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A Study on the Position and Force Control of the Manipulator
Using Neural Network

Tai-Gon Kim

Department of Control and Instrumentation Engineering
Graduate School of

Pukyong National University

Abstract

As the robot applying extent, nowadays, is enlarged, the
expectations and uses of robots are becoming varied. In order
to enhance productivity and decrease labor power, need more
development of robot. Now, many fields need robot for various
work as well as dangerous and hard environment with nuclear
power plant, undersea, space, toxic waste cleanup, and so forth.
Therefore the attention to the new controling method which
dispense with the exact modeling of control objects as neural

network is gradually being increased.



Neural network is control method that modelling of system
does not need. In this paper, controller composed of neural
network and feedback controller is proposed in this paper.

Force control is necessary skill at cooperation work with robot
and object. There is impedance way that is based in dynamics
relation between robot and object, and hybrid way that control
force directly by representative force control method.

This paper presents position and force control using neural
network. It is concerned with the study of the position and
force control of 2-link manipulator. After the completion of
learning, the output of feedback controller is nearly equal to
zero, and the neural network controller plays an important role
in the control system. Therefore, the optimum retuning of
parameters of feedback controllers is unnecessary. In other
words, the proposed algorithm does not require any knowledge
of the controlled system in advance.

The wusefulness of the proposed controller is verified by
position and force control experiment. The controller using

neural network showed good result.
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Fig 5 Characteristic of manipulator
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Fig. 6 Neural Network
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r= A(6) (4.18)

714, 1% Figsol Uehd 72zt Pao|(L=04m, ,=02m,
L= 0545m, I,=0.062m) 2 & W, r, 6, AB)= The} ol Ao

}.

” "(" T g AGI A
{70) Je

r=[r, ,]" (4.19)
6= [91 92]T (4.20)
r(k) I——jA(G) ’

—> + o(k)
Input —> Neural (k)] 2-link >
siginals : [ Network . Manipulator >
7 F k)

Sk

Fig. 8 Position and Force control of the manipulator
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[,cos6; — lycos6, — I;sinf,
l,siné; — l;sind, + I,cosb,

A)= (4.21)

ANAEALE 71Z2o=, 3 FEude HZE2Y 2 Aaxvdldd
TO)o) &) 28 sgre AAHAEAZ Agsd o33 2.

f=10) " (4.22)
7N, f 2 T0)x g3 2ol Aosrh
=[f. £,]7 (4.23)

—cosf, sinGQ}

—sinf, —cosd,

T(0)= [ (4.24)

AAA] 2 & Aole) NeAPAL 7zt §, 5 ™, FEAA 7,
o AANK re) 22, Bx FEY f,9 24 AFY [ e
= Jacobian ¥ JO)S ol &sted BAAIAE JEoR T BH
A9 A0 2 EZASF Atz vhgd 2ol Az mEAA 5 9l
.

Af=(ry—7)S,J6) (4.25)

Ar= (fy— £)SJ~10) (4.26)

4714 J0), S, S A7 e 2o
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10
%= lo 0] (4.29)

NAZ 2R 29€ 7y @ Aol £HE 7, AHNA) 2
n2 e, Aoltdel mRel 2R 7= [n ] de3t 2ol
=

o) m, ni ybake] EFolu

T=T;+7,+ Ty (4.30)

G, (2) = C’;’B(z) G;j(z)} (431)
G,(2) = -Gf”a(z) g} (4.32)

A7|M, K& Hl# o|5(gain), KpE vl o5z &9, G, (2),
G,(2), G, ()& 77t g3} o] Ao}
G,(z)=G,(2)= Kp+ Ky(1—2"1) (4.33)

p:

G, (2) = K} (4.34)
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N
Sem X, (k) = 1 (k)?
( Error= I )
0.005 0.000116
0.01 0.000470
0.05 0.000491
0.1 0.000642

Table 1 Experimental results for n
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0 1 L L ! L [ 0 1 1 L
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Trid Trid
(a) n = 0.005 (b) n = 0.01
BT 6o BT o
0 : 1 . . 1 L 0 I . ! . I
1 2 3 45 6 7 8 910 1 2 3 45 6 7 8 9 10
Trid Trid
(c) » = 0.05 (dn=0.1

Fig. 10 Experimental results for n
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Q%] Mol wE Brorghd Table 2. o vehAth ko) 4
ol HAT HHBO0DS ASSAT AP e e 10
W A=t

N

- k) — 2
Geaa 37,09~ 106

( Error= G )

2 0.000838

4 0.000468

6 0.000394

8 0.000944

Table 2 Experimental results for input layer

Table 2 o AT} 2ol AAFFe 571 62 Brorrk A 45
sach mebd ol ¥ AdlA dHF5e = 602 Adagrh

0.002 { 0.002
0.001 0.001
O ! Il 13 L Ll 1 . 0 ] 1 i
1 2 3 4 5 6 7 8 9 1 1 2 3 45 6 7 8 91
Trid Trid
(a) Input layer = 2 (b) Input layer = 4
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01002 t o.0®
0.001 | 0.001 |
0 ! ! 1 1 ] L 0 L 1 )l L
1 2 3 45 6 7 8 910 1 2 3 45 6 7 8 910
Trid Trid
(c) Input layer = 6 (d) Input layer = 8

Fig. 11 Experimental results for input layer
Fig. 11& & =509 Wsle] wpE Frorg eI Ut Table 2.
o

o Azt T3 Fig. 119 ()28 dH¥357 64 W} S5l
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N
2z 2 falk) = f®)Y
( Error= -1 N )

5 0.000474

8 0.000407

10 0.000245

12 0.000155

Table 3 Experimental results for middle layer

Fig. 120] 29 Z#AE UYetlder. FE571 1299 Error7t 7HE
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0.001

% %ol AR AR
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(01602
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1 2 3456 7 8 91 1 2 3 456 7 8 91
Trid Trid
(a) Middle layer = 5 (b) Middle layer = 8
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