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TONG HQP HE PIEU KHIEN THICH NGHI
CHO MQT LOP POI TUQNG PHI TUYEN
CO CAC THAM SO THAY POI TRONG DAI RONG

Ng6 Tri Nam Cudng’, Lé Van Chuong®

Tém tit: Bai bdo trinh bay phwong phdp tdng hop hé théng diéu khién thich nghi cho
mét 16p doi tiwgng phi tuyén MIMO c6 tham sé thay doi trong dai rong, c6 nhzeu bén ngoai
tac dong khéng do dwoc. Cac thanh phan tham sé thay doi, ddc tinh phi tuyén va nhiéu
ngoai dwge nhdn dang va bt triv trén co so 1y thuyét diéu khién thich nghi, ludt diéu khién
dwge xdy dung trén co s¢ diéu khién truot, va nho dé, hé thong diéu khién cé kha ndng
khdng cdc yéu to bat dinh néi trén.

Tir khoa: Diéu khién tw dong; Didu khién thich nghi; Déi twong phi tuyén; Diéu khién truot.
1. PAT VAN BPE

L6p d6i twong didu khién phi tuyén co cac tham sé thay ddi trong dai rong rat thuong gap
trong cac linh vuc cong nghiép, trong giao thong van tai, trong cac cong trinh thuy loi,.. . Bdi véi
16p dbi tugng ndy, cac luat diéu khién truyén thong chi phat huy hi€u qua khi cac tham s6 cua dbi
tuong 1a ¢ dinh hodc thay d6i khong dang ké, bién do phi tuyén va nhidu ngoai khong 16n. Cac
phuong phap diéu khién truot dang dugc quan tdm nghién ctru [3-6], cac phuong phap nay gitr
dugc on dinh cho hé thong khi dic tinh tham s, thanh phan phi tuyen thay doi trong mdt pham
vi nhét dinh, thuong 1a trong pham vi nho, néu dbi twong diéu khién co cac thanh phan thay (101
trong dai rong s€ tao ra hiéu timg chattering manh, gay ra nhiéu bat loi. Cung v61 do, khi cac yéu
tb bat dinh thay d6i vuot ra khoi 8161 han cho trudc, diéu kién ton tai ché do trugt bi pha v&, hé
s€ 101 khoi ché do truot. bay la ton tai cua cac cong trinh trén. Cac tai liéu [1, 2] dé xuat phuong
phap tong hop ludt diéu khién thich nghi cho 16p ddi twong phi tuyén SISO véi tham s6 c6 dinh
va c6 chét lugng diéu khién cao.

Dudi day, bai bao trinh bay phuong phap tong hop hé thdng diéu khién thich nghi cho 16p do6i
tuong phi tuyén MIMO c6 cac tham so thay ddi trong dai rong, c6 nhiéu thanh phan phi tuyén va
chiu tac dong cua nhiéu bén ngoai khong do dugc.

2. PAT BAI TOAN
Xét 16p ddi twong didu khién ma dong hoc ctia né duoc mé ta bang phuong trinh:
X =AX +BU +F(X)+D(t), (1)

. T 8 feoo . T 1y« A
trong do: X:[Xl,xz,...,xn] 1avectortrangthalcuadmtuqng;U:[ul,uz,...,um] la véc to dieu

khién; F(X)=[(X), F(X).. Fy(X)] 12 véc to phi tuyén thay déi khong biét truce va bi

chén; D(t) = [dl, d,,....d, ]T 1a véc to nhiéu ngoai khong do duoc bi chin; cip ma tran (A, B) co

kich thudc tuwong ung (n x n) : (m X m) 1a cap ma tran diéu khién dugc, c6 cac phan tir thay doi

trong dai rong.

beé thuéan lgi trong qua trinh thiét ké sau nay, ta viét lai phuong trinh (1) dudi dang:

=[A+AA]X+[B+AB U +F(X)+D(1), @

trong d6: A=A +AA véi A 1a ma tran co cac phan tir khong d6i, AA, 1a ma tran c6 cac phan

tr Aa; thay doi trong dai rong; B=B, +AB; v6i B, la ma trdn c6 cac phan tir khong thay doi,

AB, 1a ma tran c6 phin tir Aby; thay d6i trong dai rong.
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Dat: F(X)=AAX +F(X), (3)
thay (3) vao (2) ta c6 phuong trinh:
X =AX +[B,+AB,JU +F(X)+D(t). 4)
Mo hinh nhén dang cac thanh phan thay d6i c6 trong phuong trinh (4) nhu sau:
= AX,+|B+AB, JU+F(X)+D(t), (5)

trong do: X =[X, Xpa- ,an]T 1a véc to trang thdi cia mé hinh; U :[ul,uz,...,um]T 1a véc to

diéu khién cta md hinh; F(X)=[ f,(X), f,(X),... T,

£,(X)] 12 véc to danh gia cia F(X):
B(t)=[d,,d,....d, | 14 vée to dinh gié ciia D(t).

3. TONG HQP HE THONG PIEU KHIEN THiCH NGHI
3.1. Téng hop luat nhin dang cac thanh phin thay ddi trong dai rong
Bién ddi phuong trinh (4) va phuong trinh (5) ta nhin dugc phuong trinh sai s

E=AE+[AB]U +F(X)+D(t), (6)
trong do: E=X-X,, (7
AB=AB, - AB,, (8)
F(X)=F(X)-F(X), ©)
D(t)=D(t)-D(t). (10)

Ta sir dung mang no ron RBF dé x4p xi véc to ham F (X)) ¢6 cdc phan tir:

Z i (X (11)

i=1..n; j=1..L vdi $b luvong ham co s§ du 16n dé dam bao sai sd |gi|< &', W; =const la
trong sb 1y tuong. Ham co s& duoc chon ¢ dang:
2
4, (X)=exp(|x ~C,[ /207, (12)
trong d6, C; biéu dién tdm ciia ham co s¢ ¢, (X ), va o do trai rong ham co s6.
Véc to danh gia ham phi tuyén F (X) duoc thiét 1ap thong qua ham co s& (12) véi trong s6
¢6 cac phan tu:

hiéu chinh W,

ij °

ZL: =1..n. (13)

Qua trinh hoc ctia mang no ron RBF 1a qua trinh hiéu chinh trong s6 W; so véi sai l¢ch trong
s6 1y twomg Wy — 01 W =W, —W. (14)
Dé xéc dinh diéu kién 6n dinh cta hé (6) ta chon ham Lyapunov dang:

v :ETPE+Zn:iAﬂf+Zn:ZL:W§+Z:di2’ (15)

i=1 j=1 i=1 j=1
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trong d6, P nxn 1a ma tran d6i xtg xac dinh duong. LAy dao ham hai vé cua (15) :
. . . naoooe n L. . nos .
V =EPE+E"PE+2) > AbjAb; +2)> > W, +2> did, . (16)
i=1 j=1 i=1 j=1 i=1

He¢ (6) s& 6n dinh néu dao ham ctia ham Lyapunov V <0. Thay (6) vao (16) tiép tuc bién doi
ta co:

V =E"(A'P+PA)E+2U"AB"PE +2E"PF (X )+ 2E"PD(t) +

n_m < n L . n.o- . 17
233 A AB, 23S i, + 234 d. ()
i=1 j=1 i=1 j=1 i=1
Thay cac biéu thire (9),(11) va (13) vao (17) va rit didu kién dé V ta co:
E"(A'P+PA)E+2E"Ps <0; (18)
2UTABTPE + ZZI:Z;AbijAbij =0; (19)
1=l )=
. L Lo i n Lo,
2E'P Z;leyilj(x)...z;wnjgﬁ,j(x) +2_1Z; W, =0; (20)
i= i= i=l j=
2ETPD(t)+ 2 dd; =0. (1)
i=1
Tir (18) bién ddi vé trai cuia bit phuong trinh:
E"(A'P+PA)E+2E"Ps=-E'QE+2) £RE <O, (22)
i=1

v6i Q 1a ma tran x4c dinh duong Q=—(A'P+PA); P la dong thtt i ciia ma trin P. Ap dung
cac bat ding thirc trong [7] ta bién ddi tiép vé trai bat phuong trinh (22):

~ETQE +23 RE <1, (QE + 235 |RJ[E] <. @)
i=1 i=1

Trong d6: r.;, (Q) la gia tri riéng nho nhét ctia ma tran Q .
Nhu vay, dé thoa mén bat phuong trinh (18) tir (23) ta phai c6:

[El> 23 Rl (@) @
Giai cac phuong trinh (19-21) ta cé:
ASU. =—u,PE, i=1.nva j=1..m; (25)
N, =-PEg (X), i=L..nva j=1..L; (26)
d =—-PE, i=1.n. 27)

Néu thoa man dong thoi (24-27) thi dao ham V <0 nén hé (6) 6n dinh tiém can.
Tir (8) va (25) chu y ma trdn AB, c6 céc phan tir bién ddi cham nghia la Ab ~0, ta c6 lut

nhan dang phin tham s6 thay d6i ma tran AB, co cac phén tir:

Ab,j=AB;*=qu‘>iE—>A6,T=jqu‘>iEdt+AbP‘° (28)

!
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Abi;”O 1a gia tri khoi tao ban dau. Tur (9), (13),(14) va (26) cha y trong s 1y tudng W; =const

nén W, =0 ta c6 ludt nhin dang véc to ham phi tuyén F(X):
A L . p— .
fi(X)= fi(X)=ZWu¢%j(X); W; =REg (X)i=L..n, (29)
=1

Tur (10) va (27) cht ¥ nhiéu ngoai bién doi chdm nén d(t)~0 ta c6 ludt nhan dang véc to
nhiéu ngoai khong do duge D(t) :
d,(t)=d, (t)= [ PEdt. (30)
Cac két qua nhan dang & muc nay dung dé tong hop luat diéu khién dugc trinh bay trong phan
tiép theo.
3.2. Tong hop luit diéu khién
Pinh |i: Lép doi twong phi tuyén MIMO c6 tham s6 thay doi trong ddi réng va chg:u nhiéu tac
dong tir bén ngoai khong do dwoc (1) sé bam theo véc to tin hiéu mong muon X, néu chon ludt
diéu khién U :
u=uU,.+U,, (31)

U, =—H HAB.T]U +[fi(x)T J{di (t)T} i=1..nva j=1..m; (32)
ABI;“ =Iujl5iEdt+Abf”°'

f"i(x)ziwijqi,j(x), i=1..n va W, =PEg, (X);
d, (t)=[PEdt;

_|-[eB] " [5san(s,),55n(s, )., dsan(s, )] khi S #0,i=1.m .
|-[cB] [caX +caX, -CX, ] khi S=0 (39

smc

H=B[BB/ ] ;X =X-X,:S=CX;

A,B, la cap ma tran tham s6 hang, IsI la dong thit | ciia ma trdn doi xirmg xdc dinh dwong P,

&, la sai so xap xi mang no ron RBF, C la ma tran hang so, ¢ la hé so duwong nho.

Chirng minh:
Phuong trinh (4) dwoc viét lai dudi dang:
X=AX+BU+ABU +F(X)+D(t). (34)
Ta dit: F =ABU +F(X)+D(t), (35)

voi F =[ £, ;... ;| . Thay (35) vao (34) ta co:

X=AX+BU+IF", (36)
trong d6, | 1a ma tran don vi. Ta thay U (31) ctia dinh li vao (36) ta co:
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X =AX+BU_ +BU, +IF", (37)
Tir (37) ta thiy rang, véc to F~ s& duge bu trir khi:
BU, +IF =0. (38)

Van dé tiép theo 1a phai tao ra véc to tin hiéu U, théa min phuong trinh (38), véi gia thiét
det(BlBlT ) #0 ta chon véc to U, nhu sau:

*

U, =—HF", (39)
trong d6, H 14 ma tran hé s6 khéch dai va H =B/ [BlBlT ]_1.
T cac biéu thire (28), (29), (30) thay thé F™ bang F~ ta co:
F'=F =AB,U +F(X)+D(t). (40)

_ Tir (39) va (40) ta ¢6 véc to tin higu dugc dua t6i dau vao cia ddi twong dé bu trir thanh phan
bat dinh thay doi ¢ (35) s¢€ la:

U, =-HF". (41)
Nhu da phan tich ¢ trén ta thay (41) vao (37) s€ co:
X =AX+BU, —BHF +IF". (42)
Phuong trinh (42) cho ta thy rang, véc to F~ dugc bu trir khi:
—BHF" +IF"=0. (43)
Tir (28), (29), (30) va (41) chii y tGi (40), (43) ta co:
U, =-H| [a8Ju +[ £ 0] +[d ] |, i=Len, j-Tom. (44)

Véi véc to tin hiéu U, (44) duoc dua toi dau vao cua ddi tuong, nho vdy, cac thanh phé”m bat
dinh thay d6i trong dai rong dugc bu trir va khi d6 (42) tré thanh:
X =AX+BU (45)
Tiép dén voi hé (45) luat diéu khién dugc xay dung trén co sé Sliding mode control. Véc to
sai léch gitta véc to trang thai ciia doi tugng va véc to trang thai mong muon X :

smc *

X=X-X,»>X=X-X,. (46)

Thay (46) vao (45) ta cé: X = AX +BU,_ + AX, — X, . (47)
Dbi v6i hé (47) siéu mat truot duge chon dudi dang [8]: S=CX , (48)
trong d6, C 1a ma trén hang s6, S = [Sl,Sz,...,Sm ]T =0. (49)

Vin dé dat ra tiép theo 1a phai xac dinh luat diéu khién U_ . dam bao dua h¢ (47) tién vé siéu
mat trugt (48) va gilt nd ¢ trén do.

Luat diéu khién U_ . c6 cau tric nhu sau :

U, ki S#0
U, khi s=0

C

(50)
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Trong d6: U, la thanh phan diéu khién dua hé (47) tién vé siéu mat truot (48); U, la thanh

phan diéu khién tvong duong gitr hé (47) ¢ lai trén siéu mat truot (48).

Tur (50) ta ¢6 thé viét lai thanh: U, =U,, +U, (51)
U,, dugc xc dinh theo [8]: $=CX =0, (52)
tir (47) va (52) ta co: C(AX +BU, +AX, —X,)=0. (53)
Tir (53) ta thu duoc U, : U,, =—[CB,] '[CAX +CAX, —CX, | (54)

Tiép dén ta tim thanh phan U, dua h¢ (47) tién vé siéu mat trugt (48).

Déi véi siéu mit truot (48) ta chon ham Lyapunov: V =1/2S"S (55)

Diéu kién ton tai ché do truot khi: V =S7S <0. (56)
thay (47) va (51) vao (56), chu y dén (52), (53) ta co:

V=g' [C(Al)Z+Berq+CA1Xd —de)+cslus]<o. (57)

Bit phuong trinh (57) twong duong véi: ST[CBU,]<0. (58)

Tém lai, dé thoa man (56) tir (58) ta co:
U, =—[cB,]"[&san(s,),550n(s, ). son(s) ], i=L..m, (59)
5 12 hé s duong nho.
Thay (54) va (59) vao (50) ta c6 luat diéu khién U_,_:

B —[CB,]"[5san(s,).Ssgn(s, ).... 5sgn s, )]T khi S#0,i =1_m

— 60
—[CcB,]"[CAX +CAX, -CX, | khi S=0 ©0)

smc

Nhu vay, ludt diéu khién (34) trong d6 vai luat diéu khién bu trir (44) va luat diéu khién truot
(60) thi hé (1) s& bam véc to tin hiéu mong mudn Xy

Dinh ly duoc chirng minh.
4. MO PHONG VA KIEM CHUNG KET QUA

Gia str dong hoc dbi twong phi tuyén co cac tham sé thay dbi trong dai rong, c6 nhidu duoc
mo ta bang phuong trinh:

% ] | —0.1+0.01sin(t) 0 x|, 1 1 ul,
%, | | -0.0606-0.02sin(t) -0.018-0.01sin(t)|| x, | |14.953+0.12sin(t) —14.95-0.05sin(t)|| u,

(61)

0.1exp(-x )+0.004x; | [0.2sin(0.1t)+0.2
0.1exp(—x,)—atan(x,) 0.1sin(0.2t) |

Vi dbi tugng (61) sir dung bd didu khién (31), chung ta tién hanh mé phong bang phin mém
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Matlab - Simulink.
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0.4

| L L L L L L L L L
o 10 20 30 40 50 80 70 80 a0 100 o 10 20 30 40 50 B0 7O 80 80 100

Hinh 1. Két qua nhdn dang f, . Hinh 2. Keét qua nhén dang f, .
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Hinh 3. Sai so bu trie Hinh 4. Ddp itng véc to tin hiéu dat .

Hinh 1, 2 cho thiy, két qua nhan dang ﬂ, fz clia cac thanh phan thay ddi trong dai rong
fl*, fz* dung nhu yéu cau, tirc 13 sai s6 nhan dang da tiém can vé 0. Hinh 3 thé hién két qua bu
trir f,", f, tir két qua nhan dang fl, fz , ta thiy, co cdu bu dap (mg yéu cau, sai s bu tiém cin
khong. Hinh 4 khang dinh chat lugng dicu khién dugc dam bao, tic 1a dap Gng cua hé thong
[%, %, ]T d3 bam chit véc to tin hiéu dat mong mudn [Xf X5 ]T . Két qua mo phong nay da lan
nira minh chung tinh dung dan va hi€u qua cia ludt dieu khién bai bao dé xuat.
5. KET LUAN

Bai bao di xdy dung dugc phuong phéap tong hop hé thong didu khién thich nghi cho 16p dbi
tuong diéu khién phi tuyén MIMO c6 tham sb thay doi trong dai rong, co nhidu. Da tong hop
dugc khdi nhan dang céc thanh phéan thay doi trong dai rong cua 16p ddi tuong (1); Két qua thu
duoc 1a luat cap nhat cua phﬁn tham sb dong hoc thay ddi, luat nhan dang véc to ham phi tuyén
bat dinh, ludt cap nhat vecto nhidu. Tir cac két qua nhan dang, bai bao da xéy dung co ciu bu,
1am cho hé (1) tré nén bat bién v6i cac phan thay d6i va nhiéu ngoai tac dong 1én hé. ba tong
hop dugc luat didu khlen trugt dé hé ludn bam chit véc to tin hiéu dau vao mong mudn. Phuong
phap bai bao d& xuit c6 wu diém 1a hé diéu khién luén dam bao chat lwong diéu khién tt, ngay
ca khi dong hoc cua ddi tuong thay doi khong biét true trong dai rong va chiu nhiu ngoai; hé
¢6 tinh thich nghi va khang nhiéu tot.
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ABSTRACT

SYSTHESIS OF ADAPTIVE CONTROL SYSTEM FOR A CLASS OF NONLINEAR
WITH VARIABLE PARAMETERS IN THE WIDE RANGE

The paper presents a method of synthesizing an adaptive control system for a class of
nonlinear MIMO that parameters vary in a wide range and under exogenous disturbances.
The variable parameter components, nonlinear characteristics, and exogenous
disturbance are identified and compensated on the basis of adaptive control theory. The
control law is built on the basis of sliding control, and thus the control system are
resistant to the uncertainties. The proposed paper control system is adaptable, robust, and
ensures good control quality.

Keywords: Automatic control; Adaptive control; Nonlinear plants; Sliding mode control.
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