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Abstract

Based on fuzzy reasoning, a compensated method for hybrid control of manipulators is proposed

here, in which the hybrid control can be improved in performing assembly operation on complicated environ-

ment. Experiments on a peg-and-hole task show that the method is effective in eliminating the vibration pro-

duced by the environmental disturbances.
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1 Introduction

When a robot is used to complete assembly tasks, it
is inevitable for the robot to contact with environment so
that the control of contacting force must be considered.
Generally, a peg-and-hole task is taken as the research ob-
ject because it is widely present in assembly operation’?,
The hybrid position/ force control proposed by Raibert
and Craig'® is a good approach to complete assembly
tasks. But in complicated environment, the effectiveness
of this approach may be influenced by the disturbances
such as slide, {riction, impact, stiffness and so on. Ya-
mashita et al "’ used a robot with a force-torque sensor
mounted on a wrist to complete the simulation and the ex-
periment of a peg-and-hole task, in which there is no
chamfer on the peg’s edge and the hole’s edge. But from
their results of the experiments, the intense vibration was
observed in the output of the force directions, which influ-

enced the completion of the task. In our previous re-
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search, the vibration was analysed and a stiffness compen
sator was designed to eliminate the disturbances stemming
from the interaction between the joints so that the vibra
lion could be reduced’”. In order to further reduce the vi
bration, we added the position compensation to the force
control loop to avoid the excessive motion produced by im
posing the force on the weak constraint direction™’, The
excessive motion could make the contacting force change
frequently and produce the intense disturbances to influ
ence the force control. Although this method is a good solu
tion for reducing the vibration, the parameters of the posi
tion compensation are determined difficultly. In the pre
sent research, a method to determine the parameters by
fuzzy reasoning is proposed, in which the value of the pa
rametets can be tuned autométically according to the
changing information of the environment. Experiments on
a peg-and-hole task show that this method is effective in ¢
liminating the vibration and improving the force coiiiiy

in assembly operation.
2 Configuration of control system

The configuration of the control sysicin, which is
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used to complete assembly tasks, is shown in Fig. 1. The

variables in Fig. | are defined as follows .
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Fig. 1

F . the force vector in the global coordinate frame;

Configuration of control system

F; . the desired vector of ¥ ;
f . the force vector of the force-torque sensor;
P . the position vector in the global coordinate frame;
P, . the desired vector of P ;
p : the position vector in the joint coordinate frame;
J ; jacobian matrix;
1 . identity matrix;
& . the diagonal matrix to select control type by giving the
value of its elements (1 and 0 to mean the force control
and the position control respectively) ;
K ; the parameter diagonal matrix as the position compen-
sation for the force control.
In Fig.

added to the force control loop to construct a position com-

1, the product of K and the position error is

pensator , which can avoid an excessive motion in the
foree directions and reduce the change of the force. As a
result of it, the vibration produced by the disturbances of
slide, friction, impact and so on can be reduced. Different
from the fixed parameters, K is automatically tuned ac-
cording to the fuzzy reasoning results based on the infor-
mation of the environment so that the compensation can

be more effective.
3 Procedure of fuzzy reasoning

In the position compensation , it is very important to
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select the value of K . Large K can increase the compensat
ed effectiveness. But if A is too large, the force control
may be intensely influenced by the change of the position
so that assembly tasks can not be completed smoothly.
Generally, K is decided by the position error and the
force error. According to the relationship of A and the er
rors, which was proven in the previous experiments, the
fuzzy rules shown in table 1 are given. In talbe 1 , /\P
and /\F are the position errot and the force crror respec

tively. K is calculated by the focusing method,

Table 1  Fuzzy rule table
vy NB NS Z0 PS PB
AF

NB PB PM PS PM PB
NS PM PS Z0 PS PM
Z0o PS Z0 Z0 zZ0 PS
PS PM PS Z0 Ps PM
PB PB PM PS PM PB

4 Experiment

In our research, a peg-and-hole task is taken as the
experiment object. A planar Cartesian robot with three de
grees of freedom, which is shown in Fig. 2, is used to com

plete the insertjon task.
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Fig. 2 Configuration of planar Cartesian robot
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As shown in Fig. 2, no edge chamfer is provided
force-
The

both on the peg’s edge and on the hole’s edge,and a
torque sensor is mounted on the wrist of the robot.
vectors in all coordinate frames are defined as follows .

F = (Fx,F,y M),

= ([ fesm]”;

P="[(X,2,0]";

p = [z,2,0]".

The diameters of the hole and the peg are 12 mm
and 11. 95 mm respectively. The hole depth is 20 mm.
The task is completed by dividing it into four steps (loca-
tion, contacting , rotation, insertion), in which the control
approach shown in Fig. 1 is used. The experimental results

of the force and the position are shown in Fig. 3 and Fig.

4, respectively.
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Fig. 3 Time-force diagram with the variable compensated pa-

rameters
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Fig. 4 Time-position diagram with the variable compensated
parameters

Fig. 5 and Fig. 6 show the experimental results with
the fixed compensated parameters.

Comparing Fig. 3 and Fig. 4 with Fig. 5 and Fig. 6,

we find that by using the variable compensated parame-
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ters based on fuzzy reasoning, the vibration produced by
the environmental distutbances can be eliminated and the

assembly task can be completed smoothly.
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Fig. 5 Time-force diagram with the fixed compensated parameters
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Fig. 6 Time-position diagram with the fixed compensated pa

rameters

5 Conclusion
On the complicated environment, the’ force and posi
tion control of robots become difficult because the distur
bances produced by contacting with the environment can
not be modelled. Therefore, fuzzy control is a good solu
tion for this problem. In this paper,a compensated method
based on fuzzy reasoning is proposed and Jused to improve
the hybrid control in assembly operation. The experimen
tal results on a peg-and-hole task show that the method is .
effective in ‘eliminating the vibration in the force direc
tions .
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posing gene or genes in common with all tumors . includ-
ing both the malignant and the benign ones, and every dif-
ferent tumor has it’s own characteristic gencs or environ-
mental factors in addition.

Another phenomenon seeming to be consistent with
the supposition was noted in Fusui where altogether seven
communes were investigated. The lowest incidence of HM
among the seven communes occurred in that one where
the incidence of liver cancer and the incidence of malig-
nancies in all were also the lowest while it was not true
for the highest incidence of them (Table 4).

Familial aggregation of HM itself is not so common
Table 4 Distribution of incidence of HM in comparison with mor-
tality of liver cancer and mortality of malignancies in all in seven

communes of Fusui county

* Mortality * Mortality Incidence
Name of of all of liver of HM
commune malignancies cancer (1/100 600
(1/100 000) (1/100 000) wemen )
Quii 101. 54 63. 22 273
Bapan 84. 14 59. 55 290
Zhongdong 72. 06 51. 04 395
Changping 71.95 62. 96 142
Longtou 71. 76 41. 00 206
Funan 71. 43 412. 04 534
Liugiao 52.68 39. 51 137

*  From Fusui Liver Cancer Research, 1979

as a genetic tumor usually exhibits though there do have
been a few number of sporadic cases reported in the litera
ture. This perhaps might be explained by the followings;
(1) HM can only occur in pregnant women: (2) the diag-
nosis can be missed in a number of early spontaneous abor-
tion; (3) the mole itself can’t survive and reproduce;
(4) according to the well known theory of androgenesis .
the development of HM would in quite a great measure de-
pend on paternal factor; these would greatly reduce the
chances for the disease to reccur in a same family.
According to a vast majority of relevant reports in
the literature, there are two peaks of age incidence of
HM, one before 30 and the other after 40 years . the later
being higher than the former one. Whether the phe-
nomenon implicates heterogeneity and the lower peak be-

fore 20 represants a genetic type of the disease also de-

serves consideration.
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