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Evaluation of Acquired Morphologies on Evolution of Virtual Creatures
- Influence of Task Complexity to Acquired Morphologies -

Kenji IWADATE, lkuo SUZUKI, Michiko WATANABE, Masahito YAMAMOTO and Masashi FURUKAWA

This study considered the influence of task complexity on evolution of virtual creatures. Creatures consist of rigid
primitives, joints, and neural controller and these parameters are evolved with real number coded genetic algorithm.
Creatures are evaluated in a virtual environment that implemented physical forces for achieving various simple tasks such
as walking, pursuit toward a target, and evasion from obstacles. Acquired shapes of creatures are classified into 4 types
according to a feature value named “number of branches”. Experimental results showed that the creature has a specific

number of branches obtained a high fitness.
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Fig. 1 Process of evolution

Table 1 Gentic code

Information for a shape

Parent Number n [0, Muax)
Relative scale » [0.5, 1.0]
Index of surfase A5 [0, 5]

Jointing position Ps = (py, p.) [-1.0, 1.0]

Information for a joint

Amplitude 4 [0.0, 10.0]
Phase ¢ [-m, m)
Driving direction d, [0,2]

Information for a controller

Sensor Enable/Disable £ | [enable, disable]
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(b) Jointing position and scale
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Fig.2 Genetic translation for a shape
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Fig.3 Genetic translations for a joint

(a) Light sensor (b) Sample of ANN

Fig. 4 Genetic translations for a controller
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Table 2 Parameter for optimization

Genetic algorithm

Population N 100
Generation G 300
Crossover probability P. 0.2
Mutation rate P, 0.01
Evaluation
Evaluation time T 10 [sec]
Maximum length of gene M« 20

Minimum length of gene M, 3

(a) Worm (b) 2-legged
I (c) 3-legged (d) 4-legged

Fig. 6 Creatures evolved for simple walking
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(a) Worm_

£

" (d) 4-legged

(c) 3-legged

Fig. 7 Creatures evolved for pursuit

(b) 2-legged

(c) 3-legged (d) 4-legged
Fig. 8 Creatures evolved for pursuit and evasion

—max --average -min

0 100 200 300
generation
(a) Walking

—max -average --min —max -average --min

5
§ 3
=1
<k ¥
0 100 200 300 0 100 200 300
generation generation
(b) Pursuit (c) Pursuit and evasion

Fig.9 Transition of fitness
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Fig. 11 Calculation example of the number of branches
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50%

e m.L

Pursuit Pursuit and evasion

Fig. 13 Synchronization of joints

Fig. 14  Elite creatures

AT 3% — v OffFTICB WY, SO EESEEDAE
MOBTICHBND AT BB, bay MEESOMN ST
RE—EHHFLTHBEZ L BHERSh-. ABFECRALE
FHGEE%EL & Ak, BIEOAMOBT Y — o b ¥
W B RE RO b F EH LR e LTETh A &
BFEENLI2D, B LT A — G ahi—LE AL
bia. Fi, B A7 LB EREEY R 7 TG S hi g
WO B R ETHN R o T, B AV RO DI
WSk & 5 Sy SRR B & TGS BT O # 2 7 ki
LTWAD, BHEShABENELLZEZ 155,

B 2 7 35 ZONEBE /T2 2 7 (23T BRS04
Boagfil LT, =W, MEROEHOFH LI 25
B BT, MG SN DR BE 2 X 7 L L
THBIZE L LT Z LGRS, Zhigxd A7 #ED
R, SO BT M ARSI Uiz 2 L
HThd Bz BN, FHERE SEbFEodEsEs L
TEZbLNS.

7. &

ARFFETIE, ANTAMOGELGELIZI T 2 % A 2 OFS,
BES BEDIEAG S Te N T ORI R IE T R oA 2 H i
& LT, B HHD # A 7 O T THALTFEIZ £ 2 ANTAEMOIFE

il
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WG ER L. Ei, BEShIATADORERSE
Ffi9 D FEEE & L CHREio B8 ER L, ThICL Y FED
HBED I & Fi O N A OB FE RS R D Z & &
RUTC. MG ESNIAEROIR, BfEORTIILITO X 5 I2E
EHbEND.

(1) BB A7 T ToO =T, S0 @R %45
TABRRBIAET 205, B 27, BER/[E6ES A2 Cik
SRR, DU O ZaS s Gl A ASCWD Z LB Bk
LAY

(2) Bilh# A7 T 95%0D AN TAis e A5 O oA FE % 715
SHTZIEZEMG Uiz, — 5T, HisheStbihs 2
7, BHR[EIRES A 7 ClIEA AR RN & A SRR
BENEN 20%, 2%ERVBIZ A2 LB L THEI
Wb L.

(3) FHIEDEWMERITEHEDO R OBITIC A DN D /7 2 Bk
7, bay MEFEEOMBAIT Y — BB LTS D
LD SN,

4) B A Y B XUNBER/[BhEES A 7 CHIEICBE el
Rbniphoi.
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