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Robot-Arm-System Playing 2 Dimensional Ping-Pong

Game using Image Processing Technique

Kaoru Hirora*, Yoshinori Arar** and Shiroh Hacuisu***

Abstract

A robot-arm system equipped with a CCD camera which is able to play 2 dimen-
sional ping-pong game has been built. The system is able to play in the form of
both robot versus robot and robot versus man. In the robot control part, 25 fuzzy
production rules are used. Ambiguous instructions in terms of membership functions are
generated by the robot itself using imagery data from a CCD camera. Each of these
instructions consists of three fuzzy items. Two of them are input (ambiguous) infor-
mation concerning fuzzy point, that is where the ball was hit, and the fuzzy angle,
that is from which direction the ball is coming, and the other is output information
which shows the point where the ball will reach. This output information, which also
indicates the point the robot should move to, is calculated based on the fuzzy in-
ference method.

The whole system is controlled by only one 16-bit-personal-computer, and works
in real time. The advantages of the proposed method are the reduction of processing

time and the availability of low level devices, which have not been realized by other
methods.
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left  -ommeomeemeeeeiecie e right
6 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

H1 1 1 .9 .6 .2 .10 0 0 0 0 0 0 ¢ 0 0 0 0 0
H2 9 .1.2 .6 .91 .9 .6 .2 .10 0 0 0 0 0 0 o0 0
H3 6 0 0 0 0 .1.2 .6 .91 .9 .6 .2.10 0 0 0 0
H4 {0 0 0 0 0 0 0 0 0 .1 .2 .6 .91 9 .6 .2 .10
H |0 ¢ 06 0 0 0 0 0 0 0 0 0 O 1 .2 .6 .91 1
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Regative ----oosossommeseeoeoooscecoieoiiieiiie e positive
¢ 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Al 1 1 .9 .6 .2.10 0 0 0 0 0 0 0 0 0 0 0 0 0 0
A2 {0 .1.2 .4.81 1 .8.4.2.106 0 010 0 0 0 0 0 0
A3 40 0 0 0 06 0 .1 .2 .6 .91 .9.6.2.10 0 0 0 0 0
M4 |10 0 ¢ 0 0 0 0 0 0 0 .1 .2.4.81 1 .8.6 .2 .10
A5 {0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 .1 .2 .6 .91 1
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P1 11 .9 .6 .2.10 0 0 6 0 0 ¢ 0 0 O O0 0 O
P2 0 1.2 .6 .91 .9 .6 .2.10 0 0 0 0 0 0 0 0
P3 0 0 0 0 O 1 .2 .6 .9 1 9 .6 .2 .10 0 0 0 0
P4 10 0 0 0 0 0 0 0 0 .1 .2 .6 .91 9 .6 .2 .10
P5 o 0 0 0 0 0 90 0 0 0 0 0 O 1 .2 .6 .91 1
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