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TOM TAT 

Bai bao frinh bay mgt thuat toan thiSt k6 bg di8u khien thich nghi bgn virng cho d6i tugng 
fruyen ngugc chat bit dinh ham so. Luat dieu Idiien dugc tong hgp dira tren nguyen Ii dieu khi8n 
tmgt. Dac tinh bat dinh ciia doi tugng dugc xap xi bang mang no ron huong tam hai lop, cac 
frgng so ciia mang dugc huan luyen on-line. Bg dieu khien dugc ap dung cho mo hinh Robot ba 
bac tu do (DOF). Cac ket qua mo phong cho thay uu diem va kha nang ung dung frong thirc tS 
ciia thuat toan dugc de xuat. 

Tie khoa: dieu khien thich nghi ben viing (RAC), dieu khien trugt (SMC), m^ng no ron huong 
tam (RBFNN) 

1. DAT VAN DE 

Dieu khiln trugt (SMC) la mgt trong nhirng bg dieu khi6n co kha nang khang nhilu t6t va 
dam bao he thong kin on djnh ti$m can [1]. Nhung de thiet ke dugc bg dieu khien trugt doi hoi 
chiing ta phai biet chinh xac mo hinh doi tugng. De khac phuc nhugc diem nay, bai bao de xuit 
mgt phuong phap xap xi ham s6 bac dinh ciia doi tugng bang mgt mang no ron huong tam ba 
lop (RBFNN) vai cac frgng so ciia mang dugc chinh dinh on-line. Thuat toan de xuat thich hgp 
cho iop doi tugng bac hai truyen ngugc chat bat dinh kieu ham so va c6 nhieu tac dgng. Thusit 
toan dieu khiln de xuit dugc kiem chung fren mo hinh Robot 3 DOF. CSu true bai bao g6m 4 
phan: dat van de, Tong hgp bg dieu khien thich nghi bin vihig, ap dung cho mo hinh robot ba 
bac tu do va ket luan. 

2. THUAT TOAN DIE:U KHIEN THICK Bt^ VtfNG 

Bai toan thilt kl dugc phat bieu nhu sau: cho doi tugng co mo hinh fruyen ngugc chat 

x,=f{x„x,)-\-u(t) + nit) (1) 

_y = x, 
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trong do / ( x , ,^2) la ham s6 bi chan chua bilt cua doi tugng va n(/) la nhieu bj chan tac d6ng 

til ben ngoai vao he thong. ^ va x.^ la cac biln fr^ng thai quan sat dugc tnrc tilp ciia doi tugng 

va he CO dilm can blng tai gdc toa dg. T6ng hgp luat dilu khiln M(0 dam bao tin hi?u ra bam tin 

hieu dat w(/) vai sai lech bam tien ve 0. 

2.1. Dieu khiln tru-ot 

Gia sur ham / ( x ^ x ^ ) cua doi tugng la xac djnh thi bai toan fren se dugc giai quylt dl 
dang bang phuang phap t6ng hgp bg dieu khiln trugt. Theo [I], ta co m§t trugt S dugc djnh 
nghTa nhu sau: 

S{e.,e) = Xe + e vai e = M'-x, , e = w - x ^ va>,>0 (2) 

Tin hieu dilu khiln tmgt dugc thilt kl dua tren sir tin tgi mot ham Lyapunov V(S) cho he 
kin. 

Chpn ham 

V{S) = U' (3) 

Tii do ta c6: 

V(s) = S.S=-SKsgnS,\d\ K>0 (4) 

TiJr di6u ki?n (4) ta tong hgp dugc tin hi?u di8u khi6n tmgt u: 

u~KsgnS + Xe + w-f(x^,X2) (5) 

nhung do f(x,,x^) la mgt ham bat dinh nen ta khong the thirc hien dugc luat dieu khien (5). Bai 

bao de xuit su dung RBFNN dl xSp xi ham bit dinh tren. 

2.2. Xap xi ham bat dinh tren cor s& FRBFNN 

De xap xi ham bat dinh / ( x ^ X j ) ciia (1) ta chuyen ve dang mo hinh kit hgp giita m6 
hinh tuyln tinh chuin dilu khiln 6n dinh va phan bat dinh mai. Mo hinh (1) dugc bilu diln nhu 
sau: 

vdi tiji va ctja '^ cac he so dutrng. 

F(X) = c,„x,+a„x,+f{!c„x,) = [a„ a„]X + f(X)^D..X+f(X) (7) 

Be xSp xi F(X) ta svr dung RBFNN biSu diln 4 Hinh 1. 

Mang na ron duoc chon bao gom 3 lop: I6p vao, Idp ra va lop an la cac no ron huong tam 

RBF. Ta CO ham xap xi F(x) dugc xac dmh boi; 

Fm = Wtm (8) 
Voi cac ham ca so dirge chpn [5]: 
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0,(;̂ ) = e x p | - M / | e x p - M (9) 

• ^=\ \ Br,=\ L va C„ = fl 0] ciu tru 

frong do c, va b, la cac hang so duang tu chpn. 

D^t . 

2. 

Nhu vay, luat dilu khiln tmgt (5) dugc thuc 
hien bang bieu thuc sau: 

u = KsgaS'+Xe+-w~f{x^,Xj) 

Vai f(x^,x^) = F{X)-[a^^ a^^]X 

true xap xi ham F(x) dugc bieu dien 6 Hinh 

Hinh I. RBFNN xap xi ham F(X). Hinh 2. CSu tnic bO xSp xi h^m F(X). 

D I dam bao tinh hoi tu ciia bg xip xi ta phai xac dinh dugc luat chinh djnh thich nghi vec 
ta frgng so W dam bao sir t6n t^i mgt ham Lyapunov cho he kin, de vec to frgng s6 fV tiln tai 
vec ta frgng so toi uu W*. Hay noi each khac la ham F(X) tien vS ham F(X) v6i sai lech E nho 
bao nhieu tiiy y [2, 3, 4]. Tir Hinh 2 ta co mo hinh cua bp xap xi: 

K , -«22ĵ "'|.lj"''|.̂ (̂ )j 
y = C„X 

inh (12) ta dugc sai s6 xip xt 

l-",, -"..J [FiX)-F(X)\ ^ [e\ ^ [w^nX)i 

y = C,X 

LSy phucmg trinh (6) trir di phuang trinh (12) ta dugc sai s6 xSp xt 

Ta djnh nghTa mot ham Lyapunov: 

r(E,W)=E'^PE + W^W 

Dao ham V(.) theo thoi gian ta dugc: 

V(E,W) = E''PE + E''PE + I^''W + W'IV 

Thay (13) vao (15) ta dirge: 

V(E,II') = E'(A:.P + PA,)E + 2\ 
[w^HX)! ' 

(12) 

(13) 

(14) 

(15) 

(16) 

541 



Th^i HOu Nguyin, Phan XuSn Minh, Nguyin Cdng Khoa 

(•(E.IV^^E'fAlP+PAJE+ll .^ r " ' ' " r 

= E'-(A:,P + PA,)E + 2li"{,p(.X)(p„e,+p„e,)+^) 

(17) 

do A^ la ma fran Hurwitz nen de dang chgn dugc ma fran P doi xiimg xac djnh duang de co: 

•<,P + PA.=-Q (18) 

trong do Q la ma tran doi x\mg xac dinh duang. Vai luat chinh dinh vec to trong so: 

W^-t(XXp„e,+p„e,) (19) 

Thay(19)vao(17)tac6: 

V(E,W) = E'(/ti,P+PAl,)E=-E^QE<0 (20) 

V^y ham V (.) dinh nghTa a (14) chinh la ham Lyapunov cua he.CSu true he thong diSu 
khiln dugc bieu diln a Hinh 3. 

3. AP DVNG CHO ROBOT B A BAC TV DO 

3.1. Thiet ke bo dieu khien 

Theo [6] tir mo hinh dgng lire hgc cua robot n bac tir do: 

H(q)q + C(q,q)q + Glq) + FM+'', =^ (21) 

voi qs R",q(= R'',q(= R" la vec ta goc, t6c do va gia t6c cua n khop. Ma tran quan tinh H(q) la 
ma tran doi xirng xac djnh duang va biet truac do vay co the bieu diln robot« bac tu do bang n 
he con truyin ngugc chat sau: 

{ 1, = \i 

« ="',2 

« = % = / ( j f , ) + " , 

(22) 

; / = l,2,..,,n; f,(x,) la cac ham tran chua bi6t va bi ch$n. Qui dao dat (g ,̂<?j) cho vai X, 

tmac va phep doi bien: 

fl (9>r = g(?)r=i'; 

T = H(q)u = g-'{q)u; ue R" 
(23) 

Mo hinh robot bilu diln a dang (22) cho phep su dung phuang phap thilt kl bg dieu khiln truot 
na ron thich nghi bin vung (SMCFNN) co ciu true nhu hinh sau: 

Xap xi him 

/(.) 
^!^4!igK:^|~SMC"[i.iL»| B6i tirgng 

^ 

X3p xi ĥ m 

/(.) 
Phep doi 

bien 

Hinh 3. CSu tnic bo dieu khiln SMC f̂N. Hinh 4. edu tnic bg dilu khiln SMCFNN. 



DiSu khiin truxyt na ron thich nghi bSn vOna cho robot ba bac tu do 

Thiet ke bo dieu khien trirot 

Mo hinh (22) co / ( . ) bilt tmoc. Thilt kl bg dilu khiln tmgt cho khop 1. 

Chpn mat trugt: 

5,(e,) = Ae,+ei;A>0 (24) 

trong do: e, = q^ - g, voi g,, g^j la quy dao va quy dao dat ciia khSu 1 
Liy diio ham (24) ta co: 

dSM). 
dl 

= Xe,+-i, = A(?,̂  -g,) + 9id -9i =^9ij +irij -Xq, - ( / + « , ) (25) 

ket hgp dieu kien tmgt ta co: 

[Hd +<iyj -H - ( / +«i)]^sgn(5,) < 0 => A4,̂  +g,j -Xq^ - ( / + M,) =-/:sgn(5,) (26) 

ta CO bg dieu khien trugt cho khop thu nhit: 

u,=K sgn(5,) + Xq,, + q, -Xq,-f, (27) 

Tucmg tu cho khop thu hai ta c6: 

u, =Ksm{S,) + ̂ ,,+q,,-Xq, -f, (28) 

voi 82(62) = ̂ 62+62', ^2—^2d~l2 ^^ %i^2d la quy dao va quy dao dat Ciia khiu 2. 

Bg dieu khien tmgt cho khop thur 3: 

u, =Ks^{S,)+Xq,, +q,, -Xq^ - / , (29) 

v6i S^(e^) = Agj +£3; £3 =qjj -q^ va ^'3,^3^ laqujdao vaquy daod9tciiakhau3. 

Xap xi ham phi tuy^n bat dinh 

Khi CO dugc Fj {q,q) ta de dang xac dinh /^ {q,q) theo bilu thuc sau: 

/ , (?,9) = l^j (<?.^)-03,9^ -a2i9j (30) 

frong do (7j| >0;a;; >0 la cac tham so dugc chpn frucrc; 7 = 1,2,3. 

De xap xi ham phi tuyln bit dmh ta sir dung mang na ron RBF ta co: 

^,(9.'?) = Zff:>,{9.?)+e (31) 

frong do |£| < £^, £^ la sai so cho tmofc; 0, (q,q) la cac ham ca sa xuyen tam va dugc chgn: 

0 ,k .9 , ) = exp ' i^jj-^r" 
X^^p 

h '?.r-c,ir 
(32) 

vai C, la vec ta 2 chieu bieu dien tam ciia ham ca sa thir / , b_ bieu dien dp frai rgng cua ham ca 

so. C) day cac trgng s6 li tucmg W' khong biet truac. Nhiem vu dat ra la xac dinh cac trgng s6 

danh gia iV,, theo do danh gia ham phi tuyen 
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hl,i)- F(g,q) = ±IV,4.,{q,q) (33) 

Qua trinh xac djnh W, la qua finh hgc ciia rnsng, chinh la qua trinh hi?u chinh cac trgng so 

W, lap ra ciia mang RBF. 

Sai l^ch cua trgng s6 danh gia so vcfi trgng s6 li tucmg se la: 

W,=W,-W: (34) 

Tir(31),(33)va(34)tac6: 

F(q,q) = F(q.q) + t:E=e-'^W,it,(q,q) (35) 

Khi sai l?ch cua cac frgng s6 danh gia so vai cac trgng s6 Ii tuong tuang frng bj triet tieu 
^ _>0;/ = l,2,...,m thi e =£*. Luat c|ip nhat frpng SO cua mang: 

A = -<P. (9,9) (PiA + P22^2) (36) 

vai e,=qy-q^;ej=qy-q. Lu ît hieu chinh nay dugc xac dinh sao cho }V,-^fV', W,^0, 

F{q,q)~4F{q,q). Qua frinh hi6u chinh dugc th^rc hien tr6n ca sof siir dung vec ta sai lech £(0 

va dam bao dl E(t) -> 0. 

3.2. Mo phong kiem chung bo dieu khien 

- Robot Scara 3 bac tir do bao g6m 2 khop quay va I khop tjnh tiln dugc the hien nhu hinh 
5. 

Thong so ciia robot dugc cho nhu sau: 

m, =3,27(Ag);m, =2,93(%);m3 =2,13(Ag);/i =0,45(/«);/, =0,45(m);/3 =0,565(m) 

- Nhilu v^ lire ma sat tac dgng len cac khdp dang dac tinh dugc bilu thi nhu hinh 8. 

+ Nhieu tai frong khoang 

5(s):t = \^2(s);t = 3^4{s)\a:T,=[\0 10 lof (37) 

+ Luc ma sat nhat va kho: 

^ . , = 3 * ? , + 2 * s g n « , ) (38) 

- Quy dao miu cho 3 khop nhu sau: 

g^, =(siTiil)+e"^°^'^)sin(0.6t)(rad);qj2 =(sHt)+e'"*°"'')sm(0.5tXrady,q,, =0.1sin(/)(m) (39) 

- Kit qua mo phong 
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Hinh 5. Mo hinh Robot Scara 3 bac ty do. Hinh 6. Kit qua md phong bdm quy dao dat va 
sai lech b^m ciia khdp I. 

Hinh 7. Ket qua mo phong bam quj dao dSt v^ 
sai Ifch bSm cua khdp 2. 

Hinh 8. KSt qua mo ph6ng bdm quy dao dat va 
sai ISch b im ciia khdrp 3. 

^N^y^ 
Hinh 9. Dang d^c tinh ciia lire ma sat va nhieu tic 

d§ng 16n cic khdp. 
Hinh 10. Ket qua m6 phong m6 men va lire tac 
dong Ign cac khop khi chiu anh huong cua lire 

ma s^t v^ nhilu. 

4. KET LUAN 

Qua k8t qua mo phong cho thay voi thuat toan dieu khien trugt na ron thich nghi dugc dl 
xuit cho chat lugng bam quy dao dat tot, sai lech bam nho. Mo men va lire tac dpng len cac 
khop dam bao bii dugc nhieu va luc ma sat tac dgng len he thong do do no co the ap dung cho 
cac ddi tugng robot trong thuc te. 
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ABSTRACT 

ROBUST ADAPTIVE NEURAL NETWORKS SLIDING MODE CONTROL FOR 
THREE-FREEDOM ROBOT 

Thai Huu Nguyen'", Phan Xuan Minh^, Nguyen Cong Khoa^ 

' Vinh University of Technology Education, 

^Department of Automatic Control, School of Electrical Engineering, 
Hanoi University of Science and Technology 
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This paper presents an algorithm to design a robust adaptive controller for sfrictly parameter 
feedback plant with function uncertainty. The control algorithm is synthesized on sliding mode 
confrol principle. The function uncertainty of the plant is approximated by a two layer radial 
basis fiinction neural networks, the weigh coefficients are frained on-line. The proposed 
controller is used to confrol a three-freedom robot model. The simulation results show the 
advances and the application ability in practice of the proposed confrol algorithm. 

Keywords: robust adaptive confrol (RAC), sliding mode control (SMC), radial basis function 
neural network (RBFNN). 
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