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Uncertain Robotic Systems Using Neural Networks
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Abstract : This paper presents neural networks for hybrid position/force control which is a type of position
and force control for robot manipulators. The performance of conventional hybrid position/force control is
excellent in the case of the exactly-known dynamic model of the robot, but degrades seriously as the uncertainty
of the model increases. Hence, the neural network control scheme is presented here to overcome such
shortcoming. The introduced neural term is designed to learn the uncertainty of the robot, and to control the
robot through uncertainty compensation. Further more, the learning rule of the neural network is derived and is
shown to be effective in the sense that it requires neither desired output of the network nor error back
propagation through the plant. The proposed scheme is verified through the simulation of hybrid position/force

control of a 6-dof robot manipulator.
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Fig. 1. Coordinate frames: {B}, {C}, and {E} denote
the base, constraint, end-effector coordinate
frames, respectively.
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Fig. 2. Neural networks for hybrid position/force
control.
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Fig. 5 Transition of errors using neural networks.

V. aa

AEA B =RANE W Ao Y A4 Aol
2ol Raso] Arks g aelA solra= 913/
Ao A g Al gk, 22 Y Ao BANA Py
of ¥ Wgol N2 YL AL ohnz, o) Folae
U Aol B AH Aol Wyl Mz BeHA Fe S
o SlelA Acke Aol $H9) BHE Al nAL

$4 @) AF Fo) diste] oAl AwmA WE e
Wugdolelsh 74 Wol M2 AEsYL A YR
£ AL oln] PFAME 71&@ wet 20 )2 v
& H3UL /3P0 (3, 4598 A4 PPzt o
#90) 1487 Feoda AgeE), 15 9 74 @
3 +Aggoze el Ak WAN P& A 43
< @9 MEE poldtm BOE, HE Y 9L ol
2 & glA ArH21l



257 Journal of Control, Automation and Systems Engineering, Vol. 3, No. 3, June, 1997

F. = K{(x—x) = knnT(x—xp) 27
A7|M, ke O e 2 PFOR @A Agolrh
0.015

Y Y SR M N e b il
0.01 HH i) U
0.005 'l!'l LWt fale bt
g OF
8
50.005M
0.01
0.015} -
0. ' ' '
29 10 20 30 40
time(sec)
(a) 1A o2k x, (HA), »y, (FA)
0.6 - T -
04} 1

error(rad)

S
9
]
'

0 10 20 30 40
time(sec) .
(b) Qe dEiold A e,=0.5 (nxXnz+oxos+axay)

Y 6. NAN2FE AR G& B9 2
Zeo] (PD+PIT AHE).

Fig. 6. Transition of errors without neural networks
(PD+PI only).

error(N)

0 10 20 30 40
time(sec)
A F = FptFtF,, 341 F = F,+F;

a9 7. AAN2YE LT Aee AgEA &L
B9 o 239 Fol

Fig. 7. Transition of force errors with and without
neural networks.

oAl § Aol W A Ao} W] N2 #13 ¥
9x g A9E Ads wA AFAAE Y A B

& FEuel $3 WY (@F U8 4 YW, 4K A
of WY F&W WA YPoz F¥TT ARHYL
g, olAle AR Ao} W] gz Folhtka ARwt,
% 9% A%9) AF ge 44 F, 9% x,E FoIua
ARRT o AS, xE T W) PH 4P Aponw
F45e 9A ez @A slate 74 Yol wABT
FoRg AAE 47 &7 Astel ol WY & Y&
F,%3 A3 8THIY 8).

Y Aoy

a9 8 71 ¥F 1€ 94XV AR EEHA ¥=
7359 stojr= $4X/F Aol

Fig. 8 Hybrid position/force control when the
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not decoupled.
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