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Pic¢u khién thich nghi bén virng cho mét 16p phi tuyén affine bat dinh

Robust adaptive control for a class of uncertain affine nonlinear systems
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Abstract

This paper presents the control synthesis method for a class of uncertain affine nonlinear systems based on adaptive and robust control
techniques. The result is an identification law for the uncertain components, and a robust controller is constructed based on sliding mode
control. The research results are simulated in Matlab Simulink with specific examples to demonstrate the correctness of the method. Moreo-
ver, the control system proposed in this paper operates stably and achieves high control quality under uncertain conditions of plants. These
research results can be applied to the design and development of control systems for appropriate control targets in practical applications.
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CAc tir viét tit

SISO single input — single output

RBF radial Basis Fuction

SMC sliding mode control

AD adaptive control

P.Q matrix

F,G,x vector

MGR multigradient recursive
Tém tit

Bai béo trinh bay mot phuong phép téng hop bo diéu khién cho mot
I6p phi tuyén affine bat dinh dua trén k¥ thuat diéu khién thich nghi
va diéu khién bén viing. Két qua thu duoc 12 luat nhan dang céc thanh
phan bét dinh, va bd didu khién bén viing dwoc xay dung trén co s&
diéu khién trugt. Céc két qua nghién ciru déu dugc moé phong trén
phan mém Matlab Simulink bang vi du cu thé nham minh ching tinh
dung din cia phuong phap. Cling véi do, hé thong diéu khién do bai
bao dé xuit hoat dong én dinh, c6 chét lugng diéu khién cao trong
didu kién bét dinh cua déi twong diéu khién. Céc két qua nghién cuu
nay c6 thé &p dung vao viéc thiét ké, ché tao hé théng diéu khién cho
dbi twong didu khién phu hop trong thuc té.

1. Pitvéan dé

Nghién ctu, thiét ké hé thong diéu khién cé kha nang hoat
dong 6n dinh va hiéu qua cho I16p hé phi tuyén affine bat dinh
lubn 1a van dé khé va thoi sy. Viéc nghién ciiu téng hop hé
thdng diéu khién cho céc hé affine bat dinh khong chi c6 y
nghia v& mat ly thuyét ma con ¢ ung dung thuc tién quan
trong. Trong thyc té ky thuat ta gap nhidu dbi twong khéng
md hinh héa duge dudi dang phuong trinh vi phén, hoac qua
trinh md hinh héa gap nhiéu kho khan. Cac 16p ddi tuong dang
nay tuy khong c6 dugc mo hinh todn hoc tudng minh, nhung
ching ta biét duoc cac méi quan hé logic vé chirc ning cua
céc thanh phan trong hé thong. Doi Véi lop a6i tuong noi trén
c6 nhiéu phuong phap khac nhau dé téng hop bo diéu khién,
trong d6 phuong phap diéu khién thich nghi bén viing c6
nhiéu wu diém [1]-[4] cac cong trinh ndy sir dung mang no ron
véi luat hoc dugc xay dung dua trén cac phuong phap téi uu

hoa bang phuong phap ha gradient. Tuy nhién, phuong phép
ha gradient khéng dam bao tim ra cuc tiéu toan cuc caa ham
sai s6, chi & muc cuc tiéu dia phuong, day 1a han ché cua
phuong phap. Nhiéu phuong phap diéu khién, dugc cong b
trong céc tai liéu [5]-[11] cho thiy rang mang no ron nhén tao
dong vai trd quan trong trong viéc xap xi ham cac ham phi
tuyén cua hé théng phuc tap. Viéc sir dung mang no ron dé
Xap xi cac ham phi tuyén bét dinh trong 16p hé affine bt dinh
¢6 nhiéu trién vong. Trong cong trinh [12] da dé xuat luat nhan
dang ham phi tuyén bét dinh sir dung mang no ron RBF. Tuy
vay, thuat todn nhan dang con phuc tap, kho thuc hién trong
ky thuat, luat cap nhat trong s6 cia mang no ron phu thugc
vao bién sai s6 hé thdng Z, mat khac bién Z ludn thay d6i, dic
biét 12 hé thong bam, do d6 qué trinh nhan dang ludn xay ra.
Diéu nay gay nhiéu bt lgi cho hé théng, trong nhiéu truong
hop gay mat 6n dinh, mat khac trong cong trinh nay chua tinh
dén ham bt dinh trong kénh diéu khién. Cong trinh [13] sir
dung mang no ron RBF dé xap xi cac thanh phan bt dinh,
trong tai liu nay dé xuit mot phuong phép hoc ting cudng dé
quy da gradient (MGR), str dung c4c gradient hién tai va gra-
dient qua khtr. Phuong phap MGR loai bé dwoc van dé t6i wu
cuc bo. Khac véi cac cong trinh trén, trong bai bao nay dé xuit
mot phuong phap téng hop bo diéu khién cho mét I6p hé phi
tuyén bat dinh. Bo diéu khién c6 kha nang duy tri tinh 6n dinh
va c6 chét lugng diéu khién cao trong diéu kién bat dinh.
Phu’ong phap diéu khién do bai bao dé& xuat c6 thé &p dung
vao nhiéu h¢ thong thuc té, nhu robot cong nghiép, méay bay
khong nguoi lai, giao thong van tai, ndng luong va cac aoi
tuong diéu khién phu hop khac.

2. Dat bai toan

L6p phi tuyén affine bat dinh dugc mo ta boi hé phuong trinh:

X%
N oo0X
%, = f(x) + g()u ' @

X

y
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trong do: 16p (1) 1a diéu khién duoc; x =[x, %,,...x,] €R"
la vector trang thai do dugc;ueR 1a dau vao diéu khién;
f(x) =0, g(x) #0 la cac ham tron bat dinh va bi chan.

Dé tong hop bo diéu khién cho I16p phi tuyét bat dinh SISO
(1) bai bao tién hanh giai quyét hai van dé chinh.

Vdn dé thir nhdt: Xay dung luat nhan dang thich nghi cac ham
phi tuyét bat dinh f (x), g(x) .

Vén dé thiz hai: Tong hop bo diéu khien bén viing cho hé (1)
dua trén cac két‘qué nhan dang cac thanh phan bat dinh bang
phuong phap diéu khién trugt.

Khong mat tinh tong quat, ta thuc hién mot s6 phép bién doi
toan hoc, nham gidp viéc tong hop hé thdng diéu khién thuan
lgi hon. Tur (1) c6 thé viét lai f(x) thanh:

. ) 2
(00 =-3ax+ 109, @

trongdo f(x) lathanh phin chua biét; a i=1n duoc chon
sao cho da thuc s"+a s"" +..+as+a, la Hurwitz. Néu
bang cach niao d6 xac dinh dugc f(x) thi ta hoan toan xéac
dinh dwoc f(X) & (2), vicac a i=1n dabiét. Tir (2) viét
lai (1) dudi dang:

%
X, X3

: * C)
X, = _alxl—azxz—...—anxn-i-f x) + g(xu

tiép tuc viét lai (3) ta co:

0 0
X=Ax+[ : ]+[ : }u. (4)
') | | 9()

Nhu vy, bai bdo da chuyén h¢ phi tuyét bat dinh (1) thanh he
phi tuyét bat dinh (4). Heé phi tuyén (4) dugc sir dung dé xac
dinh céc thanh phan bit dinh, voi f7(x), g(x) chua biét can
phai nhan dang, tir két qua nhan dang ndy duoc sir dung dé
tong hop bo diéu khién cho hé bat dinh (1).

So dd cau tric hé théng diéu khién bai bao dé xuét dugc thé
hién trén Hinh 1.

X X,
u X. X X
x SMC IR >
)

X, - J(x) + g(x)u

_ v
fix)

8(x) AD

A Y
. 0 0

Ly X=AX+| - +|:n' :Iu
x| [e®

Hinh 1. So d6 céu tric rit gon hé thong diéu khién thich nghi bén ving
16p phi tuyén affine (1)

3. Xay dung luat nhan dang thich nghi cac ham
phi tuyén bit dinh

M® hinh nhan dang cac thanh phan bat dinh c6 phuong trinh:

0 0
R=AX+| +{ : }u, 5)
fr )| L9()

A

trong d6 X =[%,%,,...,%,]" 1 vector trang thai cia mé hinh;

f7(x), §(x) 1a cac thanh phan nhan dang cia " (x), g(x) .
Tt phuong trinh (4) va (5) ta ¢6 phuong trinh sai 1&ch:

0 0
é:Ae+[~§ }{ : }u, (6)
') | [G()

vai e, 7 (x),6(x) :

e=Xx-X, @)
fr ) =f()-fx, (8)
() =9(x)-§(x). 9)

Qua trinh nhan dang s& hoi tu néu:

f*(x) > £7(x), §(x) > g(x), e > 0. Tiép dén ta biéu dién
£ (x), f*(x), g(x), §(x) bang cac mang no ron RBF.
Biéu diénham f*(x) thong qua ham cos& ¢ (x) Vai trong sb
ly tuong w; :

f*(x)=zmlwi¢i(x)+gf , (10)

W, =const,i =1,m véi mlasé luong ham co's6, &' 1a sai s6
Xép Xi, ham co s& dugc chon nhu sau:
2

¢ (X) =exp(—|x—c¢,| / 25;) .
Thanh phan danh gia f(x) ciia ham f*(x) biéu didn thong
qua ham co s& (11) vai trong sé hiéu chinh W, :

Ag m R

F 00 =2 Wi (%)

i=0

Tiép tuc biéu didn ham g(x) thong qua ham co s& (11) véi

trong sé 1y tusng v, :

900 =D vidh () +57

(1)

(12)

(13)

v, =const,i =1,1 véi | 1a s lugng ham co s, 9 1a sai sb
Xap xi. ’

Biéu dién §(x) thong qua ham co s& (11) véi trong so hiéu
chinh v, :

Q(X)=Z\7i(/ﬁ.(x)-

Tu (6) + (10) va (12) + (14) ta thdy qué trinh nhan dang la
qua trinh chinh dinh trong s6 hiéu chinh so véi trong s6 ly
tudng sao cho céc sai léch trong sb tién vé khong:

(14)

(15)
(16)
vakhidé f'(x) >0, §(x) >0, e —>0viA la matran

Hurwitz diéu d6 twong duong vé6i phwong trinh (6) 6n dinh.
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Thuat toan nhan dang cac ham bt dinh f (x), g(x) dugc bai
bdo dé xuat g dinh ly:

binh ly: Cac ham tron bat dinh f(x), g(X) cua (1) dwot xac
dinh bang cac biéu thic sau:

100 = F00=-Da% +3 W () a0
ludt cdp nhat trgr;:gj SO W, '::0

W, =P ed (x); (18)
900= 600 = Y0400, 9
ludt cdp nhdt tr,:r:g 6V, :

V, =UP.ed (X); (20)

Vé6i mién héi tu cua thudt toan nhdn dang:
2||Pn||(gf +&%)

r-min (Q) ’
trong dé: e lavector sai léch trang thai gizza lop affine (1) va
md hinh nhan dang (5); cac hé sé chona, i =1,n théa mén da
thic s"+a,s"" +..+a,5+a, la Hurwitz; P, la hang thiz n
cua ma trdn xdc dinh duwong P &', %14 sai s6 xdp xi cua
Mmang no ron RBF; v (Q)la gia tri riéng cua g -_a'p+pa)-
Charng minh:
Chon ham Lyapunov (6) dudi dang:

m |
V=eTPe+ ) Wi+ V7,
i=0 i=0

el >

(1)

v6i P l1a ma tran ddi xtng xac dinh duong kich thuéc nxn.
L4y dao ham hai vé (21) ta duoc:
(22)

m . I .
V =¢"Pe+e'Pe+2> WW, +2) V.V,
i=0 i=0

thay (6) vao (22) ta cé:

1] ]
V=lelAT+| +u| Pe+
7 (x) g(x)

0 { 0 } . .
+'P|| i |+ i W, A
fr o] LG0Q]] i i=

tir cac biéuqthl’IC (8), (9), (15), (16) va thay (10), (12), (13),
(14) vao biéu thirc (22):

2

(23)

_|._

N
g8

=
=

+

N
M-
<t
<t

T T

_ 0 0 { 0 }T
V=e'AT+ : +ul : . : Pe+
D W iR [ D -0a | LT

T 0 0 { 0 }
+e P : + : + : +
Sw - | | S -]
+237 W, W )(w, 7v'vi)+22|:(\7i —0); —,). (24)
Tiép tugobién doi (24) cha )I’;Oma tran P di xang ta duoc:
V =¢' (ATP+PA)e+2Pe(s’ +g9)+2Pnezn:(wi —W, ) (X) +

i=0

L2UPEY (v~ (09 + 237 W, i, )(w, ) +

£22 (0, -0)(0, -1, (25)

P, lahang thir n ciiamatran P . Tirbiéu thic (25) ta rat diéu
kign dé V <0:
2PeD (W, —W,)¢h () + 2 (W, —W,)(W, W) =05 (25
i=0 i=0
! ! 27)
2uPneZ (v, —V)é (x) + ZZ(Vi V(v -V) =0;
i=0 i=0
e"(ATP+PA)e+2Pe(e" +£9)<0.
T c4c biéu thic ciia dinh 1y va chi y w,, v, 1a cac trong s6 Iy
tuong do vay W, =0,v, =0, thay (18) vao (26) va thay (20)
vao (27) ta thay (26) va (27) hoan toan thoa méan.

Quay lai v6i bt phuong trinh (28) vi A la ma tran Hurwitz,
P 4 ma tran ddi xting xac dinh duong ta co:

(28)

ATP+PA=-Q, (29)
thay (29) vao (28) ta dugc:

e'Qe+2Pe(s" +£9)<0. (30)
Bién ddi vé trai (30) ta co:

e'Qe+2Pe(s" +£%) <1 (Qe| + (31)

+2|P,[[ell(e" +£°) <0
véi .. (Q) lagia tri riéng nho nhat caa matran Q .
Tir (31) ta c6 didu kien dé V <0
2|P||I(e" +&°) (32)

el >
rmin (Q)

Néu thoa man (32) thi (6) 6n dinh, c6 nghia la thuat toan nhan
dang hoi tu trong mién (32). Mién 6n dinh (32) 1a toan bo
khdng gian trang thai e, chi trir viing 1an can gdc toa do véi
ban kinh viing nay phu thugc vao sai sé xip mang no ron RBF
&' &% . Mat khac, mang no ron RBF c6 kha ning xap Xi nho
bao nhiéu tlly y nén c6 thé bo qua. Do vay, mién 6n dinh cua
thuat toan nhan dang la toan bo khdng gian trang thai chi tru
gdc toa do véi béan kinh viing nay gan bang khang.

Dinh Iy dwoc ching minh.,

O muc nay bai bao di dé xuat va chimg minh dinh ly v& nhan
dang céc ham bat dinh caa I6p phi tuyén affine (1). Cac két
qua nhan dang duoc st dung dé tong hop bo diéu khién duoc
trinh bay trong phan tiép theo sau day.

4. Tong hop bd diéu khién bén virng

Bo diéu khién bén virng duoc téng hop trén co s¢ diéu khién
truot. Thay thé bidu thuc nhan dang f(x), §(x) cia dinh ly
vao (1) ta duogc:

XX
% % (33)
%, = fx) + GO

Viét lai (33) dudi dang:

x=F(X)+G(X)u, (34)

A A T A
trong 46: F() = %, %, () | 600 =[0,++,6()] -
Véc to sai 1éch giir vector trang thai cua ddi tuong va vector
trang thai mong muén:
X =X-X,, X, la vector trang thai mong muon.
Chon mat truot:
s=CX,

(35)

(36)
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C=[c,:Cyy,-.-,C | 1a tham sb mit truot duoc chon sao cho da ' ' ' ' ' ' ' ' '
thic s" +c,s"" +..+C,5+¢, 1a Hurwitz.
Déi voi mit truot (36) chon ham Lyapunov: \ " P
V, =0.557. (37) p'u | -
Dao ham hai vé cua (37) ta duoc: T T T T T T
V, =58 @)
Th_ay (36) vao (38) ta co: Hinh 4. Két qua nhan dang ham g(X)
V, =sCX =sC(X—X,) , (39) -
Tiép tuc thay (34) vao (39) : 18 1
. A A . (40) 1 ——— Sai s& nhin dang g[x]l n
V, =s(CF(X) +CG(x)u—Cx,) , 0s - .
Dé ton tai ché do trugt trén mit trugt s doi hoi thoa man diéu o
. -05 -
kién V, <0, do vay tir (40) ta co: y i
(CF(x) +CG(x)u—Cx,) = -k sgn(s) , (41) " I I N I O N
, 0 1 2 3 4 5 [ T 8 9 10
véi k la hé so ducmg‘nh(). L . B Hinh 5. Sai s6 nhan dang ham g (X)
Tur (41) ta cd luat diéu khién bén viing trén co s& diéu khién
th‘t Cl’»la (1): Lo -I- - -I- - T T T T T T T
u= [CG(X)Tl (—le(x) +CX, — ksgn(s)) : (42) osl il o
dé giam hiéu ung chattering ta thay ham sgn(s) ~s/|s|+a, '
a 1a h¢ s6 duong nho. al
Trong phan nay, trén co s CaC két qua nhan dang dugc dé o2r
xuat ¢ dinh ly, bai bdo da tong hop duoc bd dieu khien thich 0 . 5 S 7 5 - - 5 Fa—
nghi bén virng (42) cho lop affine (1). Luat nhéan dang va luat Hinh 6. Két qua tin hiéu dau ra cia hé théng bam tin hiéu dit mong
diéu khién do bai bao dé xuat don gian, dé dang thé hién ky muén Yy
thuat, va c6 thé ap dung vao tong hop bo diéu khien cho 16p ‘
rat rong cac doi tugng phu hop trong thuc te. ' ' ' ' f ' ' ' '
5. Mb phéng va kiém chimg két qua
Gia str hé phi tuyén affine (1) bat dinh ¢6 phwong trinh:
X = X, _ (43)
X, = 0. 01-sin(x’)—3x, +(1.83—x)u ’ T T W wr
f(x) = -0.01-sin(x7) —3x, ; (44) Hinh 7. Tin hiéu diéu khién U
g(x)=(1.83-x,); (45)

St dung cac thuét toan nhéan dang (17),(18),(19) va (20) cua
dinh ly, bo diéu khién (42). Tién hanh md phong trén phan
mém matlab simulink.

Két qud mo phéng:

1 -
t - = fix}
o ™) -
WL f
Mnﬁ“"“
2 [ 1
"z 3 4 5 & 7 8 98 10
Hinh 2. Két qua nhan dang ham f (X)
T T T T T T T T
sai s& nhan dang fix) |
2 ER 5 o 7 5 e 1w

Hinh 3. Sai s6 nhan dang ham  f (X)

Hinh 2, Hinh 4 cho thay cac ham phi batdinh f (x), g(x) hoan
toan dugc nhan dang, theo dung thuat toan bai bao dé xuat,
v6i do chinh xac cao, sai s6 nhan dang thé hién & Hinh 3 va
Hinh 5 tiém can khéng. Hinh 6, khang dinh chat luong diéu
khién dugc dam bao, tin dau ra cua hé théng bam chat tin hiéu
dat mong mudn, ciing véi d6 tin hiéu diéu khién & Hinh 7 thé
hién hién tugng chattering duoc giam thiéu.

Két qua md phong ding nhu giai thich.

6. Kétluan

Bai bao tong hop dugc luat diéu khién thich nghi bén vimng
cho mot 16p dbi twong phi tuyét affine (1) bat dinh, da dé xuat
va ching minh dinh ly vé luat nhén dang cac ham bét dinh.
Tir két qua nhan dang bai béo da téng hop duogc luat didu khién
bén viing trén o 8O diéu khién truot. Hé thong diéu khién do
bai bao dé& xuét don gian, do d6 d& dang thé hién k¥ thuat,
cing véi d6 hé co chit luong didu khién cao. Két qua mod
phong mét 1an nita d minh ching tinh ding dén va hiéu qua
cua phuong phéap cua bai bao.
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