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In this paper, a solution of control system design for industrial robots
with three degrees of freedom is proposed. The mathematical model
of the robot is presented by nonlinear equations using Taylor
transformation. The nonlinear equations represent the states of the
system with variable parameters, under the influence of unmeasurable
external disturbance. The nonlinear function vector, the change of the
dynamic parameters and the external disturbance are identified,
compensated and adjusted base on adaptive control theory and the
RBF neural network. Thus, the control system becomes robust under
influence of uncertain components. The control law is built based on
the principle of sliding mode control, so the designed system can give
characteristics with high stability. The received results have shown
advantages of the designed controller in terms of adaptation,
interference resistance and performance.
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Bai bao trinh bay mot giai phap thiét ké b diéu khién cho robot cong
nghiép ba bac tu do. Trong d6 mo6 hinh toan cta robot ba bac tu do
duoc khai trién thanh hé phuong trinh trang thai phi tuyén théng qua
phép bién d6i Taylor. Vi hé phuong trinh trang thai co tinh dén
truong hop tham sé thay doi theo thoi gian va chiu nhidu ngoai tac
dong khong do duogc. Vécto ham phi tuyén, cac tham sé dong hoc
thay d6i cling véi nhidu ngoai dwoc nhan dang, chinh dinh bl trir trén
co so ly thuyét diéu khién thich nghi va mang noron RBF. Nho d6 hé
tro 1én bén viing véi cac thanh phan thay doi bat dinh. Luat diéu
khién dugc xay dung dya trén nguyén 1y diéu khién truot nén hé cé
tinh bén virng. B diéu khién thu duoc cd kha ning thich nghi, khang
nhiéu va c6 chat luong diéu khién cao.
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1. Giéi thiéu

Ngay nay, robot ba béc ty do (3-DOF) dugc sur dung phd bién trong céng nghiép, do nhu cau
nang cao chat lwong va ning suat trong san Xuat hang héa ngay cang cao, do do, yéu cau can phai
cai thién chét lugng cua robot 3-DOF ludn 14 yéu cau buc thiét cua thuc té. Bé nang cao do chinh
xé&c cua robot 3-DOF luat didu khién dong vai tr0 quan trong. Da c6 nhiéu nghién ciu cac
phuong phap diéu khién khac nhau dé tong hop bo diéu khién cho robot 3-DOF. Phuong phap
diéu khién thich nghi dwoc quan tam nghién ctu [1]-[4]. Trong [1], luat diéu khién thich nghi
dugc xay dung theo md hinh chuan; ton tai cua phuong phép nay la khi quy dao lam viéc, tai
trong thay doi phai xac dinh lai tham s6 mo hinh tham chiéu. Luat diéu khién & cac tai lieu [2]-[4]
duoc thiét 1ap tir bién sai sé trang thai cua hé thong va trang thai mong mudn; do vay qua trinh
cap nhat luat thich nghi dién ra khi thay d6i quy dao lam viéc, diéu nay gy ra nhiéu bat loi.
Phuong phap diéu khién bén vimg trén co s& diéu khién truot [5], [6], diéu khién bén viing chi
phat huy hiéu qua khi biét dugc gidi han thanh phan bat dinh, trong nhiéu trudng hop khdng xéac
dinh duoc giGi han nay.

Dudi ddy, bai bao trinh bay giai phap thiét ké bo diéu khién thich nghi cho tay may ba bac tu
do c6 tinh dén mo hinh tham sé thay ddi va c6 nhiu ngoai.

2. M6 hinh toan hgc robot céng nghiép ba bic tw do

Phuong trinh dong hoc robot céng nghiép 3-DOF [7]:
Mg+Cg+G=r, (1)

Trong do: q:[ql,qz,qs]T eR* 1a vecto bién khop; ‘r:[z’l,rz,rs]T eR** 1a vecto mémen

dau vao. M eR*? la ma tran khdi luong suy rong; CeR>® 1a ma tran cac thanh phan i tam va
luc Coriolis; G e R** 1a vecto thanh phan lyc trong trudng.

b,s,S, +b,CZ +b,c2 + by 0 0
M= 0 0.5b,(C,C, +5,8;) + b, 0.5b,(C,C; +5,8,) +by, | 2)
0 0.5b,(c,C, +5,5;) + by, by
b, b,d,s,¢, +b,q;S,C, b,4,S,¢; +Db,0,5,C;
C = 2b,,G55.¢, + 20,6,5,C; — 0.5b,0, (5,€; +C,5;)  0.5b,0, (C,5; —5,¢;) +byy  0.5b,0,(5,¢,—C,85) | (3)
2b12Q153C3 - 0-5b3Q152C3 0-5b3Q2 (0283 - S2‘33) - b15 bls
0
= |bs, + bgs3] , 4
b953
véi: s; =sin(q;); ¢, =cos(q; ). Tham sé cua (2), (3), (4) duge xac dinh theo Bang 1, trong do:
m, va a la khdi lugng va chiéu dai cia khau tha i; 1, 1,,;, I,,; 1a moment quan tinh; f,; 1a

hé s6 ma sat nhét cua khau tha i véi (i=1,2,3).
Bang 1. C4c tham sé cua cac ma trdn (2),(3),(4) [7]

b =f, b, =2(m,a — 1, +1,,) b,=M, 3,

by =2(1,5—1y5) by =mgal + Loy +1,,,+ 1, by =12 — 1y, —Ms3;
b, =151, bB:—(MX2+a2rr13)g by =—M, g

b = f., by, =05(1,,, 1, —ma;) by, =0.5(1,5—1,5)
b, =msa; +1,,, b, =1.., bs = f,;

big =15+ 1ns by =—lns
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Dé thuan loi cho qué trinh thiét ké sau nay, véi M 1a ma tran kha nghich [7], chang t6i viét
lai phuong trinh (1) dudi dang:
g=-M'Cqg-M'G+M', (5)
bat X:[Xi!xzvxstme'Xe]T , trong dO: X =0, X=X, X;=0y, X, =%, X,=0, X =X5;
u=[u,,u,,u,]" =[z,,7,,7,]" . Phuong trinh (5) duoc viét lai thanh:

X=vy(x,u). (6)
Tiép tuc khai trién Taylor (6) tai diém can bang (X,,U,) ta dugc phuong trinh:
X=Ax+Bu+{(x). (7)

Trong d6 A, B la cac ma tran Jacobian; C(X) 1a thanh phan bac cao caa phép khai trién Taylor.
o 1 0o 0 0 0]

_ oy o o o 1 0 o0
Xlpsguo)  [Ova Ows Qv vy wu Ovs (8)

ox, OX, OX OX, OX  OXg

o o 0o 0o o0 1

B_ oy _| o o o
ou [Xg.ug] % v, % (9)

ou, du, Ou,

0 0 0

OWs OV OVs
| ou, ou, Ou, | (o]

Trong thyc té khi hoat dong robot cong nghiép 3-DOF chiu tic dong cua cac yéu tb bét dinh
nhu: sai 1éch do co cdu chap hanh, nhiéu tai va nhiéu yéu té khéc, kéo theo cac tham sé dong hoc
ctia robot thay doi va nhiéu trudng hop ¢6 nhidu ngoai tac dong khéng do dwoc. Do vay, phuong
trinh (7) duoc viét lai thanh:

X=[A+AAJX+[B+ABJu+§(x)+d(t), (10)
Trong do,A,B la cic ma tran khong d6i, AAla ma tran c6 cac phan tirAa; thay doi,

Aay i < A8 < AB oy s (i, i :R) ; AB 1a ma tran c6 cac phan tr Ab; thay doi,
Ab, i SAB; <Ab, ., (i=16; j=1,3); d(t) 1a vecto nhidu ngoai va bi chan.
Tiép dén, bai bao dé xuat phuong phap tdng hop bd diéu khién thich nghi cho robot cong
nghiép 3-DOF c6 mé hinh (10).
3. Téng hop bd diéu khién robot cong nghiép ba bac tw do
Phuong trinh (10) duoc viét lai duéi dang:
X=Ax+[B+ABJu+f(x)+d(t), (11)
trong do: f(x)=AAX+{(x).
M® hinh nhan dang céc thanh phan thay di c6 trong phuong trinh (11):
)'(m=Axm+[B+Al§m]u+f(x)+a(t), (12)
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Trong do: X, - vecto trang thai cia mo hinh; Aém - ma tran danh gia cia AB; f(x) - vecto
danh gia cua f(x); a(t) - vecto danh gid cta d(t).
Bién d6i phuong trinh (11) va phuong trinh (12) ta nhan dugc phuwong trinh sai sd:

¢=Ae+| AB Ju+f(x)+d(t), (13)
Trong d6: e=x-X, (14) AB=AB-AB, (15)
F(x)=F (x)~F(x) (16) d(t)=d(t)-a(t) (17)

Luat nhan dang c4c thanh phan thay doi AB, f(x), d(t) ¢ tai lidu [8].
Luat nhan dang ma trin AB thong qua ma tran danh gia AB véi cac phan tir [8]:
b, = [uREdt+Ab], i=16; j=13. (18)

Luat nhan dang vecto ham ph1 tuyén f(x)[8]:
00 = fi(x)= Z i (X): Wy =REg; (x). (19)

Trong do: f, (x) 1a cac phan tir cua vecto f‘(x); W, 1a trong sé hiéu chinh; P; 1a hang thi i
clia ma tran d6i xang xac dinh dwong P®; i =16;j=1L.

Luat nhan dang vécto nhiéu ngoai d(t) khong do dugc co cac phan tir [8]:

d,(t)=d(t)= [PEd, (20)

Trong do6: d. (t) 1a cac phan tir ciia vecto danh gid nhiéu ngoai a(t) ,i=16.
Cac luat nhan dang (18), (19), (20) dugc sir dung dé tong hop luét chinh dinh thich nghi dugc
trinh bay ticp theo. . i
Véi d6i tuong c6 phuong trinh (11) luat diéu khién u cé dang [8]:
uzusmc +ub' (21)
trong d6 U, 1a luat diéu khién truot, u, Ia luat diéu khién thich nghi.
Luat chinh dinh thich nghi [8]:

ub:—H[[Aﬁ.j]u{ﬁ(xﬁ+[di(t)T] i=16; j=13. (22)

trong @6 H 12 ma tran hé s6 khuéch dai, H=B", B*1a ma tran gia nghich dao cua B [9].
Véi vecto tin hiéu u, (22) duogc dua tdi dau vao cta doi twong, khi d6 cac thanh phan bat dinh
duoc bu trir [8] va (11) tro thanh:

X=AX+Bug,. (23)
Vecto sai 1éch giira vecto trang thai cua dbi tuong va vecto trang thai mong mudn Xq
X=X=X;. (24)

Luat diéu khién truot u, [8]:

’ ~[cB] ' [ssun(s,). Ssgn(s ),5sgn(s3)]T khi S#0 5)
—[CB] [CAX+CAX, —CX, ] khi S=0

V6i siéu mat truot dugc chon S=CX=[s, sz,ss] C 1a ma tran tham sb siéu mat truot va

chon C sao cho det[CB]=0; § 1a hé s duong nho.
Nhu vay, véi cac luat dugc trinh bay & [8] duoc ap dung dé tong hop bo diéu khién u (21) cho
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robot 3-DOF c6 phuong trinh (11) véi u, (22) va ug,. (25).

smc
4. M6 phéng va kiém chieng két qua
Tién hanh md phong trén phan mém Matlab Simulink véi bo diéu khién (21), cac tham s md
phong duoc lay tu tai liu [7] dugc trinh bay trong Bang 2.
Béang 2. C4c tham sé cua robot 3-DOF [7]

b =04701  b,=0.1094  b,=00151  b,=00591 b =00626 b, =0.0229
b, =-0.0054  b,=-0.0051 b, =0.0097  b,=07741 b, =02345 b, =0.0731
b,=01991 b, =00603 b,=07218 b, =0.1033 b, =0.0906

Khai trién Taylor (6) tai diém can bang X, = [0,0, 0,0,—7/ 2,0]T , Uy =[0, -0.0097,-0.0097]T ,
cac ma tran (8), (9) thu duoc la:

0 1 0 0 0 0 ) 0 0
0 -550 0 0 0 0 117 0 0
0 © 0 1 0 0 0 0 0
= 26 = .
A 0 0 0.0350 -8.22 -0.0000221 2.90 (26) B 0 687 -4.02 (@7)
0 0 0 0 0 1 0 0 0
|0 0 -0.0308 14.3 -0.0000563 -9.60 | | 0 -6.04 133 |
Vecto ham phi tuyén va nhiéu ngoai (11) gi sir ¢6 dang:
0
0.3sin(x, ) +sin (X, + X5 ) —0.05sin (X, ) + 0.6x, €0s (X, ) + 0.5%, sin (X, )
0
f (X) B —0.2¢0s( %, ) +0.2x, Sin (X, ) — X,X; €0S(X; ) cOS(X; ) ! (28)
0
—0.5sin(x, ) +sin (X, + X, ) +0.3sin (X, ) + 0.5y sin (X, ) + 0.35x, cos (X;)
0
0.05sin(t)
0
d(t)_ 0.12sin(0.3t) | (29)
0

0.12sin(0.5t)

Két qua md phéng truong hop AA=0, AB=0, tin hié¢u dat: q=[0y, 0y, 95] =[31.6,1]
duoc thé hién trén Hinh 1.

2 1.5

w

N
o

1 f———

—a3
= =qa3

o
3
o
3

Angular position (rad)
N N
1
Q
Angular position (|

Angular position (rad)

o

o
o

Time (s) Time (s) Time (s)

04

w

w
=
<

N
N

Torque (N.m)
o
[N
Torque (N.m)

Torque (N.m)

o
o

0 2 4 6 8 0 2 4 6 8 0 2 4 6 8
Time (s) Time (s) Time (s)

Hinh 1. Két qua md phong véi bé dieu khién (21) cho trwong hop AA=0,AB=0
Tiép tuc md phong trudng hop cac ma tran tham sé thay doi 10% :
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0 0 0 0 0 0
0 05 0 0 0 0
AA =10%A=|0 o0 0 0 0 0 30
0 0 00035 -082 -221*10° 0.29 (30)
0 0 0 0 0 0
0 0 -000308 143 -563*10° -0.96
0o o0 0
1170 0
AB=10%B= |0 o 0
0 0687 -0.402 (31)
0o o0 0
0 -0604 133

cac ma tran A (26), B (27) vecto ham phi tuyén (28) va vecto nhidu (29) “chi y (11)”, tin
hicu dat: g =[0y;, 04y, 0us] =[321:6,1] , két qua md phong duoc thé hién trén Hinh 2.

— ~ 2 ~15

B —— ® E

< s T T =

Ee] o 5 1F——=

B2 —a g —a || 3 —as

8 - ~qu|| & - -qn|| & = =443

& & & 0.5

21 205 3

0 0 0 -
Time (s) Time (s) Time (s)
~0.4 —_ 3 —— 3 ——
E E €
zZ 22 z2
0 0.2 [} [}
3 3 =]
g g1 g1
o S °
= [ =
0
0 0
0 2 4 6 8 0 2 4 6 8 0 2 4 6 8
Time (s) Time (s) Time (s)

Hinh 2. Két qua md phang véi bé diéu khién (21) cho trwong hop AA (30), AB (31).
Hinh 1 cho ta thay dap ung céc bién khép cua robot ba bac tu do [ql,qz,q3]T bam chit tin hiéu
dat mong muébn [qdl,qdz,qu]T . Hinh 2 thé hién két qua bam cua céc bién khop robot [ql,q2,q3]T

van bam chat tin higu dat mong muén [Gy,,0,,,0ss| NOay ca truong hop cac ma tran tham sé cua
robot thay d6i AA=10%A, AB=10%B . Két qua md phong nay minh chimng tinh hiéu qua cua
luat didu khién robot cong nghiép ba bac ti do cua bai bao.

5. Két luan

Bai bao da tong hop dugc bo didu khién cho robot cong nghiép ba bac tu do trén co s thuat
toan duoc nghién ctru trude d6. DA bién ddi mé hinh dong luc hoc cua robot thanh hé phuong
trinh trang thai théng qua khai trién Taylor tai diém can bang. Voi mé hinh trang thai phi tuyén
cuia robot, cac ma tran dong hoc c6 ldc c6 thé thay ddi, cing véi ham phi tuyén bat dinh va nhidu
ngoai dugc nhan dang va chinh dinh bang luat diéu khién thich nghi. Trong d6, qua trinh cap nhat
luat thich nghi c¢6 wu diém ndi troi 14 chi dién ra khi cac thanh phan tham sb, ham phi tuyén va
nhiéu ngoai thay d6i ma khdng phu thudc bat ky mot yéu té nao khac. Tir luat thich nghi ba trir
cac thanh phan bét dinh, do vay luat diéu khién truot da giam duoc hiéu tng rung dén muc toi
thiéu. Két qua md phong mat 1an nita minh chimg tinh ding din caa bo diéu khién dugc bai béo
trinh bay & trén.
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