vector dién dp thuic géc S,

D& dang thay ring: D€ tinh module cla hai vector bién ta sé phai st dung
cac cong thitc khac nhau, duge tap hgp trong bang 4 trang tiép theo. Mic du
bang d6 c6 chita nhiéu cong thite, ching vin c6 thé quy vé dude chi ba biéu thic
sau:

St

a=|u b=|usa|—-3—

1 . — 2
Ba biéu thic thudc (11.10) 1a xust phat diém dé ta diéu ché dién ap u,, DK
cac nhanh van cia NLNA, khi ta da biét vector u, ndm & Sector nao (vi tri cla
u,). P& xac dinh vi tri ta thuc hién cac budc:
o Xét diu cla u,, va u,sdé tim goc phan tu cla u,.
e Biéu thtc b d8i d4u khi u, di qua bién giéi gita hai géc phan sau. Xét
d&u cua b dé xac dinh géc phén sau cla u,.
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’“PI fu|
S, Q ’us"‘ - % Usp 75 Yss
‘ Q, |um‘ + 71? Uy —|usﬂ | + 715— Uy,
| bl | bl
S; | Q % Ugy |usa| - 'j? Ugy
S| Q| [mal =l Fles
s, Q. . |+ T [Ues O R 7
Q, luts, | + T |4es leteo |+ s
S¢ | Q4 e N

Thuat toan diéu ché vector bao gdm hai budc chinh: 1. Xac dinh vi trf ctia u,
dé chon coéng thic tinh module clia hai vector bién; 2. Tinh thdi gian déng ngit
cac van IGBT theo (11.9). Luu d6 thuat toan dudge gidi thiéu & hinh 11.8.

Nhap s6 liéu u

S

vau,,

Tinh cac bidu thic a, b va ¢ theo cong thic.(2.7)

Sai

u,<0?

" Dung

Sai

u,<07?

Dung

Pung

u, <0? .
s Sai

Q

Q.

Qs

Q.

~b<07?

Sai Ping

b<0?

Dung Sai | Sai

b<0?

b<0?

Pung | Duing ™% Sai

S, S/Q,

S/Q, | S

S,

Sy/Q,

S/Q, Se

i

Tinh thdi gian déng ngét theo cong thic di chudn bi

Xu#t thoi gian ra tAng dém khién van IGBT

Hinh 11.8 Luu d6 thudt todn didu ché vector dién dp ba pha

Véi thuat toan 10.47 ta c6 thé diéu ché, tao rat chinh xic vector dién ap,
chuyén thanh dién ap XCBP dit 1én d6ng co. Tuy nhién, khi mé hinh héa NLNA
ta s& ludn phai tra 16i cdu hoi: NLNA d6 duge DK theo phuong phap nao? Bdi vi,
diéu ché vector d4au c6 phai la phuong phap DK duy nhAt.
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Mic du, v8 1y thuyét ta vAn c6 thé tao dugec md hinh NLNA mang dic diém
déng ngét thuan tdy. Trong trudng hogp diéu ch& vector, NLNA chi c¢on mang
dac diém cha khau tré mot chu ky trich miu (khau z*) va luén gin lién véi
khau DC dong phia trude. Vi vay, € thuan tién ta ¢6 thé ghép ludn thuat toan &
hinh 11.8 ho#c vao md hinh cia khau DC dong § phia trude, hodc ciia may dién
XCBP 4 phia sau theo dong tin hiéu cla ciu tric hé thong.

Phuong phap t6t nhat van 1a tao ham S theo mét trong hai cach: script m-
File hodc C-mex-File. Dudi day ban doc c6 thé tham khao hai trich doan quan
trong nh#t trong C-mex-File cia MDDB soan theo md hinh (10.11), di kém mbd
hinh NLNA theo thuat toan ¢ hinh 11.8:

/*********************************************************

* ASMABPWM.C: C-MEX~File to simulate the 3-phase

* induction motor in stator-fixed coordinates inclusive
* voltage-source inverter, pulsed by vector modulation
* algorithm.

* Motor paramters

* Lr Rotor inductance

* Ls Stator inductance

* Rr Rotor resistance

* Rs Stator resistance

* Lm Mutual inductance

*
*

pc Number of pole pair

*
*
*
*
*
*
*
*
*
*
*
*f******************************************************

/

// Function for computing the 3-phase IM

static

void ASM Model (x,Derivative,we,Usa, Usb)
double *x,*Derivative,we,Usa,Usb;

/* boan tinh mdé hinh trang thai MBDB */

/*.Brguments: States x for IM-states current and flux,
derivative of diff. equations, we-electrical speed,
Usa, Usb-~components of stator voltage */

{ Derivative[Q0] = - Tsig_1l * isax + Tr_sig 1 Lm * Psirax

+ Tr_sigl 1 Lm * Psirbx * we
+ Lsig_ 1 * Usa;
Derivative[l] = - Tsig_l * isbx + Tr_sig_l Lm * Psirbx

- Tr_sigl 1 Lm * Psirax * we

+ Lsig_ 1 * Usb;

Tr 1 Lm * isax - Tr 1 * Psirax

- Psirbx * we;

Tr_ 1 Lm * isbx - Tr_1 * Psirbx

+ Psirax * we;

Derivative[2]

Derivative[3]

} ]
// Ende ASM-Funktion
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/* Phuong phap tich phan hai bubc */
// Function to implement the double-step integration method
// First step
static
void PreCorl (Derivative,State,T_integration)
double *Derivative,*State,T_integration;

{ int i;
for (i=0;i<4;i++)
State[i] = State[i] + Derivative([i] * T _integration;

}
// End of the first step

// Second step

static

void PreCor2 (Derivativel,Derivative2,State,T integration)
double *Derivativel, *Derivative2, *State,T integration;

{ int 1i;
for (i=0;i<4;i++)
State[i} = State[i] + (Derivativell[i]

+ Derivative2[i]) * 0.5 * T integration;
}
// End of the second step

/* mdlUpdate: Thudt toan diéu ché€ vector */
/* mdlUpdate - perform action at major integration
* time step */
static void mdlUpdate (x, u, S, tid) :
double *x, *u; ;
SimStruct *S;
int tid;
{ { int State_vec;
double usa_1l,usb l,usa _r,usb r,u r,u 1;
double usa_abs,usb_abs,u_vec; '
double w_el,T_r,T_1,T zeros,Time_abl[4],Time_ab2[4];
double State_memory(4], aux;
// Computing the modulation algorithm
w_el = w_mech * zp; // Computing electrical speed
usa_abs = fabs (usa); // Axiliary variables
usb_abs fabs (usb) * one_divides sqrt3;
u_vec = usa_abs - usb abs;
State_vec = ((usb < 0.0) << 2) + ((usa < 0.0) << 1)
+ (u_vec < 0.0);

Il

/* Tinh module vector bién phai, bién trai: u_r, u 1l */
// Determining current sector

switch (State_vec)

{ case O0: // Q degree <= angle < 60 degree
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{ ur=

ul
usa

usa_
usb_
usb

}
break;

r
1

usa_abs - usb_abs;
usb abs + usb_abs;

r =

1

case 1l:
{ uwr =

u_ 1l

usa_
usa_
usb_
usb

}

break;

r

1
r

l_.

case 3:
{ ur-=

ul
usa

usa_
usb
usb

}

break;

r
1
r
1

case 2:
{ ur-=

u 1l
usa

usa_
usb
usb

}

break;

r
1

case 6:
{ ur-=

u l

usa_
usa_
usb_
usb_

}

break;

r
1
r
1

case 7:
{ ur-=

udc;

udc_divides 2;

0.0;
udc_mult sqrt3 divides_ 2;

// 60 degree <= angle < 90 degree
usa abs + usb_abs;
-usa abs + usb_abs;

udc_divides 2;

-usa_r;
udc_mult_sqrt3_divides_2;
usb_r;

// 90 degree <= angle

-usa_abs + usb_abs;
usa_abs + usb_abs;

udc_divides 2;
-usa_r;
udc_mult sqrt3 divides_ 2;

= usb_r;

// 120 degree <= angle

usb_abs + usb_abs;
usa_abs - usb abs;
r =
1 =

-udc;
= udc_mult_sqrt3_divides_2:
= 0.0; .
// 180 degree <= angle
usa_abs - usb_abs;

-udc_divides 2;

usb_abs + usb_abs;

-udc;

= -udc_divides 2;

0.0;

-udc_mult sqrt3_divides_2;

i

< 120 degree

< 180 degree

< 240 degree

// 240 degree <= angle < 270 degree
usa_abs + usb_abs;
u 1l = -usa_abs + usb_abs;
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usa_r
usa_1

= -udc_divides_2;

usb r =

usb 1
}
break;
case 5:
{ vwr =
ul =
usa_r
usa_1
usb _r
usb_1
b
break;
case 4:
{ vwr =

ul =

-usa_r;
-udc_mult sqrt3_divides_2;
usb r;

// 270 degree <= angle < 300 degree

-usa_abs + usb_abs;
usa + usb_abs;

-udc_divides 2;

= -usa_r;

-udc mult _sgrt3 d1v1des _2;
usb_r,

// 300 degree <= angle < 360 degree

usb abs + usb_abs;
usa abs - usb_abs;

.usa_r =
= udc;

usa 1
usb r
usb 1
}
break;
}

udc _divides_2;.

-udc_mult_sqrt3_divides_2;
0.0:

/* Tinh thdi gian déng ngit vector bién phdi, trai */
T r = Tpuls half * u r / udc; // Switch-time ri-vector
T_1 = Tpuls_half * u_ "1 / udc; // Swite¢h-time le-vector

T zeros

if (T _zeros < 0.0)

{ T _zeros
Tpuls_half / (T r + T_1);

aux =
T r
T1

}

=T

T

Tpuls_half T r-T 1;

// Switch-time zero vector
// Activating the limits

= 0.0;

r * aux;

1 * aux;

// Nudi ASM bing cac vector bién m&i tinh duoc
// Tpuls/2 th&¢ 1 (hinh 11.7, phdi): Right - Left - Zero
// ASM-Model with right margin vector

State memory(0] = isax;
State memory([l] = isbx;
State memory[2] = Psirax;
State memory[3] = Psirbx;

ASM_Model (&x[0],&Time_abl,w_el,usa_r,usb_r);
PreCorl (&Time_abl, &x([11],T r);
ASM Model (&x[0],&Time_ab2,w el,usa r,usb_r);
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PreCor2 (&Time_abl, &Time ab2,&State_memory,T_r);
isax = State memory([0];
isbx = State_memory(l];
Psirax = State memory(2];
Psirbx = State memory{3];

// ASM-Model with left margin vector
ASM Model (&x[0],&4Time abl,w el,usa l,usb _1);
PreCorl (&Time_abl, &x[11]},T 1)
ASM Model (&x[0],&Time _ab2,w el,usa 1,usb 1);
PreCor2 (&Time_abl,sTime abZ2,&State memory,T_1);
isax = State_memory[0]};
isbx = State_memory(1l];
Psirax = State_memoryl(2];
Psirbx = State memory[3];

// ASM-Model with zero vector
ASM Model (&x[0],&Time abl,w e1,0.0,0.0);
PreCorl (&Time_abl, &x[11],T_zeros);
ASM Model (&x[0],&Time _ab2,w el1,0.0,0.0);
PreCor2(&Time_abl, &Time_ abZ2, &State memory,T_zeros);
isax = State_memory(0];
isbx = State memory([l];
Psirax = State memory(2];
Psirbx State memory([3];

// Tpuls/2 thir 2 (hinh 11.7, phai): Left - Right - Zero
// ASM-Model with left margin vector \
ASM_Model(&x[O],&Time_abl,w_el,usa_l,u§b_l);
PreCorl (&Time_abl, &x([11],T_1);
ASM Model (&x[0]),&Time ab2,w el,usa_l,usb 1);
PreCor2 (&Time_abl, &Time_ab2, &State_memory,T_1);

isax = State memory[0];
isbx = State memory(l];
Psirax = State memory([2];

Psirbx = State memory[3);

// ASM-Model with right margin vector
ASM Model (&x[0],&Time_abl,w el,usa_r,usb_r);
PreCorl (&Time_abl, &x[11],T r);
ASM_Model (&x[0],&Time_ab2,w_el,usa_r,usb_r);
PreCor2 (&Time_abl, ¢Time_ab2, &State_memory,T_r);
isax = State_memory([0];
isbx = State_memory(1];
Psirax = State memory(2];:
Psirbx = State memory[3];

// ASM-Model with zero vector
ASM Model (&x[0], &Time_abl,w_el,0.0,0.0);
PreCorl (&Time_abl, sx[11],T_zeros);
ASM_Model (&x[0], &Time_ab2,w e1,0.0,0.0);
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PreCor2 (&4Time_abl, &Time_ab2, §State_memory,T_zeros).;
isax = State memory[0];

isbx = State memory[l];

Psirax = State_memory[2];

Psirbx = State memory([3];
}
}
PWM-fed Hinh 11.9 glél thiéu qué
ASM trinh khdi déng ty nhién
sin i caa MDDB. Diéu dang chu
->alb ASM .9 3a . 9 5 .
™ PwR ¥ ¢ day la anh hudng cua
Net ™ viéc bam xung ap téi thanh

ToWorspace  phAn hai cla mémen quay
(hinh 11.9, dusi).

PWM-fed Induction Motor
T T

[o] 05 1 15 2 25
Time [s] .

PWM-fed Induction Motor
18 T T T T T —
: : : : —— normalized Torque
16 « normalized Speed
1 .4 3 N

12
1
08
06|
04
02F i
0

'0‘?45 15 155 16 1)
Time [s]

Hinh 11.9 Trén: So d6 mé phéng NLNA tich th sdn vao mé hinh MPDB; Giita: Khdi déng
tu nhién (khong c6 DK) va bude nhdy phu tdi; Dudi: Viéc bém xung dién dp dé
86y nén hai béc cao trong mémen quay.
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11.3 Mb hinh nghich luu nguén dong nudi Meos

K¢ thuat PK nghich luu theo phuong phap bam xung st dung NLNA md ta &
muc 10.2.2 1a bude phat trién cao trong PK may dién XCBP. K§ thuat d6 xuat
hién ddong thoi véi sy ra ddi clia cac linh kién ban dan céng suit loai IGBTY,
hodc GTO? Trong céac ting dung doi héi chat lugng thap hon, ré hon ma coéng
suat lai 16n, thuong ta st dung giai phap nghich luu nguén dong® (NLND). Cac
mach NLND — k& tit giai doan mdi phat trién — chii y&u st dung Thyristor (hinh
11.10), la loai linh kién c6 toc d6 déng ngit cham.

Chinhluu  Khang loc Nghich uu
ddu vao nudi-may dién

TI1| Ti2{ TI3 T‘_& : Tz_& . v

Ludi | = Maiy dién

nguén D1 ¥ C3 D2 \ 4 D3 A 4 XCBP
Ua —mm— / M

3~ Ub-mm 3~
Uc —mm Dty D5 D6 w

C4qy T Cb
i T |
A A {

I
TI4| TI5| TI6| T4 ¥'_(|36 M5 % T6 %

T

L
= 11

Hinh 11.10 So d3 thiét bi nghich luu nguén dong sit dung Thyristor

Khé khan cht y&u khi st dung van Thyristor 1a dic diém c6 thé cha dong
mg van (kich hoat dan dong), nhung lai khéng chl ddng ngit van dudc (ngiing
hoat dong dan dong). Mach ciu 6 xung (hinh 11.2) cling st dung Thyristor va
phai nhd vao thé ning cha ludi dé chuyén mach van. Nhitng mach hoat déng
doc 1ap nhu NLND (phan mach bén phai hinh 11.10) nuéi may dién XCBP phai
st dung mét mach dap d€ chuyén mach.

Thiét bi NLND bao gid ciing c6 ba thanh phén (hinh 11.10):

e Phén chinh luu ddu véo véi nhiém vu PC 8n dinh dong ipe cia mach
mot chi€u trung gian. Gia tri cia ipc quyét dinh bién d¢ cia dong may
dién (cé tac dung diéu khién mémen quay). CL sit dung dién ap ludi dé
PC dong iy (PC mémen).

e Phdn mach mét chiéu trung gian st dung cudn khang loc véi nhiém vu
han ché hai dong cla ip.

! IGBT: Insulated Gate Bipolartransistor
% GTO: Gate Turn-off Thyristor
8 Current-Source Inverter: CSI; nghich luu nguén dong: NLND
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e Phén nghich luu nudi mdy dién XCBP chi c6 nhiém vu chuyén mach
dong, tic 12 tao tAn s8 cla trudng quay va qua dé diéu khién téc dé quay
cua may dién.

Vay la: May dién XCBP dugc van hanh theo ch& do cdp dong dang Block
(hinh 11.11), tu thdi diém md téi thoi diém ngit van sé chiy qua cudn day clia
may mot dong khéng d6i (chtt khéng phai dang sin nhu khi st dung NLNA). Gia
tri ctia khang loc (mach mét chiéu trung gian) dugc thiét k& tu s6 liéu cia may
dién va tit yéu cdu vé phd hai clia dong. DE tim hiéu van dé nay ban doc sé& phai
tra citu thém céac tai liéu chuyén siu.

Hinh 11.11 Dang dong mach mét chiéu trung gian vd cde dong pha cia mdy dién

Thong qua cac 1y giai ngén gon trén vé& nguyén 1y cia NLND ta da c6 thé dua
ra mdt s6 yéu cau khi mé hinh hoa.
e Mo hinh phai c¢6 mét vong DC dong véi nhiém vu DK dong chdy qua
mach mot chiéu trung gian. Gia tri dong dugc tinh theo:

I, = I \14 T2 (11.11)

T, Hingsdthdigian Rotor I, Module dong Stator
w  Tén s6 mach Rotor I Déng tit héa cia may dién XCBP

"
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Xudt phat tit gia thiét MPDB duge van hanh véi tit théng hang, dong Stator
sé& bao gbm thanh phan dong tit héa (tao tit thong) va thanh phan tao mémen
(thudng tit khau DC tdc d6 quay t6i). Pé phan tach dugc rd rang hai thanh phan
d6, vong PC dong sé& phai dudc cai diat trén hé toa do dg (hé toa d6 tit thong,
xem muc 10.1.2)

e Vi tri géc cia hé toa dd dg dugc tinh theo cong thic dudi day (rit ra tit

(11.11))

9, = arctg(Tw,) (11.12)

Goéc tim duge theo (11.12) sé& (tuy theo chiéu quay) dude chon gan cho mot
trong cac vector dong chuan thudc bang dudi day.

Phaa | Phad | Phac | Géccta vector dong
L 0 I 30°
0 1. I, 900
I 1, 0 150°
I 0 I 210°
0 I 1 270°
1, 1 0 3300

Vi du: Khi tinh dude 8, = 78° va MPDB dang quay theo chiéu dudng, vay ta
chon vector dong chuén tng vdi goc 90°, va (theo so @6 ¢ hinh 11.10) hai van T2
va T6 1a hai van din dong. Hay véi 9, = 250° va MDDB dang quay theo chiéu
am, ta chon vector chudn tng véi gée 210° va hai van T3, T5. Viéc lya chon
vector nao (trén cd sd thong tin vé géc) do khau Logic didu khién (hinh 11.12)
dam nhiém. i

I i Khéu Psl tugng

Y c i

Déura *lref [—’ BC dong BC dong 1 Xuit cac

k}}ﬁu DC thanh phin

téc d6 quay > i don
Taoham | Vitrigoc b tiin [ >

Hinh 11.12 Khdi qudt nguyén ly mé hinh héa nghich luu nguén dong

Khi st dung khoi NLND (tao theo theo nguyén tic mé ta & hinh 11.12) ta
phai nhé: Khoi NLND sé trao cho mé hinh MDDB dong dién duéi dang khdi (chi
khéng phai la dién 4ap), vi viy mé hinh MDDB sé phai 14 mé hinh nguén dong.
Tai myc 10.1.2 ta di nhic dén van d€ nay: Mé hinh sé& chi con bao gém hai
phuong trinh tha 3 va 4 cia hé Error! Reference source not found., tic 1a
han ché& vé chi con hai phuadng trinh ti théng, dong Stator da duge NLND (chtt
hoan toan khéng do ddng co) quyét dinh.

Do c4u tric NLND c¢6 kém theo vong DC nén trd thanh kha phiic hdp, ta sé&
thyc hién mé hinh bang C-mex-File nhu doan ma dudi day:
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/********************************************************

* CSI.C: C-MEX-File to simulate the current-source *
* inverter feeding a 3-phase induction motor in alpha- *
* beta-coordinates *
* Syntax: [sys,x0] = csi(t,x,u,flag,p) *
* Parameter p[Rr,Lr] *
* Rr Rotor resistance *
* Lr Rotor inductance *
********************************************************/
#define S_FUNCTION NAME csi .
$¥include "simstruc.h"
#include <math.h>
/* Input variables: */
fdefine I s uf0] /* Reference stator current */
fdefine w r ufl] /* Slip frequency (Output of

speed controller) */
#define Psira ul4] /* Rotor flux Psira of IM (State) */

#define Psirb u[5] /* Rotor flux Psirb of IM (State) */

/* State variables: */

$#define isa x[0] /* Stator current alpha */
#define isb x[1] /* Stator current beta */
#define Tr x[2] /* Rotor time constant */

/* Auxiliary variables: */ ‘
ftdefine TWO PI 6.28318530718 i
#define sign(x) (x==0.0720.0:((x>0.0)?21.0:-1.0))
/* Definition of Sign-Function */

/* The current inverter was made under the following

* acceptances: ’

* 1. The 6 standard current vectors have to be switched

with 2/3 pi switch-on

The commutation events are not noticed

The dead-time of the signal processing will be one

integration step

The netside-converter is a current-source, feeding

the IM with a delay of 6éms (because of stator time

constant, DC-link inductance and sum time constant)
The current controller is a PI-controller, designed
by magnitude optimum

The motorside-inverter switchs on the possible

* vectors, chosen by the load angle (=arctan(Tr*wr)
********************************************************/

w N

w

* % ok A o o ok A A F
o

o)

/* Defines for easy access of p, xo matrices which are
passed in */



11.3 Mo hinh nghich luu nguén dong nuéi MDDB 393

$define p ssGetArg(SsS,0)

/* mdlInitializeSizes - initialize the sizes array */

static void mdlInitializeSizes(S)

SimStruct *5;

{ ssSetNumContStates(S,0); /* Number of contin. states */
ssSetNumDiscStates(S,3); /* Number of discrete states */
ssSetNumInputs (S, DYNAMICALLY SIZED);

/* Number of inputs */
ssSetNumOutputs (S, 2) ; /* Number of outputs */
ssSetDirectFeedThrough (S, 0);

/* Direct feedthrough flag */

ssSetNumSampleTimes(S,1); /* Number of sample times */

ssSetNumInputArgs(S,1); /* Number of input arguments */

ssSetNumRWork (S, 0) ; /* Number of real work vector
elements */

ssSetNumIWork (S, 0); /* Number of integer work
vector elements */

ssSetNumPWork (S, 0) ; /* Number of pointer work

vector elements */

}

/* mdlInitializeSampleTimes - initialize the sample times
* array */

static void mdlInitializeSampleTimes (S)

Sim$truct *S;

{ ssSetSampleTimeEvent (S, 0, 0.0);
ssSetOffsetTimeEvent (S, 0, 0.0);

} ,

/* mdlInitializeConditions - initialize the states */
static void mdlInitializeConditions(x0, S)

double *x0;

SimStruct *S;

{ double Lr,Rr;

Lr = mxGetPr(p) [1]; /* Rotor inductance */
Rr = mxGetPr(p) [0]; /* Rotor resistance */
x0[0] = 0.0;

x0[1} = 0.0;

x0[(2] = Lr / Rr;

}
/* mdlQutputs - compute the outputs */
static void mdlOQutputs(y, X, u, S, tid)
double *y, *x, *u;
SimStruct *S;
int tid;
{ y[(0] = isa;
v([(1l] = isb;
}
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/* mdlUpdate - perform action at major integration time
* step */

static void mdlUpdate(x, u, S, tid)

double *x, *u;

SimStruct *S§; |

int tid;
{ int i, point; /* Remember */
double T[7] = {(0.0,1.04719755,2.0943951,3.141592654,

v 4.1887902,5.2359878, TWO_PT};
double S1(6] = {(0.866,0.0,-0.866,-0.866,0.0,0.866};
double s2{6] = {0.5,1.0,0.5,-0.5,-1.0,-0.5}7;
double move = 0.0,FluxAngle,theta;

/* Computing of the current flux angle (position of the

flux vector) */

if (sign(Psira < 0.0))
move = TWO PI * 0.5;

if (Psira == 0.0)
FluxAngle = TWO PI * 0.25 * sign(Psirb);

else B
FluxAngle = atan(Psirb / Psira) + move;

if (FluxAngle < 0.0) FluxAngle = FluxAngle + TWO PI;

/* The absolute angle of the current . .vector to be switch-on
results from the load ahgle (atan(Tr*w_r) and the flux
angle */

theta = atan(Tr * w_r) + FluxAngle;

)
4

/* Limiting the angle on 0 <= theta <= 2PI */
if (theta >= TWO PI)
theta = theta - TWO PI:
if (theta < 0.0)
theta = theta + TWO PI;

for (i=0;i<6;1i++)
if ((theta >= T[i]) && (theta < T[i+1]))

point = 1i;
isa = I_s * Sl{point]:
isb = I s * S2[point];

}

/* mdlDerivatives - compute the derivatives */
static void mdlDerivatives (dx, x, u, S, tid)
double *dx, *x, *u;

SimStruct *S;

int tid;

{

}
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/* mdlTerminate - called when the simulation is
terminated */

static

void mdlTerminate (S)

SimStruct *S;

{1}

#undef
#undef
#undef
#undef
$undef
#undef
#undef
#undef
#undef
#undef
#ifdef

felse

X0
p
TWO_PI
Psira
Psirb
isa
isb
mm

W r

I s

MATLAB MEX FILE /* Is this file being compiled
as a C-MEX-file? */
#include "simulink.c" /* MEX-file interface mechanism */

#include "cg sfun.h" /* Code generation registration
function */

fendif

Pén day chéc chin nhitng ban doc d3 xem kj doan ma trén sé c6 nhan xét:
Néu theo cdu tric cia NLND (mb ta & hinh 11.12), doan mi dé méi thuc hién
hai kh&i tgo ham (tinh géc) va logic diéu khién (dua dong téi dau ra theo géc da
tinh). Pay 1a nhan xét chuin xac, dé hoan thién ta sé con phai bd sung thém
mot khau DC véi dic tinh PI va mét khau PT, thay cho mé hinh d6i tugng DC
dong. C6 thé bd sung bing cach 14y cac khdi c6 sdn tit thu vién ctia SIMULINK.
Dé thlt nghiém ta xdy dung hé thong truyén déng sit dung MDDB nudi bdi
NLND nhu hinh 1113

A $+2 N
4— . I-il?vevghlerm ASM
Speed_Ref 3 I-Einpr. C3
Current-Source
Inverter Current-fed
o ASM

Speed _.Ib__
Controller

m-Norm

Mass ab-» | Ish

m_

Load

3

abe [ |qc
{saipha
=t|sbe ab-»abt

Demux

m_
Isa _QBs

5

Scope

doWorkspace

Hinh 11.13 M6 hinh hé truyén dong(doi /16i chdt litong thép) co 6n dinh tée dé quay, stz
dung MDDB nuéi bdi nghich lu -« nguon dong
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Hinh ti&p theo minh hoa cac két qua md phéng thu duge tit so d6 11.13.

0 Speed-up and Load Step of CSl-fed 3-Phase Induction Motor
35 T T T '. l. l. T

300

250

200

| - : [
150} . ”ﬂfli}'}; d l‘\‘”h‘tlin‘ !H"!\| |1| bl |”"H!h| |

100

50

Torque [Nm], Speed [RPM]

50 H LA ot e Sl —— Motor torque
; ; " : : ; == Motor speed
-100L— ' : i ' ' L i
1 1.5 2 25 3 35 4 45 5
Time [s]

Motor Current Blocks
200 T T T T T T s

isa.b,c[A]

Isa [A]

Isb [A]

Isc [A]

1 1 1
1.56 1.58 16 ] 162 164 1.66 1.68
Time [s) :

Hinh 11.14 Nta trén: Ddc tinh mémen va téc d6 khi khdi déng va dot bién tdi; Nita
dudi: Dang cta ba dong pha

Qua hinh 11.14 ta thay r6 chat lugng tuong d6i thdp clia mémen quay, thé
hién qua bién d6 kha 16n clia ciac thanh phidn mémen hai. Dang Block ctia ba
dong pha duge (so v6i hinh 11.11) minh chiing 6 nita hinh duéi, day chinh la
nguyén nhin sinh ra hai trong mémen quay.
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11.4 Mb hinh thiét bj bién ddi truc ti€p nudi Mobs va Mpps

Thiét bi bién doi truc tiép* (BDTT)la loai bién tan véi kha nang chuyén truc
tiép tan sO ludi sang tan so cong tac cia may dién ma khong cdn qua mach mot
chiéu trung gian. Vi khéng qua mach DC trung gian, tan s6 tao dugdc & ddu ra
bao gid ciing bé hon tdn sé ludi. Thist bi BDTT dudc stt dung dé diu khién may
dién XCBP c6 cong suit rat 16n thudc pham vi MW. Nhitng hé truyén déng nay
thuong hay thay trong céng nghiép ning, vi du: Trong cac day chuyén can thép.
Hinh 11.15 m6 ta so d6 nguyén ly ¢tia thiét bi BDTT.

Ua
3~ Ub

T
17

(XX

g

Thiét b Thiét bj _ Thigtbi
bi&n ddi a bién ddi b ll» bién &6i ¢
i, L

l
T

Hinh 11.15 S0 dd nguyén ly thiét bi bién doi truc tiép, si dung trong cde hé théng
truyén dong cong sudt rét lon

Thiét bi bao gébm ba thanh phan danh cho ba pha, vA mdi thanh phan dugc
c4u tao ti hai cdu CL 6 xung méc song song ngugde véi nhau. Mot cdu tric mach
nhu vay chi cho phép ta ha tan s8, va (theo mét s& cong trinh nghién cttu) vi Iy
do han ché& méo dang dong ludi, tin s d4u ra chi dudc phép t6i da bing ¥ tin
s6 ludi.

! Thigt bi bién d6i truc ti&p: Direct Converter
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T so d6 nguyén 1y & hinh 11.15 ta c6 thé xdy dung mé hinh cho thiét bi
bang cach st dung cac module cAu CL 6 xung di c6 s&n nhu hinh 11.16, hodc
bing cach soan thao C-mex-File. Hinh 11.17 gi6i thiéu so d6 SIMULINK st dung
thiét bi BDTT tao theo phudng thitc C-mex-File. :

SR-B6C

sino ["af, abe,
af SR-B6C

» /abc ,—N ap|
' SR-B6C

Hinh 11.16 Thuc hién mé hinh bing cdch siz dung cde module cdu CL 6 xung cé sin

>
—>

- ap->
‘E ‘ [ g 6
a ab->abct out
—

Ub DU ab-» To Workspace

N @J — > V22 y| abC P
| a Direct [ ab-»abc
B—‘—-— Converter |
4

I To Workspace1

¥

YYVYY

Hinh 11.17 M6 hinh SIMULINK mé phong thiét bi BBTT

Trong md hinh thi&t bi BDTT & hinh 11.17 (khéi ¢6 tén DLrect Converter)
nguyén 1y & hinh 11.16 da dudc md rong thém kha nang ngdn ngiza dong quén,
12 dong xu4t hién tai thoi diém chuyén din dong gitta hai cdu CL méc song song
nguge véi nhau. Giai phap ngan ngita 14 tao khoang thoi glan nghi khi dong di
qua diém 0. D€ tao dugc ta cai dat thém 2 tin hiéu dong cda rnay dién § dau vao
cua m6 hinh Direct Converter.

M5 hinh thiét bi BDTT méi chi tim cach tai tao lai ch& dé van hanh déng co
dién truc tiép véi lubi cing. Trong md hinh chua tich hgp khau DC dong. Tuy
nhién, sé hgp 1y hon néu ta tim cach cai dit trong moé hinh khau DC dong, duge
thiét k& tua theo hé toa do dq (toa d6 tit thong).

Hinh 11.18 giéi thleu vai dic tinh dién ap, thu duge sau méd phong bing mé
hinh 11.17. Ta c6 thé nhan thdy rd chat lugng tai tao dién ap rat tét.



11.5 Tém tit ndi dung chuong 11 399

Voltage Components ) 3-Phase Voltages
600 —— 600 T
E — Real
@ 200 400
£ o0
=3
:a,'Z 200}
400 200
'5?%.1 612 0.14 0.16 0.18 02

Usa, Usb, Usc [V]
o

N
o
o

2400

-60 P . 60 i
X 012 014 016 018 02 LE 0.2

014 0.16 018 02
Time [s]

Time [s]

Hinh 11.18 Trdi: Hai thanh phdn dién dp o, Btrude va sau thiét b BPTT; Phdi: Ba dién
dp pha ¢ ddu ra ctia thiét bi

11.5 Tom tat ndi dung chuong 11

Sau khi da nghién cttu kj chuong 11, ngudi doc cAn ndm viing cac ndi dung
sau day: '

1. Mb hinh héa trén nén MATLAB va SIMULINK céc loai thiét bi bién ddi s
dung van dién t& céng sudt nhu: Cau chinh luu 6/xung c¢6 diéu khién cit
pha, nghich luu bam xung ngudn ap, nghich luu ngudn dong va thiét bi
bién tdn truc tiép.

2. Ky nang tao ham S (tao S-Function) bing m-File hay C-mex-File dé tao
ra nhitng khéi SIMULINK méi, md phdng cac thiét bi bign d8i ké trén.



12 Thu vién md hinh phan co va vi du ting dung cua
Motjon Control Blockset

12.1 Thu vién md hinh cac phan tir truyén dong co hoc

Sau khi ta da lam quen véi phuong phap mé hinh héa céac phan tl ctia hé
théng truyén dong dién, muc nay tap trung chti y&u vao cac mé hinh ctia hé
thonnr cd. Khi nghién citu, khao sat tong thé cac hé thong dién — cd (hinh 10.1)
ta can thiét phal mé hinh héa duge cic phén tit cd bing thu “ngdn ngit” hay
theo “dang” gidng nhu cac phén tu dlen Chinh vi vay, ta lua chon “luu do tin
hiéu” véi cac md ta toan hoc trén mién thdi gian lam phudng thuC bleu dién.
Céac phuong thitc biu didn khac cla co khi nhu xac dinh “4dn s6'riéng” ctia hé /
clia phan t vv..., khéng tao diéu kién ghép néi véi cac moé hinh phan dién. Cac
khdo-sat vé& tdn s6 clia hé théng co bing mé phdéng sé phadi dugec quy vé mién
thai gian. Tuong tu, ta ciing khong thé tinh truc tiép cac phudng trinh dao ham
riéng véi thong s6 rai. Phai tim duge cach x4p xi gAn dung hoac chuyén sang
phu0ng trinh vi phin thudng. Tuy theo muc 0 luong tt héa, cac phuong phap
stt dung phan tit hitu han c6 thé dua téi két qua rat chinh xac, nhung ta lai
khéng c6 kha nang tich hop cac két qua dé vao méi trudng MATLAB. Ta sé phai
tao dugc cac giao dién cho phép ghép néi cac hé moé phdéng khac nhau, vi du:
Ghép ADAMS (mé6 phdng cd khi) véi MATLAB. Nhung nhiing m6 phdng d6 doi
héi may tinh rit manh, vi vay giai phap dung hoa chdp nhan dugc sé 1a phuong
phdp mé hinh héa cdc hé théng nhiéu vdt.

Hé théng cd ctia may thudng dugc thiét k& véi trinh tu: Thiét bi truyén dong
dién (nhu déng co dién) duge ghép véi thiét bi phu tai (nhu dung cu, d6 ga hay
may cong tic) qua cac thanh phdn truyén nhu. truc ciing, banh ring, cén hay
truc vit vé tan. Trong nhiéu trudng hop ta c6 thé phén tich cac thanh phan d6
thanh hé cd sd (c6 thé goi 13 hé t& bao) bao gém: Phén ti 16 so — phin t& lam
nhut — phan ti khéi'. Khi phan tich nhu vay ta da phdn rd hé théng co nhiéu
vdt? thanh nhiéu k¢ mét vdt néi véi nhau. Ti€p theo, ta tim cach m6 hinh héa
hé t& bao, dé tit d6 xay dung md hinh tdng thé cla cd hé 16n. Trong cach mé
hinh héa nhu vay, khéng nh4t thiét phai bdo ddm sy déng nhait vé bién gidi
gitta cac md hinh con vdi bién g101 thuc t& gita cac phan tl co. Vi du: Mot truc
cd véi kich thudc dai rat co thé can dudc chia thanh vai ba doan ngén, va doan

! Viét gon lai: Lo so— Nhut Khai
2 Hé nhiéu vat: Multi-Body System; h& mot vat: Smgle Body System
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ngan & diu truc c6 thé nhan thém vao mé hinh ctia né quan tinh tré cta con
néi. Khi da hoan thanh viéc phén ra, ta c6 thé xay dung phuong trinh chuyén
dong cta hé t& bao véi diéu kién luén théa mén quan hé sau:

L 1] L ]
Jo(t)+Dop(t)+Cp(t) Zm (12.1)
®  Goéc xo4n Hé s6 d6 clng cua 10 so
M DPao ham bic nhat theo thsi gian D Hé s§ tit din
chia gée xodn: Van tdc géc J Hé s6 (mémen) quan tinh
p Dao ham bac hai theo théi gian m, Mbémen ngoai

ctia géc xoén: Gia tée géc

Trong thuC tién, bén canh cac bién dau vao va bién trang thai, rat cé thé mot
vai tham s& 12 ham ctia thdi gian hay ciia bién trang thai. Vi du: Mémen quan
tinh clla mot canh tay don sé bién thién phu thuéc vao goéc cia tay don do.
Trong nhiéu trudng hgp ta cé thé x&p xi gin ding bang cach coi cac tham s8 d6
12 hang, va vi vay da loai trit mat nguyén nhén kich dao dong do tham s6 bién
thién theo thdl gian gay nén. D& khic phuc sai lac d6 ta c6 thé bd sung thém cac
ham tham s6 vao mé hinh.

Viéc xac dinh gia tri cia cac tham s bao gid cling xuéit phat ti tai lidu thiét
ké&. Vi du: Mémen quén tinh dudgc tinh ti khéi lugng va kich thudc hinh hoc cua
phan t&. Xét mot 6ng réng véi khoi hIOng m, ban kinh trong r;, ban kinh ngoai
r, ta c6 mdmen quan tinh J:

J=om{i 7). , (12.2

Trong tai liéu chuyén ta tim thay céng thic tinh hé s6 dd ciing 16 so v6i S 1a
hé s6 trugt (Sliding), I, mémen quan tinh bé mit, [ 1a 49 dai caa'vat.

S1, ;
C=—= (12.3)
Véi vat 1a 6ng nhu trén, cac tham sd trong (12.3) dugc tinh nhu sau:
4, .4
T4 4 S7r(ra +r )
Ip,round_tube :5("(1 +5 )_’ Cz""‘—zl'—— (12.4)

Viéc x4c dinh hé s8 tdt din rat phic tap do vat chiu Anh hudng nhiéu cla
cac tac dong tit bén ngoai, va viée xac dinh hau hét dugde tién hanh bang thuc
nghiém. Theo tai lidu nudc ngoai, c6 thé tinh gan ddng cho cac hé tit dan yéu
trong ché& tao may theo:

D= JC(1-n,) (12.5)

lle = 0,97...0,08 (T 18 tAn s6) —

Véi cac tham s8 tit s6 lidu thiét ké& ta c6 thé tham s6 héa cac md hinh cd. Mo
hinh t& bao “Spring-Damping—Mass” ("Ldo so—Nhut-Khéi luong”) dude chia
thanh hai m6 hinh con.

e Mb5 hinh “Mass” m6 ta mot vat thé quay, chiu tac déng cia mot moémen

gia t6c vd mdét mémen ham. Xuat phat tit phuong trinh (12.1), v& bén
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phai bao gdém cac bién dau vao, dé tinh dao ham bac nhat clia géc (tinh
tan s6). Cac tham s6 1a mdémen quan tinh va gia tri ban dau cta tin so.
Ta thu dugc:

1
wzjf(m,] — my, )dt + w, (12.6)
m;  Mobémen dudng tai ddu vao 1 {Nm]
my  Momen 4m tai ddu vao 2 [Nm)
) T4n s8 quay ctia khéi [s™]
Wy Gia tri ban d4u cha tin s§ quay ctuia khéi {s™]

M5 hinh “Spring” mé phdong méi lién két dan hoi giita cac “Mass”, trong
d6 chi duy nhat mot mémen duge truyén dat. ¢ trong (12.1) md phéng
géc xo0an, 1a chénh léch vé géc xuat hién gitia hai “Mass” d hai dau. @ la
van tdc géc, dao ham bac nhat cla . M6 hinh “Spring” tinh biéu thtc
thit hai cia (12.1).

w;  Té4n s8 quay cta khéi lugng ddu 16 so

w;»  Tén s8 quay ctia khai lugng cudi 16 so
m, Mémen truyén qua phéin tit néi

@ Géc truyén qua phan tl néi

Véi hai khéi “Mass” va “Spring” ta c6 thé mé hinh héa cac hé t& bao (hé hai

vat), tién t6i mo6 hinh héa va mo phdéng cac hé nhiéu vat. Hinh 12.1a) gidi thiéu
két qua mé phdng mot hé hai vat (hé t& bao, hinh 12.1b).

a)

15

Model Spring-Damping
T T

T T
'

: : : : i { — Speed Reference
) : : M i | — - Real Speed
o :t/ """""""" frroasmmooeeeooes If A AR —-- Torque M

0 02 04 - 0B 08 112 14
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p| Feder Omega_In = (-
Dampfer »
Omega_ln Element INT | Omega Out _§3%  Scope
Spring > Torque
(Lo 50} Mass g out
To Workspace
Load

b)

Hinh 12.1 a) Ddp tng téc d (nét --) tai ddu cudi 1o so khi c6 bude nhdy (nét lién) téc do 6
déu vao 10 so, va ddc tinh mémen (nét -.-) tai ddu cudi. b) M6 hinh SIMULINK
cua hé t&' bao (hé hai vit)

Truc can
phia tren
Feder Feder Feder »| Feder —p{ Feder —p| Feder
INT Dampfer [ {INT Déampferld JINT Dampfer {4 {INT Dampfer INT Déampfer INT Da’mpverw INT
Element Element Element Element } Element Element
Mass Spring basgst Spring! Mass2 Spring2 Massd Springd || Wasse Speingd Wasst Springs Mass?
4]
L
K bol lsoag phia Trec va
Motoe can agl Feder Feder Feder Feder
JINT Déampfer ’. iNT Déampfer INT Dampfer INT Dampfer INT
Element Element Element Element
Mass8 Springb || Mass5 Spring? || Mass9 Spring8 || Mass10 Springs  [Mass11
Truc can
, phia duoi

LoadFunction
¥

Hinh 12.2 Céu tric md phong mot hé tuyén tinh 11 vit

Hinh 12.2 gidi thiéu mot mo6 hinh mé phéng phan cd clia thiét bi truyén déng
chinh can thép. Trong vi du dé, hé théng cd dugc phan ra thanh 11 khéi “Mass”
va cac khau ghép noi.

12.2 Vai vi du tng dung

12.2.1 M6 phong mét truc chuyén déng cla tay may st dung MPDB

Mbt truc chuyén dong cha tay may (hay ciing ¢6 thé cla cac tng dung khéc)
duge méd ta mét cach don gian § hinh 12.3a. Pic diém cta truc truyén dong don
la: Dong co va phu tai duge ghép vdi nhau qua mét phan tit cd véi dac tinh c6
thé bi xodn, giy dao déng véi mot hé s6 tat din nao d6. Cé thé dibn dat don
gian: Déng co va phu tai duge ghép véi nhau thanh mét hé hai vat, da dugc mé
phéng minh hoa 6 hinh 12.1. ‘
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Thiétb
dléu khién

a) Mass Spring Mass
Digital Control JI-Phase Mechanical System
Systam Induction Motor “Spring - Mass*

i
xisd*t

Flux
Reference

Flux
Controller

YYYyY

Fedar
egas usq 1 Dampfer

Fb Element CIINT
Spring :

Mass

Yvey
L 2

Speed
Reference Controller Prd

Current Controiier ASM-dq

Load

(OmegaS  Isd |4
Psd L]
ThetaS Omega

Flux Model (da)
with Magnetic Saluration

Simulation
Results

!'oul }:
To Worksp

YYXIXYXYX) T

b)
Hinh 12.3 Diéu khién mot truc chuyén dong cia tay mdy: a) So do khéi truyén déng ciia
hé hai vdt; b) Cdu triic mo phong téng thé hé théng dién - co

Dong co XCBP st dung trong hé trén 1a mot MDDB c6 Rotor 1éng séc vdi mé
hinh trén hé toa dd tU thong dg theo cong thitc (10.13), minh hoa & hinh 10.14,
tham chi da dugec m6 hinh héa trén SIMULINK nhu hinh 10.15. Tuy nhién, mé
hinh 10.15 chua thé hién dugc ban chat phi tuyén tiém 4n trong phudng trinh
(10.13) va hinh 10.14, d6 la: Pac diém bdo hoa cta dién cam, dude mé ta bdi
dudng dic tinh tt héa L,, = L,.G,.).

Dé cai dat dudng dic tinh ti héa L, = L,,(i,,), m6 hinh MPDB & c4u tric 12.3
da dugc tach thanh 2 phan: M6 hinh dong va md hinh tit théng (hinh 12.4a).
Khi tach ra nhu vay ta sé dé dang soan thao mot S-Function (ham S: c6 tén la
Tu hoa, hinh 12.4b) m ta dudng dic tinh ta da bidt. Ban doc ciing c6 thé sit
dung kh&i Look-Up Table dé cai dat dic tinh.

Khi DK mjt MDDB ta biét: T thong Rotor 1, 1a mot dai lugng ta khong
mudn do, muén bit gia tri clia P, ta c6 thé sit dung mét moé hinh don gian,
hoac mot khau QS dé tinh (hinh 12.5). Véi ta tinh dude cac dai lugng quan
trong khac nhu tin s& Rotor @, Stator @, va vi trf ctia hé toa d6 4.
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i
w, =t w =w+w, o (k)=0,(k—1)+w, (k)T 12.8)
Tr (wrd /Lm>
k=1,2,.. Thoidiém trich miu T Chuky trich miu
—
isd
%Jcr,r;r;( FluxMode! isg
isd {— Bisd ‘md}_— -
of ws jOmega
Lo |- '[> > CDn
s —JmT mM L g )
mM

a) mT

imd
¥ 1
ol
g
+ >
x L)
b 4 —(D
Lem
K]Block Parameters: S-Function < ¢ ! .[ E .

S Funcii
r SFunction

User-definable block. Blocks may be wiitten in M, C. F: o Ada and

must conform to S-function elandards. Lx.u and e automaticaly

passed to the S-function by Simuiink. "Extra_sefametecs may be

specified in the 'Sfunction paismetess’ @

)

$ Junction pasamelers:
[RsRrtalels

b) oKk | Cwce | K [ sewy |

Hinh 12.4 a) M6 hinh MDDB dugc tdch thanh hai mé hinh con: M6 hinh dong va mé
hinh tir thong; b) Mo hinh tit thong va duong ddc tinh “Ti héa”, thuc hién
dudi dang ham S

Hinh 12.5 M6 hinh
tu thong

St
Lr

Lr Psird’
@ A (2 )
isq Psird'
Product ’
" OmegasS
CGO— > |7
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Hé théng DK & hinh 12.3 dugc cai dit trén hé toa d6 dg, tic 1a hé toa d6 tya
theo tit thong Rotor 4, . Lgi th& khi md hinh héa MDDB trén h¢ toa do d6 thé
hién qua hai quan hé sau:

L ) 3L,

S)=—"—ly; my=—"T"z Y,
wrd() 1+ST; sd M 2L,. p d *sq

Cac ky hiéu s dung trong (12.9) da dugc giai thich ¢ muc 10.3. C6 thé:dién
dat lgi th& d6 nhu sau: N&u thanh cong trong viéc ap dit khong cham tré hai
thanh phén dong iy, i, ta c6 thé st dung i , 1am dai lugng DK én dinh tit thong
P, . Khi 1, di duge DK 8n dinh (c6 thé coi 1a hing), ta ding i,, & DK mémen
quay my. Diéu kién tién quyét dé tan dung lgi thé d6 1a: Ta phéi thanh cong
trong viéc dp ddt khong tré hai thanh phan dong. Dé thuc hién ta sit dung mot
khau DC hai chi€éu nhu hinh 12.6a véi md hinh SIMULINK trong 12.6b.

(12.9)

/
I(D l)//rd
l 13| .
1-o [0
] Ry
(D14 <
usd usd!

sqr

x,,(k —.1)

Sy (= p=op -
a)
T [
isds - ;
&
isd
(2 )+ ) 7]
isqs - ;
(4 —
isq
@'—P'Omegagu
Omega P13
(B —womegaf 14
Omegas
-
Prd
b)

Hinh 12.6 Khéu DC hai chiéu c6 khd ndng DK cdch ly hai thanh phén dong i,y va iy UOE
déng hoc cao
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Tai day chi luu ¥ ban doc ring, so véi hinh 12.6a, md hinh 12.6b chua cai dit
khéi han ch& ddu ra, 14 khéi cho phép ta xét dén diéu kién bién quan trong cia
hé thong: Do dién 4p mach mét chiéu trung gian Ujc c6 gidi han, dién 4p dau ra
ctia khau DC cén phai dugc han ché tudng tng.

Khéi cudi cing cin dude dé cap dén trong cdu tric 12.3 1a hai khau DC s§
v6i dic tinh PI, dung dé DC tit thong (Flux Controller) va téc d6 quay (Speed
Controller). Hai khau d6 c6 m6 hinh SIMULINK nhu hinh 12.7.

isdr

L
_lat

Hinh 12.7 Khéu diéu chinh PI 56 (Digital PI-Controller)

C6 thé dé& dang téi duge so d6 nhut 12.7 bang cach gi4an doan héa mot khau PI
tudng tu c6 san, va van dé€ tham s6 hoa sé tu déng dudc giai quyét trong qua
trinh s6 héa. Ngoai ra, cing c6 thé thigt k& bo tham s theo tidu chuin t&i uu
module s6.

Speed-Up and Load Step of a Two-Mass-System
T T

T T L e

iy .
L

AR
'.\-l\/

L -
] A
200% L . 4
-
- B —~ Omega on Motor Sldew -
- - - Omega on Load Side
1 i

3 04 05 08 07 08 0.8 1 1" 12 13

T T T T T T T T T T

F — Torque on Motor Sld?l

i - - - Torque on Load Side 4
1 1 1 ] i R
.03 04 05 08 07 08 09 1 11 1.2 13

Time [s]

Hinh 12.8 Két qud mé phdng cdu tric & hinh 12.3: Qud irinh khdi déng dong co va déng
phu tdi tai ddu cudi cia phdn tiz 1d so.
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Hinh 12.8 gidi thiéu mot s§ két qutmo phong tong thé hé thong dién — co
mot truc chuyén déng cla tay may theo so d6 12.3b. Hinh trén ciing eho ta thay
dién bién cta cac thanh phan dong tao tu théng i, tao moémen i,, va tit thong
1,4 khi khdi dong dong co va khi déng tai & ddu phia bén kia cia phAn ti noi
(c6 dac diém 10 so).

Hinh giita cho ta thdy kha ning dao ddng cua téc do quay bén phia tai khi cé
dot bién phu tai. Diu nay minh ching rat rd: Viéc DK téc d6 quay khéi dau
cubi qua ghép néi 16 so bang khau PI don gian sé khé dua lai két qua t6t. Trong
thuc t& c6 thé ta sé phai st dung cac phuong phap DK khéc, vi du: DK trén
khong gian trang thai, hay DK c6 st dung khau QS téc d6 quay phia phu tai.

12.2.2 Mo phong hé thdng phat dién chay sirc gié sir dung MBDB-RDQ

Hinh 10.28 mé ta so dd khéi cia mdt hé théng phat dién chay sic gi6 st
dung may dlen di bd ngudn kép (con goi 1a may dién di bé Rotor day quén:
MDDB-RDQ, d8 tién trong muc nay ta chi viét MD) Loi th& chinh cta giai phap
la kha nang DK may phat tit Rotor, cho phép gidm dang ké cong sudt va gia
thanh cta thiét bi DK.

Khi da hoa dong bd véi ludi dién, dong nang lugng qua may phat cé thé duge
mb ta dé hiéu nhd hinh 12.9. C6 thé x4y ra hai trudng hop sau:

o - Gi6 théi canh quat quay tng véi tAn s6 thap hon tin s6 cla luéi dién: D6

1a ché’ dé vin hanh dudi dong b6, va MD ldy nang lugng ti luéi qua
Rotor.

e  Gi6 thdi canh quat quay Ung véi tan s cao hdn tan s6 cua ludi dién: D6
1a ché’dé vén hanh trén déng bé, va MD hoan ning lugng trd vé lusi qua

Rotor.
Luél dign Luéi dign . S
!ﬁﬁ S
Stator
Nang lugng gi6é Nang lugng gid _

Hinh 12.9 Chiéu ciia dong ndng luong & ché dé dudi (trdi) va trén (phdi) déng bo

D& dang thay rdng: D& ddm bao van hanh MD § hai ché d6 trén, thiét bi bién
d6i 6 ca hai phia Iuéi va may phat (hinh 10.28: khéi NI va GI) déu phai la NL ¢6
kha niang DK dong ning lugng chdy theo hai chidu. N&i gitta hai NL 14 mach
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dién ap moét chifu sit dung tu loc. M6 hinh SIMULINK ctia mdt hé thdng phic
hgp nhu vay duge minh hoa 6 hinh 12.10.

L 3 Phi_Rel
Usu

Esimated Torque p
Usv , Detay 3
1 Phi_Ref

Torque_Rel _Delay

S e Torque

0.025+1 uDC_Ret

SinphiG_Ret

Y

Delay 1
uoco e e uoc
I -—vuoco ReaUDG e ™
! I O ] :ls-wa hap

Iid
. ¢ Cosphi -
Torquel i r T H o Net Side

a oroie i Power Grid
OmegaS_Gen Totqoe enerior i Transiomation 3Phases
=
En Uy
To Workspace | v ’
| i

Hinh 12.10 M6 hinh mé phdng cdu triic DK hé théng phdt dién chay sitc gié s dung
MPDPDB-RDQ (Generator Side) ghép vdi NL phia ludi (Net Side) qua mach mét
chiéu trung gian (DC Link)

M5 hinh 12.10 14 mot hé thong rat phitc hgp duge gom gon lai thanh ba khoi
chinh: Khi “Generator Side” v8i mo hinh may phat va hé thong DK, khoi “Net
Side” v6i mé hinh phia ludi va hé thong DK, hai khéi d6 trao ddi dién nang véi
nhau qua khéi “DC Link”. Sau day ta sé 14n lugt xét ting khéi.

a) Khi “Generator Side” v6i md hinh may phét va hé théng diéu khién

Tai muc 10.6 ta dd xay dung hai mé hinh ctia may phat, dé 1a cac hé phuong
trinh (10.26) va (10.30). Ta sé st dung (10.30) 1am mo hinh d¢& mo6 phéng may
phat (hinh 10.29), con (10.26) lam xudt phat diém dé tim cac thu4t todn DK
mAy phat. ‘

PE hiéu phuong phap DK ta viét lai phudng trinh tit théng Stator trong
{10.25) duéi dang thanh phan nhu sau:

L
w.:d = fisd +i,~0

(12.10)

/ L . . /
wsq = L_s'lsq +qu = "‘I’)s
m

Y A~ n”, d ’ ’ N, by ~’ pe z /? A L y by z
Vi cong sudt cua may phat thudng 1a rét 16n, ta c6 theé viét =~ 1 va do d6:
m
isd + ird ~0

!

) (12.11)
=,

lgg Thy =
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Cac quan he dong, ap va ti thong trong (10.24) va (12.11) dugc minh hoa
mot cach de hiéu bing biéu d6 vector nhu sau:

Jjas

Hinh 12.11Riéu dé vector dong, dp va tir théng cia mdy phdt

Dé tién theo ddi, ta viét lai mot 14n nita céhg thitc (10.27):
3 L ) 3 /.
My, =——2—zp L’" sqbrd Z_EZP (1—0)L,¢sqzrd (12.12)
Két hop gita (10.24), (12.11), (12.12) va hinh 12.11 ta rit ra cAc nhan xét
quan trong sau day:

¢ Theo (10.24), vector tit thong 1 ludn ding vudng gic véi vector dién ap
u, va c6 bién d6 cling do u, quyét dinh (do ludi dién quyét dinh).

e Do |1l) | i €6 module 1a hing, theo (12.12) mémen m,, (tic 1a cong

sudt hitu céng) chi phu thudc vao i,4. Vi vay i',d chinh la dai luong DK
mémen my, (DK cong sudt hizu céng). Khi i,, thay déi, thanh phin dong
Stator i ; cling bi€n thién theo. .

o  Khi cdng sudt vé cong nhd, tic la cosy — 1 tacé sing — 0;sinp .
Theo hinh 12.11 ta c6:
. / .
' ) . ey Ysy iy

Slntp-—_—m% |i31

Vay la theo (12.13) ta c6 thé s dung thanh phan dong i,, lam dai luong
DK goc pha ¢ (DK céng sudt v6 cong)
Theo cac nhan xét trén, dé c6 thé st dung hitu hiéu hai thanh phan dong i,,,
i, lam dai lugng DK cong sudt hitu cong, vo cong, ta sé phai thyc hién thanh
cdng vong DC trong ciing v6i mdt khau DC hai chiéu, bdo ddm cach ly va ap dat
khong tré hai thanh phdn dong d6. Gia tri chl dao (gia tri dit, Set Points) cta
irg, 1y 56 12 cac bi€n dau ra clia hai khau DC mémen my, va sing & vong ngoai.
C#u truc cia hé thdng DK duge mé ta 6 hinh 12.12.

(12.13)
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Tf w| Ludi dién
Tit mach mot chiéu
trung gian tdi MBN
Khau l :
Bc m, Khau piduchg Use t
. ~ BCdong vector
Mg 3 Ii, EL'TL u, _{Lt—lﬁ i
B s
m T s, ant{3~
Mg PL il g U, T, -Q<} N 3 MP
¢ B udn Urg) L
o wliid *P..Jul[ lus NL
Khau IE
PC ¢ i
8, | i
[ I ki R
. I.l
T4THM *-—|,u, . , .
—n] e [ le lsy
o g 3.,
X g L ) .
PL khau Phan Ly ] Oy Unig
GP do Géc Pha dién dp i GP
THM khau tinh T thang, HSCS, Mémen U= (U] P8 | uy,
ab hé toa dd cd dinh trén rotor

. Hinh 12.12 Céu triic hé théng diéu khién phia mdy phdt

Tl s0 d ciu tric 6 hinh 12.12 ta c6 thé xay dung s¢ &6 SIMULINK mb phéng
hé théng didu khién phia may phat ¢ hinh 12.13.

Lisd Norm
IrdReleence
x . Caiculation
4 >—_q.
N manuR_alue
Torgus_Rad iincl - rrd
Pi-Torgue .
Contrliet e
— » .
(6 BV ab
OmegasS ALY
IrgReirence ’——9- -
— Cai uiabion b
(B »
/ s
Sinphis_Ref i (]
Piginphl [P Ao Curent
Contlier Confralier lincuclon Machine == 7
L [l Phi_Nat
1 rg_sinphi ¢ 1
S phi o — H—— 3
wm®
Fler rd
ferd_cosphi — ,
el o
Cozphl  PhiEsimalan il
fuh Mux 4
To Workspace
Torgue Estimaton Mux
Estimaled Torque  mh=32"po' s sdins Ws

Hinh 12,13 S0 d8 SIMULINK mé phéng cdu tric diéu khién d hinh 12.12 vdi méd hinh mdy
phdt (khéi Doubly-fed Induction Machine) theo hinh 10.29
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Khau DC déng trong 10.13 (khéi Rotor Current Controller) 1a mot khau véi
dac tinh Dead-Beat c6 dong hoc cao, thuc hién theo sd dé SIMULINK & hinh
12,14, Thuét toan BC nhu sau:

Uypg (/( + l> = ';'r!_!.']{'\-\-.;a' (k) ——(I)] 1% i (k - I) - (I)l""qu (A - l)
4V { = 2) T ‘1?141;"".:-’.:; — Myt ]
(k)4 Ppyx,y (k=1)—Dy x,, (k—

wif \

(12.14)
Uy, (k+1)=

]ILl’

+y, [k f~?) @ qUJW]

(YA

unitDalay -

Urdiz)

Uraiz

Tss+1 |
Transferfon

Hinh 12.14 So dé SIMULINK cic khau DC dong hai chiéu

b) Khdi “Net Side” véi mé hinh phia Iudi va hé thdng diéu khién

Nhiém vu quan trong cia phin DK phia ludi 1a ldy ndng luong ti lwéi dé
cung c¢ap cho mach mét chidu d ché' dd dudi déng b6 hoic hoan ndng luong ti
mach moét chiéu lén luéi ¢ ché dé trén déng b6. Trong ca hai qua trinh d6, dién
ap mot chidu trung gian U, phai dude giit 6n dinh khéng doi.
Yéu cdu ké trén c6 thé duge thuc hién mot cach don gian. Quan sat dong iy &
u ra phia ludi cia CL trén hé toa dd dg (hé toa d¢ tra hudng dién dp ludi), ta

SO»

d

]
C\

E.N = ff\-"d +\/‘£‘p\.q (1 215)

Trong dong ké trén, thinh phin iy, c6 tic dung san sinh céng suit hiu cong
(trang pha véi vector dién ap ludi uy), iy, san sinh cdng suit vé cong (vudng goc
véi vector uy). Vi vay, dong iy, co thé dude siz dung lam dong nap hodc xé mach
mot chiéu trung gian. Co nghia 1a, néu thanh cong trong viée ap dit nhanh va

' Tya hudng dién ap ludi: THDAL, Grid- Voltage Orientation
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chinh xac dong iy, nhd mét khau DC dong, diu ra cia khau diéu chinh Uy ¢é
thé duge st dung truc tiép lam gia tri dit cia dong iy,.

Theo dién giai trén, thanh phan iy, dudng nhu khéng c¢6 vai trd quan trong
vit vi vay co thé dat bing khong. Tuy vay, vai tro san sinh cong suit vé céng c6
thé dude tan dung dé DK hé sd cong suit (vi du: HSCS clia toan hé) va diu ra
ctia khau DC ¢ cb thé dude sit dung lam gia tri dit cua iy,. Lic nay, khau DC ¢
thit hai giit vai trd cia tu b quen biét. Gidng nhu hé théng DK phia may phat,
HSCS duge diéu chinh gian tiép qua diéu chinh sing. Ca hai khau DC ¢ va Upe
déy 1a khau diéu chinh PI thong thudng. Pén day ta da c6 thé xay dung cdu
tric DK cho phia luéi nhu trong hinh 12.15.

Té1 mach mét chidu  Ludi dién

trung gian s I R
Khau U I
BC Y,p Khéu piéuchg Uoc I
K i;\m ac d(’kngl bl ‘
Tiha € u Uua;n__iu. - ——1 i
i O (L § s
g r Uy B_ Ung TERL i .’EJF‘L. i
i lu N G T3
Khéau BC ¢ i T
— . g .“' Ing - ENU
A | B‘iﬁ‘ jNﬁ A INv
SN 1,} Hiael b UNU
_IulfGE -

Hinh 12.15 Cdu tric hé théng didu khién phia liudi

T so do cidu trac 8 hinh 12.15 ta c6 thé x4y dung so dé SIMULINK mé phdng
hé théng diéu khién phia may phat ¢ hinh 12.16.

FI-ubc

i Controller remm—
UDC_Ref L [P
i Und
PR {': | S—
U@Q '——I i >

i [ itd
sinphi ¥ 11 B Erud
Phi_Aet Tn ! o il " e
: »iEnug A-Envg a
Pl-Sin Phi NelSide Current Modz| of Envd
Controller Cantraller Fower Grid
O o+ i f : 3
Bhi e 11d_cosphi -
| CER
CZog——————(Cepn_tasiehy] o

Sasknl Bhi Caicuiation

Hinh 12.16 So dé SIMULINK mé phong cdu tric diéu khién & hinh 12.15 véi mé hinh phia
{udi (kRhét Model of Power Grid)
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Dé hiéu duge chinh xac so db
12.16 ta hay xét cu thé mach dién
phia luéi. DAu ra ctia CL thudng
dudc ghép vdi ludi qua cam khang
L, (c6 dién trd cudn day la Rp),
qua khau loc RC va bién ap (hinh
12.17a). Dién cam cha luéi cho
trudc 1a Ly, bién ap dudc thay thé
tuong duong (gdn dung) bdi dién
cam tiéu tan L, va dién ap luéi
dugc thay bdi ngudn ap ey, tit d6
ta c6 so d6 thay thé cho mach dién
phia Iuéi nhu hinh 12.17b. Vi téng
dién ap roi trén bién thé& va dién
cam ludi rdt nhd so véi dién ap roi
trén khau loc RC, ta c6 thé bd qua
ching va thu dudc so dd t8i gian
phuc vu thiét k& ¢ hinh 12.17c.

"‘Hinh 12.17 So d6é mach dién phia ludi

3 trang thai xac lap, ta thu dude phuong trinh loc RC tit hinh 12.17¢:
. L

ey =— ip +Rpip (1216
.]wsCF
Trén hé toa 40 THDAL véi ey = ey, + jey, va ey, =0 ta c6 thé viét:
: 1.
eng = Rpipy E—
ws F

| (12.17)
F*Fq wst Fd
Trong d6:ip =g, + Jig, - Nho (12.17) ta c6 thé tinh chinh xac gia tri cia

cac thanh phan dong iy, ir, 8 ch€ d6 xac 1ap. 3 ché d6 x4c 1ap, cac thanh phén
dong ké trén ciing vdi dién ap ludi ey 1a khong d6i, vi vay, d6i véi mach vong DC
dong phia luéi chung chi giit vai trd clia cac dai lugng nhiéu ¢ dinh. Tuong tu
khau DC dong Rotor, cac dai lugng nhiéu phia luéi ciing c6 thé bi triét tiéu anh
hudng nhd khau bu nhiéu hodc nhd thanh phén tich phan tiém 4n trong thuat
toan DC. Tit hinh 12.17¢ ta c6 thé xdy dung cac phuong trinh dong 4p phia ludi.

. di

Iy =1y +1ig
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Sau khi chuyén (12.18) sang hé toa d6 THDAL, dong thoi thé dong iy trong
phudng trinh trén bdi iy tir phudng trinh dudi, ta thu dude phuong trinh dién
ap mét:

uy =Rpiy+Lp 7;»+ JwLpir +ey, (12.19)

v
Cyy — €y + jw.\'LDiF ¥+ RDiF = Eyg + je/\"v([
di, (12.20)

D
dt :
Viy (12.18) ¢6 thé duge viét lai dudi dang mé hinh trang thai nhu sau:

 di, I, : 1
— = =y —+ w‘\.lr{l + _’(“,\Q{ T €Ny )

Eﬁ D L{)

| (12.21)
(.7’[7‘(/

dt '

M hinh (12.21) duge ta sit dung dé md phdng mach dién phia ludi va ciing
la xudt phat diém dé thiét k& khau DC dong phia ludi. Gia thiét rdng ta chi truc
tiép do dong iy 6 ddu ra cia CL, vAy ta phai st dung phuong trinh (12.17) dé
tinh dong ip dé réi sau dé nhd phuong trinh thit 2 ctia (12.18) tinh gia tri thuc
dong 1udi (dong bién thé) ij.

M5 hinh SIMULINK cua mach dién phia luéi dugde giéi thiéu ¢ hinh 12.18.

. . 1
= Wy — T [Tq + 7 (”Nq _eN\v'q)
D D

EIFr— "
Und *
@t o
itd
Envd TransferFcn?
COmega [ -
O -
mega Product
A=
To=LdRd;
Omega=2*pi*f,
E2D—
Ling 5 Td
—h 2
I Tas+1 ?
Envq L] TransferFcni

Hinh 12,18 50 d6 SIMULINK mé phdng mach dién phia [udi

Tudng tu phia may phat, khiau DC dong trong 12.16 (khéi Net-Side Current
Controller) cing 1a mot khéiu véi dac tinh Dead-Beatf c6 dong hoc cao, thue hién
theo so do SIMULINK ¢ hinh 12.19 voi thuat toan DC nhu sau:
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Itg

Hinh 12.19 S0 d6 SIMULINK ctia khéu DC dong phia lugi

Uy (k + 1) =

Uy, (/f + 1] =

Lp

Ly
T

L

pony (k)—[l —TLJXT" (k=1)—w,Txp, (k1)

D
+ Vna (k - 2)]

by (h-2)

X (k) +w,Txr, (k —1) —[1 — ;1

N{=

Ni=

1

(12.22)

Js 1)

L

tna

Ung

Tkl dRd;
Jmaga=2*ni*f;
G1=1-T/Td,
G2=1-T/Td,
G3=LdT,;
G4=Ld(T;
G5=T;
GE=T,
G7=TiLd,

c) Khéi “DC Link” véi md hinh mach dién mét chiéu trung gian

Trén ¢o s6 cAu tric thidt bi 6 hinh 10.28 ta biét: Hai NL phia ludi va phia
may phat trao doi dién ning véi nhau qua mach dién mét chiéu trung gian vdi
dién ap Upe. Trong so dd SIMULINK & hinh 12.20, mach dudc mé phong bdi khéi
“DC Link”.

D& don gian bét viée mo6 hinh hoéa, ta tam gia thiét: Céng sudt vé céng d cd
hai phia mdy phdt va lwdi da duoe PC én dinh, va (tiy theo ch& d6 van hanh
trén hay dudi dong bd) chi xiy ra trao ddi niang lugng do bién dong céng suit
hitu cong dua tit Turbine gi6 1&n ludi.

Lry 1,
._? —p
|
— | U= Uy,
C ; :
a) b)

;
N ool

Real UDC

Hinh 12.20a) Mach mét chiéu trung gian, va b) so d6 SIMULINK ctia mach
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IS

Dai lugng DK cdng sudt hitu cdng phia Iudi 1a ir;, phia may phat la i, va

dong chay qua tu loc C 12 i, (hinh 12.20a). Phudng trinh dién mé ta mach la:
du
i =C—2¢ 1 . :
‘ dt = Upc = UDCO +Ef(lrd — qu)dt (1223)
e =g — qu

Upco Gia tri ban ddu cta Upe
Vi (12.23) ta xdy dung md hinh SIMULINK clia mach mét chiu trung gian
nhu hinh 12.20b. Hinh 12.21 gigi thiéu mot s6 két qua mé phdong véi hé thong
ta vita xay dung.

Load Step and Power Factor cosPhi
13 ! ! 1 ! T
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o |
5
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Hinh 12.21a) Khd ndng cdch ly rdt cao ciia hé théng DK phia mdy phdt: Khi ting cong
sudthitu cong thém 33%, cosp vén giit 6n dinh gid tri 1; b) Tai thoi diém ting
céng sudt, hé thong DK phia ludi bdo ddm 6n dink Upe = 1050V



12.2 Vaivi du tng dung 419

Hinh 12.21a minh hoa kha ning cach ly rat t6t cong sudt hitu cong va vo
cong clia hé thong DK phia may phat: Khi tang cdng suit phat thém =33% (mg
tang ti 3000 1én 4000Nm), hé s6 cong suit van giit 6n dinh cosp = 1. Khi ting
nhu vay, théng thudng Upc sé giam do tac dung ctua dong i,;, nha c6 hé théng
DK phia ludi da kip thdi tang iy, bu lai nén da giit 6n dinh duge Uy, = 1050V
(hinh 12.21b).

Vi du mé phdng trén 13 mot hé théng vé cung phiic hgp va ta cé thé thong
qua mé phéng khao sat dién bién clia rat nhiéu dai lugng khi x4y ra qua trinh
qua d6: Qua trinh hoa déng b, qua trinh déng ngit thém phu tai hay bién déng
clia ngudn niang lugng gié d ddu vio cla Turbine vv... Vi dung lugng sach bi
han ch& nén ngudi viét khéng dua thém cac két qua mé phong khac nita.

12.2.3 Mb phdng hé truyén déng di bd theo phuong phap “Direct Torque
Control” sir dung Logic m&!

“Direct Torque Control®” 13 phuong phap kha phéd bién duge st dung dé DK
cdc may dién XCBP cong suit 16n, cé tién than 13 phuong phap “Direct Self-
Control®’. Ban chit cia phuong phép la: Dua trén anh hudng truc tiép cia dién
ap dau vao dé DK vector tit théng Stator 1, qua @6 tryc tié€p DK mdmen quay

my, ma khéng can téi vong DC dong trong cung nhu cac phudng phap khac.

Phudng phap DSC kinh dién 1a mét phuong phap dung k¥ thuit analog véi
cac khau DC kiéu 2 ho#c 3 diém, ¢6 nhidm vu git 6n dinh bién dé cta tit théng
stator va 4p dit nhanh mémen quay trong diéu kién: van ban din la GTO
(Gate-turn-off-Thyristor) c6 tdc d6 déng ngit cham. Do ban chat vat 1y cta
phuong phap trong vi du nay la DSC, khau Fuzzy chu yé€u tham gia vao phin
quyét dinh ché& d6 d6ng ngit van, ta con c6 thé goi khdu DC mg trong trudng
hdp nay la khdu diéu ché phi tuyén bé rong xung'. De hiéu duge trinh tu cac
budc xay dung mé hinh SIMULINK cGia hé théng ta sé phai diém qua vai nét
cua kién thtc cd sd.

Hmh 12.22 S0 dd thay thé'chit I'clia
MDDB (chi $6 “T” viét phia
dudi bén phdi w: hé toa dé
dugc chon dé tua hudng)

! Fuzzy Logic

2 DTC: Diéu khién mémen truc tiép

3 DSC: Ty chinh truc tigp

* Nonlinear Puls Width Modulator: NPWM
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a) Md hinh cia MBDB su dung trong phuong phap DTC

Xuat phat diém dé thiét k& cac thuat toan DK 14 so @6 thay th& (SDTT) dang
¢chit T & hinh 12.22. Tit s6 d & hinh 12.22 ¢6 thé viét ngay duge hé phudng trinh
dién 4p md ta MPDB trén mét hé toa do tua quay véi van tde géc bat ky wy.

—di\b_s_zus_Rsis_ij'lbs
dt (12.24)
IO _ R, + j(w—wy )b
dr r'r T r

Khi chon hé toa d6 Stator @ ¢t dinh lam hé toa d6 twa hudng ta sé ¢6 w,= 0.
Quan hé giita t tan y,, dong rotor i,, dong stator i, nhu sau:

'q)a:'l\bs—'lbr (12.25)
1 P
= — _— = g 12-26
() LU (12.26)
L,+L,
i, =—"t—,—— 12.27
I Ll ——, ﬂ? ( )

Mbémen ndi tai cia MDDB ch;u anh hudng cia gia tri module ctia hai ti
théng ,, Y, va gbéc J xen gilta ching.

'm-————lw ”11) lsmé (12.28)
voi: ' |

tgé =|b,|/|¥,] .,, (12.29)
Mémen dua téi truc cd cia MDDB sé 1a:

My =2z,m (12.30)

Téc do géc @, (tdn s trugt clia mach rotor) c6 thé tinh duge néu ta xét
phudng trinh thit hai cia hé (12.24) khi chon wy = @, (hé toa db tua quay véi
van tdc géc Stator), chi nhdm muc dich tinh module cla tit thong.

R Il |
[, |=—-= (12.31)
K&t hop (12.26), (12.29) va (12.31) ta tinh dugc @, cho ch& d6 xac lap.
R tgb tgb
=180 _ 180 (12.32)
LU TO'

Module cua tu thong stator ¢, duge tinh tit hai thanh phéan.

[0, = v, + v (12.33)
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Gi4 tri danh dinh (goi la gid tri chudn) tinh nhd (12.33) 1a cd sé dé ta dén
ddt , di theo mét quy dao tron, modul cua P, sé 1a hing va do cac thanh phan
ti théng ba pha ¢é dang sin tao nén.

Trong cac phan sau ta sé thay: ¢ ddi téc dé quay Ién hon cé 25% danh dinh,
d€ tan dung dién ap P, cdn dudc din dit di theo quy dao hinh luc giac va vi vay
module tinh theo gia tri chudn (12.33) sé bién ddng lién tuc, bat 10i cho mémen
quay. Ta c6 thé chon mét hé toa db Stator (hinh 12.23b) khac véi hé toa do
Stator quen biét (hinh 12.23a) 1am co s3 tinh gi4 tri chuén: cho phép ta ddn ddt
W, theo quy dao luc gide nhung c6 gid tri chudn la hing.

+ip 4+jf3 Hinh 12.23a) Hé toa dj Stator quen
b Ba biét; b) Hé toa d6 Stator mdi

!
YR

pb b) f3c

C a)

Khaéc v6i thong 18, trén hé toa d6 Stator méi: Truc trung véi truc cua pha “a”
14 truc “4’ cht khéng phai truc “” (hinh 12.23b).

" 1 0 " 0 1
R AR Ml I R R KA
RN e
S IR B N B

2 2 2 2

Cong thitc chuyén d6i cia hé cii 1a (12.34) bén trai, cia he méi 1a (12.34) bén
phai. D& phan biét véi hé ci, ta goi cdc thanh phdn ti thong ba pha mdi la ti
théng B. Khi chon quy dao luc giac, cdc thanh phén ti thong fdéu cé dang hinh
thang (hinh 12.24) vé6i téng gia tri tic thai

|¢s| = %('wﬁa +|¢5b| +|¢ﬁc ) cawi12.35)

luén 16n gap doi gia tri 16n nhat trong ba thanh phan.

b) Nghich luu trong phuong phap DTC

Nghich luu st dung trong DTC c¢6 so d6 mach nhu & hinh 11.6a. Ba nhanh
van ctia nghich luu cho phép néi ba cuc a, b va ¢ clia dong cd véi thé nang “+”
(l6gich 1) ho#c thé ning “-“ (ldgich 0) cia mach mét chiéu trung gian. Ching
tao thanh 8 trang thai logich ting véi 8 vector dién ap chuin minh hoa & hinh
12.25.
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Hinh 12.24 Cdc thanh phén ti
théng pkhi y, dude
dén ddt theo quy dao
luc gide

Hai vector V(000) va V(111)
12 hai vector c¢6 module bang 0.
Néu van ban dan la loai cé tdc
d6 déng ngit cao (vi du loai

61234 5161113 {8 IGBT:  Insulated  Gate
P Goc phan shu (Sector) ' . Bipolartransistor), ta c6 thé su

dung 6 vector c6 module khéac 0,
két hop véi 2 vector module 0 dé tao dién ap Stator véi vi tri bat ky. Trong
trudng hdp céng suat 16n, van st dung thudng la GTO (Gate-turn-off-Thyristor)
12 loai toc dd cham nén chi st dung 6 vector ¢6 médul khac 0. Trudng hgp nay la
d61 tugng chinh ctia phuong phap DTC.

v(oto P v(011) Hinh 12.25 Cdc vector dién dp Stator chudn
V(cba )
' c) Phuogng phap DTC
V(000) a Khac v6i phuong phdp twa theo ti
V(110) . V(i) v(001) thoéng rotor' hoat dong dua trén vong DC

dong Stator (muc 12.2.1), &p dit 2 thanh

phan dong tao tU théng i, va dong tao

moémen quay i . Xung kich thich van dugc

V(100) ~ V(1) tao tit cAc gia tri dién ap do khau DC dong

dua téi khdu diéu ché vector. Tu tudng
chinh cua phuodng phap DTC la: Tao xung kich thich van truc tiép trén cod sd sai
léch tw thong stator va sai léch mémen quay (hinh 12.26). Vi vay, phudng phap
DTC khéng can khau chuyén hé toa d6 dg — af, khong phai tinh géc chuyén hé
la khau gay khong it khé khan khi thuc hién.

Ca sd vat 1y cia phuong phap DTC dudc md ta bdi hai phuong trinh (12.24),
(12.28). Khi bd qua dién &p sut trén dién trd R, trong (12.24), ta thu dudc quan
hé tich phéan giiia dién ap Stator u, va ti théng Stator 1,. Diéu 4y c6 nghia la:
Vector 1, sé chuyén dong theo hudng cua vector dién dp duge chon. Véi T vector
dién ap chuén (hinh 12.25) ta sé c6 7 kha nang tac dong t6i 1, (hinh 12.26).

Trong phuong phap DTC (ban chit 1a SFO?) vector v, dap lai truc tiép méi
thay d6i dién ap u,. Trong phuong phap RFO, dién ap u, chi tac déng truc tiép
tdi dong i,, 48 rdi dong tac dong téi tit thong rotor vy, véi quan tinh thé hién bdi
hing s6 thdi gian rotor T'.. C6 thé néi: Giita u, va 9, ¢6 quan hé véi quan tinh 7.

! Rotor Flux Orientation: RFO
2 Stator Flux Orientation: SFO


user
Note
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B Vo0 v
Hinh 12.26 Co s6 vét ly cia phuong phdp
Vicba) DTC

V(1) V(001) Vay la: bang cdch chon vector dién dp
thich hop ta c6 thé dong thoi tic dong tdi
module cia ¢, va géc & xen giita P, W,
’llJ, (hinh 12.26). Theo (12.28), mémen quay m
ty 1& véi tich cia |y,] va sind, nho dé6 ta
c6 thé didu khién dudc mémen quay véi
m ~ sind o déng hoc cao nhat.
»> Khi ta dit 1én déng co mot vector dién
ap chudn phu hgp, vector 1, c6 thé chuyen dong trén quy dao véi gia téc to1 da.
Né&u dau cta gla toc trang véi ddu cha chiéu chuyén dong, goc J sé ting 1én, béi
vi Y, chi c6 thé bam theo véi quin T.. N&u vector dién ap dugc chon ¢ module
0, gia t6c cla Y, sé gan nhu bng 0, va nhd dé géc d bé di do ¢, vAn tiép tuc
quay theo huéng ca.

Cac gia tri thyc cla tu thong v, va mdmen m sé dugc tinh nhé mot khéu
quan sdt ti thong (hinh 12.27). Sau khi so sanh véi cac gia tri cha dao, trén co
s6 sai léch ta c6 thé quyét dinh duge chim xung kich thich van phu hop. Trong
giai phap DTC kinh dién, cac quyét dinh duge dua ra bsi cac khau DC kidu 2
hoc 3 diém.

4 ﬂ)"' Hinh 12.27 Khéu quan sdt
. P, ‘ tuc thot (kRhdu
x (k) f ("‘I)x’ "*I)r) —» _ Luenberger)
Trong khau quan sat
C ic (k) Luenberger théng thubng,

cac sai léch dau ra ¢ thoi

X diém thu (k) chi duge su

. dung dé hiéu chinh vector

1, (k) trang thai ¢ thoi diém thu

(k+1) Cé nghla l1a: chi sau

khi 1 chu ky trich mAu da troi qua lang phi. Thuc t&, ta ¢ thé hiéu chinh ngay

8 thai diém tha (&), va mot khau quan sat nhu vay con c6 tén 14 khédu quan sat
tize thoi (Current Estimator, hinh 12.27) v6i phuong trinh tinh toin sau day:

o ()= 1|8 )=o) Tt 1

a a

+ul (k)n, (12.36)

o e =em0[L gy
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Trong cong thic (12.36), hai dai lugng ti thong va dién 4p da duge chuin
hoéa (nhan biét nho chi s6 “N” viét bén phai, trén cao) bdi cac gia tri:

v, =2 Ufj“’d Uy =w®y (12.87)
0

va do d6 khong c6 thi nguyén, thuin l¢i cho viéc lap trinh vi xu ly. Céﬁg
thiic (12.36) con chtia lugng bién thién géc ctia Rotor trong pham vi 1 chu ky
trich mau T:

Tw(k)=A9=9(k+1)—9(k) (12.38)
T d6 ta c6 thé tim dude cac cong thic tinh chi tiét cia khau QS.
~N ~N
Vsa (k+1) q, 0 a, 0 ¢m(k)
Dy (k+1)] | o a, 0 a || (k)
1/’m (k +1) |aycosAY  —asinAY  a,c0sAY  —~a,sinAY {/’)f; (k)
-~ a,sinAY  a,cosAY  a,sinAY a,cosAY ||~
1/153(k+1) 3 3 4 4 1/J:Vg(k)
as; 0
" 0 as us‘\(/l(k)
o ol
0 0
| (12.39)
~N i
Yoo (K)
()| fag 0 -1 o]fp;’;(k) .
~N - _1ll~N . ’
f(k)) 10 4 O ~lg (k)
~N
b, (k)
~N ~N
7’[)sa (k) ¢m (k) kl _k2
~N ~N ~N
BW|_{ow) k& [ 0-Tn ) e
~N ~N _ ~N ’
ro (K) | (k) ]’f kil it (k) =Tsp (k)
~N ~N
D) (D)
~N ~ ~ ~
m (k)= 2Dy (k) b (k) wi(k)wﬁ,(k)] (12.42)
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Dai lugng chuin héa ctia dong va mémen trong 4 cong thic trén la:

ﬂ; my = %‘I’N I, =Moémen lat (12.43)

a

Iy =

Cac tham s6 cua khau quan sat cé cong thiic:

T T T
a=1—-—=—p,a,=—pll—0c);a; =—
i Tap 2 Tap( ) 3 ]
(12.44)
g=1-Log L, L
4 a’ 5 Ta 0» “6 1_0_

Cho dén day, tat ca cac tham sd ¢lia khau quan sat déu da biét trudc, tri cac
tham s6 &, ... k, cia ma tran trong lugng K.

d) Phuong phap DTC sir dung Fuzzy Logic o _
Sau khi da c6 mé hinh ctia MDDB, cta khau QS, ta c6 thé bit dau xay dung
hé théng DTC st dung logic md véi sd @6 nguyén ly nhu hinh 12.28.

Ma hoa Luat hgp Giai mg
thanh T
Fuzzy
Logic

Khau Wy
quan sat |y,

L, & ___”E;ai
1 PWM |5,
Sector —S,
N

Hinh 12.28 Cdu tric cia khdu DC md cho MPDB trén co sd phuong phdip DTC

y.v .Yy

Ba thanh phéan cd ban (hinh 12.29a) ctia mét khau DC chinh md la: khdu mo
héa (Fuzzyfication), khdu hop thanh (Fuzzy Rule Inference) va khdu giai mo
(Defuzzyfication).

Céc bién vao cia khau DC md 1a sai léch DC cta tit thong Stator y, va
moémen quay m vdi gia tri thuc do khau quan sat cung cdp (tinh tit u,, i, va n).
Khau md héa bién cac dai lugng ré d6 thanh cac gia tri ngdn ngit, xac dinh bdi
tap md X, va muc thudc 4, Sau d6 ching dugc khau hgp thanh x 1y, dua ra cac
két luan duéi dang bién ngdn ngit (vector dién ap V, véi mic théa méan h,).
Trén co s6 d6, khau gidi md tinh cac thdi gian déng ngit ¢, ciia ba nhanh van
nghich luu cho ting chu ky xung.

Toan bd mét phing vector thue hé toa dd af dudc chia thanh 6 Sector (mdi
Sector 60%. Khau nhdn dang Sector ¢6 nhiém vu xac dinh Sector hién tai, phuc
vu tinh trang thai déng ngét thiic su S,, S, va S, tit bién ngén ngit V,.
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" Khau hop thanh dugc thist k& sao cho vector tit thong Stator dude dan dét
ho#c theo quy dao hinh tron (phia thap ctia dai téc do danh dinh) hoic theo quy
dao hinh luc giac (phia cao ciia dai téc d6 danh dinh).

Sailéech BPC  Tap ma Tap md Tin hiéu DK

e U Laat 1?2 u Hinh 12.29Cdu tric
E={ Mo hoa vt Giai m& cila khéu
diéu khién PC mé

Giao dién | Luat Ghise b | Giao didn
a) dauvao { hopthanh | daura

e

X ~Ea| KhaubC [, | Doitugng | .
- md PK ;

Thu thap b
gia tri thuc ¥

b)

Md héa module tir thong va mémen quay

Sai léch DC clia module tit théng va mdémen quay dudc mé ta bdi cac bién
ngén ngit nhu hinh 12.30 véi kich ¢d dic trung bdi 4 tap ma “big” va “smal”, c6
kém thém d&u “+” hodc “-“. P& cau triic cha khau DC khong trd,nén qua phlIC
tap va khoi lugng tinh toan khéng qua 16n, ta giéi han & s6  lugng 4 tap cho mdi
bién va cdu thanh ham thuge 4 bdi héim tuyén tich theo cong thic.

iy (x)z[l—alx—Axn” (12.45)

bodéc x Biénvao
Sai léch DC ctia bién vao
86 thit tu clia tap md

a
Ax
n

Hinh 12.30 Cdc bién ngén ngit ddu vao

'lema11+ big+

Hinh 12.30 da chi ré: tai mdi thoi
di€m chi c¢6 2 tap md & trang thai tich
cuc, s lugng luat didu khién cén xit Iy
ft, nho @6 khéi lugng tinh toan sé thap
. Am, AUJ & mic chadp nhan dudge.

Luét diéu khién
Luat DK mé ta phan {ing cin c6 clha vector tit thong Stator v, ing v6i cac
cdp gia tri cu thé chia hai bign vao. Vi du:

IF (Am 12 “big+”) and (Awla “smal-*) THEN (module tit thong duge ting theo chidu tién)
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Trong vi du trén, “chiéu tién” duge hiéu la chiéu quay hién tai clia vector ti
thong. T4t ca cac luat DK cé két luidn giong nhau sé duge két hgp véi nhau nhd
toan tit MAX. Cac két luan déu luén dua trén 1 trong 7 vector dién ap chudn
cta nghich Iuu (hinh 12.26) véi danh hudng clia né tryc tiép téi vector tit thong
trong pham vi clia Sector dang xét. K&t luan minh hoa tac dung cén cé cla viéc
lua chon vector dién ap @it 1én MDDB, vi du nhu “tdng médul tir thong theo
chiéu tién (flux forwards increase)”. Gia si, hién tai vector ¢, dang nidm trong
Sector 1, k&t luan ngdn ngit v& anh hudng cla cac vector dién ap tdi 9, duge
minh hoa trong hinh 12.31.

T inerease
Flux forwards
FD decrease
SI _increase
SD Flux standing still decrease
SC constant
BI increase
Flux backwards
BD : decrease
FI increase
FC Flux forwards constant
FD decrease

D SC Flux standing still constant

Bl inc?'ca.qc
BC Flux backwards  constant
BD decrease

b)
Hinh 12.81 Anh hudng ciia cdc vector dién dp tdi y, khi y, & Sector 1 cho truong hdp: a)
quy dao tron, b) quy dao luc gide

Dé dang thdy ring: do toan bd mit phing vector dugc chia thanh 6 Sector
60°, k&t luan vé tac dung cla ting vector dién ap chudn sé chi duge thay ddi
tudng tng véi vi tri Sector cta tit thong. Didu nay da lam néi bat ¥ nghia cla
khau nhdn dang Sector @3 nhic dén 4 trén.

Nham muc dich khit sai léch DC cta tit thong va mémen (ing véi dang qu§
dao da chon) mdt cach nhanh chéng, ta ¢6 thé xay dung luat DK, tap hgp dudi
dang ma tran & hinh 12.32. Khi 4p dung cac két luan 6 hinh 12.31 va ma tran
(luat) DK & hinh 12.32 can ghi nhé:

e Khi chuyén trang thai déng ngét phai chon trinh tu ¢6 1di cho viéc giam

thiéu tén hao déng ngit van.

e  Quy dao tron chi thuyc hién dude néu két hgp 2 vector bién va 1 vector

khong. Ngugc lai, dé thuc hién qu§ dao luc giac ta chi cdn 1 vector bién
va 1 vector khong.
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am @ om b _
AyN-B -S l—Q_S +B Ay -Bi-S i+8 |+B Hinh 12.32L£t(:it cizéu {el:zzén
cua’ a) qu ao
:EBD SD -B|BD FD tron va %)}c;uy dao
> FD I Zlpclse| ¥o Hes
IS SC 1 7S
B[P a1 B[] [FI

B: big, S: small

Gidi md va tinh thdi gian déng ngét )
Cé6 hai phuong phap thuc hién giai mo va tinh thdi gian d6ng ngit van ban
d&n ctia NL nhu sau:

Phuong phdp diéu ché vdi 2 vector

Don gian hon ca 1a: trong 1 chu ky xung chi st dung 2 vector c¢6 muc thda
man cao nhit (vi du: vector V,, V, nhu hinh 12.33). Sau khi nhiAn miic thoa
man A véi tap md cua ting vector, ta di tim hoanh do trong taAm cta phan dién
tich mdi xuat hién (hinh 12.33).

Vi tri ctia hoanh @6 trong tAm chinh 1a diém chia chu ky xung T thanh hai
khoang thoi gian thyc hién hai vector dién ap dude tinh nhu sau:

ff tdt A\’ + Ayt -7 hy
ff t)dt A+ 4, B +h,

Co s6 clia cong thic tinh gin ding trong tam (12.46) la viéc st dung cac tap
md ¢6 dang tam giac cin véi hé toa d6 lva chon nhu hinh 12.33.

Hinh 12.33 Gidi mo theo
\72 phuwong phdp 2
Trong tAm cua vector
dién tich

A,

I3 Lo t

Phutong phdp diéu ché vdi 3 vector

Viéc diéu ché& duge md rong véi su tham gia clia 3 vector dién ap chuén.
Tudng ty véi cong thitc (12.46), ta stt dung dudi day dé tinh thdi gian déng ngét
¢, cho 3 vector ¢6 mic théa man cao nhat.
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feT— 123 (12.47)
M+ + by
Tai day can luu ¥ ban doc vé hai phudng phap giai mg trén:
e Phuong phap 3 vector rit thich hgp véi qu§ dao tron, vi quj dao duge
duy tri (& trang thai tinh) cht yé&u bdi hai vector “forwards increase”,
“forwards decrease” va mot vector khéng “standing still constant”.

e Phuong phap 2 vector c6 1gi thé hon d6i véi quy dao luc giac. Vi & ch& dé
tinh, vector tit thong chi dudc din dit bdi mét vector bién “forwards
constant” va mot vector khong “standing still constant”.

e) Nhan dang mé& géc phan sau (Sector)

neg pos |8

Yo
e
) IF a=pos & b=neg & ceneg THEN Sector 1|max-1| 1 2 §

neg pos b IF a=pos & b=pos & c=neg THEN Sector 2 >
'/’3’ : {IF a=neg & b=pos & c=neg THEN Sector 8 |max [,
-1 1 IF a=neg & b=pos & c=pos THEN Sector4| -

IF a=neg & b=neg & c=pos THEN Sector 5 jmax+l
IF a=pos & b=neg & c=pos THEN Sector 6

Y.

Hinh 12.34 Nhin dang Sector theo phuong thitc md

D& c6 thé 4p dung chinh xac luat DK mé ta 8 hinh 12.32, ta phai biét vi tri
hién tai cta ,. Hinh 12.31 d& minh hoa cho vi du Sector 1. Khi vector 1,
chuyén Sector, nghia 13, khi vi tri cia né dang ndm & bién gidi giita hai Sector,
khi d6 anh hudng cta cac vector dién &p chudn tdi W, cling thay d6i. Dé loai tru
cac nhugde diém cla cach nhan dang kinh dién, ta st dung phuong phap nhan
dang md géc phan sau mé ta 6 hinh 12.34.

@ d4u vao, ba thanh phén pha cla v, dudc chuyén thanh cac bién ngén ngit
a, b va ¢. Khau hgp thanh sé dua ra két luan vé muc thudc clia ¥, vao cac
Sector. Theo luat hgp thanh 6 hinh 12.34, Sector hién tai c6 mic thude 1a (max),
Sector vita qua 1a (max-1) va Sector sdp tdi 1a (max+1). T d6 ta thu duge mot
bién ngdn ngit méi, mo ta vi tri cha ¥, trong pham vi géc ta dang quan tdm. Dé
hiéu rd hon tac dung cha phudng phap, ta hay xem xét ky titng dang quy dao.

Quy dao tron
Céac anh hudng clia dién ap (tai bién giita hai Sector) theo hudng ti€p tuyén
va hudng ly tdm duge minh hoa & hinh 12.35.
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Hinh 12.35 Qud trinh chuyén déi
Sector trén quy dao
tron

- Bo luat DK da dude xay dung
I(SI) 3 hinh 12.31, 12.32 chi dugc ap
1 dung cho vi tri chinh gila
Sector. Vi vay, déi véi mién bién
giéi (ngoai vi tri diém gita) ta
phai bién d6i luat DK, sao cho
FI ~ qua trinh chuyén Sector trd nén

FD “_ s

mém” hon.

a. Vay 1a, bén canh hai bién
ngdén ngit danh cho sai léch DC
clia mdmen quay m va module

. ti thong Stator y,, hé thong DC

md c¢6 thém mét bién ngdn ngit thi ba “Vi tri theo Sector” (1a bién ra clia khau

nhan dang 3§ hinh 12.34) mé ta vi tri ctia ¥,. Trén cd sG bién thi ba ta chon luat

DK da dude bién ddi phit hdp (hinh 12.36), riéng khau hgp thanh va giai md van

dugc gitt nguyén nhu ban dau.

M,Am-a |-s [+s]+8 A,}fo-a |-s |+s|+8 Aw\""e|.3|+s|+a
T) B

100 101 e

-8lsp| FpD -_BIBD sBp| Sb
-S D!s ad i FD| s |
S Cl FI _‘i N o s BI|SC} FD |-
+8|BI] s +B st | s8lsi] FI
N 3
Sector Sector Sector
vila qua hién tai sfp t6i
Vj tri theo Sector

Hinh 12.36 Mé rong ludt DK nhdm lam mém qud trinh chuyén Sector trén quy dao tron

Quy dao luc giac

Déi véi dang quy dao luc giac, bién gidi giita cac Sector déng thdi 1a vi tri cla
cac vector dién ap chudn, vi vay cAc nhan xét clia quy dao tron & trén khong con
¥ nghia. Tuy vay, ta ¢ thé si dung nhén dang Sector md dé bi lai thoi gian tré
khi chuyén Sector.
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Sector

010

Sector 6

FI(BI)

100 101

~.,
e,
\‘~

.

~,
~
o

Ry

Hinh 12.37 Qud trinh chuyén déi
Sector trén quy dao
luc gide

Né&u nhu § giai phap tu0ng
tu (Analog), thoi diém chuyén
dudc ghi nhan mét cach tuy
nhién lién tuc. Thi nguge lai, &
giai phap s6 (Digital), thoi diém
chuyén Sector hoan toan cé thé
x4y ra trong pham vi chu ky
trich mau, va khéng trung vdi
thdi diém trich mau la thdi
diém khdi tinh thuat toan nhan
dang Sector (vi du: nhd d4u cla
tu thong pha). Viéc cham tré dé
c6 thé gay nén cac qua trinh

can bing dong/ap bat loi. C6 thé stt dung gidi phdp qud d6 Sector mo dé khic

4¢‘<f'-3 s +s|em A,ﬁf'-e s |+s|-e
; "~ -BlB Fb | -8jec] | BD
' s )
BC|SC] FC —1BIl|SC] FD
+$ +S
+8|BI FI +8|F FC
Sector Sector
hién tai sép téi
)
Vi tri theo Sector

phuc hién tugng cin bing nay, trong d6 mién bién gidi duoc coi la ham ctia tdn

s6’Stator (hinh 12.37).

Hinh 12.38 M6 réng ludt DK nham bi
thoi gian tré khi nhén biét
qud trinh chuyén Sector
trén quy dao luc gide

A tyea . 4 o A
Phan dién tich danh dau mién

bién gidi chinh 14 mién c6 canh la
doan quy dao A ma vector Y, sé phai
vugt qua trong pham vi mét chu ky
trich méu. S& dung céng thic
(12.32) ta tinh dudc tdn s6 mach
Rotor va tit d6 tan s& Stator. Véi
tan s& Stator, c6 thé tinh trudc xem
thdi diém chuyén Sector sé x4y ra
ldc nao trong pham vi chu ky trich
mau.

D61 véi muc tidu dat ra, dé dang

thay rang bién ngén ngit “Vi tri theo Sector” chi ciAn hai muc thuéc cho Sector
i hién tai va Sector sdp tdi, 8 tit &6 bién ddi luat DK (hinh 12.38), sao cho qua
trinh chuyén sang canh k& tiép cta luc giac ¢ chinh xac va mém mai.

Trong luat DK cha vang bién gi6i (hinh 12.38), ta phai chu y bao dam
chuyén tit ch€ d6 diéu ché véi 2 vector (chi gianh cho quy dao luc gi4c) sang ché”
d6 didu ché& véi 3 vector, sit dung 2 vector bién (“Aux forwards constant” cla
Sector hién tai va sip téi) va 1 vector khong.
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T k6t qua cla céc phan trinh bdy & trén ta ¢ thé chi tiét héa cdu tric &
hinh 12.28 va thu duge s6 d6 cdu triic cua hé théng DC md cho MPDB nhu hinh

12.39 duéi day.

A

bl X it h
N dicu khidn [ hyah,+hy
m’ | 2 Al A TR A T
_— m % V> 5.8,
=i E » PWM 35
] m po.) V.
Ll L Sc
__x Vi tri
S8 thit tu
Sector
fr.2edes
Khau e
quan sat ;

Electrical Drives with 3-phase Induction Matar

using Fuzzy Logic
based on Direct Torque Contrel

Desigred by Phuong, Trieu, Han - ey Laborstory of Automation
Haroi Urevecady of Technology

Pt

Hinh 12.39 Cdu tric hé
théng DC my
cho MPDB

C&u tric ¢ hinh 12.39
13 xudt phat diém dé ta
xdy dung so  do
SIMULINK mo phong hé
théng truyén dong dién
theo nguyén ly DTC st
dung logic md& & hinh
12.40. Sau day, ta sé lan
lugt lam quen vdi cac
khdi ctia so do.

Prigat
- ¢— Do &l
out2 4 PRiscA
To Workspace2 e ah-abcl

lgapha »
IsDakt
Pit] >
Tolque E
Spesd > & — ot
Prisd
Bb-> | paien To Workspace
&0
= __.@
]
4
bl |
»5l
= ["-']
Ly rate
] : 3
L Dl.h
Usw'
v To Workspace1
Yillage_Phase

nomern

e,

Speedt

XY Graph

Hinh 12,40 So @5 SIMULINK mé phéng hé théng truyén déng dién khéng dong bé xoay
chiéu ba pha theo nguyén ly DTC v sw dung Fuzzy Logic
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f) M6 hinh SIMULINK cia MPDB

Pay la van dé da dudc giai quyét 6 cac muc trude: M6 hinh SIMULINK cua
MDDB (hinh 12.40: khéi ASM Model) duge xay dung trén hé toa d6 af, 1a hé toa
dd c6 dinh so véi Stator. M6 hinh c¢6 phudng trinh toan (10.11) da cho & muc
10.3. Dé tang tdc d6 md phdng ta st dung S-Function viét duéi dang C-mex-
File. ‘

Ly o G
usu 3 =3 &b
(@ .
2 _,@ isbe
usvy >} casmmtrg |
P

Psbe

usw Subsyste S+unction

2 »
mM
N
2 { > omega
mT / Transter Fen
P |
Block Parameters: S-Function L Gaint n

passed ta the S-funclibn by Simulink. “Extra” parameters may be
specified in the ‘S-fyhction patameters' fiekl

r S-Function
User-definable block. Blfcks may be wiitten in M, C, Fortian or Ada and
must conform to S-fungion standards. Lx.u and flag are automatically

P V4
B S-h.mlioy(ame:

Icasmml74

S function parameters:
ILs,Ll,Lrn,H s.Arzp

0K | Cace |  Hep | Amb |

Hinh 12.41 Khoi ASM-Model thuc hién bang C-mex-File (ham casmmtrd)

g) Md hinh SIMULINK cuiia khau quan sat tir théng va mémen quay
M5 hinh SIMULINK cta khau QS tit théng duge thuc hién theo cac phudng
trinh (12.38) - (12.43) véi cac tham s§ dd dugc dinh nghia tai d6. Viéc mé hinh
héa duge thyc hién theo hai budc chinh nhu sau:
e  Si dung cac c¢dng cu thudc chuong 3 dé xac dinh bd tham s§ &, ... k, clia
ma tran trong lugng thudc céng thitc (12.41). Phuong phap sit dung dé
xac dinh bj tham s6 d6 1a phuong phéap gan cuyc.

e Soan thao mét C-File tinh toan khau QS theo theo cAc phuong trinh
(12.38) - (12.43). Sau khi goi mex observer name.c (gia thiét C-File
c6 tén 12 observer name.c) tai clla sd 1énh clia MATLAB ta sé thu

dugc ham S (C-mex-File) c6 tén observer name.dll.
Khi st dung cac ¢ong cu cia MATLAB dé tim bd tham s&'k, ... k, cAn phai luu
¥y rang:
e Xét phuong trinh dic tinh cua khau QS ta thay: Hé théng c6 hai cap
diém cyc phuc lién hgp véi vi tri phu thudc tin sd (con goi 1a dic diém
nhay tan s8, phu thudc diém lam viéc).
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e Vi tri cac diém cuc ctia khau QS gian doan (dac diém clia hé théng s6)
trén mién anh z con phu thudc vao chu ky trich mau 7.
Chinh vi vay, cidn xdy dung (bdng cong cu MATLAB) 16p cac quy dao diém
cuc (véi hai tham s 13 @ va T) clia 461 tugng MDDB trén mién anh z d€ phan
tich hidu rd d8i tugng. Viéc tim bd tham s6 &, ... k, cin bao dam:

e Cdc diém cuc mdi phdi nam trong dwong tron don vi: Nndm bao dam
tinh 6n dinh caa khau Q8.

o Cdc diém cuc mdi ndm cang gdn goc toa dp cang t6t: Nham nang cao tdc
dd hoi tu (dic tinh dong hoc) cua két qua QS.

Sau khi da tim dugc bd tham s6 ta c6 thé thuc hién khau QS véi doan ma C
nhu duéi day.

/* OBSERVER.C: Torque, rotor and stator flux observer */
#define S FUNCTION NAME observer

fdefine S_FUNCTION LEVEL ‘2

#include "simstruc.h"

#define Ul(element) (*uPtrs[element])

static void mdlInitializeSizes (SimStruct *S) -
{ ssSetNumSFcnParams (S,12);
/*Ls(0),Lr(1l),Lm(2),Rs(3),Rr(4),w0(5),k1(6),k2(7),
k3(8),k4(9), T(10),2zp(11) */
if (ssGetNumSFcnParams(S) != ssGetSFcnParamsCount (S))
return; '
ssSetNumContStates (S, 0) ; i
ssSetNumDiscStates (S,4); -
//Psalpha, Psbeta, Pralpha, Prbeta
if (!'ssSetNumInputPorts(S,1)) return;
ssSetInputPortWidth(S,0,5);
: //Usalpha, Usbeta, Isalpha, Isbeta,w
ssSetInputPortDirectFeedThrough(S,0,0);
//See mdlOutputs
if (!ssSetNumOutputPorts(S,1l)) return; ~
ssSetOutputPortWidth(S,0,5);
//Psalpha, Psbeta, Pralpha, Prbeta, M
ssSetNumSampleTimes (S, 1)
//Discrete Sample Time T
ssSetNumRWork (S, 0) ;
ssSetNumIWork (S, 0);
ssSetNumPWork (S, 0) ;
ssSetNumModes (S, 0) ;
ssSetNupNonsampledzCs (S, 0) ;
ssSetOptions(S,SS_OPTION_EXCEPTION_FREE_CODE);
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static void mdlInitializeSampleTimes (SimStruct *S)
{ real T T = mxGetPr(ssGetSFcnParam(S,10)) [(0];
ssSetSampleTime ($,0,T);
ssSetOffsetTime (S,0,0.0);
}

#define MDL_INITIALIZE_CONDITIONS
#if defined(MDL_INITIALIZE_CONDITIONS)
static void mdlInitializeConditions (SimStruct *S)
{ int T 1i;
real T *x0 = ssGetRealDiscStates(S);
for (i=0;i<4;i++)
{ *x0++=0.0;
}

}
$endif

static void mdlOutputs (SimStruct *S, int T tid)
{ real T *y = ssGetOutputPortRealSignal (s, 0);
real T *x = ssGetRealDiscStates(S):

real T zp = mxGetPr (ssGetSFcnParam(S,11)) [0];
real T Ls = mxGetPr(ssGetSFcnParam(S,0)) [0]);
real T Lr = mxGetPr (ssGetSFcnParam(S,1)) [0];
real T Lm = mxGetPr(ssGetSFcnParam(S,2)) [0];

/* Xudt cac thanh phdn t¥ théng va mémen téi ddu ra */

y[0] = x[0]}; ‘

y[1l] = x[1]; _

y[2] = x[2]; '

y[31 = x[3];

y[4] ((1.5*zp) / (Ls+Lr-2*Lm) ) * (x[1)*x[2]-x[0])*x[3]);

}

$define MDL UPDATE

$#if defined (MDL UPDATE)

static void mdlUpdate (SimStruct *S, int T tid)

{ real T *x = ssGetRealDiscStates(S);
real T tempX[4] {0.0, 0.0, 0.0, 0.0}
InputRealPtrsType uPtrs =

ssGetInputPortRealSignalPtrs (S, 0);

real T Ls = mxGetPr (ssGetSFcnParam(S,0)) [0];

real T Lr = mxGetPr (ssGetSFcnParam(S,1)) [0];
real T Lm = mxGetPr (ssGetSFcnParam(S,2)) [0];
real T Rs = mxGetPr(ssGetSFcnParam(S,3)) [0];
real T Rr = mxGetPr(ssGetSFcnParam(S,4)) [0]);
real T w0 = mxGetPr(ssGetSFcnParam(S,5)) [0];
real T k1l = mxGetPr(ssGetSFcnParam(S,6)) [0];
real T k2 = mxGetPr(ssGetSFcnParam(S,7)) [0]);
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real T k3 = mxGetPr(ssGetSFcnParam(s,8))[0];

real T k4 = mxGetPr (ssGetSFenParam (S, 9)) [0];

real T T = mxGetPr(ssGetSFcnParam(S,10)) [0];

real T zp = mxGetPr(ssGetSFcnParam(S,11)) [0];
/* Tinh cac tham s& va khai B%o bién phuy */

real T Lsi = Ls+Llr-2*Lm;

real T Tsi = Lsi/Rr;

real T Tr = (Ls+Lsi) /Rr;

real T Ts = Ls/Rs;

real T zo = Tr/Ts;

real T sigma = Lsi/(Ls+Lsi);

real T U nmlz = 1/w0;

real T I nmlz = Lsi;

real T hso = T*4*3.1416/60;

real T a3 = T/Tsi;

real T al = 1-a3*zo;

real T a2 = a3*zo* (l-sigma);

real T a4 = 1-a3;

real T a5 = a3*w0*Tsi;

real T a6 = 1/(l-sigma);

real T co = cos (hso*U (4));

real T si = sin(hso*U(4));
/* Tinh cac thanh phén tu théng thubdc kh&u gquan sat */

tempX [0] = (al-kl*al*a6-a2*k3*a6) *x[0]

+ (al*k2*a6+a2*k4*ao6) *x[1]

+ (al*kl+a2*k3+a2*x([2]
- (al*k2+a2*k4)*x[3] + U_nmlz*aS*U(d)
+ I nmlz*((al*kl+a2*k3)*U(2) i

(al*k2+a2*kd) *U(3));
k2*al*a6+kd*a2*a6) *x[0]
kl*al*a6+k3*a2*a6-al)*x[1]
al*k2+a2*k4)*x[2]

tempX|[1] (
(
(
(al*kl+a2*k3+a2) *x[3] + U_nmlz*a5*%U (1)
I
(

_nmlz* ((al*k2+a2*k4)*U(2)
kl*al+k3*a2) *U(3));
- (kl*a3*aoc+k3*ad*ab6-a3) *co
k2*a3*a6+kd*ad*a6)*si)*x[0]
(k2*a3*ab+kd*ad*ab) *co
kl*a3*a6+k3*ad*a6-a3) *si)*x[1]
(kl*a3+k3*ad+ad) *co
k2*a3+kd*ad) *si)*x[2] + (=(k2*a3+kd4*ad)*co
kl*a3+k3*ad+ad) *si) *x[3]
I nmlz*((k3*ad4+kl*a3)*co
(k2*a3+kd*ad) *si) *U (2)
- I nmlz*((k2*a3+k4d*ad)*co
+ (kl*a3+k3*ad)*si)*U(3);
tempX[3] = (-(kl*a3*a6+k3*ad*a6-a3)*si

tempX|[2]

I
+ F + o~ 4+ 4+ + +

(
(
(
(
(
(

+
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- (k2*a3*a6+kd*ad*a6) *co) *x[0]
+ ((k2*a3*ab+kd*ad*ab) *si
(kl*a3*a6+k3*ad*a6—-al3) *co) *x[1]
((kl*a3+k3*ad+ad)*si
(k2*a3+kd*ad)*co)*x[2]
(- (k2*a3+kd*ad) *si+ (kl*a3+k3*ad+ad)*co) *x[3]
I nmlz*((kl*a3+k3*a4) *si
(k2*a3+kd*ad) *co) *U (2)
I nmlz*(-(k2*a3+k4*ad) *si

+ (kl*a3+k3*ad)*co) *U(3);
/* Gan céc bién trang thai cia kh&u quan sat */

f

+ + + + + +

x[0) = tempX[0];
x[1] = tempX([1l];
x{2] = tempX[2];
x[3] = tempX([3];
}
fendif

static void mdlTerminate (SimStruct *S)
{
}

#ifdef MATLAB MEX FILE
#include "simulink.c"
telse .
#include "cg sfun.h”
$endif

Cac dac tinh & hinh 12.42 12 k€t qua m6 phong cia khau QS trong trudng
hgp tu théng Stator duge dan dat theo quy dao tron.

Stator Flux .
2 T T T T T
—— Stator Flux Psisa
— - - Stator Flux Psisb
1 L ’ bt X — - Stator Flux Psisc 4

Psisa, Psisb, Psisc
o

a) “o 0.05 01 015 02 0.5 03
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Hinh 12.42 Két qua mé phong vdi khdu QS khi tiz thong dudc dén ddt theo quy dao tron:
a) Ba tw théng pha phia Stator; b) Tz thong pha a (kéo dan truc thoi gian) ctia
déng ca va gid tri QS duge cila né; ¢) Téc dé va mémen quay ciia qud trinh
khdt dong va dét bién phu tdi sau 0,3s; d) Mémen thuc va mémen QS dudc
(trich ti hinh ¢)

Theo d&i hinh 12.42b ta ¢6 thé nhan thdy su trang khép chinh xac giita tit
thong Stator lién tuc (pha a) clia déng cd v4i gia tri gian doan (digital) do khau
QS tinh duge. Hinh 12.42c minh hoa dién bién téc d6, mémen quay cua qua
trinh khdi dong va dot ngot déng tai sau 0,3s. Néu kéo dan truc thsi gian ta c6
thé thdy chat lugng QS mdmen quay rat tot tai hinh 12.42d.
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Hinh 12.43 gidi thiéu cac két qua mé phdng khi din dit tit thong Stator di
theo quy dao hinh luc giac. C6 thé thiy rat rd dang hinh thang clia ba tit thong
pha ¢ hinh 12.43a, ¢4 dugc mé ta 1y thuyét 6 hinh 12.24. Hinh 12.43b,d minh
chitng mot 14n nita chit lugng cia khau QS tit théng vdA mémen quay. Thanh
phan hai chita trong dic tinh mémen & hinh 12.43¢ cho thiy ré nhuge diém khi
DK theo quy dao luc giac.
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Stator Flux
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. Real and estimated Torque during Speed-Up and Load Step
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Hinh 12.43 Két qud mé phéng vdi khdu QS khi tit théng duoe dén ddt theo quy dao lue
gidc: a) Ba tiz théng pha phia Stator; b) Ti thong pha a cua dfng cd va gid tri
QS duoc cra né; ¢) Tée dé va mémen quay ctia qud trinh khéi déng va dét bién
phu tai sau 0,3s; d) Mémen thuc va mémen QS dude

h) Md hinh SIMULINK cta khau nhan dang md Sector

Mb hinh SIMULINK ctia khau nhan dang md géc phan sau duge thyc hién
theo nguyén 1y d3a mod ta cho quy dao tr()n (hinh 12.35 va 36), quy dao luc gtac
(hinh 12.37 va 38). Thong tin chinh xac vé& Sector hién tai caa vector tit théng
Stator mang y nghia quyet dinh khi ap dung luat DK (hinh 12.31 va 32), chon
ding vector dién 4p cdn thigt d€ dua téi Stator.

Tuy nhién, viéc nhan dang chinh xac Sector (vi du: Bing cach xbt dau cac
thanh phan tit thong pha) sé khién cho qua trinh chuyén déng tit Sector cii
sang Sector k& tie’p trd nén khéng sach sé& (hau qua cia viéc xét dau khi tu
thong di qua diém 0). Khau nhan dang md Sector da “mém héa” qua trinh
chuyén ti€p d6, nang cao chat lugng truyén dong 1én rat nhiéu, didu nay c6 thé
nhan thay d& dang théng qua mé phéng.

M6 hinh SIMULINK ctia khau nhan dang Sector ciing dude thuc hién bang
ham S theo dang C-mex-File v6i doan ma ngudn C nhu duéi day.

/* File: sector_id.c
Abstract: This is a C-code part of the C-MEX S-function
file (dll) for sector indentifier.
Input in order:
Psu: Projection of stator flux vector on u axis.
Psv: Projection of stator flux vector on v axis.
Psw: ?rojection of stator flux vector on w axis.
Output in order:
y[0] Membership value of current sector.
y[1l] Membership value of forthcoming sector.
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y[(2] Membership value of just bypast sector.
y[3] Sector Index of current sector.

y[4] Sector Index of forthcoming sector.
y[5] Sector Index of just bypast sector.

/* Chu y: Membership value: Mac thubc

Current sector: Sector hién tai
Fortcoming sector: Sector sip téi
Just bypast sector: Sector viua qua */

Parameter:

neg threshold: negative threshold
pos_threshold: positive threshold
sample time

direction of rotor's rotation. */

#define S FUNCTION NAME sector_ id
#define S_FUNCTION_LEVEL 2

#include "simstruc.h"

#define U(element) (*uPtrsl[element])

/* Function: mdliInitializeSizes */
static void mdlInitializeSizes(SimStruct *S)

{

}

ssSetNumSFcnParams (S,4); /* pos_threshold, neg threshold,
T and direction of rotor */
if (ssGetNumSFcnParams (S) != ssGetSFcnParamsCount (S))
return;
ssSetNumContStates (S8, 0) ;
ssSetNumDiscStates (S, 0); i

if (!ssSetNumInputPorts(S,1)) return;
ssSetInputPortWidth (S, 0, 3); //Psu and Psv and Psw
ssSetInputPortDirectFeedThrough(S,0,1);

if (!ssSetNumQutputPorts (S,1)) return;
ssSetQutputPortWidth (S, 0,6);
ssSetNumSampleTimes (S, 1) ;

ssSetNumRWork (S, 0) ;

ssSetNumIWork (S, 0);

ssSetNumPWork (S, 0) ;

ssSetNumModes (S, 0) ;
ssSetNumNonsampledZCs (S, 0) ;
SsSetOptionS(S,SS_OPTION_EXCEPTION_FREE~CODE);
/* end mdlInitializeSizes */

/* Function: mdlInitializeSampleTimes */
static void mdlInitializeSampleTimes (SimStruct *S)
{ int_T T=mxGetPr (ssGetSFcnParam(S,2)) [0];

ssSetSampleTime(S,0,T);
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ssSetOffsetTime (S,0,0.0);
} /* end mdlInitializeSampeTimes */

/* Function: mdlOutputs */

static void mdlOutputs (SimStruct *S, int T tid)

{ InputRealPtrsType uPtrs =

_ssGetInputPortRealSignalPtrs(S,0);

real T *y = ssGetOutputPortRealSignal (S, 0);
real T pos threshold mxGetPr (ssGetSFcnParam(S,0)) [0];
real T neg threshold = mxGetPr (ssGetSFcnParam(S,1)) [0]
real T chquay mxGetPr (ssGetSFcnParam (S, 3)) [0];

real T neg(3],pos(3]; //nega,negb, negc, posa,posb,posc
int_T 1i,Jj,Sector_Idx[7]; //Sector Index
real T Sector([7]; //0,1,2,3,4,5,6

for (i=0;1<3;1++)
{ if ((neg_threshold <= U(i)) && (U(i) <= pos threshold))

{ pos[i] = (U(i) - neg threshold) / (pos_threshold
- neg_threshold);
neg[i] = (U(i) - pos_threshold) / (neg threshold

- pos_threshold);
}

else
{ 1f (U(i)<neg_ threshold)
{ pos(i] = 0;
negli] = 1; |
}
else i
{ pos(i] = 1;
neg(i] = 0;
}
}
}
Sector[l] = pos[0]*neg[l]l*neg(2];
Sector (2] = pos[O]*pos[l]*neg[Z ;
Sector[3] = q[O] *pos[l]*neg(2];
Sector[4] = neg[0]*pos[l]*pos[2];
Sector([5] = neg(0]*neg[l]*pos[2];
Sector([6] = pos([0]*neg[l]*pos[2];

for(i=0;1i<7;i++) Sector Idx[il = i;

for(i=1;i<6;i++)
for (j=i+1;3<7;j++)
{ 1f(Sector[i]<Sector([j])
{ Sector(0] Sector([i];
Sector(i] Sector[jl;
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Sector[jl=Sector[0];

Sector Idx[0]=Sector_ Idx[i];

Sector Idx[i]=Sector_ Idx(j];

Sector Idx{j]=Sector_Idx[0]
/* Sector([0] and Sector Idx([0] is temporary variable */

}

’

}

/* chquay== Quay thuan chiéu kim d&dng hd */
1f (chquay==1)
{ 1f((Sector Idx[l]==1) 1| (Sector Idx[1]==6))
{ if(Sector_ Idx[2]<Sector Idx[3])
{ y[1] = Sector(3];
y[2] = Sector(2];
yl4] = Sector Idx[3]:
y[5] = Sector Idx[2]:
} ‘
else
{ y[1] = Sector(2];
y[2] = Sector(3];
y[4] = Sector Idx([2];
y[5] = Sector Idx[3];
}
}
else
{ if(Sector Idx[2]>Sector_ Idx[3])
{ y[1l] = Sector(3];
y[2] = Sector(2];
yi4] = Sector Idx[3];
y[5] = Sector Idx[2];
}
else
{ yv[1l}] = Sector(2}];
y[2] = Sector(3];
y[4] = Sector Idx([2];
y[5] = Sector Idx[3];
}
}
}
/* chquay==2: Quay ngugc chiéu kim dbéng hd */
if (chquay==2)
{ if((Sector_Idx[l]l==1)1] (Sector Idx[l]==6))
{ if(Sector Idx{[2]>Sector Idx[3])
{ y[(1] = Sector[3];
y[2] = Sector[2];
y[4] = Sector Idx([3];

y[5] = Sector Idx[2]; }
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else
{ yl1] = Sector(2];
y[2] = Sector[3];
y[4] = Sector Idx[2];
y[5] = Sector Idx[3];
}
}
else
{ if (Sector Idx[2]<Sector_Idx[3])
{ y[1] = Sector([3];
y[2] = Sector[2];
yl4] = Sector Idx[3]);
y[5] = Sector Idx[2];
}
else
{ y[1] = Sector[2];
y[2] = Sector(3];
y[4] = Sector Idx[2];

y[5] = Sector Idx[3];

}

y (0] Sector([1];

y{3] = Sector_ Idx[1l];
} /* end mdlOutputs */

/* Function: mdlTerminate */
static void mdlTerminate (SimStruct *S)

{

} /* end mdlTerminate */
$ifdef MATLAB MEX FILE
finclude "simulink.c"
#else

#include "cg_sfun.h"
fendif

i) M hinh SIMULINK cta khau DC md (khdi Fuzzy Controller)
Khéi Fuzzy Controller c6 tit ca 8 ddu vao vdi ¥y nghia nhu sau:

e deltam, deltap: sai léch mémen quay, tit thong Stator (hiéu s8 gitta
gia tri dat va gia tri thuc)

e MTht, MTst, MTdq: mic thudc ciia Sector hién tai, sip tdi va da qua

e Sht, Sst, Sdq: Chi s& clia Sector hién tai, sip tdi va da qua

Véi 3 dién ap ra usu, usv va usw. Ba dién ap ra c6 dang xung vudng diéu
ché& véi bién d6 phu thudc dién 4p mét chiéu trung gian Up,.
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Hinh 12.44 Khéi Fuzzy Controller va so do SIMULINK chi tiét gdom cde khdu Fuzzyfication
(md hoa), Inference (ludt hop thanh), Defuzzyfication (giai ma), Voltage Vector
Selection (thue hién vector dién dp) va 3 khau PWM (diéu ché bé réng xung)

Sau déy ta sé lan lugt tim hiéu cach thuc hién tiing khéi con thuéc so dd
SIMULINK chi tiét ctia khéi Fuzzy Controller.

Khéi Fuzzyfication (md hoa)

Khéi duge thuc hién dudi dang ham S. Trong hinh 12.44 ham S cé tén pfuz
va duge soan thao bing m-File hay C-mex-File. Ham lién thuéc téng quat
hinh 12.30 dude cu thé héa lai nhu duéi day.

Hinh 12.45 Dang ham lién thudc
si dung trong S-
Function pruz

Khéi Fuzzyfication ¢6 hai
dau vao la cac tin hiéu sai léch
BAm Az/; mémen quay deltam va sal
léch tu théng Stator deltap.

b m s 0 S M

Tam dau ra ctia khoti la:
e 4 dAu ra tng véi 4 mite thude cla deltam vao 4 ham lién thude -B, =S,
+S va +B.

e 4 diu ra ting vdi 4 mic thude cla deltap vao 4 ham lién thude —-B, S,
+S va +B.
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Cac tham s6'b, m, s, S, M va B c6 thé dugc l;{hai bao trudc va giit vai trd quan
trong d6i véi chat lugng truyén dong. Cé thé thuc hién khau md héa véi cac
ham lién thudc 8 hinh 12.45 bing script (m-File) sau day.

function ([sys,x0,str,ts] = pfuz(t,x,u,flag,T)
switch flag, -
case 0
[sys,x0,str,ts)=mdlInitializeSizes (T);
case 3
sys = mdlOutputs (t,x,u);
case {1,2,4,9}

sys = [];
otherwise
error (['Unhandled flag=',num2str(flag)]);
end
function [sys,x0,str,ts] = mdlInitializeSizes(T)
sizes = simsizes;
sizes.NumContStates = 0;
sizes.NumDiscStates = 0;

il

sizes.NumOutputs 8;

sys(1),sys(2),sys(3),sys(4)1a 4 m@c thudc cla delta m
vao (-B,-S5,+S,+B)

sys(5),sys(6),sys(7),sys(8)1a 4 mic thudc cua delta Psi
vao (-B,-S,+5,+B)

o o oo

o

sizes.NumInputs = 2; % delta m, delta Psi
sizes.DirFeedthrough = 1;

sizes.NumSampleTimes = 1;

sys = simsizes(sizes);

x0 = [];

str = [];

ts = [-1 0]:

function sys = mdlOutputs(t, x,u)

% MO héa delta m %

b=-12.00000; m=-5.00000; s=-0.20000;
$=1.00000; M=3.00000; B=5.00000;

if (u(1l)<=b)

sys(l)=1; % B-
sys (2)=0; & §-
sys (3)=0; % S+
sys (4)=0; % B+

&(u(l)<=m))
sys(l)=u(l)/ (b-m)+m/ (m-b) ;
=u(l)/(s-b)+b/ (b-s);
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sys (3)=0;
sys (4)=0;
end |
if (u(l)>m)&(u(l)<=s)
sys{1)=0;
sys(2)=u(l)/(s-b)+b/ (b-s);
sys{3)=u(1l)/(S-m)+m/ (m-S);
sys(4)=0;
end
if (u(l)>s)&(u(l)<=3)
sys (1)=0;
sys (4)=0;
sys(2)=u(l)/(s-M)+M/ (M-3);
sys (3)=u(l)/(S-m)+m/ (m-S) ;
end
if (u(1)>S)&(u(l)<=M)
sys (4)=0;
sys (1)=0;
sys(2)=u(l)/ (s-M)+M/ (M-s);
sys(3)=u(l)/(S-B)+B/(B-S):
end
if (u(l)>M)&(u(l)<B)
sys (1)=0;
sys (2)=0;.
sys (3)=u(l)/(S-B)+B/(B~S);
sys (4)=u(l)/ (B-M)+M/ (M-B) ;
end
if(u(l)>=B)
sys (1)=0;
sys (2)=0;
sys (3)=0;
sys(4)y=1;
end

% M& hda delta Psi %

b1=-.03000; ml=-0.02000; s1=-0.02000;
51=0.02000; M1=0.02000; B1=0.03000;%
if (u(2)<=bl)

sys(5)=1; % B-

sys (6)=0; % S-—

sys (7)=0; % S+

sys(8)=0; % B+
end

1f ((u(2)>bl)&(u(2)<=ml))
sys(5)=u(2)/(bl-ml)+ml/ (ml-bl);
sys(6)=u(2)/(sl-bl)+bl/ (bl-sl);
sys (7)=0;
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sys (8)=0;
end
if (u(2)>ml)&(u(2)<=sl)
sys (5)=0;
sys(6)=u(2)/(sl-bl)+bl/ (bl-sl);
sys(7)=u(2)/(S1l-ml)+ml/ (m1l~S1);
sys (8)=0;
end
if (u(2)>sl)&(u(2)<=81)
sys (5)=0;
sys (8)=0;
sys(6)=u(2)/(sl-M1)+M1l/ (M1l-s1);
sys(7)=u(2)/(S1-ml)+ml/ (m1l-S1);
end
if (u(2)>Sl)&(u(2)<=M1)
sys (8)=0;
sys (5)=0;
sys{6)=u(2)/(sl-M1)+M1l/ (Ml-sl);
sys(7)=u(2)/(S1-Bl)+B1l/(B1-81);
end
if (u(2)>M1l)&(u(2)<=B1l)
sys (5)=0;
sys (6)=0;
sys{7)=u(2)/(S1-B1l)+B1l/(B1-S1):
sys(8)=u(2)/ (B1-M1)+M1/ (M1-B1) ;
end
if(u(2)>B1) )
sys (5)=0; '
sys (6)=0;
sys{7)=0;
sys (8)=1;
end

Dé tang tdc dd md phong ta cling c6 thé thuc hién khéi Fuzzyfication bing C-

mex-File v41 doan ma dudi day.

#define S_FUNCTION_NAME pfuz.c
#define S _FUNCTION LEVEL 2

#include "simstruc.h"

$#define u(element) (*uPtrslelement])
#define sys(element) ylelement]

/* Functien: mdlInitializeSizes */
static void mdlInitializeSizes(SimStruct *S)
{ ssSetNumSFe¢nParams (S,12);//b,m,s,S,M,B bl,ml,sl,S1,M1,Bl
if (ssGetNumSFcnParams (S) !'= ssGetSFcnParamsCount(S))
return;
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ssSetNumContStates (S,0);
ssSetNumDiscStates (S, 0);

if (!ssSetNumInputPorts(S,1l)) return;
ssSetInputPortWidth(S,0,2);
ssSetInputPortDirectFeedThrough(Ss,0,1);

if (!ssSetNumOutputPorts(S,1l)) return;
ssSetOutputPortWidth (5,0,8);
ssSetNumSampleTimes (3,1);
ssSetNumRWork (S, 0) ;
ssSetNumIWork (S, 0);

ssSetNumPWork (S, 0)

ssSetNumModes (S, 0) ;
ssSetNumNonsampledZCs (S, 0) ;

SSSetOptionS(S,SS_OPTION_EXCEPTION_FREE;CODE);
} /* end mdlInitializeSizes */

/* Function: mdlInitilizeSampleTimes */

static void mdlInitializeSampleTimes (SimStruct *S)

{ ssSetSampleTime (S, 0, INHERITED SAMPLE TIME);
ssSetOffsetTime (S,0,0.0);

} /* 'end mdlInitializeSampleTimes */

/* Function: mdlOuputs */ '
static void mdlOutputs (SimStruct *S,int T tid)
{ InputRealPtrsType uPtrs k

= ssGetInputPortRealSignalPtrs(5,0);

real T *y = ssGetOutputPortRealS1gnal(S 0);
real T b = mxGetPr (ssGetSFcnParam(S,0)) [0];
real T m = mxGetPr (ssGetSFcnParam (S )) [01;
real T s = meetPr(ssGetSFcnParam(S,2))[0],
real T S = mxGetPr (ssGetSFenParam (S, 3)) (0] ;
real T M = meetPr(ssGetSFcnParam(S,4) )y (0]
real T B = mxGetPr (ssGetSFcnParam(S,5)) [(0];
real T bl = meetPr(ssGetSFcnParam(S,6))[O],
real T ml = mxGetPr(ssGetSFcnParam(S,7)){0];
real T sl = mxGetPr(ssGetSFcnParam(S,8)) (0}];
real T S1 = mxGetPr(ssGetSFcnParam(5,9))[0];
real T Ml = mxGetPr(ssGetSFcnParam(S,10)){0];
real T Bl = mxGetPr(ssGetSFcnParam(S,11))[0];

// Deltam //
if (u(0)<=b)
{ sys(0)=1.00000;
sys(1)=0.00000;
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sys (2)=0.00000;

sys (3)=0.00000;
}
iE ((u(0)>b)&& (u(0)<=m))
{ sys(0)=u(0)/(b-m)+m/ (m-b);

sys(1l)=u(0)/(s-b)+b/ (b-s);

sys(2)=0.00000;

sys (3)=0.00000; ]
) |
if ((u(0)>m)&& (u(0)<=s)) |
{ sys(0)=0.00000;

sys(1)=u(0)/(s~b)+b/ (b-s);
sys (2 ) u(0)/(Ss-m) +m/ (m~Ss) ;
sys (3)=0.00000;

}

if ((u(0)>s)&&(u(0)<=8s))

{ sys(0)=0.00000;
sys (3)=0.00000;
sys (1)=u(0)/(s-M)+M/ (M-s) ;
sys{2)=u(0)/(Ss-m)+m/ (m-Ss) ;

}

if ((u(0)>Ss)&&(u(0)<=M))

{ sys(3)=0.00000;
sys (0)=0.00000;
sys (1)=u(0)/ (s-M)+M/ (M- s)
sys (2)=u(0)/ (Ss-B)+B/ (B-Ss);

}

if ((u(0)>M).&s (u(0)<B))

{ sys(0)=0.00000;
sys(1)=0.00000;
sys(2)=u(0)/(Ss-B)+B/ (B-Ss);
sys (3)=u(0) / (B~M) +M/ (M-B) ;

}

if(u(0)>=B)

{ sys(0)=0.00000;

sys (1)=0.00000;
sys(2)=O.QOOOO;
sys (3)=1.00000;

}

// Delta Psi //
if (u(l)<=bl)
{ sys(4)=1.00000;
sys (5)=0.00000;
sys(6) =0.00000;
sys (7)=0.00000;//B+
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if ((u(l)y>bl)&&(u(l)<=ml))

{ sys(4)=u(l)/(bl-ml)+ml/ (ml-bl);
sys(5)=u(l)/(sl-bl)+bl/ (bl-s1);:
sys (6)=0.00000;
sys(7)=0.00000;

}

if ((u(l)>ml)&&(u(l)<=sl))

{ sys(4)=0.00000;
sys(5)=u(l)/(sl-bl)+bl/(bl-sl);
sys(6)=u(l)/(S1l-ml)+ml/(ml-Sl);
sys (7)=0.00000;

}

if ((u(l)>sl)&&(u(l)<=S1))

{ sys(4)=0.00000;
sys (7)y=0.00000;
sys(95)=u(l)/(s1-M1)+M1/ (M1l-s1);
sys(6)=u(l)/(S1-ml)+ml/ (ml-S1);

}

if ((u(l)>Sl)s&&{u(l)y<=M1l))

{ sys(7)=0.00000;
sys (4)=0.00000;
sys(5)=u(l)/(s1-M1)+M1/ (M1-sl);
sys(6)=u(l)/(S1-B1)+B1/(B1-S1):

} .

if ((u(l)>M1)&& (u(l)<=B1))

{ sys(4)=0.00000;
sys (5)=0.00000;
sys(6)=u(l)/(S1-Bl)+B1/(B1-S1);
sys(7)=u(l)/(B1-M1)+M1/ (M1-B1l);

}

if (u(l)>Bl)

{ sys(4)=0.00000;
sys(5)=0.00000;
sys(6)=0.00000;
sys(7)=1.00000;

} /* end mdlOutputs */

/* Function:

mdlTerminate */

static void mdlTerminate (SimStruct *S)

{

} /* end
#ifdef
#include
felse
#include
#endif

mdlTerminate */
MATLAB MEX FILE
"simulink.c"

"cg sfun.h"
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Khéi Inference (luat hgp thanh) .
Khéi c6 tat ca 1a 14 d4u vao va 10 d4u ra. Trong do:

L

8 dAu vao tit khoi Fuzzyfication t6i (mitc thude cla deltam va deltap
vao cac tap md, bidu dién & hinh 12.45).

6 d4u vao con lai MTht, MTst, Mg, Sht, Sst, Sdg (mic thudc va chi s§
ctia Sector hién tai, sip tdi va da qua). C4n chd ¥ rdng: Néi dén Sector
12 néi dén vi tri cla vector tit thong Stator. 6 ddu vao nay chinh la cac
d4u ra ctia khau nhan dang md Sector.

10 d4u ra cta khéi cé cac ¥ nghia nhu sau:

Mifc thda man cao nhdt

Vector (ngdn ngit) ¢6 mic thoa man cao nhit
Sector cla vector ¢6 mic théa min cao nhat
Miic théa man cao thi 2

Vector (ngdn ngi) c6 miic théa man cao thit 2
Sector clia vector ¢6 miic théa mén cao thit 2
Mic théa mén cao thit 3

Vector (ngdn ngit) c6 mitc théa man cao thit 3
Sector clia vector ¢6 mic théa mén cao thi 3

Gia tri chia bién choice (1: quy dao tron; 2: quy dao lyc giac)

Cac luat hgp thanh cta khéi duge xAy dung theo hinh 12.36 (quy dao tron)
va 12.38 (quy dao luc giac). Theo 1y thuyét, c6 thé thuc hién didu kién AND
bing phép MIN hodc PROD, diéu kién OR bing SUM hoic MAX. Tuy nhién, md
phdng da cho két qua tét hon khi ta st dung phép PROD va SUM.

Sau day 1a n6i dung ma ngudn C ctia khéi Inference.

/* File: pffnsumall.c

BAbstract: This is a C-code part of the C-MEX S-function
(.dll-file) for a fuzzy law block (inference rules)
Input in order (14):

U(0->3) Linguistics variable of moment
error (B-,S-,S8+,B+)
U(4->7) Linguistics varialbe of flux's magnitude
error (B-,S-,S5+,B+)
U(8) Membership value of current vector
U(9) Membership value of forthcoming vector
U(10) Membership value of just bypast sector
U(1ll) Sector index of current vector
U(12) Sector index of forthcoming vector

U(13) Sector index of just bypast sector
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Output 1in order:
y[0] Max of membership values {(membership value of
primary vector).
y[1l] Vector index of primary vector.
y{2] Sector index correspond to primary vector.
y[3] Membership value of secondary vector.
y[4] Vector index of secondary vector.
y[5] Sector index correspond to secondary vector.
y[6] Membership value of tertiary vector.
y[7] Vector index of tertiary vector.
y[8] Sector index correspond to tertiary vector.
y[92] Choice between circle orbit or hexagonal orbit
(1: cirlce, 2: hexagon).
Parameter: No */

#define S _FUNCTION NAME fuzzylawtable
fdefine S_FUNCTION_LEVEL 2

#include "simstruc.h"

#define U(element) (*uPtrs[element])
/* Function: mdlInitializeSizes */

static void mdlInitializeSizes (SimStruct *S)

{ ssSetNumSFcnParams (S, 2); // choice (circle=1;
: _ // hexagonal=2), T
if (ssGetNumSFcnParams (S) !'= ssGetSFcnParamsCount (S))
return; ' ‘

v

ssSetNumContStates (S, 0) ;
ssSetNumDiscStates (S, 0); i

if (!ssSetNumInputPorts(S,1l)) return:
ssSetInputPortWidth (S, 0, 14);
ssSetInputPortDirectFeedThrough(S,0,1);

if( !ssSetNumOutputPorts(S,1l)) return;

ssSetOutputPortWidth (S, 0,10) ;

ssSetNumSampleTimes (S, 1) ;

ssSetNumRWork (S, 0) ;

ssSetNumIWork (S,0);

ssSetNumPWork (S, 0);

ssSetNumModes (S, 0) ;

ssSetNumNonsampledZCs (S, 0) ;

ssSetOptions(S,SS_OPTION_EXCEPTION_FREE_CODE);
} /* end mdlInitializeSizes*/

/*Function: mdlInitializeSampleTimes */
static void mdlInitializeSampleTimes (SimStruct *S)
{ real T T=mxGetPr (ssGetSFcnParam(S,1)) [0];
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ssSetSampleTime (S,0,T);
ssSetOffsetTime (S5,0,0.0);
} /* end mdlInitializeSampleTimes */

/* PFunetion: mdlOutputs */
static void mdlOutputs(SimStruct *S, int_T tid)
{ InputRealPtrsType uPtrs = ‘
ssGetInputPortRealSignalPtrs (S, 0);
real T *y = ssGetOutputPortRealSignal(S,0);
real T M[4],P[4],al4][4];
int T i,3; .
int T V_Idxbypast[8],V Idxcurr[8];
int T V_Idxfcom[8],V _Idx[22];
real T V[22],S Idx[22];
real T Slbypast,FIbypast,FDbypast,SDbypast;
real T BDbypast,Blbypast,SCbypast;
real T Slcurr,FIgurr,FDcurr, SDecurr;
real T BDcurr,BIcurr,SCcurr;
real T SIfcom,FIfcom,FDfcom,SDfcom;
real T BDfcom,BIfcom,SCfcon;
real T hexBIbypast,hexFIbypast,hexFCbypast, hexFDbypast;
real T "hexBDbypast, hexBCbypast, hexSCbypast;
real T hexBIcurr,hexFIcurr, hexFCcurr, hexFDcurr;
real T hexBDcurr,hexBCcurr,hexSCcurr;
real T hexBIfcom,hexFIfcom, hexFCfcom, hexFDfcom;
real T hexBDfcom, hexBCfcom,hexSCfcom;
real T choice=mxGetPr (ssGetSFcnParam(S,0)) [0];

for (i=0;i<4;i++) M[i1=U(1);
for (i=0;i<4;i++) P[1i1=U(i+4);
for (i=0;i<4;i++)

for (§=0;3<4;3++)

{ ali] [31=P[1i]1*M[F]; }

if (choice==1) // Quy dao trodn
{ /* Sector di qua */
SIbypast = U(10)*(a[3][1]+a(31[2]1+al31(31):

(
FIbypast = U(10)*(a[l][2]+a[l]([3]+al2}([2]+a[2])(3]):
FDbypast = U(10)*(a[0][1l]+a[0][2]1+a[0][3]):
SDbypast = U(10)*a[0](0};

BDbypast = U(10)*(a[l1][0]+a[2][0]);
BIbypast = U(10)*a[31(0];

SCbypast = U(10)*(a[l][1l]+a[2][1])):

/* Sector hién tai */

SIcurr = U(8)*(al[3]1[1]1+a{3]11[2]);:

FIcurr = U(8)*(a[3])[3])+al2][2]+al[2][3]);
FDcurr U(8)*(alll{2]+a[1][31+al011(3]):
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Sbecurr = U(8)*(af0){1]+af0]1[2]));

BDcurr = U(8)*(a[0][0]+a[1l][0]):

BIcurr = U(8)*(a[2][0]1+a[3]([0]);

SCcurr = U(8)*(al[l][1l]l+a(2][1]):

/* Sector sip t&i */

SIfcom = U(9)*a[3]([0];

FIfcom = U(9)*(al3]([1]+a[3]1[2]+al3]13]);

FDfcom = U(9)*(al2][2]+a(2][3]+all]l[2],all]l(3]);

SDfcom = U(9)*(a[0][1]1+a[0][2]+a[0]([3]):

BDfcom = U(9)*a[0][0];

BIfcom = U(9)*(all]([0]+al2][0]);

SCfcom = U(9)*(al[l][1]+a[2]1(1]):

V(1] = SlIcurr;

V[2] = Flcurr;

V[3] = FDcurr;

V(4] = SDcurr;

V[5] = BDcurr;

V(6] = BIcurr;

V(7] = SCcurr;
/ |==========m====—=—c===

V(8] = SIfcom;

V(9] = FIfcom;

V[10] = FDfcom;

V[11l] = SDfcom;

V[1l2] = BDfcom;

V[13] = BIfcom; }

V[14] = SCfcom; '
/[======================

V[15] = SIbypast;

V[1le] = FIbypast;

V[17] = FDbypast;

V[18] = SDbypast;

V[19] = BDbypast;

V[20] = BIbypast;

V[21] = SCbypast;

}

else // Quy dao luc giéc

{ /* Sector di qua */ :
hexBIbypast = 0;
hexFIbypast =
hexFCbypast =
hexFDbypast =
hexBDbypast =
hexBCbypast =
hexSCbypast =
/* Sector hién tal */

o

o O O oo
Ne Ne N owa N



456 12 Thu vién mb hinh phan cd va vi du dng dung ctia Motion Control Blockset

hexBIcurr = U(8)*a[3][0];

hexFIcurr = U(8)*(a[3]([2]+al3]([31):

hexFCcurr = U(8)*(a[2] [2]+a[2]([3]+all][2]+all][3]);
hexFDcurr = U(8)*(a[0]1[2]+al[0][3]);

hexBDcurr = U(8)*a[0][0];

hexBCcurr = U(8)*(a[l][0]+a[2][0]);

hexSCcurr = U(8) *(a[0] [1]+a[l])[l]+al2][1)1+al[3]1[1]);

/* Sector sép tei */

hexBIfcom = 9)* [1][O]+a[2][0])i
hexFIfcom = U(9) 31107;
hexFCfcom = U(9)*(a[3][2]+a[3][3])i
hexFDfcom = U(9)*(a[2]([2]+al2]([3])+all][2]+all][3]):
hexBDfcom = U(9)*(a[0][2]+a[0][3]);
hexBCfcom = 9)*a[0][0];
hexSCfcom = 9)Y*(al[0] [11+a[l]l(1l}+a[2][1]+a[3]1(1]):
V[1l] = hexBIcurr;
V(2] = hexFIcurr;
V[3] = hexFCcurr;
V[4] = hexFDcurr;
VI[5] = hexBDcurr;
V[6] = hexBCcurr;
V[7] . = hexSCcurr;
//==s=======zs==========
V[8] = hexBIfcom;
V(9] = hexFIfcom; .
V[10] = hexFCfcom; ;
V[11l] = hexFDfcom;
V[12] = hexBDfcom;
V[13] = hexBCfcom;
V[1l4] = hexSCfcom;
/)==m==============o=====
V[15] = hexBlIbypast:;
V[16] = hexFIbypast;
V[17] = hexFCbypast;
V[18} = hexFDbypast;
V[19] = hexBDbypast;
V[20] = hexBCbypast;
V[21] = hexSCbypast;
}
//============ss========

for(i=1;i<8;i++)

{ V_Idxbypast[i]=i;
V_Idxcurrl[i]=i;
V_Idxfcom[i]=i;

}
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for(i=1;i<8;i++)

{ V_Idx[i]=V_Idxcurr(i];
S Idx[i]=U(11);

}

for (i=8;1i<15;i++)

{ V_Idx[i]=V_Idxfcom[i-7];
S Idx[i}=U(12);

}

for (i=15;1i<22;1i++)

{ V_Idx[i]=V Idxbypast([i-14];
S Idx[i]=U(13);

}

for(i=1;1i<4;i++)
for (j=i+1;3<22;3++)
{ 1E(V[i1<V([I])

{ V[0l=VI[i]l; VI[i]=VI[]]; V[]]=V[0];
V_Idx[0]=V_Idx[i];
V_Idx[i]=V_Idx[]];
V_Idx[]j]=V_Idx([0];
S_Idx[0]=S_Idx[i];
S5_Idx[i]=S_Idx[j];
S5_Idx[j]=S_Idx[0];

}

I

y[0]=V[1]; // Mtc thda mdn cao nhit

y[1]=V_Idx[1]; // Vector c6 mic thda min cao nhit

y[2]=S_Idx[1]; // Sector clua vector cd muc thda man
// cao nhét '

y[(3]1=V(2]; // Mic thdéa min cao thir 2

y[4]=V_Idx[2]; // Vector c6 mic thda midn cao thi 2

y[5]=5_Idx[2]; // Sector cta vector cé mizc thda min
// cao thu 2 )

y[6]=V[3]; // Mic thda m&n cao thir 3

y[7]=V_Idx[3]; // Vector cb6 mic thodéa midn cao thi 3

y[8]=S_Idx[3]; // Sector cta vector cd mirc thda min
// cao thi 3

y[9]=choice; // Quy dao dugc chon

} / *end mdlQutputs */

/* Function: mdlTerminate */

static void mdlTerminate (SimStruct *S)
{ } /* end mdlTerminate */

#ifdef  MATLAB MEX FILFE

#include "simulink.c"

#else

#include "cg_sfun.h"

$endif
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Khoj Defuzzyfication (gidi md)

Khoi ¢6 10 dau vao va 12 dau ra. Trong d6 ddu vao chinh 1a diu ra cta khéi
Inference (luat hdp thanh) vita dé cap dén & trén. 12 ddu ra bao gébm (theo s6
thit tu & dau ra caua khéi):

1 Thdi gian thuc hién vector ¢6 mitc thda mian 16n nhat

2,3, 4 Trang thai déng ngét S,, S,, S, ctia vector c6 mic thda
man 1én nhat

5 Thoi gian thuc hién vector c6 miic thoa mén 16n thi 2

6,7,8 Trang thai déng ngit S,, S, S, clia vector ¢6 mic théa
maén 16n tha 2 .

9 Thdi gian thuc hién vector ¢6 mic thoa man 16n thi 3

(=0 khi chon qu¥ dao luc giac)
10, 11,12  Trang thai déng ngat S,, S,, S, cua vector ¢6 miic thoa
mén I6én tha 3

Ty theo titng Sector ma cac vector dién ap chudn (ing véi cac trang thai
déng ngit chudn) cé tac dung khac nhau. Do d6, ciing tity theo Sector ma cac
vector dién Ap ngdn ngii sé st dung cac vector dién ap chuén (trang thai déng
ngat) khac nhau. Trang thai déng ngét cla cac vector dién ap ngdn ngit d6i véi
hai quy dao dugce tap hgp trong hai bang dudi day:

e  Qu¥y dao tron

S, S, IS, S, S; S; <«—— Sector
SI |100[110[010]011[001]101
FI [110]010[011[001[101[100
FD|o010]011(001[101]100]110
SD|{011[001[101[100({110[{010
BD[001|101[100|110[010]011
BI [101[100[110[010[011{001
V%mr~Ajp 111111111111 |111]111
ngdn ngu ]'
o Quy dao luc gide
Vef:tor ] i S, S, S, S, S, s, «—— Sector
neonngd TR0 [110]010]011]001 101
FI [110[/010|011]001][101]100
FC|{010[011[001[101[100]110
FD|[011|001[101[100({110]010
BD|[001[101[100}110]010]011
BC|101[100]110]010]011]|001
SCcl111{111|111]111]111]111
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Néu xem ky hai bang trén ta dé dang rdt ra nhan xét: Ca hai bang c6 néi
dung véi cac t6 hgp gia tri 0 hay 1 (ngat / déng) giong hét nhau nhung lai tGng
véi cac Sector khac nhau. Vi du: Cot dau tién ctia quy dao tron thuge vé Sector
S,, nhung clia quy dao luc giac lai tng véi Sector S;. C6 thé hidu dude didu nay
néu ta biét rang: Cac Sector clia quy dao tron duge dinh nghia trén hé toa do
Stator quen bi&t (hinh 12.23a), ¢dn clia quy dao luc giac lai dua trén hé toa dd
mdi dinh nghia (hinh 12.23b).

Nhiém vu ctia khéi Defuzayfication la:

e  Dua trén su lua chon quy dao (tron hay luc giac), trén cac vector dién ap
ngén nglt va théng tin vé Sector dé tra trang thdi déng ngat 3 nhdnh
van NL tit mt trong hai bang trén.

o Tinh thoi gian déng ngdt (thoi gian duy tri trang thai déng ngét tra tu
bang) theo cac cong thite (12.46) hoic (12.47).
Khéi Defuzzyfication duge thyc hién bang ham S ¢é tén 14 pdefuz3 (hinh
12.44)-v61 ma m-File duéi day.

function [sys,x0,str,ts] = .
pdefuz3(t, x,u, flag, Tx, chguay)
switch flag
case O

[sys,x0,str,ts]=mdlInitializeSizes;
case 3- .

sys = mdlOutputs (t, x,u, Tx, chquay);
case {1,2,4,9)

sys=[];
otherwise

e;ror(['Unhandled flag="',num2str (flag)]);
end

function [sys,x0,str,ts) = mdlInitializeSizes
sizes=simsizes;
sizes.NumContStates=0;
sizes.NumDiscStates=0;
sizes.NumOutputs=12;
%T1,Sul,Svl,Swl,T2,5u2,Sv2,35w2,T3,5u3,Sv3, Sw3

sizes.NumInputs=10; '
u(l),u(2),u(3): mrc thudc max, vector max (1-7),Sht,
u(d),u(5),u(6): mrc thudéc tht 2, vector 2 (1-7),Sst,
u(7),u(8),u(9) : mac thudc tht 3, vector 3 (1-7),Sdg
u(lo): bi&n choice
Y nghia gid tri cha céc ddu vao u(2), u(5), u(8):
Chi 1 tuwong Ung vdi SI(trdn), BI(luc giac)
Chi 2 tuwong Ung vdi FI(trdn), FI(luc giac)

i 3 tuong Ung v&i FD(trdn), FC(luc giéc)

4 tuong Ung v3&i SD(tron), FD(luc gidc)

o°

dC Qe of oe

o

0

o
10
Oy O, Ox O

oe

Chi
Chi

1]

o

1]
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BD(luc giac)
BC (luc giac)
SC(luc giac)

5 tuong Ung vdi BD(tron),
Chi 6 tuong ng v&i BI (trodn),
Chi 7 tuong ung v&i SC(trodn),
sizes.DirFeedthrough=0;
sizes.NumSampleTimes=1;
sys=simsizes (sizes);

x0=[1};
str=[(];
ts=[-1

O

Chi

oe

)

o
n
Ox

O

ae

)

01,

function sys mdlOutputs (t, x,u, Tx, chquay)

% Bang xac dinh trang thai déng ngit van Ung véi sector %
ar={1 0 0110010011001 101 %$SI(tron);BI(luc giac)
1100100110011 01100 %FI(tron);FI(luc giac)
010011001101 100110 $FD(tron) ; FC(luc giac)
0110011011001 10010 %SD(tron);FD(luc gi4c)
001101100110010011 $BD (tron) ;BD(luc gié&c)
10110011001 0011001 %$BI (trodn) ;BC(luc giac)
111111111111111111]; %SC(tron);SC(luc giac)
arl=ar; % ar: tron; arl: luc giéc
% Quy dao tron %
%%%%%%%%%%%%%%%%%%%%%%
if u(l0)==1 % choice
tthm=u(l)+u(4)+u(7);
sys(l)=Tx*u(l)/tthm; % Thdoi gian thyc hién u(2)
sys{5)=Tx*u(4)/tthm; % Thoi gian thyc hién u(5)
sys (9)=Tx*u(7) /tthm; % Thdi gian thuc hién u(8)
% Sector hién tai chita vector cé mic thudc max: u(2) $%
if u(3)== % Sector hién tai 14 S1
sys(2)=ar(u{2),1); % Pha U: hang u(2), cét 1
sys(3)=ar(u(2),2); % Pha V: hang u{(2), cbét 2
sys(4)=ar(u{(2),3): % Pha W: hang u(2), cdt 3
elseif u(3)==2 % Sector hién tai la S2
sys(2)=ar (u{2),4); % Pha U: hang u(2), cbét 4
sys(3)=ar(u(2),5); % Pha V: hang u(2), cbdt 5
sys(4)=ar(u{2),6); % Pha W: hang u(2), cdt 6
elseif u(3)==3 % Sector hién tai la S3
sys(2)=ar(u{2),7): % Pha U: hang u{2), cét 7
sys(3)=ar{(u(2),8); % Pha V: hang u{2), cét 8
sys(4)=ar(u(2),9); % Pha W: hang u(2), cbét 9
elseif u(3)== % Sector hién tai 13 S4
sys(2)=ar(u(2),10); % Pha U: hang u(2), cbét 10
sys(3)=ar(u(2),11); % Pha V: hang u(2), cb6t 11
sys(4)=ar(u(2),12); % Pha W: hang u(2), cbé6t 12
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elseif u(3)==5
sys{(2)=ar(u(2),13);
sys(3)=ar(u(2),14);
sys (4)=ar(u(2),15);
elseif u(3)==06
sys(2)=ar(u(2),16);
sys(3)=ar(u(2),17);
sys{4)=ar(u(2),18);
else
sys (2)=0;
sys (3)=0;
sys (4)=0;
end

)

0

Sector hién
% Pha U:
Pha V:
Pha W:
Sector hién
Pha U:
Pha V:
% Pha W:

o0 oe

de

oe

@

tai 1a S5
hang u(2),
hang u(2),
hang u(2),
tai la S6
hang u(2),
hang u(2),
hang u(2),

if u(6)==
sys(6)=ar(u(s),1);
sys{7)=ar(u(5),2);
sys(8)=ar(u(5),3):
elseif u(6)==
sys(6)=ar(u(5),4);
sys(7)=ar(u(5),5);
sys(8)=ar(u(5),6):
elseif u(6)==
sys(6)=ar(u(5),7);
sys(7)=ar(u(5),8);
sys (8)=ar(u(5),9):
elseif u(6)==
sys(6)=ar(u(5),10);
sys{(7)=ar(u(5),11);
sys (8)=ar(u(5),12);
elseif u(6)==
sys(6)=ar(u(5),13):
sys(7)=ar(u(5),14);
sys(8)=ar(u(5),15):
elseif u(6)
sys(6)=ar(u(s),16):
sys(7)=ar(u(s),17);
sys(8)=ar(u(5),18);
else

sys (6)=0;

sys(7)=0;

sys (8)=0;
end

%

e

oe

o0

Sector sap

% Pha U:
Pha V:
Pha W:
Sector sap
Pha U:
Pha V:
Pha W:
Sector sap

Sector sép
% Pha U:
Pha V:

% Pha W:
Sector sép
Pha U:
Pha V:
Pha W:
Sector sép
Pha U:
Pha V:
Pha W:

@ o

o

o0 o°

o®

Sector s&p tdi chita vector ¢é6 mic thudc thi 2: u(5)

tdi la s1

hang u(5),
hang u(5),
hang u(5),
tdi la S2

hang u(5),
hang u(5),
hang u(5),
tdi la S3

hang u(5),
hang u(5),
hang u(5),
tdi la S4

hang u(5),
hang u(5),
hang u(5),
t&i 1a S5

hang u(5),
hang u(5),
hang u(5),
tdi la S6

hang u(5),
hang u(5),
hang u(5),

13
14
15

16

17
18

N U1 w

[colEN)

10
11
12

13
14
15

16
17
18
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if u(9)==1 % Sector dd qua la si
sys (10)=ar(u(8),1); % Pha U: hang u(8), cé6t 1
sys(ll)=ar(u(8),2); % Pha V: hang u(8), cbét 2
sys (12)=ar(u(8),3); % Pha W: hang u(8), cbét 3
elseif u(9)==2 % Sector di qua la S2
sys (10)=ar(u(8),4); % Pha U: hang u(8), cbét 4
sys(ll)=ar(u(8),5); % Pha V: hang u(8), cdét 5
sys(l2)=ar(u(8),6); % Pha W: hang u(8), cbdt 6
elseif u(9)==3 % Sector da qua la S3
sys(10)=ar(u(8),7); % Pha U: hang u(8), cbét 7
sys(ll)=ar(u(8),8); % Pha V: hang u(8), cbét 8
sys(l2)=ar (u(8),9); % Pha W: hang u(8), cbét 9
elseif u(9)==4 % Sector da qua la s4
sys(10)=ar(u(8),10); % Pha U: hang u(8), cbét 10
sys(ll)=ar(u(8),11); % Pha V: hang u(8), cé6t 11
sys (12)=ar(u(8),12); % Pha W: hang u(8), cb6t 12
elseif u(9)==5 % Sector d& qua la S5
sys(10)=ar(u(8),13); % Pha U: hang u(8), cét 13
sys(ll)=ar(u(8),14); % Pha V: hang u(8), cé6t 14
sys(12)=ar(u(8),15); % Pha W: hang u(8), cdét 15
elseif u(9)==6 % Sector di qua la Sé6
sys(l0)=ar(u(8),16)% % Pha U: hang u(8), cbét 16
sys(ll)y=ar(u(8),17); % Pha V: hang u(8), cdét 17
sys(12)=ar(u(8),18); % Pha W: hang u(8), coé6t 18
else
sys (10)=0; ‘
sys(11)=0; i
sys (12)=0;
end
5555555555595 5%%2%%
% Quy dao luc gidc %
elseif u(l0)==2 %schoice
% Quy dao luc gidc: Khoéng s dung u(8) %
sys (9)=0; % Thoi gian thuc hién u(8)
sys (10)=0; % Pha U: logic O
sys (11)=0; % Pha V: logic 0
sys(12)=0; % Pha W: logic 0
tthm=u (1) +u(4);
sys(1)=Tx*u(l) /tthm; % Thoi gian thuc hién u(2)
sys (5)=Tx-sys (1) ; % Thdi gian thuc hién u(5)
% Sector hién tai chita vector cdé mic thudéc max: u(2) %
if u(3)== % Sector hién tai 1a S1
sys(2)y=arl(u(2),4); % Pha U: hang u(2), cbot 4
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o

sys(3)=arl(u(2),5);

sys (4)=arl(u(2),6);
elseif u(3)==2 %

sys(2)=arl(u(2),7);

sys(3)=arl(u(2),8);
sys(4)=arl(u(2),9);
elseif u(3)==
sys (2)=arl(u(2),10);
sys(3)=arl(u(2),11);
sys (4)=arl(u(2),12);
elseif u(3)== %
sys(2)=arl(u(2),13);
sys(3)=arl(u(2),14);
sys(4)=arl(u(2),15);
elseif u(3)== %
sys(2)=arl(u(2),16);
sys(3)=arl(u(2),17);
sys(4)=arl(u(2),18);
elseif u(3)==
sys (2)=arl(u(2),1);
sys(3)=arl(u(2),2);
sys(4)=arl(u(2),3);
else

o

e

% Pha V: hang u(2),
% Pha W: hang u(2),
Sector hién tai la S2
% Pha U: hang u(2),
% Pha V: hang u(2),
% Pha W: hang u(2),
Sector hién tai la S3
% Pha U: hang u(2),
% Pha V: hang u(2),
% Pha W: hang u(2),
Sector hién tai la sS4
% Pha U: hang u(2),
% Pha V: hang u(2),
% Pha W: hang u(2),
Sector hién tai la S5
% Pha U: hang u(2),
% Pha V: hang u(2),
% Pha W: hang u(2),
Sector hién tai la S6
% Pha U: hang u(2),
% Pha V: hang u(2),
% Pha W: hang u(2),

Sector sdp tdi chita vector cé mic thudc thu 2: u(5)

if u(o6)== %
sys(6)=arl(u(5),4);

sys(7)=arl(u(5),5);
sys (8)=arl(u(5),6);
elseif u(6)==2 %
sys{6)=arl(u(5),7);
sys (7)=arl (u(5s), ;
sys(8)=arl(u(5),9);
elseif u(6)==3 %
sys (6)=arl(u(5),10);
sys(7)=arl(u(5),11);
sys(8)=arl(u(5),12);
elseif u(6)==4 %
sys(6)=arl(u(5),13);
sys(7)=arl (u(5),14);
sys(8)=arl(u(5),15);
elseif u(6)==5 %

Sector sip t&i la s1
Pha U: hang u(5),
Pha V: hang u(5),
Pha W: hang u(5),
Sector sép tdi la s2

% Pha U: hang u(5),
Pha V: hang u(5),
Pha W: hang u(5),

a0 oe

oe

o

e

Sector sap t&i 1a S3
'$ Pha U: hang u(5),
% Pha V: hang u(5),
% Pha W: hang u(b),

Sector sép tdi 1a s4
% Pha U: hang u(5),

o\

Pha V: hang u(5),
Pha W: hang u/{5),
Sector sap tdi la S5

oe

[ee)

10
11
12

13
14
15

16
17
18

N

o

(oo}

10
11
12

13
14
15
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sys (6)y=arl(u(b),16); % Pha U: hang u(5), cét 1la
sys(7)=arl(u(b),17); % Pha V: hang u(5), cdét 17
sys (8)=arl(u(5),18); % Pha W: hang u{(5), cdt 18
elseif u(6)==6 % Sector sAp téi la S6
sys (6)y=arl (u(3),1); % Pha U: héng u(%), cobt 1
sys (7)=arl(u(5),2); % Pha V: hang u(5), codt 2
sys(8)y=arl(u(5),3); % Pha W: hang u({5), cbdt 3
elge
sys (6)=0;
sys(7)=0;
sys (8)=0;
end
end
Khaéi Voltage Vector Selection (thue hién vector dién ap)
Viollage Vector
o
ATime_¥1 ‘J1_SML
Syl 10
Swe 1 v1.8w
ASwa. 1T V1.8wah
Time_%2 W2 Sl
ASwl_2
syan VA B
Swa2  V2Swa
MBS g s
s 128 e | o
=77 dswag VESEMEP T~
-7 ASWE 3 VEEWS Tl
Feriod Constantd
— |
l (T

Time_V1 (2 L Vi1_Swi
QLS. : —jgmc- —» {7
swi_1 (5D vH } i r:.;.%fz

Hinh 12.46 Khéi Voltage Vector Selection va so dd SIMULINK chi tiéh
AN
D& dé hiéu chitc ning cta khéi Voltage Vector Selection, ta tém tat lai hoat
dong cua khél Defuzzyfication, 1a khai tao ra 12 tin hidu déu vao cta Voltage
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Vector Selection. Khéi Defuzzyfication da tiy theo quy dao duge chon la hinh
tron hay hinh luc giac, ttcla u (10) = 1 hay 2:

Doi vdi quy dao tron (diéu ché 3 vector): Tinh 3 thoi gian thuc hién
vector c6 mitc thudc cao nhat la u (2), vector ¢6 mitc thude cao thit 2 1a
u(5) va vector c6 mic thudc cao thit 3 1a u(8). 3 gia tri thai gian d6
duge dua tdi cac ddura s6 1, 5 va 9. Dol vdi quy dao luc gide (diéu ché' 2
vector): Khong thyc hién u (8), thdi gian dua tdi ddu ra s§ 9 sé1a 0.

D& thue hién vector ¢6 mite thude cao nhdt lo u(2), ta kiém tra gia tri
cta u (3) dé bigt u(2) ndm J Sector nao (S1, hay S2, ... hay S6). Tu do6
tra hang tht u (2) va cdt tudng Ung cua bang ar dé tim trang thai logic
(1 hodc 0; déng 1én ngudn + hay xudng nguén -) cta pha U, V va W. Ba
gia tri logic ctia pha U, V va W dudc dua téi ddura 2, 3 va 4.

Dé thue hién vector ¢6 mic thude cao thiz 2 la u (5), ta kiém tra gia tri
cta u (6) d€ bift u(5) ndm § Sector nao (S1, hay S2, ... hay S6). Tu d6
tra hang thi u (5) va cot tuong ing clia bang ar dé tim trang thai logic
(1 hodc 0; déng 1én ngudén + hay xuéng ngudn -) cia pha U, Vva W. Ba
gia tri logic cia pha U, V va W dugc dua téi ddura 6, 7 va 8.

Dé thuc hién vector ¢6 mic thude cao thiz 3 1 u (8), ta kiém tra gia tri
clia u (9) dé€ biét u(8) ndm § Sector nao (S1, hay S2, ... hay S6). T d6
tra hang thit u (8) va cdt tuong dng cla bang ar dé tim trang thai logic
(1 hoic 0; d()ng 1én nguén + hay xudng ngudn -) cia pha U, Vva W. Ba
gia tri logic ctia pha U, V va W dugc dua téi dau ra 10, 11 va 12. Khi qu§
dao dugc chon 1a luc giac, ba gia tri logic dua téi dau ra déula 0 (ca 3
pha U, V va W déu dudc ndi véi ngudn -).

Nhu vay, 12 dau ra cta khéi Defuzzyfication dugc chia thanh 8 nhém tng
v8i 3 vector u(2), u(5) va u(8) (cla quy dao tron). Khi quy dao la luc giac ta
chi cAn 2 nhém d4u Gng v8i 2 vector u(2) va u(5), nhém thi 3 clia u(8)
khéng dugc st dung. Méi nhém c6 4 ddu ra véi chiic nang: -

Déu ra thiz nhdt (s6 thid ty 1, 5 va 9): Gia tri thdi gian thyc hién t8 hgp
logic U, Vva W.

Ddu ra thiz 2 (s6 thi ty 2, 6 va 10): Gia tri logic ctia pha U.
Déu ra thiz 3 (s6 thi tu 3, 7 va 11): Gia tri logic ciia pha V.
Ddu ra thiz 4 (s6 thi tu 4, 8 va 12): Gia tri logic ciia pha W.

Vay nhiém vu cta khdi Voltage Vector Selection (v6i ddu vao chinh 1a ddu ra
ctia khéi Defuzzyfication) 1a két hop thé nao d6, dé 14n lugt dua cac t6 hop trang
thai logic 6 d4u vao téi 3 ddu ra duy nhat ng véi ba pha U, Vva W:

T3 hop ddu vao s6 2/3/4, duy tri trong khoang thai gian & ddu vao 1.
T8 hop ddu vao s6 6/7/8, duy tri trong khoang thoi gian ¢ ddu vao 5.
T6 hop ddu vao s§ 10/11/12, duy tri trong khoang thdi gian & ddu vao 9.
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Méic di ¢6 thé thuc hién khéi bang C-mex-File, vi du ¢ hinh 12.46 da su
dung mdt cach rit thuin loi cic khéi logic ¢6 san trong thi vién cia SIMULINK.

Khéi PWM (diéu ché bé rong xung)

Mai pha U, V va W déu cé mdt khdi PWM cua riéng minh. Khéi PWM khéng
¢6 chiic nang diéu ché bé rong xung nhu ta thudng quen. Tai diy khéi PWM chi
duy nhat c6 nhiém vu két hop 3 gia tri logic (do 3 vector véi ba miic thude cung
cip) dé DK diu ra ctia pha:

e Nhin gia tri
+(2/3)Upe

Sl W1
A5wl V2 usup
o Bwl V3

- o khi gia tri
LT F logic 1 1 va
_,k?:%— A e nhan gia tri
S _." — ~
— d v > - (2/3) Upe
(2 r——————p OR £ 5 - -
Serl_v2 T khi gia tri
= Logical Sub3ysiEm logic 1a 0.
S® Operator ogic la 0
Swl_V3 ,/ Teel L
e Tt~ ~
A% a ——p()
Trigoer Gain

Hinh 12.47 Khéi PWM vé so d6 SIMULINK chi Hét

Flux Circle Trajectory: Voltage of Phase U
T

T T
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Flux Hexagon Trajectory: Voltage of Phase U
T
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Hinh 12.48Dién dp pha U & déu ra khéi PWM: quy dao tron (trén), luc gide (dwdi)
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Hinh 12.48 1& k&t qud md phdng dang dién 4p dua t6i pha U cha MDDB
trong hai trutng hgp: Quy dao hinh tron va hinh luc giac. C6 thé nhan xét mét
cach rit chinh xac rang dé6 la két qua dang tin cay. Trong ca hai hinh thuéc
12.48, ban doc bét gap lai dang dién ap (chu01 xung vudng c6 bé rong thay dsi)
véi séng co ban hinh sin, thudng gip khi st dung PWM. Tuy nhién, nhu & phan
md ddu muc 12.2.3 da néi: Day 1a khdu NPWM (Nonlinear Puls Width
Modulator), ttc 14 khau diéu ché phi tuyén bé rong xung chtt khéng phai khau
diéu ché vector thong thudng.

Hinh 12.49 duéi day khing dinh lai mét 14n nita tinh ding din ctia mé hinh
SIMULINK (hinh 12.40), mé phdng hé théng truyén dong dién khong dong bo
xoay chiu ba pha theo nguyén Iy DTC va st dung Fuzzy Logic dé s6 héa.

Circle Trajectory of Stator Flux Hexagon Trajectory of Stator Flux
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Hinh 12.49 Quy dao hinh tron (trai) va hinh luc gide (phdi) ctia tie théng Stator ¥,

12.3 Tém tit ndi dung chucdng 12

Sau khi da nghién citu ky chudng 12, ngudi doc cAn ndm viing cac ndi dung

sau day:

1. Mo hinh héa trén nén MATLAB va SIMULINK cic phan ti truyén dong cd
hoc trén c¢d s6 phan ri hé thong cd nhiéu vat thanh nhiéu hé mét vat.

2. M6 hinh héa va mé phdng mét truc chuyén dong (vi du: Mot truc cla tay
may) bao gdm ca ba loai phén ti: Thiét bi diéu khién (thuat toan va dién
tlt cong suit), may dién va phu tai (hé thong co nhiéu vat).

3. M6 hinh héa va mé phong thié’t bi phat dién chay sitc gié st dung may
dién di b ngudn kép, bao gdm cac hé théng con: May phat va hé thong
diéu khién may phat, lusi / nghich luu phia luéi va hé théng didu khién
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nghich luu phia ludi, qua trinh trao d6i dién ning giita hai phia qua
mach dién mét chi€u trung gian.

Mo hinh héa va mé phdng hé truyén dong di bd theo phuong phap Direct
Torque Control st dung Fuzzy Logie. Trong d6 c6 cac néi dung méi: Khau
nhan dang md géc phan sau (Sector), khau diéu chinh md (Fuzzy
Controller, thic hién cac nhiém vu: Mo héa, luat hgp thanh, giai mg, tao
vector dién ap, di€u ché& bé rong xung).

K¥ niang tao ham S (tao S-Function) bing m-File hay C-mex-File dé tao
ra nhiing khéi SIMULINK méi.
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