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Chuwong 1. Mbi trivdng Matlab Chuwong 1. Mbi trwdng Matlab

1. Matlablagi ? + Matlab c6 thé chay trén hau hét cac hé may tinh: may tinh sach

+ MATLAB dwoc viét tit tir “MATrix LABoratory”, 1a mét cong cu tinh tay - Labtop, may tinh ca nhan PC, den cac hé thong siéu may

tinh (super computer). Matlab dwoc digu khién bai cac tap lénh,
tac dong qua ban phim trén clra sé diéu khién. N6 cling cho phép
mot kha nang Iap trinh v&i ct phap thong dich Iénh — con goi m-
file. Cac I&énh hay b Iénh cta Matlab 1&én dén con sb hang tram va
ngay cang dwoc mé réng nhd cac thw vién tro gitp hay do nguwoi
str dung tao ra.

toan s va md phéng sd, cdng cu nay dwoc phat trién dwa trén cac
thw vién ham tinh toan sé viét bang ngdén ngl 1ap trinh FORTRAN.
Matlab c6 giao dién than thién v&i nguwoi str dung.

+ Mét dinh nghta khac: Matlab 1& mét phadn mém da nang tinh toan s,
thé hién cac sb liéu bang hinh anh tryc quan va la mét ngén ngir da
néng cung cap moét méi trwdng linh hoat cho viéc tinh toan ky thuat.

+ Matlab bao gdm nhiéu cong cu dé:

- thu thap d@ liéu, phan tich va xt ly di liéu,

- hién thj hinh anh tryc quan va x& ly hinh anh,

- tao mAu va phat trién thuat toan

- md hinh héa va mé phéng, 1ap trinh va phat trién &ng dung
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Giao dién ngwoi sir dung
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Cac phép tinh sé hoc co ban

+ D6i voi nguei moi bat dau st dung Matlab, trede hét ta can lam quen voi cac
phép tinh s6 hoc (cdng +, trlr -, nhan * va chia /),. V@i hai s6 a va b trong
Matlab ta co thé thuc hién dwoc cac phép tinh s hoc nhu liét ké trong bang

dudi day.
Phép tinh Cach viét toan hoc Cach viét trong

Matlab
phép cong c=a+b c=a+b
phép triv c=a-b c=a-b
phép nhan c=ab c=a*
phép chia c=a:b c=alb
phép chia phai c=a:b c=alb
phép chia trai c=b:a c=a\b
Ity thira c= ab c= ab

Phép gan

+  Trong Matlab d&u bang “=" dwoc st dung cho phép gan. Méc du trong cach
viét thong thuong ta hidu dau bang thé hién mét phwong trinh, nhwng trong
Matlab déu bang dugc dinh nghta la phép gan. D& phan biét gitra hai cach thé
hién ta xét vi du sau. Néu trong ctra sb 1&nh ta viét
>>x+18 =120

+  Matlab s& bao 16 véi dong hién thi mau dé:

??? x+18=120
Error: The expression to the left of the equals sign is not a valid target for an
assignment.

+ Matlab khong hiéu cach ban viét mot phwong trinh nhw trén gidy, ma né chi cé
thé,thl_fc hién dwoc cac phép tinh va gan gia tri tinh dwoc cho mét bién nao dé.
Chang han ta c6 thé gan gia tri clia phép tinh 120-18 cho bién x bang cach viét
>>x=120 - 18;

+ Cacdau*“;” & cudidong Iénh bao cho Matlab biét la ta khéng mudn cac gia tri
cua x hién ra & dong duéi.
>>x=120-18
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Cac phép tinh sé hoc co ban

>>a=3.5; b=7.5; % gan gia tri so cho >>a/b % phep chia hai so, a:b (=

HUST '

Hanel University of Scince and Technology

>>a*b % phep nhan hai so
ans =
26.2500
>>a/b
% phep chia hai so, a:b (= phep chia
phai)
ans =
0.4667

hai bienavab phep chia phai)
>>a+b % phep cong hai so ans =
ans = 0.4667
11 >>a\b % phep chia trai (hieu la b
>>a-h % phep tru hai so chia cho a, b/a)
ans = ans =
4 2.1429

>>a’b % phep luy thua,amub
ans =
1.2037e+004
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Mot sé dang format

format long, short, rat, shorte, bank
Vidu

>> format long
>>co = c0s(0.2),
si =sin(0.2), tn = tan(0.2)
co = 0.98006657784124
si = 0.19866933079506
tn = 0.20271003550867

>> format short
>> co = c0s(0.2), si = sin(0.2),
tn =tan(0.2)
co=0.9801 si=0.1987 tn=0.2027

>> format short e

>> format long e
>>x=5.125*3.16
x = 1.619500000000000e+001

>> format rat
>>x=5.125*3.16

x = 3239/200

>> format bank

>> luonggio=35.55
luonggio = 35.55

>> |uongtuan=luonggio*40
luongtuan = 1422.00

Cac dinh nghia va ham toan hoc co’ ban

pé ‘thuén tién cho viéc tinh toan, trong Matlab nguoi ta da }iinh nghta s&n rat
nhiéu dai lwong todn hoc va cac ham co ban. Vi du nhw so6 pi da dwoc dinh

>>x=5.125*3.16
x= 1.6195e+001
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Cac dinh nghia va ham toan hoc co’ ban

Cac ham toan hoc
sqrt(x) Tinh céan cla bién x
exp(x) Ham e mi, Exponential
log(x) Logarithm co s6 tw nhién, co sb e
log1p(x) Tinh gia tri log(1+x)
log10(x) Logarithm co s6 10
log2(x) Logarithm co s6 2
pow2(x) Ham mi co s6 2, pow2(x) = 2%
realpow(x,y) Tinh xMy, vé&i x, y la thyc
reallog(x) Logarithm co 6 tw nhién ctia sbé thuc
nthroot(x, n) Can bac n cua sbé thuc
nextpow2(n) Tra lai s6 p dau tién sao cho 2p >= abs(n)
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nghia s&n
>>R=2;
>>V = 4/3*pi*R"3
V =33.5103
>> exp(l) >>log(3.2) % In(3.2)
ans = 2.7183 ans = 1.1632
>> exp(2) >>x = 5; log(x)
ans = 7.3891 ans = 1.6094
>> x = sqrt(9) >>x = 3; log10(x)
x=3 ans=0.4771
>>y = sqrt(11)
y =3.3166
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Cac dinh nghia va ham toan hoc co’ ban

Cac ham lwong giac - Trigonometric functions

sin Ham sin >> sin(pi/3) cho 0.8660
sind | Ham sin véi d6i s6 1a do >>sind(60) cho 0.8660
sinh | Ham sin Hyperbolic

asin Ham sin nguorc, tirc arcsin >> asin(0.866) cho 1.0471
asind | Ham sin nguoc cho két qua la do >> asind(0.866) cho 59.9971
asinh | Ham sin Hyperbolic ngwoc

cos Ham cos

cosd | Ham cos véi dbi sb la do z ,I
cosh | Ham cos Hyperbolic Sinh( ) = € ¢
acos | Ham cos nguorc, tirc arccos 2
acosd | Ham cos ngwgc cho két qua la do ez + efz
acosh | Ham cos Hyperbolic nguwoc COSh(SL’) = 9
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S6 phirc Sé6 phirc

Chung ta cling c6 thé dwa s phtrc vao trong Matlab. ) o
Nhé lai réng don vi phirc dwoc dinh nghia la can cla im + Mot s6 ham lién quan dén sé phirc dwoc liét ké trong bang duoi day

(-1), Trong Matlab s& phtrc ky hiéu la i hodc j

« Mot s6 phirc cé thé dwoc viét dang z=x+ib Cac ham véi sb phirc
trong d6 x la phan thyc va y 1a phan do clia z abs Cho d6 lén hay modul vécto phirc
. re .
+ Vidy angle Cho gbc pha hay argument ctia sé phirc, radian
a=3+3i b=1-i & a+b=4+2 < -
complex Tao lap di¥ liéu phire tlr cac phan thyc vao do
| a |= abs(a) = Jre(a)’ +im(a)’ conj Cho s6 phuc lién hop
b ¢ = arg(a) = arctan(im(a) / re(a)) imag Cho phén o
>>a=3+3i, b=1-i i i . 3
S>c=a+bh a=lale”, €¥ =cosp+ising real Cho phan thyc .
) isreal Tra lai gia tri ding, 1, néu doi so la thyc
¢ = 4.0000 + 2.0000i
>> abs(a) > 4.2426 = 2 sqrt(3) cplxpair Sép xép cac sb phurc thanh c&p lién hop
>> angle(a) > 0.7854 = pi/4
HUST 13 HUST 14
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Xtr ly 16i khi gé 1énh, Két thic phién lam viéc véi
Matlab
« Nhw da thay & trén, khi thuc hién céc; dong 1énh L?an c6 thé lam kh()rjg dung va
Matlab d& bao 16i cho ban.‘Error !. Néu khi ban két thuc dong Iénh'béng’ gd
phim ENTER va nhan ra rang dong Iénh trén c6 16i, ban khéng nhét thiét phai
g0 lai dong lénh d6, ma don gian ban chi can st dung cac phim mi tén lén
hoac xuéng, 4 1, d& hién thi lai dong Iénh can stra. Sau khi stra I6i, va danh
phim ENTER Matlab sé dwa ra két qua.
+  Chung ta vira bt dau véi mot s6 18nh co ban clia Matlab, va bay givr c6 thé
ban mu()rj ghi lai cac cong viéc vira thire hién va thoat khoi Matlab. Lam thé
nao dé két thic Matlab trén man hinh ctia ban? That don gian ban vao exit
trong menu File, nhw khi st dung cac chwong trinh khac trong Windows. Mot
cach khac 1a ban gé 1&nh quit vao dau nhéc trong clra sb Iénh va Matlab sé&
dong lai. Két thac phién lam viéc.
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Lecture 2

Vécto, ma tran va Matlab
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Chuong 2. Vécto, ma tran va Matlab
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Vécto’ va cac phép tinh trén vécto

2.1 Vécto va cac phép tinh trén vécto
2.2 Biéu dién da thirc va cac phép tinh da thirc

2.3 Ma tran va cac phép tinh co’ ban trén ma trén
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Vécto va cac phép tinh trén vécto
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Vécto va cac phép tinh trén vécto Vécto va cac phép tinh trén vécto

« Cho céac vecto cung c& v va u ta c6 cac ham tac dong lén véc to

Tén ham Y nghia
length(v) Cho biét chiéu dai, s6 phan tt clia vécto v
sum(v) Tra lai tdng cac phan ti clia vécto v
prod(v) Tra lai tich cac phan ti cla vécto v
min(v) Tra lai phan t& nhé nhét cta vécto v
max(v) Tra lai phan t& I&n nhét cla vécto v
sort(v) Xép cac phan t& tang dan
find(v) Tim cac phan t& khac khong trong v
dot(u,v) Tra lai tich v hwéng hai vécto
cross(u,v) Tra lai tich c6 hwéng hai vécto co 3*1

HUST HUST
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Vécto’ va cac phép tinh trén vécto Biéu dién da thirc va cac phép tinh da thirc
Tham chiéu dén phan t&r vecto, Toan tir : >>v = a(l:3) .
v= 2.2 Biéu dién da thirc va cac phép tinh da thirc
>>a=[12; 17; -2; 0; 4; 27]; 12 - .
>>a(2) 17 Nhap da thorc
ans= 17 =2 Cac phép tinh trén da thirc
>> a(6) . N . . ) .
ans= 27 Phép nhan da thirc / Phép chia da thirc
>>a() Phép cdng va trir da thirc
ans =
12 Khoéng diém hay nghiém cua phwong trinh da thirc
1; Xay dwng da thirc tir cac khong diém cho trwéc
0 Gia tri ctia da thirc tai mot diém
4 Dao ham da thire
27
~HUST ~HUST



Biéu dién da thirc va cac phép tinh da thirc

* Nhap da thirc

Trqng Matlab mét d’a thirc dwgc dwa vao dwdi dang mét vécto hang c6 cac
phan tlr la cac hé s cla da thirc. Khi dwa vao hay khai bao mét da thire ta

can bidu di&n dang day du cla né, vi du xét da thirc
p(s)=as’ +as' +a,s +as+a,
véi dang day da nhw sau
p(s)=as’ +as' +0s° +a,8° +as +as’
Véc to rng v&i da thire bac 5 trén 1a mot vecto hang gdm sau phan tr
p,=la, a, 0 a, a a]
Viduy

>;g =8[83300 :j 6601) < p,(s)=85"+3s" —45" +6s

HUST

Hanol University of Sekmes and Tochnology

Biéu dién da thirc va cac phép tinh da thirc

>>nu=[-2-1012]
>> poly(nu) i
ans = p,(s)=5" —bs" +4s

=s(s' —bs’ +4)
1 0 -5 0 4 0
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Biéu dién da thirc va cac phép tinh da thiec

+ Matlab sé& xac dinh bac clia da thirc tir s6 phan ttr clia vécto, trong vi du trén
>>n = length(p)-1

n=>5
+ Cac ham lién quan d@én da thirc

9/16/2015

p = conv(pl,p2) Nhan hai da thirc

[g,r1=deconv(pl,p2) | Phép chia da thirc p1 cho p2, bac cla p1 Ién hon clta p2

roots(p) Tim cac nghiém cda phwong trinh da thire, p(x) = 0

p = poly(nu) Xay dung da thire tir cac khong diém cho trwdce, dwa ra
cho ta mét da thirc nhan cac gia tri trong vécto nu lam
nghiém.

polyval(p,s0) Gia tri clia da thirc tai mot diém

polyder(p) Dao ham da thirc
Phép cong va trir da thirc ??
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Biéu dién da thirc va cac phép tinh da thirc
» Chia da thtrc - Phép chia da thtrc p1 cho p2, bac clia p1 Ién hon cla p2

[g, r]1=deconv(pl, p2)

« polyder(p) Daoham da thirc

p(s) = E aks"’ = p/(s) = E kaks""*1
k=0

k=1

HUST
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Ma tran va cac phép tinh co’ ban trén ma tran
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Ma tran va cac phép tinh co’ ban trén ma tran
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Ma tran va cac phép tinh co’ ban trén ma tran

« Nhap ma tran
Ma tran la mot mang sb hai chidu, dwoc sap xép theo hang va cot. Dé tao mot
ma tran trong Matlab, chiing ta dat tirng hang vao trong dau ngoac vuoéng [],
cac hang duoc phan biét véi nhau bang ddu cham phay (;), va trong méi hang
cac phan t& dwoc phan biét véi nhau bang ddu cach hodc bang dau phay.

* Viduvéihai matran

e 2 01
A=l L B=|-1 7 4
301
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Ma tran va cac phép tinh co’ ban trén ma tran
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Phép nhan hai ma tran cé c& thich hop, C = A*B

A ={a,}, i=1.m,j=1.p,

B={b,}, i=1.p,j=1.n
P

C=AB={c}, ¢; =2 ayb;, i=1.m,j=1.mn,
=)
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Ma tran va cac phép tinh co’ ban trén ma tran

Phép nhan phan tir hai ma tran

C=A*B={c}, ¢, =a,*b., i=l.mj=1l.n

i UG

Can phan biét phép nhan phan t& (.* ) hai ma tran ciing c¥ C = A .*B

>>A=[21;12]; >>A=[1 4;8 0;-1 3];
>>B =[34,;56]; B=[-17 4,21 -2];
>>C=A*B >>C=A*B
C = C=
6 4 7 11 -4
512 -8 56 32
7 -4 -10
>>C=A*B

2?72 Error using ==> times
Matrix dimensions must agree.

HUST
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Ma tran va cac phép tinh co’ ban trén ma tran

Cac ma tran dac biét

Ma tran va cac phép tinh co’ ban trén ma tran

» Cac ma tran dac biét
Khai tao cac ma tran dac biét

eye(m,m) tao ma trén don vi c& mxm

eye(m) tao ma trén don vi c& mxm

eye(m,n) tao ma tran don vi mé réng c& mxn

zeros(m,n) tao ma tran khong c& mxn

zeros(m,m) tao ma tréan khéng c& mxm, hay ma tran vuéng

zeros(m)

ones(m,n) cho ta moét ma trédn 1 c& mxn

ones(m,m) cho ta mét ma tran 1 c& mxm, hay ma tran

ones(m) vudng

magic(n) tao ma tréan magic vuéng c& nxn, n > 2
[ma phwong]

HUST
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Ma tran va cac phép tinh co’ ban trén ma tran

Ham diag
. Léy ra dwong chéo cga matran béng 1énh diag, va tao ra ma tran duwong
chéo tlr mét vector bang 1énh diag

>> eye(3) >> zeros(3,2) >> magic(3)
ans = ans = ans =
1 0 0 0 0 8 1 6
0O 1 O 0 O 3 5 7
0 0 1 0 O 4 9 2
>> eye(2,3) >> zeros(2)
ans = ans = >> magic(5)
1 0 0 0 0 ans =
0o 1 0 0 0 17 24 1 8 15
>>ones(2,2) or ones(2) 23 5 7 14 16
>> zeros(3,3) 4 6 13 20 22
ans = ans = 10 12 19 21 3
0 0 O 1 1 1 18 25 2 9
0 0 O 11
0 0 O

HUST
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« c=diag(A) cho ta dwdng chéo clia ma tran A
« A =diag(c) cho ta ma tran dwdng chéo A, v&i A(i,i) = c(i)

>>A1=[123;345;357]
Al=
1 2 3
3 4 5
3 5 7
>> Ad=diag(A1)
Ad =
1
4
7

>> Add=diag(Ad)
Add =
1 0 O
0 4 0
0o 0 7
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Ma tran va cac phép tinh co’ ban trén ma tran

+ Tham chiéu dén cac phan tir cia ma tran
Cac phan tr, cac cot hay cac hang clia ma tran déu cé thé dwoc tac dong dén
nh& cach danh chi sé clia chiing. Chi s6 cua cac phan tir cia ma tran 1a cdp
s nguyén (ij), i 1a chi s6 hang va j la chi s6 cot. Cac sb nay bat dau tor 1
(1,2,...), Matlab khéng st dung chi s& 0 nhu mét s6 ngén ngi lap trinh khac.
Vi dy dbi véi ma tran

>>A=[1 2 3; >>r3=A(3,)
4 5 6; 3=
7 8 9] 7 8 9
>>A(:,2:3)
>>A(2,3) >>c2 =A(;,2) ans =
ans =6 ans = 23
2 56
5 89
8

HUST
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Ma tran va cac phép tinh co’ ban trén ma tran

Binh thirc va giai hé phwong trinh dai s6 tuyén tinh
«  Dinh thirc clia ma tran vuéng la mot s6. Vi du déi véi ma tran vuéng cd 2 x 2

A @y Gy det(A Ay Gy
“lay, a,| et(A) = P Oy gy =~ Gy
>>A=[13;45]; >>B=[3-124;0218;,-917113;123-3];
>> det(A) >> det(B)

ans = -7 ans = -533

+  Xéthé phwongtrinh daisé6  « Viétlai dang matran Ax =b
tuyén tinh sau

5 2 -9 @ 44
52+ 2y — 9z = 44 A=1-9 -2 2 x=ly| b=|11
9z -2y +22 =11 6 7 3 z 44

6+ Ty + 3z =44
+  Néu det(A)=0 pt Ax = b c6 nghiém duy nhét
x=A\b

HUST
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Ma tran va cac phép tinh co’ ban trén ma tran

Ma tran khéi

* Cho cac ma tran co6 kich c& thich hgp: A, B,C, M A'B
e Tao ma tran c& I&n hon tlr cac ma tran trén G=|-

« G=[A B; C, MJ; { :|

* Vidy,véiAvaB

9 4 4 9 >>A=[24,75]
A= B= _ .
{7 5:17 {5 7} >>B=[42;57]
>>Q =[zeros(2) eye(2); -A\B B*A']
» Hay xay dwng ma trén Q sau Q=
0 0 1 0
0,,, E,, 0 0 0 1
Q= _AB BAT 0 -1 16 38
-1 0 38 70
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Ma tran va cac phép tinh co’ ban trén ma tran
Binh thirc va giai hé phwong trinh dai sé tuyén tinh

>>A=[52-9;-9-32;673];
>>b = [44;11;5];

>> det(A)
ans = 368

>>x=A\b
X=
—-5.1250
7.6902
—6.0272

HUST

Hanol University of Sekmes and Tochnology



Ma tran va cac phép tinh co’ ban trén ma tran

Tim ma tran nghich dao
« Nghich dao cua ma tréan vudng A la mot ma tran, dwoc ky hiéu la A-1thda man
AAl=AIA=E, v6iE lamatran don vicung co.
«  Diéu kién dé ton tai ma tran nghich dao la det(A) = 0.
+  Né&u tdn tai ma tran nghich dao clia A, thi phwong trinh dai 6 tuyén tinh
Ax=b conghiémduynhtla x=Alb
«+  Tinh nghich ddo ma tran vudng bang lénh inv(A)

>>A=[23;45] >>S=[10-12;4-2-31;02-11;0098];

>> det(A) >> det(S)

ans = -2 ans = -108

>>iA = inv(A) _» iS=inv(S)

o iS=

A= -0.9259 0.4815 0.4815 0.1111
-2.5000 1.5000 .0.6296 0.1574 0.6574 0.0556
2.0000 -1.0000 -0.5926 0.1481 0.1481 0.1111

0.6667 -0.1667 -0.1667 0
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Ma tran va cac phép tinh co’ ban trén ma tran

Trj riéng va vécto riéng ciia ma tran vuong
+ Cho A la mét ma tran vudéng cép n, sé A duogc goi la tri riéng va vécto khac
khong x la vécto riéng clia A néu ching thod man dieu kién
Ax=Ax hay (A-AE)x=0 v&iE la matrandon vi.

+ Cho Ava B |a hai ma tran vudng cép n, néu tdn tai s6 A va vécto x khac khong
thoa man dieu kién
Ax=2ABx hay (A-AB)x=0
thi s& A goi la tr riéng suy réng ctia hai ma tran A va B, vécto x la vécto riéng
twong tng.

HUST
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Ma tran va cac phép tinh co’ ban trén ma tran

« D& kiém tra lai ta tinh tich hai ma tran:

>>{S*S >> S*S
ans = ans =
1.0000 0 0 0 1.0000 0 0 0

0 1.0000 0 0.0000 0.0000 1.0000 -0.0000 0
0 0 1.0000 0 0.0000 -0.0000 1.0000 0
0 0 0.0000 1.0000 0 0 0 1.0000

*Vidugidihe Ax=b

>>A=[3-2;6-2]; b=[5;2]; >> e =A*x — b % thu lai

>> det(A) e =
ans= 6 1.0e-015*
>> x=inv(A)*b 0.0000
X= 0.8882
-1.0000
-4.0000

HUST
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Ma tran va cac phép tinh co’ ban trén ma tran

Tri riéng va vécto riéng ctiia ma tran vuéng

Lénh eig tinh toan tri riéng va vécto riéng clia ma tran vudng

1 = eig(A); cho mét vécto | chiva cac tri riéng clia ma tran vudng A.

DI = eig(A): cho ta ma trén chéo D chtra céc trj riéng clia A, ma tran V cé
[V. D] = eig(A); cac cot la cac vécto rieng cia A théa méan AV = VD.

cho ta vécto chira céc tri riéng suy rong clia cac ma trén

d = eig(A.B); vudng A vaB.

cho ta ma tran chéo D chtra céc trj riéng suy rong ctia hai ma
[V, D] =eig(A,B); | tran A va B, ma tran V cé cac cot la cac vécto riéng théda man
AV =BVD.

tuong tu nhw eig(A,B) ddi véi ma tran d6i xing A va ma tran
eig(A,B,'chol’) doi xtrng xac dinh dwong B. Phwong phap tinh & day dwa
trén khai trién Cholesky ma tran B.

HUST
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Ma tran va cac phép tinh co’ ban trén ma tran

Tri riéng va vécto riéng ciia ma tran vuéng

* Vidu
>>C=[2 1 0; >> [V, D]=eig(C)
1 4 -1 V=
0-1 7] 0.9119 -0.4064 -0.0571
>> eig(C) -0.4037 -0.8630 -0.3037
ans = -0.0742 -0.3000 0.9510
1.5573 D=
4.1233 1.5573 0 0
7.3194 0 4.1233 0
0 0 7.3194

HUST
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Ma tran va cac phép tinh co’ ban trén ma tran

Vi du phan tich LU

>>A=[32-9;-9-52;673];

b = [-65; 16; 5];
>> L, U, P] = lu(A)
L=
-0.3333 0.0909 1.0000
1.0000 0 0
-0.6667 1.0000 0
U=

-9.0000 -5.0000 2.0000
0 3.6667 4.3333

0 0 -8.7273
>>x = U\(L\b)
x = 2.0000
-4.0000
7.0000

* Vidu phan tich cholesky
>>M=[234;356;4609];
>> L = chol(M)
L=
1.4142 2.1213 2.8284
0 0.7071 0.0000
0 0 1.0000

>>L'*L-M
ans=
1.0e-015*
0.4441 0 0
0 0 0
0 0 0

HUST
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Ma tran va cac phép tinh co’ ban trén ma tran

Phan tich LU va phan tich Cholesky
+ Phan tich LU. V&i m&i ma tran vudng A khong suy bién, ludn phan tich dwoc
thanh tich cda hai ma tran tam giac

A=LU Vvo6iL lama tran tam gidc dwdi, U la ma tran tam giac trén

Y nghia clia phan tich LU c6 thé thay trong viéc gidi hé Ax = b. Sau phi phan

tich LU ta nhan dwoc
Ax=LUx=b

bat y=Ux =Ly=b

ta gidihaihé Ly=b va Ux=y

Do L va U la cac ma tran tam giac nén viéc giai hai hé nay kha don gian.

+  Phan tich Cholesky. Ma tran vuéng A d6i xi¢ng xac dinh dwong luén phan tich

dworc thanh tich cda hai ma tran

A=LL" véiL lama tran tam gidc dudi

HUST
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cac phép tinh co’ ban trén ma tran

Cac phép tinh ma trin, vector

Cac ham todn hoc tac dong trén ma trin, vector

XN

\

transpose(A), A, A’
ctranspose(A), A, A’
inv(A)

det(A)

linsolve(A, B)

eig(A)

rank(A)

Cac phép tinh trén tirng phéan to
Chia trai va chia phai

Chuyén vi (ma tran, vector)
Chuyén vi, ma tran, vector lién hop
Nghich dao ma tran

Tinh dinh thirc ma trén vudng

Giai hé AX=B, phan tich LU

Tri riéng, vector riéng ma trén
Hang ma trén

<[m, n]= > size(A <,i>)
length(A)

Cho biét c& ma tran, vector

(i=1 s6 hang, i=2 s6 cot)

Gié tri I&n nhét cta sé hang va sé cot
(=max(sizeA))

HUST
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cac phép tinh co’ ban trén ma tran

Cac phép tinh ma trén, vector

Cac ham toan hoc tac déng trén ma tran, vector

sum (v)
prod(v)
min (v)
max (v)
max (A(:))
sort(v)
find(v)

Téng cac phadn ti cia
Tich cac phdn t@ cua
Phin t& nhé nhit cia
Phdn tir 16n nhit cia
Phin t& 16n nhit cia
Xép cac phin t@ ting
Tim céc phan t& khac

vector v
vector v
vector v
vector v
ma trédn A
dan
khéng

HUST
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Ma tran twa nghich dao

Ma trén twa nghich dao [pseudo-inverse], help pinv
Giai hé A x = b; Ala ma tran chi¥ nhat
-S6 &n > sb phuong trinh
-Sé &n < sb phuwong trinh

Ax=b

-S64n>sb phwong trinh: vo s6 nghiém, do d6 co thé dwa thém qiéu kién
vao bai toan. Vi du can tim x sao cho dd Ién (chuan) clia x nhd nhét

Ax=b, AeR™", n>m, rank(A)=m

1 .
J = ngx — min

Bai toan xuét hién :

-Robot dw d&n dong (sb toa do khap >6, robot kg; s6 toa do khop >3, robot

phang; [kinematics of redundant manipulator]
-Tau 1&n mini (s6 canh quat >6).

Ma tran twa nghich dao

Néu ma tran A suy bién, det(A) = 0, tirc 1a trong ma tran A cé nhitng hang 1a t&
hop tuyén tinh clia cac hang khac. Do dd, ta cé thé bién ddi hé phuwong trinh
ban dau v& mot hé gdm m phwong trinh doc lap (m<n). Trwong hop nay sé
duoc xem xét trong phan sau.

Ma tran A chi nhat c& mxn, (m<n), hang béng m, [full rank]

Hé phwong trinh dai b tuyén tinh Ax = b s& c6 vé sé nghiém. Diéu nay cho
phép ta tim dwoc mdt nghiém téi wu theo modt nghia nao d6 tiy tap vé sé cac
nghiém.

Buwa vao tiéu chuén tbi wu cho nghiém can tim

Tim nghiém cua phwong trinh

Ax=b saocho J=1(x—x) W(x—x)— min

W _Ma tran trong s6 (xac dinh duwong)

X,  -Vécto tham chiéu (dwoc chon trudc)

x():OéJzéxTWxamin

HUST
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Ma tran twa nghich dao

S dung PP nhan t&r Lagrange dé giai quyét bai toan t6i wu trén:

ta sé tim cyc tri cia ham Lagrange nhw sau

L(x,4)=1(x—x )" W(x—x )+ A" [b— Ax]
Pao ham theo bién x ta nhan dwoc

g[(x A)=Wx-x)-A'A=0

ox ’

Giai tim dwoc
=x=W'A"A+x,
Thay tré lai phwong trinh ban dau
b=Ax =AW 'A’A + Ax,
Do A c6 hang day dd nén
rank(A) = m = det{AW 'A"] =0

—[AW 'A"] (b — Ax))

Ref. Mot so bai toan lien quan ma tran

W=2E=J=x"x=(|x|,)’ - min

HUST
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Ma tran twa nghich dao [pseudo-inverse]

X = W"ATA+XU A= [AW’IAT]’I(b~AXu)
=W I'A'AW A" (b—Ax ) +x,
A c Rmxl
=W 'A"[AW A" 'b +(E
Ma tréan . .
Al =WIATAW AT

—WIATAW AT A)x

dwoc goi la ma tran twa nghich dao co trong sé clia ma tran A.
Néu W Ia ma tran don vi ta cé la ma tran twa nghich dao (phai) clia A.
A" = AT[AA"]!
x=Ab+(E-AA)x ;
Néu A vudng, ko suy bién

khi x, =0=x=A'b
Al = AT[AAT] = AT[A

TA—I]
— ATA—TA—I — A—l

HUST
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Ma tran twa nghich dao [pseudo-inverse]
Hé PT dai s6 tuyén tinh v&i s6 PT nhiéu hon sé an. Thong thwong PT khong
c6 nghiém théa man.
Ax =b, AcR™ xe §Ru><l’b € %mxl?m >n
rank(A) =n

PT khéng cé nghiém théda mén, Tuy nhién, ta c6 thé tim duoc vecto x sao
cho sai s6

e=Ax—b — min

Mbt cach tbng quat ta c6 thé dét lai bai toan nhw sau: tim vécto' x sao cho
ham sau day dat cuc tiéu

J=1e'We=1(Ax—Db)"W(Ax—b)

2

W la ma tran trong s déi xtrng xac dinh dwong

HUST

Hanol University of Sekmes and Tochnology

Ma tran twa nghich dao [pseudo-inverse]

Trwéng hop ma trén A & diéu kién yéu [ ill-condition ]

Trong cac trdong hop det(A) khac khong nhung nhé hon chuén clia né nhiéu
lan, thi nghié[n tim dworc rat nhay doi véi cac phwong phép'tl’nh,géc biét mét
s thay ddi rat nho cia A c6 thé lam cho nghiém thay ddi rét nhiéu, (A la ma
tréan & dieu kién yéu)

det(A) << || A Ax =b, AeR" xbeR™

Khi gidi cac hé & diéu kién yéu, nguoi ta hay st dung phuong phap binh
phwong téi thidu co trong sé (damped least square inverse). Theo phwong
phap nay, nghiém ctia phwong trinh dwoc tim véi diéu kién bd sung nhw
sau: . 9 9

mxln(HAx - bH ta HXH ) Chon trong

(%) = (Ax — b)" (Ax — b) + x" (aE)x sba>0

=x"(A"A+aEx —b"Ax—x"A"b+b’D  — min

HUST
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Ma tran twa nghich dao [pseudo-inverse]
Pao ham J theo bién x va cho béng 0, ta nhan dwoc

% = A"W(Ax—b)=0 x = [A"WA|'A"Wh

X
Khi W la mét ma tran don vi
J=1le'e=1>"¢ andx=[A"A]"'A"b=A'b
i=1

A" =[A"A]'A" duocgoi la ma tran twa nghich dao trai clia A

(xac dinh nghiém hé c6 s6 an < s6 pt)

A" = A"[AA"]"  duwoc goila ma tran tua nghich dao phai cia A

(xac dinh nghiém hé c6 sb pt < s6 &n)

HUST

Hanol University of Sekmes and Tochnology

Ma tran twa nghich dao [pseudo-inverse]
Trwéng hop ma trén A & diéu kién yéu [ ill-condition |
f(x) = (Ax —b)" (Ax —b) + x" (aE)x
=x! (ATA +aE)x — b"Ax —x"A"b +b'b —  min

Dao ham theo bién vécto x va cho két qua bang khong, ta nhan duoc

,
[af (x)] =2(A"A + oE)x —2A"b = 0
ox
Giai dwgc
x=(A"A+oE)'A"D a=0:x=A'b=[A"A]"'A"b

Bai toan dang nay thuong xué:t hién trong cac bai toan déng hoc nguoc
robot cong nghiép khi ma robot chuyé&n dong gan hoac qua cac cau hinh ky
di, tai dé ma tran Jacobi suy bién hay bj giam hang.

HUST
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Application of pseudo-inverse: Inverse kinematics

Problems Given x(t) =[r,,0,]eR" determined d(t) € R"

nonlinear equations
a0 |

more unknowns than equations
Methods: analytical and numerical

Number of solutions

Finite number of solutions Infinite number of solutions

H U S I Nguyen Q. Hoang, Nguyen V. Khang

Hanol University of Sekmes and Tochnology

Application of pseudo-inverse: Inverse kinematics

Blockdiagram of Inverse kinematics

Drawback of this diagram :

45

accumulated errors due to rounding and integral method makes (), g(t)

don’t satisfy the constraint equations, so the end-effector moves out the
given trajectory.

Fx(t),q(t)) # 0

H U S I Nguyen Q. Hoang, NguyenV. Khang

Hanol University of Sekmes and Tochnology

47
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Application of pseudo-inverse: Inverse kinematics

Method based on the pseudo-inverse of jacobian matrix

o ok O
5 d 5 dq, 0g, aq,
fada_ 5 o [ g so-Lo
oq dt q of of of
system of m linear equations, with n unknown 90 0a, %4,
introduction the functional
J=4%4"Wg — min W : positive weighting matrix

Solution

Q=W (@ I(@W T (g)] \ :>\ att) = a(0) + [ it

if W is identical matrix

q=J" (@@ (@& =J& J =T (@@ (@]

H U S I Nguyen Q. Hoang, Nguyen V. Khang 46
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Application of pseudo-inverse: Inverse kinematics

Method of Error feedback
e =—Ke, e=z— f(q) e(t)—0
e=z—J(q)q=—Ke

J@i=d+Ke o—= §=J'(@+Ke)

Null space of jacobian matrix J(q)
g=J (z+ Ke)+(E—J"'J)z,
By putting 2, the redundancy of manipulator can be exploited:
- advoiding obstacles

- advoiding impact with the joint limitations
- advoiding singular configurations

H U S I Nguyen Q. Hoang, Nguyen V. Khang 48
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Application of pseudo-inverse: Inverse kinematics

Method of adjustment in error of joint variables

(1) .
() §=J'(@+ Ke) . — a
—> Adjusting

(1) +(E-T'T), s . 7
7, = 2(0) solving for
49

Determ. i

Main idea of this method:

find g closed to g*, such that q satisfy constraint equation f(x,q)=0

Application of pseudo-inverse: Numerical experiments

H U s I Nguyen Q. Hoang, NguyenV. Khang 49

Hanol University of Sekmes and Tochnology

Application of pseudo-inverse: Numerical experiments
A. Without consideration of joint limitations (planar manipulator)

AN AW/ ANWA
T e - / \
™ ” 0 72 e
) VAN
SARY :
o 2 6 8 10 4 6 0 2 4 8 10
t[s] ts] tis]

—— 4y Gy G —— G —— G| [y (] - ey m] =-o=- e, frad]] [—u e [p— U

e, rad]

b e G —— G, —— G

Manipulator parameter
Link 1 2 3 4 5

mkgl [ 10 [ 75| 5 4 1
I,kgm?] | 0.11 | 0.10 | 0.03 | 0.02 | 0.02
IIml | 055 | 0.50 | 0.45 | 0.40 | 0.20

A 5-DOF planar manipulator

a[m] 0.15 | 0.16 | 0.19 | 0.20 | 0.10

In this simulation, the end-effector (link 5)
will be forced to move at the velocity of 2
m/s along a cirlular trajectory, while its
orientation is constant, 1.0 rad. The o
trajectory has a center at point (0.8, 0.5) m 18]

and radius of R = 0.5 m. [ P R xa[rau][

H U s I Nguyen Q. Hoang, Nguyen V. Khang 50

Hanol University of Sekmes and Tochnology

Application of pseudo-inverse:

a - -
H U S I Nguyen Q. Hoang, Nguyen V. Khang 51

Hauol University of Sckmes and Tochnology

Numerical experiments / without post-adjusting

¢=J" (z+ Ke)

n

P - .
H U S I Nguyen Q. Hoang, Nguyen V. Khang 52

Hauol University of Sckmes and Tochnology
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Application of pseudo-inverse:

Numerical experiments / with post-adjusting

g=J(z+Ke) _ _

H U S ' Nguyen Q. Hoang, Nguyen V. Khang 53
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Application of pseudo-inverse: Hé théng chan vit day
Quan hé lwc/mdémen diéu khién va luc U

2 Al u,
day chan vit

7=DBu

<

I
Sl

~

7

Dé didu khién dworc tat ca 6 dof ciia ROV
n, = dim(u) > dim(T) =6 & rank(B) =6

Yéu cau b tri cac chan vit sao cho ma tran B ¢ hang day du (full rank)
n,<n, taulan thiéu hut dan dong
n,=n, tauldn cé dan dong day da, va

n,>n,  tauldn cé hé dan déng dw (cé tinh chét dw phong)

HUST
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Application of pseudo-inverse:Hé théng chan vit day

Hé théng chan vit déng mét vai trd quan trong trong viéc diéu khién tau
1an, dac biét trong cac trwong hop yéu cau do chinh xac dinh vi cao. Do
d6 can thiét phai xay dwng mo hinh chinh xac nhét c6 thé cho hé théng
nay. Trong phan nay trinh bay viéc dwa ra mdi quan hé gitra lyc didu
khién va cac lyc day cha chan vit va moé hinh déng lyc cda hé théng lyc
day chan vit. Viéc diéu khién chuyén dong tau lan phu thudc vao kiéu
dang clia tieng loai tau va cach b tri cac dong co — chan vit day. Phan
nay trinh bay viéc Iwa chon sb lwgng va cach b tri hé thdng day cho tau
1&n c& nhé dang ROV. Céc wu nhuwoc diém cla cac phwong phap bé tri
dwoc phan tich. Phan nay cling dé& xuat mot phwong an phan bb tdi wu
Iwc diéu khién cho cac dong co. Ngoai ra, sw phan bé lai dwoc thwe hién
khi mot vai déng co’ ngrng hoat dong cling dwoc chi y nham dam bao
dé tau lam viéc lién tuc.

HUST
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Application of pseudo-inverse: Hé théng chan vit day

Mot s trwong hop bé tri hé théng chan vit

<

b
b
LS 1 —y

|
@b
LB
<t

b) 5 chan vit, dk 4 dof

5 V 8
@ B s . <] = = , g
R o ) s
d) 5 chan vit, dk 4 dof e) 6 chan vit, dk 5 dof ) 8 chan vit, dk 6 dof

HUST
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Hé théng chan vit day Application of pseudo-inverse: Hé théng chan vit day
Quan hé lyc didu khién — lyc day Ma tran trang thai dong co
7=Bu Y =diag{a,, a,,..,a,}
00 0 ca —-ca ca -—ca Tiéu chuan t6i wu 8; =1 - dong co i khong hong
A 1=tu=Lpug — min 8 =0 - agng oo hong (5)
R 22 Phan b8 lai luc diéu khién
bbb 0 0 0 o0 Nghiém toi uu T=B¥Yu=B,u
0 0 0 —asa asa —asa asa u=B*r=B" [BBT “r u=¥B [B¥ B']'r

b =c = 0.250(m)a = 0.473{m}a =20°
So dd phan bd lyc

Phat hién I0i

Luc didu
khién

HUST HUST
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Application of pseudo-inverse: Hé théng chan vit day

Vidu
"
—cosa  cosa  cosa —cosa T=[XY,M]
B=| sina sina —sina —sina

a/2 —a/2 a/2 -a/2

= [ty 5,0,

Bén doéng co-chan vit lam viéc binh thwéong

—asina  acosa  sin2a

1 |asina  acosa —sin2a
u=B

T= B i
2asin2a| asina  —acosa  sin2a

—asina  —acosa  —sin2a

Khi dong co sb 4 16i, ta c6 ma tran phat hién 16i nhw sau

W = diag([L,1,1,0])

Y M
0 acosa sin2a 2sina | a
5 1 |esina acosa 0 5 _X Y
= u=Br = ;
* = asin2alasina 0 sin2a " | 2ece CZHing
0 0 0 +—
2cosa a
0

HUST
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Chuong 3. Lap trinh trong Matlab

Lecture 3

Lap trinh trong Matlab

Nguyen Q.Hoang
Department of Applied Mechanics
Hanoi University of Science and Technology

HUST : HUST 2

Hanol Linversity of Sekmes wnd Tochnology Hanol Linversity of Sekmes wnd Tochnology
Céc kiéu div liéu Céc kiéu dir liéu
+  Trong Matlab c6 nhiéu kiéu di ligu, sau day chi trinh bay mét sb kiéu lién quan « Kiéu 6, méang (Cell-Array)
dén dang thé hién va lwu trir. D& c6 thé nhan dwoc sy tro gilp truc tiép tr Céc dif lidu cia cac kiu khac nh i du chudi kv X N
Matlab, ban cAn tan dung cau Iénh help. — Cac dir ligu clia cac kieu khac nhau, vi du chudi ky tu cac ma trén
— Kidu vécto va ma tran c6 c& khac nhau, c6 thé dwoc s dung nhw cac 6 cia mét mang.

Cac phan t&r 6 dwoc goi dén théng qua chi s6 clia né. Cac phan ti

— Chudiky tw (ky L, xau - string) clia mdt 6 dwoc dat trong du ngodc nhon {...}. Vidu

— Kiéu 8, mang (Cell-Array)
— Kiéu chu trc

+  Kiéu véctorva ma tran
Biéu dién s cac ma tran hai hay nhidu chiéu cling nhw céc véctor trong
chwong 2 1a mot kiéu dir liéu dac biét. M&i phan t& clia vécto hay ma tran
theo chuan c&n 6 nhé 8 Byte (class double) hodc 4 Byte (class single). Cac
dai lwgng phirc cAn mét & nhé gép d6i, phan thwre va do dugc ghi riéng ré.

« Chudiky tw (ky tw, xau - string)
Chubdi ky tw dwoc dat trong cap dau nhay don trén
>>"Day la chuoi ky tu’
M&i phan t& clia chudi ky tw (Ma tran ky tw) can 6 nhé 2 Byte.

HUST 3 HUST ‘
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Cac kiéu div liéu

+ Kiéu cdu tric

— Céu tric dwee stv dung dé 1am viéc véi cac kiéu div liéu khac
nhau. Tén cGia mét cau tric gom hai phan, tén cau tric trwéc
diu cham ( . ) va tén trwéong trong cau tric sau dau cham,
(struct_name.field_name). Cac phan ti cta ciu tric dwoc goi

dén qua tén va chi s6.
— Cuphap %tao mot cau truc

structur=struct('name_1’, valuel, 'name_2’, value2,..)

% tro den phan tu cua cau truc
structur.name

hoac

structur.name_1 = value_1;
structur.name_2 = value_2;

HUST
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Soan thao Script file trong Matlab

+  Matlab Script files la mét chudi cac lénh
dwoc gé vao trong clra sé soan thdo va
dwoc ghi vao tép cé phadn mé rong la m
(filename.m, hay dwoc goi la m-file). Dé tao
m-file, trong menu chinh ban chon New
==> M-file hodc ban nhay chudt vao biéu
twong “to gidy tréng” trén thanh céng cu
(hinh 3-1).

« Viéc chay m-file twong dwong v&i viéc danh
toan bd cac dong 1énh trén clra sb 1énh tai
déu nhéc *>>’ clia Matlab. Cac bién st dung
trong m-file dwoc dat vao trong khéng gian
lam viéc clia Matlab. Khéng gian lam viéc
nay la trbng khi khéi dong Matlab, va né sé
chra tit ca cac bién dwoc dinh nghia trong
phién 1am viéc. Mudn xéa tat ca cac bién ta
str dung Iénh clear all

5
A watag
File Edit wiew Web  Windoe  Help
D | % BB o o || F |
=2
A matas
File Edit “iewr Web Window Hep
v * -File:
Cpen Cirl ) Figure

Close Commend Window  Cirlsl¥ tadel

Ul
Import Data,

SeveWorksace fs..

Set Path
Preferences..

Page Setup...
Print.

10% T _aute_salver.m
202,.. penduligiai_pted.m
0 bn DaFwibr_nCF.m

HUST
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Cac kiéu div liéu

+ Kiéu céu trac (vi du)

>>A=[123;426;179];
>>my_structur = struct('data’, A, 'dimension’,[3 3])

>>my_structur.data % in ra
ma tran A va inv(A)

my_structur = data: [3x3 double] ans =
dimension: [3 3] 1 2 3
>> my_structur.dimension 4 2 6
ans = 3 3 1 7 9
>> my_structur.data ans =
ans= 1 2 3 4.0000 -0.5000 -1.0000
4 2 6 5.0000 -1.0000 -1.0000
1 7 9 -4.3333 0.8333 1.0000

>>my_structur(2).data=inv(A) % mo rong truong data

my_structur =

1x2 struct array with fields:

data
dimension

HUST o
Hasol Linversity of Sekmes and Tochnology
Soan thao Script file trong Matlab
* Vidu soan m-file v& dwdng tron la ham cda ban kinh r.
B Editor - D Hoang Data-I07Mat ab Tuton alsG raphic2irire em (===
File Edit Jest Cell Tgels Degug Deskbon wWindow  Help 1|l| =
Dl im@o~ |G 6| 8868 | " @[]
1 function [x,7] =fciccle(c)
2
3 - goc=lin=pace(0,2%pi,100j: % chis oheo goc 2pi thaoh
4 5 100 goo ke bang nhan
5 - xertoosigos): 5 tos doow
G- Fer*sinigoo): % bos odo 7
T - ploc ¥, T, grid on: B OWE duong Lron
B - axid|ecual’|: 5 hal cruc oung oF le
8- awig|[-1.1%r 1.,1%r -1,1%¢ 1.17¢]|*
10 - title(['Duong cronm oo Ban kinh r = ', num3ate [¥)] |
Al [ | 3
ade_Fuirm # | rorsem w |
| feircie [tn 10 o o=
HUST s
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Soan thao Script file trong Matlab

Vi du vé chwong trinh khéng c6 bién vao

function V = volume (r)

$r = input('Hay cho ban kinh cua hinh cau')

vol = (4/3)*pi*r~3;
disp('The tich hinh cau nay la:')
disp(vol)

Save voi tén file volume.m, va goi ham trong command
windows

>> volume

HUST
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Soan thao Script file trong Matlab

Vi du vé script file

rl
r2
disp(‘'Tong the tich hai hinh cau’)

Tong_volume (rl, r2)

Save v@i tén file TinhV.m, va goi ham trong command
windows

>> tinhV

input ('Hay cho ban kinh cua hinh cau')
input ('Hay cho ban kinh cua hinh cau')

HUST
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Soan thao Script file trong Matlab

Vi du vé chwong trinh khong co bién vao

function vol = volumef (r)
vol = (4/3)*pi*r*3;

Save vai tén file volumef.m, va goi ham trong command
windows

>> volumef(2)
function V = Tong volume(rl, r2)
V1l = volumef (rl);
V2 = volumef (r2);
V=Vl + V2;

>>Tong_volume(2, 5)

HUST
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Soan thao Script file trong Matlab

» Céc m-file dang ham

function [output 1, output 2] = function_name(inputl,input2)
% Some comments that explain what the function does go here.

global Xyz
persistent abc

MATLAB command 1;
MATLAB command 2;
MATLAB command 3;

outputl =...;
output2 = ....;

10

HUST
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Soan thao Script file trong Matlab

Bién toan cuc (global variable) va bién cuc bo hay bién dia phuong
(local variable). Bién toan cuc dwoc khai bao theo cu phap
globalvar_1var_2
Céac bi{én toan cuc duoc x6a khdi moi truong tinh toan béng 1&énh clear
[tén bién]. Bién cuc bd chi dwgc st dung trong mét ham, bién nay khong
dworc liét ké trong clra s6 workspace, va do do khong thé tac dong dén
dwoc trong moi trwdng lam viéc.
Bién persistent trong mét ham co thé dwoc théng nhét véi cach khai
bao
persistentvar_1 var_2
Trai voi cac dai lwgng da duoc khai bao béng global, cac dai lwgng voi
khai bao persistent chi dwoc biét dén trong ham ma n6 duoc khai bao.
Do d6 cac ham khac khong thé tac dong duwoc dén bién nay. Cac bién
persistent chi dwgc x6a khi ham chira né thoat ra khéi bé nhé (clear
function_name) hodc khi ham duwoc thay déi sau d6 dwoc ghi lai.

Cac vong lap va ré nhanh

Lénh for for var_= bien_chay
cac lénh
end

Lénh while while dieukien,
cac lénh
end

Lénh if (néu ..thi.) if dieukien

<elseif> ....... <else>.......
end

Lénh switch (chuyén) switch ..

case ..
<otherwise ..>

end

Lénh ngét vong I&p trong for | break;
va while

HUST 12

Hanol University of Sekmes and Tochnology

Cac vong lap va ré nhanh

Vi du v& léch for. Viét mét ham sir dung vong 13p for @& tinh téng cac
phan t&r clia mét vécto v. Trén thanh cong cy, ta Iwva chon New —> m-file
d& mé mot clra sb soan thao, trong clra s6 nay ta soan ndi dung sau

function tong = tongvector(v)
% ham tinh tong cac phan tu cua mot vector

n=length(v); % tra lai so phan tu, chieu dai cua vector
s=0; % khoi gan cho tong
fori=1:n % hoacfori=1:1:n
s=s+Vv(i);
end;
tong = s;

% save with file name tongvector.m

>> x=[1:2:50];
S dungham  >> s=tongvector(x)
s= 625

HUST 14
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Cac vong lap va ré nhanh

Vi du vé léch while. Viét ham tinh tdng S = 1+1/2+1/3+ ... +1/100

HUST 15

Hanol University of Sekmes and Tochnology

% su dung vong lap while % su dung vong lap for
function tongS function tong_Sn
n=100;
S=0; i=1; n=100;
while i<=n S=0;
S = S+1/j; fori=1:n
i=i+1; S=S+1/i;
end end
tong=S; tong=S;
disp('Voin =100, tong la :") disp('Voi n =100, tong la :")
disp(tong) disp(tong)
>>>>tong_S >>>>tong_S
Voin =100, tong la : Voin =100, tong la :

5.1874 5.1874

HUST 16
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Cac vong lap va ré nhanh

St dung I&ng while giai bai toan. Vi du tim s n I6n nhat sao cho tdng

sau nhoé hon 27 11 1 oo
S=l+-+=+..+==>=<27
2 3 n ot
function n = timn(S) format long
% tim so n lon nhat thoa man tong=0; i=0;
% tongS(n) = 1+1/2+1/3+...+1/n while(tong<S)
<S i=i+1;
% gia tri S > 1 vao tu ban phim tong = tong+1/i;
T=1, end
while T n=i-1;
disp('Vao so duong S') tong=tong-1/i;
S=input('S =") disp('So n tim duoc la: ')
if (5>1 & S<10) T =0; end disp(n)
end disp('Gia tri cua tong S(n) la: ')
format long disp(tong)

HUST 17
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Cac vong lap va ré nhanh

k=5 i3 ket qua chuong trinh
for i=1l:k >> A
for j=1l:k A=
if i==j 4 0 1 0 0
A(i,j)=4; 0 4 0 1 0
elseif (abs(j-i)==2) 1 0 4 0 1
A(i,j)=1; 0 1 0 4 0
else 0 0 1 0 4
A(i,3)=0;
end

end
iend

HUST 1
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Cac vong lap va ré nhanh

Lénh if, cau truc if - else - end
Lénh diéu kién néu - thi. Ct phap
IF expression
statements 1
ELSEIF expression
statements 2
ELSE
statements 3
END

HUST 10
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Cac vong lap va ré nhanh

Céu truc switch-case
Lénh chuyén trong nhiéu trwdng hop dya trén biéu thirc va cé dang tdng quat
nhw sau

SWITCH switch_expr
CASE case_expr,
statement, ..., statement
CASE {case_exprl, case_expr2, case_expr3,...}
statement, ..., statement

OTHERWISE,
statement, ..., statement
END

HUST =
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Cac vong lap va ré nhanh

diem = 1; % 2, 3, 4, 5, 6
switch diem
case 1
disp('Diem gioi')
case 2
disp('Diem tot')
case 3
disp('Diem kha')
case 4
disp('Diem trung binh')
otherwise
disp('Diem kem.')
end

HUST 2
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Bai tap

1. Viét mot ham Matlab hdi ngwdi siv dung ban kinh va chigu cao cla hinh try,
sau do tinh toan va dwa ra man hinh dién tich toan phan clia hinh try va thé tich
cua hinh try.

2. Viét mot chwong trinh con cé st dung Iénh while dé tinh tdng S(x,n)

S(x,n)=1+z+2" +...+2"

3. Viét mét chuong trinh con cé st dung Iénh while dé tinh can ctia a>0 theo
pwong phép Iap Newton-Raphson, theo céng thirc [heron]?

5 Véi x(1) = 1, d6 chinh xac yéu cau
_ %, ta _x, 4 @ 120.0000001
xn,+l - -
2x 2 2x

n n

—7
|z -z <10

4. Hay slr dung vong lap while dé tim thwong va sé dw khi chia hai sb nguyén a
chob,a>h.

HUST =
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Cac Mat-File

Mat-file 1a tép c6 phan mé rong 1a mat va do do dwoc goi la tép
ch&dm mat (filename.mat). Mat-file la nhirng tép nhi phan dwgc nén
dé Iwu triv két qua sb. Cac file nay dwoc st dung dé ghi cac két qua
ma da dwoc tao ra bdi chudi cac lénh, chi thi cia Matlab. Chéng
han, dé ghi gia tri clia hai bién x1 va x2 trong file c6 tén dulieu.mat
ta danh dong Iénh

>> x1=5;
>>x2=10;
>> save dulieu.mat x1 x2

Muédn tai (doc) mét mat-file vao MATLAB ta gd dong Iénh

>> |oad filename (or load filename.mat)

HUST
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Viét thudt toadn (thudt giai)
fl@)=2-a=0, a >0, mzx/g
k=1, xk)=1

=k +
2r 2x 2 2z

22
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viét thuat toan (thuat giai)

=

Nhap a > 0;
2. Khé&i dong (khéi gan), k =1, x(1) =1; ss = 1; eps = 1e-5;

3. While ss >eps
x(k+1) = x(k)/2 + a/2/x(k);
ss = abs(x(k+1) — x(k));
k=k+1;
end

4. x=x(k-1)

HUST &
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Chuong 4. Db hoa trong Matlab

4.1 B6 thi trong mat phang - 2D
Dat mau va kiéu dwéng cho db thi
Mét s6 tiy chon khi vé db thj 2D
V& nhiéu d thi trén cung mot hé truc
Cac Iénh axis
2 Dat gi¢i han mién vé véi 1énh axis
Do hoa trong Matlab Lénh Subplots
Vé cac do thi xép chong va lénh linspace
V& biéu db véi lénh contour — vé dwong dong mirc
Thém chd thich trén db thi
V& db thi cac ham co diém khong xac dinh

Lecture 4

4.2 Cac lénh vé trong khdng gian — 3D

H U S I Nguyen Quang Hoang 1 H U S I Nguyen Quang Hoang 2
Department of Applied Mechanics Department of Applied Mechanics

Hanol Univershty of Scieoce and Technology Hano! Universlty of Scisoce and Technology

Db thi trong mat phing — 2D Do thi trong mét phdng - 2D
- by by . R by A .
« Truéc hét ta bt dau véi viec vé db thi ham mét bién y = f(x). Cong * Dat mau va kieu dwong cho do thi
viéc nay trong Matlab bao gébm ba buéc: — Khimubn thé hién nhieu do thi trong mét hinh ngudi ta thwong

— Pinh nghia ham can ve, y = f(x) phan biét cac do thi bang cac mau, va kiéu dwong khac nhau (nét

— Xac dinh mién gia tri cGa bién, x thudc mién [a,...,b] lien, nét dat) i

— Goi ham plot(x,y) ciia Matlab. — Trong Matlab da dinh nghia san cac Iwa chon
+ Vidu can vé dd thi ham y = sin(x) trong khoang ttr 0 dén 10. - Vidu: 1re

— Chia khoang can vé& [0,10] béng cac diém chia cach déu, s&v dung toan tc « >>x=[0:0.01:10]; yl=sin(x);

(:), chdng han x = [a:h:b], v&i h 1a bwéc chia. * >>y2=cos(x); plot(x,y1, x,y2,-")  ©s

— Tinh gia tri ciia ham f(x) tai cac diém chia tvong tng, y(i) = f(x(i)); két qua
dugc hai véc to x vay ¢ cling sO cac phan tir.

s

— Goi ham plot(x,y). 5
Cu thé: oo
>>x =[0:0.1:10]; ° 1
>>y = sin(x);

>> plot(x,y) o = = 5 5 10
Hay thwc hién véih = 0.01; h = 0.5; h = 1. Nhan xét do thi.

H U S I Nguyen Quang Hoang 3 H U S I Nguyen Quang Hoang 4
Department of Applied Mechanics Department of Applied Mechanics

Hanoi Uinivarslty of Scisoee and Tectwology Hanei Universliy of Scisoee and Technology
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Db thi trong mat phing — 2D D6 thj trong mét phing - 2D
Kiéu dwong Ky Mau + lénh legend cho phép ta dién cac cha gidi Ién hinh vé
T : z -y hiéu
solid line nét lién % black - den ) : _
-- dashed line nét dut 5 |l = ek 0B oA e Vi dl_.l. . | v [mis)
-. dashdot line nét chdm gach ¢ cyan - luc lam >>1 i[0-10-1;19]; L . A \ /
dotted line nét chém g green - xanh 14 cay >>x =sin(2*); v = 2*cos(2*); ! N\
(none) no line (khéng hién) r red - do >> plgt(t,x, k=) v k- )' *
- - o — >> grid on, xlabel('t [s]') 2
Kiéu danh dau (marker) e >> legend(x [m]\v [m/s]) L
. point diém y yelow - vang X '
- ~ >> axis([0 10 -2.6 3.5])
o circle vong tron w white trang
X x-mark cht x
+ plus déu céng
*  star déu sao
s square déu vuéng St dung Iénh tro gidp:
om | oo >> help plot
HUST T I : HUST T .
Hanoi Uintversity of Science and Tectwology Hanoi Universlty of Scisnes and Technology
Db thi trong mat phing — 2D Do thi trong mét phdng - 2D
+ Lénh subplot - cho phép ta v& nhiéu db thj trong nhiéu hé truc toa do e Vidu:
vao cung mét hinh v&. Lénh nay dwoc goi v&i cu phap subplot(m, n, p), t=[0:0.01:8]; x =sin(3*t); v=3*cos(3*t); a=-9*sin(3*t);

trong d6 m va n cho biét sé hang va sb cdt trong hinh vé nhuw la mot
ma tran hay mang. S6 p cho biét do thj sé dugc vé vao 6 thir may
trong mang. Thi ty cac 6 trwde hét theo chi s6 hang.

subplot(3,1,1), plot(t,x,’k-",'Linewidth’,1), grid on, ylabel('x [m]’),
subplot(3,1,2), plot(t,v,'k-",'Linewidth’,1), grid on, ylabel('v [m/s]),
subplot(3,1,3), plot(t,a,'k-",'Linewidth’,2), grid on, ylabel('a [m/s"2]"),

subplot(m,n,p) %p =1,2,..mMxn xlabel(t [s]) .
plotl Eo /\ /\ f
Gl B Meu [reot Dok (edtm Gdndoe oo 4 \/ \/ \/
DEEE L Aane @ 08 =0 er 234 s e T e
>> for i = 1:6 subplot(2,3,i), end ¥ ! 1 lot2 E A 7T\ 7\ \
os| Fig. 1 05 Fig.2 05| Fig. 3 plote SN/ N\ ./ / /
LI T T S m“ N 2 3 N ° ° ’ 8
1 1 1
05| Fig. 4 s Fig. 5 ‘as| Fig. 6 plot3 £ \/ \/ \/
I Y T B S — A R
HUST e T ' HUST T °
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V& ham y=y(x), biét x = x(t), y=y(t)

z = asin(wt)

y = aw cos(wt) =y =vy(z)

9/16/2015

D6 thj trong mét phing - 2D

+ Db thj theo toa dé cwe va Dé thi véi thang chia Logarith

~
™~

Lénh polar(phi,r)
a=1;
phi=[0:pi/90:
r = a*phi;

polar(phi, r,

HUST

log(®)
Ngoai ra ta c6 thé vé cac db thj voi
Iénh semilogx hodc semilogy, voi

2*pil; cac lénh nay chi cd mét truc x hoac y
twong tng st dung thang logarith con
-k"); truc kia st dung thang thap phan
Nguyen Quang Hoang 10

Department of Applied Mechanics

Hanod Univorslty of Scisnee aod Technology

Do thi trong mét phdng - 2D

HUST Do ooy arics °
Hanol Uiiverslly of Scienee and Technology
Db thi trong mat phing — 2D
Céc 1énh plot 2D
plot(x,y) V& dé thi bang cach ndi thang céc diém [x(i),y(i)]
comet (x,y) V& hoat hinh mét qui dao
stair(x), V& d0 thi kiéu bc thang
stairs (x,y,..)
stem(x,y)
spy (matrix) hién thi mot ma trén thua
semilogx (x,y) Hién thi y(x), st dung thang logarith cho truc x
semilogy (x,y) Hién thi y(x), st dung thang logarith cho truc y
loglog(x,y) Hién thi y(x), st dung thang logarith cho truc x va y
fplot (ham,mien) | V& ham sb trong mién
hold <on| off> |giir ddi tuong sin co, dong lai
H U ST Nguyen Quang Hoang u

Hanoi Univarslty of Scisoee and Technology

Department of Applied Mechanics

D& vé nhidu dd thj trong mét cira s6 dd hoa, ta st dung lénh hold on
ngay sau lénh vé do thj dau tién. Lwa chon ndy dwoc d& bd néu sau 1énh
vé plot cudi cling ta st dung 1&nh hold off. Céc gidi thich trén v& kiéu
dwéng, mau séc, danh dau (line style, colour, marker) dwoc lam séang té
trong thi du sau.

figure(1)

clf % xoa tat ca cac do thi hien co L

t = [0:pi/40:2*pi]; Fi )
plot(t,sin(t),'-.r*", %vedothil % 7 L
hold on N o
plot(t,sin(t-pi/2),'mo") % ve do thi 2 %ﬂeﬁ 7
plot(t,sin(t-pi),:bs") %vedothi3 | 7
axis([0, 2*pi, -1.2, 1.2])

hold off

grld on 0 1 2 3 4 5 6

H U S l Nguyen Quang Hoang 12
Department of Applied Mechanics

Hanei Universliy of Scisoee and Technology



Db thi trong mat phing — 2D

Khi v& db thj ham phurc tap f(x), ta ¢6 thé st dung céac phép tinh phan ti:
X0,

Vi du:

040z 2 .
y=e """"2" +sin2x

5
clc,
clear all 4
x=[0:0.05:12]; /\ /\
3
y=exp (-0.4*%x) .*x."2+sin (2*x); . / \ \
plot(x,y, 'k-"',"'linewidth',2), 2 \/
grid on . \
xlabel ('x"'), ylabel('y'") \
00 2 4 6 8 10 12
x

H U S I Nguyen Quang Hoang 13
Department of Applied Mechanics

Hanoi Univarsity of Scienee and Technology

Db thi trong mat phing — 2D
Lwu y khi vé d thi clia cac ham f(x) c6 diém khdng xac dinh. Vi du

41-2%)

f(z) = m z, =0.7990, =z, =1.3380

o0
L
Wb bbb e N ow s

Gk b R A o e N w oa

os 1 15 2 25

o

15 2 25

H U S I Nguyen Quang Hoang 15
Department of Applied Mechanics

Hanoi Univarslty of Scisoee and Technology
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D6 thj trong mét phing - 2D

Cac truc toa dd va cac chu thich trén db thi

Piéu chinh pham vi céc tryc toa
do
Ty dong chon xmin

axis([xmin, xmax, ymin, ymax])

axis([-inf, xmax, ymin, ymax])

grid <on | off > Str dung chia ludi hay khong

chia ludi
axis <off | on | auto| equal | square> Nam lya chon déi véi cac truc
xlabel(String) Ch thich cho truc x
ylabel(String) Cha thich cho truc y
title(String) Hién thi tén do thi
text(String) Chén chit vao db thi

legend(string_1, string_2,... <,position>) | iy thi cac chd giai

H U S l Nguyen Quang Hoang 14
Department of Applied Mechanics

Hanod Univorslty of Scisnee aod Technology

D6 thi trong khong gian — 3D

Cac lénh vé trong khéng gian — 3D

plot3(x,y,z <,plotstil>) surfl (x,y,z <,color>)
comet3 (x,y,z <,comet length>) patch(x,y <,z> ,color)
mesh (x,y,z <,color>) waterfall (x,y,z..<,..>,..)
surf (x,y,z <,color>) contour3 (x,y,z.. <,..>,..)
surfc(x,y,z <,color>) CEMEGUIE (32, Wy Zoo pooPpoal)
Vi du

_2_2
Cinthéhién ddthiham 2z =ye " '

trongmién -2 <,y <2

H U S l Nguyen Quang Hoang 16
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Hanei Universliy of Scisoee and Technology



Do thi trong khéng gian — 3D

* [x,y] = meshgrid(-2:0.1:2);
oz =y.*exp(-x."2-y."2);
* mesh(x,y,z), xlabel('x"), ylabel('y'), zlabel('z")

mesh(x,y,z) surf(x,y,z) surfc(x,y,z)

) P
- 0

H U s I Nguyen Quang Hoang 17
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D6 thij trong khéng gian — 3D

* Vidy: 2= f(z,y) = ) sin(@® +47), -3<z,y<3

x=[-3:01:3]; y=[-3:0.1:3];
[X, Y] = meshgrid(x,y);
f = exp(-0.2*(X.A2+Y.A2)).*sin(X."2+Y.12);

mesh(X,Y,f); surf(X,Y,f) contour3(X,Y,f,30);

H U S I Nguyen Quang Hoang 18
Department of Applied Mechanics

Hane Univarsliy of Scisoee and Techmology
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Lecture 5

Noi suy va lam min dwé'ng cong

Nguyen Q.Hoang
Department of Applied Mechanics
Hanoi University of Science and Technology

HUST

Department of Applied Mechanics
Hasal Uiniversity af Sekmes and Tochnology

Néu bai toan

+ Trong ky thuat khi do dac ta nhan dugc cac sf) lidu roi rac, tir cac sbé
liéu do nay ta can bidu dién cac duwdng dé biét dwoc dac tinh cta hé

khao sat va cé thé suy ra dwgc nhirng gia tri 1an can cac gia tri da do.

Matlab d4 cung c&p sén cac ham cho phép dua ra dwoc cac dwong
biéu dién phu hop nhét véi bo sé lieu da co. Trong chwong nay ta sé
trinh bay cac ky thuat don gian thwc hién céng viéc do.

+ Min héa bang da thic

Lénh polyfit(x,y,n) cho ta mét da thirc bac n dang
p, (@) = p" + " ot p, 2" p, D,

céac hé sb clia da thirc nay dwoc suy ra hai vécto sé ligu x va y, nher
phwong phap sai sé binh phwong bé nhét (least mean square).

z =7 7 Ty oo xm]’ y=[y % Yz - Y] m>n

16/09/2015

Chuong 5. Lap trinh trong Matlab

H U ST Nguyen Quang Hoang 2

Department of Applied Mechanics
Hasal Uiniversity af Sekmes and Tochnology

Phwong phap sai s6 binh phwong bé nhéat

H U ST Nguyen Quang Hoang

Department of Applied Mechanics
Hanol Liniversity af Sedmes and Tochnology

Trwong hop don gidn nhat, n = 1, da thirc ¢6 dang mét phwong trinh dwéng
thang

y=ar+0b
Theo phuwong phap sai sé binh phwong bé nhét hai hé sb a va b dwoc tim nhw

sau. Sai s6 gitra gia tri clia s liéu do y(i) va gia tri tinh theo dwong thdng vira
dwa ra duwgc tinh theo cong thirc

e = (az, +b) —y,, i=1L2....m

Nhuw thé tdng binh phuong cac sai sb 1a

m

S(ab) =3¢ =3 (az, +b -y,
i=1

i=1

Bai toan dat ra & day la tim a, b sao cho ham S dat curc tiéu.

H U ST Nguyen Quang Hoang 4

Department of Applied Mechanics
Hanol Liniversity af Sedmes and Tochnology



Phwong phap sai sé binh phwong bé nhét

Y

Phwong phap sai sé binh phwong bé nhat

y=ar+b

(r,y) & =¥ -a b

I

[
H U s I Nguyen Quang Hoang
Department of Applied Mechanics

Hanol University of Sekmes and Tochnology

Phwong phap sai s6 binh phwong bé nhat

rTa+b=y, 1=12,....,m

7, 1 Y
z, llla Y,
b=
z 1 v,

DPao ham S theo cac bién a va b ta nhan dwoc
% i?(azfrb—y‘)zi =0, %:i?(azfrb—yi):()

oa =

aiz,zi+bizi—izlyl=0, aizt+mb—iy‘=0
i=1 i=1 i=1 i=1 i=1

T day giai dwoc

m m
V2w~ T, 2 aY, —mT g

— =1 =1 — =1
b=—= - , a=5——

=2 =2
Z .2, —mT ZZ‘LZ, - mT

i=1

v&i céc gia tri trung binh iy‘(” )
Fo Ly P a=4 b=y -7a
. mZ‘I” Y m;y' Zx'(x' z)
i=1

H U s I Nguyen Quang Hoang
Department of Applied Mechanics

Hanol University of Sekmes and Tochnology

Phwong phap sai s6 binh phwong bé nhat

H U S I Nguyen Quang Hoang
Department of Applied Mechanics

Hauol University of Sckmes and Tochnology

a’p +Tp, 0, =Y,

<>

i=12...m

S A = Ap=y

16/09/2015
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Phwong phap sai sé binh phwong bé nhét

Vi du 1. Cho biét cac s6 liéu do dwoe nhw sau

X| 6 8 11012 | 14 | 16 | 18 | 20 | 22 | 24
y [3.94]3.8(4.1(3.87|445|433|4.12(4.43|46|45

Néu biéu dién cac sb liéu trén bang mot duwong thang, y = a x + b. Hay
tim cac gia tri cGa a, b va tim gia tri cia y khi x = 11.
Trwdc hét ta cdn nhap hai vécto sb liéu x va y vao Matlab.
>>x =[6:2:24]
X =
6 8 10 12 14 16 18 20 22 24
>>y=[3.943.8 4.1 3.87 4.45 4.33 4.12 4.43 4.6 4.5]

3.94 3.80 4.10 3.87 4.45 4.33 4.12 4.43 4.60 4.50
Tiép theo st dung lénh polyfit dé tim cac hé sé cla da thirc
>>p = polyfit(x,y,1)
p = 0.0392 3.6267

Phwong phap sai sé binh phwong bé nhat

H U S I Nguyen Quang Hoang
Department of Applied Mechanics

Hanol University of Sekmes and Tochnology

Phwong phap sai s6 binh phwong bé nhat

Néu cac diém trén dwoc lam min bang dwéng bac 2:
>> n=2;
>> p = polyfit(x,y,n);

-0.0002 0.0443 3.5940
>> a=p(l); b=p(2); c = p(3);
>> w = a*x.”"2+b*x+c;
>> e = w-y;
>> S2= sum(e.*e)
S2 = 0.2272
Ta thay sai s6 c6 nhd hon (S2<S1) nhwng khong dang ké.

Theo céch biéu dién da thirc bang mot vécto bat dau tir hé sé ting voi sb hang
c6 bac Iy thira I6n nhét, ta c6
>> a:p(]_)
a= 0.0392
>> b=p(2) 5
b= 3.6267 D - —

GidtricAntintaix= |

11 dwoc tinh bing

1énh polyval(p,x)

>> polyval(p,11) >
ans= 4.0574 2

3

H U S I Nguyen Quang Hoang 10
Department of Applied Mechanics

Hanol University of Sekmes and Tochnology

Min héa béng da thirc

H U S I Nguyen Quang Hoang
Department of Applied Mechanics

Hauol University of Sckmes and Tochnology

Vi du 2. Cho bd sb liéu sau

x |0 05 |10 |15 |2.0 (25 3.0 |35 |40 |50 |6.0 |6.1 [7.0
y (300 (281 261 |244 |228 |214 |202 | 191 | 181 | 164 | 151 |149 |141

Hay tim mot da thirc bac 3 phu hop voi sb ligu cho. So sanh sai s so voi
trwong hop néu st dung da thuc béac hai.

Trwéc hét nhap sé liéu vao hai vécto va ndi cac diém ta dwoc

>> x = [0, 0.5, 1.0,1.5, 2, 2.5,3, 3.5,4, 5, &6,
6.1, 71;

>> y = [300,281,261,244, 228,214,202,191,181,164,151,
149,1417;

>> plot(x,y,'ko', x,y, 'k-"), grid on, xlabel('x'"),
ylabel ('y")

H U S I Nguyen Quang Hoang 12
Department of Applied Mechanics

Hauol University of Sckmes and Tochnology
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Min héa béng da thirc

>> n=2; % Xap xi bac 2 >> n=3; % Xap xi1 duong bac 3
>> p = polyfit(x,y,n) >> p = polyfit(x,y,n)

>> a=p(l); b=p(2); >> a=p(l); b=p(2);

>> c = p(3); c =p(3); d=p4);

>> w = a*x.”"2+b*x+tc; >> w = a*x.”"3+b*x."2+c*x+d;
>> e = w-y; >> e = w-y;

>> S2= sum(e.*e) >> S3= sum(e.*e)

S2 = 15.4079 S3 = 2.7933

150 |

! 4 5 6 7

0 1 2 3 4 5 6 7

[ 1 2 3
x
H U S I Nguyen Quang Hoang 13
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Min héa bang ham e mii

Vi du xét bd sb liéu sau X | 12 | 28 | 43 | 54 | 68 | 79

y 7.5 16.1 | 38.9 | 67.0 | 146.6 | 266.2

Nhap s6 liéu vao Matlab

>> x = [1.2 2.8 4.3 5.4 6.8 7.91;
>> vy = [7.5 16.1 38.9 67.0 146.6 266.2];
>> plot (x,y, 'ko', x,y, 30
'k=-"), 250
grid on, xlabel('x'), 200
ylabel ('y"')
> 150
100
50
oro— |
1 2 3 4 5 6 7 8

H U s I Nguyen Quang Hoang 15
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Min héa bang ham e mii

Trong nhiéu truong hop khi min héa bang da thirc khong dap tng duoc
yéu cau dat ra, ta can phai tim mét phwong an khac. Biéu dién cac s6 liéu
thdng qua ham e md |a mot phwong an nén duwgc xem xét. Giad s& bo sO
liéu (x,y) co thé lay xap xi bang ham

y — beaT
Bay gio ta can tim hai hé sb a va b dé cac diém di liéu ndm gén duong
cong nhat. Néu ap dung trwc tiép phwong phap sai s6 binh phwong bé

nhét ta s& dwgc mot hé phuong trinh phi tuyén ddi voi cac &n a va b. D&
tranh dieu do, ta lay lbgarit co' s6 tw nhién hai vé dwoc

Iny=ax+1Inb

Dat w = In(y), z= x va p1 = a va p2 = In(b) bai toan tr& thanh tim cac hé sb
p1, p2 dé xép xi cac sé lieu (z, w) = (x, In(y)) bng dwéng thang

w = pz+ ps

H U S I Nguyen Quang Hoang 14
Department of Applied Mechanics

Hauol Uiniversity of Sekmes and Tochnology

Min héa bang ham e mii

X&p xi bang ham e mi

>> p = polyfit(x,log(y),1) 0

20 /
pall

0.5366 1.3321

>> a = p(l); b=exp(p(2)):;
>> w = b*exp(a*x); » 150

>> err = w-y; //
>> S3= sum(err.*err) Jul

Se = 17.6259

>> x3 = [0:0.1:8]; .

>> y3 = b*exp(a*x3); | 9//9/

>> plot(x,y,'ko', x3,vy3, 'k-"), 01 203 45 6 1 8
grid on, xlabel('x'),ylabel('y") X

H U s I Nguyen Quang Hoang 16
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Hauol University of Sckmes and Tochnology
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N6i suy bang da thirc

Lénh polyfit(x,y,n) cho ta mét da thirc bac n ma db thi ctia n6 1a dwong
gan véi dwong tao ra khi ndi cac didm cho bdi bd s liéu, con ndi suy da
thirc cling cho ta mot dwéng cong nhwng di qua cac diém sé liéu d6. Cé
nhiéu phwong phap dé tao ra da thirc di qua cac diém cho nhw phwong
phap ndi suy theo cong thirc Lagrange, phwong phap Newton, phuwong
phap Neville, phwong phap néi suy véi duwdng spline bac 3, .... Chi tiét
vé cac phuong phap nay cé thé xem trong céc tai liéu vé gii tich sé va
phwong phap sb.

Trong phan nay chi trinh bay viéc si dung céc 1&nh interp clia Matlab
d& thyc hién tim cac gia tri ndi suy tir cac sb liéu sén cé. Bai toan dat ra
1& cho biét cac gia tri twong trng clia hai dai lwong x va y nhw trong bang
s6 ligu

X x1 X2 x3 e Xxn

y yl y2 y3 yn

H U S I Nguyen Quang Hoang 17
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Noi suy bang da thirc

Néu gia tri x* ndm ngoai khoang [x1, xn], khi d6 ta goi phép tinh gia tri y*
= y(x*) la phép tinh ngoai suy va st dung Iénh v&i ct phap:
y_star = interp1(x, y, x_star, method, 'extrap')

Sau day xét vi du:

>> x = 1:20; y = sin(x);

>> x star = 1.5;

>> y star = interpl(x,y, x star)

y star = 0.8754

>> y star = interpl(x,y, x_star, 'linear')
y star = 0.8754

>> y star = interpl(x,y, x_star, 'cubic')
y star = 0.9008

>> y star = interpl(x,y, x_star, 'nearest')
y star = 0.9093

>> y star = interpl(x,y, x_star, 'spline')
y_star = 1.0200

H U s I Nguyen Quang Hoang 19
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N6i suy bang da thirc

Hay tim gia tri cia bién y* (rng v&i gia tri nao d6 cla bién x* véi x1<= x*
<= xn. Bai toan nay trong Matlab dwoc giai quyét d& dang vai lénh
interp. Cach goi [énh nay nhw sau:
y_star = interp1(x,y,x_star)
Néu x la vécto gdm cac phan tir nguyén tiv 1 dén n (x = 1:n), véin =
length(y), thi ta c6 thé goi lénh
y_star = interp1(y,x_star)
DPé& ndi rd hon phwong phap nao dwoc siv dung trong viéc nodi suy nay ta
st dung cu phap
y_star = interp1(x, y, x_star, method)
vé&i method dwoc chon la mot trong cac phwong phap sau
‘nearest' - ndi suy theo lan can gan nhét
linear' - ndi suy tuyén tinh
'spline’ - ngi suy str dung dwdng spline bac 3
'‘pchip’ - ndi suy bac 3 tirng doan
‘cubic’ - twong tw nhw 'pchip’

H U S I Nguyen Quang Hoang 18
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Noi suy bang da thirc

Nhw thé cac phwong phap néi suy khac nhau sé cho ta cac két qua khac
nhau. Dé thdy rd hon két qua ctia cac phwong phap noi suy, ta xét vi du
sau

x = 0:8; y = sin(x); plot(x,y,'-ko'), hold on
xi = 0:0.1:8;

yil = interpl(x,y, xi, 'linear');

yi2 = interpl(x,y, xi, 'cubic');

yi3 = interpl(x,y, xi, 'spline');

plot(xi,yil,'-k', 'linewidth',1.5)
plot(xi,yi2, '-r', 'linewidth',1.5)
plot(xi,yi3, '-b', 'linewidth',1.5), grid on

xlabel ('x'), ylabel('y'), axis([0 8, -1.1 1.1])
legend('points', 'linear"', 'cubic', 'spline')

H U s I Nguyen Quang Hoang 20
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N6i suy bang da thirc

> \
05| —e— points /

o \

cubic
spline

H U S I Nguyen Quang Hoang 21
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Bai tap

3. Bing s lidu dudi day cho biét khdi lugng m (kg) va suit tiéu hao nhién ligu y
(km/lit) cia mot s xe 6td san suét boi Ford va Honda nam 1999. Tim phuong
trinh dudng thing y = a.m + b thé hi¢n quan h¢ tuyén tinh gitta khdi luong v suat
tiéu hao nhién liéu.

Model m (kg) y (km/1it)
Contour 1310 10.2
Crown 1810 8.1
Escort 1175 11.9
Expedition 2360 55
Explorer 1960 6.8
F-150 2020 6.8
Ranger 1755 7.7
Taurus 1595 8.9
Accord 1470 9.8
CR-V 1430 10.2
Civic 1110 13.2
Passport 1785 7.7

H U S I Nguyen Quang Hoang 23
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Bai tap

2. Tim phwong trinh dwéng thdng y = a x + b thé hién quan hé tuyén tinh
cua bd so liéu cho trong bang

X 0 0.5 1 15 2 25 3 35 4 4.5 5
y [3.076|2.810|2.588(2.297|1.981|1.912|1.653|1.478|1.399|1.018|0.794

4. Ty trong twong ddi ctia khdng khi thay dbi theo chiéu cao do dwoc nhw
trong bang.

h(km)| 0 1.525 | 3.050 | 4575 | 6.10 7.625 | 9.150

P 1 | 0.8617 |0.7385|0.6292| 0.5328 | 0.4481 |0.3741
Tim phwong trinh bac hai thé hién quan hé gitra do cao va ty trong khdng
khi, tlr d6 tinh ty trong cta khong khi & do cao h = 10.5 km.

P = a+bh +ch’

H U S I Nguyen Quang Hoang 22
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Bai tap

5. B nhét dong hoc y clia nude thay dbi theo nhiét d6 T duoc cho nhu trong bang
duéi day

Xac dinh duong bac ba thé hién quan h¢ nay, tir d6 tinh d nhét dong hoc tai cac
nhiét @6 T = 10, 30, 60¢, va 90 -C

T(-C) 0 [ 211 378 | 544 | 711 | 878 | 100
e 179 | 1.13 | 0696 | 0519 | 0.338 | 0.321 | 0.296
(102 m?fs)

H U S I Nguyen Quang Hoang 24
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Chuong 6. Lap trinh trong Matlab

6.1 Giai phwong trinh vi phan bac nhat véi ode23 va ode45
Lecture 6 P 9 P :

6.2 Giai cac phwong trinh vi phan bac hai

6.3 Bai tap thwc hanh
Giai

phwong trinh vi phan trong Matlab

HUST ST—

1 H U S I Nauyen Quarg Hoang 2
Department of Applied Mechanics Department of Applied Mechanics
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Vi du giai phwong trinh vi phan thwong Giai s6 béng lénh ode23

Tim ham y(t) thda man phwong trinh vi phan

Cu phap lénh ode23
% =cos(t)  veididu kién dAu y(0) =2

[t, y] = ode23(‘funct_name’, [t0, t_end], y0)
Véi phwong trinh don gian nay ta c6 thé viét ra dwoc nghiém chinh xéac
(nghiém giai tich) ,

Tén m-file chira phwong trinh vi
. han can giai
y(t) = sin(t) + C E <

véi C la héng sé tich phan phy thudc vao didu kién dau. Tir didu kién

Khoang thoi gian can giai
dau nhan duoc hang sé C: ttlr t0 dén t_end
y(0)=sin(0)+C=2 = C=2
Két qua tinh dwoc ghi vao hai vécto Gia tri didu kién dAu
y(t) = Sin(t) 49 tvay chira cac cap [t(i), y(ti)] : ;
HUST T s HUST T I :
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Giai s6 bang lénh ode23

Cu phap lénh ode23

[t, y] = ode23(‘funct_name’, [t0:h:t_end], yO0)

Tén m-file chra phwong trinh vi
phan can gii

Khoang thoi gian can giai
ttr t0 dén t_end, véih la
bwéc thoi gian

Két qua tinh dwoc ghi vao hai vécto Gi tri didu Kkién diu
tvay chira cac cap [t(i), y(ti)] . i

HUST p—
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Vi du giai phwong trinh vi phan thwong

V& két qua va so sanh véi nghiém chinh xac

>> £ = sin(t) + 2;
>> plot(t, £,'k-"), hold on
>> axis ([0 2*pi 0 4])

4

>> plot(t,y, 'ko")

>> xlabel('t'),
>> ylabel('y(t) ')

<z 2

HUST —
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Vi du giai phwong trinh vi phan thwéng
Vi du: str dung ode23 gidi phwong trinh vi phan

% =cos(t)  voidiéu kién dau y(0) =2
t

Trong khoang thoi gian t=[0  2*pi]

Trwéc hét tao m-file chiva phwong trinh vi phan cén giai:

function ydot = eql(t,y)

Ghi lai véi tén file 1a tén

ydot = cos(t);
ham eql.m

end

St dung lénh ode23:
>> [t, y] = ode23(‘eql’, [0, 2*pi], 2)

HUST —
Department of Applied Mechanics

Maned Umwarety o Selance 3nd Taemmeigy

Giai s6 béng lénh ode45
Cu phap lénh ode45

[t, y] = ode45(‘funct_name’, [t0, t_end], y0)

Tén m-file chira phwong trinh vi
phan can giai

Khoang thoi gian can giai
ttr t0 dén t_end

Két qua tinh dwoc ghi vao hai vécto

X I BT S VER T Gia trj diéu kién dau
tvay chira cac cap [t(i), y(ti)]

HUST S———
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Giai s6 bang lénh ode45
Vi du: str dung ode45 gidi phwong trinh vi phan
W _ 5 sm) véidieukienddu  y(0) =0
dt
F(t) =t cos(wt) ~ te=0.1, =10
Trong khoang thoi gian t=[0 30]

function ydot = eq2(t,y)

te = 0.1; w=10; Ghi lai v6i tén

Ft = t*exp(-t/tc)*cos (w*t); file 1a tén

ydot = -5*y + 5*Ft; ham eg2.m
end

>> [t, y] = oded5(‘eq2’, [0, 30], 0);
>> % [t, y] = oded5(‘eq2’, [0:0.01:30], 0);
>> plot(t,y)

HUST

Mares Dvwarety o Selance 30d Taeteiogy

Nguyen Quang Hoang 9
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Giai s6 bing Iénh ode45
Vi du: str dung ode45 giai phwong trinh vi phan
W _ 5y 5m) veididukisnddu  y(0) =0
t
F(t)=te" cos(wt)  tc=0.1, 0=10
Trong khodng thdi gian t=[0 30]

function ydot = odevidu3(t,y, tc, w)

Ghi lai voi tén
file la tén ham
odevidu3.m

Ft = t*exp(-t/tc)*cos (w*t);
ydot = -5*y + 5*Ft;
end

>> [ty] = ode45(@(t,y)odevidu3(t,y,0.1, 10), [0: 0.01:30], 0);
>> plot(t,y)

HUST

Manes Uvwarety o Selance 30d Taemoiogy

Nguyen Quang Hoang 1
Department of Applied Mechanics

16/09/2015

Giai s6 bang lénh ode23

>> [t, y2] = oded45(‘eql’, [0:0.01:30], 0);
>> plot(t,y2)
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Hé phwong trinh vi phan cap 1

Hé n phwong trinh vi phan cép 1.

d
9 = % = [t y,09,) 3,(0) =y,
. ax i 3 ,(0) = 3,
g =2y Cécdiéukién dau .1{?( ) =1,
dt
v,(0) =y,
dy, _
= =1y, y,)
Hay viét & dang véc to
N A UR
Y=Y ¥ys9,]" £=[f fnn
HUST p— =
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Phwong trinh vi phan cip cao

Xét 1 phuwong trinh vi phan cép n.

d" R R '7.”(0> =%
o = di = f(t,2,4,7,...,2"") Céc diéu kien dau 40 =4,
v 20(0) = g0
Pat cac bién méi va ha bac !
Y =7, g =t=y,
Y, = 4, yz =i=y,
Y, =" 1) = z‘ U=y,
y, =" g, =2 = f(t,y,5-9,)
Hay viét gon lai dang véc to
_d
y=r=fy), ¥(0) =y,
Y=ot =y, fEY)]
HUST Nouyen Quang Hoang 13

Department of Applied Mechanics
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function ydot = daodong1dof(t,y)

%t=1;, y=[1,2]
m=1;, b=00; c=16;

>> [t, y] = ode45('daodongldof’,
FO=10; Ome=4.1; Lyl ( 9

[0:0.01:100], [1, 2])

lot(t,y(:,1
ydot = zeros(2,1); >> plot(ty(.1)

Ft = FO*sin(Ome*t);
ydot(1) = y(2);
ydot(2) = 1/m*(Ft - b*y(2) - c*y(1));

end

i lﬁllllllllllllllmill|l||I||l|ll|IIIMINlrllll|lllillliMllllllllﬂllllﬂlmlllﬂlll!llll
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Phwong trinh vi phan cép cao

Vi du ha bac phwong trinh vi phan cép 2 sau
= f(t,x,z), f(t,2,2) = b — cx + F, sinQt
Pat cac bién mai va ha bac
e — g =z =y,
Y, = 9, =& =f(t.y,,y,)
Cu thé trong trwdng hop trén

y1 =Y, —> Jy=fty)
= ~by, —cy, + F, sinQt

Y Yy
f(t,y) = N
v= L/Z:| ®y) |:7by2 —cy, + F, sin Qt:|

HUST

Maned Umwarety o Selance 3nd Taemmeigy

Nguyen Quang Hoang 14
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Vi du hé dao dong 1dof h=i=y,
mi + ci + ke = F, sin(Qt) |:> g =i= 1 Fsin(Q1) — ey, — ky,
m -

function ydot = vibrldof(t,y, m,c,k,FO, Ome)
ydot = zeros(2,1);

Ft = FO*sin(Ome*t);
ydot(1) = y(2);
ydot(2) = 1/m*(Ft - c*y(2) - k*y(1));

end

>> [t, y] = ode45(@(t,y)vibridof(t,y, m,c,k,FO, Ome), [0:0.01:100], [1, 2])
>> [t, y] = oded5(@(t,y)vibridof(ty, 1,0.1,16,10, 4.1), [0:0.01:100], [1, 2])

>> plot(t,y(:,1))

Nguyen Quang Hoang 16
Department of Applied Mechanics
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>> [t, y] = ode45(@(t,y)vibridof(ty, 1,0.0,16,1, 4.3), [0:0.01:70], [0,0]);
>> plot(t,y(:,1)), ylabel('y_1 [mm]), xlabel(‘t[s]’)
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Giai hé phwong trinh vi phan cap 1

Trwéc hét xét viéc giai hé hai phuong trinh vi phan cdp mot sau

% =2’ +y, % =—g—ay didukiéndau 2(0)=0,9(0)=1
Viét lai hé dang véc to nhu sau:
T =7, T, =y :>%:7z12+12, %:71171112
dt dt

Dé giai hé trén bing ode45, ta viét mdt m-file thé hién vé phai cda hé trén

function xdot = egx(t,x);
xdot = zeros(2,1);
xdot (1) = -x(1)72 + x(2);
xdot(2) = -x(1) - x(1)* x(2);
end % save with file name egx.m

HUST
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Giai hé phwong trinh vi phan cap 1
>> [t,x] = oded5('eqgx',[0 10],[0,1]);

Nghiém can tim x duoc ghi lai bing hai vécto cot, cot th nhat x1 = x(;,1)
va cot th&r hai x2 = x(:,2). V&i 1énh vé

>> plot(t,x(:,1),t,x(:,2),'--") ,xlabel('t"),
>> axis ([0 10 -1.12 1.12])
>> plot(x(:,1),x(:,2), 'k-"),

1

05 08
08

0 04
02

-05 0

-1

2 4 6 8 10
t
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Giai hé phwong trinh vi phan cap 1

Vi du dwéi day trinh bay viéc giai phwong trinh vi phan bac hai. Hay tim
nghiém cla phwong trinh vi phan sau

i+ 16y = sin(4.3t) diéu kien dau  y(0) = 0,%(0) =0
Bangcachdat %, =Y, &, =Y tanhan duoc hé hai ptvp cip mot

T, =T,

&, = sin(4.3t) - 16z, x =1f(i,x)

Vé phai clia hé trén dwoc thé hién trong mot m-file nhw sau:

function xdot = eqgx2(t,x);

xdot = zeros(2,1);

xdot (1) = x(2);

xdot(2) = sin(4.3*t)-16*x(1);
end % save with file name eqx2.m

Nguyen Quang Hoang 21
Department of Applied Mechanics
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Giai hé phwong trinh vi phan cap 1

>> [t,x] = oded5('eqx2',[4*pi 20*pi],[0,0]);
>> plot(t,x(:,1)) ,xlabel('t'")

1

05 -

-05F -

HUST Nauyen Quang Hosng 2
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Giai hé phwong trinh vi phan cap 1

>> [t,x] = oded5('eqx2',[0 2*pi],[0,0]);
>> plot(t,x(:,1),t,x(:,2),'--'), xlabel('t'),
>> axis ([0 2*pi -3 3])

>> plot(x(:,1), x(:,2),'k-"),
>> xlabel('x_1'), ylabel('x 2"‘)

A\
J

06 04 02 0 02 04 06

HUST — 2
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Giai hé phwong trinh vi phan cap 1

o] S | P [ o s
khéng cliing N Hay dudc su’dung, la su lya chon

1 |oded5 (nonstiff) trung binh dau tién (su'dung cong thirc R-K45)

a g Su’dung khi khdng can do chinh xac

khi 3 A

2 |ode23 ong .cu’ng thap cao, hodc khi giai bai todn clng vira
(nonstiff) phai. (sdung cong thiic R-K23)

3 lode113 khéng cing |thdp  dén|(su” dung cong thic Adams-
(nonstiff) cao Bashforth-Moulton)

4 |odeiss cing thdp  dén|su’dung khi ode45 cho dd chinh xac
(stiff) trung binh | khdng cao do bai toan cling

HUST Nguyen Quang Hoang 2
Department of Applied Mechanics

Baned Uimwarsity o Selance 30d Taemneigy



Giai hé phwong trinh vi phan cap 1

16/09/2015

Lénh i, . | DO chinh | .
T solver Dang bai toan éc Trudng hgp 4p dung
cling Khi d6 chinh xac khéng cta hé cliing
5 |ode23s . thap va khi ma trén khéi lugng 1a héng
(stiff) 6
cling vira phai Gidi phudng trinh cd d6 ciing vira
6 |ode23t |(moderately |thdp phai, nghiém khéng giam dan, cé
stiff) thé 'giai dugc hé DAEs
cling o giai hé cling véi dé chinh xac khdng
7 |ode23tb tha . .
(stiff) P Jeo
H U ST Nguyen Quang Hoang 2

Manes Uvwarcty o Selance 30d Taenniogy

Department of Applied Mechanics

Bai tap

Két hop m-file va Iénh ode45 giai cac phwong trinh vi phan sau:

egbtl.m

egbt2.m

egbt3.m

egbt4.m

egbt5.m

HUST

t

=—ty+1, y0)=1,

Vi du vé hé cling (stiffness system). Ref. Chapter 5. Solving Diff. Equations
y+Ay=0, y(0)=y,
Ma trén A c cac tri riéng phan biét.
y(t) = quf exp(=At)

Vi du

9 =Yy i, 0 —1|y
§j -+ 10013 + 1000y = 0 J, = —1000y, — 1001y, |bs 1000 1001y,
0o -1 -2 -1
= [A-AI= =
1000 1001 1000 1001 —
A =1, A =1000 h<2/A,.

HUST —— 2
Department of Applied Mechanics

Marest Unwarsty o Selance 30d Taeology.
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Bai tap
Phuong trinh vi phan dao déng cwdng blrc ctia hé tuyén tinh n dof
Mg +Cq +Kq = £(t), q(0) =q,, q(0)=4, eqgbt7.m
Bang cach ha bac ta nhan dwoc Y
q=v, v=M"(f(t)-Cv-Kq) y= M’y = [M" (f(t)-Cv — Kq):|

Hay viét cac m-file thé hién cac phwong trinh vi phan va thwe hién viéc
giai s6 tim dao dong cla hé, véi

12 0 0 10 -10 0
M=[0 15 0|, C=|-10 20 -10],
0 0 20 0 -10 10
2000 -1000 0 5sin 10¢
K=[-1000 2000 -1000|.f(t)=| 0
0 —1000 1000 0
HUST p— =
Department of Applied Mechanics
)5 o 0. N



Bai tap

function ydot = daodong3dof (t,y);
ydot = zeros(6,1);
=y(1:3); v =y(4:6);

Q

M= [12, 0, ©0; O, 15, 0; 0, 0, 20];
c=[10 -10 0; -10 20 -10; O -10 10];
K=1[2, -1 0; -1 2 -1; 0 -1 1]*1000;
£t = [5%sin(10*t); 0; 0];

qdot = v;
vdot = inv (M) * (£t-C*v-K*q) ;
ydot = [qdot; wvdot];

end % save with file name daodong3dof.m

>> [t,y] = ode45(‘daodong3dof', [0 20],[0,0,0,0,0,0]);
>> plot(t,y(:,1)) ,xlabel('t")

Nguyen Quang Hoang 29
Department of Applied Mechanics
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Bai tap

Xét hé dao déng n dof, cho M, C, K, f(t): ~ Md +Cq + Kq = £(t),
1. Thiét Iap phwong trinh md t& hé

2. Xét dao dong tw do khdng can
+  Tan sb dao dong riéng, cac dang dao dong riéng
« Vé cac dang dao dong riéng clia hé
+  Kiém tra tinh tryc giao clia ma tran dang riéng thong qua M va K
3. Xét dao dong cwdng blrc c6 can
+ DO thj bién do tan sé
+  Tinh dao dong cudng bl [thanh phan dao déng cling tan sb
cwdng birc]
+  Tinh dao dong cla hé theo thoi gian q(t)
*  Vé qui dao pha cla tirng toa do suy rong
4. M6 phong tim q(t) véi cac kich dong tuy y [xung, bwdc nhay, f(t) — tly
vl

HUST

Manes Uvwarety o Selance 30d Taemoiogy

Nguyen Quang Hoang
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Bai tap
Phuong trinh vi phan chuyén déng cla tay may 1 dof:
(Jy+J ")+ (K Kr* | R +br*)p+mglcos(p) = (K, r /R )U
Hay viét cac m-file thé hién cac phwong trinh vi

phan va thyc hién viéc giai sb tim chuyé&n dong cua
tay may:

taymayldof.m

I i Hop giam toc
Dong co DC

HUST

Maned Umwarety o Selance 3nd Taemmeigy
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Bai tap
Pong lyc hoc robot dang chudi hé
M(q)d + C(q,4)d + Dq + F, sgn(q) + g(q) = u(t),

1. Thiét lap phwong trinh m6 ta hé
2. Cho q(t) tim lywc/m6 men u(t)

V& ddthiq), g'(t), a"(t) va u(t)
3. Cho lyc/mé men u(t) tim chuyén dong q(t)

. V& dd thi q), q'(t), va u(t)

u(t) =g(a) - K (g -q,)-K,4

HUST

Baned Uimwarsity o Selance 30d Taemneigy

Nguyen Quang Hoang 32
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Bai tap

Pong Iwe hoc robot song song

M(q)§ + C(q,4)q + Dq + g(q) = u(t) + ®"(q)4,
¢(q)=0 o
q' =lq,.9,,x"]

1. Thiét lap phwong trinh mé ta hé
2.Bong hoc thuan/ngwgc robot song song
3. Cho chuyén dong clia ban may [khau cudi], x(t), tim lwc/moé men u(t)

4. Cho lwc/md men u(t) tim chuy&n déng ban may x(t)

HUST p—
Department of Applied Mechanics

Mares Dvwarety o Selance 30d Taeteiogy

16/09/2015

Bai 4. Cho mot rébdt song song phang ba
bac tw do, chuyén dong trong mat phing
ngang. Hay thiét lap phuong trinh vi phan
chuyén dong cho robét voi cac toa do suy
réng dw. Viét chwong trinh Matlab d& mo
phong dong Iwc hoc cho robdt. Biét ring
cac tam giac ABC va (ABC), la cac tam
giac déu.

G = [0G5> Pis Pos P> T Y100 O

Hinh bai 4

HUST —— ”
Department of Applied Mechanics

aned Uimmrsity ¢ Selance s0d Taemmebgy



Lecture 8

Gi&i thiéu vé Simulink

HUST :

Hanol University of Sekmes and Tochnology

Khai niém vé simulink

Cong cu simulink trong Matlab cho phép mé phéng cac hé dong lwc
v&i mot giao dién dd hoa dac biét béng cac khéi két ndi véi nhau. Muc
dich clia chwong nay la gi6i thiéu vé simulink théng qua céc vi du. Sau
khi thiét 1ap cac phwong trinh vi phan mé ta hé, mét so dd khéi twong
rng dwoc dwa ra va tlr d6 st dung cac khéi cia simulink @& mé phéng
hé.

Simulink 1& mdt phan m& rong clia MATLAB dwgc phat trién bdi
Mathworks Inc. Simulink 1a mét géi chwong trinh d& mé hinh héa, mé
phdng va phan tich cac hé dong lyc. Véi simulink ta c6 thé md hinh
héa cac hé théng tuyén tinh va phi tuyén lién tuc theo thoi gian, roi rac
theo thdi gian, hodc hén hop ¢ lién tuc va roi rac theo thoi gian. Cac
hé ciing c6 thé Ia da tbc d6 khac nhau, nghia la cac phan khac nhau
c6 thé dwoe 1ay mau hodc cap nhat sé liéu & cac toc do khac nhau.

HUST 2

Hauol University of Sckmes and Tochnology

Chuong 8. Giéi thiéu vé Simulink

8.1 Khai niém vé simulink

8.2 Nguyén ly hoat dong va viéc thwc hanh trong simulink
Khé&i dong simulink
Cac khéi trong simulink

8.3 M6t s6 vi du don gian
a) Mé hinh héa mét phwong trinh bing so dé khéi
b) M6 phéng mét qua trinh dong hoc
c) M6 hinh h6a mét hé dong lwc lién tuc don gian
d) M6 ta hé dao dong mét bac tw do
e) Mé phong s6 tay may mat bac tw do

8.4 Pon gian so dé simulink
Pon gian so dd simulink bing khéi Fcn
Pon gian so dd simulink béng khéi subsystem
Két ho'p simulink va script file (m-file)

8.5 Xur ly két qua mé phong

8.6 Bai tap thwc hanh

9/16/2015

HUST
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Biéu dién so dd khdi cua biéu thirc
Xét phuwong trinh vi phan sau

mi+bv = Kult) = ¢ = - [Ku(t) - byl
m

Biéu thirc nghiém tim dwgc dang

t t
o(t) = v(0) + Iﬂ(r)dz’ =v(0) + J.i[Ku(z') —boldr
m

0 0

Biéu dién dang so d6 khdi

[Z13) I —_ .
o s -
Lol St Z\I—-[II;" [ .
- =/ e

v(0)

HUST
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Khai niém vé simulink

* Khai dong simulink
— Kich dup vao biéu twong
hoac gd I1énh
>> simulink

4 MaTLaE ===

File fdit Debwg Desktop Windew Help

D 4 Wl o ﬁ\l_ﬂf P | epegemriess [+ [

Ehortcits [F] How fo add [ \Mm’slh\

7 x| [Command Wirdow

-

= To get atarted, a=lec E Help or Jemos

I5F + 2

o el Elctitieond
.clia Simulink

E Simulink Librany Browser
Eile Edit View Help

O 4= d |

Commonly Used Blocks: simulink/Carmmanly
Used Blacks

* Wl iSimulink &

= W Aercspace Blockset

WAl CDMA Reference Blockset

+ §| Communications Blockset
B Cantral Svctem Tanlhom

HUST
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Cac khéi trong simulink

(j—}a Pdng hé cip thoi
Oock gian
@ Cap mdt sd ngiu
Random nhién
Number

‘ Cap mdl tin higu

Ripeating ring cui
Sequance

Cap mét tin hidu

Band-Limied  Dhidu
White Noiss

HUST

Hauol University of Sckmes and Tochnology

Cac khéi trong simulink

- i - i
Cac phan tw trong source (nguon)

B C.’ip mot hing sf':_

hay madt vécte hing

Constant
_/ (‘ép mot tin hiéu theo
duimg xien (duiomg
Ramp dog)
||| Cap mot tin hiéu
Pulse dang xung
GensEion

Cz'ip mot tin higu
dang bude nhay

(‘.ép mot tin higu
hinh sin

Czip met tin hiéu
bac thang

HUST

Hanol University of Sekmes and Tochnology

Cac khéi trong simulink

Ciic khoi két trong sink

@ V& radd thi tin hidu

theo thoi gian

Scope
Hién thi gid tri cia
P tin higu
Mt diu tin hicu ra,
Cutl sir dyng cho hé con

Sir dung dé két thic
ciic tin higu ra, (trinh
dé chuong trinh

Terrinatar khong canh hio cong
tin higu khing duge

Sop Simulation

Cho phép biu dién
hai tin hiéo dang do
th, yix)

Bé ghi lai tin hicu
vao mit file.mat

Bé chuyén tin hidu
vl workspice

Sir dung dé dimg
churomg trinh md
phong (khi tin hi¢u
hiing O, chuomy trinh
s dirng lai.

HUST
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Cac khdi trong simulink

Cic khdi ham toan hoc, Math Operations

Tinh téng hai tin hiéu

Nhin hait tin hiéu

Cho gid tri tuyét dbi
cua tin higu

Tinh tich vé hwdng
hai vécto

Tinh téng hai tin
higu

Tinh higu hai tin
higu

Nhién/chia hai tin
higu

Nhén tin higu vai
mét so (khuéch dai
tin higu)

Hanol Linivwesity of Sekmen and Tochnology

Cac khéi trong simulink

Ciic khéi him toan I'IJ.{,JT.IiGn e va L.hﬁ?g lién e

y = C=+Du F
Sme-Space

HUST

dao ham mdt tin
higu theo théd

gian

todn tr tich phin

£ y
khoi ham truyen
hac nhat hé lién
tue

khéi mo 1
phuerng trinh
trang thai he
tuyén tinh

Dimcrete
Transier Fon

Zamo-Orclan
Hold

Firsz-Conder
Haild

B

Satumtion

khoi him truyén
héic nhat he rii rac

khisi gitt tin hiéu
trich mau bac 0

khi aiir tin hiéu
trich miu bic 1

Gilr tin hiéu bio
hoa

Hauol University of Sckmes and Tochnology

HUST
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Cac khéi trong simulink

Tinh téng cac phan
e

Tinh tich cac phén

Mbst him todn hoc
exp, sin, cos,...

)‘%a Ham dau (cho dau
- cua bién x)
Sign

)IE Ham sin

Sine Wave

Function

)IE Ham lirong giac
Trigonometric ong gt

Function

Hanol Linivwesity of Sekmen and Tochnology

—
MATLAR

Function |
MATLAE Fon

u fen  wp

Embedded
MATLAE Function

L » |

Fen

10
Cac khéi trong simulink
t ot ham dinh SR 3 g
nl:]:;‘.:(;m: ::1: :1 Ghi nhd tin hiéu
a1 i () = 3 5
e P cia bande trde
sir dyng
tao mot ham A Khoi mo ta ma st
nhting dinh nghia Coulomb va ma sat
1 oo £ ghi Couomb & .
bai ngudi su dyng Mo nhot
fiu) Ta mdt him T
nan do cla 3 %( I’i?:j' lém {r€ th
ke Enspon S
Matlab Oetay
12
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Cac khdi trong simulink M6t sé vi du don gian
—
o i . = x g ATy T . . .
Mgt so khoi lién quan tach nhap, lua chon tin higu, subsytem Mb hinh héa mét phuong trinh bing so db khéi
,t Tich mat tin hiéu o " lwachon mét wong Vi du ta can chuyén ddi tiy thang nhiét dé C sang 9
thanh hai (demux) » cae tin hieu thang nhiét do Fahrenheit, phuong trinh mo ta T, = 3 T, +32
setectt quan hé nhiét dg gitra hai thang do nay nhw sau
Slll‘ie]]:\ Imf ln.n hl?:i :}‘“-? Chuyén ddi tin hi¢u — _ —
anilmoL (i béng tay Cac khéi can dugc kéo vao model | Vi tri céc khdi trong thu
NSRS window vién Simulink
chuyén doi sang PR .
o e Z i swilc R
E mét tin hidu khde Ifh.m lenh switch amp Sources
Suich Smn G £ase Constant Sources
) Gain Math Operation
chuyen doi sang ANp | N N — . Add hodc Sum Math Operation
E mot tin hi¢u khic "‘hf“ phep toan logic : P
s Legiesl AND Scope Sinks
Sk Opemor
HUST s HUST 1
Hanol Liniversity of Sekmes and Tochnology Hanol Liniversity of Sekmes and Tochnology
M6t s6 vi dy don gian M6t s6 vi du don gian
W D nnierce [E=3 =R
Eile Edit Miew Simulation Format JTeols Help
OEFEH&| Ry vfior |uw
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M6 phéong mét qua trinh dong hoc
Trong vi du nay ta sé& st dung Simulink dé m(t) =A sin(anf + ¢)
mo ta mot phwong trinh dong hoc sau

Trong vi du nay céc thdng sé duwoc nhan A=2, 0=4,p=7/3
cac gia tri

Cac khéi can duoc kéo vao | Vi tri cac khdi trong
model window thu vién Simulink

Constant Sources
Ramp Sources
Gain Math Operation
Sum Math Operation

Product Math Operation

Trigonometry Math Operation

Function

Scope Sinks

HUST 17

Hauol Uiniversity of Sekmes and Tochnology

M6 phéng mét qua trinh dong hoc

W mt dong hoc 2

File Edit View Simulation Format Tools Help

O=2ES Dy om o [hormal

‘

Add Trigonometric Gain A Scope |

Function

Ready oo | ik |ode3
A=2 w=4,p=7/3

x(t) = Acos(wt + @)

HUST 1

Hauol University of Sckmes and Tochnology

M6 phéong mét qua trinh déng hoc

E! mt_dong_hoc

File Edit Wiew Simulation Format Tools Help

D& = » 100 Marmal - [

+

Trigonormetric FaAin A Seope
Add Function

Product

pif z(t) = Asin(wt + @)
phi
A=2 w=4,p=7/3

|Ready 100%: ode3

HUST 19
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Giai phwong trinh vi phan

Xét phwong trinh vi phan md tad mét hé
dong Iyc lién tuc nhw sau

u(t) v e
T TS B
—
1
< —

#(t) = —2.5a(t) + u(?)

= & = L [Ku(t) b

Pula
GEneato

HUST =

Hauol University of Sckmes and Tochnology
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M6 ta hé dao dong mét bac tw do

-
- f(t)
77777779777 %7777

Phuong trinh vi phan chuyén dong
mi(t) = f(t)

Viét lai phwong trinh vi phan chuyén
doéng trén dwéi dang sau

HUST 2
Hasol Linversity of Sekmes and Tochnology
M6 ta hé dao dong mét bac tw do
W dzodong 1007 S e e v— : [

Eile Edit Niew ~Simulation Format Tools Help

OSSRt r afio [ema -] o

khoi luang m.

[T

Siap

e

Cind= Integeaior Integraton Soops

9/16/2015

M6 ta hé dao dong mét bac tw do

X Phwong trinh vi phan chuyén déng
m(t) + ci(t) + kx(t) = f(¢)

Cc
Di m f(t) , . N
R Viet lai phwong trinh vi phan chuyén

Kk o , dong trén dwéi dang sau
Hinh 8-12. 1
" i =—[f(t) - ci — ka]
m
1 i 1 T 1 ar
Jt) — 22— — - -
m s s

HUST 2

Hanol Linivwesity of Sekmen and Tochnology

M6 ta hé dao dong mét bac tw do

mii(t) + ci(t) + ka(t) = f(t)
W daooag (DOF simplity -ﬁ;.—fm
DEHE B &b D b o fem I BSEOC BE

Can: nhap hong so e m, g k

Sine Havel

Somt i bezc can o
I X
Pradugt .
ES
I Frodactl besoloxo
L Ready [100% [ [ |oded

HUST "
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Ready

HUST
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M6 ta hé dao dong mét bac tw do

mi(t) + ci(t) + ka(t) = f(t)
T modeng 00 et/ [ SN -

|
Dedd e (=5 oy el ke || HEBREE a@ﬁgp!

L

Cannkaphoeg sohe m, ¢ K

[
Eweenl

SiraWant

TaFie

>> |oad ketqua.mat
__= t=ans.time(;,1)
u = ans.data(:,1)
X = ans.data(:,2)

H UST plot(t,u),

Hauol University of Seknes and Tochnology

ey Y
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M6 hinh héa va mé phéng hé co dién

boéng co DC

Phwong trinh dién (t phwong trinh can bang dién ap ctia mét mach vong)
di . .
U:UR+UL+Vemf = Laa_‘—RaZ:U_@ 1=4q,
Phuwong trinh co' (phuong trinh chuyén déng quay cla réto)

ety = dibo-n| o-d

HUST 2

Hauol University of Sckmes and Tochnology

M6 hinh héa va mé phdng hé co dién

Xét tay may 1 dof dwgc dan dong béi dong co dién mot chidu (DC motor)

Céc thong s6 clia dong co dién mot chiéu:
. dién tré, R, Tay may
+  cudncam cé hé sb tw cam, L,

+  héngsb phan strc dién dong, K,
+  héngsé mémen, K,

«  mo6 men quan tinh cla ré-to, J,,
+  Hésbcandtruc, b,

Cac thong s6 tay may: u
«  khéilwgng m, khéitam C, OC = L.

«  modmen quén tinh khéi déi véi truc quay O, Jo;
+  hésbcantaibtruch,

DC déng co

Hop giam téc:‘
« tysotruyén clta

r=o /o, =m1/n>1 V. =K6, M=K,i

Twong tac co — dién:

HUST

Hauol University of Seknes and Tochnology

M6 hinh héa va mé phéng hé co dién
N
Déi v&i hop giam téc (khdng khdi lwgng, khdng
ma sat) ta c6 cong suat vao bang cong suat ra

j;uadg-:M1¢
16 = 1,9 =0=¢n, /1 =rp
Thoud = 1¢/9=M1/T

Phuwong trinh chuyén dong ctia tay may do tac
dung ctia mémen

Jo® = M, —b,¢ — mgl cos(p)

26

HUST

Hauol University of Sckmes and Tochnology
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M6 hinh héa va mé phéng hé co dién

Cac PTVP mo ta
Jo=Ki-bo-T

m m load ?
di . .
LGE+R”Z=U—KEQJ, i=q

Jo® = M, —b,¢ — mgl cos(p)
Céc rang budc
O=w= r Khir Tigaq & My
Tl‘oadg‘ = M1¢)

T . =M¢/0=M/r

load

HUST 2

Hauol University of Seknes and Tochnology

M6 hinh héa va mé phéng hé co dién

Cac khdi can duoc kép vao model Vi tri cac khdi trong thw vién

window Simulink
Constant Sources
Sum Math Operation
Product Math Operation
Divide Math Operation
Gain Math Operation
Trigonometric functions Math Operation
Integrator Cont inuous
Scope Sinks

HUST =

Hauol University of Sckmes and Tochnology

M6 hinh héa va mé phdng hé co dién

Hé 3 phwong trinh vi phan cip 1 mé ta qua hé dau vao U va daura ¢
Laﬂ =U-Ri-Krq
dt ‘
(Jo +J,r")q = K, ri~(br* +b,)g — mgl cos(p)
®=q

Néu bé qua L,di/dt ~ 0

Tay may

(J, +J r)p+
(K Kr* /R +br’ +b,)p
+mglcos(p) = (K, r / R )U

U

a A
Hé thong | ° DC déng co

HUST *

Hauol University of Seknes and Tochnology

M6 hinh héa va mé phéng hé co dién

=1 he_co_dien_1 dof
Fie Edit View Fimulstion Foemat Took  Help

O &S » fio Momal =] OF g4 [ o BE®E G

HUST =

Hauol University of Sckmes and Tochnology
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Can nhap thong so he:

- DC motor: Ra, La, Ke, Km, Jm,
- Tay may: m, lc, g, JO, b2

- hop giam toc: ti so truyen r

%
% bl
%
%

% - DC motor:

Ra=1, La=0.0001,
Ke=1, Km=1,
Jm=0.001, bl=0.01;

% - Tay may:

m=5, 1lc=0.5, g=9.81,
JO0=0.2, b2=0.2;
% -hop giam toc:
r=2.0

ti so truyen

M6 hinh héa va mé phdng hé co dién

Bai tap: Ghép 2 tay may 1dof thanh 1 tay may phang 2dof.

2e? 2a? 7217 % 2m

R, .K, ,K,,L,b,,J
r

U .| 29
2 ey My, c27lcz’b22

1m? 7 1e? T1a? 7117 Y 1m

R,K, K L.b,J
T

1

e J(717 lCl’ b12 Ul

Q.
P

Hop gidm tc

HUST

Hanol Linivwesity of Sekmen and Tochnology

weeeeee signial Howe

Fig. 2.54. Example of a multi-domain model: servo-controlled drive shaft (e.g
robot, machine tool)

HUST

Hauol University of Sckmes and Tochnology

DC dong co
= HUST .
Hanol University of Sekmes and Tochnology
M6 hinh héa va mé phéng hé co dién
(J, +J r*)p+
(KmKer2 /Ra + b1r2 + b2)¢
+mgkIOS(¢) = (KmT / Ra)U Tay may
v Ha théng 29
5‘
Didu khién v Hop giim the
DC dong co
Xét hai bo diéu khién
LU=(Kr/R)" [—kp(tp —®,)— kdcp] PD-controller
= - _ A PD-controller + bu
2.U=(K r/R) [ kp(ap ®,) —k,p +mglcosp trong e
= HUST =

Hauol University of Sckmes and Tochnology
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W oy 100 o
file [t Yiew Simulsbon Formet  Took  Help
D EE@ | =@ e S bnf e o BmESs REE®

i ki e 93 e
D mowr: Ra, Lo K, Kim, Jrm, b1
~Tay may-m, e, g, 40, b2
hep gAMb B U ¢

o a8
B T Ry

HUST "

Hanol University of Sekmes and Tochnology

Bai tap

Didu kién du la y(0)=0.01 m. #0)=0. Thyc hién mé phong bing simulink
trong khoang thi gian £ = 0...2 s vi duara cde két qua dang d6 thi y(t) va jit).

3. Cho so db déng co dién mét chiéu
nhu wén hinh vé vii phuong winh vi
philn md ta nhr sau:

I, LA AN B Roit),
dt- di
I di + Ri(t)+ B, 48 _ V(t) So dd dong co dién mat chidu
df di
Hily ha bic dua hé trén ve hé phuremg trinh vi phiin bic nhilt v cde hién trang thii
x=[6 6. i

HUST S

Hauol University of Sckmes and Tochnology

Bai tap

Xy dung mo hinh simulink dé mod phong cic he cho bai cic phuong trinh vi phin

sau

1. Phuong trinh vi phiin chuyén déng cua con lic vit Iy
Jop+bo+mglsing=0.,von J, =1b =01 mgl =10.

Liy cic diéu kién diu @ =030, ¢, =10.

2. Hé dao dong gom khdi luong - 10 x0 - cin nhdt ¢6 phuong trinh vi phén mé ta
nhur suu:
i I e ¥

L
it—yt+t—y=0
m-om 2—4 —
vii m =2kg 6 =40 Ns/m, ¢ =450 N/m — A

HUST S

Hanol University of Sekmes and Tochnology

Bai tap

6. Cho so' dd mach dién nhuw trén hinh vé. Ap dung dinh luat Kirchhoff ta nhan
duwoc phwong trinh vi phan clia mach dién nhw sau:

di, . .
L+ B+ By(iy — i) = B(t)

di, . q,
L—=- —5)+==0
o Rl—t) C
da, _
dt

Cho biét cac sb lieu R=4Q R =10Q, L=0.032H, C =0.53F

va dién &p dat 1én mach c6 dang
20 V. khi 0 <t<0.005 s

Hay giai va vé ra dd thj cac dong dién
E(t) = {07 khi £ > 0.005 s il(t), Zz(t) t=0..0.05s

HUST “

Hauol University of Sckmes and Tochnology
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Bai tap

di _
Ld—; =E(t)- Ri —
& ,
Ld—; =R, (i, —1i,) -
d
@ _,
dt

HUST “

Hanol University of Sekmes and Tochnology

Bon gian hoa so’ d6 simulink

1. Don gian so dd simulink béng khdi Fen

Seope

Constant

e E

Ramp Fen Scopel

HUST “

Hauol University of Sckmes and Tochnology

Pon gian hoa so dé simulink

1. Bon gian so dd simulink bang khéi Fcn
2. Bon gidn so dd simulink bang khéi subsystem

3. Két hop simulink va script file (m-file)

HUST “

Hanol University of Sekmes and Tochnology

Pon gian hoa so d6 simulink

1. Bon gian so dd simulink bang khéi Fcn

omega

L/

Famp t

z =bsin(4t + 7/ 3) @
=

Famp Fer Eoopa

HUST “

Hauol University of Sckmes and Tochnology
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Pon gian hoa so dé simulink

2. Pon gian so dd simulink bang khdi subsystem

“_1
i I
dg _ ;[K ri — (br* +b,)q —mgl cos((o)}
at (J,+J, )L "

do _

a !

(U-R,i-K,rq)

HUST =

Hanol Linivers ity af Sekmes and Tochnology

Pon gian hoa so d6 simulink

u
U1 alt] difdi Aﬂi;@

L i Int=grt=il Scopel
Subgyzen DC Mmooy
L (] T !
il sopeql
{ehi
Submystarn Manipulatar
Integ mtar2 feopa philt)

Pon gian hoa so dé simulink

=

- __di/
]

T

rj v Lo =
-:__’EL}
|
=T |
4‘}1 ]

M, P j__@
) P e Bl M e TR
- > L: ]

’—" Ean2 Intagakit Inmgrinz S0 phil

okl
e

HUST @
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o
| =] /
Negmanic
it Fancion
HUST G
Hanol Liniversity of Sehmew and Tochnology
P 1aymay 1008 oCrutor W e — T el
Eik [t Yew Gmulmon Feme Took Help =1
-8 = SRR o = S = BRElEs BE)
Gan ko Tsg oo e
DC moor Ra, La, K, Km, Jm b
- Tay may.m, ks, g, JO. 12
~hof e k3 66 e £
O .“Lﬂ
s B
ot I .
L
HU =
0% el

Hasol Lnveesity af S e

9/16/2015
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Pon gian hoa so dé simulink

—
& ey 1DCF DEmotce subsystem
Fl= Edt Sew Smlson Fomst Inol Hep

DS SBR[ |2k uh [riormai CBabd BER

an ehap ong 5o ke:
- DC maor: Ra La Ko, Km, Jm, b1
- Tay may:m, b, g, JO, b2
b pamine & 50 ngee ¢

|
:ij |
Sunamem = wy ey i

foa0al, rad

[ ————

Dieu dhien PR
0. T PO+ ong e

HUST &
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Pon gian hoa so d6 simulink

3. Két hop simulink va script file (m-file)

gl gl*

initGon

Dh:il:ol S 0 ek TLAE ko (04 e sbasbon “-‘!-zﬂ.:‘ ‘—‘::::!
Soan mdt MATLAB function [m-file] R i
function ydot =

7 36 mab 75 =

).adanll b o
ydot=....; ;
end T | |

HUST e

Hauol University of Sckmes and Tochnology

Pon gian hoa so dé simulink

3. Két hop simulink va script file (m-file)

Xét trwong hop s dung simulink m(‘)‘ph(’)ng hé cé phwong trinh déng luc
phtrc tap, nhw robot céng nghiép nhiéu bac tw do

M(q)g +C(q,q)q +gla) =u
O

M(q) ‘[u - C(q, v)v - g(q)]

U

y=1f(y,uw), y0) =y,

v

HUST &

Hanol Linivwesity of Sekmen and Tochnology

Pon gian hoa so d6 simulink

4. X ly két qua

load
t=qv (13

gl=qv(2,:); g2=qv (3,:);
ql_dot=qv (4, :); g2_dot=qv (5,:);
figure (1)

plot(t,ql,'-k', 'linewidth',2), grid on
xlabel ('t [s]'):; ylabel ('g 1 [rad]');
figure (2)

plot(t,g2,'-k', 'linewidth',2), grid on
xlabel ('t [s]'):; ylabel ('g 2 [rad]');

o

% save ve_g t.m

HUST s2

Hauol University of Sckmes and Tochnology

GI sim_r=eulbs. mat '

9/16/2015
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Pon gian hoa so dé simulink

Vi du: két hop simulink va m-file

Con lac elliptic

sim_r=eulbs. mat

Ta Fla

S\

w

Pon gian hoa so dé simulink

HUST

Hanol Linivwesity of Sekmen and Tochnology

53

Pon gian hoa so d6 simulink

function xdot = xdot_elliptic_pendul(ins)

% cac tham so he

ml =5; %Kkg
m2 =2; %Kkg
| =05; %m

gr =9.81; % m/s"2
d1=26.2;d2 = 0; % damping coefs

% ins =[12 34 5]; % for test

% viet ra cac phuong trinh vi phan
g =ins(1:2);

% bien chua toa do suy rong

gdot = ins(3:4);

% bien chua van toc suy rong

u =ins(5);

% bien vao (bien dieu khien)

M =[m1l+m2, m2**cos(q(2));
m2**cos(q(2)), m2*"2 1;

C =0, -m2**qdot(2)*sin(q(2));

D =diag([d1, d2]); % damping matrix
g = [0; m2**gr*sin(q(2))];

B =[1;0]; % he hutdandong
% B =1, 0; 0, 1]; % he du dan dong

vdot = inv(M)*(B*u- (C+D)*qdot - g);

xdot = [gqdot; vdot];

Vi du: két hgp simulink va m-file

M(q)d + C(q,9)q +g(a) =

a=v

9/16/2015

Bu

¥ =M(q)'[u-C(q,v)v - g(a)]

M m,+m, mpl cos 6
(@ = mlcos®  m[
b b
X 0 —mplé sin 6
Cla.d) =, 0
0
gla) = . 1
m, gl sin 6 B= 0

HUST

Hanol Linivwesity of Sekmen and Tochnology

Pon gian hoa so d6 simulink

HUST

Hanol Linivwesity of Sekres and Tochnology

55

54

5. Mask and unmask ??

HUST

Hanol Linivwesity of Sekres and Tochnology

56
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Pon gian hoa so dé simulink

& & sy wp Therrai S Hehes RRAEE

- DG mtor: Ra, La, Ke, m, Jm, b1
~Tay may. m, ke, g, O, b2
-hap am fac: 1 50 ngen 1

Fizady

Can nhap thang 5o he

100% T=0.00 oied

Hanol University of Sekmes and Tochnology

9/16/2015

Pon gian hoa so dé simulink

% Can nhap thong so he:

% - DC motor: Ra, La, Ke, Km, Jm, bl
% - Tay may: m, lc, g, JO, b2

% - hop giam toc: ty so truyen r

Ra=1, La=0.0001, % - DC motor

Ke=11, Km=1, Jm=0.001, b1l=0.00000001;

m=5, 1lc=0.5, g=9.81, J0=0.2, b2=2e-7; % - Tay may
r=2.0; % -hop giam toc: ti so truyen
kp = 100; kd = 50; % -tham so bo dieu khien

[t, y] = sim('taymay 1DOF DCmotor', [0, 8])

plot(t,y(:,1), 'r-', 'linewidth',62), grid on,
xlabel ('t [s]'), ylabel('\phi (t) [rad]')

% su dung neu dua mdl vao trong mot function
options = simset ('SrcWorkspace', 'current');
[t, y] = sim('modelname', [],options)

HUST s

Hanol University of Sekmes and Tochnology
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Phan tich hé dong Iwc

Diéu khién té6i wu LQR
Linear Quadratic Regulators

Nguyen Q.Hoang
Department of Applied Mechanics

Hanoi University of Science and Technology

H U S I Nguyen Quang Hoang

Hanol University of S ¢ and Technology Department of Applied Mechanics

Chuwong x. Xay dwng mo hinh

Néu bai toan diéu khién téi wu

Co s& ly thuyét

Ap dung diéu khién t6i wu hé tuyén tinh
Diéu khién t6i wu LQR

Vidu

ok o DN =

* Ref. Alok Sinha : Linear Systems- Optimal and Robust Control,

CRC press, 2007.

H U S I Nguyen Quang Hoang

Hanol University of S ¢ and Technology Department of Applied Mechanics
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Néu bai toan diéu khién téi wu

D& didu khién hé tir trang thai x(0) vé gbc toa d6 bang didu khién phan héi u =
u(x), c6 thé co rat nhiéu thuat toan diéu khién khac nhau. Ngay ca déi véi mot
thuat toan diéu khién, chdng han u = -Kx, thi ¢é rat nhiéu kha nang chon ma
tran phan hdi K.

Bai toan diéu khién tbi wu sé& dwa ra phwong thirc Iwa chon bd théng sb ciia bo
didu khién d& mét chi tiéu chat lwong nao dé dworc téi thidu hoa.

Trong phan nay sé néu bai toan didu khién ti wu, va phwong phap thiét ké téi
wu LQR.

H U S I Nguyen Quang Hoang

Hanol University of S ¢ and Technology Department of Applied Mechanics

Néu bai toan diéu khién téi wu

Xét hé dong lwc Diéu khién phan hoi trang thai
z = f(z,u), z(0)= T, u = u(z)
y = g(z)

Cac tiéu chuan t6i wu can dwoc cuc tiéu co thé 1a

J, = J:f e'Qedt = j:f (m—md)TQ(:z:—:z:d)dt (1)

J, = fotf (y—y,) Qly—y,)dt (2)
J, = | u" Rudt (3)
J, = [Tt (4)

Q=Q">0, R=R" >0

H U S I Nguyen Quang Hoang

Hanol University of S ¢ and Technology Department of Applied Mechanics

12/2/2015



Néu bai toan diéu khién téi wu
D& giai quyét tinh trang kho x(, ching ta c6 thé théa hiép gitra hai muc

tiéu mau thuén nhau bang cach giam thidu cac chi sé thuyc hién ma la mot
sw két hop 16i cta J, va Js,

J=0=NJ, +\, = fo ’ (z-2,) Q@ —=,)+u Ruldt ()

Trong céac (*ng dung nhat dinh, ching ta c6 thé mudn trang thai cudi cling x(t;) 1a
cang gan 0 cang tét. Sau d6, mot chi sb thwe hién cé thé dwoc giam thiéu Ia

T T
z (t)Fz(t,), F=F >0 (6)
Chung ta co thé két hop cac bién phap thwc hién (1), (3), va (6) khi muc tiéu didu

khién Ia dé gitr cho trang thai “nhd", sy diéu khién "khong qua Ion," va trang thai
cudi cung cang gan 0 cang t6t. Chi so thwe hién két qua la

J=a'(t)Fa(t)+ [ '@~ =,)" Q& —x,) +u"Ruldt ()

H U S I Nguyen Quang Hoang

Hanol University of S ¢ and Technology Department of Applied Mechanics

Néu bai toan diéu khién téi wu
Xét hé dong lwc tuyén tinh, véi cap (A,B) 1a diéu khién duoc
& = Ax + Bu, z(0) = x,
y=Cx

Tiéu chuan 2 tré thanh
(o Y raT N AT
JQ—fo yydt_fo a:CCazdt—fO " Qxdt, Q=C'C

Bai toan t&i wu dwoc dat ra 1a: Tim luat didu khién u(t) dé lam téi thiéu mot
trong cac chi sb thuc hién néu trén, hodc téi thidu mét chi tiéu théa hiép trong
cac trwong hop:

1. Cb dinh thoi gian cubi t; ;

2. Khéng cb dinh thoi gian cudi t;;

3. Khdng co rang budc dat Ién u(t);

4. Cé rang budc dat lén diéu khién, u;(t) co can trén va can dudi.

H U S I Nguyen Quang Hoang

Hanol University of S ¢ and Technology Department of Applied Mechanics
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Co s& ly thuyét diéu khién téi wu
Xét hé dong lwc diéu khién dwoc
z = f(z,u), z(0)= z,
Va tiéu chudn tdi wu sau can dwoc cyc tiéu (hodc cuc dai)
t
J = Glat)]+ [ ' Fla,u)dt
0

Cac rang budc dat lén diéu khién uj(t), can trén va can dudi

u, < gui,M, 1=12,....m

i,m

dim(z) = dim(f) = n, dim(u) =m

H U S I Nguyen Quang Hoang

Hanol University of S ¢ and Technology Department of Applied Mechanics

Co s& ly thuyét diéu khién téi wu

Cac diéu kién can cho téi wu:

Néu diéu khién u,(t) 1a nghiém cla bai toan toi wu va x(t) la véc to trang
thai twong tng:

(1) = fla, (), u,(1)),

Khi d6 ta s& danh gia ham chét lwong diéu khién (chi tiéu tdi wu), khi diéu
khién thay ddi mét lwong nhd du(t), tic 1a
u(t) = u,(t) + dult),

Tiéu chuén téi wu thay ddi mét lwong la

87 = Ju, (t) + Su(t)] — Jlu, (1)]

le vlor . oF

(8)

F(t,) +88—if(tf)}6tf

H U S I Nguyen Quang Hoang

Hanol University of S ¢ and Technology Department of Applied Mechanics
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Co s& ly thuyét diéu khién téi wu

Tinh gan dung theo xap xi bac nhat nghiém &x(t) ng v&i du(t):
& (t) + o(t) = fla (t) + ox(t), u (t) + Su(t)),

d of of
ox(t) = — o = —dx(t) + —bu(t
i) = o0 = L bat) + L ute),
Nhan hai vé phwong trinh trén véi AT(t) va Iy tich phan tir 0 dén t, duwoc
Yl d(&n) (T of of _
fo N ()= = di ]; (1) 5 oalt) + = ou(t)|di =0 (9)

Cong (8) vai (9), thwe hién tich phan tirng phan sbé hang dau cua (9)
dwoc

0G 0G
6J =|F(t,)+ B_mf(tf) &t, + A" (0)82(0) + e AT(t)|8(t,)
y|OH oOH AN (t)
+j; lg&%(t) + %(Su(t) + 7632 dt (10)
H U ST Nguyen Quang Hoang 9
Hanol University of Sclence and Technology Department of Applied Mechanics
Co s& ly thuyét diéu khién téi wu
Trong (10) H dwoc goi la Hamilton, dinh nghia nhw sau
H = F(z,u) + X" (t)f(z,w) (11)
Do A(t) la tuy y, nén ta chon né théa man
T
A O ) (12)
dt oz

S0 hang ngoai dau tich phan clia (10) la cac 0 hang lién quan diéu kién
bién, chung sé& khbng xuat hién trong céc bai toan cu thé:

Néu t; va x(0) xac dinh (co dinh) thi ta c6 8t; = 0 va 5x(0) = 0; s0 hang ther
3 ngoai dau tich phan triét ti€u néu chon

. aG
A(t) = [%] (13)

!

H U S i Nguyen Quang Hoang

Hanol University of S ¢ and Technology Department of Applied Mechanics
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Co s& ly thuyét diéu khién téi wu

Do d8, phwong trinh (10) dwoc viét thanh

t|OH
6 = [ 7|5 buft))dt (14)
0 | O0u
Cuc tiéu ham J
Néu u,(t) 1a nghiém tdi wu (J dat cuc tidu) thi 6J >0, Vou(t)
Trwong hop 1. Khéng cé rang budc dat trén u(t), thi
OH X N
— =0, Vi Day la dieu kién can de toi wu J.
ou
Trwong hop 2. Khi c6 rang budc dat trén u(t), [bi chan trén va dwi, thi
OH OH
Ui = Wipp - =0 & Uig = Wips ——=0
’ ’ Ou, ’ : du,

H U S I Nguyen Quang Hoang

Hanol University of S ¢ and Technology Department of Applied Mechanics

Co s& ly thuyét diéu khién téi wu

Do d6, phwong trinh (10) dwoc viét thanh

t|0H
wth—mwﬁ (14)
o | du
Cwc dai ham J
Néu u,(t) 1a nghiém téi wu (J dat cuc dai) thi 6J <0, Vou(t)
Trwong hop 1. Khéng c6 rang budc dat trén u(t), thi
OH s S .
— =20, vVt Day la diéu kién can dé tbi wu J.
ou
Trwong hop 2. Khi ¢6 rang budc dat trén u(t), [bi chan trén va dwi], thi
0OH 0H
Ui = Uiap 3_20, & Uig = Uy Q_SO

H U S I Nguyen Quang Hoang

Hanol University of S ¢ and Technology Department of Applied Mechanics
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Co s& ly thuyét diéu khién téi wu

Cac tinh chat ctia Hamilton d6i v&i hé autonomous & = f(x,u),
dH OHdx OHdu OHdA

H=H A) = = 4=y
(@) it owdt  owdt  oxa 1Y
d\" (t OH
Nhwng g—i‘] = f"(x,u) vatheo cach chon dt( ) =— o (z,u,\)
nén dH 8H du
it Ou dt (16)
Trwong hop 1. Khéng c6 rang Trwong hop 2. Khi ¢é rang budc dat trén
budc dat trén u(t), thi u(t), thi u = up,,, hodc u = uy;, nén
of _ du _
3'11, dt
Do do6, doi voi diéu khién toi wu ta co E =0 hay H = const. (16)
H U ST Nguyen Quang Hoang 13
ol Liitersiy of Sctaice and Tachrolkgy Department of Applied Mechanics
Co s& ly thuyét diéu khién téi wu
Trwéng hop dac biét: Thoi diém cudi khdng xac dinh 8t, # 0.
oG 0G
8J = |F(t,) +——F(t,)|6t, + AT (0)6a(0) + |——— A" (t,)| 6a(t,)
ox ox :
t 6H OH d)\T( )
+ f )+ dult) + 5| dt 10)
Dé 5J khong phu thudc 8t,, ta cho
oG 17
F(t,)+ 5 1(1)) = -
T

Néu diéu kién cudi vé trang thai khong xac dinh &x(t), didu kién (13) duoc thda
man va do do

H = F(z,u) + X" (t) f(z,u)
H(t) = F(t,)+X'(t)f(t,) =0 (18)

H U S I Nguyen Quang Hoang

Hanol University of S ¢ and Technology Department of Applied Mechanics
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Co s& ly thuyét diéu khién téi wu

Trweng hop néu trang thai cudi khong xac dinh, véi x&p xi bac nhét trong
khai trién Taylor, ta c6

salt,) = alt,) — z,(t,) = —f(t,)6t, (19)

V&i cac biéu thire trén, ta co

57 =[F(t,) + N (¢)£(1,)|6t, + A" (0)6(0) + j:f

a—H(su(t)} it (20)
ou
Dé loai bd sb hang lién quan diéu kién bién khi t, khéng xac dinh

H(t,)= F(t,)+X"(t)f(t,) =0

Vi H(t) = const, nén H(t) = H(t) = 0 doc theo quy dao t6i wu ddi véi hé
autonomous, khi thoi diém cudi t; khong xac dinh.

H U S I Nguyen Quang Hoang

15
Hanol University of Sclence and Technology Department of Applied Mechanics
Diéu khién t6i wu LQR hé tuyén tinh
Xét hé dong lwc tuyén tinh, véi cap (A,B) 1a diéu khién duoc
& = Axz + Bu, z(0) = x, (21)
Va tiéu chuan t6i wu sau can dwoc cuc tiéu
1 1 pt
J = EmT(tf)cm(tf) +§f/ z'Qz +u" Ru|dt (22)
0
F=F">0,Q=Q">0, R=R" >0
u, <u, Sui’M, 1=12,...,n
Ham Hamilton trong bai toan nay la
]- T T T
H= 5{:1: Qz +u'Ruf+ X' (1)(Ax(t) + Bu(t))  (@9)
H U ST Nguyen Quang Hoang 16

Hanol University of S ¢ and Technology Department of Applied Mechanics
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Diéu khién téi wu LQR hé tuyén tinh

L&i giai bai toan t6i wu vong mé: Tir diéu kién cin cho nghiém té wu

o8 _, =  Ru+B'A(1)=0
ou
= u=-R'B'A®t) (24)
Doéng hoc clia A(t) dwa ra tir (12) cung véi digu kién cubi (13)
dX(t
% — Q- A'A(t),  A(,)= Fa(t) (25)

Két hop (21)-(24)-(25) ta dwoc
#(t)= Az — BR'B"\(t), z(0)==
A(t) = —Qx— AT (1), A(t,) = Fa(t))

a(t)| 2(t)
AM)| A(t)

A —-BR'B’
—Q —_AT

_ (26)

Nguyen Quang Hoang

Hanol University of S ¢ and Technology Department of Applied Mechanics

17

Diéu khién t6i wu LQR hé tuyén tinh

Giai (26) tim dwoc nghiém Xéac dinh diéu kién dau A(0) ta viét
x(t) _ z(0) E (t) E,(t)
A(t) A(0) E, (t) E,(t)

Mt

Suyra (t) = E, (t)(0)
(27)

Va tir didu kien  A(t,) = Fa(t,)

= E,(t))2(0) + E,(t )A(0) = F|E, (t )x(0) + E,,(t,)A(0)]
= |B,(t,) — FE,(t)|\0) = [FE,(t,) - E,(t,)]2(0

22 21

)
= X0)=|E,(t) ~ FE(t)| |FE,(t)~E, ()|

22 12 21

| ——

)
(0)

H U S I Nguyen Quang Hoang

Hanol University of S ¢ and Technology Department of Applied Mechanics
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Diéu khién téi wu LQR hé tuyén tinh

Sau khi xac dinh duoc A(0), ta s& co A(t) va u(t). Tuy nhién, bai toan can phai giai
lai khi diéu kién dau thay ddi. Ngoai ra, dau vao digu khién u(t) la khé’ thi chi trong
biéu diép, vi didu khidn & dang nay khéng phai 1a ham cla cac bién trang thai
(vong diéu khién m&).

Loi giai bai toan t6i wu vong diéu khién kin (phan héi trang thai):

S dung phép bién dbi sau

At) = S(t)z(t), S=5" (28)
Thay vao (25) ta dwoc
%f) =Sz + St =-Qz— A"Sz, (29)
Cung voi (21, 24) ta dwoc
(S+S4-SBR'B'S+Q+A"S)z =0 (30)
H U ST Nguyen Quang Hoang 19
Hanol University of Sclence and Technology Department of Applied Mechanics
Diéu khién t6i wu LQR hé tuyén tinh
Biéu thire (30) diing v&i moi x(t) nén
S+SA—SBR'B'S+Q+A'S=0 (31)
Twr (13) va (28) cho ta
ATt—aG = Fz(t,),\(t,) = S(t,)z(t Sit)=F
(f)_ 8_3) - $<f), (f)_ (f)m(f):> (f)_ (32)
t=t

Phuwong trinh (31) dwoc goi la phwong trinh Riccati. Phwong trinh vi phan phi
tuyén nay c6 thé dwoc giai quyét bang phwong phap s6 d& nhan dwoc ma tran
S(t). T d6 xac dinh dwoc véc to didu khién

u=—-R'B"St)x(t) = —K(t)=(t), (33)

K(t)= R 'B'S(t)

Céu trac clia (33) c6 dang diéu khién phan héi trang thai voi ma tran téi wu K(t).
Vi 10i giai S(t) khong phu thudc vao trang thai hé, nén dieu khi&én nay 1a téi wu
cho tat ca cac diéu kién ban dau cuia véc to trang thai, x(0).

H U S I Nguyen Quang Hoang

Hanol University of S ¢ and Technology Department of Applied Mechanics
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Diéu khién téi wu LQR hé tuyén tinh

Cho hé tuyén tinh
x=Ax+Bu, (A B) la diéu khién duoc
Thuat giai
1.ChoncacmatranQ=Q"™>0,R=RT>0vaF=F">0
2. Giai phwong trinh Riccati (31), hé ptvp théda man diéu kién cudi
S+SA-SBR'B'S+Q+A'S=0, S(t)=F
3. Xac dinh ma tran K(t) tr d6 xac dinh véc to diéu khién
K(t) =R 'B'S(t), u=—-K(t)x(t)
4. Panh gia (xac dinh) gia tri ham muc tiéu:
J = %xT(tf)Fx(tf) + %j:' {xTQx + uTRu] dt

Nhan xét: gap khé khan khi gidi phwong trinh Riccati. Ham muc tiéu déi khi khong
c6 y nghia vat ly, nhwng véi cac Q va R khac nhau sé cho dap &ng khac nhau.

H U S I Nguyen Quang Hoang 21

Hanol University of S ¢ and Technology Department of Applied Mechanics

Diéu khién t6i wu LQR hé tuyén tinh

Trwong hop quan trong: t; — «©

Xét trwong hop thoi gian cudi t; tién dén vo cung (thdi gian diéu khién twong dbi
I&n). Nghiém S(t) hay K(t) tién dén ma tran hang. [xem tai liéu tk]. Trong trwdng
hop nay, ta sé giai phwong trinh dai sb Riccati (Algebraic Riccati Equation-ARE)
thay vi gidi phwong trinh vi phan Riccati.

1.ChoncacmatranQ=QT™>0,R=RT>0vaF=FT>0

2. Xac dinh ma tran S tir phwong trinh dai sb Riccati

SA —-SBR 'B'S+Q+ A"S =0, do S=0,
3. Xac dinh ma tran K(t) tlr d6 xac dinh véc to diéu khién
K=R'B'S, u=-Kx(t)
4. Kidm tra tinh 6n dinh cia hé kin % = (A — BK)x

5. Banh gia (xac dinh) gia tri ham muc tiéu: Lénh Matlab:

_1. 1 r T >> K = Iqr(A,B,Q,R
J = 5% (t/)Fx(tf)—i-zf0 [x Qx+u Ru]dt ( )

H U S I Nguyen Quang Hoang 22
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Diéu khién téi wu LQR hé tuyén tinh

Xét trvdng hop cé sb hang chéo trong ham muc tiéu

_l T l Y T T T
J—2x (rﬁl)Fx(tf)—i—Qf0 [x Qx +u Ru + 2x" Nu|dt

Khi d6 st dung phép bién dbi
x'Qx +2x"Nu+u"Ru=x"Q x+v'Rv

m

Véi
Q =Q- NR 'N” & v=u+R 'N'x
Khi d6 ham muc tiéu tr& thanh
1 g 1 ety o T
J = 5 X (t,)Fx(t,) + 2]; [x Q x+v Rv|dt
Hé ban diu dwoc bién dbi twong trng thanh

x=A x+Bv, with A =A- BR 'N”,

H U S I Nguyen Quang Hoang 23

Hanol University of S ¢ and Technology Department of Applied Mechanics

Diéu khién t6i wu LQR hé tuyén tinh

Gia st réng Q,, dbi x(rng, ban xac dinh dwong, khi dé bai toan dwgc bién dbi vé
dang nhuw da trinh bay. L&i gidi cla bai toan nay cé nghiém nhw sau:
Thuét giai
1.ChoncacmatranQ=Q"™>0,R=RT>0,F=FT>0, vama tran N
2. Tinh cac ma trén Q,, va A, (kiém tra ma tran Q,,, > 0, ban x.d.d)
Q =Q-NR'N’, A =A-BR'N'
3. Giai phwong trinh Riccati (31), hé ptvp théa man diéu kién cudi
S,+S,A, —S BR'B'S +Q +A’S =0, S (t)=F

4. Xac dinh ma tran K, (t) t d6 xac dinh véc to diéu khién

K, (t)=R"'[B'S (t)+N"], Lénh Matlab:
u =K, (Ox(t) >> K =lar(AB,QR)
H U ST Nguyen Quang Hoang ) o4
Hanol Universlty of Science and Technology Department of Applied Mechanics
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Vidu1

Xét hé dong lyc bac nhét va ham muc tiéu nhw sau
. _ E 2 l Y 2 2
t=z+u, J—2x(tf)+2f0(2x + 3u”)dt

Vi
A=1 b=1 F=5 Q=2 R=3

Phwong trinh Riccati tré thanh
. 1,
S:—2S+§S -2, S(t
Vi t; cho trwée, gidi phwong trinh vi phan trén ta nhan dwoce S(t), 0 <t <t
Luat diéu khién téi wu sé Ia

u(t) = —%S(t)x(t), 0<t<t,

H U S I Nguyen Quang Hoang

Hanol University of S ¢ and Technology Department of Applied Mechanics

25

Vidu 1
Néu cho t, >
; v L 20t 43
T =z+u, J—QI(tf) +2f0 (227 + 3u”)dt
Vaoi
A=1 b=1 F=5 Q=2 R=3
Phwong trinh dai sb Riccati tré thanh
O:—QS+§S2—2 = 5, =3+15
Dé hé kin 6n dinh ta chon
§—5 =341 K:%

Luat diéu khién t6i wu sé 1a

“— Ku T

H U S I Nguyen Quang Hoang

Hanol University of S ¢ and Technology Department of Applied Mechanics
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Vi du 2
Xét hé tuyén tinh sau:
T, 0 1|z 0 T,
i| o ollz|Tl" Y | ]x2
Tim luat diéu khién  w = —k (¢, —r) — ke, déduyti z =7, z, =0
cuyec tiéu chi tiéu o
: J= % ((z,— ) +u’)dt  (toccho t—)
0
D3t bién moi
=z —r | [0 1f|z| |0 Lo,y
N | = , J== Z°+u)dt
=, 7o ollz,| T p|" 2f0(1 )
20
“lo o B2
Phuwong trinh dai sb Riccati tré thanh
SA-SBR 'B'S+Q+A'S=0
H U ST Nguyen Quang Hoang 27
Hanol University of Sclence and Technology Department of Applied Mechanics
Vidu 2
Giai phwong trinh dai s Riccati
0 0|5, S, Sy 5|01 . Sy 5,0 ‘l [0 1] Sy S + 20
1 O SIZ S22 512 SZZ O O S12 S22 1 2 512 S22 O O
0 0
100
S’ S.,S S
—7“+2:0, S, ——“222 :0,7#+2312 =0

Két qua nhan duwgc ma tran S va luat diéu khién phan hdi trang thai nhw

sau
N2 2
L)

u=—R'B'Sx =7 — ‘/552 =—(z, —7)— V2

H U S I Nguyen Quang Hoang

Hanol University of S ¢ and Technology Department of Applied Mechanics
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Vi du 2 - Matlab

Xét hé tuyén tinh sau:

x = Ax + Bu,
1 poo -
JZEL/; (@’ +u’)dt, &=z —r

Hé va bai toan tdi wu mo ta béi:
0 1 0

A:
0 0 1

B=|| Q=

)

Phwong trinh dai sé Riccati

SA-SBR 'B'S+Q+A'S=0
Lénh Igr ctia matlab
>>[K, S, e]=Igr(A,B,Q,R)

H U S I Nguyen Quang Hoang 29

Hanol University of S ¢ and Technology Department of Applied Mechanics

Vi du 2 - Matlab

Lénh Igr ctia matlab closed_Syst = ss(A - B*K, B*K(1,1), C, 0)
A=[01;00]; t=0:0.1:10;
B =1[0; 1]; r = 2*ones (size(t));
C=[10} [y, t, x] = Isim (closed_Syst, r, t, [5 0]);
Q=[20;00]; u =-K*x' + K(1,1)*r;
R =[2]; plot (t, y, 'K', 'linewidth’, 2), grid on, hold on
K, S, e]=Igr (A, B, Q, R) plot(t,u, 'r', 'linewidth’, 2)
legend('x_1(t)', 'u(t))
5 T T T
= N L[
1.0000 1.4142 sl N o L L= — 10 |
= PR S ‘ :
2.8284 2.0000 Lo I L I L]
2.0000 2.8284 o T S !
-0.7071 + 0.7071i 7 AT CTTT I S
-0.7071 - 0.7071i 2o 1T CTT T T
e la tri riéng cGa ma tran (A - BK) “o 2 4 6 8 10

H U S I Nguyen Quang Hoang 30
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Bai tap

Bai 1. Xét hé tuyén tinh sau cung v&i ham muc tiéu can dwoc cuc tidu
hoa:

1 2 s
J:EXQO:CLZ(E))—FEIU (2] + 215 +zz, +u’)dt, t =5

o Thiét l1ap cac phuong trinh vi phan Riccati véi diéu kién bién thich
hop;

o Giai cac phwong trinh vi phan Riccati béng cac |énh ode23 hoac
ode45 cua Matlab;

o Tim ma tran S(t), ma tran K(t) va dap &ng vong kin. Ngoai ra, tim
gia trj toi wu clia J.

H U S I Nguyen Quang Hoang 31

Hanol University of S ¢ and Technology Department of Applied Mechanics

Téi wu nang lwong tiéu thu déng co DC

Bai 2. Thiét Iap bai toan didu khién vi tri cho déng co' dién mét chidu, véi chi tiéu
cwec tiéu hdéa nang lwong. ém 4 O’Bm _ B””)

¥
!‘(f

B kk
‘_/\/\/\/V\—] o =—m 4 i b B — k
—," ok "rm Ru“”m RJ 1
a L avm

uir) ep (_1 To X =Ax(f)+ bf'f{_”
- L UJ"
M . e )
B i) ( (
X(H) = .nr{ | A= ks b=
0,,(1) 0 o B

Hay dwa vao ham can toi wu, tlr do tim ham tac dong (diéu khién) u(t), 0 <t <t,
dé tiéu hao nang lwgng trong khodng thoi gian xac dinh (cho biét t) bdi dong co
DC la nhé nhét. Biét diéu kién dau va diéu kién cudi nhw sau

0
x(0) = i and x(f,)= J
0 ' 0

H U S I Nguyen Quang Hoang 32
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Téi wu nang lwong tiéu thu déng co DC

N&ng lugng tiéu thu clia ddng co DC trong mét thdi gian ¢b dinh (tr 0 dén t))
dwoc cho béi tich phan sau:
tr 1y 1
i 3 k. .
I, = j T,.(1)de, = JTm@mﬁ” I, = J‘R_f[”.\‘-g —k, xy)dt
=0 0 o f
Dé théa man cac yéu cau dbi véi sy ton tai nghiém clia bai toan diéu khién
LQR, ham muc tiéu dwoc stra dbi dé dwoc
t,
k; 2 2 2
I=|—(ux; =k, x3)+ys +pudr; y>0 and p>0

0 a

Ty

1 i .
I= ;J.x" Ox + 2x" Nu +u’ Rudt
-0

H U ST Nguyen Quang Hoang 33
Hanol University of Sclence and Technology Department of Applied Mechanics
Téi wu nang lwong tiéu thu déng co DC
Ham muc tiéu can tdi thiéu I % ) )
I== J x' Ox +2x" Nu +u’ Rudr
o
0 0 0
) = o . — 2 - — 7
Q= 0 E(Q—A’-Rb} i N'= ]‘_: : R=2p
RG R(I
Puwa biéu thirc trong dau tich phan vé& dang cua bai toan diéu khién LQR
x'Qx +2x"Nu +u'Ru = xTme +v'Rv
ta c6 duoc (xem trudng hop cé sb hang chéo, x’Nu)
=Q-NR'N’
Qm Q o 0 0
v=u+R Nx 0 Sk 2
m 0 (.2_\{_ &Nty r')
R, 2R p
34

H U S I Nguyen Quang Hoang
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Téi wu nang lwong tiéu thu déng co DC

Dé ma tran Q,, > 0, cac tham sé p>0 va y>0 can dwoc chon sao cho

2k, K <5
R, 2R»p

Dé& c6 didu kién trang thai cudi bang 0, ta s& dung phép bién ddi
X(1)=x(1)— X(7;)
X(0)=-x(f;) and X(1,)=0

Khi d6 phwong trinh trang thai véi bién méi sé la
X = AX(1) + bu(t)

Do ham muc tiéu khéng chlra cac bién X4 Va Xy = Xo~, ham muc tiéu dwoc viét lai
thanh t
T — i
L= :J-Xj 0% +2%" Nu +u’ Rudr

1]

H U S I Nguyen Quang Hoang 35

Hanol University of S ¢ and Technology Department of Applied Mechanics

Téi wu nang lwong tiéu thu déng co DC

Trong diéu khién LQ, khong co rang budc vé diéu kién cudi cung (trang thai
cudi). Do d6, ham muc tiéu dwoc chinh stra dé chira cac vector trang thai cudi:

'S
= %;‘J (17 )S %t 1+% J. X" 0%+ 2X" Nu+u’ Rudr
= =
V@i ma trén S¢

) a 0

.5):|: :|; a>0and b >0
0 b

B& qua rang budc vé trang thai cudi, bai toan LQ c6 thé dwoc giai dé téi thiéu

ham muc tiéu cta hé tuyén tinh vé&i diéu kién ddu khac khong. Bang cach chon

cac sb a va b dd 1on, sé gidm anh huéng cla trang thai cudi dén 1o giai [giam

vai trd cla cla x~(t)].

H U S I Nguyen Quang Hoang 36

Hanol University of S ¢ and Technology Department of Applied Mechanics
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Phan tich hé dong Iwc

’ S HeLTl
On dinh ctia hé tuyen tinh bat bién theo thoi gian

Nguyen Q.Hoang
Department of Applied Mechanics
Hanoi University of Science and Technology

H U S I Nguyen Quang Hoang

Hanol University of S ¢ and Technology Department of Applied Mechanics

Tong quan vé tinh 6n dinh

V& mat tbng quat, rat khd co thé nhan dwoc nghiém dang hién cla
phwong trinh vi phan phi tuyén. Tuy nhién, théng thwéong ta khéng can
biét nghiém dang hién ctia hé phwong trinh md t& hé. Nhwng chung ta
can quan tam dap (ng cla hé khi thdi gian tién vé vo cung [sau khodng
thoi gian du dai].

Hon niva, trong nhiéu mé hinh ctia hé théng vat ly mot sw thay ddi "nhd"
cac didu kien diu dan dén mot sy thay déi "nhd" clia cac nghiém. Pac
biét, néu mot hé théng bi nhiéu tir trang thai nghi ctia né, hay vi tri can
bang, sau d6 né bat dau di chuyén. Chang ta gan nhw c6 thé néi réng vi
tri can bang la 6n dinh néu hé théng khong di xa khéi vi tri nay dbi voi
nhiéu loan nhé ban dau.

Tuy nhién, c6 nhirng hé ma su thay ddi nho cua cac diéu kién dau dan
dén s thay doi lon trong tbng x&r cla hé.

H U S i Nguyen Quang Hoang

Hanol University of S ¢ and Technology Department of Applied Mechanics
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Tong quan vé tinh 6n dinh

ON DINH

= Pac diém k¥ thuat hét sirc quan trong trong thiét ké diéu khién
Hé théng khong 6n dinh phai dwoc 6n dinh béi théng tin phan héi.
= Hé thdng vong kin khéng 6n dinh |a vé ich.
= Diéu gi xdy ra néu mot hé théng khong bn dinh?
« c6 thé dat cac gi¢i han co khi / hay bdo hoa dién
« c6 thé pha v& hodc gay chay may, ...

_.l: ' e
H U S I Nguyen Quang Hoang

Hanol University of S S E Department of Applied Mechanics

Tong quan vé tinh 6n dinh

Xét qué cAu nhd dat tai bén vi tri nhw trén hinh v&. Néu bé qua lwc ma sat,

mot sw thay déi nhé tir trang thai can bang dan dén nhivng diéu sau day:

1. Chuyén dong dao dong quanh trang thai can bang khong phu thudc vao do lon
clia nhidu loan ban dau. Trong trwéng hop nay, vi tri can bang 4n dinh toan
cuc.

2. Vi tri m&i ciing 1a mét trang thai can bang, va qua bong nhé sé & lai trong né.
Day 1a vi tri can bang 6n dinh (phiém dinh).

3. Qua bong di chuyén di ma khéng tr& vé trang thai can bang. Vi tri can béng
nay la khéng 6n dinh.

4. Chuyén dong dao dong vé trang thai can bang, triv khi cac nhiéu kich déng ban
d&u qua 16n 1am qua ciu budc phai chuyé&n dén vi tri can bang méi. Vi tri can
bang nay 1a &n dinh cuc bo.

(1) ) 3) (4)
H U ST Nguyen Quang Hoang
Hanol University of Science and Technology Department of Applied Mechanics
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Tong quan vé tinh 6n dinh

M6t tiéu chudn quan trong dé& danh gia mot hé dong lwc la dap ng bn dinh

ctia né. Tdng quan vé tinh én dinh dwoc thé hién nhw sau:

M6t hé tuyén tinh |a én dinh néu dap rng dau ra bj chan khi tac dong

dau 1a bj chan (6n dinh BIBO), hodc noé tré vé trang thai gbc ban dau

(6n dinh tiém can). Néu xuat hién dap tng khac véi hai diéu néu trén

thi hé tuyén tinh 1a khéng 6n dinh.

Kich déng ngoai bao gébm ca diéu kién dau va tac dong diéu khién, ciing

nhw nhiéu tac dong.

HUST

Hanol University of Sclence and Technology

Nguyen Quang Hoang
Department of Applied Mechanics

Hé tuyén tinh LTI

x = Ax + Bu,
y = Cx + Du,

Hé phi tuyén

x = f(x,u),

xeR, ueR",yeR

On dinh BIBO

El
O—

y = g(X7 11) "

xeR' ueR"yeRr

y = g(xu), T

x = f(x,u)

HUST

Hanol University of Sclence and Technology

Nguyen Quang Hoang

Department of Applied Mechanics
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On dinh BIBO

Binh nghia 6n dinh BIBO: Mot hé thong duoc goi la on dinh BIBO
(Bounded Input — Bounded Output], néu khi kich déng dau vao u(t) bi
chan thi dap trng cla hé (dau ra) y(t) cling bi chan.

Néu v&i moi sb dwong N, M. Moi diu vao bj chdn sé tao ra dau ra
twong trng cling bi chan.

|u(t)| <N<ox é|y(t)| <M<

ICs =0
ut) u Ha én y )
| dinh BIBO '

ANVA AN
VA

H U S I Nguyen Quang Hoang

Hanol University of S ¢ and Technology Department of Applied Mechanics

On dinh BIBO

DGi voi hg tuyén tinh (SISO) 4 _ Ax 1 bu.  xeR" ueR

Y = CX, yEeRN
Tinh dwoc ham truyén

G(s) = ) _ c(sI—A)"'b
BIBO Stability & T4t ca cac diém cwc cla ham truyén ndm bén trai truc
do trong mé&t phang phurc.

Duwa ra phwong trinh dac trwng, sau do giai tim nghiém cta phwong
trinh dac trwng.
0TG- g(s)=0

Nghiém cla phwong trinh dac trung chinh 1a cac diém cwc cla ham
truyéen G(s).

H U S I Nguyen Quang Hoang

Hanol University of S ¢ and Technology Department of Applied Mechanics
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On dinh tiém can hé tuyén tinh

On dinh tiém can [Asymptotic stablility] ICs
Khi u(t) = 0, hé tr& thanh W) =0 | Heénamh | ¥
. A tiém can
x = Ax, = cX,
Y y(t)
x(t) — 0 khi t — oo, hay y(t) — 0
_________________________________________________ A

Déi voi hé tuyén tinh: X = Ax + Bu,
y = Cx,

« Hédn dinh tiém can & tat ca cac tri rieng clia ma tran A cé phan
thwe am (nam bén trai truc do)

5:@: I AV _ CadjsI—AB
GO = =N B= T

|SI - A| =0 ‘ Giai tim céc tri riéng cta A.
Lwu y: On dinh tiém can khéng phu thudéc ma tran B va C

H U S I Nguyen Quang Hoang 9
Department of Applied Mechanics

Hanol University of Sclence and Technology

On dinh tiém can hé tuyén tinh

On dinh tiém can tir viéc tdch md hinh % = Ax + Bu,

Gia s A co tat ca cac tri riéng phan biét y = Cx,
(chéo héa dwoc A).

A, Vv, lacap tri riéng va véc to riéng clia A ; ng
Xay dwng ma tran chuyén d@6i T =[v ,v,, -,V ]

Bién dditoadd x=T¢& = x=T¢

x = Ax + Bu € =T 'AT¢ + T 'Bu % = Ax+Bu

y=0Cx y = CT¢ y = Cx+ Du
T — x =Tz
£ = Af +Bu;

_ 72=T'ATz+ T 'Bu
A = T AT, y=C¢

y = CTz + Du
B=T'B, C=CT

H U S I Nguyen Quang Hoang 10
Department of Applied Mechanics

Hanol University of Sclence and Technology
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On dinh tiém can hé tuyén tinh

Lwu y rang A 00 0
_ 0 0 0
Aorar—|t e P
. O . :
0 0 A
Vay nén, khiu =0, ta ¢ ' '
ay nén, khiu taco =& =), =12,
él [y o o o]¢ o
- &[_[0 A 0 olg]  FEO=EOeRY
=A== Sl Véi didu kién dau
En 0 0 >\'n, gn E(O) = Tﬁlx(o)

Tim duwogc x(t)
x(t) = TE(t) = v,£ (0)e™ + v, (0)e™ + -+ v € (0)e™,

Nhw vay,
hé on dinh tiém can < tat ca cac tri riéng clla ma tran A nam bén trai truc o

H U S I Nguyen Quang Hoang 1

Hanol University of S ¢ and Technology Department of Applied Mechanics

Hé tuyén tinh: On dinh tiém can va 6n dinh BIBO

Trong trudng hop khong cé sw loai trir diém khéng va diém cuc (hay khdng cé
didm khéng nao triing véi cac diém cuwce), cac didm cwe clia ham truyén chinh 13
cac tri riéng clia ma tran A. Khi do, 4n dinh BIBO la twong dwong véi dn dinh
tiém can.
Két luan: Néu hé vira didu khién dwoc vira quan sat duoc, thi
4n dinh BIBO twong dwong véi én dinh tiém can.
Conclusion: If the system is both controllable and observable, then
BIBO Stability & Asymptotical Stability

Mot sb phwong phap kiém tra tinh 6n dinh hé tuyén tinh

+  On dinh tiém can [Asymptotically stable]
o Néu tét ca cac tri riéng clia ma tran A ndm bén trai truc do [All the
eigenvalues of A lie in the LHP]
+  On dinh BIBO
o Tiéu chuan Routh-Hurwitz [Routh-Hurwitz criterion]
o Phwong phap qui tich nghiém [Root locus method]
o Tiéu chuan Nyquist, [Nyquis criterion], ......

H U S I Nguyen Quang Hoang 12

Hanol University of S ¢ and Technology Department of Applied Mechanics
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On dinh tiém can hé tuyén tinh

Nhac lai mot sb thuat ngi

e e Tinh dwoc ham truyén
Do6i vai hé tuyén tinh (SISO)

x=Ax+bu, xeR', uch Gls) = ™) o~ AY b

Piém khéng: la nghiém cla n(s)=0

Diéu kién 6n dinh trong mién phurc (s)
V&i mét hé dwoc thé hién bang ham
Da thire déc trung: d(s)=0 truyén G(s),

Hé 1a 6n dinh BIBO
Phuong trinh déc trung: d(s)=0 @

Piém curc: 1a nghiém cda d(s)=0

5) n(s) (s—1)(s+1) T4t ca cac diém cyc cla G(s) nam & nira
S ==

d(s) (s +2) (82 1) trai cua mat phang phac
Diém khéng clia G(s): + 1

Piém cuc cla G(s): -2, +j Hé 1a on dinh tiém can

H U S I Nguyen Quang Hoang

Hanol University of S ¢ and Technology Department of Applied Mechanics

13

On dinh cta hé tuyén tinh
Y twéng cla diéu kién én dinh

Xét vi du: v+ ay=u(t), y0)= Y

= 5Y(5) = 3(0) + ¥ (5) = U(s) = ¥(5) = - +1 —(U(5) +4(0)

X6t én dinh tiem can (o) = — L)
u(t)=0 hay U(s)=0 s+
= y(t) = L 'Y (s)] = y(0)e ™ — 0 < Re(a) >0
Xét on dinh BIBO =Y(s)= LU(s) = G(s)U(s)
s+«

y(0)=0 ) .
= y(t) = L7Y(s)] = L7[G(s)U(s)]

= fol g(m)u(t — T)dr = fol e u(t —T)dT

0] < fle |- ute =i sm

drlu
max

Bi chan néu Re(a) > 0

H U S I Nguyen Quang Hoang

Hanol University of S ¢ and Technology Department of Applied Mechanics
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On dinh tiém can hé tuyén tinh

Xét hé béac hai véi kich ddng xung va cham
J+2wy+uly=wbt), y0)=0  §0)=0

= Y (s) + 20w, Y (s) + w’Y(s) = U(s) = Y(s) =

15(¢) w? y(t) ¢>1
s+ 2w s + W’ (=1
1>(¢>0
(=0
1>¢>0 =0

P, =—Cw, £ jw \1—¢?

D, = ijwn

2
w

: U(s)

s+ 2w, s+ wz

Can lon
Can t&i han
Can nho

Khéng cén

h(t) = \/% e ' sin (V 1- C2wnt) h(t) = C, sin(w t) + C cos(w t)

H U S I Nguyen Quang Hoang

Hanol University of S ¢ and Technology Department of Applied Mechanics

15

On dinh tiém can hé tuyén tinh
Xét hé bac hai véi kich ddng xung va cham

16(t) w? y(t)

n

s+ 20w, s + wz

Can nho Khéng can

1>¢>0 =0

= —(w +jw 1-¢
pl‘2 Cwn ]w" C p1,2 = :i:-]wn
w

h(t) = ﬁe@”t sin (V 1- C2wnt) h(t) = C, sin(w t) + C cos(w t)

lim h(f) = lim Ce ' sin(w,t + @) =0 1m0A(E) =lm Csin(w t +a) =777

t—o00 t—o00
t—o0 t—o0 |h(t)|§C
On dinh tiém can On dinh bién

H U S I Nguyen Quang Hoang

Hanol University of S ¢ and Technology Department of Applied Mechanics
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On dinh tiém can hé tuyén tinh

Xét hé béac hai véi kich ddng xung va cham

15(t)

W’ y(t)

n

Can t¢i han
¢=1

Dy, :‘_wn::%z
h(t) = e (C, +1C,)

t—o00 t—oo

On dinh tiém can

s+ 2@)"5 + wi

lim h(t) = lime ' (C, +tC, ) =0

Can l&n

£>1

P, =w, (—C:I:\/gz——l) <0

h(t) = Cie" + C,e”
t—oo

On dinh tiém can

t

lim h(t) = lim (C,e"" + C,e™ | = 0
t—o0

HUST

Nguyen Quang Hoalng ) 17
Hanol University of Sclence and Technology Department of Applied Mechanics
On dinh tiém can hé tuyen tinh
w - w =3
ht) = —2—e ' sin(ﬁl—(%u t) n ;
n
J1-¢ ¢ =03 0.7, 0.98];
3 T T T T
| | | |
iy A\ uininly B - == ik o
7 S Y S I WY W (N
EO - 7\ 7\ | |
- ! ! ! —~N
T OWT
% NN WY [N W A U AN WY A i i s B it il Bt
I I P R I [
3 | | 1 i T | i
0 2 4 6 8 10 o ! ! ! !
3 ‘ Cgasl ‘ T T T T
TANRTANR NN SRR R B RS
2 A A - i Y A T A I SR
AR R A oo
T I I I I 8 2 TN 1 2
E O -
SRCI N e N P W S )
I | |
2 — — e e i Tl s T el
| I
- 1 1 1
% 2 4 - 6 8 Xem: he_bac 2.m
H U ST Nguyen Quang Hoang 18
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On dinh cua

hé tuyén tinh

w =3

Z“ =0, 0.3, .0 Q.93):;

[
|
Bl e e e e R e
E 1
£ |
> PRV A E T A 3 T T T T
| | |
R P S 4‘,,, 2*@*T*****F*7**
| A
8 10 | | | |
i i i i
T N oL I 1__
| ! | | |
Y B U oL T I
T 2 @ | | |
RNV I VY U (Y L 3 | | I I
— | 2 A 1 2
£ \ \
E
~ |
R JE A T
|
[ E Y
v
3
0 8 10
H U S Nguyen Quang Hoang 19
ol Liitersiy of Sctaice and Tachrolkgy Department of Applied Mechanics
On dinh cta hé tuyen tinh
16(2) w? y(t) . ;
- Py = —Cw, £ jw 1-¢
2+2CW5+W2 1,2 n n
8 n n
Imp] Vi)
\[—\ on dinh tiém can
—
Refp] ‘ 1
Im|p] Wit}
! on dinh tiém can
Rep]
L]
Im[p] i
f on dinh bién
Re[p]
=y
H Ub I Nguyen Quang Hoang 20

Hanol University of Sclence and Technology

Department of Applied Mechanics
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On dinh cta hé tuyén tinh

Imip) vir)
khéng 6n dinh
Relp| !
Imip) vie) R
khéng on dinh
Kelp| [
Im|[p] v(r)
# khéng 6n dinh
Eelp|
x

=
H U b I Nguyen Quang Hoang 21

Department of Applied Mechanics

On dinh cta hé tuyén tinh

Mot sé lwu y

O Déi véi mét hé tdng quat (phi tuyén), didu kién n dinh BIBO va diéu kién n
dinh tiém can la khac nhau.

O Déi voi hé thdng tuyén tinh bat bién thoi gian (LTI) (ma ching ta c6 thé st
dung bién dbdi Laplace va nhan dwgc ham truyén), cac diéu kién 6n dinh nhw
nhau.

O Trong khéa hoc nay, ching ta chi quan tam hé théng LTI, khai niém
st dung cho ca hai: 6n dinh BIBO va 6n dinh tiém can.

Q On dinh bién néu (hé dao dong):

0 G(s) khéng co diém cwc ndm trong nira trai mét phang phirc, va
0 G(s) cé mot diém cwc don nam trén truc do, va
0 G(s) khéng co didm cuc bodi (nghiém bdi) nam trén truc o.

on dinh"

T 6 =~
s(s"+4)(s+1) s(s*+4)(s+1)

On dinh bién Khoéng 6n dinh bién
U Unstable if a system is neither stable nor marginally stable.

H U S I Nguyen Quang Hoang 22

Hanol University of S ¢ and Technology Department of Applied Mechanics
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On dinh tiém can hé tuyén tinh

Q Hé c6 didm cwe kép (nghiém kép)

2 52 _ wZ
L (ZLW = tsinwt L' m = tcoswt
s +w S w
Elﬁ:fsinwt Lﬂﬁztzcoswt
S +w S w
On dinh bién ¢ dan dén 6n dinh BIBO ?
2s \
& Xétvidy  G(s) =—; % V&i dau vao tac dong
(s +1) 1
Y L u(t) =sint = U(s) =
< Dau ra cua hé (s* +1)
Y(s) = G(s)U(s) = 2s 1 Thwe chét day la trwdng hop hé 6n
(s° +1) (s> +1) dinh bién (hé dao déng), nhwng do
9% kich déng diéu hoa cé tan sb kich
= y(t) = L' |———|=tsint dong trung tan sé dao dong riéng.
(s +1) Xay ra hién twgng céng hwéng.

H U S I Nguyen Quang Hoang 23

Hanol University of S ¢ and Technology Department of Applied Mechanics

On dinh cta hé tuyén tinh

Tom lai Jw
Vi s; 1a diém cyc clia ham truyén G(s), hé g’;’r‘]g on ‘k’r‘j(;‘r?g &
Gls)la: , ah
d on dinh BIBO, 6n dinh tiém can néu
Re(s;) <0, v&i moi i. 0 o
O 6n dinh bién néu Vang n Ving
0 Re(s) <0 véi moii, va dinh khéng 6n
o c¢6 mét nghiém don Re(s;) =0 dinh
O khodng 6n dinh néu hé khéng ndm trong

hai trwérng hop trén (6n dinh va 6n dinh
bién).

H U S I Nguyen Quang Hoang 24

Hanol University of S ¢ and Technology Department of Applied Mechanics

02/12/2015

12



On dinh cta hé tuyén tinh

Xét &n dinh clia hé bac 2 (hé co)

a_x.

k

L e = X6 L g = X6

j met [0 G =78 | met [0 e =

o0 1 o__0O , 1

_:2 . s +k

. 4z _ Cac diém cuc =
Cac diem cuc = On dinh?

On dinh? n dinh o -
goai trir F(S)fsg_'_kw F(S)*SQ_HC

() s — X0
3—:[.— m |-

k
ft)_s) — X
[t o0 =7

732+cs S 4es+k
Cac diém cuc = Cac diém cuc =
On dinh? On dinh?
H U ST Nguyen Quang Hoang 25

Hanol University of Sclence and Technology

Department of Applied Mechanics

On dinh cta hé tuyén tinh

Toém lai

Q On dinh cta hé LTI

o 4n dinh (BIBO va tiém can), 4n dinh bién, va khéng 4n dinh.
o On dinh ctia hé c6 ham truyén G(s) xac dinh b&i cac diém cuc cta G(s).

02/12/2015

QO Tiéu chuan 4n dinh Routh-Hurwitz xac dinh tinh chat &n dinh ma khéng
can tinh cac diém cwc cla hé.

HUST

Hanol University of Sclence and Technology

Nguyen Quang Hoang 26
Department of Applied Mechanics
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On dinh cta hé tuyén tinh

G(s) Céc diém khong z On dinh/6n dinh
va diém cuc p bién/khdng 6n dinh

5(s +2)
(s+1)(s> +s5+1)
5(—s+2)
(s+1)(s" +5+1)

.
(s—2)(s* +3)

(s* +3)
(s+1)(s> —s5+1)

5(—s+2)
(s +1)(s> +1)
v
(8 =1(s+1)

H U S I Nguyen Quang Hoang

Hanol University of S Sy Department of Applied Mechanics

27

Phwong phap Lyapunov
On dinh cta hé tuyén tinh (LTI): Phuong
phap Lyapunov

Tiéu chuén 6n dinh Lyapunov xét tinh 6n dinh clia hé truc tiép trong khong
gian trang thai, thich hgp doi v&i cac hé dwgec mo ta b&i mo hinh trang thai.

phwong phap nay ap dung dwoc cho ca hé tuyén tinh va phi tuyén.

x = Ax + Bu

x = f(x,u)
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Phwong phap Lyapunov
Binh ly: Hé déng lwc %= Ax + Bu
y =Cx + Du

on dinh BIBO khi va chi khi nd &n dinh tiém’cén‘Ly@punov, tlrc Ia’khi va chi khi cac
quy dao trang thai tw do (u =0) cé hwdng tién ve goc toa do va két thac tai do.

Ching minh: Hé dong lwc trén 6n dinh BIBO, tirc Ia tat c& céc tri riéng clia ma
tran hé thong A cé phan thyc am.
QuT dao trang thai tw do (u = 0), xac dinh bdi

Do t4t ca cac tri riéng clia ma tran hé thdng A ¢ phan thwc am, nén

lim x(¢) = lim e*'x(0) = 0

t—o0 t—o0

Do d6, dé kiém tra tinh n dinh tiém can Lyapunov (ciing Ia tinh 6n dinh BIBO), ta
cr]i can kiém tra’ xem qui dao trang thai ctia hé trong qua trinh tw do cé huwéng ve
gOc toa do va ket thac tai dé khong.
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Phwong phap Lyapunov
Tw twdng clia phwong phap Lyapunov
Dwa trén phuong dién nang lwong: Nang lwgng con tdn tai bén trong hé do tac
dong tire thoi bén ngoai dwa vao dwgec mé b&i moét ham khéng am. Hé sé 6n dinh
(tiém can) & trang thai can bang clia né néu trong lan can diém can bang d6 ham
nang lwong nay clta hé luén cé xu hwéng gidm dan ve 0.
x(0) x(t)
Gia str bao quanh diém can bang (x = 0) ¢ ho
cac duwong cong khép kin v. Cac duwdng cong .
nay dwoc xem nhw cac bién 1an can diém gbc
0. Dé xem qui dao trang thai x(t) tw do (u=‘0)
c6 tien vé goc toa d{) hay khong, ta chi can
xem qui dao x(t) co cat tat ca cac dwong cong
thuC)q ho v tr bén ngoai vao trong hay khéng x(D)
va neu dieu do xay ra thi chac chan x(t) phai
c6 huwéng tien ve goc toa dd va két thuc tai do.
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Phwong phap Lyapunov

Phwong phap Lyapunov gém hai buéc:

1. Xay dwng ho ce:xc du’(‘?ng cong v khép kin o x(0) x(1)
chtra diém can bang (gbc toa do) bén trong.

2. Kiém tra xem qui dao trang thai x(t) tw do
(u=0) cb cét tat ca cac dworng cong thudc ho
v tlr bén ngoai vao trong hay khéng. Hién
nhién, dé x(t) c&t duwong cong thudc ho v tiv
ngoai vao trong la tai diém cét do, tiép tuyén
véi qui dao tai diém cat dé phai tao véi véc to
V, vubng géc véi dwdng cong theo hwéng twr
trong ra ngoai mét goc I1én hon 90°.

Binh Iy Lyapunov (v& 6n dinh tiém can): Néu ton tai ham V(x) thda man diéu kién:
O Kha vi, xac dinh dwong, tee V(x) >0 Vx#0 & V(x)=0<x=0

 dV(x) 0V dx : ) L
a va = —— < 0 (dao ham V(x) doc theo qui dao trang thai tw do am).
dt ox dt
Thi hé 1a n dinh tiém can Lyapunov tai géc (x = 0) hay 6n dinh BIBO.

Ham V(x) khi d6 dwgc goi la ham Lyapunov.
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Phwong phap Lyapunov

Chtrng minh Dinh Iy Lyapunov (v& 4n dinh tiém can):

Ham kha vi xac dinh dwong V(x) c6 tinh chat: khi ta cdt né badng mot mét phang
V = C, song song v&i day (khéng gian trang thai) va chiéu xubng day thi ta s&
dwoc mét duwong cong kin chira gbc toa d6. Bwéng cong v, ing véi C, nhé hon
thi ndm bén trong dwéng cong (ng véi C, I6n hon.

C,<C, < v nambéntrong v

Ty

0<C,<Cy<Cy

1
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Phwong phap Lyapunov

Véc to vudng géc voi tiép tuyén clia dwéng cong v, va huéng theo chiéu téng

C.la , ,
v gy | V] [ov av ov
! ox 6:1:1 61;2 6:1:"

Sé hwdng tir trong ra ngoai dwdng cong Vv,.
Vv

Kl

0<C<Cy<Cy

Minh hoa ham xac dinh dwong dbi véi hai bién x, va x, x(0)
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Phwong phap Lyapunov

Do c6 T
AV _oVdx oV oV oV | dx
dt ox dt |0z, oz, oz | dt

= [grad VJT % = ‘grad V‘ ‘% cos @

ma X = dx / dt chinh Ia tiép tuyén 0<CreCyeCy
cQa qui dao trang thai x(t), nén voi ‘
diéu kién dVv/dt < 0, goc 0 tao bdi

—_
gradV va dx/dt phai la géc tu (Ién V)= C /'\
hén 90°), tire la qui dao trang thai w=G C\

x(t) s& cét cac dwong cong v, theo
hwéng tlr ngoai vao trong.

Lwuy:

+ Dinh ly nay ap dung cho ca hé phi tuyén.

+  Né&u khong tim dwge ham Lyapunov thi khéng thé x(0)
khdng dinh vé tinh 6n dinh cia hé. Pinh Iy cho ta
diéu kién du dé xac dinh tinh n dinh clia hé.
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Phwong phap Lyapunov

Vi du minh hoa. Xét hé dong Iwc mé ta boi

ix -4 2 0|z 1 0 "
—=Ax+Bu=|-2 -5 1|z |+]|1 2{1}
dt g u

0 -1 2|z, 0 1]|L?

Chon ham kha vi, xac dinh dwong
2 2 2
V(x)=z, +z, +2; >0 Vx =0
Pao ham V(x) doc qui dao x(t) ctia qua trinh ty do (u = 0), ta dwoc
av oV .
—_—— _X’ B
dt ox "
=[2r, 2z, 2=, ]Ax

=—8mf—10m§—4x§<OVx¢0

Theo dinh ly Lyapunov vé én dinh tiém can, ta két luan hé 6n dinh.
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On dinh cta hé tuyén tinh (LTI) : PP Lyapunov

Khi &p dung phwong phap trwc tiép Lyapunov ddi véi hé tuyén tinh x = Ax
Nguwoi ta hay str dung ham tron xac dinh dwong dang detA =0

V(x)=x"Px, P=P" >0 Plama tran dx xac dinh dvong
Pao ham V(x) theo thoi gian doc quy dao ta co

V(x) = x"Px + x"Px = (Ax)" Px + x"Px

=x"A"Px+x"PAx =x" (ATP + PA)X =—x"Qx

Nhw thé&, néu ton tai ma tran Q déi xirng x.d.d. théda man

(ATP + PA) - Q

thi V [a ham Lyapunov va diém can béng x = 0 1a én dinh toan cuc. Phwong
trinh trén dwoc goi la phwong trinh ma trédn Lyapunov.
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On dinh cta hé tuyén tinh

Xét hé dong lwc tuyén tinh md ta béi phwong trinh
x = Ax, x(0) = x, detA =0
Hé trén la on dinh tiém can khi va chi khi d6i v&i méi ma tran Q thyc ddi
xtng xac dinh dwong nghiém P cla phwong trinh ma tran Lyapunov sau
AP +PA=-Q
la (thwe doi xirng) xac dinh dwong.

Ch&ng minh (diéu kién can)

1.’Néu hé 6n dinh tiém can thi véi méi Q thue dbi xirng x.d.d ton tai P thuc

doi xtrng xac dinh dwong théda man pt ma tran Lyapunov.

S dung phuong phap phan chivng: gia st rang vé&i moi x = 0, ta ¢
xPx>0, & —x'Qx<0 Vx =0

Ma hé khong 6n dinh tiém can hay ma tran hé A khéng 6n dinh tiém can. Diéu nay
c6 nghia la v&i diéu kiéu dau x(0) = 0, nghiém

x(t) = ¢"""'x(0) gi6i ndi va khong hoi tu vé géc toa do.
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On dinh cta hé tuyén tinh

Chirng minh (diéu kién da)
2. Néu ton tai Q thuc d6i xrng xac dinh dwong & P x.d.d. thda man
phwong trinh ma trédn Lyapunov thi hé 1a 6n dinh tiém can. Thyc vay, ta
chon ham Lyapunov va tinh dao ham ctia né
T

Vi) =x'Px,  pd. Két luan: hé

V(x) = x"Px + x"Px = x"PAx + x"A"Px on dinh tiém
can
=x" (PA + ATP)X = —x'Qx n.d.

Binh Iy vé sy ton tai P thda man phwong trinh ma tran Lyapunov. Néu ma
tran A la Hurwitz (ma tran bén) thi v&i moi Q doi xirng x.d.d sé ton tai P doi
xng x.d.d théa man phwong trinh ma tran Lyapunov.

E)ir]h nghia: Ma tran A dwoc goi |a Hurwitz néu cac tri riéng cla né co
phan thwc @m, Re(A) <0,i=1,2,...,n.
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On dinh cta hé tuyén tinh

Chtrng minh (We make a constructive proof)
Vé&i ma tran Q thuwe dbi xirng x.d.d, ta xét nghiém P

P= f AQer dt
0

Chu y rang, tich phan trén chi hdi tu khi ma tran A 1a Hurwitz (céc tri riéng cua

A c6 phan thyc am).

Ta sé chi ra, ma tran P thda man phwong trinh ma trén Lyapunov

(PA + ATP) - Q

Tr Q=Q">0=P=P" >0

Tacéd
PA+A'P = [[A7eQet 4+ Qe A at
0
= fi eATthATt dt = eATthATz‘ )
, dt 0
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On dinh cta hé tuyén tinh (LTI): PP Lyapunov

Két luan v& tinh n dinh tiém can ti tri riéng cGa ma tran A
Xét diém can bang x = 0 cda hé LTI v&i ma tran A chéo héa dwgc bang ma tran Q

x=Ax x=Qy,x=Qy

x=Qy =AQy =y =Q 'AQy, y(0)=Q 'x(0)

V&i A chéo hoa duoec, tic ton tai ma tran Q :

A =Q'AQ = diag(A\ A, )
g, =My, y0) =y, i=12..n
y(t)=e"y(0), i=12..n

y(t) = diag(e"',e™,...,¢"")y(0)

x(t) = Qy(t) = Qe™'Q'x(0)

At . t AL At
eM = diag(e™,e™,...,eM))

Nhw thé, hé tuyén tinh v&i A chéo
hoéa dwoc 1a dn dinh tiém can néu

Re(\) <0, Vi=12,..,n

Néu c6 Re();) = 0, thi hé khéng n
dinh tiém can, nhwng on dinh bién.
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