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TOM TAT

Bai bao trinh bay 6t thuat toan thét ké bo diéu khién thich nghi Bn vitng choddi tugng
truyén ngroc chit bat dinh ham 8. Luat diéu khién dugc tong hyp dra trén nguyén kiéu khien
truot. Dic tinh bit dinh aia ddi tuong duoc xdp xi bing mang ro ron hréng tdm hai dp, cac
trong $ caa mang dugc huin luyén on-line. B diéu khién dugc ap ding cho mé hinh Robot ba
bac ty do (DOF). Céac & qua mé plong cho tly uu diém va kh ning tng ding trong thrc
cua thuit toanduoc dé xut.

Tir khéa diéu khién thich nghi Bn vitng (RAC), diéu khién treot (SMC), mang ro ron hréng
tam (RBFNN)

1.PAT VAN PE

Diéu khién truot (SMC) la ndt trong ntirng b didu khién cé khi ning khang ntiu 6t va
dam bao h¢ thdng kinon dinh tiém can [1]. Nheng dé thiét ké duoc b diéu khién treot doi hoi
ching ta phi biét chinh x4c mé hinlidi twong. Bé khic phic nhrgc diém nay, bai badé xuat
mot pheong phap Ap xi ham $ béac dinh aia déi tuong bing mbt mang ro ron hréng tam ba
l6p (RBFNN) Wi cac tong $ cia mang dugc chinh dinh on-line. That toandé xuét thich hop
cho bp ddi tugng bic hai trugn ngroc chit bt dinh kiéu ham é va cé nhdu tadcdong. Thut
toandiéu khién dé xuat dugc kiém ching trén mo hinh Robot 3 DOFAC tric bai bao gm 4
phan: dat vin dé, Tong hyp b didu khién thich nghi Bn vitng, 4p @ng cho md hinh robot ba
bac tr do va Kt luan.

2. THUAT TOAN PIEU KHI EN THICH B EN VUNG
Bai toan thét ké dugc phat béu nhr sau: chati tugng c6 mé hinh tridn ngroc chit
X =%
% = (%, %)+ ud+ () (1)
Y=X
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trongdé f(xl,xz) la ham 6 bi chan chra biét cua ddi teong van(t) 1a nhéu bi chin tacdong
tir bén ngoai vaothong. x va x, la cac bén trang thai quan satuoc trec tiép cia ddi tuong
va ke codiém can ling &i gdc toa dd. Tong hyp luat diéu khién u(t) dam bao tin hiu ra bam tin
hiéu dat w(t) vai sai kch bam tn \é 0.

2.1.Diéu khién truot

Gia sir ham f(xl,xz) cua d6i tugng la xacdinh thi bai toan trénésduoc giai quyét dé
dang king phrong phéap éng hyp b didu khién truot. Theo [1], ta c6 it truot S duoc dinh
ngha nhr sau:

S(eé) =Je+é wie=w-x,e&=W-Xx, var>0 (2)

Tin hiéu diéu khién trrot dugc thiét ké dua trén g ton tai mot ham Lyapunow/(S)cho
kin.

Chon ham
V(S =% g 3)
Tur dé ta co:
V(9= SS=- Skgn , Vi K>0 4)
Tir diéu kién (4) ta dng hyp duoc tin héu diéu khién trrot u
u=KsgnS+Ae+w- f(x,x,) (5)

nhung do f (x, %) 1& mjt ham ft dinh nén ta khong ehthuc hign dugc luat diéu khién (5). Bai
baodé xuat sr dung RBFNNGé xap xi ham @t dinh trén.

2.2. Xap xi ham bét dinh trén co s FRBFNN

Dé xap xi ham Ht dinh f(x,,x,) cua (1) ta chu§n V& dang md hinh &t hop giita mo
hinh tuyn tinh chédn diéu khién 6n dinh va plan bit dinh msi. M6 hinh (1)duoc biéu dién nhr

sau.
SRS
e a1 [FX) (6)

y=X
Vi a,, va a,, la cac i¢ sb duong.
FOX)=a,x+a,x+ f(% x)=[a, a] ¥ (Y= P % (X (7)
Dé xap xi F(X) ta sr dung RBFNN béu dién ¢ Hinh 1.
Mang ro ron duoc chon bao ém 3 kbp: 16p vao, bp ra va &p an la cac o ron hréng tam
RBF. Ta c6 hamap xi F(X) duoc xacdinh boi:
F(X)=W'e(X) (8)
Véi cac ham ¢ s dugc chpn [5]:
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W)zexp(_nx olf ] Zex{ L ] o

trongdo ¢; vab; la cac fing $ duong tr chon.
1
&,

0 . . g .
bit A, = B =° ,vaC,=[1 0] cau tric p xi hamF(x) duoc bicu dién ¢ Hinh
8y Tay K 1 "

2.
Nhu vay, luat diéu khién truot (5) duoc thuc

hign bing bitu thirc sau: . Déi tuongdiéu khién D N
u=KsgnsS+Aer w f( x, ) (10) ‘ ;
5 f = B o C
Vi f(x,%)= F(X)-[a, &, X (11) n ] J m 20
A,
w
RBFNN |
F(X)
L Co ciu E

chinhdinh [

Hinh 1 RBFNN »ip xi ham F(X) Hinh.ZAu trac b xip xi ham F(X)

D¢ dam hio tinh i tu cia k) xép xi ta phii xac dinh dugc luat chinh dinh thich nghi véc
to trong © W dam bao ar ton tai mét ham Lyapunov choéhkin, dé véc b trong $ W tién ti
véc b trong $ tdi vu W*. Hay noi cach khac la hari(X) tién v& hamF(X) vai sai kche nho
bao nhiéu tiy y [2, 3, 4].0THInh 2 ta c6 md hinhia kb xap xi:

e, a5 llece)
X = X+ u+| . -
T Tay 1 F(X) (12)

y=C_ X
Lay phuong trinh (6) tir di phuong trinh (12) tatuoc sai $ xap xi

o R O R KR P
-8, &, F(X)=F(X) e W g( X)

Tadinh ngha nHt ham Lyapunov:

V(EW)= E PE+ W W (14)
bao hamV/(.) theo thyi gian tadugc:
V(EW) = E PEF E PB W W W\ (15)
Thay (13) vao (15) tdugc:
S o T N
V(E,W)= E (A P+ PA) BZ[WT;o(X)} PE2 W'V (16)
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Tu do6 ta co:

i~ E 0 T[ru pelf@], o5 -
V(EW) = E (4 P+ PA) Ez{va(xj{ }[ }+2Wv

P Pl & (17)
=E'(AP+PA)EL2W (§(R( p e p 4+ W
doA_ la ma tan Hurwitz nén d dang cln duoc ma tan P dbi xing xacdinh drong dé co:
AP+ PA =-Q (18)
trongdd Q la ma tén dbi xing xacdinh drong. Voi luat chinhdinh véc b trong $:
W =-@X)(R,6+ B, © (19)
Thay (19) vao (17) ta co:
V(EW)= E (A P+ PA) E- E QEO (20)

Vay hamV (.) dinh ngha ¢ (14) chinh la ham Lyapunowia h.Cau trac & thong diéu
khién duoc biéu dién ¢ Hinh 3.

3. AP DUNG CHO ROBOT BA BAC TU DO
3.1. Thiét ké bd diéu khién
Theo [6] tr md hinhdong hrc hoc cia robot n Ac tu do:
H(@g+C(ggar Qg+ F(y+r, =7 (21)
v6i qOR, g0 R, dJ R la véc b gdc, B do va gia dc aia n khop. Ma tén quan tinhH(q) 1a

ma tian déi xing xacdinh drong va bét truéc do \y 6 thé bieu dién robotn bac ty do kingn
hé con truyn ngroc chit sau:

=%
G =X, (22)
g =%,=f(x)+y

X1

VoI X =[
i2

}; i=1,2,..n; f(X) lacac ham tm chra biét va b chin. Qi dao dt (q,,q,) cho
trugc va phéptdi bién:

DN _

{H (@r =g(ar =y 23)
r=H(Qu=g (du W R

Mb hinh robot biu dién & dang (22) cho phépisdung phrong phap thit ké bo dicu khien trrot

no ron thich nghi bn vitng (SMCFNN) c6 8u tric nhr hinh sau:

Xap X |e— Xapxi |
° > ham . > ham
W€ a—Y f X . v |
. ’ Z- a..a d . T a.a
J{%-—) SM |-<>-u—)| PAi I—o—) oM He> Fjllep S mone B
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Hinh 3 Ciu tric I diéu khién SMCNN. Hinh 4 Ciu trac B diéu khién SMCFNN.
Thiét ké b diéu khién trwet
M® hinh (22) c6f,(.) biét trudc. Thiét ké bo diéu khién trrot cho khop 1.
Chon mat truot:
S(g)=4g¢+'¢1>0 (24)
trongdo: ¢ = q, — q Vdi q,q, la guy dao va qy dao dat cia khau 1
L4y dao ham (24) ta c6:

dS(e)
dt

két hop diéu kién trrot ta co:
[ + 6 A6~ (fi+ W] Ksgn(§)< C = Aq, +6, -4 -(f,+u)=-Ksgn(s)  (26)
ta cO [ didu khién truot cho khép thir nhét:

=A6+8=A(q - P+ -q=A"¢+"¢-A'¢( f 9 (25)

b =Ksgn@ )49, +9-49- { (27)
Twong tr cho khop thr hai ta cé:
U, = Ksgn@S A, +q,-49- § (28)
véi S,(g)=A1¢g+g € =04~ G val,Qy laquy dao va qy dao dat cua khau 2.
Bo diéu khién truot cho khép thi 3:
U, =Ksgn@, A, + G~ A g~ (29)
véi S)(g)=A¢g+’g e= ¢- (va(,0y laquw dao va q§ dao dat cia khau 3.

Xap xi ham phi tuyén bét dinh
Khi cé duoc F, (q,¢) ta & dang xadtinh f, (q,4) theo béu thic sau:
f(a0)=F(ad-a.9- a4 (30)
trongdo a,, > 0;a,,> 0 la cac thamd&dugc chon trude; j=1,2,3.
Dé xap xi ham phi tugn bét dinh ta & dung mang ro ron RBF ta c6:

F (q,q)=§vv*w(q'c)+s (31)

trongdo |¢|< ¢, &, la sai $ cho tudc; ¢(q,q) 1a cac hame sy xuyén tam vatuoc chon:

2

Ja aT-qf & e aT-¢

07 2. : (32)

#(q.9)=ex
VGi C 1a véc bt 2 chiu biéu dién tdm @a ham o s thir i, b biéu dién do trai rong aia ham o
so. O day céc tong $ li twong W' khong bét trudc. Nhigm wu dit ra la xaadinh cac tong $

danh giaw , theodé danh gia ham phi tun
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F(q,0): F”(qﬂ)=i\f\(w(q 9 (33)

Qua trinh xadinh W la qué trinh bc cia mang, chinh 1a qué trinh & chinh céc tong $
W 16p ra @ia mang RBF.

Sai kch aia tiong $ danh gia so &i trong $ | tuong < la:
W =W - w (34)
Tur (31), (33) va (34) ta co:
Fla.g)=F(ag+e:e =e-2 Vg (a9 (35)
i=1

Khi sai kch aia cac tong $ danh gia so & cac tong $ li tuong trong tng ki triét tiéu
W - 0;i=1,2,..mthi £ =¢ . Luat cap nhit trong $ cia mang:
W=—q(q 0)( R e+ B, ?) (36)
Véi g =0q,-q g=q- g Luat hieu chinh naydugc xac dinh sao chow - W, W - 0,
F(a,9) ~ F(g g. Qua trinh hfu chinh dugc thyc hign trén o s st dung véc & sai Ech E()
vadam bao dé E(t) - 0.
3.2. M6 phong kiém chirng b diéu khién

- Robot Scara 34t ty do bao §m 2 khop quay va 1 kbp tinh tién dugc thé hién nhr hinh

Théng $ caa robotdwgc cho nhr sau:
m =3,27(kg);m = 2,93(kg); m= 2,13(kg);l= 0,45{m),I= 0,45 )= 0,565
- Nhidu va rc ma sét tadong 1én cac kbp dangdic tinhduoc biéu thi nhu hinh 8.
+ Nhiéu tai trong khaing
5(s): t =1+2(s);t=3+ 4(s) la: 7, =[10 10 14 (37)
+ Lirc ma sat nét va kho:
Frg =370, +2%sgn(q) (38)
- Quy dao mau cho 3 kigp nhr sau:
gy, = (sin(t)+€"°*))sin(0.a )¢ad );q, = (sin¢ ¥ €"**) )sin(0.5 )(ad )g, = 0.k X( ¥ (39)
- Két qua md prong
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Ket qua mo phong khop 1

Hinh 6 Két qua mo plong bam g dao dat va
sai Ech bam éa khop 1.

Ket qua mo phong khop 3

é”’ Einns \\\ i
Hinh 7. Két qua md plong bam qi dao dat va Hinh 8 Két qua md ptong bam gt dao dat va
sai Bch bam éa khop 2. sai kch bam éa khop 3.

Mo men, luc tac dong len cac khop khi co nhieu va luc ma sat

100

(SMC - RBF)

10 L L L L L L L L L 50 L L L L L
0 05 1 15 2 25 3 35 4 45 5 0 1 2 3 4 5 6
Time(s) Time(s)

Hinh 9 Dangdic tinh @ia krc ma séat va nbu tac Hinh 10 Két qua md plong md men vaulc tac
dong lén cac kbp. dong lén cac kbp khi chu anh hrong aia luc
ma sat va nidu.

4. KET LUAN

Qua Kt qua mé plong cho thy vai thuat toandiéu khién truot no ron thich nghidugc dé
xuit cho clit lugng bam gt dao dit tét, sai Ech bam nb. Mdé men vakc tacdong lén céac
khép dam bio buduoc nhu va krc ma sat tadong |én ¢ thong dodé né co ti 4p ding cho
cacddi teong robot trong thc €.
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ABSTRACT

ROBUST ADAPTIVE NEURAL NETWORKS SLIDING MODE CONTROFOR
THREE-FREEDOM ROBOT

Thai Huu Nguyeh, Phan Xuan Minf) Nguyen Cong Khda

Vinh University of Technology Education,

Department of Automatic Control, School of EleettiEngineering,
Hanoi University of Science and Technology

"Email: thainguyenktv@yahoo.com

This paper presents an algorithm to design a radmlegptive controller for strictly parameter
feedback plant with function uncertainty. The cohtlgorithm is synthesized on sliding mode
control principle. The function uncertainty of théant is approximated by a two layer radial
basis function neural networks, the weigh coeffitseare trained on-line. The proposed
controller is used to control a three-freedom robmdel. The simulation results show the
advances and the application ability in practicéhefproposed control algorithm.

Keywords:robust adaptive control (RAC), sliding mode contf8MC), radial basis function
neural network (RBFNN).
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