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Mé dau

Bai giang MATLAB va tng dung trong k¥ thuat duoc tap thé giang vién thuc bo
mon K§ thuat dién — dién ttr bién soan nham phuc vu cho viéc giang day cia giang vién
va hoc tap cta sinh vién Truong Pai hoc Cong nghé thong tin va Truyén thong - Dai
hoc Thai Nguyén. Tap bai giang nay duoc bién soan theo noi dung dé cuong chi tiét hoc
phian MATLAB va tg dung trong k¥ thuét & trinh d6 dai hoc.

Noi dung tai liéu gitp sinh vién c6 kha niang str dung thanh thao phdn mém Matlab
dé ap dung cho céc bai toan ky thuat, 4p dung phuwong phap mé phong dé mé phong cac
d6i twong va hé thdng. Sinh vién c6 kién thirc phan tich va mo hinh hoa cac hé dong
luc hoc trong hé thong diéu khién. Sir dung cac ngdn ngit mo hinh hoa hé thong, thiét
ké hé théng va thir nghiém hé thong. C6 kha niang thuc hanh mé hinh héa va mé phong
ché d6 1am viéc cua cac dbi tuong va hé théng trén may tinh nham kiém ching lai 1y
thuyét va c6 co sé dé hoc tap, nghién ciru cac mon tiép theo trong chuong trinh ddo tao.
Noi dung tai liéu gdm 7 chuong:

Chuong 1. Kién thtrc tong quan Matlab

Chuong 2. Cac ham todn hoc trong Matlab

Chuong 3. D6 hoa trong Matlab

Chuong 4. M6 phong hé thdng véi Matlab/Simulik

Chuong 5. Kién thirc chung vé mé hinh hoa va mé phong hé thong

Chuong 6. M6 ta toan hoc cho cac d6i twong va hé thong

Chuong 7. Ung dung ctia Matlab trong ky thuét

Mic di tap thé tAc gia di danh nhiéu thoi gian va cong stc dé bién soan, song
kho tranh khoi thiéu sot. Vay, ching téi kinh mong quy thay cd va cac ban sinh vién
dong gop ¥ kién dé cudn bai giang duoc hoan thién hon. Xin tran trong cam on.



Chuwong I: KIEN THUC TONG QUAT MATLAB

N¢i dung chinh cua chuong

Chuong I dua ra cac khai niém vé MATLAB, cac cira s6 tng dung trong Matlab
va ¥ nghia cua nd. Cac bién va cac thao tac trén bién nhu xem lai gié tri bién, x0a noi
dung... Khai niém co ban vé ma trin, cac phép toan co ban trong ma tran va céc loai ma
tran dic biét. Phuong phép giai cac phuong trinh doc lap tuyén tinh.
Muc tiéu can dat dwoC Ciia chuong

Sinh vién can nim dugc céc cta s6 sir dung trong MATLAB. va thanh thao viéc
tao bién cling nhu cac thao tac khac trén bién. Ap dung Matlab dé tinh toan va nhat ma
tran ciing nhu cac loai ma tran dac biét khac. Ap dung bai toan giai phuong trinh doc
lap tuyén tinh trong Matlab.
Bai 1: Kién thirc tong quat MATLAB (S6 tiét: 3 tiét)
1.1 Hoat dong caia MATLAB
1.1.1 Khai niém vé Matlab

MATLAB la mot chuong trinh phan mém 16n cua linh vuc toan s6. Tén chuong
trinh 1a chit viét tat cua tir Matrix Laboratory, thé hién dinh huéng chinh cua chuong
trinh 1a cac phép tinh vector va ma tran. Phan cét I8i ciia chuong trinh bao gdm mot sb
ham tinh toan, c4c chirc ning nhap/ xuat ciing nhu cac kha ning diéu khién chu trinh va
nho d6 ta co thé dung nén cac Scripts.

MATLAB lam viéc cha yéu véi ma tran. Ma tran ¢& mxn 1a bang chit nhat gém
m hang va n cot. MATLAB cd thé 1am viéc vai nhiéu kiéu dir liéu khac nhau. Véi chudi
ki tr MATLAB ciing xem 1a mot day cac ki tu hay 1a ddy ma s6 cua céc ky tu. MATLAB
dung dé giai quyét cac bai toan vé giai tich sd, xt ly tin hiéu s, xir Iy d6 hoa, ... ma
khong phai l4p trinh cb dién. Hién nay, MATLAB c6 dén hang ngan Iénh va ham tién
ich. Ngoai cac ham cai san trong chinh ngon ngit, MATLAB con ¢6 cac Iénh va ham
ng dung chuyén biét trong cac Toolbox, d¢ m& rong méi trudsng MATLAB nham giai
quyét cac bai toan thudc cac pham tru riéng. Cac Toolbox khéa quan trong va tién ich
cho nguoi ding nhu toan so cap, xu Iy tin hiéu sb, xir ly anh, xir ly am thanh, ma tran
thua, logic mo,...
1.1.2. Man hinh matlab

Khi khai dong MATLAB ta thu duoc man hinh MATLAB Vi cic cia s6 sau
day:
Ctra s6 lénh Command Window: Day 1a cira s6 chinh cia MATLAB. Tai day ta thuc
hién toan bo viéc nhap 1énh va nhan két qua tinh toan. Dau >> 1a dau doi 1énh. Sau khi
nhap lénh va két thiic bang dong tac nhan phim ENTER, MATLAB s& xu ly lénh va
xuat két qua lién ngay dudi dong lénh.

Vi du:
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>> a=5*2+6 (ta nhap lénh va an enter)
a=16 (két qua thu dugc)

Cira s6 Command History: Tét ca cac Iénh di sir dung trong Command Window
duogc luu gitr va hién thi tai day. C6 thé 13p lai lénh cii bang cach nhap dip chudt vao
lénh d6. Ciing c6 thé cat dan, sao chép, xo& ca nhdm Iénh hozc tirng Iénh riéng ré.

Ctra s6 WorkspaceBrowser: Khai niém Workspace (khdng gian lam viéc) 1a
mot vang nhé dong trong bo nhé cia chuong trinh, tw dong hinh thanh khi MATLAB
dugc khoi dong va tu dong xo6a khi thoat MATLAB. Workspace luu giir cac bién khi ta
sir dung MATLAB. Tt ca cac bién ton tai trong Workspace déu duoc hién thi tai cira
s6 Workspace Browser véi cac thong tin vé tén bién, gia tri, kich ¢ Byte va loai dit liéu.

Cira s6 thu muc hién hanh Current Directory: Duoc hién thi khi nhap chudt vao
6 Current Directory. Nho ctra $6 nay ngudi st dung ¢d thé nhanh chong nhan biét cac
thu muc con va céc tap tin (file) dang c6 trong thu muc hién hanh. Céac thao tac mo file,
luu file, tim M-file dé thuc thi...c6 mic vu tién cao nhét cho thu muc hién hanh. Mic
dinh khi khéi dong MATLAB thi thu muc hién hanh la '..\Thu muc cai dat
MATLAB\work'. Tén thu muc hién hanh ciing dugc chi ro trén thanh toolbar.

-) MATLAB R2012b =Iojx|
e VS R e - |
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Hew Opm Save -~ %o Sestponts  Rn Runand Runand | < Advance
- - > i v indent |5 | wp |t (L find ¥ - v  Tme Advaaca
FiLE T HAVIATE BREAKFONTS s
3 »J i+] | L. » H: » Documents » MATLAE » Demos b ErergyForecast » v P
Current Folder [ . Editor - H:\Documents\MATLAB\Demos\EnergyForecast\EnergyForecastAnalysis.m ® x =
lm I'(wg I 1 2% Energy Forecasting 'V“
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) myscript_template.m MATLAB Sc... 15 - clos=e all; energyData 2312440
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B8 2anuary. M 0soft E... 19 - DayType = xlsread(fileName, Command History ®
=) oy ekt 20- =D = xlszesd|fileNeme, e e
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Kl
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Command Window @ [
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Hinh 1.1: Man hinh Matlab 2012
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1.1.3 Tién ich tro gitp
Tién ich trg gitp (Help) cia MATLAB rat phong phi. C6 thé goi tir menu help
trén thanh menu hoac nhap Iénh tai Command window theo cu phap:

help ténlénh % Xxem tro giup tai command window.

doc ténlénh %xem tro gilp trong cira s6 Help.

Vi du: Bé tim hiéu chirc ning va cach dung cua lénh input ta cd thé nhap :
>> help input

Hoac .
>> doc input

Ngoai ra, chiing ta ciing c6 thé xem céc vi du minh hoa c6 sin trong MATLAB
bang cach nhap lénh demo.
1.2 Pham vi wng dung cia MATLAB

Céc tng dung dién hinh cua Matlab 13:

- Toan hoc va tinh toan

- Phaét trién thuat toan

- Tao m6 hinh, m6 phong va tao giao thuc

- Khao sat, phan tich sé liéu

- Db hoa khoa hoc k§ thuat

- Phét trién (ng dung gém ca xay dung giao dién ngudi dung db hoa GUI

MATLAB la mot hé thong tuwong tac ma phan tr dir liéu co ban 1a mot mang
khong can khai bao kich thudc. Piéu ndy cho phép ban giai nhiéu bai toan tinh toan ky
thuat dic biét 1a cac bai toan lién quan dén ma tran va vector.
1.3 Bién va cac thao tac caa bién

Gidng cac ngdn ngit 1ap trinh khéac, Matlab c6 nhitng quy dinh riéng vé tén bién.
1.3.1 Quy tdc dat tén bién:

+ Tén bién phai bat dau bang ki ty chir. Ké tiép co thé la chit, s6 va dau _

+ Khéng dugc dung khoang tréng va cac dau (),' ,*,-,&,@ ...

+ C6 su phén biét chit hoa va chi thuong.

Vi du:

Tén bién hoplé: a; b; A; Al; A2; chieu_cao; TT; TT_1;TT 2

Tén bién khong hop 1€ : 1B; 2B; G(s); G'; G*, chieu cao; chieu-cao

C4c tén bién sau day 1a khac nhau: S; s ; the tich; The tich; THE TICH

Luuy:

Khong nén dit tén bién tring véi cac bién dic biét cia MATLAB nhu: pi (sd
3,14159...), i hay j (s6 40 don vi), inf (s6 «), NaN hay nan (s6 bat dinh 0/0).

ans — 1a bién mic dinh cia MATLAB dung dé chtra dit liéu hay két qua tinh toan
néu ngudi ding khong dat tén.
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Str dung dau = ta c6 thé khai bao mot bién, dong thoi gan gia tri cho bién d6. Cac
bién dugc phan biét véi nhau boi tén bién.

M@t s6 lwu y khi nhéap Iénh:

- Binh thuong MATLAB luén hién thi két qua caa cau lénh trén man hinh. Néu
mubn MATLAB khong hién thi két qua thi cudi cau lénh ta dat thém dau cham phay (;).

- Nhiéu cau lénh c6 thé dat chung trén mot dong nhung bét budc phai phan céch
nhau boi ddu phay (,) hoic cham phay (;). Khdng cho phép phan céach céc Iénh bang
khoang trong. Néu cudi 1énh nao c6 dau phay thi MATLAB hién thi két qua, con dau
cham phay thi khéng hién thj két qua.

Néu nhap Iénh: >> S=a*b; V=S*h thi MATLAB chi hién thi gia tri cia V, khdng
hién thi gié tri cua S.

- C4c phim miii tén 1 |«— trén ban phim rat hitu ich khi nhap Iénh. Bé goi lai
I&nh vira g8, ban ¢6 thé nhan phim mii tén 1, tiép tuc nhan phim nay, no s& goi tiép énh
truée d6. Phim mili tén | c6 tic dung nguoc Vi 1. Cac phim mili tén « va — c6 thé
dung dé thay d6i vi tri con tré trong dong lénh tai dau nhic cia MATLAB, gilp ban dé
dang chinh stra noi dung dong Iénh.
1.3.2 Xem ngi dung cua Workspace

Cach 1: Vao ctra s6 Workspace Browser xem danh sach liét ké.

Céach 2: Dung Iénh who hoic whos
>>who % liét ké tén céc bién dang c6 trong Workspace ra man hinh Command
Your variablesare:S V a ans b h
>>whos % liét ké ca tén bién va cac thdng tin lién quan

Name Size Bytes Class

S 1x1 8 double array
\Y/ 1x1 8 double array
a 1x1 8 double array
ans 1x1 8 double array
b 1x1 8 double array
h 1x1 8 double array

Grand total is 6 elements using 48 bytes
1.3.3 Luu ngi dung cua Workspace thanh tgp tin diz liéu

- Céch 1: Vao menu File > Save Workspace As > chon thu muc khac (néu can)
> nhap tén tap tin > an nat Save. Tap tin dix liéu co tén tong quat 1a *.mat

- Cach 2: Nhap lénh >>save 'duong dan\ ténfile.mat "

Vi du:
>>save ' C:\ MATLAB 7\ Work \ mydatal.mat '

Néu ban khdng nhap duong dan thi mac dinh 13 luu vao thu muc hién hanh.
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Tai ngi dung ciia mét tap tin dir liéu vao lai Workspace:
- Céch 1: Vao menu File > Import Data > MATLAB Data File (*.mat) > chon
tén tap tin > 4n nut Open.
- Cach 2: Nhap lénh >>load ' duong dan\ ténfile.mat '
- Céch 3: Vao cira s6 Current Directory, nhap dap chudt vao tén tap tin can ma.
1.3.4. Thao tac trén cac bién cd trong Workspace
- Xem lai gia tri caa bién: G6 tén bién tai dau nhéc Iénh.
>> ténbién
>> ténbién_1, ténbién_2, ..., ténbién_n % giira cac tén bién c6 dau phay
- Chinh stra gi4 tri da c6 cua bién: G& Iénh gan méi.
Vi du: Thay d6i gi4 tri chiéu cao h (dang 14 4) thanh 6 va tinh lai thé tich :
>> h=6
h=6
>>\V/=S*h
V=60
- X04& sach noi dung dang c6 trén man hinh Command window (nhung khong xo0a
bién) va dua con troé vé dau man hinh
>>clc
- Xo0& mot sb hién
>> clear ténbién_1 ténbién_2 ... ténbién n % cha y la trudng hop nay, giita c4c tén
bién c6 khoang trong.
Vi du: Dé x04 hai bién S va V ta g Iénh:
>>clear S V
- Xo0& hét moi bién trong Workspace
>> clear
Céc thao tac xem noi dung, xo4, luu, doi tén, chinh stra gia tri (edit value) cua
bién ciing c6 thé thuc hién tai cra 6 Workspace Browser.
1.4 Ma tran va ma tran dac biét
1.4.1. Khai niém vé ma trdn
Ma tran 12 mang hai chiéu c¢6 cau trac nhu sau:

1 2 n o
1| aq a2 ... Qip
2(a21 G2 ... Q2
3lazr a3z ... G3n
m _(Lml A2 e («Imn_
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Véi m 1a s6 hang cia ma tran va n 1a sb cot caa ma tran. Ta ndi ma tran c6 kich

thugc m x n.
Tao mét ma tran trong Matlab.

Dé tao mot ma tran trong Matlab ta c6 thé sir dung cac cach sau:
- Tao matran hang

>>R=[a11 a12 a13]

Két qua hién thi 12 a1 a2 a3
Vi du:

>>R=[18 23 5]

18235

- Tao ma tran cot: cac phan ti cua cot dugc cach nhau bai dau ;

>>C=[18; 23; 5]
18
23

5

- Tao mot ma tran bat ky: cac phan tir cing mot hang duoc phan cach nhau bang

dau phay hoac dau céch. Céc cot duoc phan biét boi diu cham phay

Vi du:
>> A=[2 3;4 5]

23
45

1.4.2. Tao cac ma tran dac biét

Matlab cho phép tao nhanh cac ma tran dac biét nhu sau:
Bang 1.1: Cac ma tran dac biét

STT | Dong lénh Y nghia Vi du Két qua
1 zeros(a,b) Tao ma tran axb cac phan | Zeros(2,3) 000
tir déu =0 000
2 ones(a,b) Tao ma tran axb cac phan | Ones(2,3) 111
tir déu =1 111
3 eye(a,b) Tao ma tran axb cac phan | Eye(3,3) 100
tu duwong chéo =1 010
001
4 repmat(a,b) Tao ma tran bxb cac phan | Repmat(2,3) 222
tor co gia tri =a 222
222
5 rand(a,b) Tao ma tran axb, cac phan | Rand(2,3) 0.92 0.17 0.93
ttr ngau nhién 0.73 0.40 0.91
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phan b déu tir a dén b

6 randn(a,b) Tao ma tran axb cac phan | Randn(2,3) -0.43 0.12 -1.14
tr ngau nhién phan bé déu
-1.66 0.28 1.19
7 linspace(a,b,n) | Tao ma tran n phan ti Linspace(1,1.1,4) |12

a. Phép toan gitra cac ma tran

Ma tran dem cong hoic trir phai c6 cung kich thuéc. Két qua nhan duoc 1a ma

tran co cung kich thuéc véi cac phan tir trong ma tran 13 tong hodc hiéu cua 2 phan tir
tuong tng. Ma tran dem A/B néu A la ma tran vudng con B 1a ma tran cot c6 cing

kich thudc vai A.

b. Kich thudc cua ma tran
- Kich thudc ma tran: Size(z)
- Chiéu dai matran: Length(z)
-S4 phan tir ma tran: Numel(2)
- Vector hang chira cac phan tir 16n nhat theo cot: max(z)
- Vector hang chira phan tr nho nhat theo tirng cot: min(z)
- Véctor hang chira tong cac phan tir theo tirng cot: sum(z)
- Sap xép theo thir tu tang dan trong tirng cot: sort(z)

1.5 Cac phép toan trén mang

Céc phép toan vé ma tran c6 thé thuc hién ngay dong Iénh hoic thuc hién trong

M-file.

Phép toan trich xuit ma tran

Vi du: Duéi day tao ma tran 4 hang 5 cot:
>>a=[12345;23456;34567;45678]

MATLARB sé& thuc thi [énh trén va tra vé két qua duéi day:

1 2345
2 3456
3 4567
4 5678
- Pé trich xuat phan ti trong hang thir m va cot thir n caa ma tran a: a(m, n);
Vi du: Dé trich xuat cac phan tir cia hang 2 va cot 5 ciia ma tran a, ta nhap:
>>a=[1234523456:34567:45678]:

>>a(2,5)

MATLAB s& thyc thi lénh trén va tra vé két qua dudi day:

ans =6

- Pé tham chiéu tat ca cac phan ti trong cot thir m, ta nhap: a(:,m)
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Vi du: Dé tao cot vector v, tir phan tir cua hang thi 4 caa ma tran:
>>a=[12345;23456;34567;45678];
>>v=a(,4)

- Chon cac phan ti trong cot thir m théng qua cot tha n: a(;,m:n)

Vi du: Dé tao ma tran nho hon 1ay c4c phan to tir cot ther 2 va tha 3:
>>a=[12345;23456;34567;4567 8];
>>a(:, 2:3)

- X6a Cot Hoic Hang Trong Ma Tran Trong MATLAB: C6 thé xda toan bo cot
ciia ma tran trong MATLAB bang cach gén tap hop diu ngoic vudng [] vao cot hoic
hang d6. V& co ban [] biéu thi mot mang tréng.

Vi du, dé x6a hang thar tu ciia ma tran:
>>a=[12345;23456;34567;45678];
>>a(4,:)=1]

1.6 Céac phép toan ma tran
- Tinh dinh thic ma tran: det(A)
- Chuyén vi matran: A’ (Ia chuyén cac hang thanh cot va cot thanh hang cia ma
tran ban dau
Vi du: Cho matran
>>A=[1126;417 26; 17 8 49]

>> det(A)
5825 //day 14 két qua caa dinh thirc ma tran A
>> A’
11 4 17
2 17 8

26 49

- Tao ma tran tam giac dudi: tril(A) tic 1a tir duong chéo tré 1én cac phan tir déu

bang 0

- Tao ma tran tam giac trén: triu(A) tic 1a tir duong chéo tré xudng cac phan tir
trong ma tran déu bang 0

- Matran nghich dao caa ma tran A la ma tran B sao cho A*B=B*A=lI
Véi | 1a ma tran don vi

>> inv(A)

0.1073 -0.0086 -0.0086
0.0422 0.0750 -0.0450
-0.0441 -0.0093 0.0307

- Phan tich ma tran thanh thira s6 LU: Ma tran A s& dugc phan tich thanh 2 ma
tran: L.U voi L la ma tran tam giac dudi, U la ma tran tam giac trén..
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>> [L,U]=Iu(A)
1.7 Giai h¢ phwong trinh doc lap tuyén tinh
Ta c6 hé phuong trinh:

ax+byy+cz=d;

{azx + b,y +cz=d,

asx + byy + c3z = dj
Trong Matlab hé nay dwoc biéu dién duéi dang ma tan Ax=b voi
a; by ¢
a, b, c,
as bs cs3

A= va b:[dl d2 d3]

x+2y — 3z =5
Vi du: Giai hé phuong trinh {—BX —y+z= -8
Xx—y+z=0
>>A=[12-3;-3-11;1-11];
>> b=[5;-8;0];
>> X=A\b;

- X la mot vector 3x1 chira gia tri cuaa X, y va z théa man phuong trinh. Phép chia
sé lam viéc véi hé phuong trinh ¢6 A 1a ma tran vuéng hoac ma tran chir nhat. Phép
chia dua ra mot nghiém khi hé ¢ vo sé nghiém. Néu hé vo nghiém, khi thuc hién
MATLAB sé& dua ra mot canh bao va van tra vé mot vector 3x1.

Bai tap cudi chwong
Bai1: Chox=[148],y=[215],vaA=[2797;3156 81 25]. Xét xem dong
1énh nao hop 18, du doan két qua, giai thich va thir lai bang Matlab

1.[xyo0]

2. [x;y]

3. A(,[14])

4. A([2 3], [31)])

5.A()

6. [A; A(end, )]

7. A(1:3,)

8. [A A(L:2,)]

Bai 2: Tinh bang tay cac biéu thuc sau, roi thir lai bang Matlab:

a.2/2*3

b.6-2/5+7"2-1

c.10/2\5-3+2*4

d.37"2/4e.3"2"2

f.2+round(6/9+3*2)/2-3

g.2+floor(6/9+3*2)/2-3
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h.2+ceill6/9+3*2)/2-3
k. fix(4/9)+fix(3*(5/6))
Bai 3: Dy doan két qua xuat ra man hinh:
a.2;4
b.2/4
c.2\4
d.2,4
e.2:4
Bai 4: Cho x = 2, y = 3. str dung Matlab xac dinh két qua cta céc gia tri biét:
a. z=X
b. y=y+z
C. X=y+X-2
dx+y-z
Bai5: Cho A=[2797:3156:8125], du doan két qua, giai thich; rdi thtr lai bang
Matlab:
a. A’
b. A(;,[14])
c. A([2 3], [31])
Bai6:Cho A=[2797:3156:8125], du doan két qua, giai thich; rdi thtr lai bang
Matlab:
a. reshape(A, 2, 6)
b. A()
c. flipud(A)
d. fliplr(A)
e. [A; A(end,:)]
Bai7:Cho A=[2797;3156 ;812 5], dy doan két qua, giai thich; roi thir lai bang
Matlab:
a. A(1:3,0)
b. [A; A(1:2, )]
c. sum(A)
d. sum(A’)
e. sum(A, 2)
f.[[A;sum(A)][sum(A,2);sum(A(:))]]
Bai 8: Chomatran A=[241;672;3509], viét Iéenh Matlab dé
a. Gén cho vector x 1a dong thir nhat cua A.
b. Gan cho ma tran y 1a hai dong con lai (cudi) cua A.
Bai 9: Chomatran A=[241;672;359], viét [énh Matlab dé
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a. Tinh tong theo dong ma tran A.
b. Tinh téng theo cot ma tran A.
Bai 10: Chomatran A=[241;6 7 2 ;35 9], viét Iénh Matlab dé
a. Tim gi tri 16n nhat va nho nhat caa ma tran.
b. Tinh téng c4c phan tir cua A
Cau héi trac nghiém

Cau 1: Dé tao ma tran véi cac phan ti trong ma tran déu 1a 0 sir dung 1énh

A. zeros(a,b) B. zero(a,b) C. Add(a,0) D. Adds(a,0)

Cau 2: Chon céc phan tir trong cot tha m théng qua cot thir n dé tao ra mot ma tran con
bang céch

A.a(m, n) B. a=(m:n) C. a(:, m:n) D. a(:,m)

Cau 3: Tinh dinh thac trong ma tran z

A. size(z) B. det(z) C. det(‘z’) D. max(z)

Cau 4: xac dinh s6 phan tir cia ma tran A

A. length(A) B. Numel(A) C. Sum(A) D. Number(A)

Cau 5: Cach dé tao mot ma tran m x n véi cac phan tir duong chéo =1
A. Rand(m, n) B. repmat(m,n) C. Randn(m,n) D. eye(m,n)
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Chuwong II: CAC HAM TOAN HQC VA LAP TRINH TRONG MATLAB

Noi dung chinh cua chuong

Chuong 2 gitp sinh vién biét cach nhap mét da thuc trong Matlab, cach xac
dinh dugc nghiém cua da thirc va phép tinh trong da thirc. Cach xac dinh cac ham toén
hoc, biéu thirc quan hé va cac ham quan hé trong Matlab.
Muc tiéu cdn dat dwoC Ciia chwong

Sinh vién can st dung thanh thao Matlab trong viéc nhap, tinh toan da thirc, cac
ham toan hoc va cac ham quan hé.
Bai 2: Cac ham toan hec va lap trinh trong Matlab (Sé tiét: 3 tiét)
2.1 Pa thirc va cac ham xir ly da thirc

Ta c6 mot da thie: f(x) = anX™+ an-1X™+ .. +a1X + ao

Trong do: n 1a bac cua da thue.

Trong Matlab, da thirc dugc biéu dién bdi mot vector hang c6 cac thanh phén
chinh 14 céac hé sd. Vector trén phai chira tat ca cac hé sb, ké ca hé sb bac 0.
Vi du: f(x)=8x+5  p=[8 5]

f(x)=6x2+150 h=[6 0 150]
- Pé tinh gia tri ciia mgt da thirc tai mot diém x ta sur dung ham:
Polyval (p, X)

Trong d6 p 13 vector biéu dién da thic va x 1a mot s6, bién, hodc biéu thic.
Vi du:
>>p=[56-7 3];
>> X=2;
>>y=polyval (p, X)
y =53
2.1.1 Nghiém cua da thic
Tim nghiém cua da thtc 1a tim gia tri dé da thic bang khong. Matlab c6 thé giai
quyét nhirng bai toan ndy va cung cap nhitng cong cu dé tinh toan da thirc. Trong Matlab
mdt da thirc duge biéu dién bﬁng mot vector hang cac hé sb voi bac giam dan.
Matlab c6 thé tim cac nghiém cia mdt da thue br:ing 1énh:
>> r = roots(p)
Vi du:
>>p=[1-2-3]
>> r = roots(p)
r= 3.000
- 1.000
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Trong Matlab ca da thitrc va nghiém cua n6 dé 1a vector nén Matlab ngam quy

udce rang da thure 1a vector hang, con cac nghi€ém la cac vector cot. Néu biét trude nghiém

cua mot da thirc thi s& dé dang biét duoc da thire do.

Trong Matlab néu biét trudc nghiém cua da thic cé thé tim duoc cac hé sb cua da

thirc d6 bang lénh:
>> p=poly(r)
Trong do: r 1a vector hang hodc cot chira cac nghiém cua da thirc
P 14 vector hang chtra cac hé sb.
Vi du:
>>r =[-3; 2];
>> p=poly(r)
p=1 1 -6
khi nay da thtrc d6 1a: f(x)= x?+x-6
Bai tap: Cho da thitrc:
x* —12x3+ 25x + 116
a.xac dinh nghiém cua da thurc
b.Tir nghiém cua da thire tim hé s6 cia da thiec.
Giai:
>>p=[1 -12 0 25 116]
P=
1 -12 0 25 116
>> r =roots(p)
r=
11.7374
2.7028
-1.2251 + 1.4672i
-1.2251 - 1.4672i

>>p = poly(r)
p =
1 -12 -1.77644e-14 25 116
>> p(abs(pp)<le-12=0 % Gén nhiitng phan tir qua nhé bang 0

1 -12 0 25 116

Trong tinh toan thudng gap nhing sai s6 nén d6i khi két qua ciia 1énh poly cho ra

cac da thirc c6 cac h¢ s6 gan bang khong va cac da thirc c6 phan 4o rat nho nhu dugc

chi ra ¢ trén, cac gid tri bang khong c6 thé 1am tron bang cac cong cu vé mang. Tuong

tu nhu vay ta co thé 1am tron mot sb phuc dé tré thanh mot s thuc bﬁng ham real.
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2.1.2 Cong da thuc
Matlab khong cung cdp cac ham truc tiép thuc hién phép cong hai da thirc. St
dung phép cong ma tran chi c¢6 tac dung khi hai da thirc 1a hai vector c6 cung kich thudc.
Vidu:tacoham  f1(x)= 3 x®+15x°-10x3-3x%+15x-40
f2(x)=3x3-2x-6
>>p1=[3150-10 -3 15 -40]
>>p2=[00030 -2 -6]
>>p=pl+p2
p =
3 15 0 -7 -3 13 -46
Khi hai da thirc ¢6 bac khac nhau thi da thirc ¢6 bac thép hon phai dugc thém vao
céc hé s6 0 vao dau vector dé cho bac cua no co cung bac voi da thirc c6 bac cao hon.
Vi du:
>>c=[1 6 20 50 75 84 64]
>>d=[2 6 12 20]
>>e=c+[0 0 0 d]
e=
1 6 20 52 81 9% 84
Két qua 1a e(x)= x5+6x5+20x*+52x3+81x%+96x+84
2.1.3 Nhdn da thuc
Dé nhan hai da thirc ta thuc hién ca phap:
>> c=conv(a, b)
Trong d6:  avab la cac vector hé sb ciia da thirc
¢ 1a vector hé sb cua tich.
Vi du:
>>a=[21-3];
>>Db=[11];
>> c=conv(a, b)
c=
2 3 -2 -3
2.1.4 Chia da thuc
Thyc hién chia da thirc theo ct phép: [q, rJ=deconv(u,v)
Trong d6:  u 13 vector hé s6 cua cac da thirc bi chia
v 12 vector hé sb cua da thirc chia
q 1a vector hé sb ctia thuong
r 1a vector hé sd cua phan du
Vi du:
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>>u=[1-9-10];

>>v=[11];
>> [q, r]=deconv(u,v)
g= 1 -10

r= 0 0 0
Ta thay rang khi u chia cho v dugc da thirc 1a q va da thirc du 1 r trong trudng
hop nay phan du 14 da thirc 0 vi u chia hét cho q.
2.1.5 Dao ham cua da thirc
Dé dao ham cia da thirc ta thyc hién 1énh: k =polyder(p)
Trong d6:  p 1a vector hé s6 cua da thirc
K 1a vector hé sb cuia dao ham
Vi du:
>>p=[3-24],
>> k =polyder(p)
k= 6 -2
2.1.6 Nguyén ham cua da thirc
Matlab tinh nguyén ham cuia da thire béi Iénh:  g=polyint(h, k)
Trong d6:  h 1a vector hé s6 cia da thirc
g 1a vector hé s6 ctia nguyén ham
kla hﬁng s6 tich phan, mac dinh 1a 0
Vi du:
>>h =[600];
>> g=polyint(h)
g= 2 0 0 0
2.1.7 Phan thec hiru ti
Doi khi ta gip nhiing bai toan lién quan dén ti s6 giita 2 da thirc ngudi ta goi do
1a phan thirc hitu ti, vi du nhu cac ham truyén hay ham xép xi pade c6 dang nhu sau:
n(x) Nyx™+ Nyx™1+...4N,_,x°
d(x) - Dix™ + Dyx™ 1+ -4+ D, _1x°
Trong Matlab phan thirc ciing duoc mo phong bang hai da thirc riéng.

Vi du:
>>n=[1 -10  100]
n=
1 -10 100
>> d=[1 10 100 Q]
d=

1 10 100 O
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>> z=roots(n)

7=
5.000+8.6603i
5.000-8.6603i

>> p=roots(d)

p=
0
-5.000+8.6603i
-5.000-8.6603i

Dao ham cua phan thirc ndy theo bién x dugc tinh dya trén ham polyder
>>[nd,dd]=polyder(n,d)
nd= -1 20  -100 -2000 -10000

dd=
Columns 1 through 6
1 20 300 2000 10000 0
Column 7
0

O day nd va dd 13 tir va mAu cta dao ham. Mot thao tac thong thuong khac 13 tim
phan du ctia phan thirc.
2.2 Cac phan tir co ban va cac ham toan hec
2.2.1 Céac phan ti co ban
a. Gigi han caa céc gia tri tinh toan trong Matlab
- P6i véi phan 16n may tinh, khoang gia tri cho phép tir 10-323 dén 10308.
- Néu c6 gia tri tran s6 mi trén, né dugc biéu dién bai inf (s6 vo han).
- Néu tran mii dudi, né duoc biéu dién 12 0
- Chia cho 0 14 toan tir khdng hop I¢, két qua Ia inf. Matlab s& canh bao va st
dung gia tri inf dé tinh tiép.
b. Bién string
Chudi ky ty dugc dit gitra 2 diu nhay don
Chudi ky tu 12 mot mang nhiéu ky tu. Ky tu duoc luu dudi dang ma ASCII. >>
name= ‘Truong Dai hoc DL Cong Nghé Sai Gon’
C6 thé truy xuat dén ting phan tir chudi
>> forintf (‘Truong toi la %s\n’, name(8:35));
Két hop céc string tao string moi
>> text]=‘Toi hoC tai’; text=[textl ‘" name];
Nhap string tir ban phim:
>> str= input( ‘Nhap vao mot chuoi’,’s’);
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Céc lénh vai bién string:

Bang 2.1: Céc Iénh véi bién string

Ham Y nghia
Char Tao mang ky tu
double Doi chudi sang ma ASCII
num2str Doi s6 sang chudi
str2num Déi chudi sang s6
int2str D6 s6 nguyén sang chudi
str2mat Poi chudi sang ma tran
mat2str Doi ma tran sang chudi

2.2.2 Ham toan hoc
a. Cac ham toan hoc co ban
Bang 2.2: Bang cac ham toan hoc co ban

Vi du:

Ham Y nghia
Round Lam tron vé sé nguyén gan nhat
fix Lam tron vé 0
Foor Lam tron nho hon
ceil Lam tron 16n hon
log (X) Ln(x)
log10(x) Log thap phén
pow2(X) Luy thira co s6 2
nextpow2(N) Tim p: 2°=N
Exp(X) Ham e*

Sqrt(x) Can bac hai ciaa x
Abs(x) Modun cua s6 phic X
Imag(x) Phan 4o cua x
Real(X) Phan thuc caa x
Sign(x) DAau cua X

>>a=[-19 -0.2 34 56 7 24 +3.6i];

>> fix(a)

>> ceil(a)

>> floor(a)

>> round(a)

-1.0000 O 3.0000 5.0000 7.0000 2.0000 0+3.0000i

-1.0000 0 4.0000 6.0000 7.0000 3.0000 0+4.0000i

-2.0000 -1.0000 3.0000 5.0000 7.0000 2.0000 0+3.0000i

-2.0000 0 3.0000 6.0000 7.0000 2.0000 0+4.0000i
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b. Ham lwgng giac co ban
Bang 2.3: Cac ham lwgng giac co ban

Ham Y nghia
sin(x) sin cua x khi x ¢6 don vi radian
cos(x) cos cua x khi x ¢6 don vi radian
tan(x) tan cua x khi x ¢6 don vi radian
asin(x) €[-n/2,m/2] khi x € [-1,1]
acos(x) €[0,n] khi x € [-1,1]
atan(x) khi x € [-n/2,1/2]

Poi radian sang d6 va nguoc lai:
angle_degrees=angle_radians*(180/pi)
angle_radians=angle _degrees*(pi/180)

Vi du 1: Tinh sin theo rad ta co:

>> a = sin(pi/6)

a=
0.5000
Vi du 2: Tinh sin theo d0:
>> sind(90)
ans =
1

2.3 Biéu thirc quan hé va ham logic
2.3.1 Cac phép toan quan hé

Céc toan tir quan hé ciing c6 thé lam viéc trén ca dit liéu v huéng va phi vo
hudng. Cac toan tir quan hé cho mang thuc hién so sanh tig phan tir mot gitta 2 méang
va tra vé mang logic c6 cung kich thudc, voi cac phan tir duoc thiét 1ap 1a 1 (true), trong
d6 quan hé 1a true va cac phan tr duoc thiét 1ap 13 0 (false). Dudi day 1a bang danh sach
cac toan tir quan hé trong MATLAB:
Béang 2.4: cac phép toan quan hé

Toan tir Y nghia
< Nho hon
<= Nho hon hoic bang
> Lén hon
>= Lén hon hodc bang
== Biang
~= Khong bang

Phép so sanh 2 ma tran 1a so sanh ting phan tir. Két qua sinh ra ma tran {0,1}
cuing ¢&. Néu phép so sanh ding, cac phan tir =1, nguoc lai thi cac phan tir bang 0
Vi du:
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>>a=[343;456];
>>h=[123;786];

>> a==D

ans = 001
001

>> a>h

ans = 110
000

>> a>=h

ans = 111
001

2.3.2 Cac phép toan logic

MATLAB cung cip 2 kiéu toén tir logic va cac ham:

- Element-wise: C4c toan tir thuc hién trén cac phan tir trong ng ctia c4c mang
logic.

- Short-circuit: Céc toén tir thuc hién trén cac biéu thuc tich vo hudng va biéu
thac logic.

C4c toan tir logic Element-wise thyc hién tirng phan tir mot trén cac mang logic.
Cac biéu tuong &, |, va ~ la c4c toan tir mang logic AND, OR, va NOT.

Céc toan tir (Operator) trong MATLAB logic Short-circuit cho phep bo qua cac
phép tinh logic. Cac ky tu && va || la cac toan tu logic short-circuit AND va OR.

Th tu c4c toan tir trong biéu thirc logic tir cao dén thap 1a not, and, or. Tuy nhién
c6 thé dung ngoic don dé thay doi

Trong Matlab, tat ca cac gia tri khac khong déu coi nhu dung (true), con gia tri 0
duoc coi nhu sai (false)

Vi du:
>>b=[110;101]
>>3=[010;001]

>> a&b
ans=010
001
>> alb
ans=110
101
>> ~3
ans=101
110
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>>1|10&~1
2.3.3 Cac ham quan hé va logic
Bang 2.5: bang cac ham quan hé va logic

Ham Y nghia
any(x) Tra vé vector hang c6 cac phan tir =1 néu ton tai ba't cu phan
tur cot cua X khac 0, nguoc lai =0
all(x) Tra vé vector hang cd cac phan tir =1 néu tat ca phan tir cot
cua x khac 0, nguoc lai =0
find(x) Tra vé vector chtra chi s6 cac phan tir ciia x khac 0
exist(‘a’) =1 néu a la bién, = 2 néu 1a file, = 0 néu a khong ton tai. ..
isnan(x) Tra vé ma tran cling ¢& ¢ cac phan ta = 1 néu cac phan tu
tuong rng cua x la nan, nguoc lai = 0
finite(x) Tra vé ma tran cuing ¢& cd cac phan ta = 1 néu cac phan tu
tuong wng cia X hitu han, = 0 néu vé han hoic nan
isempty(x) =1 néu x rong, nguoc lai = 0
isstr(x) =1 néu x 1a mot chudi, nguoc lai = 0
stremp(y1,y2) | So sanh 2 chudi, =1 néu 2 chudi gidng hét nhau, nguoc lai =0.
Phan biét hoa-thuong, dau cach, dau dong
Vi du:
>>a=[012;003];
>> any(a)
ans =0 1 1
>> all(a)
ans=0 0 1
>> find(a)

ans=3 5 6

>>a=[nan 12 4 0; inf 3 8 nan]

a=NaN 12 4 0
Inf 3 8 NaN
>> isnan(a)
ans=1 0 0
0 0 0 1
>> finite(a)
ans =0 1 1
0 1 1 0
>> isempty(a)

ans=0
>> textl="'Lop HCDH';
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>> text2="Lop’;
>> text3="HCDH',
>> jsstr(textl)
ans=1
>> stremp(textl,text?2)
ans=0
>> stremp(textl, [text2 ' ' text3])
ans=1
2.3.4. Symbolic Math Toolbox
Bo6 cdng cu bo sung kha niang giai toan véi cac ky hiéu toan hoc cho MATLAB.
L&i cua bo cdng cu nay duoc phat trién boi Maple. N6 cho phép thuc hién cac phép toan
sau:

- Calculus: dao ham, tich phan, gigi han, chudi.

- Dai s6 tuyén tinh: nghich dao, dinh thuc, gia tri eigen, Inverses, determinants,
eigenvalues, singular value decomposition, and canonical forms of symbolic matrices.

- R0t gon: dung dé rat gon biéu thuc.

- Gidi phwong trinh: dai s6 va vi phan

- Cac ham dac biét: cung Cép cac ham dac biét nhu beta, bessel, gamma.
- Transforms: Fourier, Laplace, z-transform.

Symbolic Math Toolbox dinh nghia mot kiéu dit liéu méi cua Matlab goi 1a ddi
tuong Symbolic. Mot d6i tugng Symbolic 1a mét cau tric dit liéu luu trit mot dai dién
kiéu xau ky tu cia mot doi tugng . Symbolic Math Toolbox sir dung cac dbi twong
Symbolic dé biéu dién cac bién, biéu thirc va ma tran Symbolic .

Tao ddi twong (bién, biéu thirc) Symbolic
Lénh sym cho phép xay dung cac bién va biéu thic Symbolic. Vi du

>>x = sym(‘x’); y = sym(‘y’) ; 1énh ndy tao ra x, y la cac bién Symbolic
hoic >>syms x y
>>f = syms(‘a*x"2 +b*x+c’) ; gan biéu thirc ax? + bx +c vao bién f
>>x = sym(‘x’, ‘real’) ; y = sym(‘y’, ‘real’) ; x,y 1a bién thuc kiéu Symbolic
>>syms x y real % x,y 1a bién thuc kiéu Symbolic
>>syms x real y % x 1a bién thyc kiéu Symbolic,y 12 bién bat ky kiéu Symbolic
>>symst
>> Q =sym(‘Q(t)’); % t 1a bién Symbolic , Q 1a ham Symbolic

30



Pao ham
Dé tinh dao ham cua mot biéu thic Symbolic ta st dung ham diff( )
- diff(S): Pao ham biéu thicc symbolic S véi bién ty do duoc xac dinh bai ham
findsym(S)
- diff(S,v): Pao ham biéu thirc symbolic S vai bién lay dao ham la v
- diff(S,v,n): Pao ham cép n biéu thirc symbolic S vai bién lay dao ham la v
Tich phén
Dé tinh tich phan caa mét biéu thac Symbolic ta sir dung ham int( )

- int(S,v) : Tich phan khéng xac dinh cua biéu thic Symbolic véi bién tich phan

- int(S,v,a,b) : Tich phan xac dinh caa biéu thicc Symbolic véi bién tich phan v

va cén lay tich phan ti [a, b]

Bién doi Laplace thuan
- L = laplace(F): Bién ddi Laplace cua ham F véi bién miac dinh doc lap t, né cho ta
mot ham cua s.
- L = laplace(F,x): Bién d6i Laplace cua ham F v&i bién mic dinh doc 1ap t, nd cho ta
mot ham cua x.
- L = laplace(F,w,z): Bién doi Laplace cua ham F véi bién doc 1ap w, n6 cho ta mot
ham cua z.

Bién dbi Laplace nguoc
- F =Ilaplace(L): Bién d6i Laplace nguoc cua ham L véi bién mic dinh doc l1ap s, n6
cho ta mot ham cua t
- F = ilaplace(L,x): Bién d6i Laplace ngugc cua ham L véi bién mic dinh doc lap s,
n6 cho ta mot ham cua x
- F =ilaplace(L,w,z): Bién d6i Laplace ciia ham L vai bién doc lap w, n cho ta mot
ham cua z
Bai tap cudi chwong
Bai 1: Thuc hién 1énh sau va nhan xét két qua tra vé

a. a=1;b=2;c=3; (b*b==4*a*c) va a~=0
b. a=1:10; a>=20 va a<=20

Bai 2: Thuc hién Iénh sau day
a. r=1; r<=0.5
2.1r=1.5; r<=3
3.a=1:5;b=[02456]; a==b
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Bai 3: Nhan hai da thirc sau d6 stir dung Matlab dé kiém tra
(8x%+4x+5).(2x3-3x%+2)
Bai 4: Chia 2 da thtc sau day, sau d6 sir dung Matlab kiém tra lai
(2x2+3x+6)/(2x+3)
Bai 5: Tim nghiém cua phuong trinh sau day str dung Matlab: X2-1 =0
Bai 6: chox=[4 1 6] vay =[6 2 7] tinh cAc mang, vector, ma tran sau
a. aij=XiYj
b. bij=xilyj
Bai 7. DUng phép toan trén ma tran tim tat ca cac phan tir chia hét cho 3. Biét vector da
cho c6 100000 phan tir trong khoang tir [0, 100]
Bai 8: Chox=[135890 1] Viét dong lénh dé
a. Tinh téng ca phan tx
b. Viét mot ham tinh tong ddy con tir 1 dén j.
Bai 9: Tao mot ma tran M x N cac sé ngau nhién. Chuyén cac gia tri nho hon 0,2 thanh
0 va céc gia tri 16n hon 0,2 thanh 1.
Bai 10: tir mot vector s ngau nhién bat ky xac dinh ¢6 bao nhiéu phan tir ding trudc
mot phan tr ¢d gié tri nam tir 0,8 dén 0,85.
Céau héi tric nghiém

Cau 1: Trong MATLAB céc dé tim nghiém cua da thuc p 1a

A. zeros(p) B. p(m, n) C. r =roots(p) D. Adds(a,0)
Cau 2: Pé nhan hai da thuc ta thuc hién ci phap
A. c=con(a, b) B.ab C. c=cov(a, b) D. c=conv(a, b)

Cau 3: Thuyc hién chia da thirc theo cu phap nao dudi day

A. [q, r]=deconv(u,v) B. [q, r]=conv(u,v) C.[q, r]=(u:v) D. max(z)

Cau 4: Matlab tinh nguyén ham cua da thirc boi Iénh

A. length(h, k) B. z=roots(n) C. g=polyint(h, k) D. z=roots(h, k)
Cau 5: Tra vé vector hang cé cac phan tir =1 néu ton tai bat ctr phan tir cot cua x khac
0, nguoc lai =0

A. all(x) B.any(x)  C.isnan(x) D. find(x)
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Chuong III: PO HOA TRONG MATLAB
Noi dung chinh cua chuong

Chuong 3 giup sinh vién v& duoc d6 thi cia mot ham bat ky, tao cac dang d6 thi
khéc nhau véi d6 thi dang 2D va d6 thi 3D. Thay d6i mau sac, gop dd thi hay thay doi
dang biéu dién cua db thi.

Muc tiéu cdn dat dwoC Ciia chwong

Sinh vién can su dung thanh thao Matlab trong viéc vé céc loai d6 thi 2D va 3D
Bai 3: Po hoa trong Matlab (S6 tiét: 3 tiét)

3.1 Pd hoa 2D
3.1.1 Sur dung Iénh Plot

Dé v& do thi trong mat phang ngudi ta sir dung 1énh plot. Lénh nay s& v& d6 thi
mot mang dir liéu trong mot hé truc thich hop va ndi cac diém bang dudng thing.

Vi du:
>> x=linspace(0,2*pi,30);

// Ham linspace 1 1iy 30 diém cach déu nhau trong khoang tir 0 -> 2pi theo chiéu ngang
d5 thi.

>> y=sin(X); // tao mdt vector y la ham sin cua x.

>> plot(x.y);

Lénh plot md ra mét cira sé dd hoa goi 1a ctra s6 figure, trong cira sd ndy sé tao
d6 chia phu hop voi dir liéu, vé d6 thi qua cac diém va d6 thi duoc tao thanh bai viée
ndi cac diém nay béng duodng nét lién. Cac thang chia s6 va dau duoc tu dong cap nhat
vao.

s
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Hinh 3.1: D6 thi ciia ham y = sin(x) dwoc vé trén Matlab
Cung v& ham sin va cos trén cling mot do thi
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>>7=C0S(X);

>> plot(x,y,x,z);
1
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Hinh 3.2: do thi sin va cos trén cung mot hé truc toa do.

Néu mubn v& nhiéu hon mot dd thi trén cung mat hinh v€ ta chi viéc dua thém
vao plot mot cip di sd. Khi d6 dd thi tht hai sé ty dong dugc vé bang mau khac trén
man hinh.

Néu nhu mot trong cac ddi sb 12 ma tran va d6i s6 con lai 1a vector thi 1énh plot
s€ dugc ve€ tuong ing mdi cOt ciia ma tran véi vector do.
>>W=[y;z];
>>plot(x,W)

3.1.2 Kiéu dwong, ddu va mau

Trong Matlab ta c6 thé khai bao kiéu mau, nét v& cua riéng bang cach dwa vao
plot mét déi sb thir 3 sau mdi cdp dir liéu cia mang. cac dbi sé tuy chon nay 1a mot xau
ki t, c6 thé chtra mot hodc nhiéu ngudi hon theo bang dudi day.

Néu khong khai bao mau thi Matlab s& chon mau mic dinh 1a Blue. Kiéu duong
mac dinh 13 kiéu solid. Néu mot mau, dau, kiéu duong tat ca diéu chua trong mgt xau
thi kiéu mau chung cho ca dau va kiéu nét v&. Dé khai bao mau khac cho dau can vé
cung mot dir li¢u vdi cac kiéu khai b4o chudi khac nhau.

Bang 3.1. Bang mau sic va Ky tu trong vé do thi Matlab

Ki tur Mau Ki tu Panh diu Ki tu Kiéu Nét Vé
b xanh da troi . chiam - nétlién
g xanh 14 cay 0  vongtron : nét chim
r doé x  déux -, nét gach - chim
c xanh da troi nhat + dau+ -~ nét dut
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= X < 3

do tim
vang
den

tréng

Vi du:

>> plot(x,y,'m*",x,y,'b--")

q

0.8

0.6

0.4

0.2

D:

-0.2

04

-0.6

-0.8

*  dAu hoa thi - nétlién
s hinh vudng
d  hinh thoi
A tam gidc  hudng
xudng
vV tam giac hudéng 1én
<  tam giac hudng phai
> tam giac hudng trai
VP sao nam canh
h  saosau canh
—+ ™y . . .

Hinh 3.3: Do thi biéu dién voi mau sac va ky hiéu riéng.

3.1.3 Kiéu do thi

1a white. Kiéu ndy str dung truc toa d6, mau nén nén hinh v& 1a mau xam sang va tén

tiéu dé cua tryc 1a mau den. Néu muon d61 mau nén thanh mau den ta co6 thé dung I¢nh

Lénh colordef cho phép Iya chon kiéu hién thi. Gia tri mac dinh cua kiéu hién thi

>> colordef black
3.1.4 Dé thj ludi, hép chira truc, nhan va loi cha gidi

nét nay. Matlab khdi tao véi griff off. Thong thudng truc toa do co nét kiéu solid nén
goi 14 hop chira truc. Hop nay c6 thé tit di nho 1énh box off va box on sé& khéi phuc lai.
Ta c6 thé dua tén truc x, y va tén cta d6 thi vao hinh v& nho cac 1énh xlabel va ylabel.

Lénh grid on s& thém dudng ludi vao d6 thi hién tai. Lénh grid off x6a bo cac
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Lénh title s& thém vao d6 thi tiéu dé ¢ dinh. Dong ghi cht duoc dwa vao dd thi nho
ham legend. Trong legend thi mau va kiéu ctia mdi loai duong phu hop véi cac dudng
d6 trén do thi.

Vi du: >> ylabel('y")
>> x=linspace(0,2*pi,30); >> title('do thi ham sin va cos')
>> y=sin(x); >> legend (‘y = sinx','z =cosx’)
>> 7=C0S(X);
>> plot(x,y,' mx-',x,z,'bp--)
>> grid on

>> xlabel('x")

do thi ham sin va cos
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Hinh 3.4: D6 thi sin, cos cé tén do thi, dwong luoi, tén cdc truc va ghi chu

Ta c6 thé thém nét v& vao dd thi da c6 sin bang cach dung lénh hold. Khi ding
lénh hold on, MATLAB khong bo di hé truc di ton tai trong khi 1énh plot méi dang
duoc thuc hién, thay vao do, né thém dudng cong madi vao hé truc hién tai. Tuy nhién,
néu dit liéu khong phu hop hé truc toa do cii, thi truc dugc chia lai. Dung 1énh hold off
s& bo di cira so figure hién tai va thay vao bang mot do thi méi. Lénh hold khong c¢6 dbi
s6 s& bat tat chirc nang ctia ché @6 thiét 1ap hold trude do

Vidu

>> x=linspace(0,2*pi,30);

>> y=sin(x);

>> 7=c0S(X);

>> plot(x,y);

« Hinh v& s& hién ra trén cira s6 figure

>> hold on plot(x,z,'m")

« S&v&thém 1 d6 thi khac vao cling cira s6 figure
>> hold off

36



Lénh subplot(m,n,p) chia cira s6 hién tai thanh mot ma tran m x n khoang dé vé
d6 thi, va chon p 14 cira s6 hoat dong. Cac dd thi thanh phan duoc dénh s tir trai qua
phai, tir trén xudng dudi, sau d6 dén hang thir hai

Vi du:
>> subplot(2,2,1)
>> plot(x,y)
>> subplot(2,2,2)
>> plot(y,x)
>> subplot(2,2,3)
>> plot(x,z)
>> subplot(2,2,4)
>> plot(z,x)
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Hinh 3.5: Vé cdc do thi xy, yx, xz,zx

3.1.5. Tdp Iénh lién quan vé do thi
Lénh AXES

a) Chuc nang: Dat cac truc toa do tai vi tri dinh trude

b) Ca phép

axes(‘propertyname’, propertyvalue ...)

1. ‘position’,[left, bottom, width, height]: dinh vi ri va kich thudc cua truc
>> axes(‘position’,[1, 1, 8, 6] %can 2 bén 1a 1 chiéu rong truc ngang 1a 8 truc dtng
a6
2.xlim’, [min,max]: xac dinh gia tri nho nhat va Ion nhat trén truc x
3.ylim’, [min,max]: xac dinh gia tri nho nhat va 16n nhat trén truc y
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Vi du:
>> axes(‘xlim’, [2  5])
>> axes(‘ylim’, [2  5])
Lénh AXIS
a. Chutrc nang: thuc hién chia lai truc toa do
b. Cu phap
axis([xmin xmax ymin ymax])
axis([xmin xmax ymin ymax zmin zmax])

axis on
axis off

Vi
Xmin, ymin, zmin L& gié tri nho nhat cua céc truc x, v, z.
Xmax, ymax, zmax La gié tri Ion nhat cua cac truc x, vy, z.
on Cho hién thi truc toa do.
off Khdng cho hién thi truc toa do.

Lénh Bar
a. Churc nang: Vé dd thi dang cot
b. Cu phap: bar(x,y)
Vi du:

>> X = [-pi:0.2:pi];

>>bar(x,sin(x));

>>grid on;

>>title(‘Do thi ham sin(x) dang thanh’);
>>xlabel(‘truc x (rad)’);

>>ylabel(‘y = sin(x)’) ;
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Do thi ham sin(x) dang thanh

y = sin(x)

truc ¥ (rad)
Hinh 3.6: Do thi dang cét

3.2. D6 hoa 3D
3.2.1. D6 thj dwong thang

Lénh Plot trong khong gian 2 chiéu c6 thé mé rong cho khéng gian 3 chiéu bang
lénh plot3. Lénh plot3 cho phép vé cac diém va dudng trong khdng gian. Ngoai viéc co
thém truc z, cach sir dung ham nay giéng nhu cach sir dung ham plot. View([a,b]): a 1a
gdc phuong vi tinh bang d6 nguoc chiéu kim ddng ho tir phia &m cua truc y. Gia tri mac
dinh cua a 1a-37.5 do. b 12 gc nhin tinh bang d6 xudng mat phang x, y. Gia tri mac dinh
cta b 12 30 d6. Khi thay doi cac gia tri a va b s& nhin duoc hinh v& dudi cac goc do khéc
nhau.

Vi du:
>> t=linspace(0,10*pi);
>> plot3(sin(t),cos(t),t);
>> xlabel('sint’);
>> ylabel(‘cost’);
>> zlabel('t")
>> axis square; % Thiét lap gisi han cua 3 truc theo hinh vudng.
>> grid on;
>> text(0,0,0,'Origin’)
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Hinh 3.7: do thi 3D ham sin, cos
3.2.2. D6 thi bé mét va luéi

Matlab dinh nghia bé mat ludi bang cac diém theo hudng truc z & trén duong ké
6 hinh vudng trén mat phang xy. NO tao 1én mau mot db thi bang cach ghép cac diém
gan ké voi cac duong thang. Két qua né trong nhu mang ludi véi cac mat ludi 1a cac
diém dix liéu. 6 thi ludi nay duoc sir dung dé quan sat nhitng ma tran 16n hoac vé nhiing
ham c6 hai bién.

Budc dau tién 1a dua ra do thi luéi cac ham hai bién z=f(x,y) twong tng véi ma
tran X va Y chtra cc hang va cac cot lap di 1ap lai. Matlab cung cap ham meshgrid véi
muc dich nay. [X, Y]= meshgrid(x, y), Tao ma tran X ma cac hang cta né la ban sao
cua vector X, va ma tran Y ¢6 cot caa né la ban sao cua vector y. Cap ma tran nay sau
d6 duoc sir dung dé wée lwong ham hai bién str dung dic tinh toan hoc vé mang cua
Matlab.

Pé vé& bé mat ta str dung cac ham: mesh (X,Y,Z): ndi cac diém vai nhau trong mot
luai chir nhat. meshc (X,Y,Z): vé cac duong contour bén dudi dd thi. meshz (X,Y,2):
V& cac duong thang dung vién quanh do thi. waterfall (X,Y,Z): v& mat véi hiéu tng
nhu thac db.

Vi du: V& mat xac dinh boi phuong trinh: z(x, y)xeN(-x"2) A(-y"2)
>> x=-2:0.5:2;
>>y=-2:1:2;
>> [X,Y]=meshgrid(x,y)
>> Z=X.*exp(-X."2-Y ."2)
>> subplot(1,2,1)
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>> mesh(X,Y,2)

>> xlabel('x")

>> ylabel('y")

>> zlabel('z")

>> title('ve mat voi lenh mesh’)
>> subplot(1,2,2)

>> meshc(X,Y,Z)

>> xlabel('x")

>> ylabel('y")

>> zlabel('z")

>> title('ve mat voi lenh meshc')

Yy 20

a) Vévdi lénh mesh

X
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Hinh 3.8: Pé thi 3D vé mdt vdi cac lénh.

V& cac mit duoc t6 bong tir mot ma tran bang cac 1énh surf, surfc Lénh surfc
(X,Y,Z): vé mit c6 cac duon contour phia dudi. Lénh surfl (X,Y,Z,s): vé mat cd bong
sang. Di s6 s xac dinh hudng cua ngudn sang trén bé mit vé. s 1a mot vecto tuy chon
trong hé toa do decac hay trong toa do cau. Néu khong khai béo gia tri mac dinh cua s
la 45° theo chiéu kim d6ng ho tir vi tri nguoi quan sat. Khi vé do thi ta c6 thé thay doi
mot sb ddc diém cua d6 thi nhu ti 1& trén cac truc, gia tri giéi han cua cé4c truc, mau va
kiéu dudng cong do thi, hién thi legend...ngay trén figure bang cach vao menu tools
rdi VAo muc axes properties, line properties hay show legend. ..
>> x=-2:0.5:2;
>>y=-2:1:2;
>> [X,Y]=meshgrid(x,y);
>> Z=X.*exp(-X."2-Y ."2);
>>surf(X,Y,2)
>> colormap(hot)

Ta c6 thé tao nhiéu lu6i hon dé c6 moét mat min hon:
>> x=-2:0.2:2;
>>y=-2:0.4:2;
>> [X,Y]=meshgrid(x,y);
>> Z=X.*exp(-X."2-Y ."2);
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>> surf(X,Y,Z)
>> colormap(cool)

i B

0.2

-——mewh -

Hinh 3.9: Vé mat c6 bong sang

3.2.3. Thao tac véi do thi
Matlab cho phép khai bao goc dé tir d6 quan sat duoc dd thi trong khdng gian 3
chiéu. Str dung ham: view(azimuth, elevation) thiét 1ap goc xem véi azimuth mo ta
goc trong hé truc noi nguoi quan sa dung va evalution moé ta vi tri nguoi quan sat.
Vi du:
>>view(90,0)
>>hold on

Hinh 3.10: xem do thi véi goc xem khac

Bai tap cudi chwong
Bai 1: V& d6 thi ham sb y=2x
Bai 2: V& do thi ham sé y=x°
Bai 3: V& db thi ham sb y=e*
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Bai 4: V& db thi ham sé y=sin3x vay = x? trén ciing mot d6 thi, ghi chd thich.
Bai 5: V& ham sb y= x3 — 3x + 1 sir dung ham plot va flot.

Bai 6: V& do thi 3D caa ham y=cosx

Bai 7: V& do thi 3D dung lénh view dé thay d6i goc quan sat ham y= x2+3x+1
Bai 8: V& do thi ham sé y=sinx vay = 2x2-1 trén ciing mot do thi, ghi chd thich.
Bai 9: V& db thi 3D ham sb y= x3 — 3x + 1 st dung ham plot.

Bai 10: V& db thi caa ham y=cosx

Ciau héi tric nghiém

Cau 1: Dé vé& db thi trong mit phang ngudi ta sir dung 1énh ndo sau day?

A. plot(x,y) B. drawn(x, y) C. r=roots(p) D. Adds(a,0)
Cau 2: Lénh sau day plot(x,y,'m*'x,y,'b--") dua ra dang d6 thi nao?
D; T '\‘ d T k T | 08
1 /N |
n / \\ | 0.4
N \ / 02
" \ / :
Y
08 \ 1 06
08 \ / 4 08
’ N { , 1
A o 1 2 3 4 5 3 7 B 0 1 2 3 4 6
D: I;/*, \{\ . do thi ham sin va cos .
06| /%’ *\\ ZZ % #
A ¥ e
of \\ ¥ D: X /}"
0.2 *\\ ; 02 3 #
04 +\\ }(‘ 0.4 s 3 IV
" L i T
08} \%\ﬁ ,*/*’ g " ’h "/" X
C.% 7% = = = & = = D °* ' ® .

Cau 3: Dé chia cira s6 hién tai thanh mot ma tran m x n khoang dé vé d6 thi st dung
[énh nao

A. [q, r]=deconv(u,v) B. subplot(m,n,p) C. sub(m,n,p) D. plot(m,n,p)
Cau 4: V& d6 thi trong khdng gian 3 chiéu ta sir dung lénh nao sau day?

A. t=linspace(0,10*pi) B. grid on

C. g=polyint(h, k) D. plot3(sin(t),cos(t),t)

Cau 5: Ham mesh (X,Y,Z) nham muc dich gi?

A. v& bé mit ma ndi cac diém véi nhau trong mot luéi chir nhat

B. V& d6 thi 3 chiéu

C. N&i cac diém x, y, z voi nhau

D. V& cac duong thang dang vién quanh do thi
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Chuong IV : MO PHONG HE THONG VOl MATLAB/SIMULIK
Ngi dung chinh cua chuong

Chuong 4 gitp sinh vién nam dugc cac thu vién co ban trong Simulink thuc
hién xay dung mé hinh mé phong cho cac d6i tuong va hé théng bang Simulink
Muc tiéu cdn dat dwoC Ciia chwong

Sinh vién can st dung thanh thao cac thu vién trong simulik dé xay dung mo
hinh md phong cho cac dbi twong va hé théng
Bai 4: Céng cu simulink va simpower system (s6 tiét: 3 tiét)

4.1. Cong cu simulink va simpower system
4.1.1. Gi6i thiéu chung vé Simulink

Simulink 12 mot phan mé rong cua Matlab dung dé mé hinh hoa, mé phong va
khao sét cac hé théng dong hoc; thiét ké cac hé thong diéu khién...

Simulink cho phép mé ta hé thdng tuyén tinh, phi tuyén, cdc mé hinh trong mién
thoi gian lién tuc hay gian doan hoic mot hé gdm ca lién tuc va gian doan.

Simulink cung cap cho ngudi dung giao dién dé sir dung bang cach ghép cach
ghép cac khdi chirc ning quen thudc. Chinh vi vay ta c6 thé xay dung va khao sat hé
théng maot cach truc quan. Simulink cung cap cho ngudi st dung mét thu vién phong
pht véi s6 lugng 16n cac khéi chite nang cho cac hé tuyén tinh, phi tuyén hay gian doan.
Simulink cling cho phép ngudi sir dung tu tao cac khéi chire ning cua riéng minh.

Cdch vao méi trwong lam viéc Simulink:Dau tién ching ta phai chay phan mém
Matlab s& xuat hién ctr s6 chinh ciia chuong trinh Matlab nhu hinh 4.1. Sau d6 tai dong
nhéc lénh ta g6 truc tiép cau 1énh Simulink hozc kich vao biéu tegng Simulink € . Cua
s6 cua chuong trinh Simulink nhu hinh 4.1

[F MATLAB R20123 = Lo S
File Edit Debug Parallel Desktop Window Help
13 Rox ¥ ¥] @ Current Folder: C\Program Files\MATLAB\R2012a\bin + .| €

x| Command Window. 8 Workspace o2 x
1

0 Q- TLAB? Watch this Video, see Demos, or read Getting Started. x| Bl W% | Pselectdatat.. -
Sx>>si

Name Value N

GO trire liép cau I¢nh Simulink

Biéu fwong Simulink

£ actxlicense.m
deploytool.bat
insttype.ini «

¢ ledata.xml Command History =02 x
lcdata.xsd 243

¢ ledata_utf8.xml
license. txt
matlab.bat

+ matlab.exe
mbuild.bat
mcc.bat
mex.bat

%-- 09/06/2014 4:57 CH --
demo
simpowersystems

%-- 09/06/2014 9:23 CH -~

4 Start Ready Speakers: 0% IC

Hinh 4.1: Cita 6 chinh cia chirong trinh Matlab
Thu vién Simulink chira cac phan sau:
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Commoly Used Blocks - cac khéi thuong duoc sir dung;

Continuous - c4c khdi tuyén tinh;

W Simulink Library Browser - — co— [E=NEEIE X |
| File Edit View Help
¥ = > Enter search term ~ # =

Libraries Library: Simulink/Discontinuities | _Search Results: (none) | Most Frequently Used Bic < {» |
= = glmu ink - \

- [ L l Coulomb & Vi- |
Commonly Used Blocks Backlash scous Friction Dead Zone

Continuous

EDiscontinuities | = Dead Zone

—Logic and Bit Operations |
Lookup Tables % R Rate Limiter
ate Limater = > Rela
‘Math Operations = i <P Dynamic :4; Y
—Model Verification
- Ports & Subsystems < ARG

- Signal Attributes \

— Signal Routin: - Z - ~ - g > < Bs
Sika 9 Cac khoi thudce thu vién con Discontinuities
Sources

—User-Defined Functions

=~ Additional Math & Discrete \\

B Aerospace Dlockeet Thu vién chinh cua Simulink
¥ Communications System Toolbox
+- 8l Computer Vision System Toolbox
@ Control System Toolbox

W DSP System Toolbox

W8 Data Acquisition Toolbox

¥ Embedded Coder
+- W8 Fuzzy Logic Toolbox
+- W8 Gauges Blockset

= =

PP P
Showing: Simulink/Discontinuities

Hinh 4.2: Cita 6 Ciia chwong trinh Simulink
Discontinuous - cac khdi phi tuyén;
Discrete - cac khi roi rac;
Logic and Bit Operation - cac khéi logic va phép toan Bit;
Lookup Tables - bang tra ctru twong thich;
Math Operation - cac ham toan hoc;
Model Verification — cac khdi kiém tra md hinh:
Model — Wide Utilities — cac bang;
Ports & Subsystems — cac cong va hé théng con;
Signal Attributes — cac tham sé tin hiéu;
Signal Routing — dinh tuyén tinh;
Sinks — cac khéi hién thi;
Sources — c4c ngudn tin hiéu;
User — Defined Functions — cdc ham chirc nang do nguoi st dung dinh nghia;
Adition Math & Diskrete — cac khéi roi rac va toan hoc bé sung
4.1.2 Cach tao mo hinh trong Simulink

Tao file mgi cia md hinh bang dudng dan File/New/Model hozc kich vao biéu
twong O trén thanh cdng cu, ctra s6 méi dugc tao ra nhu hinh 4.3.
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B untitled * IEM

—— e - e .
File Edit View Simulation Format Tools Help
DSEH&S| & @R |4 |[=22=]» = [100 [Nomal ~BEREe s  mEE®
Ready 100% oded5 o7

Hinh 4.3: Cira 56 trong tzo md hinh
Dé tao m6 hinh ta can c6 cac khdi chie nang twong ang véi mé hinh. Ta can khoi
chic nang nao thi mé khdi chirc ning d6 ra, kich va giit chudt trai sau d6 kéo sang cua
s6 trong tao mé hinh rdi tha chudt trai ra. Dé thuc hién viéc nay ta phai cho hién dong
thoi cira s6 trong tao mé hinh va cira s6 thu vién Simulink nhu hinh 4.4.

W Simulink Library Browser .[":' [=] X Jl ﬂ untitled * == X

File Edit View Simulation Format Tools Help

0 @& » Entersearchterm ~ bDeEdS > » 100 |Normal - B Es
Libraries Library: Simulink/Sources Search Results: (nor »
=T Simulink - Repeating Seg- -
Commonly Used Blocks 7 uence Interpo...
Continuous Repeati
i = | epeating E @
Discontinuities E Sequancs Stair
Discrete Step. Scope
Logic and Bit Operations L4 T
Lookup Tables B ===} Signal Builder

Math Operations

Madel Verification . Signal Stept Scopet
Model-Wide Utilities Generator
Ports & Subsystems |
Signal Attributes @ Sine Wave
Signal Routing 3
Sinks
Sources Step -
User-Defined Functions i -
Aditinmal Mlath ® Diancs —_—
Showing: Simulink/Sources .|l Ready 100% oded5
o — =

Hinh 4.4: Cho hién dong thoi 2 cira s6 dé thurc hién viéc kéo khoi tir cira 6 thur vién Simulink
sang cura 6 tgo md hinh
Dé ndi cac khdi véi nhau ta kich va gitr chudt trai ddng thoi kéo tir dau ra cua
khdi nay toi dau vao cua khoi kia. Dé x6a khdi, ta kich vao khdi can xoa rdi an phim
Delete.
Dé mo ctra so thiét 1ap tham sb cho khdi ta kich dtp chuét trai vao khdi can thiét
lap tham sé.

Céach ma file md hinh ¢6 san hoic Iuu file ta 1am twong tyr nhu Microsoft Office
Word.

4.1.3. Thiét ldp cdc tham s6 mé phong

Trudc khi thuc hién céc tinh toan can phai thiét 1ap cac tham s cau hinh mo
phong.
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Ta mo bang thiét lap cac tham s6 cau hinh md phong nhu sau:
Simulation/Configuration Parametes, bang diéu khién dugc thuc hién nhu hinh 4.5.

Select: Simulation time =
i~ Solver Start time: 0.0| Stop time: 10.0
i~Data Import/Export

#-Optimization Solver options
- Diagnostics

i~Hardware Impleme...
i~Model Referencing Max step size: auto Relative tolerance: 1e-3
#-Simulation Target

Type: |Variablefstep - | Solver: ode45 (Dormand-Prince) v|

Min step size: auto Absolute tolerance: auto
+-Code Generation =
4-HDL Code Generation Initial step size: auto Shape preservation: |Disable All 2
MNumber of consecutive min steps: 1

Tasking and sample time options
Tasking mode for periodic sample times: Auto
Automatically handle rate transition for data transfer

Higher priority value indicates higher task priority

Zero-crossing options

Zero-crossing control: ‘Use local settings 'l Algorithm: MNonadaptive )
Time tolerance: 10*128%*eps Signal threshold: auto
Number of consecutive zero crossings: 1000
»
P [ OK ] ‘ Cancel | | Help Apply

Hinh 4.5: Thiét Igp cac tham s¢ cdu hinh md phong
Bang nay chia lam 2 nhém chinh:
* Simulation time:Khoang thoi gian mé phong
* Solver option:Céac tuy chon bo giai

Thoi gian tinh toan dugc dua ra bang cach xac dinh gié tri thoi gian tinh toan ban
dau (Start time) va thoi gian két thdc (Stop time). Thoi gian bat dau thuong duoc thiét
lap bang s6 khong, gia tri cua thoi gian két thiic do ngudi sir dung dwa ra dya trén cac
diéu kién caa bai toan can giai quyét.

Khi lya chon cac thong s cau hinh can chi ra cach thirc md phong (Type) va
phuong phap tinh toan trang thai mai cia hé thong (Solver). Péi vai cac tham sb Type
cho phép hai tlly chon — véi buéc ¢é dinh (Fixed-step) hoic budc thay doi (Variable-
step). Theo mic dinh, Variable-step duogc sir dung dé md phong céc hé thong lién tuc,
Fixed-step cho hé thong roi rac.

Danh sach cac phuong phap phan tich caa hé théng (Solver) c6 mét vai lya chon,
nhitng phuong phap nay 1a khac nhau d6i véi budc thoi gian thay doi (Variable) va buéc
thoi gian ¢ dinh (Fixed). Cac budc tinh mé phong hé théng mic dinh tu dong, gia tri
y&u cau cd thé dugc nhap thay vi gia tri tw dong. Khi chon Variable-step xuat hién bo
ba thong sb:

- Max step size — budc tinh cuc dai. Theo mac dinh, n6 dugc cai dat tu dong va
gié tri cta no trong truong hop nay la (StopTime — StartTime)/50. Thong thuong gia tri
nay qué I6n, va d6 thi quan sat dang duong gap khic (khéng min). Trong truong hop
nay d6 Ion cac budc téi da dé tinh toan phai dugc quy dinh rd rang.
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- Min step size — buéc tinh cuc tiéu.
- Initial step size — gia tri ban dau cia budc mé phong.

Trong md hinh héa cac hé théng lién tuc biang cach sir dung mét bién sé can chi
ra tinh chinh x&c cua phép tinh: twong d6i (Relative tolerance) va tuyét ddi (Absolute
tolerance). Theo mic dinh ching tuwong rng vé&i 1073 va tu dong.

4.1.4. Thiét Igp cdc tham s6 thay doi theo ving lam viéc

Céc phan tir cho phép diéu khién dau vao va dau ra dit liéu trung gian va két qua
md phong trong khdng gian lam viéc MATLAB duoc dat trén tab Data Import/Export
nhu hinh 4.6.

Load from workspace (Tai vé tir ving lam viéc). Néu céc 6 Input (cac dit lidu dau
vao) duoc lya chon, khi d6 trong khéi vin ban bén phai c6 thé dinh dang di liéu duoc
doc tir khéng gian lam viéc MATLAB.

Thiét lap Initial State (trang thai ban dau) cho phép dua tén bién vao truong lién
két dang van ban véi nd c6 chira cac thdng sé trang thai ban dau cua mé hinh. Di liéu
dua ra trong trudng hop Input va Initial State dwgc chuyén vao mot mé hinh thyc thi
bang céach str dung mot hoac nhiéu khdi In (tir ngudn thu vién Sources).

il Configuration Param STarsl UNTTIEd/Configuration CACIVE I T N o

| select: | Load from workspace
i~ solver Input: [t 0l

+-Optimization
Diagnostics Save to workspace
I~Hardware Implementation

Initial state: xInitial

Time, State, Output
v Time: tout Format: Array =
| States: xout ~| Limit data points to last: 1000
V| Output: yout Decimation: 1
Final states: |xFinal Save complete SimState in final state

Signals
7| signal logging: logsout Signal logging forma t: [ModelDataLogs ~ |

Configure Signals to Log...
Data Store Memory

V! Data stores: dsmout

Save options
Output options: [Refine output - | Refine factor: 1
Save simulation output as single object |out

Record and inspect simulation output

P | OK || cancel || Help | Apply

Hinh 4.6: Tab Workspace 1/0 khéi thoai dé thiét Idp céac théng s¢ mé hinh
Save to workspace (Luu vao khong gian lam viéc) — Cho phép thiét lap ché do
dau ra cua cac gia tri tin hiéu trong khong gian lam viéc MATLAB va dit tén cho ching.
Save options (Céc tdy chon ghi luu) — Chi dinh s6 dong khu truyén bién vao viing
lam viéc. Néu cac dong Limit rows to last duoc thiét lap, sau d¢6 dau vao cé thé chi dinh
s6 lugng duong truyén (dém sé dong duoc xac dinh sau khi hoan thanh tinh toan). Néu
Limit rows to last khong duoc thiét lap thi tat ca cac dir liéu s& dugc chuyén. Thong sé
Decimation tao budc ghi bién vao ving l1am viéc. Tham s6 Format (dinh dang dix liéu)
quy dinh dinh dang céc bién trong khéng gian 1am viéc cua dir liéu. Dinh dang Array
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(Mang), Structure (cu truc), Structure With Time (cau tric véi mot trudng bo sung —
“thot gian™).

Output options (cac tiy dau ra) cai dat tham sé xuat tin hiéu ra caa hé thong mo
phong. C6 thé chon maot trong ba phuong an:

Refime output (Iam min dau ra) — Lya chon nay nham cung cip thém cac diém
dau ra phu khi dau ra mé phong qua thé. Tham sé nay xac dinh mot s6 nguyén duong
cac diém dau ra gitta cac budc thoi gian mé phong. Vi dy, néu hé sé 1am min bing 2 s&
Xuat hién tin hiéu ra tai cac budc mod phong va ca ¢ gitra ching. Hé s 1am min mic dinh
bang 1.

Produce additional output (tao dau ra bd sung) — Lua chon tao dau ra b6 sung
cho phép ta xac dinh thém nhitng thoi diém ma tai d6 bo giai (solver) can xuét tin hiéu
ra. Khi chon tly chon ndy mét truong Output times s& xuat hién trén panel Data
Import/Export. Hay nhap vao truong nay mot biéu thiec MATLAB cho phép tinh duoc
thoi diém bd sung hoic mot vécto cac thoi diém bd sung. Tay chon nay budc bo giai
phai tao ra cac thoi diém phl hop véi cac thoi diém bo sung di xac dinh. Vi duy, néu thoi
diém bit dau mo phong dugc dat bang 0, thoi diém két thuc dat bang 60, va nhap véc to
[10:10:50] vao trudng Output Times, thi két qua 1a dau ra méd phong sé& co & cé4c thoi
diém sau: 0, 10, 20, 30,40, 50, 60.

4.1.5. Thuc hién mé phong

Bat dau tinh toan duoc thuc hién bing cach chon muc menuSimulation/Start,
hodc céng cu* trén thanh cong cu. Qué trinh tinh toan cd thé dugc hoan thanh trude thoi
han bang cach chon muc menu Simulation/Stop hoic cdng cu =. Viéc tinh toan ciing cd
thé tam ding (Simulation/Pause) va sau d6 tiép tuc (Simulation/Continue).

4.1.6. Gi6i thiéu vé simpower system blocksets

Simpower system 14 mét trong nhiing thu vién dac biét nham md phong thiét bi
cu thé. Simpower system bao gém cac khéi dung dé mé phong thiét bi ki thuat dién nhu
md hinh cac ngudn dién, dong co, may bién ap, dudng day truyén tai,...... va ¢ phan
riéng dé mé phong thiét bi dién tir céng suat va hé théng diéu khién ching.

Str dyng céc kha nang ng dung cua Simulink va Simpower system md phong
khong chi qua trinh 1am viéc cua thiét bi ma con phan tich cac dang khéc nhau cua thiét
bi d6. Ngoai ra ta con c6 thé tinh toan ché d6 on dinh cua hé thong xoay chiéu, tinh dién
tré cua timg doan mach, quan sat dang song, xac dinh dac tinh tan sb, phan tich 6n dinh
cua dong dién va dién ap.

Mach dong luc cua bo bién d6i cong suat dugc md phong bang cac khdi trong
Simpower system con mach diéu khién thi c6 thé st dung céc khéi cia Simulink. Diéu
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d6 gitp cho so dd don gian di rat nhiéu. Hon nita, ¢d thé két hop st dung cac thu vién
cua MATLAB tao diéu kién thuan loi trong viéc mé phong hé théng dién. Hién nay
Simpower system dugc coi 1a mot trong cac thu vién tot nhat dé moé phong thiét bi va
hé thong dién.

Thu vién Simpowersystem bao gom:
- Extras Library - Thu vién mé rong
- Aplication Libraries — Thu vién tng dung
- Electrical Sources — C&c ngudn dién
- Machines — May dién
- Elements — Cac thiét bj dién
- Measurements — Thiét bi do luong
- Power Electronics — Céc linh kién dién tir cong suét

- Powergui — Ché d6 phan tich

W Simulink Library Browser s T e | (5] | S—
File Edit Wiew Help
O = = Enter search term [=| o =T
Libraries Library: SimPowerSystems Search Results: (none) |

£ WE| - BIoCHSet

~ k| Robust Control Too___
- k| Signal Processing
- Tk SimEvents

M =) S Powersystems |
f-Application Libraries
-Electrical Sources

-

Application Libraries

Electrical Sources

-Elements Elements
-Esctra Library

“Machines

Extra Library
b Measurements

Il

L Power Electronics
-k Simscape

~ T Simulink Control D | —
- Mgl Simulink Design W
- Tk Simulink Extras

- Wk Simulink Paramete
- Tk Simulink Respons._
-~ Tk Simulink Werificatio
- Tk Stateflow

- Tl Swstem ldentificati___

Machines

Measurements

Power Electronics

| FEBUEE

o engui powergui

Hinh 4.7. Thu vién Simpowersystem

4.1.6.1. Thu vién mo rong -Extras Library

Thu vién mé rong -Extras Library bao gom céc khéi do luong twong tu, do ludng
roi rac, khéi diéu khién tuong tu, khdi diéu khién roi rac, khéi phan tich theo pha.
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] imulini Li — ="
u Slmullnk_leraiy Br?_wser‘ g -

File: Edit Wiew Help

0= = Enter search term EI“

Libraries Library: SimPowerSystems/Extra Library Search Results: (none) |
HF Dlockset

- ¥ph| Robust Control Too.
= Wk Signal Processing ...
- ¥k SimEvents

=i~ | SimPowerSystems
- MApplication Libraries
~Electrical Sources

-

Control Blocks

Discrete Control Blocks

- Elements Discrete Measurements

=R FEx<tra Library
Control Blocks b= Measurements

Discrete Contr___
Discrete Measu... ——

¥ (9] (4] (¥ %]

Measurements Phasor Library

=-Phasor Library
- Machines

~Measurements

- Power Electronics S

Hinh 4.8. Thu vién mo réng
4.1.6.2. Thu vién cac khéi tmg dung - Aplication Libraries
Thu vién cac khdi tng dung bao gdom céc thu vién cac hé truyén dong phac tap,
hé thong truyén tai, hé théng ning luong gié.
WA Simulink Library Browser = - E=ae X

File Edit WView Help
0O o= —n‘ Enter search term El“

 Libraries Library: SimPowerSystems/Application Libraries | Search Results: < | »
T+ R Blockset il
ﬂ Robust Control Too... d

-8 Signal Processing ... Distributed Resources Library

- W SimEvents

Elﬂ SimPowerSystems |:|
&

| [-Distributed Res...
Electric Drives |...

m

Electric Drives library

Flexible AC Transmission Systems (FACTS) Library —

il
+-Flexible AC Tra... -
Hinh 4.9. Thur vién cac khai i#ng dung
I4 \ .
4.1.6.3. Khoi nguon dién -Electrical Source
i imuli ibrary Brow. C— =l >c _Jj
W Simulink Library Browser . =l
File Edit Wiew Help
01 = = | |Enter search term =] 3
Libraries Library: SimPowerSystems/Electrical Sources Search Results- (n < | »
RF Blockset 2
- %] Robust Control Too___ =5 -
- W] Signal Processing ... G‘:‘) AC Current Source
- k| SimEwvents =
- M| SimPowerSystems E‘:’D AC Voltage Source
plication Libraries s
Distributed Res_ —
Electric Drives ... ‘",. Batterny i
Flexible AC Tra___
EEEET. SEOIEEE ol Controlled Current Source
Elements =
Extra Library T
Machines Controlled Voltage Source
Measurements = ==
Power Electronics . DC Vvohtage Source
- %% Simscape T
- W] Simulink Control D
S Sent O Ll [ | mrree-rnase mrogrammanie vorage Seurce
- W] Simulink Extras
- R Simulink Paramete._. _ Three-Phace Source
- W] Simulink Respons._ - —=
|| Simulink Werificatio. . T

Hinh 4.10. Khoi nguon dién Electrical Source

a. DC Voltage Source - Nguén dién ap mét chiéu Iy tuwéng
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DC Voltage Source

Mo ta ﬂ_
!

Ngudn dién 4p mot chiéu 1y twéng tao ngudn diién &p maot chiéu 1y twsng voi
dién ap khong doi véi dién tra trong bang 0.

b. AC Voltage Source - Nguén dién ap xoay chiéu Iy tuwéng

MO ta ]
@ AC Voltage Source

AC Voltage Source tao ngudn dién ap xoay chiéu Iy teéng theo phuong trinh sau:
U = Asin(ot + §)

Cho phép nhap dién &p c6 gia tri am. Truong hop tan bang 0 thi nguon AC tro
thanh nguon DC. Tan s6 khdng thé nhap gié tri am, trong trudnng hop nay chuong trinh
s& bao 16i.

c. AC Current Source - Nguén dong xoay chiéu Iy twéng

Mo ta o]
@ AC Current Source

AC Current Sourcetao nguon dong dién xoay chiéu 1y tuong theo phuong trinh
sau:

| = Assin(ot + ¢) (7.1)

Cho phép nhap dong dién c6 gia tri am. Trudng hop tan bang 0 thi nguén dong
AC tré thanh nguén DC. Tan s6 khong thé nhap gié tri am, trong truong hop nay chuong
trinh s& bao 1.

d. Controlled Voltage Source - Nguén dp diéu khién

MO ta >
@ Controlled Voltage Source

w I

Controlled Voltage Sourcetao nguon ap diéu khién dwoc nho tin hiéu Simulink.

Khéi Controlled Voltage Sourcec6 thé tao dién ap 1a AC hoic DC. Néu muébn
khoi dong mo hinh, dau vao phai néi véi tin hiéu khoi dong Sin hay DC tuong tng Voi
gia tri ban dau.

e. Controlled Currrent Source - Nguén dong diéu khién
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MO ta T

@ Controlled Current Source

w I

Controlled Currrent Source:tao ngudn dong dién diéu khién dugc nho tin hiéu
Simulink.

Khéi Controlled Current Source c6 thé tao dong dién diéu khhién 1a AC hozc DC.
Néu mubn khoi dong moé hinh, dau vao phai néi voi tin hiéu khoi dong Sin hay DC
tuong GNg V4i gia tri ban dau.
f. Three-Phase Source - Nguén xoay chiéu 3 pha

MO ta Al

@,

Cle

Three-Phase Source

Khdi Three-Phase Source tao nguén dién ap xoay chiéu 3 pha c6 dién tro trong
la R-L.

Khdi Three Phase Source tao ngudn dién ap xoay chiéu ba pha can bang voi dién
trg trong R-L. Nguon dugc ndi hinh sao Y véi diém trung tinh, diém nay c6 thé ndi dat
hodc khong. Ta co thé cai dat gia tri dién tro trong R-L ciia nguon bang cach nhap ty sé
dién khang va dién tré ngan mach X/R.

g. Three-Phase programmablee Voltage Source - Nguén &p xoay chiéu 3 pha ldp
trinh

M6 ta A
sl @ Bl=
Cla
Three-Phase

Programmable
Voltage Source

Khéi Three-Phase Programmable Voltage Source dugc sir dung dé tao dién 4p 3
pha véi céc thdng sb thay ddi theo thoi gian nhu bién do, tré pha, tan sb, va thanh phan
hai. Ngoai ra 2 thanh phan hai c6 thé cong vao thanh phan hai co ban theo nguyén ly
xép chong.

4.1.6.4. Khéi thiét bi dién — Elements
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Elements

e oA o g o =Pl ofx
Serler RLC a4 Three Phase ) E|: a ole m
| Senes ALC Load
=
e o e

Seres PG Jranch

n%n D%“
-
< m U sla— DQD Als
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[Paralal AL Load = ‘Grourd
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N ; %; ” Thres-Fhase e
s o Munal Inductance vneu‘a
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HMunsal Indussance Three-Fhass
Dynamic Load

cl < o O
- Threr: I-PchEu= ) Three Phase L
anas e Parallsl LG Branch
rre.Prace - oo
Hamanic Fiter Surge Amsssar Connection
Port
Lines ° Circuit Breakers
[y m— 8 e
D A ofa e ofa
. B -
s s s sle-=_Fe ;“ ole ; ole ”\
Pi Secton Line apt
5 ——— 8 8|c cle o|c | oz
Three-Fhase Eremkar
Distibuted Parametens Line Bl Sacton Line Theee-Phate Breake ThreeFPhace Fault

Transformers

3

=l iR i ol v 2l ol e .mgugaz.u
2|e w2 b -od alan azfa
£ = é% ¥ITak il sk
ol ale ola ale o L afere s2efa
co B e J3lESL
(=3 L.

=]

1+

s 3

Linesr Transformar ot =
ES ey oo : o Zigemg ol el
Phase-Stittng Transfomer
Muli-Winding Threa Frara ThreaFrase a
Tranefonmar Trareiomar o =
[Thre= Vindings) TreeeFase Transtomer
2 Temin:

. % : Trnfamer
% e [Two Wirdinge )
.
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Hinh 4.11. Thu vién cac thiét bi dién

a. Khéi tiép dit — Ground

M6 ta

Khdi Ground dung dé ndi thiét bi hay hé thong xudng dat.

b. May bién &p tuyén tinh - Linear Transformer

MO té a
% 3
= gu

Linear Transformer

So do thay thé ciia md hinh may bién &p tuyén tinh nhu hinh 4.12

L2 R2
Rl L1

.
.
Lm Rm §
'% L3 R3
(o2
O

Hinh 4.12. So do thay thé ciia md hinh may bién ap tuyén tinh
Trong md hinh nay dién tré cac cuon day la (R1, R2, R3) va cam khang cua ching
la (L1, L2, L3). Tir tinh caa 15i thép dugce mo hinh hoéa bang (Rm Lm) tuyén tinh.

M6 hinh héa may bién ap ly twéng
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Pé tao may bién ap 1y twang ta phai cho dién tré va dién khang cuon day bang 0
va dién tré, cam khang mach tir héa bang vé cung 16n.

c. May bién ap ba pha hai cugn day - Three-Phase Transformer (Two Windings)

ald ale
e %% bl
a|C ¥ ¥ cle
Three-Phase

Transformer
{Two Windings)

M0 ta

Khdi may bién ap ba pha hai cuon day sir dung ba may bién 4p mot pha.
T d4u day cua cac cudn day:
*Y -sao
« Y — sa0 néi trrung tinh.
« Grounded Y — sao néi dat
* Delta (D1), delta lagging Y by 30 degrees — tam gidc cham véi sao 30 do
* Delta (D11), delta leading Y by 30 degrees — tam giac nhanh véi sao 30 do
d. Tdi cong sudt 3 pha RLC song song (Three-Phase Parallel RLC Load)

MO ta Als

ot

Three-Phase
Parallel RLC Load

Tai cdng suat ba pha co6 dién tro khong doi.

e. Tdi cong sudt 3 pha RLC néi tiép Three-Phase Series RLC Load

T

Three-Phase
Series RLC Load

M0 ta

Tai cong suat ba pha c6 dién tro khong doi.

f. Tai 3 pha RLC song song Three-Phase Parallel RLC Branch
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Three-Phase
Parallel RLC Bra

al A A
a|C C

o

nch

L& tai RLC ba pha can bang, mdi pha c6 dién tro, cuon khang va tu dién duoc két
ndi song song. D¢ loai trir cac phan tir thi nhap cac gia tri sau cho chung, tuong tng R,
L 1a (inf), con C 1a (0). C6 thé nhap gié tri am cho dién tré, cam khang va dién dung.

g. Tdi 3 pha RLC ngi tiép Three-Phase Series RLC Branch

M6 ta

| A Als

=lC Cle
Three-Phase

Series RLC Branch

L& tai RLC ba pha can bang, mdi pha c6 dién tro, cudn khang va tu dién duoc két
ndi ndi tiép. Dé loai trir cac phan tir thi nhap céc gia tri sau cho ching twong tng R, L

1 (inf), con C 1 (0).

C6 thé nhhap gia tri am cho dién tré, cam khang va dién dung.

4.1.6.5. Khdi may dién — Machines

=1 Library: powerlib/Machines

File Edit View Help

Synchronous Machines

3T m > Tm i
B A an a A as
a B a a B L
L=} ca L=} oo

Asynchronous Machine

Agynichronoss Machine
Sl Units

pu Units

m> o >
>P >Prn,
o o
asm o - N o
»E- »E s
o oG
Simplified Synchronous Simplified Synchronous Permanent Magnet
Machine pu Units Machine S| Units Synzhronous Machine
m> m> m>
P »Pra *Pm,
° 4 @ 4
a E o E o
>t LA vl
a o a
Synchranous Machine Synchronous Machine Synchronous Machine
pu Fundamental pu Standard Sl Fundamentzl
Asyachronous Machines
*m ﬁ
o

=piit "
phase

Single Phase
Asynchronous Machine

DC Machines

DG Machine

Discrate
DC Mackine

Motaors

n

oAl -

ofaz A HT
o (1511 m
olE2 N 27
aler T
(=]

Switched Reluctance

Prime Movers and Regulators

wef waef wief aw_ 52
]

wl Pret Pref s2

i e
q T qae
Ped

gate

vt aw d_them Pm

Exzitation Hydrailic Turbine Steamn Turbine

Systam and Govemar and Gowvamor

n Vstah aw  Wstab

Multi-E:and

Ganaric »
Power Systermn Smabilizer Power System Stabilizer

Machines
Measurement
Dlemusx

[

You car use the Bus Selector block
of Sirmulink. 1o demus: machine and moor
measurements [from cutputm)

Hinh 4.13. Thu vién cia Machines (mady dién)

a. bong DC Machine
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A 9 > Tl m>
Mo ta ..A. .,

o F 0 o
DC Machine

Khbi DC machine dung dé md phong dong co dién mot chiéu c6 cudn day kich
tir doc lap, song song hoic néi.

Khédi c6 5 dau vao (F+, F-, A+, A-, TL) va mot dau ra (m). Cac dau vao A+, A-
la cac cyuc cua cudn phan tng (twong Gng véi dau cong va dau trir). Cac dau vao F+, F-
la cac cuc cua cuon day kich tur.

Pau vao TL 1a dau vao dat do 16n momen tai, khi TL >0 md phong ¢ ché d6 dong
co, khi TL <0 m6 phong & ché d6 may phét.

Dau ra m la vecto gom 4 thanh phan dugc dinh dang ma cu thé 1a:
- W: tan s6 g6c quay cua truc dong co;
- Ia: dong dién phan ung;
- If: dong caa cudn day kich tur;

- Te: mémen dién tur trén truc.

FCEM
T AT +©5 * 5
A i - »
A Rala A
powersy:domain DC Machine1 (T »input e
used internally by SimPowerSystems TLiw

i3

for sanity check
) . m Ing Outl S

¥

r%l Measurement list m
Model
i Confinuous TL input
v b — e
F+ iF F-

RfLf

Hinh 4.14. So' d6 bén trong khai DC Machine

1
(O
input
Integrator
>
@ ia * oy | Te - 1 w
> -
ia Te sl w
>

i)
Coulomb (T) &
Viscous { Brmw)
Fricticn Torgues

SM.Lsf
3 L
it 20e-8s+1

¥YY¥YY

c
]

Hinh 4.15. So' d6 bén trong khai Model Continuous TL input
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Hop thoai va théng sb

Armature resistance and inductance [Ra(ohms) La(H)]: nhap dang vecto di¢n tr&
phan tng do bang Q va dién cam do bang H.

Field resistance and inductance [Rf(ohms) Lf(H)]: nhap hé sb dién tro va dién
cam cua cuon day kich tir tuong ung.

Field armature mutual inductance Laf (H): nhap hé s6 dién cam tuwong hd giira
cac cudn day kich tir va phan tmg do bang H.

Total inertia J (kg*m?):Nhap moémen quén tinh toan phan dugc quy doi vé phan

ung.

Viscous friction coefficient Bm (N*m*s): nhap hé sé ma sat nhét;

Coulomb friction torque Tf (N*m): nhap mdmen ma sat kho;

toan va co thé cd gia tri rat nho. Theo mic dinh gié tri ban dau la 1 rad/s.

| Block Parameters: DC Machine ——

Initial speed (rad/s):Nhap van toc ban dau cua truc, n6 can thiét dé bat dau tinh

o ZZ ]

DC machine (mask) (link)

Implements a separately excited DC machine. Access is provided to
the field connections so that the machine can be used as a shunt-

connected or a series—connected DC machine.

Configuration | Farameters | Adwvanced |

Armature resistance and inductance [Ra (ohms) La (H} ]

[0.4832 0.006763]

Field resistance and inductance [Rf (ohms) LF (H) ]
[84.91 13.39]

Field-armature mutual inductance Laf (H) :
0.7096

Total inertia J (kg.m-~2)

0. 2053

Wiscous friction coefficient Brm (M.m.s)
0.007032

Coulomb friction torgue T (MN.md)

S.282

Initial speed (rady/s) :

o

[ CrRL ]l Cancel ||

Help

Apply

-

11

Hinh 4.16. Hép thogi va théng sé cua khoi DC Machine

b. Péng co khéng dong bé - Asynchronous Machine

M0 ta

>Tm

Asynchronous Machine

SI Units
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Khéi dong co khong dong bo cd thé van hanh & hai ché do, phu thudc vao dau
cua m6 men co Tm :

« Néu Tm mang dau duong dong co & ché do dong co.

« Néu Tm mang dau 4m dong co & ché d6 may phat.

Hop thoai va théng sb

| Block Parameters: Asynchronous Machine SI Units lé

-

Asynchronous Machine (mask) (link)

Implements a three-phase asynchronous machine (vwound rotor or sgquirrel
cage)} modeled in a selectable dqg reference frame (rotor, stator, or
synchronous). Stator and rotor windings are connected in wye to an internal
neutral point.

Configuration | FParameters | Advanced |

Mominal powvwer, woltage (line-line), and frequency [ Pn{wal) vn(wvrms), fn{H=) ]:
[Z730 460 &60]

Stator resistance and inductance[ Rs{ohm) Lis{H} ]:

[1.115 0.005974]

Rotor resistance and inductance [ Rr'(ohm) LIF(H) 1:

[1.082 0.005974]

i

Mutual inductance Lm (H}:

I o.zo=z7

Inertia, friction factor and pole pairs [ J(kg.m-"~23} F(M.m.s)} p() 1:
[D.02 0005752 2]

Initial conditions

[i,0 0,00 0,0,07]

Simulate saturation

[ Ok ]l Cancel || Help | Apply

Hinh 4.17. Hgp thogi va thdng sé cia khoi Asynchronous Machine

Preset model: Thong sé dong co da duogc cai dit trude nhu cong suat dinh mic
(HP), dién &p day(V), tan sé dinh mac(Hz), téc d6 dinh mic(vong/phut)

Mechanical input — ngd vao co khi: Cho phép lua chon nhirng dang ngd vao khac
nhau. Chon Torque Tm dé chi dinh mémen 1a dau vao, toc do cua dong co duoc Xac
dinh bang mémen quan tinh J va hiéu sb giita mémen tai va mémen do dong co sinh ra.
Dau quy doi: néu téc d6 mang diu duong, momen duong thé hién dong co & ché do
dong co, momen am thé hién ché d6 may phat. Lya chon Speed w dé xac dinh ngd vao
1a tdc @6 (rad/s). Toc do dong co duoc cai thien va mémen quén tinh cd thé bo qua.

Show detailed parameters — néu chon cira s6 s& hién ra thong sé chi tiét cua dong
co.

Rotor type — dang r0 to;

Reference frame: xac dinh cu trlc bién d6i dién ap ngd vao sang céu tric dq va
dong dién ngo ra (dqg) sang dang (abc);

* Rotor (Park transformation)

« Stationnary (Clarke or aff transformation)

* Synchronous
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Nominal power, L-L volt, and freq — cong suat dinh mac Pn(VA), tri hiéu dung
dién &p day — day Vn (V), tan s6 dinh mac fn(Hz).

Stator- dién tré va cam khang cudn stator;

Rotor - dién tro va cam khang cuon ré to;

Mutual inductance — cam khang mach tur;

Inertia, friction factor, and pairs of poles: mé men quan tinh J (kg.m2), hé sé ma
sat F (N.m.s), s6 déi cuc p. Md men ma séat (Tf = F.w).

Initial conditions — trang thdi ban dau: Do truot, goc léch dién, dong stator, goc
pha [slip, th, ias, ibs, ics, phaseas, phasebs, phasecs].

Déi véi 1o to day quan: [slip, th, ias, ibs, ics, phaseas, phasebs, phasecs, iar, ibr,
icr, phasear, phasebr, phasecr].

4.1.6.6. Khbi do ludng (Measurements s Library)
g Simulink Library Browser - — [E=""E=V I_i:h_J

File Edit Wieww Help
O = = Enter search term Elﬂ gfg-

Libraries Library: SimPowerSystems/Measurements Search Results: (none) |
+- k| RF Blockset -
El Robust Control Too_
----El Signal Processing ___
----El SimBEvents

- T SimPowerSystems
%--Applicatinr‘l Libraries

Current Measurement

o
Impedance Measurement

+
L
)

5----Elec:tr||::al Sources Multimeter
i Elements

+- Extra Library

i Machines =

e Measurements

- Power Electronics
+- | Simscape

- W] Simulink Control D
- M| Simulink Design W
----El Simulink Extras

—1

Three-Phase V-l Measurement

oo
it
[

Voltage Measurement

Hinh 4.18. Thur vién khéi do heong

a. Current Measurement — thiét bj do dong dién

MO ta i

al+

Current Measurement

Khédi Current Measurementdung dé do dong dién tirc thoi trong mot thiét bi hoic
day dan. Ngd ra caa no 1a tin hiéu Simulink, vi vay c6 thé sir dung cho bat ci khoi
Simulink nao.

b. Voltage Measurement — thiét bi do di¢n &p

MO ta o[+

v

Voltage Measurement
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Khéi Voltage Measurement diung dé do dién &p tac thoi giita hai diém, hai nGt
cua so d6. Ngd ra caa no la tin hiéu Simulink, vi vay cd thé str dung cho bat ctr khoi
Simulink nao.

c. Impedance Measurement — Thiét bi do dign tré

MO ta
z

Impedance Measurement

Khéi Impedance Measurement dung dé do tong tro gitra hai ndt trong mach dién
phu thudc vao tan sé. Bao gdm mét ngudn dong 1z néi gitta dau vao va dau tha hai voi
khéi Impedance Measurement va dién ap do duoc Vz gitta hai dau caia ngudn dong.

d. Multimeter — Pong hé van néing

MO ta
0

Multimeter

Khéi Multimeter ding dé do dién 4p, dong dién trong cac khdi cua
SimPowerSystems

e. Three-Phase V-1 Measurement — Thiét bi do di¢n dp, dong dién 3pha

MO té. olA vabc
Iabc

ol B ale

ble

o|C cla

Three-Phase
V-1 Measurement

Khéi Three-Phase V-I Measurement ding dé do dién ap, dong dién trong mach
3 pha. Khéi Three-Phase V-1 Measurement dugc gan néi tiép voi cac phan tir 3 pha,
hién thi dién ap pha va dién ap day va dong dién.

4.1.6.7. Khéi thu vién dién tir cong suat - Power Electronics

a. Diode
M6 ta m b
o3
e
D_D>|_a
b. Thyristor
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Thyristor

¢ Tiristor GTO

Mo ta
g m
na]ﬁku

Gto

d. MOSFET

M0 ta ] m

Mosfet

e. IGBT
M6 ta
6 | m
a|C El
IGBT
f. Céc cdu thong dung - Universal Bridge
°|A g . 9 .
e + A + A +
o B B
= C I °|C ) s|C )

Universal Bridge Universal Bridge Universal Bridge

g g K
] +I'.| +u

oA + o A .

uE nB o

Jc |c c

Universal Bridge Universal Bridge Universal Bridge

MO ta

(v I R Ta

Céc khéi cau thong dung thuc hién mot bo bién doi cong suat 3 pha théng dung,
bao gom 6 van cdng suat ndi lai véi nhau thanh mot cau tric cau. Loai van cong suét va
cau tric bo bién doi duoc lya chon tir hop héi thoai.
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Khéi cau théng dung cho phép md phong céc bo bién doi st dung ca hai loai
thiét bi khoa ty nhién (diodes hoic thyristors) va cé thiét bi khoa cudng buc (GTO,
IGBT, MOSFET).

Cac khdi cau thong dung l1a cac khéi co ban danh cho viéc tao ra cac bo bién doi
ngudn &p 2 cap (VSC).

Bai tap cudi bai :

Bai 1: Thuc hién lay khdi ngudn 1 chiéu tir thu vién Simulink thay d6i tham sé va hién
thi 1&n khdi Scope.
Bai 2: Thuc hién lay khéi ngudn xoay chiéu 1 pha tir thu vién Simulink thay d6i tham
s6 va hién thi 1&n khdi Scope.
Bai 3: Thyc hién lay khéi ngudn xoay chiéu 3 pha tir thu vién Simulink thay d6i tham
s6 va hién thi 1&n khdi Scope.
Bai 4: Md phong hé théng c6 ham truyén dat

10s+3

W((ES)=——
(s) s +3s+1

Tin hiéu kich thich 1a ham budc nhay step.

Bai 5: Md phong hé théng c6 ham truyén dat
10s+3

W(s) = 2
(s) s +3s+1

Tin hiéu kich thich cé dang Constant.

Céiu héi tric nghiém

Cau 1: Thu vién nao trong Simulink chira cac khoi nguon tin hiéu ?

A. Model Verification B. Signal Routing C. Sources D. Lookup
Tables

Cau 2: Trong hop thoai va théng sé cua khdi Pong DC Machine thi tham sé Field
armature mutual inductance Laf (H) c6 y nghia gi?

A. Nhap dang vecto dién tro phan Gng do bang Q va dién cam do bang H.

B. Nhap hé sé dién tro va dién cam cua cudn day kich tir twong ¢ng.

C. Nhap hé s6 dién cam twong hd gitra cac cudn day kich tir va phan tmg do bang H.
D. Nhap gia tri dién cam caa cudn day kich tir do bang H.

Cau 3: Vai tro caa khéi Current Measurement ¢ vai tro:

A. Thiét bi do dong dién

B. Thiét bi do dién ap

C. Thiét bi do di¢n tré

D. Pong hd van ning
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Cau 4: Thu muyc khéng nam trong thu vién Simpower system.
A. Extras Library

B. Aplication Libraries

C. Signal Attributes

D. Power Electronics

Cau 5: Khdi sau c6 vai tro gi?

A

[ L]

Three-Phase Source
A. Ngudn xoay chiéu 3 pha
B. Ngudn &p xoay chiéu 3 pha lap trinh
C. Ngudn dong diéu khién
D. Ngudn dong 3 pha diéu khién
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Bai 5: Mo phéng h¢ thong véi matlab/simulik (tiép) (s6 tiét: 3 tiét)
4.2. Mb phéng hé théng bing matlab/simulink

4.2.1. Thu vién SIMULINK

4.2.1.1. Sourese — cac nguén tin hiéu

Tt cira s6 trinh duyét thu vién SIMULINK nhu hinh 6.2, sau d6 mé thu vién cac
khdi ngudn nhu trén nhu hinh 6.6. Toan bd thu vién nay duoc chia thanh hai phan:Céng
vao caa moé hinh va hé théng con (Model and Subsystem Input), Méy phét tin hiéu
(Signal Generator)

a. Cong vao ciia md hinh va hé théng con (Model and Subsystem Input)

Cong vao cua md hinh va hé théng con c6 chta bén khéi:

* Inport — Khéi cong vao

M6 ta

In1

Khéi cong vao tao ra mot cong dau vao cho mét hé théng con hoac mé hinh cap
trén cua hé théng.

ﬂ Library: simulink/Sources S S

File Edit View Format Help
Signal Generators Model & Subsystem Inputs
1 p SIDemoSign Positive p E signai1p @
- - In1 Ground
Constant Enumerated Signal Builder
Constant
| untitled.mat l> | simin |>
[ | oooo 4
From File From
_/> || P I ve P Workspace
Ramp Step Sine Wave Signal
Generator
/WV;|> S I (v
Chirp Signal Random Uniform Random Band-Limited
Number Number White Noise
mb M
Pulse Repeating Repeating Repeating
Generator Sequence Sequence Sequence
Stair Interpolated
li
C'—> 1234 b ;"M> |rﬁ'|ﬂ|>
Clack Digital Clock Counter Counter
Free-Running Limited

Hinh 4.19: Thuw vién nguon
Trong cira so thiét 1ap céac thong sé c6 quy dinh cy thé sé cong (Port member),
kich thuéc cua cong vao (Port dimensions, buéc thai gian md phong va loai di liéu tin
hiéu dau vao (Data type).

* Ground — Khéi tin hiéu muac khong
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A _ ]
MO ta —

Ground

Khdi tin hiéu mic khong danh cho viéc tao ra mét tin hiéu mac khong. Néu bat ki
dau vao nao cua khdi trong mé hinh khong duoc két néi, thi khi thuc hién md phong
trong ctra s6 chinh cia MATLAB sé& xuét hién mét tin nhan canh bao. Dé khic phuc
diéu nay trén mot dau vao chua duogc két ndi co thé giri mét tin hiéu tir khdi Ground.

* From File — Khéi doc dir liéu tir mot tap tin (file) bén ngoai

untited.mat

M0 ta

From File

Trong cira so thiét 1ap cac thong sé dua ra tén cua tap tin di liéu (File name), va
thoi gian trich mau (Sample time). Dit liéu trong tap tin phai duoc thiét 1ap ¢ dang ma
tran: Ma tran bao gém it nhat hai dong, gia tri thoi gian ghi & hang dau tién caa ma tran,
va cac hang con lai 1a cac gié tri tin hiéu trong (ng vai nhitng thoi diém di cho. Thoi
gian phai duoc ghi lai theo thi tu ting dan. Tin hiéu ra cua khéi chi chira cac gia tri tin
hiéu va khdng c6 gia tri caa bién thoi gian.

SIMULINK cho phép nguoi st dung thuan tién tao ra mot mat-file véi sy gitp
d& cua khéi To File (Thu vién Sinks).

Vi du 4.1: Hinh 4.8 cho thay mét vi du vé cach sir dung khdi nay, doc céc gia tri cua tin
hi¢u rang cua tu tap tin untiled.mat.(FileTo_From_File).

il X
h Figures - Scope -_— =200 X
a

UntmEd_mat e |:| File Edit Debug Desktop Window Help

aE|PeL ABEEE T BEDEs0
From File Scope T, ' !
181 8
16 H i
/l/M »{untitied mat :
Repeating ToFile =
Sequence - !

08

06

04

02 i

0

Hinh 4.20: M6 hinh céc khai To File va From File
* From Workspace— Khdi doc dir liéu tir khdng gian 1am viec MATLAB
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simin

M6 ta =
rom
Waorkspace

b. May phat tin hiéu (Signal Generator)

May phat tin hiéu chira s6 lugng 1on cac khdi, dudi ddy mo ta mot so thiét bi
thuong dung dé md phong céc hé thong dién co.

* Constant — Bo tao mot tin hiéu lién tuc khong doi

1 b

Constant

M0 ta

Gié tri khong doi c6 thé 1a sé thuc hoac sé phuc, biéu thie tinh, véc to hoic ma
tran.

* Sine Wave — Ngudn tin hiéu hinh sin

M0 ta \J

Sine Wave

Ngudn tin hiéu hinh sin tao ra mét tin hiéu hinh sin véi mét tan sé, bién do nhat
dinh, pha va do dich pha bang khdng. Khi hinh thanh tin hiéu dau ra theo gia tri thoi
gian thi tin hiéu ra dugc xac dinh bai biéu thuc:

y = Amplitude*sin(frequency*time + phase) + bias (6.1)
Amplitude — Bién do.
Bias — Thanh phan khong dbi cua tin hiéu.
Frequency (rad/s) — Tan sé (radian/s).
Phase (rads) — Pha ban dau (rad).
Sample time — Budc thai gian md phong. Pugc sir dung dé dong bo su 1am viéc
ctia cac nguon va cac thanh phan khac caa md hinh theo thoi gian.

* Signal Generator — May phat tin hiéu

oooo
0o

Signal
(Generator

May phét tin hiéu tao ra mét trong bdn loai tin hiéu tuan hoan:
Sine — tin hiéu hinh sin.
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Square — tin hiéu vudng.

Sawtooth — tin hiéu dang rang cura.

Random — tin hiéu ngau nhién.
Bién d6 tin hiéu (Amplitude) va tan s (Frequency) dugc xac dinh trong cac trudng cua
s6 cai dit cac thong sb.

* Ramp — nguon tac dong thay ddi tuyén tinh

MO ta /

Ramp

Ngudn tac dong thay d6i tuyén tinh tao ra tin hiéu tuyén tinh dang y = Slope *
time + Initial output. Trong ctra so cai dit thong so ta xac dinh do dbc cua tin hiéu ra
(Slope), thoi gian bat dau tao tin hiéu (Start time), gia tri dau tién cua tin hiéu dau ra cua
khéi (Initial output).

Do dbe duoce xac dinh bing 9 = T = Slope . iy la tin hi¢u ra, t 1 thai gian

* Step — may phat tin hiéu bac thang

Mo ta I

Step

May phét tin hiéu bac thang tao tin hiéu bac thang c6 d6 16n (Final value) vao
thoi diém (Step time).

* Repeating Sequence — khoi tin hiéu tuan hoan

M0 ta /IM

Repeating
Sequence

Khdi tin hiéu tuan hoan tao ra tin hiéu tuan hoan, trong cua so cai dit nhan théng
s6 theo dang hai véc to:

Time values — véc to cac gia tri thoi gian mo phong.

Output values — véc to cac gia tri tin hiéu & cac thoi diém duoc chi ra boi vécto
Time values.
Vi du 4.2: Trén hinh 4.21 trinh bay mét vi du vé viéc sir dung khéi Step va Repeating
Sequence dé xay dung mé hinh chirc nang bo diéu chinh d6 rong xung dong mét chiéu
(PWM). Céc thdng sb dugc xac dinh caa khdi Step: Step time = 0.005 (s), Initial value=-

69



0.6, Final value=0.6. C4c gia tri cua thoi gian mé phong trong khéi Repeating Sequence
dugc thiét 1ap bsi vée to [0 0.01 0.01 0.02], va cac gia tri cia tin hiéu dau ra dugc tao
boi vécto [-1 11 -1].

———
Figures - Scope 5
File Edit Debug Desktop Window Help v|ax
S8 LPL ABEEA R Bma a0
- (] O

1

0

]

Step 05p

[RIR W= R

Repesting Relay 1 e
Sequence

0 0.005 0.01 0.015 0.02

b A 4

i i
0.01 0016 0.02

v

Hinh 4.21: Mé hinh diéu ché dg réng xung

* Pulse Generator — ngudn tin hiéu xung

i

Pulse
Generator

M6 ta

Ngudn tin hiéu xung tao ra mét tin hiéu xung c6 bién d6 nhat dinh (Amplitude),
chu ky (Period) va d6 dai ciia xung tinh theo phan tram cua chu ky (Pulse width).
4.2.1.2. Sinks — Cac khéi thu tin hiéu

Toan bo thu vién dugc chia thanh ba phan: Cac dau ra caa md hinh va céc hé
théng con (Model & Subsystem Output); khdi quan sat dit liéu (Data Viewers) va Cac
khoi diéu khién thoi gian mé phong (Simulation Control).

a. Cdc ddu ra ciia md hinh va céc hé théng con (Model & Subsystem Output)
Gom c6 4 khdi con:
* Out— khéi cong dau ra

(1D

Mo ta outl

Tao mot cong dau ra cho mot hé théng con hoac cho mé hinh cap cao. Khi tao ra
mét hé thdng con bing céach sir dung Iénh Edit/Create subsystem cac cong dau ra duoc
hinh thanh va danh sé ty dong.
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Vi du 4.3: Hinh 4.22 cho thay mét vi du mé hinh bo diéu bién do rong xung. Pay 1a mot
phan cua chuong trinh bang céch sir sung lénh Edit/Create chuyén d6i thanh mot hé
thng con. So d6 hé thong con nay vai céc cong dau vao va dau ra & phia bén phai caa
hinh 4.10.

I In1 Qutl > I:l Ini t:l_bg

Step1
P In2 Quiz — ™

2 > i SR
N\f\Jubﬂﬁth Scope’ InZ T H_|“ : Qut2
elay
Repeating

Sequence

Y

Subsystem
Hinh 4.22: M hinh véi hé théng con, c&c cong dau vao va dau ra

Cong dau ra trong md hinh cép cao dugc sir dung dé truyén tin hiéu vao khong
gian lam viéc MATLAB.

* Terminator — thiét bi nhan tin hiéu dau cudi

MO t

Terminator

Trong trudng hop dau ra cua khdi khéng két ndi voi dau vao cua khdi khéc,
SIMILINK s& hién thi mot thong diép canh bao trong cira s6 1énh MATLAB. Pé ngin
chin diéu nay phai s dung mot khéi Terminator.

*To File — khéi luu trir dy liéu vao mot tap tin

untitled. mat

ToFile

M6 ta

Khéi ghi cac di liéu nhan duoc dua t6i dau vao caa nd trong maot file. Trong cira
s6 xac dinh cac thong s6 ciia khdi can nhap tén cua file (Filename) va tén ciia mot bién
chua dir liéu duoc ghi (Variable name). Néu khéng chi dinh dudng dan day du cua tap
tin, thi tap tin dugc luu trong thu muc lam viéc hién thoi.

Mtc d6 lugc bo dir liéu ghi vao file caa tin hiéu vao duogc xac dinh boi tham s6 -
Decimation. Thoi gian trich mau (Sample time) xac dinh murc do roi rac cua viéc ghi dir
lieu.Vi du vé str dung khdi nay da duoc xem xét trude d6 (hinh 6.8).

* To Workspace — khéi Iuu trit dir liéu vao khong gian lam viéc.

simaut

Mo ta

To Workspace
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Khéi ghi cac dir liéu dua dén dau vao cua nd vao trong khong gian lam viéc
MATLAB. Tham s Limit data points to last chi ra s6 diém trich mau di liéu téi da can
Iwu giit. Néu md phong phét sinh cac diém dir liéu nhiéu hon s6 diém tdi da da chi ra,
thi chi luu lai nhitng diém trich mau gan nhat. Dé luu giit toan bo dix liéu, ta phai dat gia
tri nay bang vé cung (inf).

Dinh dang luu trit dir liéu duoc chon tir danh sach tha xudng (Save fomat). Dé
doc dir liéu duoc luu giir trong khdng gian 1am viéc MATLAB c¢6 thé sir dung céac khoi
From Workspace (Thu vién Sources).

b. Phan dé quan sat dir ligu (Data Viewers) bao gom bén khai:

* Scope — may hién song

]

M6 ta

Scope

Xay dung d6 thi cta cac tin hiéu duoc khao sat 1a ham phu thugc theo thai gian.
Cho phép ta quan sat nhitng thay ddi caa tin hiéu trong qua trinh mé phong. Bé mé mot
ctra s xem tin hiéu can nhay dap chuét trai 18n cac khdi hinh anh. Trong truong hop do,
néu dua dén dau vao cua khdi nay tin hiéu vécto, thi cac duong cong cho mdi phan tu
ctia véc to dugc xay dung voi mot mau sic riéng biét.

Céc thong so ciia khdi dugc thiét 1ap trong cira s6 Scope parameters, ta ¢ thé mé
nd bang biéu tuong Parameters & trén thanh cong cu. Ctra s6 cac thong s6 ¢6 hai thanh
phan:

General — cé&c théng sé chung.

Data history — cac tham s6 luu trit tin hiéu trong khong gian lam viéc MATLAB.

Tab cé4c tham sé chung md mot hop thoai nhu trén hinh 4.11.
J l_-:- | | S8 -
Seneral | Data history | Tip: try right clicking on axes

Sxwes

"Scope’ parameters

rMumber of axes: |1 floating scope

Tirme range: auto

Tick labhels: bottom axis only =
Sampling
Decimation -1
| (] S | | Cancel | | Help | | Apply |

Hinh 4.23: Cac tham sé6 co ban muc General

Trén muc General, c6 c4c thdng s6 sau:
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Number of axes — s6 luong dau vao cua may hién song. Khi thay d6i tham sb nay
trén hinh anh khéi s& xuat hién cac céng dau vao b sung.

Time range — gi4 tri cua khoang thoi gian hién thi @4 hoa. Néu c6 thoi gian tinh
toan ctia mo hinh vuot qué thoi gian dinh truéc bai tham sé Time range, thi dau ra caa
d thi duoc tao ra thanh ting phan, khi d¢6 khoang céch cho hién thi tirng phan caa d6
thi bang khoang thoi gian xac dinh di cho Time range.

Tick labels — hién thi / an cac truc va nhan truc.

Sampling — st dung diéu khién nay dé lya chon hoaic 13 hé s6 lugc bo dir liéu
(Decimation factor) hoac & khoang thoi gian trich mau (Sample time interval). Sau khi
da Iya chon, can phai nhap mot sé twong tng vao truong di liéu & bén canh.

Floating scope — chuyén may hién song sang ché do “tha noi” khi kich vao 6 lua
chon nay.

Trén tab Data history (Hinh 4.12) xac dinh céc théng sb sau:

Limit data points to last — Sb lugng tdi da diém dit liéu duoc thé hién trén d6 thi.
Néu vuot qua con s6 nay thi phan dau tién caa d6 thi bi cit bo. Trong truong hop thong
s6 Limit data points to last khong duoc thiét 1ap, SIMULINK s& ty dong ting gid tri cua
thong sb nay dé hién thi tat ca cac diém tinh toan.

Save data to worlspace — luu cac gia tri tin hiéu vao khéng gian lam viéc cua
MATLAB.

Variable name — tén bién dé luu trir cac tin hiéu trong khong gian lam viéc
MATLAB.

Format — dinh dang dir liéu khi luu gitr trong khdng gian lam viéc MATLAB.

‘Scope’ parameters l = | Li:h_J

General || Data history | Tip: try right clicking on axes

| Limit data points ta last: (5000

Save data to workspace
ScopeData

Structure with time -

| (] | | Cancel | | Help | | Apply

Hinh 4.24: Tab Data history

* Floating Scope - May hién séng tha nédi

[

MO ta Floating
Scope

73



May hién séng tha ndi thyc chat 1a mot may hién song binh thudng Scope duoc
chuyén vao ché d6 “tu do”. Trong ché do nay, khdi may hién song khong c6 dau vao,
A - Ve - - 2 . - A 7 ~ -r
dong thoi su lua chon tin hiéu hién thi duoc thuc hién bang cach st dung cong cu S
(Singnal selection) trén thanh céng cu. Dé chon cac tin hiéu can thuc hién theo cc budc

Sau:

1. Chon hé thdng toa do dé hién thi do hoa. Piéu nay dat dwoc bang cach nhan
nGt trai caa chudt trén hé thdng mong muén. Hé théng dugc lua chon s& duoc t6 dam
bai mau xanh.

2. M6 hop thoai Signal Selector bang cong cu ™ nhu hinh 4.13.

3. Panh dau tén cac khoi c6 cac tin hiéu dau ra can khao sét.

4 Signal Selector : untitled1/Scope 66 FTan l e [ [S] S
Select signals for object untitled1® |Axes 2 v
Model hierarchy List contents: [All signals b i

B untitledl Fulse Generator
[ signal Generatar

Show sighal hames matching:

Hinh 4.25: Cura s6 hgp thogi Signal Selector
Sau khi thuc hién cac tinh toan trong cira sé khdi Floating Scope cac tin hiéu da
chon s& duoc hién thi.

* XY Graph — khdi vé& db thi

[@]

XY Graph

Mo ta

Khéi vé @6 thi dung dé vé db thi mot tin hiéu dudi dang ham caa mat tin hiéu
khac (d6 thi c6 dang Y (X)).

Khéi c6 hai dau vao, dau vao phia trén duoc thiét ké dé cung cép tin hiéu la mot
d6i s6 (X), dau dudi — dé cung cap cac gia tri ciia ham s6 (Y).

Vi du 4.4 : Cach sir dung may vé db thi XY Graph
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[1 xygraph_circle it Iy | I:I| X|
File Edit ‘Wiew Sirnulaktion Formak Toods P
(| | = H @ | 4 E= R I | L e » - Id"pi I Mormal - I

Trig Function

Constant Ramp
cradiush Ctheta)

Trig Functiont

N I=TE"]
| X Y Plot
Ready [100°%. 5
.
£ o 1
-
5 .
-5 (o] =
» AXIs
Hinh 4.26: Vi du vé cach si dung may vé do thi XY Graph
B Xv Graph e | (S |———]
10 § )
Lo LT [
I ] 5 0 s — “‘“‘\
Consta Trnsfrfon | TransferFend =l = -
XY Graph i

Hinh 4.27: Vi dyu vé cach siz dung may vé do thi XY Graph

* Display — hién thi so.

M6 ta L]

Display

Hién thi gia tri cua tin hiéu ¢ dang s6. Khéi Display c6 thé duoc sir dung dé hién
thi khéng chi nhiing tin hiéu vo huéng, ma ca nhitng tin hiéu véc to, ma tran va sé phuc.

4.2.1.3. Continuous — cac khai lién tuc
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ﬂ Library: simulink/Continuous * = | D] |5

File Edit View Format Help
Integrators Delays
xp xp
IR S EN S PR G PR il Iml
s s s2 dxp s2 faxp >D%(> AT0 ATi
Integrator Integrator Inte Variabl Variabl
egr grator, Integrator, Variable anable
Limited Second-Order  Second-Order Trgréslgort Time Delay Transport Delay
| Limited Y
Transfer Functions Derivative
L 1 A ¥ du/dt p
J x :éx+%u L N L § 0 f
y = Cx+Du 5+1 s(s+1) Derivative
State-Space Transfer Fcn Zero-Pole
PID Controllers
A Ref
¥ PID(s) p PID(s) P
b
PID Controller PID Controller (2DOF)

Hinh 4.28: Thur vién cua cac khoi lién tuc

Tat ca cac khdi caa thu vién duogc chia thanh hai nhém. Nhém th nhat bao gom
cac khdi dong hoc dé phan tich va tong hop céc hé thong lién tuc. Nhiing khdi nay chia
cach ghi ki hiéu twong trung cho cac phuong trinh vi phan mé ta cac hé thong diéu khién
tuyén tinh lién tuc. Nhém thir hai bao gom céc khdi tré thoi gian tin hiéu.

Céc khdi nay, ngoai cac chuc niang cbt 16i caa nd, con cho phép lam giam déng
ké thoi gian md phong trong céac hé thdng cé phan hoi (lién két nguoc) am. Ddi vai khoi
d3 cho can phai dua vao mach phan héi. Khi d6 thoi gian tré s& duoc chon sao cho su
c6 mat cua khoi khong anh huong dén cac qua trinh dong hoc trong hé théng.

a. Integrator — khéi tich phan

1

M0 ta 5
Integrator

Khéi tich phan thuc hién tich phan tin hiéu dau vao véi céc kha ning tac dong
bén ngoai Ién tin hi¢u dang tang 1én (rising), hoac tin hi¢u giam (falling), hay Ién tin
hiéu tang va giam (either), hodc mét tin hiéu khac khong (level). Khéi cho phép dit cac
diéu kién ban dau (Initial condition) va thiét l1ap giéi han tin hiéu ra (Upper saturation
limit. Lower saturation limit).

b. Derivative — khéi tinh dgo ham

. du/dt
Mo ta ’

Derivative
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Khéi tinh ¢dao ham thyc hién phép vi phan sé tin hiéu dau vao. Khéi nay st dung
cho céc tin hiéu lién tuc.

c. State-Space —Khéi khéng gian trang thai

X =Ax+Bu
Mo ta y=Cx+Du
State-Space

Khdi State-Space tao ra d6i tuong dong hoc duoc md ta boi cac phuong trinh
trong khong gian trang thai:
x’= Ax + Bu
y =Cx + Du
Trong d6 x — véc to trang thai, u — véc to cac tac dong dau vao, y — véc to cac tin
hiéu dau ra, A, B, C, D — twong @ng |a cAc ma tran: hé thong, dau vao, dau ra va ma tran
lién hé truc tiép dau ra véi dau vao. Khéi cho phép dat véc to cac diéu kién dau cho cac
bién trang théi (Initial condition).
Vi du 4.3: Cho d6i twong c6 md hinh khong gian trang théi, voi cac ma tran A, B, C, D

duogc cho nhu sau:

A{—g,s —06,32} B:m

E Function Block Parameters: State-Space |
State Space
R State-space model:
¥ =Ax+Bu ] dx/dt = Axx + Bu
| | ¥y =Cx+Du
y=Cx+Du
Parameters
Step State-Space Scope A

[0 0.3; -0.5 -0.2]]
B:

[0;3]

C:

[01]

D:

[o]

Initial conditions:
o

Absolute tolerance:

auto

State Name: (e.g., 'position")

3 i L | | i i L | L
() 10 20 30 a0 60 60 70 80 a0 100 oK | Cancel || Help Apply

Hinh 4.29: Vi du sir dung khéi State-Space

d. Transfer Fcn — Khai ham truyén

1

M0 ta "

Transfer Fcn

Transfer Fcn — khéi ham truyén, dat 1am ham truyén 1 ty 1é cua cac da thuc
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W(s) =

b s"+b s"'+..+bs+h,

n n-1
as +a, S +..+as+4a,

Khi d6 bac cta da thic tir 6 khong duge vuot qué bac cia mau sb. Trong cira s6

cai dat tham sb cua khéi dua ra véc to cac hé sb cua da thuc tir sé (Numerator) va véc to
cac hé sb cua da thirc mau sé (Denominator). Hinh 4.30 trinh bay mét vi du vé mé phong
khau dao dong bing khéi Transfer Fen.

Néu hé sé cua tir s6 dugc cho bai ma tran, thi khéi Transfer Fcn mé phong ham
truyén dang véc to. Diéu nay co thé duoc hiéu 1a thyuc hién ddng thai mot sé ham truyén
Vé6i cac da thirc mau sé gidng nhau, nhung cac da thirc tir s6 khac nhau. Trong truong
hop nay tin hiéu ra cua khéi nay 1a mot véc to va sd lugng hang cia ma tran tir s Xac
dinh kich thudc cua tin hi¢u dau ra.

Vi du 4.4:M6 phong hé thdng ¢ ham truyén dat

1
0,1s° +0,004s +1

W(s) =

Tin hi¢u kich thich 1a ham budc nhay step.

E Function Block Parameters: Transfer Fcn

25

J 0.152 +0.045+1
Step Transfer Fcn Scope
i i i
B 10 16 20

Transfer Fcn

The numerator coefficient can be a vector or matrix expression
coefficient must be a vector. The output width equals the numb
numerator coefficient. You should specify the coefficients in des
powers of s.

Parameters

Numerator coefficient:
[

Denominator coefficient:
[0.10.04 1]

Absolute tolerance:
auto

State Mame: (e.g., 'position')

L 3

[ oK ” Cancel || Help Apply

Hinh 4.30: Vi du sir dung khoi Transfer Fcn

e. Zero-pole — Cdc dinh ham truyén véi cdc diém cwc va diém khong

Mo ta

(s-1)

5(5+1)

Zero-Pole

Zero-pole — cac dinh ham truyén véi cac diém cuc va diém khong:

H(s)=K

(s-2z).(s—2,)..(s—z,)

(S_ pl)'(s_ pz)...(S—

Trong do:

Pn)
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21, Z2,...Zm — NGhiém cua da thirc tir s6 (s6 diém khdng),

P1, P2,...pm — Nghiém cua da thirc mau sb (diém cuc),

K — hé s6 ham truyén. Trong ctra 6 cai dit tham sb cua khéi ta can xac dinh rd
cac véc to cua nghiém da thuc tir (Zeros), véc to nghiém cua da thac mau sé (Poles),
véc to vo hudng hay véc to hé s cua ham truyén (Gain).

S6 luwong diém khdng phai khong dugc vuot qua sb lugng diém cuc cua ham
truyén. Zeros hoic poles c6 thé dugc cho & dang sb phuc.

Vi du 4.5: M6 phéng hé théng c6

H(s) = (s—0,6)(s-1)

(s+5)(s+1)
E Function Block Parameters: Zero-Pole A
> (5—[}5”:5—1 .I > I:l Zero-Pole
\ \ Matrix expression for zeros. Vector expression for poles and gain.
(5+5.|(5+1 .I Output width equals the number of columns in zeros matrix, or one if
Stey Scope zeros is a vector.
P Zero-Pole P
Parameters
1 Zeros:
[0.6 1]
0.8 B
: Poles:
o6l ; : : : { i [-5-1]

Gain:

[11

Absolute tolerance:

auto

State Mame: (e.g., 'position")
"

0 > 7 5 P 10 1z i 6 s 20 [ oK ]| cancel |[ Help Apply

Hinh 4.31: Vi du vé cach si dung céc khoi Zero-Pole
f. Transport Delay — Khéi dé tré ciia tin hiéu

MO ta: “\J{

Transport
Delay

Transport Delay — khéi do tré cua tin hiéu. BPam bao d6 tré cua tin hiéu dau vao
theo thoi gian cho trudc. Trong cira so cai dat thdng sé caa khéi cho phép xac dinh thoi
gian tré cua tin hiéu (Time Dalay), gia tri ban dau cua tin hiéu vao (Initial input), kich
thuge caa bo nhé, phan bd cho viée luu trix tin hiéu tré (Buffer size — cho ¢ dang s6 byte,
boi sb cua 8).

Khi thuc hién md phong gid tri cua tin hiéu vao, gié tri thoi gian mé phong tuong
g vé6i nd duoc luu trir & bo dém trong ciia khdi Transport Delay. Do tré gia tri cua cac
tin hiéu duoc tach ra tir bo dém va chuyén giao cho dau ra cua khéi.

g. Variable Transport Delay — khéi diéu khién su tré cia tin hiéu
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MO ta Ti &

a

Variable
Transport Delay

Variable Transport Delay — khéi diéu khién sy tré cua tin hiéu. Thuc hién su tré
cua tin hiéu dau vao cho bai do 16n cuaa tin hiéu diéu khién.

Trong ctra s6 cai dat thong sé cua khdi cho thoi gian tré téi da cua tin hiéu
(Maximum delay), gia tri ban dau cua tin hiéu dau vao (Initial input), kich thudéc cia bd
nhé phan bd cho viée luu trix tin hiéu tré (Buffer size — cho ¢ dang sé byte, boi sb cua
8). Khéi diéu khién tré Variable Transport Delay lam viéc tuong tu nhu khdi Transport
Delay.

h. PID controller

¥ PID(s) p

PID Controller

Proportional Gain

O——{> ¥ D0

u Integral Gain

Integrator

Filter Coefficient

Derivative Gain

Filter

Hinh 4.32: Cdu truc bén trong cua khai PID controller

A Ref
PID(s) P
7
PID Controller (2DOF)
>
SE:E?&?OVF\{IZ'?:BWQ Sum1 Proportional Gain
© . |
' ‘ | pO—O
@ > Integral Gain Asum u
y Integrator
Sum2

Sefpoint Weighting SumD Fiter Goefficient

Sum3 " .
(Derivative) Derivative Gain

1
B

Filter

Hinh 4.33: Cdu tric bén trong cua khoi PID controller (2DOF)
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Cach tim cac
Vidu4.6: Ta

W(s) =

thong s6 bd diéu khién PID
c6 ham truyén cua déi tuong

1
0,55 +3s+1

Ta sir dung bo diéu khién PID dé diéu khién dbi twgng trén.

Bwoc 1: Vé mo hinh trén simulink nhu hinh 4.34

mm eSS
|

0.552+3s+1 Scope

St
ep PID Controllert Transfer Fcn

Hinh 4.34: Mé hinh diéu khién six dung bé PID

Buéc 2: Kich dap chudt trai vao khéi PID Controlerd, s& xuat hién nhu hinh 4.35

W Function Block Parameters: PID Contraller] B X}

PID Controller

This block implements continuous- and discrete-time PID control algorithms and includes advanced features such as anti-windup, external
reset, and signal tracking. You can tune the PID gains automatically using the "Tune..." button (requires Simulink Control Design).

Controller: |PL -

Time-domain:
(@) Continuous-time

(©) Discrete-time

Main ‘ PID Advanced | Data Types | State Attributes

Controller settings

Controller form: lParaIIeI - ]
Proportional (P): 1
Integral (I): 1|

Initial conditions

Source: linternal

Integrator: 0

External reset: [none > ]

[] 1gnore reset when linearizing

m

(7] [ ok ][ cancel | | H_elp | [ Apply |

Hinh 4.35: Bdng thdng sé bg diéu khién PID

Buéc 3: Lya chon b diéu khién (PID, PI, PD, P, 1) & muc Controller — Apply—Tune...

s€ xuat hi¢n bang nhu hinh 4.36
B hiiillediieibeili—

CE]

Amplitude

S OE) @m P Desionmode: Basic v Form:Parallel Type:Pl

Plot:  Step - Response: Reference tracking v ¥ Show block response Hide parameters 4

Controller parameters

S e Tuned Block
T < SNy O SMEIES Py - GRS OO0 5 053648 1
1 0.5305 1

D

Performance and robustness

Block response || Tuned Block
Tuned response
369 226

Rise time (sec)
Settling time (sec) 126 86
Time (sec) Onsechont (9. 11 187

Interactive tuning

=

Response time: 5.2 sec

Slower

Hinh 4.36: PID tuner cua Matlab
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Két qua nay cho ta céc tham s P,1,D va N(khau loc) caa bo diéu khién trong
bang controller parmeters (hinh 4.36). Bang dudi la Performance and robustnets cho

cac théng sé dé danh gia chét lugng caa bo diéu khién nhu: thoi gian qua do, d6 qua

diéu chinh. ..

C6 thé danh dau cac diém dac biét trén do thi bang cach kich chudt phai vao man
hinh cua d6 thi rdi chon characteristic nhu hinh 4.37

AT IO e T am—m——
i % OE) = &9 Oesignmode: Basic ¥ Form: Parallel  Type: PI

Plot: | Step

Response: | Reference tracking -

Show block response

Show parameters =

Characteristics * Steady State

4 b
2 [
g Lo o
< s ! ; Grid v | Rise Time
[ Normalize v | Settling Time
i 1 Full View v Peak Response
5 Properties...
Time (sec)
Interactive tuning
Response time: 1.8 sec
€] y (D]
Slower Faster
Q Automatically update block parameters OK ‘ I Cancel Apply ‘ Help

Hinh 4.37: Ddnh dau cdc diém dac biét trén dé thi dap g cua PID tuner

Chu y tich vao 6 Automaticaly update parameter dé bo diéu khién ty dong cap

nhat cac tham s6 mdi.

Bu6c 4: Tinh chinh cac tham s6 cua bd diéu chinh thanh truot Response time (thay doi

thoi gian thiét 1ap). Sau d6 vao 6 Design mode trén cling, chon Extended. Di chuyén hai

thanh trugt Bandwidth va Phase margin dé dugc chat luong tot nhat.

4.2.1.4. Discontinuties — C4c khai phi tuyén

¥ Library: simulink/Discontinuities

| e

File Edit View Format Help

E
H
i

Saturation

Discontinuities

Dead Zone

Rate Limiter

up up up
" 7~C v " 7_% v " 7~LY
lo lo lo
Saturation Dead Zone Rate Limiter
Dynamic Dynamic Dynamic
@
Backlash Relay Quantizer
% ’
Hit Coulomb & Wrap To Zero
Crossing Viscous Friction

Hinh 4.38: Thu vién céc khoi phi tuyén
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a. Saturation — khéi gidi hgn

MO t2
4 L~

—

Saturation

Khéi Saturation thuc hién giéi han gia tri tin hiéu dau ra. Trong cta 6 cai dat théng
s6 khdi quy dinh giGi han ngudng trén va dudi (Upper limit, Lower limit).

Tin hiéu dau ra caa khdi bang dau vao néu gia tri cia nd khoéng vuot qua ngudng gidi
han. Khi tin hiéu ra cua khéi dat dén cap d6 gidi han boi tin hiéu dau vao s& khong con
thay d6i va trong dwong voi ngudng.

b. Saturation Dynamic

Mo ta up
u 7~£‘”
lo

Saturation
Dynamic

Khdi Saturation Dynamic twong tu nhu khi Saturation. Trong khéi nay gigi han
trén va dudi cia tin hiéu dau ra duoc cho theo dau vao up, io va cé thé thay doi trong
khi mo phong.

c. Dead Zone

M0 ta /

Dead Zone

Dead Zone — khéi véi cting khéng nhay. Thuc hién mot sy phu thudc phi tuyén
dang “ving khong cam nhan (ving chét)”.

Trong ctra sO cai dat thong sé cua khoi quy dinh diém bat dau ving chét (Start of
dead zone — ngudng dudi), va diém két thic ving chét (End of dead zone — ngudng
trén).

Néu gia trj cua tin hiéu dau vao nim bén trong ving chét, thi tin hiéu dau ra cua
khdi bang khong. Néu tin hiéu dau vao 16n hon ngudng trén cua viing chét, thi tin hiéu
dau ra 1 dau vao trir di ngudng.

d. Dead Zone Dynamic
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M0 ta up
u 7—~—4 ¥
lo

Dead Zone
Dynamic

Khédi Dead Zone Dynamic ciing c6 chuc ning tuong tw. Trong khdi ndy muc trén
va dudi cia ving chét tin hiéu du ra quy dinh theo dau vao up, io va c6 thé thay doi khi
mo phong.

e. Rate Limiter

MO ta

Rate Limiter
Rate Limiter — khi gioi han toc do thay doi cua tin hiéu. Khbi nay dam bao gioi
han tdc d6 thay doi cua tin hiéu (dao ham bac nhat).

Trong cira s6 cai dat thong sé caa khbi quy dinh mirc gidi han te d6 tiang tin hiéu
(Rising slew rate), muc gigi han téc do suy giam tin hiéu (Falling slew rate).

f. Rate Limiter Dynamic

MO ta "
lo

Rate Limiter
Dynamic

Khéi Rate Limiter Dynamic ciing c6 chitc ning tuong tu nhu trén. Trong khdi
ndy muc trén va dudi cua gigi han tée d6 thay doi tin hiéu dau ra duoc han dinh theo
cac dau vao up, io va co thé thay doi khi mé phong.

g. Backlash

MO ta /

Backlash

Backlash — khdi khe hé trong bo truyén co khi. M6 phong tinh phi tuyén cua khe
ho. Trong cira 6 cai dat théng sé khdi quy dinh chiéu rong cua khe ha (Deaband width),
gia tri ban dau cua tin hiéu dau ra (Initial output).

h.Relay — khi role
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MO ta

Relay

Khéi role thuc hién tinh phi tuyén role. Trong cira s6 cai dat thong sé khdi quy
dinh ngudng mé va tat (Switch on point — gia tri caa tin hiéu dau vao lam role déng
mach, Switch off point — gid tri tin hiéu dau vao lam ro le cit mach).

Gia trj tin hiéu dau ra trong trang thai déng mach (Output when on), va tin hiéu
dau ra ¢ trang thai cat mach (Output when off).

Viéc chuyén dbi tir mot trang thai ndy sang trang thai khac xay ra dot ngot khi tin
hiéu dau vao dat toi cac ngudng déng va cat mach.

Vi du 4.8: Sir dung khoi Relay

0ooo T [] ' : ' ' ' :
00 > = » ol \

, Rela Scopet : : : 3 : ﬁ
Signal elay ® o oz os o4 05 o5 07 o8 o 1

(Generator 5 : : ‘ : : , : ) .
_50 Oi1 OI2 0‘3 0‘4 OIE Oi6 OI7 0‘8 Oig 1

Hinh 4.39 Vi du sir dung khéi Relay

i. Quantizer — khéi liong tir theo mic

M0 ta

Quantizer

Quantizer — khéi luong tir theo mirc. Khéi nay dam bao luong tir hoa tin higu dau
Va0 véi budc nhu nhau dang bac thang. Trong cira s6 cai diat thdng sé cua khdi can chi
o budc lugng tir hda (Quantization interval).

j. Hit Crossing — khoi xdc dinh thoi diém gia cdt nguéng

MO0 ta V
A/ =
Hit
Crossing

Hit Crossing — khdi x4c dinh thoi diém gia cat ngudng. Xac dinh thoi diém khi

tin hiéu dau vao giao cit ngudng gid tri cho trudc. Trong cira s6 cai dit thong s khoi
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can nhap vao gia tri ngudng giao cat (Hit Crossing offset) va hudng giao cat (Hit
crossing direction):

Rising — tang.
Falling — giam
Either — ca hai hudng.

Tai thoi diém giao cat ngudng khi tao ra mot tin hiéu bang don vu véi d6 vao la
mot budc theo thoi gian mé phong.

k. Coulomb and Viscous Friction — khéi ma sat kho va nhét

M0 ta -

]
Coulomb &
Viscous Friction

Coulomb and Viscous Friction — khdi ma sat kho va nhét. Md phong hiéu wng
ctia ma sat kho va nhét trong bo truyén co. Trong ctra s6 cai dat thong sé khdi can nhap
vao gia tri ma sat khd (Coulomb Friction value (Offset)) va hé sé ma sit nhét (Coeffcient
of viscous friction (Gain)).

I. Wrap to Zero

M0 ta

Wrap To Zero

Wrap to Zero — Néu tin hiéu vao cao hon mirc ngudng, thi tin hiéu ra bang khéng.
Nguoc lai, tin hiéu ra bang tin hiéu vao.

4.2.1.5. Discrete — Cac khai roi rac

C=AiEll X" |

B8 Library: simulink/Discrete =

File Edit View Format Help

Discrete-Time Linear Systems

1 -4
2 z

4 KT:
Delaysp }
z1

Unit Delay Integer Delay Tapped Delay Discrete-Time
Integrator
1 1 (z-1)
z+0.5 1+0.52°1 2(z-0.5)

F

Discrete
Transfer Fcn

Discrete
Zero-Pole

Discrete Filter

Sample & Hold Delays

First-Order Zero-Order
Hold Hold

z1

i

z

y(n)=Cx(n)+Du(n)
x(n+1)=Ax(n)+Bu(n)

i

|>

Difference

Discrete Derivative

Discrete State-Space

0.05z
z-0.95

1

F

Transfer Fen
First Order

=

Discrete PID Controller

2075 W
z-0895 z
Transfer Fen Transfer Fcn
Lead or Lag Real Zero
Ref 1
PD@ b 0.5+0.5z

1
Discrete FIR Filter

Discrete PID
Controller (2DOF)

Hinh 4.40: Thuw vién khoi Discrete
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Tat ca cac khdi cua thu vién nay duoc chia thanh hai nhom. Nhom thtr nhét bao
gom cac khéi do tré khac nhau va céac khdi dong hoc dung dé phan tich va tong hop céc
hé thdng roi rac. Nhitng khéi nay dai dién cho cac phuong trinh khac nhau mé ta cac hé
thdng diéu khién roi rac.

Nhom thi hai (Sample and Hold Delays) bao gdm khdi bd nhé va céc khdi ngoai
suy.

Unit Delay, Integer Delay, Tapped Delay — do tré don vi, d6 tré nguyén, do tré
phan nhanh. Thyc hién d6 tré tin hiéu dau vao theo mot (Unit Delay) hodc mot s6 budc
(Integer Delay) thoi gian md phong. Tin hiéu dau ra cua khéi Tapped Delay 1a mét vécto
ma s6 luong cac phan tir cua né duoc chi ra trong trudng Number of Delays. Trong cira
s6 cai dit thong s6 cua khéi ta dinh rd gia tri ban dau cua tin hiéu dau ra (Initial
condition), budc thoi gian 1ay mau (Sample time).

Cac khdi tich phan roi rac (Discrete-Time Integrator), cac khéi sai phan, cac ham
roi rac (Difference, Diskrete Derivative), khéi ham truyén roi rac (Discrete Transfer
Fcn), ham truyén roi rac véi cac diém cuc va diém khong (Discrete Zero-pole), khéi ddi
tugng dong hoc roi rac theo bién trang thai (Discrete State-Space) c6 chiic ning tuong
tu nhu cac khoi twong (ng dung cho cac hé thdng lién tuc. Trong cac khdi nay st dung
cac phuong phap tinh toan s6 khac nhau.

1. Forward Euler — phuong phap Euler tryc tiép.

2. Backward Euler — phuong phap Euler nguoc.

3. Tutsim — Phuong phap hinh thang.

MOi khéi déu c6 mot tham s - bude roi rac hoa theo thoi gian (Sample time).

Diskrete filter — bo loc roi rac. La mot khau dong hoc ma ham truyén caa né nhan
dugc khi chia ham truyén roi rac cho z". B6 loc roi rac duoc sir dung rong réi trong céc
hé thdng truyén thdng va thong tin lién lac. Chung ciing duoc sir dung trong cac hé théng
diéu khién ky thuat s6 khi loc tiéng 6n va nhiing sai léch.

4.2.1.6 Math Operations — Cac phép tinh toan hoc

Math Operations Vector/Matrix Operations

Lo g8g £ = § =

sssssss
e

o= - B} . D foo}: e
jor Product Sa
ain

Gain Shid Reshape
Gi

Complex Vector Conversions

Ma /\

bbbbbbbb
1(!1/\]1‘, (s

unction
‘“‘
Sart Signed ciprocal
Sart Sart
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Thw vién khdi Math Operations

£2) Solve
7 fg=0 °

Algebraic Constraint

€

Dot Product

Product

D>

Gain

1

Slider
Gain

Dau ra caa khdi Abs 12 gid tri tuyét di caa tin hiéu dau vao.

Khdi Algebraic Constraint s& dua tin hiéu dau vao f(z) vé 0 va
dua ra gia tri z. Gi tri cua z s& duoc hoi tiép vé dau vao.

Dau ra cua khdi Sum 12 tong cua cac tin hiéu dau vao. Néu tin
hiéu dau vao 1a scalar thi tin hiéu tong ciing 1a scalar. Khéi Sum
tinh tong cua tirng phan tir. Néu dau vao chi co 1 vécto thi dau ra
s& la tong cua tat ca cac phan tir cua vécto do

Khoi Dot Product tinh tich scalar (vé huéng) cia cac vécto dau
Vao.

Khéi Product thuc hién phép nhan hay chia gitta cac tin hiéu dau
vao (1-D hay 2-D).

Khéi Gain c6 tac dung khuéch dai tin hiéu dau vao. Théng sé
khuéch dai dugc théng bao tai 6 Gain trong Block Parameter,

Khéi Slider Gain c¢6 tac dung khuéch dai tin hiéu dau vao.
Thong sé khuéch dai c6 thé duoc thay dbi trong qua trinh mo
phong.

4.2.1.7. Signal Routing — khi dinh tuyén tin hiéu

e Libramy:simulink/Signal . EI@'&'
File Edit e Format Help
Sianal Routing
Wiose  Drerrmosc
|> zlsirr I> |
rerge =
RTww
rieroe Erwironment
Coomnvbrol e
Seriton
z Soto I
Access

Hinh 4.41: Thu vién cua Signal Routing
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Khéi hop tin hiéu - Mux .

Khdi Mux c6 tac dung gidng nhu mot bé don kénh
(multiplexer), co tac dung chap cac tin hiéu 1-D riéng I€ thanh mot
tin hiéu méi. Tai 6 tham s6 Number of inputs ta cé thé khai bao

Pz -
tén, so luong tin hiéu ngd vao.
Khdi phan tin hiéu- Demux
Khbi Demux (phan kénh) cé tac dung nguoc véi Mux: Tach tin
Demuzx hiéu dugc chap thanh nhiéu tin hiéu riéng ré tro lai.

N

—n

Switch

Khéi chuyén mach -Switch

Khdi Switch c6 tac dung chuyén mach, dua tin hiéu tir ngd vao
1 hoac 3 téi ngd ra. Tin hiéu diéu khién chuyén mach dugc dua t6i
ngd vao 2 ( ngd vao giira). Ngudng gia tri diéu khién chuyén mach
duoc khai b4o bang tham sé Threshold. Khi tin hiéu diéu khién >
Threshold, ngd ra duoc ndi véi ngd vao 1. Khi tin hiéu diéu khién
< Threshold, ngd ra dugc ndi vai ngd vao 3.

4.2.1.8. User — Defined Function

a. Fcn (Function)

MO ta

| Library: simulink/User-Defined Functions - -E Eh“_

| File Edit View Format Help |
I |
User-defined Functions
MATLAB
’I flu) I> )I Function |> u  fen o vp
Fcn MATLAB Fcn
Embedded
MATLAB Function
)| system F 3 mifile P a
- system P
S-Function Level-2 MATLAB 4
S-Function
S-Function Builder
S-Function |
Examples |
|

Hinh 4.42: Thur vién User — Defined Function
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Khéi Fen cd thé khai bdo mot ham cua bién vao dudi dang mot biéu thac. u 1a tin
hiéu vao cua khéi Fcn va né 1a mot vecto dau vao.

u(i) hoac u[i]: phan tu tht i caa tin hiéu vao dang vecto.
u(1) hay viét mot minh u: phan tir dau tién cua vecto tin hiéu vao.

Vi du 4.9: Tin hiéu vao u(2,1). Ta thyc hién tinh biéu thic y=u(1)-u(2). O day u(1) 1a
phan tir dau tién cua vecto vao, nd cé gié tri bang 2; u(2) 1a phan ta tht 2 cua vecto vao
, N6 c6 gié tri bang 1

W& Function Block Parameters: Fcn
2 Fcn

(o S|

General expression block. Use "u" as the input
variable name.

Constant I_I Example: sin(u(1)*exp(2.3*(-u(2))))
u(1}-u(2} .. Parameters
Expression:
Fen Scope u(1)-u(2)
1 Sample time (-1 for inherited):
-1

Constant1

I oK ] Cancel Help Apply
Hinh 4.43: M6 ta vi du 4.9
b. MATLAB Fcn (Matlab Function)

MATLAB
M6 ta Function
MATLAB Fcn
ﬂ Function Block Parameters: MATLAB Fcn (|
MATLAB Fcn i

Pass the input values to a MATLAB function for
evaluation. The function must return a single value
having the dimensions specified by 'Output
dimensions' and 'Collapse 2-D results to 1-D".
Examples: sin, sin(u), foo(u(1), u(2))

Parameters

MATLAB function:

m

sin
Output dimensions:
-1

Output signal type: ‘auto -

| Collapse 2-D results to 1-D
Sample time (-1 for inherited):
-1

-

|| l OK H Cancel || Help || Apply |

Hinh 4.44: Hép thoai cia khoi MATLAB Fen

Khdi MATLAB Fcnla mot dang mé rong caa khéi Fen. Tai 8 MATLAB function
ta c6 thé khai bao mot biéu thuc toan hay mot ham MATLAB (viét dudi dang m-File)
cua bién dau vao.
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Output dimensions: Kich thudc dau ra. Néu kich thuéc dau ra gidng kich thuéc
dau vao thi ta dé la -1.

Output signal type: Loali tin hiéu ra

Vi du 4.10 : Cach sir dung khdéi MATLAB Fcn

W Function Block Parameters: MATLAB Forv &J
MATLAB Fcn

Pass the input values to a MATLAB function for
evaluation. The function must return a single value
hawving the dimensions specified by "Output
dimensions' and "Collapse 2-D results to 1-D".
Examples: sin, sinfu), foolul1), ul2))

Constant MATLAB Parameters | C]
Function MATLAB function: =
wi__du
Vector MATLAB Fen SCDPE Output dimensions:
Concatenate =

Output signal type: |auto
Constant1

~ | Collapse Z2-D results to 1-D»
Sample time (-1 for inherited):
-1

[ OK ] | Cancel | | Help Apply

Hinh 4.45: Vi du sir dung khéi MATLAB Fen

Tao m-file, sau do6 luu file ¢6 tén 1a vi_du.m

function y = vi_du(input)

a = input(1);

b = input(2);

C = atb;

d = a-b;

y=[cd];
end

Bai tap cudi bai
Bai 1: Cho hé thdng c6 so d6 khdi nhu sau:
W1 =5s/(s-1) ;W2 =1/(s-1);

W3 =5 W4 = 1/(s+2); W5=4

2
'

W2 W3 -—
+
(-)

Wa4

i

i

W5

Str dung bo diéu khién PID trong Matlab/Simulink dé diéu khién hé thong trén.

Bai 2: Cho 10 nhiét dién tré cd ham truyén dat nhu sau:
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Ke™

Wi(s)=
(5) Is+1

Véi K=100,T1=250,T,=50. Str dung bo diéu khién PID trong Matlab/Simulink dé diéu
khién dbi tuong trén.

Bai 3: Cho hé thong c6 so dd khdi nhu sau:
W1 =5s/(s-1) ;W2 =1/(s-1);
W3=5 ;W4 =1/(s+2); W5 =4

w1 —= W2 W3

!

W4

Str dung bo diéu khién PID trong Matlab/Simulink dé diéu khién hé thong

trén.

Bai 4: Cho hé thong c6 so do khdi nhu sau:

W1 =5s/(s-1) ;W2 =1/(s-1);

W3=5 W4 = 1/(s+2); W5=4
X y
W1 - \W2 W3 -—
+
(-)
W4 (==
W5 =

Xéc dinh dap @ng caa hé thong trén véi tin hiéu vao c6 dang Step.
Bai 5: Cho hé théng c6 so dd khdi nhu sau:

W1 =5s/(s-1) ;W2 =1/(s-1);
W3 =5 ; W4 =1/(s+2); W5=4
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W4

i

W5

i

Xéc dinh dap ¢ng caa hé thdng trén véi tin hiéu vao c6 dang Constant.
Céau héi tric nghiém
Cau 1: Khéi Terminator c6 vai trd gi ?
A. Thiét bi nhan tin hiéu dau cudi
B. Khéi luu trir du liéu vao mét tap tin
C. Khéi luu trix dir liéu vao khdng gian 1am viéc
D. May hién séng
Céau 2: May phat tin hiéu Signal Generator tao ra tin hiéu nao sau day
A. Tin hiéu hinh sin.
B. Tin hiéu vudng.
C. Tin hiéu dang rang cua.
D. Tin hiéu lién tuc khong doi.

Cau 3: : Cho h¢ thong c6 ham truyén @ s& duoc bién doi tuong duong thanh

—Ts T
Al =
—Ts 1
B & =5
—Ts 1
Ce' =i
Ts 1
De"=7

Cau 4: So db sau la cau trdc bén trong caa khau nao?

Setpoint Weighting Sum1 ~
(Proportional) Praoportional Gain

i

®
v “

@ » : Asum
¥

Integrator

Setpoint Weighting Sum3 et R
(Derivative) Derivative Gain

0l

Filter

A. Khéi PID controller (2DOF)
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B. Khdi quéan tinh
C. Khéi dao ham
D. Khéi tich phan
Cau 5: So @6 sau la cau trac bén trong caa khau nao?

=]

Proportional Gain

O——] o

Integral Gain

Integrator

Filter Coefficient

Derivative Gain

S

Filter

A. Khéi PID controller

B. Khéi quan tinh

C. Khéi dao ham

D. Khéi tich phan

Bai tap cudi chwong

Bai 1: Cho dbi tuong c6 mé hinh khong gian trang thai, véi cac ma tran A, B, C, D
duoc cho nhu sau :

0 0,3 0
A = B =
[—0,5 —0,2} M
c=[0 1] D =[0]
Xay dyng mo hinh mé phong dbi twong trén simulink véi tin hiéu vao c6 dang Step

Bai 2: Cho dbi tugng c6 mé hinh khéng gian trang théi, vai cac matran A, B, C, D

duoc cho nhu sau :

Al os 0z) °7a
c=[0 1] D =[0]

Xay dyng mo hinh mé phong dbi twong trén simulink véi tin hiéu vao c6 dang
Constant.

Bai 3: Cho dbi tuong c6 mé hinh khdng gian trang thai, vai cac ma tran A, B, C, D
duoc cho nhu sau :
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Az[—c?,s —06,32} Bzm

c=[0 1] D=[0]

Xay dung mé hinh mé phong hé théng diéu khién dbi twong trén sir dung bo diéu
khién PID trong simulink véi tin hiéu vao c6 dang Step

Bai 4: Cho dbi twgng c6 md hinh khéng gian trang thai, voi cac ma tran A, B, C, D
duoc cho nhu sau :

0 0,3 0
A = B =
o5 o2 s
c=[0 1] D=[0]
Xay dyng mo hinh mé phong hé théng diéu khién dbi twong trén sir dung bo diéu
khién PID 2 bac trong simulink véi tin hiéu vao c6 dang Step
Bai 5: Cho dbi tugng c6 md hinh ham truyén nhu sau :

10s+3

W(s)=——
(5) s +3s+1

Xay dyng mo hinh mé phong hé théng diéu khién dbi twong trén sir dung bo diéu
khién PID trong simulink véi tin hiéu vao c6 dang Step
Bai 6: Cho di tugng c6 mo hinh ham truyén nhu sau :

10s+3

W(s)=—5—
(s) s +3s+1

Xay dung mo hinh md phong hé théng diéu khién dbi twong trén sir dung bo diéu
khién PID 2 bac trong simulink véi tin hiéu vao cé dang Step

Bai 7: Cho 10 nhiét dién tré' c6 ham truyén dat nhu sau:

Ke™

Wi(s)=
(5) Is+1

Véi K=150,T1=3000,T,=50. St dung bo diéu khién PID trong Matlab/Simulink dé
diéu khién ddi tugng trén.
Bai 8: Cho hé thdng c6 so dd khdi nhu sau:

W1 =s/(s-1) ;W2=1/(s-1);

10s+3

W3=o— >
S +3s+1
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W4 = 1/(s+2)
W5 = 4

Y

)

W4

A

W5 (=

Xéc dinh dap @ng caa hé thdng trén véi tin hiéu vao c6 dang Constant.

Bai 9: Cho hé thong c6 so dd khdi nhu sau:

W1=s/(s-1) ;W2=1/(s-1);

w3 10s+3
s°+3s+1

W4 = 1/(s+2)

W5 =4
X

W1 —= W2 W3
+
(-)
Wy =
W5 (=

Y

Str dung b diéu khién PID trong Matlab/Simulink dé diéu khién hé thong trén.

Bai 10 : Cho 10 nhiét dién tré cd ham truyén dat nhu sau:

Ke ™

Wis)=
() Is+1

Véi K=150,T1=3000,T>=50. Str dung bd diéu khién PID 2 bac trong Matlab/Simulink

dé diéu khién déi tuong trén.
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Chuwong V: KIEN THUC CHUNG VE MO HINH HOA VA MO PHONG
HE THONG
Noi dung chinh cua chuong

Chuong 5 gitp sinh vién nim dugc nhiing kién thirc chung vé mé hinh héa va
md phong hé thong.

Muc tiéu can dat dwoc Ciia chuong

Sinh vién hiéu duoc cac khai niém va phan biét cac loai mé hinh, di twong va
hé thdng nim dugc phwong phap thuc hién nghién ciru mot déi twong hay hé thdng
bang phuong phap mé phong.

Bai 6: Kién thitc chung vé mé hinh hoa v phéng hé thong (s6 tiét: 3 tiét)
5.1. M6 hinh héa hé thong
5.1.1. Khai niém cua mo hinh hoa

Khai niém mé hinh hoa dugc phét biéu nhu sau:

“Mo hinh héa 1a phwong phép xay duyng mé hinh toan hoc ctia hé thong bang cach
dwa vao céac quy luat vat ly chi phéi hoat dong cua hé thong”.

Céc phuong phap xay dung md hinh cua hé thdng chia ra 1am hai loai:

Phuong phap 1y thuyét;
Phuong phap thuc nghiém (nhan dang).

Phuong phap 1y thuyét 1a phwong phap thiét 1ap m6 hinh dya trén cac dinh luat
cd san vé quan hé vat ly bén trong va quan hé giao tiép bén ngoai giira hé thong voi moi
truong bén ngoai cua hé théng. Cac quan hé duoc md ta theo quy luat Iy —héa, quy luat
can bang ... dudi dang cac phuong trinh toan hoc.

M6 hinh hoa la thay thé ddi twong goc bang mot mo hinh dé thay thé nham céc
thu nhan thong tin quan trong vé déi tugng bang cach tién hanh cac thuc nghiém trén
mo hinh. Ly thuyét xay dung mé hinh va nghién ciru mé hinh dé hiéu biét vé déi twong
g6c goi ly thuyét mé hinh hoa.

Vay phuong phap mo hinh hoéa chinh 1a phuong phéap thudc loai phuong phap 1y
thuyét va n6 chi duoc &p dung khi ta da biét rd cau tric cua hé thdng va cac quy luat vat
ly chi phéi hoat dong cuia hé théng.

Trong mot s6 truong hop ma & do6 sy hiéu biét vé cac quy luat bén trong hé thong
va mdi quan hé giita hé théng véi moi trudng bén ngoai khong duoc day du dé co thé
xay dung duoc md hinh hoan chinh, nhung it nhat n6 cé thé cho ta biét dwgc cac théng
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tin ban dau vé dang mo hinh dé khoanh viing cac mé hinh thich hogp cho hé théng. Bé
xay dung duoc mot md hinh hoan chinh trong trudng hop nay thi tiép theo ngudi ta ap
dung phuong phép thuc nghiém dé hoan thién nét qua trinh xay dung mé hinh hé théng.

Néu cac qua trinh xay ra trong mé hinh déng nhét (theo cac chi tiéu dinh trudc)
V6i cac qua trinh xay ra trong ddi tueong gdc thi ngudi ta ndi raing mé hinh dong nhat véi
d6i twong. Lac nay ngudi ta co thé tién hanh cc thyc nghiém trén mo hinh dé thu nhan
thong tin vé ddi tugng. Ly thuyét cling nhu thyc nghiém ciing da chimg minh duoc rang
ching ta chi xay dung dwgc mé hinh gan ding véi d6i tuong thue ma théi, vi trong qué
trinh mé hinh héa dbi twong thuc bao gio chiing ta ciing phai chap nhan mot s6 gia thiét
nham 1am giam b6t d6 phtc tap cua mé hinh, & mé hinh c6 thé ung dung thuan tién
trong thuc té. Mac du vay, mé hinh hoa van 1a phuong phap hitu hiéu dé con nguoi
nghién ctru dbi twgng, nhan biét cac qua trinh, cac quy luat tu nhién. Dic biét, ngay nay
Vi su tro gitp dac lyc cua khoa hoc ki thuat, nhat 1a khoa hoc may tinh va cong nghé
thong tin, nguoi ta da phat trién cac phuong phap md hinh héa cho phép xiy dung cac
md hinh ngay cang gan véi d6i twong nghién ciru, dong thoi viéc thu nhan, lya chon, xtr
ly c4c thdng tin vé md hinh rat thuan tién, nhanh chéng va chinh xéac. Chinh vi vay, mo
hinh hoa la mot phuong phap nghién ciru khoa hoc ma tat ca nhimg nguoi lam khoa hoc,
dic biét 1a cac ky su déu phai nghién ciu va eng dung vao thuc tién hoat dong caa minh.

Qué trinh md hinh héa mét hé thong vat ly hay hé thong thuc té duoc thuc hién
qua mot s6 bude nhu sau: phan tich chirc nang, phan tich vat ly va phan tich toan hoc.
Trong d6 cac budc md hinh hoa duge mo ta cu thé nhu sau:
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M6 hinh hoa

| T

PT chitc ning Cic loai hé théng vit PT toan hoc
Iy: dugc chia lam 4
loal sau ¢
¥ - l - Xa"_}r dmg hé
C6 14p hé théng Ly tuong hoa phan phuong trinh mé ta
tir vt 1y HT
PT hé théng con Quan hé gitta cdc Tuyén tinh héa
dai lvong co ban
) J l h J
Quan hé nhin qua Cac dinh luit bao Dai s6 so d6 khoi
toan

banh gia mo hinh

Hinh 5.1. M6 hinh héa

Bwoc 1: Phén tich chirc ning

Phan tich chirc ning 1a budc ma phan tich hé thong thanh cac khdi chire ning,
trong 6 mod hinh toan hoc ctia cac khéi chirc nang da biét hoic cd thé rat ra duoc dua
vao cac qua trinh vat ly.
Buwoc 2: Phéan tich vat ly

Phan tich vat ly 1a qua trinh rat ra phuong trinh toan hoc (mé hinh toan hoc) cua
cac khdi chirc nang dya vao cac qua trinh vat ly.
Buéc 3: Phan tich todn hec

Phan tich toan hoc chinh 1a qué trinh lién két cac khdi chuc ning lai véi nhau
thong qua cac lién két todn hoc, tir d6 ta co thé di xay dung duoc md hinh caa hé théng.

Phuong phap mé hinh héa chi dugc 4p dung khi ta da biét rd cau tric cua hé
thng va céc quy luat vat ly chi phéi téi hoat dong cua hé thong.
5.1.2. Vai tro ciia phirong phdp mé hinh héa hé thong

Mo hinh hoéa la mot trong nhitng phuong phap nghién cttu khoa hoc dang phat
trién va c trién vong. O giai doan thiét ké, mo hinh héa gitip nguoi thiét ké lya chon
cau trdc, cac thong s cua hé thong dé tdng hop hé thdng. O giai doan ché tao, md hinh
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hoa gitp cho viéc lra chon vat liéu va cong nghé ché tao. O giai doan van hanh hé théng,
m6 hinh hoéa gitp cho ngudi didu khién giai cac bai toan didu khién tdi vu, du doan cac
c4c trang thai cua hé thong ...
Vay phuong phap m6 hinh héa thuong dugc dung trong cac treong hop sau day:
1/ Khi nghién civu trén hé thong thire gdp nhiéu khé khan do nhiéu nguyén nhan gdy ra
nhu sau:
- Gia thanh nghién ctru trén hé thong thuc qua dit.
VD: Nghién ciu két cu tdi wu, d6 bén, kha ning chéng dao dong cua 6 t6, tau thuy,
may bay,... ngudi ta phai tic dong vao ddi tegng nghién ctu cac luc di 16n dén mac co
thé pha huy ddi twong dé tir d6 danh gia cac chi tiéu ki thuat di dé ra. Nhu vay, gia
thanh nghién ctu s& rat dat. Bang cach md hinh hoa trén may tinh ta dé dang xac dinh
duoc két cau téi uu cua céac thiét bi néi trén.
- Nghién ciru trén hé thong thyuc doi hoi thoi gian qua dai.
VD: Nghién ctru danh gia do tin cay, danh gia tudi tho trung binh cta hé thong ky thuat
(thong thuong tudi tho trung binh ctia hé théng k¥ thuit khoang 30 + 40 nam), hoic
nghién ctru qua trinh phat trién dan s6 trong khoang thoi gian 20 + 50 nam, ... Néu chd
doi quing thoi gian dai nhu vay méi c6 két qua nghién ctru thi khong con tinh thoi su
nita. Bing cach mé phong hé théng va cho “hé thdng” van hanh twong duong voi
khoang thoi gian nghién ctru ngudi ta c6 thé danh gia dugc cac chi tiéu ky thuit can
thiét ctia hé thong.
- Nghién ctru trén hé thuc anh huong dén san xuét hodc gy nguy hiém cho nguoi va
thiét bi.
VD: Nghién ctru qua trinh chdy trong 10 hoi cia nha may nhiét dién, trong 16 luyén
clanhke ctia nha may xi mang... ngudi ta phai thay ddi ché d6 cap nhién liéu (than,
dau), ting giam san luong gio cip, thay doi ap suét trong 10,... Viéc 1am cac thi nghiém
nhu vay s& can trd viéc san xuit binh thudng, trong nhiéu trudng hop c6 thé xay ra
chay, nd gay nguy hiém cho ngudi va thiét bi. Bang cach mo phong hé thong, ngudi ta
¢6 thé cho hé thé)ng “van hanh” vai cac bg thong $0, cac ché do van hanh khac nhau dé

.....

- Trong mot s truong hop khong cho phép 1am thuc nghiém trén hé thong thuec.
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VD: Nghién ctru cac hé thdng lam viéc & moi trudng doc hai, nguy hiém, duéi ham
sdu, dudi day bién, hodc nghién ciru trén co thé nguoi,... Trong nhiing trudng hop nay
dung phuong phap mé phong 1a giai phap duy nhat dé nghién ctru hé thong.
2/ Phwong phdp mé hinh héa cho phép danh gid do nhay cia hé thong khi thay doi
tham s6 hodc cau trac ciia hé thong ciing nhu danh gia phan tng cta hé thong khi thay
d6i tin hiéu diéu khién. Nhitng s6 liéu nay ding dé thiét ké hé thong hodc lya chon thong
s6 tbi wu dé van hanh hé théng.
3/ Phuwong phdp mé hinh héa cho phép nghién ciru hé théng ngay cd khi chwa c6 hé
thong thuec.

Trong trudng hop nay, khi chua c6 hé thong thuc thi viéc nghién ciu trén mo
hinh 1a giai phap duy nhat dé danh gia cac chi tiéu ky thuat cua hé théng, lra chon ciu
trdc va théng sé ti wu cua hé théng. .. ddng thoi mé hinh ciing dugc dung dé dao tao va
huan luyén.

Trong nhitng truong hop nay dung phuong phap mé phong mé hinh hoa la giai
phap duy nhit dé nghién ciu hé thong.

5.2. Poi twong, hé thong, mé hinh toin hoc
5.2.1. Déi twong ciia hé thong

Khai niém: Dbi tuong (object) 1a bao gom tit ca cac phan tir c6 thong sé ¢ dinh,
1a tit ca nhitng su vat, su kién ma hoat dong cua con nguoi ¢6 lién quan téi. Vi du nhu
dong co dién mot chiéu, dong co xoay chiéu (dong co khong dong bo, dong co dong
bo), may bién ap...

M® hinh toan hoc: Ia mot ham hop thuc chat (da thirc chat 1a da thic ¢ bac cua
tr s6 nho hon bac caa mau sb).

m m-1
as"+a, S"+..+a5+4,

G(s)=K
()=K bs"+b 5" +..+bs+hb,

(m < n)

5.2.2. H¢ thong

Hé thdng 12 tap hop cac ddi tugng trong d6 cac bién ¢ nhitng méi quan hé nhat
dinh, chung tuong tac véi nhau tao thanh tin hiéu quan sat duoc.

Ta xét mo hinh sau:
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v(t)

t
weO ’ y(®)
" Hé théng -,
— 5

Hinh 5.2. M6 hinh téng quéat hé thong

Trong d6: w(t)1a nhiéu do dugc

u(t) la tin hiéu vao
v(t) la nhiéu khong do dugc
y(t) la tin hiéu ra

Tir vi du trén, ta thay rang céc tin hiéu vao/ra quan hé vai nhau théng qua khoi
hé théng. Hé thong nay c6 thé dugc mé ta boi ham truyén dat hodc phuong trinh trang
thdi ma ching ta da dwoc hoc trong mén ly thuyét diéu khién tu dong.

CAu tric cua mot hé thdng duoc xét dya trén hai phuong dién: tir phia ngoai va
tir phia trong. Tt phia ngoai tirc 1a xét hé théng bang cach dya vao cac phan tir cdu thanh
I&n hé thdng va méi quan hé giira ching véi nhau, day goi 13 phirong phdp tiép can cdu
tric. Tir phia trong tuc 12 phan tich hé thong dua trén cac dic tinh chiic ning cta cac
phan tir cau thanh cho phép hé théng dat t6i muc tiéu da dinh trudce, d6 goi 1a phuong
phap chure nang.

Hé thong duoc phan loai theo nhiéu cach nhu 1a phén loai theo thoi gian, theo
tinh chat, theo muc dich diéu khién......Phan loai theo thoi gian c6 hé lién tuc va hé roi
rac; theo tinh chat hé théng c6 hé thong dong va hé théng tinh, ngoai ra con ¢ hé co
tham sé va hé khéng tham sé. ..

Theo tinh chat cua hé théng chia thanh 2 loai, d6 1a hé thong dong va hé thdng
tinh. Trong d6 cac hé thong duoc khai niém nhu sau:

Hé thong tinh 13 hé théng ma tin hiéu ra chi phu thudc vao tin hiéu vao o thoi diém hién
tai ma khdng phu thudc bat ct tin hiéu nao khac.

Hé thong déng (Dynamic System) 1a hé thdng trong d6 tin hiéu ra khong chi phu thudc
vao tin hiéu vao ¢ hién tai ma con phu thudc vao tin hiéu ra va tin hiéu vao trong qua
kh.
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Nhu vay, di véi hé thong dong thi tin hiéu ra khéng chi phu thugc vao tin hiéu
vao ma con phu thudc vao tin hiéu nhiéu hoic tin hiéu vao & qua kh.

Nhu da duoc néu ¢ trén, cac tin hiéu vao va ra caa mot hé thdng quan hé véi
nhau, quan hé vao ra cia hé théng c6 thé md ta duoc bang phwong trinh vi phan (hé lién
tuc) hodc phuong trinh sai phan (hé roi rac), ham truyén dat, phuong trinh trang théi.

Déi véi hé thdng lién tuc theo thoi gian, mdi quan hé gitra tin hiéu vao u(t) va tin
hi¢u ra y(t) dugc mo ta boi phuong trinh vi phan:
dny dn 1y dn—zy dly
bn_dtn + b,_4 din- T + b,,_ Z—dt"_z +... +b1ﬁ
d™x d™ 1x dx
amdtm+am1dtm1+ +a1d Qg

Déi vai hé thdng roi rac theo thoi gian, duoc md ta boi phuong trinh sai phan:

bny(t—n)+bn_1y(t—n+l)+...+b1y(t) = amx(t—m)+a X t—m+1)+...+alx(t—1)+x(t)

n—l(

Di véi mot hé théng thuc, c¢6 hai phuong phap co ban dé nghién cau thuc
nghiém: Nghién ctu trén hé thuc va nghién ctu trén mé hinh. Néu nghién cau thuc
nghiém trén hé thuc thi cho ta céc sé liéu khach quan, trung thuc nhung phai tién hanh
cac qua trinh 1ay mau thong ké, udc luong tham sb, xir Iy dit liéu,... Tuy nhién, viéc
nghién ciru mot s hé thdng thuc con gap kho khin nhu 1a: gia thanh nghién ciu cao,
doi hoi thoi gian nghién ctiu dai, c6 kha nang gay nguy hiém cho nguoi va thiét bi khi
nghién ctu, ngoai ra mot sb truong hop khong cho phép nghién ciru... Vi vay, trong
trrong hop nay thi nghién ciru thuc nghiém dya trén cac moé hinh 1a phuong phap co
nhiéu trién vong nhét va cac hé théng pho bién hién nay hé théng dong.

5.2.3. Mo hinh, mo hinh toan hoc
5.2.3.1. M@ hinh cua hé thong

a. Khai niém vé mé hinh (Model):

M6 hinh cia mot hé thdng 1a quan hé gia thiét (assumed relationship) giira cac
tin hiéu quan sat duoc cua hé thong do.

Nhin chung cac hé thdng thuc cé tinh phirc tap hay cac ddi twong thuc c6 cu
trdc phuc tap ma thudc loai hé thdng 16n thi mé hinh cua chung ciing duoc liét vao loai
hé thong Ién va c6 nhitng dic diém co ban sau:
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1. Tinh myc tiéu: tdy theo yéu cau nghién cau co thé c6 md hinh chi c6 mot muc
tiéu 1a dé nghién cru mot nhiém vu cu thé nao d6 hodc mé hinh da muc tiéu nham khao
sat mot sb chirc nang, dic tinh cia d6i tuong thuc.

2. B¢ phirc tap: Do phirc tap thé hién ¢ cau tric phan cap caa mé hinh, cac méi
quan hé qua lai cua cac hé théng con véi nhau va gitra hé thong véi méi truong 1am viéc
cua hé thong.

3. Hanh vi cia mé hinh:Hanh vi cia mé hinh 13 con dudng dé mo hinh dat toi
muc tiéu dé ra. TUy thudc vao hanh vi cua hé théng, nguoi ta c6 thé phan ra hé thdng
lién tuc hodc gian doan. Khi nghién ctu hanh vi cia mé hinh ngudi ta biét duoc xu thé
van dong cua ddi tuong thuc.

4. Tinh thich nghi: Tinh thich nghi chi cd ¢ hé thdng cap cao, hé thdng cd thé
thich nghi vai sy thay doi cua cac tac dong vao hé thdng. Tinh thich nghi thé hién & kha
nang md hinh phan anh dugc cac tic dong cua méi trudng téi hé thdng va kha ning giir
6n dinh ciia mo hinh khi céc tic dong thay doi.

5 Tinh diéu khién dwoc:Ngay nay nhiéu phuong phép tu dong hoa da dugc ung
dung trong md hinh héa hé théng. Sir dung cac phuong phap lap trinh ngudi ta c6 thé
diéu khién mé hinh theo mot muc tiéu dinh trudc, thuc hién giao tiép gitra nguoi véi mo
hinh dé thu nhan thong tin va ra quyét dinh diéu khién.

6. Khd ndng phat trién ciia mo hinh: Khi tién hanh mé hinh hda hé théng bao gio
cling xuat hién bai toan nghién ctu su phat trién cua hé théng trong tuong lai. Vi vay
mé hinh phai ¢ kha niang mé rong, thu nap thém cac hé thong con, cé thé thay doi cau
trdc cho phi hop véi su phét trién caa hé thong thuc.

7. D¢ tin cdy — PG chinh xac: M6 hinh hoa 1a thay thé déi twong thuc bang mo
hinh cua né dé thuan tién trong viéc nghién ciu. Vi vay mé hinh phai phan anh trung
thue duoc céc hién tuong xay ra trong d6i tuong. Céc két qua thuc nghiém trén mé hinh
phai c6 do tin cay va do chinh xéac thoéa man yéu cau dé ra.

b. Phan logi mo hinh h¢ thang

Phan loai md hinh dya vao nhiéu yéu té khac nhau. C6 thé liét ké ting cap mo
hinh nhu sau:

M@ hinh tién dinh — M hinh ngau nhién
M0 hinh tinh — M hinh dong
M® hinh tuyén tinh — M6 hinh phi tuyén
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M® hinh lién tuc - M6 hinh gian doan
M® hinh vat ly — M hinh toan hoc
M® hinh giai tich — M& hinh mé phong
Tuy nhién, c6 thé chia cac cap md hinh trén theo hinh 1.1. Theo cach nay mé
hinh chia thanh hai nhom: mé hinh vat ly va mé hinh toan hoc hay con goi la mé hinh

trou tuong.
Mo hinh hé thong
Mo hinh vat 1y Mo hinh toan hoc
Mo hinh thu nho Mo hinh twong tu | | Mo hinh giai tich Mo hinh so

e L

Mo hinh mo phong

Hinh 5.3. So d6 phan logi mé hinh
M6 hinh vat 1y 13 mé hinh duoc cAu tao boi cac phan tir vat ly. Cac thudc tinh cua
d6i tuong phan anh cac dinh luat vat ly xay ra trong md hinh. Nhém mé hinh vat Iy duoc
chia thanh mé hinh thu nho va mé hinh tuong tu.

M6 hinh vat ly thu nho cé ciu tao giéng ddi twong thuc nhung c6 kich thudc nho
hon cho phu hop véi diéu kién ciia phong thi nghiém. Vi du, nguoi ta ché tao 10 hoi cua
nha may nhiét dién c6 kich thudc nho dit trong phong thi nghiém dé nghién cau cac ché
d6 thiy van cta dap thay dién. Uu diém cua loai mé hinh nay 1a cac qua trinh vat ly xay
ratrong mé hinh gidng nhu trong ddi twong thuc, ¢d thé do luong quan st cac dai lwong
vat Iy mot cach truc quan véi do chinh xac cao. Nhuoc diém caa md hinh vat ly thu nho
1a gia thanh dat, vi vay chi sir dung khi thuc sy can thiét.

M6 hinh vat 1y tuong ty duoc cau tao bang cac phan tu vat ly khdng giong véi
d6i tugng thuc nhung cac qua trinh xay ra trong mé hinh tuvong duong véi qua trinh xay
ra trong ddi twong thuc. Vi dy, c6 thé nghién ctru qua trinh dao dong cua con lic don
bang mé hinh twong ty 12 mach dao dong R-L-C vi qua trinh dao dong diéu hoa trong
mach R-L-C hoan toan twong tu qua trinh dao dong diéu hoa cua con lic don, hoic
ngudi ta co thé nghién ctru duong day tai dién bang moé hinh twong ti 1a mang bon cuc
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R-L-C. Uu diém cua loai md hinh nay I gia thanh ré, cho phép ching ta nghién ctu
mot sb dic tinh cha yéu caa ddi tuong thuc.

M® hinh toan hoc thudc loai mé hinh triru twong. Cac thudc tinh dugc phan anh
bang céc biéu thirc, phwong trinh toan hoc. M@ hinh toan hoc duoc chia thanh mé hinh
giai tich va md hinh s6. M6 hinh giai tich duoc xay dung béi cac biéu thuc giai tich. Uu
diém cua loai md hinh la cho ta két qua rd rang, tong quat. Nhuoc diém cia md hinh
giai tich 1a thuong phai chdp nhan mot sé gia thiét don gian hoa dé cd thé biéu dién dbi
tuong thuc bang céc biéu thire giai tich, vi vay loai mé hinh nay chu yéu duoc dung cho
c4c hé tién dinh va tuyén tinh.

M6 hinh sé duoc xay dung theo phuong phap sd tuc 1 bang cac chuong trinh
chay trén may tinh s6. Ngay nay, nho sy phat trién cua ki thuat may tinh va céng nghé
thong tin, ngudi ta da xay dung duoc cac md hinh sé c6 thé md phong dugc qué trinh
hoat dong cua ddi twong thuc. Nhitng mé hinh loai nay dugc goi 1a mé hinh méd phong.
Uu diém ciia md hinh mé phong 1a c6 thé mé ta cac yéu té ngau nhién va tinh phi tuyén
cua ddi tuong thyuc, do d6 md hinh cang gan véi d6i twong thuc. Ngay nay, mo hinh md
phong duoc tng dung rat rong rai.

C6 thé cin cir vao cac dic tinh khac nhau dé phan loai mé hinh nhu: mé hinh tinh
va mo hinh dong, md hinh tién dinh va mé hinh ngau nhién, mé hinh tuyén tinh va mé
hinh phi tuyén, mé hinh c6 thong sé tap trung, moé hinh cé thong sé dai, mé hinh lién
tuc, mo6 hinh gian doan, ...

c. Cac tinh chdt co bdn ciza mo hinh

1. Tinh dong nhat: M6 hinh phai dong nhat véi d6i tuong ma né phan anh theo
nhitng tiéu chuan dinh trudc.

2. Tinh thyc dung: C6 kha nang sir dung mé hinh dé nghién ciu dbi tugng. RO
rang, dé tang tinh d6ng nhat trong mé hinh phai dua vao nhiéu yéu té phan anh day du
cac mat cua dbi twong. Nhung nhu vay nhiéu khi md hinh tré nén qué phuc tap va cong
kénh dén ndi khdng thé dung dé tinh toan dugc nghia 13 mat di tinh chat thuc dung cua
md hinh. Néu qua chd trong tinh thuc dung, xay dung mé hinh qua don gian thi sai léch
gitta md hinh va ddi tuong thuc sé 16n, diéu d6 sé dan dén két qua nghién ciru khong
chinh xac. Vi vay, tly thuoc vao muc dich nghién ciru ma nguoi ta lya chon tinh dong
nhét va tinh thuc dung cia md hinh méot cach thich hop.

Mt s6 nguyén tic khi xay dung mé hinh cia hé théng:
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Viéc xay dung md hinh phu thudc vao dic diém cua hé théng thuc, vi vay kho cé
thé dua ra nguyén tic chit chg, chi c6 thé dua ra nhitng nguyén tic c6 tinh dinh huéng
cho viéc xay duyng mé hinh. Sau day 1a mot sb nguyén tac:

1.Nguyén tdc xay dung so do khoi

Nhin chung hé théng thuc 1a mét hé thdng 16n phic tap, vi vay tim cach phan ra
thanh nhiéu hé théng nho, mdi hé théng nhé dam nhiém mét sé chire ning cua hé thong
|6n. Nhu vay mdi hé thong con duogc biéu din bang mét khéi, tin hiéu ra cua khéi truée
chinh 14 tin hiéu vao cua khéi sau.

2. Nguyén tdc thich hop

Tuy theo muc dich nghién ctru ma ngudi ta lua chon mot cach thich hgp gitra tinh
ddng nhat va tinh thuc dung cia mé hinh. Ching ta c6 thé giam bt mot s6 chi tiét khéng
quan trong dé 1am giam tinh phuc tap va viéc giai cac bai toan trén mé hinh dé& dang
hon.

3. Nguyén tdc vé tinh chinh xac

Y&u cau vé do chinh xac phu thudc vao muc dich nghién ctru. O giai doan thiét
ké tong thé, do chinh xac khong doi hoi cao nhung khi thiét ké nhitng phan cu thé thi do
chinh xac ciia md hinh phai dat duoc yéu cau dé ra can thiét.

4. Nguyeén tdc tong hop

Tay theo muyc dich nghién ctu ¢ thé phan chia hoic t6 hop cac bo phan cia mo
hinh lai véi nhau. Vi du khi mé hinh héa mét phan xuéng dé nghién ctu qué trinh san
Xuit san pham thi ta coi cac may moc la thuc thé ciia n6. Khi nghién ciru céc qua trinh
diéu khién nha may thi ta to hop phan xudng nhu mét thuc thé cua toan nha may.
5.2.3.2. M6 hinh toan hoc cua hé thng
a. Khai nigm mé hinh toan hoc

M6 hinh todn hoc 1 céc biéu thirc todn hoc md ta quan hé vao ra cua hé thong.
Cac md hinh toan hoc duoc xay dung bang céc cach sau:
M® hinh héa (System Modeling) hay goi 1a phuong phap mé hinh hop tring (White- box
model).
Nhan dang hé théng (System Identification) hay goi 1a phwong phap mé hinh hop den
(Black- box model).
Két hop mé hinh héa va nhan dang hé thdng hay goi 1a phuong phap mé hinh hop xam
(Gray-box model).
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b. Cac logi mé hinh toan hec

M6 hinh toan hoc bao gém c6 céc loai nhu sau:

M6 hinh trong mién thoi gian — M6 hinh trong mién tan sb
M6 hinh lién tuc — M hinh roi rac

M6 hinh tuyén tinh - M6 hinh phi tuyén

M6 hinh tham sé - M hinh khéng tham sé...

Ung dung ctia mé hinh: mé hinh dugc (ng dung trong rat nhiéu cac linh vuc khac
nhau véi cac muc dich khac nhau. Mot s6 céc tng dung ma moé hinh dwoc sir dung nhu
la:

Thiét ké hé thdng

Mo phong

Du bao

Do luong

Phét hién, chuan doan 1i

Tbi vu hoa

5.2.4. Cdu trdc hé théng va mai lién hé ngiroc
5.2.4.1. Cu tric hé thong

Mot hé théng DKTP (diéu khién tu dong) bao gébm nhiéu phan tir khac nhau va
duoc phan & nhiéu vi tri khac nhau, phu thugc vao yéu cau cua thiét bi céng nghé.

Cau trdc cta mot hé thong diéu khién co ban gom c6 ba thanh phan chinh: bo
diéu khién, d6i twong diéu khién va khau phan hoi.

Cau tric caa mot hé thong diéu khién cong nghiép thong thuong géom c6 9 thanh
phan co ban. Sau day 1a so do khéi ciia mot hé thong diéu khién trong cong nghiép thong
thuong:

— ! 9 - 1 - 2 ﬁ

3

Hinh 5.4. Sor do khoi hé thongdiéu khién cong nghiép
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Md ta chire niing caa ting khéi:

Thiét bi cong nghé(1): c6 thé I1a khdng gian 16 gia nhiét, mot budng phan ¢ng,
mot 6ng dan va ciing co6 thé 12 ca mot con tau, budng 16 hoi nha may nhiét dién, mot
bang tai trong day chuyén...

Thiét bi do lwong (2): 1a thiét bi cam bién dung dé do cac dai luong vat li, cac dai
lwong can diéu chinh c6 thé 1a mét tin hiéu nhiét 46, 4p suat, luu luong,. ...

Bo chuyén doi (3): Thuong la cac bo chuyén doi tin hiéu khong dién thanh tin
hiéu dién, tin hiéu dién thanh tin hiéu dién hoic nguoc lai. Bo (3) co thé 1a bo chuyén
d6i cong huong tin hiéu, tin hiéu ra caa né thuong 14 tin hiéu dién xoay chiéu hoic tin
hiéu chuyén dién 4p maot chiéu hoac tin hiéu chuyén dong dién: 0=5 mA; 0= 20mA; 4

+ 20 mA hodc tin hiéu khi nén chudn 0,2 + 1kg /cm?®. Nhin chung tin hiéu ra cia b (3)

phai co cung thir nguyén véi tin hiéu chii dao (4). Gia tri ctia dai luong cong nghé can
diéu chinh duoc do bang cam bién (2) va duoc qua bd chuyén doi (3) dé chuyén doi tin
hiéu do thanh dang tin hi€u thuan lgi cho viéc gia cong. B chuyén doi tin hiéu (3) co
thé c6 hodc khong, néu tin hiéu ra ctia bo (2) phi hop véi viée gia cong thi ta khong can
phai cho qua bo (3) nira.

Tin hiéu chi dao (4): Puogc dit bang tay do cong nhan van hanh dit trong qua
trinh san xuat.

Thiét bi so sanh (5): Xac dinh gié tri sai léch e gitra dai lwong chu dao x véi dai
lrong do dugc ycua dai luong can diéu chinh: e = x — y.

Khoi chire nang (6): Co dau vao la tin hiéu e va dau ra Ia tin hiéu u tac dong lén
co cau chap hanh (8) thong qua bo khuéch dai céng suét (7).

B¢ khuéch dai cong sudt (7): Trong trudng hop cong suit dau ra khong du dap
{rng y&u cau cua co cau chap hanh (8) thi nguoi ta ding bo khuéch dai cong suat. Truong
hop cong suat dau ra u caa bo (6) dap tmg dugc céng suat caa co cau chap hanh thi bo
khuéch dai céng suat khdng can dung tai.

Co cau chap hanh (8): Thong thudng cac co cau chap hanh Ia céc loai dong co
dién nhu 1a dong co dién mot chiéu, xoay chiéu, dong co servor hodc cac loai dong co
khi nén.

Co quan diéu chinh (9): Thuong 1 cac van diéu chinh dong ning lugng hoic vat
chat cung cip cho céc thiét bi cong nghé.
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Nhiém vu mén hoc la nghién cau day chuyén cong nghé téng thé, trong d6 nguoi
kg su thuc hién thiét ké khéi (6).
5.2.4.2. Méi lién h¢ ngwoc (phdn héi — Feedback)

Méi lién hé 13 bo phan cAu thanh khong thé thiéu dugc ciia mét qua trinh didu
khién.

Dé diéu khién 6n dinh cho mét ddi twong hay tbi uvu cho mét qua trinh nao diy
thi ngoai viéc gia cong thong tin va ning lugng truyén tin (thdng tin truc tiép) thi ta phai
phan hoi am (-) hoic phan héi duong (+) & dau vao.

G1(s)

G2(s)

Hinh 5.5. M6 hinh phan hoéi (feed back)

Ta c6 cong thirc nhu sau:

6(5) - — &)
1+ G,(S).G,(s)

Trong d6: Truong hop dau (-) trong biéu thac trén 12 mach phan hoi duong; truong hop
dau (+) trong biéu thuc trén 12 mach phan hoi am.

Néu ham truyén Ga(s) = 1 thi ta c6 hé théng diéu khién vong kin véi phan hoi
don vi. Ty theo chiéu phan hoi mang dau (+) hay (-) ma ta c6 phan hoi duong don vi
hodc phan hdi am don vi.
5.3. Nhan dang hé théng
a. Khai niém: nhan dang hé théng 1a phuong phap xay dung mé hinh toan cta hé thong
dua vao dir liéu vao ra quan sat dugc.

M6 hinh nhu sau:

Hinh 5.6. M6 hinh tong quat hé thong nhdn dang
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b. Cac buéc nhan dang hé théng:

Gidng nhu nhiéu cbng viéc phat trién hé thong khac, nhan dang hau nhu bao gid
cting la mét qua trinh Iap. Nhitng budce co ban trong xay dung mo hinh thyc nghiém cho
mét qua trinh céng nghiép bao gébm cac budc sau:

Buéc 1: Thu thdp, khai thdc thong tin ban dau vé qud trinh. Vi du cac qua trinh
quan tdm, cac phuong trinh md hinh tir phan tich Iy thuyét, cac diéu kién bién va cac gia
thiét lién quan.

Buéc 2: Lwa chon phirong phap nhdn dang (truc tuyén/ngoai tuyén, vong hé hay
vong kin, chu dong/bi dong). Thuat toan ude lwong tham sé va tiéu chuan danh gia mé
hinh.

Buéc 3: Tién hanh ldy sé liéu thuc nghiém cho ting cdp bién vao/ra trén co s
phuong phap nhan dang da chon, xtr ly thd cac s6 liéu nham loai bé nhitng gia tri do
kém tin cay.

Buéc 4: Két hop yéu cau vé muc dich siz dung md hinhva kha nang ang dung cua
phuong phap nhan dang da chon, quyét dinh vé dang mé hinh (phi tuyén/ tuyén tinh,
lién tuc/gian doan...) dua ra gia thiét ban dau vé cau trac mé hinh (bac tir sé/mau sb cia
ham ham truyén dat, c6 hay khong co tré...)

Buéc 5: Xde dinh tham s6 md hinh theo phwong phaplthudt todn da chon. Néu
tién hanh theo tirg md hinh con (vi dy tirng kénh vao/ra, ting khau trong qua trinh) thi
sau d6 két hop chung lai thanh mot mé hinh tong thé.

Buéc 6: Md phong, kiém chieng va danh gig md hinh. Nhan dugc theo cac tiéu
chuan da chon, tét nhat la trén nhiéu tap dir liéu khac nhau. Néu chua dat yéu cau thi
quay lai mot trong cac budc 1-4.

Cic kién thirc lién quan dén nhin dang hé thong:

Ly thuyét tin hiéu (tin hiéu, nhiéu, nang luong, cong suat...).
Xac xuét théng ké (xac xuit, ky vong, phuong sai...).

Dai sb tuyén tinh (cac phép toan trén ma tran).

Phuong phap tinh (t6i vu hoa dung phuong phap sb).

. Vong lap nhan dang hé théng dwoc mo ta nhuw sau:
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Thi nghiém thu thap

dir ligu
> X ly dir lidu -t
Thong
tin biét —
trude vé - Chon C;l\u rt]ruc mo |
hé thong: in
cac quy
luat vat
ly, cac | Chon tiéu chuan uéc |
phat > lrong
biéu...
A
Udc lugng thong sb «—
\
- " Panh gia
B Khong t5t —> Lip lai

Khong tot —> Xét lai thong tin biét
trudc

l Tét — Chap nhan
Hinh 5.7. Qui trinh nhédn dang hé thong
5.4. M6 hinh mdy tinh va phwong phap mé phéng
5.4.1. M6 hinh hod hé thong, mé hinh may tinh va phirong phdp mé phéng

Khi c6 mot md hinh toan hoc cia mét hé théng thuc ta ¢ thé tim céc thong tin
vé hé thong bang nhiéu cach. Trong trudng hop mod hinh twong d6i don gian ta co thé
dung phuong phap giai tich, nguoc lai thi ta phai dung phuong phap sb.

Trude day phuong phéap giai tich to ra hitu hiéu dugc dung dé mé hinh hda hé
théng. Tuy nhién mdy tinh ciing di gitp cho viéc tinh toan thuan loi nhu ting khéi luong
tinh toan, giam thoi gian tinh...nhung ban than phuong phéap giai tich ciing gap nhiéu
kho khan khi mo ta hé théng nhu thuong phai chap nhan nhiéu gia thiét dé don gian hoa
mo6 hinh, do dé két qua nghién ciru c6 d6 chinh xac khéng cao.

Ngay nay bén canh phuong phap giai tich ndi trén, phuong phdp md phdéng
(Simulation) duoc phat trién manh va ing dung rat rong rai. Cac mé hinh duoc xay dung
dua trén phuong phap mo phong duogc goi 1a mé hinh mé phong (hay con goi la mé hinh
s6). Phuong phap moé phong cho phép dua vao mé hinh nhiéu yéu té sat véi thuc té.
DPong thdi md hinh giai trén may tinh cho tbc do nhanh, dung luwong 16n, do d6 két qua
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thu dugc c6 d6 chinh x4c cao. Vi vy phuong phap mé phong da tao diéu kién dé giai
cac bai toan phirc tap nhu bai toan m6 hinh héa cac hé théng 16n, hé thdng ngiu nhién,
hé théng phi tuyén c6 cac thong sd bién thién theo thoi gian.

Phuong phap mé phong dic biét hiru hiéu khi can mé hinh héa céc hé théng Ién
ma dic diém co ban caa nd 1a c6 cau tric phan cap, giita cac hé thng con va hé thong
diéu khién c6 tac dong qua lai v6i nhau. Ngoai ra n6 ciing hitu hiéu khi mé phong céc
hé thdng c6 tinh ngau nhién, hé théng phi tuyén.

Phuong phap mé phong duoc tmg dung dé mé hinh hoa trong nhiéu linh vuc khac
nhau nhu: k¥ thuat, kinh té, x3 hoi, ...Dac biét 1a cac hé théng 16n phtc tap, cé nhiéu
yéu t6 ngau nhién tac dong. Ngay nay nho sy phat trién cta k¥ thuat may tinh va cong
nghé thong tin ma phuong phap mo hinh héa va mé phong phat trién 1én mot muc cao,
c6 kha nang:

M6 phong cac hé théng Ion phic tap, dic biét 1a cac hé théng phi tuyén, ngau nghién.
Ung dung d6 hoa ki thuat 3D, k¥ thuat tao hinh anh sinh dong dé xay dung cac chuong
trinh mé phong sinh dong truc quan rat thuan tién cho viéc nghién ciu va hién thi cac
két qua mé phong.

M6 phong cac hé théng san xuat.

M6 phong cac hé théng dich vu nhu tram sira chita 6 t6, phong kham bénh, nha hang. ...
M6 phong cac hé thong tro choi duoc ung dung linh vuc giai tri, quan sy, kinh doanh. ..
M6 phong céc hé thong dao tao nhu phong thi nghiém, 16p hoc dién tu (E -learning),
phong dao tao lai xe, ....

Nhin chung k§ thuat md hinh hda va md phong ngay cang phat trién trong linh
vuc khoa hoc ki thuat ma con phat trién trong linh vuc y té, kinh té, gido duc.....

5.4.2. Bdn chdt ciia phwong phdp mé phéng
Phuong phap mo6 phong dugc dinh nghia nhu sau:

“M6 phong la qud trinh xdy dung mé hinh todn hoc ciia hé thong thie va sau dé
tién hanh tinh todn thuc nghiém trén mo hinh dé mé ta, giai thich va dw doan hanh vi
cia hé thong thuc”.

Theo dinh nghia nay thi mé phong phai dat duoc ba diém co ban sau: Tht nhat
1a phai c6 m6 hinh toan hoc tét tirc 1a mé hinh phai ¢ tinh déng nhat cao véi hé thuc
d6ng thoi mo hinh duoc mé ta rd rang thuan tién cho ngudi sir dung. Thir hai 13 c6 kha
nang lam thuc nghiém trén mo hinh tic la c6 kha nang thuc hién cac chuong trinh may
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tinh dé xac dinh cac thong tin vé hé thuc. Cudi cing 1a kha ning du doan hanh vi cua hé
thuc tire 12 c6 thé mo ta su phét trién cua hé thuc theo thoi gian.

Phuong phap mé phong duoc dé xuat vao nhirng nam 80 cua thé ky 20, tir d6 dén
nay phuong phap mo phong da dugc nghién ctru, hoan thién, va trng dung thanh céng
vao nhiéu linh vuc khac nhau nhu linh vuc khoa hoc Ky thuat, khoa hoc x& hoi, kinh té,
yté,...

Ban chit cua phuong phap mé phong chinh 1a xay dung mot mé hinh sé (Model
Numerically), tc 1a xay dung md hinh thé hién dugc bing cic chwong trinh mdy tinh,
sau d6 tién hanh cac “thuc nghiém” trén mo hinh dé tim ra cac dic tinh caa hé thdng
dugc md phong. Sé 1an thuc nghiém vé Iy thuyét duoc ting 1én vo cing 16n. Qua trinh
m6 hinh héa duoc tién hanh nhu sau: Goi hé thong dugc md phong 1a S.

Buréc thir nhat: M6 hinh hoa hé théng S véi cac méi quan hé noi tai, thong thuong
bang céach chia hé S thanh nhiéu hé con theo cac tiéu chi nao d6 S = {S1, Sz, S, ... , Sn}.
Tiép dén md ta todn hoc cac hé con cling cac quan hé giira ching, giita cac hé con c6
mdi quan hé trao doi nang lugng va trao doi thong tin.

Buréc thiz hai: Mo hinh héa mai trudng xung quanh E, noi hé théng S lam viéc,
VvGi cac mdi quan hé tac dong qua lai gitra S va E. Khi d& ¢6 mo hinh cua S va E duoc
tién hanh cac thuc nghiém trén mé hinh, tic 1a cho S va E 1am viéc & mot diéu kién xac
dinh nao d6. Két qua thu duoc mot bo thong sé cua hé thong, hay thuong goi 1a xac dinh
duoc mot diém 1am viéc cua hé théng. Cac thuc nghiém d6 duogc 1ap lai nhiéu lan va két
qua md phong dugc danh gia theo xac sut théng ké. Két qua mé phong cang chinh xéac
néu sb lan thyc nghiém cang Ion. Vé ly thuyét buéc mo phong 1a hitu han nhung phai
da 16n va phu thudc vao yéu cau caa do chinh xac.

Mot s6 linh viec ma phuong phap mé phong da duoc ing dung trong thuc té:
Phan tich va thiét ké hé thong san xuat, 1ap ké hoach san xuat.
Danh gia phan cing, phan mém cua hé théng may tinh.
Quan 1y va xac dinh chinh sach du trir mua sam vat tu cta hé théng kho vat tu, nguyén
liéu.
Phén tich va danh gia hé thong phong thi quan su, xac dinh chién lugc phong thu, tin
cong.
Phan tich va thiét ké hé thdng thong tin lién lac, danh gia kha ning lam viéc cia mang
thong tin.
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Phan tich va thiét ké cac hé théng giao thong nhu duong sat, duong bo, duong hang
khéng, cang bién.

Pénh gi4, phan tich va thiét ké cac co so dich vu nhu bénh vién, buu dién, nha hang,
siéu thi.

Phan tich hé thong kinh té, tai chinh.

Phuong phap mo6 phong dugc ung dung vao cac giai doan khac nhau cua viéc
nghién ctu, thiét ké va van hanh cac hé thong nhu sau:

a. Phuong phap mo phong dugc tng dung vao giai doan nghién ctru, khao sat hé
thdng trudc khi tién hanh thiét ké nham xac dinh do nhay cua hé théng d6i vai su thay
d6i cau trdc va tham sé cua hé thng.

b. Phuong phap mo phong duoc tng dung vao giai doan thiét ké hé thong dé phan
tich va tong hop cac phuong an thiét ké hé thong, lua chon cau tric hé théng thoa man
cac chi tiéu cho trudc.

c. Phuong phap mo phong dugc tng dung vao giai doan van hanh hé thong dé
danh gia kha ning hoat dong, giai bai toan van hanh t6i vu, chuin doan cac trang thai
dic biét cua hé théng.

Qua trinh nghién ctiu bang phuong phap mé phong va quan hé giita hé thong thuc
véi két qua mé phong nhu hinh 5.8,

Hé thong m Mo hinh
thuc mo phong

Ket luan ve m Ket qua
hé thuc mo phong

Hinh 5.8. Qua trink nghién citu bang phwong phdp mé phéng

Tir hinh 5.8, dé nghién cau hé thong thuc phai tién hanh mé hinh héa tuc la xay
dung md hinh mé phong; khi c6 mé hinh mé phong sé tién hanh céc thuc nghiém dé thu
duoc cac két qua md phong. Thong thuong céc két qua mo phong c6 tinh triru tuong nén
phai théng qua qua trinh xt ly két qua md phong thi ching ta méi thu duoc cac théng
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tin, tir 6 di két luan vé hé théng thuc. Sau d6 dung cac thong tin, cac két luan trén dé
hiéu chinh hé théng thuc theo muc dich nghién ctru dé ra.

5.4.3. Cdc buéc mé phong hé thong

1. Muc tiéu ma
phong

-

Y

2. Thu thap dir ligu

xac dinh méd hinh
nguyén Iy

4. Mo hinh md phong

i

5. Chay thur

7. Lap ké hoach thir
nghig¢m

Y

8. Thir nghi¢m mo
phong

L J
9. Xir 1y két qua moé
phong

Y

10. 5t dung va hru
teilt két qua méd phong

Hinh 5.9. Cdc buéc mé phong hé thong
Mo phong hé théng thyc hién qua 10 bude co ban sau:
Bwéc 1:Xay dyng muc tiéu md phong va ké hoach nghién ciu
Diéu quan trong trudc khi méd phong do6 13 phai xac dinh rd muc tiéu nghién ctu

mo phong.
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Buéc 2: Thu thap dir liéu va xac dinh mé hinh nguyén ly

Tuy theo muc dich nghién ctru ma nguoi ta thu thap théng tin can thiét, cac dir
lieu ctia hé théng S va méi truong E. Trén co sé d6 di xay dung mé hinh nguyén Iy M
, md hinh nguyén Iy 1a md hinh todn hoc phan &nh ban chét caa hé théng S.

Buwdc 3: Hop thirc hda md hinh nguyén ly My

Hop thic hda mé hinh nguyén Iy 1a kiém tra tinh dtng dan, hop ly cia mé hinh.
M6 hinh nguyén Iy phai phan 4nh dung ban chit cua hé théng S va méi trudng E nhung
d6ng thoi ciing phai tién dung, khong qué phic tap cong kénh. Néu mé hinh nguyén ly
M khong dat phai thu thap thém thang tin, di lidu dé tién hanh xay dung lai md hinh.

Buwdrc 4: Xay dung mé hinh mé phong Mmp trén may tinh

M6 hinh m6 phong Mmp la nhitng chuong trinh chay trén may tinh. Cac chuong
trinh nay dugc viét bang cac ngdn ngit théng dung nhu FORTRAN, PASCAL, C*™*, hoac
cac ngdn ngir chuyén dung dé moé phong nhu GPSS, SIMSCRIPT,...

Bwéc 5: Chay thur

Sau khi cai dat chuong trinh, ngudi ta tién hanh chay thir xem md hinh mé phong
c6 phan anh ding cac dic tinh cua hé thong S va méi truong E hay khdng. O giai doan
nay ciing tién hanh sira chira cac 13i vé 1ap trinh.

Buéc 6: Kiém ching mé hinh

Sau khi chay thir nguoi ta ¢d thé kiém chimg va danh gia mé hinh mé phong c6
dat yéu cau hay khdng, néu khdng phai quay lai tir buéc 2.

Bwéc 7: Lap ké hoach thi nghiém

O budc nay phai xac dinh sé lan thir nghiém, thoi gian mé phong cua ting bo
phan hoic toan bd mé hinh. Can cr vao két qua md phong (6 budc 9), tién hanh hiéu
chinh ké hoach thir nghiém dé dat dugc két qua véi do chinh xac theo yéu cau.

Buwéc 8: Thir nghiém mo phong

Cho chuong trinh chay thir nghiém theo ké hoach da dugc lap ¢ bude 7. Pay 1a
budéc thuc hién viéc mo phong, cac két qua Iy ra tir budc nay.

Buée 9: Xir Iy két qua

Thir nghiém mé phong thuong cho nhiéu dit liéu c6 tinh thong ké xac suat. Vi

vay, dé c6 két qua cudi cling véi do chinh xéac theo yéu cau, can phai thuc hién viéc xir
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ly cac két qua trung gian. Budc xir Iy két qua déng vai trd quan trong trong qué trinh md
phong.
e Budc 10: St dung va luu trir két qua

Str dung két qua md phong vao muc dich di dinh va lvu giit dudi dang céc tai
liu dé c6 thé sir dung nhiéu lan.

5.4.4 Mét s6 méi truong mé phong thuwong gdp

- Matrix/ System Build - LabView - Pascal
- Easy 5 - VisSim
- Matlab/ Simulink - Tutsim

Bai tap cudi chwong

Bai 1. Cho mét sb vi du vé mo hinh vat ly twong tu va mo hinh vat 1y thu nho?

Bai 2. Mot sb kho khan thudng gap khi tién hanh nghién ctru trén cdc mé hinh thuc té
la gi? Cho vi du minh hoa.

Bai 3. Cac budc tién hanh moé phong hé thong? Co may loai mo hinh?
Bai 4. Néu tim quan trong ctia md hinh hoa? Tai sao phai mo hinh héa hé thong?

Bai 5. Trinh bay ban chat va phuong phap nghién ctru bang mé phong cho vi du minh
hoa?

Bai 6. Kho khan khi tién hanh nghién ctru trén cac hé théng thyc sau 1a gi?
Hé thong 10 hoi trong nha may nhiét dién

Hé thdng thap chung cat

Hé théng dudng day tai dién cao 4p

Bai 7: Khi nghién ctru trén hé théng thuc gap nhiéu khé khin nao cho vi du cy thé?
Bai 8: Trinh bay vai tro cua phuwong phap mé hinh hoa hé théng.

Bai 9: Néu dic diém va phan loai caa mé hinh vat Iy va md hinh toan hoc. Loai md
hinh nao duoc st dung dé mé phong vi sao?

Bai 10: Khai niém vé nhan dang hé thdng trinh bay cac budc tién hanh nhan dang hé
théng.

Bai 11: Trinh bay cac budc khi tién hanh mé phong hé thong.
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Ciau héi tric nghiém
Cau 1: Qué trinh mé hinh héa mét hé théng vat ly hay hé théng thuc té duoc thuc hién
qua Cac budc nao?

a/ Phén tich chtc nang

b/ Phén tich vat ly

¢/ Phan tich toan hoc

d/ Ca 3 phuong an trén déu dung

Cau 2: Céc loai mo hinh nao sau day khong phai la mo hinh toan hoc?

a/ M6 hinh trong mién thai gian — M@ hinh trong mién tan s6
b/ M hinh lién tuc — M6 hinh roi rac

¢/M® hinh tham sé - M6 hinh khoéng tham sé. ..

d/ Mb hinh Ky tu

Cau 3: Cau trlic caa mot hé thong diéu khién co ban gom ?
a/ B¢ diéu khién

b/ Pbi tugng diéu khién

¢/ Khau phan hoi

d/ Ca 3 phuong 4n trén déu dung

Cau 4: Cac kién thirc ndo lién quan dén nhan dang hé théng?

a/ Ly thuyét tin hiéu, xac xuat théng ke, dai s6 tuyén tinh, phuong phép tinh
b/ Ly thuyét matlab, xac xuat théng ké, dai s6 tuyén tinh, phwong phap tinh
c/ Ly thuyét tin hiéu, xac xuat vong lap, dai s6 tuyén tinh, phuong phép tinh
d/ Ly thuyét tin hiéu, xac xuét thong ké, dai sd to hop, phwong phép tinh
Cau 5: C6 may budc khi tién hang md phong hé thong?

a/ 10 budc

b/ 8 budc

c/ budce

d/ 12 budc
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Chuong VI: MO TA TOAN HQC CHO CAC POI TUQNG
VA HE THONG

Noi dung chinh cua chuong

Chuong 6 giup sinh vién nim dugc phuong phap mé ta todn hoc cho dbi twong
va hé thong.
Muc tiéu can dat dwoc Ciia chuong

Sinh vién hiéu duoc cac khai niém va phuong phap xay dung md ta toan hoc
cho ddi twong va hé thdng. Ap dung xay dung mé ta todn hoc cho mot sé ddi tuong cu
thé.
Bai 7: M@ ta toan hoc cho cac ddi twong va hé thong (s6 tiét: 3 tiét)
6.1. Hé thong va céc dic tinh ciia hé thong
6.1.1. Hé thong va hé thong theo thoi gian

Hé théng duoc dinh nghia khai quat nhu sau:

“Hé thng 1a tap hop cac ddi tugng trong d6 cac bién ¢ nhitng mdi quan hé nhat
dinh, chung twong tac véi nhau tao thanh tin hiéu quan sat dugc”.

Ta xét mo hinh sau:

v(t)
wo y()
—

Hinh 6.1. M6 hinh téng quat hé thong

Trong d6: w(t) la nhiéu do duoc

u(t) 1a tin hiéu vao

v(t) 12 nhiéu khong do duoc

y(t) 1a tin hiéu ra

Khi hé théng chi c6 mét tin hiéu vao va mét tin hiéu ra thi hé thong d6 1a hé SISO

va mé hinh T cuaa hé théng 1a mé hinh SISO (Single Input Single Output). Nguoc lai hé
théng c6 nhiéu dau vao va nhiéu dau ra twong (ng s& c6 mé hinh T 1a loai MIMO (Multi
Input —Multi Output).
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C6 rat nhiéu cach dé phan loai hé théng, c6 thé phan loai hé théng theo thoi gian,
theo chtic ning, theo tinh chat dong hoc cua hé théng ...

Mot hé thong dugc goi 1a tuyén tinh khi md hinh toan hoc caa hé théng 12 anh xa
tuyén tinh tac 12 tin hiéu vao u(t) caa hé thong thoa man nguyén ly xép chong. Nho ¢é
tinh chat nay ma viéc phan tich hé théng va khao sat hé thong tré nén don gian hon. Pé
¢ dugc nhitng tinh chat cua hé thdng tuyén tinh trén co s phan tich mé hinh toan hoc
cuia nd thi ta chi can phan tich, khao sat cac dap (ng caa hé thong vai mot vai kich thich
dién hinh, vi du nhu tin hiéu kich thich 13 xung dirac 3(t) hodc xung don vi 1(t). Nhu
vay tir tinh chat caia hé thong tuyén tinh cé thé suy ra dugc tinh chat cua mot hé thong
phi tuyén nhu sau: Hé phi tuyén 12 hé ma trong d6 cac tin hiéu khong thoa man tinh chat
xép chong.

Phan loai hé théng theo thoi gian, ta cd hé thong lién tuc theo thoi gian va hé
thng gian doan theo thoi gian (hé thdng roi rac). Ty vao dang tin hiéu la lién tuc hay
roi rac ma md hinh T cua hé théng 1a mé hinh lién tuc hay mé hinh roi rac.

Phan loai hé théng theo dic tinh 1am viéc thi nguoi ta phan ra thanh hé théng
dong va hé théng tinh. Cac hé thong nay ching ta s& duogc tim hiéu trong muyc 2.2.

Pé danh gia duoc chat luong hé thong 1am viéc tot hay xau thi thong thuong
nguoi ta di xét hé thong vé mit thoi gian. Vay dé biét dugc mot hé théng lién tuc theo
thoi gian va hé thong roi rac theo thoi gian 1a nhu thé nao thi chung ta di vao khai niém
vé hé lién tuc va hé roi rac.

*Khai niém hé thong lién tuc:

“Hé thdng lién tuc 1a hé co tat ca cac tin hiéu ton tai trong hé déu lién tuc theo
thoi gian”.

Céu tric tong quat ctia hé lién tuc nhu hinh dudi day:

khién diéu khién

u(t >® e (t) B6 diéu Déi twgng (1)

Hinh 6.2. Cdu triic ciia hé thé'ng lién tuc
*\/¢i Hé thong gian doan:
“Mo6t hé thong goi 1a gian doan khi mot trong cac tin hiéu ton tai trong hé théng
khong lién tuc theo thoi gian”.
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Cau trac tong quat cua hé gian doan.

e (kT)

u(t) e (L) ADC

B¢ diéu
khién

¥(t)

Y

DAC Péi trong

Y

(ZOH)

Cambién |

Hinh 6.3. Cdu triic ciia hé thong gidn doan

Vay hé théng ma c6 tat ca cac khau lién tuc thi hé thong d6 goi 1a hé thdng lién
tuc, con hé théng nao cd mot khau dong hoc hoat dong roi rac héa thi goi 1a hé roi rac.
Hién nay, trong céng nghiép thuong sir dung céac hé thong roi rac vi nd chiu anh huong
cua nhiéu it, nhung khong vi thé ma cac hé théng lién tuc khong duoc st dung ma céc
hé thong lién tuc van dugc sir dung song song voi cac hé théng gian doan trong mot sd
linh vuc.

Cac hé dong luc hoc hay hé thdng vat Iy trén thuc té bao gom rat nhiéu loai, théng
thuong nguoi ta chia thanh 4 loai hé dong luc co ban sau:
Hé thong dién
Hé thdng co
Hé thdng nhiét
Hé thdng luu chat

Mot hé théng phuc tap c6 thé gdm nhiéu hé thong con thudc 4 loai trén. Céc phan
tir co ban cua hé thong gom:
Phén tur tro
Phén tr dung
Phéan tir cam hay quan tinh

Bién
Loai h¢ thong Luong Thé Thoi gian
Dién Dién tich Dién thé Giay
Co khi Khoang cach Luc Giay
Luu chét Thé tich Ap suit Giay
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Nhiét Nhiét nang Nhiét do Giay

Ching ta biét rang ciu tao nén hé thdng la cac phan ti vat Iy ma trén thyc té dé
xay dung duoc cac md hinh todn hoc cua hé théng hay 12 mé hinh héa hé théng thi ching
ta phai don gian héa hé théng hay chinh 1a 1y twéng hoa cac phan tir vat ly bén trong hé
théng. Cac phan tir vat ly ciu thanh nén hé théng thong thudng duoc 1y tuong hda theo
cac nguyén tic nhu sau: nguyén tic thuan hoa, nguyén tic tap trung hoa, nguyén tic ly
tuéng hoa. Nhu véy 1y teéng hda cac phan tir vat ly cua hé thong ciing chinh 13 mé hinh
hoa c4c phan tir vat 1y do.

6.1.2. Vén dé tinh va dong ciia hé thong

Mét hé théng duoc goi la tinh khi tin hiéu ra chi phu thudc vao tin hiéu vao ma

khéng phu thudc vao tin hiéu nao khac.

v(t)
w(t) l
AN — y(t)
(1) H¢ thong >

Hinh 6.4. M0 hinh ciia hé thong
o Phuong trinh mo6 ta quan hé: y = f(r,w,v)

Vi du 6.1:Xét mach khuéch dai nhu sau:

R2
R1 I

I 1}
¥ | S|

et

Hinh 6.5. Minh hoa cho vi du 6.1 - hé théng tinh/dong

Ta co:
Uy(s) = I,(s). Ry
Uy(s) = —1,(s)- R,
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U,(s) _ —1,(s).R; _ — R,
Ry

- G(s) =
Uy(s)  L(s)-Ry
Ta thay, ty s6 gitra tin hiéu ra va tin hiéu vao 1a hing sé vi thé tin hiéu dau ra chi
phu thudc vao tin hiéu vao. Vay hé thong trén 1a hé thong tinh.
Khai niém vé hé thong dong:
“Moét hé théng goi la dong khi tin hiéu ra khong chi phu thudc vao tin hiéu vao ¢
hién tai ma con phu thugc vao tin hiéu vao, tin hiéu ra trong qua kha”.

o M6 hinh tong quat cua hé thong dong nhu sau:
l v(t)
w(t)
—»r(t) Hé théng v >

r(t+1)

Hinh 6.6. M6 hinh tong qudt ciia hé thong déng
Phuong trinh mé ta méi quan hé:y = f[r(t),r(t+1),w(t),v(t)]

6.1.3. Vin dé tré

Céc ddi twong diéu khién co tré trong céng nghiép thuong gap nhiéu trong cac
linh vuc cong nghiép, quan su, giao thong...Thong thuong khi thiét ké bo diéu khién
thuong xap xi chung hoic co thé dung cac bd diéu khién du bao theo cac tiéu chuan nhat
dinh.

Phuong trinh mo6 ta: y(t) = r(t-t)

Theo phuong trinh trén, ta c6 cac phuong trinh Xap xi nhu sau:

1/ Phuong trinh Xap xi theo phwong phap Maclorank :

s 1
Ts+1

€

6.1.4. Vin dé tuyén tinh héa
Hau hét md hinh toan hoc xay dung bang phuong phap ly thuyét cho cac qua
trinh thuc déu chira phuong trinh vi phan phi tuyén. Nhung cho dén nay, da sb phuong
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phap phan tich va thiét ké diéu khién déu dua trén md hinh tuyén tinh. Ngay ca mét sé
phuong phap phi tuyén ciing khéng loai trir hoan toan sir dung mé hinh tuyén tinh, it ra
la dé lam co s& so sanh va kiém ching chit luong. Vi thé néu muc dich sir dung mé hinh
la sir dung cho muc dich phan tich hé théng, thiét ké sach lugc va thuat toan diéu khién,
thi viéc tuyén tinh hoa mé hinh truéc hay sau ciing can thiét. C6 ba phuong phéap tuyén
tinh héa co ban hay dugc st dung la:

- Tuyén tinh hoa xung quanh diém lam viéc (phai la mot diém cén bang) ap dung
phép khai trién Taylor, két qua 1a mot mé hinh tuyén tinh xap xi c6 gia tri st dung tai
lan can diém lam viéc.

- Tuyén tinh hoa thong qua phép bién doi don thuan, két qua cé thé la mot md
hinh tuyén tinh hozc mot mé hinh “it phi tuyén” hon, nhung hoan toan twong duong vai
mo hinh ban dau.

- Tuyén tinh hoéa chinh xac sir dung phan héi, két qua 1a moét mé hinh mé rong
tuyén tinh.

Trong ba phuong phap trén thi tuyén tinh héa xung quanh diém lam viéc ap dung
phép khai trién Taylor 1a ¢ kha nang ung dung da nang va don gian nhat. Doi véi cac
hé thdng diéu khién qua trinh, diém lam viéc it thay d6i hoac thay doi rat cham, vi thay
phép khai trién Taylor phut hop cho dai da sb ting dung. Trong trudng hop hé thong co
do6 phi tuyén 16n, ta co hai cach giai quyét don gian:

- Ap dung mot s6 phép d6i bién quen thudc (vi du lay ti 1¢, tich, Iy thira...) nham giam
d6 phi tuyén, trude khi ap dung tuyén tinh hoa véi phép khai trién Taylor.

- Chia dai lam viéc caa hé thong thanh nhiéu pham vi nho va thuc hién tuyén tinh héa
xung quanh cac diém lam viéc tuong ung.

M® hinh caa cac qua trinh cong nghiép ma ta quan tdm thong thuong chi bao gom
phuong trinh vi phan cap 1 va phuong trinh dai s6, nén nhiing bién trang thai dwoc chon
cling chinh Ia cac bién ra can diéu khién. Viéc tuyén tinh hoa s& don gian hon néu tién
hanh véi timg phuong trinh mé hinh, dac biét khi mot so6 phwong trinh da tuyén tinh.
Chu y rang, phép tuyén tinh hoa xung quanh diém lam viéc cho ta biéu dién vai cac bién
chénh léch. Vi thé, tir md hinh tuyén tinh héa ta c6 thé dan xuat ngay ra mé hinh ham
truyén dat.

6.2 Cac dinh luat vat Iy 4p dung trong hé thong

6.2.1. Nhdc lai cdc phan tir co ban

6.2.1.1. Cac phan tir co ban cua hé dong luc hoc bao gom:
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- Phan tir dién tro
- Phan tir dién dung
- Phan ttr dién cam

6.2.1.2. C4c bién co ban bao gém:
- bién luong q [C]
- Dién thé u [V]
- Cuong do dong dien 1 [A]

Ta c6 bang sau md ta cac bién trong cac loai hé thong khac nhau:

Loai hé théng Bién
Luong Thé Thoi gian
bién bién tich bién thé Giay
Co khi Khoang cach Luc Giay
Luu chét long Thé tich Giay
Nhiét Nhiét nang Nhiét do Giay

6.2.1.3. Céc bién khac nhau duoc dinh nghia trén céc bién co ban:

- Cwong dg dong: 1a bién thién lugng trong mot don vi thoi gian (hay goi tat la
su bién thién luong)

- COng suat:cong suat = thé * cuong do dong

- Pinh nghia phan tir tro: tro 1a dai luong dic trung cho kha nang chéng lai sy
dich chuyén co hoc hay dong vat chat ning luong. “Tré duwoc do bang thé can thiét dé
chuyén 1 don vi lwong trong mét don vi thoi gian”.

- Dinh nghia phan tir dung: “Dung biéu dién mdi quan hé gitra lugng va thé. Dung
dugc do bang luong can thiét cho thé bién thién mot don vi”.

lwong

d =
ung the

Thé = @ [( cwong d6 dong dién)dt

- Pinh nghia phan ta cam: cam hay quan tinh 1a dai luong dic trung cho kha ning
chéng lai sy thay ddi trang thai chuyén dong co hoc cua dong vat chat, nang luong.
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“Cdam dwoc do bang thé can thiét dé lam téc do bién thién cia lwong thay doi mét don

* )

Vi,

thé
- d(cwongddédong)
dt
d(cwongdodong)
dt

cam

Suy ra:thé = cdm X

6.2.2. Ly tuong héa cdc phan tir vét Iy

C4u tao nén hé théng 1a cac phan tir vat ly ma trén thuc té dé xay dung duogc cac
md hinh todn hoc caa hé thong hay 1a mé hinh hda hé thdng thi ngudi ta phai don gian
hoa hé thong hay chinh 1a 1y tuang hoa cac phan tir vat ly bén trong hé thong. Céc phan
tir vat ly cau thanh nén hé thong thong thuong duge 1y tuong hoa theo cac nguyén tac
nhu sau: nguyén tac thuan hoa, nguyén tac tap trung hoa, nguyén tac Iy tudong hoa. Nhu
vay ly tuong hoa cac phan tir vat ly cia hé thong ciing chinh 1a m6 hinh hoa cac phan tir
vat 1y d6, cac nguyén tic 1y twong hda cac phan tir vat Iy nhu sau:
6.2.2.1. Nguyén tic thuan hoa

Khi c6 mot phan tir vat ly thuc té nao do, viée dau tién dé ching ta di mo hinh
hoa dugc dbi twong vat ly thi ching ta phai nhan ra dwoc anh huong vat 1y co ban chi
phdi hoat dong cua ddi twong va sau d6 dung cac phan ti thuan dé biéu dién d6i twong
d6. Vi du chung ta di xét d6i twong 12 tu dién dwoc tng dung trong cac hé théng mach
dién thi ta thay tu dién thyc té bao gio cling gdm c6 thanh phan dién tro trong va thanh
phan dung khang ciu thanh nén. Vay c6 thé thay thé tu dién thuc bang 2 thanh phan co
ban 14 thanh phan dién tro va tu dién dé qua trinh mo hinh hoa ddi tuong ty dién dugc

-—
dién
s R % T ¢

Hinh 6.7. Ly twéng héa phan tir tu dién

don gian.

6.2.2.2. Nguyén tac tap trung hoa

Céc anh huong vat Iy thuc ludn phan bé trong mot mién hay khong gian nhat
dinh (dU nho). Cac anh huang phan b nay co thé 1y tudng hda bang cach mé hinh hoa
tap trung.
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Hinh 6.8. Ly twéng héa hé thong co hoc
6.2.2.3. Nguyén tic tuyén tinh hoa
Thong thuong tat ca cac hé thong thuc déu 1a hé phi tuyén hay hé ngau nhién nén
dé xay dung dugc md hinh toan hoc cia hé thong hay mé hinh hoa dugc hé théng thi
ching ta phai 1y firong hoa céc phan tir d6 bang cach tuyén tinh hoa.
6.2.3. Cdc phwong trinh cdn bang
Cac dinh luat bao toan khéi lugng, nang luong va xung luong 1a cac dinh luat co
ban duoc sir dung khi mé hinh hoa céc phan tir vat 1y, cac d6i tugng, cac hé thdng. Trong
c4c hé thdng dién, nguoi ta dya vao cac dinh luat Kiffhop vé dong va ap, cac dinh luat
vé vong va nut, cac dinh luat vé ning luong tir truong. ... Trong hé thdng co hoc thi nguoi
ta thuong dua vao cac dinh luat bao toan co nang, dinh luat bao toan dong nang va bao
toan thé nang...Ngoai ra con mot s6 hé thong khac nira s& dugc di tim hiéu rd hon trong
cac muc dudi day.
Phuong trinh cén bing co ban c6 dang tong quat nhu sau:
Dong tich 1ty = dong vao — dong ra
Phuong trinh trén duoc phét biéu nhu sau: “Nang lugng dong tich lily chinh bang
t6n hao nang lwong gitta dong vao va dong ra”.
Néu hé thong khdng c6 cac phan tir tich trir khdi luong, nang luong va xung lugng
thi phuong trinh trén tro thanh:
0 = dong vao — dong ra
Néu heé thong c6 phan tur tich trir khdi tugng hay xung lugng thi sy tich trir 1am
thay déi trang théai cua hé théng:
d(biéntrangthai)
dt

= dongvao — dongra
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6.2.4. Phan tich vdt Iy hé thong dién
Trong mach dién, cic phuong trinh can bang vat Iy cua hé théng dién nhu sau:
1/ Binh luat Kirchoff vé dong duoc phat biéu boi cong thirc nhu sau:
“Tong dong dién di vao bang tong dong dién di ra tai ntit d6 hay tong dai s6 dong
dién tai mot nat bang 0”.

2/ Binh luat Kirchoff vé ap duoc phat biéu boi cong thie nhu sau:

“ Trong mot vong kin thi tong dai s6 cc sut 4p bang 0”

Duya trén hai dinh co ban vé mach dién, tir d6 ta c6 hai phuwong phap giai tich
mach dién:

- Phuong phép dién thé dinh
- Phuong phap dong vong
Bang cach dua trén cac dinh lut va cac phuong phéap giai tich trong mach dién.

Vi du 6.2: Cho mach dién sau

C —/— ec(t)

Hinh 6.9. Minh hoa cho vi du 6.2
Viét cac phuong trinh mach dién cho mach trén.
Giai:
Céc phuong trinh trong mach dién la:
di(t)

Theo dinh luat Kiffhop 2 cho mach vong ta cd: e(t) = R.i(t) + L — T %f i(t)dt
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Vi du 6.3: Xét mach dién dudi day

Hinh 6.10. Minh hoa cho vi du 6.3

Theo céac dinh luat Kiffhop 1vé dong va dinh luat Kifhop 2 vé &p trong mach
dién, ta co cac phuong trinh can bang sau:

Ap dung dinh luat Kiffhop 2 cho mach vong 1 gém (R, L, C), ta c6:

t)=R.i(t)+L di(t)+1fd' t
u(t) = Ri(0) + Ly — =+~ | dia(©)
Ap dung dinh luat Kiffhop 2 cho mach vong 2 gom (Rz, Lz, C), ta c6:

di,(t)
dt

1
Ap dung dinh luat Kiffhop 1 cho nut ta co:
i(t) =iy (t) +ix(t)

6.3 M6 hinh co ban cua cac hé¢ dong luc hoc
6.3.1. M6 hinh ham truyén cia hé thong lién tuc

M6 hinh cho hé thong lién tuc SISO ¢4 tin hiéu vao la u(t) va tin hiéu ra y(t). Ham
truyén dat G(s) duoc dinh nghia nhu 14 ty s6 giita anh Laplace Y(s) cua dap tng xung
tin hiéu ra y(s) cho anh Laplace U(s) cua tin hiéu vao khi hé duoc kich thich tu trang
thai 0 tirc 1a ¢6 cac diéu kién dau bang 0.

G(s):C%

Viéc cho cac diéu kién dau bang 0 thi khdng anh huéng toi ban chat tinh dong
hoc caa mé hinh.

Dé dua ra duoc phuong trinh ham truyén dat cua hé théng, nguoi ta thuc hién
chuyén dbi tir phuong trinh vi phan theo toan tir Laplace.

Xuit phét tir phwong trinh:
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dly a1y dy dM  gMm-Y du
+a1 +..+apn—-1——"+anY=hbo +b1 +..+bm-1—t+bmu
dt" dth—1 dt dtm dqtm-1 dt

Theo bién doi Laplace ta co:
a,8"Y (s) +a,s"  Y(S) +....+a,, SY(s) +a Y(s)
=b, s"U(s) +bs" U (s) +...+ b ,sU(s)+b, U(s)
Tuong duong:
(a,s" +a,s" +..+a,_,s+a )Y(s)=(b,s" +bs" " +...+h _,s+b JU(S)

Y(s) bys"+bs" " +..+b, s+b,

Gls) = A
Us) as"+as" +...+a,,s+a,

Vay ham truyén dat cua hé théng lién tuc la:

Y(s) bys"+bs" " +..+b, s+b,

G(S)= - n n-1
U@s) as"+as" +...+a,,S+a,

Cha y: Ham truyén dat cta hé trén chi c6 nghia cho hé lién tuc tuyén tinh va ¢ céc trang
thai dau bang 0.
Vi du 6.4: Cho hé théng dong co dién mot chiéu nhu hinh vé

1
+ S

[ ]

1
p— — J
Uu
L1

| B

L ]

Hinh 6.11. Minh hoa cho vi du 6.4 vé déng co dién mét chiéu
Véi J 1a md men qué tinh quy ddi vé truc dong co; B 1a hé sé ma sat ¢ truc; gia
sir tir thong khong doi.
Xéc dinh ham truyén dat cia dong co v6i dién &p phan tng Uy 14 tin hiéu vao va
tin hiéu ra 12 toc do dong co w?
Dua vao cac dinh luat Kinhoff trong mach dién phan tmg dong co dién mot chiéu
va mach dién Kich tir cua dong co:

Ta c6 cac phuong trinh cin bang dién sau
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U,=i.R+ Lﬂ+ E,
dt

: di
Ugr =he-Re + 1 d_;t

M =399, Bow=Kyi:
dt
E, =Kow;
Suy ra duoc:

G(s) = (S) _ K
U,(s) (Ls+R)J.s+B)+K?

So véi mo hinh todn hoc dang phuong trinh vi phan thi mé hinh toan hoc dang
ham truyén c6 tinh vu viét hon han 13 vi quan hé gitra tin hiéu vao va ra duoc md ta dudi
dang tuyén tinh. Diéu d6 giup xac dinh dap tng dau ra y(t) khi c6 kich thich dau vao u(t)
cho trudc duoc don gian hon nhiéu so vai viéc giai cac phuong trinh vi phan bac cao.
Véi ham truyén trén gidp cho viéc khao sat cac dic tinh dong hoc ciing don gian va
nhanh chéng.

Ham truyén dat duoc dan ra tir phuong trinh vi phan mé ta quan hé vao — ra cua
hé thong song c6 mot s6 truong hop khdng nhat thiét 1a dé c6 ham truyén dat thi phai co
phuong trinh vi phan. Ta di xét mot s6 vi du sau:

Vi du 6.5: Cho mot mach dién biét trudc céc gi tri cua C cua tu dién, L caa cudn
day, R1 va Rz cua dién tro 1a cac phan tir trong mach dién. Hay xac dinh ham truyén dat
mo ta quan hé gitra tin hiéu vao la dién &p u(t) va tin hiéu ra y(t) la dién ap trén R> cua
hé théng mach dién trén.

Uc i i UL

ue y(t)

[ ]

Hinh 6.12. Minh hoa cho vi du 6.5
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Trong Vi du trén di xay dyung cic phuong trinh vi phan dua trén cac quy luat vé
dién, tir 6 co thé dua ra duoc ham truyén caa hé théng. Nhung & vi du nay cd thé liy
anh Laplace truc tiép cua ching ma khong can thong qua cac phuong trinh vi phan phuc
tap.

Gia str goi Uc(s) la anh cua uc, UL(s) la anh cuaa u; Ur(S) la anh cia ur; Ic(s) la
anh cua ic; 1.(s) 12 anh cua ic; Ir(s) 12 anh cua ir. Khi d6 ta c6 cac mdi quan hé nhu sau:

I.(s)=C.s.U.(s)

U, (s)=L.s.1 (s)

Us(s) = Ri.1z (5)
U(s) = Uc (s) +Ug (s)

Theo dinh luat kinhoff 1, 2 ta co:
U,(s)=Y(s)+Ls.1.(s)
U(s) =Uc () +Ug (5)
I (8) =1 () +1.(5)
Tu cac phuong trin trén, rit ra ta dugc phuong trinh sau:

CRR,.sU(s) = CRR, sU, () + CRR,.sU, (s)
CRR,.sU(s) =[CLR..s* + (CRR, + L).s.+ (R,+R,)]Y ()
Suy ra ham truyén caa hé trén Ia:

U(s) =[CLR,.s* +.5.+ (R, + R)IY (S)
CRR,s.

G(s) = CLR152 +(CR,R +L)s+(R,+R,)

Bai tap cudi chwong.

Bai 1: Cho vi du vé cé4c hé thong diéu khién lién tuc trong thuc té san xuat?
Bai 2: Cho cac hé thong sau:

Hé thdng do 4p suét

Hé thong luu lugng

Hé thdng do nhiét do

Cac hé thng trén thudc loai hé thong lién tuc hay hé théng roi rac?

Bai 3: Cho vi du vé hé théng dong? Cho vi du vé hé thong tinh trong thyc té san xuat?
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Bai 4: Cho mot mach dao dong dién R-L-C. Hoi mach trén thudc hé théng dong hay hé
thdng tinh?

Bai 5: Cho mét hé thong diéu khién lién tuc. Dé tién hanh mé hinh hoa hé thong d6 thi
ngudi ta st dung moé hinh nao?

Bai 6: Cho mach dién nhu hinh vé:

Hoi hé théng mach dién trén thudc loai hé thdng diéu khién nao? Vi sao?

Bai 7: Cho mach dién sau
Ue ) ) U
—> I —>
._i }_»—»_/m_. " ,ILI " _
L
C

R2

R, y(t) u w
ct

u(t)

—

L J

®
L J
-

R1 L1 l
T .

c)
Xéc dinh ham truyén dat caa hé théng G(s).

Bai 8: Tim ham truyén cia 6t sau

v(r)
d M fin

134



Véi: M - khéi luong xe, B - hé s6 ma sat; f(t) - luc kéo; v(t) - tbe do xe

Bai 9: Tim ham truyén cua h¢ thong giam x6c cua 6 t0, xe may sau

lﬂ_r}

M

=]

1(r)
r |

Véi: M - khéi lugng tac dong lIén banh xe, B h¢ s6 ma sat, K d6 cung 10 xo; f(t): luc do

x6c, y(t): dich chuyén cua than xe

Céau héi tric nghiém

Cau 1: Thé nao 1a hé thong lién tuc?

a/ Hé thé)ng lién tuc co tat ca cac tin hiéu ton tai trong hé déu lién tuc theo thoi gian
b/ Hé thé)ng lién tuc co tat ca cac tin hiéu ton tai trong hé déu gian doan theo thoi gian

¢/ H¢ thong lién tuc c6 tat ca céc tin hi¢u ton tai trong hé vira lién tuc va gidn doan

theo thoi gian
d/ Hé théng lién tuc c6 tat ca cac tin hiéu ton tai trong h¢ ndi tiép nhau.

Cau 2: Céc hé dong luc hoc thuong dugc chia thanh méy loai?
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a/ 4 loai
b/ 5 loai
¢/ 6 loai
e/ 3 loai
Cau 3: Ham truyén dat cua hé théng lién tuc c6 cu trac?

a/

b/

c/

d/

Cau 4: Cac phan tir co ban caa hé dong luc hoc bao gom:

a/ Phan tir dién trd, dién cam, dién dung

b/ Phan tir dién tro, hd cam, dién dung

¢/ Phan tir dién trg, dién thé, dong dién

d/ Phan tir dién tro, dién cam, dién thé

Cau 5: M6 hinh héa cac phan tir vat 1y bao gdm cac nguyén tic?

a/ Nguyén tic thuan hod, nguyén tic tip trung hod, nguyén tic tuyén tinh hoa
b/ Nguyén tic thuan hoa, nguyén tic lién tuc hod, nguyén tic tuyén tinh hoa
¢/ Nguyén tic rai rac hoa, nguyén tic tip trung hod, nguyén tic tuyén tinh hoa

d/ Nguyén tic thuin hoa, nguyén tic tap trung hod, nguyén tic phi tuyén hoa
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Chuwong VII: UNG DUNG CUA MATLAB TRONG KY THUAT
Ngi dung chinh cua chuong

Chuong 7 cung cap cho sinh vién nhiing tng dung co ban caa Matlab trong k§
thuat diéu khién, mé phong cac mach dién tir cong suat va mé phong céc hé co dién.
Muc tiéu cdn dat dwoC Ciia chwong

Chuong 7 gitp sinh vién c6 thé (ing dung Matlab vao viéc phan tich, tinh toén,
md phong cac qua trinh trong hé théng va giai quyét cac bai toan ky thuat.
Bai 8: Ung dung Matlab trong diéu khién (so tiét: 3 tiét)
7.1 Ung dung Matlab trong diéu khién
7.1.1 Cdc 1énh két noi hé thong
Lénh feedback

a) Cong dung:
Két ni hai hé thong hoi tiép.
b) Cu phap:
[num,den] = feedback(num1,denl1, num2,den2)
[num,den] = feedback(num1,denl, num2,den2,sign)
¢) Giai thich:
sign = 1: Hoi tiép duong.
sign = -1: Hoi tiép am.
Néu bo qua tham s sign thi 1énh s& hiéu 13 hoi tiép am.
Ham truyén cta hé thong 1a:

num(s) G, (s) B num, (s)den, (s)
den(s) 17 G,(s)G,(s) B den, (s)den, (s) F num, (s)num,(s)

d) Vidu:
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2s? +55+1

Két ndi khau c6 ham truyén G(s) = v6i khau héi tiép c6 ham truyén

s> +s+3
H(s) = S(s+2) theo dang héi tiép Am nhu sau:
s+10
+
G(s) >
H(S) e

numg=[2 5 1]
deng=[1 2 3];

numh=1[5 10];
denh=[1  10];
[num,den] = feedback(numg, deng, numh, denh);
Két qua:
num =
2 25 51 10
den =
11 57 78 40
Lénh series
a) Cong dung:
ghép nbi hai hé thong nbi tiép nhau.
b) CU phap:
[num,den] = series(num1,denl, num2,den2)
) -0, e
d) Vidu I:
Két ndi 2 khau c¢6 ham truyén G(s) va H(s) dé tao thanh hé théng ndi tiép.
3 2s+4
0= 0 POt

Ta thuc hién nhu sau:
138



numl = 3;

denl=[1 4],

num2=[2 4],

den2=[1 2 3];

[num,den] = series(num1,denl, num2,den2)

ta duoc két qua:
num = [0 0 6 12]
den=[1 6 1112]

Lénh parallel

a) Cong dung:
Ghép ndi hai h¢ thdng song song.
b) Cu phap:
[a,b,c,d] = parallel(al,bl,cl,d1,a2,b2,c2,d2)
[num,den] = parallel(num1,denl, num2,den2)
¢) Giai thich:

[num,den] = parallel(num1,denl, num2,den2)

d) Vidu:
N&i 2 khau c6 ham truyén G(s) va H(s) thanh hé théng song song:
3
G(s) =
®) s+4
25+ 4
H(s)=———
®) s?+2s+4
numg = 3;
deng=[1 4];
numh=[2 4];

denh=[1 2 3];

[num,den] = parallel(numg, deng, numh, denh);
Ta dugc hé thong song song ¢ ham truyén
G’(s) = num(s)/den(s) vé6i cac hé so:
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num = [0 5 18 25]
den=11 6 11 12]
7.1.2 Chuyén hé thong tir ham truyén thanh dang khéong gian trang thdi
Lénh TF2SS
a) Cong dung:
Chuyén hé théng tir dang khong gian ham truyén thanh dang trang thai.
b) Cu phéap:
[a,b,c,d] = tf2ss(num,den)
c) Vidu 1:
Xét hé théng c6 ham truyén:
2s+3
[sz +2s+ J
w ’ & +0.4s+1
Chuyén h¢ thong thanh dang khong gian trang thai :

H(s)=

Num=[0 2 3;1 2 3],

den=[1 04 1]

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

a=
-0.4000 -1.0000
1.0000 O
b=
1
0
c=
2.0000 3.0000
1.0000 2.0000
d=
0
1

Vi du 2: Cho ham truyén: (s2+7s +2) / (S3+9s2+265+24)
Chuyén hé thong thanh dang khong gian trang théi :

» num=[17 2];
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» den=[19 26 24];

» [A,B,C,D]=tf2ss(num,den)

7.1.3 Chuyén tir mé hinh khong gian trang thdi sang mé hinh ham truyén dat
Lénh SS2TF

a) Cong dung:
Chuyén hé théng tir mé hinh khong gian trang thai sing mé hinh ham truyén thanh

dang
b) Cu phap:
[num,den] = ss2tf(a,b,c,d,iu)
FH@zﬂEMﬁa:C@L<M4B+D
den(s)

tir ng6 vao thir i. Vecto den chira hé sé cia mau sé theo chiéu giam dan s6 mil cua s.
Ma tran NUM chira c4c hé s6 tir s6 véi s6 hang 12 ngd ra
¢) Vi du 1: Chuyén tir md hinh khdng gian trang thai sang mé hinh ham truyén dat
% Nhap mo hinh khéng gian trang thai
a=[123;456;789];
b=[34;45;79]; % co 2 dau vao
c=[010];%coldaura
d=[00];
% Chuyén doi md hinh
[num, den] = ss2tf(a,b,c,d,1)
% Két qua:

num =

0 4.0000 14.0000 12.0000
den =
1.0000 -15.0000 -18.0000 -0.0000

7.1.4 Bdnh gid kha nang diéu khién dwoc, quan sét dwoc cia hé thong
Lénh GRAM, DGRAM

a) Cong dung:
Panh gi4 kha niang diéu khién va kha niang quan sat.
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b) Cu phéap:
Gc = gram(a,b)
Go = gram(a’,c’)
Gc = dgram(a,b)
Go =dgram(a’,c’)
¢) Vi du:
Xéc dinh kha ning diéu khién cta hé khong gian trang thai & vi du vé 1énh degrain
a=[-0.5572 -0.7814; 0.7814 0],
b=[1 0.5379;0 -0.2231];
c=[1.9691 6.4439; 1 Q]
d=[00; 0 0];
Gc = gram(a,b)
Ta nhan duogc ma tran:
Ge =
1.2016 -0.0318
-0.0318 1.0708
Tim hang ma tran béng Iénh:
r = rank(Gc)
Ta duoc r = 2 va bang kich thuéc ctiia ma tran danh gia. Vay hé théng nay c6 thé
diéu khién duoc.
7.1.5. Khdo sdt hé thong theo tiéu chudn tan sé
- H¢ théng 6n dinh & trang thai ho, sé 6n dinh & trang thai kin néu biéu dod

Nyquist khong bao diém (-1+i0) trén mit phang phirc.

- H¢ théng khong 6n dinh & trang thai ho, sé 6n dinh & trang thai kin néu biéu dd
Nyquist bao diém (-1+i0)p 1an ngugc chiéu kim dong hd (p 14 s6 cuc GH nam &
phai mat phang phtc).

» UM = [nhdp cdc hé so cia tir s6 theo chiéu giam dan ciia s6 mii.
» den = [nhdp cdc hé s6 ciia mdu sé theo chiéu giam dan cia sé mii].
» nyquist(num,den)

GH(s) = (véi k =10, t =1)

1-st
» num = 10;
»den =[-11];
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» nyquist(num,den)

4
A

Két qua:

Nyquist Diagrams

\ Imaginary Axis

d A O N Pk o kN W MO

(A

Real Axis

Nhén xét: ham truyén vong hé ¢6 1 cuc ndm bén phai mat phang phurc. Biéu do
Nyquist khong bao diém A (-1+j0).

Piém —1 ky hiéu (+) nam trén tryc thyc 4m (Real Axis), diém 0 nam trén truc
a0 (Imaginary Axis).
Két luan: Hé théng khong on dinh.

Bai tap cudi bai:
Bai 1: Cho mé ham truyén cua hé théng nhu sau:

24351
H(s)= 5" +a5

5 557 +5+3

Chuyén mé hinh ham truyén dat nay sang mé hinh khdng gian trang thai
Xéc dinh dap @¢ng cua hé thdng véi tin hiéu vao dang budc nhay

Bai 2: Cho m6 ham truyén cua hé théng nhu sau:

4351
H(s) = 5T +a5

5 5571543

Chuyén mé hinh ham truyén dat nay sang mé hinh khdng gian trang thai
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Xét 6n dinh cho hé théng.

Bai 3: Cho mé hinh khéng gian trang thai caa hé théng véi cac ma tran twong ung:

i_'—m_ssn —0.7814
T 07814 0
1 05379

E=
0 —0.2231
19691 64439
C=
e
00
D=
00

Chuyén md hinh khdng gian trang thai nay sang mé hinh ham truyén dat
Xét tinh diéu khién duoc cua hé thong.

Bai 4: Cho hé thong c6 so d6 khdi nhur sau:

- Wa
X YV VTS £+ y
WH We W3

W1 =5s/(s-1) ;W2=1/(s-1);
W3 =5 W4 = 1/(s+2); W5 =4
Hay xay dung ham truyén hé kin.
Chuyén md hinh ham truyén nay sang mé hinh khong gian trang thai.

Bai 5: Cho hé thong c6 so dd khdi nhu sau:

W1=0,5 ; W2 =1/(s+2)(s+8);
W3=1/s ;W4=2
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Hay xay dung ham truyén hé kin.

V& d6 thi dap tng cua hé théng vai tin hiéu vao dang budc nhay
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Bai 9: Ung dung matlab trong mé phéng ciac mach dién — dién tir (so tiét: 3 tiét)
7.2 Ung dung Matlab trong mé phéng cac mach dién — dién tir
7.2.1 Mach tich phan RC

Mach tich phan RC 1a mot mach RC dugc két ndi ndi tiép tao ra tin hiéu dau ra
tuong trng v&i qua trinh tich phan toan hoc. Mach RC thu dong khong gi khac hon 1a
mot dién tré mic ndi tiép véi tu dién, d6 12 mot dién tro ¢b dinh mac ndi tiép vOi tu
dién c6 dién tré phu thudc tan sb giam khi tan s trén cac ban ctia no tang 1é€n. Do do,
& tan s6 thap, dung khang, Xc cua ty dién cao trong khi & tan sb cao, dung khang cua

tu dién thip voi cong thire dung khang tiéu chuan cua Xc =1/ (2nfC).

i R
—
o———A\N\/\, o
Resistor 1 R
Wiy c B 1ve Vaur
Capacitor =
o 2

Hinh 7.1: Mach tich phan RC
Phuong trinh cén bang 1a:

1
ei—iR——jidtzo
C

tir day ta co thé rat ra

1 1 .
__* — —
i=> (ei le)

Dé mo phong mach tich phan RC va quan sat tin hi¢u dau ra ta can st dung
SIMULINK.
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4\ MATLAR R2012b - ml X
= : p

Eﬂj '@ E Find Fics I%I E [z, New Variable L& Analyze Code @ @ {6} Preferences. @ 1 Communiy

[t} Open Variable = {7 Run and Time [ set Path

Mew MNew Open Compare Save - Simulink  Layout Help BWW
Script v - Workspace ) Clear Workspace = /) Clear Commands = Liorary ~ g Paralel + -
FILE | VARIABLE | CODE | smuLing | ENVIRONMENT ‘ RESOURGES |
S« OE » C b Program Files » MATLAB » R201Zb * bin » v R
Current Folder 1 Workspace @
Name « JSS e ‘ Mame = Value
m3iregistry
registry
util
wing4
[Z] deploytool.bat
)B insttype.ini
12 ledataxml
D lcdataxsd
= ledata_utfaxml
[%] matlab.bat
4\ matlab.exe < »
[Z] mbuild bat
C d Hist: ]
[E] mec.bat Oﬁjm;ll |5_olry TUu] :\
[=] mex.bat r=polyder (p)
L] mexpl 3
[] mexext.bat g=pelyint (p)
[ mexsetup.pm P=[7 € 000 0 0)
] mexutils.pm p=[7 6 000 0 0]
[%] mw_mpiexecbat L a=polyint (p)
[E] worker.bat
Details ~ < >
Ready OVR

Hinh 7.2: Mo Matlab 2012

M& MATLAB bam chon New — Simulink Mode. Hoic ta c6 thé bam chudt phai
vao khoang tring cua Current Folder chon Mode.

P34 untitled - O s
File | Edit View Display Diagram Simulation Analysis Code Tools Help
@:"ﬁ el " @~ Jwo [ermal SN Rl
Model Browser = untitied |
[Pl untitled © |Pajuntitled -
=
«
Ready [100% odedd

Hinh 7.3: Cira s6 Simulink Mode sir dung dé mé phéng mach dién tir.
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Chon View — Library Browser

P2 Simulink Library Browser >
File Edit View Help
JJ Bl 3 = JJI Enter search term | H &
Libraries Library: Simulink | Search Results: (none) | Most Frequently Used Blocks
= [Pa| simutink - -
_ = | Commenly Used =
Commonly Used Blocks :ﬂ Blogs
- Continuous
- Discontinuities !‘E Conti
N | ntinuous
- Discrete
—
- Logic and Bit Operations
i
Lookup Tables I ‘H‘ Discontinuities
-~ Math Operations Il
-~ Model Verification
- ModekWide Utilties II. Disorate
- Ports & Subsystems —
- Signal Attributes Logic snd Bit
- Signal Routing Cperations
- Sinks
- Sources Lockup Tables
-~ User-Defined Functions
[+- Additional Math & Discrete
Math
[+ E‘ Aerospace Blockset |§| Operstions
[+ El Communications System...
[]--E‘ Computer Vision System... Meodel
E‘ Control System Toolbox = @ WVerification
[+ El DSP System Toolbox Model-Wide
+-[Pa] Embedded Coder Utilities
[+ El Fuzzy Logic Toolbox —
[+-[P| HDL Verifier Ports &
B roverter RE
E‘ Image Acquisition Toolbox
El Instrument Control Toolbox
e Signal Attributes
El Model Predictive Control ...
[ E‘ Meural Network Toolbox
El OPC Toolbox @ Signal Routing
Real-Time Windows Tar... LI LI

Hinh 7.4: Cita s6 Simulink Library Browser

Vao Sources lay khéi nguon Pulse Generator. Pay 1a khoi ngudn cap xung
vudng. Ta thay d6i thong s6 ctia ngudn nhu sau:
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Source Block Parameters: Pulse Generator *

o

Pulse type determines the computational technique used. ¢

Time-based is recommended for use with a variable step solver, whil
Sample-based is recommended for use with a fixed step solver or
within a discrete portion of a model using a variable step solver.

— Parameters

Pulse type: |Time based =]

Time (t): IUse simulation time j
Amplitude:
|s

Period:

|10

Pulse Width (% of period):
E

Phase delay:
Jo
[v Interpret vector parameters as 1-D
4| | B
OK I Cancel | Help | Apply |

Hinh 7.5: Théng sé khéi nguon Pulse Generator

Tiép tuc vao Math Operations lua chon Add

Function Block Parameters: Add x

Sum

Add or subtract inputs. Specify one of the following:

a) string containing + or - for each input port, | for spacer between ports
(e.g. ++]-]++)

b)) scalar, >= 1, specifies the number of input ports to be summed.

‘When there is only one input port, add or subtract elements over all
dimensions or one specified dimension

Main | Signal Attributes'

Icon shape: -
List of signs:
[+

Sample time (-1 for inherited):
-1

J oK | Cancel | Help | Apply |

Hinh 7.6: Lwa chon trong Add



Chon Gain sir dung 2 khéi Gain véi gia tri mdi khdi twong g 1a 1/R va 1/C
Trong Continuous lua chon Integrator.

Ghép nbi cac khdi nhu hinh dudi ddy sau d6 dung Scope dé quan sat tin hiéu ra.

M

Fuke Gensrator .m 1 :
Ot

Gain Integrator Gain

Add

Hinh 7.7: M6 phong mach tich phan RC

Thong qua ctra s6 Command Window cai dit thong s6 cho R va C

Command Window

E =
10000
»» C=le-4
C =
1.0000e-04

Hinh 7.8: Cai dat thdng s cho Rva C
7.2.2. Mach dong mo su dung MOSFET
Mach dong mé si dung MOSFET la mot mach dién kha théng dung trong mach
dién dién tir. M6 hinh mach dong mé nhu sau
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) e
A

II|~=—=—:

v WE Sy , . @__“.

AFE=DN

Hinh 7.9: Mach déng ngdt ding MOSFET

MOSFET thuong dugc str dung dé lam khoa dong mé vi kénh dan cua E-
MOSFET hinh thanh hay khong lién quan d&én Vas.

Khi Ves<Ves(th) kénh dan giita D va S chua hinh thanh => Khéa hé
Khi Vs > Ves(0ff)kénh dan hinh thanh gitta D va S => Khéa dong

Truéc tién ta vao Simscape— SimPowerSystem lay khdi Powergui dé co thé két

ndi ngudn véi cac thiét bi.

Continuous

powergui
vao Simscape— SimPowerSystem —Elements dé lay céc khdi Serials RLC Branch

Trong d6 ta c6 thé thay d6i loai tai bang cach lya chon Branch type va thay doi

thong s6 cua R, L, C tuong ung.
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Block Parameters: Series RLC Branch >
Series RLC Branch (mask) (link)

Implements a series branch of RLC elements.
Use the 'Branch type' parameter to add or remove elements from the

branch.
Parameters
Branch type: g

Resistance (Ohms):
1

Inductance (H):

|1e-3
[~ Set the initial inductor current

Capacitance (F):

le-6

[ Set the initial capacitor voltage

Measurements |N0ne j

OK | Cancel | Help | Apply ‘

Hinh 7.10: Lira chon logi thiét bi R, L, C twong ing

vao Simscape— SimPowerSystem —PowerElectronics dé lay khbi Mosfet va Diot
twong ung.

=l _|_II'I— ]
E =

—HD—T_H—EH— ZE Di
Mosfet T

vao Simscape— ApplicantLibraries —ElectronicalSources dé lay khdi nguon dong
AC Current Source va DC Voltage Sourse.

vao Simscape— SimPowerSystem — Machines —»Measurements. O day ta 1ay khoi
do ap dé do dién ap cua tu dién.

o|+ b Voltage
o|- " Measurement
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Block Parameters: U = 24V

DC Voltage Source (mask) (link)
Ideal DC voltage source.
Parameters

Amplitude (V):

|24

Measurements |None

0K | Cancel ‘ Help

=

Block Parameters: lo = 5A
AC Current Source (mask) (link)

Ideal sinusoidal AC current source. The positive current direction is

indicated by the

Farameters

arrow.

Peak amplitude (A):

El

Phase (deg):

|90

Frequency (Hz):

|0.01

Sample time:

[0

Measurements

MNone

oK | Cancel |

Help |

Apply |

Hinh 7.11: Cai dat théng sé dién dp va dong dién.

L4y khéi vé do thi xy bang cach vao Simulink— Sink =XY Graph

XM raph

h 4

Meosfat

) )

Pulsss

Pulse
Generator

Continuous

pOWeng Ui

Lr=0.02uH

State-plans
Trajectory
Pulsss
|_MOSFET
vV G

-
I_Diode

ct
0.03 uF "|"

Diode

|||—H—H'E_[_HEI(

o

Hinh 7.12: M6 phong trén Matlab simulink mach dong mao sur dung MOSFET
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Cau héi cudi bai
Cau 1:St dung Matlab/Simulink mé phéng mach vi phan RC va quan sat tin hi¢u
ra

Cau 2: St dung Matlab/Simulink mé phong mach khuéch dai sau

4
UI‘B

— -

8

e

ha
+E
YBO RJ, U
+
-E

Cau 3: Sir dung Matlab/Simulink mé phong mach Khuéch dai E chung

R1{ R3
c2

C1 —
o—Ii} TR1

R4 T C3
Cau 4: Sir dung Matlab/Simulink mé phong mach tich phan RC thay d6i gia tri
thong so tai R, C va quan sat tin hiéu ra.

| I

Input

R2

Output

Cau 5: Str dung Matlab/Simulink mé phong mach dién tir sau:
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P-channel eMOSFET Biased OM
Céu 6: St dung Matlab/Simulink m6 phong mach dién tir sau:

+1'..||II oo +1'u|r|:. In}

OFF
[open)

P-channel eMOSFET Biased OFF

Cau 7: St dung Matlab/Simulink m6é phong mach dién tir sau:
Ll
+— O Voo =12v

||
1] % O Vout

ViE (=) = 0V

Vin - = 4.63 mA

Cau 8: Str dung Matlab/Simulin m6 phong mach loc thong dai thu dong va quan
sat
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High Pass Filter Stage Low Pass Filter Stage

C1=15nF R2 =10K0

cﬁv—ll VW 0

Vi R1=10K C2=560pF Voat

o + O
Cau 9: Sir dung Matlab/Simulin mé phong mach loc thong thap thu dong va quan
sat
Cau 10: Sir dung Matlab/Simulin mé phong mach loc bién trang thai va quan sét

Ra
A
Rz C 10k
e ;
~ R 10nF —
10nF
Vi | R A, AN R
AN+ 16k AN y
1k 16kD p— o
Rz -
MM
19k o ¢ i
Vi Vao Vip
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Bai 10: Ung dung Matlab trong mé phong cac hé dién co (s tiét: 3 tiét)

7.3 Ung dung Matlab trong mé phéng cac hé dién co

Mot s6 vi du mé phong hé théng co dién

Vi du 7.1 :Str dung bo diéu khién PID 2 bac tu do diéu khién tdc do dong co dién

mot chiéu kich tir doc 1ap (Hinh 7.1)

Mo men tai

T

Td(t)

Toc do dat

r(t)

Ref
PID(s)

[— .
- Setpoint

Gia tri omega

- u(t)

(O]

Scope

(60-25 rad/s) PID Controller (2DOF)

Hinh 7.13. M6 hinh si dung bé PID 2 bdc tu do diéu khién téc dé dong co DC

Mo men tai

Td
S au 9 ! “ (D
Udm L.s+R J.S*KE Toc do goc
Armature Load
Edm KbI4
Gain
Hinh 7.14. Khoi dong co DC
Cac thong so cia dong co:
A 5 . W# Function Block Parameters: otor [ e

Td : mémen tai Do S e Do M -
An ideal model of a DC Motor

J: mémen quan tinh Parameters
R (Ohms)

A r 2

Km : hang s6 moémen L (Henrys

0.5
M A A \ Km (Torque Constant)

Kb: hang s6 dién tur 0.1

KFf (Nms)
A A s 9 A 0.2
Kf: Hé s6 giam chan ey ans
N 0.02

L: dlén Cém phan ":I’ng Kb (Back emf Constant)

0.1 -
[ ok || cancel |[ wHelp || Apply

R: dién tro phan tng

Hinh 7.15: Bdng théng sé déng co DC
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@ Setpoint

v

Gia tri omega
(60-25 rad/s)

Signal Builder (PID_2DOF_DC/Gia tri omega (60-25 :ad/{s)) —

File Edit Group Signal Axes Help
ESH| L BB o o — I REE > 0 o= i e 3

Group 1 %

50 -
45
40
35
T T B T T B TREN

B [ -
L S ] T B e TIRTETE SRR
L e S LT AEEREETEETTR S

L R S . S T Lttt SRR

20
o 5 10 15 20 25 30 35 40
Time (sec)
Setpoint (shown)
Name: |Setpoint

Index: 1 il

Click to select signal | Setpoint (#1) [ YMin YMax |

Hinh 7.16. Khdi tao gia tri vdn toc goc o ddt truéc

Td(t)
1 T I T T T T T I
0— A - N U S A L o S
_“ e I o I e e e o Y P (P P
,2 |
_8 S I Y e S ot e e I e e Y A
,4 I
MO men tal ’ ‘ ’ ‘ -5 1. L 1. I | I— | I | I— _ L
& | | i i | | | I i
A4 0 10 20 30 40 50 60 70 80 90
Hinh 7.17. Khéi mémen tdi
Setpoint Weighting| Sum1 Proportional Gain
(Proportional)
O, > Y
1
r | » 5 —PE‘%
Ref @ Integral Gain um
P|D(S) Yy Som2 Integrator
PID Controller (2DOF)

Setpoint Weighting  Sum3 ppivative Gain SumD
(Derivative)

Filter

Hinh 7.18. Khei P1D Controller (2DOF)
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Dé tim thong sé caa bd PID ta st dung chirc nang Turn cua bd PID gidng nhu vi
du 7.1. O vi du nay ta luya chon bo P1 vai théng sé nhu hinh 6.32

| Function Block Parameters: PID Controller (2DOF) ——]

Controller: [PL -
Time-domain:
@) Continuous-time
Discrete-time

Main | PID Advanced | Data Types | State Attributes
Controller settings

Controller form: IParaIIel hd
Proportional (P): 2.53907060284591
Integral (1): 5.62528298828257
Setpoint (b): 1
| Tune... | | <
7 - [ ok [ cancel || Help ][ Apply
Hinh 7.19. Céac thdng so cua bg Pl
0 T
Van toc gac dat
60 —
Van toc goté thuc
30+
20 5 : : : 5 : : 5 : a
10 -
ok ]
10 i i i i i i i i i
a 5 10 15 20 26 30 36 40 45 50

Hinh 7.20. So sanh gida vdn téc dat va vén toc thuc

Nhan xét: Quan sét trén hinh 7.9 ta thiy van téc thuc bam sat van toc dat

Vi du 7.2 Xay dung md hinh Khoi dong dong co mét chiéu qua 3 cap dién tro
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Hinh 7.22. Pé thi ciia mé hinh khéi déng co DC qua 3 cdp dién tré
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Vi du 7.3: Trong demo thyristor céng suat véi chinh luu 1/2 chu ky duoc sir dung dé
nudi cho tai RL. Xung chan gate duoc cap bai bo phat xung pulse generator dong bd véi
ngudn &p. Cac tham sé duoc sir dung nhu sau:

R 1 Q
L 10 mH
Thyristor block: Ron 0.001 W
Lon 0 H
A% § 0.8 Vv
Rs 20 Q
Cs de—-6 F
LaEl m
a -Iﬁrk
Thyristor
é) 100 w Scoped R =
60 Hz —“ L
b Wsaurce 9
Fulse
generatar n_
v -4
Yioad

Hinh 7.23. Chinh luu % chu ky si dung thyristor

Goc phat xung dugc bién d6i bang mot bo phat xung pulse generator dong bo Voi
ngudn &p. Chay mé phong va quan sat dong/ap tai ciing nhu dong/ap Tiristor.
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Hinh 7.24. Cdc dé thi chinh luu % chu ky sir dung thyristor

Vi du 7.4: Demo power_bridges minh chirng cho cach sir dung cua 2 bé Universal
Bridge blocks trong mach bién doi ac/dc/ac bao gom chinh luu nuéi téi bién tan IGBT
thdng qua ghép ndi mot chiéu. Bién tan cuing véi diéu ché do rong xung (PWM) sinh ra
dién &p sin 3 pha 50 Hz t6i tai. Trong vi du ndy bién tan thay doi nhanh vai tan s6 2000

Hz.

IGBT duoc diéu khién véi bo diéu khién P1 cét dé duy tri 1 dién ap p.u. (380

VIms, 50 Hz) tai cac cuc tai.

Mot khdi Multimeter duge dung dé quan sat commutation cia cac dong giita
diodes 1 va 3 trong cau diode va giita van IGBT/Diodes 1 va 2 trén cau IGBT.

Bectifier

Filter

Inwverter

&0 H=
power
grid

%
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Hinh 7.25. Vi du sir dung hai bé Universal Bridge blocks trong mach bién déi ac/dc/ac

Bat dau md phong. Sau quang thoi gian xap xi 40 ms, hé thong dat trang théi
steady state. Quan sat dang song ap tai DC bus, gid tri ra inverter, va tai trén Scopel.
Harmonics dugc phat ra bai bién tin quan multiples 2 kHz duoc loc bai bo loc LC. Khi
gia tri xung tai dat 537 V (380 V RMS).

Trong trang théi steady state, chi s6 diéu bién m = 0.77, va dién 4p DC 1a 780 V.
Thanh phan co ban cua dién ap 50 Hz 1a Vab =780 V * 0.612 * 0.80 = 382 VV RMS.

Quan sat dong Diode trén Scope2, chi ra tir diode 1 t6i diode 3. Ciing quan sat
domg trace 2 trén van 1 va 2 cia cau IGBT/Diode (van cao hon va thap hon ndi téi pha
A). Hai dong nay bo sung cho nhau. Mot dong duong xac dinh dong chay trong IGBT,
nguoc lai dong 4m xac dinh mot dong chay trong Diode chdng song song.
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Hinh 7.26. Do th; cia vi du si dung hai bé Universal Bridge blocks trong mach bién doi
ac/dc/ac

164



150

100

| Diodes 1 & 3 (A)
(5]
o
<
=

(=]

én
=)
T

1 i i i I i i
0.055 0.06 0.065 0.07 0.075 0.08 0.085 0.08 0.085 0.1

100 -

ol

[IGBT1&2(A)

oo 1 AN A ¥ LSS SOt 1 36 1 L

1 1 | 1 1 | 1
0.05 0.055 0.06 0.0865 0.07 0.075 0.08 0.085 0.09 0.095 0.1
Time (s)

-200 i | i

Hinh 7.27. D6 thi ciia vi du sir dung hai b¢ Universal Bridge blocks trong mach bién doi
ac/dc/ac

Bai tap cudi chwong

Bai 1: Cho m6 hinh khong gian trang thai co

121 2 3
A=|5 2 1 B=|1 2
4 5 6 3 5
c=[0 1 0] D=[0 0]

Chuyén m6 hinh khdng gian trang thai ndy sang mo hinh ham truyén dat
Bai 2: Cho m6 hinh ham truyén dat, c6 ham truyén

s?+3s—1

H(s) =
() s —5s%+5+3

Chuyén m6 hinh ham truyén dat nay sang md hinh khdng gian trang thai

Bai 3: Cho hé thdng c6 so dd khdi nhu sau
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W1=0,5; W2=1/(s+2)(s+8);
W3=1/s ;W4=2
Hay xay dung ham truyén hé kin. V& db thi dép tmg cta hé thong véi tin hidu vao dang
budc nhay
Chuyén mé hinh ham truyén nay sang mé hinh khong gian trang thai.
Bai 4: Cho hé thong c6 so dd khbi nhu sau
W1 =5s/(s-1) ;W2=1/(s-1);
W3=5 s W4 =1/(s+2); W5 =4

]
X + y
: %mHmw54

Hay x4y dung ham truyén hé kin. V& d6 thi dap tmg cua hé thong
Bai 5: Cho hé thong c6 so do khbi nhu sau
W1 =5s/(s-1) ;W2=1/(s-1);
W3=5 ;W4 =1/(s+2); W5=4

W1 = \\/2 W3 -

W4

Hay xay dung ham truyén hé kin. V& d6 thi dap ung cua hé thong
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Bai 6: Cho hé thong c6 so dd khbi nhu sau

W1=0,5 ; W2 =1/(s+2)(s+8);
W3=1/s ;W4=2
Mo phong hé théng trén bang Matlab Simulink véi tin hiéu vao 1a khéi step
Bai 7: Cho hé thong c6 so dd khbi nhu sau
W1 =5s/(s-1) ;W2 =1/(s-1);
W3=5 ; W4 =1/(s+2); W5=4

v
X + y
: %mHmwéﬂ

Mo phong hé théng trén bang Matlab Simulink véi tin hiéu vao 1a khbi step
Bai 8: Cho hé théng c6 so dd khbi nhu sau
W1 =5s/(s-1) ;W2=1/(s-1);
W3=5 ;W4 =1/(s+2); W5=4

W1 = \\/2 W3 -

W4

Mo phong hé théng trén bang Matlab Simulink véi tin hiéu vao 1a khoi step

Bai 9:Cho mach dién phan tng va so dd tach cua rotor dong co DC nhu trong hinh sau:

167



Gia thiét cac thong s vat tu ctia hé thong nhu sau:

- Moment quén tinh cuia rotor (J) = 0.01 kg.m"2/s"2.

- Hé s6 giam chan cta hé thong co khi (b) = 0.1 Nms.

- Hang s6 dién co (K=Ke=Kt) = 0.01 Nm/Amp.

- bién tré (R) = 1 ohm.

- bién cam (L) = 0.5 H.

- Input (V): dién 4p ngudn.

- Output (theta): vi tri cuda truc.

- Gia thiét rotor va tryc ctng vimng tuyét doi.

Str dung Matlab Simulink xay dung mo hinh diéu khién tbc do dong co dién mot

chiéu véi yéu cau:

- Thoi gian dat van téc on dinh dudi 2 gidy

- Qua diéu khién dudi 5%

- Sai s6 tinh duéi 1%

Bai 10: Cho hé thng c6 so d6 khoi nhu sau

X W1 X @ @
) ()

W1=0,5 ; W2 =1/(s+2)(s+8);

W3=1/s ;W4=2

M6 phong hé théng trén bang Matlab Simulink véi tin hiéu vao 1a khdi

Constant
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CAu héi tric nghiém

Cau 1: Két ndi hai hé thdng héi tiép st dung ciu 1énh nao?

A. feedback B. series C. parallel D. roots

Cau 2: Chuyén hé thdng tir ham truyén thanh dang khong gian trang thai dung cau lénh
nao?

A. tf2ss.

B. ss2tf.

C. d2cm.

D. cmd2.

Cau 3: Chuyén tir md hinh khéng gian trang thai sang mé hinh ham truyén dat ding
cau lénh nao?

A. tf2ss.

B. ss2tf.

C. d2cm.

D. cmd2.

Cau 4: Xéac dinh dap ung budc nhay cho hé c6 ham truyén sau cau Iénh nao?

sP43s5-1

H(s)= 57 =557 +5+3
A.step([13-1],[1-513])

B. step([1 3 -1])

C.step([[1-513))

D.step([13-11-513])

Cau 5: Khi mé phong mach dién tir nhat thiét phai c6 khdi nao?
A. Powergui

B. Scope

C. Step

D. Diode
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Cac cau héi thwong gap
Cau 1: Thé nao 1a hé thong tinh, thé nao 13 hé théng dong.
Cho mach khuéch dai nhu sau;

R2
R1 L

UT’_: :

Hay tim ham truyén ctia hé thong va cho biét hé thong trén thudc loai hé théng
tinh hay dong.

Cau 2:Cho mot mach dién biét truge cac gid tri cua C cua tu dién, L cua cudn day, R:
va Rz cua dién tro 1a cac phan tir trong mach dién. Hay xac dinh ham truyén dat mé ta
quan hé gitra tin hiéu vao 1a dién ap u(t) va tin hiéu ra y(t) 1a dién ap trén Rz ciia hé thong
mach dién trén.

u(t) v(0)

Cau 3: M6 hinh vat ly 1a gi? Trinh bay wu nhugc diém va cho vi dy vé mé hinh vat Iy
tuong tu va md hinh vat ly thu nho.
Cau 4: Hé thong 1a gi phan biét hé théng lién tuc va hé thong gian doan.

Cau 5: Cho hé théng dong co dién mot chiéu nhu hinh v&
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[ ]

U'L'l
L1

V6i J 1a m6 men qua tinh quy ddi vé truc dong co; B 1a hé sb ma sat & truc; gia
sir tir thong khong doi.
Xéc dinh ham truyén dat ciia dong co v6i dién &p phan tng Uy 14 tin hiéu vao va
tin hiéu ra 1a tc do dong co .
Cau 6: Tim ham truyén cta 6t0 sau
v(r)

—

d M fir)

Véi: M - khéi luong xe, B - hé s6 ma sat; f(t) - luc kéo; v(t) - toc do xe

Cau 7: Str dung cau lénh trong Matlab v& hai d6 thi trén hai hé toa ¢ khac nhau nhung
cung mot man hinh.,

Voi:

y1 =sin(x1) va y2 = sin(x2). 2
Vaoixl [0, 2I1]; x2 € [-30,30].

Cau 8: Str dung Matlab tinh cach tich phan sau

dx xdx
ajjx(uﬁf 2 j(x+1j”—(x+1)”

F dx Tox sin(x)
c) =

1 X IJ+5_'{.'+1 &ECGS‘I_F]

Cau 9: St dung Matlab tim anh Laplace caa cac ham gbc sau:
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cos(bt)—cos(ar)
[

a) %(sin t —cosf) b)

e —1—t

c) a.‘

f——e "’
) 2

Cau 10: Cho c&c ham anh Laplace st dung Matlab tim cac ham gdc twong wng
5543

(s—1(s* +25+5)

s

(s + (s +9)

Fl(s) =

F2(s) =

Cau 11: St dung cau lénh trong Matlab v& hai d6 thi sau trén cing mét ctra s6 dd hoa
nhung trén hai toa do khac nhau.

y1 = 10sin(x) +cos(x)
y2 =4x? +6x -7

Vi x thuoc khoang [-5,5]
Cau 12: Str dung cau lénh trong Matlab vé& hai d6 thi sau trén cing mét ctra s6 d6 hoa
nhung trén hai toa do khac nhau
v1 =2sin(2x) +sin(x)cos(x)

2x+3

y2l=—
x —3x+5

Vi x nam trong khoang [-20,20]
Cau 13: Sir dung cau lénh trong Matlab v& cac db thi sau:

yl=sin(x); y2=e* ; y3=x?+x+1 | y4=(x*+1)!"?

Vi yl, y2 trén cung mot truc toa do va y3, y4 trén cung mot truc toa do khac nhung
cling trén mot cira s6 do hoa. Vai x thudc khoang [-10 ,10].

Cau 14: Cho mé hinh khéng gian trang thai cua hé théng véi cac ma tran twong Gng:
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121 2 3
4=|5 2 1 B=|1 2
4 56 35
Cc=[0 1 0 D=[0 0

Chuyén md hinh khdng gian trang thai nay sang mé hinh ham truyén dat
V& d6 thi dap tng cua hé théng vai tin hiéu vao dang budc nhay
Cau 15: Cho mé ham truyén caa hé théng nhu sau:

st +35 -1

H(s)= -
() 5 5571543

Chuyén md hinh ham truyén dat nay sang mé hinh khdng gian trang thai
Xéc dinh dap @ng caa hé thong véi tin hiéu vao dang budc nhay
Cau 16: Cho mé ham truyén caa hé théng nhu sau:

1351
H(s) = 5"+ 35

5 —55°+5+3

Chuyén md hinh ham truyén dat nay sang mé hinh khdng gian trang thai
Xét 6n dinh cho hé thong.
Cau 17: Cho hé théng c6 ham truyén nhu sau:

25+ 2

G(s) =———
( s+ 45 + 35

Xéc dinh dap @ng caa hé thong véi tin hiéu vao dang budc nhay

Dung gian d6 Bode dé khao sat 6n dinh cho hé thong dwa vao d6 du trit bién, d6 du
trir pha.

Cau 18: Cho mé hinh khéng gian trang théai ciia hé théng voi cac ma tran twong ung:
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121 2 3
4=|5 2 1 B=|1 2
4 56 35
Cc=[0 1 0 D=[0 0

Chuyén d6i mé hinh tir lién tuc sang gian doan véi Véi T4=0.35, thoi gian ldy mau
Ts=0,1

Cau 19: Cho mé ham truyén caa hé théng nhu sau:

st+35-1

His)= -
(5) 5 —55 +5+3

Chuyén d6i mé hinh tir lién tuc sang gian doan véi Véi T¢=0.35, thoi gian lay mau
Ts=0,1

Cau 30: Cho hé théng c6 so d6 khéi nhu sau:

W1=0,5 ; W2 = 1/(s+2)(s+8):
W3=1/s ;W4=2
Hay xay dung ham truyén hé kin.

V& d6 thi dap tng cua hé théng vai tin hiéu vao dang budc nhay
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Bai thwc hanh sé 1 (Sé tiét: 3 tiét) Khai bao bién va cac thao tac véi bién, ma tran
va phép toan véi bién va ma tran

+ Muc dich caa bai thuc hanh: Gitap sinh vién thuc hién thanh thao vé khai bao
bién va cac thao tac v6i bién, ma tran va phép toan v6i bién va ma trin trén Matlab.

+ Y&u cau cin dat dwgc caa bai thuc hanh: Sinh vién sir dung Malab dé khai
béo bién va ma tran, sau d6 thuc hién cac phép toan voi bién va ma tran. Tinh toan kiém
tra lai két qua.

+ Bai giai mau
1.1 Lam quen véi moi trwong lam viéc cia Malab

1. Mt s6 thao tac co ban trong Matlab

Film Ek Debup Deddcp Wickw Help

DS + @y o By ¥ [cwmiasmme: «(Jé
Srortouts () Hrto Ad (2] wnat's N

» x| EEEIEEAER U
& ﬁas ¥xcaiog: BATLAD Toolbox Path Cache i3 out of date and i D

AP - ln.m Iu Type '‘d=lp tocu’ux_plth_clbbl‘ for more ando.

To get started, select EATLAS Beip o Dgwos frow the Hel

»»

1 >

R Y e Y

Compred AT Ourrned Dissary ¢ >
St |

Hinh 1.1: MATLAB 2012
Trong Matlab, thanh trinh don thay doi tuy theo cira s6 lya chon.
Trinh don File:
- New: Tao dbi tuong méi
- Open: Mo mot file theo dinh dang Matlab
- Import data: Nhap dir liéu tur file khac vao Matlab.
- Print:in
Trinh don Window dé kich hoat cira s6
- Command window: Ctra sb 1énh
- Current directory: ctra s6 thu muyc hién hanh
- Command history: Cir s6 lich sir
- Work space: Khong gian lam viéc
1. Cac chirc trén cira s6 1énh

Clc: Lam sach man hinh
1/6



Clear: Lam sach ctra s6 workspace
Help: Liy thong tin tro gitp
Edit: Soan thao chuong trinh
Type: Xem noi dung file
1.2 Bién va khai bio bién
Vi MATLAB, ban khong can khai bao bién truée khi sir dung. Mbi khi ban gan
mot bién m&i, MATLAB sé& gitp ban dinh nghia dua vao dir li¢u bién éy chura.
MATLAB hd trg nhiéu loai bién, thong thudng ban ding MATLAB d¢é tinh toan véi ma
tran hodc vector ca sd hoc hay ki tuy. Pé tao mot bién, chi can gan mot gia tri vao cho
mdt tén bién
>> varl=3.14
>>  myString="hello world'
Qui tic dat tén bién:
o ki ty dau tién phai la chik cai
o céc ki tu sau co thé 1a chit cai hoac s, hay
o MATLAB phan biét chit hoa v6i chir thuong (varl khac voi Varl)
Mot s6 bién dd dugc MATLAB dinh nghia san, khéng duoc ding nhing tén bién
nay.
o 1vajdugc dung cho don vi phirc
o pi:sbpi,co giatr 3.1415926...
o ans : luu két qua ciia phép toan vira thuc hién
o Infva-Infla duong va &m vo cuc
o NaN : thé hién Not a Number, khong 1a mdt $6.
Bién v6 hudng:
o Mot bién vo hudng co thé duoc dinh nghia bang cach gan gia tr truc tiép:
>> a=10
(bién nay sé lap tirc xuat hién trén Workspace!)
>> ¢ =1.3*45-2*a
Néu khong mubén MATLAB dua ra két qua trén Command Window, ban thém
dau ; vao cudi dong 1énh.
>> d=13/3;
1.3 Ma tran va cac ma tran dac biét
Maing 1a mot thanh phan rat quan trong cia MATLAB. C6 2 loai mang:
- Mang s6: ma tran sb thuc hodc sb phuec.

177



- Mang cell: mot ciu trac dir liéu triru tuong, 1a mang cua cac dbi tuong.
Vector hang: dung du cach hoic diu phay dé ngin cach cac phan tir trong diu
ngodac vuong | ]
>>row =[125.4-6.6] % hodc sir dung cach sau
>>row = [1,2,5.4,-6.6]
Ca hai cach déu cho cung mot két qua.
Vector cot: dung ddu chdm phay ngin cach cac phan tir trong diu ngoic vudng
>>  col = [4;2;7,4]
Pé xem kich thudc cac bién c6 thé dung 3 cach
= Xem bién trong Workspace
= Goi bién trong Command Window
= Dung ham size dé xac dinh kich thudc bién
Ma tran: Khéi tao ma tran nhu vdi vector hang va vector cot:

C6 thé khoi tao bang cach liét ké cac phan tir cia mang

>>a=[12;34]

Dé luu cac bién dang c6 vao 1 file ta ding 1énh save:

>>save myFileab  %céau 1énh nay s& luu 2 bién a va b vao file myFile.m, file
nay duoc tao trong thu muc hién thoi.

Dé x6a cac bién hién co, dung cau Iénh clear. Vi du mudn xo6a hai bién a, b:
>>clearab

Dé tai cac bién di luu, dung l1énh load

>>loadab

Co thé dung cac 1énh trén cho toan b cac bién nhu sau:

>> save myenv; clear all; load myenv;

Céac phép toan

Céc phép toan coban (+,-,*,/).

Vi du:

>> 7/45

>> (1+i)*(2-1)

Phép liy thura (). Vi du:

>> 412

>>(3+e)"0.1

Véi cac biéu thirc phirce tap, can sir dung cac ddu ngoidc don.

>> ((2+3)*3)"(e-1)
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o Chu y dé khong bj thiéu ddu nhén, vi du:
>>3(1+0.7) % MATLAB s& bao 15i
«  Cac ham toan hoc dugc dinh nghia sin (Built-in Functions)

>> sqrt(2) % Can bac hai

>> log(2); 1og10(1.2) % Ham loga

>> c0s(1.2), atan(-.8) % Cac ham lugng giac

>> round(1.2), floor(3.3), ceil(4.23) % Lam tron s6

>> exp(2+4*i) % Ham lily thira co s tu nhién
>> angle(i); abs(1+i); % Céac phép toan véi sb phirc

+ Cac bai tap thuc hanh mirc do co ban

1. Tao ma tran trong Matlab xac nhan kich thudc ctia ma tran, trich Xuat phén tr
cla ma tran

Budc 1: Tao ma tran bang cach nhap vao Matlab, mdi phan tir trén mot dong duoc
phan biét boi ddu khoang tring hodc du phiy, va mot dong méi duge bat dau voi dau
cham phay.

>> A=[1 23 0:5 -1 0 0:3 -2 5 0]
A=

2 3
i | Q
3 = 3]

[ I )
i R o Y e

Budc 2: Chang ta ¢6 thé st dung 1énh size dé xéac dinh kich thuéc ctia ma trn
A(3x4):
>> size(A)
ans =
3 -
Budc 3: Chi sb cia ma tran trong Matlab giong nhu chi s6 ctia Vector. Piém khéc
biét & day 1a c6 hai chidu. Dé truy xuét t6i thanh phan ctia dong 2, c¢ot 3 clia ma tran A,
st dung 1énh sau:
3> A(2.3)

ans =
0

C6 thé truy xuat mot dong ctia ma tran v&i ddu hai chdm trong Matlab. Lénh A(2,:)
s& 1ay moi cot cua dong sb 2.

R e
ans =



Tuong tu nhu vay, cé thé truy xut dén bat ky c6t ndo ctia ma tran A voi1 I¢nh
A(:,x) vO1 x 1a cOt cia ma tran.

»» AC:,2)
ans =
2

—2
Can lfiy ma tran con st dung dong 1 va 3 va cot 2 va 4, ta str dung I¢nh sau:

>> A([1,31,02,41)

ansg =
2 0
~2 0
Budc 4: Gan cac phan tir cia ma tran

»> A(3,4)=12

A =
1 2 3 4]
5 -1 0 0
3 =2 5 12

Khi mudn gan mgt dong, mét cdt hay mdt ma tran con cia A, ta phai thay thé noi
dung véi mdt dong, ¢t hodc ma tran con vdi s6 phan tir tuvong img. Vi du sau s€ gan

ndi dung mai cho dong dau tién cia ma trén A:

> A(1,:)=20:23 > A(:,2)=11

A= )'L o
20 21 22 23 20 11 22 23
5 -1 0 0 5 11 0 0
3 =2 5 12 3 11 5 12

2.Chomatran A=[241;672;359] viét 1énh Matlab dé:

a. Gan cho vector x 1 dong thir nhat cta A.

b. Gan cho ma tran y 14 hai dong con lai (cudi) ciia A.

c. Gan cho ma tran A dong dau tién gia tri ting dan tir 24-26.
+ Cac bai thyc hanh mirc d¢ nang cao.
Hoan vi ma tran C6 thé d& dang hoan vi ma tran gidng nhu hoan d6i dong thanh

cot trong vector. Vi du, thuc hién Iénh magic nhu sau:
>> A=magic(4)

J
16 2 & 15
5 11 10 B
g 7 g 12
4 14 15 1
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C6 thé d& dang tinh AT véi lénh nhu sau:

> A.?

ans =
18 E 2 4
P 11 T 14
3 10 g 15
13 8 12 1

Phép nhan vé huéng
Matlab cho phép nhan ma tran véi mét sé (goi 1a phép nhan vo hudng):
Néu A 1a ma tran:

1 2 3
{=3|4 & 8
T8 9
Ta thyc hién phép nhan vai 3 nhu sau:
> 3%l
dalng =
3 6 9
12 15 18
21 24 27

Phép cong ma tran
Néu hai ma tran 6 cting chiéu, ta c6 thé cong ma tran theo ting thanh phan nhu
sau: Vi du: Cho hai ma tran A va B nhu sau:

| (O A | 1
A=1|2 2 2 and B=]1 1
32 8 & 1
>> A=[1 % 1:2°2 2;8'3 3]; B=11 ¢ 1;1 1 1:1 1 1];
>> A+B
ans =
2 2 2
3 3 3
4 4 4

Phép nhan ma tran - vector:

Gia sir ta c6 hé phuong trinh 3 4n nhu sau:
2x+3y+4z=206
3x+2y=4z=28
5 —3y+8x=1
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ta c6 thé viét lai thanh dang sau:

2 3 4 6
x|3|+y| 2 |+z|4]|= [8]
5 -3 8 1
Ta dua vé dang Ax=b
2 4 1 6
A=1|3 2 4 x= |y and b |8
5 -3 8 2 1

Pua vao Matlab:
> A={1 2 -3:3 0 4;0 -2 2]; ==[1; -2; 31;
>> Axx
ans =
=12

15
10

Phép nhan: ma tran — ma tran

>> A=[1 2;3 4]; B=[1 -2;2 1];

>> A*B
ane =
5 0
11 -2
1. C6b cac ma tran sau:
a3 43 Ny . [§ 1]
A4=2 1|0 B=|2 3]' “‘:{a 8

Str dung céc 1énh Matlab, thyuc hién céc thudc tinh sau (0 1a ma tran Zero):
a. A+B=B+A

b. A+B)+C=A+(B+C)
c. A+t0=A

d A+(-A)=0

e. A(B+C)=AB+AC

f. A+B)C=AC+BC

4. CO ma tran sau

A=l el
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Va gia tri vo hudng sau:n «c= 2 va f = —3. Str dung Matlab tinh c&c phép tinh
sau:

a) (a+3)A=aA+3A

b) a(A+ B)=aA+aB

c) a(BA)=(al)A

d) (aA)B =a(AB) = A(aB)

5.ChoA=[2797:3156;8125;1235], viét [énh Matlab dé

a. Gan cho ma tran B 14 cac cot & vi tri chan

b. Gan cho ma tran C la cac dong & vi tri 1é

c. Gén lai A thanh chuyén vi cua n6

d. Tinh nghich dao moi phan tir cua A

e. Lay can bac hai moi phan tir cia A

183



Bai thwc hanh sé 2 (Sé tiét: 3 tiét) Thao tac véi cac ham toan hec

+ Muc dich ciia bai thuc hanh: Gitp sinh vién thuc hién thanh thao vé da thuc,
tinh gia tri da thirc, tim nghiém cua da thic hay cac phép tinh voi da thire. Gitp sinh
vién thuc hanh thanh thao vé6i cac bién logic, cac ham toan hoc giup tinh toan nhanh
chong va don gian véi Matlab.

+ Y@&u cau cin dat dwgc caa bai thuc hanh: Sinh vién sir dung Malab dé khai
bao da thirc va tinh toan da thirc mot cach thanh thao.

+ Bai giai mau
2.1 Da thire va cac ham xir ly da thire

2.1.1 Tim nghiém cua da thirc

Ta c6 mot da thire: f(x) = anX™+ an-1. X"+ ... +a1X + ao

Khai bao da thtrc trong Matlab:

>>p=[an an-1..... ao]

Pé tinh toan gia tri cua da thirc tai mot gia tri cta x ta st dung ham:

Polyval (p, x)

Vi du: A(x)= 6x3-3x?+4x+12 tinh gia tri A tai x=4

> A=[6 -3 4 12]

L =
£ -3 4 12z
>» X=4
¥ =
4

»>>» y=polyval (p, x)

[~
fae]

Matlab c6 thé tim céc nghiém cta mét da thue béng 1énh:
>> r = roots(p)
vi du: cho p(x)=x3-2x?+4x+12 x4c dinh nghiém cta da thirc khi p(x)=0
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5> p=[1 -2 4 12]

>> a=roots(p)

[Ta}
=
19
R

41181
41181

=
l:..umm
1]
=
19
|

(4]
]
[e4]

=

Trong Matlab néu biét trude nghi¢m cua da thuc cé thé tim duoc cac hé sb cua da
thirc d6 bang lénh:
>> p=poly(r)

x> poly(a)
ans =

1.0000 —-2.0000 4.0000 12.0000

2.1.2 Cong da thurc
Matlab khong cung cdp cac ham tryc tiép thuc hién phép cong hai da thirc. St
dung phép cdng ma tran chi c6 tac dung khi hai da thtrc 1a hai vector c6 cung kich
thudc.
Vi duy: ta c6 ham f1(x)= 3x8+15x5-10x3-3x?+15x-40
f2(x)=3x3-2x-6
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>» f1=[3 15 0 -10 -3 15 -40]

£1 =
3 15 o -10 -3 15 -40
»» £2=[0 0 0 3 0 -2 -6]
£z =
0 0 0 3 0 -2 -6
> F1+£2
ans =
3 15 0 -7 -3 13 -46
2.1.3 Nhan da thire

Pé nhén hai da thirc ta thyc hién ca phap:
>> c=conv(a, b)
Trong do: a va b 1a cac vector hé sb cua da thirc

c la vector hé so cua tich.

> a=[1 12 -2]

1 12 -2
»> b=[1 2]
B =
1 2
»» oc=convia,b)
c =
1 14 22 -4
2.1.4 Chia da thue

Thuc hién chia da thuc theo cu phép: [q, r]=deconv(u,v)

Trong do: u la vector hé so cua cac da thice bi chia
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v la vector hé so cua da thuc chia
q l1a vector hé s0 cua thuong

r 1a vector hé s6 cua phan du

LY,
L

» [ger]=deconvia,b)

0 o -22
2.1.5 Pao ham cua da thirc
Dé dao ham ciia da thic ta thyc hién 1énh: k =polyder(p)
Trong do: p 12 vector hé s6 ciia da thirc

K 1a vector hé sb cuia dao ham
> p=[3 -12 10 4]

3 -12 10 4

»> r=polyder (p)

g -z4 10
2.1.6 Nguyén ham cua da thirc
Matlab tinh nguyén ham cuia da thirc béi Iénh:  g=polyint(h, k)
Trong do: h 12 vector hé s6 cua da thirc
g 1a vector hé s6 ctia nguyén ham
k 12 hing s tich phan, mic dinh 12 0
Vi du:
2.1.7 Phan thirc hiru ti
Déi khi ta gip nhitng bai toan lién quan dén ti s6 giira 2 da thirc ngudi ta goi do

13 phan thirc hitu ti, vi du nhu cac ham truyén hay ham xap xi pade c6 dang nhu sau:
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n(x)  Npx™+ Npx™ ' + o+ Np_1x°
d(x)  Dyx™+ Dyx" 1+ -+ D, ;x°
Trong Matlab phan thirc ciing duoc mo phong bang hai da thirc riéng.

2.2 Cac phin tir co' ban va ham toan hoc
2.2.1 Cac phan tir co ban
Chudi ky tu dugc dit gitta 2 ddu nhay don
Chudi ky tur 1a mot mang nhiéu ky tu. Ky tu dugc luu dust dang ma ASCIL. >>
name= ‘Truong Pai hoc DL Cong Nghé Sai Gon’
C6 thé truy xuat dén tirng phan tir chudi
>> fprintf (‘Truong t6i 1a %s\n’, name(8:35));
Két hop cc string tao string méi
>> text]1="T061 hoc tai’; text=[text]l ‘ ’ name];
Nhaép string tir ban phim:
>> str= input(‘Nhap vao mot chuoi’,’s’);
2.2.2 Ham toan hoc

Bang 2.1: Cac ham toan hoc co ban

Ham Y nghia

Round Lam tron vé s nguyén gan nhat
fix Lam tron vé 0

Foor Lam tron nho hon
ceil Lam tron 16n hon

log (X) Ln(x)

log10(x) Log thap phan
pow2(x) Lu§ thira co s6 2
nextpow2(N) | Tim p: 2°=N

Exp(x) Ham e*

Sqrt(x) Can bac hai cta x
Abs(x) Modun ctia s6 phirc x
Imag(x) Phan 4o cta x
Real(x) Phan thuc ctia X
Sign(x) Dau cia x

+ Cac bai tap thuc hanh mirc do co ban
1. Giai cac phuong trinh va h¢ phuong trinh sau day:
a. X2—5x2+32x+10=22

b. Giai hé phuong trinh sau theo hai cach dung ma tran hodc dung ham solve
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2. Tinh dinh thitc cua ma trin sau:

[ 893 ]
965
1110
+ Cac bai thyc hanh mirc d§ nang cao.
Cho ma tran A nhu sau:
3 =27
[—5 9 21]

12 4 -3
Tinh da thtrc dic trung cua ma tran A.
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Bai thwc hanh sé 3 (Sé tiét: 3 tiét) P6 hoa trong Matlab
+ Muc dich caa bai thwc hanh: Giup sinh vién thyc hién v& d6 hoa 2D, 3D trén
nén MATLAB. Ung dung trong céc bai toan co ban.
+ Yéu cau cin dat dwoc caa bai thuc hanh: Sinh vién sit dung thanh thao
MATLAB vé& d6 hoa 2D, 3D va quan sat néu nhan xét.
+ Bai giai mau
3.1 Vé db thi trong 2D
Lénh co ban: plot(x,f(x))
V6i X vec-to chira mién gia tri ciia ham f.
f(x): cac gia tri cua f rng voi X.
Vidu 1.5.1. V& dd thi y = sin(x) tir [0, 27]
>>x=0:7/100 : 2*m;
>>y = sin(x);
>> plot(x, y);
Chu thich trén db thi:
text(x, y, ’...”): ddt mot chu thich (trong dau * *) 1én d6 thi tai toa do (x, ).
gtext(’...”):dat chu thich Ién dd thi, vi tri duoc xac dinh béi click chudt.
title(...”): twa dé cua do thi.
xlabel(’...”): ghi nhan cho truc Ox.
ylabel(’...”): ghi nhan cho tryc Oy.

hold on/off: bat / tit ché d6 cho phép vé nhiéu d6 thi trong cung mot hé truc toa

Céc tiy chinh vé nét v&, diu va mau sic:
Lénh: plot(x,y,”Nét vé Dau_Mau sic’)
Vi du:

>> x = 0:pi/20:2*pi;

>> plot(x, sin(x),’-.*1’);

>> hold on plot(x, sin(x — pi/2),’—om’);

>> plot(x, sin(x — pi), “:bs’);

>> hold off
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Hinh 3.1: Bo thi ham sin x
Xac dinh toa do:

axis([xmin xmax ymin ymax])

xlim([xmin xmax])

ylim([ymin ymax])

Tuy chinh céac kiéu truc toa do:

axis on/off/auto

axis normal/square/equal/tight

axis ij/xy

grid on/off

subplot - V& nhiéu db thi trong ciing mot cira so:

subplot(m, n, p): tao ra m0t ma trdn m hang, n cdt chrtam x n dd thi, p la vi tri cia
tung dd thi, thir tu tir trén xuéng dudi theo hang.
3.2. V& do thi trong 3D
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Lénh co ban: plot3(x, y, 2)
Trong plot3, ta can x4ac dinh cac vec-to (x, y, z).
Pé vé mit (x, y, z = f(x, y)), stt dung 1énh meshgrid(x,y).
Mot sb 1énh v& db thi trong 3-D khac:
* contour / contourf/ contour3
» mesh / meshc / meshz
« surf / surfc
* waterfall
* bar3 / bar3h
* pie3 / fill3
» comet3 / scatter3 / stem3
+ Cac bai tap thuc hanh mirc do co ban
1. V& 4 @6 thi trong cung 1 ctra s6
>> t = 0:pi/20:2*pi; [X,y] = meshgrid(t);
>> subplot(2,2,1)
>> plot(sin(t),cos(t))
>> axis equal
>> subplot(2,2,2)
>> z = sin(x)+cos(y);
>> plot(t,z)
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>> axis([0 2*pi -2 2])

>> subplot(2,2,3)

>> 7 = sin(x).*cos(y);

>> plot(t,z)

>> axis([0 2*pi -1 1])

>> subplot(2,2,4)

>> 7 = (sin(x).” 2)-(cos(y).” 2);
>> plot(t,z)

>> axis([0 2*pi -1 1])

1

=
/
0%
1]
08
D, /7
1 \ _/
1 06 0 056 1
1
N -
N = Z
0.5 f;j::} g
0| —= > 7 o
st/ N \ ~
> /) — \.__\
q 2 et =
0 2 4 6

Hinh 3.2: V& 4 do thi trong cing 1 cira s6

+ Cac bai thyc hanh mirc d¢ nang cao.
2. V& @6 thi 3D biét ham x = sin(t); y = cos(t); z=t;

>>t = 0:0.02*pi:25*pi; >> X = sin(t);
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>>y = cos(t);
>>7 = t;

>> plot3(x,y,z);
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Hinh 3.3: D6 hoa 3D

05

3. Vémit z(x, y) = x?ye X2V 2 voi 4 <x<4va-4<y<4

>> [X,y]=meshgrid([-4:0.1:4]);

>> 7=X.*X*y. *exp(-x."” 2-y." 2);

>> plot3(x,y,z)

-4

Hinh 3.4: D6 hoa 3D z(x,y)
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Bai thuc hanh sé 4 (Sé tiét: 3 tiét) Mé phéng véi Matlab/Simulink

+ Muc dich cia bai thuc hanh: Giap sinh vién thuc hién thanh thao viéc xay dung
mo hinh mé phong trén Matlab/Simulink.

+ Y&u cau cin dat dwoc cia bai thuc hanh: Sinh vién biét cach xay dung mé
hinh mé phong bang viée sir dung cac thu vién trong Simulink.

+ Bai giai mau
Bai 1: Cho hé théng c6 so d6 khéi nhu sau:

W1 =5s/(s-1) ;W2 =1/(s-1);

W3 =5 ;W4 =1/(s+2); W5=4
X y
W1 - \\/2 W3 -
+
(-)
W4 |-
W5 =

Sir dung bo diéu khién PID trong Matlab/Simulink dé diéu khién hé thong trén.

+ Cac bai tap thuc hanh mirc do co ban
Bai 1: Cho hé thong c6 so d6 khdi nhu sau:

W1 =5s/(s-1) ;W2 =1/(s-1);

W3=5 W4 =1/(s+2); W5=4
X y
Wi - \\/2 W53 -
+
(-)
W4 |
W5 =

Xac dinh dap ¢ng caa hé thdng trén véi tin hiéu vao c6 dang Constant.

Bai 2: Cho 10 nhiét dién tré c6 ham truyén dat nhu sau:

Ke™
Ts+1

W(s)=

Véi K=100,T1=250,T>=50. Str dung bd diéu khién PID trong Matlab/Simulink dé diéu
khién ddi tugng trén,
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Bai 3: Cho hé théng c6 so db khdi nhu sau:
W1 =5s/(s-1) ;W2 =1/(s-1);
W3 =5 ;W4 =1/(s+2); W5 =4

|

W1 - \\/2 W3

W4

Str dung bo diéu khién PID trong Matlab/Simulink dé diéu khién hé thong

trén.

Bai 4: Cho hé thong c6 so do khbi nhu sau:

W1 =5s/(s-1) ;W2 =1/(s-1);

W3=5 W4 = 1/(s+2); W5=4
X y
Wi = \\2 W53 -
+
-)
W4 |
W5 =

Xac dinh dap ¢ng caa hé thdng trén véi tin hiéu vao c6 dang Step.

+ Cac bai thwc hanh mirc do nang cao.
Bai 1: Cho dbi twong c6 md hinh khong gian trang thai, véi cac ma tran A, B, C, D

duoc cho nhu sau :
0 0,3 0
A = B =
{—0,5 -0, 2} M
c=[0 1] D =[0]
Xay dyng md hinh mé phong dbi twong trén simulink véi tin hiéu vao c6 dang Step

Bai 2: Cho ddi tugng c6 mé hinh khong gian trang théi, véi cac matran A, B, C, D

duoc cho nhu sau :
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A{—c?,s —06,32} ° :m

c=[0 1] D =[0]

Xay dyng md hinh mé phong dbi twong trén simulink véi tin hiéu vao c6 dang
Constant.

Bai 3: Cho dbi twgng c6 md hinh khéng gian trang théi, véi cac ma tran A, B, C, D
duoc cho nhu sau :

A{—g,s —0032} Bzm
c=[0 1] D =[0]

Xay dyng md hinh md phong hé théng diéu khién dbi twong trén sir dung bo diéu
khién PID trong simulink véi tin hiéu vao c6 dang Step

Bai 4: Cho dbi tugng c6 moé hinh khéng gian trang thai, vai cac matran A, B, C, D
duoc cho nhu sau :

A os 5] )
c=[0 1] D =[0]

Xay dyng md hinh md phong hé théng diéu khién dbi twong trén sir dung bo diéu
khién PID 2 bac trong simulink véi tin hiéu vao c6 dang Step
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Bai thuc hanh sb 5 (S6 tiét: 3 tiét) M6 phéng véi Matlab/Simulink (Tiép)
+ Muc dich cia bai thuc hanh: Giup sinh vién thyc hién thanh thao viéc xay dung
mot mo6 hinh mé phong trén Matlab/Simulink.
+ Yéu cau can dat dwoc cia bai thuc hanh: Sinh vién biét cach xay dung mo
hinh mé6 phong bang viéc két ndi st dung cac thu vién trong Simulink.
+ Bai giai mau
Bai tap 1: Xay dung m6 hinh mo phong Mach chinh luu 1 pha, %2 chu ky, khong
diéu khién, tai R-L-E:
Sinh vién diéu chinh cac trudng hop sau:
+ Tai R.
+ Tai R-L.
+ Tai R-E.
+ Tai L-E.
+ Tai R-L-E.
Két hop véi diéu kién:
+ C6 diode dém DO.
+ Khong c6 diode dém DO.
Thuc hién mo phong - V& d6 thi mdi trudng hop.
Xac dinh két qua, di chiéu ly thuyét va dua ra két luan.
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+v{|vil

Két qua:

45 CPL AEREBAR

Bai tap 2: Xay dung mo hinh mé phong Mach chinh Iuu 1 pha, % chu ky, ¢6 diéu
khién, tai R-L-E:

Sinh vién diéu chinh cac truong hop sau:
+ Tai R.
+ Tai R-L.
+ Tai R-E.
+ Tai L-E.
+ Tai R-L-E.
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Két hop véi diéu kién:
+ C6 diode dém DO.
+ Khong c6 diode dém DO.

Thuc hién m6 phong - V& dd thi mdi trudng hop.

Xac dinh két qua, d6i chiéu 1y thuyét va dua ra két luan.
Tty i
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Fulsa
Ganerator

B | ~L,LL AEREBAE

o2

+ Cac bai tap thuc hanh mirc do co ban
Bai tap 1: X4y dung mo hinh mé phong Mach chinh Iuu 1 pha, hinh ciu, khong diéu
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khién, tai R-L-E:
Sinh vién diéu chinh cac truong hop sau:
+ Tai R.
+ Tai R-L.
+ Tai R-E.
+ Tai L-E.
+ Tai R-L-E.
Két hop voi diéu kién:
+ Co diode dém DO.
+ Khéng c6 diode d¢ém DO.
Bai tap 2: Xay dung mo hinh mé phong Mach chinh chinh luu 1 pha, hinh ciu, ¢6
diéu khién, tai R-L-E:
Sinh vién diéu chinh cac truong hop sau:
+ Tai R.
+ Tai R-L.
+ Tai R-E.
+ Tai L-E.
+ Tai R-L-E.
Két hop véi diéu kién:
+ Co diode dém DO.
+ Khong c6 diode dém DO.
Bai tip 3: Xay dung mo hinh mo6 phdng Mach chinh chinh luu 3 pha, hinh tia,
khong diéu khién, tai R-L-E:
Sinh vién diéu chinh cac trudng hop sau:
+ Tai R.
+ Tai R-L.
+ Tai R-E.
+ Tai L-E.
+ Tai R-L-E.
Két hop voi diéu kién:
+ C6 diode dém DO.
+ Khong c6 diode dém DO.
+ Cac bai thwc hanh mirc d¢ nang cao.
Bai tap 1: Xay dung mo6 hinh mé phong Mach chinh hinh luu 3 pha, hinh tia, c6
diéu khién, tai R-L-E:

Sinh vién diéu chinh cac truong hop sau:
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+ Tai R.

+ Tai R-L.

+ Tai R-E.

+ Tai L-E.

+ Tai R-L-E.
Két hop voi diéu kién:

+ Co diode dém DO.

+ Khong c6 diode dém DO.

Bai tap 2: Cho mach dién nhu hinh v& véi

e1=200 (V)
e» =220 (V)
j=2 sinot (V)
R2=R3= 80Q,R=50 Q.
Li=L2=15mH; L:=1.2mH
C1=C3=200 pF; C=100 puF f=50Hz

M
L, L, L;
C, )
(") el e2 R,

W L

L —]

Hay sir dung céc khdi trong Simulink dé vé mach dién trén st dung khéi do dong dé
xac dinh dong dién chay trong cac nhanh
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Bai thuc hanh sé 6 (Sé tiét: 3 tiét) Ung dung Matlab trong diéu khién

+ Muc dich cia bai thuc hanh: Gilp sinh vién c6 cong cu dé tién hanh phong
cac ddi twong, hé théng nhiam kiém ching lai noi dung Iy thuyét da hoc. Lam co s& dé
nghién ciu sau hon vé cac dbi tugng va hé théng.

+ Y@&u ciu cén dat dwoc cia bai thuc hanh: Sinh vién str dung Cach sir dung
phan mém Matlab dé mé ta dic diém cua hé thong va xdy dung mo hinh hé thdng,
chuyén d6i mé hinh, khao sat 6n dinh va cac dap ung cia hé thong.

+ Bai giai mau

Bai tap 1: Thuc hanh danh gia kha niang diéu khién duoc, quan sat duoc cua hé
théng

Xac dinh kha nang diéu khién cua hé khdng gian trang thai & vi du vé 1énh dcgrain
a=1[-0.5572 -0.7814; 0.7814 0];
b=[1 05379:0 -0.2231];
c=[L9691 6.4439: 1 O
d=[00; 0 0];
Gc = gram(a,b)
Ta nhan dugc ma tran:

Ge =

1.2016 -0.0318

-0.0318 1.0708

Tim hang ma tran bang Iénh:

r = rank(Gc)

Ta duoc r = 2 va bang kich thuéc ciia ma tran danh gia. Vay hé thong nay co thé
diéu khién dugc.

Bai tap 2: Thuc hanh céc 1énh dé két ndi cac khau trong hé thong.

204



Vidu 1:

2s? +55+1

5 v6i khau hoi tiép c6 ham truyén
S“+s+3

Két ndi khau c6 ham truyén G(s) =

5(s + 2)

theo dang hoi tiép 4m nhu sau:
s+10

H(s) =

G(s)

v

H(s)

A

numg=[2 5 1]
deng=[1 2 3],

numh=[5 10];
denh=[1  10];
[num,den] = feedback(numg, deng, numh, denh);
Két qua:
num =
2 25 51 10
den =
11 57 78 40
Vidu 2:
Két ndi 2 khau c6 ham truyén G(s) va H(s) dé tao thanh hé thong néi tiép.

Ta thuc hién nhu sau:

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

den2=[1 2 3];
[num,den] = series(num1,denl, num2,den2)
ta duoc két qua:
num = [0 0 6 12]
den=[1 6 1112]

Vidu 3:
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Néi 2 khau ¢6 ham truyén G(s) va H(s) thanh hé théng song song:

3
G(s) = s+ 4
2s+4
H(s) =
(s) s?+2s+4
numg = 3;
deng=[1 4],
numh=[2 4];

denh=[1 2 3]
[num,den] = parallel(numg, deng, numh, denh);
Ta duoc hé théng song song c¢6 ham truyén
G’(s) = num(s)/den(s) v6i cac hé so:
num = [0 5 18 25]
den=[1 6 11 12]
+ Cac bai tap thwc hanh mire dd co ban
Bai tap 1: Thuc hanh chuyén d6i mé hinh tir lién tuc sang gian doan.
Cho hé théng: H(s) = (s —1)/(s? + 4s +5)
Véi Tg=0.35, thoi gian ldy mau Ts=0,1
» num=[1 -1];
» den=[1 4 5];
» H=tf(hum,den,'inputdelay’,0.35)
Két qua:
Transfer function:
s-1
exp(-0.35*s) * -------------

sN2+4s+5

» Hd=c2d(H,0.1,'foh")

Transfer function:
0.0115 z*3 + 0.0456 z"2 - 0.0562 z - 0.009104



"3 -1.629 222 + 0.6703 z

Sampling time: 0.1
+ Cac bai thwc hanh mirc do nang cao.
Bai tap 1: Thyc hanh véi cau 1énh chuyén d6i mé hinh tir gian doan sang lién tuc.
1:Lénh C2DM
a) Cong dung:
Chuyén d6i hé lién tuc sang gian doan.
b) Cu phap:
[ad,bd,cd,dd] = c2dm(a,b,c,d, Ts,’method”)
[numd,dend] = c2dm(num,den, Ts, ’method’).
¢) Vi du:
Cho hé théng c6 mo hinh khong gian trang thai nhu sau :

Chuyén hé khong gian trang thai lién tyc thanh hé gian doan dung phuong phép

“Tustin’, v& 2 do thi dap tng so sanh.

a=1[11;2 -1];
b =[1; 0J;
c=1[2 4],
d=1;

Ts=1;

[ad,bd,cd,dd] = c2dm(a,b,c,d, Ts, tustin’)
c2dm(a,b,c,d,Ts,” tustin’) %vé do thi so sanh

title (‘Do thi so sanh 2 dap ung lien tuc va gian doan”)

grid on

Két qua: Ta duoc dd thi va céac gia tri nhu sau:
ad =

11 4

8 3
bd =

6
cd =

28 12

dd =

15
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Do thi so sanh 2 dap ung lien tuc va gian doan

T

i

S o e e e e mmm e mmmm oo oo
g 2Tt K
= 1
S !
® |

S | e

fa

Pép Ung lién tuc /]'i

e
—

Frequency (rad/s)

Bai tap 2: Thyc hanh véi cac 1énh chuyén d6i mo hinh khong gian trang théi tir

gian doan sang lién tuc.
1. Lénh D2CM
a) Cong dung:

Chuyén d6i mé hinh khong gian trang théi tir gidn doan sang lién tuc.
b) Cu phap:

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

[numc,denc] = d2cm(num,den, Ts,’method’).
c) Vidu:

Cho hé thong gian doancd mé hinh khong gian trang thai nhu sau :

x[n+1] = Ax[n] + Bu[n]
y[n] = Cx[n] + Du[n]

vOi:

A= {181 ﬂ; B= m; C=[28 12] D =15;

Chuyén hé khong gian trang thai gian doan:
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A=[11 4;8 3];

B =[6; 4];
C=[28 12];
D = 15;

Ts=1;

[ac,be,cc,dc] = d2em(a,b,c,d, Ts, tustin’)
d2cm(a,b,c,d,Ts,’ tustin’) % vé dd thi so sanh
title (‘Do thi so sanh 2 dap ung lien tuc va gian doan”)

ta dugc do thi va cac tham so nhu sau:

ac =
1 1
2 -1
bc =
1
0
cc =
2 4
dc=1

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

ju]
=
=
=
W gl
~
-
2+ A
Pép rng gidn doan s
A4t
Pap Urng lién tuc
- 1 IU 1
10 10 10

Frequency (rad/sec)

Bai tap 3: Thuc hanh véi cac 1énh chuyén hé thong tir dang khong gian ham
truyén thanh dang trang thai.
1. Lénh TF2SS
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a) Coéng dung:

Chuyén hé théng tir dang khong gian ham truyén thanh dang trang thai.
b) Cu phap:

[a,b,c,d] = tf2ss(num,den)
¢) Vidu:

Xét hé théng c6 ham truyén:
2s+3

q , s +04s+1
Chuyén hé thong thanh dang khong gian trang thai :

H(s)=

Num=[0 2 3; 1 2 3]

den=[1 04 1];

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

a=
-0.4000 -1.0000
1.0000 O
b=
1
0
c=
2.0000 3.0000
1.0000 2.0000
d=
0
1

Vi du 2: Cho ham truyén: (s2+7s +2) / (S3+9s?+265+24)
Chuyén hé théng thanh dang khong gian trang thai

»num=[17 2];

» den=[1 9 26 24];

» [A,B,C,D]=tf2ss(num,den)

210



Bai thuc hanh sé 7 (Sé tiét: 3 tiét) Ung dung Matlab trong diéu khién (Tiép)

+ Muc dich cda bai thwc hanh: Gilp sinh vién cd cong cu dé tién hanh mo
phong cac dbi twong, hé théng nham kiém chang lai noi dung ly thuyét da hoc. Lam co
s dé nghién ctru sau hon vé cac ddi teong va hé thong.

+ Yéu ciu céin dat dwoc caa bai thuc hanh: Sinh vién sir dung Cach sir dung
phan mém Matlab dé mé ta dic diém cua hé thong va xdy dung mo hinh hé thdng,
chuyén d6i mé hinh, khao sat 6n dinh va cac dap tng cia hé thong.

+ Bai giai mau

Bai tap 1:V& dap ung tan s6 Bode trong Matlab

Vi du:

V& dap Gmg bién do va pha cta hé bac 2 véi tin s ty nhién mn= 1 va hé s tat dan
£=0.2

[a,b,c,d] = ord2(1,0.2);

bode(a,b,c,d)

grid on

va ta dugc gian do Bode dap tng tan sb cia hé théng nhu sau:

Bode Diagrams

-10

-20

-30

-40

-50
-100 \
-150

-1 0
10 10 10

Phase (deg); Magnitude (dB)

Frequency (rad/sec)

Bai tap 2: Thyc hanh vé& dép tng cta phép bién ddi Lapplace.
1. Lénh FREQS
a) Cong dung:

Tim déap Gmg tan s6 cua phép bién dbi Laplace.
b) Cu phap:

h = fregs(b,a,w)

[h,w] = freqgs(b,a)
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[h,w] = fregs(b,a,n)
fregs(b,a)
¢) Vi du:
Tim va v& dap Gng tan s cua hé théng c6 ham truyén:
0.2s* +0.3s +1

H(s) =
(s) s +04s +1

% Khai bao ham truyén:

a=[104 1;b=10.2 0.3 1];
% Xéc dinh truc tan sd:w = logspace(-1,1);
% Thuc hién vé dd thi: freqs(b,a,w)

10"

Magnitude
=
o
>

N
o,

10° 10*
Frequency (radians)

I
o,

o

-50

-100

Phase (degrees)

-150
10" 10° 10"
Frequency (radians)

Bai tap 3: Thuc hanh tim dap ing budc nhay
Lénh STEP
a) Cong dung:
Tim dap ing nac don vi.
b) Cu phap:
[y,x,t] = step(a,b,c,d)
[y,x,t] = step(a,b,c,d,iu)
[y.x,t] = step(a,b,c,d,iu,t)
[y,x,t] = step(num,den)
[y.x,t] = step(num,den,t)
) Vi du:
V& db thi dap (mg nac cta hé khong gian trang thai bac 2 sau:

% | [-05572 -07814][x ] [1
= +| |u
| 07814 0

Xy
X,

y =[1.9691 6.4493]{
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a=1[-0.5572 -0.7814,0.7814 0J;

b=1[1;0];
c=[1.9691 6.4493];
d = [0];

step(a,b,c,d); title(‘Dap ung nac’)
va ta duogc do thi dap ung nic cua hé théng nhu sau:

SteS Response
ap ung nac

Amplitude

0 5 10 15 20

Time (sec.)

+ Cac bai tap thuc hanh mirc d co ban
Bai tap 1: Thuc hanh vé& biéu d6 dap tng tan sb Nyquist.
V& biéu do Nyquist ctia hé thong c6 ham truyén:

2s” +5s+1

H(s) =
(s) s?+2s+3

num=[2 5 1],

den=[1 2 3];

nyquist(num,den); title(‘Bieu do Nyquist’)
va ta dugc biéu dd Nyquist nhu hinh vé:
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Myquist Diagrams
Y%ieu do ﬁyquist

151

1_

0.5+

0+

Imaginary Axis

4.5+
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151

i 0.5 0 0.4 1 i 2 i
Real Axis

Bai tap 2: Thuc hanh v& biéu d6 dap tGng tan sé Nichols.
Lénh NICHOLS
a) Cong dung:
V& biéu do dap ung tan s6 Nichols.
b) Cu phap:
[mag,phase,w] = nichols(a,b,c,d)
[mag,phase,w] = nichols(a,b,c,d,iu)
[mag,phase,w] = nichols(a,b,c,d,iu,w)
[mag,phase,w] = nichols(num,den)
[mag,phase,w] = nichols(num,den,w)
¢) Vi du:
V& dap tng Nichols ctia hé thong c6 ham truyén:
—4s* + 48s® —18s® + 250s + 600
s* +30s® + 282s? +525s + 60
num=[-4 48 -18 250 600];
den=[1 30 282 525 60];
nichols(hum,den)
title(‘Bieu do Nichols’)
ngrid(‘new’)

H(s) =

va ta duoc biéu dd Nichols nhu hinh vé:
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Nichols Charts
Bieu do HNichols
40 — T T T T T

-3 dB

15 dB

Open-Loop Gain (dB)
Open-Loop Gain (dB)
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w20 dB

I Ll i L L L !
350 300 250 200 -150 -100 50

ofEl ol BHake Y

—40 dB
0

Bai tap 3: Thuc hanh tinh bién du trlr va pha du trir.
Lénh MARGIN
a) Cong dung:
Tinh bién dy trit va pha du tri.
b) Cu phap:
[Gm,Pm,Wcp,Wcg] = margin(mag,phase,w)
[Gm,Pm,Wcp,Wcg] = margin(num,den)
[Gm,Pm,Wcp,Wcg] = margin(a,b,c,d)
) Vi du:
Tim bién du tri¥, pha dy trit va vé gian dd Bode ctia hé bac 2 ¢6 wn =1 va £=0.2
[a,b,c,d] = ord(1,0.2);
bode(a,b,c,d)
margin(a,b,c,d)
[Gm,Pm,Wcp,Wcg] = margin(a,b,c,d)
va ta duoc két qua:
Gm = Inf(c0)
Pm =32.8599 d6
Wcg = NaN (khong xac dinh)
Wocep = 1.3565
Gian d6 Bode ctia hé:
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Bode Diagrams
Gm = Inf, Pm=32.86 dey. (at 1.3565 rad/sec)

-10
20
30
40

A0

-100

Phase (deq); Magnitude {dB)

-150

Frequency (rad/sec)

+ Cac bai thwc hanh mirc do nang cao.

Bai tap 1: Thuc hanh khao sat hé théng theo tiéu chuén tan sd

- H¢ théng 6n dinh & trang thai ho, sé 6n dinh & trang thai kin néu biéu dod

Nyquist khong bao diém (-1+i0) trén mat phang phtc.

- Heé théng khong on dinh ¢ trang thai ho, s& on dinh & trang thai kin néu biéu do

Nyquist bao diém (-1+i0)p 1an nguogc chiéu kim dong hd (p 14 sé cuc GH nam &

phai mit phang phtc).

» NUM = [nhdp cac hé so cua tir so theo chiéu giam dan cua so mii).

» den = [nhdp cdc hé so ciia mau so theo chieu giam dan ciia so mii].

» nyquist(num,den)

Vidu 1:
GH(s) == (véi k=10, 1=1)
—st
Vidy 2:
k _
GH(S) = m (k = 10, t= 1)
Vidu 3:
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GH(s) = (k =10, t1= 1, t, = 2)

(t,s+1)t,s+1)
Vidu4:
G(s) = k=10 t1=1,t2=2
O fisrsry K710 wLE)
Vidub:
k
G(s) = (t1=1,to=2,t3=3, k=10)

s(t,s+1)(t,5+1)t,5+1)
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Bai thwc hanh sé 8 (S6 tiét: 3 tiét) Mo phéng cac mach dién, dién tir

+ Muc dich caa bai thuc hanh: Gilp sinh vién c6 cong cu dé tién hanh phong
cac dbi trong, hé théng nham kiém ching lai noi dung ly thuyét da hoc. Lam co sé dé
nghién ctru sau hon vé cac ddi trgng va hé thong.

+ Y&u ciu can dat dwoc cia bai thuc hanh: Sinh vién thuc hién thanh thao phan
mém Matlab/Simulink dé tién hanh mé phéng cho cac d6i tuong trong hé thng dién,
dien tor

+ Bai giai mau
Mach tich phan RC

Mach tich phan RC 1a mot mach RC dugc két ndi ndi tiép tao ra tin hiéu dau ra
tuong trng voi qua trinh tich phan toan hoc. Mach RC thu dong khong gi khac hon 1a
mét dién tré mac ndi tiép véi tu dién, d6 1a mot dién tré ¢d dinh méc ndi tiép VOl tu
dién c6 dién trd phu thudc tan sb giam khi tan sb trén cac ban cia nd tang 1én. Do do, ¢
tan s6 thap, dung khang, Xc cua tu dién cao trong khi ¢ tan s6 cao, dung khang cua tu

dién thap véi cong thirc dung khang tiéu chuan cua Xc =1/ (2nfC).

i R
o———A\N/\, *
Resistor J; iz L
1I"'r]:N C :: t v - vcu_l_
Capacitor -
O o

Hinh 8.1: Mach tl'ch_phdn RC
Phuong trinh cin bang 1a:

1
ei—iR——fidtz
(o

tir day ta c6 thé rit ra

1
i=E* (ei—Einti)

Mach dong mo sir dung MOSFET

Mach dong mé str dung MOSFET Ia mot mach dién kha théng dung trong mach
dién dién ti. M6 hinh mach dong m¢ nhu sau
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Hinh 8.2: Mach déng ngdt ding MOSFET

MOSFET thuong dugc sir dung dé lam khoa dong m6 vi kénh dan cta E-
MOSFET hinh thanh hay khong lién quan dén Vas.

Khi Ves<Vas(th) kénh dan giita D va S chua hinh thanh => Khéa hé
Khi Ves > Ves(0ff)kénh din hinh thanh gitta D va S => Khéa dong

Trudc tién ta vao Simscape— SimPowerSystem iy khéi Powergui dé cé thé két
néi ngudn véi cac thiét bi.

Continuous

powengui

vao Simscape— SimPowerSystem —Elements dé iy cac khéi Serials RLC Branch

Trong d6 ta c6 thé thay doi loai tai bang cach lya chon Branch type va thay doi
thong sb cua R, L, C tuong Gng.
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Block Parameters: Series RLC Branch X
Series RLC Branch (mask) (link)

Implements a series branch of RLC elements.
Use the 'Branch type' parameter to add or remove elements from the

branch.
Parameters
Branch type: | -

Resistance (Ohms):
I

Inductance (H):
|1e-3

I Set the initial inductor current
Capacitance (F):
|1e-6

I Set the initial capacitor voltage

Measurements |Nune j

oK | Cancel ‘ Help ‘ Apply ‘

Hinh 8.10: Lwa chon logi thiét bj R, L, C twong imng

vao Simscape— SimPowerSystem —PowerElectronics dé lay khdi Mosfet va Diot

tuong ng.
g _| m= -
S [EF
T

Mosfet

vao Simscape— ApplicantLibraries —ElectronicalSources dé lay khbi nguén dong
AC Current Source va DC Voltage Sourse.

vao Simscape— SimPowerSystem — Machines —Measurements. O day ta l1ay khoi
do ap dé do dién p cua tu dién.

o+ Voltage
of- Mesasurement
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Block Parameters: U = 24V

DC Voltage Source (mask) (link)
Ideal DC voltage source.
Parameters

Amplitude (V):

Block Parameters: lo = 5A
AC Current Source (mask) (link)

Ideal sinusoidal AC current source. The positive current direction is

indicated by the

Parameters

arrow.

Peak amplitude (A):

E

Phase (deg):

|90

Frequency (Hz):

|0.01

Sample time:

o

|24

Measurements

Measurements |Hone

OK | Cancel ‘ Help ‘ Apply ‘

|

MNone

oK | Cancel |

Help

Apply |

Hinh 8.11: Cai dat thdng sé dién dp va dong dién.

L4y khéi vé& db thi xy bang cach vao Simulink— Sink =XY Graph

2N Graph
pag_| m=» :“"“-II»
ol g [ a s e .
Mosfet Lr=0.02 uH
ﬂ'ﬂﬂ Pulses
G:'lf:t{: ENE -

. |Diode

fe——sa

Continuous

powWerng Ui

lo=54
h

Hinh 8.12: M6 phong trén Matlab simulink mach dong mo sur dung MOSFET

+ Cac bai thuc hanh mirc do co ban.

Bai 1: M6 phong mach tich phan RC véi cac thong sé R=10kohm, C=10°F

+ Cac bai thwc hanh mirc d¢ nang cao.

Bai 2: Mo phong mach déng ngat dung Mosfet.
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Bai thuc hanh sé 9 (Sé tiét: 3 tiét) M phéng hé dién co

+ Muc dich cia bai thuc hanh: Gilp sinh vién c6 cdng cu dé tién hanh phong cac
dbi trgng, hé thong nham kiém ching lai noi dung Iy thuyét da hoc. Lam co sé dé nghién
ctru sdu hon vé cac dbi twong va hé théng.

+ Y&u ciu céan dat dwoc caa bai thwc hanh: Sinh vién md ta toan hoc va xay
dung md hinh md phéng va st dung Simulink dé md phong hé théng

+ Bai giai mau

Bai tap 1: Xay dung md hinh md phong hé théng xe tai bang Matlab Simulink

by u
(fiction) m
L~ ey
- — — V
cho boi phuong trinh:
dv
m—=u-bv
dt

u =500 N lgc phat dong cua dong co (ngd vao ciia mo hinh)
m = 1000 kg khdi luong xe
b = 50N sec/m hé sb ma sét

v van toc (ngod ra cia mo hinh)

Budéc 1: Xay dung mé hinh hé thong xe tai:

bv U

& ®

L — — - ¥

M0 hinh xe tai cho bdi phuong trinh:

dv dv 1
m—=u—-bv hay —=—(u—-bv
dt y dt m( )

Trong d6 m 1a khoi luong xe, u 1a luc tac dong cua dong co (ngd vao cua mo
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hinh), b 1a hé s6 ma sat va v 1a van tdc dat duoc (ngd ra cia mo hinh).

Xuét phat cua viéc xay dung cac mo hinh hé théng tir cic phuong trinh vi phan

tuong tng 13 cac khdi tich phan (Integrator). Néu trong phuong trinh mé ta hé thong c6

c 1A 1A s ~ gw, 3 A 1 Koo s A ~ (av
vi phan bac n thi ta s€ dat vao mo hinh n khai tich phan, do quan hé J-E =V

Buéc 2: Xay dung mo hinh mé phéng trén Simulink

Mo hinh mé phéng véi véi tham sb da cho

—o—f— T}

Step Gainl Integrator Scope

Gain

o

Két qua mo phong:

Scope — O X
=28 aw s SN DEF e

100 120 140 160 180 200

+ Cac bai thuc hanh mirc do co ban.
Bai 1: Cho ddi tuong c6 md hinh ham truyén nhu sau
10s+3

W(s)=——
(s) s +3s+1
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X4y dyng mé hinh mé phong hé théng diéu khién ddi tuong trén st dung bd didu khién
PID trong simulink v&i tin hi¢u vao c¢6 dang Step
Bai 2: Cho dbi twong ¢6 m6 hinh ham truyén nhu sau :

10s+3

W(S)=——"—
®) s +3s+1
X4y dyng mo hinh mé phong hé théng diéu khién d6i twong trén str dung bo diéu khién

PID 2 béc trong simulink véi tin hi€u vao c6 dang Step

+ Cac bai thwc hanh mirc d nang cao.

Bai 1: Cho 16 nhiét dién tré c6 ham truyén dat nhu sau:
Ke™
Is+1

W(s)=

Vé6i K=150,T1=3000,T>=50. Str dung bo diéu khién PID trong Matlab/Simulink dé diéu
khién ddi tugng trén.

Bai 2: Cho hé thong c6 so dd khdi nhu sau:

W1=s/(s-1) ;W2=1/(s-1);

W3:2103—Jr3
S°+3s+1
W4 = 1/(s+2) W5 =4
X y
W1 - \\2 W53 -
+
()
W4 =
W5 =

Xéc dinh dap tmg cua hé thdng trén véi tin hiéu vao c6 dang Constant.
Bai 3: Cho hé thong c6 so dd khdi nhu sau:
W1=s/(s-1) ;W2=1/(s-1);

W3 21OS+3
$°+3s+1
W4 =1/(s+2), W5 =4
X y
W1 = \\2 W3 -
+
()
W4 =
W5 =

Str dung bo diéu khién PID trong Matlab/Simulink dé diéu khién hé thong trén.
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Bai 4 : Cho 10 nhiét dién tr& c6 ham truyén dat nhu sau:

Ke™

Wi(s)=
) Is+1

V&i K=150,T1=3000,T2=50. Sir dung bd diéu khién PID 2 bac trong Matlab/Simulink

dé di€u khién doi tugng trén.
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Bai thwc hanh sé 10 (S6 tiét: 3 tiét) M6 phong hé dién co (Tiép)

+ Muc dich cia bai thuc hanh: Gilp sinh vién c¢é cong cu dé tién hanh phong céc
dbi twong, hé thdng nham kiém ching lai noi dung ly thuyét d¢a hoc. Lam co sé dé nghién
ctru sau hon vé cac ddi tuong va hé thong.

+ Yéu ciu can dat dwoc caa bai thwc hanh: Sinh vién mé ta toan hoc va xay
dung mé hinh md phong va sir dung Simulink dé mé phong hé thdng

+ Bai giai mau

Bai 1: Cho mach dién phan mg va so db tach cua rotor dong co DC nhu trong hinh sau:

Gia thiét cac théng so vat tu cta hé thong nhu sau:

- Moment quén tinh cua rotor (J) = 0.01 kg.m”2/s"2.

- Hé sb giam chan cua hé théng co khi (b) = 0.1 Nms.

- Hang sb dién co (K=Ke=Kt) = 0.01 Nm/Amp.

- bién tro (R) = 10 ohm.

- bién cam (L) = 0.5 H.

- Input (V): dién 4p ngudn.

- Output (theta): vi tri cua truc.

- Gia thiét rotor va tryc ciing viing tuyét doi.

Str dung Matlab Simulink xay dung mé hinh diéu khién téc do dong co dién mot

chiéu vai yéu cau:

Ta c6 hé thong diéu khién vi tri motor DC cho bai phurong trinh vi phan sau:
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¢ 1, . _do

~ =S (Ki-b—
dt? J(t dt)
ﬂ=1(—Ri+V—Ked—9)
dt L dt

Tir cac phuong trinh trén ta xay duyng mé hinh hé théng diéu khién vi tri motor DC trén

Simulink nhu sau:

_ 1D[|<

- 1

>+ S
" g 1L Integrator1

L (.

5

Integrator3 Scope1

1

5

Integrator2

) Scope

8B LLL ABE B

+ Cac bai thyc hanh mirc d9 co ban.
Bai 1: Cho m6 hinh khong gian trang thai c6
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121 2 3
A=|5 2 1 B=|1 2
4 5 6 3 5
c=[0 1 0] D=[0 0]

Chuyén mo hinh khdng gian trang thai nay sang mé hinh ham truyén dat
Bai 2: Cho m6 hinh ham truyén dat, c6 ham truyén

s?+3s—1
s —5s%+5+3

H(s)=

Chuyén mé hinh ham truyén dat ndy sang mo hinh khéng gian trang thai

Bai 3: Cho hé thong c6 so dd khbi nhu sau

W1 =05 ; W2=1/(s+2)(s+8);
W3=1/s ;W4=2
Hay xay dung ham truyén hé kin. V& db thi dép tmg ctia hé thdng véi tin hidu vao dang
budc nhay
Chuyén mé hinh ham truyén nay sang mo hinh khong gian trang thai.
Bai 4: Cho hé thong c6 so do khbi nhu sau
W1 =5s/(s-1) ;W2 =1/(s-1);
W3 =5 ;W4 =1/(s+2); W5=4
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Hiy x4y dung ham truyén hé kin. V& d6 thi dép tmg cua hé thong
Bai 5: Cho hé thdng c6 so d6 khdi nhu sau
W1 =5s/(s-1) ;W2=1/(s-1);
W3=5 W4 =1/(s+2); W5=4

W1 H-‘ W2 W3 ——7 =

W4

Hay xay dyng ham truyén hé kin. V& d6 thi dap tng cua hé thong

Bai 6: Cho hé thdng c6 so d6 khdi nhu sau

W1=0,5 ; W2 =1/(s+2)(s+8);
W3=1/s ;W4=2
Mo phong hé théng trén bang Matlab Simulink véi tin hiéu vao 1a khbi step
Bai 7: Cho hé thdng c6 so d6 khdi nhu sau
W1 =5s/(s-1) ;W2 =1/(s-1);
W3=5 ;W4 =1/(s+2); W5=4
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Mo phong hé théng trén bang Matlab Simulink véi tin hiéu vao 1a khéi step
Bai 8: Cho hé thdng c6 so d6 khdi nhu sau
W1 =5s/(s-1) ;W2=1/(s-1);
W3=5 ;W4 =1/(s+2); W5 =4

W1 H-‘ W2 W3 ——7 =

W4

Mo phong hé théng trén bang Matlab Simulink véi tin hiéu vao 1a khoi step

+ Cac bai thuc hanh mirc d§ néng cao.
Bai 1: Xay dyng md hinh Khai dong dong co mot chiéu qua 3 cap dién tro tuong tng
350,250, 1.5Q. véi tham sb dong co 5S0HP,500V,1750RPM

Bai 2: Xay dyng md hinh Khai dong dong co mot chiéu qua 2 cap dién tro tuong tng
3.20,2.0Q, 1.5Q. véi tham sb dong co 100HP,500V,1750RPM
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