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PHAN TICH TINH ONDINHBEN VUNG CUA cAc HE THONG
o,.,.',..? .

DIEU KHIEN IMC
ANALYSES OF ROBUST STABLITY OF IMC CONTROL SYSTEMS

PTS vu NGQC PHA.N

Abstract. The IMC structure of control systems shows advantages over the other control structures. The
IMC structure permits us overcoming dificulties when a limitation of actuating magnitude as well as non linearity of
the plant must be taken in account. The target of this paper is to describe the lMC control systems and their stability
robustness. In Section 2 the normal feedback structure and the IMC structure is explained in order to make a
comparison. In Section 3 the internal stability is generally defined and then the robust stability of some special IMC
structures is studied.

1. MODAU

Chon eau tnic thich hop cho 1119tdoi nrong cu th~ khi thiet ke dieu khien eo vai tro het sire quan
trong doi voi tinh 6n dinh va chat IU9'l1g cua roan h? thong. Dac bier (y cac he MIMO, do t6n tai cac nrong
tric cheo nen eau true di611 khien anh huong rat 16'n den moi tinh chat cua he Trong [4] eo d6 cap nhieu
den van d6 nay. Chang han, eo nen tach nrong tac cheo hay khong. tach nhu the nao v,v ... Viec rham se
hoa bo di6u khien nhieu khi can thiet nhirng ciing gay nhirng van d6 lien quan den tinh ben virng cua he
vong k in [3]. Khi so dieu kien cua ma tran ham truyen 10'n, tfnh eo huong cua C,\C ttic dong ben ngoai len
he thong lam eho viec dieu khien theo nhirng eau true kinh dien gap nhieu kho khan [5]. Hon nira, da so
tnrong h9'P thuc te, bien d9 cua dai lirong, tac dong bi chan a mot ngtrong nao do. Sir han che' nay lam cho
he thong tuyen nnh tro rhanh h? phi tuyen va moi van cl6 tro thanh phirc tap [7].

Cau mic dieu khien IMC (Internal Model Controller) eo nhieu uu diem cho phep virot qua nhirng
tinh huong vira neu tren. Ran nira, eau true IMC rat giln gfii voi eau true MRAC (Model Reference
Adaptive Control). Nghien ciru tinh ben vimg cua cac he dieu khien IMC se giup ta de dang h011 trong viec
rip dung dieu khien thich nghi ben virng (Robust Adaptive Control), mot trong nhirng huong 1011trong Iy
thuyet dieu khien hien dai [8]

Trong phan tiep theo cua bai nay, tnroc het trinh bay eau true dieu khien IMC va so srinh voi eau
true phan hoi kinh dien. Truce khi phan tich rinh ben virng cua mot so eau true IMC voi nhfrng 1110 ra bat
c1inh khac nhau trong phan 3, tinh 6n dinh noi dien (Internal Stability) cua mor he dieu khien IMC duoc
neu ra. Nhu da quen bier , neu mot h? 6n dinh noi dien thi no cilng 6n dinh ngoai dien (External Stability)
[6] . Viec sir dung dieu kien 6n dinh noi dien lam cho tinh ben virng cua h? de diroc thoa man hon. Tuy
nhien nhu sau nay se thay, dieu nay khong anh huong gt den nhirng ket qua neu ra trong bai nay.

2. cAc CAU TRUC DrEU KHn!:N D~C TRUNG.

2.1. Cau true dieu khien eo sa
Ky hieu IM(s) )n"" la t~p cac ma tran ham truyen cap m x n. Trong hinh 2.1, sir tuong thfch ve cap

cua c.ic ma tran ham truyen dong nghia voi P E I M(S))ITIXIl, C E I M(S»)"Xll1 va REI Mtsj}"

r (s) e (s)====>H C(s)

u (s) y (s)1 P(s) r~=*
H(s)

H1nh 2.1 Re thong dieu khien MIMO
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Quan h~ gifra diiu ra yes) cua h~ MIMO voi dai IUQ'ng chi di\.n res) va nhieu w(s) dira theo hinh 2.1.
,-"0 d~1I1g:

y(s):::: [I + PCH)"' PCr(s) + [I + PCH)"' w(s) (2.1)

Hai thanh ph an a ve phai cua (2.1) d~c tnrng cho hai nhiem VI,I quan trong cua van de thiet ke he
thong \11\10: b,1.1l1theo dai hrong chi di\.n (setpoint tracking, reference imput matching) va loai trir nhieu
(disturbance rejection). Do tlnh chat d~c bier cua he tuyen tfnh, hai van de nay eo th~ giai quyet dqc l~p
vO·j nhau [6J. Khong 1[1In mat tfnh tong quat ta eo th6 coi H(s)::::1 (h~ thong dieu khien voi phan hoi don vi,
hinh 2.2). Khi H(s)=1 bieu thiruc (2.1) tra thanh:

yes) = [J + pq.1 PC res) + [1 + pC].1 w(s) (2.2)

Voi gi:l thiet w(s)=O ta eo:

y(s):::: [1 + GO(S»)"IGo(s) res) = G(5)r(s) (2.3)

rrong do

Go(s) = P(s)C(s) (2.4)

lit 111:1tran ham truyen vong ha va

G(s) ::::[I + q,(S))·1 Go(s) = Go(s) [I + Go (S»)"I (2.5)
U1 ma tr(lIl ham truyen vong kin

w (s)

,('~H C (s) ]F==ll=(S)=9~,--_P_(_s)_rJ y (s)

Hinh 2.2. H~ dieu khien MIMO voi phan h6i don vi

2.2.Calltrue IMC
Mot eau true dieu khien khac thuong duoc ua dung khi viec xay dung 1110 hlnh doinroug (ma tran

ham truyen Pes»~ g~p kho khan, Thay \' "1U rran ham truyen day dll pes) ClIU doi nrong ta chi eo 1110hinh
danh nghia Pm(s). Dai luoug phan h6i diroc chon lit dq chenn lech gilra dau ra that va dfiLl ra dIU 1116hluh
dunh nghia (xem hinh 2.3)

W (s)

+

e (5) U (5) y (5)
K (s) P (8) ~~p

- .

Ym (S)

Pm (S) , w-

-0
11

+ E (S)

Hinh 2.3. Call true dieu khien IMC

21



vO NGOC PHAN

Ma tran ham truyen vong kin eo dang:

G(s) == PK(s) [I + (P - Pn,)K(s)r' (2.6)

SLIdung cac phep bien d6i ma tran ta eo:
G(s) == PK(l - PmKr' [I + PK(l- PmK)"'r' (2.7)

De dang thay rang. eo th~ dira (2/6) ve dang (2.5) neu ta dat

C == KO - PmK)' (2.8)
Ta rhay rrong (2.7) ker hop voi (2.8) khac voi trong (2.4) va (2.5), C(s) eo chira rno hinh danh nghia

Pm va VI vay no eo ten la dieu khien clura mo hinh danh nghia (internal model controller, viet tat la EvIC).
Hinh 2.4 (lien tLlmot eau true dieu khien tLr011gduong voi eau true a hinh 2.3.

W (s)

r (S) e ( ) . u (S)

Ir. K (s) P (s) ~
I+ - + +

l

Pm (S) 1=

,
.......

~ (s)
~

Hinh 2.4. Bo dieu khien I\lIC (rrong khung gach dirt)

Trong rnrong hop mo hinh duce xay dung hoan roan chinh xric, nghia la Pm = P cong thirc (2.0) eo
dang:

G(s) = P(s)K(s) (2.9)

Dieu nay noi IH~n rang, ma tran ham truyen vong kin dong nhat voi rna tran ham truyen vong he
(khong eo phan hail. Nhu vay neu d6i nrong la mot h~ 6n dinh, khi do chi can xtic dinh b6 dieLl khien la
mot he on dinh. Tuy nhien, d6i voi cac d6i nrong khong 6n dinh, la van eo the sir dung eau true IMC nhu
la mot bien phap tham s6 hoa dieu khien theo cong thirc (2.8).

Can luu y rang, bo dieu khien IMC rar thich hop cho rnrong hop h~U1 che bien d!? dill dai IU9'ng rac
dong (dai IU'011gu trong cac hinh 2.1 den 2.4). SU' han che bien d!? CLIa U eo th~ xem nhu pes) va P",(s) eo
chira mat phdn tLIphi tuyen (Xem hinh 2.5) VI Pm mo hinh hoa hoan to an P nen cong thirc (2.9) va sir han
che bier] do tric d6ng kh6ng gay anh huong den tinh chat CLIll he vong kin. Dieu vira noi tren cling ham
nghia la, khi Pm 1110hinh hoa hoan roan P thi P eo the la 1119the phi tuyen. Neu P 6n dinh va K 6n dinh thi
he vong kin ciing 6n dinh, khong ke P va K tuyen tinh hay phi tuyen.

w

+

u
.~~

, ~

~r

~ .~

+ E
Hlnh 2.5. l\IIC voi han che' bien do tac dong.
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.3. cAti TRue IMC YOI D61 THONG KH{)NG ON DINH
J,~. (in liinh n()i h~ dieu khlen IMC
Khi xer nuh (111c1inh cua he thong dieu khien, res) 1'3 W(5),trollg hinh 2,! den 2.5 bi~u thi nhfrng

,illll lurong nhu nhau. H(iI] nirn. doi voi cac he thong ky rhuar. on dinh noi dicn t internnl stability) duoc chu
'''"lg hon on dinh \';1" r;1 (BIBO stability). Theo rruyen thong, hinh 3.! dill;'; su dung khi xet tinh Oil dinh
',<)i dieu

w

YIll

P () I ~ .
.~~_JF===.=>>OT f:

11

Hinh 3, I IVie

yts) = GI(s)r(s') + (i.i,.IW(') (3,1)

u(S) = G3(5)r(-;) .;.llll')\"(~) (3,2\

v,(~; = PEK GzC5)= (I - PEK .P G:(s) = I:.K G)s) = EKP \3.3)
voi E= [! + K p . Pn.JJ; :3,'+;

!:11i Pm IlHJ h.nh hO;1 dei) du Pta eo E = I va

GI(s)=PKG~(s)=(l-PKit' G3('~):·:K C11,I=KP (3.51
He thong dieu khien hinh 3.1 on dinh Il':li tiie'! l-.h: \;1 L'bi klli G!(;,), (,:(~), C;~~\,;I (;,1\1 I:J ,,<le 111;1

rran ham truyen ()Il dinh. D~ don gian each vier, la cl ,!lg k~:' hieu S(K') c1~chi he tl~ong .lrcu hili'::l: I\1C voi
bo (lieu kluen K(~ \.

3.2. iin dill" ben \'ung

13:1)'giG 1;1 \~t 11(' ihong [MC khi Pm khong me) hlnh hoa day dll P. Tnroc het ta trlnh bay lai dinh Iy
Doyle-Stein [I J, i :!], VI 10 lil eo sa M chirng minh ';;lc..-dinh Iy se trinh bay sau nay.

Dillh N !n .ie-stein: Gia Slf M(s) (Xem hinh 3.2) lit 1119t he on dinh, t. (s) la phan bat dinh voi
Gm",(L\ (jre)) <; I v'w .uroc xem nhu mor vong pb.in hoi. He vong kin se on dinh khi va chi khi Gm;,,(\1
(jw)):s; I Vw

()~ M (s)

+ -

~ (s) k=

Hinh 3.2 H~ thong M(s) voi phan bat dinh t. (5)
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Bay gia tu xet he dieu khien IMC trong do bilt dinh mo hinh diroc dien ta boi bon dang cu thl Ker
qua 6n dinh se duce neu trong ben dinh IY·

Dinh zy 3.1. Gin sir K 6n dinh S(K) khi P ==Pm. Doi tLr011gdieu khien pes) eo dang:

Pes) ==Pm(S) + l(s)tJ.(s). <Jma,(M(jco» ~ I T;Jco (3.6)

K on dinh P khi va chi khi

<Jm",,(K(jco» ~ I /11 (jco) I Vco (3.7)

Cht'mg minh: Viec chirng minh dinh Iy 3.1 dua vao dinh Iy cua Doyle-Stein. De dang chi ra rang
trong tnrong hop nay M(s) == l(s)K(sl. Th1\! vay, theo hinh 3.3 M(s) chinh la ma rran ham truyen giCra dilu
vao cp va dau ra 11

+

.•.. I(s) I n: Ms) ~-,

K (s) Pm (s)
-cp

-
. -

Ym
Pm (s)

It

- 0 +
11

~

Hinh 3.3. SO' dei dien ta bat dinh theo dinh Iy 3.1

Dinh zy 3.2. Gin str K 6n dinh S(K) khi P ==Pm. Doi nrong dieu khien pes) eo dang

pes) ==[I + l(s)tJ.(sl] Pm(s), <JmaJtJ.(jco» s 1 Vco (3.8)

K 611dinh P khi va chi khi

<Jmax(Pm(jeo)K(jco» s 1 / II(jco) 1 Vco (3.9)

CllllUg minh: Viec chirng minh dinh Iy 3.2 cling nrcng nr viec chung minh dinh Iy 3.1 bang each
chi ra rang trong twang hop nay

Mrs) ==l(s)Pm(s)K(s)
fJinh zy 3.3. Gia sir K 6n dinh S(K) khi P ==Pm' Doi tuong dieu khien pes) eo dang

pes) ==Pm(s) [I + l(s)tJ.(s)] , <Jm,,,(tJ.(jeo» ~ 1 Vco (3.10)

K 6 dinh P khi va chi khi

<Jm"x(K(jco) Pm(jco» s I / II(jco) 1 T;Jco (3.11)

Chirng minh: Viec clurng minh dinh Iy 3.1. bang each chi ra rang trong tnrong hop nay

. Mis) ==I(s) Kts) Pm(s)
Dillh zy 3.4. Gin sir K 6n dinh S(K) khi P ==Pm' Doi nrong dieu khien pes) eo dang

pes) = [I -1(s)tJ.(s)]'1 Pm(s), <Jma,(tJ.(jCO» ~ I Vco (3.12)

K on dinh P khi va chi khi

<Jmax(I - Pm(jco)K(jco» s I / II(jco) 1 T;Jco (3.13)

Chtl'llg minh: Viec chirng minh dinh Iy 3.4 cilug nrong tu viec chirng minh dinh Iy 3.1 bang ciich
chi ra rang trong tnrong hop nay

Mis) = I(s) (I- P
II1

(s)K(s»
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4. KET LU~N

Cau true dieu khien IMC eo nhieu uu diem so vci nhfrng eau true dieu khien khac, :"0 eo kha nang
giup ra VI1()t qua nhirng kho khan Yap phai khi bien dq cua dai hrong tac dong bi han che hoac doi nrong
dieu khien eo phtin nr phi ruyen. Ngoai ra eau true IVlC rat giong he MRAC. Neu chon dUC1Cmor eo che
nhan dang thich hop dua vao eau true IMC ta se de dang thu duce l119t h~ dieu khien nr thich nghi ben
virng.

Trong bai nay. bon dinh ly v6 6n dinh ben virng cua cac he dieu khien IMC vci nhirng mo ta bat
dinh khric nhau dJ duce chirng minh. Do la dieu kien can va du va do vay khong nhirng no eo the diroc str
dung cho bai roan phan tfch ma ea cho bai to an tong hop he thong. Vci each lam nrong tu cho phep ta 1110-

rong ket qua tren V~IO cac tnrong hop khac khong may kho khan (rhi du khi dn quan tarn den bat dinh
clura trong bo dieu khien K(s)).

Tu)' nhirng ket quit nay dUC1Cchirng minh cho he VllMO. nhirng de dang rhay rang cluing hoan roan
dung vai cac he srso.

Cong trlnh n;IY thuc hien trong khuon kho nghien crru cua d6 tai cap Nha ruroc KHC\ - 04 - 09
thuoc chuong rrlnh nr dong hoa,
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