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MOT PHUONG PHAP PIEU KHIEN ON DINH BIBS THICH NGHI
HE SONG TUYEN (BILINEAR) VA 'NG DUNG VAO DIEU KHIEN
HE CAC KHOP NOI CO' KHi MEM
NGUYEN DOAN PHUGC

Truong Par hoc Bach khoa Ha Noi

Abstract. The solvability of bounded inputs(bounded states (BIBS) stabilization problem of un-
certain bilinear systems has been given in this paper. The BIBS controller is designed by combining
of feedback exact linearization and disturbances rejection methods. It is showed that the contructed
controller is guaranteed by the adaptive BIBS of the feedback systems. The paper also presents an
application of this method to adaptive BIBS control of flexible link in mechanical systems.

Tém tat. Bdo cdo niy dé cap dén mét phuong phap méi dé thiét ké boé diéu khién phan héi trang
théi thich nghi khdng nhiéu cho ddi twong phi tuyén bat dinh dang song tuyén (bilinear) sao cho hé
kin thu dugc (bao gom déi twgng dieu khién va bo diéu khién) 1a 6n dinh BIBS. Bai bio cling trinh
bay mét trng dung ciia phirong phép vao viéc diéu khién thich nghi hé khép néi co khi mém.

1. PAT VAN PE

Lép doi tuwong phi tuyén bat dinh dwge quan tam & day 1a hé song tuyén (bilinear) cé
chita thanh phan bat dinh hang s6 & dau vao, mé ta bdi

Z—f = A(z)z + Blu + ®(2)d], (1)
trong d6 x € R™ la vector cia cac bién trang thdi (hé c6 n bién trang thai), u € R™ la vector
céc tin hiéu dau vao, § € RP la vector cac tham s6 hang bat dinh, dwoc xem nhw cdc tham
s6 m6 hinh khong thé nhan dang dwoc cia déi twong, B 1a ma tran hang va A(z), P(z) 1a
cac ma tran ham phu thudc trang thai cé s6 chiéu phu hop (véi bac cia doi twong, véi s6
céc tin hiéu vao va véi s6 cac tham s6 bat dinh ciia mo6 hinh).

D4 c6 nhieu phwong phap dieu khién thich nghi cho 16p céc d6i twong trén [1, 7, 8]. Tuy
nhién phan lén cac phuwong phdp nay chi tap trung vao tinh chat 6n dinh Lyapunov, tic 1a
chi dat ra nhiém vu diéu khién 1am cho quy dao trang thai tw do cia hé kin (khi tin hiéu
vao w cla hé kin dong nhdt bang 0) cia hé tién dwoc tiém can ve goc toa do. Dieu nay
sé khong dam bao dwgc tin hiéu dau ra (hodc trang thdi) cia hé sé bam theo dwoc tin hiéu
mong muén & dau vao, tham chi hé con c¢é thé cé quy dao trang thai tién ti ( khi tin hiéu
vao khac khong, néi cach khac né sé khong dam bdo dwoc khi tin hiéu vao tién t&i gid tri
xac lap |u(t) — k| (hang s6) thi hé ciing sé c¢6 trang thai tién tiém can téi mot vector hang
bi chin |z(t)] — k|2 |, dwoc goi 1a tinh 6n dinh BIBS. Ro rang nhuwoc diém nay han ché rat
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nhiéu kha ning wng dung cia phwong phép, nhat la khi phai dieu khién hé bam theo dwoc
quy dao mong muén cho truée.

Béo cdo nay sé giéi thieu mot phwong phap dieu khién thich nghi 16p hé theo nghia hé
kin thu dwoc s& 6n dinh BIBS va khang dwoc thanh phan bat dinh 0, tic 13 hé s& c6 quy
dao trang thai z(¢) bam tiém can theo dwoc quy dao trang thai mong muén z(¢) bi chin véi
moi tham s6 hang 6 khong biét trwée trong hé. Pé dat dwoc chat lwrong dong hoc dit ra dé,
phuwong phap diéu khién giéi thieu & day hoan toan dwoc xay dung trén nén dinh hwéng heé
tuyén tinh, song khdc han véi cdc phwong phap dieu khién tuyén tinh héa chinh xic (exact
linearization) gi¢i thiéu trong [3] von doi héi tinh chinh xdc cao ciia mé hinh cing nhw tinh
khd vi v6 han lan (thudc khong gian C'°) cia cdc ma tran ham A(z), ®(z), phwong phép cia
bai bdo chi yéu cau tinh di chinh xdc cia ching chit khéng can dén gid thiét cdc ma tran
ham A(z), ®(x) phai lién tuc.

2. PHUONG PHAP

Bo diéu khién thich nghi dé diéu khién 6n dinh BIBS ddi twong song tuyén sé dwoc thiét
ké qua hai buéc (nguyeén tac dieu khién cascade), bao gom:
1. Buéc thir nhat 1a xéc dinh bo dieu khién phan hoi trang thai w = v — R(x, u)x dé dwa hé
(1) vé dang (hinh 1):

de

o~ A@a+ Blu+o(2)0), (1)
trong d6A = A(z) — BR(z,u) 13 ma tran hang cé cic gia tri riéng nam beén trai truc do (goi
l& ma tran bén) ing véi chat lwong mong muon cia quy dao trang thai mau z(¢).

l 9 =Ax+B[u+d(x)d] X |
v u dx A
» —=A(X)X+B|u+®d(x)0 >
O AW B lurekad] T =FoW BTPe
- S i
q=200p =Q
R ux R(x,u -
(_’ _) d—z—zﬁA\z +Bw
dt -
Hinh 1. Piéu khién vong trong Hinh 2. Biéu khién vong ngoai

2. Buéc thit hai (hinh 2) 14 diéu khién khang thanh phan bat dinh @ cho hé dé quy dao trang
théi z(t) cia né bdm tiém can theo dwoc trang théi z(¢) cia

d ~
== Azl Bu, (4)
theo nghia
lim e(t) =0 véi e=2—z (5)
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Ro6 rang hé tuyén tinh tham s6 hang mau la 6n dinh vira theo nghia Lyapunov, vira theo
nghia BIBS, do dé néu dat dwoc yéu cau , hé ciing s& 6n dinh BIBS véi moi 6.

2.1. Thiét k& bo diéu khién vong trong

Cong viec thiét ké bo dieu khién thit nhat thuwc chit la gidi phwong trinh (3) dé tim
R(z,u), trong d6 A la ma tran hang cé cc gid tri riéng nam bén trdi truc do tmg véi chat
lrong mong mudn cia tinh 6n dinh BIBS, chang han nhw téc d6 6n dinh, dang quy dao trang
thai on dinh z(1).

Puwong nhién, dé x4c dinh dwoc nghiém R(z, u) cia phwong trinh thi viéc dau tién can
ban la dwéi nhitng diéu kién nio, phwong trinh dé sé cé nghiém, roi sau dé méi cé thé ban
vé viéc xac dinh nghiém doé.

Cong cu toan hoc durgc st dung dé tra 1oi cau hdi vé su ton tai nghiem R(z, u) cia phuwong
trinh (3) 1a tich Kronecker cia hai ma tran A, B, ky hiéu béi A @ B va todn tit vector héa
ma tran A, B, ky hiéu béi vec(A).

Dinh ly 1. Phuong trinh (3) ¢é nghiém R(x,w) khi va chi khi

vec(A(z) — A) € Im(I, @ B(z)), Yz, u, (6)
trong d6 I, la ma tran don vi cé s6 chieun va I'm(e) la khéng gian tuyén tinh chita cdc diém
dnh cia ma tran (dnh za).

Ching minh
Nhén cd hai vé cia (3) vdi I, vé bén phai, sé dwoc tir tinh chdt cia todn tir héa ma tran
tich Kronecker

A(z) — BR(z,u)I,, = Ae vec(A(z)) — vee(BRA(z, uw) 1, = vec(Z)

—~

& vee(A(x — A) = (I, @ B)vec(R(z, u)). (7)

|

Ngoai ra, ta cé thé thay dwoc rang tng véi mot chat lwong dong hoc BIBS mong muén

cla z(t) s& ton tai vo s6 ma tran A, nén kha nang chon dwge mot ma tran bén, tham s6 hang

A thdéa man (6) 1a rat cao.

Pinh 1y 2. Néu d6i twong bic nmo ta boi (1) cém tin hiéu vao véim < n va Rank(B) = m,

trong @6 ky hiéu Rank(e) chi hang cia ma trin (s chiéu cia khong gian dnh), cing nhuw

ma tran A w#ng véi chdt heong mong muén cia z(t) dwoc chon dé théa man (6) thi nghiém
R(z,u) cia phwong trinh (3) sé la

vee(R(e, w)) = (I, @ B) (1, ® B)) "' (I, @ B)Tvec( A() — A). (8)

Chiéng minh
Khi Rank(B) = m < n thi ma tran ((I, ® B)T (I, @ B)) s& khong suy bién. Nhan ci hai
vé cia (7) véi
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(In® B (1, @ B)) '(I,@B)"
ta duwoc diéu phdi chirng minh. [ |
2.2. Thiét k& bd diéu khién vong ngoai

Sau khi da dwa déi twong diéu khién (1) ban dau ve dang (2) nho bo diéu khién phan
hoi trang thai R(x, w), ta sé thuc hién tiép budc thir hai la dieu khién thich nghi hé (2) sao
cho né luén bam dwoc theo mé hinh mau (4) 6n dinh BIBS. Va dé lam dwoc dieu nay ta sé
str dung cau triic dieu khién khang bat dinh dwoc mé ta & hinh 2.

Pinh 1y 3. Véi A la ma trin bén (cé cde gid tri riéng nam bén trdi truc do) va bo diéu

khién
d
d—f — Fo(2)T BT Pe
g=2(2)p

hé (2) sé bam duoc theo mé hinh mau (4) 6n dink BIBS theo nghia (5), trong d6 P la nghiém
a0t xing xdc dinh duong cia phvong trinh Lyapunov

~T —
A P+ PA=-Q (10)

c6 Q) la ma tran zdc dinh duong tuy chon va F cing la mot ma tran zac dinh duong tay
chon.
Chiéng minh

Véi tin hiéu dau ra q cua bo diéu khién » = w =, mé hinh cia hé (2) va quan hé
VW —q=w— CID(@B ta ¢6 duwoc phuong trinh mo ta sai lech e = x — z nhu sau:

de

dit

Az + Blo + ®(2)0) — (Az + Bw) = Az + Blw — d(z)p + (2)0] - (Az + Buw)

Alz —2) — Bo(z)(p—-0) = Az — Bo(z)(p —0)

Str dung ham hop thite (proper), nén xdc dinh dwong:

Vie,(p—0) ="' Pe+ (p—0)"F '(p-0)

trong dé P la nghiém doi ximg xéc dinh dwong cia (10) va F' 1a ma tran déi ximg xéc dinh
dwong tuy chon, do dé ma tran nghich ddo F~! cling ddi xting xac dinh dwong, ta dwoc:

Y~ (Ae = Ba(@)p— ) Pe t TP(Ac— BO@)(p—0)) + 2p— 0 F ' F

~T 71@

—T(A P+ PA)e) +2(p— 0)(F — — 0(2)"B" Pe)

Tur day, v6i phuong trinh trang théi p cia bo diéu khién (9) va quan hé (10) ciia phwong
trinh Lyapunov, ta di dén:
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Qe ()

|

Ve Dinh Iy 3 ta thdy bo dieu khién vong ngoai (9) c6 hai tham s6 tu do dwoc chon 1 Q

va F. Pang thitc (11) chi rang néu chon @ ¢6 ||Q| cang 1ém, gbc cat cia e(t) véi dwong dong

mitc cia Ve, (p — 0)) cang gan v6i 7/2, nén e(t) sé cang tién nhanh vé goc, tic 1a hé (2)

sé cang bam nhanh duwoc theo mé hinh miu (4). Ciing nhw vay, néu chon F ¢6 ||[F'~ 1| cang

16m, tie 1a || F|| cang nhé, toc do tiang gid tri cda ham V(e, (p — 8)) cang cao, nén e(t) cing
sé cang tién nhanh veé gdc. -

3. PIEU KHIEN HE KHOP NOI €O KHI MEM
Khép néi mém la hé ¢ mo6 hinh [6]

d_@ _ w329 + axy + bag Jru} . {ml}
di cwy + day ’ wa)’

trong dé y = 1 la toc do tai, x2 1a téc do dong co, u(t) la tin hiéu diéu khién va a,b, ¢, d
13 cdc tham s6 mé hinh (cé thé 1a bat dinh). Mot s6 phwong phap dieu khién thich nghi co
ban hé khép ndi mém trén, nhw tuyén tinh héa xung quanh diém lam viéc va loc lidu nhe
b6 loc Kalman, diéu khién thich nghi theo tham s hang bat dinh nho phwong phdp cudn
chiéu (backstepping) dé hé 1a on dinh tiém can theo nghia Lyapunov, hodac diéu khién bam
thich nghi bu bat dinh ... da dwoc tong két lai trong tai liéu [6]. Tuy nhién c6 thé thay cic
phwong phép dé khong thé dam bao dwoc tinh n dinh BIBS cho hé, dic biét 13 khi cdc tham
s6 a, b, ¢, d cia hé la khong biét trude.

Nham minh hoa phwong phép dieu khién én dinh BIBS da dwa ra, bai bdo sé& giéi thiéu
mot rng dung cia phwong phép trong viéc dieu khién 6n dinh BIBS thich nghi hé khép néi
mem trén, véi gid thiét rang cac tham s6 b, ¢, d 14 da biét va chi con lai tham s6 a 13 bat
dinh, chang han nhw a = 1 +0,b = 2,¢ = 1,d = 3. Tir nhitng gid thiét d6, mé hinh hé khép
néi meém sé dwoc viét lai thanh dang chudn (1) cia phwong phép nhuw sau

dr  [2%22+1 2 1
A P ]

tic la cé
2
|ajee+1 2] |1
A(@){ 1 3}Va B{O.
Néu ky hiéu

A:
@21 Q22

a1l alZ]

thi
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nos-[) o]

o O o
o= OO

|

x%xg +1—- an}

va,

vec(A(x) — A) = ; : %?;

.

Vay dé c¢6 dwoc (6) thi cdc phan tik thit 2 va 4 cla vee(A(z) — A) phai bang 0, tikc 1a
phdi ¢6 @21 = 1 VA a9 = 3, hai phan ti @11, a12 1a tuy chon. Ta sé chon hai phan ti tu do

nay sao cho A ¢6 hai gia tri riéng s; = s = —3 nhu sau

det(sI — Z) —(s—s1)(s—s2)Vs e (s—an)(s—3) — a1z = (s +3)%s

—3—a11=6 ay = -9 - <—9 —36>
S~ —~ S~ S A= .
3(111—(112:9 (112:—36 1 3
Véi ma tran A nay, bo dieu khién vong trong R(z, u) = (r1,r2) s& duwoc tim theo (8) 1a

(I, @ B)'(I, ® B)) = <(1) (1)>

wiwy + 10

\ (1 0 0 0 0 2y + 10
ro)  \0 0 1 0 38 - 38

0

= vec(R)

R(z,u) = (x7wz + 10,38)
va bo dieu khién dé sé lam cho hé (hinh 1) trd thanh
dr (=9 =36 x + ! (u+210), v6i ®(z) = (21,0)
a  \1 3 )7 \0 e -

Bay git ta chuyén sang thiét ké bo dieu khién vong ngoai theo cong thirc (9). Chon hai
ma tran déi xitng xdc dinh dwong @, F ¢6 ||Q|| di 16n va || F]| dd nhé, chang han nhw

100 0 0,1 0
Q<O 1OO>’F<O O,1>'

Khi d6, tir phuwong trinh Lyapunov ta dugc

1217 302
P <—302 85 >
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Vay bo dieu khién vong ngoai sé la (hinh 2)

dp (121,79[;1 —30,2961)

== e

dt 0 0 a

q— (.%‘1, O)B

15
Hinh 3. Két qua md phong véi 6 =sint ]
(tham chi khéng cin phai 13 :
hing s6 bat dinh)
0 L 1 . N
o 2 4 B B 10

Hinh 3 m6 td quy dao trang thai cia hé khi ¢é tin hiéu bi chin w = 1(¢) & dau vao. Ta

con thay thém tir két qua moé phéng 1a quy dao trang thai tién tiém can téi hang s6 ngay ca

khi

[1]

[10]

[11]
[12]

thanh phan bat dinh khong phao 13 hang s6.
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