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Controlling a mobile robot using conventional control devices requires skill and experience, and is
not intuitive, especially in complex environments. For human-mobile robot cooperation, the direct-
teaching method with impedance control has been used most frequently in complex
environments. This thesis proposes a new direct-teaching method for a mobile robot utilizing
variable impedance control. This includes analysis of user intention, which is changed by force
and moment. A fuzzy inference technique is proposed in this thesis for identification of user
intension. The direct teaching of a mobile robot based on variable impedance control through
fuzzy inference is experimentally verified by comparing its efficiency to that of the conventional
impedance control-based direct teaching of a mobile robot. Experimental data, such as the total
time consumed, path error time, and the total energy used by the user, were recorded. The
results showed that the efficiency of variable impedance control was increased.
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KEYWORDS: Fuzzy theory (I X|0| ), Impedance control (2 I & A X|0{), Human-Robot cooperation (21225 &21),
Mobile robot (0| 82 %)
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71549 Rule,= Number of rules
MEF, = Number of Membership Functions
V' (t) = Linear velocity of mobile robot LV, =Number of Linguistic variables
W (t) = Angular velocity of mobile robot F, = X-Axis force of force/toque sensor
v, = Right wheel linear velocity of mobile robot F,=Y-Axis force of force/toque sensor
v, = Left wheel linear velocity of mobile robot M , = Center of gravity moment of mobile robot
R = Radius of curvature for mobile robot M _ = Z-Axis moment of force/toque sensor
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Table 1 Notation for linguistic variables
MBP Moment big positive
MSP Moment small positive
MZ Moment zero
MSN Moment small negative
MBN Moment big negative
FBP Force big positive
FSP Force small positive
FZ Force zero
FSN Force small negative
FBN Force big negative
R Rotate
L Longitudinal
S Stop
Table 2 Fuzzy rules
AND FBP FSP FZ FSN FBN
MBP R R R R R
MSP L R R R L
MZ L L S L L
MSN L R R R L
MBN R R R R R

Fuzzy result Membership (u)
P ————— e e
’

i N
Al LN

os o2 o oz oa
Fuzzy result Range

________ L e —

Fig. 3 Membership functions of result
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Table 3 Variable impedance constants

Max Mid Min
m, 50 27.5 5
i 1 0.505 0.01
c, 15 10 5
c, 2.5 1.5 0.5
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Table 4 Qualitative appreciation of the controllers
during the experiment

Subject Impedance Variable impedance
control control
1 4 7
2 7 9
3 7 5
4 5 8
5 8 7
6 4 8
7 7 9
8 4 7
9 2 7
10 S5 8
AVG 5.3 7.5
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