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NHAN DANG CAC POI TUQONG MIMO ON DINH
vO1 GIOT HAN BAT PINH CHO TRUGC

\'

VU NGOC PHAN

Abstract. The modern control theory is mainly dealing with MIMO systems. In this
case the dimension of the state vector as well as transfer function matrix may be high. In
contrast to the large scale systems where the problem could be solved via the separation
of the primary system in the subsystems, the MIM® control theory takes the system as
an unitary object in consideration. Of course, a MIMO system is really more complicat-
ed than the SISO one. The identification problem of the MIMO systems involves many
difficulties and that is the reason for why the adaptive algorithms have been applied to
the MIMO systems only in a small measure up to now. In contrast, the robust control
approach is seeming to be an useful tool for solving the control task with model uncertain-
ties. Alone the number of publications on this issue in the past can prove this assertion
right enough [12].
However, it is to see the fact that the available results of the MIMO system identification
are very restricted. There are no proper facilities to overcome the difficulties expressed
in [1]. The 4SID algorithm is recently attracting attension but the use of this algorithm
- requires the stipulations which could be not perpetually fulfilled [8]. The present paper
proposes an approach for complete the MIMO system identification with given uncertainty
bounds. At first, some models of MIMO plants are described in Section 2 in order to
look for the way solving the identification problem. Section 3 repeats the conventional
identification method developed by Landau for SISO system and later completed by other
researchers. Section 4 deals with the improvement of the algorithm of Section 3 in order to
fit for the MIMO systems. Finally, in Section 5, an multi-approach is provided for solving
the MIMO system identification problem. At the first stage the identification is done to
receive the raw model. Then, the tracking quality of the system with a robust controller
designed based on the raw model will be checked. The uncertainty bound analysis gives
the information to adjust the raw model.

1. KHAI QUAT

Ly thuyét diéu khién hién dai quan tdm chd yéu dén cdc hé nhiéu diu vio
nhigu diu ra (Multi - Input Multi - Output), goi tit 1a cdc hé¢ MIMO. Céc hé
MIMO cé s6 chiéu cla vecto trang thai ciing nhur s chiéu cia ma trdn ham
truyen lén. Khéc véi cach ti€p cdn cida 1y thuyét cdc hé théng 16m (large scale
systems) trong d6 vin dé duoc gidi quyét trén co s& phan ra thanh cic hé thong
con, Iy thuyét cdc hé MIMO nhin nh4n hé théng nhr moét téng thé théng nhat.
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Hi€n nhién hé MIMO phirc tap hon nhigu so véi hé mét dau vao mét dau ra (Single
Input Single Output), goi tit 13 SISO. Viéc nhan dang cic d&i twong MIMO gip
rd tnhiéu khé khdn va dé chinh I3 nguyén nhan tai sao cic phuong phap tu thich
nghi 4p dung vao hé MIMO cho dén nay it dwoc chi . Tréi lai, diéu khié€n bén
virng (robust control) td ra I3 céng cu ddc lyc trong viéc gidi quyét van dé dieu
khién khi mé hinh cé chira bat dinh. Chi riéng s8 luong céc céng trinh nghién
ctru trong thoi gian gin ddy ciing dd néi 1én dieu dé [12].

Tuy viy, ta nhin thdy mét thue té 1a vin dé nhan dang cic d6i twong MIMO
méi thu duge nhirng két quéd con han ché. Nhirng khé khin nhic dén trong [1]
dén nay van chua cé 1oi gidi thda ddng. Gin diy phuon gphap 4SID dang dwoc
nhiéu ngudi quan tdm nhung tng dung né cin nhirng diéu kién khéng dé gi cé
dugc [8]. Bai ndy dé xudt mét phuong phdp nhin dang d8i twong MIMO véi
nguong bat dinh cho truéc. Trudc hét mét s dang mé hinh MIMO dugc trinh
bay & phan 2 d€ lam co s& dinh huéng gidi quyét van dé nhin dang. Phin 3 nhic
lai phwong phdp nhan dang tham s ¢8 di€n dugc Landau dé xudt cho hé SISO va
nhiéu ngudi sau ndy hoan thién. Phin 4 trinh bay nhirng cdi ti€én phwong phap
nhin dang néu trong phin 3 so cho né c¢é thé 4p dung vao hé MIMO. Cudi cung,
trong phan 5, mot cac ti€p cin nhitu mic duwoc dwa ra dé gidi quyét bai toin
nhin dang. Truéc hét tién hanh nhin dang d€ dwoc mo hinh thé. Sau dé dua
vao mé hinh ndy ta sé ki€m tra tim bam chic chin cia hé trén co s& mét dieu
khién bén virng. Trén co s& x4c dinh lai nguéng bat dinh, dang mé hinh ban diu
sé dwoc bd sung va qué trinh nhin dang dwoc l4p lai cho dén khi thda déng.

2. MOT SO DANG MO HINH CUA HE MIMO

Trong bai niy ta quan tam dén cic d8i twong didu khi€n tuyén tinh roi rac
hodc céc ddi twgng lién tuc di dugc roi rac héa mot cdch thda ddng. Ky hidu
y(k) 1a vecto ddu ra m chiéu, u(k) 1a vecto ddu vdo 1 chiéu, trong dé k chi thoi
di€m tht k. Ta gid thi€t | < m. Ta diung d d€ chi todn tir dich chuyén ldi, nghia
la: |

dy(k + 1) = y(k) (1)
Mét s6 d8i twong véi I diu vio va m diu ra c6 thé bi€u dién:duéi cic dan gméb
hinh sau:

o M1 A(d)y(k) = B(d)u(k) (2)
Ald) =T+ f: Apd* (3)
u=1

B(d) = i B,d* (4)
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&' day n4 12 béc cao nhit cda moi phin t&r ham truyén. S6 tham sé cin phdi xéc
dinh 1a
N(P) =2miny (5)

Day 13 mé hinh tdng quit nh&t, phdn 4nh diy dd moi quan hé cda ddi twong
MIMO. Tuy nhién s tham sd can xac dinh r4t I6n va vi thé giy nhieu khé khin
cho qué trinh nhén dang.

o M2 y(k) = G(d)u(k) (6)
G(d) = (gi;(d), e =1,2,...,m; =1, 2,...,1 (7)

n(,5) n(,5)

gij(d) = ) biyud” /(14 ¥ ai;,d") (8)

o day n(7,7) 12 bic cao nhat cda ham truyén gittra diu ra tht 7 va diu vao tha
7 va dic trung cho tinh dong luc cda quan hé vao ra dé6. Dé dang nhéin ra ring,
n(t,7) < na véi moi 7, 7. M6 hinh M2 thuce chdt 18 mét trudng hop riéng cda
m6 hinh tdng quit M1. Gid st A(d) khong suy bién. Khi d6 A(d) va B(d) chinh
13 két qud viéc phén tich G(d) thanh hai ma tran nguyén t8 cing nhau (coprime
factorization). Né6i cach khéc

-

G(d) = A7'(d)B(d) (9)

S6 tham s6 t6i da cia mé hinh cin phdi x4c dinh la

m 1
N(p) =2 n(i,j) (10)

1=1j5=1

O cac dang mé hinh M1 va M2, cdc mdi quan hé chéo duoc phan anh diy dd
thé hién qua cic phin t& ham truyen giira diu vao va diu ra khéng cling chi s8.
Nhwoc diém cda cdc mé hinh trén 1a s tham s6 can xac dinh khd 16n, giy nhiéu
khé kh&n trong qué trinh nhén dang. Viéc lam gidm bét khé khidn nay di lién véi
viéc dom gidn héa cdu tric cia A(d) cling nhu cda B(d). Phuong phdp ma tran
thwa 13 mot k thuit tuy rit ¢ di€n nhung dén tin ngdy nay vin c¢é ¥ nghia ly
ludn va thyc tién rat phong phd [5].

Nhu ta da biét, ma trdn A(d) c6 thé dva vé dang duong chéo twong dwong
véi dang Smith - McMillan trong trudng hop ma tran ham truyén cda hé lién tuc
[9]. Ngoai ra ta ciing biét rang, cdc cyc cda ma trdn ham truyén duoc dic dinh
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bdi A(d). T nhirng dieu trén diy ta cé thé di dén cdc mé hinh don gidn hon mé

hinh M1 va M2.

o M3 D(d)y(k) = B(d)u(k)

S8 céc tham s6 can xéac dinh la

N(pp)=) i+

1=1 1

Y " n(i,5)

m
=17=1

M6 hinh M3 ham nghia méi dau ra cda hé déu chju tac déng cia tit cid cic diu
vao. Ta c6 thé xét trwong hop nguoc lai, trong dé méi dau ra chi chiu tac dong
cia mét ddu vao twong tng. Twong téc chéo xuit hién thong qua su phdn hoi
cda cac dau ra lan cin. Vé mit todn hoc, diéu vira trinh bay thé hién & chd, bay
gior ma tran B(d) 1a ma trin dudng chéo con ma tran A(d) 13 ma trdn cé did moi

phian tir. D6 13 moé hinh M4 duéi day.
« M4 " A(d)y(d) = D(d)u(k)

A(d) = (ai;(d))
B(d) = diag(bi(d))

n(t)
bi(d) = ) by, ud*
u=1

n(i,t)
ai,‘(d) =1+ Z aii,,,d”
v=1
n(1,1)

ai(d) = ) awnd” i#j

v=1

(17)

(18)
(19)

"w'"‘

(20)

(21a)

(21b)
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S6 tham s6 can xac dinh trong mé hinh nay la

N(p) =D i+ > Y n(i,j) (22)

i=1 1=1j5=1

e Céc m6 hinh M3 va M4 da cho p hép gidm bét s6 tham s6 can xac dinh. Tuy
nhién d6 vAn chua phai la dich cudi cling ta mong muén. M4t trong nhirng
cich 1Am gidm bét s6 tham s xudng it hon nira 1a gid thiét ma tran dudng
chéo D(d) & cdng thirc (12) c¢6 cdc phin tir hodn todn gidng nhau. Dieu nay
hoan toan hep ly vi nhuw trén da néi, ma tran A(d) cing nhu D(d) dic dinh
toan bd cuc cda ma trdn ham truyén. Tuy nhién bic cda da thic nay phai
dd 1én, bdng tong s6 cuwe cda ma tran ham truyén. Ta c6 md hinh M5 bieu

dién duéi day. $
| o M5 h(d)y(k) = B(d)u(k) (23)
h(d) =1+ zn: hyd* (24)
B(d) = (bi;(d)); &, 7 =1,2,.., m (25)

n(,5)

bis(d) = ) bijud” (26)
v=1

S6 tham s6 can xac dinh trong md hinh M5 14

N(p) =) i+ D n(j) (27)

i=1 i=1j=1

M6 hinh M5 ¢6 wu di€ém hon céc md hinh khic & chd né cho phép xéc dinh
nhanh céc cuc cla ma tridn ham truyén, diéu ma tra khi thiét ké cac hé MIMO
rdt quan trong. Gin diy md hinh M5 da dugc D.S. Bayard (1994) s dung trong
nhin dang céc d6i tuwong cé bic déng lyc cao [5].

Nhu trén kia da nhic té1, cidc thuit todn ma trin thuwa (sparse matrix) gitp
ich rit nhiéu trong viéc gidm bét d6 phirc tap khi 1am viéc véi cdc hée MIMO. Néi
chung trong hé thdng. MIMO, twong tac chéo khéng phdi ldc ndo cling xuat hién
& moi phan ti va khong phai lic ndo ciing xuit hién véi cwong d6 manh nhw
nhau. Nhur viy, néu c¢é nhirng hi€u biét vé hé thong ta c6 thé b di nhirng phin
ti thich hop trong cic ma tran dién td mo hinh vira trinh bay trén kia.
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4. THUAT TOAN NHAN DANG CAI TIEN

Viéc duy tri P(k) luén luén xdc dinh duong tai moi thoi di€m 1a viéc lam
khé khdn, dic biét khi P(k) c6 s6 chiéu lén. Duéi ddy ddy trinh bay mot bién
phdp khic phuc khé khin niy. D€ don gidn cich viét, tir didy vé sau ta bd chi sé
1 trong cdc cong thirc.

Ta diit 4 Q(k) = P7Y(k) = TT (k)T (k) (40)

trong dé T'(k) 12 ma tran tam gidc trén. Ap dung (40) vio (38) ta thu dwoc
T"(k + 1)T(k +1) = v(k)TT ()T (k) + B(k)e(k)p" (k) (41)

Cin nhé réng, s8 chiéu cda ma trdn Q(k) 1a [(m + 1)n|?. N&éu M (k) 13 mét ma
tran truc giao cAp [(m + 1)n + 12 thi ta c6 thé vi€t (41) duéi dang

TT(k +1)T(k +1) = F(k)MT (k)M (k) FT (k) (42)

trong dé F(k) = [vY2(k)TT (k) BY2(k)j (k)] (43)
Tir (42) suy ra

M(k)FT (k) = [TT (k) o"]" (44)

D& xac dinh T'(k) chi cin tim M (k) sao cho (44) thda man. Mét ma trdn M (k)
nhur viy ¢6 th€ tim duoc bing céch sau:

it
M(k) = M, (k)M,_1(k)... My (k) (45)
] trong dé M, (k) = (zuu(k)) n=1,2,..,r (46)
ve c khig=v=nhayr=1
zpuv(k) = s khip=n v=r+1 (47)
—s khipg=r+1, v=n
Ay
VAR) + AR ) )
N LN
VB AR )

Pé x4c dinh Q(k) ta nhan hai vé cda (37) véi céc vé tuong ing cla (38) va
thu duoc

P~k +1)0(k +1) = (k) P~ (k) O (k) + B(k)p(k)y(k + 1) (50)
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Qk +1)0(k +1) = (k) Q(k)O(k) + (k) (k)y(k + 1) (51)
i T(k+1)0(k+1)=gq(k+1) (52)
Phuong trinh (51) sé tré thanh

TT(k +1)q(k + 1) = y(k)TT (k)q(k) + B(k)e(k)y(k + 1) (53)
hodc ‘
' TT(k+1)g(k + 1) = F(k)MT (k)M (k)6 (k) (54)
trong dé
5(k) = [v'/2(k)q(k) B'/*(K)y(k + 1)] (55)

Tir (44), (54) va (55) suy ra
TT (k + 1)M(k)6(k) = TT(k + 1)q(k + 1) (56)
Vi T'(k) x4c dinh dwong nén ta ¢

gk +1) = M (k)6 (k) (57)

Nhu ta thiy, viéc xac dinh quy vé viéc xac dinh g(k) theo cidc phwong trinh
(57) va (52).

5. NHAN DANG BOI TUQNG MIMO ON PINH

Khi thiét ké diéu khi€n bén virng ta cin biét mé hinh danh dinh (nominal
model) kém theo sy mé td nhirng b4t dinh {11]. Nhu vay van dé nhdn dang 46i
tuong trong dieu khi€n bén virng bao gom viéc xac dinh cu tric va tham sé cla
moé hinh danh dinh cling véi viéc mé td nhirng bat dinh [3]. Nhu trong [11] d&
néu, mic du dieu khi€n bén virng cho phép 8n dinh héa mét d6i twong khi khéng
bi€t chinh xac curc cda ma tran ham truyén cia né nhung cih phdi biét s§ lwgng
nhirng cwc khéng 6n dinh. Nhu viy nhiém vu cda qud trinh nhin dang 13 phaéi
chi ra s8 lwong cia cac cuc khong 6n dinh. Phwong phdp nhan dang trinh bay
duéi day c6 gia tri cho nhirng d8i twong 6n dinh, ¢é nghia 13 ma tran ham truyén
khéng chira cuyc khéng on dinh. Gid thiét ndy cin thiét vi trong qua trinh nhan
dang ta st dung b6 diéu khi€n d€ ki€m tra tinh chit bim cia hé. B diéu khién
ndy dugc thi€t ké trong qué trinh nhin dang nén sy khéng diy du théng tin cé
thé 1am mét 6n dinh toan bo hé théng.
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Bai todn. Cho mét s6 déi twong 6n dinh. Biét sé ddu vdo, s6 dau ra va bdc
dong luc cia hé. Xdy dung mé hinh vét gidt han cho trude vé nhing bdt dinh
chita trong mo hinh thu dvoc.

Cdch gidi quyét:

e Chon mét dang mé hinh dién td & phan 2 cda bai nay trong d6 ¢8 ging lam
thua cdc ma tran trén co sé& nhirng théng tin ban diu vé d8i twong.

o Tién hanh nhin dang ddi twong bing cac thuit toén trinh biy & phin 3 va
4 cda bai nay. C6 thé tham khdo thém cdc thuit toan trong [2, 4, 5].

e Chon mét dang tin hiéu thich hop va thiét ké bo didu khién bam chic chin
theo tinh thanh trinh bay trong [10] cho mé hinh danh nghia vira tim dugc &
buéc trén. C6 thé tham khdo thém [13].

o Ap dung bd digu khién bim chic chin vao d8i twong. Phan tich sai s6 bam
va tir d6 tinh todn bit dinh chéa trong mé hinh.

e Kiém tra xem nhirng bat dinh mé hinh cé thda man giéi han cho truéc hay -
khéng.

e Néu giéi han bat dinh thda man yéu cau cho trwéc thi két thic qua trinh
nhan dang. Trong trwong hop giéi han bat dinh khong thda man yéu cau cho
truéc, dua vao cdc thong tin thu dugce & cdc bude truée, chon lai hodc thay
ddi it nhiéu dang mé hinh ci va lap lai cdc cong viéc da néu.

6. KET LUAN

Nhin dang cdc d6i twgng MIMO 1a mot vin dé kh4 phirc tap, cho dén nay
van chua gidi quyét duoc mét cich thda dang. Nhirng khé khdn ma ta da gip
trong khi nhin dang cdc d8i twgng SISO (nhu sy tich liy cda sai s6 tinh todn,
sy khéng hdi tu cida cdc thudt todn nhén dang tham s6 khi khéng bi€t chinh xéc
bic déng lyc cda mé hinh v.v...) xuit hién & diy véi mirc dd cao hon. Tuong
tac chéo gitra cac phan tir cda d8i twong lam cho viéc chon mét cdu tric méd hinh
trd nén khé khén ngay cd khi biét truéc bic ddng luc cda ching. Bai nay dua ra
mét cach ti€p cin vén dé nhin dang ddi twgng MIMO 6n dinh. Viéc mé réng va
cdi tién dé 4p dung cho nhirng ddi twong khong dn dinh c6 thé sé 13 mot van de
nghién ctru rat hap dan.
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