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Abstract

This article presents a method for autonomous realization of cooperative robot actions by iterative
motion composition. Using the Intelligent Composite Motion Control (ICMC), complex actions arc
gradually realized from fundamental motions by repeating optimal motion compositions. Although it is
not easy to obtain the action intelligence, which gives adequate control from a given situation, of a com-
plex coopceration at once, the intelligence is constructed in a multi-stage manncr using the Multi-stage
Genetic Algorithm (MGA). MGA solves the cooperative action rcalization problem as iterative combi-
natorial optimization. The empirical knowledge obtained is effectively utilized to solve similar problems
efficiently and moreover for more complex actions. By applying the method to complex cooperative robot
soccer actions, it has been shown that the action intelligence with large applicability can be efficiently
obtained by the learning for only typical situations. And the applicability can be adaptively enlarged
with additional lcarning according to need. In addition, in order to make the action planning more
versatile, the Variable-chromosome-length Genetic Algorithm {VGA) is introduced and combined with
MGA. It was successfully demonstrated that a wide varicty of optimal cooperative robot soccer actions
where the number of clement motions is not fixed in advance can be autonomously planned according
to the situation.
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action intelligence in the form of an approximate map-
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Fig.2 Synthetic solution in MGA for compositional large
scale optimization problems
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Fig. 3 Situation setting for Block-Centering-Shoot action
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Fig.5 Compositional realization of Block-Centering-Shoot
action

INABE  EFRE(CRTE P, %
Pps : agggo JP(O‘P)
subj. to ap € Gp

DEINTERIET B, Ay (FEBIATHE > SRHRT s & 88D
Ry O TE R HRRZR, Jp BEWEOR#EX &,
BRATAR Y FOROITENCE L I ALB % R— L HF s
ETEBRT AL B> TVENESDMEFMEL, HiK

— 116 —



TRt - ARBTEIE - SRS

ap € Gp (JERESEICEEEH Ty VAETH S T
LEERSSD. P, % GA TR T AL = {ab)
2145, T2 UMb D g & & U TR—)VBIERL
MEMZEL, TREMESERE m =30 Lk
(LURORIET & [HEE).

Fig.6 DXL A DR EH d ZAV/z Pass Ic& %
A TR —)VEIENIE pl, ORHOBIERL T
5. EIZILJ:EE{I@,*,E\%?V\VZMX L7 26 o)f“, Jp(ap) D)
35 [|ph — ph|| DHERDOTIMEMA THS. X
o, BF i3 af ZHOTREOR—LVEREIBTH D, Hi
A1E 6 i ph (af) DOIBEERT.

L4
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Fig. 13 Distribution of attained ball positions by Kick action
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Table 1 Number of learned situations for the base action vs
the applicability to composite Centering-shoot ac-

tion
P3| pL | No. of learned situations | Applicability
4 4 16 29 %
6 6 36 51 %
12 |1 12 144 59 %
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Table 2 Element actions in 2 vs 1 cooperative soccer action
optimization by VGA

Action Gene
Pass by Robot 1/Robot 2 | 1P/2P
Block by Robot 1/Robot 2 | 1B/2B
Shoot by Robot 1/Robot 2 | 18/28
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