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TOM TAT

Bai bdo trinh bay mot phwong phap tong hop bé diéu khién trueot bam quy dao thich nghi cho
robot Scara c¢6 tham sé bdt dinh trén co sé nhdn dang mé hinh robot va diéu khién truot.
Phirong trinh déng hoc ciia robot dwoc nhdn dang bang diéu khién thich nghi va mang no ron va
s dung két qud nhan dang aé téng hop ludt diéu khién truot bam qui dao robot Scara. Ludt diéu
khién thu dwoc ciia bai bdo ¢6 chdt lwong bam tot.

Tir kho4: Robot Scara; diéu khién thich nghi; Piéu khién trugt; Mang no ron RBF.
1. MO PAU

Robot SCARA dugc tng dung rong rai trong cong nghiép, cong nghiép nhya, nganh cong
nghiép 6 t6, nganh cong nghiép dién tir va nhiéu linh vuc khac. Yéu cau cua robot SCARA cin
¢6 do6 chinh xé4c cao, do vay, phai c6 thuat toan didu khién chinh xac. Trong nhiing nim gan day,
thuét toan diéu khién c6 chat lwong cao dé diéu khién robot SCARA da va dang dugc cic nha
khoa hoc trong linh vuc tur dong héa quan tam nghién ciru. Diéu khién mo [1], diéu khién ché do
trugt [2], didu khién bén vimg két hop logic m¢ [3], didu khién trén co s& mang no-ron [4].
Kumar [5] da st dung mang RBF dé giam thiéu hién twong rung trong diéu khién ché do truot;
Wang Hong [6] dé xuat diéu khién thich nghi bing mang RBF bu trir cic thanh phan bt dinh; Li
Min [7] diéu khién thich nghi bu lyc ma sat dya trén mang no-ron mo RBF; Li Xin [8], Qiu Zhi-
cheng [9] dé xuat didu khién thich nghi bu sai s6 m6 hinh va nhidu trén co s& mang no ron RBF;
Diéu khién két hop gitra PID va mang no ron perceptron [10]. Piéu khién bam qui dao robot
SCARA trén co s& hoc may véi cac thuat toan hoc Regression va K-Nearest Neighbors [11]. Céac
cong trinh néi trén di cho nhiéu két qua dé nang cao chit lwong didu khién robot SCARA. Trong
bai bao nay trinh bay mot phuong phéap tong hop bo dicu khién trén co sd nhan dang dong hoc
ctia robot SCARA bang mang no ron RBF va tong hop bo diéu khién bam qui dao sir dung diéu
khién truot. Cac két qua nghién ctru dugc mé phong kiém ching trén phan mém Matlab-
Simulink nham khang dinh tinh hiéu qua ctia thuat toan diéu khién do bai bao dé xuat.

2. TONG HQP HE THONG PIEU KHIEN ROBOT SCARA

2.1. bong luc hoc diéu khién robot Scara

CAu tric cua robot Scara [12] dugc thé hién trén hinh 1. e, 1
Phuong trinh dong luc hoc cta robot Scara [12]: = = T H
D(a)4 +C(a.4)4+G (@) =7, &) D /%
trong do: q=[0,,0,,0;,d, ]T 1a véc to bién khép; : 'J ’JT__*?.S
D(q) € R** 14 ma tran quan tinh; i
C(q,q) €R**1a ma tran thanh phan luc ly tdm va <
Criolis; G(p) € R**1a véc to thanh phin luc trong trudng, Hinh 1. So dé cdu tric robot
Scara.

T 15y A N . A Lo
T =[2'1,z'2,13,r4] la véc to momen dau vao; Cac phan tu
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cua D(q),C(a,9),G(p):
D, =%ml|12 + (%Iz2 +172 + 1, cosa,)m, + (12 +17 + 21,1, cosq,)(m, +m,) +%m4r2,
1 2 1 2 1 2
D, = 5mzl2 +§m2I1I2 cosq, +myl,l, cosq, + m,l, +m,l1, cosq, +§m4r ,
1 .
Di; =0, Dy, :_Emzlr '

D, =tmiz+imil I L emll 12 s mll L
1 =5 Ml + 5 Mok, COSG, +Myll, Cosdl, +ml, + bl €0sg, +m,l; +myl, cosg, +Zm,r?,

D,, Z%mzlz + malz2 + m4|22 +%m4r2 ,D,; =0, Dy, :_§m4r2;
1 2 1 2 1 2
D31:O’D32:0’D33:m3+m4’D34:O' D41:§m4r ,D42=§m4l’ ,D43=0,D44:§m4r ;

1 . . 1
C.= —2(5 m, +m, + m,)ll,sing, xd,, C,, = _(E m, +my + m,)lI,,C,=0,C, =0;

CZl:(%m2 +m3+m4jlllzsinq2;Glzo,G2 =0,G; =—(m; +m,)g,G, =0.

v6i, m,m,,m,,m, 1a khdi lugng cua cic doan lién két giita cac truc ctia robot, g =9,8 gia toc

trong truong. ) )
Ma tran D(qQ) c6 tinh chat kha nghich, phuong trinh (1) dugc viét lai dudi dang:

G+D(q)"C(q,4)q + D(a) 'G(q) =D(q) 'z, )
Tadat:x, =0, % =X =0; % =0,, X, =X =0,; X =0, X =X =03; X, =0,, % =%, =0,
x:[)(1,X2,X3,X4,X5,X6,X7,X,3]T,u=[u1,u2,u3,u4]T =[rl,rz,r3,r4]T, ta viét lai phuong trinh (2)
thanh:

x=T(x)+b(X)u, 3)
trong do:
f 3 3 = = u
f(x)= [Xl f,(%), %;, T,(X), %5, T (X), %, T (x)] . (4) oo |
0 0 0 0
b21 (X) 0 0 0
o000 ©)
b(x) = 0 by, (x) 0 0 |
0 0 0 0
0 0 b, (X 0 ‘ ’ ‘
0 0 630( ) 0 Hinh 2. So do rit gon hé thong diéu
0 0 0 bs4 (X)_ khien robot Scara.

Trong bai bao nay téng hop bo diéu khién cho robot c¢6 phwong trinh (3) voi cac tham sb
khong biét trude hay néi cach khac f(x),b(X) bat dinh. Dé tdng hop bo diéu khién cho (3) ta can
xac dinh f(x),b(x) va téng hop bd didu khién truot tir két qua nhan dang. Hé théng diéu khién
robot Scara do bai bao dé xuat duge thé hién ¢ hinh 2.

Trong d6: SMC 1a bo diéu khién trugt, AD 1a khdi nhan dang, MH 1a mé hinh nhan dang, A
la ma tran kich thuéc nxn.
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Sau day, bai bao lan lugt trinh bay phuong phap tong hop bd didu khién cho robot Scara.
2.2. Tong hop luit nhan dang mé hinh robot Scara
Phuong trinh (3) duoc viét lai dudi dang:

X =Ax+b(X)u+f(x)-Ax, (6)
Trong do, chon Ala ma tran c¢b dinh va 1a ma tran Hurwitz.
Ta dat: f(x) = (x) - Ax, )
Néu bang cach nao d6 ta xac dinh duoc f(X) & (7) thi hoan toan xac dinh duoc f(X) & (4) va (3):
f(x) =f(x)+ Ax. )
T (7) ta viét lai (6): X = AX+b(x)u +f(x).. 9)
MO hinh nhan dang f(x),b(x) c6 dang: X =Ax_ +b(x)u +f(x) . (10)
Trong do, Xx,, la véc to nhan dang ciia mo hinh, b(x),f(x) 1a danh gia cua b(x),f(X) .
Bién ddi (9) va (10) ta duoc: &= Ae+b(X)u+f(x) (11)
Trong do:
e=X-X, 12) f(x) = f(x) —f(x) (13)
b(x) =b(x) —b(x) (14)

qua trinh nhan dang s& hoi tu khi f(X) = 0,b(x) =0 va khi do f(x) —f(x),b(X) = b(X) c6 nghia
1a (11) 6n dinh. Tiép dén f(x), b(x),f‘(x), b(x) duoc biéu dién qua mang no ron RBF v&i ham co s
Y(x):

() = exp(—||x - c||2 /267).

(15)
Ta biéu dién f(X) voi trong s 1y tuong W:j = const co cac phan tir:
L . = . 16
f,()=> w¥,(x)+¢,i=1-8,j=1-1I, (16)
j=1
&, 1a sai s6 xap xi, | 12 s6 ham co s, v6i s6 ham co s¢ du 16n dé & <&, cho trude.
Bidu dién f(x) voi trong sb hidu chinh W, ¢6 cac phan tir:
; ' . o= . — 17
f, () =D W, W;(x),i=1-8, j=1-1, a7
-1
Biéu di&n b(x) véi trong s6 1y tudng v, =const cé cac phan tir:
L. L = . o (18)
by () = ka(ij)k‘P(ka (X)+ &, 1=1-8, j=1-4,k=1-1,
=1
Bidu dién b(x) véi trong s6 1y tuong Vi €0 cac phan tir:
L T (19)
by (x) = kZI:v(ka‘P(ij)k (x),i=1-8,j=1-4,k=1-1,
Céc sai léch giira trong s6 hiéu chinh va trong s6 1y tuong:
iy =W, Wy i =18, j =11, (20)
Ve =V — Y1 =1-8, j=1-4,k =1-1. (21)
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Tir (16-21) ta thiy ring, néu phwong trinh (11) én dinh thi f(xX) —>0,b(X) >0, va ta c6 dé
(11) én dinh & tai ligu [13] khi W,V thoa man :
W, =—Pe¥,(x),i=1-8, j=1-1, (22)

\.7(ij)k = _UISielP(ij)k (X),i =1T8, j =1—_4, k=1—1 , (23)
trong d6, P, 1a hang thir i ciia ma tran d6i xtng xac dinh duong P**.

Tu (22) va (23) chay W;} = const, V., =const ta c6 ludt cap nhat trong so:

EU)IS
\fVij=—Pie‘I’ij(x),i=1_8,j=1_| , (24)
\;i(ij)k = _uﬁieqj(ij)k (X),i —1-8, i =1-4,k=1-1, (25)

Nhu vay, tir cac biéu thirc (24) va (25) ta da c6 luat cap nhat trong s6 cua (17) va (19) diéu do
¢6 nghia 1a ta x4c dinh dugc f(x),b(X) va khi d6 f(x),b(X) duoc nhan dang.
Tir (8),(17),(24), va (4) ta x4c dinh duoc f(X) v6i cac phan tir:

_ ! 8 _ | 8

f,(x) = szijzj () + Zazi X (26) f,(x) = szu‘"yzu () + Za4ixi , (27)
=1 i=1 j=t i=1

_ I 8 _ I 8

f () 2= DWW (X) + D ag X; (28) o (%) 2 D Wi Py () + -85, (29)
=t i1 =t =)

Tir (19), (25) va (5) ta xac dinh dugce b(X) voi cac phan tir bat dinh:

) | . !

b,, (x) = Zv(zl)klP(Zl)k (X); (30) b,, (X) = ZV(42)|<\P(42)1< (x); (31)
k=1 k=1

) | A |

B3 (X) = ZV(GS)k\P(%)k (X); (32) by, (X) = ZV(84)klP(84)k (x)- (33)
k=1 k=1

Nhu Véy,’é muc nay bai bao da xay dung lpé:[ nhén dang cac thanh phén bét dinh cua robot
Scara, cac két qua nhén dang dugc sir dung dé€ tong hop b diéu khién trugt s& trinh bay trong
phan tiép theo sau day.

2.3. Téng hop luit diéu khién trwgt robot Scara

Tir cac biéu thirc nhan dang (26-33) cia f(x),b(X) tién hanh téng hop bd didu khién truot cho
robot Scara. Véc to sai I¢ch gitra véc to tin hi¢u dat mong mubn X4 va véc to trang thai:

X=X-Xy (34)

Ta chon siéu mit trugt s=[s,5,,S;,5,]' :  s=cX, (35)

Trong d6, ma tran ¢ e R** 1a ma tran tham s6 va 12 ma trén 6n dinh.

Luat diéu khién truot nhu sau:

usmc:ueq+us' (36)
el L fug ki s=0
6i: = _

™= \u, khi s#0 37)

Thanh phan Ug, duge tim khi $=0chuy t6i (3) ta co:
§=cx—c[ F()+b()u,, —X, |=0 (38)
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Tir (38) ta co: Uy =—[cb()]” [ cf()—cx, | (39)
Thanh phﬁn u, dugc tim tir diéu kién ton tai ché do truot:
Chon ham Lyapunov cho siéu mit truot (35): V =0,5s's, (40)
Pao ham hai vé cua (40) ta duoc: V =5'$, (41)
Diéu kién ton tai ché do trugt khi V <0.
Thay (35) vao (41) taco: V =s'cx <0, V =s"c(F(x)+b(x)u)<0, (42)
Tiép tuc thay (36) vao (42) ta duoc: V =s"¢(F(X) +b(x)u,, —X, +b(X)u, ) <0 (43)
Thay (39) vao (43) ta c6: V =s"cb(x)u, <0, (44)
Dé thoa man (44) ta co:

u, =—{cb()]™ [&,5an(s,), S, SgNn(S,), &, S9N(S;), &, sgn(sﬁl)]T , (45)

5,i=1-4 lacachésd duong nho.

Tir (45) va (39) duoc dua t6i (36) ta c6 luat diéu khién ciia robot Scara. Nhu vay, bai bao da
tong hop luat diéu khién truot thich nghi cho robot cong nghiép Scara.

3. MO PHONG VA KIEM CHUNG KET QUA
Tham s6 m hinh robot Scara chwa biét gia sir c6 cc tham s6 sau :
m, =3,8kg m,=3,4kg  m, =2,5kg
m, =1kg r=0,05m I, =1,=0,4m
Thuc hién mé phong trén phan mém Matlab- Simulink v&i bo diéu khién (36); tin hi¢u dau
vao mong mudn qld ,qg,qg,qf ; qld ,qg ,qf don vi rad, q;f don vi m;
q¢ =3,14sin(0.57t + /3) ;¢ =-3,14sin(zt+ 7 /5); 0 =-0,2m;q’ =3,14sin(0.27t + 7/ 6)

- = =qd2
q2

I T - S )
T

=]
b o b o 2 om ow
T T T

02k ——

I | I I | | | I |
o 1 2 3 4 5 3 7 8 9 10 o 1 2 3 4 5 6 7 8 9 10

Hinh 3. Két qud mé phong bam tin hiéu dau vao of 03,05 ,0S voi bé diéu khién (35).

Tur hinh 3 cho ta thy, cac bién khép ca robot Scara bam chit tin hi¢u du vao dat o ,q5,qs5,q; .
Két qua mo phong da mot lan nita khing dinh tinh hiéu qua lut diéu khién robot Scara ctia bai béo.
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4. KET LUAN
Bai béo da trinh bay mot phuong phap tong hop bd diéu khién cho robot Scara co tham sé md
hinh bat dinh. Mo hinh cua robot dugc nhén dang trén co so ly thuyét diéu khién thich nghi va mang
no ron RBF. Tinh 6n dinh ciia hé thong didu khién dugc chimg minh dya trén dinh ly Lyapunov thu
2. Ket qua mo phong cho thdy hiéu qua ctia bo diéu khién, robot bam t6t quy dao chuyén dong mong
mubn. Cac két qua nghién ctru duge md phong trén phan mém Matlab- Simulink d&@ minh ching tinh
dung dan cua phuong phap diéu khién robot Scara do bai béo dé xuat.

TAI LIEU THAM KHAO

[1]. ZHANG Tie, LI Chang-da, QIN Bin-bin, “Adaptive Iterative Learning Trajectory Tracking Control
of SCARA Robots”, China Mechanical Engineering, (14) pp. 1724-1729, (2018).

[2]. HuJF, Cui XF, Li P,” Vibration suppression of flexible parallel manipulator based on sliding mode
control with reaching law “, Applied Mechanics & Materials, 160, pp. 30-34, (2012).

[3]. Labiod S, Boucherit M S, Guerra T M, “Adaptive fuzzy control of a class of MIMO nonlinear
systems”, Fuzzy Sets & Systems, 151 (1),pp. 59-77, (2005).

[4]. TAOY, Zheng J, LIN Y. A, “Sliding mode control-based on a RBF neural network for deburring
industry robotic systems”, International Journal of Advanced Robotic Systems, 13, pp. 1-8, (2016).

[5]. Kumar N, Borm J H, Panwar V, “Tracking control of redundant robot manipulators using RBF
neural network and an adaptive bound on disturbances”, International Journal of Precision
Engineering & Manufacturing, 13 (8), pp. 1377-1386, (2012).

[6]. WANG Hong, ZHENG Tiangi, “RBF network adaptive control of six-axis manipulator based on sliding
mode compensation”, Journal of Northeastern University (Natural Science), pp. 1601-1606, (2017).

[7]. LI Min, WANG Jia-xu, XIAO Ke, "Digital robust sliding mode control algorithm for robot based on
dynamic friction block compensation of fuzzy RBF neural network”, China Mechanical Engineering,
pp. 2792- 2796, (2012).

[8]. LI Xin, YANG Kai-ming, ZHU Yu, “Adaptive Control of Modeling Error Compensation for
Manipulators Based on RBF *, Journal of System Simulation, pp. 1474-1484, (2017).

[9]1. QIN Zhi-cheng, XU Yan-fei, “Vibration control of rotating flexible articulated beam based on
adaptive RBF fuzzy neural network ”, Vibration and Shock, pp.89-95, (2016).

[10]. E. O. Freire, F. G. Rossomando and C. M. Soria, "Self-tuning of a Neuro-Adaptive PID Controller
for a SCARA Robot Based on Neural Network”, IEEE Latin America Transactions, vol. 16, no. 5, pp.
1364-1374.

[11]. M. A. Devi, P. D. Jadhav, N. Adhikary, P. S. Hebbar, M. Mohsin and S. K. Shashank, "Trajectory
Planning & Computation of Inverse Kinematics of SCARA using Machine Learning", 2021
International Conference on Artificial Intelligence and Smart Systems (ICAIS), Coimbatore, India,
pp. 170-176, (2021).

[12]. Bing Xiel, Yuming Qi2, and Weihua Su, “RBF Network Adaptive Control of SCARA Robot Based on
Fuzzy Compensation”, 2020 International Conference on Applied Physics and Computing, pp.1-17.

[13]. Ngo Tri Nam Cuong, " Tong hop bé diéu khién thich nghi cho mét 16p doi twong phi tuyén trén co sé
diéu khién truot va mang no ron”, Tap chi Khoa hoc & K¥ thuat/Hoc vién k¥ thuat quén su, S4 188,
trang 123-133, (2018).

ABSTRACT
Controlling the Scara robot based on neural network and sliding mode control

The paper presents an adaptive sliding mode control synthesis method for a Scara
robot with uncertain parameters based on robot model identification and sliding control.
The robot's dynamic equation is identified using adaptive control and neural network
techniques, and the identification results are used to synthesize a trajectory-tracking
sliding mode control system for the Scara robot. The control law obtained from the article
has a good trajectory tracking quality.

Keywords: Scara robot; Adaptive control; Sliding mode control; RBF neural network.
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