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Bal béo trinh béy mét thuat toén thiét ké bo didu khlcn thich nghi bén vitng cho déi tugng
truyén nguge chit bat dinh ham sé. Lujt diu khlen duge tdng hop dua trén nguyén li diéu khién
trugt. Dac tinh bat dinh cia ddi tuong dugc xap x1 bing mang no ron hudng tam hai 16p, cic
trong sb cua mang dugc huan luyén on-line. By d|eu khien dugc 4p dung cho md hinh Robot ba
bac ty do (DOF). Chc két qua md phong cho thay wu diém va kha nang ng dung trong thyc té
clia thudt toan duge dé xudt.

Tir khéa: didu khién thich nghi bén vimg (RAC), didu khién truot (SMC), mang no ron huéng
tam (RBFNN)

1. PAT VAN BE

Diéu khién trrot (SMC) la mét trong nhimg bd diéu khnen co kha nang khéng nhiéu tt va
dam bao hé lhong kin 6n djnh tiém can [1]. Nhung dé thiét ké duge b didu khién trugt doi hoi
chiing ta phai biét chinh x4c mé hinh déi tugng. Dé khic phuc nhuge diém ndy, bai béo d& xudt
mot phuong phap xép xi ham s6 béc dinh cia déi tugng bing mét mang no ron hudng tim ba
Iép (RBFNN) véi cAc trong s6 cua mang dugc chinh dinh on-line. Thuat toan dé xuét thich hop
cho lép déi tuong bac hai truyen nguge chit bt dinh kiéu ham s6 va cé nhidu tac dong. Thuat
toan diéu khlen dé xuét duge kiém chimg trén md hinh Robot 3 DOF. Chu tric bai bio gbm 4
phén: dat vn dé, Téng hop bé didu khién thich nghi bén vimg, 4p dung cho mé hinh robot ba
bac tr do va két luan.

2. THUAT TOAN DIEU KHIEN THICH BEN VONG

Bai toan thiét ké dugc phit biéu nhu sau: cho d8i tuong ¢b6 moé hinh truyén ngugc chat

Jx, =x,
% = [{xx )+ ulty+n(t) O]
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trong d6 f(x,,x,) 13 ham s6 bi chin chua biét cia di tugng va n(r) 1A nhidu bi chin tic ddng
ti bén ngodi vao hé théng. 5 VA x, lacéc bién trang théi quan st dugc tryc tiép cua ddi tuong
va hé ¢6 didm can bing tai gbc t0a dd. Téng hop lujt diéu khién u() dam béo tin hiéu ra bam tin
hiéu dat w{r) véi sai léch bam tién vé 0.

2.1. Pidu khién trugt

Gia sir ham f(x,,x,) ciia déi tugng I3 x4c dinh thi bai toan trén s& dugc giai quyét dé
dang bing phuong phap téng hop bd didu khién trugt. Theo [1], ta c6 mat truet S dugc dinh
nghfa nhu sau:

S(e,é)=Ae+é véie=w—x, é=w—x, var>0 2)

Tin hiéu diéu khién trugt dugc thiét ké dya trén sy tdn tai mét ham Lyapunov ¥(S) cho hé
kin.

Chon ham
V©=1s ®
Tir 46 ta cé:
V(s)=58=-SKsgnS, véi K >0 4)
Tir didu kign (4) ta téng hop duge tin hiéu didu khién trugt u -
u=KsgnS+2Aé+w— f(x,,x,) )

nhung do f(x,x, ) 1a mét ham bat dinh nén ta khong thé thyc hién duge lujt didu khién (5). Bai
béo d& xut sir dung RBFNN dé xép xi ham bét dinh trén.

2.2. X4p xi ham bit djuh trén co s FRBFNN

Dé xép xi ham bét dinh f(x,,x,) cda (1) ta chuyén v& dang m hinh két hop gira mé
hinh tuyén tinh chuin didu khién dn dinh va phin b4t dinh méi. M hinh (1) duoc biéu din nhu

sau:
§ 0 1 0 0
X= X
[—au —a,,J +[1]"+[Fm] ®
y=x
Vvéi a,, Vi ay, 1 che hé s duong.
FX) =y +ayx + f(x,0)=(a, a,]X+7(X)=D,X+[(X) Q]

Dé xép xi F(X) ta sir dung RBFNN biéu din & Hinh 1.
Mang na ron dugc chon bao gdm 3 1p: 16p vio, 16p ra va 16p 4n la cde no ron huéng tim
RBF. Ta ¢6 ham xdp xi F'(x)duge xac dinh boi:
Fy=w7e(X) ®)
Vi ce ham co s& duge chon [5]:
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Didu khién truot no ron thich nahi bén viing cho robot ba béc tr do

600 = exp[ - C“]/ [ "";,C'I‘] ®

trong dé ¢, va b, 1a céc hing sé duong tr chon.

—ay,

0- 1 : : -
bit 4, =[—a1 ] B, =|:(|)] ,v& C.=[1 0] cu tric xdp xi ham F(x) dugc biéu dién & Hinh
I

Nhu vy, ludt diéu khién truot (5) duge thye
hién bang biéu thirc sau:

u=KsgnS+Aé+vi-f(x,x,) (10)
Vé&i f(x,x)=F(X)-[a, a,]X an

chinh dijnh

Hinh 1. RBFNN x4p xi hiam F(X). Hinh 2. Chu tric b xdp xi ham F(X).

Pé dam bao tinh hoi tu ciia by xAp xi ta phai x4c dinh duge lujt chinh dinh thich nghl véc
to trong s8 W dam bao su tdn tai mot ham Lyapunov cho hé kin, dé véc to trong sé W tién t6i
véc to trong sb t8i wu W*. Hay néi cich khac Ia ham F(X) tién v& ham F(X) v6i sai léch € nho
bao nhiéu tiy y [2, 3, 4]. Tir Hinh 2 ta c6 mé hinh cia b xAp xi:

; ,: . l ] g [o] |: ; :|
X= XA+ fu+| o o
—a —0y 1 F(X) (12)
y=C.X
L4y phuong trinh (6) tny di phuong trinh (12) ta duoc sai 6 xAp xi

. 0 1 0 0
E= E . A |=AE AE 13
[—a,. _,,,,] +[F(X)—F<X)] ~ +H +[W wo] i
Ta dinh nghia mét ham Lyapunov:

V(E,W)=ETPE+W'W (14)
Dao ham V() theo th&i gian ta duge:
V(E,W)=ETPE+E"PE+ W™ + WTH (15)
Thay (13) vao (15) ta dugc:
X _ ) " .
=ET(ALP+PAE+2| - T
V(E,W)=E (4,P+PA)E+ [Wra(,\’)] PE+2W™W (16)
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Tir d6 ta ¢6:
. o TTeu palfe], i
V(E,W)=ET(ALP+PA, E+2[. ] [ 2T
¢ - w00 Lpa pulle an
= ET(ALP+ PAYE+2T (p(X) (e + Pty )+ )
do A, 14 ma tran Hurwitz nén dé dang chon dugc ma tran P abi ximg xac dinh duong dé co:
A P+PA, =—Q (18)
trong d6 Q 1a ma trén abi xtmg xéac dinh duong. Vi ludt chinh dinh véc to trong sé:
W =—4(X NP + Paes) (19)
Thay (19) vao (17) ta cé:
V(E,Wy=E"(A.P+PATYE=—EQE <0 (20)

Vay ham ¥ () dinh nghia & (14) chinh 1a ham Lyapunov ciia hé.Cau trilc hé théng diéu
khién dugc biéu dién & Hinh 3.

3. AP DUNG CHO ROBOT BA BAC TY' DO
3.1. Thiét ké b didu khidn

Theo [6] tir m6 hinh déng lyc hoc cla robot n bic ty do:
H(@Q)§+C(9.9)4+C@+F (P+T, =T 20

v6i ge R",ge R, je R* 1a vée to géc, toc 46 va gia tde cia n khép. Ma trén quan tinh H(q) t
ma trin déi‘xtﬁmg xac dinh duong va biét tnrée do vay co thé biéu din robot n bic tw do bing n
hé& con truyén nguoc chit sau:

q, =X

4 =%, (22)

Gi =%y = fi(x)+u,

véi x, =[i"]; i=1,2,.,n; f/(x,) 1 cic ham tron chua biét va bj chan. Qai dao dit (4,,44) cho

1

truée va phép ddi bién:

{H' (9 =glgr =u; )

T=H(gu=g"(q)u; ueR"
M hinh robot biéu dién & dang (22) cho phép sir dung phuong phap thiét ké bd didu khién trugt
no ron thich nghi bén vimg (SMCFNN) ¢6 cdu triic nhu hinh sau:

Xap xi ham

/0

6y 7 L[ Phépadi §.4

Hinh 3. Ciu tric bd didu khién SMCNN. Hinh 4. Chu tric b) didu khién SMCFNN.
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Dibu khién truot no ron thich nghi bén viing cho robot ba bac tr do

Thiét ké b didu khién trugt
M hinh (22) ¢6 £()) biét trude. Thiét ké b6 didu khién trugt cho khép 1.
Chon mit truot:
S(a)=2e+4;1>0
m:mg d6: ¢ =g, g, véi g,,9, 14 quy dao va quy dao dit cia khéu 1
Lay dao ham (24) ta co:

a5,(a)
dt

két hop diéu kién truot ta ¢6:
[Adiy + by =24 ([ +u)]KSgn(S) <0 = Agy, +4,, - Ag, —(f; +1) =-K sgn(S,)
ta c6 b didu khién truot cho khép thir nhat:

= A6 +E = MGy~ * G — G = Ay +Gu = Ag - (i +u)

= Ksgn(5)+ A4,y + Gy = A4, - f;
Tuwong tr cho khép thir haj ta cé:
Uy = KSgn(S$))+Adyy +Gry = M~ 15
véi S,(e,)=Ae, +é,; €,=q,,—q, vi G;,4,, 12 quy dao va quy dao dit cia khiu 2.
B diéu khién trugt cho khép thi 3:
= K sgn(S,)+ Ay, +4s,— Mgy — 1,

véi Sy(e,) = Aey +éy; ey = gy, — gy va gy,q;, 14 quy dao va quy dao dit ciia khau 3.
XAp xi ham phi tuyén bAt dinh
Khi cé duge F,(q,9) ta dé& dang xé4c djnh j", (9,9) theo bidu thirc sau:

£,(2:4)=F,(9.9)- 29, - 234,
trong d6 a,, > 0;a,, >0 la cic tham 6 duge chon trudc; j=123.

pé xép xi ham phi ruyén bat djnh ta sir dung mang no ron RBF ta c6:

Flad)=3 70 (ad)e

trong d6 || <e,,, =, 12 sai s6 cho tnwée; ¢,(4,4) la cac ham co s& xuyén thm va duge chon:

Ifs fr.blj—c-?* 8 ol L2 f:g—cll’

6,.(9.4,)=exp

(24)

(25)

(26)

(27

28

(29)

30)

@an

(32)

véi C,la véc to 2 chiéu biéu dién tam coa ham co sd thir #, & bidu dién d6 trai rong cia ham cor
5. § ddy cac trong sb Li tuong W khéng biét truéc. Nhidm vu dit ra 12 x4c dinh céc trong s&

danh gia i, , theo d6 danh gia ham phi tuyén
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Fa.9): F(a.4)=274.(2.9) ¢33
-
Quié trinh xac djnh W, 13 qua trinh hoc cia mang, chinh 14 qua trinh hiéu chinh cac trong sb
W, 16p ra cia mang RBF.
Sai léch cua trong sb d4nh gid so véi trong s8 1i tudng & la:
W, =W, W, (34)
Tir (31), (33) va (34) ta cé:
F(g.9)=F(q.9)+€: € ==X W,(3,9) (35)
1=
Khi sai léch cua cic trong s6 danh gi so v6i cic trong s6 1i tudng twong img bi tridt tigu
W, - 0;i=1,2,..,m thi £=¢". Luit cp nhit trong b cia mang:
W, =—4.(0.0)(Pues+ Pucs) 36)
Vi & =q,—a;e =d,—¢ . Lut hiéu chinh ndy dugc xic dinh sao cho W, S W, W0,
I:“(q,z))a F(g,4). Qué trinh hiéu chinh dugc thye hién trén co s st dung véc to sai l§ch £(1)
va dam bao d& E(r) 0.
3.2. Mo phong Kidm chirog bd didu khién
_Robot Scara 3 bic tir do bao gm 2 khép quay va 1 khép tinh tién duoc thé hién nhu hinh

Théng s6 ciia robot dugc cho nhr sau:
m, =3,27(kg); m, =2,93(kg); m, = 2,13(kg);}; =0,45(m);1, = 0,45(m); 1, = 0,565(m)
- Nhiu va lyc ma sat tic dong 1én cac khép dang dic tinh dwoc biéu thj nhu hinh 8.
+ Nhiéu tai trong khodng
5(s): t=1+2(s);t =3+4(s) la: 7, =[10 10 10] (37
+ Lyc ma sat nhét va kho:
F,, =3*g,+2%sgn(4) 68
- Quy dao miu cho 3 khép nhu sau:
9, = (sin(r) +€°*)sin(0.61)(rad); g, = (sin(f) +*****)sin(0.5rXrad); g,, = 0.1sin(f)(m)  (39)
- Két qua mé phong
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Diéu khién truot no ron thich nghi bén virng cho robot ba béc tr do

Hinh 6. Két qua mé phong bam quy dao dat va
sai l¢ch bam cua khép 1.

e )

[N
Hinh 7. Két qua mé phong bdm quy dao dat va Hinh 8. Ké qua mé phong bam quy dao dat va
sai 1¢ch bam cia khép 2. sai l&ch bam cua khép 3.

et e o o Lo

[ s
‘ L_:;j i = M-—T__L .

L S L B L g s T

) et
Hinh 9. Dang dac tinh cba lyc ma sét va nhiéu tac Hinh 10. K&t qua mé phong md men va lyc tac
d6ng 1én céc khop. déng lén cac khép khi chiu anh huéng cria lyc

ma s4t vA nhiéu.

4. KET LUAN

Qua két qua mé phéng cho thiy vcu thuat toan diéu khién trugt no ron thich nghi duoc dé
xuét cho chét lrong bam quy dao dat tt, sai léch bim nho. M8 men va lyc tic ddng lén cac
khép dam bao bu dugc nhiéu va lyc ma sat tac dong Ién hé Lhong do d6 né c6 thé ap dung cho
cac déi tugmg robot trong thyc té.
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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

"Email: thainguyenktv@yahoo.com

This paper presents an algorithm to design a robust adaptive controller for strictly parameter

feedback plant with function uncertainty. The control algorithm is synthesized on sliding mode
contro! principte. The function uncertainty of the plant is approximated by a two layer radial
basis function neural networks, the weigh coefficients are trained on-line. The proposed
controller is used to control a three-freedom robot model. The simulation results show the
advances and the application ability in practice of the proposed control algorithm.

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