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TONG HQP HE THONG DIEU KHIEN THICH NGHI CHO CAC DOl
TUONG CO TRE TRONG TRANG THAI VA TRONG DPIEU KHIEN

NGUYEN HOA LU
I. PAT VAN PE

Céc d6i tugng diéu khién phirc tap, co tré thuong gap nhleu trong cac linh vuc cong nghiép,
trong céc cong trinh thuy lgi, trong giao thong van tai va nhiéu linh vuc khéc [4, 9-11, , 14]. Viéc
nang cao chat luong cac hé thong diéu khién cac dbi tuong phuc tap, dap tmg yéu cdu cua cac
qua trinh cong ngh¢ trong cac linh vyc cong nghiép thue sy la van d€ bue thi€t, thu hat sy quan
tdm cua cac nha khoa hoc trong linh vyc diéu khién. Tinh 6n dinh cia cac hé thong c6 tré da
duoc nghién ciau nhiéu trong cac cong trinh [9 11, 15-18]. Trong [1,3,5-7] dé xuit cac phuong
phap tong hop cac hé dleu khién thich ngh1 cac 601 tugng co cac tham s6 dong hoc thay doi, tre
thay ddi trong dleu khién. Trong [8, 12] 4p dung phuong phéap Lyapunov-Krasovskn tim dleu
kién du vé tinh 6n dinh va céc thudt toan didu khlen dung cho céc d01 tuong c6 tré khong ddi
trong trang thai. Trong [2] & xuat phuong phap tong hop hé diéu khién trugt thich nghi cho cac
d6i tuong co tré va cac tham 5O dong hoc thay d01 trong dai rong. Su két hop giita diéu khién
thich nghi va dleu khién cau tric bién d6i & ché do truot da tao ra nhung kha nang mdi trong
dleu khién chat 1uong cao cho céc dbi twong phurc tap. Trong bai bao nay dé cap van dé didu
khlen cac dbi twong co cac tham sb dong hoc thay ddi, co tré ddng thoi trong trang thai va trong
diéu khién.

IL PAT BAI TOAN
Xét d6i tuong diéu khién ma dong hoc cta no6 dugc mo ta bé“mg phuong trinh
X(6)=4,()x () + 4, (e)x (- )+ B(e)U (e - 1), (1)

trong d6 X (t) € R" - vécto trang thai ctia ddi tuong diéu khién; U (t) € R" - véc to didu khién,
1a ham lién tuc, kha vi, bi chan, U (t) =0 khi 1 <0; 7,h -thoi gian tré trong trang thai va trong
diéu khién; cac ma tran A, ([):|:aijl, (t)} Az() { 1 (t)} B(t):|:bij (tﬂ ¢6 kich thudce (n Xn) va

11

i (t), bl]( ) 1a cac tham s dong hoc cua dbi

(n Xm) twong mg; cac thanh phan ai]j (t), a;;
tuong, thay d6i trong cac dai: al.j[- min < a; (t) < al-j max, al.j min < al-j (t) < al-j max,
b;; min < by (t) <b; max . Dé diéu khién ddi twong co tré dang (1), ta st dung bd don trude

Smith. B&i vay, phuong trinh dong hoc cua dbi tuong diu khién dugc viét dudi dang

SOE [Aw +A4, }X(t)+{AZO +Ad, }X(t —r){go +AB }U(;_h), ()

g 7

trong do 4, :[aéo}/lzo :[a.]_")} B, :[b_”} - ma trAn cac thanh phﬁn khong doi;

g

A4, = [Aa(’/ } Ad4, = {Aa 1 } AB = [Aby } - ma tran cac thanh phan thay déi, c6 kich thuéc
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(n X n) va (n Xm) tuong tmg. Trong trudng hop ndy, phuwong trinh mé hinh day du M %!
phuong trinh mé hinh khong c6 tré trong diéu khién M , trong bo don truée Smith cho dbi
tuong diéu khién (1) c6 dang:

K= o+t X% A votl [y, (=c)e| B w8, =), ©)

X,,() :[A,o +54], }XM2(t)+{AZO +64” }XM2(t—r)+[Bo +6B,, }U(t), “4)

trong do X,,, (t) € R" - vecto trang thii ciia m6 hinh day di ; X,,, (t) € R" - vecto trang thai
ctia mo hinh khong c6 tré trong diéu khién; Sl = {56,/1‘4 ; } s4ll = {56,5’] } 5B, = {&’ij } - ma
trn cac tham so ty chinh, c¢6 kich thuée (n X n) va (n X m) twong trng . Ky hiéu
E(r)=X(0)-X,,(0). Fle)= a4, - 545,
G(t)= a4, - 54", H()= AB-6B,,,
trong d6 E(¢) - vécto sai sb giita vécto trang théi cta doi tuong diéu khién va vecto trang théi
ctia mo hinh day du. Tir (2) va (3) ta c6 phuong trinh ddi voi vécto sai s6 E (t):
E(r)= A, E(0)+ A,E(—7)+ F(1)X,,, (0)+ G)X,,, (= 2) + H (U - 1) )

Van dé dit ra 1a phai xay dung cac thuét toan thay doi cac ma tran 54 1, 04 va 6B, dam
bao tinh 6n dinh chuyén dong cua hé théng twong dbi véi cac  diém
{E(t)=0., F(t)=0, G(c)=0, H()=0} trong khong gian {E(¢) F(t), G(:) H(c)}

III. TONG HQP CAC THUAT TOAN PIEU KHIEN

Ta xac dinh cAu tric cta cac thuat toan tu chinh cac tham s6 ddi voi hé théng co tré déng
thoi trong trang thai va trong di€u khién. Diéu kién d€ hé (5) on dinh ti€ém cén dugc thé hién &
dinh li sau:

Pinh li. Gid sir ma tran A=A, + A, cua doi twong dieu khién (1) la ma tran Hurwitz. Hé (5)
s& 6n dinh tiém can, néu:

F()= {alp(E(t) +4, jE(s)ds] +a,PE(t) j.U’(O')U(O')dO':lXA’M (1); (6)

t—-7 t—h

6l)= {alp[E(m 4 jE(s)dsJ +a2pE(t)ju'(a)U(a)da}Xﬂ;,(t @

t—7 t—h

() = _{a,p(E(t) 4, jE(s)dsJ v, PE() j‘U'(a)U(o)da}U'(t ) ®

t-1 t—h

Chitng minh dinh li. Dbi v6i hé (5) ta chon phiém ham Lyapunov-Krasovskii dang
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- a{E(t)+ 4 j‘E(s)ds} ' p{E(t) 4, jE(s)ds} +a, E0)PE) [U (o (o)o
t—h (9)

. ﬂj E(s) ds + 7j {jE(s)zds]dp +t{F(t)F'(t)+ )6 ()+ HE)H () }

trong 40 P - ma tran d6i xtmg x4c dinh dwong, c6 kich thudc (n X n), thoa man phuong trinh

-7 t—7

Lyapunov [13]
A'P+PA=-Q, (10)
trong d6 O - ma tran xac dinh dvong; «,, «,, B, ¥ -cac sb duong.
Vi phan toan phan ciia V' theo ¢ trén nghiém cia (5) c6 dang

P = —a, E()OE() + 20, E'(0)4 PA, [ E(s)ds + 2a,E'(1)Pa, () jU'(a)U(o-)da

t—1 t=h

+2a,E'(t—7)4,PE(r) jU'(a)U(a)da +a,E'(¢)PE()U"(e)U ()

t=h

‘E(s)szs

—a, E)PE()U (e - Ut - n)+ BIEQ) - BIEC—<) +ye|EC) -7 j
(11)
. 2tr{[(a,P(E(t) ‘A, jE(s)dsj . aZPE(t)jfU'(O')U(O')dO'JXgﬂ ()+ F(t)}w(z)

t-1 t—h

¥ :(a, P[E(t) +4, jE(s)dsJ +a,PE(r) jU (ol (o)don wile—o)+ G(f)]G'(f )

t—-7 t—h

, Ia,p(,;(m A jE(s)dsJ +at, PE() jU'(a)U(o)da]U'(t ) +H(r)}H'(t)}

t—-1 t—h

Tinh on dinh cua cac qua trinh hi¢u chinh cac tham s6 cua cac ma tran &4,,, 54, , 6B,, s€

dam bao néu thoa man diéu kién ¥ < 0. Khi thoa mén cac diéu kién (6), (7), (8), tir (11) ta thu
dugc cac biéu thuc dbi véi F (t) , G(t), H (t) Ta phai tiép tuc ching minh

V==, E)OB()+ 20, BV PA, [ E(sYis + 20, E'()PA, () [U (o) (0)do

t—1 t—h

+2a,E'(t—7)4,PE(r) jU’(O')U(O')dO' +a,E'(¢)PE()U(e)U (r)

t=h

~a, E'Q)PE@ (e ~n)u (e —n)+ BIEC) = BIEC =) + e EC)
-7 [IEG) as <o (12)

Str dung cac udc luong

E'(()0E()= A,,, (Q)EC) (13)
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2

E'()PE(t) 2 4, (P)E()

, (14)

E'(()PA,E() < 2,0 (P)5,. (4, ) EC)| (15)
2B (P B 2)2 2 (o, () Y #1E—o) | (16
2B PAEG) < (P 0 o (L) QY +EGY |- 0D

trong d6 ||E()| = ief (£)5 2in (P)s 2,0 (0) s Aper (P) - céic tri s6 ddic trung cyc tiéu va cyc dai
i=1

cua cidc ma trdn P,Q tuong ing; &, (A ),émax (A,),é‘max (Az) - cac s6 ki di cuc dai cua cac ma

trdn 4 , A, va A, tuong Ung, tic 1a

Spcl )7 ' 4). 6, ()= 2, (44). 5, (4,) = [2,,(4:4,).

Thay cac gia tri cua (13) - (17) vao (12) ta co
V = |: - alﬂ'min (Q) + CZ]AMQX (P)dmax (A )6max (AZ ) + 2a2ﬂ,max (P)5MM (A] ) IU,(G)U(G)dG
t—h

020 (P, (4,) [U (0 (0)do + e, 4, (PYU (U () - 2,4, (PYU (¢ = R)U (¢ )

t=h

epor [ (o bl [l @
{az% (P, () [U (oW (o ﬂ}E( o). (8)

Céc thanh phan u;(r), j=1,m, cla véc to diéu khién U(r) 1a kha vi, bj chan trén. Dt

Zu 1) thi 0<&()<U?,., UL, =const.Chon

max max

¥ =20 (P)S (4 )6, (4,); p=a,r, (P, ( jéﬁ (oMo, taco

=] 0 0 o PN 0)2 20,20 (PP [l

20ty (P (1) [ Elo Vo + s (PYEC) - s (PIEE 1) }E(t)f (19

t—h
Dé théa mén diéu kién ¥ < 0, ta phai c6

10 (0)2 40 (P o (4,14
' 20
[ P[50 0) | felolio e )g(r)}. e

a, t—h
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t t
Dit off) = I EloMa - 0<olf)< j U2 do =hU?2, . khi d6 ta cé bét dang thirc
t=h

t—h

a,;

2o (P Yo (4, )(z+r)+“{ 2P 080, 1) Jol) (P)g(r)}

@21
< ﬂ’max (P)5max (A )5max (AZ )(1 + T) +%|: 2hﬂ“max (P)(5MM (AI ) + 5max (A2 ) J + ﬂ’min (P):|Uriax
Do d6, chi can chon
//i’min (Q) 2 ﬂ’max (P)é‘max ( max (AZ )(] + T)
(22)

+ a2|: 2hﬂ’ma}r (P)E 5max (AI ) + 5max (AZ )J + ﬂ’min (P)j|Urfmx 4

al
thi bat ding thirc (20) thoa man, ddn dén bét déng thirc (12) théa min, va dao ham V cua phiém
ham Lyapunov-Krasovskii (9)s€ luén luén am. Thyc teé, cé thé chon cac h¢ so (a 1»052) >( de

théa min bat dé}ng thire (22) va kéo theo sy thoa man bat ding thirc (20). Piéu d6 c6 nghia 13, khi
thda man céc dieu kién (6), (7), (8), hé thong (5) s€ on dinh tiém cén. Pinh li da dugc chiing minh.

Ult X\t
S 0
E(1)
M |
I 1 \X ¢
S J
X,,(0)

AU

Hinh 1. So d6 céu trac hé théng diéu khién thich nghi cho cac dbi tugng co tré trong
trang thai va trong diéu khién

Gia thiét rang, cac tham s6 dong hoc cua d6i tuong thay doi cham va trong qué trinh qua do
cua sy hi€u chinh, thay doi khong dang ke, nghia la

A, ~0, Ad, =0, AB~0; vécto didu khién U(t) = —KXMZ(t), trong d6 K - két qua giai
phuong trinh Riccati ddi v6i céc tham s6 dong hoc cia mé hinh A7, [19]. Khi do, tir (6), (7) va

(8) ta thu duoc cac thuat toan hiéu chinh cac tham sb cia cac ma tran 54 L, 04 va 8B, :
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oAl =-Nx!, (¢), (23)
oAl =—Nx!, (1 -7), (24)
6B, =—NU'(t—h), (25)

N:a,P{E t)+ 4, J.E s}+a2PE IU U(o)do .

t—1 t—h

So dd ciu triic cua hé thong diéu khién thich nghi dugc biéu dién trén hinh 1, trong d6 O-
doi tuong diéu khién c6 tré; M, - mo6 hinh khong co tré trong diéu khién; M, - m6 hinh day du;
DUh - khau tré trong mo hinh M ;s AU - khdi thich nghi; C - b diéu khién.

IV. KET LUAN

Bai bao dé xuét phuong phap tong hop hé diéu khién thich nghi cho cac dbi tugng co tré
ddng thoi trong trang thai va trong diéu khién. Vi viée s dung mo hinh trong by don trude
Smith, trén co s& phuong phap Lyapunov-Krasovskii da tong hop dugc cac thuat toan ty hidu
chinh cac tham sb ctia hé thdng. Céc thuit toan tim duoc c6 dang phuong trinh vi - tich phén, c6
vu diém dé thé hién ky thudt, dam bao bu trr duge sy thay ddi cua cac tham sé dong hoc cua ddi
tugng diéu khién c6 tré. Cac két qua nghién ctru 14 co s& dé gop phan hoan thién va nang cao
chat lugng diéu khién cac di tugng cong nghé phirc tap.
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SUMMARY

ADAPTIVE CONTROL SYSTEM DESIGN WITH DELAY IN-STATE AND IN-CONTROL

This paper discusses control problems of objects with variable dynamic parameters with
delay, both in-state and in-control. These objects are very popular in industrial fields, irrigations,
hydraulic installations, transportation and communication, and a variety of other fields. Using an
adaptive control tool with a model of the Smith predictor, based on Lyapunov - Krasovskiis’
method, this paper proposes sufficient conditions for the stability of the system, and self-
adjusted algorithms for the system’s parameters. The found algorithms are formed as difference-
differential equations which are plain and technically realizable, assuring the tolerance for the
range of the dynamic parameters of the controlling objects with delay. In accordance with
modern control theory, this paper has constructed a block diagram of adaptive control system for
complex control objects with delay. The study’s results are the basis, which contribute to the
perfection and improvement of the control quality of complex technological objects.
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