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Khio sit tng dung MATLAB trong diéu khién ty dong
GIGI THIEU LY THUYET PIEU KHIEN TU PONG

Piéu khién ty dong déng vai trd quan trong trong sy phat trién cda khoa hoc va ky thuat.
Linh vyc nay hitu hiéu khip noi tir hé théng phi thuyén khong gian, hé thong diéu khién tén Iira,
mdy bay khdng ngudi 14i, ngudi may, tay mdy trong cdc quy trinh sdn xuit hién dai, va ngay cd
trong ddi song hang ngay: diéu khién nhiét do, d6 4m...

Phit minh dau tién khdi dau cho viéc phat tri€n clia ling vuc diéu khién ty dong 12 bd diéu
toc ly tim dé diéu chinh nhiét 6 mdy hdi nu6c cia Jame Watt nim 1874. Cac cong trinh ddng
chi y trong budc diu phat trién 1y thuyét diéu khié€n 1a cda cic nha khoa hoc Minorsky, Hazen,
Nyquist...nim 1922. Minorky thyc hién hé thdng diéu khién ty dong cdc con tau va chitng minh
tinh 8n dinh cia hé thdng c6 thé dugc xdc dinh tir phuong trinh vi phan md ta hé thong. Nim
1932, Nyquist ¢4 dua ra mdt nguyén tic tuong ddi don gidn d€ xdc dinh tinh &n dinh cla hé
thong vong kin dya trén co s§ ddp tng vong hd doi vdi cdc tinh hiéu vao hinh sin & trang thai
xdc 1ap. Niam 1934, Hazen d3 giGi thiéu thuat ngit diu chinh co tv dong (servo mechanism) cho
nhitng hé thong diéu khién dinh vi vaa thdo luin dé&n viéc thi€t k& hé thong relay diéu chinh
dong cd v6i ngd vao tin hiéu thay ddi.

Trong sudt thip nién 40 cla thé ky 20 phuong phdp dip @ng tAn sd di gidp cjo cic ky su
thi€t k& cac hé thong vong kin tuyé&n tinh thda cdc yéu ciu chat lugng diéu khién. Tl cudi thap
nién 40 cho d&€n dau thap nién 50 phuong phap quy dao nghiém ctia Evan dudc phat trién kha
toan ven.

Phuong phdp quy dao nghiém va ddp @ng tin s6 dugc xem 1a cdt 16i cia ly thuyét diéu
khién c6 di€n cho phép ta thi€t k& dudc nhitng hé thdng 6n dinh va thda céc chi tiéu chi't lugng
diéu khién. Nhitng hé thdng nay dugc chdp nhian nhung chua phai 13 ti wu, hoan thién nhat. Cho
tdi cudi thap nién 50 clia thé ky 20 viéc thi€t k& mot hay nhiéu hé thong dan din dudc chuyén
qua viéc thi€t k&€ mot hé thdng t&i wu vdi y nghia diy di hon.

Khi cdc mdy méc hién dai ngay cang phic tap hon v6i nhioéu tin hiéu vao va ra thi viéc md
td hé thong diéu khi€n hién dai nay doi héi mot lugng rat 16n cac phuong trinh. Ly thuyé&t diéu
khién c8 dién lién quan cdc hé thdng mot ngd vao va mdt ngd ra trd nén bat luc d€ phan tich
cdc hé thong nhiéu ddu vao, nhiu diu ra. K& tir khodng nim 1960 trd di nhd mdy tinh sdcho
phép ta phin tich cdc hé thong phifc tap trong mién thdi gian, 1y thuyé&t diéu khién hién dai phit
trién d€ ddi phé véi su phifc tap clia ciac hé thong hién dai. Ly thuyé&t diéu khién hién dai dua
trén phan tich trong mién théi gian va tdng hop ding cdc bién trang thdi, cho phép gidi cic bai
toan di€u khién cé cdc yéu cAu chit ché vé @6 chinh xdc, trong lugng va gia thanh clia cdc hé
thdng trong linh vuc kj nghé khong gian va quan su.

Sy phét trién gin day clia Iy thuyé&t diéu khién hién dai 1a trong nhiéu linh vuc di€u khién
t6i uu clia cdc hé thong ngiu nhién va tién dinh. Hién nay mdy vi tinh ngay cang r&, gon nhung
kha ning x{ 1y lai rAt manh nén né dugc dung nhu 13 mot phan ti trong cdc hé thong diéu
khién. Nhitng 4p dung gan day cda ly thuyét diéu khi€n hién dai vao ngay cd nhitng nganh ky
thuat nhu: sinh hoc, y hoc, kinh t&, kinh t€ xa hoi.

I. NHUNG KHAI NIEM CO BAN
1. Piéu khién hoc (Cybernctics):
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La khoa hoc nghién cttu nhitng qué trinh diéu khién va truyén thong mdy mdc, sinh vat va
kinh t&. Piéu khién hoc mang dic trung tdng quat va dugc phin chia thanh nhiéu linh vuc khic
nhau nhu: todn diéu khié€n, diéu khién hoc ky thuat, di€u khi€n hoc sinh vat (phéng sinh vat:
bionics), diéu khién hoc kinh t&.

2. Ly thuy&t di€u khi€n tu dong:

La cd sé ly thuyét ctia diéu khién hoc ky thuat. Piéu khién ty dong 13 thuat ngit chi qud
trinh diéu khi€n mot ddi tugng trong k§ thuit ma khong c6 sy tham gia clia con ngudi
(automatic) né ngudc lai v6i qud trinh diéu khién bing tay (manual).

3. Hé thong diéu khién ty dong:

Mot hé thong diéu khién tu dong bao gdm 3 phin chd y&u:
Thié€'t bi diéu khién (TBPK).

- Ddi tugng diéu khién (PTPK).

- Thiét bi do ludng.

Hinh 1.1 13 sd @6 kh&i clia hé thong diéu khién tu dong.
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Hinh 1.1
Trong do:

C: tin hiéu can diéu khién, thudng goi 1 tin hiéu ra (output).

U: tin hiéu diéu khién.

R: tin hiéu chi dao, chuin, tham chi€u (reference) thudng goi 1a tin hi€u vao (input).

N: tin hiéu nhiéu tdc dong tir bén ngoai vao hé thong.

F: tin hiéu hoi ti€p, phan hdi (feedback).

4. Hé thong diéu khién kin (closed loop control system):

La hé htong diéu khién c6 phan hdi (feeback) nghia 1a tin hiéu ra dugc do ludng va dua vé
thi€t bi diéu khién. Tin hiéu hdi ti€p phdi hop véi tin hiéu vao d€ tao ra tin hiéu diéu khién.
Hinh 1.1 chinh 14 sd db clia hé thong kin. Co sé 1y thuyét d€ nghién ctu hé thong kin chinh 1a 1y
thuyét diéu khién ty dong.

5. Hé thong diéu khién hé:

Da&i véi hé thong hd, khau do ludng khong duge ding d&€n. Moi sy thay d6i cda tin hiéu ra

khong dudc phan hdi vé thiét bi di€u khién. So dd hinh 1.2 13 hé thdng diéu khién hd.

R—> TBDBK E bTbK —C>

Hinh 1.2: Hé thong diéu khién hé
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Co s§ 1y thuyét d€ nghién citu hé thong hd 1a 1y thuyét vé relay va 1y thuyét 6tomat hitu
han.

IL. PHAN LOAI HE THONG PIEU KHIEN TU PONG

Hé thong diéu khi€n c6 thé phin loai bing nhiéu cdch khic nhau. Sau day 12 mot s6 phuong
phdp phén loai:

1. Hé tuy€&n tinh va phi tuyé&n:

C6 thé n6i hau hét cdc hé thong vat 1y déu 1a hé phi tuyén, c6 nghia la trong hé thdng cé it
nhit mot phan tir 12 phan ti phi tuyén (quan hé vao ra 12 quan hé phi tuy&n). Tuy nhién, néu
pham vi thay d6i clia cdc bi€n hé thong khong 16n, hé thdng c6 thé dugc tuyén tinh héa trong
pham vi bié€n thién clia cdc bi€n tuong ddi nhd. P&i v6i hé tuyén tinh, phuong phdp x€p chdng
c6 thé dudc 4p dung.

2. Hé bat bién va bié€n thién theo thdi gian:

Hé bat bién theo thdi gian (hé dirng) 12 hé thong cé cdc tham sd khdng ddi (theo thdi gian).
Pdp ng clia cdc hé nay khong phu thudc vao thdi di€m ma tin hiéu vao dudc dit vao hé thong
diéu khién phi thuyén khong gian, v6i khdi lugng gidm theo thdi gian do tiéu thu ning lugng
trong khi bay.

3. Hé lién tuc va gian doan theo thdi gian:

Trong hé lién tuc theo thii gian, tt ¢4 cdc bi€n 12 ham lién tuc theo thdi gian. Cong cu phan
tich hé thong lién tuc 12 phép bién d6i Laplace hay Fourier. Tronh khi d6, hé gidn doan 13 hé
thong c6 it nhdt mot tin hiéu 1a ham gidn doan theo thdi gian. Ngudi ta phan biét hé théng gidn
doan gdm:

- Hé thong xung: 13 hé thong ma trong d6 ¢6 mot phan ti xung (khéa déng ngit) hay 13 tin
hiéu dugc 14y mau (sample) va giit (hold). (Hinh 1.3)

e(t) P&i tugng diéu khién
t t
)
F(p)

Hinh 1.3: Hé thdng diéu khién xung.

- Hé thong s6: 1a hé thong gidn doan trong d6 tin hiéu dugc ma héa thanh logic 1, 0. P6 1a
cdc hé thdng c6 cac khau bién ddi tuong tu / s6 (A/D), s6/ tuong tu (D/A) va dé két noi két ndi
tin hiéu véi mdy tinh s6. (Hinh 1.4)

Thuc hién: PHAM QUOC TR UGNG 3- GVHD: PHAMQUANG HUY




Khio sit tng dung MATLAB trong diéu khién ty dong

Po6i twong diéu khién

— MTS » D/A » G(p) _c&t)_»
Ngé vaol—
dang s6

G(p)

Hinh 1.4: Hé thdng diéu khién s&

Cong cu dé€ phan tich hé thong gidn doan 1a phép bi€n ddi Laplace, Fourier gidn doan hay
phép bién ddi Z.

4. Hé don bién va da bién:

Hé don bién 1a hé chi c6 mdt ngd vao va mdt ngd ra. Cong cu d€ phan tich va tdng hgp hé
don bién 1a 1y thuyé&t diéu khién c¢d di€n. Vi du: hé diéu khién dinh vi (vi tri).

Hé da bi€n 12 hé c¢6 nhiéu ngd vao va nhiéu ngd ra. Cong cu dé phan tich va tdng hop hé da
bié€n 1a ly thuyét diéu khién hién dai dua trén co sd bi€u dién hé trong khong gian trang thdi. Vi
du: hé diéu khién qud trinh (Process Control System) c6 thé gom cé diéu khi€n nhiét dd va 4p
sult.

5. Hé thong thich nghi va hé thong khong thich nghi:

Hé thdng thich nghi 12 hé hténg hoat dong theo nguyén tic ty chinh dinh, trong d6 hé thong
tu phat hién nhitng thay d6i clia cdc tham s& do 4nh huéng clia mdi trudng bén ngoai va thuc
hién viéc diéu chinh tham s6 d€ dat dugc chi tiéu t6i vu dugc dé ra.

6. Hé x4c dinh (deterministic) va hé ngiu nhién (stochastic):

Mot hé thong diéu khién 13 x4c dinh khi d4p ng d6i v6i mot ngd vao nhat dinh cé thé dugc
biét trudc (predictable) va c6 thé lip lai dugc (repeatable). NEu khong thda min 2 diéu kién
trén, hé thong diéu khién 13 ngiu nhién.

IIL. NHIEM VU CUA LY THUYET PIEU KHIEN TU PONG

D€ khio sdt va thi€t k€ mot hé thong diéu khién ty dong ngudi ta thuc hién cdc budc sau:

a) Dua trén cdc yéu cau thuc tién, cdc md hinh vat 1y ta xdy dung md hinh todn hoc dua trén
céc quy luat, hién tugng, quan hé clia cdc d6i tugng vat 1y. Mo hinh todn hoc clia hé thdng dugc
x4y dung tir cdc mo hinh todn hoc clia cdc phan ti¥ riéng 18.

b) Dva trén 1y thuy€&t 6n dinh, ta khdo sit tinh 6n dinh ctia hé thong. N&u hé thong khong dn
dinh ta thay d6i dic tinh clia hé thdng biing cdch dua vio mdt khau bd chinh (compensation) hay
thay ddi thay ddi tham s ctia hé dé hé thanh &n dinh.

c¢) Khdo sit chit lugng clia hé theo cdc chi tiéu dé ra ban diu. N&u hé khong dat chi tiéu
chat lugng ban dau, ta thuc hién bs chinh hé thong.

d) M6 phdng hé thong trén mdy tinh dé ki€m tra lai thi€t k&.

e) Thyc hién mo6 hinh miu (prototype) va kiém tra thiét k& biing thuc nghiém.

f) Tinh chinh lai thi€t k& d€ t6i uu héa chi tiéu chi't lugng va ha thdp gid thanh néu c6 yéu
cau.

g) Xay dung hé thong thuc t&.
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TAP LENH CO BAN CUA MATLAB
I. LENH COBAN

Chi y: Cic 1énh déu viét bing chit thudng, nhung vi tic gid mudn viét hoa dé€ ngudi xem tién
theo doi.
1. Lénh ANS
a) Cong dung: (Purpose)
La bi€n chita két qud mic dinh.
b) Gidi thich: (Description)

Khi thyc hién mot 1énh nao d6 ma chua cé bié€n chita k&t qué, thi MATLAB 14y bién Ans
1am bién chita k&t qua do.

¢) Vi du: (Examples)
2-1
ans =1

2. Lénh CLOCK

a) Cong dung: (Purpose)
Thong bdo ngay gid hién tai.
b) Cd phdp:(Syntax)
¢ = clock
¢) Giéi thich: (Description)
P& thong bdo dé doc ta dung ham fix.
d) Vi du: (Examples)
¢ =clock
c=
1.0e+003*
2.0010 0.0040 0.0200 0.0030 0.0420 0.0501
¢ = fix(clock)
c= 2001 1 20 3 43 3
3. Lénh COMPUTER

a) Coéng dung: (Purpose)
Cho biét hé diéu hanh clia m4y vi tinh dang st dung Matlab.

Thyc hién: PHAM QUOC TRUGNG 1- GVHD: PHAM QUANG HUY




Khao sat ing dung MATLAB trong diéu khién ty dong

b) Ci phédp: (Syntax)
computer
[c,m] = computer

¢) Gidi thich: (Description)

c: chita thong bao hé diéu hanh clia mdy.

m: s& phan tif cda ma trin 16n nhat ma may c6 thé 1am viéc dugc vdi Matlab.

d) Vi du: (Examples)

» [c,m]=computer

PCWIN

2.1475e+009
4. Lénh DATE
a) Cong dung: (Purpose)
Thong bdo ngay thing ndm hién tai
b) Cii phédp: (Syntax)
s = date
¢) Vidu:

» s=date

20-Apr-2001
5. Lénh CD
a) Cong dung:

Chuyén ddi thu muc lam viéc.
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b) Cu phdp:
cd
cd diretory
cd ..
¢) Gidi thich:
cd: cho biét thu nuc hién hanh.
diretory: dudng din dén thu muc mudn lam viéc.
cd .. chuyén dén thu muc cAp cao hon mot bac.
6. Lénh CLC
a) Cong dung:
X6a ctra s6 1énh.
b) Cu phdp:
clc
¢) Vi du:
clc, fori: 25, home, A = rand(5), end.
7. Lénh CLEAR

a) Cong dung:
X6a cic dé muc trong bd nhd.
b) Cu phdp:
clear
clear name
clear namel name2 name3
clear functions
clear variables
clear mex
clear global
clear all
¢) Gidi thich:
clear: x6a tat cd cdc bi€n khdi viing lam viéc.
clear name: x6a c4c bi€n hay ham dugc chi ra trong name.

clear functions: x6a tit cd cdc hAm trong bd nhd.
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clear variables: x6a tit c cdc bién ra khéi bd nhd.
clear mex: x6a tit cd cdc tap tin .mex ra khéi bd nhd.
clear: x6a tit cd cdc bi€n chung.

clear all: x6a tit cd cdc bi€n, ham, va cédc tap tin .mex khdi bo nhd. Lénh nay 1am cho bd nhé
trong hoan toan.

8. Lénh DELETE

a) Cong dung:

X6a tap tin va ddi tugng d6 hoa.
b) Cu phdp:

delete filename

delete (n)
¢) Giéi thich:

file name: tén tap tin cAn xda.

n: bi€n chira ddi tugng dd hoa can x6a. N&u d6i tugng 14 mdt cita s6 thi cita s6 sé dong
lai va bi x6a.

9. Lénh DEMO
a) Cong dung:
Chay chuong trinh mic dinh ctia Matlab.
b) Ci phép:
demo
¢) Giéi thich:

demo: 1a chuong trinh ¢6 sdn trong trong Matlab, chuong trinh nay minh hoa mot s& chic
nidng cua Matlab.

10. Lénh DIARY
a) Cong dung:
Luu vung thanh file trén dia.
b) Cd phép:
diary filename
¢) Giéi thich:
filename: tén cta tap tin.

11. Lénh DIR
a) Cong dung:
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Liét ké cdc tip tin va thu muc.
b) Cd phép:
dir
dir name
¢) Gidi thich:
dir: liét ké cdc tap tin va thu muc c6 trong thu muc hi€n hanh.
dir name: dudng din d&n thu muc can liét ké.
12. 1énh DISP
a) Cong dung:
Trinh bay ndi dung ctia bi€n (x) ra man hinh
b) Cu phép:
disp (x)
¢) giai thich:
x: 12 tén clia ma trin hay 1a tén clia bi€n chita chudi ky tw, néu trinh bay truc ti€p chudi
ky ty thi chudi ky tu dugc dit trong dau ©

d) Vi du:
» num=('"Matlab')
num =
Matlab
» disp(num)
Matlab
»num=[200 1]
num =

2 0 0 1

» disp(num)
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2 0 0 1

» num="PHAM QUOC TRUONG'

num =

PHAM QUOC TRUONG
13. Lénh ECHO
a) Cong dung:

Hién thi hay khong hién thi dong 1énh dang thi hanh trong file *.m.
b) Cu phdp:

echo on

echo off
¢) Gidi thich:

on: hién thi dong 1énh.

off: khong hi€n thi dong lénh.
14. Lénh FORMAT

a) Cong dung:

. e R e R . 2 ~
Pinh dang ki€u hién thi clia cdc con s0.

Cu phap Gidi thich Vidu
Format short Hién thi 4 con s6 | 3.1416
sau ddu chAm
Format long Hién thi 14 con s6 | 3.14159265358979

sau ddu chAm

Format rat Hién thi dang phan | 355/133
s6 clia  phan
nguyén nhd nhat

Format + Hién thi s& duong | +
hay 4m
15. Lénh HELP

a) Cong dung:
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huéng din cdch sit dung cdc Iénh trong Matlab.
b) Cud phdp:
help
help topic
¢) Gidi thich:
help: hién thi vin tit cic muc huéng din.
topic: tén 1énh cin dugc huéng din.
16. Lénh HOME
a) Cong dung:
Pem con trd vé dau viing 1am viéc.
b) Cu phdp:
home

17. Lénh LENGTH

a) Cong dung:
Tinh chiéu dai clia vectd.
b) Cd phdp:
1 =length (x)
¢) Giéi thich:
1: bi€n chita chiéu dai vecto.
d) Vidu:
tinh chiéu dai clia vectd x.
x=[0123456789]
1 = length (x)
1=10
» x=[01 09 77,20 04 2001 ]

1 9 77 20 4 2001

» I=length(x)
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1=

6
18. Lénh LOAD
a) Cong dung:
Nap file tir dia vao vung lam viéc.
b) Ci phép:
load
load filename
load filename
load finame.extension
¢) Giéi thich:
load: nap file matlap.mat
load filename: nap file filename.mat
load filename.extension: nap file filename.extension

Tap tin nay phdi la tp tin dang ma trdn c6 nghia 1a s6 cdt clia hang du6i phai bing s6
cOt clia hang trén. K&t qua ta dugc mdt ma tridn ¢ s6 cdt va hang chinh 1a s6 cot va hang cla
tip tin vin ban trén.

19. Lénh LOOKFOR

a) Cong dung:

Hién thi tit cd cdc 1énh c6 lién quan dé&n topic.
b) Cd phép:

lookfor topic
¢) Gidi thich:

topic: tén 1énh cin dudc hudng din.
20. Lénh PACK
a) Cong dung:

Sip x€&p lai bd nhé trong viing lam viéc.
b) Cd phép:

pack

pack filename
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¢) Giéi thich:
Néu nhu khi st dung Matlap mdy tinh xuAt hién thong bdo “Out of memory” thi 1énh
pack c6 thé tim thiy mot s6 viing nhé con trong ma khong cin phai x6a bdt cac bién.

Lénh pack gidi phéng khong gian bd nhé cin thi€t bing cdch nén thong tin trong viing
nhd xudng cuc ti€u. Vi Matlab quin 1y bd nhd bing phuong phdp x&p chdng nén cic doan
chuong trinh Matlab c6 thé lam cho viing nhd bi phan manh. Do d6 sé c6 nhiéu viing nhé con
trong nhung khong di dé chira cic bi€n 16n mdi.

Lénh pack s€ thuc hi€n:
+ Iuu tat cd cdc bién 1én dia trong mdt tap tin tam thdi 12 pack.tmp.
+ x6a tit cd cdc bi€n va ham c6 trong bd nhd.
+ 14y lai cdc bién tir tAp tin pack.tmp.
+ x0a tap tin tam thdi pack.tmp.

k&t qud 1a trong ving nhé cdc bién duge gop lai hodc nén lai t6i da nén khong bi
lang phi bd nhé.

Pack.finame cho phép chon tén tap tin tam thdi d€ chita cac bi€n. Néu khong chi ra tén
tAp tin tam thdi thi Matlab ty 14y tén tap tin d6 12 pack.tmp.

Né&u da dung 1énh pack ma mdy van con bdo thi€u bd nhé thi bit budc phai x6a bt cic
bi&n trong viing nhé di.

21. Lénh PATH
a) Cong dung:
Tao dudng din, liét ké tat cd cdc dudng din dang cé.
b) Cu phdp:
path
p = path
path (p)
¢) Giéi thich:
path: liét ké tat cd cdc dudng din dang cé.
p: bi€n chita dudng dan.
path (p): dit dudng din méi.
d) Vidu:
dit dudng din d€n thu muc c:\lvtn\matlab
p = ‘d:\DA\matlab’;
path (p);
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22. Lénh QUIT
a) Cong dung:
Thoat khoi Matlab.
b) Cud phdp:
quit
23. Lénh SIZE
a) Cong dung:
Cho bi€t s6 dong va s6 cOt clia mdt ma tran.
b) Cu phdp:
d = size (x)
[m,n] = size (x)
m = size (x,1)
n = size (x,2)
¢) Gidi thich:
X: tén ma tran.
d: tén vectd c¢6 2 phan ti, phin tif thit nhi't 13 s& dong, phan ti con lai 13 s& cot.
m,n: bi€n m chita s6 dong, bi€n n chita s cot
d) Vi du:
tacoéd ma trin a
X = 1 2 3 4
5 6 6 8
»x=[1234,5678]

1 2 3 4 5 6 7 8
Céc ban chd y vé cdch nhap 1 ma trin:

» X:[l 234;5678]

X =
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» d=SiZ€(X)

» m=size(x,1)

» n=size(X,2)

» [m,n]=size(x)

Thuc hién: PHAM QUOC TRUONG
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4
24. Lénh TYPE
a) Cong dung:
Hién thi ndi dung ctia tap tin.
b) Ci phép:
type filename
¢) Gidi thich:
filename: tén file cin hién thi ndi dung.
Lénh nay trinh bay tap tin dugc chi ra.
25. Lénh WHAT
a) Cong dung:
Liét ké cdc tap tin *.m, *.mat, *.mex.
b) Ci phép:
what
what dirname
¢) Giéi thich:
what: liét ké tén cédc tap tin .m, .mat, .mex c6 trong thu muc hi€n hanh.
dirname: tén thu muc can liét ké.

26. Lénh WHICH

a) Cong dung:

Xdc dinh chic ning cia funname 12 ham cia Matlab hay tap tin.
b) Ci phép:

which funname
¢) Gidi thich:

funname: 1a tén 1€nh trong Matlab hay té€n tap tin
d) Vi du:

which inv

inv is a build-in function

which f

c:\matlab\bin\f.m
27. Lénh WHO, WHOS
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a) Cong dung:
Thong tin vé bi€n dang c6 trong bd nhd.
b) Cu phdp:
who
whos
who global
whos global
¢) Gidi thich:
who: liét ké tit cd cdc tén bi€n dang ton tai trong bd nhd.
whos: liét ké tén bi€n, kich thu6c, s6 phan ti va xét cac phan 4o c6 khic 0 khong.

who global va whos: liét ké cdc bi€n trong ving lam viéc chung.
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II. CAC TOAN TU VA KY TU PAC BIET

1. Cédc todn tif s6 hoc (Arithmetic Operators):

Todn t& Cong dung
+ Cong ma trdn hodc dai lugng vd huéng (cdc ma tran phéi c6 cung kich thudc).
- Trit ma trdn hodc dai lugng v6 hudng (cdc ma trdn phai c6 cung kich thudc).
* Nhan ma trin hoic dai lugng vé huéng (ma tran 1 phdi c6 s& codt biing s6 hang
cua ma trin 2).
JE Nhan tirng phan ti cia 2 ma trin hodc 2 dai lugng vd huéng (cdc ma trin phai
c6 cung kich thuéc).
\ Thuc hi€n chia ngugc ma trdn hodc cac dai lugng vO hudng (A\B tuong duong
v4iinv (A)*B).
A Thyc hién chia ngugc tirng phan t& cda 2 ma trin hoic 2 dai lugng vo hudng
(cdc ma trin phai c6 cung kich thudc).
/ Thyc hién chia thudn 2 ma trdn hodc dai lugng vd huéng (A/B tuong ducong vdi
A*inv(B)).
A Thuc hién chia thuin titng phan t&¥ ciia ma tridn nay cho ma trdn kia (cdc ma tran
phdi c6 cung kich thugc).
A Liy thira ma trdn hodc cdc dai lugng vo hudng.
A Liy thira tirng phan tif ma trin hodc dai lugng vo huéng (cdc ma tran phdi cé
cung kich thuéc).
*vidu:
Phép tinh ma trin Phép tinh mang
1 4
X 2 y 5
3 6
X’ 123 y’ 456
5 -3
X+y 6 X—y -3
7 -3
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3 -3
X+2 4 x—2 -3
5 -3
4
X *y phép todn sai X. ¥y 10
18
X' *y 32 X ¥y phép todn sai
4 5 6
X *y’ 8 10 12 X. ¥y’ phép todn sai
12 15 18
2 2
X *2 4 X.*2 4
6 6
4
x\y 16/7 x\y 572
2
172 2
2\x 1 2./x 1
372 2/3
0 0 1/6 1/4
x/y 0 0 1/3 x./y 2/5
0 0 12 172
172 172
x/2 1 X./ 2 1
372 372
172
xNy phép todn sai xNy 32
729
1
x"2 phép toan sai xN2 4
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27X phép toan sai 2N

o B~ N | O

2.. Toan ti quan hé (Relational Operators):

Todn tli Co6ng dung
< So sanh nhd hon.
> So sdnh 16n hon.
>= So sanh 16n hon hodc biang.
<= So sanh nhd hon hoic bing.
== So séanh bing nhau c4 phan thuc va phan 3o.
= So sdnh biing nhau phan 3o.

a) Giéi thich:

Céc todn tif quan hé thyc hién so sdnh tirng thinh phan cla 2 ma tran. Chiing tao ra mot
ma trin c6 cling kich thuc véi 2 ma tran so sanh v6i cdc phan tir 13 1 n€u phép so sdnh 12
ding

va 12 0 n€u phép so sdnh 12 sai.

Phép so sanh c6 ch&€ d6 uu tién sau phép todn s6 hoc nhung trén phép todn logic.
b) Vi du:

thuc hi€én phép so sdnh sau:

»X=5 % dau tién ta nhap x=5

»x>=[123;456;789] %so sdnh tryc ti€p x (x 1a 5) véi ma tran

Thuc hién: PHAM QU6C TRUONG -16 - GVHD: PHAM QUANG HUY




Khao sat ing dung MATLAB trong diéu khién ty dong

ans = % 1o rang cdc pha t¥ 1,2,3,4,5 déu <=5
1 1 1
1 1 O
0O 0 O
» X=5
X =
5

» A=[123:456;789] % tadiatma tran A

A=
1 2 3
4 5 6
7 8 9
» X>=A
ans =
I 1 1
1 1 0
0 0 O
» X=A % dong Iénh nay tdc 1a cho x=ma tran A
X =
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1 2 3
4 5 6
7 8 9
» Xx==A % so sdnh x va A
ans = % ta't cd cdc phan t déu ding
1 1 1
1 1 1
1 1 1

» X=5 % cho lai x=5

»Xx==A % sosanhx=A

ans =
0O 0 O
0 1 0 % chi duy nhat phin tit 5=x (vi x=5)
0O 0 O

» X<A

ans =
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0 0 0
0 0 1
1 1 1

3. Toan i logig (Logical Operators):

Todn ti Cong dung

& Thuc hi€n phép todn logic AND.

| Thuc hién phép todn logic OR.

~ Thyc hién phép todn logic NOT.

a) Gidi thich:
K&t qué clia phép todn 1a 1 n€u phép logic 1a ding va 1a 0 né€u phép logic 1a sai.
Phép logic c6 ch€ do uu tién thip nhat so v6i phép todn s6 hoc va phép todn so sdnh.
b) Vi du:

Khi thuc hi€én phép todn 3>4 & 1+ thi mdy tinh s€ thuc hi€n 142 dugc 3, sau do6 t6i 3>4
dudgc 0 rdi thyc hién 0 & 3 va cudi cling ta dugc két qia 1a 0.

4. KV tu dac biét (Special Characters):

Ky hi¢u Cong dung
[] Khai bao vector hodc ma tran.
0 Thuc hién phép todn uu tién, khai bdo cdc bi€n va céc chi sd clia
vector.

= Thyc hién phép gin.

¢ Chuyén vi ma tran tim lugng lién hiép cta s& phic.

Pi€m chim thip phan.

Phan biét cdc phan tif clia ma tran va cdc d6i sd trong dong 1énh.

Ngdn cach gitta cdc hang khi khai bdo ma trin.

% Thong bdo dong chi thich.

! M4 ctra s6 MS — DOS.
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5.dau ¢’

a) Cong dung:

Tao vector hodc ma trdn phu va ldp di ldp lai cdc gid tri.

b) Gidi thich:
Khai bdo Cong dung
j:k Tao ra chudi j, j+1, j+2....., k-1, k
j:i:k | Taora chudij, j+i, j+2L,...k-i, k
A(:,j) | Chicotthd jcia ma trdn A
A(i,:) | Chihang thiicia ma tridn
A(:,:) | Chitoan b0 ma trin A
AG,k) | Chiphdn ti AG), AG+1)..A(K)
A(:,j,k) | Chicdc phan ti A, j), A, j+1)..AC, k)
AG) Chi tdt c4 cdc thanh phan clia ma trin A
¢) Vidu:

khi khai bAio D =1:10

ta dugc k&t qua:

D=1

2345678910

con khi khaibdoD=0:2:10

thi ta dugc két qua:

D=0

246810
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III. CAC HAM LOGIC (LOGICAL FUNCTION)

1. Lénh ALL
a) Cong dung:

Ki€m tra vector hay ma trin c6 gid tri 0 hay khong.

b) Cu phdp:
y = all(x)
c) Gidi thich:
y: bi€n chita k&t qud
X: tén vedtor hay ma trdn
y = 1 khi tdt ¢ cdc phan t& khdc 0
y = 0 khi c¢6 1 phin tif bing 0
d) Vi du:
»a=[12 3]

» y=all(a)

» y=all(a)
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»a=[123;406;7 8 9]

<N B~
o O N
O O W

» y:all(a)

»a=[120;035;26 8]

NN O
[©) NV IR ]
o W O

» y:all(a)
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0O 1 O
2. Lénh ANY

a) Cong dung:

Ki€m tra vector hay ma trin c6 gid tri khac 0 hay khong.

b) Ci phép:
y = any(x)
c) Gidi thich:
y: bié€n chita k&t qua.
X: tén vector, hay ma trin.
y = 1 khi ¢6 1 phin tif khdc 0.
y = 0 khi ¢6 1 phan ti bing 0.
d) Vi du:
» a=[1 2 3];
» y=any(a)

» b=[10 3 0];
» y=any(b)

»c=[1204;0204;1234;3456]

1 2 0 4
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0 2 0 4
1 2 3 4
3 4 5 6

» y=any(c)

y=
11 1 1

»d=[0000;0130]

d=
0O 0 0 O
0O 1 3 0
> y=any(d)
y=
0O 1 1 0

3. Lénh EXIST
a) Cong dung:

Ki€m tra bi€n hay file c6 ton tai hay khong.

b) Cu phdp:
e = exist(‘item’)
¢) Giéi thich:
item: 12 tén file hay tén bién.

e: bi€n chira gi4 tri trd vé.

€ Y nghia
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0 item khong ton tai trong viing 1am viéc
1 item 12 bi€n dang ton tai trong viing 1am viéc

2 | item dang ton tai trén dia (chi ki€m tra trong thu muc hién
hanh)

3 item la MEX-file

4 | item la file dugc dich tif phAn mém Simulink

5 item 13 ham cia Matlab

d) Vi du:
e = exist(‘dir’)
e=5
4. Lénh FIND
a) Cong dung:
Tim phan t trong vector hay ma trin theo yéu cau.
b) Cud phdp:
k = find(x)
[1,j] = find(x)
[1,j,s] = find(x)
¢) Giéi thich:
k: chi vi tri ctia phan tf can tim trong vector.
i,j: chi s6 hang va s6 cdt tuong ng clia phan t& can tim.
s: chifa gi4 tri clia phan tif can tim.

X: tén vector, ma trin hay 12 yéu cau dé ra. Néu khong néu ra yéu cau thi mic nhién 1a
tim cdc phan ti khic 0.

d) Vidu:
»x=[180230]

1 8 0 2 3 O
» k=find(x)
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k=

1 2 4 5
» k=[3 6]
k=

3 6

»a=[500;8 03]

» [i,j,k]=find(a)

Thuc hién: PHAM QUOC TRUONG
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3

IV. NHOM LENH LAP TRINH TRONG MATLAB

1. Lénh EVAL
a) Cong dung:
Chuyén d8i chudi ky ty thanh biéu thifc.
b) Cd phép:
kq = eval(‘string’)
¢) Giéi thich:
kq: bi€n chita k&t qua.
Né€u ‘string’ 1 cdc ky so thi chuyén thanh nhitng con s&.
Né€u ‘string’ 12 cAu 1&énh thi chuyén thanh cdc 1énh thi hanh dudgc.
d) Vidu:
» a='199999999';

» eval(a)+1

ans =

200000000
2. Lénh FOR
a) Cong dung:
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Dung dé thuc hién 1 cong viéc can lip di lip lai theo mot quy luat, véi sd budc lip xdc
dinh truéc.

b) Cu phdp:
for bién diéu khién = gia tri ddu : gia tri cudi,
thuc hién cong viéc;
end
¢) Giéi thich:

Cong viéc chinh 13 cdc 1&énh cin thi hanh, c6 thé c6 nhiéu 1énh, k&t thic 1énh phdi c6
dau;

d) Vidu:
In ra man hinh 5 dong ‘PHAM QUOC TRUONG chao cac ban’.
fori=1:5,

disp(‘PHAM QUOC TRUONG chao cac ban’);

end

PHAM QUOC TRUONG chao cac ban
PHAM QUOC TRUONG chao cac ban
PHAM QUOC TRUONG chao cac ban
PHAM QUOC TRUONG chao cac ban
PHAM QUOC TRUONG chao cac ban

3. Lénh FUNCTION

a) Cong dung:
Tao thém ham mdi.
b) Cd phép:
function s = n(x)
¢) Giéi thich:
s: tén bi€n chita gid tri trd vé& sau khi thi hanh ham.
n: tén goi nhd.
d) Vi du: ( & phan lap trong M. file)
4. Lénh INPUT
a) Cong dung:
Dung dé€ nhip vao 1 gi4 tri.

b) Cud phép:
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tén bi€n = input (‘promt’)
tén bi€n = input (‘promt’, ‘s’)
¢) Giéi thich:
tén bié€n, 12 noi luu gid tri ngap vao.
‘promt’: chudi ky tu mudn nhap vao.
‘s’: cho bié€t gid tri nhap vao 13 nhiéu ky tu.
d) Vidul:
x = input(‘nhap gid tri cda bi€n x: )
nhap gi4 tri cda bién x: 5
x=35
e) Vi du2:
trd_13i = input(‘ban c6 mudn ti€p tuc khdng ?°,’s’)
ban c6 mudn ti€p tuc khdng ? khong

trd_15i = khong

S.Lénh IF . .ELSEIF ..ELSE

a) Cong dung:
Thyc hién 1énh khi thda diéu kién.
b) Ci phép:
if bi€u thirc luan 1y 1
thuc hién cong viéc 1;
elseif biéu thitc luan 1y 2
thuc hi€n cong viéc 2;
else
thuc hi€n cong viéc 3;
end
¢) Gidi thich:

Khi biéu thiic ludn ky 1 ding thi thuc hién cong viéc 1 tuong tu cho biéu thic ludn 1y 2.
N&u ci hai biéu thifc sai thi thuc hién cong viéc sau 1€nh else.

Biéu thic ludn ly 14 cdc phép so sanh ==, <, >, <=, >=

cong viéc chinh la cdc 1énh can thi hanh, c6 th€ c6 nhiéu 1énh, k&t thic 1énh phai c6 dau

b
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d) Vidu:
Vi€t chuong trinh nhap vao 2 s6 va so séanh hai s6 do.
a = input(‘Nhéap a: ’);
b = input(‘Nhap b: ’);
ifa>b
disp(‘a 16n hon b’);
elseif a ==b
disp(‘a bing b’);
else
disp(‘a nhd hon b’);
end
nhap a: 4
nhap b: 5
anhd hon b
6. Lénh MENU
a) Cong dung:
Tao menu dé€ chon chifc ning.
b) Cd phép:
tén bi€n = menu (‘Tén menu’,‘chic ningl’,‘chifc ning2’, ...., ‘chic ning n’)
¢) Gidi thich:
tén menu: 1a tiéu dé cia menu.
tén bi€n: 12 noi cAt gi tri nhan dudc sau khi chon chifc ning clia menu.

Chitic ning 1, 2, ....,n:khi chon chifc ning nao thi tén bi€n ¢ gid tri 12 s thit tu clia chic
niang do.

d) Vi du:
k = menu(‘Choose a color’, ‘Red’, ‘Blue’, ‘Green’)
---- Choose a color ----
1) Red
2) Blue
3) Green
7. Lénh PAUSE
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a) Cong dung:

Dirng chuong trinh theo y mudn.
b) Ci phép:

pause on

pause off

pause (n)
¢) Giéi thich:

pause on: dirng chuong trinh, va chd nhin 1 phim bat ky (trir cdc phim diéu khién)
chuong trinh thuc hién tiép.

pause off: tit chifc ning pause.
pause (n): dirng chuong trinh tai n giay.
d) Vidu:
forn=1":3;
disp(‘Press any key to continue...”)
pause
end
Press any key to continue...
Press any key to continue...
Press any key to continue...

8. Lénh WHILE

a) Cong dung:
Dung dé thuc hién 1 cong viéc cin lip di lip lai theo mot quy luit, véi s6 budc 1ip khong
xdc dinh, phu thudc vao biéu thitc ludn ly.

b) Cd phép:
while bi€u thic luin ly
thuc hi€n cong viéc;
end
¢) Giéi thich:
Bi€u thitc ludn 1y 13 cdc phép so sdnh = =, <, >, <=, >=

Cong viéc chinh 12 cdc 1énh cin thi hianh, c6 thé c6 nhiéu 1énh, k&t thic 1énh phai c6 dau
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Khi thyc hién xong cong viéc thi quay 1én ki€m tra lai biéu thifc luan 1y, néu vin con
diing thi ti€p tuc thyc hién, né€u sai thi két thic.

d) Vi du:
tinh tdng A = 1+1/2+1/3+..+1/n

n = input(‘nhap vao s n’);
a=0;1=1

while 1 <=n

a=a+ 1/
1i=i+1;
end

disp(‘ket qua’);
disp(a);
nhap vaoson 3
ket qua
1.8333

B1(BT4a): Vi€t chuong trinh nhap vao mot s& n(n>=0)
v4i cdc trudng hgp sau:
a) Né&u n<0 thi in thong bdo ban nhap sai
b) N&u n>0 va 1& thi tinh tdng s1=143+5+...4n,n 1 s6 1&.
¢) Né&u n>0 va chin thi s2=2+4+6+...4+n,n chin.
d) N&u n=0 dirng chuong trinh lai.
BT4a: Viet chuong trinh nhap vao mot so n(n>=0)
vol cac truong hop sau:
a) Neu n<0 thi in thong bao ban nhap sai
b) Neu n>0 va le thi tinh tong s1=1+3+5+...+n,n la so le.

c) Neu n>0 va chan thi s2=2+4+6+...+n,n chan.
d) Neu n=0 dung chuong trinh lai.

0 o o° o o°

o

n=input ('nhap n= "'"); %$nhap so n
du=rem(n, 2) ; %kiem tra n la le hay chan
%$neu n le du=l, n chan du=0
if n<0
fprintf ('Ban nhap sai') $xuat ra thong bao
end
if (n>0) & (du==1) $neu n>0 va le
i=1; %gan i=1;
sl=1; %gan tong sl=1
while i<n $thuc hien vong lap
i=i+2; %$tang 1 len 2 sau moi lan lap
sl=sl+i; %tinh tong sl voi gia tri i moi
end
sl %in ra ket qua sau khi ket thuc vong lap
end
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if (n>0) & (du==0)

i=0;
s2=0;
while i<n
1i=i+2;
s2=s82+1i;
end
s2
end
if n==
break
end
Khi chay chuong trinh:
» nhap n= 5
sl =
9
» BT4a
nhap n= 4
s2 =
6
» BT4a
nhap n= -6

Ban nhap sai» BT4a
nhap n= 0
»

$neu n=0
%$lenh ket thuc
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V. TAP LENH XU LY CHUOI

1. Lénh ABS
a) Cong dung:

Tao vector don c6 gi4 tri cia mdi phin tif 1a s6 thif tv tuong tng vdi ky tu trong badng ma

ASCII.
LAy tri tuyét doi clia mot s6 Am.
b) Cu phdp:
n= ABS(s)
x = ABS(a)
¢) Giéi thich:
n: tén vector.
s: chudi ky tu, hodc 12 tén bi€n chita chudi ky tu.
a: sO Am, hoic 12 tén bi€n chita sd am.
x: tri tuyét doi cua a.
d) Vidu:
» n=abs('PHAM QUOC TRUONG")

Columns 1 through 12

80 72 65 77 32 81 8 79 67 32 84 82

Columns 13 through 16

8 79 78 71

» m=abs(MATLAB")

m-=
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77 65 84 76 65 66

» U=abs('abc")

U=
97 98 99
» T=abs(-1)
T=
1

2. Lénh BLANKS

a) Cong dung:
Tao khodng tring giita hai hay nhiéu chudi ky tv theo mong mudn.
b) Cu phdp:
[S1 BLANKS(b1) S2 BLANKS(b2)..BLANKS(bn) S|
¢) Giéi thich:
S1,S2,..Sn: cdc chudi ky tu.
bl, b2: s6 khodng tring.
d) Vidu:

In 4 chudi ‘Khao sat’,‘¢ng dung’, ‘MATLAB’, ‘trong diéu khién ty dong’ ra man hinh véi
khodng cdch lan lugt gitta 4 chudi 1a: 2,4,3

» S=['Khao sat'blanks(2) 'ung dung'blanks(4) 'MATLAB'blanks(3) 'trong dieu khien tu dong']

S =

Khao sat ung dung MATLAB trong dieu khien tu dong
3.Lénh DEC2HEX

a) Cong dung:
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D3&i con s ctia hé 10 sang hé 16.
b) Cud phdp:
s = dec2hex(n)
¢) Giéi thich:
s: bién chita chudi ky s6 clia hé 16
n: con sd nguyén hé 10.
d) Vi du:
s = dec2hex(10)
s="‘A’
4. Lénh HEX2DEC

a) Cong dung:

D6i chudi ky so clia hé 16 sang con s& cia hé 10.
b) Cu phdp:

n = hex2dec(‘s’)
¢) Gidi thich:

n: con sO cda hé 10.

s: chudi ky s6 hé 16.
d) Vidu:

n = hex2dec(‘A’)

n=10

S. Lénh INT2STR

a) Cong dung:

Chuyén s6 nguyén sang dang chudi.

Chuyén cdc ky tu trong mdt chudi sang s6 thif ty tuong ¥ng trong bang ma ASCII.

b) Cu phdp:
kq = INT

¢) Gidi thich:
kq: bi€n STR(n)chita két qua.
n: tén bi€n cin chuyén.

Né&u n 1a s6 nguyén thi kq 1a chudi ky s&.
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Né&u n 1a chudi ky tu thi kq 1a s6 tuong dng trong bing ma ASCII

d) Vidu:
» n="MATLAB'

MATLAB

» t=int2str(n)

77 65 84 76 65 66

» n=2001

2001

» t=int2str(n)

2001
6. Lénh ISSTR

a) Cong dung:

Ki€m tra ndi dung bi€n c6 phdi la chudi ky tu khong.

b) Ci phép:
kq = isstr(n)
¢) Giéi thich:
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kq: bi€n chita k&t qua.
n: tén bi€n cin ki€m tra.
kq = 1 néu n Ia chudi ky tu.
0 n€u n khong 1a chudi ky tu.
d) Vidu:
» n=MATLAB";

» kq=isstr(n)
kq=

1
» m=[12 3 4];
» kq=isstr(m)

kq =

0
7. Lénh LOWER

a) Cong dung:
Cho ra chudi ky tu vi€t thudng.
b) Cud phdp:
b = lower(s)
¢) Giéi thich:
b: bi€n chita k&t qua.
s: tén bi€n chita chudi ky tu hay chudi ky tu.
d) Vi du:
» a='DO AN cua pHAm quOC TRuOnG';

» b=lower(a)

b=
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do an cua pham quoc truong

8. Lé¢nh NUM2STR

a) Cong dung:

Chuyén s6 thuc sang dang chudi.

Chuyén cic ky ty trong mot chudi sang sd thif ty twong ng trong bang ma ASCII.
b) Cu phdp:

kq = num2tr(n)
¢) Giéi thich:

kq: bi€n chita k&t qua.

n: tén bi€n cin chuyén.

Néu n 1a s6 thyc thi kq 1a s6 twong tng trong bing ma ASCII.
d) Vidu:
» n=3.1416;

» kq=num?2str(n)

kq =

3.1416
9. Lénh SETSTR

a) Cong dung:
Cho ra ky tu tuong Gng véi so thit ty trong bAng ma ASCIL.
b) Cd phép:
x = Set Str(n)
¢) Giéi thich:
x: bi€n chita ky tu twong ng (thudc bing ma ASCII).
n: s6 nguyén (0 < n < 255).
d) Vidu:
Tim ky tu c6 sd thit tw 12 65 trong bdng ma ASCII.
» kt=setstr(65)

kt =
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A
10. Lénh STR2MAT

a) Cong dung:

Tao ma trdn c6 cdc phan tit dang chudi.

b) Cd phép:
s = str2mat(‘sl’, ‘s2’,..)
¢) Giéi thich:
s: tén ma trin k&t qua.
s1, s2: chudi ky tu.
d) Vidu:
s = str2mat(‘mat’, ‘lab’)
s =
mat
lab
11. Lénh STR2NUM

a) Cong dung:
Chuyén chudi (dang sd) sang so thuc.
b) Cu phdp:
n = str2num(s)
¢) Giéi thich:
s: chudi dang s6.
n: sO thuc.
d) Vi du:
n = str2num(‘456456’)
n =456456
12. Lénh STRCMP

a) Cong dung:

So sdnh 2 chudi ky tu.
b) Ci phép:

I = stremp(sl, s2)

Thuc hién: PHAM QUOC TRUONG

_40 -

GVHD: PHAM QUANG HUY




Khao sat ing dung MATLAB trong diéu khién ty dong

¢) Giéi thich:
1: bi€n chita k&t qui.
s1, s2: chudi can so sanh.
d) Vi du:
a = ‘MatLab WoRkS’
b = ‘MatLab WoRkS’
strcmp(a,b)
ans = 1
13. Lénh UPPER
a) Cong dung:
Cho ra chudi viét hoa.
b) Cd phdp:
b = upper
¢) Giéi thich:
b: bi€n chita k&t qua.
s: tén bié€n chita chudi ky tu.
d) Vi du:
a = ‘MaTlab WORKks’
b = upper(a)
b=MATLAB
b = upper(‘MaTlab WORKks’)
b= MATLAB WORKS

VI. CAC HAM GIAO TIEP

1. Lénh FCLOSE

a) Cong dung:

DPéng file dang m§ sau khi truy xuét xong.
b) Cd phdp:

fclose(fid)
¢) Giéi thich:

fid: tén bién trd dén file dang m4.
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2. Lénh FOPEN
a) Cong dung:
M@ file hoic truy xuat dit liéu cia file dang mé.
b) Ci phdp:
fid = fopen(‘fn’)
fid = fopen(‘fn’, ‘p’)
¢) Gidi thich:
fid: tén bi€n trd dén file dang m4.
fn: tén file (c6 thé dit dudng din).
Tham s6 p c6 cic dinh dang sau:
‘r’: chi doc.

‘r+’: doc va ghi.

‘w’: x6a ti't ca ndi dung cia file hodc tao 1 file mdi va md file d6 @€ ghi.

‘w+’: x6a tit cd ndi dung cia file hoic tao 1 file m&i va md file d6 d€ ghi va doc.

3. Lénh FPRINTF

a) Cong dung:
Ghi doan dit li€u thanh file.
b) Cu phdp:
fprintf(fid, f)
¢) Giéi thich:
fid: tén bi€n trd dén file can ghi.

f: cdc tham so d€ dinh dang.

d) Vidu:
Tao file exp.txt c6 nd1 dung:
x = 0:2:10;
y =[x, x/2];

fid = fopen(‘exp.txt’, ‘w’);
fprintf(fid, ‘%d’, [2, inf]);
Gan file exp.txt va bié€n a d€ xem ndi dung:
fid = fopen(‘exp.txt’)
a = fscanf(fid, ‘%d’, [2,inf]);
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disp(a);
fclose(fid);

4. Lénh FREAD

a) Cong dung:
Poc dir liéu dang nhi phén tu file.
b) Cu phdp:
[a, c] =fscanf(fid)
[a, c] = fscanf(fid,s)
¢) Giéi thich:
a: tén bién chia dir liéc dude doc vao.
c: sO phan tit dugc doc vao.
fid: tén bi€n tré dén file can doc.
s: kich thuéc dir liéu doc vao.
s dugc dinh dang béi cdc thdng so:
n: chi doc n phan ti¥ vao cot vector a.

inf: doc dén hét file.

[m,n]: chi doc vao m cdt va n hang, n c¢6 thé bing inf con m thi khong.

d) Vidul:
file vd.txt c6 ndi dung:
ABC
123
fid = fopen(vd.txt’);
[a,c] = fread(fid);

disp(a);
disp(c);
a=
65
32
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66
32
67
13
10
49
32
50
32
51

12
e) Vidu2
fid = fopen(‘vd1.txt’);
[a,c] = fread(fid, 4);
disp(a);
disp(c);
a=
65
32
66
32

f) Vidu 3:
file vd3.txt ¢6 ndi dung
ABCDE
FGHIJ
KLMNO
fid = fopen(‘vd3.txt’);
[a,c] = fread(fid, [7, inf]);
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disp(a);
disp(c);
a=
65 70
66 71
67 72
68 73
69 74
13 13
10 10
c=
21
a’=
65 66
70 71
75 76

5. Lénh FWRITE

a) Cong dung:

75
76
76
78
79
13
10

67 68 69 13 10
72 73 74 13 10
77 78 79 13 10

Ghi doan dir li€u dang nhi phan thanh file.

b) Ci phép:
fwrite (fid,a)

¢) Giéi thich:

fid: tén bié€n tré dén file can ghi.

a: tén bién chia dir lidu.

d) Vidu:

Ghi doan dit liéu ctia bi€n a thanh file a.txt

a=[65 66 67]

fid = fopen(‘a.txt’, ‘w’);

fwrite(fid, ‘%)
fwite(fid,a);

b

Gin file a.txt vao bi€n b d€ xem ndi dung

Thuc hién: PHAM QUOC TRUONG

_45 -

GVHD: PHAM QUANG HUY




Khao sat ing dung MATLAB trong diéu khién ty dong

fid = fopen(‘a.txt’);
b = fscanf(fid, ‘%’);
disp(b);
fclose(fid);
Két qud
b=ABC
6. Lénh SPRINTF

a) Cong dung:
Hién thi thong tin 1én man hinh.
b) Cu phap:
s = sprintf(‘ts’,ds)
¢) Giéi thich:
s: bi€n chita chudi s6 hién thi trén man hinh.
ts: cdc tham s& dinh dang.
ds: danh sdch cdc ddi so.
Tham s& dinh dang thudc 1 trong 2 ki€u sau:

(1) Chudi ky tu: chudi nay sé dugc hién thi 1én man hinh gidng hét nhu dudc viét
trong cau l€nh.

(2) Chudi c4c tham s6 dinh dang: cdc chudi niy s& khong dudc hi€n thi Ién man hinh,
nhung tic dung diéu khi€n viéc chuyén d6i va cach hién thi cdc ddi s6 dugc dua ra
trong danh sdch céc ddi so.

Vi du cdc tham sd dinh dang:

1) %d: ddi s6 1a s6 nguyén dudc viét dudi dang thap phan.
s = sprintf(‘Day 1a s6: %d’,-24)
s =Day 1a sd: -2

2) %u: doi s6 1a s6 nguyén dudc viét dudi dang thip phan khong dau.
s = sprintf(‘Day 1a s6: %u’,24)
s = Pay Ia sd: 24

3) %o: d6i s6 12 s& nguyén dugc viét dudi dang co s& 8 khong dau.
s = sprintf(‘Day 1a s6: %0’,9)
s=Dbayla sd: 11

4) %x: ddi so 12 s6 nguyén dudc viét dusi dang cd s6 16.
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s = sprintf(‘Day 1a s8: %x’,255)
s = Day 1 s&:ff

5) %f: d6i so 1a s6 nguyén dugc viét dusi dang cp s6 10.
s = sprintf(‘Day 1a s&: %f”,2550
s =DPay la sd: 255.000000

Pé€ dinh dang phin thiap phan thi thém vio con s chifa s6 thip phan cin 14Yy.
s = sprintf(‘Day 1a s6: %.3f, 2.5568)
s =Day la s6: 2.557

6) %c: doi so 1a 1 ky tu riéng dic biét.
s = sprintf(‘Pay 1a chit: %c’,’M”)
s=Dbay la chit: M

7)%s: doi so 1a chudi ky tu.
s = sprintf(‘Day 1a chudi: %s’, ‘Matlab’)
s = D4y la chudi: Matlab

8. Lénh SSCANF

a) Cong dung:
DPoc chudi ky ty va dinh dang lai chudi ky tu do.
b) Cd phép:
[a,count] = sscanf(s, ‘format’, size)
¢) Giéi thich:
a: tén bi€n chita chudi ky tu sau khi dugc dinh dang.
count: d&m sd phan ti dugc doc vao.
size: kich thuGc s€ dugc doc vao.
format: phan dinh dang giong nhu 1&énh sprintf.
d) Vidu:
s=3.12 1.2 0.23 2.56°;
[a, count] = sscanf(s, ‘%f’,3)
a=
3.1200
1.2000
0.2300
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count =

3

VII. CAC HAM TOAN HOC CO BAN

1. Mot s6 ham lugng gidc:

a) Ci phdp:
kq = hlg(x)
b) Gidi thich:

kq: tén bi&n chita két qua.

x: don vi radian.

hlg: t&én ham lugng gidc.

Tén ham lugng gidc

Gidi thich

sin
cos

tan
asin
atan
sinh
cosh

tanh

Tinh gia tri sine

Tinh gia tri cosine

Tinh gié tri tangent

Nghich ddo cta sine

Nghich dédo ctia tangent

Tinh gié tri hyperbolic sine
Tinh gid tri hyperbolic cosine

Tinh gia tri hyperbolic tangent

2. Lénh ANGLE

a) Cong dung:

Tinh géc pha ctia s6 phic.

b) Cd phép:
p = angle(z)
¢) Giéi thich:

p: tén bié€n chita k&t qud, don vi radians

z: s phic

d) Vi du:
z=1-3j
Thyc hién: PHAM QUOC TRUGNG -48 - GVHD: PHAM QUANG HUY




Khao sat ing dung MATLAB trong diéu khién ty dong

z=0-2.00001
p = angle(z)
p=-1.5708
3. Lénh CEIL
a) Cong dung:
Lam tron s6 vé phia s6 nguyén 16n hon.
b) Cud phdp:
y = ceil(x)
¢) Giéi thich:
y: s0 sau khi dugc 1am tron.
x: s0 can dugc lam tron.
d) Vi du:
x =-1.9000 -0.2000 3.4000 5.6000 7.0000
y = ceil(x)
y=-1 0 4 6 7
4. Lénh CONJ
a) Cong dung:
Tinh lugng lién hiép cla so phiic.
b) Cu phdp:
y = conj(z)
¢) Gidi thich:
y: tén bié€n chita lugng lién hiép
z: s6 phic
d) Vidu:
2= 30+ 2]
z=0- 1.00001
y = conj(z)
y =0+ 1.00001
5. Lénh EXP
a) Cong dung:

Tinh gid tri e*.
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b) Cu phdp:
y = exp(x)
¢) Vidu:
y = exp(x)
y = 20.0855
6. Lénh FIX
a) Cong dung:
Lam tron s6 vé phia zero.
b) Cu phdp:
y = fix(x)
¢) Giéi thich:
y: 50 sau khi dugc lam tron.
x: $& can dudc 1am tron.
d) Vidu:
x =-1.9000 -0.2000 3.4000 5.6000 7.0000
y = fix(x)
y=-1 0 3 5 7
7. Lénh FLOOR

a) Cong dung:
Lam tron s6 vé phia s6 nguyén nhé hon.
b) Cud phdp:
y = floor(x)
¢) Giéi thich:
y: s0 sau khi dugc 1am tron .
x: s6 can dudc lam tron
d) Vi du:
x =-1.9000 -0.2000 3.4000 5.6000 7.0000
y = floor(x)
y=-2 -1 3 5 7
8. Lénh IMAG
a) Cong dung:
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LAy phan 4o cda s phic.

b) Cud phép:
y = imag(z)
¢) Vi du:
y =imag(2 + 3j)
y=3
9. Lénh LOG
a) Cong dung:
Tim logarithm co sd e.
b) Cud phép:
y = log(x)
d) Vidu:
y =1og(2.718)
y =0.9999
10. Lénh LOG2
a) Cong dung:
Tim logarithm co s6 2.
b) Cu phép:
y =log2(x)
d) Vidu:
y =1log2(2)
y=1
11. Lénh LOG10
a) Cong dung:
Tim logarithm co s6 10.
b) Cu phdp:
y =logl10(x)
d) Vidu:
y =1og10(10)
y=1
12. Lénh REAL
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a) Cong dung:
LAy phan thyc cla s phic.
b) Cu phdp:
y =real(z)
d) Vidu:
y =real(1 + 3j)
y=2
13. Lénh REM
a) Cong dung:
Cho phan du ctia phép chia.
b) Cu phdp:
r =rem(a,b)
¢) Gidi thich:
r: bién chita k&t qud
a, b: s6 chia va sd bi chia
d) Vidu:
r=rem(16, 3)
r=1

14. Lénh ROUND

a) Cong dung:
Lam tron s& sao cho gin sd nguyén nhat.
b) Cu phdp:
y = round(x)
¢) Vidu:
x =-1.9000 -0.2000 3.4000 5.6000 7.0000
y = round(x)
y=2 0 3 6 7

Bdng so sdnh clia cic phép lam tron s6

X -1.9000 -0.2000 3.4000 5.6000 7.0000
ceil(x) -1 0 4 6 7
floor(x) -2 -1 3 5 7
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fix(x) -1 0

3

round(x) -2 0

3

15. Lénh SIGN
a) Cong dung:
Xét diu so thuc.
b) Cu phép:
y = sign(x)
¢) Giéi thich:
x: s0 thuc can xét dau.

y: k&t qua tra vé.

X

s6 0

1 s6 dudng

-1 sO Am

d) Vidu:
x=2 0 -3 05
y = sugn(x)
y=1 0 -1 1
16. Lénh SQRT
a) Cong dung:
Tinh cdn bac hai.
b) Cd phdp:
y = sqrt(x)
¢) Vidu:
x=4
y = sqrt(x)
y=2
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VIIL. TAP LENH THAO TAC TREN MA TRAN

1. Cong, trit, nhin, chia titng phan td clia ma tran véi hiing sé

a) Ci phdp:
Ma trin k€t qud = ma tran [+] [-] [.] [/] hdng s6.
b) Vi du:
a=
1 2 3
4 5 6
7 8 9

Cong ma trdn a véi 2 két qua 12 ma trin b

b=a+?2

b=
3 4 5
6 7 8
9 10 11

tuong tu cho cdc phép tinh trir, nhan va chia.
2. Lénh DET
a) Cong dung:

Dung d€ tinh dinh thic clia ma tran.
b) Vi du:
Tinh dinh thic cia ma trin a

a=

det(a)
ans =-8
3. Lénh DIAG
a) Cong dung:
Tao ma trdn m&i va xir 1y dudng chéo theo quy uéc.

b) Cu phép:
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v =diag(x)
v = diag(x,k)
¢) Giéi thich:
x: 12 vector ¢6 n phan ti.

v: 12 ma tran dudc tao ra tif x theo quy tic: s6 hang biing s& cot va cdc phan tif cla x nim
trén dudng chéo cda v.

k: tham s6 dinh dang cho v, s6 hang va cdt clia v = n + abs(k).
Né&u k = 0 dudng chéo clia v chinh 13 cdc phan tlf clia x
Né&u k > 0 cdc phan tif cia x nim phia trén dudng chéo v
Né&u k < 0 cdc phan tif clia x nim phia dudi dudng chéo v
d) Vi du:
x= 2 1 9 5 4

v =diag(x)
V=
2 0 0 0 O
0O 1 0 0 O
0O 0 9 0 O
0O 0 0 0 4
v =diag(x,2)
V=
0O 0 2 0 0 O O
0O 0 01 0 0 O
0O 0 0 0 9 0 O
0O 0 0 0 0 5 O
0O 0 0 0 0 0 4
0O 0 0 0 0 0 O
0O 0 0 0 0 0 O
v = diag(x,0)
V=
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0O 0 9 0 O
0O 0 0 5 O
0O 0 0 0 4

v =diag(x,-2)
V=
0O 0 0 0 0 O O
0O 0 0 0 0 O O
2 0 0 0 0 0 O
0O 1 0 0 O O O
0O 0 9 0 0 O0 O
0O 0 0 5 0 0 O
0O 0 0 0 4 0 O
4. Lénh EYE
a) Cong dung:
Tao ma trdn don vi.
b) Ci phép:
y =eye(n)
y = eye(n,m)

¢) Gidi thich:
n: tao ma trdn c6 n hang, n cot.
m, n: tao ma trdn c6 m hang, n cot.
d) Vi du:
y =eye(3)
y=

y = eye(3,5)
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0O 0 I 0 O
5. Lénh FLIPLR

a) Cong dung:
Chuyén cdc phin tif clia cdc ma tran theo thi ty cot nguoc lai.
b) Cu phdp:
b = fliplr(a)
¢) Gidi thich:
b: tén ma trin dugc chuyén d6i.
a: tén ma tran can chuyén ddi.
d) Vidu:
a=
0O 1 2 3 4
5 6 7 8 9
b = fliplr(a)
4 3 2 1 0
9 8 7 6 5
6. Lénh FLIPUD

a) Cong dung:

Chuyén cdc phan tif clia ma trin theo thif tu hang ngugc lai.
b) Cid phdp:

b = flipud(a)
¢) Giéi thich:

b: tén ma trin dugc chuyén doi.

A A A 2 e
a: tén ma trdn can chuyén doi.

d) Vidu:
a=
1 4
2 5
3 6
b = flipud(a)
b=
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3 6

2 5

1 4
7. Lénh INV

a) Cong dung:

Tim ma trdn nghich déo.

b) Cud phdp:

Ma tran nghich ddo = inv (ma trdn)

¢) Vidu:

Tim ma trdn nghich ddo cda a.

a=
1 2 0
2 5
4 10
b =inv(a)
b=
5
-2

0 -2

-2

1

8. Lénh tao ma tran

a) Cong dung:

Dung dé tao 1 ma trdn gdm c6 n hang va m cot.

b) Cud phdp:

Tén ma trin = [a;; @12...a1m; A21 222... Aom 3eeree. ]

¢) Gidi thich:

a1, 412, a1 12 cdc gid tri tai hang 1 cot 1 d€n cdc gid tri tai hang 1 cot m, ¢ n dau (;) 1a

Tao ma tran gdm 3 hang va 3 cot v4i gid tri la

c6 n hang.

d) Vidu:
1 2
4 5
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I 0 O
a=[123;456;10 0]
a=1 2 3
4 5 6
I 0 O

9. Lénh tao vector don

a) Cong dung:

Lénh nay dung d€ tao 1 vector don gdm c6 n phan ti.

b) Cii phép 1:

Tén vector = [ptl pt2 pt3 ...ptn]
¢) Giéi thich:

ptl pt2 ..ptn: 1a cdc sd thuc.
d) Vidu:

Tao vector a g6m c6 4 phﬁn tu, v6i cac gid tri la:1, 3,7, 4

a=[1 3 7 4]
a=
1 3 7 4
e) Cu phdp 2:
Tén vector = gtd:csc:gtkt
f) Gidi thich:
gtd: 12 gid tri bit dau clia vector.
csc: cAp sO cong.
gtkt: gia tri k€t thic.
g) Vidu:

Tao vector a c6 gid tri bit dau 0.2, gid tri k&t thic pi/2

(= 1.5708), cap s6 cong 0,3.
a=0.2;0.3;pi/2

a =

0.2000 0.5000 0.8000 1.1000 1.4000

10. Lénh LINSPACE

a) Cong dung:
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Tao vector ¢6 gid tri ngu nhién gi6i han trong khodng dinh truéc.
b) Cu phap:

y = linspace(x1, x2)

y = linspace(x1, x2, n)
¢) Gidi thich:

y: tén cla vector.

x1, x2: gidi han gi4 tri 16n nha't va nhd nhit cla vector y.

n: s6 phan tif clia vector y.

Né&u khong c6 gid tri n thi mic dinh n = 100.
d) Vidu:

y = linspace(1, 10, 7)

y= 1.0000 2.5000 4.0000 5.5000 7.0000 8.5000 10.0000

11. Ma tran chuyén vi

a) Cong dung:

Ma trdn chuyén vi = ma trdn dang cé.

b) Cud phdp:
Tao 1 ma tran chuyén vi tir 1 ma tran dang cé.
¢) Vidu:
a=
1 2 3
4 5 6
7 8 9

ma tran chuyén vi b

b=a’
b=
4 7
5 8
6 9
12. Lénh MAGIC

a) Cong dung:
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Tao 1 ma trin vudng cé tong clia cdc phan t¥ trong 1 hang, 1 cot hoic trén dudng chéo

bing nhau.
b) Ci phép:

Tén ma trin = magic(n)
¢) Gidi thich:

n: kich thudc ma tran.

Gi4 tri clia mdi phan tif trong ma trin 12 mot ddy s6 nguyén lién tuc tir 1 d&n 2"

Téng céc hang, cot va cdc dudng chéo déu bing nhau.
d) Vidu:

tmt = magic(3)

tmt =
8 1 6
35 7
4 9 2

13. Nhin ma trian

a) Cong dung:

Ma tran két qud = ma trin 1* ma tran 2.

b) Vi du:
Ta c6 2 ma trdn a va b nhu trén va ¢ 12 ma trin két qua
c=a*b
c=
14 32 50
32 77 122
50 122 194
14. Lénh ONES

a) Cong dung:

Tao ma trin ma gid tri clia cdc phan tir 13 1.
b) Cd phdp:

y = ones(n)

y = ones(m,n)

¢) Gidi thich:
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y = tén ma tran.
n: tao ma tran c6 n hang
m, n: tao ma trdn ¢c6 m hang, n cot.

d) Vidu:

y = ones(3)
y=
I 1 1
I 1 1
I 1 1
y = ones(3,5)
y=

15. Lénh PASCAL

a) Cong dung:

Tao ma tran theo quy ludn tam gidc Pascal.
b) Cu phép:

pascal (n)
¢) Giéi thich:

n: 12 s6 hang (cot)

d) Vidu:
pascal(4)
ans =
I 1 1 1
1 2 3 4
1 3 6 10
I 4 10 20
16. Lénh RAND

a) Cong dung:

Tao ma trin ma k&t ma gid tri cda cdc phan tif 12 ngiu nhién.
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b) Ci phép:
y =rand(n)
y = rand(m,n)

¢) Giéi thich:
y: tén ma tran.
n: tao ma trdn c6 n hang, n cot.
m, n: tao ma trdn c6 m hang, n cot.
Gi4 tri ca cdc phan tif nim trong khodng [0 1]
d) Vidu:
y =rand(3)
y=
0.9340 0.0920 0.7012
0.8462 0.6539 0.7622
0.5269 0.4160 0.7622
y =rand(3,5)
y=
0.2625 0.3282 0.9910 0.9826 0.6515
0.0475 0.6326 0.3653 0.7227 0.0727
0.7361 0.7564 0.2470 0.7534 0.6316
17. Lénh RESHAPE

a) Cong dung:
binh dang lai kich thu§c ma tran.
b) Cd phép:
b = reshape(a,m,n)
¢) Giéi thich:
b: ma trin dudc dinh dang lai.
a: ma trin can dudc dinh dang.
m, n: s6 hang va s6 cdt clia b.
Ma trin a phai c6 sd phan ti 1a: m*n.
d) Vidu:

a=
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1 4 7 10
2 5 8 11
3 6 9 12
b =reshape(a,2,6)
b=
1 357911
2 4 6 810 12
18. Lénh ROT90
a) Cong dung:
Xoay ma tran 90"
b) Cii phép:
b =rot90(a)
¢) Giéi thich:
b: ma trdn da dudc xoay 90°
a: ma trin cin xoay.
d) Vidu:
a=
1 2 3
4 5 6
7 8 9
b =rot90(a)
b=
3 6 9
2 5 8

1 4 7
19. Lénh TRACE

a) Cong dung:

Tinh tdng cdc phan ti clia dudng chéo ma tran.
b) Cu phdp:

d = trace(a)

¢) Gidi thich:
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d: bi€n chita k&t qua.
a: tén ma tran.
d) Vidu:
a=
2 8 3
4 7 1
6 9 2
d = trace(a)
d=11
20. Lénh TRIL
a) Cong dung:
LAy phan nita du6i ma tran theo hinh.
b) Cu phdp:
I = tril(x)
I = tril(x,k)
¢) Giéi thich:
I: tén ma tran k&t qua.
k: tham s6.
Né&u k = o 14y tir dudng chéo trd xudng.
Néu k = n 14y tir dudng chéo trd 1én n don vi.

N€u k = -n 14y tlr dudng chéo trd xudng n don vi.

d) Vidu:
a=
5 9 13
6 10 14
7 11 15
8 12 16
1=tril(a)
i=
1 0 0 O
2 6 0 O
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3 7 11 15
4 8 12 16
1 = tril(a,0)
i=
1 0 0 O
2 6 0 O
3 7 11 0
4 8 12 16
i =tril(a,l)
i=
1 5 0 O
2 6 10 O
3 7 11 15
4 8 12 16
i=tril(a,-1)
i=
0 0 0 O
2 0 0 O
37 0 O
4 8 12 0
21. Lénh TRIU

a) Cong dung:

LAy phan nita trén ma tran theo hinh tam gidc.
b) Cd phdp:

I = triu(x)

I = triu(x,k)
¢) Gidi thich:

I: tén ma tran k&t qlia.

k: tham s&

Né&u k = 0 14y tir dudng chéo trd 1én.

Néu k = n 14y tir dudng chéo trd xudng n don vi.
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Néu k = -n 14y tir dudng chéo trd 1én n don vi.

d) Vidu:

a=
I 5 9 13
2 6 10 14
3 7 11 15
4 8 12 16

I =triu(a)

1=
I 5 9 13
0 6 10 14
0 0 11 15
0 0 0 16

I = triu(a,0)

I=
I 5 9 13
0 6 10 14
0 0 11 15
0 0 0 16

I =triu(a,-1)

I=
1 5 9 13
2 6 10 14
0 7 11 15
0 0 12 16

I = triu(a,l)

I=0 5 9 13
0O 0 10 14
0O 0 0 15
0O 0 0 O

22. Lénh ZEROS
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a) Cong dung:

Tao ma trin ma gid tri clia cac phan t
b) Cu phdp:

y = zeros(n)

y = zeros(m,n)
¢) Giéi thich:

y: t€n ma trin.

n: tao ma trdn c6 n hang va n cot.

m, n: tao ma tran c6 m hang, n cot.

d) Vidu:
y = zeros(3)
y=
0 0 O
0 0 O
0 0 O

y = zeros(3,7)

y =
O 0 0 0 0 0 O
0O 0 0 0 0 0 O
O 0 0 0 0 0 O
IX. CAC PHEP TINH PAI SO
1. Lénh CONV
a) Cong dung:
Nhan hai da thuec.

b) Ci phép:

¢ =conv(a,b)
¢) Giéi thich:

a,b: da thuc

c: tich s6 clia a,b
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Céch khai bdo: sip x&p bi&n theo thif tyr gidm din clia lily thira.

d) Vi du:
Nhan hai da thitc (3x*+4x+5).(2x7-3x7+2)
a=[03 4 5]
a=0 3 4 5
b=[2-3 0 2]
b=2-3 0 2
¢ =conv(a,b)
c=0 6-1 2 -9 8 10
2. Lénh CUMPROD

a) Cong dung:

Nhan ddn cdc phan ti.
b) Ci phép:

cp = cumprod (a)
¢) Gidi thich:

cp: bién chita két qua

a: tén clia ma tran hay vector.
d) Vidu:

b=1 9 3 4

cp =cumprod(b)

cp=1 9 27 108

a=
1 3 5
9 1 2
4 2 1

cp = cumprod(a)

cp=1 3 5
9 3 10
36 6 10
3. Lénh CUMSUM

a) Cong dung:
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Cong don cdc phan ti.
b) Cd phép:

cs = cumprod(a)
¢) Giéi thich:

cs: bi€n chita két qua.

a: 12 tén ctia ma tran hay vector.
d) Vi du:

b=1 10 1 2 5

cs = cumsum(b)

cs=1 11 12 14 19

a=
I 3 5
9 1 2
4 2 1

cs = cumsum(a)

cs =
1 3 5
10 4 7
14 6 8
4. Lénh DECONV

a) Cong dung:
Chia hai da thic.
b) Cd phép:
[g,r] =deconv(a,b)
¢) Giéi thich:
a,b: da thuc.
q: thuong sd cia a, b.

r: sO du.

Céch khai bdo: sip x&p bi€n theo thit ty gidm din clia lily thira.

d) Vidu:

Chia 2 da thitc (2x’+3x+6)/(2x+3)
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a=[2 3 6]

b=[2 3]

[g,r] = deconv (a,b)
g=1 0
r=0 0 6

5. Lénh EXPM
a) Cong dung:
Tinh e*
b) Cud phdp:
kq = expm(x)
¢) Giéi thich:
kq: bi€nchira két qlia.
d) Vidu:
kq = expm(3)
kq = 20.0855
6. Lénh FMIN
a) Cong dung:
Tim gi4 tri nhé nhat clia ham s8.
b) Cu phdp:
x = fmin(‘fuction’,x1,x2)
¢) Giéi thich:
x: bi€n chita k&t qua.
fuction: tén ham s6.
x1, x2: khodang khéo sit.
d) Vidu:
Tim gid tri nhd nhat ciia ham s8: x3-2x-5 trong khodng [0 2]

x =fmin(‘x.73-2*x-57,0,2);

x =0.8165
y =1(x)
y = -6.0887
7. Lénh FPLOT
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a) Cong dung:
V& dd thi clia ham s6.
b) Ci phép:
fplot(‘fun’,[xmin,xmax]
¢) Gidi thich:
fun: tén ham s6.
xmin, xmax: xdc dinh khodng can vé.
d) Vidu:
fplot(‘x.A3-2*x-5",[0,2]);
grid;
8. Lénh FZERO

a) Cong dung:

Tim di€m 0 ctia ham s&.
b) Cu phép:

fzero(‘fun’,x0)
¢) Giéi thich:

Pié€m 0 cia ham s6 1a di€m (0,x), ddy ciing chinh 13 nghiém ctia ham s6. N&u ham s ¢6
nhiéu nghiém thi sé tim dugc nghiém gin gid tri x0.

fun: tén ham s6.
¢) Vidu:

Tim gid tri 0 ctia ham 8+ x*-5x+3.
Trudc tién ta khai bdo ham s6 f trong tap tin f.m: (xem thém 1énh function)
function y = f(x);
y = X.N2-5%x43;
Sau do, tao tap tin gt0.m:

x =0:10;
% Gié tri x0 =0

z = fzero(‘f’,0);

sprinf(‘z = %3f’,z)

z=0.382

% Gia tri x0 =2
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z = fzero(‘f’,2);

sprintf(‘z = %.3f,z)
z=2.618

% V& db thi haAm s6 minh hoa:

z = fzero(‘f’,0);

fplot(‘f’,[0,5];

grid;

hold on;

plot(z,0,°0%);

hold off

9. Lénh MAX
a) Cong dung:
Tim gi4 tri 16n nhat.
b) Ci phép:
m = max(x)
[m,i] = max(x) v = max(x,y)
¢) Gidi thich:
X,y,V:t€n vector.
m: gid tri 16n nhat.

. . z, i
1: v1 trl cua m.

Né&u x 12 ma trin tim ra gi4 tri I6n nhat ctia mdi cot.

d) Vidu:
x=3 5 2 1 4
m= max(x)
m=>5

[m,i] = max(x)
m =5
i=2
y=1 6 8 -5 3

v =max(x,y)
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v=3 6 8 1 4

b=
3 6 2
1 7 9
2 8 1
m = max(b)
m=3 8 O

[m,i] = max(b)

m=3 8 O

i=1 3 2
a=

0 3 6

7 1 1

4 6 8

v = max(a,b)

V=
3 6 6
7T 7 9
4 8 8

10. Lénh MEAN

a) Cong dung:

Tim gié tri trung binh.
b) Cd phép:

Mo hinh = mean(a)
¢) Giéi thich:

m: bié€n chita k&t qla.

a: tén vector hay ma tran can tinh gi4 tri trung binh.

Néu a 12 ma tran thi tinh gi4 tri trung binh ctia mdi cot.

d) Vidu:
b=1 101 2 5

m = mean(b)
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m = 3.8000
a=

I 3 5

9 1 2

4 2 1

m = mean(a)
m = 4.6667
11. Lénh MIN

2.0000

a) Cong dung:

Tim gid tri nhd nhat
b) Ci phép:

m = min(x)

[m,i] = min(X)

v = min(X,y)
¢) Gidi thich:

X,y,V: t€n vector.

m: 12 gid tri 16n nhat.

i:1a vi tri cha m.

2.6667

Neét x 1a ma trdn tim ra gid tri nhd nhA't trong mdi cot.

d) Vidu:
x=3 5 2 1 4
m = min(X)
m=1
i=4
y=1 6 8 -5 3

v = min(X,y)

b=
3 6 2
1 7 9
2 8 1
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m = min(b)
m=1 6 1
i=2 1 3

a=
0 3 6
7 1 1
4 6 8

V=
0 3 2
1 1 1
2 6 1
12. Lénh PROD

a) Cong dung:
Nhan cdc phan td.
b) Cu phdp:
p = prod(x)
¢) Gidi thich:
p: bi€n chita k&t qua.
X: tén ma tran hay day s6.
Né&u 13 ma trin nhan tirng phan t cud mdi cot.
d) Vidu:
a=2 3 4 5
p = prod(a)
p=20
b=

2 2 3
5 6 4
7 5 4

p =prot(b)
p=70 60 48
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13. Lénh ROOTS
a) Cong dung:
Tim nghiém ctia da thic.
b) Cd phép:
r = roots(p)
¢) Giéi thich:
r: bi€n chita két qua.
p: tén biéu thifc.
d) Vidu:
Tim nghiém cud phuong trinh: x>-1 =0
p=[1 0 -1]
r = roots(p);
disp(r)
-1.0000
1.0000
14. Lénh SORT
a) Cong dung:
Sidp x€p mang hay ma trin theo thif ty ting dan.
b) Cd phép:
kq = sort(x)
[kq,1] = sort(x)
¢) Gidi thich:
kq: bi€n chud ké&t qua.
i: s& thit ty cud phan ti trude khi sip x&p.
Néu x 12 ma trdn thi sip x&p theo thi tu ting din clia titng cot.
d) Vidu:
a=2 8 5 6 -3 9
kq = sort(a)
kq=-3 2 5 6 8 9
[kq,i] = sort(a)
kq=-3 2 5 6 8 9
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i= 5 1 3 4 2 6

b=
3 4 4
2 -3 5
1 6 2
kq =sort(b)
kq =
1 -3 -4
2 4 2
3 6 5
[kq,i] = sort(b)
kq =
1 -3 -4
2 1 2
3 6 5
i=
3 2 1
2 1 3
1 3 2

15. Lénh SUM
a) Cong dung:
Tinh téng cda cdc phan ti.
b) Cu phdp:
s = sum(x)
¢) Giéi thich:
s: 12 bi€n chita k&t qua.

x: 1a tén ma tran.

~ N A N N R 2 A
Né€u x 1a ma trin thi s 1a tong cta cdc cot.

d) Vidu:
a=2 8 5 6 -3 9

s = sum(a)
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s=27
b=
3 4 -4
2 35
1 6 2
s = sum(b)
s=6 7 3
X. TAP LENH PO HQA
1. Lénh AXES

a) Cong dung:
bit cac truc toa dd tai vi tri dinh trudc.
b) Cd phép:
axes(‘propertyname’, propertyvalue ...)
¢) Gidi thich:
Tuong tng véi mot propertyname di kem véi 1 propertyvalue.
1. ‘position’,[left, bottom, width, height]: dinh vi tri va kich thuGc cia truc.
left: khodng cach tif mép trdi ctta s6 dén truc ditng.
bottom: khodng cach tit mép dudi cira s6 dén truc ngang.
width: chiéu dai cla truc ngang.
height: chiéu cao truc ding.
Ghi ch:
Ludn 14y diém [0,0] 1am gdc toa do.
Truc ngang va truc ding c6 gia tri trong khodng [0 1] va chia theo ty 1€ thich hgp
*/ Vidu:
axes(‘position’,[.1 .1 .8 .6])
2. ‘xlim’, [min,max]: dinh gi4 tri nhé nhat va 16n nhat trén truc x.
*/ Vidu:
axes(‘xlim’, [2 5])
3. ‘ylim’, [min,max]: dinh gi4 tri nhé nhat va 16n nhat trén truc y.

*/ Vidu:
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axes(‘ylim’, [2 5])
dinh gi4 tri trén ca hai truc
axes(‘xlim’, [min,max], ‘ylim’,[min,max])
2. Lénh AXIS
a) Cong dung:
Chia lai truc toa do.
b) Ci phép:
axis([xmin xmax ymin ymax])
axis([xmin xmax ymin ymax zmin zmax])
axis on
axis off
¢) Giéi thich:
Xmin, ymin, zmin: 12 gi4 tri nhé nhit cda cic truc x, y, z.
Xmax, ymax, zmax: la gié tri 16n nha't clia cdc truc x, y, Z.
on: cho hién thi truc toa do.
off: khong cho hién thi truc toa do.
3.Lénh BAR
a) Cong dung:
V& dd thi dang cot.
b) Ci phép:
bar(x,y)
¢) Gidi thich:
V€ gid tri x theo gia triy.
d) Vi du:
x = -pi:0.2:pi;
bar(x,sin(x));
grid on
title(‘Do thi ham sin(x) dang thanh’)
xlabel(‘truc x (rad)’)

ylabel(‘y = sin(x)’)
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Do thi ham sin(x) dang thanh
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4. Lénh CLA

a) Cong dung:

Xéa tit ca cdc d6i tugng nhu: dudng dd thi, tén do thi.nhung khong x6a truc toa do.
b) Cu phdp:

cla

S.Lénh CLF

a) Cong dung:

X6a hinh dnh (d thi) hién tai.
b) Cii phép:

clf
6. Lénh CLOSE

a) Cong dung:

DP6ng hinh dnh (d6 thi) hién tai.
b) Ci phép:

close

7. Lénh COLORMAP

a) Cong dung:
Tao mau sic cho dd thi trong khong gian 3 chiéu.
b) Cu phép:
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colormap(map)
colormap(‘default’)

¢) Giéi thich:

Colormap la sy tron 1an cia 3 mau cd ban: red, green, blue. Ty theo ty 1€ ctia 3 mau co

ban ma cho ra cic mau sic khic nhau.
‘default’: mau c6 dudc 1a mau mic dinh.

map: bié€n chita cdc thong s6 sau:

Map mau c6 dugc
Bone gray + blue
Cool cyan + magenta
Flag red + white + blue + black
Gray gray
Hot black + red + yellow + white
Pink pink

8. Lénh FIGURE

a) Cong dung:

Tao mdi hinh 4nh (dd thi).
b) Ci phép:

figure
9. Lénh GCA
a) Cong dung:

Tao cac dic tinh cho truc.
b) Ci phép:

h = gca
¢) Giéi thich:

h: 1a bi€n gadn cho l&énh cga.

Céc dic tinh clia truc gdm c6:

Cu phédp

Gidi thich

Set(gca,” XScale’,’log’,

Pinh don vi trén truc toa do: truc x ¢c6
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"Yscale’,’linear’) don vi 1a log va truc y ¢6 don vi tuyén
tinh.

Set(gca,”Xgrid’,’on’,”YGrid', | Tao 1u6i cho dd thi: truc x c6 tao lugi

‘nomal’) va truc y khong tao luéi.
Set(gca,’ XDir',’reverse’, Déi truc toa do: ddi truc x vé phia doi
"YDir’,’normal’) dién, truc y gilf nguyén.
Set(gca,” XColor',’red’, Pit mau cho ludi do thi: dit ludi truc
’Ycolor’,’yellow’) x mau dd, ludi truc y mau vang.

GOm c6é cdc mau: yellow, magenta,
cyan, red, green, blue, white, black.

10. Lénh GRID
a) Cong dung:
Tao luGi toa do.
b) Ci phép:
grid on
grid off
¢) Giéi thich:
on: hién thi luéi toa do.

off: khong hién thi lu6i toa do.
11. Lénh PLOT

a) Cong dung:
V& dd thi tuy&n tinh trong khong gian 2 chiéu.
b) Cu phép:
plot(x.y)
plot(x,y,’linetype’)
¢) Gidi thich:
X,y: v€ gia tri x theo gid triy.
linetype: ki€u phin tif tao nén nét vé& bao gdm 3 thanh phan:

- Thanh phan thit nhat Ia cdc ky tu chi mau sic:

Ky tu Mau

y Vang
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m bé tuoi
c Lag

r bo

g Luc

b Lam
w Tring
k ben

- Thanh phan thit hai 13 cdc ky tu chi nét vé clia do thi:

Ky tu Loai nét vé

- DPudng lién nét

Pudng chAm chAm

-, Pudng gach chim

-- Pudng nét dat doan

- Thanh phan thit ba 12 cdc ky tu chi loai di€m ddnh ddu gébm:., o, X, +, *

d) Vidu:

V& dd thi ham y = sin(x) vdi d6 thi mau lam, dudng lién nét va ddnh diu cic diém dugc
chon bing diu *, truc x thay d6i tir 0 t6i 2n, mdi budc thay d6i 1a n/8

x = 0:pi/8:2*pi;

y = sin(X);

plot(x,y, ‘b-"")

ylabel(‘y = sin(x)")
xlabel(‘Truc x”)

title(‘Do thi ham y = sin(x)’)

grid on
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12. Lénh SUBPLOT

a) Cong dung:

Tao céc truc trong mdt phan ctia cira s6 do hoa.

b) Cud phdp:

subplot(m,n,p)

subplot(mnp)

¢) Giéi thich:

subplot(m,n,p) hodc subplot(mnp)thianh ctita s§ d hoa thanh mxn ving d€ vé& nhiéu dd thi

A N A P
trén ciing mot clra so.

m: s6 hang dudc chia.

n: sd cdt dudc chia

Ma b1 ___
{ 2L T O U

by - -

p: 80 tht ty viing chon d€ vé d6 thi.

N&u khai bdo p > mxn thi s& xuat hién mot thong bio 16i.

d) Vidu:

Chia ctra s6 d6 hoa thanh 2x3 viing va hién thi truc cda c3 6 viing.
subplot(231)
subplot(232)
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subplot(233)
subplot(234)
subplot(235)
subplot(236)
1 1 1
0.8 0.8 0.8
0.6 0.6 0.6
0.4 0.4 0.4
0.2 0.2 0.2
I]I] 0.5 1 I]I] 0.5 1 0 ] 0.5 1
1 1 1
0.8 0.8 0.8
0.6 0.6 0.6
0.4 0.4 0.4
0.2 0.2 0.2
l]I] 0.5 1 I]I] 0.5 1 0 ] 0.5 1

13. Lénh SEMILOGX, SEMILOGY

a) Cong dung:

V& do thi theo logarith.
b) Cd phép:

semylogx(x,y)

semylogx(x,y, linetype’)

semylogy(x,y)

semylogy(x,y, linetype’)
¢) Giéi thich:

semylogx va semylogy gidng nhu 1énh plot nhung chi khdc mot diéu 1a 1énh nay vé dd thi
theo truc logarith. Do d6, ta c6 thé st dung tit ca cac loai ‘linetype’ ctia 1énh plot.
d) Vidu:

V& db thi ham y = x* — 3x + 2 theo truc logarith cia x.

x = 0:100;
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y = x.N2-3%x+42;
semylogx(x,y,’b’)

grid on

10000

000 | -----------------m-mm -

BOOD - ---------- e

7000 |- - - oo

BOOD |- - - - - - - oo

OO0 - --------------mm oo -

4000 -~ -~ - - - e

11|

2000 --------------=-m-mmmn -

000 -~~~

]

]

10 10

14. Lénh POLAR

a) Cong dung:
Vé @6 thi trong hé truc toa do cuc.
b) Cd phép:
polar(theta,rno)
¢) Giéi thich:
V€ gid tri x theo gié triy.
d) Vidu:
t =-pi:0.01:pi;
polar(t, sin(t))

10

Thuc hién: PHAM QUOC TRUONG

-87 -

GVHD: PHAM QUANG HUY




Khao sat ing dung MATLAB trong diéu khién ty dong

]

15. Lénh SET
a) Cong dung:

Thiét 1ap cdc dic tinh chit cho d6i tugng nao dé.
b) Ci phép:

set(h, ‘propertyname’, propertyvalue,...)
¢) Gidi thich:

h: bi€n chita doi tuong.

PropertyName va PropertyValue dugc cho trong bang sau:

Cu phédp PropertyName PropertyValue Gidi thich
Set(h,”Marker’,’+’) Marker S Chon ki€u phﬁn t
Set(h,’LineWidth’,1) LineWidth 1,2,3,. b0 day nét vé
Set(h,”MarkerSize’,9) MarkerSize 1,2, 3,.. Kich thudc cdc diém tao

nén h
Set(h,’color’,’cyan’) Color yellow,magenta, [Chon mau cho déi tuong h
red,green,blue,
cyan,white,black
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d) Vidu:
a=[1 2 3 4 5 4 3 4 5 6]
h = plot(a)

set(h,’color’,’black’)
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16. Lénh STAIRS

a) Cong dung:
Vé d6 thi dang bac thang.
b) Ci phép:
stairs(x,y)
¢) Giéi thich:
VE€ gid tri x theo gié tri y.
d) Vidu:
x = -pi:0.2:pi;
stairs(x,sin(x))
xlabeL(‘Truc x”)
ylabel(‘y = stairs(x,sin(x)’)

grid on
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Do thi ham so sin(x) dang bac thang
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17. Lénh TITLE
a) Cong dung:
bit tiéu dé cho d6 thi.
b) Cd phép:
title(‘text’)
¢) Giéi thich:
text: tén tiéu dé.

18. Lénh XLABEL, YLABEL, ZLABEL

(= e ]

Truc =

a) Cong dung:
bitténchotruc X, Y, Z.
b) Ci phép:
xlabel(‘nx’)
ylabel(‘ny’)
zlabel(‘nz’)
¢) Giéi thich:

nx, ny, nz: tén truc x, y, z
19. Lénh WHITEBG

a) Cong dung:

{0 I R D,
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Thay ddi mau nén ciia cira s6 dd hoa.
b) Ci phép:
whitebg
whitebg(‘color’)
¢) Gidi thich:
whitebg chuyén d6i qua lai mau nén cita s& dd hoa giita tring va den.
whitebg(‘color’) chuyén mau nén ctra s dd hoa thanh mau cia bién color.

color c6 th€ 1a cdc mau: yellow (vang), magenta (dd tuci), cyan (10), red (dd), green
(luc), blue (lam), white (tring), black (den).

BT3c: dudc viét trong BT3c.m. Bai tip nay tdng hop tir cdc sich ‘The Student Edition of
MATLAB’, ‘The MATLAB 5. Handboox’, ‘fJ'ng dung MATLAB trong diéu khién ty
dong’

$BT3c: VE QUA DIA CAU

[x,y]=meshgrid (-3:0.1:3);

z=peaks (x,V);

meshc (x,vy,2)

pause

k=5;

n=2"k-1;
[x,vV,z]=sphere(n);
c=hadamard (2"k) ;

surf (x,y,z,c);
colormap([1 1 0;0 1 1])
pause

t=0:p1/10:2*pi;
[x,y,z]=cylinder (2+cos (t));
surf(x,vy,2z)

pause

[x,V,z]=cylinder (1:10);
surfnorm(x, vy, z)
pause

[x,v,z]=meshgrid(-2:.2:2,-2:.2:2,-2:.2:2);
v=x.*exp (-x."2-y."2-2."2);

slice(v, [5 15 21],21,[1 10],21)

pause

[X,Y]=meshgrid(-3:.5:3);

Z=peaks (X,Y) ;
[XI,YI]=meshgrid(-3:.25:3);
ZI=interp2(X,Y,Z,XI,YI);

mesh (X,Y,%Z), hold, mesh(XI,YI,ZI+15)

hold off
axis([-3 3 -3 3 -5 201])
pause
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syms x y
ezsurf (real (atan (x+i*y)))

[x,y]=meshdom (-12:.6:12,-12:.6:12);

r=sqgrt (x."2+y."2);
z=bessel (0, r);
m=[-45 60];

mesh (z,m)

Khi chay chuong trinh ta 13 lugt c6 két qua:

+# -Figure Mo. 1
File Edit Toolz ‘Window Help
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+# 'Figure Mo. 1
Eile Edit Tools

Window Help
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o 'Figure Mo. 1
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4 'Figure Ho. 1
File Edit Toolz ‘window Help
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o .Figure Ho. 1
File Edit Toolz “Window Help
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o .Figure Ho. 1 _ [O] x]
File Edit Toolz “Window Help

DsEdES A A/ BB

Ciing 1a ham bessel nhung ta khao sat riéng 1 bai:
$hm bessel

[x,y]=meshdom (-12:.6:12,-12:.6:12);

r=sqrt (x.72+y."2);

z=bessel (0, r);

m=[-45 60];

mesh (z,m)
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NHOM LENH VE PAC PIEM MO HINH
(Model Properties)

1. Lénh COVAR, DCOVAR

a) Cong dung: (Purpose)
Tim d4p @ng hiép phuong sai d6i vdéi nhiéu tring (white noise).
b) Cud phdp: (Syntax)
[P,Q]= covar(a,b,c,d,w)
P = covar(num,den,w)
[P, Q]=dcovar(a,b,c,d,w)
P = dcovar(num,den,w)
¢) Gidi thich: (Description)

Covar tinh cdc ngd ra c6 dinh va ddp tng hiép phuong sai trang thdi ctia mot hé thdng doi
véi cdc ngd vaonhiéu tring Gaussian véi cudng do w:

E[w(t)w(t)’]= wd(t -T)

[P,Q]= covar(a,b,c,d,w) tim ddp Gng hi€p phuong sai cia hé khdng gian trang thdi lién

tuc.
x = Ax + Bu
y=Cx + Du
ddi véi nhiu tring véi cudng do w tir tit cd cdc ngd vao tdi tit cd trang thai va ngd ra:
P=Elyy’]
Q =E[xx’]

Hé thong phdi 6n dinh va ma tran D phdi 1a zero.

P = covar(num,den,w) tim ddp &ng hiép phuong sai ngd ra hé SIMO ctia ham truyén da
thic

G(s)=num(s)/den(s)

trong d6 num va den chifa cdc hé sd da thitc theo chiéu gidm dan s6 mii clia s, wla cudng
dd nhiéu ngd vao.

D€ tim d4dp tng hiép phuong sai clia hé gidn doan ta dung 1énh dcovar thay cho covar.
d) Vidu 1: (Exemple)

Tim ddp ng hiép phudng sai do nhiéu tring Gaussian cia hé SISO véi cudng do w=2 c6
ham truyén:
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5s +1
H($)=————
() sP+2s+3

num=[5 1];
den=[1 2 3];
P = covar(num,den,2)
Ta dugc: P = 12.6667
2. Lénh CTRB, OBSV

a) Cong dung:

A 2 P EPN e R N 2 P 2
Tao ma tran c6 thé dieu khi€n va c6 thé quan sit.

b) Cd phép:

co = ctrb(a,b)

ob = obsv(a,c)
¢) Giéi thich:

co = ctrb(a,b) tao ma trin c6 thé diéu khién Cg = [B ABA?B ... A"'B] cho hé khong
gian trang thai ob = obsv(a,c) tao ma trin c6 thé quan sat O, cho hé khong gian trang thdi.

C o
CA

Op=| C4°

Hé thong c6 thé diéu khién dugc néu hang clia ma trin Co 1a n va c6 thé quan sit dugc
néu hang cda ma tran Ob 1a n.
d) Vidu:

Dung Iénh ctrb va obsv d€ ki€m tra hé thong (a,b,c,d) c6 thé diéu khién dugc hay c6 thé
quan sat dugc hay khong:

% Nhap ham truyén va xdc dinh khong gian trang thdi:
num=[2 3];
den=[1 4 7];
[a,b,c,d]= tf2ss(num,den)

% Xac dinh ma tran c6 thé diéu khién va ma tran c6 thé quan sat:
co = ctrb(a,b)
ob = obsv(a,c)

% so trang thai khong thé diéu khién dudc:
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unco = length(a) — rank(co)
% s6 trang thai khong thé quan sit dudc:
unob = length(a) — rank(ob)

Cudi cling ta dugc két qua:

a=
-4 -7
1 0
b=
1
0
c=
2 3
d= 0
co=
1 4
0 1
unco= 0
ob =
2 3
-5 -14
unob = 0
3. Lénh DAMP, DDAMP

a) Cong dung:

Tim tan s& ty nhién (Natural Frequencies) va hé s tit dan (Damping Factors).
b) Cu phdp:

[wn,Z]= damp(a)

mag= ddamp(a)

[mag,Wn,Z]= ddamp(a,Ts)
¢) Gidi thich:

Damp va ddamp tinh tAn s6 tu nhién va hé s6 tit din. N&u bd cdc d6i s bén trdi trong
cdc 1énh nay thi ta nhan dudc mot bang cdc gia tri riéng, ti 1& tit dan va tin sO ty nhién trén
man hinh.
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[wn,Z]= damp(a) tao ra vector cot Wn va Z chifa cdc tan s ty nhién wn, hé s tit dan
clia cdc gid tri riéng lién tuc (Continous eigenvalues) dugc tinh tit a. Bi€n a c6 thé 1a mot
trong cdc dang sau:

+ N&u a la ma tran vudng thi a dugc xem nhu 1a ma trin khdng gian trang thdi A.

+ N&u a 12 vector hang thi n6 dudc xem nhu 12 vector chita cdc hé s6 da thic cia ham
truyén.

+ N&u a la vector cdt thi a chita cdc nghiém.

Mag = damp(a) tao ra vector cOt mag chira bién dd cdc gia tri riéng gidn doan dudc tinh
tif a. a c6 thé 1a mot trong cdc dang dudc néi dén & trén.

[mag,Wn,Z]= ddamp(a,Ts) tao ra cdc vector mag, Wn va Z chita cdc bién dd, tin sd tu
nhién trong mit phing s tuong ng va hé s tit dan cla cdc gid tri riéng cda a. Ts 13 thdi gian
14y mAu. Hé so tit dan va tan s6 ty nhién trong mit phing s tuong Gng clia cic gid tri riéng
gidn doan A la:
log 4
T

Oy = € =-cos(Llog )

d) Vi du: (Trich tir trang 11-52 sach ‘Control System Toolbox’)

Tinh va hi€n thi cdc gia tri riéng, tan s6 tu nhién va hé s6 tit dan cda ham truyén lién tuc

sau:
25> +5s +1
H(s)=———
(5) s*+2s+3
num= [2 5 1];
den= [1 2 3]
damp(den)
Eigenvalue Damping Freq.(rad/sec)
-1.0000 + 1.4142i 0.5774 1.7321
-1.0000 + 1.4142i 0.5774 1.7321

Tinh va hién thi cdc gi4 tri riéng, bién do, tAn sd va hé sd tit dan trong mit phing s
tuong ng clia him truyén gidn doan véi thdi gian 14y mau Ts = 0.1:
2z°-34z+1.5
z> —1.65s+0.8

H(z) =

num=[2 -3.4 1.5]
den=[1 -1.6 0.8]
ddamp(den,0.1)
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Eigenvalue = Magnitude Equiv.Damping  Equiv.Freq (rad/sec)

0.8000 + 0.40001 0.8944 0.2340 4.7688

0.8000 — 0.40001 0.8944 0.2340 4.7688

4. Lénh DCGAIN, DDCGAIN
a) Cong dung:
Tim d6 1¢i trang thdi xdc 1ap cda hé thong.
b) Ci phép:
k = dcgain(a,b,c,d)
k = dcgain(num,den)
k = ddcgain(a,b,c,d)
k = ddcgain(num,den)
¢) Giéi thich:
dcgain diing d€ tinh do 1gi trang thdi x4c 1ap (DC hay tan s& thdp) ciia hé thong.
k = dcgain(a,b,c,d) tinh d0 1gi trang thai xac 1ap cua hé khdng gian trang thdi lién tuc:

x = Ax + Bu
y=Cx+Du
tlr tAt cd cdc ngd vao tdi tat cd cdc ngd ra:
K=-CA'+D
k = dcgain(num,den) tinh d6 1di trang thdi x4c 1ap cla ham truyén da thic:
G(s) = num(s)
den(s)
trong d6 num va den chita cdc hé sd da thifc theo thif ty gidm din s6 mii cla s:
_ num(s)
- den(s)| _,

DE tinh do 1gi DC clia hé gidn doan ta ding 1énh ddcgain thay cho 1&énh dcgain. P&i véi
hé khong gian trang thai x4c lap, ma tran dd 1gi DC la:
K=CI-A)'"+D
Va ddi v6i ham truyén gidn doan, t d6 Lol DC la:

_ num(z)
den(z)|__,
d) Vidu 1:
Tinh d9 1gi DC cda hé thong c6 ham truyén:
25 +5s5+1
H(s)=——F——
sT+2s+3

num=[2 5 1];
den =1 2 3
k = dcgain(num,den)
k =0.3333
Vi du 2: Tinh d6 1gi DC cia hé khong gian trang thdi MIMO:
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x| _[-05572 07814 ] [1 05397 [u
ol 107814 0 |[x,] |0 —02231f|v

T

a=[-0.5572 -0.7814; 0.7814 O0];
b=[1 0.5379; 0 -0.2231];
c=[1.9691 6.4493;1 0],
d=[0 0;0 OF
k = dcgain(a,b,c,d)

k=

8.2466 3.6861
0 0.2855

5. Lénh GRAM, DGRAM
a) Cong dung:

Didnh gid kh3 ning diéu khi€n va kh3 ning quan sit.
b) Cud phdp:

Gc = gram(a,b)

Go = gram(a’,c’)

Gc = dgram(a,b)

Go =dgram(a’,c’)
¢) Gidi thich:

gram tinh todn kha ning diéu khi€n va khd ning quan sit. Sy ddnh gid nay c6 thé dugc
diing d€ nghién cttu dic tinh di¢u khi€n va dic tinh quan sit clia cdc hé khong gian trang thdi
va gidm bac mo hinh.

gram(a,b) tao ra su ddnh gid kha ning diéu khién G

< At A'rt
GC:J'e BB e dr
0

d6 1a mot ma trin doi xdng; hon nita, n€u ma tridn c6 hang da (biang kich thudc clia ma
tran danh gid) thi hé thong c6 thé diéu khién dudc.
Go = gram(a’,c’) tao ra sy danh gid kha ning quan sit G:

2 At A't
G, =je cC'e’ dr
0

Né&u ma trin ddnh gid c6 hang du thi hé thong c6 thé quan sit dugc.
dgram dung cho céc hé thong gidn doan.
d) Vi du:
Xdc dinh kh3 ning diéu khié€n cta hé kong gian trang thdi & vi du vé 1énh dcgrain
a=[-0.5572 -0.7814 ;0.7814 0],
b=[1 0.5379 ; 0 -0.2231];
c=[1.9691 6.4439; 1 O0];
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d=[0 0;0 O]
Gc = gram(a,b)
Ta nhin dudgc ma tran:
Ge =
1.2016 -0.0318
-0.0318 1.0708
Tim hang ma trin bang 1é€nh:
r = rank(Gc)
ta dugc r = 2 va biing kich thuSc clia ma trdn danh gid. Vay hé thong nay cé thé diéu
khién dudc.
6. Lénh DSORT, ESORT
a) Cong dung:
Sdp x&p cdc gid tri riéng theo thif ty phan thuc hozc bién do s& phic.
b) Cd phép:
s = dsort(p)
[s,ndx] = dsort(p)
s = esort(p)
[s,ndx] = esort(p)
¢) Giéi thich:
s = esort(p) x&p cdc gia tri riéng phifc trong vector p theo thi ty gidm dan cla phin thuc.
D&i vdi cdc gid tri riéng lién tuc, cdc gid tri riéng khong 6n dinh xuat hién trugc.
s = dsort(p) x&p cdc gi tri riéng phiic trong vector p theo thif tu gidm din clia bién do. P6i
vdi cdc gid tri riéng gidn doan, cd gi4 tri riéng khong 6n dinh xuit hién trudc.
[s,ndx] = dsort(p) hay [s,ndx] = esort(p) ciling tao ra vector ndx chita c4c chi sd dung theo
thit tu.
d) Vi du:
X&p cédc phan tit clia vector p = [2+43j -3+j 1-9j 3-7j 5+2j 6-j] theo thif tv gidm dan
clia phan thyc va do 16n s6 phic.
p=[2+3] -3+ 1-95 3-7j 5+2j 6-j]
% Xé&p theo thit ty gidm dan ctia d 16n s6 phifc:
s = dsort(h)
S =
1.0000 + 9.0000;j
3.0000 + 7.0000j
6.0000 + 1.0000;j
5.0000 - 2.0000;j
2.0000 + 3.0000j
-3.0000 + 1.0000j
% Xé&p theo thit ty gidm dan clia phan thuc:
s’ = esort(h)
6.0000 + 1.0000;j
5.0000 — 2.0000j
3.0000 + 7.0000j
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2.0000 - 3.0000j
1.0000 + 9.0000j
-3.0000 — 1.0000j

7. Lénh EIG
a) Cong dung:

Tim céc gid tri riéng va cdc vector riéng clia hé thong.
b) Ci phép:

E = eig(X)

[V.D] = eig(X)

[V.D] = eig(X)

[V.D] = eig(X, nobalance’)

E =eig(A,B)

[V.D] =eig(A,B)
¢) Giéi thich:

E = eig(X) 1a mot vector chita cdc gid tri riéng cia ma trin vudng X.

[V,D] = eig(X) tao ra mdt ma tran dudng chéo D cia cdc gid tri riéng va ma trdn dd véi
cdc cot 1a cdc vector riéng tudng tng d€ cho X*V = V*D.

[V,D] = eig(X, nobalance’) giéng nhu [V,D] = eig(X) nhung bd qua su cin bing. Cich
nay doi khi cho k€t qué chinh xdc hon.

E = eig(A,B) 12 vector chia cic gid tri riéng phd bién clia cdc ma trin vudng A va B.

[V,D] = eig(A,B) tao ra ma trin dudng chéo D clia cdc gid tri riéng phd bi€n va cic ma
tran dd V véi cdc cot 1a cdc vector riéng tuong tng d€ cho A*V = B¥V*D.
d) Vi du:

Cho X =[2+3] -3+j 1-95;3-7) 5+2j 6-j;04+7) 6-8) 2+5j]. tim cédc gid tri riéng
cia X.

X=[2+3] -3+ 1-99:;3-7] 5+2j 6-j;0+7) 6-8 2+5jl;

[V.D] = eig(X)

V=
0.4158 + 0.3442; 0.5455 + 0.4929; 0.4344 — 0.2255;
-0.3275 + 0.3580; 0.1837 — 0.2659j 0.5974 + 0.1368;
0.1209 - 0.6772j -0.5243 + 0.2831; 0.4954 + 0.3734
D=
-9.3743 + 4.7955j 0 0
0 9.2099 + 0.2831j 0
0 0 9.1644 — 2.2542;
8. Lénh PRINTSYS

a) Cong dung:
In ra cdc tham sd ctia hé thdng tuyén tinh
b) Cd phép:
printsys(a,b,c,d)
printsys(a,b,c,d,ulabels,ylabels,xlabels)
printsys(num,den,‘s’)
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printsys(num,den,‘z’)
¢) Gidi thich:

printsys in cdc tham s& clia hé khong gian trang thdi va ham truyén theo dang dic biét.
D6i véi hé khong gian trang thdi, cdc ngd vao, ngd ra va trang thdicia hé dugc dit tén va
ham truyén dugc hién thi dusi dang ty s6 cda hai da thifc.

printsys(a,b,c,d) in ra hé khong gian trang thdi (a,b,c,d) v6i tén tham s6 & phia trén va
phia bén trdi clia ma trin hé thong.

printsys(a,b,c,d,ulabels,ylabels,xlabels) in ra hé khong gian trang th4i v6i tén tham s&
dudc chi dinh bdi cac vector ulabels, ylabels va xlabels. ulabels, ylabels va xlabels chira tén
ngd vao, ngd ra va trang thdi ciia hé thong.

printsys(num,den,‘s’) hoic printsys(num,den,‘z’) in ra hAm truyén dudi dang ty so ctia hai
da thitc theo s hodc z. N&u bi€n clia ham truyén (‘s’ hoidc ‘z’) khdong dugc chi dinh thi phép
bi&n ddi Laplace (‘s’) dugc thira nhan.
d) Vi du:

Cho hé khong gian trang thai sau:

w| [ s, [

2 —1||x,| |0

=l 4{“}+mu

X,

X2

In ra hé khong gian trang thai véi tén goi cdc tham sd mic nhién va véi tén dugc chi dinh
nhu sau: ngd vao u la sensor, trang thdi x 1a alpha va beta, ngd ra la angle.
% Khai bdo hé thong:
a=[1 1;2 -1];

b=[1;0]
c=[2 4]
d=1;

% In theo tén mic nhién:
printsys(a,b,c,d)
a=
x1 x2
x1 1.00000 1.00000
x2 2.00000 -1.00000

b=
ul
x1  1.00000
x2 0
Cc=
x1 x2
yl 2.00000 4.00000
d=

ul
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yl  1.00000
% Chi dinh tén tham s6:
inputs = ‘sensor’;
outputs = ‘angle’;
states = ‘alpha beta’;
states = ‘alpha beta’;
% In theo tén da chi dinh:
printsys(a,b,c,d,inputs,outputs,states)

a=
alpha beta
alpha  1.00000 1.00000
beta 2.00000 -1.00000
b=
sensor
alpha 1.00000
beta 0
Cc=
alpha beta
angle  2.00000  4.00000
d=
sensor
angle 1.00000
9. Lénh TZERO

a) Cong dung:
Tim zero truyén dat clia hé khong gian trang thdi.
b) Cd phép:
z = tzero(sys)
[z,gain] = tzero(sys)
z = tzero(a,b,c,d)
¢) Gidi thich:
z = tzero(sys) tim cdc zero truyén dat cda hé thong LTI trong sys.
[z,gain] = tzero(sys) tim d6 1¢i ham truyén néu hé thdng 1a hé SISO.
z = tzero(a,b,c,d) tim zero truyén dat ca hé khong gian trang th4i:

x=Ax+Bu hodc x[n+ 1}=Ax[n]+ Bu[n]
y=Cx + Du y[n] = Cx[n] + Du[n]
d) Vi du:
Tim zero truyén dat ctia hé khdng gian trang th4i sau:

. {1 1} X +H“
a2 -1[x] o
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v=[2 4]{

(1 1;2
[1:0l;
2 4];
L;
tzero(a,b,c,d)
7=
-1.0000 + 2.4495j
-1.0000 — 2.4495;j

-11;

a
b
c
d
z

2

;61}[1]14
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NHOM LENH XAY DUNG MO HINH
(Model Building)

1. Lénh APPEND

a) Cong dung:

K&t hop dong hoc 2 hé thong khong gian trang thai.
b) Cu phdp:

[a,b,c,d] = append(al,bl,cl,d1,a2,b2,c2,d2)
¢) Giéi thich:

Hé thong da két ndi

U Yi
System1

\ 4

v

Uz Y2
System1

\ 4
v

Lénh append két n6i dong hoc 2 hé thong khdng gian trang thdi tao thanh 1 hé thdng chung.

[a,b,c,d] = append(al,bl,cl,d1,a2,b2,c2,d2) tao ra hé thdng khdong gian trang thii k&t hop
bao gdm hé thdng 1 va hé thong 2. Hé thdng nhin dugc 1a:

)'CIZA1 0 lerB1 0 _ul
0 4, || x, 0 B, ||lu,

X2 4172

B2 16 0__x1_+ D 0|y
|V, B G |l x, 0 D |lu,

d) Vidu 1: Cho 2 hé khong gian trang thai

X 1 1][x] [t
'l L)
X, 2 (He 1)

vl |
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x| [4 3][x] [1
el o
X, ’ (He 1I)

v =l -2 7]l

Xy

K&t ndi 2 hé khong gian trang thdi trén dé tao ra mot hé khong gian trang thai k&t hgp.
al=[1 1;2 -1];

bl =[1; 0];

cl=[2 4];

dl =[1];

a2=1[4 3;1 O];

b2 =[1; 0];

c2=1[4 -2

d2 =[0];

[a,b,c,d] = append(al,bl,cl,dl,a2,b2,c2,d2)

a=

S O N
o

o O O
—

1 0
0 O
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Vi du 2: Trich tr Vi du 3.12 sach ‘I'J'ng dung Matlab trong diéu khién ty dong’ tic gid
Nguyén Vin gidp. Va dugc viét bdi file.m

$KET NOI HAI HE THONG SONG SONG

a=[1 2 3;4 5 6;7 8 91;

b=[3 4;4 5;7 9];

c=[0 0 17;

d=[0 0];

e=[1 9 3;4 5 6;7 8 7];

f=[2 4;4 6;7 9];

g=[0 1 1];

h=[0 0];

[A,B,C,D]= append(a,b,c,d,e,f,g,h)
K&t qua

1 2 3 0 0 0
45 6 0 0 0
78 9 0 0 0
00 0 1 9 3
00 0 4 5 6
000 7 8 7
B =

3.4 0 0

4 5 0 0
7.9 0 0

0 0 2 4

0 0 4 6
00 7 9

0O 0 1 0 0 O
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0O 0 0 0 1 1

D=
0 0 0 O
0 0 0 O
2. Lénh AUSTATE

a) Cong dung:
Thém vao hé khong gian trang thai cac ngo ra.
b) Ci phép:
[ab,bb,cb,db] = austate(a,b,c,d)
¢) Gidi thich:
[ab,bb,cb,db] = austate(a,b,c,d) tao ra mot hé khong gian trang thdi méi va s6 ngd vao bing

s6 ngd vao hé ban dau nhung s6 ngd ra nhiéu hon. K&t qua ta dugc hé thdng sau:

X:Ax+Bu

HE [ o

d) Vi du:
Cho hé khong gian trang thai co:
a= b= c= d=
4 5 3 2 1 3 | )
6 7 6 1 2 4 3 4
Dung 1€nh:
[ab,bb,cb,db] = augstate(a,b,c,d) ta dugc hé méi nhu hé (1.2) cé:
ab = bb =
1 2 4 5
3 4 6 7
cb= db =
1 3 3 2
2 4 6 1
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I 0 0 O
0 1 0 O
3. Lénh BLKBUILD, CONNECT

a) Cong dung:

Chuyén so dd khoi thanh mo hinh khong gian trang théi.
b) Ci phép:

blkbuild

[aa,bb,cc,dd] = connect(a,b,c,d,Q,inputs,outputs)
¢) Gidi thich:

[aa,bb,cc,dd] = connect(a,b,c,d,Q,inputs,outputs) tao ra cic ma trin m6 hinh khdong gian
trang thai (ac,bc.cc,dc) clia hé thdng trong sd d6 khdi, cdc ma tran (a,b,c,d) v ma trin Q (ma
tran cho biét su k&t ndi bén trong hé théng). Vector inputs va outputs dung d€ chon cic ngd vao
va ngd ra sau cung cho hé thdng (ac,bc,cc,dc).

Viéc thuc hién xay dung mo hinh dung l€nh connect dugc thuc hién qua cac bude:

c.1) X4c dinh ham truyén hay hé thong khong gian trang thdi: nhdp cdc hé s6 sd cla tif s&

va miu s6 mdi ham truyén st dung tén bi€n nl, n2, n3, .., va dl, d2, d3,.. hoic nhip ma trin
(A,B,C,D) st dung tén bi€n al, bl, cl, dl; a2, b2, c2, d2; a3, b3, c3, d3,...

c.2) Xay dyng md hinh khdng gian trang thii chua ndi: hinh thinh mo hinh bao gém tit ca
ham truyén chua duge k&t ndi. Piéu ndy dudc thuc hién bing cdch ldp di lip lai 1énh append cho
ciac khdi khong gian trang thai hay tf2ss va append cho cdc khdi ham truyén. tf2ss c6 thé
chuyén mdi khdi thanh hé khong gian trang th4i nhé sau d6 diing 1énh append dé tip hop cic
khdi nhé thanh mdt md hinh hoan chinh.

c.3) Chi ra cdc k&t ndi bén trong: x4dc dinh ma trin Q chi ra cdch k&t ndi cac khdi clia s dd
kh&i. Trong mdt hang cia ma trin Q thanh phan diu tién 13 s& ngd vao. Nhitng thanh phan tiép
theo chi cdc ngd dudc ndi vao ngd vao trén.

Vi du: néu ngd vao 7 nhan cdc ngd vao khdc tir ngd ra 2, 15 va 6 trong d6 ngd vao am thi
hang tuong tng trong Q la [7 2 -15 6].

c.4) Chon ngd vao va ngd ra: tao cdc vector inputs va outputs dé chi ra ngd vao va ngd ra
nao dugc duy tri 1am ngd vao va ngd ra ctia hé thong.

Vi du: néu ngd vao 1,2 va 15 va ngd ra 2 va 7 dudc duy tri thi inputs va outputs la:
inputs=[1 2 15]
outputs = [2 7]

c.5) K&t ndi bén trong: dung 1énh:
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[ac,bc,cc,dc] = connect(a,b,c,d,Q,inputs,outputs) 1€nh nay lffy thong tin trong ma tran Q ti€n
hanh ndi chéo cdc khdi tao thanh hé thong vdi cdc ngd vao va cdc ngd ra dugc chon bdi bién
inputs va outputs.

d) Vidu :
Xét sd dd khdi ctia hé MIMO (Mylti Input Milti Output) sau:

w 2] yi,
Hé¢ thong KGTT e
1 .
U, 10 +Cu2 x = Ax + Bu Y2‘
—» _ Ld
15 X _ y=Cx +Du

2(s+1)
s+2

A

Pé€ tao ra md hinh khong gian trang thdi cia hé thdng nay, ta st dung cic lénh sau:

9% Khai bdao ham truyén khau (1):

nl =10;
dl =[1 5]
% Khai bdo cdc ma trdn cia hé khong gian trang thai (2):
a2=[1 2
-5 31
b2=[2 -4
6 5l
c2=[-3 9
0 4]
d2=[2 1
-5 6];
% Khai bao ham truyén khau diéu khién (3):
n3 =2*[1 1];
d3=[1 2];

% Khai bdo sd khau ctia s6 d6 khoi:
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nblocks = 3;
% Thuc hién cdc 1énh két ndi:

blkbuild;

% Khai bdo ma trin diéu khi€n k&t ndi bén trong (Q):

-4
R

Q=[3 1
4 3
inputs = [1 2]

outputs = [2 3];

[ac,bc,cc,dc] = connect(a,b,c,d,Q,inputs,outputs)

Va ta dudc hé thong ¢6 cdc ma tran ac, b, cc, dc nhu sau:

ac =
-5.0000 0 0
-3.0769 1.0000 4.4615
3.8462 -5.0000-0.0769
4.6154 O 0.3077
bc =
1.0000
0 -1.0769
0 9.8462
0 -0.3846
cc =
0.7692 -3.0000 8.3846
4.6154 0 0.3077
dc =
0 27692
0 -0.3846

-6.6154
0.7692
-1.0769

0.1538
0.9231

Hé thong nay ¢6 2 ngd vaola 1 va 2 va c6 2 ngdrala 2 va 3.

4. Lénh CLOOP

a) Cong dung:

Hinh thanh hé thong khong gian trang thdi vong kin.

b) Cua phép:
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[ac,bc,cc,dc] = cloop(a,b,c,d,sign)
[ac,bc,cc,dc] = cloop(a,b,c,d,inputs,outputs)
[numc,denc] = cloop(num,den,sign)

¢) Gidi thich:

cloop tao ra hé thong vong kin bing cdch hoi ti€p cdc ngd ra va cdc ngd vio cla hé thong.
T4t cd cdc ngd vao va ngd ra clia hé vong hd dudc giit lai trong hé vong kin. cloop st dung dugc
cho ca hé lién tuc va gian doan.

[ac,bc,cc,dc] = cloop(a,b,c,d,sign) tao ra m6 hinh khong gian trang thdi cia hé vong kin
bing cdch hoi ti€p ti't cd ngd ra tdi tit cd cdc ngd vao.

u : System Y
+

Hé théng vong kin

v

sign = 1: hdi ti€p duong.

sign = -1: hoi ti€p am.

Né&u khong c6 tham sd sign thi xem nhu 13 hoi ti€p Am.

K&t qua ta dugc héthdng vong kin:
x=[4+BUIFD)" C|x+[BUF D) |u
y=lc+DaF D) Clx+|pUFC) ' |u

trong d6 dau “-* ¢ng vdi hdi ti€p duong va ddu “+” ¢ng v6i hdi ti€p Am.

[numc,denc]= cloop(num,den,sign) thuc hién hdi ti€p don vi vdi ddu dugc cho bdi tham so
sign d& tao ra hé thong vong kin c6 ham truyén da thifc.
num(s)  G(s) num(s)
den(s) 1FG(s) den(s)F num(s)

[ac,bc,cc,dc] = cloop(a,b,c,d,outputs,inputs) thuc hi€n héi ti€p cdc ngd ra dugc chi dinh trong
vector outputs vé ngd vao dugc chi dinh rd trong vector inputs dé taora md hinh khong gian
trang thdi cia hé vong kin.
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uj Y1

»
> »

Inputs System

Outputs y, =

Hé thdng vong kin
Vector outputs chifa chi s6 cdc ngd ra nao dugc hdi ti€p vé ngd vao. Trong trudng hgp nay,
hoi ti€p dudng dudc sit dung. Mudn chon hoi ti€p 4m, ta dung tham sd —inputs thay cho inputs.
d) Vi du:
Xét hé khong gian trang thdi (a,b,c,d) c6 5 ngd ra va 8 ngd vao. PE hoi ti€p cdc ngd ra 1, 3
va 5 vé cdc ngd vao 2, 8 vi 7 va chon hoi ti€p Am.
outputs=[1 3 5];
inputs=[2 8 7];
[ac,bc,cc,dc] = cloop(a,b,c,d,outputs,-inputs)

Cho hé khong gian trang thii:
. u ]
x=Ax+[B, Bz]{ !
u

2

|:y1:|_|:cl:| {Dn D, | {”H}
= X+
) ¢, D, Dy ||u,

Gia st vong kin dudc tao ra bing cdch hoi ti€p ngd ra y, vé ngd vao u, thi ta duge hé khong
gian trang théi:

x=[A+B,EC,}x+[B, £ B,ED,, B,E] {”‘}
U,

{yl}:[cliDlZEC2:|X+|:D11iD12ED21 DIZE:||:u1:|
yz C2 iDzzEcz D21 iDzzEDzl D22E M2
trong d6 E= (I ¥ D,D;)" v6iI1a ma trin don vi.

Céc biéu thic trén déu ding cho md hinh gidn doan khi thay phép vi phian bing phép sai
phian va ham truyén trong mit phiang z thay cho ham truyén trong mit phing s. Chd y: ma tran
(I ¥ D,D))" phdi c¢6 thé nghich ddo dugc.

5.Lénh FEEDBACK

a) Cong dung:
K&t ndi hoi ti€p hai hé thdng.
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b) Ci phép:

[a,b,c,d] = feedback(al,bl,cl,d1,a2,b2,c2,d2)

[a,b,c,d] = feedback(al,bl,cl,d1,a2,b2,c2,d2,sign)

[a,b,c,d] = feedback(al,bl,cl,d1,a2,b2,c2,d2, inputsl, outputsl)

[num,den] = feedback(numl,denl, num2,den2)

[num,den] = feedback(numl,denl, num2,den2,sign)
¢) Giéi thich:

[a,b,c,d] = feedback(al,bl,cl,d1,a2,b2,c2,d2,sign) tao ra hé thong khong gian trang thai to
hdp véi két ndi hdi ti€p clia hé thong 1 va 2:

u |+ yi

System 1

A

-+

System 2
Y2 %)

A

Hé thdng hoi ti€p
Hé thong hdi ti€p dudc tao ra biing cach ndi cdc ngd ra clia hé thong 1 t6i cdc ngd vao clia
hé thong 2 va cdc ngd ra clia hé thong 2 t6i cdc ngd vao clia hé thong 1.
sign = 1: Hoi ti€p duong.
sign = -1: Hoi ti€p Am.
Né&u bd qua tham s6 sign thi 1énh s& hi€u 12 hdi ti€p 4m.

Sau khi hdi ti€p ta thu dudc thong:

X, { A,+B,ED,C, +BEC, "xl}{ B,(I£ED,D,) }
= u
x, | LB:Ci*B,D,ED,C, A%B,D,EC, | x,| |B,D,(I+ED,D)) :
xl_
+[D,(I£ED,D,|u,

= [Cl +D,ED,C, _—'_DIECZ]|:
Xy

trong do:

E=(1F D,D))" v6i1la ma tran don vi, ddu “-“ ¢ng vdi hdi ti€p duong va ddu “+” Gng véi
hoi ti€p Am.

[num,den] = feedback(num1,denl, num2,den2,sign) tao ra ham truyén da thdc cua hé th6ng
hoi tiép.

sign = 1: Hoi ti€p duong.
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sign = -1: Hoi ti€p am.
Né&u béd qua tham sd sign thi 1énh s& hi€u 12 hoi ti€p am.
Ham truyén clia hé thong la:

num(s) G, (s) 3 num, (s)den, (s)
den(s) 17T G,(5)G,(s) - den,(s)den,(s) ¥ num, (s)num,(s)

[a,b,c,d] = feedback(al,bl,cl,d1,a2,b2,c2,d2, inputsl, outputsl) tao ra hé th6ng hdi tié’p
bing c4ch hdi ti€p cdc ngd ra trong outputs cla hé thong 2 tdi cidc ngd vao trong inputs clia hé
thdng 1.

A 4
v

+ inputs1 System 1 outputsl
u, yi

-+

A

System 2

Y2 up

Hé thdng hoi ti€p

Vector inputs 1 chifa cdc chi s6 ngd vao clia hé thdng 1 va chi ra ngd ra nao clia hé thdng 1

dugc chon hoi ti€p. Vector outputs] chita cic chi s& ngd ra cia hé thong 1 va chi ra ngd ra nao
clia hé thong 1 dugc hdi ti€p vé ngd vao clia hé thong 2. Trong hé thong nay, hdi ti€p 1a hoi ti€p

duong. N&u mudn diing hoi ti€p 4m thi diing tham s& —inputs thay cho inputs].

d) Vidu:

L . 25> +5s+1 o e .
K&t nSi khau c6 ham truyén G(s)=S2—S3 v6i khau hdi ti€p c6 ham truyén
s +S5+
5(s +2 N
H(s)= Ss+2) theo dang hoi ti€p am nhu sau:
+
G(s) >
H(s) |

numg=[2 5 1];
deng=[1 2 3];
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numh =[5 10];
denh=[1 10];
[num,den] = feedback(numg, deng, numh, denh);
K&t qua:
num =
2 25 51 10
den =
11 57 78 40

6. Lénh PARALLEL

a) Cong dung:
N&i song song cic hé thdng.
b) Cii phép:
[a,b,c,d] = parallel(al,bl,cl,d1,a2,b2,c2,d2)
[a,b,c,d] = parallel(al,bl,cl,d1,a2,b2,c2,d2, inl, in2, outl, out2)
[num,den] = parallel(num1,denl, num2,den2)
¢) Gidi thich:

[a,b,c,d] = parallel(al,bl,cl,d1,a2,b2,c2,d2) ndi song song 2 hé théng tao thanh hé thdng t&
hdp c6 ngd ra 1a tdng cdc ngd ra clia 2 hé thong y = y; + y» va cdc ngd vio dudc ndi lai véi
nhau.

U

System 1 1 Vi

0 System 2 V2

Hé thong song song

Cudi cung, ta c6 hé thdng:
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X1_A1 0 x1+Bl
0 41/x,| |B

X2
y=y1+y2=[Ci +C;] + [D; + D;]Ju

[num,den] = parallel(numl,denl, num2,den2) tao ra ham truyén da thitc clia hé thong ndi
song song. num va den chita cdc hé s6 da thic theo thit ty gidm dan s6 mi clia s.

K&t qua ta c6 ham truyén:

Zum(s) ~G(5)+ Gy (s) = num, (s)den, (s) + num, (s)den, (s)
en(s) den, (s)den, (s)

[a,b,c,d] = parallel(al,bl,cl,d1,a2,b2,c2,d2, inl, in2, outl, out2) noi song song 2 hé th6ng dé
tao thainh mot hé thong t& hgp. Cdc ngd vao clia hé thong 1 dude ndi vdi cdc ngd vao clia hé
thdng 2 va cdc ngd ra ctia hé thong 1 va 2 dugc cong lai v6i nhau cho ra ngd ra chung ctia hé
thdng.

Vi . Z1
System 1
uy - + Y1
u y
—
U, +
> y2
vy R System 2 Z,

Hé thong song song

Vector inl chita chi s6 cdc hé thong vao clia hé thdng 1 va chi ra ngd vao nao ndi v6i ngd
vao tuong tng clia hé thong 2 dugc chi ra trong vector in2. Tudng tu, vector outl chita chi s6 céc
ngd ra clia hé thdng 1 va chi ra ngd ra nio la ngd ra tdng clia cdc ngd ra tuong Wng cia hé thong
2 dugc chi ra trong vector out2.

Céc ngd vao clia hé thdng song song bao gdm cdc ngd vao dugc ndi va cdc ngd vao khong
ndi. Tuong tu, ngd ra clia hé thdng song song gdm cic ngd vao di ndi va cdc ngd vao chua ndi
clia ca hai hé théng.

Parallel stt dung cho c& hé thong lién tuc va hé thong gidn doan.

d) Vidu:

N&i 2 khau c6 ham truyén G(s) va H(s) thanh hé thdng song song:
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3
G(s) =
() s+4
2s +4
H(s)=————
(5) s*+2s+4
numg = 3;
deng=[1 4];
numh=[2 4];

denh=[1 2 3];

[num,den] = parallel(numg, deng, numh, denh);
va ta dugc hé thdng song song ¢6 ham truyén
G’(s) = num(s)/den(s) vdi cdc hé so:

num = [0 5 18 25]
den =11 6 11 12]
7. Lénh SERIES

a) Cong dung:
N6i ndi ti€p hai hé thdng khong gian trang thai.
b) Cu phdp:
[a,b,c,d] = series(al,bl,cl,d1,a2,b2,c2,d2)
[a,b,c,d] = series(al,bl,cl,d1,a2,b2,c2,d2, outputsl, inputs2)
[num,den] = series(numl,denl, num2,den2)
¢) Giéi thich:
Lénh [a,b,c,d] = series(al,bl,cl,d1,a2,b2,c2,d2) ndi cic ngd ra cia hé th6ng 1 v6i cdc ngd
vao clia hé thong 2, u, = y;.

! System 1 PANL-! System 2 Y2,

y

A

Hé thdng noi ti€p
P& dugc hé thong:
X1 4 0 |x B,

X2 B,C 4, x, B,D,
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X

Y2 :[DZCI Cz] +[D2D1]“1

X,

[num,den] = series(numl,denl, num2,den2) tao ra ham truyén da thitc clia hé thdng noi

ti€p. num va den chita cdc hé sd da thiic theo chiéu gidm din sd mii clia s. Hé thong ndi ti€p c6
ham truyén nhu sau:

lzium(s) ~ G,(5)G, (s) = num, (8)num, (s)
en(s) den, (s)den, (s)

[a,b,c,d] = series (al,bl,cl,d1,a2,b2,c2,d2, outputs1, inputs2) ndi ndi ti€p 2 hé thong 1 va 2
tao thanh hé thdng t6 hop. Cic ngd ra dudc chi ré cia hé thong 1 dudgendi ndi ti€p véi cdc ngd
vao dudc chi o clia hé thdng 2:

Vo

Y2 o

V

System 2

u Y1
! 4,{, System 1 u —
VAl g

Hé thong ndi ti€p

Ny vy

Vector outputl chita cdc chi s6 ngd ra cia hé thdng 1 va chi ra ngd ra nao clia hé thdng 1
ndi v6i cdc ngd vao clia hé thong 2 dugc chi ra bdi vector inputs2.
Lénh nay c6 thé sit dung cho hé théng lién tuc va hé thdng gian doan.
d) Vidu 1:
K&t ndi 2 khau c¢6 ham truyén G(s) va H(s)
3 2s +4
G(s)=—— . HE)=—7F"7FT—
s+4 s +2s+3

dé tao thanh hé thong ndi ti€p. Ta thuc hién nhu sau:

numl = 3;
denl =[1 4];
num2 =[2 4];

den2=[1 2 3];
[num,den] = series(numl,denl, num2,den2)
ta dugc k&t qua:

nnim=[0 0 6 12]

den=1[1 6 11 12]

Thuc hién: PHAM QUOC TRUOGNG 15 - GVHD: PHAM QUANG HUY|




Khao sat iing dung MATLAB trong diéu khién ty dong

Xét hé thong khong gian trang thdi (al, bl, cl, d1) v6i 5 ngd vao va 4 ngd ra va mot hé
thong khac (a2, b2, ¢2, d2) v6i 2 ngd vao va 3 ngd ra. Noi ndi tiép 2 hé thdng bing cdch ndi cdc
ngd ra 2 va 4 clia hé théng 1 v6i cdc ngd vao 1 va 2 clia hé théng 2:

outputsl =[2 4];
inputs2 =[1 2];
[a,b,c,d] = series (al,bl,cl,d1,a2,b2,c2,d2,..., outputs2, inputsl)

Vi du 2: Trich tir Vi du 3.14 sdch ... tdc gid Nuyén Vin Gidp
$ KET NOI 2 HAM TRUYEN NOI TIEP

series (numl,denl, num2,den?2)
K&t qua:

num =

2 12 16

den =

2 12 16
8. Lénh SSDELETE

a) Cong dung:

X6a cdc ngd vao, ngd ra, va cdc trang thdi clia hé thong khong gian trang thai.
b) Ci phép:

[ar,br,cr,dr] = ssdelete(a,b,c,d,inputs,outputs)

[ar,br,cr,dr] = ssdelete(a,b,c,d,inputs,outputs,state)
¢) Giéi thich:

Cho hé thong khong gian trang théi:

x=Ax+[B B]"

2
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Nl G N Dy D, ||w

X
Y G, D, Dy ||u,

[ar,br,cr,dr] = ssdelete(a,b,c,d,inputs,outputs) xéa cac ngd vao va ngod ra dugc chi dinh tir hé
thdng khong gian trang thdi (a,b,d,d). Vector inputs chita chi s& cdc ngd vao ciia hé thdng va chi
ra ngd vao nao dugc xéa khdi hé thong khong gian trang thdi. Tudng tu, vector outputs chita chi
s6 cdc ngd ra va chi ra ngd ra ndo dugc x6a khéi hé thong khong gian trang thdi.

Cho hé théng
_ A, A, || x N B, B, ||lu
4, Ay || X B, B, ||u,

X1
X2
N G Gul|x Dy Dy ||y

= +
Vs G, Cullx, D, D, ||u,

[ar,br,cr,dr] = ssdelete(a,b,c,d,inputs,outputs,state) x6a cdc ngd vao, ngd ra, trang thdi ra
khéi hé thong khong gian trang théi.

ssdelete st dung dudc cho hé thong lién tuc va gidn doan.
d) Vi du:

X6a ngd vao 1, ngd ra 2 va 3 ra khdi hé thong khdng gian trang thdi (a,b,c,d) v6i 2 ngd vao
va 3 ngd ra va 3 trang théi.

inputs = [1];
outputs = [2 3];
[ar,br,cr,dr] = ssdelete(a,b,c,d,inputs,outputs);

Cho hé thong khong gian trang thdi v4i 5 trang théi, 2 ngd vao va 3 ngd ra hé thdng c6 bac
dugc gidm biang cdch x6a trang thdi 2 va 4 khong ddp tng t6i cdc loai v6i gid tri riéng nhd.

[ar,br,cr,dr] = ssdelete(a,b,c,d,[],[].(2,4)
9. Lénh SSSELECT

a) Cong dung:
Chon hé phu (hé con) tir hé khong gian trang thii.
b) Ci phép:
[ae,be,ce,de] = ssselect(a,b,c,d,inputs,outputs)
[ae,be,ce,de] = ssselect(a,b,c,d,inputs,outputs,states)
¢) Giéi thich:
Cho hé khong gian trang thii:
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x=Ax+[B, Bz]{”1
u

2

|:yl:|_|:cl:| |:Dll Dlz_
= X+
Y C, D,, Dzz_

[ae,be,ce,de] = ssselect(a,b,c,d,inputs,outputs) tao ra hé th6ng phu véi cdc ngd vao va ngd

ra dugc chi dinh trong 2 vector inputs va outputs.

[ae,be,ce,de] = ssselect(a,b,c,d,inputs,outputs,states) tao ra hé thong phu véi ngd vao, ngd ra
va trang thdi dugc chi dinh trong cdc vector inputs, outputs, states.

ssselect dugc st dung cho céd hé 1lién tuc va gian doan.

d) Vidu:

Xét hé khong gian trang thai (a,b,c,d) c6 5 ngd ra va 4 ngd vao. PE chon hé théng phu c6

ngd vao 1, 2 va ngo ra 2,3,4 ta thyc hi€n cic 1€nh:
inputs = [1 2];
outputs =[2 3 4];
[ae,be,ce,de] = ssselect(a,b,c,d,inputs,outputs)

10. Lénh ESTIM, DESTIM

a) Cong dung:
Hinh thanh khau quan sit.
b) Ci phép:
[ae,be,ce,de] = estim(a,b,c,d,L)
[ae,be,ce,de] = estim(a,b,c,d,L,sensors,known)
[ae,be,ce,de] = destim(a,b,c,d,L)
[ae,be,ce,de] = destim(a,b,c,d,L,sensors,known)

¢) Giéi thich:

estim va destim tao ra khiu quan sat Kalman c¢8 dinh tir mot hé khong gian trang thdi va ma

tran do 101 khau quan sat L.

[ae,be,ce,de] = estim(a,b,c,d,L) tao ra khdu quan sat trang thdi dua trén hé th6ng lién tuc:

x = Ax + Bu

y=Cx + Du

bing cdch xem tit ¢4 cdc ngd ra clia khau 13 cdc ngd ra cdm bi€n. Khiu quan sat dat dugc

N

la:
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A

x:[A—LC];c+Ly

o
= X
X 1

[ae,be,ce,de] = estim(a,b,c,d,L,sensors,known) tao ra khau quan sat trang thdi li€n tuc dung
cdc ngd cam bién dugc chi dinh trong vector sensors va cdc ngd vao biét trudc dudc chi dinh
trong vector known. C4dc ngd vao nay bao ham cé cdc ngd vao khiau quan sit. Cdc ngd vao biét

trude 14 cdc ngd vao clia khau khong dude ding d€ thi€t k& khau quan sat nhu cdc ngd vio diéu
khién hay cdc 1énh bén ngoai.

> >

[ae,be,ce,de] = destim(a,b,c,d,L) tao ra khdu quan sét trang thdi cia hé gidn doan:
x[n + 1] = Ax[n] + Bu[n]
y[n] = Cx[n] + Du[n]

bing ciach xem tit cd cdc ngd ra 12 ngd cAm bién. Ta c6 khau quan st clia hé thong la:

x[n+1]=[A - ALC]x [n] + Aly[n]

. C-CLC]- cL
] :[ e }x[n]{L}{n]
x[n] B

[ae,be,ce,de] = destim(a,b,c,d,L,sensors,known) tao ra khau quan sdt trang thai gidn doan st
dung cdc ngd vao cdm bién va ngd vao biét trude dugc chi dinh trong vector sensors va known.

d) Vidu: (Trich tir trang 11-71 sach ‘Control System Toolbox’)

Xét hé khong gian trang thdi (a,b,c,d) c6 7 ngd ra va 4 ngd vao. tao khau quan sét trang thai
khi ma trin do 1¢i Kalman L dugc thi€t k&€ st dung ngd ra 4, 7 va 1 clia khau lam cdc cdm bién
va ngd vao 1, 4, 3 1a cdc ngd vao biét truéc. Khau quan sét trang thdi dudc tao thanh bing cich
st dung:

sensors=[4 7 1];
known=[1 4 3];
[ae,be,ce,de] = estim(a,b,c,d,L,sensors,known)

11. Lénh REG, DREG

a) Cong dung:
Tao khau di€u khién.
b) Cd phép:
[ac,bc,cc,dc] =reg(a,b,c,d,K,L)

[ac,bc,cc,dc] = reg(a,b,c,d,K,L,sensors,known,controls)
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[ac,bc,cc,dc] = dreg(a,b,c,d,K,L)
[ac,bc,cc,dc] = dreg(a,b,c,d,K,L,sensors,known,controls)
¢) Giéi thich:

reg va dreg tao ra khau diéu khi€n/ khau quan sit tir mot hé khong gian trang thdi, ma trin
dd 1gi hdi ti€p K va ma tran d6 1i khau quan sdt L.

Known

Sensor_

Controll Plant
+

A

Controller

>l
)l

K&t ndi giita khau d6 1gi va khau diéu khién
[ac,bc,cc,dc] =reg(a,b,c,d,K,L) tao ra khau diéu khién/ khau quan st cho hé lién tuc:

x = Ax + Bu

y =Cx + Du

bing cdch xem cdc ngd vao ctia khau 1a ngd vao di€u khi€n va cdc ngd ra 1a ngd ra cdm
N g 2 A PN - R A 2
bi€n. K&t qua ta c6 khau di€u khién/ khdu quan sit:

x =[A-BK-LC +LDK]x +Ly

u=Kx

[ac,bc,ce,dc] = reg(a,b,c,d,K,L,sensors,known,controls) tao ra khau diéu khién/ khau quan
sdt st dung cdc cdm bié€n dugc chi dinh trong vector sensors, ngd vao biét tru6c dugce chi dinh
bdi vector known va ngd vao diéu khién dudc dudc chi dinh bdi vector controls.

[ac,bc,ce,dc] = dreg(a,b,c,d,K,L) tao ra khau diéu khi€n/ khdu quan sit cho hé gidn doan.
x[n + 1] = Ax[n] + Bu[n]
y[n] = Cx[n] + Du[n]
biing cdch xem tit c4 cdc ngd vao diéu khi€n va tit cd ngd ra 1a ngd ra cim bién. K&t qua

ta c6 khau diéu khi€n/ khau quan sit:

x [n+1]=[A—ALC—(A—ALD)E(K—KLC) x [n]]+[AL-(B-ALD)EKL]Y[n]]

u[n]= [K—KLC+KLDE(K—KLC))_C [n]]+[KL+KLDEKL]Y[n]]
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trong d6 E=(1- KLD)"' v6i11a ma tran don vi.

[ac,bc,ce,dc] = dreg(a,b,c,d,K,L,sensors,known,controls) tao ra khau diéu khién/ khau quan
sat gian doan st dung cdc cdm bi€n, cdc ngd vao bi€t trude va cdc ngd vao diéu khién da dugc
chi dinh.

d) Vidu: (Trich tir trang 11-178 sdch ‘Control System Toollbox’)

Xét hé khong gian trang thdi lién tuc (a,b,c,d) c6 7 ngd ra va 4 ngd vio. tao khau diéu
khién/ khau quan sit khi ma trin d6 1gi hdi ti€p K va dugc thi€t k& st dung ngd vao 1, 2, 4 clia
khau nhu ngd vao diéu khién, ma tran do 1¢i Kalman L dudc thiét k&€ st dung ngd ra 4, 7, 1 nhu
cdc cdm bi€n va ngd vao 3 clia khau 12 ngd vao biét trudc.

controls =[1, 2, 4];

sensors = [4, 7, 1];

known = [3];

[ac,bc,cc,dc] = reg(a,b,c,d,K,L,sensors,known,controls)

12. Lénh RMODEL, DRMODEL

a) Cong dung:

Tao ra md hinh 6n dinh ngiu nhién bic n.

2 2 .

b) Cud phdp
[a,b,c,d] = rmodel(n)
[a,b,c,d] = rmodel(n,p,m)
[num,den] = rmodel(n)
[num,den] = rmodel(n,p)
[a,b,c,d] = drmodel(n)
[a,b,c,d] = drmodel(n,p,m)
[num,den] = drmodel(n)
[num,den] = drmodel(n,p)
¢) Giéi thich:
[a,b,c,d] = rmodel(n) tao ra md hinh khong gian trang thai on dinh ngiu nhién bac n (a,b,c,d)
c6 1 ngd vao va 1 ngo ra.
[a,b,c,d] = rmodel(n,p,m) tao ra mo hinh 6n dinh ngiu nhién bic n c6 m ngd vio va p ngd

ra.

[num,den] = rmodel(n) tao ra ham truyén cia md hinh 6n dinh ngiu nhién bic n. num va
den chita cdc hé s6 clia ham truyén da thifc theo chiéu gidm din s6 mii cda s.
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[num,den] = rmodel(n,p) tao ra md hinh SIMO (Singular Input Multi Outputs) 6n dinh ngiu

nhién bac n c6 1 ngd vao va m ngo ra.

2 A TS R . x A sz
drmodel tao ra cic mo hinh 6n dinh ngau nhi€n gidn doan.

d)Vi du: Trich tir trang 11-190 sach ‘Control System Toolbox’

Tao mo hinh 8n dinh ngiu nhién véi 3 trang thdi(state), 2 inputs, 2 outputs:

sys=rss(3,2,2)

Két qua:
a=
x1 x2 x3
x1 -0.36837  0.20275  0.14925
x2 -0.23638 -0.64783  0.51501
x3 0.086654 -0.52916 -0.59924
b=
ul u2
x1  -0.1364 0
x2  0.11393 -0.095648
x3 0 -0.83235
c=
x1 x2 x3
yl  0.29441 0 0
y2 0 1.6236 0.858
d=
ul u?
yl 1.254  -1.441
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y2 0 057115

Continuous-time model.

13. Lénh ORD2
a) Cong dung:

Tao ra hé bac 2.
b) Cd phdp:
[a,b,c,d] = ord2(w,z)
[num,den] = ord2(wn,z)
¢) Gidi thich:
[a,b,c,d] = ord2(w,z) tao ra sw md td khong gian trang théi (a,b,c,d) ctia hé bac 2.

1
2 2
s°+20w, s+,

H(s)=

dudc cho bdi tan s& tw nhién wn va ty 1& tit dan.
[num,den] = ord2(wn,z) tao ra ham truyén da thic cia hé bac 2.
d) Vidu: (Trich tir trang 11-163 sach ‘Control System Toolbox’)
Tim ham truyén clia hé bac 2 c6 ty 1& tit din { = 0.4 va tin sd ty nhién o, = 2.4 rad/s.
[num,den] = ord2 (2.4, 0.4)
num = 1|
den =
1.0000 1.9200 5.7600
Titc 12 ta ¢c6 ham truyén (transfer function):
1/(s*+1,925+5,76)
14. Lénh PADE
a) Cong dung:
Tim mo hinh gin ding cta khau tré.
b) Cd phép:
[a,b,c,d] = pade(T,n)
[num,den] = pade(T,n)
¢) Gidi thich:
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pade tao ra md hinh LTI bic n gin ding. M6 hinh gin ding pade dudc sit dung d€ md
phdng 4dng hudng cla thdi gian tré nhu thdi gian tré tinh todn trong pham vi hé lién tuc. Phép
bi€n d5i Laplace cta thdi gian tr& T gidy 1a ™" ¢6 thé gin bing ham truyén v4i ti s6 va miu s6
bacn.

num(s)

Tl sT+ - (sT)* 1 (sT) +....~
2! 3! den(s)

[a,b,c,d] = pade(T,n) tao ra md hinh trang thai SISO (Singular Input Singular Outputs) bac n
xap xi thdi gian tré T gidy.
[num,den] = pade(T,n) tao ra ham truyén da thifc gan thdi gian tré nhat. num va den chifa
cdc hé so da thifc theo chiéu gidm dan s6 mii cia s.
d) Vidu 1:
Tim ham truyén va md hinh gin ding khau bic 1 véi thdi gian tré 12 0.2 gidy.
Ta thuc hién I€nh sau:
[num,den] = pade(0.2, 1)
ta dudc:
num =
-0.0995 0.9950
den =
0.0995 0.9950

num(s) —0.09955+0.9950

titc 1a H(s) =
den(s)  0.0995s +0.9950

Sau d6 ta g ti€p & ngoai dau nhic 1énh:
pade(0.2,1)
Ta c6 két qua:
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Step response of 1st-order Pade approximation
1 T ‘ T
0.5+ | g
[
el
=}
b= o - i
Q
2
-0.5+ g
-1 I I I I I I I
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0
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(]
Z
® -200
©
_C
o
-300 |
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Vi dy 2: Tim ham truyén mo6 hinh gin ding khau bac 3 v6i thdi gian tré 12 0.1 gidy. (Trich tir
trang 11-166 sdch ‘Control System Tollbox’)

[num,den] = pade(0.1, 3)
pade(0.1,3)
Ta c6 két qua:

num =
1.0e+005 *

-0.0000 0.0012 -0.0600 1.2000

den =
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1.0e+005 *

0.0000 0.0012 0.0600 1.2000

Step response of 3rd-order Pade approximation
1.5 T T T T T T T
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CAC BAITAP
Bai 1: Trich tir Vi du 3.13 sdch ... tic gid Nuyén Vin Gidp

$Ket NOI 2 HE thong SONG SONG
a=[1 2 3;4 6;7 8 91;

b=[3 4;4 5;7 91;

c=[0 0 11;

d=[0 0];

e=[1 9 3;4 5 06;7 8 7];

f=[2 4;4 6;7 9];

g=[0 1 1];

h=[0 07;

[A,B,C,D]= parallel(a,b,c,d,e,f,qg,h)
Két qua:

A =

1 2 3 0 0 0
45 6 0 0 0
7 8 9 0 0 0
00 0 1 9 3
0 0 0 4 5 6
0 0 0 7 8 7
B =
3 4 0 0
45 0 0
7.9 0 0
0 0 2 4
0 0 4 6
0 0 7 9
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C=

1 2 3 0 0 O
4 5 6 0 0 O
7 8 9 0 0 O
0O 0 o1 9 3
0 0 0 4 5 6
o 0o o0 7 8 7

N AN 9 W
© N ~ O W pH
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C=

0 O

Bai 2: K&t ndi hai ham truyén ndi vé6i s6 liéu nhip tir ban phim (vi€t chuong trinh trong m_file)
$Bai tap tong quat ket noi 2 he thong noi tiep

%Cu phap SYS=series (SYS1l,SYS2,0UTPUTS1, INPUTS2)

%Vi du ta se ket noi 2 ham truyen

numl=input (' Nhap numl= ");

denl=input ('Nhap denl= ");

num2=input ('Nhap num2= ");

den2=input ('Nhap den2= ");

[num, den]=series (numl, denl, num2, den?)

Bai 3: (Trich trang 11-14 sach Control System Toolbox)
sys1=tf(1,[1 0])

Transfer function:

1

S

sys2=ss(1,2,3,4)

a=
x1
x1 1

b=
ul
x1 2
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x1
yl 3
d=
ul
yl 4

Continuous-time model.

sys=append(sys1,10,sys2)

x1 X2
x1 0 0
x2 0 1
b=
ul u2 ul
x1 1 0 0
x2 0 0 2
c=
x1 X2
yl 1 0
y2 0 0
y3 0 3
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d=
ul u2 ul
yl 0 0 0
y2 0 10 0
y3 0 0 4

Continuous-time model.

Bai 4: mot hé thong biéu di€n nhu hinh sau vdi
GO(s)=1;G1(s)=1/(s+1);G2(s)=1/(s+2);G3(s)=1/(s+3);
H1(s)=4;H2(s)=8;H3(s)=12.

l Y(s)

R(s) +
—> —»( > >
GO(s) | g G1(s) G2(s) + G3(s)
H2(s) [ H3(s)

HI(s)

A

nl=1; dl=1;
n2=1; d2=[1 1];
n3=1; d3=[12];
n4=1; d4=[1 3];
n5=4; d5=1;
n6=y8; do=1;
n7=12; d7=1;
nblocks=7;
blkbuild

g=[1 0000
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21-500

32600

4 2-6 3-7

53000

63000

740 0 0];
input=1;
output=4;
[aa,bb,cc,dd]=connect(a,b,c,d,q,input,output);
[num,den]=ss2tf(aa,bb,cc,dd);
printsys(num,den,'s")

Giai thich:

Ta phai ddnh s6 trong mdi hé thdng phu nhu hinh trén. Bdy ciu 1énh diu tién biéu di€n ham
truyén cda bay khdi, qui dinh tén tuong Gng vdi tir va mau la n1,d1,n2,d2,...trong trudng hgp néu
cho dang 12 ki€u bi€n trang thdi trong tirng hé thdng phu thi tén clia ching tuong Gng la
al,bl,cl,d1,a2,b2,c2,d2,...

Dbit bi€n nblock=7 (bing vdi sd clia hé thong phu).

Sau d6 13 1&énh blkbuild diing nhitng bi€n ctia nblock d€ bit diu xay dung hé thong. Bién
blkbuild chuyén ddi tit ca cach thitc di€n td ham truyén cida tirng hé thdng phu thanh ki€u bién
trang thdi nhu dung 1&énh tf2ss va dua chiing vao mot khdi I6n clia ma tran trang thdi goi 1a a, b,
c, d.

Tao ra ma trin q dé nhan bi€t mdi lién hé giita cdc hé thdng phu. (Mdi hang clia ma trin q
tuong tng véi mot hé thdng phu khic nhau. Phan tir diu tién trong hing 13 s§ hé thong ngudn,sd
con lai chi khdi k&t ndi gitta ngd ra va ngd vao clia hé thdng phu.)

Hang thif hai cla ma trin q c6 phan tif dau tuong Gng vSi hé thong phu 2 (G1(s)). BSi vi ngd ra
clia hé thong 1 va hé thdng 5 12 ngd vao clia hé thong 2,do d6 hai phan tir k€ ti€p trong hang 12
1 va -5, hai s& 0 dudc thém vao d€ cin thi€t tao ra d€ bdo ddm q 12 ma trdn hinh chif nhat.

Sau khi tao dudc ma tran q ta phai chi ré khdi ngd vao (bi€u dién bdi bi€n input) va khdi ngd
ra(bi€u dién bdi bi€n output).

Lénh connect diing d€ ndi cic ki€u bi€n trang thdi thu dugc tir viéc thanh 1ap & trén. Sau d6 ta
chuyén qua dang ham truyén diing 1énh ss2tf va in ra man hinh.

ta dugc k€t qud nhu sau:

» Bai 4
State model [a,b,c,d] of the block diagram has 7 inputs and 7 outputs

num/den =
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sN3 +26s"2+ 179 s+ 210

Nhdn xét: Khi phan tif phdn hdi khong thudc loai phan hdi don vi trong hé thong vong kin, thi ta
st dung lénh feedback.

Bai 5: Cho hé thdng dién ta trong hinh sau c6 ham truyén:
Gy (s)
(1 +Gy(s)H(s) )

Gc2 (S) =

(=12
(=4 3W=+50
GO0

=5

s+10
His)

Hinh : SJ d6 hé thong phan hoi

Chuong trinh tao ra ham truyén trén:

% Bai 5.m

% tao ra ham truyen

% voi he thong phan hoi khong phai la phan hoi don vi
tuG=[1 1]; % tao ra vecto cua tu ham G(s)
mauG=conv([1 3],[1 5]); % tao ra vecto cua mau ham G(s)
tuH=[1 6]; % tao ra vecto cua tu ham H(s)

mauH=[1 10]; % tao ra vecto cua mau ham H(s)
[tu,mau]=feedback(tuG,mauG,tuH,mauH);
printsys(tu,mau)

K&t qua:
» Bais
num/den =

s"2+11s+10

sM3+ 1952+ 102 s + 156
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NHOM LENH VE RUT GON MO HINH
(Model Reduction)

1. Lénh BALREAL, DBALREAL

a) Cong dung:
Thuc hién cin bing hé khhong gian trang th4i.
b) Cd phép:
[ab,bb,cb]= balreal(a,b,c)
[ab,bb,cb,g,T]= balreal(a,b,c)
[ab,bb,cb]= dbalreal(a,b,c)
[ab,bb,cb,g,T]= dbalreal(a,b,c)
¢) Giéi thich:
[ab,bb,cb]= balreal(a,b,c) thyc hién hé cin bing khong gian trang thai (a,b,c).

[ab,bb,cb,g, T]= balreal(a,b,c) chuyén dsi tuong duong gitra a,b va c,a. Vectoe g chita cic
phin tif nim trén dudng chéo clia ma trin ddnh gi4 sy thuc hién cin bing. Ma trin T ding trong
phép bi€n ddi d€ chuyén (a,b,c) thanh (ab,bb,cb). Ta phai nghich dio ma trin T néu ta mudn

st dung v&i 1€nh ss2ss.

Né&u hé thdng dugc chudn héa hoan toan thi vector g dudc diing d€ gidm bac clia md hinh.
Vi g phan 4nh kha niing diéu khi€n va kha ning quan sit k€t hgp clia cac trang thdi riéng biét.
Nhitng trang thdi nay c6 g(I) nhd va c6 thé loai bd ra khdi mo hinh. Su triét tiéu cdc trang thdi

nayvan duy tri hdu hét cdc dic tinh vao ra quan trong ctia hé thong ban dau.
Dbalreal dudc dung cho cdc hé thong gidn doan.
d) Vidu:
Thuc hién hé cin biang bac 4.
[ab,bb,cb,g,T]= balreal(a,b,c)
ta dudgc:
g=
0.6342 0.4313 0.0812 0.0203

tir d6 ta c6 thé loai bd 2 trang thai tha ba va tha tu:
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[ar,br,cr]= mored(ab,bb,cb,[3 4])
2. Lénh MODRED, DMODRED

a) Cong dung:
Giam trang thdi cia m6 hinh.
b) Ci phép:
[ar,br,cr,dr]= modred(a,b,c,d,elim)
[ar,br,cr,dr]= dmodred(a,b,c,d,elim)
¢) Giéi thich:
Lénh modred vad dmodred diing d€ gidm bac cia md hinh khong gian trang thai trong khi
van duy tri cdic mdi quan hé vao ra & trang thdi xdc 1ap. Do d6, modred va dmodred rat hituich

khi loai bd cdc trang thdi tan s& cao. Dung lénh ssdelete d€ loai bd cdc trang thdi tan sd thap,
modred va dmodred thudng dung két hgpvéi 1énh balreal va dbalreal.

[ar,br,cr,dr]= modred(a,b,c,d,elim) gidm bac cdc mod hinh bing cdch loai bd cdc trang thai
dudc chi dinh trong vector elim. Cudi ciing ta dudc mo hinh c6 s6 trang th4i it hon.

[ar,br,cr,dr]= dmodred(a,b,c,d,elim) dugc st dung cho hé gidn doan.
3. Lénh MINREAL

a) Cong dung:
Thuc hién cuc ti€u héa cuc-zero.
b) Ci phép:
[am,bm,cm,dm]= minrael(a,b,c,d)
[am,bm,cm,dm]= minreal(a,b,c,d,tol)
[zm,pm]= minreal(z,p)
[zm,pm]= minreal(z,p,tol)
[numm,denm]= minreal(num,den)
[numm,denm]= minreal(num,den,tol)
¢) Giéi thich:

Thuc hién cyc ti€u héa 13 thuc hién loai bd cic trang thai du thira, khong cin thiét. P6i véi
ham truyén hay mo hinh d6 1gi cuc-zero, di€u nay tuong duong véi viéc bd cic cip cuc-zero ma
chiing khtt 14n nhau.

+ D01 v6i md hinh khong gian trang théi:

[am,bm,cm,dm]= minreal(a,b,c,d) thuc hién cuc ti€u héa hé khong gian trang thdi va hién
thi s trang th4i dudc loai bd. SO trang thdi nay c6 lién quan tdi hé thong. N&u loai bd qud nhiéu
hoic qua it thi sai s6n s& thay ddi.
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[aam,bm,cm,dm]= minreal(a,b,c,d,tol) dung sai s6 tol d€ chi dinh trang thai nao bi loai bd.
Né&u khong dung tham sd tol thi gid tri mic nhién la:

tol= 10*max(size(a))*norm(a,l)*eps
+ D&i v6i mod hinh d6 1di cuc-zero:

[zm,pm]= minreal(z,p), trong d6 z va p 1 cdc vector cdt chifa cdccuc va zero, ding dé€ khir
cdc nghiém chung l1in theo biéu thc:

tol= 10*sprt(eps)*abs(z(1)).
[zm,pm]= minreal(z,p,tol) ding sai so tol.
DP&i véi md hinh him truyén:
[numm,denm]= minreal(num,den), trong d6 num va den 1a c4c vector hang chita cdc hé s&
da thic, ding d€ khit cdc nghiém chung ctia da thitc 13n nhau theo bi€u thic:
tol= 10*sqrt(eps)*abs(z(1))

[numm,denm]= minreal(num,den,tol) ding sai so tol.
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NHOM LENH VE CHUYEN POI MO HINH

(Model Conversion)

1. Lénh C2D, C2DT

a) Cong dung:

Chuyén d6i mo hinh tir lién tuc sang gidn doan.
b) Cu phdp:

[ad,bd] = c2d(a,b,Ts)
¢) Giéi thich:

c2d va c2dt chuyén md hinh khong gian trang thdi tir lién tuc sang gidn doan thira nhin
khau giit bac 0 & ngd vao. c2dt ciing c¢6 khodng thdi gian tré & ngd vao.

[ad, bd] = c2d(a,b,Ts) chuyén hé khong trang thdi lién tuc x = Ax + Bu thanh hé gidn
doan: x[n+1] = Agx[n] + Bgu[n] thira nhian ngd vao diéu khi€n 13 bat bi€n tirng doan bén
ngoai thdi gian 14y mau Ts.

[ad,bd,cd,dd] = c2dt(a,b,c,Ts,Jambda) chuyén hé khong gian trang thai lién tuc véi thdi
gian tré thuan tdy A & ngd vao:
x (t) = Ax(t) + Bu(t - 1)
y(®) = Cx(t)
thanh hé gidn doan:
X[n+1] = Agx[n] + Bqu[n]
y[n] = Cax[n] + Dqu[n]

Ts 1a thdi gian 14y mAu va lambda 1a thdi gian tré & ngd vao. A phdi nim trong khodng
~-Ts <A< oo,

d) Vi du: (Trich tir trang 11-24 sach ‘Control System Toolbox’)
Cho hé thdng: H(s) = (s —1)/(s* + 4s +5)
V6i T4=0,35, thoi gian 14y mau Ts=0,1

» num=[1 -1];

» den=[1 4 5];

» H=tf(num,den,'inputdelay’',0.35)

K&t qua:
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Transfer function:
s-1
exp(-0.35%g) * —omeemeeeev

"2 +4s+5
» Hd=c2d(H,0.1,'foh")

Transfer function:

0.0115 z*3 + 0.0456 z*2 - 0.0562 z - 0.009104
z"3-1.629 z"2 + 0.6703 z

Sampling time: 0.1
2. Lénh C2DM
a) Cong dung:

Chuyén d6i hé lién tuc sang gidn doan.
b) Ci phép:

[ad,bd,cd,dd] = c2dm(a,b,c,d,Ts,”method’)

[numd,dend] = c2dm(num,den,Ts,’ method’).
¢) Giéi thich:

[ad,bd,cd,dd] = c2dm(a,b,c,d,Ts,”method’) chuyén ddi tir hé khong gian trang th4i lién tuc
(a,b,c,d) sang gidn doan st dung phudng phap khai bdo trong ‘method’. ‘method’ c6 thé 1a:

+ ‘zoh’: chuyén sang hé gian doan thira nhan mot khiu giit bac 0 & ngd vao, cic ngd
vao diéu khi€n dugc xem nhu bat bién tirng doan trong khodng thdi gian 14y miu Ts.

+ ‘foh’: chuyén sang hé gian doan thira nhan mdt khau giit bac 1 8 ngd vio.

+ ‘tustin’: chuyén sang hé gidn doan st dung phdp gin diing song tuyén tinh (Tusin)
ddi v6i dao ham.

+ ‘prewarp’: chuyén sang hé gidn doan si dung phip gin ding song tuyén tinh
(Tusin) v6i tan sd léch truge. N&€u thém vao tham sd We thi 1énh sé chi ra tdn sd tdi han.

Vi du nhu c2dm(a,b,c,d,Ts,prewarp,Wc).

+ ‘matched’: chuyén hé SISO sang gidn doan si dung phuong phip cuc zero haim
truyén phit hgp.

[numd, dend] = c2dm(num,den,Ts,’method’) chuyén tir haAm truyén da thic lién tuc G(s)
= num(s)/den(s) sang gidn doan G(z) = num(z)/den(z) st dung phudng phap dugc khai bdo
trong 'method’.

Né&u bd qua cdc doi s6 bén trai thi:

c2dm(a,b,c,d,Ts,”method’)
c2dm(num,den,Ts,”method’)
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s& vé& ra 2 dd thi clia 2 ddp tng vdi dudng lién nét 1a ddp Gng lién tuc con dudng dit doan
la ddp Gng gidn doan.
d) Vi du:

Chuyén hé khong gian trang th4i lién tuc:

L A

y=[2 4{)61 } 1]

X,

thanh hé gidn doan diing phuong phap ‘Tustin’, v& 2 dd thi ddp tng so sdnh.

a=[1 1;2 -1];
b=[1;05;
c=1[2 4];
d=1;

Ts=1;

[ad,bd,cd,dd] = c2dm(a,b,c,d, Ts, tustin’)
c2dm(a,b,c,d,Ts,” tustin’) %vé d6 thi so sdnh
title (‘Do thi so sanh 2 dap ung lien tuc va gian doan’)
grid on
ta dudc d6 thi va cdc gid tri nhu sau:
ad =
11 4
8 3
bd =
6
4
cd=
28 12
dd =
15
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Do thi so sanh 2 dap ung lien tuc va gian doan

8

Gain dB

Frequency (rad/s)

3. Lénh D2C
a) Cong dung:
Chuyén d6i mé hinh tir gian doan sang lién tuc.
b) Cd phép:
[ad,bd] = c2d(a,b,Ts).
¢) Giéi thich:
d2c chuyén mo hinh khong gian trang thdi tir gidn doan sang lién tuc thira nhan khau giit
bac 0 & ngd vao. C2DT ciing c6 mdt khodng thdi gian tré & ngd vao.
[ad,bd] = c2d (a,b,Ts) chuyén hé khong gian trang thai gidn doan:
x[n+1] = Ax[n] + Bu[n]
thanh hé lién tuc

x = A.x+ B.u

xem cdc ngd vao diéu khién 13 bat bi€n tirng doan trong khodng thdi gian 14y mau Ts.
4. Lénh D2CM
a) Cong dung:

Chuyén d8i md hinh khong gian trang thdi tir gian doan sang lién tuc.
b) Cd phép:

[ac,bc,ce,dc] = d2cm(a,b,c,d, Ts,”method’)

[numc,denc] = d2cm(num,den,Ts,”method’).
¢) Gidi thich:
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[ac,bc,ce,de] = d2cm(a,b,c,d,Ts,’method’) chuyén ddi hé khong gian trang thdi tir gidn
doan sang lién tuc st dung phudng phap dudc khai bdo trong ‘method’. ‘method’ c6 thé 1a:
+ ‘zoh’: chuyén sang hé lién tuc thira nhan mot khau giit bac 0 & ngd vao, cdc ngd vao
diéu khi€n dugc xem nhu bat bié€n tirng doan trong khodng thdi gian 14y miu Ts.
+ ‘tustin’: chuyén sang hé lién tuc si dung phuong phdp gin ding song tuyén tinh
(Tusin) d6i v6i dao ham.
+ ‘prewarp’: chuyén sang hé lién tuc sit dung phdp gian ding song tuyé&n tinh (Tusin) véi
tan sO 1éch trudc. NEu thém vao tham s6 We thi 1énh sé chi ra tan s6 tdi han.
Vi du nhu d2cm (a,b,c,d,Ts,prewarp,Wc).
+ ‘matched’: chuyén hé SISO sang lién tuc si dung phuong phdp cuc zero ham truyén
phu hgp.
[numc,denc] = d2cm(num,den,Ts,” method’) chuyén tr ham truyén da thic gidn doan
G(z) = num(z)/den(z) sang lién tuc G(s) = num(s)/den(s) st dung phuong phdp dugc khai
bdo trong 'method’.
Né&u bd qua cdc doi s6 bén trdi thi:
d2cm(a,b,c,d, Ts,”method’)
d2cm(num,den,Ts,”method’)
s& v& ra 2 dd thi clia 2 ddp &ng vdi dudng lién nét 1a dap ng gidn doan con dudng dit
doan la dap dng li€n tyc.
d) Vi du:
Chuyén hé khong gian trang th4i gidn doan:
x[n+1] = Ax[n] + Bu[n]
y[n] = Cx[n] + Du([n]

véi:
A:{“ 4} B:H; C=[28 12:] D =15;
8 3 4
A=[11 4,8 3];
B =[6; 4];
C=1[28 12];
D =15;
Ts=1;

[ac,bc,cc,dc] = d2cm(a,b,c,d, Ts, tustin’)
d2cm(a,b,c,d,Ts,” tustin’) % vé& dd thi so sanh

title (‘Do thi so sanh 2 dap ung lien tuc va gian doan’)
ta dudc dd thi va cdc tham sd nhu sau:

ac =
1 1
2 -1
bc =
1
0
cc=

Thyc hién: PHAM QUOC TRUGNG -5- GVHD: PHAM QUANG HUY



Khao sat iing dung MATLAB trong diéu khién ty dong
2 4
dc=1

Do thi so sanh 2 dap ung lien tuc va gian doan

Gain dB

béap tng gidn doan

bép tng lién tuc

10 10 10
Frequency (rad/sec)

5. Lénh SS2TF
a) Cong dung:
Chuyén hé thong tir dang khong gian trang thdi thanh dang ham truyén.
b) Cud phdp:
[num,den] = ss2tf(a,b,c,d,iu).
¢) Giéi thich:
[num,den] = ss2tf(a,b,c,d,iu) chuyén hé thong khong gian trang thai:

X = Ax + Bu
vy =Cx+ Du
thanh dang ham truyén:
_ NUM (s)

H(s) =CGsI-A)'B+D

den(s)

tlr ngd vao thit iu. Vector den chita cdc hé s& clia miu sd theo chiéu gidm dan s& mii cda
s. Ma tran NUM chita cdc hé so t s& v6i s6 hang 1a s6 ngd ra.
d) Vi du:

Ham truyén clia hé thong dudc xdc dinh biing 1énh:

[num,den] = ss2tf (a,b,c,d,1)

ta dugc:

num =
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0 0 1.0000
den =
1.0000 0.4000 1.0000
6. Lénh TF2SS

a) Cong dung:

Chuyén hé thdng tir dang khong gian ham truyén thanh dang trang thdi.
b) Cu phdp:

[a,b,c,d] = tf2ss(num,den)
¢) Gidi thich:

[a,b,c,d] = tf2ss(num,den) tim hé phuong trinh trang thai cia hé SISO:

x=Ax + Bu
y=Cx+ Du
dugc cho bdi ham truyén:
H(s) = NUMG) _ C(sI-A)'B+D
den(s)

tir ngd vao duy nhi't. Vector den chita cic hé s6 miu s6 him truyén theo chiéu gidm dan
s6 mil stia s. Ma trdn NUM chita cdc hé so clia tf s6 v6i s6 hang 13 s6 ngd ra y. Cdc ma
trin a, b, c, ¢ tr thanh dang chinh tit.
*Vidu I:
Xét hé thong c¢6 ham truyén:

{ 2s+3 }
2
s"+2s+1
H(s) ===
O e 04s+1
P& chuyén hé thong thanh dang khong gian trang thai ta thuc hién cic 1énh:
Num=[0 2 3
1 2 3]

den=[1 04 1];
[a,b,c,d] = tf2ss (num,den);
ta dugc két qua:

a=
-0.4000 -1.0000
1.0000 O
b=
1
0
Cc=

2.0000 3.0000
1.0000 2.0000
d=
0
1
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Vi du 2: Trich tir séch ‘Ung dung MATLAB trong diéu khi€n ty dong’ tic gid Nguyén Vin

Gidp.

Cho ham truyén: (s*+7s +2) / (s’ +9s*+26s+24)

» num:[l 7 2];
» den=[19 26 24];
» [A,B,C,D]=tf2ss(num,den)

Két qua:
A=

-9 -26 -24
1 0 O
0O 1 0
B =

1

0

0
C=

1 7 2
D=

0

7. Lénh SS27P
a) Cong dung:
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Chuyén hé thdng khdng gian sang trang thdi do 1di cuc-zero (zero pole-gain)

b) Ci phép:
[z,p,k] = ss2zp(a,b,c,d,iu)

¢) Gidi thich:
ss2zp tim cdc zero, cuc va do Igi khong gian trang thai.
[z,p,k] = ss2zp(a,b,c,d,iu) tim ham truyén dudi dang thura s0.

H(s)= 26 2 1 7ZM)(s=Z(D))....(s=Z(m)
p@s)  (s=pD(s=p(2))....(s=p(n))

clia hé thong:

x = Ax + Bu

y=Cx+Du

tir ngd vao thit iu. Vector cot p chita cdc cuc miu s6 ham truyén. C4c zero cda tif s6 nim
trong cdc cot clia ma tran z véi s6 cdt 12 s6 ngd ra y. PO 1di cla tif s6 ham truyén nim trong
cac cOt vector k.

d) Vi du:
Xét hé thong c6 ham truyén:

25 + 3
s2+04s +1

H(s)=

num= [2 3];
den= [1 04 1];
C6 2 cach d€ tim céc zero, cuc va d6 10i ciia hé thong nay:
+ Cach 1:

[z,p,k] = tf2zp(num, den)
+ Cach 2:

[a,b,c,d] = tf2ss(num, den);

[z,p,k] = ss2zp(a,b,c,d,1)

va ta dugc cing mot két qué nhu sau:

z=  -1.5000
p=  -0.2000 + 0.9798i
-0.2000 — 0.97981
k= 2.0000
8. Lénh ZP2SS:
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a) Cong dung:

Chuyén tir dd cyc 10i zero sang hé khong gian trang thdi.
b) Cu phdp:

[a,b,c,d] = zp2ss(z,p,k)
¢) Giéi thich:

zp2ss hinh thanh mo6 hinh khong gian trang théi tit cdc zero, cyc va dd 1gi clia hé thdng
du6i dang ham truyén.

[a,b,c,d] = zp2ss(z,k,p) tim hé khdng gian tranng thai:
x = Ax + Bu

y=Cx+ Du

clia hé SIMO dugc cho bdi ham truyén:

H(s)=
p(s) (s=p(M(s— p2))....(s— p(n))

Vector ¢dt p chita cdc cuc va ma trin z chita cdc zero v6i s6 cdt 1a s6 ngd ra. Vector k
chita cdc hé s6 d6 10i.C4dc ma tran a,b,c,d tr§ vé dang chinh tic.

9. Lénh TF2ZP
a) Cong dung:
Chuyén hé thdng tir dang ham truyén sang dang do 10i cuc-zero.
b) Cii phép:
[z,p.k] = tf2zp (NUM,den)
¢) Gidi thich:

tf2ss tim céc zero, cuc va dd 1gi cia hé thdng dudc biéu dién dusi dang ham truyén.

[z,p,k]= tf2zp (NUM,den) tim ham truyén cda hé SIMO dang:

Hs) = 26) _ (5221~ Z2)....
ps) (5= p(M(s=p2)....(s—p(n))

dudgc cho béi ham truyén:

NUM (s)  NUM(1)s "tk NUM (nn—1)s + NUM (nn)
den(s) den(l)s ™" +.....+ den(nd —1)s + den(nd)

Vector den chita cdc hé s6 clia miu sd theo chiéu gidm dan sd mii cda s. Ma trin NUM
chita cdc hé s& tif s6 v4i s6 hang 13 s6 ngd ra. Ma trn z chita cdc zero, vector cot p chifa cdc
cyc va vector k chita cdc hé s6 do 1¢i clia ham truyén.
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b) Vi du:
Tim cdc zero va cyc clia hé thdng c¢6 ham truyén:
25 +3
H(s)=————"7"—
) s?+04s +1
num= [2 3];

den= [1 0.4 1];
[z,p,k] = tft2zp (num,den)
ta dudgc:
z= -1.5000
p= -0.2000 + 0.9798i
-0.2000 - 0.9798i
k= 2
10. Lénh ZP2TF
a) Cong dung:

Chuyén d6i hé thong tir dang dd 1gi cuc zero sang dang ham truyén
b) Cu phép:
[num,den] = zp2tf (z,p,k)
¢) Giai thich:
zp2tf tao ra ham truyén da thic tir cdc zero, cyc va do 1di clia hé thong.
[num,den] = zp2tf (z,p,k) tim ham truyén hitu ti:

NUM (s)  NUM(1)s " ...k NUM (nn—1)s + NUM (nn)
den(s) den(l)s ™" +.....+ den(nd —1)s + den(nd)

dudc cho bdi ham truyén dang:

H(s)
p(s)  (s=pD(s=p2))....(s = p(n))

Vector ¢Ot p chita cdc cyc, ma trin z chifa c4c zero v6i s6 cdt 12 s6 ngd ra, do 1di clia
s6 ham truyén nim trong vector k. Cdc hé mau sd da thiic niim trong vector hang den, cdc hé
sO tlf sO nim trong ma trin num s6 hang bing véi s6 cot clia z.

11. Lénh POLY

a) Cong dung:
Tao ra da thic tir cic nghiém dugc chi dinh.

b) Cd phép:
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p = poly(A)

p = poly(r)
¢) Giéi thich:

p = poly(A), trong d6 A 12 ma trdn nxn vdi cdc phan ti 1a cdc hé s§ cia da thic dic trung
det (sI-A), tao ra vector hang c¢é n+1 phan ti¥ x&€p theo thit tv gidm dan s6 mii cda s.

p = poly(r), tao ra vector hingvéi cdc phan tif 13 cdc hé s6 clia da thiic c6 nghiém 12 cdc
phan ti clia vector ngd ra.

d) Vidu I:
Cho ma trian

A=
1 23
4 56
7 8 0

p = poly (A)

p=
1 -6 -72 -27

Vidu 2: Trich tr Vidu 2.5 sdch cia tdc gia Nguyén Vin Gidp

$Vidu2.m

%tim nghiem cua da thuc:
s”"6+9s"5+31.258™4+61.25s"34+467.75s"2+14.75s+15

P=[1 9 31.25 61.25 67.75 14.75 15]

R=roots (P)

K&t qua:
»

P=

1.0000 9.0000 31.2500 61.2500 67.7500 14.7500 15.0000

-4.0000
-3.0000
-1.0000 + 2.00001
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-1.0000 - 2.00001

0.0000 + 0.50001

0.0000 - 0.50001
12. Lénh RESIDUE

a) Cong dung:

Chuyén d6i giita dang khai trién phan sd titng phan va dang da thic.
b) Cu phdp:

[r,p,k]= residue(b,a)

[b,a]=residue(r,p,k)
¢) Gidi thich:

[r,p,k]= residue(b,a) tim gi4 tri thing du, cdc cyc, va cdc s6 hang khai trién phin s tirng
phan clia 2 da thitc b(s) va a(s) dang:

[b,a]= residue(r,p,k) chuyén dang khai trién phan so titng phan:
b(s) _ n §)
a(s) s—-p. s—p S=P,

vé dang da thifc v6i cdc hé so trong vector a va b.
d) Vi du: Trich tir Vi du 2.9 sdch cia tic gid Nguyén Vin Gidp

Xéc dinh thanh phan 51 gidn cia ham truyén: F(s)= (25°+9s+1)/(s>+s7+4s+4)
$vidu.m

%$xac dinh cac thanh phan toi gian cua ham truyen:
% (28"34+9s+1)

% (s"3+s"2+4s+4)
b=[2 0 9 1]

a=[1 1 4 4]
[r,p,kl=residue (b, a)
Két qua:

»

b=
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a=

0.0000 - 0.2500i
0.0000 + 0.25001
-2.0000

p:

-0.0000 + 2.00001
-0.0000 - 2.00001
-1.0000

2

Tir d6 ham truyén t&i gidn Ia:
2 + (-2/(s+1)) + (0,251/(s -j2)) + (-0,25i/(s -j2)) = 2 + (-2/(s+1))+ 1/(s*+4)

13. Lénh SS2SS
a) Cong dung:

Bi&n ddi tuong duong hé khong gian trang thdi.
b) Cd phép:

[at,bt,ct,dt]= ss2ss (a,b,c,d,T)
¢) Gidi thich:

[at,bt,ct,dt]= ss2ss (a,b,c,d,T) thuc hién bién ddi tuong duong: z= Tx
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Cudi cling ta dugc hé khong gian trang thdi nhu sau

z=TAT "' z + TBu

y = CT 'z+Du
d) Vidu:
Cho hé khong gian trang thai:
' 1 1 ||x 1
= e
y=12 4]{)“} +[1u
X

Thuc hién bién ddi tuong duongdé cii ti€n diéu kién clia ma tran A.

a=[1 1;2 -1];

b= [1;0];
c=[2 4]
d=[1];

T= balance(a);
[at,bt,ct,dt] = ss2ss(a,b,c,d,inv(T))
14. Lénh CANON

a) Cong dung:
Chuyén hé khong gian trang thdi v& dang chinh tic.
b) Ci phép:
[ab,bb,cb,db] = canon(a,b,c,d,'type")
¢) Giéi thich:
Lénh canon chuyén hé khong gian trang théi lién tuc:
x = Ax + Bu
y=Cx+ Du
Thanh dang chinh tic.
+ 'type' 12 'moddal’: chuyén thanh dang chinh tic 'hinh th4i' (modal).
+ 'type' 12 'companion': chuyén thanh dang chinnh tic 'kém theo' (companion)

Néu 'type' khdng dugc chi dinh thi gid tri mic nhién la 'modal'.
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Hé thdng da chuyén ddi c6 cling quan hé vao ra (cing ham truyén) nhung céc trang thdi
thi khac nhau.

[ab,bb,cb,db]= canon (a,b,c,d,'type") chuyén hé khong gian trang thdi thanh dang 'hinh
thai' trong d6 c6 gid tri riéng thuc nim trén dudng chéo clia ma trAn Ava cdc gia tri riéng
phitc nim & khdoi 2x2 trén dudng chéo clia ma tran A. Gid st hé thong c6 cdc gid tri riéng (),
ma tran A s€ la:

A, 0 0 O
A= 0 c o 0
0 - o O
0 0 0 4,

[ab,bb,cb,db]= canon (a,b,c,d,'companion') chuyén hé khong gian trang thdi thanh dang
chinh tic 'kém theo' trong d6 da thhitc dic trung clia hé thong nim & cot bén phdi ma tran A.
Né&u mot hé thdng c6 da thitc dic trung:

-1
s"+as" 4+ ... +ans+ a,

thi ma trin A tuong Ung la:

0 0 0 .. —a,
0 0 ...

A=0 0 0 .. _a,

R -a,

0 - 1 —a|

Né&u thém vao mot ddi sd & ngd ra thi:

[ab,bb,cb,db,T]= canon(a,b,c,d,'type') tao ra vector chuyén ddi T vdi z= Tx
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CAC BAITAP
Bai 1: Bugc vi€t dudi dang m_file
%$Bai tap tinh toan tong quat cua ham truyen

tul=input ('nhap (vi du: tul=[3]), tul= ");
maul=input ('nhap (vi du maul=[1 4]), maul= ");
tu2=input ('nhap (tu2=[2 4]), tuz2= ");
mau2=input ('nhap (mau2=[1 2 3]), mauz2= ");

ket qua tu3=[0 0 2 12]; mau2=[1 6 11 12]
disp('Ket noi 2 he thong noi tiep la:');
[tu3,maul3]=series (tul,maul, tu2,mau2)
pause

chon=input ('Ban muon khao sat ham nao 1,2,3: '");
if (chon==1)
num=tul;
den=maul;
end
if (chon==2)
num=tu?2;
den=mau?2;
end
if (chon==3)
num=tu3;
den=mau3;
end
if (chon~=1) & (chon~=2) & (chon~=3)
break
end
num
den
pause

disp ('Nghiem va zero cua ham truyen la:');
[z,p, k] = tf2zp (num,den)

pause
disp ('Thanh phan toi gian cua ham truyen la:');
[r,p, k] = residue (num, den)

pause

disp('In ra ham truyen o dang ty so cua hai da thuc:');
printsys (num,den, 's')

pause

disp('Tinh va hien thi tan so tu nhien va he so suy giam cua HT lien tuc
la:");

damp (den)

pause

disp('He so khuyech dai cua he thong:');

k=dcgain (num, den)

pause

disp('He so khuyech dai cua he thong kin voi he so suy giam:');
k=rlocfind (num, den)

pause

disp('Bien doi HAM TRUYEN thanh MO HINH BIEN TRANG THAI');
[A,B,C,D]=tf2ss (num, den)

W Qw >

disp('Bien doi ham truyen lien tuc sang roi rac la;"');
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Ts=input ('nhap thoi gian lay mau(vi du:
[numd, dend]=c2dm (num, den, Ts, "zoh'")

pause

disp('Gia tri rieng,bien do,tan so');

Ts=0.1),

")

disp('va he so suy giam tuong duong cua ham truyen cua he thong roi rac');

disp('thoi gian lay mau Ts la:');

ddamp (den, Ts)

Sau khi chay chuong trinh:

» Bail.m

nhap (vi du: tul=[3]), tul=3

nhap (vi du maul=[1 4]), maul=[1 4]
nhap (tu2=[2 4]), tu2=[2 4]

nhap (mau2=[1 2 3]), mau2=[1 2 3]
Ket noi 2 he thong noi tiep la:

tu3 =

0O 0 6 12
mau3 =
1 6 11 12

Ban muon khao sat ham nao 1,2,3: 3

num =
0O 0 6 12
den =

1 6 11 12

Nghiem va zero cua ham truyen la:
7=

2

p =
-4.0000

Thuc hién: PHAM QUOC TRUGNG
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-1.0000 + 1.41421
-1.0000 - 1.41421

Thanh phan toi gian cua ham truyen la:
r=

-1.0909
0.5455 - 0.96421
0.5455 + 0.9642i1

p =
-4.0000
-1.0000 + 1.41421
-1.0000 - 1.41421

k=

[l

In ra ham truyen o dang ty so cua hai da thuc:
num/den =

N3 +6s"2+11s+12

Tinh va hien thi tan so tu nhien va he so suy giam cua HT lien tuc la:

Eigenvalue Damping Freq. (rad/s)
-1.00e+000 + 1.41e+0001  5.77e-001  1.73e+000

-1.00e+000 - 1.41e+0001  5.77e-001  1.73e+000
-4.00e+000 1.00e+000  4.00e+000

He so khuyech dai cua he thong:
k=
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1

He so khuyech dai cua he thong kin voi he so suy giam:Select a point in the graphics window

selected_point =

0.1267 + 0.18421

k=

1.0521

Bien doi HAM TRUYEN thanh MO HINH BIEN TRANG THAI
A=

-6 -11 -12
I 0 O
0O 1 O

A=

-6 -11 -12
I 0 O
0O 1 O
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Bien doi ham truyen lien tuc sang roi rac la;
nhap thoi gian lay mau(vi du: Ts=0.1), Ts= 0.1

numd =

0 0.0263 0.0015 -0.0189

dend =

1.0000 -2.4619 2.0197 -0.5488

Gia tri rieng,bien do,tan so

va he so suy giam tuong duong cua ham truyen cua he thong roi rac
thoi gian lay mau Ts la:

Eigenvalue Magnitude Equiv. Damping Equiv. Freq. (rad/s)

-4.00e+000 4.00e+000  -4.04e-001
-1.00e+000 + 1.41e+0001  1.73e+000  -2.44e-001
-1.00e+000 - 1.41e+0001  1.73e+000  -2.44e-001

3.43e+001

2.25e+001
2.25e+001

Thuc hién: PHAM QUOC TRUGNG 221 - GVHD: PHAM QUANG HUY



Khao sat itng dung MATLAB trong diéu khién tu dong

NHOM LENH VE PAP UNG TAN SO
(Frequency Response)

1. Lénh BODE
a) Cong dung:

Tim va vé& d4p ng tin s6 gidn dd Bode.
b) Cd phép:

[mag,phase,w] = bode(a,b,c,d)

[mag,phase,w] = bode(a,b,c,d,iu)

[mag,phase,w] = bode(a,b,c,d,iu,w)

[mag,phase,w] = bode(num,den)

[mag,phase,w] = bode(num,den,w)
¢) Gidi thich:

Lénh bode tim d4p @&ng tin s& bién do va pha clia hé lién tuc LTI Gidn do
Bode diing d€ phan tich dic di€m ctia hé thong bao gdm: bién du trit, pha du trit, do
1gi DC, bing thong, kha ning mi&n nhiéu va tinh 6n dinh.

Né&u bd qua cdc ddi sd & v€ trdi cda dong l1&énh thi 1énh bode sé& vé ra gidn do
Bode trén man hinh.

bode(a,b,c,d) v& ra chudi gidn dd Bode, mdi gidn do tudng ¥ng véi mot ngd vao

ctiia hé khong gian trang théi lién tuc:

x = Ax + Bu
y=Cx +Du
vdi truc tin s dugc x4c dinh ty dong. N&u ddp ng thay d6i nhanh thi can phai
xdc dinh nhiéu diém hon.
bode(a,b,c,d,iu) v& ra gidn dd Bode tif ngd vao duy nhit iu téi ti't cd cdc ngd ra
cda hé thong vdi truc tan sd dudc xdc dinh ty dong. Pai lugng vd hudng iu 13 chi s
ngd vio clia hé thong va chi ra ngd vao nao dugc sit dung cho ddp tng gidn d6 Bode.
bode(num,den) vé ra gidn dd Bode clia ham truyén da thitc hé lién tuc
G(s) = num(s)/den(s)
trong d6 num va den chita cdc hé sd da thitc theo chiéu gidm dan s& mil cda s.
bode(a,b,c,d,iu,w) hay bode(num,den,w) vé& ra gidn d6 Bode véi vector tin sO
w do ngudi stt dung xdc dinh. Vector w chi ra cdc di€m tin s§ (tinh bing rad/s) ma tai
dé ddp ng tin so gidn do Bode dudc tinh.
Néu van giit lai cdc d6i s6 & v€ trdi cia dong 1énh thi:
[mag,phase,w] = bode(a,b,c,d)
[mag,phase,w] = bode(a,b,c,d,iu)
[mag,phase,w] = bode(a,b,c,d,iu,w)
[mag,phase,w] = bode(num,den)
[mag,phase,w] = bode(num,den,w)

Thuc hién: PHAM QU6C TRUONG -1- GVHD: PHAM QUANG HUY




Khao sat itng dung MATLAB trong diéu khién tu dong

Sé khong vé ra gidn dd Bode ma tao ra cdc ma trin ddp &ng tan s6 mag, phase
va w clia hé thong. Ma trin mag va phase c6 s6 cOt biing s& ngd ra va mdi hang ing
véi mot thanh phan trong vector w.

G(s) = C(sI-A)'B+D
mag(w) = ‘ G(jow) |
phase(®) = ZG(jo)

Géc pha dudc tinh bing do. Gid tri bién dd c6 thé chuyén thanh decibel theo
biéu thic:

magdB = 20*log10(mag)

Chiing ta c6 thé dung lénh fbode thay cho lénh bode ddi véi cac hé thong ¢
thé chéo nhau. N6 st dung cdc thuat gidi nhanh hon dya trén sy chéo héa clia ma tran
hé thong A.

d) Vidu:

V& ddp tng bién dd va pha clia hé bac 2 v6i tan s6 ty nhién w,= 1 va hé so tit
din{=0.2

[a,b,c,d] = ord2(1,0.2);

bode(a,b,c,d)

grid on

va ta dugc gidn d6 Bode ddp ing tan s6 clia hé thdng nhu sau:
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2. Lénh FBODE
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a) Cong dung:

V@& ddp tng tan s gidn d6 Bode cho hé tuyén tinh lién tuc.
b) Cud phép:

[mag,phase,w] = fbode(a,b,c,d)

[mag,phase,w] = fbode(a,b,c,d,iu)

[mag,phase,w] = fbode(a,b,c,d,iu,w)

[mag,phase,w] = fbode(num,den)

[mag,phase,w] = tbode(num,den,w)
¢) Gidi thich:

Lénh fbode tim nhanh ddp ¢ng tin s& bién dd va pha cda hé lién tuc LTL

Né&u bd qua cdc ddi sd & v€ trdi clia dong I1&énh thi 1énh fbode s& vé ra gidn do
Bode trén man hinh.

fbode(a,b,c,d) v& ra chudi gidn d6 Bode, mdi gidn db tuong ng véi mot ngd vao

ctia hé khong gian trang théi lién tuc:

x = Ax + Bu
y=Cx+ Du

vdi truc tAn s6 dugc xdc dinh tw dong. Néu dap tng thay ddi nhanh thi cAn phai
xdc dinh nhiéu di€m hon.

fbode(a,b,c,d,iu) v& ra gidn dd Bode tif ngd vao duy nhit iu tdi tit cd cdc ngd
ra clia hé thong véi truc tan s§ dudc xdc dinh ty dong. iu 1a chi s6 ngd vao clia hé
thdng va chi ra ngd vao nao dudc st dung cho dip ng gidn d6 Bode. fbode nhanh
hon nhung kém chinh xdc hon bode.

fbode(num,den) v€ ra gian d6 Bode ctia ham truyén da thic hé lién tuc

G(s) = num(s)/den(s)

trong d6 num va den chita cdc hé sd da thitc theo chiéu gidm dan s6 mii cia s.

fbode(a,b,c,d,iu,w) hay fbode(num,den,w) vé ra gian d6 Bode vdi vector tin s6
w do ngudi st dung xdc dinh. Vector w chi ra cdc diém tan s (tinh biing rad/s) ma tai
dé dap tng tin sd gidn dd Bode dugc tinh.

Néu van giit lai cdc d6i s6 & v€ trdi cia dong 1énh thi:

[mag,phase,w] = fbode(a,b,c,d)

[mag,phase,w] = fbode(a,b,c,d,iu)

[mag,phase,w] = fbode(a,b,c,d,iu,w)

[mag,phase,w] = fbode(num,den)

[mag,phase,w] = fbode(num,den,w)

s& khong vé ra gidn dd Bode ma tao ra cdc ma trin ddp (ng tin s6 mag, phase
va w clia hé thong. Ma trin mag va phase c6 s6 cdt bing s6 ngd ra va c6 so hang la
length(w).

d) Vi du:

Vé dap tng bién do va pha cla hé bic 2 v4i tin sd tu nhién w,= 1 va hé so tit

din{=0.2
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[a,b,c,d] = ord2(1,0.2);
fbode(a,b,c,d); grid on
va ta dugc ddp &ng nhu sau:
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3. Lénh DBODE
a) Cong dung:

Tim va vé d4p ng tan s& gidn do Bode clia hé gidn doan.
b) Cd phép:

[mag,phase,w] = dbode(a,b,c,d,Ts)

[mag,phase,w] = bode(a,b,c,d, Ts,iu)

[mag,phase,w] = bode(a,b,c,d, Ts,iu,w)

[mag,phase,w] = bode(num,den,Ts)

[mag,phase,w] = bode(num,den,Ts,w)
¢) Gidi thich:

Lénh dbode tim ddp @ng tan sd bién d6 va pha ctia hé lién tuc LTI. Lénh
dbode khéc vdi 1énh freqz ma trong d6 ddp tng tan s& dat dudc vé6i tin s6 chua chuidn
héa. Pap ting c6 dugc tir dbode c6 thé dugc so sanh truc ti€p véi dap ng 1énh bode
cla hé thong lién tuc tuong tng. Néu bd qua cdc doi s6 & v€ trdi cda dong 1énh thi
1énh dbode s& vé ra gidn dd Bode trén man hinh.

dbode(a,b,c,d,Ts) vé& ra chudi gidn d6 Bode, mdi gidn d6 tuong tng v6i mot ngd
vao cta hé khong gian trang thdi lién tuc:
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x[n+] = Ax[n] + Bu{n]
y[n] = Cx[n] + Du[n]

véi truc tin sd dudc xdc dinh ty dong. Cic di€m tdn s6 dugc chon trong
khodng tir n/Ts (rad/sec), trong d6 m/Ts (rad/sec) tudng Gng véi nira tin sd 14y miu
(tAn s& Nyquist). Néu ddp @ng thay d6i nhanh thi cAn phdi xdc dinh nhiéu diém hon.
Ts 1a thdi gian 14y mau.

dbode(a,b,c,d,Ts,iu) vé ra gidn dd Bode tir ngd vao duy nhat iu tdi tit cd cdc
ngd ra clia hé thong vdi truc tan sd dugc xdc dinh ty dong. Pai lugng vo hudng iu 12
chi s& ngd vao cda hé thdng va chi ra ngd vio ndo dugc sit dung cho ddp tng gidn db
Bode.

dbode(num,den,Ts) v€ ra gian d6 Bode cia ham truyén da thic hé lién tuc
gidn doan.

G(z) = num(z)/den(z)

trong d6 num va den chita cdc hé sd da thitc theo chiéu gidm dan s& mii cda s.

dbode(a,b,c,d,Ts,iu,w) hay dbode(num,den,Ts,w) vé ra gian d6 Bode véi
vector tAn s& w do ngudi st dung xdc dinh. Vector w chi ra cdc di€m tin s& (tinh bing
rad/s) ma tai d6 ddp dng tan s& gidn dd Bode dudc tinh. Hién tugng tring phd x3y ra
tai tAn sd 16n hon tan s6 Nyquist.

Néu van giit lai cdc d6i s6 & v€ trdi cia dong 1énh thi:

[mag,phase,w] = dbode(a,b,c,d,Ts)

[mag,phase,w] = dbode(a,b,c,d,Ts,iu)

[mag,phase,w] = bode(a,b,c,d,Ts,iu,w)

[mag,phase,w] = bode(num,den,Ts)

[mag,phase,w] = bode(num,den,Ts,w)

s& khong vé& ra gidn dd Bode ma tao ra cdc ma trin ddp (ng tin s6 mag, phase
va w clia hé thdng dugc tinh tai cdc gid tri tAn s6 w. Ma trin mag va phase c6 s6 cot
bing s6 ngd ra vi mdi hang ng véi mot thanh phan trong vector w.

G(z) =C(zI-A)'B+D
mag() = | G|
phase(o) = ZG(e!*")

trong d6 T 1a thoi gian 14y mau. Géc pha dudc tinh biing d6. Gid tri bién do c6
thé€ chuyén thanh decibel theo biéu thic:

magdB = 20*log10(mag)

d) Vi du:
V& ddp tng gidn dd Bode ciia hé thdng c6 ham truyén nhu sau:
H(z) = 2222 -34z+1.5
z"—1.65s+0.8
véi thoi gian 14y miu Ts = 0.1
num = [2 34 1.5];
den =11 -1.6 0.8];
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dbode(num,den,0.1); grid on
va ta dugc ddp ng tan s gidn d6 Bode clia hé gidn doan nhu sau:

Bode Diagrams
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4. Lénh FREQS
a) Cong dung:

Tim d4p @ng tan s clia phép bi€n ddi Laplace.
b) Cud phép:

h = freqs(b,a,w)

[h,w] = freqgs(b,a)

[h,w] = freqs(b,a,n)

freqs(b,a)
¢) Gidi thich:

Lénh freqs trd thinh ddp tng tin s& H(jo) cla bd loc analog.
H(s) = B(s) _ b(1)s™ +b(2)s™ " +.....+b(nb+1)
A(s)  a()s™ +a2)s™ " +.....+a(na+1)

trong d6 vector b va a chita cdc hé s6 clia tif s6 va mau s6.

h = freqs(b,a,w) tao ra vector ddp ng tan s6 phiic clia bo loc analog dugc chi
dinh bdi cdc hé s6 trong vector b va a. Lénh freqs tim d4p ng tan sd trong mit phing
phtic tai cdc thoi di€m tan s6 dugc hei dinh trong vector w.

[h,w] = freqs(b,a) tw ddng chon 200 di€m tan sd trong vector w d€ tinh vector
ddp ng tin sd h.
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[h,w] = freqs(b,a,n) chon ra n di€m tin s6 d€ tim vector ddp Gng tan sd h.
Néu bd qua cdc ddi s6 ngd ra & v€ trdi thi 1énh freqs sé vé ra ddp dng bién do
va pha trén man hinh.
freqs chi diing cho cdc hé thdng c6 ngd vao thuc va tan s duong.
d) Vi du:
Tim va vé d4p &ng tan s6 cia hé thdng c6 ham truyén:
0.25> +0.35 +1

H(s) =
) s2+04s +1

% Khai bdo ham truyén:
a=[1 04 1];
b=1[0.2 03 1];

% X4c dinh truc tin sd:

w = logspace(-1,1);

% Thuc hién vé& dd thi:

freqs(b,a,w)
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5. Lénh FREQZ
a) Cong dung:

Tim ddp ng tan sd clia bd loc s6.
b) Cd phép:
[h,w] = freqz(b,a,n)
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[h,f] = freqz(b,a,n,Fs)
[h,w] = freqz(b,a,n,‘whole’)
[h,f] = freqz(b,a,n, ‘whole’,Fs)
h = freqz(b,a,w)
h = freqz(b,a,f,Fs)
freqz(b,a)
¢) Gidi thich:
Lénh freqz tim ddp dng tAn s6 H(e™") cia bo loc s6 tif cdc hé s6 ti s6 va miu s6
trong vector b va a.
[h,w] = freqz(b,a,n) tim ddp &ng tan sd ctia bo loc s& v6i n diém
by~ BE) _ O Tb@)z" bbb s Dz
A(z)  aM)+a@)z" +....+a(na+1)z ™™
tif cac hé so trong vector b va a. freqz tao ra vector d4p ng tan s6 hdi ti€p va
vector w chita n di€m tan s6. freqz xdc dinh dap @ng tan s6 tai n diém nim déu nhau
quanh nira vong tron don vi, vi viy w chita n diém giita 0 va n.
[h,f] = freqz(b,a,n,Fs) chi ra tin s& 14y mau duong Fs (tinh biing Hz). N6 tao ra
vector f chita cdc diém tin s6 thyc giita 0 va Fs/2 ma tai d6 Iéng sé tinh dap ¢ng tan
50.

[h,w] = freqz(b,a,n,"whole’) va [h,f] = freqz(b,a,n, 'whole’,Fs) st dung ndi€m
quanh vong tron don vi (tr 0 t&i 27 hodc tur 0 t6i Fs)
h = freqz(b,a,w) tao ra ddp ng tan sd tai cac diém tin s dudc chi trong vector
w. C4c di€m tin s6 nay phdi nim trong khodng (0 +27).
h = freqz(b,a,f,Fs) tao ra ddp tng tan so tai cdc di€m tin s& dugc chi trong vector
f. Cdc di€m tin s6 nay phai nim trong khodng (0 =+ Fs).
Néu bd qua cdc d6i s6 ngd ra thi 1€nh freqz vé ra cdc ddp ¢ng bién dd va pha
trén man hinh.
Lénh freqz ding cho cdc hé thdng c6 ngd vao thuc hoic phic.
d) Vidu:
Vé dap ting bién dd va pha cia bo loc Butter.
[b,a] = butter(5,0.2);
freqz(b,a,128)
va ta dugc do thi ddp dng:
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6. Lénh NYQUIST
a) Cong dung:

V& biu dd dap tng tan sd Nyquist.
b) Cud phép:

[re,im,w] = nyquist(a,b,c,d)

[re,im,w] = nyquist(a,b,c,d,iu)

[re,im,w] = nyquist(a,b,c,d,iu,w)

[re,im,w] = nyquist(num,den)

[re,im,w] = nyquist(num,den,w)
¢) Gidi thich:

Lénh nyquist tim d4p tng tdn s6 Nyquist ciia hé lién tuc LTI. Bi€u dd Nyquist
diing d€ phan tich dic di€m cla hé thdng bao gdbm: bién du trit, pha du trit va tinh 6n
dinh.

Néu bd qua cdc d6i s6 & v€ trai cia dong lénh thi nyquist s& vé ra bi€u dod
Nyquist trén man hinh.

Lénh nyquist c6 thé x4c dinh tinh 8n dinh cda hé thong hdi ti€p don vi. Cho
bi€u @6 Nyquist cia ham truyén vong hd G(s), ham truyén vong kin:

Ga (s) = G(s)
1+G(s)

12 6n dinh khi bi€u d6 Nyquist bao quanh diém —1+jO P 1in theo chiéu kim
ddng ho, trong d6 P 1a s6 cuc vong hé khong 6n dinh.
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nyquist(a,b,c,d) v& ra chudi bi€u d6 Nyquist, mdi dd thi &ng v&i mdi quan hé giita
mot ngd vao va mot ngd ra ciia hé khong gian trang thai lién tuc:

x = Ax + Bu
y=Cx +Du
véi truc tin s6 dugc xdc dinh tuv dong. Néu ddp tng thay ddi cang nhanh thi
cAn phdi xdc dinh cang nhiéu di€m trén truc tin s0.
nyquist(a,b,c,d,iu) vé ra bi€u dd Nyquist tir ngd vao duy nhit iu t&i tit cd cdc
ngd ra clia hé thdng véi truc tin s6 dudc xdc dinh ty dong. Pai lugng vo hudng iu 1a
chi s6 ngd vao clia hé thong va chi ra ngd vao nao dugc st dung cho d4p ng Nyquist.
nyquist(num,den) vé ra bi€u d6 Nyquist ciia him truyén da thic hé lién tuc
G(s) = num(s)/den(s)
trong d6 num va den chita céc hé sd da thitc theo chiéu gidm dan s& mil cda s.
nyquist(a,b,c,d,iu,w) hodc nyquist(num,den,w) v€ ra biu dd Nyquist véi vector
tan s& w do ngudi st dung x4c dinh. Vector w chi ra cdc di€m tan s& (tinh bing rad/s)
ma tai d6 dap ng Nyquist dudc tinh.
N&u van giif lai cdc ddi s& & v€ trdi clia dong 1énh thi:
[re,im,w] = nyquist(a,b,c,d)
[re,im,w] = nyquist(a,b,c,d,iu)
[re,im,w] = nyquist(a,b,c,d,iu,w)
[re,im,w] = nyquist(num,den)
[re,im,w] = nyquist(num,den,w)
khong vé ra bi€u d6 Nyquist ma tao ra ddp @ng tin so ciia hé thong dusi dang
cdc ma trdn re, im va w. Cdc ma trdn re va im c6 so cot bing s6 ngd ra va mdi hang
rng v6i mdt thanh phin trong vector w.

d) Vidu:
V& bi€u d6 Nyquist clia hé thong c6 ham truyén:
25” + 55 +1
H(s)=———F——
s”+2s+3

nuim=[2 5 1];

den=1 2 3]

nyquist(num,den); title(‘Bieu do Nyquist’)
va ta dugc bi€u @6 Nyquist nhu hinh vé:
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Nyquist Diagrams
ieu do Ryquist

1.5

0.5

Imaginary Azis

0.5

-1.5

1 0.5 ] 0.5 1 1.5

Real Axis

7. Lénh DNYQUIST
a) Cong dung:
V& biu dd dap tng tan s6 Nyquist ctia hé gidn doan.
b) Cd phép:
[re,im,w] = dnyquist(a,b,c,d,Ts)
[re,im,w] = dnyquist(a,b,c,d, Ts,iu)
[re,im,w] = dnyquist(a,b,c,d,Ts,iu,w)
[re,im,w] = dnyquist(num,den,Ts)
[re,im,w] = dnyquist(num,den,Ts,w)
¢) Gidi thich:

Lénh dnyquist tim d4p ing tin s6 Nyquist cia hé gidn doan LTI. Bi€u dd
Nyquist diing d€ phin tich dic di€m ctia hé thong bao gdbm: bién du tr¥, pha du trit va
tinh 6n dinh. Pdp ng tan s6 dung 1énh dnyquist c6 thé so sanh truc tiép véi dap dng

nyquist cia hé lién tuc tuong Gng.

Néu bd qua cdc d6i s6 & v€ trdi cia dong 1énh thi dnyquist s& vé& ra bi€u dod

Nyquist trén man hinh.

Lénh dnyquist c6 thé xdc dinh tinh &n dinh cla hé thdng hdi ti€p don vi. Cho
biéu dd Nyquist ctia hAm truyén vong hd G(s), ham truyén vong kin:

G(2)
1+G(z)

Gl (2) =

2.5
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12 6n dinh khi bi€u dd Nyquist bao quanh diém —1+j0 P 1dn theo chiéu kim
ddng ho, trong d6 P 1a s6 cuc vong hd khong 6n dinh.
dnyquist(a,b,c,d,Ts) vé ra chudi bi€u d6 Nyquist, mdi d6 thi ¢ng v&i mdi quan hé
gitra m6t ngd vao va mot ngd ra ciia hé khong gian trang thai gidan doan:
x[n+] = Ax[n] + Bu{n]
y[n] = Cx[n] + Dul[n]
véi truc tin sd dudc xdc dinh ty dong. Cic di€ém tdn s6 dugc chon trong
khodng tir 0 d&€n ni/Ts radians tuong Gng vdi nira tan s6 14y miu (tAn s& Nyquist). N&u
ddp @ng thay d6i cang nhanh thi cin phai xdc dinh cang nhiéu di€m trén truc tan so.
Tan s6 12 thdi gian 14y mau.
dnyquist(a,b,c,d,Ts,iu) vé& ra biéu d6 Nyquist tif ngd vao duy nhit iu tdi ti't c3
cdc ngd ra clia hé thong véi truc tan sd dude xdc dinh ty dong. Pai lugng vd huéng iu
1a chi s6 ngd vao cda hé thong va chi ra ngd vao ndo dudc st dung cho ddp ng
Nyquist.
dnyquist(num,den,Ts) vé ra biéu dd Nyquist clia ham truyén da thidc hé gidn
doan:
G(s) = num(s)/den(s)
trong d6 num va den chita cdc hé sd da thitc theo chiéu gidm dan s6 mii cia s.
dnyquist(a,b,c,d,Ts,iu,w) hodc dnyquist(num,den,w) vé ra biu dd Nyquist v6i
vector tin s6 w do ngudi st dung x4c dinh. Vector w chi ra cdc diém tan s (tinh biing
rad/s) ma tai d6 ddp dng Nyquist dugc tinh. Hién tugng tring phd x4y ra tai tin sd 16n
hon tan s& Nyquist (n/Ts rad/s).
Dé€ tao ra truc tin s v6i cac khodng tin s6 bing nhau theo logarit ta diing 1énh
logspace.
Néu van giit lai cdc d6i s6 & v€ trdi cia dong 1énh thi:
[re,im,w] = dnyquist(a,b,c,d, Ts)
[re,im,w] = dnyquist(a,b,c,d, Ts,iu)
[re,im,w] = dnyquist(a,b,c,d,Ts,iu,w)
[re,im,w] = dnyquist(num,den,Ts)
[re,im,w] = dnyquist(num,den,Ts,w)
khong vé ra bi€u d6 Nyquist ma tao ra ddp tng tin s clia hé thong dusi dang
cdc ma trin re, im va w. C4dc ma trin re va im chifa cdc phan thyc va phan 4o cla dip
ng tin s& clia hé thdng dudc tinh tai cdc gid tri tAn s6 w, re va im c6 sd cot bing s
ngd ra va mdi hang ’ng v6i mot thanh phin trong vector w.

d) Vidu:
V& bi€u dd Nyquist ctia hé gian doan c¢6 ham truyén:
2z° -3.4z+15
H(z) =—
z7—1.6z+0.8

véi thoi gian 14y miu Ts = 0.1
% X4c dinh ham truyén:
num=[2 -3.4 1.5];
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den=[1 -1.6 0.8];

% V& biéu d6 Nyquist:
dnyquist(num,den,0.1)
title(‘Bieu do Nyquist he gian doan’)

va ta dugc bi€u dd Nyquist hé gian doan nhu sau:

Nyquist Diagrams

Bieu do Nyquist he gian doan

Imaginary Azis

1 0.5 0 0.5 1 1.5
Real Axis

8. Lénh NICHOLS
a) Cong dung:
V& biéu db d4p ng tin s Nichols.
b) Cd phép:
[mag,phase,w] = nichols(a,b,c,d)
[mag,phase,w] = nichols(a,b,c,d,iu)
[mag,phase,w] = nichols(a,b,c,d,iu,w)
[mag,phase,w] = nichols(num,den)
[mag,phase,w] = nichols(num,den,w)
c¢) Gidi thich:

Lénh nichols tim ddp @ng tan s6 Nichols ctia hé lién tuc LTI. Bi€u db Nichols

dugc diing d€ phan tich dic di€m cla hé vong hd va hé vong kin.

A 2 2 e ~ ~ s N A s 1A . ~ ~ o R A
Néu bd qua cac d6i s6 & v€ trdi cia dong 1€nh thi 1€nh nichols s& vé ra bi€u do

Nichols trén man hinh.
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nichols(a,b,c,d) v& ra chudi bi€u @6 Nichols, mdi d thi tuong ¥ng véi mdi quan
hé gitta mdt ngd vao va mot ngd ra cia hé khdng gian trang thdi lién tuc:

x = Ax + Bu
y=Cx +Du

vdi truc tin s6 dugc xdc dinh ty dong. N&u ddp ng thay d6i nhanh thi can phai
x4c dinh cang nhi€u di€m trén truc tin s6.

nichols(a,b,c,d,iu) vé& ra biéu db Nichols tir ngd vao duy nhat iu t&i tit cd cdc
ngd ra clia hé thdng véi truc tin s6 dudc xdc dinh ty dong. Pai lugng vo hudng iu 1a
chi s6 ngd vao cda hé thong va chi ra ngd vao nao dugc st dung cho d4p ng Nichols.

nichols(num,den) vé& ra bi€u db Nichols ctia ham truyén da thic hé lién tuc

G(s) = num(s)/den(s)

trong d6 num va den chita céc hé sd da thitc theo chiéu gidm dan s& mil cda s.

nichols(a,b,c,d,iu,w) hay nichols(num,den,w) vé ra bi€u dd Nichols véi vector
tan s6 w do ngudi st dung xdc dinh. Vector w chi dinh nhitng di€m tan s6 (tinh bing
rad/s) ma tai d6 ddp &ng Nichols dugdc tinh.

D€ tao ra truc tan sd vdi cdc khodng tan s6 bing nhau theo logarit ta diing Iénh
logspace.

Néu giit lai cdc d6i s6 & v€ trdi cia dong 1énh thi:

[mag,phase,w] = nichols(a,b,c,d)

[mag,phase,w] = nichols(a,b,c,d,iu)

[mag,phase,w] = nichols(a,b,c,d,iu,w)

[mag,phase,w] = nichols(num,den)

[mag,phase,w] = nichols(num,den,w)

s& khong vé ra bi€u @6 Nichols ma tao ra ddp ng tin s clia hé thong dudi
dang cdc ma trdn mag, phase va w. Cdc ma trin mag va phase chita ddp Gng bi€n do
va pha cda hé thdng dudc xdc dinh tai nhitng diém tan s& w. Ma trin mag va phase c6
s6 cdt bing sd ngd ra va mdi hang ng véi mot thanh phan trong vector w.

G(s) =C(sI-A)'B+D
mag(w) = ‘ G(jw) |
phase(®) = ZG(jo)
Géc pha dugc tinh bing do va nim trong khodng —360° t6i 0°.
Gi4 tri bién d6 c6 thé chuyén vé don vi decibel theo cong thifc:
magdB = 20*log10(mag)
DPé vé& 1udi bi€u dd Nichols ta diing 1énh ngrid.
d) Vidu: Trich trang 11-150 sédch ‘Control System Toolbox’
Vé ddp tng Nichols ciia hé thdng c6 ham truyén:
—4s* + 485> —18s” + 2505 + 600
s* +30s” + 2825 + 5255 + 60

num=[-4 48 -18 250 600];
den =[1 30 282 525 60];

H(s) =
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nichols(num,den)
title(‘Bieu do Nichols’)
ngrid(‘new’)
va ta dudc bi€u dd Nichols nhu hinh vé:

Michols Charts
Bieu do Hichols

12 dB

Open-Loop Gain (dBj
Open-Loop Gain (dB)

20 dB

1 1
I 1
R ' | | e _-Ll_1-
-2']_ I ! e ----I----r-'——":'""'l_ T [
I | !
| A
| 1

30

_4'] 1l Ll L 1
350 -300 240 200 150 -100 A0

Opeilody Bhase{dsyY)

40 dB
]

9. Lénh DNICHOLS
a) Cong dung:

V& bi€u db dap ting tan s6 Nichols clia hé gidn doan.
b) Ci phép:

[mag,phase,w] = dnichols(a,b,c,d, Ts)

[mag,phase,w] = dnichols(a,b,c,d,Ts,iu)

[mag,phase,w] = dnichols(a,b,c,d, Ts,iu,w)

[mag,phase,w] = dnichols(num,den,Ts)

[mag,phase,w] = dnichols(num,den,Ts,w)
¢) Gidi thich:

Lénh dnichols tim ddp @&ng tin s6 Nichols ctia hé gidn doan LTI. Bi€u dd
Nichols dugc dung @€ phan tich dic diém ciia hé vong hd va hé vong kin. Pé4p tng tir
1énh dnichols c6 thé so sanh truc ti€p véi dap wng tir 1énh nichols cia hé lién tuc
tuong Ung.

Né&u bd qua cic d6i s6 § vé trai cia dong 1énh thi 1énh dnichols s& vé ra biéu do
Nichols trén man hinh.
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dnichols(a,b,c,d,Ts) v& ra chudi biéu dd Nichols, mdi @6 thi tuong &ng v4i mdi
quan hé gitra mot ngd vao va mdt ngd ra cua hé khong gian trang thdi gian doan:
x[n+] = Ax[n] + Bu{n]
y[n] = Cx[n] + Du[n]
véi truc tin sd dudc xdc dinh ty dong. Cic di€ém tan s6 dugc chon trong
khodng tir 0 t6i n/Ts radians. N&u ddp ng thay d6i nhanh thi cAn phai xdc dinh cang
nhiéu di€m trén truc tin so.
dnichols(a,b,c,d, Ts,iu) vé& ra bi€u dd Nichols trén man hinh tir ngd vao duy
nhit iu t&i tt cd cdc ngd ra clia hé thdng véi truc tin s6 dugc x4c dinh ty dong. Pai
lugng vo hudng iu 1a chi s6 ngd vao clia hé théng va chi ra ngd vao nao dugc st dung
cho dap tng Nichols.
dnichols(num,den,Ts) vé& ra bi€u d6 Nichols cia haim truyén da thifc hé gian
doan
G(z) = num(z)/den(z)
trong d6 num va den chita cdc hé sd da thitc theo chiéu gidm dan s6 mii cia s.
dnichols(a,b,c,d, Ts,iu,w) hay dnichols(num,den,Ts,w) vé€ ra biéu db6 Nichols
véi vector tan s6 w do ngudi sit dung xdc dinh. Vector w chi dinh nhitng di€m tan s6
(tinh bing rad/s) ma tai d6 dap wng Nichols dugc tinh. Hién tugng tring phd x4y ra tai
tan s& 16n hon tin s6 Nyquist (n/Ts rad/s).
Dé€ tao ra truc tin s v6i cac khodng tin s6 bing nhau theo logarit ta diing 1énh
logspace.
Né&u giit lai cdc d6i s6 & v€ trdi cia dong 1énh thi:
[mag,phase,w] = dnichols(a,b,c,d, Ts)
[mag,phase,w] = dnichols(a,b,c,d,Ts,iu)
[mag,phase,w] = dnichols(a,b,c,d, Ts,iu,w)
[mag,phase,w] = dnichols(num,den,Ts)
[mag,phase,w] = dnichols(num,den,Ts,w)
khong vé ra bi€u d6 Nichols ma tao ra ddp Gng tan s6 clia hé thong dusi dang
cidc ma tran mag, phase va w. Cdc ma trdn mag va phase chita dip dng bién do va
pha ctia hé thong dudc xdc dinh tai nhitng di€m tan s w. Ma trin mag va phase c6 s&
cOt biing s6 ngd ra va mdi hang tng v6i mdt thanh phin trong vector w.
G(z) =C(zI-A)'B+D
mag(e) = | G(e"")|
phase(w) = ZG(e'T)
trong d6 T 1a thdi gian 14y miu. Géc pha dudc tinh bing dd va nim trong
khodng —360° tdi 0°.
Gi4 tri bién d6 c6 thé chuyén vé don vi decibel theo cong thifc:
magdB = 20*log10(mag)
DPé vé& 1u6i bi€u dd Nichols ta diing 1énh ngrid.
d) Vidu:
Vé dap ng Nichols ctia hé thdng c6 ham truyén:
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1.5
M) = o 1 13627 + 0882 4 031
num = 1.5;
den =1 1.1 1.36 0.88 0.31];
ngrid(‘new’)
dnichols(num,den,0.05)

title(‘Bieu do Nichols gian doan’)
va ta dugc bi€u db Nichols cia hé gidn doan:

Bieu Q§Mﬁﬂ§aﬁn doan
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10. Lénh NGRID

a) Cong dung:

Tao lu6i cho do thi Nichols.
b) Cu phdp:

ngrid

ngrid(‘new’)
¢) Gidi thich:

Lénh grid tao ludi cho db thi Nichols. P thi nay cé lién hé véi sd phic
H/(1+H), trong d6 H 12 mot s6 phic bat ky. Néu H 12 mot diém trén ddp dng tan so
vong hd clia hé SISO thi H/(1+H) 1a gi4 tri tuong Gng trén ddp ng tan sd vong kin
cda hé thong.
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ngrid tao ra ludi trong viing c6 bién do tir —40 dB t6i 40 dB va géc pha tir -360°
t6i 0° véi cdc dudng hiing s6 mag(H/(1+H)) va angle(H/(1+H)) dugc vé.

ngrid vé& ludi dd thi Nichols ngoai bi€u db Nichols di c6 nhu bi€u db dudc tao
ra bdi 1énh nichols hoic dnichols.

ngrid(‘new’) x6a man hinh d6 hoa truéc khi vé 1ugi va thi€t 1ap trang thai giit
dé d4p ting Nichols c6 thé dugc vé bing cich dung 1énh:

ngrid(‘new’)

nichols(num,den) hay nichols(a,b,c,d,iu)
d) Vidu:

V& 1u6i trén bi€u dd Nichols clia hé thong:
—4s* + 485 —18s” + 2505 + 600
s* +30s° +282s5% + 5255 + 60

num=[-4 48 -18 250 600];
den=[1 30 282 525 60];
nichols(num,den)
title(‘Bieu do Nichols’)
ngrid(‘new’)
va ta dugc dd thi ddp ¢ng nhu sau:

H(s)=

’Hﬂl? Eﬂ%ﬁﬁls
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11. Lénh MARGIN

Thuc hién: PHAM QU6C TRUONG - 18- GVHD: PHAM QUANG HUY




Khao sat itng dung MATLAB trong diéu khién tu dong

a) Cong dung:

Tinh bién dy trit va pha du tri.
b) Cu phép:

[Gm,Pm,Wcp,Wcg] = margin(mag,phase,w)

[Gm,Pm,Wcp,Wcg] = margin(num,den)

[Gm,Pm,Wcp,Wcg] = margin(a,b,c,d)
¢) Gidi thich:

Lénh margin tinh bién du trit (gain margin), pha dy trit (phase margin) va tan
s6 cit (crossover frequency) tir dif liéu ddp ng tin s6. Bién du trit va pha du trit dya
trén hé thdng vong hd SISO va cho biét tinh &n dinh tuong ddi clia hé thdng khi hé
thong 1a hé thong vong kin.

Néu bd qua cdc ddi s6 & vé trai dong 1énh thi gidn dd Bode v&i bién du trit va
pha du trit s€ dugc vé trén man hinh.

Bién du trit 12 d6 10i cin ting thém d€ tao ra dd 1di vong don vi tai tin s6 ma
g6c pha biing —180°. N6i cdch khdc, bién du triv 12 1/g néu g 1a do 1gi tai tAn sd géc
pha —180°. Tuong tu, pha du trit [a sy khac biét gitra goc pha dap tng va —180° khi do
lgi 12 1. TAn s6 ma tai d6 bién dd 12 1 dudc goi 12 tAn s& dd 1¢i don vi (unity-gain
frequency) hoic tin sd cit.

margin(num,den) tinh bién dy trit va pha du trif ctia ham truyén lién tuc:

G(s) = num/den

Tuong tu, margin(a,b,c,d) tinh d6 du trir ciia hé khong gian trang thdi (a,b,c,d).
V6i cdch nay, 1énh margin chi st dung cho hé lién tuc. P&i v6i hé gidn doan, ta st
dung 1énh dbode dé€ tim d4p &ng tin so rdi goi margin.

[mag,phase,w] = dbode(a,b,c,d,Ts)

margin(mag,phase,w)

[Gm,Pm,Wcp,Wcg| = margin(mag,phase,w) s& khong vé ra cdc do thi dip tng
ma tao ra cdc ma trin bién du trit Gm, pha dy trit Pm, tin s& k&t hgp Wcp, Weg dude
cho bdi cdc vector bién d6 mag, phase va tan s6 w clia hé thdng. Céc gid tri chinh xdc
dudc tim ra biing cich ding phép ndi suy giita cic di€m tin s6. G6c pha dudc tinh
bing do.

d) Vi du:

Tim bién dy triY, pha du trit va vé& gidn dd Bode cla hé bic2 ¢ o, =1 va { =
0.2

[a,b,c,d] = ord(1,0.2);

bode(a,b,c,d)

margin(a,b,c,d)

[Gm,Pm,Wcp,Wcg] = margin(a,b,c,d)

va ta dugc két qua:

Gm = Inf(o0)
Pm = 32.8599 do
Wcg = NaN (khong xdac dinh)
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Wcep =1.3565
Gian dd Bode ctia hé:
Bode Diagrams
Gm = Inf, Pm=32.86 deq. {at 1.3565 rad/sec)
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20
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-100

Phase {deg); Magnitude [dBj}

-150

Frequency (rad/sec)

12. Lénh SIGMA

a) Cong dung:
Tim gidn dd Bode gid tri suy bi€n ctia hé khong gian trang thdi.

b) Cd phép:
[sv,w] = sigma(a,b,c,d)
[sv,w] = sigma(a,b,c,d,‘inv’)
[sv,w] = sigma(a,b,c,d,w)
[sv,w] = sigma(a,b,c,d,w,‘inv’)

¢) Gidi thich:

Lénh sigma tinh cdc gid tri suy bi€n cla ma trin phitc C(jol-A)'B+D theo
ham cda tin s6 . Cdc gid tri suy bién 12 md rong cia dip ¢ng bién do gidn dd Bode
ctia hé MIMO.

Néu bd qua cdc d6i s6 & v€ trdi clia dong 1énh thi sigma sé& vé ra gidn dd Bode
clia gid tri suy bién trén man hinh.

[sv,w] = sigma(a,b,c,d) vé& ra gidn do suy bi€n clia ma tran phic:

G(w) = C(joI-A) 'B+D

theo ham cda tin s8. Truc tan sd dugc chon ty dong va phdi hop nhiéu diém
néu d6 thi thay di€m nhanh.

DP6i v6i cdc ma tran vudng, sigma(a,b,c,d,‘inv’) vé& dd thi cdc gia tri suy bién
clia ma trdn phic ddo:

G'(w) = [C(joI-A) 'B+D]"
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sigma(a,b,c,d,w) hodc sigma(a,b,c,d,w,‘inv’) v€ do thi cdc gid tri suy bi€n véi
vector tAn s& do ngudi st dung xdc dinh. Vector w chi ra nhitng tin s6 (tinh bing
rad/s) ma tai d6 ddp &ng cdc gi4 tri suy bién dudc tinh.

Né&u gitf lai cdc doi s6 & v€ trdi dong 1&énh thi:

[sv,w] = sigma(a,b,c,d)

[sv,w] = sigma(a,b,c,d,‘inv’)

[sv,w] = sigma(a,b,c,d,w)

[sv,w] = sigma(a,b,c,d,w,‘inv’)

khong vé ra cdc d6 thi ddp t'ng ma tao ra cdc ma trin suy bi€n theo chiéu gidm
dan cla bic tuong Gng vSi cic di€m tn sd trong vector w.

D6i v6i phép phan tich rin chic, cdc gid tri suy bién cia ma tran ham truyén
ddc biét dugc phan tich.

Vé thuc hién cdc 1énh d€ dat dugc ma tran ham truyén mong mudn cda mot s6
kh&i dugc trinh bay trong bdng sau:

Ma trin ham truyén Sa dd khoi Lénh
—1 G6) >
G(jo) sigma(a,b,c,d)

1 G'® |

G'l(j(o) 6® sigma(a,b,c,d,‘inv’)
S) —»

\4

[a,b,c,d] = parallel(a,b,c,d,[ I.[ 1.[ ].eye(d))
sigma(a,b,c,d)

o
\L G(s) |
R

1+G(]0)) [a7bac7d] = feedback([ ],[ ]’[ ]’eye(d)’a,b’c,d)
G'(s) , | sigma(a,b,c,d,‘inv’)
[a.b.c.d] = feedback(a.b.c.d.[ L[ 1.l 1.eye(d))
14G ™ (jw) sigma(a,b.c.d)

Dép ting gi4 tri suy bi€n clia hé SISO tuong duong véi dap tng bién do gidn dd
Bode cua hé doé.
d) Vidu:
Xéthé bic2cé m,=1va §=0.2. V& dd thi gid tri suy bi€n clia hé thong.
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[a,b,c,d] = ord(1,0.2);
margin(a,b,c,d)

title(‘Gia tri suy bien’)

va ta dugc ddp ing nhu hinh vé:
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20

Singular Values (dB)
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-30
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40
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Frequency (rad/sec)

13. Lénh DSIGMA

a) Cong dung:

Tim gidn d6 Bode gi4 tri suy bi€n ctia hé khong gian trang thdi.

b) Cu phdp:

[sv,w]=dsigma(a,b,c,d,Ts)

[sv,w]=dsigma(a,b,c,d,Ts,‘inv’)

[sv,w]=dsigma(a,b,c,d,Ts,w)

[sv,w]=dsigma(a,b,c,d,Ts,w,'inv")
¢) Gidi thich:

Lénh dsigma tinh cdc gid tri suy bi€n ctia ma tran phic C(e'"I-A)'+B+D theo
ham cda tin s6 . Cdc gia tri suy bi€n 1a m& rong clia ddp Gng bién do gidn dd Bode
cia hé MIMO va c6 thé dude diing d€ xdc dinh do rin chic cla hé thong.

Né&u bd qua cdc ddi s6 & v€ trai dong 1énh thi dsigma sé& vé ra gidn do Bode
clia gid tri suy bié€n trén man hinh.

dsigma(a,b,c,d,Ts) v& gidn d6 suy bi€n clia ma trin phic :

G(w) = C(e”'T-A) '+B+D
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theo ham cta tin s6. Cdc di€m tin s6 dudc chon ty dong trong khodng tr 0 tdi

n/Ts rad/sec trong d6 n/Ts rad/sec tuong Gng v6i nita tan s6 14y miu (tAn sd Nyquist).
Né&u dd thi thay ddi nhanh thi cAn chon nhiéu diém tin s hon.

DPai véi cdc hé thdng c6 ma tran vudng, dsigma(a,b,c,d,Ts,‘inv’) vé& dd thi cdc
gid tri suy bi€n clia ma tran phic ddo :

G'(w) = [C(e""T-A) 'B+D]"

dsigma(a,b,c,d,Ts,w) hodc dsigma(a,b,c,d,Ts,‘inv’) vé do6 thi cic gid tri suy
bi&n v6i vector tin s& do ngudi st dung xdc dinh. Vector w chi ra nhitng tan s6 (tinh
bing rad/sec) ma tai d6 ddp tng cdc gid tri suy bi€n dudc tinh. Hién tugng tring phd
x4y ra tai tan s6 16n hon tan s& Nyquist (n/Ts rad/sec).

D€ tao ra vector tin s& dudc chia déu theo logarit tin s ta ding l&énh
logspace.

Néu giit lai cdc d6i s6 & v€ trdi dong 1énh thi :

[sv,w]=dsigma(a,b,c,d,Ts)

[sv,w]=dsigma(a,b,c,d,Ts,‘inv’)

[sv,w]=dsigma(a,b,c,d,Ts,w)

[sv,w]=dsigma(a,b,c,d,Ts,w,‘inv’)

khong vé ra cdc dd thi ddp tng ma tao ra cdc gid tri suy bi€n trong sv va cic diém

tan s6 w. Mi hang clia ma trin sv chifa cdc gid tri suy bi€n theo chiéu gidm dan cla
bic tudng ng véi cic di€m tan sO trong vector w.

DPai véi phép phan tich rin chic, cdc gid tri suy bi€n cia ma trin ham truyén
dac biét dudc phan tich.

Viéc thyc hién cdc 1énh d€ dat dugc ma tran ham truyén mong mudn ctia mot
s6 khoi dugc trinh bay trong bing sau :

Ma trin ham truyén So dd khoi Lénh
— G(G) |—»
G(jo) dsigma(a,b,c,d)
1 G's) L—»
G'l(j(o) dsigma(a,b,c,d, ‘inv’)
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| Ge) |—»

v

AOIL G(s) J

[a,b,c,d]= parallel(a,b,c,d,[ 1,[ I.[ ].eye(d))
dsigma(a,b,c,d)

1+ G(jw) [a,b,c,d]=feedback([ 1,[ ].[ ].eye(d),a,b,c,d)
dsigma(a,b,c,d,‘inv’)
ﬁ} G'(s) >
[a,b,c,d]=feedback(a,b,c,d,[ I.[ I.[ ].eye(d))
1+G‘1(jm) dsigma(a,b,c,d)

Dép ing gi4 tri suy bi€n ctia hé SISO tuong duong véi ddp tng bién do gidn dod

Bode cua hé dé.
d) Vi du:

Xéthé bac2 céd w,=1va £ =0.2. V& d6 thi gid tri suy bi€n clia hé thong véi

thdi gian 14y miu Ts = 0.1
[a,b,c,d]= ord2(1,0.2);
bode(a,b,c,d)
dsigma(a,b,c,d,0.1)
title('Gia tri suy bien gian doan')
va ta c6 gidn d6 Bode gid tri suy bién :
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Singular Values
Gia tri suy hien gian doan
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14. Lénh LTIFR
a) Cong dung:
Ddp ting tan sd clia hé tuyén tinh bat bién.
b) Cd phép:
Itifr(a,b,s)
¢) Gidi thich:
Lénh ltifr dung d€ mé rong ddp dng tin s6 clia hé khong gian trang thdi tuyé&n
tinh bat bién.
G = Ltifr(a,b,s) tim ddp ¢ng tin s6 clia hé thdng véi mdt ngd vao duy nhat :
G(s) = (sI- A)'B
Vector s chi ra s& phiic ma tai d6 ddp &ng tin s6 dugc xdc dinh. P&i véi dip
ing gidn d6 Bode hé lién tuc, s nim trén truc 40. P&i v6i ddp ng gidn do Bode hé
gidn doan, s nhan cdc gié tri quanh vong tron don vi.
Itifr tao ra ddp Gng tan s& dugi dang ma tran phitc G vdi s6 cot bing s6 trang
thdi hay s6 hang clia ma trdn A va c6 s6 hang la length(s).
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CAC BAITAP VE PAP UNG TAN SO

Bai 1: ham margin (bai tdp nay trich tr trang 11-138 sach ‘Control System

Toollbox’
» hd=tf([0.04798 0.0464],[1 -1.81 0.9048],0.1)

Transfer function:
0.04798 z + 0.0464

z"2 - 1.81 z + 0.9048

Sampling time: 0.1 ; Thdi gian 14y mau: 0,1
» [Gm,Pm,Wcg,Wcpl]=margin(hd);

» [Gm,Pm,Wcg,Wcp]

ans =

2.0517 13.5712 5.4374 4.3544

» margin(hd)
K&t qua:
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Bode Diagrams

Gm=6.2424 dB (at 5.4374 rad/sec), Pm=13.571 deg. (at 4.3544 rad/sec)
20 T
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-200
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Bai 2: 1énh modred (bai tdp nay trich tir trang 11-142 sach ‘Control System
Toollbox’

B s3+11s2+365+26
54 +14,653 + 74,9652 +153,75 + 99,65

h(s)

» h=tf([1 11 36 26],[1 14.6 74.96 153.7 99.65])

Transfer function:
s"3+11s"2+36s+26

s+ 14.6 "3 + 74.96 s"2 + 153.7 s + 99.65
» [hb,g]=balreal(h)
a=

x1 x2 x3 x4
x1 -3.6014 -0.82121 -0.61634 -0.058315
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x2  0.82121 -0.59297 -1.0273
x3 -0.61634 1.0273  -5.9138
x4 0.058315 -0.090334 1.1272
b=
ul
x1 1.002
x2  -0.10641
x3 0.086124
x4 -0.0081117
CcC=
x1 x2 x3 x4
yl 1.002  0.10641
d=
ul
yl 0

Continuous-time model.

g:

0.1394
0.0095
0.0006
0.0000

» g
ans =

0.1394 0.0095 0.0006 0.0000
» hmdc=modred(hb,2:4,'mdc")

x1

x1  -4.6552

-0.090334

-1.1272
-4.4918

0.086124 0.0081117
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b=
ul
x1 1.1392
CcC=
x1
yl 1.1392
d=
ul
yl -0.017857

Continuous-time model.
» hdel=modred(hb,2:4,'del")

a=
x1
x1 -3.6014
b=
ul
x1 1.002
Cc=
x1
yl 1.002
d=
ul
yl 0

Continuous-time model.

» bode(h,'-',hmdc,'x',hdel,"*")
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K&t qua:

Bode Diagrams

From: U(1)
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Bai 3: (Trang 11-16 sach ‘Control System Toollbox’)
Xem zero-pole-gain (zero-cuc-do 16i) clia hé thong sau:
» sys=zpk([-10 -20.01],[-5 -9.9 -20.1],1)

Zero/pole/gain:
(s+10) (s+20.01)

(s45) (s+9.9) (s+20.1)

»

» [sys,g]=balreal(sys)

a=
x1 x2 x3
xl  -4.9697 0.2399 -0.22617
x2  -0.2399 -4.2756 9.4671
x3 -0.22617 -9.4671  -25.755
b=
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ul
x1 1
x2 0.024121
x3  0.022758
C=
x1 x2 x3
yl I -0.024121 0.022758
d=
ul
yl 0

Continuous-time model.

g:

0.1006
0.0001
0.0000

» g
ans =

0.1006 0.0001 0.0000
» sysr=modred(sys,[2 3],'del")

x1
x1 -4.9697
b=
ul
x1 1
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x1
yl 1
d=
ul
yl 0

Continuous-time model.

» zpk(sysr)

Zero/pole/gain:
1.0001

(s+4.97)
» bode(sys,'-',sysr,'x")

Bode Diagrams

From: U(1)

Phase (deg); Magnitude (dB)

To: Y(1)

-100

10°

10" 10?
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Bai 4: Trich tir trang 55 sdch ‘Huéng din sit dung MATLAB’ tic gid Nguyén Vin

Gidp.
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V& bi€u db nyquist cia hé thong:
H(s) = (s+4)/(s* + 35 — 8)

» num=[1 4];

» den=[1 3 -8];

» nyquist(num,den);

Nyquist Diagrams

From: U(1)
0.3
0.2 - 4
0.1 1 4
2
x
< 04 1
> -
®© >
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Q@ F 01t i
E
-0.2 | 4
03| 1
-04 | | | | | | 1 1 1 1
-1 -0.9 -0.8 -0.7 -0.6 -0.5 -0.4 -0.3 -0.2 -0.1 0
Real Axis

Bai 5: Trich trang 11-147 sdch ‘Control System Toolbox’
Vé ddp tng Nichols clia hé thdng c6 ham truyén:
—4s* + 485 —18s? + 250s + 600
s +30s + 2825 + 5255 + 60

» H=tf([-4 48 -18 250 600],[1 30 282 525 60])

H(s) =

Transfer function:
-4 sM 4+ 48 s73 - 18 s72 + 250 s + 600

s™ 4+ 30 s"3 + 282 "2 + 525 s + 60
Nichols(H)
ngrid
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Nichols Charts

From: U(1)
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Bai 6: Trang 131 sach ‘Ung dung MATLAB trong diéu khién ty dong’ tic gii
Nguyén Vin Gidp.
Trén gidn dd Nichols v& dudng cong logarit bién dd — pha ctia ham truyén hé thong

k

H(s) =
S*+525%+100s

» k=438;
» num=k;
» den:[l 52 100 O];
»w=.1:.1:10;
» [mag,phase]=bode(num,den,w);
» ngrid,

K&t qua:
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NHOM LENH VE PAP UNG THOI GIAN
(Time Response)

1. Lénh IMPULSE
a) Cong dung:

Tim dap &ng xung don vi.
b) Cu phép:

[y,x,t] = impulse(a,b,c,d)

[y,x,t] = impulse(a,b,c,d,iu)

[y,x,t] = impulse(a,b,c,d,iu,t)

[y,x,t] = impulse(num,den)

[y,x,t] = impulse(num,den,t)
¢) Gidi thich:

Lénh impulse tim ddp ¢ng xung don vi cia hé tuyén tinh. N&éu bd qua cdc doi
s6 bén trdi thi 1énh impulse sé vé ra ddp ng xung trén man hinh.

impulse(a,b,c,d) tao ra chudi do thi ddp ng xung, mdi d6 thi Gng vdi mot mdi

quan hé vao ra ctia hé lién tuc LTI:

x=Ax +Bu
y=Cx+ Du

v4i vector thdi gian dugce xdc dinh tu dong.

impulse(a,b,c,d,iu) tao ra ddp ng xung tir ngd vao duy nhit iu tdi toan bd cic
ngd ra ctia hé thdng vé6i vector thdi gian dudc xdc dinh ty dong. iu 1a chi s6 ngd vao
clia hé thong va chi ra ngd vao nao dugc dung cho dép ng xung.

impulse(num,den) tao ra dd thi ddp ng xung clia da thitfc ham truyén:

G(s) = num(s)/den(s)

trong d6 num va den chifa cdc hé s6 da thifc theo chiéu gidm din s6 mii cda s.

impulse(a,b,c,d,iu,t) hay impulse(num,den,t) dung vector thdi gian t do ngudi
st dung quy dinh. Vector t chi dinh nhitng thdi di€ém ma ddp ¥ng xung dugc tinh va
vector t phi dugc chi chia thanh c4dc khodng déu nhau.

N&u gitt cdc doi s6 bén trai:

[y,x,t] = impulse(a,b,c,d)

[y,x,t] = impulse(a,b,c,d,iu)

[y,x,t] = impulse(a,b,c,d,iu,t)

[y,x,t] = impulse(num,den)

[y,x,t] = impulse(num,den,t)

khong vé ra cdc db thi ma tao ra cdc ma trin ddp Ung trang thdi va ddp ng
ngd ra clia hé thong va vector thdi gian t. Ma trAn y va x chita cdc ddp tng trang thdi
va ddp ng ngd ra clia hé thdng dudc xdc dinh tai nhitng thdi di€m t. Ma trin y c6 s6
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cot 12 sd ngd ra va mdi hing tng véi mdt thinh phin trong vector t. Ma tran x cé s6
cOt 12 s6 trang thdi vd mdi hang ng véi mot thanh phan trong vector t.
d) Vi du: (Trich tir trang 11-95 sach ‘control System Toolbox’)
VE& ddp tng xung cliia hé khong gian trang thdi bic 2 sau:
xi|_[-05 -08)x] [1]
08 0 ||x,| |0

X2 |

y=[19 65{? +[o]u

2

% Khai bdo hé thong:
a=[-0.5 -0.8;0.8 O0];

b=[1;0];
c=[1.9 6.5];
d=[0];

9% V€& dap trng xung:
impulse(a,b,c,d); title(‘Dap ung xung’) (dit tiéu dé cho do thi)
va cudi cling ta nhan dugc dd thi ddp dng xung nhu sau:

Impulse Response
Dap ung xung

Amplitude

] ] 10 15 20 25

Time [sec.)

2. Lénh DIMPULSE
a) Cong dung:
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Tim ddp &ng xung don vi cia hé gidn doan.
b) Cu phép:
[y,x] = dimpulse(a,b,c,d)
[y,x] = dimpulse(a,b,c,d,iu)
[y,x] = dimpulse(a,b,c,d,iu,n)
[y,x] = dimpulse(num,den)
[y,x] = dimpulse(num,den,n)
¢) Gidi thich:
Lénh dimpulse tim ddp ¢ng xung don vi cia hé tuyén tinh gidn doan. Néu b
qua cdc do6i s6 bén trdi thi thi 1énh dimpulse sé& vé ra ddp (rng xung trén man hinh.
dimpulse(a,b,c,d) tao ra chudi dd thi ddp @ng xung, mdi db thi dip tng vdi mot
mdi quan hé vao ra ctia hé gidn doan LTI:
x[n + 1] = Ax[n] + Bu[n]
y[n] = Cx[n] + Du[n]
véi s6 diém 18y miu dugc xdc dinh ty dong.
dimpulse(a,b,c,d,iu) tao ra db thi ddp ng xung tir ngd vao duy nhat iu t6i toan
bd cdc ngd ra clia hé thdng v6i s6 diém 14y miu duge xdc dinh ty dong. iu 1a chi s6
ngd vao cia hé thong va chi ra ngd vao nao dudc diing cho ddp tng xung.
dimpulse(num,den) tao ra dd thi ddp &ng xung ctia da thifc hAm truyén:
G(z) = num(z)/den(z)
trong d6 num va den chita cdc hé so da thitc theo chiéu gidm dan s6 mii cla z.
dimpulse(num,den,n) hay dimpulse(a,b,c,d,iu,n) ding s6 di€m 14y miu n do
ngudi st dung chi dinh.
Néu giit cdc doi s6 bén trai:
[y,x] = dimpulse(a,b,c,d)
[y,x] = dimpulse(a,b,c,d,iu)
[y,x] = dimpulse(a,b,c,d,iu,n)
[y,x] = dimpulse(num,den)
[y,x] = dimpulse(num,den,n)
khong vé ra cdc dd thi ma tao ra cdc ma trin ddp Gng ngd ra va ddp Gng trang
thdi clia hé théng. Ma trin y va x chita cdc ddp ng trang thdi va ngd ra clia hé thong
dudc x4dc dinh tai nhitng di€m 14y mau. Ma tran y ¢6 s6 cot 13 s6 ngd ra. Ma trin x c6
s6 cdt 1a s6 trang thai.
d) Vi du:
Vé dap ng xung clia hé gidn doan c6 ham truyén sau:
2z +3.4z+1.5
z2-1.6+0.8

H(z)=

num=[2 -3.4 1.5];

den=[1 -1.6 0.8];

dimpulse(num,den); title(‘Dap ung xung he gian doan’)

va cudi cling ta dudc d6 thi ddp ng xung hé gidn doan nhu sau:
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Impulse Response
Dap ung xunyg he gian doan
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3. Lénh INITIAL

a) Cong dung:

Tim d4p tng diéu kién ban dau.
b) Ci phdp:

[y,x,t] = initial(a,b,c,d,x0)

[y,x,t] = initial(a,b,c,d,x0,t)
¢) Gidi thich:

Lénh initial ding d€ tim dap &ng clia hé tuyén tinh lién tuc Gng véi diéu kién
ban diu cla céc trang thdi. N&u bd qua cdc ddi sd & bén trdi thi 1énh initial s& vé& ra
ddp tng diéu kién ban diu trén man hinh.

initial(a,b,c,d,x0) v& ra dd thi ddp @ng diéu kién ban dau cla tit c4 cdc ngd ra clia
hé lién tuc LTI:

x=Ax + Bu
y=Cx+Du
véi vector thdi gian dudce xdc dinh tu dong. x0 14 vector trang th4i ban dau.
initial(a,b,c,d,x0,t) v& ra db thi dap tng ban dau vdi vector thdi gian t do ngudi st
dung xdc dinh. Vector t s& chi ra nhitng thdi diém ma tai d6 ddp Gng dicu kién ban
dau dugc tinh.
Néu st dung cdc d6i s6 & v€ trdi ciia dong 1énh thi:
[y,x,t] = initial(a,b,c,d,x0)

Thuc hién: PHAM QU6C TRUONG  -39- GVHD: PHAM QUANG HUY




Khao sat itng dung MATLAB trong diéu khién tu dong

[y,x,t] = initial(a,b,c,d,x0,t)

s& khong vé ra cdc dd thi ddp (tng ma tao ra cdc ma trin ddp ng trang thdi x,
ddp tng ngd ra y va vector thdi gian t clia hé thdng d6i v6i diéu kién ban dau x0. Ma
trAn y va x chifa cdc ddp ing ngd ra va ddp dng trang thi clia hé thong dudgc tinh tai
thdi di€m t. Ma trin y c6 s6 cdt bing s6 ngd ra vd mdi hang ¢ng v6i modt thanh phan
trong vector t. Ma trin x ¢ s cOt biing s6 trang thdi va mdi cdt tng v6i mot thanh

phan trong vector t.
d) Vi du:

Vé dap ting diéu kién ban diu cla hé khong gian trang thdi bic 2 sau:

X1 | _

0.7814

y =[1.9691 6.4493][

vGi diéu kién ban dau x0 = [1

0]

Xy

~0.5572 —0.7814]
0

X, |

X, 1
+ u
x| |0
+ [O] u

% Khai bdo hé thong, diéu kién ban dau va truc thdi gian:

a=[-0.5572
b=[1;0];

c=[1.9691 6.4493];
d=1[0];

x0 =11 0];
t=0:0.1:20;

9% V& dap ang:
initial(a,b,c,d,x0,t)

title(‘Dap ung dieu kien ban dau’)

-0.7814 ;0.7814

01;
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Initial Condition Results
Dap ung dieu kien ban dau
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4. Lénh DINITIAL

a) Cong dung:

Tim ddp Gng diéu kién ban dau clia hé gidn doan.
b) Ci phdp:

[y,x] = dinitial(a,b,c,d,x0)

[y,x] = dinitial(a,b,c,d,x0,n)
¢) Gidi thich:

Lénh dinitial dung d€ tim ddp Gng clia hé tuyén tinh gidn doan tng vdi diéu
kién ban ddu cla cdc trang thdi. N&u bd qua cdc d6i s6 & bén trdi thi 1énh dinitial s&
vé ra ddp tng diéu kién ban dau trén man hinh.

dinitial(a,b,c,d,x0) v& ra do thi ddp ng di€u kién ban diu cla tit ci cdc ngd ra

ctia hé gidn doan LTI:

x[n + 1] = Ax[n] + Bu[n]
y[n] = Cx[n] + Du[n]
véi s6 di€m 14y miu dugc xdc dinh ty dong. x0 12 vector trang thdi ban diu.
dinitial(a,b,c,d,x0,n) v& ra db thi ddp ¢ng ban ddu vdi s6 di€ém 1y miu n do ngudi
st dung xdc dinh.

Né&u st dung cdc d6i s6 & v€ trdi ciia dong 1énh thi:

[y,x] = dinitial(a,b,c,d,x0)

[y,x] = dinitial(a,b,c,d,x0,n)
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s& khong vé ra cdc d6 thi ddp tng ma tao ra cdc ma trin ddp Ung trang thdi x,
ddp Gng ngd ra y cla hé thdng ddi véi diéu kién ban dau x0. Ma trin y c6 s6 cdt bing
s6 ngd ra va ma trin x c6 s0 cOt bing sd trang th4i.

d) Vidu:
V& ddp tng diéu kién ban diu ctia hé khong gian trang thai bac 2:

X,[n+1] _|=0.7497 -0.2027)| x,[n] N —4.1841

— u
X2 [n+1] 1 0 X,[n]| |—-6.5049
y=[3.9321 o]{x1 ["]}
x,[n]
v6i diéu kién ban dau x0 =1 0]

a=[-0.7497 -0.2027 ;1 R
b=[-4.1841; -6.5049];
c=[3.9321 0];

d=[0];

dinitial(a,b,c,d,[1 oD;

title(‘Dap ung dieu kien ban dau cua he gian doan’)

Initial Condition Resulis
Dap ung dieu kien ban dau cua he gian doan
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S. Lénh LSIM
a) Cong dung:
Mb phdng hé théng lién tuc véi cdc ngd vao tuy y.
b) Cu phép:
[y,c] =Isim(a,b,c,d,u,t)
[y,c] = Isim(a,b,c,d,u,t,x0)
[y,c] = Isim(num,den,u,t)
¢) Gidi thich:
Lénh Isim diing &€ md phdng hé tuyén tinh lién tuc véi cic ngd vao tiy y.
Néu bd qua cdc d6i s6 8 v€ trdi clia dong 1&énh thi 1énh Isim vé ra ra d thi trén
man hinh.
Cho hé khong gian trang thai LTI:

x=Ax +Bu
y=Cx+Du

Isim(a,b,c,d,u,t) vé& ra do6 thi dap tng thdi gian cda hé thdng véi ngd vao thoi
gian ban dau nim trong ma tran u. Ma trin u phdi c6 so cot biing s& ngd vao u. Mdi
hang clda ma trin u tuong ¥ng v6i mot thdi gian mdi va ma tran u phdi c6 s6 hang la
length(t). Vector t chi ra truc thdi gian cho qua trinh m6 phdng va phai chia thanh cac
doan bing nhau. N€u ding thém ddi s6 x0 & v€ phai thi 1énh Isim(a,b,c,d,u,t,x0) sé&
chi ra diéu kién ban dau cla cdc trang thai.

Isim(num,den,u,t) vé& ra ddp &ng thdi gian cia ham truyén da thifc:

G(s) = num(s)/den(s)

trong d6 num va den chita cdc hé s6 da thitc theo chiéu gidm din s6 mii cda s.

Né&u gitf lai cidc doi sd & v€ trdi thi:

[y,c] =Isim(a,b,c,d,u,t)

[y,c] = Isim(a,b,c,d,u,t,x0)

[y,c] = Isim(num,den,u,t)

s& khong vé ra cdc do thi dap ng ma tao ra cdc ma trin y va X, trong dé ma
trAn y 12 dap ¢ng ngd ra va ma trin x 1a d4p dng trang thdi ctia hé thong. Ma trin y c6
s6 cdt bing s& ngd ra y va mdi hang ng véi mot hang clia ma trin u. Ma trdn x c6 s&
cOt biing s6 trang thai x va mdi hang ng v6i mot hing clia ma tran u.

d) Vi du: (Trich tr trang 11-127 sach ‘Control System Toolbox’)

Mo phdng va vé do thi ddp Gng clia hé thong c6 ham truyén:

25° + 55 +1

H(s)=
() s2+25+3

v6i chu ky s6ng vudng 1a 10s.
nuim=[2 5 1];
den=[1 2 3];
t=0:1:10;
period = 4;
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u = (rem(t,period)) >= period./2);
Isim(num,den,u,t); title(‘Dap ung cua song vuong’)
va ta dudc dd thi ddp ng clia hé nhu sau:

Linear Simulation Results
Dap ung cua song vuohg
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6. Lénh DLSIM
a) Cong dung:

Mo phdng hé thong gidn doan véi cdc ngd vao tiy §.
b) Ci phdp:

[y,c] = dlsim(a,b,c,d,u,t)

[y,c] = dlsim(a,b,c,d,u,x0)

[y,c] = dlsim(num,den,u)
¢) Gidi thich:

Lénh Isim diing € mo phéng hé tuyén tinh gian doan vdi cdc ngd vio tuy y.

Né&u bd qua cdc ddi s6 & v& trdi cda dong 1énh thi 1énh dlsim vé ra ra do thi
trén man hinh.

Cho hé khong gian trang thai LTI:

x[n + 1] = Ax[n] + Bu|[n]
y[n] = Cx[n] + Du[n]

dlsim(a,b,c,d,u) vé& ra dd thi ddp ng thdi gian clia hé thdng vdi ngd vao thdi

gian ban dau nim trong ma tran u. Ma trin u phdi c6 s6 cot biing s& ngd vao u. Mdi
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hang cla ma trin u tuong ¥ng v4i mot thdi di€ém mdi. Néu ding thém ddi s6 x0 & vE&
phdi thi Iénh Isim(a,b,c,d,u,x0) s& chi ra diéu kién ban dau clia cdc trang thdi.

Isim(num,den,u) vé& ra d4p ¢ng thdi gian clia hAm truyén da thic:

G(z) = num(z)/den(z)

trong d6 num va den chita céc hé sd da thitc theo chiéu gidm dan s& mil cda s.

Néu gitt lai cdc doi sd & v€ trdi thi:

[y,c] = dlsim(a,b,c,d,u)

[y,c] = dlsim(a,b,c,d,u,x0)

[y,c] = dlsim(num,den,u)

s& khong vé ra cdc do thi ddp ng ma tao ra cdc ma trin y va x, trong dé ma
trin y 12 d4p ng ngd ra va ma trin x 12 d4p @ng trang thdi clia hé thdng. Ma trin y c6
s6 cOt biing s& ngd ra y va mdi hang ng véi mot hang clla ma trAn u. Ma trdn x ¢ sO
cOt biing s6 trang thdi x va mdi hang ng véi mot hing clia ma tran u.

d) Vi du:

Mb phdng dap ng clia hé thdng gidn doan c6 ham truyén:
2z =3.4z+15
2> —1.6z+0.8
v6i 100 mAu clia nhiéu ngiu nhién.
num=[2 -34 1.5];
den=[1 -1.6 0.8];
rand(‘nomal’)

u =rand(100,1);

dIsim(num,den,u)

title(‘Dap ung nhieu’)

va ta dudc dd thi ddp ng clia hé nhu sau:

H(z)=
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Linear Simulation Results
Dap ung nhieu
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7. Lénh STEP
a) Cong dung:

Tim ddp ng nic don vi.
b) Cd phép:

[y,x,t] = step(a,b,c,d)

[y,x,t] = step(a,b,c,d,iu)

[y,x,t] = step(a,b,c,d,iu,t)

[y,x,t] = step(num,den)

[y,x,t] = step(num,den,t)
¢) Gidi thich:

Lénh step tim ddp ng nic don vi ca hé tuyén tinh lién tuc.

Néu bd qua cdc ddi s6 & v€ trdi clia dong 1énh thi 1énh step vé ra ddp dng nic
trén man hinh.

step(a,b,c,d) vé ra chudi dd thi ddp &ng nic, mdi do thi tuong ¢ng véi madi quan
hé gitta mot ngd vao va mot ngd ra ctia hé lién tuc LTI

x=Ax +Bu

y=Cx+Du

véi vector thdi gian dugc xdc dinh ty dong.
step(a,b,c,d,iu) vé& ra dd thi d4p ng nic tif mot ngd vao duy nhit téi tat cd cic
ngd ra cla hé thong vdi vector thdi gian dugc xdc dinh ty dong. Pai lugng vo6 huéng iu
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1a chi s6 ngd vao clia hé thong va né chi ra ngd vao nao dudc sit dung cho ddp tng
xung.

step(num,den) vé& ra dd thi ddp ng nic clia ham truyén da thic:

G(s) =num(s)/den(s)

trong d6 num va den chita céc hé sd da thifc theo chiéu gidm dan s& mii cda s.

step(a,b,c,d,iu,t) hay step(num,den,t) ciing vé ra didp ng nic clia hé khong
gian trang thdi hay ham truyén véi vector thdi gian t do ngudi st dung xdc dinh.
Vector t chi ra nhitng thdi di€ém ma tai d6 dap ng nac dugc tinh va vector t phdi dudc
chia thanh nhitng doan déu nhau.

Néu giit lai cdc d6i s6 & v€ trdi cia dong 1énh thi:

[y,x,t] = step(a,b,c,d)

[y,x,t] = step(a,b,c,d,iu)

[y,x,t] = step(a,b,c,d,iu,t)

[y,x,t] = step(num,den)

[y,x,t] = step(num,den,t)

khong vé ra cdc do thi ddp G’ng ma tao ra cdc ma tran ddp G’ng ngd ra y va ma
trin ddp ng trang thai x ciahé thdng dudc x4c dinh tai nhitng thdi di€m t. Ma trin y
c6 s0 cot biing sd ngd ra va mdi hing tng v6i mot thanh phan trong vector t. Ma tran
X ¢6 s6 cdt biing s trang thdi va mdi hang Gng vdi mot thanh phan trong vector t.
d) Vidu:

Vé d6 thi d4p ¢ng nic clia hé khong gian trang thai bic 2 sau:

v | [-05572 -0.7814|[ x, | [1
= +| |u
07814 0 ||x,] |0

X2 _

y=[1.9691 6.4493][)61 +[0]u
xz_
a=[-05572 -0.7814;0.7814 0l
b=[1;0];
c=[1.9691 6.4493];
d=[0];

step(a,b,c,d); title(‘Dap ung nac’)
va ta dugc dd thi ddp ng nac clia hé thdng nhu sau:
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Steg Response
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8. Lénh DSTEP
a) Cong dung:

Tim ddp Gng nic don vi clia hé gidn doan.
b) Cd phép:

[y,x] = dstep(a,b,c,d)

[y,x] = dstep(a,b,c,d,iu)

[y,x] = dstep(a,b,c,d,iu,n)

[y,x] = dstep(num,den)

[y,x] = dstep(num,den,n)
¢) Gidi thich:

Lénh dstep tim ddp ¢ng nic don vi cia hé tuyén tinh gidn doan.

Né&u bd qua cdc doi s6 § vé trdi clia dong 1énh thi 1énh dstep vé ra ddp ng nic
trén man hinh.

dstep(a,b,c,d) v& ra chudi @6 thi diap &ng nic, mdi dd thi tudng Gng vdi moi
quan hé gitra mot ngd vao va mdt ngod ra cua hé gidn doan LTI:

x[n + 1] = Ax[n] + Bu[n]
y[n] = Cx[n] + Du[n]

véi s6 di€ém 14y miu dugc xdc dinh ty dong.

dstep(a,b,c,d,iu) vé& ra dd thi ddp ng nic tir mot ngd vAo duy nhit téi tat cd
cdc ngd ra clia hé thong vé6i sd di€m 14y miu dugc xdc dinh ty dong. Pai lugng vo
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huéng iu 12 chi s& ngd vao ctia hé thdng va né chi ra ngd vao nao dugc st dung cho
dap @ng xung.
dstep(num,den) vé ra d6 thi d4p tng nic cia ham truyén da thifc:
G(z) =num(z)/den(z)
trong d6 num va den chita céc hé sd da thitc theo chiéu gidm dan s& mii cda s.
dstep(a,b,c,d,iu,n) hay dstep(num,den,n) ciing vé& ra ddp &ng nic clia hé khong
gian trang thai hay ham truyén vdi s6 diém 14y miu do ngudi st dung x4c dinh.
Néu giit lai cdc d6i s6 & v€ trdi ciia dong 1énh thi:
[y,x] = dstep(a,b,c,d)
[y,x] = dstep(a,b,c,d,iu)
[y,x] = dstep(a,b,c,d,iu)
[y,x] = dstep(num,den)
[y,x] = dstep(num,den,n)
khong vé ra cdc d6 thi ddp 'ng ma tao ra cdc ma trin ddp ’ng ngd ra y va ma
trAn ddp Ung trang thdi x cliahé théng. Ma trin y c6 sd cOt biing s6 ngd ra. Ma trin x
c6 sO cdt bing so trang thdi.

d) Vi du:
Vé dap tng nic clia hé gidn doan cla hé ¢6 ham truyén nhu sau:
2z =3.4z+15
H(z)=—;
z°—-1.6z+0.8

num=[2 -3.4 1.5];

den=[1 -1.6 0.8];

dstep(num,den)

title(‘Dap ung nac he gian doan’)

va ta dugc dd thi ddp ng nic clia hé nhu hinh bén:
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Step Response
Dap ung nac he gian doan
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9. Lénh LTITR
a) Cong dung:

Tim ddp ng thdi gian clia hé tuy€n tinh bAt bién.
b) Cd phép:

Ititr(a,b,u)

Ititr(a,b,u,x0)
¢) Gidi thich:

Lénh Ititr ding dé mé rong ddp &ng thdi gian clia hé tuyén tinh bat bi€n. N6
mo phong cho hé khong gian trang thai gidn doan:

x = Ititr(a,b,u) mG rong ddp ng cia hé gidan doan:

x[n + 1] = Ax[n] + Bu[n]

ddi v6i ngd vao u. Ma tran u phai c6 s6 cot bing s& ngd vao u. Mdi hang cia
ma trin u tuong &ng véi modt di€m thdi gian mdi.

Ititr tao ra ma trin x vGi s6 cdt bing s6 trang thdi x va c6 s6 hang 1a length(u).

Né&u thém vao v€ phdi dong 1énh tham s& x0 thi diéu kién ban diu s& dugc
thi€t 1ap vdi 1énh x = ltitr(a,b,u,x0)

10. Lénh FILTER

a) Cong dung:
Loc dir liéu v4i ddp ttng xung khong xac dinh hay ddp ttng xung xdc dinh.
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b) Ci phép:

y = filter(b,a,X)

[y,zf] = filter(b,a,X)

[y,zf] = filter(b,a,X,zi)

y = filter(b,a,X,zi,dim)

[...] = filter(b,a,X,[ ],dim)
¢) Gidi thich:

Lénh fiter loc dif liéu tuin ty sit dung bd loc s6 cho cdc ngd vao thyc va phifc.

y = filter(b,a,X) loc dif liéu trong vector X véi bd loc dugc mo td bdi vector hé s6
tlf s6 b va vector hé s& miu s6 a. N&u a(1) khong bing 1, bo loc sé chudn héa hé s&
loc bdi a(1). N&u a(1) bing 0 thi s& bdo 15i.
Néu X 12 mdt ma trin, bd loc sé thuc hién trén cdc cdt cia X. Néu X 13 mot

mang da chiéu, bo loc sé& thuc hién theo chiéu duy nhat.

ly,zf] = filter(b,a,X) tao ma tran diéu kién cudi ciing zf ctia bd tré. Ngo ra zf 12
mot vector clia max(size(a),size(b)) hoic mot tip hdp cic vector véi mdi vector 1a
mot cOt cia X.

ly,zf] = filter(b,a,X,zi) chip nhan diéu kién ban dau zi va tao ra di€u kién cudi
cing cudi cung zf clia bd loc tré. Ngd vdo zi 1a mot vector c6 kich thudc
length(a),length(b)) — 1.

y = filter(b,a,X,zi,dim) va [...] = filter(b,a,X,[ ],dim) thyc hién loc theo chiéu
dim.
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CAC BAITAP VE PAP UNG THOI GIAN

Bail: Lénh pade: Tinh todn sdp xi
Bainay trich tir trang 11-66 sdch ‘Control System Toollbox’
» pade(0.1,3)

Step response of 3rd-order Pade approximation

1.5 :

1

0.5

0

Amplitude

-0.5

1 L 1 1 1
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18

Time (secs)
Phase response

-200

-400

-600

Phase (deg.)

-800

-1000 - ‘ ‘ S

Frequency (rad/s)

Bai 2: Trich tir trang 11-24 sach ‘Control System Toollbox’
s-1

$2+4s +5
» H=tf([1 -1],[1 4 5],'inputdelay',035)

Transfer function:
s-1
exp(-35%s) * —mmmmmmmmeeen
"2 +4s+5

» Hd=c2d(H,0.1,'foh")

Transfer function:

10°
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0.04226 22 - 0.01093 z - 0.03954
A 5 1) A —
72 - 1.629 z + 0.6703

Sampling time: 0.1
» step(H,'-",Hd,'--")

Step Response
From: U(1)
0.15 :

0.1 1

0.05

-0.05 -

Amplitude
To: Y(1)

02 L Ll

Time (sec.)

25>+ 5s + 1

2+2s+3
Bai 3: Trang 11-127, H(s) = s-1
s2+s+5
» [u,t]=gensig('square',4,10,0.1);
» H=[tf([2 5 1],[1 2 3]);tf([1 -1],[1 1 5])];
» Isim(H,u,t)
K&t qua:
Bai tdp nay dudc trich tir trang 11-127 sdch ‘Control System Toolbox’
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Linear Simulation Results

To:Y(1)

Amplitude

To: Y (2)

Time (sec.)

Bai 4: Dung 1&énh Isim, trich tir trang 11-130 sidch ‘Control Systen Toollbox’

Dich dé: V& d4p tng khau bic 2 clia ham truyén sau:

2
(Q)

h(s) =
S+25+ @
o =62,83
» w2=62.83/2

w2 =
3.9476e+003

» h=tf(w2,[1 2 w2]);

» t=0:0.1:5; 9ovector of time sample:
» u=(rem(t,1)>=0.5); %square ware value
» Isim(h,u,t)

K&t qua:
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Linear Simulation Results

0.5+ 4

Amplitude
To: Y(1)

Time (sec.)

Bai 5: Trang 11-131 siach ‘Control Systen Toollbox’
Ta Idy s6 liéu bai 24 nhung thdi gian miu la 0,1.

Chuong trinh:
» W2=62.8372;
» hd=c2d(h,0.1);

» t=0:0.1:5; 9ovector of time sample:
» u=(rem(t,1)>=0.5); %square ware value
» 1sim(hd,u,t)
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Linear Simulation Results

0.7

0.6 |-

0.5

0.4

Amplitude
To: Y(1)

0.3 -

0.1

Time (sec.)

Bai 6: Trang 11-132 siach ‘Control Systen Toollbox’
Ciing 14y s6 liéu 2 bai trén.

» wW2=62.832;

» h=tf(w2,[1 2 w2]);

» t=0:0.1:5; Y%vector of time sample:

» u=(rem(t,1)>=0.5); %square ware value

» hd=c2d(h,0.1);

» Isim(h,'b--",hd,'r-",u,t) %
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Linear Simulation Results

2 ‘\ : :
H‘ N
I 1 O TP TP TP T
il
| \Il\ | H ;U ]\ J\ | JHHH
R S 1
: i | 1
G Wby ik
° A T T
s e \11 | i llf \J’ | i ’/ \f[ | \vl |

Bai 7: Trich tir trang 46 sich “itng dung matlab trong diéu khié€n ty dong’
Phuong trinh bi€n trang thdi ctia hé thdng tuy€n tinh b4t bi€n theo thdi gian 1a:
Chuong trinh dugc viét trong file.m:

%function [yout,x] = Isim(A, B, C, D, U, t, x0)

%Phuong trinh bien trang thai cua mot he thong tuyen tinh
% bat bien theo thoi gian la:

% .

% x1

% . 010 x1 1

% {(x2}={0 0 1} {x2} +{1}r(®)
% . -6-11 -6 x3 1

% x3

% 1

% y=[1 1 0]x, x(0)= 0.5

% -0.5

% Xac dinh x(t),y(t) khi r(t) la ham bac don vi
hold on

grid on

A=[010001;-6 -13 -6];
B=[1;1;1];%xac dinh vi ban dau va hinh dang cua do thi x1,y,x2,x3
C=[110];
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D=0;

x0=[1 .5 -.5]; %vecto hang dieu kien ban dau

t=0:.05:8; %buoc nhay

U=ones(1,length(t));%tao vecto hang u(t)

[x,y]=Isim(A,B,C,D,U,t,x0);

plot(t,x,t,y)

title('BAI GIAI BT15")

xlabel('Thoi gian-giay")

text(3.8,1.8,'y"),text(3.8,2.6,'x1");%Canh vi tri cua y va x1 tren do thi
text(3.8,-0.6,'x2"),text(3.8,-1.4,'x3")%Canh vi tri cua x2 va x3 tren do thi

BAI GIAIBT15

Thoi gian-giay

Bai 9: trich tif trang 48 sdch tdc gid Nguyén Vin Gidp.
Ciing v6i yéu cau nhu bai 28, nhung r(t)=sin(2ITt).
Chuong trinh soan trong file.m:

%function [yout,x] =Isim(A, B, C, D, U, t, x0)

%BT16:Ve do thi y(t),x(t) cua bai BT15 neu r(t)=sin(2pit)

A=[010001;-6-11-6];

B=[1;1;1];C=[1 1 0];D=0;
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x0=[1.5-.5]; 9%vecto hang dieu kien ban dau
t=0:.05:4; Y%buoc nhay

r=sin(2*pi*t);

[v,x]=Isim(A,B,C,D,r,t,x0);

plot(t,x,t,y)

title('BAI GIAI BT16")

xlabel('Thoi gian-giay')

text(3.8, 1.8,'y"),text(3.8, 2.6,'x1")

text(3.8, -8,'x2"),text(3.8, -1.4,'x3")

BAI GIAIBT16

-2 1 ! ! ! I I I
0 0.5 1 1.5 2 2.5 3 3.5 4

Thoi gian-giay

Bai 10: Xét ham truyén sau:
s+10
Gle) = —2+=Y
s®+8s+25
Pé€ tinh ddp Gng budc ciia hé thdng nay ta diing ciu tric nhu sau:
[out,state,tt]=step([1 10],[1 8 25])

Gia st ta mudn phan tich mot ddp @ng budc cia hé thdng thay ddi, vdi zero cla
ham truyén thay d6i nhung do 1gi dc (dc gain) clia hé thong khong ddi, d€ giit lai cho
hé thdng cling miu va thay d6i hé sd clia s& hang dau trong da thic cla ti,tdc 1 hé

N N oA N . N N~ RGN .
sO cua s, vi vy ma dc gain 1a hang s6 va zero thay doi.
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Vi du : hé thong nhu vi du trén nhung s& hang ban ddu cda da thic & ti s thay d6i
thanh (-4,-2,-1,0,1,2,4)

Ta thuc hién trong ctra s6 1énh ctia matlab nhu sau:

»coef=[-4-2-10124];

» den=[1 8 25];

» [y,x,t]=step([coef’ 10*ones(length(coef),1)],den);

» mesh(coef,t,y)

K&t qua nhu hinh:

Hinh 3.7: So sdanh giita cic ddp ing step

Bai 11: dap d@ng xung (impulse)
Vi du hé théng c¢6 ham truyén sau:

Gle) = — s+10
S®+2s+25
Vé dép tng xung clia hé thong:
impulse([1 10],[1 2 25])
Gia st ta mudn phan tich ddp ng xung thay ddi nhu th& nao khi zero ctia ham
truyén thay ddi, khong thay ddi dc gain cdia hé thong. gidng nhu vi du & phan trudc ta
6 :
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»coef=[-4-2-10124];

» den=[1 2 25];

» impulse([coef’ 10*ones(length(coef),1)],den);
K&t qua nhu hinh sau:

Amplituce
To: Y¥OF o YOE o YUaho: Y4 o YO3ano Y U2 o Y1)

Bai 12: Trich tu trang 716 sach ‘The Student Edition of MATLAB’
Dich dé: Thi€t k&€ 1 khau gom 10 bd loc clia ddi bing truyén ngang c6 tan so tir

P I L R e R R e B e B R e B e L R B
: : :

ImpUISE RESpDﬂSE
Frarm: i1

Time (sec.’

100 d&n 200 Hz va vé ddp ttng xung clia né:
» n=5;wn=[100 200]/500;
» [b,a]=butter(n,wn);

» [y,t]l=impz(b,a,101)

» stem(t,y)
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0.2 :

0.2+ 0} -

0 10 20 30 40 50 60 70 80 90 100

Bai 13: D4dp ing tirng ngo vao
Mot van dé tdng quat hon 1 ta c6 thé tinh dudc tin hiéu ngd ra clia hé thdng
LTI v6i mot tinh hiéu ngd vao khong ddong nhat.
Vi du nhu hé thdng bac nhat sau:

X=-X+U
y=X

Hé thong nay bi tic dong vdi mot tin hiéu ngd vao hinh sin ¢é tin sd 12 1Hz, tin
hiéu ngd ra thu dudc bdi cau tric:

>> freq=1; t=0:0.05:10;

>> u=sin(2*pi*freq*t); Isim(-1,1,1,0,u,t)
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K&t qua 12 hinh sau:

Linear Simulation Results

0.3

0.2r

01 r

Amplitude
T 1]

01 F

0z L L L L
1] 2 4 G g 10

Time fsec.’

Hinh : Bap Gng tung ngd vao
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Thyc hién: PHAM QUOC TRUONG
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VE GIAN PO BODE, NyQuist, Nichols

LY THUYET:

Gidn dd Bode gém hai @6 thi: P thi logarith bién dd clia ham truyén va géc
pha theo logarith tan s8. (mdt don vi § truc hoanh goi 12 mdt decade).

Bién d6 : | G(jw) |45 =20logio | G(jo) | (2.22)
Pha Cp= /Gg jo) (hay arg G(jw)) (2.23)

Gidn @6 Bode ctia cdc khiu co ban:
* Khau khué&ch dai:
Ham truyén dat G(s) = K

Gian db Bode L(o) = 20 IgM(w) = 20 IgK 12 1 dudng thing song song v4i truc
hoanh.

* Khau quén tinh bac 1:

Ham truyén dat G(s) =
Y Ts+1

Biéu dd Bode L(®) = 20 1gM(®) = 20 IgK — 20IgVT?0* +1  c6 do doc
giam
—20dB/decade
* Khau vi phan bac 1:

Ham truyén dat G(s) = K(Ts + 1)

Gién dd Bode L(w) = 20 IgM(w) = 20 IgK + 20lgV/T?@” +1 ¢6 do doc ting
20dB/decade
* Khau tich phén:

N K
Ham truyén dat G(s) = —
S

Gian @6 Bode L(®) = 20 IgM(w) = 20 IgK — 201gn
* Khau bac 2:

2
. w

Ham truyen dat G(s) = — L >

s°+2ew,5 + o,

Gidn db Bode L(o) = -20lg +(1- 0’ ) +4&%0’

Thuc hién: PHAM QU6C TRUONG -1- GVHD: PHAM QUANG HUY




Khao sat itng dung MATLAB trong diéu khién tu dong

BAI TAP
Bai 1:
V& gidn d6 Bode hé thdng hdi ti€p don vi ctia ham truyén vong hé sau:
10
GES)= ————
s(1+0.1s)
» num = 10;
»den= [0.110];
» bode(num,den)
K&t qua:
Bode Diagrams
40
20
@ 0
()
= 20
=
S -40
=
> —
< -100
[0]
@ -120
ey
o
-140
-160
10" 10 10’ 10°
Frequency (rad/sec)

Hé thong gdm 1 khau khuéch dai bing 10, mot khau tich phan va mot khau
qudn tinh bac 1

Tan s6 gay: 10.

| GGw)|as = 20dB — 20logw

Tai tin s6 o = lrad/sec | G(jw)|qz = 20dB va d6 doc —20dB/decade (do khiu
tich phan).
D6 ddc —20dB/decade ti€p tuc cho d&n khi gip tin sd cit o = 10rad/sec, tai tAn s&
nay ta cong thém —20dB/decade (do khiu quén tinh bic nhat) va tao ra do ddc -
40dB/dec.

Thuc hién: PHAM QU6C TRUONG -2- GVHD: PHAM QUANG HUY




Khao sat itng dung MATLAB trong diéu khién tu dong

Bai 2:
_ 10° (s +100)
(s +1)(s +10)(s +1000)

G(s)

» num = 100000*[1 100];
»den=[1101111010 10000];
» bode(num,den)

K&t qua:
Bode Diagrams
-

50

g 0
[
©
2

S 50
@©
=
=
(]
Tz

o -50
©
c
o

-100

\—//\
-150
10" 10° 10’ 10° 10° 10
Frequency (rad/sec)

Hé thong gdm mot khau khué&ch dai 10°, mot khau vi phan bac nha't va 3 khau
qudn tinh bac 1.

Tén s6 gdy: 1,10,100,1000.

| G(jW)’dB‘W: 0= 60dB

Tai tAn s6 gdy ® = lrad/sec c6 dd 1gi 60dB va dd déc —20dB/decade (vi khau
qudn tinh bac 1). Pd doc —20dB/decade dugc ti€p tuc dén khi gip tin sd gy o =
10rad/sec tai ddy ta cong thém -20dB/decade(vi khau quén tinh bic 1), tao ra do6 ddc
—40dB/dec. Pd doc - 20dB & tan s6 = 100rad/dec (do khau vi phan bac 1). Tai tin
s6 gy o = 100rad/sec ting 20dB (vi khau vi phan bac 1). Tao ra do doc c6 do doc -
20dB.
Tai tin s6 gdy o = 1000rad/sec gidm 20dB (vi khidu quén tinh bac 1). Tao ra dd doc -
40dB.
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Bai3:
10

G - -
® s(1+0.1s)?

» num = 10;
»den=[0.01 0.2 1 01;
» bode(num,den)

K&t qua:
Bode Diagrams

40

20

—~ 0
m
z

s -20
©

2 -40
c

g 60
=

&  -100
A=
3

© -150
e
o

-200

-250

10" 10° 10’ 10°
Frequency (rad/sec)

Hé thdong g6m mdt khau khu€ch dai 10, mot khau tich phan va 1 thanh phﬁn
cuc kép.

Tan s6 gay: 10.

| G(Gw)|as = 20dB — 20logw

TAn s6 gdy nhd nhat » = 0.1 rad/sec tai tan s6 nay c6 dd I1gi 40dB va dod doc —
20dB (do khau tich phan). P ddc nay ti€p tuc cho t6i tin s6 gy kép o = 10. O tin s6
nay sé gidm 40dB/decade, tao ra do doc —60dB/dec.

Bai 4:
10%(s+10)

G(s) =
s(s+1)(s+100)
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» num = 100*[1 10];
» den =1 101 100 0];
» bode(num,den)

K&t qua:

Bode Diagrams

50

\

o
S

-100

-120

Phase (deg); Magnitude (dB)

-140

-160

10° 10" 10° 10" 10° 10°

Frequency (rad/sec)

Hé thong gdm mot khau khuéch dai 100, mot khau tich phan va 2 khau quédn
tinh bac 1, 1 khau vi phan.

Tan s6 gay: 1,10,100

| G(GW)|aBw =0 = 20log10 — 20log®

Ta chi xét trudc tan s6 gdy nhd nhat 1decade. Tai tan s6 gdy o = 0.1rad/sec c6
dd 1¢i 40dB va dd doc —20dB/dec, d6 doc —20dB/dec ti€p tuc cho dé&n khi gip tan sd
gdy o = lrad/sec, ta cong thém —20dB/dec (vi khidu qudn tinh bac 1) va tao ra do doc
—40dB/dec. Tai tin s& ® =10 sé& ting 20dB/dec (vi khau vi phan) tao ra do doc —
20dB/dec, dd doc —20db/dec dudc ti€p tuc cho d&€n khi gip tin sd gdyw = 100rad/sec
s& gidm 20dB/dec (vi khdu quén tinh bac 1) sé tao d6 doc —40dB/decade.

Bai 5: Bai nay trich tir trang 11-21 siach ‘Control System Toollbox’
V& gidn dd bode clia hé thong hoi ti€p SISO ¢6 ham sau:
S7+01.5+7.5
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S%2+0.125+9s>

» g=tf([1 0.1 7.5],[1 0.129 0 0]);

» bode(g)
Bode Diagrams
From: U(1)
40 :
20 b |
o 0L i
Z
S
E -20 b .
c
(@)}
© -40
=
> 0
()
)
[}
@ 50 | .
©
< =
& < 00l 1
5
}_
-150 | .
-200 L
107 10° 10"

Frequency (rad/sec)

Bai 6: Trang 11-153 sich ‘Control System Toolbox’
V& gian do bode clia hAm rdi rac sau, v6i thdi gian 14y miu 1a: 0,1.

73-2.8417°+2.8752-1.004
22+2.4172°+2.0032-0.5488
» H=tf([1 -2.841 2.875 -1.004],[1 -2.417 2.003 -0.5488],0.1);
» norm(H)
ans =

1.2438

» [ninf,fpeak]=norm(H,inf)

Thuc hién: PHAM QU6C TRUONG -6- GVHD: PHAM QUANG HUY




Khao sat itng dung MATLAB trong diéu khién tu dong

ninf =

2.5488

fpeak =
3.0844

» bode(H)

Bode Diagrams

From: U(1)
10

Phase (deg); Magnitude (dB)

To: Y (1)

-100 - y

-200 - s

-300 - i

-400 w w
10° 10°

Frequency (rad/sec)

» 20*log(ninf)
ans =

18.7127

Bai 7: Trich tit trang 5-18 sach ‘Control System Toolbox’
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Bai nay cho ta xem cong dung cia l1énh chia truc subplot
» h=tf([4 8.4 30.8 60],[1 4.12 17.4 30.8 60]);
» subplot(121)
K&t qua:
+ 'Figure Mo 1 H=] E3
File Edit Toolz ‘Window Help

DEEdS A A/ | B2Eo

0.9
0.8 r
0.7
0.6
0.5 %
0.4r
0.3
02

0.1

» h=tf([4 8.4 30.8 60],[1 4.12 17.4 30.8 60]);
» subplot(121)

» bode(h)

K&t qua:
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# 'Figure Mo. 1
File Edit Toolz ‘Window Help

=] E3

DS NA A/ 2RO

Bode Diagrams

From: LIi1)

=13

20

]

=20

Phase (deg); Magnitude (dB)

Aot

To: ¥(1)

-BO0 F

&0 :
107 10°

Freguency (rad/sec)

» h=tf([4 8.4 30.8 60],[1 4.12 17.4 30.8 60]);
» subplot(222)

» bode(h)

K&t qua:
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+ 'Figure Mo. 1 H=] E3
File Edit Toolz *window Help

loz@&@ x"A A/ @50

Bode Diagrarms

= From: LI(1)

e 20 :

=

=

a7 ]

1]

= -20 ;

= 100

E R

i

= - ”w

5o

& " aml . 1

o 10 10 10
[% Frequency (radisec)

» h=tf([4 8.4 30.8 60],[1 4.12 17.4 30.8 60]);
» subplot(121)

» bode(h)

» subplot(222)

» bode(h)

» subplot(224)

» bode(h)

K&t qua:
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# 'Figure Mo. 1 H=] E3
Eile Edt Toolz ‘Window Help
D& NA A/ BED
Bode Diagrams o Bode Diagrarms
[ = From: LIt
From; LUi1] “u_; a0 .
5 | E
T Oy
fay )
1]
= 20 :
=
— =
i =
= 2 = -
= = 107 10% 10"
= - Freguency (rad/sec)
i %%dee Eﬂra(grams
[ 20 E
= = From: LIi1)
e 20 r
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s T :
E —
60 1 = p -
-5 : oo .
107" 10° = = o .
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Khao sat itng dung MATLAB trong diéu khién tu dong

Biéu dd Nichols

Ly thuyét:

Cong dung: PE xic dinh dd 6n dinh va ddp ng tin s6 vong kin clia hé thong hdi
ti€p ta st dung bi€u @b Nichols. Sy 6n dinh dugc danh gid tir dudng cong vé mdi quan
hé clia do 1¢i theo dic tinh pha clia ham truyén vong hd. Pdng thsi ddp Gng tin s&
vong kin clia hé thdng cling dugc xdc dinh biing cich st dung dudng cong bién do va
dd di pha vong kin khong d6i phii 1én dudng cong bién d6 — pha vong hé.

Cu phdp:

[mod,phase,puls]= nichols(A,B,C,D);
[mod,phase,puls]= nichols(A,B,C,D,ui);
[mod,phase]= nichols(A,B,C,D,ui,w);
[mod,phase,puls]= nichols(num,den);
[mod,phase]= nichols(num,den,w);

Nhitng ciu tric trén cho do 16n 13 nhitng gid tri ty nhién, pha 1a do va vectd cia
di€m tan s& 12 rad/s. Sy tdn tai clia di€m tan s6 ma ddp ¢ng tan s& dudc dinh gid bing
vecto w, va ui 12 bi€n khai bdo vdi hé thdng nhiéu ngd vao.

Chii y:

+ khi st dung 1énh nichols v6i ciu triic khdng c6 bi€n ngd ra thi ta dugc biéu
dd nichols.
+ 1&€nh nichols ludn ludn cho pha trong khodng [-360°,0°]

Bai 8: cho hé thdng ¢6 ham truyén sau:
s? +7s+1

G(s)=30
. s(s + 1)3
Céac budc thuc hién:
» num=30*[1 7 1];
» den=[poly([-1 -1 -1]) OF;
» hold on, plot(-180,0,"*1"), hold on;
» nichols(num,den)
Tra vé biéu dd nichols vdi di€m tdi han “critical point ”
(-180° ,0) dugc bi€u di&n nhu hinh sau:

Thyc hién: PHAM QUOC TRUONG “12- GVHD: PHAM QUANG HUY
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Michols Charts
From: LI

100

al .

Open-Loop Gain (dE)
To: %1)

400 b |

150 L L L L L L L
-220 200 130 180 140 120 100 30 -G0

Open-Loop Phase (deq)

Hinh: Bi€u dd Nichols
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DANG BAITAP VE BIEU PO NYQUYST VA KHAO SAT ON PINH
DUNG GIAN PO BODE

LY THUYET:

e Heé thong on dinh & trang thai hé, sé dn dinh & trang thii kin n&u biéu dé
Nyquist khong bao di€m (-1+i0) trén mit phiing phic.

e He¢ thong khong on dinh & trang thdi hd, s& on dinh & trang thai kin néu bi€u
d6 Nyquist bao di€m (-1+i0)p 14n ngugc chiéu kim dong hd (p 1a sé cwe GH
nim ¢ phai mit phing phic).

BAI TAP:

Tir diu nhic clia ctita s6 MATLAB, ta nhap:
» num = [nhdp cdc hé sé ciia tit s6 theo chiéu gidm dan ciia s6 mii].
» den = [nhdp cdc hé s6 ciia mdu sé theo chiéu gidm dan ciia s6 mit).
» nyquist(num,den)
Bai 9:

GH(s) =

(v6ik =10, t=1)
1—st

» num = 10;

» den=[-11];

» nyquist(num,den)
K&t qui:

Nyquist Diagrams

Imaginary Axis
e

0 2 4 6 8 10
Real Axis
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Khao sat itng dung MATLAB trong diéu khién tu dong

Nhan xét: ham truyén vong hd c¢6 1 cuc niim bén phai mit phing phic. Biéu dd
Nyquist khong bao di€m A (-1+0).
Pi€m —1 ky hiéu (+) nim trén truc thuc Am (Real Axis), di€ém 0 nim trén truc
ao (Imaginary Axis).
K&t luan: hé khong 6n dinh.
* Dung 1énh margin d€ tim bién dv tri va pha du tri.
Tir ddu nhic clia cira s6 1énh MATLAB ta diing 1énh ‘margin’:
» num = 10;
»den=[-11];
» margin(num,den);

Bode Diagrams

Gm = 0dB, Pm = 0 (unstable closed loop)

Phase (deg); Magnitude (dB)

10

Frequency (rad/sec)

Két luin:

b6 du trit bién (Gm = 0 dB).

b6 du trit pha (Pm = 0°).

Warning: Closed loop is unstable (hé vong kin khong 6n dinh).

Bai 10: Cho ham ttuyén:

k
s(1—st)

GH(s) = k=10,t=1)

» num = 10;
»den=[-110];
» nyquist(num,den)

Thuc hién: PHAM QU6C TRUONG -15- GVHD: PHAM QUANG HUY
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Nyquist Diagrams

1000 -
800
600
400
2
3 200
>
e
£
© o -
(A g 200
-400
-600
-800
-1000 -

4
Real Axis

Nhin xét: ham truyén vong hd ¢6 1 cuc niim bén phdi mit phing phitc va 1 cyc nim
tai gdc toa dd. Bi€u dd Nyquist khong bao di€m A (-1+0).
Pi€m —1 ky hiéu (+) niim trén truc thuc 4m (Real Axis) , di€m 0 nim trén truc 40

(Imaginary Axis).
K&t luan: hé khong 6n dinh.

* Dung l1énh margin d€ tim bién du tri va pha du tri.

Tir ddu nhic clia cira s6 1énh MATLAB ta diing 1énh ‘margin’:

» num = 10;
»den=1[-110];
»margin(num,den)

Thuc hién: PHAM QUOC TRUONG

- 16 -

GVHD: PHAM QUANG HUY




Khao sat itng dung MATLAB trong diéu khién tu dong

Bode Diagrams

Gm = 0dB, Pm = 0 (unstable closed loop)

Phase (deg); Magnitude (dB)

10” 10°

Frequency (rad/sec)

K&t lun:

b6 du trit bién (Gm = 0 dB).

b4 du trit pha (Pm = 0°).

Warning: Closed loop is unstable (hé vong kin khong &n dinh).

Bai 11: Cho hé thong sau
GH(s) =

k=10,t;=1,t,=2
((srD)tsrn) o ou=he=2

» num = 10;
»den=[231];
» nyquist(num,den)
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Nyquist Diagrams

Imaginary Axis

Real Axis

Nhin xét: ham truyén vong hd c6 2 cuc nim bén trdi mit phing phic. Biéu db
Nyquist khong bao di€m A (-1+0).
DPi€m —1 ky hiéu (+) niim trén truc thuc 4m (Real Axis) , diém 0 niim trén truc
4o (Imaginary Axis).
K&t luan: hé théng &n dinh.
* Dung 1énh margin d€ tim bién dv tri va pha du tri.
Tir ddu nhic clia ctra s6 MATLAB diing 1énh ‘margin’.
» num = 10;
»den=[231];
» margin(num,den)
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Bode Diagrams
Gm = Inf, Pm=38.94 deg. (at 2.095 rad/sec)

20F w

10+
o 0
z
) -10
©
3
= 20
(o)}
©
=
=
(]
A=)
P -50 |
(2]
©
<
o -100 -

-150 F \
10°
Frequency (rad/sec)

K&t luan: hé thong 6n dinh.
b6 du trit bién (Gm = ).
Do du trit pha (Pm = 38.94°), tai tan s6 cit bién 2.095 rad/sec.

Bai 12: Cho hé thdng c¢6 ham truyén sau:
k
s(t,s+1)(t,s+1)

GH(s) = k=10 t;=1,t=2)

» num = 10;
»den=[2310];
» nyquist(num,den)
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Nyquist Diagrams

1000 | |
800}
600
400}

200

Imaginary Axis
o

-200

-400}

-600 -

-800 -

-1000 E

N
(A)

-30 -25

-20 -15

Real Axis

-10

Nhin xét: him truyén vong hd c6 2 cuc nim bén trdi mit phang phitc va 1 cuc § zero.

Bi€u @6 Nyquist bao di€m A(-1+j0).

Pi€m —1 ky hiéu (+) niim trén truc thyc 4m (Real Axis) , di€m 0 nim trén truc

ao (Imaginary Axis).
K&t luan: hé khong 6n dinh.

* Dung lénh margin d€ tim bién du trit va pha du trit.

Tur ddu nhic clia ctra s6 MATLAB ta dung 1énh ‘margin’ d€ ki€m chitng lai

hé:

» num = 10;
»den=1[2310];
»margin(num,den)

Thuc hién: PHAM QUOC TRUONG
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Bode Diagrams

Gm =0dB, Pm = 0 (unstable closed loop)

-100 |

-150

Phase (deg); Magnitude (dB)

-200

-250 -

10"

Frequency (rad/sec)

K&t luan: hé thong khong 6n dinh.
b0 du trit bién (Gm = 0 dB).
b0 dv trit pha (Pm = 0°)

Bai 12:
k

GH(s) =
O = s+ s+ s+ 1)

» num = 10;
»den=[611610];
» nyquist(num,den)

(t1=1,t,=2,t3=3,k=10)

Thuc hién: PHAM QUOC TRUONG
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Nyquist Diagrams

1000 |
800
600}
400}

200}

200 A)

Imaginary Axis
o
/St)
7

-400
-600 |
-800
-1000 E
—66 —5‘0 —4‘0 —3‘0 —2‘0 —1‘0 0
Real Axis

Nhin xét: haim truyén vong hd c6 3 cuc nim bén trdi mit phang phitc va 1 cuc § zero.
Biéu db Nyquist bao diém A (-1+i0).

Pi€m —1 ky hiéu (+) niim trén truc thyc 4m (Real Axis) , di€m 0 nim trén truc
4o (Imaginary Axis).
K&t luan: hé khong 6n dinh.
* Dung 1énh margin d€ tim bién dv tri va pha du tri.

Tir ddu nhic clia cira s6 MATLAB, diing 1énh ‘margin’ d€ kiém chitng lai hé:
» num = 10;
»den=[611610];
» margin(num,den)
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Bode Diagrams

Gm =0dB, Pm = 0 (unstable closed loop)

-100 F

-200 -

Phase (deg); Magnitude (dB)

-300 -

10° 10 10

Frequency (rad/sec)

K&t luan: hé thong khong 6n dinh.
b0 du trit bién (Gm = 0 dB).
b0 dv trit pha (Pm = 0°).

Thuc hién: PHAM QU6C TRUONG -23- GVHD: PHAM QUANG HUY




Khao sat itng dung MATLAB trong diéu khién tu dong

Thuc hién: PHAM QUOC TRUONG
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Khao sat itng dung MATLAB trong diéu khién ty dong

NHOM LENH VE QUY PAO NGHIEM
(Roots Locus)

1. Lénh PZMAP
a) Cong dung:

V& bi€u db cuc-zero clia hé thdng.
b) Cud phép:

[p,z]= pzmap(num,den)

[p,z]= pzmap(a,b,c,d)

[p,z]= pzmap(a,b,c,d)
¢) Gidi thich:

Lénh pzmap vé bi€u db cuc-zero clia hé LTI DP3&i véi hé SISO thi cdc cuc va zero clia
hamtruyén dudc vé.

Né&u bd qua cdc ddi s6 ngd ra thi 1énh pzmap s& vé ra biéu dd cuc-zero trén man hinh.

pzmap 12 phuong tién tim ra cdc cuc va zero tuyén dat ctia hé MIMO.

pzmap(a,b,c,d) vé& cdc cyc va zero ciia hé khong gian trang thai trong mit phing phic.
D6i v6i cdc hé thong MIMO, 1énh s& vé tit cd cdc zero truyén dat tif tt cd cdc ngd vao téi
tdt cd cdc ngd ra. Trong mit phing phic, cdc cuc dude bi€u dién bing diu x con cic zero
dudc biéu dién bing dau o.

pzmap(num,den) vé cdc cuc va zero cia ham truyén trong mit phing phitc. Vector num
va den chifa cdc hé sd tif s6 va mau s6 theo chiéu gidm din s& mii clia s.

pzmap(p,z) V& cic cuc va zero trong mit phing phitc. Vector cdt p chira toa do cic cuc
v vector cot z chita toa dd cdc zero trong mit phing phitc. Lénh nay vé cic cuc va zero di
dudc tinh sin trong mit phing phic.

Néu gitf lai cdc doi s6 ngd ra thi :

[p,z]= pzmap(num,den)

[p,z]= pzmap(a,b,c,d)

[p,z]= pzmap(a,b,c,d)

tao ra cic ma trin p va z trong d6 p chtra cdc cuc con z chita ciac zero.
d) Vi du: (Trich trang 11-174 sach ‘Control system Toolbox’)

V& céc cuc va zero cia hé lién tuc ¢6 ham truyén :
25° + 55 +1

H(s)=
() s2+25+3

nuim=[2 5 1];
den =[1 2 3];
pzmap(num,den)
title(‘Bieu do cuc-zero’)

Thuc hién: PHAM QU6C TRUONG -1- GVHD: PHAM QUANG HUY|




Khao sat itng dung MATLAB trong diéu khién ty dong

Bieu do cuc-zero

1-5 1 1 1 1

=

0.a -

Imag Axis
=
o

045}

—
&h

25 ) 15 1 0.5
Real Axzis

2. Lénh RLOCFIND
a) Cong dung:
Tim dd 1¢1 quy dao nghi€ém vd&i tap hdp nghiém cho truGe.
b) Cd phép:
[k,poles]= rlocfind(a,b,c,d)
[k,poles]= rlocfind(num,den)
]=
]

[k,poles]= rlocfind(a,b,c,d,p)
[k,poles]= rlocfind(num,den,p)
¢) Gidi thich:

Lénh rlocfind tao ra do 1¢i quj dao nghiém k&t hdp véi cdc cuc trén quydao nghiém.

Lénh rlocfind dugc dung cho hé SISO lién tuc va gidn doan.

[k,poles]= rlocfind(a,b,c,d) tao ra diu x trong cira s6 d6 hoa ma ta dung dé chon mot
di€m trén quy dao nghiém c6 sdn. Po 1di clia diém nay dugc tao ra trong k va cic cuc dng
vdi @6 16i nay nim trong poles. D€ st dung 1énh nay thi quy dao nghiém phdi c6 sin trong

ctra sO do hoa.

[k,poles]= rlocfind(num,den) tao ra ddu x trong cira s6 dd hoa ma ta diing &€ chon mot
di€m trén quy dao nghiém ciia hé thdng c6 ham truyén G = num/den trong d6 c6 num va den

chita cdc hé s6 da thitc theo chiéu gidm din s6 mii clia s hoic z.
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[k,poles]= rlocfind(a,b,c,d,p) hodc [k,poles]= rlocfind(num,den,p) tao ra vector dd 1gi k
va vector cdc cuc két hop pole véi mdi thanh phan trong mdi vector tng véi mdi nghiém
trong p.

d) Vi du: (Trich tir trang 11-180 sdch ‘Control System Toolbox”)

Xidc dinh @6 101 hoi ti€p dé cdc cyc vong kin cia hé thong c¢é hé s6 tit din § = 0.707 va
c6 ham truyén :

H(s) = 2522 +5s+1
s”+2s+3

nunim=[2 5 1];

den =[1 2 3];

9% V& quy dao nghiém:
rlocus(num,den);title(‘Do loi quy dao nghiem’);
% Tim do 1di tai diém dudc chon:
rlocfind(num,den);
Sau khi nhap xong I&nh, trén man hinh clia Matlab s& xuat hién dong chir:
Select a point in the graphics window

va trén hinh vé c6 thudc d€ ta kéo chudt va chon diém

ta c6 quy dao nghi€m:

Do loi quy dao nghiem
1-5 T T T T T

0.5

Imag Axis
=
.
W

0.5+

-1.5 :
3 2.5 2 1.5 1 0.5

Real Azis

0.5 1
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3. Lénh RLOCUS
a) Cong dung:

Tim quy dao nghi€ém Evans.
b) Cu phap:

r = rlocus(num,den)

r = rlocus(num,den,k)

r = rlocus(a,b,c,d)

r = rlocus(a,b,c,d,k)
¢) Gidi thich:

Lénh rlocus tim quy dao nghiém Evans ctia hé SISO. Quy dao nghiém dugc dung dé
nghién ctu 4nh hudng cda viéc thay ddi do 1gi hdi ti€p 1én vi tri cuc cla hé thdng, cung cip
cdc thong tin vé ddp @ng thdi gian va dap dng tin s6. P6i v6i d6i tugng diéu khién c6 ham
truyén G(s) va khau b3 chinh hdi ti€p k*f(s), haAm truyén vong kin 12 :

h(s) = gls) g
L+ kg(s)f(s) q(s)

N&u bd qua cdc d6i s6 ngd ra thi 1&énh rlocus s& v& ra quy dao trén man hinh. Lénh rlocus
dung cho ca hé lién tuc va gian doan.

r = rlocus(num,den) v& quy dao nghiém ctia ham truyén :
num(s)

A =1+k den(s)

véi vector d6 1gi k dudce xdc dinh tu dong. Vector num va den chi ra hé tif s6 va miu s6
theo chiéu gidm dan s6 clia s hoic z.

nn—2

num(s) _ num(l)s™" +num(2)s™ " +......+ num(nn)
den(s) B den()s"™ ™" +den(2)s"* +......+ den(nd)
r = rlocus(a,b,c,d) vé ra quy dao nghiém cia hé khong gian trang tai SISO lién tuc va
gidn doan vdéi vector do 1¢gi dugc xdc dinh ty dong
r = rlocus(num,den,k) hodc r = rlocus(a,b,c,d,k) v€ ra quj dao nghiém véi vector do 191
k do ngudi st dung xdc dinh. Vector k chita cac gid tri va d6 1¢gi ma nghiém hé vong kin dugc
tinh.
Néu st dung cdc doi s6 ngd ra thi :
[r,k] = rlocus(num,den)
[r.k] = rlocus(num,den,k)
[r,k] = rlocus(a,b,c,d)
[r,k] = rlocus(a,b,c,d,k)
tao ra ma trdn ngo ra chia cdc nghiém va vector do 1gi k. Ma tran r c6 length(k) hang va
(Iength(den) —1) cot, ngd ra chifa vi tri cdc nghiém phitc. Mdi hang trong ma trin tudng dng
v61 mot do 1di trong vector k. Quy dao nghiém c6 thé dugc vé bing 1&nh plot(r,‘x’).
d) Vi du: (Trich tr trang 11-183 sdch ‘Control System Toolbox’)
Tim va v& qu§ dao nghiém clia hé thong c6 ham truyén :

nn—1
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2s% +5s+1
H(s)="——
ST +2s+3

% X4c dinh ham truyén :
nuim=[2 5 1];
den =[1 2 3];

9% V& quy dao nghiém :

rlocus(num,den)

title(‘Quy dao nghiem’)

Quy dao nghiem
1-5 T T T T T

0.5

Imagy Axis
=
i
W

0.5

_1 .5 1 1 1 1 1
3 2.3 2 -1.5 1 0.5

Real Axis

N

0.5 1

4. Lénh SGRID
a) Cong dung:

Tao 1u6i cho quy dao nghiém va bi€u db cuc-zero lién tuc.
b) Ci phdp:

sgrid

sgrid(‘new’)

sgrid(z,wn)

sgrid(z,wn,‘new’)
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¢) Gidi thich:

Lénh sgrid tao lugi cho quy dao nghiém va biéu dd cuc-zero lién tuc trong mit phing s.
Pudng luéi vé 1 cdc dudng hiing s6 ti s6 tit dan (£) va tin s6 tu nhién (w,). Pudng ti so tit

dan dugc vé tir 0 tSi 1 theo tirng nac 12 0.1.

sgrid(‘new’) x6a man hinh db hoa trudc khi vé va thiét 1ap trang thdi hold on d€ quy dao

nghiém hay bi€u d6 cuc-zero dudc vé 1én ludi bing cic 1énh :

sgrid(‘new’)

rlocus(num,den) hodc pzmap(num,den)

sgrid(z,wn) vé& cidc dudng hiing sd ti 1& tit dan dudc chi dinh trong vector z va vé dudng

tan sO tu nhién dugc chi dinh trong vector wn.

sgrid(z,wn,‘new’) x6a man hinh db hoa truéc khi vé cdc dudng ti s6 tit din va tin s tu

nhién dudc chi dinh trong vector z va wn. Trang thai hold on dugc thiét 1ap.
d) Vi du: Trich tr trang 11-200 sach ‘Control System Toolbox’
V& ludi trong mit phing s trén quy dao nghiém ctia hé thong c6 ham truyén :

num=[2 5

11; % ta c6 thé thay ddi 2 dong num=..., den=... thinh dong 1énh sau:

den =[1 2 3]: % H(s)=tf([2 5 11,[1 2 3]):
rlocus(num,den)
title(‘Quy dao nghiem’)
sgrid
Quy dao nghiem
1.5 H 7T T T
EHE'I"'I . 1l. 1l. I| i
'If 5-\-5-\-"' H'lx H'll. II\Il :; :
1F ..'r N o l_1—h-: -
! Al :\.“".-:. "'u I'| !l I
II <’dx1-.l'11x~|ﬁ:
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5. Lénh ZGRID
a) Cong dung:

V& 1uéi ti 1& tit dAn va tan sd tu nhién cho quy dao nghiém gidn doan.
b) Cd phép:

zgrid

zgrid(‘new’)

zgrid(z,wn)

zgrid(z,wn, ‘new’)
¢) Gidi thich:

Lénh zgrid tao 1u6i quy dao cho nghiém hoic biéu dd cuc-zero trong mit phing z. Cac
dudng hiing s6 ti 1& tit dan (£) va tin s6 tu nhién chuin héa sé& dugc vé. £ dugc thay ddi tir 0
t6i 1 theo tirng nic thay d6i 12 0.1 va tin s6 ty nhién dudc vé tir 0 tdi nt v6i titng nic thay ddi
la m/o.

zgrid(‘new’) x6a man hinh d6 hoa trudc khi v& 1u6i va thi€t 1ap trang thdi hold on d€ quy
dao nghiém hoic bi€u dd cuc-zero dugc vé 1én 1u6i st dung cdc 1énh :

zgrid('new")

rlocus(num,den) hodc pzmap(num,den)

zgrid(z,wn) v& hiing s6 tit dan dugc chi dinh trong vector z va v& hiing s6 tin so tu nhién
cho cdc tin s6 chudn héa dugc chi dinh trong vector wn. Cé4c tan s& chuin héa c6 thé dugc vé
bing l1&énh zgrid(z,wn/Ts) v6i tan s6 1 thdi gian 14y mau.

zgrid(z,wn,‘new’) x6a man hinh dd hoa trudc khi vé ti s6 tit dan va tan s& ty nhién dudc
chi dinh trong vector z va wn. Trang th4i hold on dugc thiét 1ap.

zgrid([ I,[ ]) s€ vé ra vong tron don vi.

d) Vi du: Trich tir 11-236 sdch ‘Control System Toolbox’

V& 1uéi trong mit phing cho quy dao nghiém ctia hé théng c6 ham truyén :

2z° =34z +15

H(z)=
@ z? —1.6s+0.8

num=[2 -34 1.5];

den =[1 -1.6 0.8];
axis(‘square’)

zgrid(‘new’)

rlocus(num,den)

title(*Ve luoi cho quy dao nghiem’)
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Ve luoi cho quy dao nghiem

=
-

=
o

Imag Axis

1 N8 406 0HD4 0.2 ] 0.2 0.4 0.6 0.8 1
Real Azis
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CAC BAI TAPVE QUY PAO NGHIEM

Bail:
B k
s(s+4)(s+)5)

» num = 2;
»den=[19200];
» rlocus(num,den)

10 T T T T T T T
8t 4
6 /
4t . 1
21
2
Z
> 0 « > <
(]
S
= 2f
4t A 4
-6 \;
-8}
_10 1 1 1 1 1 1 1
-7 -6 -5 -4 -3 -2 -1 0 1 2
Real Axis

Tu d6 thi cho ta:
Piém cuc: 0 ,-4,-5.
Qu¥y dao nghi€ém c6 3 nhanh.
DPiém zero & vo cling ().
4. Piém tach dugc xdc dinh bing cich tir cita s6 MATLAB ta nhap:
» num = 2;
» den = [1 920 0];
» rlocus(num,den);
» rlocfind(num,den)
Sau khi nhap I&énh thi trén ctfa s6 1énh s& xuat hién hang chit:

wN o=

Thuc hién: PHAM QU6C TRUONG -9- GVHD: PHAM QUANG HUY|




Khao sat itng dung MATLAB trong diéu khién ty dong

Select a point in the graphics window (hdy chon 1 di€m trén d6 thi minh hoa).
Trén dd thi sé c6 thudce cho ta chon di€m — kéo ré chudt d€ chon di€m can chon.

selected_point = -1.4516
Piém tich c6 gi4 tri: -1.4516

Giao di€m clia quy dao nghiém véi truc 4o (tuong tu nhu tim di€m tdch): +4.472j, -4.472j.
T gid tri tai giao di€m clia quy dao nghiém véi truc 4o ta thé vao phuong trinh dic trung:

F(s) = s°+9s°+20s+k = 0
E(jw) = -jw>-9w’+20jw+k = 0
= kg = 180

K&t luan: hé thong sé 6n dinh khi 0 < k < 180

Bai 2:
k

KGH =
s(s+4)(s> +4s+20)

» num = 2;
»den =18 36 80 0];
» rlocus(num,den)

(k=2)

5 T
i /
3r y_/ b
21 4
ot A 1
‘S, 0 <
£
E Ll )
\
2t 4
-3t 4\_\ i
i \
-5 1 1 1
-6 5 4 2 1 0 1 2
Real Axis
T @6 thi cho ta:
1. Piém cyc: 0,-4,-2+4j,-2-4;
2. Quy dao nghi€ém c6 4 nhanh
3. Pi€m zero & v6 han (o)
‘ThlIC hién: PHAM QU6C TRUGNG - 10 - GVHD: PHAM QUANG HUY|
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4. Piém tich dugc x4c dinh bing cach tir ca s6 MATLAB ta nhip:
» num = 2;
»den =18 36 80 0];
» rlocus(num,den);
» rlocfind(num,den);
Sau khi nhap I&énh thi trén ctfa s6 1énh s& xuat hién hang chit:
Select a point in the graphics window (hdy chon 1 di€m trén d6 thi minh hoa).
Trén d6 thi s€ c6 thude cho ta chon di€m — kéo ré chudt d€ chon di€m can chon.
selected_point = -2, -2.0184 + 2.4561j, -2.0184 - 2.4561j
Piém tdch c6 gia tri: -2, -2.0184 + 2.4561j, -2.0184 - 2.4561j
Giao di€m clia quy dao nghiém véi truc 4o (tuong ty nhu tim di€m tdch): +3.16j, -3.16;
T gid tri tai giao di€m clia quy dao nghiém véi truc hoanh ta thé vao phuong trinh dic
trung:
F(jw) = w*-8jw’-36w+80jw+k
= Kon =260
K&t luan : hé thdng s& 6n dinh khi 0 < k < 260

Bai 3:

KGH =£2 (k =2)
S

» num = 2;
»den=[100];
» rlocus(num,den)

1.5

0.5F

Imag Axis

-0.5+

_1 5 1 1 1 1 1 1 1 1
-1 -08 06 -04 -02 0 0.2 0.4 0.6 0.8 1
Real Axis
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T d6 thi ta cé:
1. biém cuc: 0
2. Quy dao nghi€ém c6 2 nhanh
3. Piém zero § vo han ()
Piém tdch c6 gia tri: 0
K&t luan: hé thong khong 6n dinh.

Bai 4:

KGH =53
S

»num = 2;
»den=[1000];
» rlocus(num,den)

0.8
0.6

0.4} A

0.2

Imag Axis

0.2}

0.4}

-0.6}

-0.8+

_1 1 1 1 1 1 1 1 1
-1 -0.8 06 -04 -02 0 0.2 0.4 0.6 0.8 1
Real Axis

T d6 thi ta cé:
1. Bi€m cuc: 0.
2. Quy dao nghi€ém c6 3 nhanh.
3. Piém zero & v6 han ().
4. Piém tach c6 gia tri: 0
K&t luan: hé thong khong 6n dinh (vi hai nhdnh cia quy dao nghiém sd luén nim nira
phdi mit phing phitc).
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Bai 5:
H= k (kzl,t:2)
s(ts+1)

»num = 1;
»den=[210];
» rlocus(num,den)

1.5+

05| v

Imag Axis
A

0.5} A

-1 -0.8 06 -04 02 0 0.2 0.4 0.6 0.8 1
Real Axis

1. Piém cyc : 0,-0.5
2. Quy dao nghi€ém c6 2 nhanh
3. Piém zero § vd han ()
4. Piém tich dugc dudc xdc dinh bing céch tif ctra s6 MATLAB ta nhap:
»num = 1;
»den:[210];
» rlocus(num,den);
» rlocfind(num,den)
Sau khi nhap I&énh thi trén ctfa s6 1énh s& xuat hién hang chit:
Select a point in the graphics window (hdy chon 1 di€m trén dd thi minh hoa).
Trén d6 thi s€ c6 thude cho ta chon di€m — kéo ré chudt d€ chon di€m can chon.
selected_point = -0.253
Piém tdch c6 gia tri: -0.253-
K&t luan: hé thong ludn &n dinh (vi quj dao nghiém luén nim & nira trdi mit phing
phtic).
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Bai 6:
K(ts+1
kGH= 2Dy o
S

»num = [1 1];
»den=1[100];
» rlocus(num,den)

0.8f

0.6

0.4

0.2

Imag Axis

0.2}

04}

-0.6

-0.8F

Real Axis

1. Biém cuc: 0
2. Quy dao nghi€ém c6 2 nhanh
3. Piém zero § o, -1
4. Piém tich dugc dudc xdc dinh bing cich tif ctra s6 MATLAB ta nhap:
»num = [1 1];
» den=[100];
» rlocus(num,den);
» rlocfind(num,den)
Sau khi nhap I1&nh thi trén cifa s6 1énh s& xuat hién hang chit:
Select a point in the graphics window (hdy chon 1 di€m trén do thi minh hoa).
Trén dd thi sé ¢6 thudce cho ta chon di€m — kéo ré chudt d€ chon di€m can chon.
selected_point = -2
Piém tich c6 gi4 tri: -2.
K&t luan: hé thong & bién &n dinh.
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B k
s+ 1D)(t,s+1)

k=1,tu4=2,6=1)

»num = 1;
» den = [2 3 1];
» rlocus(num,den)

1.51

0.5} A

Imag Axis

-0.5}¢

-1.5¢

_2 1 1 1 1
-2 -1.5 -1 -0.5 0 0.5 1

Real Axis

1. Piém cuc: -0.5, -1.
2. Quy dao nghi€ém c6 2 nhanh
3. Pi€m zero § vd han («)
4. Piém tich dugc dudc xdc dinh bing cich tif cira s6 MATLAB ta nhap:
»num = 1;
»den=[231];
» rlocus(num,den);
» rlocfind(num,den)
Sau khi nhap I1&nh thi trén cifa s6 1énh s& xuat hién hang chit:
Select a point in the graphics window (hdy chon 1 di€m trén do thi minh hoa).
Trén dd thi sé c6 thudce cho ta chon di€m — kéo ré chudt d€ chon di€m can chon.
selected_point = -0.75.
Piém tich c6 gi4 tri: -0.75
K&t luan: hé thong ludn 6n dinh.
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Bai 8:
k
KGH = k=10
Ges_nsedy
» num =10;

»den=[1815-8-16];
» rlocus(num,den)

Imag Axis
\4

-5 1 1 1 1 1 1 1
-6 -5 -4 -3 -2 -1 0 1 2 3

Real Axis

1.Piémcuc: 1, -1 va 1 cuc kép -4.
2. Qu¥y dao nghi€ém c6 4 nhanh.
3. Pi€m zero: c6 4 zero & vo ciing (o ).
4. Piém tich dugc dudc xdc dinh bing céch tif ctra s6 MATLAB ta nhap:
» num =10;
»den=[1815-8-16];
» rlocus(num,den);
» rlocfind(num,den)

Sau khi nhap I&énh thi trén ctfa s6 1énh s& xuat hién hang chit:
Select a point in the graphics window (hdy chon 1 di€m trén d6 thi minh hoa).

Trén db thi sé ¢6 thudce cho ta chon di€m — kéo ré chudt d€ chon di€m can chon.
selected_point = 0.2308, -4
Piém tich c6 gid tri: 0.2308, -4

K&t luan: Hé thdng luon khong 6n dinh vi ton tai 1 nghiém cla phuong trinh dic trung

nim bén phdi mit phing phic.
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Bai 9: Trich tir trang 5-19 siach ‘Control System Toolbox’
Bai nay tdng hop céc lénh:
» h=tf([4 8.4 30.8 60],[1 4.12 17.4 30.8 60]);

» subplot(221)

» bode(h)

» subplot(222)

» step(h)

» subplot(223)

» pzmap(h)

» subplot(224)

» plot(rand(1,100)

» plot(rand(1,100))

Bode Diagrams

Step Response

% From: U(1) . From: U(1)
o 20 ‘
©
2
g s
© =]
s -20 =
= 100 g
& = <
2 N
o O
@2~ 100 0
£ 10" 10° 10’ 0 2 4 6 8 10 12
Frequency (rad/sec) Time (sec.)
Pole-zero map bai tong hop
1 :
4 ‘
: 0.8
. Q@
» 2 !
< | 0.6 |
< 0 |
® © ! 0.4}
S 1
£ 5 ‘
* < 0.2¢
4 1
0 ‘
R 0 ! 0 50 100
Real Axis
Bai 10: Cho ham truyén nhu sau:
s+4
Gls) =
is +1 is + 2;
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Vi€t theo cau triic sau ta c6 dugc db thi biu dién quy dao nghiém:

» num=[1 4];
» den=conv([1 1],[1 2])
» rlocus(num,den)

K&t qué nhu hinh sau:

Imag Axis
(o}

Feal Axis
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KHAO SAT SU ON PINH CUA HE THONG

LY THUYET:

e Hé thong n dinh & trang thai hé, sé dn dinh & trang thii kin n&u biéu dé
Nyquist khong bao di€m (-1+i0) trén mit phiing phic.

e Heé thong khong dn dinh ¢ trang thdi hd, sé dn dinh ¢ trang thai kin néu biéu
d6 Nyquist bao di€m (-1+i0)p 14n ngugc chiéu kim dong hd (p 1a sé cwe GH
nim ¢ phai mit phing phic).

Tit ddu nhic cda cita s6 MATLAB, ta nhap:
» num = [nhdp cdc hé sé ciia tit s6 theo chiéu gidm dan ciia s6 mii].
» den = [nhdp cdc hé s6 ciia mdu sé theo chiéu gidm dan ciia s6 mit).
» nyquist(num,den)
Bai tap 1:

GH(s) = k
1—st

(v6ik =10, t=1)

» num = 10;
»den=1[-11];

» nyquist(num,den)
K&t qud:

Nyquist Diagrams

Imaginary Axis

0 2 4 6 8 10

Real Axis
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Nhan xét: ham truyén vong hd c¢6 1 cuc niim bén phai mit phing phic. Biéu dd
Nyquist khong bao di€m A (-1+0).
Pi€m —1 ky hiéu (+) nim trén truc thuc Am (Real Axis), di€ém 0 nim trén truc
ao (Imaginary Axis).
K&t luan: hé khong 6n dinh.
* Dung 1énh margin d€ tim bién dv tri va pha du tri.
Tir ddu nhic clia cira s6 1énh MATLAB ta diing 1énh ‘margin’:
» num = 10;
»den=[-11];
» margin(num,den);

Bode Diagrams

Gm = 0dB, Pm = 0 (unstable closed loop)

Phase (deg); Magnitude (dB)

10

Frequency (rad/sec)

Két luin:

b6 du trit bién (Gm = 0 dB).

b6 du trit pha (Pm = 0°).

Warning: Closed loop is unstable (hé vong kin khong 6n dinh).

Bai tap 2:

GH(s) = k=10,t=1)

ko
s(1—st)
» num = 10;
»den=[-110];

» nyquist(num,den)
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Nyquist Diagrams

1000
800
600
400
2
X 200
Py
j;‘;/g’
£
© o -
(A g 200
-400
-600
-800
-1000
0 2 4 6 8 10
Real Axis

Nhin xét: him truyén vong hd c¢é 1 cuc niim bén phai mit phang phic va 1 cuc nim
tai gdc toa dd. Bi€u dd Nyquist khong bao di€m A (-1+0).

DPi€m —1 ky hiéu (+) niim trén truc thuc 4m (Real Axis) , di€m 0 nim trén truc 40
(Imaginary Axis).
K&t luan: hé khong 6n dinh.
* Dung 1énh margin d€ tim bién dv tri va pha du tri.

Tir ddu nhic clia cira s6 1énh MATLAB ta diing 1énh ‘margin’:

» num = 10;
»den=1[-110];
»margin(num,den)

Thuc hién: PHAM QU6C TRUONG -3- GVHD: PHAM QUANG HUY




Khao sat itng dung MATLAB trong diéu khién tu dong

Bode Diagrams

Gm = 0dB, Pm = 0 (unstable closed loop)

Phase (deg); Magnitude (dB)

10” 10°

Frequency (rad/sec)

K&t lun:

b6 du trit bién (Gm = 0 dB).

b4 du trit pha (Pm = 0°).

Warning: Closed loop is unstable (hé vong kin khong &n dinh).

Bai tap 3:
GH(s) =

k=10,t;=1,t,=2
((self s o on=lhe=2

» num = 10;
»den=[231];
» nyquist(num,den)
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Nyquist Diagrams

Imaginary Axis

Real Axis

Nhin xét: ham truyén vong hd c6 2 cuc nim bén trdi mit phing phic. Biéu db
Nyquist khong bao di€m A (-1+0).
DPi€m —1 ky hiéu (+) niim trén truc thuc 4m (Real Axis) , diém 0 niim trén truc
4o (Imaginary Axis).
K&t luan: hé théng &n dinh.
* Dung 1énh margin d€ tim bién dv tri va pha du tri.
Tir ddu nhic clia ctra s6 MATLAB diing 1énh ‘margin’.
» num = 10;
»den=[231];
» margin(num,den)
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Bode Diagrams
Gm = Inf, Pm=38.94 deg. (at 2.095 rad/sec)

20F w

10+
o 0
z
) -10
©
3
= 20
(o)}
©
=
=
(]
A=)
P -50 |
(2]
©
<
o -100 -

-150 F \
10°
Frequency (rad/sec)

K&t luan: hé thong 6n dinh.
b6 du trit bién (Gm = ).
Do du trit pha (Pm = 38.94°), tai tan s6 cit bién 2.095 rad/sec.

Bai tip 4:
GH(s) =

k=10 t=1,t,=2
s(tls+1)(tzs+1) ( t=l =)

» num = 10;
»den=[2310];
» nyquist(num,den)
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Nyquist Diagrams

1000 | |
800}
600
400}

200

Imaginary Axis
o

-200 N
-400 - (A)
-600 -

-800 -

-1000 E
-30 -25 -20 -15 -10 -5
Real Axis

Nhin xét: him truyén vong hd c6 2 cuc nim bén trdi mit phang phitc va 1 cuc § zero.
Bi€u @6 Nyquist bao di€m A(-1+j0).

Pi€m —1 ky hiéu (+) niim trén truc thyc 4m (Real Axis) , di€m 0 nim trén truc
ao (Imaginary Axis).
K&t luan: hé khong 6n dinh.
* Dung lénh margin d€ tim bién du trif va pha du trif.

Tur ddu nhic clia ctra s6 MATLAB ta dung 1énh ‘margin’ d€ ki€m chitng lai

hé:

» num = 10;
»den=1[2310];
»margin(num,den)
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Bode Diagrams

Gm =0dB, Pm = 0 (unstable closed loop)

-100 |

-150

Phase (deg); Magnitude (dB)

-200

-250 -

10" 10°

Frequency (rad/sec)

K&t luan: hé thong khong 6n dinh.
b0 du trit bién (Gm = 0 dB).
b0 dv trit pha (Pm = 0°)

Bai tap 5:
GH(s) =

k
s(t,s+1)(t,s+1)tys+1)

(t1=1,t,=2,t3=3,k=10)

» num = 10;
»den=[611610];
» nyquist(num,den)
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Nyquist Diagrams

1000 |
800
600}
400}

200}

200 A)

Imaginary Axis
o
/St)
7

-400
-600 |
-800
-1000 E
—66 —5‘0 —4‘0 —3‘0 —2‘0 —1‘0 0
Real Axis

Nhin xét: haim truyén vong hd c6 3 cuc nim bén trdi mit phang phitc va 1 cuc § zero.
Biéu db Nyquist bao diém A (-1+i0).

Piém —1 ky hiéu (+) niim trén truc thyc 4m (Real Axis) , di€m 0 nim trén truc
4o (Imaginary Axis).
K&t luan: hé khong 6n dinh.
* Dung 1énh margin d€ tim bién dv tri va pha du tri.

Tir ddu nhic clia cira s6 MATLAB, diing 1énh ‘margin’ d€ kiém chitng lai hé:
» num = 10;
»den=[611610];
» margin(num,den)
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Bode Diagrams

Gm =0dB, Pm = 0 (unstable closed loop)

50

-50

-100

Phase (deg); Magnitude (dB)

-200

-300

107 10" 10°

Frequency (rad/sec)

K&t luan: hé thong khong 6n dinh.
b0 du trit bién (Gm = 0 dB).
b0 dv trit pha (Pm = 0°).

Bai tap 6: Sau day 12 dang bai tAp tong qudt v6i t va miu cia mdt ham truyén 12
c4c so liéu ma ta phdi nhip vao.
Chuong trinh:

%$%Tap tin khao sat on dinh he thong

$%PHAM QUOC TRUONG - DT: 9230774

function ondinh ()

promptstr={'Nhap tu so num:', 'Nhap mau so den:'};
inistr={""',"'"};

dlgTitle="Nhap du lieu';

lineNo=1;

result=inputdlg (promptstr,dlgTitle, lineNo,inistr) ;
num=str2num(char (result(1l)));
den=str2num(char (result (2)));

[z,p,k]l=residue (num,den); %Tim cac cuc p

z=roots (num) $Tim cac zero z

zplane (z,p) %$Ve cuc va zero

Sau khi chay chuong trinh ta dugc k&t qua:
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Khao sat itng dung MATLAB trong diéu khién tu dong

Ban hay nhap s6 liéu vao:

R [Nhap du lieu [ x|

Mhap tu 20 numf-,
I i

Mhap mau so den:

|
Cancel | (] |

Gia stf ta nhap s6 liéu sau va chon OK:

R [Mhap du lieu [ x|

Mhap tu =0 nurm;
|1 03

Mhap mau so den:

|9?:1

Cancel | E ] |

K&t qua ngoai clra s6 MATLAB Command Windows
7 =

0 + 3.00001
0 - 3.00001
Hinh v& cuc va zero:
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Khao sat itng dung MATLAB trong diéu khién tu dong

T
3t o .
2+ ! B
1} i
© X s
© V | \
o // : \‘
E\ i | \
© 0 777777777777777777777 4 - - - - - = - = - - - - - - - - — - - -
c \ | I
-6) \\ : //
@© N | ,
E X!
1L ST i
2L : il
3L @ i
-4 -3 -2 -1 0 1 2 3 4
Real Part

Khio sit hé thong theo tiéu chuin Hurwitz

ONLAILY THUYET:
Xét Phuong trinh dic trung:
F(s) = aps"+ap.1+..+a9 vlia,=0
1. Piéukién cAn d€ hé 6n dinh:
e Ciché so a; (j=0,..n-1) cang diu vdi a,.
e a;#0(j=0,.,n)
2. Tiéu chuin Hurwitz:

Piéu kién cin va di dé hé on dinh (cdc nghiém cda phueng trinh dit trung nim
bén trai mat phiang phic) 1a ti't ca cdc dinh thitc Hurwitz D déu cing ddu (k = 0..n)
3. Tiéu chuin Routh:

Piéu cin va du d€ hé on dinh la tit ca cdc phin ti cia cét 1 bang Routh déu
cung diu, n€u c6 sy ddi dau thi sé 1An ddi dau thi sé' 1an ddi dau bing s6 nghiém &
phai miit phing phic.
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Khao sat itng dung MATLAB trong diéu khién tu dong

Bai tap 7:Cho hé thdng diéu khién phan hdi:

s+1 2

S s> +4s+3

A 4
v

Diing gidn dd Bode d€ kh4o st 6n dinh clia hé thdng trén.
Kh3o sdt hé xem hé c¢6 6n dinh hay khong.
Trudc tién ta dung lénh ‘series’ké&t ndi 2 hé thong:

»numl = [1 1];

» denl = [1 0];

» num?2 = 2;

» den2 =[14 3];

» [num,den] = series(num1,denl,num?2,den2)

num =
O 0 2 2
den =

1 4 3 0

Ham truyén ndi ti€p 1a:
2s+2
GH(s) =5~ 5 ¢
S” +4s” +3s

Dung gidn d6 Bode d€ khio st 6n dinh:

» num = [2 2];
»den=1[1430];
» margin(num,den)
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Khao sat itng dung MATLAB trong diéu khién tu dong

Bode Diagrams
Gm = Inf, Pm=77.748 deg. (at 0.65148 rad/sec)
20
0

g 20t
3 40t
2
c -60 |
(o)}
©
=
> T
g -100 - T
&
@ 120}
<
o

140}

-160 -

-180 1

10" 10° 10'
Frequency (rad/sec)

K&t luén:

Bién dy trit: Gm = o
Pha du trit Pm = 77.74° tai tan s6 cit bién wy = 0.65
Vay hé thong 6n dinh.
Vé biéu dd Nyquist:
» nyquist(num,den)
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Khao sat itng dung MATLAB trong diéu khién tu dong

Nyquist Diagrams

60 -
40
20

of I

20+

Imaginary Axis

40

-60 |

-1 -09 -08 -07 -06 -05 -04 -03 -02 -01
Real Axis

Bén canh d6 ta c¢6 thé kh3o sdt n dinh biing tiéu chuin dai so:

Phuong trinh dic trung: s°+4s” +5s + 2 =0

Trudc tién ta goi ‘hurwitz’ tif ctra s8 1énh:(lién hé PQT d€ c6 chuong trinh)
» hurwitz

Cho biet so bac cao nhat cua ham: 3

Cho biet he so a(0): 1

Cho biet he so a(1): 4

Cho biet he so a(2): 5

Cho biet he so a(3): 2

Cac dinh thuc Hurwitz:

D[I]= 1
D[2]= 4
D[3]= 18
D[4]= 36
- HE THONG ON DINH. -
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Khao sat itng dung MATLAB trong diéu khién tu dong

Bai tap 8: Khio sdt hé thong:

+ 2s+1 10
S s+5

A 4
v

A

s+1

Trudc tién, ta k&t ndi hé thong:
Tir clra s6 1énh cia MATLAB, ta nhip 1énh:
»numl =[2 1];
» denl =[1 0];
» num?2 = 10;
» den2 =[15];
» [num,den] = series(num1,denl,num2,den2)
Va ta s€ co:

num =
0 20 10
den =
1 5 0
Ta nhip tiép:

» numc = [20 10];

» denc =[1 5 0];

»numd =1;

»dend =[11];

» [num,den] = feedback(numc,denc,numd,dend)
(n€u sau dend, c6 1 tic 13 hoi ti€p duong)

num =
0 20 30 10
den =
1 6 25 10
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Khao sat itng dung MATLAB trong diéu khién tu dong

20s> +30s+10
$* + 68> +25s+10

Ham truyén clia hé thong 1a: G(s)H(s) =

Vé gidn do Bode clia hé:
» num = [20 30 10];
» den = [1 625 10];
» bode(num,den)

Bode Diagrams

10

-10

20

Phase (deg); Magnitude (dB)

-20
40
-60
-80

10" 10° 10" 10°

Frequency (rad/sec)

Tinh bién dy trit va pha du trit ctia hé:
» margin(num,den)
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Bode Diagrams
Gm = Inf, Pm=103.14 deg. (at 20.347 rad/sec)

10} ‘ -

5F J

o 0 i
RS2

() -5k J
©
2

= 10} J
()]
©
=
=
9)

Z 0 .
&

3 -50 1

D- \

-100 + 1

-150 F 1

10 10’
Frequency (rad/sec)

K&t luin:
Heé &n dinh.
Bién dy trit: Gm = oo.
Pha du trit: Pm = 103.14° tai tin s& cit bién 1a 20.347 rad/sec.

Chi y: Sau khi di vao ctra s6 14p trinh, ta 1ap chuong trinh khdo sdt hé c6 phudng
trinh dic trung theo tiéu chudn dai sd (tiéu chuin Hurwitz) xem hé c6 6n dinh hay
khong.
Trong ctra s8 1énh (ctra s§ 1am viéc), goi 1énh » hurwitz (chuong trinh di dugc
soan thio trong phan I14p trinh mang tén Hurwitz) s& c¢6 nhitng hang chif:
cho biet so bac cao nhat cua ham: (nhdp vao hé sd a,)
cho biet he so a(0):

cho biet he so a(n):

Dudi day 1a phian d4nh vio cita s6 14p trinh

55%%%%%%%%% PHAM QUOC TRUONG - MSSV: 97102589 %%%%%%%%%%%
55555555555 DT: 9230774 $55%%%%%5%5%%
00 000000000000000 0.0 0 O 0.0 O 0.0 0 O 0. 0 O 0.0 0 O 0. 0 O 0.0 O 00 00000

% * Cong dung: Xet tinh on dinh cua he thong theo tieu chuan
Hurwitz.

o

oe

* Cach su dung:
% Truoc tien, nhap vao da thuc dac trung f theo dang:
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f = [a(n) a(n-1) a(n-2) ..... a(l) a(0)]
% voi a(n), a(n-1), a(n-2), ..... , a(l),a(0) la cac he so cua da
thuc dac trung.
% Sau do, goi lenh Hurwitz (f)

XIN VUI LONG LIEN HE PHAM QUOC TRUGNG PE CO CHUGNG TRINH

Chay chuong trinh cac vi du:
Vi du 1: Cho phuong trinh dic trung:
F(s) =s* + 35> + 25> + 25 + 1

» Hurwitz
Cho biet so bac cao nhat cua ham: 4 (nhap xong nhan Enter)
Cho biet he so a(0) =1
Cho biethe so a(1) =3
Cho biet he so a(2) =2
Cho biet he so a(3) =2
Cho biethesoa(4) =1

Sau khi d3 nhap cdc hé s6, MATLAB sé tu dong gidi va cho ta k&t qua:
Cac dinh thuc Hurwitz:

D[1]= 1
D[2]= 3
D[3]= 4
D[4]= -1
D[5]= -1
- HE THONG KHONG ON DINH. -

Vi du 2: Cho phuong trinh dic trung:
F(s)=5s" + 85’ + 21s* + 10s + 3

» Hurwitz

Cho biet so bac cao nhat cua ham: 4

Cho biet he so a(0) = 5

Cho biet he so a(1) = 8

Cho biet he so a(2) = 21

Cho biet he so a(3) = 10

Cho biethe so a(4) = 3

Cac dinh thuc Hurwitz:

D[1]= 5
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Khao sat itng dung MATLAB trong diéu khién tu dong

D[2]= 8

D[3]= 118

D[4] = 988

D[5]= 2964

- HE THONG ON DINH. -

Vi du 3: Cho phuong trinh dic trung:
F(s) =5+ 10s* + 165’ + 160s* + s + 10

» hurwitz
Cho biet so bac cao nhat cua ham: 5
Cho biet he so a(0) =1
Cho biet he so a(2) =10
Cho biet he so a(3) =16
Cho biet he so a(4) = 160
Cho biethe so a(5) =1
Cho biet he so a(6) = 10

Sau khi da nhap cdc hé s&, MATLAB sé& tu dong gidi va cho ta k&t qua:
Cac dinh thuc Hurwitz:

D[l]= 1
D[2]= 10
D[3]= 0
D[4]= 0
D[5]= 0
D[6]= 0
- HE THONG O BIEN ON DINH. —

Khdo sit hé thong theo tiéu chuin Routh

Chuong trinh:(lién hé PQT)

5 PHAM QUOC TRUONG MSSV:97102589
Dien thoai: 9230774

o° oe
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Khao sat itng dung MATLAB trong diéu khién tu dong

000000000000000000000000000000000000000000000000000000000000000000000020

Chay chuong trinh cac vi du:

Vidu 1: Cho phuong trinh dic trung
F(s)=s'+3s + 25+ 25 + 1

» routh

- CHUONG TRINH TAO HAM ROUTH -

Cho biet so bac cao nhat cua he: 4

Cho biethe so a(0) = 1

Cho biethe soa(l)= 3

Cho biethe so a(2) = 2

Cho biet he so a(3) = 2

Cho biethesoa(4)= 1

- HE THONG KHONG ON DINH. -

Vidu 2: Cho phuong trinh dic trung
F(s) = $+ st + 487 + 487 + 25 +1
» routh
- CHUONG TRINH TAO HAM ROUTH -
Cho biet so bac cao nhat cua he: 5
Cho biethe so a(0) = 1
Cho biethe soa(l)= 1
Cho biet he so a(2) = 4
Cho biet he so a(3) = 4
Cho biet he so a(4) = 2
Cho biethe soa(5)= 1
- HE THONG KHONG ON DINH. -

Vi du 3: Cho phuong trinh dic trung
F(s)=s” + 10s* + 165> + 160s” + s + 10

» routh

- CHUONG TRINH TAO HAM ROUTH -

Cho biet so bac cao nhat cua he: 5

Cho biet he so a[0] = 1

Cho biethe so a[l1] = 10

Cho biet he so a[2] = 16

Cho biet he so a[3] = 160

Cho biethe so a[4] = 1

Cho biet he so a[5] = 10
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- HE THONG ON DINH. -

Thuc hién: PHAM QUOC TRUONG
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Thuc hién: PHAM QUOC TRUONG
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Khdo sit ing dung MATLAB trong diéu khién ty dong

MOT SO CHUONG TRINH KHAO SAT, THIET KE
HE THONG PIEU KHIEN TU PONG

(N&u ban nao quan tAm dén cdc chuong trinh thi lién hé v6i PQT)
1. Chuong trinh 1:
Vi€t chuong trinh x4c dinh ham truyén vong kin c¢6 khau hoi ti€p don vi.
2. Chudng trinh 2:
Vi€t chuong trinh tim cuc va zero clia ham truyén.
3. Chuong trinh 3:
Vi€t chuong trinh kh3o st tinh 6n dinh ctia hé tuyé&n tinh lién tuc diing gidn dd Bode.
4. Chuong trinh 4:
Tao ra 1énh hurwitz d€ xét tinh 6n dinh ctia hé thong tuyé&n tinh lién tuc theo tiéu chuin

Hurwitz.
5. Chuong trinh 5:

Vi€t chuong trinh ty dong vé gidn dd Bode, biéu dd Nyquist, quy dao nghiém clia hé
tuyén tinh lién tuc.
6. Chuong trinh 6:

Vi€t chuong trinh d€ tim cdc chi tiéu trong mién thdi gian cia hé bac 2.
7. Chuong trinh 7:

Vi€t chuong trinh d€ thuc hién bd chinh cho mot hé thong tuyén tinh lién tuc bing gidn
dd Bode.

8. Chuong trinh 8:

Vi€t chuong trinh khdo sat 4nh hudng clia khau PID vao hé thdng tuy&n tinh bac 2.
trong cdc tap tin nay chuong trinh s€ khong thuc hién dugc.
9. Chuong trinh 9:

Vi€t 1énh ding dé kh3o sit tinh &n dinh cia hé thdng tuyé&n tinh gidn doan theo tiéu
chuin Jury.
11. Chuong trinh 11:

Vi€t chuong trinh dd hoa dé vé& cdc ddp ng tin s6 va ddp wng thdi gian bing cich chon
trong menu.

Chuong trinh dugc soan thdo trong 2 tap tin dohoa.m va action.m va hé thdng trong
chuong trinh nay c¢6 ham truyén la:

G(s) =

1
s(s+4)(s+5)
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Khdo sit ing dung MATLAB trong diéu khién ty dong

PHU CHUONG: LUU PO CAC CHUONG TRINH

Luu d6 chuong trinh ty dong vé bi€u d6 Nyquist, gidn dd Bode va quy dao nghiém

( Bit dau )

A 4

Nhap s6 1an vé n

A 4

Vé bi€u db6 Nvaquist

A 4

V& gidn d6 BODE

A 4

V& aqu¥y dao nghiém
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Chuong trinh tim cdc chi tiéu trong mién thdi gian clia hé bac 2

( Bit dau )

A 4

Nhap tdn s6 tu nhién Wn va hé s6 tit z

b
Wn=0
S
b
z=0
S

Thiét 1ap ham truyén

A
Tinh Cmax. Cxl. S%. exl. tdelav, tad....

<
€

A 4

( Durng )
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Chuong trinh b& chinh cho hé thong tuyén tinh lién tuc

V& gidn d6 BODE

Tinh Gm, Pm, Wcp, Wceg

b
@
S v

A A N L c A P P
Nhép tan sO cat bién sau bo chinh

B§ chinh sém pha

S
Wcegb > Wceg
S

BG& chinh tré pha
la

v
Tim Gmf, Pmf, Wcef, Wepf

S
Pmf > Pm
b

In ra ham truyén khau bd chinh

v

In ra ham truyén ctia hé théng

IA
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Khdo sit ing dung MATLAB trong diéu khién ty dong

( Bit dau )

A 4

Chuong trinh khdo sat 4nh hudng clia khau PID vao hé thong

Nhﬁp_Wn, z
b
Wn=0
S
b
z=0
S

V& gidn d6 BODE

A 4

Tinh Gm, Pm, Wcp, Wceg

A 4

Vé dép tng nic don vi

A

y

Tim Cmax, Cxl, exl, tdelay

A

y

Thém khau PID vao hé thong

A

y

V& gidn d6 BODE

A

y

Tinh Gm, Pm, Wcp, Wceg

A

y

Vé dép tng nic don vi

A 4

Tim Cmax, C

x1, exl, tdelay

\ 4

<&

( Diing )
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