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Behavioral Acquisition for Elastic Circular Robot by using Composite Behavior

Keisuke YONEDA, Ikuo SUZUKI, Masahito YAMAMOTO and Masashi FURUKAWA

A virtual elastic robot is proposed which has a body with multiple degrees of freedom. It is capable of fitting its body
to the given surrounding environment. The intended robot is modeled by rigid objects connected by spring joints in a
circular structure. Its control system manipulates spring actuators to realize elastic movements. This paper aims to acquire
its control system for the robot to behave autonomously to adapt to various circumstances. A physical simulation is done
to achieve given tasks for the elastic robot. The simulation result shows that the elastic robot achieve a simple locomotion
task. Moreover, we conduct a learning experiment to adapt the robot to a complicated circumstance, in which an obstacle
is put In order to allow the robot to adapt to there, we propose a composite behavior which consists of simple behaviors.
The simulation results in forming a behavioral pattern of autonomous locomotion.

Key words: adaptive behavior, physical modeling, genetic algorithm, artificial neural network, elastic robot
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Fig. 2 Sensor system and neural controller of the elastic robot
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Fig. 3 An outline of a task to move toward a light source
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Fig. 4 Obtained locomotion at the 10th generation
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Fig. 5 Obtained locomotion at the 300th generation
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Fig. 10 An outline of a task to stay out and reach an obstacle
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Fig. 11 A verification result when a light is interrupted completely
for the obtained locomotion
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with an obstacle

B0 OM 2 MGEET 5. BEERERZR 11 I1RT. 11 T,
HET Ry RAYERMNEZ T E RV, WIHNED S
BEITEZTWiRNWT EHERTES. 22T, filtaRy +
REEY) 7 A O AR D < EISTTEI DS Z HINE L
TR I e T % .

KBTI, MEOEBREFRKICIIaL—ra rfoen
A7 EFHL, RCGA Ty bua—I &t d 5. [EE
Y7 i LIk 2 ZB LT, TETIVDEALLETEX (5) 1
PENGHIS 5.

Ns Nm

By =YY Li(t) (5)

t=0 i=1

7e2L, NoW@3yIal—yaryATy7H, N, ZETFIV
DEY2—)IVETHS. TOFHMME B2 1, EVOENEITE
ERELERTHY, ¥aLl—ya vPOREY 2 —)UH
ENFI MRS LT DD ZEFHIT 5. T OFHlifEE &R
kT2, T, 2LDEYa—IVHINEBUZIDICHEEY
ZEDABENA ET DA ENS.

%9, TOMEDOWHENZMELT 5 7zIic, X (5) DR
Bz O THGE & AR D SO TEINER RS 2 HfET 2. -
7ZL, Y2al—raryA7y TEE IO EERTEE
AT TEELT 5400 A7 T L, EERHERELT,
RCGA I &> T 300 Rk L7z BN B 7 2R 12 1R
TR 12 T, RO R Y MEIRE S N REEIC K - T
TRIESRDER E N5 720, HRNEDT RN ED R TE
% JCIRIEIRANEWT S T ASEED S BED T MZ2s8i T &
BT, #EYIEBITTE ZES TERV. o T, Kk
FRARATHE AR SEIABE) T B i, o7 Tu—Ficko T
TS NTCRITD ENA 7 ZBHIET 20 EHH 5.

52 HEABEIEAAETDFE

fei e 1 U T MR BRBEIC B 5 X A 7 e Hi L
Lize, Ko\ERERRENERENS. TTT, AiET
S LT ETENCEE U TRz 81539 %, [ 11 TR
ERHTCE R VIRICB W CGEYNCITEI TE AW T & 2R
L7z, Wi OREB TR Z W U7 R 2 5B L Than
7z, K10 OFEREE I AR E RN L 5. E->T, TD
R TEDLSIIRD S O EHET 5 LIZNHETH 5.
Z T C, HiEORGE SRR R L, ST TS L
BRI U TAFBRIBESICH T 3 NS E 7 BEI5d 5.

MRRERSSR & UC 3 FEHOMEARD ENA 7 Z K 13 1IT/RT .
B 13 1& 5,000 A7 TRIOHME TR Y~ OFELNE Oz
RUIEKTHO, 1,000 27w 7 TLIcORZETay LTH

480 FBEBIEREE V077 No.b, 2011

(a) first trial (b) second trial (©) third trial

Fig. 13 Trajectories of the obtained behaviors in elapsed simulation
step
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Fig. 15 An obtained composite behavior to stay out and reach an
obstacle at the 10th generation
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Fig. 16 An obtained composite behavior to stay out and reach an
obstacle at the 300th generation
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Fig. 17 The sum of candidate controllers in each simulation step in
reaching the obstacle
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Fig. 18 The sum of candidate controllers in each simulation step in
moving toward the light source
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