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Chwong 5

PIEU KHIEN BEN VNG
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NOi dung chwong 5

x Gidi thiéu

* Chuan cua tin hiéu va hé thong

* Tinh 6n dinh bén virng

* Chat lwong bén virng

* Thiét ké hé thong diéu khién bén virng dung

phwong phap chinh d6 lgi vong (loop-shaping)

* Thiét ké hé thong diéu khién tdi wu bén virng (SV
tw doc thém)
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Tai liéu tham khao
x Feedback Control Theory, J.Doyle, B. Francis, and

A. Tannenbaum, Macmillan Publishing Co. 1990.

* [ inear Robust Control, M. Green and D. J.N.
Limebeer, Prentice Hall, 1994.

x Robust and Optimal Control, K. Zhou, J.C. Doyle
and K. Glover, Prentice Hall.
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GIOI THIEU
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Pinh nghia diéu khién bén virng

* Hé thong diéu khién bén virng 1a hé thong duwoc thiét ké
sao cho tinh én dinh va chat lwong diéu khién dwoc dam
béo khi cac thanh phan khdng chac chan (sai s6 mé hinh
hoa, nhiéu loan,...) nam trong mot tdp hop cho trwdc.

- A
u(t t u(t t
Oz Y9 D] TIs @y()
Péi twong PK kinh dién Péi twwong PK bén virng

G: m6 hinh danh dinh
A: thanh phan khéng chac chan
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Cac thanh phan khéng chac chan

* Cac yéu to khong chac chan ¢ thé lam gidam chat
lwong diéu khién, tham chi c6 thé lam hé thong tré
nén mat én dinh.

* Cac yéu t6 khéng chac chan xuat hién khi mé hinh
hoa hé théng vat Iy.

* Cac yéu t6 khéng chac chac cé thé phan lam hai loai:
> M6 hinh khdng chac chan
> Nhiéu tir méi trwdng bén ngoai
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Mé hinh khéng chic chan

* M6 hinh khéng chac chan do sw khéng chinh xac

hodc sw xap xi trong khi md hinh hoa:

> Nhan dang hé thong chi thu dwgc mé hinh g,én
dung: mo hiph dwoc chon thwong co bac thap va
cac thdng sd khdng thé xac dinh chinh xac

> B0 qua tinh tré hodc khéng xac dinh chinh xac do
tré

> B& qua tinh phi tuyén hodc khong biét chinh xac
cac yéu to phi tuyén

> Céc thanh phan bién doi theo thoi gian co thé duoc
xé,p xi thanh khéng bién doi theo thc‘g’i gian hoac sw
bién dbi theo thdi gian khéng thé biét chinh xac.

o ——
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Nhiéu loan tir bén ngoai

* C4ac tin hiéu nhiéu xuat hién tlr moi trwdng bén ngoai,
thi du
> nhw nguodn dién khéng 6n dinh
> nhiét do, dd am, ma sat,... thay doi
> nhiéu do lwong
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* DOi twong “that”: G(s) =

Thi du: Hé théng khéng bén virng

3
(S+1)(0.15+1)2

=20

-40

hagnitude (dB)

~ N > v ’ A y4 :3
* MO hinh bo qua dac tinh tan s6 cao: G(s) =
Bode Diagram (S + 1)
D —— Poi twong “that”
- -- MO hinh

Biéu dod Bode cla
“doi twong that”

va ‘mo hinh”

-390

Phaze (deq)

-180

=270

trung nhau &
mién tan so thap,
sai léch & mién
tan s6 cao
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Thi du: Hé théng khéng bén virng (tt)
H(t t
(£) % 2 . y(f)

10(s+1)

. . S
= Hé kin khi thiét ké co cwc tai —30, chat lwong dap wng tot.

=tep Responze

* Bo dieu khién thiet ké dwa vao mé hinh K (s) =

Amplitude

0 (= 1 1.2 2
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Thi du: Hé théng khéng bén virng (tt)

y(t)

= NE

=tep Response

Amplitude

0 III:S “II 1:5 2
*x Str dung bd bK da thiéjc ké cho ddi twong that: dac tinh
dcf),ng hoc @ mién tan s6 cao d’él bd qua khi thiét ké‘lém hé
thong khéng 6n dinh = Hé thdng khdng 6n dinh bén virng
12
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Thi du: Hé théng c6 chét lwong bén vikng

* Dbi twong “that”: G(s) =

3<k<5 T =05 (£30%)

4
(0.5s+1)

Ts+1
* MO hinh danh dinh: G(s) =

Bode Diagram

20

—— M0 hinh danh dinh
——  Pdi twong that

Magnitude (dB)

Biéu do Bode
cua “mo hinh
danh dinh” va
“‘mo6 hinh that” khi
thdng so thay doi

Phase (deg)

Freﬁuencx Srad/secz
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Thi du: Hé thong c6 chat lwong bén virng (tt)

u(i) . y(t)

Plant response (20 samples)

Amplitude

0 0.5 1 1.5 2 2.5 3 35 4
Time (sec)

* Dap ng cua hé ha khi tin hiéu vao la ham nac: bi
anh hudng nhiéu khi théng s6 cua déi twong thay doi
14
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(i)

Thi du: Hé thong c6 chat lwong bén virng (tt)

K(s):%S

15 January 2014

* Bo dieu khién:

x Pap rng cua hé kin:
hé thdng 6n dinh,
chat lwong thay doi
khéng dang ké khi
théng so doi twong
thay déi = chat
lwong bén virng

» 2 . y(t)

Closed-loop response (20 samples)

Amplitude

Time (sec)
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Mo phong HT c6 théng s6 khong chac chan dung Matlab

% Khau quan tinh bac nhat v6i thoi héng va hé sb khuéch dai khong chic chan

>> T = ureal('T",0.5,'Percentage’,30); % T = 0.5 (+30%), T0=0.5

>> k = ureal('k',4,'range',[3 5]); % 3<k<5, k0=4

>> G =tf(k,[T 1])

>> figure(1); bode(usample(G,20)) % Biéu d6 Bode hé khong chic chan
>> figure(2); bode(tf(G.nominal)) % Biéu do Bode d6i tuong danh dinh

% B0 diéu khién

>> KI = 1/(2*T.Nominal*k.Nominal);

>> Ge = tf(KI,[1 0]); % BO diéu khién Ge(s)=KI/s
>> Gk = feedback(G*Gec,1) % Ham truyén hé kin

% MO0 phong hé hé va hé kin
>> figure(3); step(usample(G,20)), title('Plant response (20 samples)')
>> figure(4); step(usample(Gk,20)), title('Closed-loop response (20 samples)')
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Cac phwong phap thiet ke HTPK bén virng

* Ce\'xc phuio’ng‘phép phan tich va tdbng hop hé thong
diéu khién bén virng:
> Phwong phap trong mién tan so
> Phuwong phap trong khong gian trang thai
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So lwoc lich st phat trién LTDK bén virng

* (1980-): Diéu khién bén virng hién dai
> Dau thap nién 1980: Phan tich u (un analysis)
> Gilra thap nién 1980: Diéu khién H_ va céac phién
ban
> Gilra thap nién 1980: Dinh ly Kharitonov

> Cudi 1980 dén 1990: Toi wu 16i ndng cao, dac biét
la toi wu LMI (Linear Matrix Inequality)

> Thap nién 1990: Cac phwong phap LMI trong diéu
khién

S ——S——
15 January 2014 © H. T. Hoang - www4.hcmut.edu.vn/~hthoang/ 18




15 January 2014
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TIN HIEU VA HE THONG
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Dinh nghia chuan cua vector

*x Cho X'|la khong gian vector. MOt ham gia tri thwe ||’.||
xac dinh trén X dwoc goi la chuan (norm) trén X néu
ham do théa man céc tin chat sau:

X|[|=0

X[=0<= X=0

ax| =|a||x[, vae R

x+y| <X+ {y]

* Y nghia: chuan cua vector la dai lwong do “dd dai”
cua vector
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Cac chuan vector thong dung

Cho x=[X,X,,..,% ] €R"

« Chudnbacp: x| = i/i\xi\p
=1

*x Chuanbac 1: x| = ZH:M
=1

x Chuan bac2: x|, = /Zn: X
=1

* Chuén vo cung: || :=max|x

1<i<n
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Tinh chuan vector — Thi du 1
Chox=[1 -3 0 2T

4
X Chuén bac 1: Hle = Z‘Xi‘ :‘1‘4-‘—3‘4-‘0‘4-‘2‘ =6
i=1

4
* Chuan bac 2: ||x||, = |>" x? =12 +(=3)> +0+2> =14
=1

}

* Chuan vo cing: x| = max

1<i<4

X| = max {1, |~ 3,0}, ]2/} = 3

b >

.
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Pinh nghia chuan ma tran

Cho ma tran A=[g;]eC™". Chuan clia ma tran 4 la:
4],

* Chuan bac p: ‘AHp = sup
#0

X

S

P

x Chuan bac 1: |A| = rlg%zm: a;| (téng theo cdt)
=l

* Chuan bac 2: HAH2 = max \/ﬂ,l (A A)

1<i<n
trong dé A* 1a ma tran chuyén vj lién hop cua A,
A (A A) lacactririéngclia A' 4 .

n

* Chuan v6 cung: | 4| = {I}aXZ‘aij ‘(téng theo hang)
<I<m j=1
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Tinh chat cia chuan ma tran

|4]|>0,v4eC™

Al=0=A4=0

aA|=|of]| 4|, Ve eC, 4 C™

A+ B|<|A|+|B|,v4,BC™

AB||<|A||B]|,v4,BC™"
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Tinh chuan ma tran — Thi du 1

0 2

2

# Chudn bac 1: 4], =max 3 Jay| =max{( j|+]0),(-21+[2)}=4
* Chuan bac 2:
HAH2 ‘= max \/li (A A)

1<i<2

A"‘A{:i g}[é _22H—121 2811

A(A' A) = eig(A4' A) = sol|det( A — 4" 4) = 0f = {

Cho ma tran A:z{J _2}

A =0.4689
A, =8.5311

=], := max /0.4689,+/8.5311 {=2.9208

1<i<n

S R . 2
* Chuan vo cungi4| = rggZ\a\j\:max{q J+1=2D,(0]+]2])}=3
2 &
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Tinh chuan ma tran — Thi du 2

] -1

Cho matran A4 := _
2+ 3

* Tinh chuan : HAHI ’HAH2 ’HAHOO
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Chuan cua tin hiéu

Chuan cua t/hiéu x(t) [-oo,+0]—>9R dwoc dinh nghia Ia:

* Chuan | [x(®)] | :=§/ [[x®)["dt

t=—00

+00

+ Chuén I, [x®], = [[x()t

t=—00

x Chudn I,: [x(t)], = sz(t)dt (can bac 2 cua nang
’ lwong cula tin hiéu)

t=—00

* Chudn |_: [x(®)| = sup |x(t) (gia tri cwc dai cla t/h)

* —o0<t<+400
* Y nghia: Chuan cla tin hiéu la dai lwong do “do Ion”
cua tin hiéu
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Tinh chuén cua tin hiéu — Thi du 1

1/t t=>1

Cho tin hiéu: x(t) = { <1

+ Chuan /;: |x(t)| = j X(0)|dt = j dt=Int]” =

t=—o0

* Chuan 4, |x(t)], = [ jx (t)dtj (I dt) :[_l

t=—o0

RNTE
=1
!

* Chuan/,: [xt)| = sup [X(t) = sup {1}:1

o<t <+o0 I<t<too | T

T —S—S————
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Tinh chuan cua tin hiéu — Thi du 2

Cho tin hiéu: x(t) = e”".u(t)

* Tinh chuan (.4, ,.,
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Chuan cua hé thong
Cho hé thong tuyén tinh c6 ham truyén G(s).

o 1/2
* Chuan bac 2: IG(jo)|, = [2L j G( jw)‘zdwj
7T —a0

Chu y do dinh ly Parseval, ta co:

1 7 2 Vo 2 "
IG(jw)|, = [ZL G(jo) da)) =U}O g(t) dt]

trong d6 g(t) 1a dap tng xung cda hé thong.

+ Chuén v6 cung: |G(jo)|. = sup|G(jw)
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Biéu dién chuan vé cung trén biéu do

Nyquist Diagram

Bode Diagram

Imaginary Axis

-3 -2 -1 0 1 2 3 Frequency (rad/s)
Real Axis

* Chuan vé cung bang khoang céach tr gdc toa dd cla
mat phang phc dén diém xa nhat trén dwdng cong
Nyquist cia G(jw), hodc bang dinh cong hwdng trén
bidu @ Bode bién dd |G(jw)
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Cach tinh chuén bac 2

* Néu G(s) c6 bac t&r s6 > bac mau s : |[G(jw)|, =
* Néu G(s) co bac tir s6 < bac mau so va tat ca cac cuc
déu nam bén trai mp phwc. Ta co:

Si =5 - [16lie) de

+jOO

— j G(- s)G(s)ds_—§G( 5)G(s)ds

Z
trong dé Q 1a dwérng cong kin gdm truc do va nira dworng
tron ban kinh v han bao nira trai mat phang phtrc.

Theo d/ly thang dw:HG(ja))Hi = lim(s— p,)G(-5)G(S)
i S0P

(p; 1& cwe bén trai mat phang phire clia G(—s)G(s))
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Thi du tinh chuén bac 2 cua hé théng

10(s+1)
(S+3)(S+5)

Cho G(s) = . Tinh |G|
x Giai

[GI, = lim(s— p)G(-5)G(s)

= |G|; = lim(s+3) 10(=s+1)  10(s+])

_I_
>3 (—S+3)(—=S+35) (s+3)(s+))
lim (s+ 5) 10(=s+1) 10(s+1)
=5 (—S+3)(=S+5) (s+3)(s+))
2 25
= |G| = — +15=6.6067 = |G|, =2.582
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Cach tinh chuan vé cung

S 6o _
* Cach 1: tim cyc dai cla |G(jw) do
bang cach tim nghiém phwong trinh: d’G(jw)

dew’ )
| do

* Céach 2: tinh gan dung dwa vao biéu d6 Bode

Bode Diagram

Magnitude (dB)

80 R R A
10° 10’ 10°
Frequency (rad/s)
o ——S—S——
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Thi du tinh chuan vé cuing ctia hé thong

10(s+1)
(s+3)(S+)9)

ChoG(s) =

.Tinh |G|,

*x Giai

* Cach 1: Giai phwong trinh tim cwe dai (SV tw lam)
* Cach 2: Dung biéu d6 Bode

Bode Diagram
5

o TN\  Duvavao biéu d Bode, ta c6

1
()]

fffffffff TN o), =2.23d8

[
77777777777777777777777777777777777777777777777777777777777
|

Magnitude (dB)

RN
o

= [G(jow)| =1.2927

RN
()]

[
777777777777777777777777777777777777777777777777777777777777
| [

N
o

Frequency (rad/s)

15 January 2014 © H. T. Hoang - www4.hcmut.edu.vn/~hthoang/ 43




& Tinh chuan dung Matlab

* Chuan cula vector hodc ma tran:

>>norm(X,1) % chuan bac 1 cua vector hoac ma tran X
>>norm(X,2) % chuan bac 2 cua vector hoac ma tran X

>>norm(X,inf) % chuan v6 cung cua vector hoac ma tran X

* Chuan cla hé thong:
>> normh2(G) % chuan bac 2 cua hé thong G
>>normhinf(G) % chuan vo cung ctia hé thong G
% Chu ¥: G phai duoc khai bao bang 1énh tf (transfer
% function) hoac ss (state-space model)
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Quan hé vao —ra

* Cho hé tuyén tinh cé h/truyén G(s), dap ng xung la g(t).

* Van dé dat ra la xac dinh “dé lon” cla

t/hiéu ra y(t) khi biét “dd Ién” cha t/hiéu

vao u(t)

u(t)

G

(1)

Béng 1: Chuan cua tin hiéu ra Bang 2: D6 lgi cta hé théng

u(t) = &t) | u(t) = sin(wt)
Vi | G, o0
VIl | 119l G(j o)l

ully |l
Wl | lIGlle |
Wl | Gl | gl

+ Ung dung: Bang 1&2 thuong dwoc siv dung dé danh gia:
> Sai so cla hé thong khi biét tin hiéu vao, hoac
> Anh huwédng cta nhiéu dén tin hiéu ra cta hé thdng

15 January 2014
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Thi du: Danh gia sai sé

d()
1) _Helt)] »%_} =

* Cho hé thong diéu khién hoi tiép am don vi, trong dé
G(S) = L K(s)=4
S+2
Xét trvong hop nhiéu bang 0. Tinh gia tri cwc dai
cua sai soO trong cac trwdng hop:

(a) Tin hieu vao la r(t)=sin(3f)
(b) Tin hiéu vao r(t) bat ky cé bién dé nho hon 1

e
15 January 2014 © H. T. Hoang - HCMUT 46




Thi du: Khao sat anh hwéng cua nhiéu (tt)

* Giai: d(t)
n(t) —~el) %)

yg)

* Ham truyén twong tl r(t) dén e(t)

1 1
Gre(S): — 2
I+KEG(S) 144 %
S+ 2
. G(9)=t
S+10
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Thi du: Khao sat anh hwéng cua nhiéu (tt)

(a) Trwdng hop r(t)=sin(3t) r(f) G e(f)

—
re

* Gia tri cwc dai cla sai so khi tin hiéu vao hinh sin
theo bang 1 1a:

V)], =[Gre(jo)

2 2
Vo' +4 =[G, (j3)| = V34 s
Jo? +100 V32 +100

‘Gre( J (0)‘ —

= |e®)],, =|Ge(i3)| = 0.3453

I
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Thi du: Khao sat anh hwéng cua nhiéu (tt)

(b) Trwdng hop r(t) bat ky co bién

dé nho hon 1

() e(i)

_’Gre "

* Gia tri cwc dai cla sai so theo bang 2 Ia:

e®, =lg.e[,[r].

0r() = 2 {G(9)} = gl{

S+2
S+10

0.0, = [g.0lct < [styct+ [se
—00 —0 0

= |le®)]. =]9..0] [r®)] <1.8x1

= |e(t)| <1.8

15 January 2014
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Thi du: Khao sat anh hwong cua nhiéu

d(t)
%)_’ . y(f)

* Cho hé thong diéu khién hoi tiép am don vi, trong dé

i)

G(s) :é K(s) =4

Xét trwdng hop tin hiéu vao bang 0. Tinh nang lwong va gia
tri cwe dai cua tin hiéu ra trong cac trwdng hop:
(a) Nhiéu d(t) 1a xung dirac
(b) Nhiéu d(t) 1a tin hiéu ngau nhién bat ky cé nang lwong nhd
hon 0.4
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Thi du: Khao sat anh hwéng cua nhiéu (tt)

* Giai: d(t)

rt) = -y LY

* Ham truyén twong ti d(t) dén y(t)

2
Gy () =D _ s+
1+ K(5)G(S) 124 2
S+2
G, (S) = 2
— YT e 10
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Thi du: Khao sat anh hwéng cua nhiéu (tt)

(a) Trwdng hop d(f) 1a xung dirac d(t)—>G y(f)
+ Nang lwong cla tin hidu ra theo bang 1 1a: il
2 2
‘ y(t)Hz - HGO'VH2
2 . . 2 2
Gy = X lim(s— )G, (-5G4,(9) = Jim (s+10) — e = =02

2
= |y, = HGdyH2 =0.2
* Gia tri cwc dai cua tin hiéu ra theo bang 1 1a:

Iy, = |94 ®|

! _ 1) 2 _ Anlot
gyd(t):g{Gdy(s)}—g{s+lo}—2e

= |y®, =|g4,®)| =2
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Thi du: Khao sat anh hwéng cua nhiéu (tt)

(b) Trwong hop d(t) 1a nhiéu co [d()|; <0.4 d(t) y(t)

*x Nang lwgng cua tin hiéu ra theo bang 2 1a:

y(t)
G,

Gy —

y

‘z - HGdyHOOHd(t)Hz

=02 (xac dinh duoc dé dang dwa vao biéu do Bode)

= |y =[Gy | [d® <(0.2)*x0.4=0.016

* Gia tri cwc dai cua tin hiéu ra theo bang 2 1a:

= |

y(t)

\G

dy‘

y(t)

, =[Gy ld®),

=0.447 (xem cach tinh & cau a)

|, =G|, ld®)], < 0.447x~/0.4 = 0.283
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MO HINH KHONG CHAC CHAN
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Mé hinh khéng chic chan

*x MO hinh tgén hoc khdng thé mé t& hoan toan chinh
xac hé thong vat ly = can quan tam dén anh hwdong
cla sai s6 mé hinh dén chat lwong diéu khién

* Phuong phap co ban dé xét dén yéu to khong chac
chan la mo6 hinh hoéa hé thong thudc vé mét tap hop
MmO hinh M.

* Hai dang mé hinh khdng chac chan:

> M6 hinh khdng chac chan cé cau trdc (con goi la
mé hinh tham s6 khdng chac chan)

> M6 hinh khéng chac chan khéng cau tric
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M6 hinh khong chac chan c¢é cau tric

* M6 hinh khéng chac chan c¢6 cau tric: hé thong
mo ta boi hém truyén hoac P‘TTT trong dé6 mot hoac
nhiéu thdng s6 clia ham truyén hodc PTTT thay doi
trong mién xac dinh trudec.

* M6t sb thi du:

> M6 hinh bac 2 khéng chac chan (nhw hé xe-16 xo
-gidm chan hoéc hé RLC)

8
9l/l={sz+as+l:aminsaﬁamaX

> MO hinh cé tré khéng chac chan (nhw 16 nhiét)

e—ZS
M = T STST
5s+1
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Thi du mé hinh c6 tham s6 khéng chac chan
Iz

* Cho hé thong gidm soc md ta béi PTVP bac 2:

d?y(t) _ dy(t) L |
M +B + Ky(t) = f (t

M: khodi lwong tac dong Ién banh xe,

B hé s6 ma sat, K do cirng 10 xo

f(t): lwc do sbc: tin hiéu vao

y(t): dich chuyén cla than xe: tin hiéu ra

+0)

* Gia sl khong biét chinh xac thdng so cla hé
thong, PT trén cé thé biéu dién lai dwdi dang

d’y(t) dy(t) ~
By A =S (K A Y = F (D)

trong do: my, by, k, la cac thong so danh dinh; ,
A, Ay, A biéu dién sw thay doi clia cac théng so

(M, +An)
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Thi du mé hinh tham sé khéng chic chin

* Dat cac bién trang thai: x,(t) = y(t), X, (t) = y(t)
* Phwong trinh trang thai mé ta doi twong:

X, = X,
>'<2:mOJerm[—(kO+Ak)x1—(bO+Ab)x2+f]
Y =X
* So dod khbi:
P T T s

T b, +A,
k0+Ak -
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Thi du mé hinh tham sé khéng chic chin

x Bién ddi so do khdi:

N X X X
L,@ @) ] 2 J. l J' L,
—_ _— m-”
d, Z
A

¥

-
'I@
O

f )

F
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Thi du mé hinh tham sé khéng chic chin

* Dat cac bién z,, z,, z5, dy, d,, d; Nhw trén so do khoi.

* Phwong trinh trang thai cia hé thong cé théng s khéng chac
chan c6 thé biéu dién lai dwéi dang:.

. 0 1 d]l o0
{’.‘1}: kb {’9}[0 0 0} d, |+ 1 |f
X, X, -1 -1 -1

M, m, d, m,

_ [ kb i T
2] |~ e g [F1 - =T |
2, |= g‘o ;”0&}00 Od2+r30f
Z 2l 1o o0 o]d
R i L5 1o
y=|l 0{?}
2
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Thi du mé hinh tham sé khéng chic chin

* D&t M 1a ma tran ham truyén cla hé thong. So do
kKhoi hé thong co thé bieu dién dwdi dang:
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M6 hinh khong chac chan khéng cau tric

* M6 hinh khéng chac chan khéng cau tric: mo ta
yéu t0 khong chac chan dung chuan hé thong.

* M6 hinh khdng chac chan khéng cau tric thwdng
dung hon vi 2 ly do:
> Tat ca cac md hinh dung trong thiét ké hé thong
diéu khién déu chra dwng trong do céac yéu to
khdng chac chan khéng cau tric dé bao ham dac
tinh déng hoc khdng md hinh héa, dac biét la &
mién tan so cao.

> S dung md hinh khdng chac chan khéng cau trac
c6 thé dé dang hon trong viéc xay duwng céc
phwong phap va phan tich thiét ké HTBDK bén virng.

e
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Cac dang MH khéng chac chan khéng cau tric

* Bon MH khéng chac chan khéng cau truc thwdng dung:
=G =(1+AW,)G:|A|. <1} (M6 hinh nhiu nhan)

—G=G+AW,:|A|, <1} (M0 hinh nhidu cong)
= G
=:G= Al <1 5 hi iéu cé
M=1G AW G A, < } (M6 hinh nhiéu cong nguorc)
(N G _
=<G= A <1 O hi € 2
M iG T AW, lA]| < } (M6 hinh nhiéu nhan ngugrc)
* Trong do:

> G goi la mo hinh danh dinh (nomlnal model)

> G 1a m6 hinh khong chac chan

> A:1a ham truyén on dinh, thay doi bat ky thda man ||A||,, <1
diung md ta yéu td khéng chac chan khéng cau truc.

> W_: ham truyén on dinh, déng vai trd 1a ham trong so6
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Mé hinh nhiéu nhan

* Biéu thdrc mo hinh nhiéu nhan:
G ={1+AW,)G:|A| <1
* Thwdng ding dé mo ta cac yéu to khéng chac chan:
> Dac tinh tan s6 cao cla ddi twong
> Zero khéng chac chan
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Mé hinh nhiéu céng

u(t) | e

* Biéu thirc mo hinh nhiéu cong:
G=1{G+AW,:[A| <1
* Thworng dung dé mé ta cac yéu td khdng chac chan:

> Dac tinh tan sb cao cua doi twong
> Zero khéng chac chan
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M6 hinh nhiéu céng ngwoc

u(i) y(i)

* Biéu thirc m6 hinh nhiéu cdng nguworc:
& G
1+ AW G
* Thwdng dung dé mé ta cac yéu td khéng chac chan:
> Dac tinh khéng chac chan & mién tan soé thap
> Cuwc khéng chac chan

Al <1

15 January 2014 © H. T. Hoang - HCMUT 66




M6 hinh nhiéu nhan ngworc

u(t)

=
=

* Biéu thirc md hinh sai s6 nhan nguworc:
G=—C__|a| <1
1+ AW
* Thwdng dung dé mé ta cac yéu td khéng chac chan:
> Dac tinh khéng chac chan & mién tan soé thap
> Cuwc khéng chac chan
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Xay dwng mé hinh khéng chan chan — Cach 1

x Bwoére 1: Xay dwng mo hinh danh dinh G dung phuong
phap mo hi,nh hoa thong thwong voi bo thong s6 danh
dinh cua doi twong.

* Bwére 2: Xac dinh ham truyén trong s6 W, tuy theo tirng
m& hinh, ham truyén trong s6 can chon thoa man d/kién:

> M6 hinh nhiéu nhan:  G=G(1+AW,):|A|| <1
G(jo) _
G(J)

’\/Vm(ja))‘> 1,V

> M6 hinh nhiéu cong: G =G+ AW, : Al <1
W, (jo)|2|G(jo)-G(jo)
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Xay dwng mé hinh khéng chac chan (tt)

> M6 hinh nhiéu cong ngwoc G = G HAH <1
I+AW .G " ™
. | |
m{J & 2 = : o : ava)
(090 5 o) G0
> M6 hinh nhiéu nhan ngwoc G = G [l <1
1+ AW ”
. G(|w)
m(Ja))2 = —1,V0)
W ‘ G(w)

* Buwérc 3: xac dinh biéu thirc ham truyén trong sob thda
diéu kién & bwdc 2 dwa vao biéu dé Bode

* Chu y: théng thuworng W, ¢o bién do tang dan theo tan
so, do & mién tan sb cang cao dé bat dinh cang lén
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Chirng minh diéu kién ham trong s6

x M6 hinh nhiéu nhan:
G =G(1+AW,):[A[, <1

. . _é(ja))

— 1+A(]a))Wm(ja))—NG(jw)

= [AGeM, o= |22
= |G, Wy(jo)> G(jg |

* CM theo cach twong tw cho mé hinh nhiéu cong, mé hinh
nhiéu s6 c6ng ngwoc va moé hinh nhiéu nhan nguorc.
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Xay dwng md hinh khéong chan chan — Cach 2
Chi ap dung trong treng hop ham truyén ddi twong that G
chi ¢c6 1 tham so6 khong chac chan, chang han: @ . <0<@__

* Bwoc 1:Dat 0=0,+0A trong do:

( min max)/2 ( max mln)/2 _ISASI

* Bq:é’c 2:Thay 0=0,+6A vao ham truyén G va thyc hién
bién doi dé rutra G va W,, tv mo hinh:

> Mo hinh nhiéu nhan: G =G(1+AW.,): Al <1

> M6 hinh nhiéu cong:  G=G+AW, :[A| <1

> M6 hinh nhidu cong nguoc:  G=— 2> :|la| <1
1+AW.G ™

> MO hinh nhiéu nhan ngwoc: G = G Al <1
1+ AW, ”
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Thi du 1: Hé théng c6 dd lgi khong chic chan

* Bai todn: Cho HT mé t& béi ham truyén “thuc”: G = K
S(s+1)

trong d6 dé i k nam trong khodng 0.1 < k< 10

Xay dwng mé hinh nhiéu nhan dé mé ta hé thong trén.
x Giai:
+ M6 hinh nhiéu nhan: G ={1+AW,)G:|A|. <1}

* Chon mo hinh danh dinh:

_ K
s(s+1)
k() — kmin-lz_krnax — 01;10 :505
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Thi du 1: Hé théng c6 dd lgi khong chic chan

* Can chon W, thda man diéu kién:

W, (jo)| = G(J_w)—l,Va)
G(Jw)
= ’\Nm(ja))‘zkh—l,Va) (0.1<k<10)
0
. K 4.95 .
— ’\/Vm(m)‘zo.rﬁ?ﬁok_o_lzﬁ = W, (Jo)=0.981

* Két luan: moé hinh nhiéu nhan tim dwoc la:
G ={1+AW,)G: ||, <1

. 5.05
S(s+1)
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Thi du 2: Hé théng thoi hing khéng chic chin
8(zs+1)
(2s+1)(10s+1)

* Bai todn: Cho HT c6 ham truyén “thuc” 1a: G =

trong d6 z nam trong khodng 0.2 < < 5.0

Xay dwng MH nhiéu nhan dé mé ta HT khéng chac chan trén
x Giai:
* M6 hinh nhiéu nhan: G = {(1+AW,)G:|A| <1

8(2.65+1)

(2s+1)(10s+1)
* Can chon W _ théa man diéu kién:

G(jw)
G(jw)
Chon W, thda man d/kién trén v&i 0.2 < 7< 5.0 ding b/dd Bode

* Chon md hinh danh dinhG =

Jo+1
26]o+1

-1 —1

W, (jo)| 2 Vo = W, (jo)> Vo
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Thi du 2: Hé théng c6 thoi hing khéng chéic chén (tt)

_60 -"‘ [

107 10" 0.3 10° o (rad)
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Thi du 2: Hé théng c6 thoi hing khéng chéic chén (tt)

« Dua vao b/dd Bode, co thé chon W, c6 dang: W (s) = TKSI
S+
* Dé thay: X
L1
T=—= =3.33(sec)
o, 03 | 2w e 3338
y 333s+1
20lg=~0(dB) = K =333

S

* Két luan: moé hinh nhiéu nhan tim dwoc la:
G ={1+AW,)G:|A|. <1

8(2.6s+1) 3.33s

Wi () =

trong do: G= =
3.33s+1

 (2s+1)(10s+1)
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Thi du 2: Hé théng c6 thoi hing khéng chéic chén (tt)

Biéu dién md hinh nhiéu nhan dung Matlab

% D61 tugng ¢6 thoi hang khong chian chan

>> tau = ureal('tau',2.6,'range',[0.2 5]);

>> G =tf(8*[tau 1],[20 12 1]); %Ham truyén c6 tham s6 khong chin chan
>> figure(1)

>> bode(usample(G,10),{0.01,100}) %Biéu d6 Bode cuia ddi twong kg chic chan

% M6 hinh sai sé nhan (Multiplicative Uncertainty Model)

>> Gnom=tf(8*[2.6 1],[20 12 1]); % MO hinh danh dinh

>> Wm=tf([3.33 0],[3.33 1]); % Ham truyén trong sO

>> Delta = ultidyn('Delta',[ 1 1]);

>> G = Gnom™(1+W*Delta) ; % MO0 hinh sai s6 nhan

>> figure(2)

>> bode(usample(G,10),{0.01,100}) % Biéu d6 Bode mé hinh nhiéu nhan
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Thi du 2: Hé théng c6 th&i hing khéng chic chin (tt)

Bode Diagram Bode Diagram

Magnitude (dB)
Magnitude (dB)

Phase (deg)

Freauencv (rad/sec) Freauencv (rad/sec)
&__ 8(s+D G ={1+aw,)G:|A|. <1
(2s+1)(10s+1) 8(2.65+1) 3.33s
02<7<5.0 = (2s+1)(10s+1) Wn(S) = 3.335+1
Biéu do Bode cua déi,two’ng Biéu do Bode mod
co thoi hang khdng chac chan hinh nhiéu nhan
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Thi du 3: Hé thong cé tré khéng chac chan
15

* Bai todn: Cho h/théng mé ta bdi h/truyén “thuwc”: G = ol
o 2S5+
trong do thoi gian tré znam trong khoang 0 < 7<0.1

Xay dwng MH nhiéu nhan dé mé ta HT khéng chac chan trén
x Giai:
* M6 hinh nhiéu nhan: G = {(1+AW,)G:|A| <1

15
0.2s+1

* Can chon W _ théa man diéu kién:
G(jw)
G(Jw)

* Chon mo hinh danh dinh: G =

-1

No = ’\Nm(ja))‘ > ‘e‘jm —1

’\/Vm(ja))‘z , VYo

Chon W, thda man diéu kién trén dwa vao biéu dé Bode
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Thi du 3: Hé thong c6 tré khéng chac chan (tt)

« Dua vao b/dd Bode, c6 thé chon W,, c6 dang: W, (s) = —
Ts+1
* Dé thay: X
T= t_1 =0.1(sec)
0, 10 L L (e 022
K 0.1s+1
201g—=7(dB) = K=0.224

S

* Két luan: moé hinh nhiéu nhan tim dwoc la:
G ={1+AW,)G: || <1

15 W (s) = 0.224s

trong do: G-=
0.2s+1 0.1s+1
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Thi du 4: Hé thong c6 cwec khdong chac chan

5

* Bai todn: Cho h/thbng mé ta bdi h/truyén “thyc”: G =
trong do6 thédng sb a nam trong khodng 0.1 <a<1.7
Xay dwng mé hinh nhiéu cdng ngwoc dé mod ta hé thong trén

x Giai:

* CO thé biéu dién a nhw sau: a=0.9+0.8A 1< A<

s’ +as+1

* Thay a vaoG : .

- 5 ) 5 ~ (s’ +0.9s+1)
S +(0.9+0.80)s+1 (S +0.95+1)+0.8A 1, ( 16er S

(s +0.9s+1)

P(g)
1+W. (S)AP(S)

= G=

W (S) = 0.16S
" 0.0001s+1
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Thi du 4: Hé thong c6 cwc khdng chac chan (tt)

Biéu dién mé hinh nhiéu céng ngwoc diing Matlab

% Doi tuong co cuc khong chin chén
>>a =ureal(‘a',0.9,'range',[0.1 1.7]);

>> G =tf(5,[1 a 1]); %Ham truyén c6 tham s6 khong chan chan
>> figure(1)

>> bode(usample(G,20),{0.1,10}) %Biéu d6 Bode cuia ddi twong kg chic chan
% MO0 hinh sai s6 cong nguoc (Inverse Additive Uncertainty Model)

>> Gnom=tf(5,[1 0.9 1]); % MO hinh danh dinh

>> Wm=tf(0.16*[1 0],[0.0001 1]); % Ham truyén trong so

>> Delta = ultidyn('Delta',[ 1 1]);

>> G = Gnom/(1+W*Delta*Gnom) ; % M5 hinh sai s6 cong nguoc

>> figure(2)

>> bode(usample(G,20),{0.01,100}) % Biéu d6 Bode mo hinh nhiéu cong nguoc
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Thi du 4: Hé thong c6 cwc khdng chac chan (tt)

Bode Diagram Bode Diagram
30 ‘ — ‘ : - ‘ 30
20 | L | o | 20
g 10 g 10
g o g o
5 .10 g 10
= =
-20 -20
-30 -30
0
S 45
% -90
g -135
-180
10
Frequency (rad/sec)
G=1{G/(1+AW,G):|A|. <1
5 .
G= W (5) = 105
S +0.9s+1 107"s+1
Biéu do Bode cua dbi twong Biéu d6 Bode mé hinh
co cwc khdng chac chan nhiéu cOng nguoc
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Cau tric M-A

* Hé thdng diéu khién vong kin bat ky v&i thanh phan khéng
chac chan c6 thé bién dbi vé cau truc chuan M-A

M |«

* Cac bwdc bién déi HTPK thanh cau trdc chuan M-A
» Xac dinh tin hiéu vao cua M (t/hiéu ra cua A), ky hiéu la w,.
> Xac dinh tin hiéu ra cua M (tin hiéu vao cua A), ky hiéu la z,
> Téach thanh phan khéng chac chan A ra khdi so d6
> Tim ham truyén Mt w, dén z,
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Thi du:

* Hay bién dbéi hé thong dwdi day vé cau triac chuan M-A

15 January 2014

Cau trac M-A
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Thi du: CAu tric M-A

* Ham truyén tir w, dén z,:

~Wh(9)K(5)G(S)H (S)

M(s) =

1+ K(S)G(S)H(S)
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TINH ON DINH NOI
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Hé thong diéu khién véng kin

nt)

YV V. V VY V V

15 January 2014

(1)
X4(8) K U(f) by Xo(f) G y(l)
v(t) o L X3(£) n(t)

r(f): tin hiéu dat

y(t): tin hiéu ra cua dbi twong
u(t): tin hiéu ra cta bd diéu khién
v(t): tin hiéu ra cia cdm bién
d(t): nhiéu hé thong

n(t): nhiéu do lworng
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Cac ham truyeén

d
X1k D22 e
V] g L X3
] H"xl_ T
-K X, |=|d
0 -G x| [N
xl_ | 1 —-GH -—H |r]
X, | = K 1 —~HK | d
1+ GHK
X | GK G 1 Jn]
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Pinh nghia n dinh noi

nt) x(O[ e 1uld)

- K—>

d(f)
% X,(f)

y(t)

-

v(t)

H |—

X3(£) n(t)

* Nhac lai khai niém 6n dinh BIBO: Hé thong duwoc
goi la on dinh néu tin hiéu vao bi chan thi tin hiéu ra bi
chan (Bounded Input Bounded Output)

* Hé thong duoc goi la 6n dinh néi (Internal Stability)
néu tin hiéu vao bi chén th“l tin hiéu ra va tat ca cac tin
hiéu bén trong hé thong déu bi chan.
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Pinh Iy én dinh noi

+ Hé théng én dinh n6i khi va chi khi hai diéu kién sau
day dwoc thoa man:

> Ham truyén (1+GHK) khdng c6 zero nam bén phai
mat phang phirc

> Khong co triét tiéu cuc—zero bén phai mat phang
phurc khi tinh tich cac ham truyén GHK.

S
15 January 2014 © H. T. Hoang - www4.hcmut.edu.vn/~hthoang/ 92




Ham truyén kin va ham dé nhay

a(t)
M) e [e]udt) G y(l)
n()
* Ham truyén kin: T — KG
1+ KG

* Ham dd nhay: dinh lwong dd nhay cda T doi v&i sw thay doi
cua G:
. AT/T  dT G |
S:= lim =

= : = S=
-0 AG/G dG T 1+ KG

x Chuy: T+S=1 = Tcon duwoc goila ham bu nhay
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ON DINH BEN V(NG
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Pinh nghia 6n dinh bén virng

d()
M 2 d% = y(t

n(t)

* Hé thong dwoc goi 1a 6n dinh bén virng néu hé thong
6n dinh ndi v&i moi doi twong thudc Iop mo hinh
khédng chac chan G cho trworc.

* Danh gia tinh 6n dinh bén virng

> Dinh ly Kharitonov
> Dinh ly 40 loi bé

S ——S——
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Pinh Iy Kharitonov

* Cho hé thong diéu khién c6 phwong trinh dac trung la:
a,s"+as" +as"?+as +as" "t +as" +as" " +...=0

trong d6 cac hé s6 cia PTDT nam trong mién cho truéc:
a <a <a, (1=0,1,..,n)

* Dinh ly Kharitonov: HT on dinh bén virng v&éi moi a <a <&
néu va chi néu bon da thirc dwdi day déu la da thirc Hurwitz
(tirc 1a da thire co tat ca cac nghi@m nam bén trai mp phec).
A(s)=a,s"+a,s" +as"+as" " +a,8" +as" +as" " +...
A(s)=a,8"+as" +a,s" +a,s" +a, s +asT +as" +..
A(s)=as"+as" +a,s"*+asT +a,s" "t +ras"T +a,8" 0 +...

A(s)=3s"+as" +a,s" +a,s" +3,s" +a,s" +a,8"" +...
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Pinh Iy Kharitonov — Thi du 1

* Cho hé thong d/khién hoi tiép am voi: G(s) =

[ = y(t

K

trong do:1<m<10;1<b<35<k<82<K, <6

* Danh gia tinh 6n dinh bén virng cla hé thong.

*x Giai:

* Phuwong trinh dac treng: 1+ G(s) =0

Kp

1

_I_ —
s(ms” + bs + k)

ms’ +bs’ + ks+ K, =0

15 January 2014
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Pinh Iy Kharitonov — Thi du 1 (tt)

* Xét cac da thirc Kharitonov:
A(S)=5 +1S* +8s5+6
> Do 1x8—-1x6>0 nén A4(S) la da thirc Hurwitz.

A,(S)=S +35" +85+2

> Do 3x8—-1x2>0 nén A,(s) la da thiec Hurwitz.

A,(S) =108’ +S’ +55+6

> Do1x5-5%x10<0 nén A;(s) khéng phai la da thirc Hurwitz.

* (khéng can xét A,(s))

* Két luan: Theo dinh ly Kharitonov, hé thong khéng én dinh bén
virng.
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Pinh Iy d6 loi nhé (Small Gain Theorem)
r(f) l y(l)
* Dinh ly dé Ioii nhé: Cho hé hé G(s) 6n dinh. Hé kin 6n dinh
U G(je), <1 = [G(jo)<LVe

* Chieng minh: D& dang _Yim
chirng minh diing tiéu chuan . \
on dinh Nyquist , \

Kién dg] dé danh gia 6n dinh
= Hé thong khéng thda dinh ly do

V4 LA . ’ ~n . 2> b . A ‘ . 1
* Chu y: BDinh ly do lgi nho la diéu | Gljo) ,-
\ \
\
\\
loi nhé van c6 thé 6n dinh ~-_[---
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Pinh Iy én dinh bén virng

* Dinh ly 6n dinh bén virng: Cho hé thdng
diéu khién vong kin nhw hinh vé&, trong do6
M(s) 1a ham truyén 6n dinh va 1a A(s) ham
truyén on dinh bat ky théa ||A(jw)||.<1 . Hé
thong kin 6n dinh khi va chi khi:

IM(jo)|. <1

*x Chdirng minh:

(=) St dung dinh ly d6 Igi nho

(<) Phan chirng. Gia st hé kin khong 6n dinh va [M (je)| <1
~ {HA( joM (jo)|, >1

M(jo)], <1 = [A(jo), >1  (trai gia thiét)
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Piéu kién 6n dinh bén virng mé hinh nhiéu nhan

AW
r<t>% e r % W

* Djnh ly: H& thong dieu khién mé hinh nhiéu nhan 6n dinh bén
virng v&i moi [A| <1 néu va chi néu hé thong on dinh danh
dinh, dong th&i bo diéu khién K théa man diéu kién:

W, T| <1 < 201gW,T| <O0[dB]

L KG
trong do: T=1-S= — N A .
g oL 11KG (ham dd nhay bu)
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Pi&u kién n dinh bén virtng mé hinh nhi&u nhan (tt)

*x Chwrng minh:

— | A —l
; W, :
1 . % 0

* Bién dbi twong dwong hé thong vé dang vong M-A, trong do:
W_K
M = — kG 1
1+ KG

* Sau do ap dung dinh ly 6n dinh bén virng.
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Pi&u kién n dinh bén virtng mé hinh nhi&u nhan (tt)

* Biéu dién hinh hoc:
* Chu y:
W, T| <1

W, (Jo)L(jw)
1+ L(jw)

<],V

& W, (jo)L(jo)|<[1+L(jo)

, V@

< Tai moi tan sb, diém toi 1

. yau
han (-1, jO) phai nam
ngoai hinh tron tam L(jw),

ban kinh |W. (jo)L(jo)|
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Piéu kién 6n dinh bén vi'ng mé hinh nhiéu céng

— A - W

+ Djnh ly: H& thong diéu khién mé hinh nhiéu céng on dinh bén
virng v&i moi [A| <1 néu va chi néu hé thong on dinh danh
dinh, ddng thi bd diéu khién K thda man diéu kién:

W, KS| <1 < 20lgW,KS| <0[dB]

1 1
trong do: H=—= am dé
J 1+L 1+KG (ham do nhay)
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Pi&u kién n dinh bén virtng mé hinh nhidu cong (tt)

*x Chwrng minh:

|
T

* Bién dbi twong dwong hé thong vé dang vong M-A, trong do:
M=l ks
1+ KG

* Sau do ap dung dinh ly 6n dinh bén virng.
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Pi&u kién n dinh bén virtng mé hinh nhidu cong (tt)

* Biéu dién hinh hoc:
* Chu y:
W, K| <1

WL(Jo)K(]w)
1+ L(jw)

S <lL,Vw

& W (jo)K(jo)| <[1+L(jo)

, Vo

< Tai moi tan sb, diém toi 1

. yau
han (-1, jO) phai nam
ngoai hinh tron tam L(jw),

ban kinh |W. (jo)K(jo)|
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Dieu kién on dinh bén virng MH nhiéu cong/nhan ngwoc

t
r(t) »(%_m_» & X Y(D

* Cho hé thong diéu khién hoi tiép am don vi (xem hinh).
* Néu doi twong mo ta béi mé hinh nhiéu cdng nguoc:
G- O
1+ AW G
thi didu kién &n dinh bén virng la: [W,GS| <1

Al <1

* Néu doi twong mo ta bdi mé hinh nhiéu nhan nguworc:
~ G
G= :‘
1+ AW,
thi diéu kién &n dinh bén vieng la: W, S| <1

Al <1

0 0]
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Panh gia tinh én dinh bén virng — Thi du 1

A

=l

nt) %{] Ei

&

y(t)

_>

* Bai todn: Cho hé thong diéu khién c6 so' do khdi nhu hinh vé,
doi twong khdng chac chan mo ta b&di mé hinh nhiéu nhan,

trong do: |
T Qsth26stl) m(9)= 333;3 il . <!
Panh gia tinh 6n dinh bén virng cla HT trong 2 trwérng hop:
K(s):3+0—§1 K(s)=30+0—é1
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Panh gia tinh én dinh bén virng — Thi du 1 (tt)

*x Giai:

<+ Trwong hop 1:

( 3.33s j(3+0.1j ]
_I__WmKG_ 3.335+1 s N (2s+1)(2.65+1)

" 1+KG ( 0.1)( 1 j
1+ 3+
s N\ (2s+1)(2.65+1)

0.5769s* +0.0192s
s'+1.1855” +1.0355* +0.25025+0.0057

Xét bidu dd Bode K(jw)G(jo) va W, (ja)T(jo)

= W.T =
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Danh ¢

ia tinh on dinh ben virng — Thi du 1 (tt)

Magnitude (dB)

50—~

Biéu dd Bode K(jw)G(jw)

T
|

Phase (deg)

15 January 2014
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Frequency (rad/sec)

Do GM > 0 va ®M > 0 nén hé danh dinh 6n dinh
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Panh gia tinh én dinh bén virng — Thi du 1 (tt)

Biéu do Bode bién dd | (/co)T(/co)l

0 '—-——r—rH—r i ——p— — T —p—
[

T — ————p——
| |

Magnitude (dB)
IN )
o o

®
o

_803 Ll [N I | L | \\\\\\2
10 10 10 10 10 10

* Duwa vao biéu do Bode bién dd |W, (jo)T(jw)|, ta xac dinh dwoc:
201g|W, T|| =-1.85[dB]<0[dB] = |W,T| <I

*x Do hé th(“)pg danh dinh ‘c“)n dinh, dong thoi |W, (jo) T(jw)|<1,
nén hé thdng 6n dinh bén virng.
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Panh gia tinh én dinh bén virng — Thi du 1 (tt)

<+ Trwrong hop 2:

( 3.33s j(30+0.1j 1
W - WeKG _(3.33s+1 s | (2s+1)(2.65+1)

"1+ KG 1+(30+O'1j( 1 j
s N(2s+1)(2.6s+1)

5.769s” +0.0192s
W T = 4 3 2
s* +1.1855* +6.227s* +1.809s+0.0057

Xét biéu dd Bode K(jw)G(jw) va W_(jo) T(jw)
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Panh gia tinh én dinh bén virng — Thi du 1 (tt)
_Biéu dd Bode K(ja)Glj)

100

Magnitude (dB)

Frequency (rad/sec)

Do GM > 0 va ®M > 0 nén hé danh dinh 6n dinh
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Panh gia tinh én dinh bén virng — Thi du 1 (tt)

Biéu dd Bode bién do |W. (jo) T(jo)|

10— T o T T
| | [ | [ [

| | [ | | [ | | | | | | | | [ [
O — o bt o g, N VR N
| | [ | | [ | |

Magnitude (dB)
w
o
|
i

10° 107 10" 10° 10" 10°

* Duwa vao biéu do Bode bién dd |W, (jo)T(jw)|, ta xac dinh dwoc:

201g|W, T|| =8.5[dB]>0[dB] = |W,T| >1

* Do |W._(jo)T(jw)|>1 nén hé thong khéng on dinh bén virng
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BIEU DIEN CHAT LUO'NG
DANH DINH DUNG HAM DO NHAY
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Nhac lai: Ham truyen kin va ham dé nhay

d(f)
r(t t
) yeld) [ud 2 y(t
n(t)
* Ham truyén kin: T = &
1+ KG
*x Ham dé nhay: dinh lwong d6 nhay cua T di voi suw thay doi
cua G:
S lim A/ T _drG g 1
-0 AG/G dG T 1+ KG

x Chuy: T+S=1
Ham truyén twong tw r(t) dén e(f) chinh bang ham dé nhay
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Thi du ham truyén kin va ham dé nhay

d(f)
M) e e]u) = y(t
n(t)
« Dbituong:  G(S)= 4
s (0.45+1)(0.01s+1)*
« B didu khién: K(s)=1+2
S
* Ham truyén kin: T = KRG _ Hs+6) 2
1+KG 5(0.45+1)(0.01s+1)" +4(s+6)
1 5(0.45+1)(0.01s +1)?

* Ham do nhay: S

1+ KG  5(0.45+1)(0.01s+1)* +4(S+6)
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Thi du ham truyén kin va ham dé nhay

Biéu dd Bode ham

Biéu do6 Bode hé ho nhay va ham bu nhay
Bode Diagram Bode Diagram
g g
10" 10° ‘1‘(‘)1 10> 10
g Tan sb cat bién cla hé hé
& xap xi bang théng hé kin
o
Dc = Wy

10" 10° 10" 10° 10° 10"

Frequency (rad/sec)
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Chét lwong diéu khién

d(f)
) el) K u(t) y(l)
n(t)
x Sai sbe= 1 r=S
1+ KG

* Nhécrlai mot s6 ké"t luan trong mén CSTD:
> Neu rla ham nac: e, =0 neu KG co it nhat 1 khau TPLT
> Néu rla ham doc: e, =0 néu KG c¢ it nhat 2 khau TPLT

* Chi tiéu chat lwong néu r thudc vé mot tap tin hiéu co
chuan bi chan?

15 January 2014 © H. T. Hoang - www4.hcmut.edu.vn/~hthoang/ 119




Bieu dién chat lwong danh dinh diing ham doé nhay

x Trwong hop 1: Xét trwong hop rla tin hiéu hinh sin
co tan so bat ky va bien do bang 1. Yeu cau chat
lwong la bién d6 sai s6 nhé hon <.

* Do e= : r=S
1+ KG

— Chi tiéu chat lwong cé thé biéu dién nhw sau:

I5]. <¢

*Dat W (s)=1/¢
— Chi tiéu chat lwong cé thé viét lai dwdi dang:

WS, <1
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Bieu dién chat lwong danh dinh diing ham doé nhay

I’Qf . r

* Trwong hop 2: Tin hiéu vao r coé dangr =W,r;  trong

do r,1a tin hiéu hinh sin tan so6 bat ky cé bién dé bang 1.

Chuén vo cung cta sai so: |d =W, S|

Gia st yéu cau chét lugng lajle| <&
Dat W, =W, /¢

= Yéu cau chat lvong ||| < & twong dwong diéu kién:

W,s], <1
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Bieu dién chat lwong danh dinh diing ham doé nhay

of . r

* Trweong hop 3: Tin hiéu vao rla tin hieu r,, co nang
lweng bang 1 di qua mot bo loc W

{I‘ =Wl | Hz <1 }
Chuan bac 2 cla sai sé:Hd‘z = ’VVF SHOO

Gia st yéu cau chat lvong la:| d‘z <&
Dat W, =W, /¢

— Y&u cau chat lwong Hd‘z < ¢ twong dwong diéu kién:

WS, <1
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Bieu dién chat lwong danh dinh diing ham doé nhay

* Trwong hop 4: Trong mdt s6 ng dung, ngwodi thiét ké dua
vao kinh nghiém biét rang dé dat chat lwong tot, biéu do
Bode bién dd clia ham dd nhay phai nam dwdi mot dwdng
cong nao do. Y twdng thiét ké nay cé thé viét dwdi dang:

S(io)| <M (jo) Vo = S| <

Bode Diagram

Magnitude (dB)
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Bieu dién chat lwong danh dinh diing ham doé nhay

* Tom lai: tuy theo (rng dung cu thé va tuy theo 1&p tin
hiéu vao, bang cach chon bé loc trong s6 chat lwong
W,(s) thich hop, ta cé thé biéu dién chi tiéu chat
lwong dwdi dang:

H\/VpSHOO<1 = \S\<|\/Vp‘1

, V@
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Bo loc trong so6 chat lwong thwdng diing

* Ham truyén trong
sO chat lvgng:

S+ w o
W, (s) = — I
St éwg 2
S+ sw :
s B i R BT N
=W ()= IR RN RN N A
S+ g 10° 10~ 10" 10° 10° 10° 10°

* Y,ngh',l"a chi tiéu chat lwong danh dinh H\NpSH <1 véi trong
sb chat lwong & trén Ia: ”
> Sai sO xac lap ddi vai tin hiéu vao l1a ham nac nhé hon &
> Sai sO bam theo tin hiéu hinh sin c6 bién dd bang 1, tan sb
bat ky nhé hon »
> Bang théng cua hé thong xap xi wg
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Biéu dién hinh hoc chi tiéu chét Ivgng
* Chu y rang: .
S W)
WS, <1 < .
” 1+ L(Jw)

< Wo(jo)<[+L(jo),Vo

= Diéu kién dé hé thong théa chat lwong [|W, S|, <1 1a
dwdng cong Nyquist L(jw) cua hé hé phai nam ngoai
vong tron tam —1, ban kinh |W (jw)|

<LVo (véiL(jo)=K(jo)G(jw))

}im }Im

Re

-

WA Re WA
SGZala N
) L(jw)
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Panh gia chat lwong danh dinh — Thi du 1

d(t)
) = y(f)
n(t)
* Cho hé thong, trong do:
15 ~
G(s) = K(s) = S5F3)
(s+1) (S+5)
* Xét ham trong so chat lwong: W (s) = s+10
i 0.55+0.2

* Hé thong c6 théa man chat lwong danh dinh hay khéng?
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Panh gia chat lwong danh dinh — Thi du 1
x Giai:

* Ham @6 nhay: S= I __(s+35)(s+1)
1+ K(9)G(s) s* +1265+365
(S+10)(s+5)(s+1)

= W S=
" (0.5840.2)(s* +126S+365)

Bode Diagram () lg’\Np( J)S( ] a))‘

x Vé Biéu do Bode 0

W,(jo)S(jo) T

0

Magnitude (dB)
&

N
o

_15 L Lol I | ol | Lt
10 10" 10° 10' 10° 10° 10*

+ Dura vao biéu db, ta thay [W,S| >1 (vi 201gW,S| =6dB>0 )
— do d6 hé thdng khéng thda man chat lwong danh dinh.
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Panh gia chat lwong danh dinh — Thi du 2

(1)
I = 1
n(t)
* Cho hé thdng, trong do:
5 20
G(9s) = K(S)=5+ "
O = siniri0) KO=3+7
s+1

* Xét ham trong s6 chat lvong: W (s) = .
55

* Hé thong co thda man chat lwong danh dinh hay khéng?

o ——S—S——
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Panh gia chat lwong danh dinh — Thi du 2
x Giai:
* Ham d6 nhay: S_ | _ S(Ss+2)(s+10)
1+ K(s)G(s) s’ +12s* +45s+100
— W, S= (s3+ 1)(S—|;2)(S+10)
1.5(s" +12s" +45s+100)

o N - ; Bode Diagram 20 lg’\Np( j@)S( ] a))‘
* Ve bieu do Bode bién Y e R
do: e

|
(@)}

N
o

W, (j)S(jo)

Magnitude (dB)

N
o

-20

I I I Il I Il | | Il I Il I I \\\‘ Il Il I Il L1
10 10" 10° 10" 10°

+ Theo b.db Bode, ta théy |W,S| <1 (vi 201gW,S| =-0.8dB<0)
— do do6 hé thong théa man chat lwong danh dinh.
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CHAT LUONG BEN VNG
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Pinh nghia chat lwong bén virng

d(f)

nt) y(i)

-

N

n(t)

* Hé thong dwoc goi la cé chat lwong bén virng néu
hé thong on dinh ndi va thda man chi tiéu chat lwong
mong mudn v&i moi dbi twong thudc Idp md hinh
khéng chac chén G cho trwdc.

15 January 2014 © H. T. Hoang - www4.hcmut.edu.vn/~hthoang/ 132




Chat lworng bén vibPng mé hinh nhiéu nhan

AW
r(t)% GYE r % W

* Xét ham trong sb chat lvong W (s)

* Ham do6 nhay ctia m6 hinh nhiéu nhan G = G(1+ AW,.)
S _ 1 __ | _ S

1+ KG 1+ KGA+AW,) 1+AW. T

* Diéu kién dé dat chat lwong bén virng:

T < W.T| <1
M & VA Al <1 < 4] WS -
W], <1 1+ AW,T|

\
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Dinh ly chat lwong bén virng mé hinh nhiéu nhan

A W
r(t)QE x| -[c r % W

* Dinh ly: Diéu kién can va da dé hé thdng diéu khién mé
hinh nhiéu nhan dat chat lvgng bén viing v A <11a:

H'qu HWGT)

x Chwrng minh: Tham khao Feedback Control Theory, trang
47-48

<1
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Pinh Iy chat lwong bén virng mé hinh nhidu nhan (tt)
* Biéu dién hinh hoc:
*x Chuy:

”\/VpS‘ +W,.T|

W, (o)
1+ L(jw)

W (o)L(o)
1+ L(jw)

oo<1<:> <l,Vw

=W, (jo)|+W,(jo)L(jo)| <[1+L(jo)

, V@

3

<> Tal moi tan so, vong tron
tam (1, j0), ban kinh [\ Re
W, (jw)| khong dugc &t W\ [ "L
vong tron tam L(jw), ban
kinh |W._ (jo)L(jo)
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Chat lwong bén vivng mé hinh nhiéu céng

A W

r(t) % Ei qu »% l(f)

* Xét ham trong s6 chat lwong W o(S)
* Ham d6 nhay cua mo hinh nhleu cong G = G+ AW,
g _ 1 L 1 _ S
1+ KG 1+K(G+AW,) 1+AW KS
* Diéu kién dé dat chat lwong bén virng:

WK <1 W, KS| <1

WVN vA Al <1 < 4] WS VA |A| <1
S| <1 g ! <1 ’

L P o0 \1+AWmKSOO
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Pinh ly chat lwong ben virng mé hinh nhiéu cong

A w
r(t)% Ei qu »% l(f)

* Dinh ly: Diéu kién can va da dé hé thdng diéu khién mé
hinh nhiéu céng dat chat lwong bén virng VHAH <1 la:

H'V\/pq +W,KS

x Chieng minh: Tham khao Feedback Control Theory.

<1
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Panh gia chat lwong bén virng — Thi du 1

A W,
r(t)% =k r % YO

* Bai toan: Cho HTPK c6 so do khoi nhu hinh v&, d6i tuong
khong chac chan m6 ta bo1 mo hinh nhiéu nhan, trong do:

26800 . : 1.8
_ Wm(s):OOSS+O92 K(s)=1.8+18
(S+250)(s+60) 0.1064s+1 S
. L1k . 0.5s+0.01
Ham trong s6 chat lugng la: W._(s) =
P s+ 0.0001

(a) Hé thong co thoa chat luong danh dinh pr% <19
(b) Hé thong c6 thoa chat lwong bén viing H’Wp 5‘ n ’\NmT‘

<1?
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Panh gia chat lwong bén virng — Thi du 1 (tt)

*x (iai:

* Kiém tra diéu kién chat luong danh dinh
(0.53+ 0.0 1]
W s+0.0001

WS=—2P —
P 1+ KG ( 1.8] 26800
1+| 1.8+
S J(s+250)(s+60)

0.5s* +1558’ +7503s* +150s
WDSZ 4 3 2
s' +310S’ + 632408 + 482505+ 4.824

* Ve biéu do: W, (jo)S(jo)
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Panh gia chat lwong bén virng — Thi du 1 (tt)

10° |

10 -

10- | | Lo | T R N B | | Lo

* Theo biéu do: W, S| =0.6207<1

— Hé thong thoa diéu kién chat lugng danh dinh
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Panh gia chat lwong bén virng — Thi du 1 (tt)

* Kiém tra diéu kién chat luong bén viing

(O.OSSJF 0.92)(1 g 1.8) 26800
T_WmKG_ 0.1064s+1 ' s N (s+250)(s+60)
T 1+ KG ( 1.8) 26800
1+ 1.8+
s N\ (s+250)(s+60)

W = 22670s* +439800s+417100
T s*+319.45 + 661508 +642600s+ 453400

+ Ve biéu do: W, (jo)S(jo)+ W, (jo)T(jo)
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Panh gia chat lwong bén virng — Thi du 1 (tt)

1

0.5 Il I I Il Il Il Il Il Il Il Il \\\‘ Il I I Il I \\\‘ I Il I Il Il L1
10" 10° 10’ 10° 10°

* Theo biu do: W, S|+ W,T|| =0.9383<1

— Hé thong thoa diéu kién chat lugng bén viing
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THIET KE BO PIEU KHIEN BEN V(NG DUNG
PHUONG PHAP CHINH DO LO1 VONG

(Loopshaping)

S
15 January 2014 © H. T. Hoang - www4.hcmut.edu.vn/~hthoang/ 143




Y twéng thiet ke dung phwong phap chinh dé loi vong

A W
r(t)% e r % W

* Bai toan: Cho doi twong khdng chac chan mé ta béi MH nhiéu
nhan. TK bd BK K(s) sao cho hé kin dat chat lwgng bén virng
* Y twdng thiét ké:
> Chinh d6 lgi vong |L(jw)| dé théa dat chat lwong bén virng:

W, | w, L
S+W T| <1 B I
H’Wp ‘ ’Wm ‘“’ = 1+L‘+1+L oo<1
> Sau do tinh ham truyén b diéu khién: K(jw)= L(j_a))
G()o)
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& Cac rang buoc

* Rang budc doi véi Sva T:
> Sva T canthda man dangth’c: S+T =17
— Truwdng hop riéng, tai tan s6 bat ky S va T khéng thé
dong thei nhé hon 1/2

* Rang budc doi voi W, va W,
> DK can dé hé thdng dat chat lwong bén virng la:

min{]\Np(' }<1,‘v’a)

Nghfa la tai moi tan so, |W,| hoac |W,,| phdi nhd hon 1

> Thong thwong |W | don diéu gidm dé sai s6 bam nhé
trong mién tan so thap va |W,| don diéu tang vi do bat
dinh tdng & mién tan so cao.
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Co so toan hoc cua phwong phap chinh do l¢ii vong

* DAt T(jo)=W,(jo)S(jo)+W,(jo)T(jo)
1+L(jw) 1+ L()w)
* Diéu kién chat lwong bén virng twong dwong voi:
I'(jw)<,Vw
* T biéu thirc dinh nghia I'(jw), suy ra cac bat dang thuc:
+W. L +W_ L
W, \ | ML
Il 1=

*x Do rang buéc min (ja))‘}<1 V@ nén tai moitan
sO ta phai cé ’\N (ja))‘ <1 hoac ’\/Vm(Ja))‘ <1
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Co s& toan hoc chia PP chinh dé lgi vong (tt)

* Xeét trwong hop ’\Nm‘ <l< |Wp‘

Fol e \L\ \N‘+1
< >
=W,
\N\ ]
r<i = |>:

M,

Néu |\N ‘ >> 1 thi v& phai 2 bt d.thtre trén gan bang
; I- ’Wm‘

dieu Kién dé

= O mién tan sé thap thoa |vvp
hé thong dat chat lwong bén virng la:

i

S ——S——
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Co so toan hoc cua phwong phap chinh d6 lo’i vong (tt)

x Xet trrong hop |\/Vp‘<1<’Wm‘
F<1 o L<’1A;|V:/_pA
al+1
= el
1= p

Néu W, | >> 1thi vé phai 2 bét d.thirc trén gan béng W
m

— O mién tan sb cao thda p‘ <1<< ’\Nm‘ . diéu kién dé hé

thdng dat chat lwong bén virng la:

‘L‘ < l&vtvp

o ——S—S——
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Trinh tw thiét k& dung PP chinh dé loi vong

A W
r(t)% e r % W

* Bai toan: Cho doi twong DK mo ta bédi mo hinh nhiéy nhan.
Thiét ké b6 DK K(s) sao cho hé kin dat chat lwong bén virng

H’qu +W,

* Buwée 1: Vé hai biéu do Bode bién dd
> O'mién t/sé thap thda W,|>1>W,|: vé& biéu dd

<1

WV \

> O mién t/sd cao thda ’\/Vp‘ <1<|W,| : v& biéu do
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Trinh tw thiét k& dung PP chinh dé loi vong

* Buwde 2: Vé biéu do Bode bién dd |L(jw)| sao cho:

> O mién tan s6 thap: |L(jw)| nam & phia trén biéu do Bode
(1), ddng thoi |L(jw)| >>1.

> O 'mién tan so cao: |L(jw)| nam & phia dwdi biéu do Bode
(2), ddng thoi |L(jw)| <<1.

> O mién tan s0 “rat cao”, d6 doc xuong |L(je)| cla it nhat
phai bang d6 doc cua |G(jw)| dé dam bao K(jw) hop thirc.

> D06 doc cla |L(jw)| thay doi cang it cang tot tai tan so cat
bién. To6t nhat d6 déc bang —20dB/dec tai tan s6 cat bién.

+ Buwée 3: Vit bidu thire L(jo) d& cb bidu dd Bode & buoc 2.

+ Bude 4: TinhK(jo) = L(jo)/ G(j o)

* Buwére 5: Kiém tra d.k chat lwong bén virng H’WpS{ +W, T|
Néu khéng thoa man thi tro lai bwéce 2

<1
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Phwong phap chinh dé loi vong — Thi du 1

A W
r(lr)if E Gf % yg)

* Bai todn: Cho DTBK md ta b&i mé hinh nhiéu nhan:
10 S+1
G(s) = W, () = lA| <1
(3s+1) 20(0.01s+1)

Muc tiéu diéu khién Ia tin hiéu ra y(t) bam theo tin hiéu chuan
r(t) c6 dang hinh sin, tan s6 bat ky nam trong mién 0 — 1 rad/s
v&i sai s6 nhd hon 2%.

Yéu cau: Thiét ké bd diéu khién K(s) sao cho hé kin dat chat
lwong bén virng.
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Phwong phap chinh dé loi vong — Thi du 1
* Giai: -
*x Chon ham trong s6 chat lwong:

| 50 nful0<w<l
|\/Vp(ja))‘ =< .
\0.0l néu w > 1

Ham trong so chat lwong dwoc chon nhw trén dé tin
hiéu ra cua doi twong bam theo t/hiéu chuan hinh sin
trong mién 0 < @ < 1 (rad/s) v&i sai s6 nhd hon 2%.

+ Xét bidu dd Bode bién do: W, (jo)| va W, (jo)

o ——S—S——
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Phwong phap chinh dé loi vong — Thi du 1

Bode Diagram

40 | | [ | T | | | \} |

34 |-——rmm=——rrr—r

1 S S R I A R ——
S (Jo) ---
o p
()
©
S .
[
S ’va( J a))‘ —
S

T O O S S S S |

10 10" 10° 10" 10° 10° 10

* Bwdc 1: Dwa vao biéu do Bode & trén, ta thay:

> Trong mién 0 < w<1: > Trong mién 10% < @ < o
|\/Vp‘ >>1> W, |\/Vp‘< 1 << W,
= V& biéu do |\Np‘ — \/& bidu dd 1_|\Np‘

1-W,| L
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Phwong phap chinh dé loi vong — Thi du 1

Bode Diagram

Magnitude (dB)

£-14.06

10°

10" 10° 10" 10 10° 10

*x Buwédce 2: Chinh dé lgi vong:

> Mien 0<w<t |L|>—1"— ’W‘

> Mién 10’ <@w< o : L] <

15 January 2014
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Phwong phap chinh dé loi vong — Thi du 1

* Budc 3: Biéu thirc L(s)

20logK =48.5 — K =266
@, =0.5 = 1,=2
@, =3 = 1,=0.33
2 : 1
~ (5= 66(0 3352+ )
(2s+1)

* Bwdc 4: Tinh ham truyén bo diéu khién

266(0.33s+1)
LS (2s+1) © 26.6(0.335+1)(35+1)
K(8)= G(s) 10 ()= (2s+1)°
(3s+1)
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Phwong phap chinh dé loi vong — Thi du 1

*
*x Bwoc 5: Kiém tra lai diéu kién chat lwong bén virng

> V& biéu dd W, S +W,T|

Amplitude

1071

I IR I Lol I Lol I Lol I Lol
) 10° 10' 10° 10° 10°

Frequency (rad/s)

W, S+ W, = max(W,S|+W,T))=0.9558 <1

* Két luan: HT da thiét ké thda man d.kién chat lwong bén virng
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Phwong phap chinh dé loi vong — Thi du 2

A W
r(lr)if EE Gf % yg)

* Bai todan: Cho dbi twong DK mé t& b&i md hinh nhiéu nhan:

0.1s
G(s W_(S) =
(8 m(S) 0.05s+1

= ; A, <1
(5+0.01)

Muc tiéu diéu khién 1a tin hiéu ra y(t) bdm theo tin hiéu chuan

r(t) c6 dang hinh sin, tan sb bat ky nam trong mién 0 — 1 rad/s

v&i sai s6 nhd hon 10%.

Yéu cau: Thiét ké bd diéu khién K(s) sao cho hé kin dat chat

lwong bén virng.
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Phwong phap chinh dé loi vong — Thi du 2

x Giai:

* Dé tin sai s6 bam theo tin hiéu chuan hinh sin trong mién 0 < @
<1 (rad/s) v&i sai s6 nhd hon 10%, chon ham trong s chat
lwong 1a bd loc Butterworth cé dd loi bang 10. Trong thi du nay,
ta chon W,(s) la bo Ioc Butterworth bac 3:

10
W._(S) =
(9 S +28" +2s+1

* Xét biéu dd Bode bién do: W, (jo)| va W, (jo)
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Phwong phap chinh do l¢i vong — Thi du 2

10°

10

W, (jo)| ---

10

10-10 3 \\333”\ I \3\\\\3\ I 33\\3”\

* Budc 1: Dya vao biéu d6 Bode, ta thay:

> Trong mién 0 < w<1: > Trong mién 50 < @ < oo :
W, (j@)| >> 1> W, (jo) W, (jo)| < 1<<W,(j)
— V& biéu dd ’Wp‘ — V& biéu do I_VWF"

1= W) Wi
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Phwong phap chinh do l¢i vong — Thi du 2

Bode diagram

Magnitude (dB)

- —40dB/dec |

30 T R T

* Budce2: Chinh do loi vong: \
> Mién 0< w<1: “_‘>1 ’\/\‘/‘
= L(9)=
» Mién 50< @ < oo : ‘L‘<1__’Wp‘

K

(T,s+D)(T,s+1)
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Phwong phap chinh do l¢i vong — Thi du 2

* Budc 3: Biéu thtc L(9)

20log K =27 = K =22.38
w, =0.6 = T =1.66
@, =30 = T,=0.033
22.
= L(9) =

" (1.665+1)(0.0335+1)

* Budc 4: Tinh ham truyén bo diéu khién

22.38
~L(s) (1.66s+1)(0.033s+1) ~ 22.38(s+0.01)°
K(S)_G(s)_ 1 ~ K(S)_(1.66s+1)(0.033s+1)

(s+0.01)
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Phwong phap chinh do l¢i vong — Thidu 1

* Budc 5: Kiém tra lai diéu kién chat lugng bén viing

> Ve biéu do W,S+W,T|

10" 10° 10" 10° 10°

W, S+ W, = max(W,S|+W,T})=0.9785 <1

* Két luan: Hé thong da thiét ké thoa man d.kién chat luong bén viing
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Nhan xét phuwong phap chinh do lgi vong

© Uu diém:
> Pon gian, stt dung k¥ thuat v& biéu d6 Bode quen thudc & 1y
thuyét diéu khién kinh dién
> Ap dung tuong d6i dé dang trong trudong hop hé thong bac thap

® Khuyét diém:

> DPay 1a phuong phap gan ding, trong nhiéu truong hop phai
chinh d¢ lgi vong (budc 2) nhiéu lan méi thoa man duoc diéu
kién chat luong bén viing (budc 5).

> Ap dung kha kho khin trong truong hop hé bac cao néu phai v&
cac biéu d6 Bode bang tay

> Phuong phap chinh d6 loi vong khong néu 1én dugc diéu kién
can va du dé ton tai 101 giai ciia bai toan thiét ké

ccc

> Loi giai tim duoc khong phai 1a 101 giai toi vu

— Phuong phap thiét ké t6i vu H_,
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PIEU KHIEN TOI UU BEN VUNG

15 January 2014

THIET KE HE THONG
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Cau tric chuan P-K

- - W(t): tin hi€u vao tr bén ngoai
W(D) P Z(t) S ten ar
" (bao gobm tin hi¢u dat, nhicu,...)
z(1): tin hi€u ra bén ngoai
K — u(f): tin higu ra ctia bo diéu khién
u(t) y(®) y(7): tin hiéu vao cta bo diéu khién

C6 thé biéu dién hé thong diéu khién duédi dang chuan cau tric P-K:

A 1o, z|_| R Ry |w Z|_plW
* HE ho: [yHle PJM < M‘PM

P

* Luat diéu khién:  u =Ky
* Hé kin: 2=R, +P,[I -KP, [ KR, w

* Ham truyén kin tir w(t) dén z(t): T,=P, + |312[| ~KP, ]‘1 KP,
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Cic buéc bién dbi hé théng thanh cAu tric P-K

* Budc 1: Xac dinh céc vector tin hiéu vao — ra ctia cau tric P-K:
> zgdm tat ca cac tin hiéu dung dé danh gia chat lugng diéu khién.
> W gom tat ca cac tin hiéu tir bén ngoai
> Yy gOm tat ca céc tin hiéu dugc dua vao bo diéu khién K
> U gOm tat ca cac tin hiéu ra ciia K
* Budc 2: Tach K ra khoi so @6 khoi hé thong
* Budc 3: Viét cac biéu thirc z va y theo W va u:

* Budc 4: Xac dinh ma tran P thoa:
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Bién doi hé thong thanh cau tric P-K — Thi du 1

* Hay biéu dién hé thong dudi day dudi dang cau triic chuan P—K, biét
rang tin hi€u ra dung dé danh gia chat lugng diéu khién 1a e-(t)

~Jw L&

1

u® g

P
r(t)
% e(t)

* Budc 1: Tin hi€u vao ra cua cau W(t) = r (1)

* Giai:
trac P—K
W=
=
Y=
U=

15 January 2014
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u
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K
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Bién dbi hé thong thanh c4u tric P-K — Thi du 1 (tt)

* Budc 2: Tach K ra khéi so dd: € (1)

W —

P

r(t) - u® _ = y(p
% e (t)

* Budc 3: Quan hé vao ra:

z=e. =We=W (r-Gu) = z=Ww-W Gu

y=e=r-Gu = y=w-Gu

* Budc 4: Xac dinh P:
Z _ W, -WGiw - P W, -WG
y 1 -G |u 1 -G
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Bién dbi hé théng thanh cAu tric P-K — Thi du 2

* Hay biéu dién hé thong dudi day dudi dang cau triic chuan P—K, biét
rang tin hieéu dung dé danh gia chat lugng diéu khién 1a e-(t) va y(7)

e

Z(t)

t
—Jw, e-(1)
d(t)
r(t t
(t) ‘E_é_ G Yo
e(t) u (t)
* Gidi:
x BI’IC’)’C 1: Tin hiéu vao ra ctia cau w(t)
trac P—-K ]
W=[r d]T
z=[e Y; ]T
y=¢€
u=u U(t)

15 January 2014
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Bién di hé thong thanh c4u tric P-K — Thi du 2 (tt)

*x Budc 2: Tach K ra khoi so do:

K

— Wp

d(t)
r(t) - % G y@ - V(D)
(% e(t) u (t) 0

* Budc 3: Quan hé vao ra:
z,=¢. =We=W(r-Gd-Gu) = z=Ww -WGw,-W Gu
z, =Y. =W_(Gd +Gu) = z, =W, (Gw, +Gu)
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Bién di hé thong thanh c4u tric P-K — Thi du 2 (tt)

* Budc 4: Xac dinh P:

Z W, -WG -WG|w . PP, TTw
2, =10 WG WG |w| = =
y 1 -G -G Ju

Pll Pl p P , P
= P = =1 0 WG WG
Py Py

S
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&) Bai toan thiét ké t6i wu H,

* Cho hé théng didu khién biéu didgn WO Z(t)

dudi dang cau trac P-K. M6 hinh P

toan hoc cua doi1 tuong la

\

AlB B

o P(s)=|C, | 0 D,

C,1D, 0

(X(t) = AX(t) + Bw(t) + B,u(t)
Z(t) = C x(t)+ D,,u(t)
\y(t) = sz(t) + DZIW(t)

u(t) y(t)

= ~C[sl —A"'B+D
clD

* Bai toan t6i wu H,: Tim bd diéu khién K hop thic 6n dinh noi P,
dong thoi to1 thi€u chuan H, cua ham truyén T, tb w(¢) dén z(¢)

Kot (8) = min

Tal.

K stabilizing
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Pidu kién ton tai 101 gidi bai toan t5i wu H,

W(t)

(1)
—E— Ale

P(s)=|C, | 0

u(t)

x Gid thiét:

K

y(t)

1. (A, B,) 6n dinh duoc va (C,, A) phat hién dugc;
2. R=D,D,>0va R =D,D, >0

A-jol B ; L
3. > | 1a ma trin hang day cot véi moi @
Cl D12
[ A - . a)l B | \ A A N\ | & .
4, j ' | la ma tran hang day hang v61 mo1 w
| CZ D21 |
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Loi giai bai toan tbi wu H,

* L0O1 g1a1 bai toan to1 wu H, lién quan dén hai ma trdn Hamilton:

H = A— Bz R1_1D1*2C1 B Bz Rl_l B; }
L C1 (I _ D12 Rl_l D12)C1 _ (A_ Bz Rl_l D1*2C1)*

;_| (A-BD,R'C,) -GR'C, }
L BI(I _D;1R2_1D21)B1* _(A_BlD;Rz_lCz)

* Pit: X =Ric(H) =0 va Y =Ric(J)>0

* Pinh ly: Loi giai duy nhat cua bai toan t6i uu H, 1a:

A | (YC; + BID;)R;}
_R_I(B;X""D;zq) l 0

Kopt (S) —

Vé’l A( = A_ BZ RI_I(B;X T D1>k2(:1)_(YC:;< + BID;I)RZ_IC2
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Loi giai bai toan can t6i wu H_ don gian

* Loi giai bai toan can toi vu H_, lién quan dén hai ma tran Hamilton:
H — A 7/28181* - B, B; J— A 7/_2C1*C1 - C§Cz
~-C/C, ~A - BB/ — A
* Dinhly: Ton tai bo dicu khién 6n dinh sao cho HT H <y néu va chi
néu 3 diéu kién dudi day dong thoi dugc thda man:

1. H edom(Ric) va X =Ric(H) ;
2 .Jd edom(Ric) va Y=Ric(J) ;
3. p(XY)<y? (P(XY) =2, (A) 12 ban kinh ph cta A)
Mot bo diéu khién thoa |[T,,| <y 1a:
Ac | U=y YX)YC
“BX | 0

v6i A =A+7’B B X-B,B X (I -y*YX)"'YC.C,

K subopt ( S) =
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Bai toan thiét ké toi wu H_

* Phat biéu bai todan: Cho hé thong wW(t) (1)
diéu khién biéu dién dusi dang ciu 1 p -
tric P-K. Thiét ké bo diéu khién K
on dinh hé thong, dong thoi tin hiéu
ra Z(t) 1a toi thiéu v4i moi tin hiéu K
vao W(¢) co nang luong nho hon u(t) y(t)
hoic bang 1.

* Bai toan trén tuong duong voi tim bd dicu khién K sao cho t6i thiéu
chuan H_ cua ham truyén tu w(¢) dén z(r) = Bai toan toi vu H_

Hl + HzK[I - PzzK]_l P21

min

T H min
K stabilizing | 2Vl =

K stabilizing

Bai toan toi wu H khong giai dugc trong trudng hop tong quat

* Bai toan cén toi wu H_: tim bo diéu khién K sao cho chuan H_ cua
ham truyén tir W(t) dén z(t) nho hon hé so6 y>0 cho trude.
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Bai toan thiét ké can toi wu H_ don gian

* Bai toan can toi wu H_don gian:
tim bd diéu khién K sao cho chuan
H_ cta ham truyén tir w(t) dén z(t)
nhé hon hé s6 y>0 cho trudc trong
truong hop doi tuong tong quat
duoc mo ta bo1 PTTT:

(X(t) = AX(t) + Bw(t) + B,u(t)
2(t) = C,x(t) + D,,u(t)
\y(t) — sz(t) + D21W(t)

I\

AlB B

< P(s)=C | 0 D, :{Q—Hﬂ:qsl ~A'B+D

C,ID, 0]

w(t)

-

—

1)

u(t)
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Phwong trinh dai so Ricatti
* Phuong trinh dai s6 Ricatti (ARE - Algeraic Ricatti Equation):
A'X+ XA+ XRX+Q=0 trongdé: R=R° Q=Q

* Phuong trinh Ricatti co vo so 101 giai. X duoc goi 1a 101 giai on dinh
néu A+RX 6n dinh. Lo1 gidi On dinh cua phuong trinh Ricatti 1a duy
nhat.

* Tuong tmg voi modi phuong trinh Ricatti, c6 thé thanh 1dp ma tran

Hamilton:
H = )
-Q -A 2nx2n

* Bo de: Cac tri rieng cua H do1 xrng qua truc ao
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Loi giai phwong trinh Ricatti

* Gia stit H khong c6 trj riéng nam trén truc a0. Pat1a T = { 1}
co sO cua khong gian bat bién n chiéu 6n dinh. 2 lonxn

Thc1la HT =TA v&i matran A, on dinh

* Bo dé: Néu det(X,) =0 thi X = X, X" 1a nghiém 6n dinh ctia
phuong trinh Ricatti

* Nghiém 6n dinh nghiém ctia phuong trinh Ricatti twong tng véi ma
tran Hamilton H dugc ky hi€u la:

X =Ric(H)
* Ky hié¢u: H, € dom(Ric) néu cic gia thiét H, va H, thoa mén;

X =Ric(H,) 1a nghiém 6n dinh cta phuong trinh Ricatti.
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B0 deé gia tri thuc bi chin (Bounded Real Lemma)

* Giasit G(S)=C[sl — A]"'B trong d6 (A, B,C) 6n dinh dugc va phat

hién duoc. bat ma tran Hamilton:

-CC -A

* Dinh ly: Gia st G e R, . Cac phat bicu duéi day la tuong duong:

L|G|. <1
2. H,khong co6 tri riéng trén truc 4o va H, € dom(Ric)

3. Ton tai nghiém on dinh ctia phuong trinh Ricatti:
A X +XA+XBB'X+C'C=0
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Pieu kién ton tai 10i giai bai toan cn t6i wu H_ don gian
w(t) (1)

—E— A

P(s)y=|C, | 0 D,

b C,ID,, 0

u(t) y(t)

x Gid thiét:

1. (A, B)) diéu khién dugc va(C,, A) quan sat dugc;
2. (A B,) 6n dinh duoc va (C,, A) phat hién duoc;
3. Dl*z[Cl D,]=[0 1]

ol
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Loi giai bai toan can t6i wu H_ don gian

* Loi giai bai toan can toi vu H_, lién quan dén hai ma tran Hamilton:
H — A 7/28181* - B, B; J— A 7/_2C1*C1 - C;Cz
-C/C, ~A - BB/ — A
* Dinhly: Ton tai bo dicu khién 6n dinh sao cho HT H <y néu va chi
néu 3 diéu kién dudi day dong thoi dugc théa man:

1. H edom(Ric) va X =Ric(H) ;
2 .Jd edom(Ric) va Y=Ric(J) ;
3. p(XY)<y? (P(XY) =2, (A) 12 ban kinh ph cta A)
Mot bo diéu khién thoa |[T,,| <y 1a:
Ac | U= YX)YC
“BX | 0

v6i A =A+7’B B X-B,B X (I —y*YX)"'YC.C,

K subopt ( S) —
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Giai bai toan thiét ké toi wu bén virng dung Matlab

w(t) » 2t
P "A| B B,
P(s)=|C | 0 D,
< C,|D, 0
u(t) y(t)

* Budc 1: Bién d6i hé thong vé cau triic chuan P-K. Tim cac ma tran
trang thai mo ta do1 tuong tong quat P.
* Budc 2: Tim 1oi giai bai toan thiét ké t6i uu bén vitng dung Matlab
> Bai toan toi wu H2:
>> [Kopt, Tzw] = h2syn(P,ny,nu)
> Bai toan can to1 wu Hoo:
>> [Ksubopt, Tzw, Y o =hinfsyn(G,ny,nu,y, i, Yimax-tol)

15 January 2014 © H. T. Hoang - www4.hcmut.edu.vn/~hthoang/ 183




Chuan dau ra

Sau khi hoc xong chuong 5 sinh vién phai ¢6 kha nang:

* Tinh chuén cua tin hiéu va hé théng

Tinh chuan cua tin hi€u/sai1 s6 khi bié€t tin hi€u vao/nhieu tdc dong vao
h¢ thong

¥*

Xay dung mé hinh khong chic chan ctia hé thong
Pénh gia tinh on dinh bén viing cua hé thong

Panh gia chat luong bén viing ctia hé thong

L. O . S o

Thiét ké hé thong dicu khién bén viing dung phuong phap nan do loi
vong

* Hiéu vé khai ni€ém di€u khién to1 uu bén virng
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