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GIOI THIEU CHUNG

Diéu khién tu dong hoa déng vai trd quan trong trong su phat trién ctia khoa hoc va k§
thuat. Linh vuc nay hitu hiéu khip noi tir hé thong phi thuyén khong gian, hé thong diéu khién
tén lra, may bay khong nguoi 1di, nguoi mdy tay, mdy trong cac qua trinh san xuat hién dai va
ngay ca trong doi song hang ngay: diéu khién nhiét do, do am

Trong 1y thuyét diéu khién tu dong cé dién cdc nha bac hoc Jame Watt, Hazen, Minorsky,
Nyquist, Evan.... dd dua ra nhitng phuong phép giai quyét nhiéu van dé don gian nhu: bo diéu toc
ly tam dé diéu chinh nhiét do may hoi nuéc, chiing minh tinh én dinh clia hé théng c6 thé dugc
xdc dinh tir phuong trinh vi phan mo ta hé théng, xac dinh tinh én dinh cltia hé thong vong kin
trén co s dap tng vong hd doi véi cdc tin hiéu vao hinh Sin 6 trang thai x4c lap. ..

Khi cdc mday méc hién dai ngay nay cang phiic tap hon nhiéu tin hiéu vao va ra thi viéc
mo ta hé thong diéu khién hién dai nay doi hoi mot lugng rat 16n cdc phuong trinh. Ly thuyét
diéu khién c6 dién lién quan cdc hé théng mot ngd vao va mot ngd ra trd nén bat luc d€ phan tich
hé théng nhiéu ddu vao, nhiéu dau ra. K€ tir khoang nam 1960 trd di nhd mdy tinh s6 cho phép ta
phan tich cdc hé thong phic tap trong mién thoi gian, 1y thuyét diéu khién hién dai phét trién dé
doi pho véi su phifc tap ciia hé thong hién dai. Ly thuyét diéu khién hién dai dua trén phan tich
mién thoi gian va téng hop ding cdc bién trang thdi, cho phép giai cdc bai toan diéu khién c6 cac
yéu cdu chat ché vé do chinh x4c, trong lugng va gia thanh cta céc hé thong trong Iinh vuc k§y
nghé khong gian va quan su.

Su phét trién gan day cta ly thuyét diéu khién hién dai 1a trong nhiéu linh vuc diéu khién
toi uu cta céc hé thong ngau nhién va tién dinh. Hién nay mdy vi tinh ngay cang ré, gon nhung
kha nang xir 1y lai rat manh nén n6 duoc diing nhu 1a mot phan tir trong céc hé thong diéu khién.

MATLAB la mot chuong trinh phan mém 16n cta linh vuc tinh todn s6. Matlab chinh 1a
chit viét tat tir MATrix LABoratory, thé hién dinh huéng chinh cia chuong trinh bao gém mot s¢
ham toan céc chitc nang nhap / xudt ciing nhu cac kha nang lap trinh v6i ci phap thong dung ma
nho d6 ta c6 thé dung nén cdc Scripts. MATLAB c6 rit nhiéu phién ban nhu: 3.5, 4.0, 4.2, 5.0,
5.2,...6.0, 6.5 . Hién tai da c6 phién ban méi nhat 7.1. Trong bai ti€u luan nay ching ta chu yéu
tim hi€u vé phién ban 6.5.

Simulink 12 mot phan mém m& rong ctia Matlab (1 Toolbox ctia Matlab) ding dé mo hinh
hod, mo phong va phan tich mot hé thong dong. Thong thudng dung dé thiét k& hé thong diéu
khién, thiét k& DSP, hé thong thong tin va céc ting dung mo phong khéc.

Simulink 1a thuat ngit mé phong dé nhé duge ghép hai tir Simulation va Link, Simulink
cho phép mo ta hé thong tuyén tinh, hé phi tuyén, cic mo hinh trong mién thoi gian lién tuc, hay
gidn doan hoac mot hé gébm ca lién tuc va gian doan.



PHANI: CO SO VE MATLAB

MATLAB la mot chuong trinh phan mém 16n vé linh vuc toén s6¢ . Tén bo chuong trinh
chinh 12 chit viét tat tr MATrix LABoratory, thé hién dinh huéng ctia chuong trinh 1a nhitng phép
tinh vector va ma tran . Phan c6t 16i ctia chuong trinh bao gom mot s6 ham toan , cac chic nanng
nhap /xuat ciing nhu cdc khé nang diéu khién chu trinh  ma nho d6 ¢6 thé dung trén céc Scripts .

Trong phéan nay bao gém cdc Toolbox lién quan t6i Diéu Khién —~Tu Pong héa nhu: Control
System Toolbox, Signal Processing Toolbox, Optimization Toolbox, Stateflow Blockset, Power
System Blockset , Real — Time Workshop va SIMULINK. SIMULINK la mdt toolbox c6 vai tro
bac biét quan trong: Vai trdo cia mot cong cu manh phuc vu mé hinh héa va mé phong cdac hé
thong Ky thudt — Vt ly trén co s& so do cau tric dang khoi . Cing véi SIMULINK , Statefow
Blockset tao cho ta kha nang mo hinh héa va mo6 phong cac automat trang thai hitu han.

1.1. Nhiing buéc di dau tién véi MATLAB
1.1.1 Man hinh MATLAB

Sau khi khoi dong MATLAB , moi trudng tich hgp vé6i nhitng cilra s6 chinh nhu hinh
dudi :
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- Cira s6 Launch Pad : Cira s6 nay cho phép ngudi st dung truy cap nhanh céc cong cu
cia MATLAB, Phan Help (trg gitip) hoac Online Documents (tai liéu truc tuyén), mé Demos
(chuong trinh trinh dién).



- Clra s6 thu muc hién tai Current Directory Browser : Nho cira s6 nay ngudi sit dung
nhanh chéng nhan biét, chuyén déi thu muc hién tai clia moi trudng cong tic, md File, tao thu
muc méi.

- Clra s6 moi truong cong tic Workspace Browser : Tat ca cdc bién, cdc ham ton tai
trong moi trudng cong tdc déu dugc hién thi tai clra s6 nayvdi day du cdc thong tin nhu: Tén loai
bién/ham, kich thudc tiy theo Bytes va loai dif liéu. Ngoai ra con c6 thé cat vao bo nhd céc dit
liéu d6 , hodc str dung chic niang Array Editor (soan thdo méang) dé thay déi cdc bién

- Clra s6 1énh Command Windows : Day la clia s6 chinh chia MATLAB . Tai day ta
thuc hién toan bo viéc nhap dit liéu va xudt két qua tinh toan. DAu nhip nhdy >> bao hiéu chuong
trinh sdp hoat dong:

- Mai 1an nhap dit liéu duoc két thic bang dong tic nhan phim ENTER. Nguyén tac
nhan, chia thuc hién trudc cong , trir “ va thu tu uu tién clia ddu ngoac van nhu binh thuong . S6
c6 gid tri 16n thudng dugc nhap véi ham e mii (c6 thé viét E) . C6 thé két thic chuong trinh bing
cach déng man hinh MATLAB , hoic goi lénh quit, exit hoic nhan t6 hop phim Ctri+q

- Clra s6 qua khit Command History : T4t c4 cdc lénh da st dung trong Command
Windows duoc luu gitt va hién thi tai day, c6 thé lap lai 1énh cii bang cach nhdy chuot kép vao
lénh d6 . Ciing c6 thé cit, sao hodc x6a cd nhém 1énh hoic ting 1énh riéng ré.

1.1.2 Tién ich tro giip (Help) cia MATLAB

Tién ich tro gitip cia MATLAB la vo cung phong pht . Tuy theo nhu cau , hoac goi
Help [command] dé xem noi dung hd trg ctia 1énh command truc ti€p trén Command Windows
hoac st dung cong cu truy cap Help
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C6 thé goi clia s6 Help bang cdch goi trén Menu , goi 1énh helpwin hay doc truc ti€p trén cla sé
Command Windows . Béng 1énh loockfor searchstring ta c6 thé tim chudi ky tu searchstring trong dong
dau cia moi MATLAB File trong thu muc MATLAB

>> help log

LOG Natural logarithm.
LOG(X) is the natural logarithm of the elements of X.

Complex results are produced if X is not positive.

See also LOG2, LOG10, EXP, LOGM.

Overloaded methods
help gf/log.m
help sym/log.m
help fints/log.m
help designdev/log.m
>>

Céc lenh lién quan tGi tién ich help dugc tap hgp trong bang sau:

Help

help[command] Tién ich Help truc tuyén cia MATLAB trong clra
s6 lénh Commmand Workspace

helpwin[command] Tién ich Help truc tuyén cia MATLAB trong ctra

S6 truy cap Help

doc[command] Tu liéu tryc tuyén cia MATLAB trong cira s6 truy
cap Help

lookforsearchstring Tim chudi ky tu searchstringtrong dong dau tién
cua moi MATLAB Files trong thu muc MATLAB

1.1.3 Cac bién

Thong thuong , két qua cau céc bién dugc gan cho ans . Su dung ddu bang ta c6 thé dinh
nghia mot bién , dong thoi gan gia tri cho bién d6 . Khi nhap tén clia mot bién ma khong géan gia
tri , ta thu gia tri hién tai ca bién dé . T4t ca cdc bién déu la bién global trong Workspace. Tén
clia bién c6 thé chia t6i 32 chit cdi , gach ngang thip () ciing nhu chit s6 . Chif viét hoa to va chit
viét nho déu duoc phan biét .

Viéc nhap gi4 tri ¢6 thé duoc thuc hién thanh mot chudi trong cling mot dong , chi cich
nhau béi dau (;) . Néu str dung dau phdy(,) dé tach cac lénh khi Ay céc gid tri s€ dugc xuit ra
man hinh :

>> x=25; y=10;

>>X



X =
25
>> a=x+y,A=x/y
a=
35
A=
2.5000

Mot s6 bién nhu : pi, i, jvainf da dugc MATLAB diung dér chi cdc hing s6 hay ky
hiéu, vay ta phai tranh st dung chiing . D6i véi cac phép tinh bat dinh (vi du 0/0), trén man hinh
s€ xuat hién két qua NaN (Not a Number) . esp cho ta biét cdp chinh x4c tuong déi khi biéu dién
s6 v6i ddu phay dong (vi du : esp = 2.2204e-016):

>>1/0
Warning: Divide by zero.
(Type "warning off MATLAB:divideByZero" to suppress this warning.)
ans =
Inf Inf: infinite (v6 cung)
>>0/0
Warning: Divide by zero.
(Type "warning off MATLAB:divideByZero" to suppress this warning.)

ans =
NaN NaN: not — defined (bat dinh )
Cac ky hiéu
= Gan gia tri cho bién
+-F /A Céac phép tinh
; Nhap gid tri (con giit vai trd ddu cdch khi nhap nhiéu gia tri
trong cing mdt dong )
, D4u cédch khi xuat nhiéu gia tri trong cing mot dong
esp Cap chinh x4c tuong d6i khi stt dung gid tri ddu phiy dong
ij Todn tlr a0
inf Vo cing ()
NaN Not a Number
pi Héng s6 7

1.1.4 Cac ham toan hoc

Chuong trinh MATLAB ¢6 sdn rdt nhiéu ham toén tap hop trong bang sau day . Tat ca cic
ham trong bang déu c6 kha nang st dung tinh ctia vector



Cac ham toan

sqrt(x) Can bac hai rem(x,y) S6 du ctia phép chia x/y
exp(x) Ham mii cos6 e round(x) Lam tron s0
log(x) Logarit ty nhién ceil(x) Lam tron 1én
log10(x) Logarit co so thap phan floor(x) Lam tron xuong
abs(x) Gia tri tuyét doi sum(v) Téng cdc phan tir vector
sign(x) Ham dau prod(v) Tich céc phan tir vector
real(x) Phan thuc min(v) Phan tr vector bé nhat
imag(x) Phan 4o max(v) Phan tr vector 16n nhat
phase(x) Goc pha ctia s6 phtic mean(v) Gia tri trung binh cOng

Cac ham luong giac
sin(x) Ham sin atan(x) Ham arctg £90°
cos(x) Ham cos atan2(x,y) Ham arctg +180°
tag(x) Ham tg sinc(x) Ham sin( 7 x)/ (7 X)

1.2 Vector va ma tran

MATLAB c6 mot so lénh dic biét dé khai bdo hoic sir 1y vector va ma tran . Cdch don
gian nhat dé khai bdo , tao 1én vector hodc ma tran 12 nhap truc ti€p . Khi nhap truc ti€p cdc phan
tlr cia mot hang dugc céch bdi ddu phay hodc vi tri cdch bod trong" cdc hang dugc cach bai dau
(;) hodc ngat dong.

>> vector=[3 4 5]

vector =

3 4 5
>> matran=[vector; 1 2 3]
matran =

3 4 5

1 2 3

Vector c6 céc phan tit tiép dién v6i mot bugc nhat dinh , ¢6 thé nhap mot cidch don gian
nho

Toan tlr (:) nhu sau (start: increment; destination) “(xuét phat : budc; dich)”. Néu chi nhap
start va destination , MATLAB s€ tu dong dat increment la +1.

Ciing c6 thé nhap cdc vector tuyén tinh ciing nhu vector ¢6 phan hang logarithm bang
cach dung 1énh linspace(start, destination, number) “(Trong d6 number la s6 lwong phan tir cuia
vector)”. Ta cling c6 thé nhap bing lénh logspace, start va destination dugc nhap boi s6 mii thap
phan , vi du : thay vi nhap 100 = (10)ta chi can nhap 2.

>> long=1:5
long =

1 2 3 4 5
>> deep = 10:-2:2
deep =

10 8 6 4 2

>> longer=linspace(1,15,5)



longer =

1.0000 4.5000 8.0000 11.5000 15.0000
>> licreace=logspace(1,2,5)
licreace =

10.0000 17.7828 31.6228 56.2341 100.0000

Béng cac ham ones(line,column)va zeros(line, column) ta tao cdc ma tran ¢ phan tur 1a 1
hoac 0. Ham eye(line) tao ra ma tran don vi, ma tran toan phuong véi cac phan tu 1 thuoc dudng
chéo , tat ca cac phan ti con lai 1a 0. Kich ¢ cia ma tran hoan toan phu thuoc ngudi nhap:

>> M= ones(2, 3)
M =

Viéc truy cap ting phan tir ctia vector hodc ma tran duoc thuc hién bang cach khai béao chi
s6 cua phan tr , trong d6 cin luu y rang : chi s6 bé nhat 1a 1 chit khong phal 1a 0. Dac biét , khi
can xudt ting hang hay ting cot , ¢6 thé sir dung todn tir (:) ding mot minh , diéu Ay c6 nghia 1a :
phai xudt moi phan tlr cia hang hay cot :

>> matran(2,2)

ans =
2
>> matran(2,:)
ans =
1 2 3

MATLAB c6 mot 1énh rat hitu ich , phuc vu tao ma tran véi chic nang tin hiéu thir d6 1a :
rand(m,n). Khi goi ta thu dugc ma tran m hang va n cot vGi phan tir mang cac gid tri ngau nhién:

>> mt_ngaunhien=rand(2,3)
mt_ngaunhien =
0.4565 0.8214 0.6154
0.0185 0.4447 0.7919

Khai bao vector va ma tran

[x1 x2...;x3x4...] Nhap gia tri cho vector va ma tran
start: increment: destination Todn tir (2)
linspace (start,destination ,number) Khai bao tuyén tinh cho vector
logspace (start,destination ,number) Khai bdo logarithm cho vector
eye(line) Khai bdo ma tran don vi
ones(line,column) Khai bdo ma tran véi cac phan tur 1
zeros(line,column) Khai bdo ma tran véi cac phan tir 0
rand(line,column) Khai bdo ma tran véi cac phan ti nhap

ngau nhién




1.2.1 Tinh toan véi vector va ma tran

Nhiéu phép tinh c6 thé 4p dung cho vector va ma tran . Vi du : Phép nhan véi ky hiéu(*)
duoc dung dé tinh tich ctia vector va ma tran . Viéc chuyén vi clia vector va ma tran duoc thuc
hién nho 1énh transpose hoac (‘) . Néu vector va ma tran la phic , ta dung thém lénh la
ctranspose hoic (‘) dé tim gid tri phic lién hop. D6i véi cac gid tri thuc hai 1énh trén nhu nhau

>> M*matran
ans =
4 6 8
4 6 8

Néu nhu trong cac phép tinh * /A can dugc thuc hién cho titng phan tlr ctia vector va ma
tran , ta s€ phai dat thém vao trudc ky hiéu cua phép tinh d6 ky hiéu (.). Phép tinh d6i véi cac
bién vo hudng luon duge thuc hién cho ting phan tir mot :

>> M ./ matran
ans =
0.3333 0.2500 0.2000
1.0000 0.5000 0.3333
Phép tinh trén cling ¢6 hiéu luc ca khi ma tran cé céc phan tlr phiic:

>> matranphuc = [1+i 1-i; 1 2]

matranphuc =
1.0000 + 1.00001 1.0000 - 1.00001
1.0000 2.0000

>> matranphuc*matranphuc
ans =
1.0000 + 1.0000i 4.0000 - 2.00001
3.0000 + 1.00001 5.0000 - 1.00001
>> matranphuc.*matranphuc
ans =
0 + 2.00001 0 - 2.00001
1.0000 4.0000

Lénh diff(vector [n]) tinh vector sai phan. Bang 1énh conv(vector_1, vvector_2) ta chap hai
vector vector 1 va vector 2. Néu hai vector can chap c6 phan tir 1a cac hé s6 cua hai da thuc, két
qua thu dugc s€ tng véi cac hé s6 sau khi nhan hai da thic d6 vé6i nhau :

>> diff(vector)

ans=1 1

Hai lénh inv va det ding dé nghich ddo ma tran toan phuong va tinh dinh thiic ciia ma tran
. Gia tri riéng cia ma tran matrix duoc tinh bdi 1énh eig(matrix) va hang cta né duoc tinh bai
lénh rank(matrix), Néu can chuyén vi ma tran ta dung lénh transpose(matrix):

>> matrix=[12 3;345;56 7]



matrix =

1 2 3
3 4 5
5 6 7

>> rank(matrix)

ns =

>> eig(matrix)
ans =
12.9282
-0.9282
0.0000
>> det(matrix)
ans =
0
>> inv(matrix)
Warning: Matrix is close to singular or badly scaled.
Results may be inaccurate. RCOND = 1.850372e-018.
ans =
1.0e+016 *
0.4504 -0.9007 0.4504
-0.9007 1.8014 -0.9007
0.4504 -0.9007 0.4504

>> transpose(matrix)

ans =
1 3 5
2 4 6
3 5 7
Tinh toan véi vector va ma tran
LA Céc phép tinh véi tig phan tir
transpose(matrix) hoac matrix’ Chuyén vi ma tran matrix
ctranspose(matrix) hoac matrix’ Chuyén vi ma tran matrix c6 phan tit
phtc lién hgp
inv(matrix) Dao ma tran
det(matrix) Tinh dinh thdc clia ma tran
eig(matrix) Tinh gia tri riéng cua ma tran
rank(matrix) Xéc dinh hang ctia ma tran
diff{vector[n]) Tinh vector sai phan
conv(vector 1 ,vector 2) Chap vector (nhan da thic)




1.2 Cau tric va truong
1.2.1 Cau tric

Dé thuan tién cho viéc quan ly va sir dung , ta c6 thé tap hop nhiéu bién lai trong mot cau tric .
Trong d6 moi mang ¢6 mot tén riéng (mot chudi ky tu string) dat gitta hai dau (‘ ©) ¢6 kém theo
gia tri . Mot cdu tric dugc tao nén bdi 1énh struct(‘name_1°,value_1,’name_2’,value_2,.....):

>>my_structure = struct(‘data’, matrix, ‘size’, [2 3]);
Viéc truy cap vao dit liéu dugc thuc hién bdi véi dau cach(.);
>>my_structure (2) . data = matrix.A(-1) ;
ans =
1.0000 0.5000 0.3333
Ngoai ra MATLAB con ¢6 cdc 1énh vé cau tric méc vong nhu cau tric nhap boi 1énh componist .
1.2.2 Truong

Téng quat & mot mic do cao hon céu tric 12 truong (Cell Array). D6 chinh 1a cdc Array
(mang nhiéu chiéu), chita Cell (t€ bao) véi dit liéu thudc cdc loai va kich ¢ khdc nhau . Ta c6 thé
tao ra Cell Array bang lénh cell , hoac don gian hon bang cach ghép cédc phan tir bén trong dau
ngodc {}. Tung phéan tr ctia Cell Array c6 thé dugc truy cap nhu cdc vector , ma tran thong
thuong nhu cdc Array nhiéu chiéu , chi can luu y rang : Thay vi dung d4u ngodc tron () ta su
dung d4u ngoac méc {}.

Gia str ta tao ra mot Cell Array rong c6 tén my cell nhu sau :
>> my_cell = cell(2,2)
my_cell =
(1 1
i
Bay gio ta lan lugt gan cho tiing mang ctia my_cell cac gia tri sau day:
>>my_cell{1,1} ='chao cac ban’;
>>my_cell{1,2} ='chuc cac ban hoc tap tot’;
>>my_cell{2,1} =[1 2; 3 4];
>>my_cell{2,2} =10;

Khi nhap tén ctia Cell Array trén man hinh xuét hién lén ddy dt cau tric ctia né. C6 thé biét noi
dung (hay gid tri ) cia mot hay nhiéu Cell khi ta nhap céc chi s6 cta Cell:

>>my_cell
my_cell =
'chao cac ban' [1x24 char]
[2x2 double] [ 10]
>>my_cell{1,1}
ans =
chao cac ban

>>my_cell{1,2}

10



ans =
chuc cac ban hoc tap tot

>>my_cell{2,1}

ans =
1
3

Cau tric (Structure) va truong (Cell Array)
Structure(‘nl’,’v1’,’n2°,’v2’, ...) Khai bdo cau tric
Structure.name Truy cap vao phan tlir name
My_cell = {} Tao Cell Array rong
Cell(n) Tao nxn Cell Array
Cell(m,n) Tao mxn Cell Array

Phan trén 1a nhitng khdi niém khai quat va nhitng vi du cu thé gidi thiéu mot phan nho
nhiing ing dung ma phian mém MATLAB c6 thé thuc hién .MATLAB 12 mot phan mém Ién trong
linh vuc todn s6 va con ¢6 kha niang cua mot ngon ngit 1ap trinh bac cao véi tinh nang d6 hoa
phong phi. MATLAB véi nhitng cong cu nhu : Control System Toolbox (cong cu khao sat thi€t k&
hé thong diéu khién ), Optimization Toolbox (cong cu tinh todn t6i uu) va Signal Processing
Toolbox (cong cu su 1y tin hién ). MATLAB dang 12 phdn mém ma cédc k¥ su cdc sinh vién s
dung rong rai nho vao tinh nang wu viét clia phan mém nay
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PHAN II

GIGI THIEU MOT SO NHOM LENH CO BAN MATLAB

I. LENH CO BAN
1. Lénh ANS
a) Cong dung: (Purpose)
La bién chita két qua mac dinh.
b) Giai thich: (Description)

Khi thuc hién mot 1énh nao dé ma chua c6 bién chita két qua, thi MATLAB ldy bién Ans
lam bién chira két qua do.

2. Lénh CLOCK
a) Cong dung: (Purpose)
Thong bdo ngay gi¢ hién tai.
b) Cu phép:(Syntax)
¢ = clock
c¢) Giai thich: (Description)
Dé thong bdo dé doc ta dung ham fix.
3. Lénh COMPUTER
a) Cong dung: (Purpose)
Cho biét hé diéu hanh ctua mdy vi tinh dang st dung Matlab.

b) Ci phép: (Syntax)
computer
[c,m] = computer
c¢) Giai thich: (Description)
c: chita thong bdo hé diéu hanh cia may.
m: s6 phén tir chia ma tran 16n nhat ma may c6 thé 1am viéc dugc véi Matlab.
4. Lénh DATE
a) Cong dung: (Purpose)
Thong bdo ngay thang nam hién tai
b) Cu phéap: (Syntax)
s = date
5.Lénh CD
a) Cong dung:
Chuyén d6i thu muc lam viéc.

b) Cu phép:
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cd
cd diretory
cd ..
¢) Giai thich:
cd: cho biét thu nuc hién hanh.
diretory: dudong dan dén thu muc mudn lam viéc.
cd .. chuyén dén thu muc cip cao hon mot bac.
6. Lénh CLC
a) Cong dung:
X6a clra s6 1énh.
b) Cu phép:
clc
7. Lénh CLEAR
a) Cong dung:
X6a céc dé muc trong bo nhd.
b) Cu phép:
clear
clear name
clear namel name2 name3
clear functions
clear variables
clear mex
clear global
clear all
¢) Giai thich:
clear: x6a tat ca cac bién khoi viing lam viéc.
clear name: x6a cac bién hay ham duoc chi ra trong name.
clear functions: x6a tat ca cac ham trong bo nhé phu
clear variables: x0a tt ca cac bién ra khoi b nhd.
clear mex: xda tit ca cac tap tin .mex ra khoi bo nhé.
clear: x0a tat ca cac bién chung.

clear all: x6a tat ca cac bién, ham, va cac tap tin .mex khodi bo nhé. Lénh nay lam cho bo
nhé trong hoan toan.

8. Lénh DELETE

a) Cong dung:
X6a tap tin va doi tugng do hoa.
b) Cd phap:

delete filename

13



delete (n)
¢) Giai thich:
file name: tén tap tin can xda.
n: bién chita d6i tugng do hoa cin x6a. Néu doi tuong 12 mot cira s6 thi cilra s6 s& dong lai
va bi x0a.
9. Lénh DEMO
a) Cong dung:
Chay chuong trinh mac dinh ctia Matlab.
b) Ci phép:
demo
¢) Giai thich:

demo: la chuong trinh c6 san trong trong Matlab, chuong trinh nay minh hoa mot s6 chiic
nang cua Matlab.

10. Lénh DIARY
a) Cong dung:
Luu vung thanh file trén dia.
b) Cu phép:
diary filename
¢) Giai thich:
filename: tén cua tap tin.
11. Lénh DIR
a) Cong dung:
Liét ké céac tap tin va thu muc.
b) Cu phép:
dir
dir name
¢) Giai thich:
dir: liét ké céc tap tin va thu muc c6 trong thu muc hién hanh.
dir name: duong dan dén thu muc cén liét ké.
12. 1énh DISP
a) Cong dung:
Trinh bay noi dung ctia bién (x) ra man hinh
b) Cu phép:
disp (x)
c) giai thich:
x: 1a tén clia ma tran hay la tén cta bién chia chubi ky tu, néu trinh bay truc ti€p chudi ky
tu thi chuoi ky tu duoc dat trong dau
13. Lénh ECHO
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a) Cong dung:
Hién thi hay khong hién thi dong 1énh dang thi hanh trong file *.m.
b) Cu phép:
echo on
echo off
¢) Giai thich:
on: hién thi dong lénh.
off: khong hién thi dong Iénh.
14. Lénh FORMAT

a) Cong dung:
Dinh dang kiéu hién thi ctia c4c con s6.

Cii phdp Giéi thich Vidy
Format short Hién thi 4 con 3.1416

sO sau dau cham

Format long Hién thi 14 3.14159265358979
con s6 sau dau
cham

Format rat Hién thi dang 355/133

phan s6 cta phan
nguyén nho nhit

Format + Hién thi s6 +
duong hay am

15. Lénh HELP
a) Cong dung:

hudng dan cach st dung céc 1énh trong Matlab.
b) Ci phdp:
help
help topic
¢) Giai thich:
help: hién thi vén tit cdc muc huéng dan.
topic: tén 1énh can duoc hudng dan.
16. Léenh HOME
a) Cong dung:
Pem con tr6 vé dau viing lam viéc.

b) Cu phép:
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home
17. Lénh LENGTH
a) Cong dung:
Tinh chiéu dai cta vecto.
b) Cu phép:
1 = length (x)
¢) Giai thich:
I: bién chia chiéu dai vecto.
18. Lénh LOAD
a) Cong dung:
Nap file tir dia vao ving lam viéc.
b) Ci phép:
load

load filename

load filename
load finame.extension
¢) Giai thich:
load: nap file matlap.mat

load filename: nap file filename.mat

load filename.extension: nap file filename.extension

Tap tin nay phai 1a tap tin dang ma tran ¢4 nghia 1a s6 cot clia hang duéi phai bang s6 cot
ctia hang trén. Két qua ta dugc mot ma tran cé s6 cot va hang chinh la s6 cot va hang cia

tap tin van ban trén.
19. Lénh LOOKFOR
a) Cong dung:

Hién thi tat ca cdc 1énh c6 lién quan dén topic.

b) Ci phdp:
lookfor topic
¢) Giai thich:
topic: tén 1énh can dugc hudng dan.
20. Lénh PACK
a) Cong dung:

Sép xép lai bo nhd trong viing 1am viéc.

b) Cu phép:
pack
pack filename
¢) Giai thich:
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Néu nhu khi sit dung Matlap mdy tinh xuat hién thong bdo “Out of memory” thi 1énh
pack c6 thé tim thdy mot s viing nhG con tréng ma khong can phai x6a bét cac bién.

Lénh pack giai phéng khong gian bo nhG can thiét bang cdch nén thong tin trong ving
nhé xudng cuc tiéu. Vi Matlab quan Iy bo nhé bang phuong phdp xép chéng nén cdc doan
chuong trinh Matlab c6 thé 1am cho viing nhé bi phan manh. Do dé s& c6 nhiéu viing nhé
con trong nhung khong du dé chita c4c bién 16n méi.

Lénh pack s€ thuc hién:

+ luu tat ca cac bién 1én dia trong mot tap tin tam thoi 1a pack.tmp.

+ x0a tét ca cac bién va ham c6 trong bo nhd.

+ 14y lai cdc bién tir tap tin pack.tmp.

+ x6a tap tin tam thoi pack.tmp.

két qua la trong ving nhé cac bién dugc gop lai hoac nén lai t6i da nén khong bi

lang phi bo nhé.
Pack.finame cho phép chon tén tap tin tam thoi dé chita cac bién. Néu khong chi ra tén
tap tin tam thoi thi Matlab tu 18y tén tap tin d6 la pack.tmp.
Néu da dung lénh pack ma may van con béo thi€u bo nhd thi bat budc phai x6a bét cac
bién trong ving nhd di.

21. Lénh PATH

a) Cong dung:

Tao dudng dan, liét ké tat ca cac duong dan dang cé.
b) Ci phép:

path

p = path

path (p)

¢) Giai thich:

path: liét ké tat ca cac duong dan dang cé.

p: bién chita duong dan.

path (p): dat duong dan mdi.

22. Lénh QUIT

a) Cong dung:
Thoat khoi Matlab.

b) Ci phép:
quit

23. Lénh SIZE

a) Cong dung:

Cho biét s6 dong va s6 cOt clia mot ma tran.
b) Ci phép:

d = size (x)

[m,n] = size (X)

m = size (x,1)
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n = size (X,2)
¢) Giai thich:

X: tén ma tran.

d: tén vecto c6 2 phan tlr, phan tir thit nhat 1a s6 dong, phan tir con lai 1a s6 cot.

m,n: bi€n m chita s6 dong, bién n chia s6 cot
24. Lénh TYPE
a) Cong dung:
Hién thi noi dung ctia tap tin.
b) Cu phép:
type filename
¢) Giai thich:
filename: tén file cAn hién thi noi dung.
Lénh nay trinh bay tap tin dugc chi ra.
25. Lénh WHAT
a) Cong dung:
Liét ké cac tap tin *.m, *.mat, *.mex.
b) Cu phép:
what
what dirname
¢) Giai thich:
what: liét ké tén cic tap tin .m, .mat, .mex c6 trong thu muc hién hanh.
dirname: tén thu muc can liét ké.
26. Lénh WHICH
a) Cong dung:
Xac dinh chtic nang cua funname la ham ctia Matlab hay tap tin.
b) Cu phép:
which funname
¢) Giai thich:
funname: 1a tén Iénh trong Matlab hay tén tap tin
d) Vi du:
which inv
inv is a build-in function
which f
c\matlab\bin\f.m
27. Lénh WHO, WHOS

a) Cong dung:
Thong tin vé bién dang c6 trong bo nhd.
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b) Cu phép:

who

whos

who global

whos global
¢) Giai thich:

who: liét ké tat ca cdc tén bién dang ton tai trong bo nhdg.

whos: liét ké tén bién, kich thuGc, s6 phan tir va xét cac phan 4o c6 khac 0 khong.

who global va whos: liét ké cac bién trong vung lam viéc chung.

II. CAC TOAN TU VA KY TU PAC BIET

1. Cac toan tir s6 hoc (Arithmetic Operators):

T Cong dung
oan tu

+ Cong ma tran hoac dai luong vo huéng (cac ma tran phai c6 cung kich thudc).

- Trir ma tran hoac dai lugng vo huéng (cac ma tran phai cé cung kich thudce).

* Nhan ma tran hoac dai luong vo hudng (ma tran 1 phai c6 s6 cot bang s6 hang
clia ma tran 2).

Jk Nhan ting phan tir cia 2 ma tran hoac 2 dai luong vo hudng (cic ma tran phai
c6 cung kich thudce).

\ Thuc hién chia nguoc ma tran hoéc cédc dai lugng vo huéng (A\B tuong duong
vé6i inv (A)*B).

A\ Thuc hién chia nguoc tiing phan tir cia 2 ma tran hoac 2 dai luong vo hudng
(cdc ma tran phai c6 cung kich thudc).

/ Thuc hién chia thuan 2 ma tran hoac dai luong vo6 huéng (A/B tuong duong
v6i A*inv(B)).

v Thuc hién chia thuan tirng phan tir ciia ma tran nay cho ma tran kia (cic ma
tran phai c6 cung kich thudc).

A Liy thira ma tran hoac cac dai luong vo huéng.

A Liy thtra trng phan tir ma tran hoac dai lugng vo hudng (cdc ma tran phai c6
cung kich thudéc).
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2.. Toan tu quan hé (Relational Operators):

Tod Cong dung
ntu

< So sanh nho hon.
> So sanh 16n hon.

>= So sanh 16n hon hodc béng.

<= So sédnh nho hon hodc béng.

== So sanh bang nhau ca phan thuc va phan éo.
-= So sénh bang nhau phén ao.

Giai thich:
C4c todn tlr quan hé thuc hién so sanh tiing thanh phan ctia 2 ma tran. Ching tao ra mot
ma tran c6 cung kich thudc véi 2 ma tran so sanh véi cac phan tir 1a 1 néu phép so sanh la ding

va la 0 n€u phép so sanh la sai.

Phép so sanh c6 ch€ do uu tién sau phép toan s6 hoc nhung trén phép toan logic.

3. Toan tu logig (Logical Operators):

Toan Cong dung

& Thuc hién phép todn logic AND.

| Thuc hién phép toan logic OR.

~ Thuc hién phép todn logic NOT.

a) Giai thich:
K&t qua ctia phép toan 1a 1 néu phép logic la ding va 1a 0 néu phép logic 1a sai.
Phép logic c6 ch€ do uu tién thap nhat so v6i phép toan s6 hoc va phép todn so sanh.
b) Vidu:

Khi thuc hién phép todn 3>4 & 1+ thi mdy tinh s€ thuc hién 142 dugc 3, sau do téi 3>4
duoc 0 roi thue hién 0 & 3 va cudi cung ta dugc két qua 1a 0.
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4. Ky tu dac biét (Special Characters):

Ky
hiéu

Cong dung

[]

Khai bdo vector hoac ma tran.

0

Thuc hién phép toan uu tién, khai bao cac bién va céc chi s6
clia vector.

Thuc hién phép gan.

Chuyén vi ma tran tim lugng lién hiép clia s6 phiic.

Diém cham thap phan.

Phan biét cdc phan tlr cia ma tran va cac doi so trong dong
Iénh.

Ngan céch gifta cidc hang khi khai bdo ma tran.

%

Thong bdo dong chi thich.

M ctra s6 MS — DOS.

1. Lénh ALL
a) Cong dung:

III. CAC HAM LOGIC (LOGICAL FUNCTION)

Kiém tra vector hay ma tran c6 gi4 tri 0 hay khong.

b) Ci phép:
y = all(x)
¢) Giai thich:

y: bién chita két qua

X: tén vedtor

hay ma tran

y = 1 khi tat ca cac phan tit khac 0

y = 0 khi ¢6 1 phan tir bang 0

2. Lénh ANY
a) Cong dung:

Kiém tra vector hay ma tran c6 gid tri khac 0 hay khong.

b) Cu phép:
y = any(x)
¢) Gidi thich:

y: bién chira két qua.
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X: tén vector, hay ma tran.
y = 1 khi ¢6 1 phan tlr khéc 0.
y =0 khi ¢6 1 phan tir bang 0.
3. Lénh EXIST
a) Cong dung:
Kiém tra bién hay file c6 ton tai hay khong.
b) Ci phdp:
e = exist(‘item”)
¢) Giai thich:
item: 1a tén file hay tén bién.

e: bién chia gia tri tra vé.

e Y nghia
0 item khong ton tai trong viing lam viéc
1 item 12 bién dang ton tai trong viing lam viéc
2) item dang ton tai trén dia (chi kiém tra trong thu muc hién
hanh)
3 item la MEX-file
4 item Ia file dugc dich tir phadn mém Simulink
5 item la ham ctia Matlab
4. Lénh FIND
a) Cong dung:
Tim phan tir trong vector hay ma tran theo yéu cau.
b) Ci phép:
k = find(x)

[i,j] = find(x)
[i,j,s] = find(x)
¢) Giai thich:
k: chi vi tri cta phan tir can tim trong vector.
i,j: chi s6 hang va s6 cot tuong tng clia phan tlr can tim.
s: chita gid tri ctia phan tlr can tim.

X: tén vector, ma tran hay 1a yéu cau dé ra. Néu khong néu ra yéu cau thi mac nhién 1a tim
cac phan tir khac 0.
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IV. NHOM LENH LAP TRINH TRONG MATLAB

1. Lénh EVAL
a) Cong dung:
Chuyén d6i chudi ky tu thanh biéu thic.
b) Cua phép:
kq = eval(‘string’)
¢) Giai thich:
kq: bién chira két qua.
Néu ‘string’ 12 cdc ky s6 thi chuyén thanh nhitng con so.
Néu “string’ 12 cau 1énh thi chuyén thanh c4c Iénh thi hanh duoc.
2. Lénh FOR
a) Cong dung:

Dung dé thuc hién 1 cong viéc can lap di lap lai theo mot quy luat, véi s6 bude lap xéac
dinh trudc.

b) Ci phép:
for bién diéu khién = gi4 tri du : gi4 tri cudi,
thuc hién cong viéc;
end
¢) Giai thich:
Cong viéc chinh 1a cdc 1énh can thi hanh, c6 thé c6 nhiéu lénh, két thic 1énh phéi c6 dau;
3. Lénh FUNCTION
a) Cong dung:
Tao thém ham méi.
b) Cu phép:
function s = n(x)
¢) Giai thich:

s: tén bién chita gia tri tra v€ sau khi thi hanh ham.

n: t&n goi nhé.
4. Lénh INPUT

a) Cong dung:

Dung dé nhap vao 1 gid tri.
b) Ci phdp:

tén bién = input (‘promt”)

tén bién = input (‘promt’, ‘s’)
¢) Giai thich:

tén bién, l1a noi luu gia tri ngap vao.
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‘promt’: chudi ky tw muon nhap vao.

‘s’: cho biét gid tri nhap vao la nhiéu ky tu.

S.Lénh IF ...ELSEIF ...ELSE

a) Cong dung:

Thuc hién 1énh khi thoa diéu kién.
b) Cu phép:

if biéu thiic luan 1y 1

thuc hién cong viéc 1;
elseif biéu thiic luan 1y 2

thuc hién cong viéc 2;

else
thuc hién cong viéc 3;
end
¢) Giai thich:

Khi biéu thitc luan ky 1 ding thi thuc hién cong viéc 1 twong tu cho biéu thitc luan ly 2.
Néu ca hai biéu thic sai thi thuc hién cong viéc sau lénh else.

Biéu thitc luan 1y 1a cdc phép so sdnh ==, <, >, <=, >=
cong viéc chinh 1a c4c Iénh can thi hanh, c6 thé c¢6 nhiéu lénh, két thiic 1énh phai c6 diu ;
6. Lénh MENU
a) Cong dung:
Tao menu dé chon chtic ning.
b) Cu phép:
tén bién = menu (‘Tén menu’,‘chitc nang1’,‘chic nang?2’, ...., ‘chiic nang n’)
¢) Giai thich:
tén menu: 12 tiéu dé ctia menu.
tén bién: 1a noi cat gia tri nhan dugc sau khi chon chic nang cia menu.

Chitic nang 1, 2, ....,n:khi chon chiic nang nao thi tén bién c6 gia tri 1a s6 thit tu cia chic
nang do.

7. Lénh PAUSE
a) Cong dung:
Dung chuong trinh theo y mudn.
b) Cu phép:
pause on
pause off
pause (n)
¢) Giai thich:
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pause on: ding chuong trinh, va chd nhan 1 phim bat ky (trir cdc phim diéu khién) chuong
trinh thuc hién tiép.

pause off: tat chiic nang 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 can lap di lap lai theo mot quy luat, véi s6 budc lap khong
xac dinh, phu thuoc vao biéu thic luan Iy.

b) Ci phép:
while biéu thitc luan ly
thuc hién cong viéc;
end
¢) Giai thich:
Biéu thic luan 1y 1a cdc phép so sdnh = =, <, >, <=, >=
Cong viéc chinh 1a cdc 1énh cin thi hanh, c6 thé c6 nhiéu 1énh, két thic 1énh phai c6 dau ;

Khi thuc hién xong cong viéc thi quay Ién kiém tra lai biéu thic luan 1y, né€u van con
ding thi ti€p tuc thuc hién, néu sai thi két thic.

V. TAP LENH XU LY CHUOI
1. Lénh ABS

a) Cong dung:

Tao vector don c6 gid tri ciia mdi phan tir 12 s6 thi tu twong ing vdi ky tu trong bang ma
ASCIL

L&y tri tuyét d6i cua mot s6 am.
b) Cd phip:
n =ABS(s)
x = ABS(a)
¢) Giai thich:
n: tén vector.

s: chudi ky tu, hoac 1a tén bién chia chubi ky tu.
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a: s6 am, hoac la tén bién chita s6 am.
X: tri tuyét doi cia a.
2. Lénh BLANKS
a) Cong dung:
Tao khoéang trang gitta hai hay nhiéu chudi ky tu theo mong muon.
b) Ci phép:
[S1 BLANKS(b1) S2 BLANKS(b2) ...BLANKS(bn) Sn]
¢) Giai thich:
S1, S2, ...Sn: cdc chudi ky tu.

bl, b2: s6 khoang trang.
3. Lénh DEC2HEX
a) Cong dung:
Déi con s6 ctia hé 10 sang hé 16.
b) Cu phép:
s = dec2hex(n)
c) Giai thich:
s: bién chia chudi ky so ctia hé 16
n: con sO nguyén hé 10.
4. Léenh HEX2DEC
a) Cong dung:
D6i chubi ky s6 ciia hé 16 sang con so ctia hé 10.
b) Cu phép:
n = hex2dec(‘s’)
c) Giai thich:

n: con s6 cta hé 10.

s: chudi ky so hé 16.
5. Lénh INT2STR

a) Cong dung:
Chuyén s6 nguyén sang dang chudi.

Chuyén céc ky tu trong mot chudi sang s6 thit tu twong ting trong bang ma ASCIL.
b) Cua phép:

kq=INT
c) Giai thich:

kq: bién STR(n)chtra két qua.

n: tén bién can chuyén.

Néu n 1a s6 nguyén thi kq 1a chudi ky so.

Néu n 1a chudi ky tu thi kq 1a s6 tuong ting trong bang ma ASCII



6. Lénh ISSTR
a) Cong dung:
Kiém tra noi dung bién c6 phai 1a chubi ky tu khong.
b) Ci phép:
kq = isstr(n)
¢) Giai thich:
kq: bién chita két qua.
n: tén bién cén kiém tra.
kq = 1 néu n 1a chuobi ky tu.
0 néu n khong 1a chudi ky tu.
7. Léenh LOWER
a) Cong dung:
Cho ra chubi ky tu viét thuong.
b) Ci phap:
b = lower(s)
¢) Giai thich:
b: bién chita két qua.
s: tén bién chita chudi ky tu hay chubi ky tu.
8. Lénh NUM2STR

a) Cong dung:
Chuyén s6 thuc sang dang chubi.

Chuyén cdc ky tu trong mot chudi sang s6 thit tu tuong ting trong bang ma ASCIL.
b) Ci phdp:

kq = num2tr(n)
¢) Giai thich:

kq: bién chia két qua.

n: tén bién can chuyén.

Néu n 1a s6 thuc thi kq la s6 tuong ting trong bang ma ASCIL.

9. Lénh SETSTR

a) Cong dung:

Cho ra ky tu tuong ting véi s6 thit tu trong bang ma ASCIL.
b) Ci phap:

x = Set Str(n)
¢) Giai thich:

x: bién chita ky tu twong tng (thudc bang ma ASCII).

n: s6 nguyén (0 < n < 255).
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10. Lénh STR2MAT
a) Cong dung:
Tao ma tran c6 cac phan tir dang chudi.
b) Ci phép:
s = str2mat(‘s1’, s2’, ...)
¢) Giai thich:

s: tén ma tran két qua.

s1, s2: chudi ky tu.
11. Lénh STR2NUM
a) Cong dung:
Chuyén chudi (dang s6) sang so thuc.
b) Ci phép:
n = str2num(s)
¢) Giai thich:

s: chudi dang so.

n: so thuc.
12. Lénh STRCMP
a) Cong dung:
So sanh 2 chubi ky tu.
b) Cu phép:
1 = stremp(s1, s2)
¢) Giai thich:

1: bién chia két qua.

s1, s2: chudi can so sanh.
13. Lénh UPPER
a) Cong dung:
Cho ra chubi viét hoa.
b) Ci phdp:
b = upper
¢) Giai thich:
b: bién chita két qua.

s: tén bién chita chudi ky tu.



VI. CAC HAM TOAN HOC CO BAN

1. Mot s6 ham luong giac:

a) Ci phép:
kq = hlg(x)

b) Giai thich:
kq: tén bién chita két qua.
x: don vi radian.

hlg: tén ham lugng giac.

Tén ham lugng Giai thich
gidc
sin Tinh gi4 tri sine

cos Tinh gié tri cosine
tan Tinh gi4 tri tangent
asin Nghich dao ctia sine
atan Nghich dao cta tangent
sinh Tinh gia tri hyperbolic sine
cosh Tinh gia tri hyperbolic cosine
tanh Tinh gia tri hyperbolic tangent

2. Lénh ANGLE
a) Cong dung:
Tinh gbc pha cta s6 phic.
b) Ci phdp:
p = angle(z)
¢) Giai thich:
p: tén bién chita két qua, don vi radians
z: s6 phuc
3. Lénh CEIL
a) Cong dung:
Lam tron s6 vé phia s6 nguyén 16n hon.
b) Ci phdp:
y = ceil(x)
¢) Giai thich:
y: s0 sau khi dugc lam tron.

X: s0 can dugc lam tron.
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4. Lénh CONJ
a) Cong dung:
Tinh luwong lién hiép clia s6 phiic.
b) Ci phép:
y = conj(z)
¢) Giai thich:
y: tén bién chita lugng lién hiép
z: s6 phiic
5. Lénh EXP
a) Cong dung:
Tinh gié tri ex.
b) Ci phép:
y =exp(x)
6. Lénh FIX
a) Cong dung:
Lam tron so vé phia zero.
b) Ci phdp:
y = fix(x)
¢) Gidi thich:
y: s0 sau khi dugc lam tron.
X: s0 can dugc lam tron.
7. Lénh FLOOR
a) Cong dung:
Lam tron so vé phia s6 nguyén nho hon.
b) Ci phép:
y = floor(x)
c) Gidi thich:
y: s0 sau khi dugc lam tron .
X: s0 can dugc lam tron
8. Lénh IMAG
a) Cong dung:
L&y phan 4o ctia s6 phiic.
b) Ci phép:
y = imag(z)
9. Lénh LOG

a) Cong dung:
Tim logarithm co s0 e.
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b) Cu phép:
y = log(x)
10. Lénh LOG2
a) Cong dung:
Tim logarithm co s6 2.
b) Cu phép:
y =log2(x)
11. Lénh LOG10
a) Cong dung:
Tim logarithm co s6 10.
b) Cu phép:
y =1log10(x)
12. Lénh REAL
a) Cong dung:
L&y phan thuc cua s6 phuc.
b) Cu phép:
y = real(z)
13. Lénh REM

a) Cong dung:
Cho phan du ctia phép chia.

b) Ci phép:
r = rem(a,b)

¢) Giai thich:
r: bién chita két qua
a, b: s6 chia va s6 bi chia
14. Lénh ROUND
a) Cong dung:
Lam tron s6 sao cho gin s6 nguyén nhit.
b) Cu phép:
y = round(x)

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

y: két qua tra vé.

y X
0 s6 0

1 s0 duong
-1 sO am

VIL. TAP LENH THAO TAC TREN MA TRAN

1. Cong, trir, nhan, chia tiung phan tit cia ma tran véi hang so
a) Ci phép:
Ma tran két qua = ma tran [+] [-] [.] [/] hang s0.
2. Lénh DET
a) Cong dung:
Dung dé€ tinh dinh thitc cia ma tran.
3. Lénh DIAG
a) Cong dung:
Tao ma tran méi va xtr Iy duong chéo theo quy udc.
b) Cid phép:
v = diag(x)

v = diag(x,k)
¢) Giai thich:
x: 1a vector ¢6 n phan tur.

v: 1a ma tran dugc tao ra tlr x theo quy tac: s6 hang bang s6 cot va cdc phan tlr cia x nam
trén duong chéo ctia v.

k: tham s6 dinh dang cho v, s6 hang va cot cia v = n + abs(k).
Neéu k = 0 duong chéo clia v chinh 1a cdc phan tir cia x
Néu k > 0 cdc phén tlr cia x nam phia trén duong chéo v
Néu k < 0 cdc phan tlr cia x ndm phia dudi dudng chéo v
4. Lénh EYE
a) Cong dung:
Tao ma tran don vi.
b) Ci phép:
y = eye(n)

y = eye(n,m)
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¢) Giai thich:

n: tao ma tran cé n hang, n cot.

m, n: tao ma tran ¢6 m hang, n cot.
5. Lénh FLIPLR

a) Cong dung:

Chuyén c4c phan tir clia cdc ma tran theo thit tw cot nguoc lai.

b) Ci phép:

b = fliplr(a)

¢) Giai thich:

b: tén ma tran dugc chuyén déi.

a: tén ma tran can chuyén doi.
6. Lénh FLIPUD

a) Cong dung:

Chuyén cdc phan tir chia ma tran theo thit tw hang nguoc lai.

b) Ci phép:

b = flipud(a)

¢) Giai thich:

b: tén ma tran dugc chuyén déi.

a: tén ma tran can chuyén doi.
7. Lénh INV

a) Cong dung:

Tim ma tran nghich dao.

b) Ci phép:

Ma tran nghich dao = inv (ma tran)
8. Lénh tao ma tran

a) Cong dung:
Dung d€ tao 1 ma tran gébm c6 n hang va m cot.

b) Cua phép:

Tén ma tran = [a,; aj5...2,,,; Ay Appee Ay 5evviee-]

¢) Giai thich:

a,;, 4y, Q;,, 12 cdc gid tri tai hang 1 cot 1 dén cac gid tri tai hang 1 cot m, ¢ n dau (;) 1a co
n hang.

9. Lénh tao vector don
a) Cong dung:
Lénh nay dung dé tao 1 vector don gém c6 n phan tir.
b) Cui phép 1:
Tén vector = [ptl pt2 pt3 ...ptn]
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¢) Giai thich:
ptl pt2 ...ptn: 1a cac so thuc.
d) Cd phép 2:
Tén vector = gtd:csc:gtkt
e) Giai thich:
gtd: 1a gid tri bat ddu cta vector.
csc: cap sO cong.
gtkt: gia tri két thic.
10. Lénh LINSPACE
a) Cong dung:
Tao vector ¢ gid tri ngau nhién gidi han trong khoang dinh trudc.
b) Cu phép:
y = linspace(x1, x2)

y = linspace(x1, x2, n)

¢) Giai thich:

y: tén cua vector.

x1, x2: gi6i han gid tri 16n nhat va nho nhat cua vector y.

n: sO phan ti cua vector y.

Néu khong c6 gia tri n thi mac dinh n = 100.
11. Ma tran chuyén vi

a) Cong dung:

Ma tran chuyén vi = ma tran dang co.

b) Cd php:

Tao 1 ma tran chuyén vi tir 1 ma tran dang co.
12. Lénh MAGIC

a) Cong dung:

Tao 1 ma tran vudng c6 téng clia cdc phan tir trong 1 hang, 1 cot hodc trén dudng chéo
béang nhau.

b) Ci phép:
Tén ma tran = magic(n)

¢) Giai thich:

n: kich thuéc ma tran.
Gia tri cia mdi phén tir trong ma tran 1a mot day s6 nguyén lién tuc tir 1 dén 2"
Tong céc hang, cot va céc dudng chéo déu bang nhau.

13. Nhan ma tran

a) Cong dung:
Ma tran két qua = ma tran 1* ma tran 2.
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14. Lénh ONES

a) Cong dung:
Tao ma tran ma gid tri cua cac phan tir la 1.

b) Cid phép:
y = ones(n)

y = ones(m,n)

¢) Giai thich:

y = tén ma tran.

n: tao ma tran c6 n hang

m, n: tao ma tran c6 m hang, n cot.
15. Lénh PASCAL

a) Cong dung:

Tao ma tran theo quy luan tam gidc Pascal.

b) Cu phép:

pascal (n)

c) Giai thich:

n: 1a s6 hang (cot)
16. Lénh RAND
a) Cong dung:
Tao ma tran ma két ma gid tri cta cdc phan tlr 1a ngau nhién.
b) Cd phép:

y = rand(n)
y = rand(m,n)

¢) Giai thich:

y: tén ma tran.
n: tao ma tran cé n hang, n cot.
m, n: tao ma tran c6 m hang, n cot.
Gid tri cha cac phan t nam trong khoang [0 1]

17. Lénh RESHAPE

a) Cong dung:

binh dang lai kich thudc ma tran.

b) Cua phép:

b = reshape(a,m,n)

c) Giai thich:

b: ma tran dugc dinh dang lai.

a: ma tran can dugc dinh dang.
m, n: s6 hang va s6 cOt ctia b.

Ma tran a phai c6 s6 phan tir la: m*n.



18. Lénh ROT90
a) Cong dung:

Xoay ma tran 90°.
b) Cd php:
b =rot90(a)
¢) Giai thich:
b: ma tran da dugc xoay 90°
a: ma tran can xoay.
19. Lénh TRACE
a) Cong dung:
Tinh téng cac phén tir chia dudng chéo ma tran.
b) Cd php:
d = trace(a)
¢) Giai thich:
d: bién chtra két qua.
a: tén ma tran.
20. Lénh TRIL
a) Cong dung:
LAy phan ntra du6i ma tran theo hinh.
b) Cd phip:
I = tril(x)
I = tril(x,k)
¢) Giai thich:
I: tén ma tran két qua.
k: tham s0.
Néu k = o 1ay tir duong chéo trd xudng.

Néu k = n 1ay tir duong chéo tré 1én n don vi.

Néu k = -n 14y tir dudng chéo trd xuéng n don vi.

21. Lénh TRIU
a) Cong dung:

LAy phan ntra trén ma tran theo hinh tam giac.
b) Ci phép:

I = triu(x)

I = triu(x,k)

¢) Giai thich:

I: tén ma tran két qua.

k: tham s6
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Néu k = 0 1ay tir duong chéo trd 1én.

Néu k = n 1ay tir duong chéo tré xuong n don vi.

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

a) Cong dung:
Tao ma tran ma gia tri ctia cac phan tir

b) Cu phép:
y = zeros(n)

y = zeros(m,n)

¢) Giai thich:

y: tén ma tran.

n: tao ma tran cé n hang va n cot.

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

16. Lénh SQRT
a) Cong dung:
Tinh can bac hai.
b) Ci phap:
y = sqrt(x)
VIL. TAP LENH PO HOA
1. Lénh AXES
a) Cong dung:
bat céc truc toa do tai vi tri dinh trudc.
b) Cu phép:
axes(‘propertyname’, propertyvalue ...)
c) Giai thich:
Tuong tng v6i mot propertyname di kem véi 1 propertyvalue.
1. ‘position’,[left, bottom, width, height]: dinh vi tri va kich thudc cua truc.
left: khoang cach tir mép trdi cira s6 dén truc diing.
bottom: khoang c4ch tir mép duéi clra s6 dén truc ngang.
width: chiéu dai cua truc ngang.
height: chiéu cao truc ding.
Ghi chu:
Luo6n 14y diém [0,0] lam goc toa do.

Truc ngang va truc diing c6 gia tri trong khoang [0 1] va chia theo ty 1¢ thich hop
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2. Lénh AXIS
a) Cong dung:

Chia lai truc toa do.
b) Cu phép:
axis([xmin Xxmax ymin ymax])
axis([xmin Xmax ymin ymax zmin zmax])
axis on
axis off
¢) Giai thich:
Xxmin, ymin, zmin: 1a gia tri nho nhét cla cac truc x, y, z.
Xmax, ymax, zmax: 1a gia tri 16n nhat cua cac 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:
Vé do6 thi dang cot.
b) Cu phép:
bar(x,y)
¢) Giai thich:
Ve gia tri X theo gia tri y.
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)’)



Do thi ham sin(x) dang thanh
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4. Lénh CLA

a) Cong dung:
X6a tat ca cac doi tugng nhu: dudng do thi, tén do thi...nhung khong x6a truc toa do.
b) Ci phap:
cla
5. Lénh CLF

a) Cong dung:
X6a hinh anh (d6 thi) hién tai.
b) Ci phép:
clf
6. Lénh CLOSE

a) Cong dung:
Déng hinh anh (d6 thi) hién tai.
b) Ci phép:
close
7. Lénh COLORMAP
a) Cong dung:
Tao mau sic cho d6 thi trong khong gian 3 chiéu.
b) Cid phép:
colormap(map)

colormap(‘default’)

¢) Giai thich:

Colormap la su tron 1an ctia 3 mau co ban: red, green, blue. Tuy theo ty & cia 3 mau co
ban ma cho ra cdc mau sac khdc nhau.

‘default’: mau c6 dugc 1a mau mac dinh.

map: bién chita cac thong so 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 méi hinh anh (do thi).
b) Cu phép:
figure
9. Lénh GCA
a) Cong dung:
Tao cac dac tinh cho truc.
b) Cu phép:
h=gca
¢) Giai thich:

h: 1a bién gan cho 1énh cga.

Céc dac tinh cua truc goém c6:

Ci phép

Giai thich

Set(gca,” XScale’,’log’,
’Yscale’,’linear’)

binh don vi trén truc toa do: truc x cé
don vi la log va truc y c6 don vi tuyén
tinh.

Set(gca,”Xgrid’,’on’,”YGrid',
‘nomal’)

Tao ludi cho do thi: truc x ¢6 tao ludi va
truc y khong tao ludi.

Set(gca,” XDir',’reverse’,
’YDir’,’normal’)

Dé6i truc toa do: déi truc x vé phia doi
dién, truc y gilt nguyén.

Set(gca,”XColor',’red’,
’Ycolor’,’yellow’)

Dat mau cho ludi do thi: dat ludi truc x
mau do, ludi truc y mau vang.

Gom c6 cdc mau: yellow, magenta,
cyan, red, green, blue, white, black.
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10. Lénh GRID

a) Cong dung:

Tao luéi toa do.

b) Ci phap:

grid on

grid off

¢) Giai thich:

on: hién thi luéi toa do.

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

a) Cong dung:

V& d6 thi tuyén tinh trong khong gian 2 chiéu.

b) Cii phap:

plot(x,y)

plot(x,y, linetype’)

¢) Giai thich:

X,y: V&€ gid tri x theo gia tri y.

linetype: kiéu phan tr tao nén nét vé bao gém 3 thanh phan:

- Thanh phan thi nhat 1a cdc ky tu chi mau séc:

Ky tu Mau
y Vang
m Do tuoi
c Lo
r bo
g Luc
b Lam
w Trang
k ben




- Thanh phan thit hai 1a cac ky tu chi nét vé ctia do thi:

Ky tu Loai nét vé

- Duong lién nét

Puong chdm cham

- buong gach cham

-- Puong nét dut doan

- Thanh phan thit ba 1a cdc ky tu chi loai diém dénh ddu goém:., o, x, +, *
d) Vi du:

V& d6 thi ham y = sin(x) v6i do thi mau lam, dudng lién nét va danh dau cdc diém dugc
chon bang dau *, truc x thay déi tir 0 t6i 2n, moi budc thay doi 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 mot phin ciia clra s6 d6 hoa.
b) Ci phép:

subplot(m,n,p)

subplot(mnp)

¢) Giai thich:

subplot(m,n,p) hoéc subplot(mnp)thanh ctra s6 d6 hoa thanh mxn ving dé vé& nhiéu doé thi
trén ciing mot clra s6.

m: s6 hang dugc chia.

n: s6 cot dugc chia

p: s6 thi tw viing chon dé vé do thi.

Néu khai bdo p > mxn thi s& xuét hién mot thong bdo 16i.

d) Vidu:
Chia cira s6 d6 hoa thanh 2x3 viing va hién thi truc cia ca 6 viing.
subplot(231)
subplot(232)
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 I]I] 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
I]I] 0.5 1 I]I] 0.5 1 I]I] 0.5 1
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13. Lénh SEMILOGX, SEMILOGY

a) Cong dung:

V& d6 thi theo logarith.
b) Cu phép:
semylogx(x,y)

semylogx(x,y, linetype’)
semylogy(x.y)
semylogy(x,y,’linetype’)
¢) Giai thich:

semylogx va semylogy giong nhu 1énh plot nhung chi khdac moét diéu 1a 1énh nay vé do thi
theo truc logarith. Do do, ta c6 thé sir dung tét ca cac loai ‘linetype’ ctia 1énh plot.

d) Vi du:

V& do thi ham y = x*> — 3x + 2 theo truc logarith clia x.
x = 0:100;

y = XAN2-3%x42;

semylogx(x,y,’b’)

grid on
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14. Lénh POLAR

a) Cong dung:

VEé d6 thi trong hé truc toa do cuc.
b) Cu phép:

polar(theta,rno)
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¢) Giai thich:

VE gid tri x theo gid tri y.

d) Vi du:
t = -pi:0.01:pi;
polar(t, sin(t))

Va ta thu dugc dang do thi sau:

180 0
15. Lénh SET

a) Cong dung:

Thiét 14p cac dac tinh chat cho doi tugng nao do.

b) Cu phép:

set(h, ‘propertyname’, propertyvalue,...)

¢) Giai thich:

h: bién chita d6i tuong.

PropertyName va Property Value dugc cho trong bang sau:

Ci phéap PropertyName PropertyValue Giai thich
Set(h,”Marker’,’+’) Marker T ot Chon kiéu phén tir
Set(h,’LineWidth’,1) LineWidth 1,2,3, Do day nét vé
Set(h,”MarkerSize’,9) MarkerSize 1,2,3, Kich thudc céc diém tao

nén h
Set(h,’color’,’cyan’) Color yellow,magenta, Chon mau cho doi tuong

red,green,blue,
cyan,white,black

h
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d) Vi du:

a=[1 2 3 4
h = plot(a)
set(h,’color’,’black’)
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16. Lénh STAIRS

a) Cong dung:

V& d6 thi dang bac thang.
b) Cu phép:

stairs(x,y)

¢) Giai thich:

Ve gia tri x theo gia tri y.
d) Vi du:

x = -pi:0.2:pi;
stairs(x,sin(x))
xlabeL(‘Truc x’)
ylabel(‘y = stairs(x,sin(x)’)

grid on

10
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Do thi ham so sin(x) dang bac thang
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17. Lénh TITLE

a) Cong dung:
Dat tiéu dé cho do thi.
b) Cu phép:
title(‘text’)
¢) Giai thich:
text: tén tiéu deé.

18. Lénh XLLABEL. YLABEL., ZLLABEL
a) Cong dung:
bat tén cho truc X, Y, Z.
b) Cu phép:
xlabel(‘nx’)
ylabel(‘ny’)
zlabel(‘nz’)
¢) Giai thich:

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

a) Cong dung:

Thay d6i mau nén clia cira s6 do hoa.
b) Cii phap:

whitebg

whitebg(‘color’)
¢) Giai thich:

whitebg chuyén déi qua lai mau nén clra s6 d6 hoa giita tring va den.



whitebg(‘color’) chuyén mau nén cira s6 d6 hoa thanh mau ctia bién color.

color c6 thé 1a cac mau: yellow (vang), magenta (do tuoi), cyan (1), red (dd), green (luc), blue

(lam), white (trang), black (den).
MATLAB con vé& dugc cédc d6 thi nhu sau :

File Edt Tools Window Help

Ds@a xA P2/ 2o

# Figure No. 1 M[=1 E3| # Figure No. 1

File Edit Tools indow Help

[_ (O]

lDzda| kA2 2o

i
i
@\\

e

)
i
i

05 S S
SeTes=cee

D NS ===t
LissS=====-2"

05 S e e )
e e

R S — E—"/’/ ’

\

05

4 Figure No_ 1 [-[O] =]
Fle Ecit Jook MWindow Help

IDz@a|/xA 2 @D

+# Figure No. 1

Fie Edit Tools Window Help

= B3

IDeda»a A 820

48



VIL VE GIAN PO BODE, NYQUIST, NICHOLS

LY THUYET:

Gian d6 Bode gom hai d6 thi: D6 thi logarith bién do ctia ham truyén va géc pha theo
logarith tan s6. (mdt don vi & truc hoanh goi la mot decade).

Bién do : | G(jo) | =20 log,, | G(jw)| (2.22)

Pha T = /G(j(o) (hay arg G(jo)) (2.23)

Gian d6 Bode cua céc khau co ban:
* Khau khuéch dai:

Ham truyén dat G(s) = K

Gian do Bode L(m) = 20 1gM(w) = 20 1gK 13 1 dudng thing song song véi truc hoanh.
* Khau quén tinh bac 1:

Ham truyén dat G(s) =

Ts+1

Biéu d6 Bode L(w) = 20 IgM(w) = 20 IgK — 20lgVT?@” +1 ¢6 do d6c giam
—20dB/decade
* Khau vi phan bac 1:

Ham truyén dat G(s) = K(Ts + 1)

Gian d6 Bode L(®) = 20 IgM(®) = 20 IgK + 20lgVT?®w”* +1 c6 do doc tang
20dB/decade
* Khau tich phan:

. K
Ham truyén dat G(s) = —
S

Gian d6 Bode L(®) = 20 IgM(®) = 20 1gK — 20Igm
* Khau bac 2:

,

Ham truyén dat G(s) = — 5
S° +2ew,,S+ 0},

Gian dé Bode L(w) = -20lg \/ (- 0%?) + 42207

ViDU

Vé gian d6 Bode hé théng hoi ti€p don vi ciia ham truyén vong hd sau:

49




G(s) = L
s(1+0.1s)

>>num = 10;

>>den= [0.110];

>> bode(num,den)

Két qua:
Bode Diagrams
40
20
g 0
[
3 20
c
e 40
=
=) e
S -100
&
® -120
<
o
-140
-160
10" 10° 10’ 10°
Frequency (rad/sec)

Hé thong gom 1 khau khuéch dai bang 10, mot khau tich phan va mot khau quan tinh bac 1
Tan s6 gay: 10.
| G(jW)|45 = 20dB — 20log®
Tai tdn s6 o = lrad/sec | G(jw)|,;z = 20dB va do doc —20dB/decade (do khau tich phan).

Do doc —20dB/decade tiép tuc cho dén khi gap tan s6 cat » = 10rad/sec, tai tin s6 ndy ta cong
thém —20dB/decade (do khau quén tinh bac nhat) va tao ra do doc -40dB/dec.

V& gian d6 Bode hé thong hoi ti€p don vi cia ham truyén vong hd sau:

10° (s +100)

G(s) =
(s +21)(s+10)(s +1000)

50



>>num = 100000*[1 100];
>>den =[1 1011 11010 10000];

>> bode(num,den)

Két qua:
Bode Diagrams
—

50
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©
2

S 50
©
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=
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°

@ 50
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<
o

-100

\//\
-150
10" 10’ 10' 10 10° 10
Frequency (rad/sec)

Hé thong gém mot khau khuéch dai 10°, mot khau vi phan bac nhat va 3 khau quén tinh bac 1.
Tan s6 gay: 1,10,100,1000.
| GGW)|aply =0 = 60dB

Tai tan s6 gdy o = lrad/sec c6 do lgi 60dB va do doc —20dB/decade (vi khau quén tinh bac 1).
Do doc —20dB/decade duge ti€p tuc dén khi gap tan s6 gdy o = 10rad/sec tai day ta cong thém -
20dB/decade(vi khau qudn tinh bac 1), tao ra do doc —40dB/dec. Do doc - 20dB & tan s6 o =
100rad/dec (do khau vi phan bac 1). Tai tin s6 gay ® = 100rad/sec tang 20dB (vi khau vi phan
bac 1). Tao ra d6 doc c6 do doc -20dB.

Tai tin s6 gdy o = 1000rad/sec giam 20dB (vi khau quén tinh bac 1). Tao ra do doc - 40dB.

Vé gian d6 Bode hé thong héi ti€p don vi clia ham truyén vong hd sau:

10

Gs)=——
© s(1+0.1s)*

>>num = 10;
>>den=[0.01 0.2 1 01];
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>> bode(num,den)

Két qua:
Bode Diagrams

40

20

= 0
S

5 20
el

2 -40
c

g 60
=

& -100
el
&

© -150
<
o

-200

-250

10" 10° 10’ 10°
Frequency (rad/sec)

Hé thong gobm mot khau khuéch dai 10, mot khau tich phan va 1 thanh phan cuc kép.
Tan s0 gay: 10.
| GGw)|4s = 20dB — 20log®

Tan s6 gdy nho nhat ® = 0.1 rad/sec tai tdn s6 nay c6 do 1gi 40dB va do doc —20dB (do khau tich
phan). Do doc nay tiép tuc cho téi tan s6 gy kép o = 10. & tan s6 nay s€ giam 40dB/decade, tao
ra do doc —60dB/dec.

Vé gian d6 Bode hé thong héi ti€p don vi clia ham truyén vong hd sau:

_10°(s+10)
~s(s+ (s +100)

G(s)

>>num = 100*[1 10];
>>den =[1 101 100 0];
>> bode(num,den)

Két qua:
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Bode Diagrams
50
o 0]
o
. \
kel
2 -50
€
g
T
g -100
§ -120
-140
-160
10° 10™ 10° 10’ 10° 10°
Frequency (rad/sec)

Hé thong gdbm mot khau khuéch dai 100, mot khau tich phan va 2 khau quén tinh bac 1, 1 khau vi
phan.

Tan s6 gay: 1,10,100

| GGW)|aglw =0 = 20log10 — 20logm

Ta chi xét trudc tan s6 gay nho nhat 1decade. Tai tan s6 gay o = 0.1rad/sec c6 do 1gi 40dB va do
doc —20dB/dec, do doc —20dB/dec ti€p tuc cho dén khi gap tan s6 gay = lrad/sec, ta cong thém
—20dB/dec (vi khau quan tinh bac 1) va tao ra do0 doc —40dB/dec. Tai tdn s6 ® =10 s€ tang
20dB/dec (vi khau vi phan) tao ra do doc —20dB/dec, d6 doc —20db/dec dugc ti€p tuc cho dén

khi gap tan s6 gaym = 100rad/sec s€ giam 20dB/dec (vi khau quan tinh bac 1) s€ tao do doc —
40dB/decade.

Bai 5: Bai nay trich tir trang 11-21 sach ‘Control System Toollbox’
V& gian d6 bode ctia hé thong hoi ti€p SISO c6 ham sau:
S*+01.s+7.5

H(s) =
S*+0.12s°+9s>

>> g=tf([1 0.1 7.5],[1 0.12 9 0 0]);
>> bode(g)
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Bode Diagrams

From: U(1)
40
20 | J
D o .
Z
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c
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° 50 |- 1
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> -100 | 4
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-150 |- J
-200 !
107 10° 10’
Frequency (rad/sec)
2 A
BIEU PO NICHOLS
LY THUYET

Cong dung: DE xac dinh do 6n dinh va ddp ting tan s6 vong kin ctia hé thong hdi tiép ta sir dung
biéu dé Nichols. Su 6n dinh dugc ddnh gid tir dudng cong v& maéi quan hé clia do 1gi theo dic tinh
pha ctia ham truyén vong hd. Pong thoi ddp tng tin s6 vong kin ctia hé théng ciling dugc xéac
dinh bing cich st dung dudong cong bién do va do di pha vong kin khong déi phu lén dudng
cong bién do — pha vong hé.

CU PHAP
[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);
Nhiing ciu tric trén cho do 16n 1a nhitng gié tri tu nhién, pha 12 do va vecto clia diém tin s6 1a
rad/s. Su ton tai clia diém tan s6 ma dap dng tin s6 duoc dinh gia bing vecto w, va ui 1a bién khai
bao véi hé thong nhiéu ngd vao
Chu y:
+ Khi str dung 1énh nichols vdi cdu tric khong ¢ bién ngo ra thi ta dugc biéu d6 nichols

+ Lénh nichols luon luén cho pha trong khoang [-360°,0°]

54



V& biéu nichols cho hé théng c6 ham truyén sau:

G(s):BOSZ +7s+1
s(s + 1)3
Cac budc thuc hién:
>>num=30*[1 7 1];
>> den=[poly([-1 -1 -1]) O];
>> hold on, plot(-180,0,"*1"), hold on;
>> nichols(num,den)
Tra vé biéu do nichols vé6i di€ém t6i han “critical point”
(-180° ,0) dugc biéu dién nhu hinh sau:
Michals Charts

Fraom: 17
100 T T

a0 -

=0 F

Open-Loop Gain (dB)
To: ¥(1]

=100

150 L L L L L | L
-220 =200 180 160 140 120 100 -80 -B0

COpen-Loop Phase (ded)
VE BIEU PO NYQUYST VA KHAO SAT ON PINH
DUNG GIAN PO BODE

LY THUYET

+ Heé thong 6n dinh & trang théi hd, s&€ 6n dinh & trang thai kin néu biéu do Nyquist

khong bao diém (-1+i0) trén mat phang phiic.
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+ Hé thoéng khong 6n dinh ¢ trang théi hd, s& 6n dinh & trang thai kin néu bi€u d6 Nyquist
bao diém (-1+i0)p lan ngugc chiéu kim déng hé (p 1a s6 cuc GH nam & phai mat phang

phtc).
Cdu tric lénh:

>> num = [nhdp cdc hé so ciia tit s6 theo chiéu giam dan ciia s6 mii].
>> den = [nhdp cdc hé so ciia mdu sO theo chiéu gidm dan ciia s mii).
>> nyquist(num,den)

Vé biéu d6 Nyquyist cuia hé thong c6 ham truyén sau:
k ‘0
GH(s) = Ta (v6i k =10, t =1)
-s

>>num = 10;
>>den=[-11];
>> nyquist(num,den)

Két qua:

Nyquist Diagrams

Imaginary Axis
?
L

—~
J>\
L
w N
T T

Real Axis

Nhan xét: ham truyén vong hd ¢é 1 cuc nim bén phai mat phiang phitc. Biéu dé Nyquist khong
bao diém A (-1+j0).

Diém —1 ky hiéu (+) nidm trén truc thuc am (Real Axis), diém 0 nim trén truc 4o (Imaginary
Axis).

Két luan: hé khong 6n dinh.

* Dung lénh margin dé tim bién du trit va pha du trii.

>>num = 10;

>>den=[-11];
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>> margin(num,den);

Bode Diagrams

Gm = 0dB, Pm = 0 (unstable closed loop)

20

Phase (deg); Magnitude (dB)

10°

Frequency (rad/sec)

Két luan:

Do du trit bien (Gm = 0 dB).

b0 du trit pha (Pm = 0°).

Warning: Closed loop is unstable (hé vong kin khong 6n dinh).

V& biéu d6 Nyquyist ctia hé théng ¢6 ham truyén sau:

GH(s) = (k=10,t=1)

k
s(1-st)
>>num = 10;
>>den=[-110];
>> nyquist(num,den)

Ta thu dugc do thi sau:
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Nyquist Diagrams
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-1000 |- <
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Real Axis

Nhan xét: ham truyén vong hd ¢é 1 cuc nim bén phai mat phang phitc va 1 cuc nam tai goc toa
do. Biéu d6 Nyquist khong bao diém A (-1+]0).

Diém —1 ky hiéu (+) ndm trén truc thuc am (Real Axis) , diém 0 nim trén truc 4o (Imaginary
Axis).

Két luan: hé khong 6n dinh.

* Dung lénh margin dé tim bién du trit va pha du trii.

>>num = 10;
>>den=[-110];

>>margin(num,den)
Bode Diagrams
Gm = 0dB, Pm = 0 (unstable closed loop)
60 ! !
40
J 20
[0}
ES 0
€
§’ 20
P
@
o2
3
T
10™ 10°
Frequency (rad/sec)

Két luan:
bo du trit bién (Gm = 0 dB).
Do du trit pha (Pm = 0°).
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Warning: Closed loop is unstable (hé vong kin khong 6n dinh).

V& biéu d6 Nyquyist ctia hé théng c6 ham truyén sau:

GH(s) = (k=10,t,=1,t,=2)

(tls+1)(tzs+1)
>>num = 10;
>>den=[231];

>> nyquist(num,den)

Nyquist Diagrams

Imaginary Axis

.

Real Axis

Nhan xét: ham truyén vong hé ¢6 2 cuc nim bén trdi mat phang phic. Biéu dé Nyquist khong
bao diém A (-1+0).

biém —1 ky hiéu (+) ndm trén truc thuc am (Real Axis) , diém 0 nam trén truc do (Imaginary
Axis).

Két luan: hé thong 6n dinh.

* Dung lénh margin dé tim bién du trit va pha du trit.

>>num = 10;
>>den=[231];
>> margin(num,den)

Ta thu dugc dang do6 thi sau:
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Bode Diagrams
Gm = Inf, Pm=38.94 deg. (at 2.095 rad/sec)
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10°
Frequency (rad/sec)

K&t luan: hé thong 6n dinh.

Do du trit bién (Gm = o).

Do du trit pha (Pm = 38.94°), tai tan so cat bién 2.095 rad/sec.

V& biéu d6 Nyquyist clia hé théng c6 ham truyén sau:
k
s(t,s+1)t,s+1)

GH(s) =

>>num = 10;
>>den=1[2310];

>> nyquist(num,den)

k=10 t=1,t,=2)

Nyquist Diagrams
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-200 |

Imaginary Axis
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-800 |

-1000 E

-30 -25 -20 -15
Real Axis

-10

(A

Nhan xét: ham truyén vong hé c6 2 cuc nim bén trdi mat phiang phic va 1 cuc & zero. Biéu do

Nyquist bao diém A(-1+j0).
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biém —1 ky hiéu (+) ndm trén truc thuc am (Real Axis) , diém 0 nam trén truc ao (Imaginary

Axis).

K&t luan: hé khong 6n dinh.

* Dung lénh margin dé tim bién du trit va pha du trit.

>>num = 10;
>>den=[2310];

>>margin(num,den)
Bode Diagrams
Gm = 0dB, Pm = O (unstable closed loop)
60 T T
40
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10" 10°
Frequency (rad/sec)

Két luan: hé thong khong 6n dinh.
Do du trii bien (Gm = 0 dB).

Do du trit pha (Pm = 0°)

V& biéu d6 Nyquyist ctia hé thong ¢6 ham truyén sau:

GH(s) =

>>num = 10;
>>den=[611610];

>> nyquist(num,den)

k

s(t,s+1)(t,s+1)t;s+1)

Imaginary Axis

T
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Nyquist Diagrams

s
-50

n n n n
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A)
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Nhan xét: ham truyén vong hd ¢6 3 cuc nam bén trdi mat phang phiic va 1 cuc & zero. Biéu dé

Nyquist bao diém A (-1+i0).

DPiém —1 ky hiéu (+) ndm trén truc thuc am (Real Axis) , diém 0 nam trén truc 4o (Imaginary

Axis).
K&t luan: hé khong 6n dinh.

* Dung lénh margin dé tim bién du trir va pha du trir.

>>num = 10;
>>den=[611610];

>> margin(num,den)

Bode Diagrams

Gm = 0dB, Pm = O (unstable closed loop)
T T T

Frese (deg); Magrituce (B

107 10" 10°

Frequency (rad/sec)

Két luan: hé thong khong 6n dinh.
PO du trit bién (Gm = 0 dB).
b0 du trit pha (Pm = 0°).

NHOM LENH VE QUY PAO NGHIEM
(Roots Locus)

1. Lénh PZMAP
a) Cong dung:

V& biéu do cuc-zero clia hé thong.
b) Cu phap:

[p,z]= pzmap(num,den)

[p,z]= pzmap(a,b,c,d)

[p,z]= pzmap(a,b,c,d)
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¢) Giai thich:
Lénh pzmap vé biéu do cuc-zero ctia hé LTI D6i v6i hé SISO thi céc cuc va zero clua
hamtruyén duoc vé.

Néu bd qua cdc doi s6 ngd ra thi 1énh pzmap sé vé ra biéu d6 cuc-zero trén man hinh.
pzmap la phuong tién tim ra cic cuc va zero tuyén dat ciia hé MIMO.

pzmap(a,b,c,d) v& cic cuc va zero clia hé khong gian trang thdi trong mat phang phic. Doi véi
cac hé thong MIMO, 1énh s€ vé tat ca cac zero truyén dat tir tat ca cac ngd vao tdi tat ca cic ngd
ra. Trong mat phéng phiic, cdc cuc dugc biéu dién bang ddu x con cdc zero dugc biéu dién bang
ddu o.

pzmap(num,den) v& c4c cuc va zero clia ham truyén trong mat phang phitc. Vector num va den
chita cdc hé s6 tir s6 va mau sd theo chiéu giam dan s6 mii cua s.

pzmap(p,z) V& cac cyc va zero trong mat phang phiic. Vector cot p chita toa do cdc cuc va vector
cOt z chita toa do cac zero trong mat phang phic. Lénh nay vé cac cuc va zero da dugc tinh san
trong mat phang phtic.

Néu gitt lai cac d6i s6 ngo ra thi :
[p,z]= pzmap(num,den)
[p,z]= pzmap(a,b,c,d)
[p,z]= pzmap(a,b,c,d)
tao ra cdc ma tran p va z trong doé p chita cic cuc con z chita cic zero.
d) Vi du: (Trich trang 11-174 sach ‘Control system Toolbox’)
VE cdc cuc va zero cua hé lién tuc ¢6 ham truyén :
2s* +5s+1

H(s)= s +2s+3
nuim=[2 5 1],

den =[1 2 3]

pzmap(num,den)

title(‘Bieu do cuc-zero’)

Bieu do cuc-zero
1.5 T T T T
=
1 - -
0.5 - —
w
3
o D - oo - -
(.=}
E
0.5 - -
KRN .
=
1.5 1 1 f 1
EEEy 2 <) -1 0.5 1}
Real Axis
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2. Lénh RLOCFIND
a) Cong dung:

Tim d9¢ 1gi qu§ dao nghiém véi tap hop nghiém cho truéce.
b) Cu 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)
¢) Giai thich:

Lénh rlocfind tao ra do lgi quy dao nghiém két hop véi cac 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 ddu x trong cita s6 d6 hoa ma ta dung dé chon mot diém
trén quy dao nghiém c6 sin. Do 1oi clia diém nay dugc tao ra trong k va cdc cuc ting vé6i do loi
nay nam trong poles. D€ sir dung lénh nay thi qu§ dao nghiém phai c6 sdn trong clra s6 d6 hoa.

[k,poles]= rlocfind(num,den) tao ra ddu x trong clra s6 d6 hoa ma ta dung dé chon mot
diém trén quy dao nghiém cla hé théng c6 ham truyén G = num/den trong d6 ¢6 num va den
chita cdc hé s6 da thiic theo chiéu giam dan s6 mii cta s hoac z.

[k,poles]= rlocfind(a,b,c,d,p) hoac [k,poles]= rlocfind(num,den,p) tao ra vector do loi k va
vector céc cuc két hgp pole v6i méi thanh phan trong mdi vector ting v6i moi nghiém trong p.

d) Vidu:

Xdc dinh do loi hoéi tiép dé cdc cuc vong kin clia hé théng c6 hé s6 tat dan £ = 0.707 va c6
ham truyén :

H () = 25;2 +5s+1
S°+2s+3
nuim=[2 5 1]
den =[1 2 3];
+) V& quy dao nghiém:
rlocus(num,den); title(‘Do loi quy dao nghiem’);
+)Tim do loi tai diém dugc chon:
rlocfind(num,den);
Sau khi nhap xong 1énh, trén man hinh ctia Matlab s& xuét hién dong chit:
Select a point in the graphics window
va trén hinh vé c6 thudc dé ta kéo chuot va chon diém

ta c6 quy dao nghiém:
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Do loi quy dao nghiem
1.5 T T T
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Real Axis

3. Lénh RLOCUS
a) Cong dung:

Tim qu§ dao nghiém Evans.
b) Cu phép:

r = rlocus(num,den)

r = rlocus(num,den, k)

r = rlocus(a,b,c,d)

r = rlocus(a,b,c,d k)
¢) Giai thich:

Lénh rlocus tim quy dao nghiém Evans ctia hé SISO. Quy dao nghiém dugc ding dé
nghién cttu anh hudng cua viéc thay doi do lgi hoi tiép Ién vi tri cuc cta hé théng, cung cap cac
thong tin vé ddp ting thoi gian va ddp tng tan s6. D6i véi doi tugng diéu khién c6 ham truyén
G(s) va khau bé chinh héi ti€p k*f(s), ham truyén vong kin Ia :

h(s)=—96) _906)
1+kg(s)f(s) a(s)

Néu bd qua cac doi s6 ngod ra thi 1énh 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) ~0

) =T+k den(s)

véi vector do 1oi k duoc xac dinh tu dong. Vector num va den chi ra hé tlr s6 va mau s6 theo chiéu
giam dan so cla s hoac z.

nn-1

num(s) _ num(D)s™* +num(2)s™ +......+ num(nn)
den(s)  den()s™*+den(2)s™ " +......+ den(nd)
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r = rlocus(a,b,c,d) v€ ra quy dao nghiém ctia hé khong gian trang tai SISO lién tuc va
gian doan véi vector do loi duogc xac dinh tu dong

r = rlocus(num,den,k) hoac r = rlocus(a,b,c,d,k) v& ra quy dao nghiém véi vector do loi k
do nguoi st dung xac dinh. Vector k chita cac gia tri va do 1gi ma nghiém hé vong kin dugc tinh.

Néu sur dung céc doi s6 ngo 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 tran ngd ra chia cidc nghiém va vector do loi k. Ma tran r c6 length(k) hang va
(length(den) —1) cot, ngd ra chda vi tri cdc nghiém phiic. Mdi hang trong ma tran tuong dng véi
mot do loi trong vector k. Qu§ dao nghiém c6 thé dugc vé bing Iénh plot(r,‘x’).

d) Vidu: Tim va v€ quy dao nghiém ctia hé théng cé ham truyén :
2s® +5s +1
HE)=—F—F—
S°+2s+3

+) Xéc dinh ham truyén :
>>num=1[2 5 1];
>>den =[1 2 3];
+ )VEé quy dao nghiém :

>>rlocus(num,den)

title(‘Quy dao nghiem’)

Quy dao nghiem
1-5 T T T T T T T
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04} E ]
1k E ]
_1-5 1 1 1 1 1 : 1
3 2.5 2 1.5 1 0.5 0 0.5 1
Real Axis
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4. Lénh SGRID
a) Cong dung:

Tao lu6i cho qu§ dao nghiém va biéu d6 cuc-zero lién tuc.

b) Cu phép:
sgrid
sgrid(‘new’)

sgrid(z,wn)

sgrid(z,wn, ‘new’

¢) Giai thich:

)

Lénh sgrid tao luéi cho qu§ dao nghiém va biéu dé cuc-zero lién tuc trong mat phang s. Puong
ludi vé 1a cdc dudng hing s6 ti so tit dan (£) va tan s tu nhién (w,). Dudng ti s6 tat dan dugc vé
tir 0 tGi 1 theo timg nac 12 0.1.

sgrid(‘new’) x6a man hinh do hoa tru6c khi v& va thiét lap trang thai hold on dé quy dao nghiém

hay biéu dé cuc-
sgrid(‘new’)

rlocus(num,den)

zero duoc vé lén ludi bang cac 1énh :

hoac pzmap(num,den)

sgrid(z,wn) v& cdc dudng hang so ti 1¢ tit dan duoc chi dinh trong vector z va v& dudng tin so tu
nhién dugc chi dinh trong vector wn.

sgrid(z,wn,‘new’) x6a man hinh d6 hoa trudc khi vé cac dudng ti s6 tit ddn va tdn s6 tu nhién
duoc chi dinh trong vector z va wn. Trang thai hold on dugc thiét lap.

d) Vi du:V& lu6i trong mat phing s trén qu§ dao nghiém ctia hé thong c¢6 ham truyén :

>>num=1[2 5
>>den =[1 2 3]; % H(s)=tf([2 5 1],[1 2 3));
>>rlocus(num,den)

title(‘Quy dao nghiem”)

sgrid

1]; % ta c6 thé thay d6i 2 dong num=..., den=... thanh dong Iénh sau:

1.5

Quy dao nghiem

0.5

Imag Axis

-1

-

- R

-1.5

- A ranel
R FET ]|
Aomrevanl

Real Axis

0.5
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5. Lénh ZGRID
a) Cong dung:
V& lud6i ti I¢ tat dan va tin s6 tu nhién cho quy dao nghiém gidn doan.
b) Cu phép:
zgrid
zgrid(‘new’)
zgrid(z,wn)
zgrid(z,wn,‘new’)
¢) Giai thich:
Lénh zgrid tao lu6i quj dao cho nghiém hoac biéu do cuc-zero trong mat phang z. Cic duong

hing s6 ti 1¢ tat dan (£) va tdn so tu nhién chuin héa s& dugc vé. £ duogc thay déi tir 0 t6i 1 theo
tiing néc thay déi 1a 0.1 va tan so tu nhién dugc vé tir 0 t6i 7t v6i tiing néc thay déi 1a nt/o.

zgrid(‘new’) x6a man hinh do hoa truéc khi vé& luéi va thiét lap trang thai hold on dé quy
dao nghiém hodc biéu d6 cuc-zero dugc vé Ién ludi sit dung cdc 1énh :

zgrid('new")
rlocus(num,den) hoac pzmap(num,den)

zgrid(z,wn) vé& hang s6 tat dan dugc chi dinh trong vector z va v& hing s6 tan s6 tu nhién cho cac
tan s6 chuin héa duoc chi dinh trong vector wn. Céc tan s6 chuén hoéa c6 thé dugc vé bang 1énh
zgrid(z,wn/Ts) véi tan so 1a thoi gian 1dy mau.

zgrid(z,wn,‘new’) x6a man hinh d6 hoa truéc khi vé ti s6 tit dan va tan so tu nhién dugc chi dinh
trong vector z va wn. Trang thai hold on dugc thiét lap.

zgrid([ I,[ 1) s€ v€ ra vong tron don vi.

d) Vi du:V& luéi trong mat phing cho qu§ dao nghiém ctia hé théng c6 ham truyén :

H(z) = 2222 ~3.4z+15
z°-16s+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’)

e luoi cho quy dao nghiem

Imag Axis

Real Axis
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CAC BAI TAPVE QUY PAO NGHIEM
Vi du: Cho ham truyén sau:
k
S5+ 4)(s+5)
>>num = 2;
>>den=1[19200];

>> rlocus(num,den)

10

o
A
\4

\

Imag Axis

-10 ! ! ! ! ! !

™

-7 -6 -5 -4 -3 -2 -1 0 1
Real Axis

2

Tix do thi cho ta:

1. biém cuc: 0 ,-4,-5.

2. Qu¥ dao nghiém c6 3 nhanh.

3. Diém zero & vo cling (o0).

4. Diém tach duoc xac dinh bing c4ch tir cira s6 MATLAB ta nhap:
>>num = 2;
>>den=1[19200];
>> rlocus(num,den);
>> rlocfind(num,den)

Sau khi nhap lénh thi trén ctta s6 Iénh s& xuat hién hang chi:

Select a point in the graphics window (hdy chon 1 diém trén d6 thi minh hoa).

Trén do thi s& c6 thuéc cho ta chon diém — kéo ré chuot dé chon diém cén chon.

selected_point = -1.4516
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Diém tach c6 gia tri: -1.4516

Giao di€ém clia qu§ dao nghiém véi truc 4o (twong tu nhu tim diém tach): +4.472j, -4.472j.

Tur gid tri tai giao diém cuia quy dao nghiém vdi truc 4o ta thé vao phuong trinh dic trung:
F(s) = s'+9s*+20s+k = 0
F(Gw) = -jw-9w*+20jw+k = 0

= kgh = 180
K&t luan: hé thong s& 6n dinh khi 0 < k < 180

Vidu: Cho ham truyén nhu sau:
s+4

Gls) = is+lis+2i

Viét theo ciu triic sau ta c6 dugc do thi biéu dién qu§ dao nghiém:

>>3 num=[1 4];
>> den=conv([1 1],[1 2])

>> rlocus(num,den)

Két qua nhu hinh sau:

3
2 L
11
g
=
o Uf-
(18]
E
1t
2t
-3 .
-3 -G -4 -2 1] 2
Feal Axis
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Vi du : Cho ham truyén sau :

KGH:k(tS—;l) (k=1,t=1)

>>num=[11];
>>den =[100];

>> rlocus(num,den)

0.8

0.6

0.4

0.2

Imag Axis

-0.2F

0.4}

-0.8}

Real Axis

1. DBiém cuc: 0

2. Quy dao nghiém c6 2 nhénh

3. biém zero & «, -1

4. biém t4ch dugc dugc x4c dinh bang céch tir clta s6 MATLAB ta nhap:
anum=[11];
dden=[100];
a rlocus(num,den);
a rlocfind(num,den)

Sau khi nhap lénh thi trén ctra s6 Iénh s& xuat hién hang chi:

Select a point in the graphics window (hdy chon 1 diém trén d6 thi minh hoa).

Trén do thi s& c6 thudc cho ta chon diém — kéo ré chuot dé chon diém cén chon.
selected_point = -2
Dbiém tach c6 gia tri: -2.

K&t luan: hé thong & bién 6n dinh.
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Vi du: Trich tir trang 5-19 sach ‘Control System Toolbox’
Bai nay tong hgp cac 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))

Két qua ta thu dugc dang do thi sau:

Bode Diagrams Step Response
% From: U(1) 15 From: U(1)
Y 20 ‘
©
2
g’ OJY\ § -
R 100 a7
o = g -
S > T |
2 " 00 o
£ 10" 10° 10’ 0 2 4 6 8 10 12
Frequency (rad/sec) Time (sec.)
Pole-zero map bai tong hop
1
4 T
I
0.8
2 x <Q
n |
3 ! 0.6}
o L O REEE
®© | 0.4+
E |
,2 |
X ><‘ 0.21
©
-4 !
0 L
R 0 ! 0 50 100

Real Axis
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PHAN ITI
KHAI QUAT VE SIMULINK

1. Khéi dong Simulink: khoi dong vao Matlab, sau d6 c6 hai cdch vao clia s6 Simulink

Cach 1: vao truc ti€p Simulink bing cdch nhip chuot vdo biéu tuong trong menu cla
Matlab

Céch 2: gb 1énh Simulink/ Enter ()
2. Pac diém cua Simulink

Simulink phan biét (khong phu thudc vao thu vién con) hai loai khéi chitc nang: khoi ao (
virtual) va khoi thuc (notvirtual). Cac khoi thuc dong vai tro quyét dinh khi chay mo6 phong mo
hinh Simulink. Viéc thém hay b6t mot khoi thuc sé thay déi dic tinh dong hoc ctia hé thong dang
dugc mo hinh Simulink mo td. C6 thé néu nhiéu vi du vé khai thuc nhu: khéi tich phan Integrator
hay khéi ham truyén dat Tranfer Fen cla thu vién Continuous, khi Sum hay khoi Product cua
thu vién con Math. Nguoc lai, cdc khoi 4o khong c6 kha nang thay ddi dac tinh cta hé thong,
chiing chi ¢6 nhiém vu thay déi dién mao d6 hoa clia mo hinh Simulink. D6 chinh la céc khéi
nhu Mux, Demucx hay Enable thudc thu vién con Signal va System. Mot s6 chiic nang mang dac
tinh ao hay thuc tuy thudc theo vi tri hay cach thiic sir dung chiing trong mo hinh Simulink, cac
mo hinh d6 duogc x&p vao loai 4o ¢ diéu kién .

3. Cac thao tac co ban sir dung trong Simulink

Simulink gén nhu chi ¢6 thé sit dung dugc nhd chuot. Bing cach nhdy kép phim chuot
trai vao mot trong s6 céc thur vién con thuodc cilra s6 thu vién chinh Library ta s& thu dugc mot clta
s6 mdi c6 chita céc khéi thudc thu vién con dé. Hoic ciing c6 thé thu dugc két qua tuong tu bing
cach nhdy kép chuot trdi nhdnh clia thu vién con, ndim & phin bén phdi clia clra s6 truy cap
Library Browser. Tir cdc khoi chita trong thu vién con ta c6 thé xay dung dugc luu dé tin hiéu
mong muo6n. PE tao dinh dang (Format) va soan thio ta cé cdc kha niang sau day:

e Copy (sao chép ): bing cdch gip va tha “ Drag &Drop” nhd phim chuot phai ta c6 thé
chép mot khoi tir thu vién ( cling ¢6 thé tir mot thu vién khac)

e Move (di chuyén): ta c6 thé dé dang di chuyén mot khoi trong pham vi clia s6 cta khoi
d6 nho phim chudt trai.

e Danh dau : bing cdch nhdy phim chudt trdi vao khoi ta co thé ddnh dau, Iva chon timg
khoi, hoac kéo chuot danh dau nhiéu khoi mot lic.

e Delete (xo04) : c6 thé xo4 cac khoi va cdc dudng néi da bi ddnh dau bing cach goi lénh
menu Edit / Clear . Bing menu Edit / Undu hoéc t6 hgp phim Ctrl + Z ta c6 thé citu van lai dong
tdc xo04 vira thuc hién.

e Hé thong con: bing céch danh ddu nhiéu khoi c6 quan hé chiic nang, sau d6 gom ching
lai thong qua menu Edit / Creat Subsystem, ta c6 thé tao ra mot hé théng con méi.

¢ Noi hai khdi : dung phim chuot trdi nhay vao dau ra cia mot khoi, sau d6 di mii tén ctua
chuot t6i dau vao can ndi. Sau khi tha ngén tay khoi phim chuot, duong néi tu dong dugce tao ra.
C6 thé 1& nhanh tin hiéu bing céch nhdy phim chudt phéi vao mot dudng ndi c6 6 sin kéo dudng
n6i maéi xuat hién téi dau vao can noi.

e Di chuyén duong néi: dé luu do tin hiéu thodng va dé theo ddi, nhiéu khi ta phai di
chuyén, b6 trf lai vi tri cdc. Sau khi nha ngén tay khoi phim chuot, dudng néi tu dong duoc tao ra
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c6 thé r& nhénh tin hiéu bing cach nhiy phim chuot phai vao mot dudng noi c6 sin va kéo dudng
n6i maéi xuat hién téi dau vao can noi.

e Di chuyén duong néi: dé luu d6 tin hiéu thodng va dé theo ddi, nhiéu khi ta phdi di
chuyén, bé tri lai cdc dudng noi. Khi nhay chon bing chudt tréi ta ¢6 thé di chuyén tuy y cdc
diém goc hodc di chuyén song song doan thang ctia dudng noi.

e Chi thi kich co va dang dir liéu ctua tin hiéu: 1énh chon qua menu Format/ Signal
dimensions s& hién thi kich ¢& ctia tin hiéu tin hiéu di qua dudng néi. Lénh menu Format / Port
data types chi thi thém loai dit liéu cua tin hiéu qua dudng nai.

e Dinh dang (Format) cho mot khoi: sau khi nhiay phim chu6t phai vao mot khoi, cira sé
dinh dang khoi s& mé ra. Tai muc Format ta c6 thé lua chon kiéu va kich ¢& chit, cling nhu vi trf
cha tén khoi, c6 thé lat hoac xoay khéi. Hai muc Foreground Color va Background Color cho
phép ta dat ch€ do mau bao quanh ciing nhu miu nén cta khéi.

e Dinh dang cho duong ndi: sau khi nhdy phim chuot phai vao mot dudng néi, clra s6
dinh dang duong(ctua ca duong dan téi duong noi d6) s& md ra. Tai day ta cé cac lénh cho phép
cét bo, copy hoic delete duong noi

e Hop doi thoai (Dialog Box) vé dac tinh cuiia khoi (Block Properties): hodc di theo menu
clia ctra s6 mo phong Edit/Block Properties, hodc chon muc Block Properties clia cira s6 dinh
dang khoi, ta s& thu duoc hop déi thoai cho phép diat mot vai tham so tdng quét vé dic tinh cla
khoi.

e Hop doi thoai vé dac tinh cua tin hiéu (Signal properties): c6 thé t6i duoc hop thoai
nhu Signal properties ctia mot dudng n6i hodc bang cdch nhdy chuot ddnh diu trén clra s6 mo
phong, sau d6 di theo menu Edit/ Signal properties, hodc chon muc Signal properties tir cira s6
dinh dang dudng. Trong hop d6i thoai ta ¢ thé dit tén cho dudng néi hodc nhap mot doan vin
ban mo ta. Tuy nhién, dé dat tén cho dudng néi ciing con c6 cach khic don gidn hon: nhdy kép
phim chuot trai vao dudng ndi ta sé tu dong téi dugc ché do nhap van ban.

I1. Tin hiéu va cac loai dir liéu
1. Lam viéc véi tin hiéu

Dai v6i Simulink, khdi niém tin hiéu nham chi vao dit liéu xudt hién & ddu ra cta céc khoi
chiic nang trong qué trinh mo6 phong: céc dit lieu d6 chay doc theo dudng ndi tir dau ra cua khdi

chiic nang nay t6i diu vao cua cac khoéi chitc nang khac ma khong ton thoi gian. Tin hiéu trong
khuon khé Matlab c6 nhitng dac diém riéng do ngudi st dung x4c dinh.

Trong Simulink ta phan biét ba loai kich c& tin hiéu:
e Tin hiéu don( Scalar).

e Vector tin hiéu: con duoc goi la tin hiéu 1-D, vi kich ¢& cua tin hiéu duoc xac dinh theo
hai chiéu [m x n]. Ca vector hang [1 x n] va vector cot [m x 1] ciing thudc vé pham tri ma tran
tin hiéu. Doi khi, vi du: lic khai bao dinh dang, ma tran cling duoc goi 1a mang

Khi tao mot c4u tric Simulink, cdc khoi 4o s& tao nén cdc dudng tin hiéu ao, duy nhit nham
muc dich 1am cho so d6 cau tric chd nén dd roi mét, ngudi st dung dé quan 1i hon. Tin hiéu 4o
c6 thé coi 12 su tap hop hinh dnh clia nhiéu tin hiéu 4o, khong 4o, hay hén hop ca hai loai. Trong
qud trinh mo6 phong, Simulink st dung mot tha tuc tén Signal properties dé nhan biét: nhiing tin
hiéu thuc nao dugc ghép vao tin hiéu do. Dién dat mot cach khéac: nhiing khoi chidc nang nao
duoc ghép thuc su & dau cudi cua tin hiéu
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2. Lam viéc véi cac loai so liéu

Bén canh céc dic diém da duoc gii thiéu, méi tin hiéu thudc so do cau tric Simulink déu
dugc gan mot loai so liéu nhat dinh, va d6 quyét dinh dén dung lugng bo nhé danh cho mot tin
hiéu. Simulink cting hé tro tit ca céc loai s6 liéu cia Matlab

e Double: chinh x4c cao, dau phdy dong

e  Sigle: chinh x4c vira, dau phay dong

° Boolean (0 hoac 1, logic, dugc Simulink st 1i nhu uint8)

Loai s6 mic dinh sdn ctia Simulink 12 Double. Trong qud trinh mo6 phong, Simulink s& kiém
tra xem viéc do giita c4c loai s6 liéu c6 ding hay khong nhim loai trir cic két qua sai 1am c6 thé
Xay ra.

Kha nang khai bao, xac dinh loai s6 liéu cta tin hiéu ciing nhu ctia tham s6 thudc cac khoi
chiic nang trong Simulink 1a dac biét c6 y nghia, néu ta du dinh tao ra tr mo6 hinh Simulink ma
chay cho céc tng dung thoi gian thuc. Nhu cdu vé bd nhé va téc do tinh todn phu thudc vao loai
s0 liéu duoc ta chon

E Sl s iy ey B oy e Lj ! E1

File Edit Wiew Help

[ & 42 ¢ |

Commonly Uzed Blocks: zimulink/Commonly
lzed Blocks

= WA simulink
2+ Commonly Used Blocks
- y Conkinuaous
2—] Disconkinuities
2—] Discrete
y Logic and Bit Operations
- 2 Lockup Tables
- #3| Math Operations
2+ Model Yerification
2| Model-wide Utilities

' u:nmmu:urlE [
(u=zd hlocks

Continuous

Digcontinuities

Digcrete

rawiiralF]

>
&k = . ; :
Logic and Bit Operations
. E Paorts & Subsystems = s . B
P Signal Attributes
2" Signal Rrouting y=flul | Lookup Tables
=
?+| Sinks %
- ¥ sources L Math Operations b
- B+ User-Defined Functions e
[ 2 Additional Math & Discrete @@ adel Verification
[+ E] ferospace Blockset |EH
[+ EJ ZDMA Reference Blockset s Model Wide Utiiies
- W Communications Blockset ]
- W@ Control System Toolbox L £
i+ W Dials & Gauges Blockset [~ - % Parts & Subsystems
O | B | )
Ready -'
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III. Thu vién cua Simulink
1.Thuwr vién Sources

Trong thu vién nay bao gom cdc nguoén phét tin hiéu, cdc khoi cho phép nhap so liéu tir
mot File, hay tir Matlab Workspace. Sau day ta lan luot diém qua y nghia timg khai.

a. Constant: khoi nay tao nén mot hiang s6 ( khong phu thudc thoi gian) thuc hodc phic.
Hing s6 dé c6 thé 1a vecter hay ma tran.... Ta c6 thé khai b4do tham s6 constsnt value 12
vecter hang hay cot v6i kich cd [n x 1] hay [1 x n] du6i dang ma tran

b. Step va Ramp: nho hai khéi nay ta c6 thé tao nén céc tin hiéu dang bac thang hay dang

doc tuyén tinh dung dé kich thich cdc mo hinh Simulink. Trong hop thoai Block Parameters cla
khoi Step ta c6 thé khai bao gid tri ddu- gid tri cudi va ca thoi diém bat ddu cia tin hiéu buéc
nhdy. Do6i v6i Ramp ta ¢6 thé khai bdo do doc, thoi diém ma gia tri xudt phat cla tin hiéu & dau
ra.

(Chd y: hai khéi Step va Ramp khong chi tao ra mot tin hiéu ma c6 thé tao ra mot tap céc tin

hiéu dugc xtr 1y duéi dang vector hodc ma tran. )
Vi du:

T -

Step Scope

I [

. N Scopel
c. Signal Generator va Pulse Generator

Nho Signal Generator ta tao ra cic dang tin hiéu kich thich khac nhau.

- n
Dooo
oD P -
+ Signal Generator
i a

Signal —Signal Generator
Genarator Outputs various wave forms.
Cung cép cho 4 dang song khac nhau (giong nhu may {-Parameters
phét song) Wwiave farm:
+ SOIlg Sin Amplitude: qure
+ Séng vuodng (Square) 5 samtooth
+ S6ng rang cua (Sawtood) RN 2o
+ S6ng ngau nhién (Random) 100
Units: |Hertz j|

Apply I Resvert Help | Cloze |

V6i Pulse Generator tao chudi xung hinh chit nhat. Bién do va tin s6 c6 thé khai béo tiy
y. Doi v6i Pulse Generator ta con ¢6 kha nang chon ti 1€ cho bé rong xung( tinh bang phan tram

cho cé chu ki)

rPulse Generator [mask] [link] ‘

Pulze Generator

— Parameters

Feriod [zecsz]:

Diuky cycle [% of period]:

50
= Arplitude:
1

Start kime:

Fulze 0

Generator
i I

Elesert I Help I Cloze I
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d. Repeating sequence

Khéi nay cho phép ta tao nén mot tin hiéu tuan hoan tuy y. Tham s Time values phai 1a mot
vecter thoi gian véi cac gid tri don diéu tang.
Vecter bién ra Output values phai c6 kich c¢& (chiéu dai) phtt hop véi chiéu dai ctia tham s6 Time
values.Gia tri 16n nhat ctia vecter thoi gian quyét dinh chu ki lap lai cua vecter bién ra.

| » Repeating Sequence Ei

— Fepeating table [mazk] [link)]

R ting table.
- epeating table

— Parameters

Time values:

Repeating E

Se quence 3 Dutput values:
1l
i[O

Apply I Rewvert Help Cloze

e. Sine Wave
Khéi ndy duoc sit dung dé tao tin hiéu hinh Sin cho c4 hai loai mo6 hinh: lién tuc (tham s&
Sample time = 0)va gian doan (tham s6 sample time = 1)

Sine Wave
lrﬂutputs a sine wave. ‘
m ;
[ Amplitude:
7

Frequency [rad/zec):
Sine WMiawe

1

Phaze [rad]:
o

Sample time:
o

Apply I Rewvert | Help | Cloze |

Man hinh cai dat thong s6 cho khoi Sine Wave

f. From Workspace
Kh6i From Workspace ¢6 nhiém vu ldy s6 liéu tir cira s6 Matlab Workspace dé cung cap
cho mo hinh Simulink. C4c s6 liéu 14y vao phai c¢6 dang cta biéu thiic Matlab, khai béo tai dong

Data.
i+ From Workspace E
— From ‘Workzpace

Reads time and output walues from specified matrix in
MATLAR's workspace. The matrix must contain time
values in column one. Additional columng conezpond to

simin - output elements. |nterpolates between rows.

From

LT ﬂlSFIECE — Parameters
b atriv table:
[T.U]
Apply Revert Help Cloze
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g. From File

Bing kho6i From File ta ¢6 thé 14y s6 liéu tr mot MAT-File c6 sdn. MAT-File c6 thé 1a két
qua ctia mot 1an mo phong trude do, da duge tao nén va cat di nho khoi To file trong so do

Simulink

untitled.mat

From File

2. Thu vién Sinks

i From File
 From File

Reads time and output values from the first matrix in the
specified MAT file. The matris must contait time values in
10w one. Additional rows correspond bo output elements.
Interpolates between coluning.

— Parameters

File name:
duan.mat

Apply I Rewvert | Help | Cloze |

Thu vién ndy bao gom cdc khéi xuat chudn ctia Simulink. Ngoai kha nang hién thi don
gian bang s6, con c6 cdc khoi dao dong ki dé biéu dién cac tin hiéu phu thuoc thoi gian hay biéu

dién hai tin hiéu trén hé toa do XY.
a. Scope

]

Nho khai Scope ta c6 thé hién thi cdc tin hiéu clia qua trinh mo6 phong. Khi nhin vao
nit Properties, hop thoai Scope Properties (dic di€ém cua Scope) s&€ md ra. Chon
seope  gemeral taco thé dat ch€ do cho cdc truc. Khi dat Number of axes > 1, clia s6 Scope s&

¢6 nhiéu do thi con gidng twong tu nhu 1énh Subplot cia Matlab. Néu dién mot sd cu
thé vao 6 time range, do thi s& chi dugc biéu dién t6i thoi diém do gid tri ctia s6 xac dinh.

Properties: Scope

Aues Settingsl
Default limits
' mas: |5— Tirne: range: IF
' ni; |5—

[~ Hide tick labels

Aoy | Hevertl Help | Cloze |

b. XY Graph

Z izraph

Iu'juupa_ JJL31
8B LLL ABE BPA S

= Kh6i nay biéu dién hai tin hiéu diu vao trén hé toa do XY dudi dang d6 hoa Matlab
dau vao thit nhat (bén trén). Ung véi truc X ddu thi hai tng véi truc Y.
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¢. To Workspace

Khéi To Workspace gtii s6 liéu & dau vao cta khai t6i moi truong Matlab Workspace dudi
dang mang (Array), Stracture hay Stracture with time va 1ay chudi ki tu khai tai variable name dé
dat tén cho tap so liéu dugc ghi.

i To Workzpace [ <]
— Toworkspace
afrites input to specified matriz in MATLAE s main h
workzpace. The matrix has one column per input element
and one rowe per zimulation step. Data iz not available
until the simulation iz stopped or paused.
simout
— Parameters
T [n] l|'|'|'|'|:| |‘I{“_-.'F| ace Wariable name:
duan
F axirmum number of roves:
inf
D ecimation:
1
Sample time:
-1
Apply I Rewert I Help I Close I
.
d. To File

Khoi nay gidp ta cét tap s6 lieu (mang hay ma tran) & dau vao cta khoi cuing véi vécto
thoi gian dudi dang Mat- File. Array dinh dang giong nhu dinh dang ma khéi From File can, vi
vay so lieu do To File cat c6 thé duoc From File doc truc ti€p ma khong can phai xir If gi.
Vi du: hai tin hiéu hinh Sin va tin hiéu hinh ring cua duoc hién thi doc 1ap, dong thoi trén hé toa
do XY, dugc thiét 1ap nhu hinh bén.

[ 1]
e
W
Sine Mave Scope
untitled.mat
— O]
To File »

| A Eraph |
M g

Repeating
3. Thu vién Math Sequence

Thu vién nay ¢6 mot s6 khoi ¢6 chitc nang ghép toan hoc cac tin hiéu khac nhau, c6
nhitng khéi don gian chi nham cong hay nhan tin hiéu con ¢6 cidc ham phic tap nhu lugng gidc
va logic...Sau day ta xét chiic nang cua mot s6 khoi quan trong trong thu vién nay.

a. Sum

Tin hiéu ra ctia khéi Sum 12 téng clia c4c tin hiéu diu vao (Vi du nhu tin hiéu dau vao 1a cic
tin hiéu hinh Sin thi tin hiéu diu ra ciing 1 céc tin hiéu hinh Sin). Khéi Sum ciing c6 thé tinh tdng
timg phan ti( vi du tin hiéu vao gém hai tin hiéu: Sin(x)

va [5 9 3] thi tin hiéu ra s€ c6 dang [Sin(x)+5 Sin(x)+9 Sin(x)+3])

Scope

i Sum E3 8

— Surn

Add or subtract inputs. Specify one of the following
al + or - for each input port [e.g.. ++-+]

b] scalar greater than 1 sumsz all input ports

c] 1" zumz all elements of gingle input wector

Subtract -

Farameters

Lizt of signs:
+{

Spply I Fewvert Help Cloze I
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b. Product va Dot Product
Khli Product thc hilln phép nhan ting phan tir hay nhan ma tran ciing nhu phép chia
X gitta cac tin hiéu vao (dang 1-D hay 2- D) cua khoi vi du: néu mot khoi Product ¢6 tham
Freduzt SO Number of Inputs = */*, v4i ba tin hiéu vao la 5, sinx va

[4 4 5 6] khi dy tin hiéu dau ra c6 dang [20/Sinx 20/sinx 25/Sinx 30/Sinx].

Khéi Dot Product tinh tich v6 huéng ctia cic Vector dau vao. Gid tri dau ra cua khoi
L tuong duong vé6i 1énh Matlab y = Sum(conj(u,)*u,).

Crot Product

c. Math Function va Trigonometric Function
C4 hai khoi ndy déu c6 thé xtt Ii tin hiéu 2-D. Khoi Math Function ¢6 mot lugng 16n
" B cdc ham todn da duoc chudn bi sdn cho phép ta lua chon theo nhu ciu sit dung. Con

matn  khoi Trigonometric Function c6 tat ca cic ham lugng gidc quan trong.
Function

d. Gain va Slider Gain

Khéi Gain ¢6 tdc dung khuyéch dai tin hiéu ddu vao (dinh dang 1-D hay 2-D) bing

biéu thic khai bdo tai 6 Gain. Biéu thitc d6 chi c6 thé 1a mot bién hay mot s6 bién.

Trigonometic  Bién d6 phai ton tai trong moi trudng Matlab Workspace thi khi &y Simulink méi tinh
Function  todn duogc véi bién.

sin |

+ First-Order Hold
"First Order Hald [mazk] [link]

Firgt Order Hold

S

Parameters

Sample time:

Slider & 3in ‘

Gﬂirl Apply I Revert | Help | Close |

Khoi Slider Gain cho phép thay déi hé s6 khuyéch dai vo huéng trong qua trinh mo phong.

4. Thu vién Constinuous
a.Integrator

Khai Integrator 14y tich phan tin hiéu dau vao ctua khai. Gia tri ban dau dugc khai bdo
hoac truc tiép tai hop thoai Block Parameters hoac thong qua chon gid tri Internal tai 6 Initial
condition Source dé sau d6 dién gia tri ban dau vao dong viét ctia 6 Initial condition. Pau ra cla
khoi Integrator c6 thé dugec mot tin hiéu bén ngoai lap vé mot gid tri ban dau bién trang thdi cha
khéi. Bién trang thai clia khoi thuc chdt dong nhat vé gia tri v6i bién dau ra nhung véi Simulink
tinh hai bién d6 (bién ra va bién trang th4i) tai nhiing thoi diém it nhiéu c6é khdc nhau. Néu mo
hinh Simulink chita cdc bién trang thdi chénh léch nhau vé kich ¢& gid tri, khi 4y nén khai bdo
tham s6 Absolute Tolerance riéng r& thém cho timg khdi Integrator cia mo hinh, mac du da khai
bdo Absolute Tolerance chung tai hop thoai Simulation Parameters. Viéc khai bdo thém s€ buoc
Simulink bao dam dudng gia tri sai s6 yéu cau doi véi timg khoi.
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i Integrator Ea

Integarator
(Cantinunus—time integration of the input signal.

— Farameters

E =ternal reszet:

Initial condition source: intermal |

Initial condition:

r Limit output

Upper saturation limit:

irnf
Lowveer saturation limit:

Integrator

I Show saturation pork
I Show state pork

Abszalute talerance:
auto

Eaa| Fewer | Hele | Close |

b. Derivative
Khai nay cho phép ta tinh dao ham tin hiéu dau vao. Tin hiéu tim dugc & dau ra cé
dang Au/At v6i A 1a bién thién clia dai lugng can tinh ké tr buéc tich phan lién trudc dé. Gia tri
ctiaraban daula0

+ Denvative E1

dusdt = " Drerivative

Humerncal denvative: duddt

Derivative

Ly | Eewert | Help | Cloze

c. Transfer Fcn va Zero-Pole
Khoi Transfer Fen cho phép c6 thé mo hinh héa ham truyén dat ctia mot hé tuyén tinh.
Tham s6 ctua khdi la cac hé s6 cua da thic tr s6 va mau so, khai bao theo thit tu s6 mil cua s
giam dan. Bac clia miu s6 phai 16n hodc bang bac cua tir s6. Vi du: néu nhap cho trs6 [57 3 1]
va mau s6 [6 8 3 2 1] khai sé tao ra ham truyén dat:
Wis) = y(s) 58 +7s°+3s +1
u(s) 6s*+8s°+3s%+2s +1

! Transfer Fen ) E3

— Transfer Fon

kA atriz expreszion far numerator, wector expreszion for
denominator. Output width equals the number of roves in

-1 the numeratar. Coefficients are for descending powers of
=,
B =
=+
— Parameters
TrEl rlEfEr F':rl Murnerator:
11
Denominator:
[111]
L )[4 | Eewert | Help | Cloze |

Khéi Zero Pole s€ tao nén tir cdc tham s6 Zeros, Poles va Gain mot ham truyén dat dudi
dang hé s6 héa theo diém khong, diém cuc.
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(=1)
sz

Zam-Paole

i Zero-Pole [ <]

- Zero-FPole

kM atrix expreszion for zeros. Wector
and gain. Dutput width equals the

Zeros matrix,. of one if Zeros is a vector,

expression for poles
number of colurnns in

— Paramsters

Zeros:
1]
Foles:
[0-1]
Eain:

Wl

Apply I Rewert I Help I Close I

d. Transport Delay va Variable Transport Delay

Khéi Trasnport Delay l1am tré tin hiéu vao khoang thoi gian > 0 khai bdo tai 6 Time Delay
trude khi xudt t6i dau ra. Chi dén khi thdi gian moé phong bat dau vuot qud thoi gian tré (so véi
ltic bit ddu mo phong), khoi Transport Delay méi xuat gid tri khai tai Initial Input t6i ddu ra.

AR B

Transport
Delay

! Transport Delay
— Transpaort Delay

z=tep size.

Applies specified delay to the input signal.
iz achieved when the delay iz larger than the zimulation

Best accuracy

— Paramesters

Time delay:
2

Imitial input:

u}

Iritial buffer size:
1024

Lppls I R ewvert I Help

I Clo=e I

Béng khoi Variable Transport Delay c6 thé diéu khién tré tin hiéu mot céach rét linh hoat:
tin hiéu chia thoi gian tré dugc dua tGi dau vao thi hai (ddu vao phia dudi) cua khoi. Tai 0
Maxmum Delay ta phai khai mot gid tri tré t6i da, c6 tac dung gidi han (chan trén) gid tri cua tin

hiéu diéu khién thoi gian tré.

Ry

“Wariable
Transport Delay

5. Thu vién Tables
a. Lookup Table

i Wariable Transport Delay

— " ariable Transport Delay

Spplies a delay to the first input signal. The second input
zpecifies the delay time. Beszst accuracy iz achieved when
the delay is larger than the sinnulation step size.

— Parameters

kA aximum delay:
10

Initial input:
u}

B uffer size:
1024

el Hewerk I

Help I Cloze I

Khoi nay tao tin hiéu ra tir tin hiéu vao trén co s& thong tin cat trong mot bang tra (Vector
of input values x Vector of output values). Néu gia tri hién tai cta tin hiéu vao tring véi mot gia
tri thudc Vector of input values, gia tri tuong ung trong bang thudc Vevtor of output values s€
dugc dua t6i dau ra. Néu gia tri cla tin hiéu vao nam gitta hai gid tri thudc Vector of output
values, Simulink thuc hién noi suy hai gia tri twong ting ctia Vector of output values. Néu gia tri
cta tin hiéu vao bé hon / 16n hon gia tri dau tién / gia tri cudi cung ctia Vector of input values,
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Simulink s& thuc hién ngoai suy hai gia tri dau tién / cudi cung ctia Vector of output values.
Vector of input values c6 thé 1a mot Vector hang hay mot Vector cot.
— Look-Lp T able

Perfarms 1-0 linear interpolation of input values uzing the
specified table. Extrapolation iz performed outzide the
table boundaries.

o
— Parameters
Yector of input values:
[-5:5]
Lookup Table
Yector of output values:
tanh([-5:5])

Apply I Rewert Help Cloze

b. Lookup Table (2-D)1
Khéi nay cho phép tao nén mot bang tra hai chiéu. Bing tham s6 Table ta khai bio mot
ma tran cAt céc tin hiéu ddu ra. Mu6n tim dugc gia tri dua t6i ddu ra ta can biét Row dé tim hang
va Column dé tim cot ctia 6 trong gid tri ma tran. Tin hiéu dat & dau vao phia trén duoc so véi
Row tin hiéu dat & dau vao phia duédi dugc so véi Column.

+ Bate Limiter

— Rate Limiter

Lirnits rizing and falling rates of signal.

- Parameters
Rizing slew rate:
1]

Laokup Falling slew rate:
Table (2-01 -1.

Al | Hevert | Help | Cloze

IL. Ap dung Simulink vao thiét k€ va phan tich
Trong viéc khao sat nhitng ting dung ta thir xay so d6 mo phong cho hé dao dong 10 xo khoi
luong sau:

k
AN — m
VST S y

SUONNNNN NN
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Heé 10 xo khoi lugng trén dugc mo ta bdi phuong trinh vi phéan:

my+ky= f
m: khai luong; k: do cing 10 xo
Tir d6 ta c6 so d6 khoi sau:

— LoV Y;J y

v

Hinh 1: So do6 khéi hé dao dong

Sau do6 ta thir xay dung so d6 mo phong trong Simulink

A -+ 1 1 ]
¥ e e e -
Sine Wave = =
sum Integrator Integratord Scope

Hinh 2. So d6 khéi mé phong hé khéi luong 10 xo

|:| Scope

Hinh 3. Dang s6ng ngo ra cua Scope
Tur so d6 thiét ké ta ¢ thé thém vao cac khoi dé khao sat hé nhu: hé s6 cling
(gain), thay doi dang séng...
Trong cdc sach bai tap diéu khién tw dong c6 cdc khoi nhung khong biét dugc dap ting

ctia hé nhu thé nao. Viéc dung Simulink dé khao sat rat thuan tiéncho viéc phan tich bai toan
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Step Input

Step

Sum

=+

zraph

14z 1a

Integrator o aip

™ P

Transfer Fcn

EZ araph

S 22 ¢

Time offzet: O

=]

Hinh 5. Dép tng cua so d6 ¢ hinh 2.35 va 2.36 1a so d6 cua
dong co dién va dap tng van toc quay

Sum1

f

3 ain

Sum

0 1
» — M
o+ 2ot A
Transfer Fen Transter Fend
iaint

n.1}<

Hinh 6. So d6 khai cua dong co dién

Speed
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Hinh 7. DBap tng van t6c quay
Trong diéu khién tu dong thén vao khau céc P, PI, PID lam cho hé thong hoat dong t6t va
6n dinh hon.

Céc so do diéu khién va mo phong

1
Scope
I_|—h+ 20
Step o —#= FID > - >
il (=+20=0.12=+10)
Sum  PID Controller  Saturation Scoped

Zero-Polet

Hinh 8. Hé thong diéu khién c6 khau PI

ElS5cope [_ |00}

[° 22 plE :

Hinh 9. D4p tng tai khau bao hoa



I:l Scopel

Gravity Walocity FE

88— Welocity Scope

1 1
= =

Bouncing Ball Display

5]

|
Ll

¥

Fasition

Ic
El asticity
%

Hinh 10. Hé¢ théng mo6 phong ctia chuyén dong roi qua banh

I:| Velocity Scope =]

(5 219 @l <

I:| Bouncing Ball Display

[0 219 gl 2

vl

Hinh 11. Két qua mo phong
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Wi

)

Step

Sum

1 | |
——- e
5240 s+ 1
Transfar Fon Secope

Hinh 12. So d6 mo6 phong mot khau bac hai

Sumi  Tramsfer Bl

Tooer
Prod

Hinh 14. Mo hinh dong co khong dong bo

Gainld

%1 5Gaiu12
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Yy

] FID [— I+ 0.3=+0.025%

Step

Scope
Gg.2

0.3=s+1

Sum P PlControlle

11.83=+1

Transfer Fon

Gain2

Transfer Fond

I [=] E3

Hinh 15 : Dap tng ctia dong co véi khau P
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