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PHAN TICH TINH ON DINHBFfN VONG CUA CAC HE THONG
PIEU KHIEN IMC
ANALYSES OF ROBUST STABLITY OF IMC CONTROL SYSTEMS

PTS VU NGOC PHAN

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 nonlinearity of
the plant must be taken in account. The target of this paper is to describe the IMC control systems and their stability
robustmess. 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. MO PAU

Chon cau triic thich hop cho moét déi tuong cu thé khi thiét k& diéu khién ¢6 vai trd hét sic quan
trong d6i véi tinh 6n dinh va chat lugng cia toan hé théng. Pic biét ¢ cdc hé MIMO, do tén tai cdc tuong
tdc chéo nén cau triic diéu khién anh hudng rat Ién dén moi tinh chat clia hé. Trong {4] c6 dé cap nhiéu
dén van dé nay. Ching han, c¢6 nén tich tuong tic chéo hay khong, tich nhu thé nao v.v... Viéc tham s
héa bo diéu khién nhiéu khi can thiét nhung cling gay nhiing van dé lién quan dén tinh bén viing cua hé
vong kin [3]. Khi s& diéu kién ciia ma trin ham truyén Idn, tinh ¢é hudng cta cdc tic dong bén ngoai lén
hé thong lam cho viéc diéu khién theo nhiing cau tric kinh dién gip nhiéu khé khan [5]. Hon nita, da s6
truong hop thuc t€, bién do cia dai luong tac dong bi chan 0 mot ngudng nao do. Su han ché nay lam cho
hé thong tuyén tinh tré thanh hé phi tuyén va moi véan dé tro thanh phice tap [7].

Cau tric diéu khién IMC (Internal Model Controller) c6 nhiéu uu diém cho phép vuot qua nhiing
tinh huéng vira néu trén. Hon nita, cau tric IMC rit gan giii véi célu tric MRAC (Model Reference
Adaptive Control). Nghién ciiu tinh bén viing cua cdc hé diéu khién IMC sé& gitip ta d& dang hon trong viéc
dp dung diéu khién thich nghi bén viing (Robust Adaptive Control), mét trong nhitng huéng 16n trong ly
thuyét diéu khién hién dai 8]

Trong phan tiép theo clia bai ndy, trudc hét trinh bay ciu tric diéu khién IMC va so sdnh véi ciu
triic phan hoi kinh dién. Trude khi phan tich tinh bén viing cia mot s6 cau tric IMC véi nhitng mé ta bat
dinh khdc nhau trong phan 3, tinh én dinh noi dién (Internal Stability) cua mét hé diéu khién IMC duoc
néu ra. Nhu da quen bié€t , néu mét hé én dinh noi dién thi né cling 6n dinh ngoai dién (External Stability)
[6] . Viéc sur dung diéu kién 6n dinh noi dién lam cho tinh bén viing ctia hé dé dugc thoa man hon. Tuy
nhién nhu sau nay s€ thay, diéu nay khong anh huong gi dén nhiing két qua néu ra trong bai nay.

2. CAC CAU TRUC PIEU KHIEN PAC TRUNG.

2.1. Cau truc diéu khién co s¢ '

Ky hiéu {M(s)}™" la tap cdc ma tran ham truyén c¢dp m x n. Trong hinh 2.1, su tuong thich vé cap
cua cde ma tran ham truyén déng nghia v6i P € {M(s)}™", C € {M(s)}™™ va H € {M(s)}™

r(s) e(s) u(s) v (s)
H(s)

Hinh 2.1 Hé théng diéu khién MIMO
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Quan hé gifta ddu ra y(s) cta hé MIMO vai dai lugng chi dan r(s) va nhiéu w(s) dua theo hinh 2.1.

<o dang: i
y(s) = [I + PCH]" PCr(s) + [I + PCH}"' w(s) (2.1)

Hai thanh phan & v€ phai clia (2.1) dac trung cho hai nhiém vu quan trong cia van dé thiét k& hé
thong MIMO: bdm theo dai luong chi din (setpoint tracking, reference imput matching) va loai trir nhiéu
(disturbance rejection). Do tinh chit dic biét ciia hé tuyén tinh, hai van dé€ nay c6 thé giai quyét doc lap
v6i nhau [6). Khong lam mit tinh téng qut ta ¢6 thé coi H(s)=I (hé théng diéu khién véi phan héi don vi,
hinh 2.2). Khi H(s)=I biéu thituc (2.1) tré thanh:

y(s) = [1 + PC]" PC1(s) + [1 + PC]" w(s) (2.2)

Véi gia thiét w(s)=0 ta co:

y(s) = [1+ Gy(s)]" Gy(s) r(s) = G(s)r(s) (2.3)
frong dé
Gy(s) = P(s)C(s) (2.4)
[a ma trdn ham truyén vong ho va
G(s) = [T+ Gy(s)]' Gy(s) = Gy(s) I+G,(s) 1" (2.5)

La ma tran ham truyén vong kin

W (s)
r(s) ef(s) u(s) ﬂ v (s)
i =

Hinh 2.2. Hé diéu khién MIMO véi phan héi don vi
2.2. Cau tric IMC
Mot ciu tric diéu khién khdc thudng dugc wa ding khi viéc xay dung mé hinh déi tueng (ma trin
ham truyén P(s)) gdp kho khan. Thay vima tran ham truyén ddy di P(s) cta déi tuong ta chi ¢6 mé hinh
danh nghia P, (s). Dai lugng phan hoi duge chon la do chénn léch gitta dau ra that va diu ra cua mé hinh
danh nghia (xem hinh 2.3)

W (s)
r(s) ef(s u(s) u’y(S)
—>o—2p! K6 > PO loo0—p—
+|| -
Ym (8)
; P, (s) aV
-CJ\I + £(s)

Hinh 2.3. Cau triic diéu khién IMC
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Ma tran ham truyén vong kin ¢6 dang:

G(s) = PK(s) [ + (P - P,)K(s)]" (2.6)
St dung cdc phép bién déi ma tran ta c6:

G(s)=PK{dI-P_K)' I +PK(I-P_K)'l" 2.7
Dé dang thay ring, ¢6 thé dua (2/6) vé dang (2.5) néu ta dit

C=K({I-PK)" (28)

Ta thay trong (2.7) két hop voi (2.8) khdc véi trong (2.4) va (2.5), C(s) ¢6 chita mo6 hinh danh nghia
Pm v vi vy né ¢6 tén la diéu khién chita mo hinh danh nghia (internal model controller, viét tat 1a IMC).
Hinh 2.4 dién ta mét cau tric diéu khién tuong duong véi ciu tric ¢ hinh 2.3.

W (s)
r(s) e(;) ‘u(s) ﬁ v (s)
=—D=—iD == K (s) > PG =>0=p=—>
+- i+ +
" l:)m (S) F—

Hinh 2.4. B diéu khién IMC (trong khung gach diit)
Trong truong hop mo hinh duge xay dung hoan toan chinh xdc, nghia la P, = P cong thic (2.6) ¢6
dang: i '
G(s) = P(s)K(s) (2.9)

Diéu nay ndi nén rang, ma tran ham truyén vong kin déng nhit véi ma train ham truyén vong ho
(khong ¢6 phan hoéi). Nhu vay néu déi tuong 1a mot hé én dinh, khi d6 chi can xdc dinh bé diéu khién la
mot hé 6n dinh. Tuy nhién, déi véi cdc d6i tuong khong 6n dinh, ta vin ¢ thé sir dung cau triic IMC nhu
la mot bién phdp tham sé héa diéu khién theo cong thiic (2.8).

Can luu y riing, bo diéu khién IMC rat thich hop cho truong hop han ché bién do cua dai luong tic
dong (dai luong u trong cdc hinh 2.1 dén 2.4). Su han ché bién do cla u c¢6 thé xem nhu P(s) va P, (s) ¢6
chtta mot phan tu phi tuyén (Xem hinh 2.5) Vi P, m6 hinh héa hoan toan P nén cong thiic (2.9) va su han
ché bién do tic dong khong gay anh hudng dén tinh chat cua hé vong kin. Diéu vira ndi trén cling ham
nghia 1a, khi P,y mo6 hinh héa hoan toan P thi P ¢6 thé 1a mot hé phi tuyén. Néu P 6n dinh va K én dinh thi
hé vong kin cling 6n dinh, khong ké P va K tuyén tinh hay phi tuyén.

w
r e u , ﬁ y
—pl—| & > > P Ls0—0—>
+ -
Y (5)
L= & ) Pm
1+ ¢

Hinh 2.5. IMC véi han ché bién do tic dong.
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3. CAU TRUC IMC VOI POI TUONG KHONG ON DINH
3.1, on dinh noi he diéu khién IMC
Khi xét tinh on dinh cta hé thong diéu khién, r(s) va w(s)-trong hinh 2.1 dén 2.5 biéu thi nhimg
anh huong nhu nhau. Hon ntia. d6i véi cde hé théng ky thuat, 6n dinh noi dien tinternal stability) duoc chii
vong hon én dinh vao ra (BIBO stability). Theo truyén thong, hinh 3.1 duoc su dung khi xet tinh én dinlh:
10! dién

= —3( P (s) -
:—:?Tor—r’ o >0 > >
|
|
|
| Yo
| 5 P, (s) A\
2' =il -0 + ¢
L A I
Hinh 3.1 itviC
e i 3.1 o
¥(s) = G(s)r(s) + Gulamw(e) 3.1
u(s) = Gy(s)i(s) + Gisiw(s) (3.2)
G, (s1=PEK Gy(s) = (I - PEK/P G.(s)=EK Gy(s) = EKP (3.3)
VGiE=[I+KP-P )] (3.47
Khi P,mo hinh hoaday du Ptacd E=1va
G,(8) =PK Gy(s) = (I - PKjP G;(5) = K Gis)=KP (3.5)

Hé thong diéu khién hinh 3.1 6n dinh noi dién khi va chi khi Gyts), Gy(s), Gys) v Gyes) [ cde ma
tran ham truyén on dinh. Pé don gian cdch vist, ta dong kv hien S(K) dé chi hé thong dicu khier IMC véi
bo diéu khien K(s).

3.2. on dinh bén viing

Bay gio to v=t lic thong IMC khi P, khong mé hinh héa day du P. Trude het ta trinh bay lai dinh 1y
Doyle-Stein [1], 2], vi 16 12 co'so dé chiing minh cac dinh 1y s€ trinh bay sau ndy.

Pinh I¥ D yie-stein: Gia st M(s) (Xem hinh 3.2) 1a mot hé 6n dinh, A (s) la phan bat dinh véi
G, (A (jo) < 1 7o duge xem nhu mot vong phan hoi. Hé vong kin s& on dinh khi va chi khi 6,,,(M
(o<1 Vo

A
+ |l -

A (s)

Hinh 3.2 Hé théng M(s) véi phan bat dinh A (s)
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Bay gio ta xét he diéu khién IMC trong d6 bat dinh moé hinh duogc dién ta bdi bon dang cu thé. Két
qua 6n dinh s& duoc néu trong bon dinh ly.
Dinh Iy 3.1. Gia su K on dinh S(K) khi P = P,. Déi tugng diéu khién P(s) ¢6 dang:
P(s) =P, (s) + I(s)A(s), 0,,..(M(jm)) £ | Vo (3.6)
K 6n dinh P khi va chi khi
6, (K(jo) <1 /1 (jo)! Yo (3.7)
Chitng minh: Viéc ching minh dinh ly 3.1 dua vao dinh ly clia Doyle-Stein. Dé dang chi ra ring
trong trudong hop nay M(s) = I(s)K(s). That vay. theo hinh 3.3 M(s) chinh 12 ma tran ham truyén gitta ddu
vio @ vadauran -

—| I(s) =E| A(@s)

¢
=)‘9=© K (S) >0 > Pm (S) =
o | 0N
Ym
> P“‘ (S) =V
-(ﬁ +

Hinh 3.3. So dé dién ta bat dinh theo dinh ly 3.1
Dinh Iy 3.2. Gia stt K 6n dinh S(K) khi P = P,. Déi tugng diéu khién P(s) c6 dang
P(s) = [T+ I(s)A(s)] P, (s), 0, (A(0)) £ 1 Vo (3.8)
K én dinh P khi va chi khi
O Po(@K (o)) <1 /11(jo) | Vo (3.9)

Chitng minh: Viéc chimg minh dinh ly 3.2 ciing tuong tu viéc chiing minh dinh 1y 3.1 bing cdch
chi ra ring trong trudng hop nay

M(s) = 1(s)P,(s)K(s)
Binh Iy 3.3. Gia su K én dinh S(K) khi P = P,. Déi tuong diéu khién P(s) ¢6 dang
P(s) =P.(s) [ 1+ I($)A(s) ], 0, (A(jo)) £ | YO (3.10$)
K 6 dinh P khi va chi khi
Cmn(K(jo) P (jo)) <1 /11(jw) | Vo (3.11)
Chiing minh: Viéc ching minh dinh 1y 3.1. bing cdch chi ra ring trong trudng hop nay
M(s) = I(s) K(s) P, (s)
Binh Iy 3.4. Gia st K 6n dinh S(K) khi P = P,.. Déi tuong diéu khién P(s) c6 dang
P(s) = [T-1()A(s) ] P(s), Opu(A(0)) £ | Voo (3.12)
K 6n dinh P khi va chi khi
Ol - Po0)K(jw)) <1 /o) | Vo (3.13)

Chitng minh: Viéc chimg minh dinh ly 3.4 cling tuong tu viéc ching minh dinh Iy 3.1 bing cich
chi ra ring trong truong hop ndy

max

M(s) = I(s) (I - P,,(s)K(s))

24



PHAN TICH TINH ON DINH BEN VONG CUA CAC HE THONG DIEU KHIEN IMC
4. KET LUAN

Cau tric diéu khién IMC ¢6 nhiéu uu diém so véi nhitng ciu triic diéu khién khic. N6 ¢6 kha nang
gitp ta vuot qua nhiing khé khan vap phai khi bién do6 cua dai lugng tic dong bi han ché hodc déi tuong
diéu khién ¢6 phan tu phi tuyén. Ngoai ra cau tric IMC rit giong hé MRAC. Néu chon dugc mot co ché
nhan dang thich hop dua vao ciu tric IMC ta sé dé dang thu dugc mot hé diéu khién tu thich nghi bén
vimng.

Trong bai nay. bén dinh 1y vé én dinh bén vimg cua cdc hé diéu khién IMC véi nhiing mo ta bat
dinh khdc nhau da dugc chitng minh. D6 la diéu kién cin va du va do vay khong nhiing né cé thé duoc sir
dung cho bai todn phan tich ma ca cho bai todn téng hop hé théng. Véi cich lam tuong tu cho phép ta mo
rong Két qua trén vao cdac truong hop khac khong may khoé khan (thi du khi can quan tam dén bat dinh
chita trong bo diéu khién K(s)).

Tuy nhiing két qua nay duoc chimg minh cho hé MIMO, nhung dé dang thay ring ching hoan toan
ding voi cdc hé SISO.

Cong trinh ndy thuc hién trong khuon khé nghién ciiu cia dé tai cap Nha nuéc KHCN - 04 - 09
thuoce chuong trinh tu dong hoa.
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