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DIEU KHIEN BAM DUOI THICH NGHI CHO HE THONG PHI 
TUYEN MIMO SU" DUNG WCMAC TlT TO CHlTC 

ADAPTIVE TRACKING CONTROL FOR MIMO NONLINEAK SYSTEM USING 
SELF ORGANIZING WCMAC 

Ta Van Phirffng', Ngo Thanh Quyin-. Bdng Van Hir&itg' 
Dai Hpc SPKT TP.HCM. 'Dai Hoc CN TP HCM. ^DQI Hoc GTVT TP-HCM 

Tom tat: Bdi bdo nay dS xudt mot bd dihi khien Wavelet cd cdu iriic mo hinh lieu nao tu id chiic (Self 
- Organizing Wavelet Cerebellar Model Arliculalion ControllerSOWCMAC) kit hap vdi bd diSu khiSn bii 
(Compensator Controller CC) cho he thdng phi tuyin MIMO di dat duac bdm diioi vi tri chinh xdc cao 
Trong dd. bd dieu khien SOWCMAC duac su dung di gid lap bo diiu khiSn ly imng nhdm dat duac cue 
tieu sai so ciia he thong cdn bQ dim khien hii (Compensator Controller CC) ddm bdo cho h? thdng 6n dmh 
dual su tdc dang cua nhieu hoac cdc thanh phdn khong chdc chdn H? thdng diiu khidn ndv khong nhung 
tan dung tinh chal phan ly cua ham Wavelet v&i khd nang hoc nhanh cua CMAC md cdc lap ciia WCMAC 
setdng hoac giam mot each tir ddng nhdm dql duoc cau true tdi uu cho bd dieu khien Thudt todn gidm do 
doc vd ham Lyapunov duoc dp dung de hoc true tuyin cdc tham sd ciia bo diiu khien nhdm dam bdo on 
dinh cha he thdng Cudi cimg kit qua md phong he thdng bdn Inrat hai true duac diiu khiin bai dong ca 
dp dien chung to hieu qua ciia h? thdng dieu khien da de xiidi 

Tir khoaiBa dieu khien lricat;mang na ran, bd diiu khiin cd cdu tnic md hinh iiiii nao. bo diiu khiin 
CMA C Wavelet tir to chuc. bo diiu khien bii. 

Abstract This paper prevents a self - organizing wavelet cerebellar model arliculalion controller 
(SOWCMAC) merges a compensator controller (CC)for multiple - input - multiple - output (MIMO) non -
linear system to achieve the high precision position tracking The SOWCMAC is used to imitate a ideal 
controller lo attain system tracking error minimum and the compensator controller is lo ensure stability of 
the system in the presence of disturbance or uncertainly This control system is noi only incorporates the 
wavelet decomposition property with CMAC fast learning ability but also Ihe loyen of WCMAC will grow 
or prune automatically lo achieve optimum structure of the controller. The gradient descent algorithm and 
the Lyapunov function are applied for online learning the coniroller 's parameters .to that the stability of 
the system can he guaranteed Finally, simulation results for the Two - Axis Piezoelectric Motor Driver 
Systems are presented to verify the effectiveness of the proposed coniroller 

Keywords: Sliding Mode Control (SMC). Neural NePivorks (NNs): Wai'elel Cerebellar Model 
Arliculalion Controller (WCMAC), Self- Organizing Wavelet Cerebellar Model Articulation Controller 
(SOWCMAC). Compensator Controller (CC) 

Chi s3 phan logi: 2.2 

1. Gioi thifu Vi vay, hieu qua cua NNs nhieu lop bi giai 
Phan tich va diiu khiin he thong phi han dac biet trong cac he thong yeu c^u hoc 

tuygn MIMO da duoc nghien ciht va ap dung true tuySn. FNNs kh hî p uu di^m cua suy 
bang nhigu phirong phap digu khiin khac luan mo va kha nang hoc ciia mang no ron 
nhau [1]. Do cac tham s6 he thdng trong he dugc phat friln va hieu qua ciia no dugc 
phi tuyin va nhilu ngoai thuang thay d6i chirng minh trong viec giai quylt m^l so van 
hoac khong bill, vi vay ky thuat thilt kl he de dieu khien [4]. 
thing dilu khiin dira tren mo hinh dong iuc D I khac phuc kha nang hoc cham cua 
hoc ciia he thing hoan toan khong ihl dat NNs nhilu lop va hoc trirc Uiyen, CMAC 
dugc. ok khac phuc vdn dl nay, mot so bg dugc su dung cho viec nhan d^ng va dieu 
dilu khiin thong minh nhu SMC [I], NNs khiin cac he thing dong lire hoc phuc tap, do 
[2] va FNNs da dugc su dung dl thilt kl bg tinh chat hoc nhanh va kha nang tong quat 
dilu khiin cho cac he thing chua bilt vl mo hoa tit ciia no [5]. CMAC da dugc chung 
hinh d6ng luc hgc. minh co the xap xi mot ham phi tuyen voi do 

NNs CO the xdp xi mgt ham phi tuyin chinh xac tiiy y [6]. Sir virot troi cua CMAC 
vtJi dQ chinh xac tiiy y [3]. Dilm han chi cua so v6i NNs trong mgt so ung dung cung da 
NNs !̂  t ic dg hoc qua cham do t§t ca cac dugc kiem chung [71 - [8] 
trgng s6 duac cap nhat trong moi chu ky hoc 
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D I nang cao hieu qua cua thuat toan hgc, 
ham Wallet dirge sii dung thay the cho ham 
Gassian va kit hgp vai CMAC tao thanh bg 
dilu khiin Wavelet CMAC (WCMAC) nham 
tan dung tinh chit phan ly cue bo tot ciia ham 
Wavelet [9]. 

Tuy nhien, trong cac cong trinh nghien 
ciju CMAC a tren, cau true ciia CMAC 
khong thi thiet lap mot each hoan toan Ur 
dgng, s6 lugng khong gian bg nha kho lira 
chon mot each phit hgp. Vi vay viec hgc va 
dieu khiin ciia he thong khong dugc tot uu. 
Mot so bg dilu khiln CMAC tu t l chiic da 
dugc nghien cuu va de xuat de cap nhat cau 
tnic ciia he thing [10] - [11]. Trong do, ky 
Ihuat nhom du lieu de giam kich thuoc bo 
nho dugc phat trien thanh mot ky thuat thich 
nghi cau tnic ciia mo hinh nham xac dinh 
mgl tap dii lieu mat. Tuy nhien, de xuat nay 
chi su dung ky thuat them lop, ky thuat giam 
lop khong dugc trinh bay [11]. Trong cong 
trinh nghien cuu [12], mot bg dieu khien tu 
t l chiic CMAC nhieu lop dugc de xuat The 
nhimg ham Wavelet chua dugc sir dung de 
nang cao hieu qua hgc cua bg dieu khien, 

Bai bao nay de xuat mot he thong dieu 
khien CMAC tu to chiic sir dung ham 
Wavelet (SOWCMAC) kit hgp voi bo dilu 
khien bii (Compensator Controller. CC) cho 
he thong phi tuyen MIMO de dat dirac bam 
dull VI tri chinh xac eao, Trong do, bo dieu 
khien SOWCMAC duac sir dung de gia lap 
bo dieu khien ly tirang nham d̂ it dirac cue 
tieu sai so eiia he thong con bo dieu khien bii 
(Compensator Controller CC) dam bao cho 
he thong on dinh duoi su tac dong ciia nhilu 
hoac cac thanh phdn khong chac chan. He 
thong dieu khien nay khong nhung ket hop 
uu diem kha nang hgc nhanh ciia CMAC, 
tinh chat phan ly ciia ham Wavelet ma cAu 
tnic ciia WCMAC se dugc tu to chiic tang 
hoac giam cac lop mot each hoan toan tu 
dgng de dap ting viec hgc theo thoi gian thirc 
ciia bg xir ly. Thuat toan giam do doc va ham 
Lyapunov duoc ap dung de hgc tnrc tuyin 
cac tham so ciia bg dieu khien nham dam bao 
on dinh cho he thong. 

Cau tnic con lai ciia bai bao dugc t l 
chirc nhu sau: Mo ta he thing nghien cuu 
dugc trinh bay trong phan 2, phdn 3 trinh bay 

vl viec thilt kl bp dieu khien SOWCMAC; 
phdn 4 Irinh bay ket qua mo phong mo hinh 
ban tnrot hai true dugc dilu khiln bai dgng 
CO ap dien de danh gia hieu qua ciia bg dieu 
khiln dugc de xuat va kit luan cua bai bao 
dugc trinh bay trong phan cuoi cimg. 

2. Mo ta he thing nghien cihi 
Dgng lyc hgc ciia cac he thing phi tuyin 

MIMO duac mo la diroi dang ting quat [13] 
nhu sau; 

l y - i s - [ » ' « ' • - ] "< -
Trong do' 
s e R"', u s R"' va y € R'" la trang thai, tin 

hieu dieu khien va ngo ra ciia he thong; 
X, l-^x) e R" ,G„(x) e R"'""' la vector trang 

thai CO thi do dugc, vector phi tuyin danh 
dinh, do Igi dieu khien ton tai vai mgi x 
trong h? thong, 

L(x)eR"'dai dien cho cac thanh phan 
khong chac chan do sai so ciia md hinh ho5c 
tic dgng ciia nhieu va bi chjn trong he thong 
phi tuyin (1). Muc tieu dilu khiln la thiet ke 
he thong dieu khien de dau ra he thong c6 the 
bam theo tin hieu mong muon ŷ  e R"*. 

Dinh nghTa vector sai so cOa he th6ng 
[13] 

e = y , -y ,e = [e' e' e""" J e R™ (2) 

Ham trugt tich phan duac xac dinh [l] 

s = e"-' + K,e"^+ + K j c ( T ) d t (3) 

K, eR ",i=],2.n, la nhung ma tran 
hang so duong va dugc trinh bay d^ng vec to 
nhu sau 

K = [ K , ' , K ; . .K,;|' eR°'™ (4) 
NIU F„(x)eR"', G"'(x)€R'"""va thanh 

phan khong biet L(x) € R"" dugc biet chinh 
xac thi bg dieu khien dugc thilt ke theo [13] 
nhu sau. 

", =G,"'(^)[>:;-F„(x)-L(x)4K'e] (5) 

The bg dieu khien ly tuang (5) vao 
phuang trinh (1) ta co phuang trinh sai so 
dgng luc hgc 

s = e"" + K'c^O (6) 
0 phucmg trinh (6), nlu Kdugc chon 

Iheo tieu chuan Hurwilz thi sai so ciia he 
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thong se hoi u,i vl zero khi thai gian (tin din 
vo ciing. Tuy nhien, thanh phdn L(x) khong 
dugc biet trong cac iing dung thyc t l nen u, a 
(5) khong CO giatrj . Vi vay, mot b6 dilu 
khien Ugo^^^^^klt hgp voi bg dilu khiln 
u .̂j, dugc de xuat nhu hinh 1 nhdm dat duac 
dac tinh dieu khien bam dull theo quy dao 
mong muon. He thing dieu khiln co dang 
nhu sau: 

(7) 

Hinh 1. Bd dieu khien SOWCMAC 

3. B6 dilu khiln SOWCMAC 
Bg dieu khiln Uĝ ^̂ ,,.̂ ^̂  kit hgp ham 

Wavelet voi kha nang hgc nhanh ciia CMAC 
de xap xi thanh phan khong biet L(x)nham 
eye tieu sai so ciia he ihong va giam thoi gian 
tinh toan cho phan cung. Mo hinh WCMAC 
dugc de xuat nhu mo ta 6 hinh 2 gom co ba 
qua trinh lien ket quan trgng va mot qua trinh 
tinh toan ngo ra. Tin hieu lan truyen ciia mot 
khong gian lien ket trong hinh 2 diroc trinh 
bay chi tiet trong [ 14]. 

Hinh 2. Mo hinh WCMAC 
Do phu thuoc ngo vao doi voi mil Igp, 

khong gian chira lien ket ngo vao, gia tn 
trong so ciia mli khong gian lien kel ngo vao 
va ngo ra ciia WCMAC dugc trinh bay nhu 
(8)-(11). 

2 . L , n , k = l , 2 , L , n , 

(I,m.,cr,) = n ^ ^ ( I . ) 

Vj,(I) = W,^b,(I) 

(9) 

(10) 

ŝ̂ n". 

/ ' , L ( I , I = - - (8) 

De toi uu hieu qua ciia viec hgc, 
SOWCMAC duoc dl xudt dl so lop va tham 
so ciia he thong duoc hgc true tuyen Ky 
thuat them iop va giam lop dugc thirc hien 
nhu sau. 

Xac dinh do sai lech giua ngo vao 1 va 
trgng tam m^ ciia lap thii k 

MD,(I) = | | r-mJ| . , k = l,2,...i, (12) 

Diing phuang phap Max - Min dl xac 
dinh them mgt lap mai 

ic^arg min MD^(I), k=],2,- n̂  (13) 

N I U maxMD-(I)>K^tiic la gia tn kich 
thich ciia dii lieu dau vao moi doi voi ham 
thupc qua nho thi mot !dp mdi se dugc f̂ o 
them, trong do K̂  la gia tri nguang duac cho 
truoc. Trong trucmg hgp nay, so lop se dugc 
tang nhu sau; 

n^(t + i)-n^(t) + l (14) 
Trong do n̂  la so lop t^i thoi diem t. Khi 

mot lap mai duac l^o ra, trgng so lien ket va 
cac tham so cua ham Wavelet duoc xac dinh 
lai nhu sau. 

w,„^ = 0 ; m,„^=l , ; CT,„,=a, (15) 

Ti so cua thanh phan thir k (10) va dau ra 
thu j ciia WCMAC (11) dugc diing de xac 
dinh trong tniong hap xoa lop 

MM,=-^>^ . k = l,2, 
" 0^(I) 

Phucmg phap Max - Min dugc sii dung 
dl xet anh huong ciia thanh phan thir k voi 
ngo rathtrj: 

k=argmin iiiaxMM,^(I) (17) 

Nlu MM ^ < K̂  tuc la sir anh huang ciia 

lop thir n^dli vai ngo ra qua nho nen dugc 

(16) 
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(19) 

loai bo, a day Kj la nguSng loai bo duoc 
dinh nghia truoc, 

3.1. Lu | t thich nghi ciia SOWCMAC 
Thanh phan L(\)duoc xap xi bdi bo 

dilu khiln SOWCMAC u,„„,„^, 

Trong do E la sai so cua bg xap xi, thuat 
toan giam do doc [2] duac sir dung cho bo 
dilu khien nay. Vi phan (3), ap dung phuang 
trinh (I), the ii = u,owcMrtc +"0: • r̂ îan ca hai 
ve vdi ŝ  cho ra kel qua nhu sau: 

s's = -s'F„(x)-s'G.(^}(u,„.,„,-^u 

+ s'(y:-L(s)-hK^e) 

Trong do, ŝ s duac chgn nhu mot ham 
sai so. Muc tieu ciia thuat toan nay la cue hlu 
gia h-i ciia ŝ s de dat dugc su hdi Ui ciia he 
thong theo SMC [I]. Gia tri euaw^j,m,i vaCT,|_ 

duoc c4p nh f̂ dl cue tieu gia trj ciia ŝ s nhu 
sau: 

w^,(t-H) = w„(i) + Aw ,̂ (20) 

in^(t + ] ) - m J t ) + Am,, (21) 
< ,̂ai + l)-o-„(t) + aCT„ (22) 

Dua vao (II), (19) - (22), gia tri cua 
Aw ̂ ,, Am J., ACTJ. dugc hgc theo luat sau. 

*" "5w., ''"<•=»„"„ ,'^C[^- (23) 

= 7„s'GJx)(n^,.|l,)) 

f™.! "' ''".^.v., i,,̂  dp^ dm,^ /24J 

&a^ = 

"'ir Up, 5a. 

= '/„s'G.l<lw„/^'( 
(25) 

Trong Ao: _q^,n^.i]jin iugt la tic do 
hoc cua trong si, irong tam va do rong. 

3.2. Bo dieu khiln bii: u 

Bo dieu khiln bii dugc su dung dl duy 
tn su on djnh ciia he thing khi ham sai s i 
(19) dat cue tieu vdi sai so e 

L(2)-''M,.,MAc(r,w,^,„,^,^j+^ (26) 

Bg dilu khiln biiu„ ed dang nhu sau 

u„=-G;'(x)Dsgn(s} (27) 

Trong do D la gia trj udc lugng ctia bien 
do sat sd D, 0 < ||e| < D .Sai sd udc lugng: 

D = D - p (28) 
The (7) vao (!) cho kit qua nhu sau. 
»'•' = F (I) + G„(xKu„„,„„ + u„)-F L(x) (29) 
Phuong trinh sai sd ciia hg thing dat 

dugc thdng qua (5),(7) va (27) nhir sau: 
e"" + K'e = G„(5)u,,+e = s (30) 

Chgn ham Lyapunov: 

V(s,D) = — + — (31) 
2 2iij, ' 

rj^ la tdc do hgc, vi phan phucmg trinh 
(31), kit hgp cac phuong trinh (26), (27), 
(28) va (29) cho kit qua nhu sau: 

V<s.D) = sS + ^ = s-(E-D)sgn(s)) + ' V (32) 

Luat thich nghi ciia bien do sat s6 
D dugc chgn 

0 - D = - ^ „ H (33) 
Phuong trinh (31) dugc bilu diln lai nhu 

V(sD) = s-.-D||4-,D-D)||s||,=(.^.-DH) (34, 
S«,ll'll,-DJh||,) = -(D-JH|,)||s||,SO 
Ap dung ly thuylt ham Lyapunov va 

Barbalafs Lemma [1], In d|nh ciia he thing 
duac dam bao 

4. Mo phong ban trvtat hai true 
4.1. Phuo-ng trinh dong hoc cua ban 

trirtrt 
Phuong trinh ddng hgc cua ban hTigt 

theo mdt true dugc mo la nhu sau [14]: 
Mx + Dx + Kx = K^u-F^-F, 

Trong do: 
X, X, \ Ian lugl la vi tri, tdc do va gia 

tdc cua ban trugt, 
M, D, K idn luat la khoi lugng, he si 

ma sat nhdi, do ciing lien kit giira cac tryc; 
" î' f̂M K^,u lan lugt la lire phi tuyin 

duoc tao thanh do hien tugng tir tri, nhilu 
ben ngoai, he so chuyin ddi dien ap thanh 
luc tac dgng va dien ap dilu khiln. Trong 
thyc te cac tham sd do hien tuong tu tri, hS 
so ma sat nhdt, do cimg Men kit hoac nhieu 
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thuang thay doi va khong do duac, vi vay 
phucmg trinh dgng lyc hgc ciia ban trugt (35) 
dugc viet IEU nhu sau: 

x = F„(x)-^G„(x)u + L(x,D,K.F,,F;,) (36) 
Bg dieu khien dugc dl xuat (7) co chiic 

nang xap xi cac thanh phdn thay ddi hojc 
khdng bilt L(x,D,K,F„,Fj)dam bao dn dmh 
cho he thdng. 

4.2. Thflng so mfi hinh va ki t qua mo 
phong 

M = 5 kg, D - 66 [N sec/m], K = 2 5 [N/n]. K, = 3 [NA'] 

Cac tham sd khdi tao ban dau: Khong 
gian dau vao I dugc chgn de thay ddi trong 
khoang [-1 I], trgng sd ŵ ^ nho tiiy y. 

m,j = [ - 1 - 0 8 - 0 . 6 - 0 4 - 0 2 0 0 2 04 06 08 l] 

•̂ ,1 = [<* 3 0 3 0.3 0.3 0 3 0 3 0.3 0 3 0.3 0 3 0 3] 

'?. ='7m='?. =0.01. ^„=f l3 , Kl=200, K2 = Kl/3 

x̂ , ^\^ =2*cos(tl. K̂  =500, K, =001. x(0) = [l 6 1 6]' 

D(0) = 0 0.1(0) = [0 0 0 0]'. if_ = 11. FJi) = 1, G.(i) = 1 

Gia sir he sd ma sat nhdt D thay ddi mot 
lugng AD = 60, nhicu ngoai F, - 4sin(t) 

hien ciia su thay dii tham sd AD = 60 va 
nhieu F̂  =4sin(t) d true X tai thdi dilm t = 
20s va d true Y tai thai dilm t - 25s nhung 
h6 thdng vdn nhanh chong hgi tu va In dmh 
Tham so va cau tnic ciia he thdng dugc tu t l 
chiic de giam sd lap ciia mang tir 11 lap 
xuong cdn 1 lop, dap img kha nang dilu 
khien theo thai gian thyc ciia bd xii ly. 

5. Kit Iu3n 
Bai bao nay img dung thanh cong bd 

dilu khiln SOWCMAC cho h? thong phi 
tuyen MIMO dl dat duoc dac tinh bam dull 
vi tri chinh xac cao duai sy cd mat ciia cac 
thanh phan khong chac chdn va nhilu. cdu 
triic ciia mang dugc Ur td chirc hoan toan hr 
dgng dap iing kha nang hgc theo thai gian 
thyc ciia bd xu ly. Ket qua mo phong ban 
trugt hai true chiing minh rang bd dieu khien 
SOWCMAC dat dugc d§c linh dilu khiln 
bam dudi tdtQ 
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