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The direction learning of an agent with evolutionary spiking neural network
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A neuroevolution is a kind of learning algorithms for an artificial neural networks by using an evolutionary
computation methodology. In this paper, we consider a neuroevolution of a spiking neural network. We deal with a
simple task that an agent tumns to sequentially specified positions from its original position. The spike response model
is employed as a neuron model, then a three layered network is evolved to perform a task, by a real coded genetic
algorithm with blend crossover. Some numerical examples are presented to show the availability of GA in spiking

neural network evolution.

Key Words: Genetic Algorithm, Spiking Neural Network, Neuroevolution.

1. [FL®HIC
BEATLTY X LR EDECHEETAV =2 —F Ry
kU — 2 O%¥3F % Neuroevolution & W\, HHEE T IZHIT
Hr—Vxr FOTHICHTAFEMEZECE L L, EEeIE
ELRIKOERICE-T, =—C = FOBIEEE X 2R
D=a—IFNKXy NI—7 2LV FTOREEFIRAZIZELE
HLONEBLEETW FEEEZDZHLOTHS. R, X
v NT— 27 ORESRELS T TR, BEXRFICELIET
W< NEATR R ER X< mohTng. 0% T, ==—
O IERFERERFRARASH, HAOKEEHN Xy b
T— 2N L THOZRFRGEINRZETADEASATY
5. LnLERL, EEOAEYMOBBRRTIE, A/3( 73 FR
DEEEH STV, 20k, AL 7BO=2—F X
v R =2 BT NVORTRIIHELL RINTWNDD, AL %
v =a—F Ry b T —7 ERBRIZ LT Neuroevolution {2
B4 AFEITHEVELL V., £IT, F’xid, A4 F 7
Za—FNFy b T—21Z%7 5 Neuroevolution (Z- DV T D
BFEBH TS, KRETIE, TM.Poulsen and R.K.Moore
PERELE, =—Vxr MR 4 T OME % 18 B3 OREHHE
DVICEEGEEEEWVIF AN T HARMM I X T =
— SRy FT—7 OECICE L TOERBBRBRHFN LT
DT, TOERERNT 5.

2. —a—AYEFL
ERETIE, —a—vrEFARRICECTRO)TREND
AL 7 VAR AET L (SRM) 2HVD.

w(= 3 ae—t)y + 3 w3 e (t—t) (1)
e I dler

NI F RN, j TS ARMREERT. £, w id

synaptic efficacy, ¢ IXIRTERFA, Hid=a—oro fEB®

KR A RT. —a—vidu BB ., TBAT-LEHE

KT5. it

_u'w) e tref (2)

”(S) = - (uhm\-h

CREND. s=i—t) ThY u,, [IFHILER, 1,13, BAE

Cma—urARBIEBMICRED E TIKET HERZ R D8

EETHD. ¢l
_s-Babs _$-8abs
gs)=e ™ (I-e * )B(s-A,) 3)
TEIND. A, IO =2 —a TRE L AL 7 23FH

abs
ETHDOICETHIRMERL, r, &, IE, ThEh=a2—@
VORELE VT T AEROBREERTRER TCHS. £, 6
AT A RORBREERTHS.

3. T—SxzbDRYBPI—H

TV FOBEREEX D=2 —TFNFy VT —7F, X
w2lic#E LT I8 a—a v FHWTHERESH, TRE=
a—a EERY I LY MEEELTWS 3 BORY hU—
el ZOXy FU—7 2EKE GA #HNTEESE
E2 b A7 TEYVRVWEREZHESL Ry U —27 ~i
& TV, B TH5FR7 T, Hh=a—u %2250
AT BEEAD, EREA) T, RLEAALATD=a—a D
AR AEEE TV NOEGAEOREIZAVD. £
D=8, ==—u iZix, AH, T/, AAH, EHAn 42
DEATHREETS.
GA IZBITAEEORBERBRAZHAT S0, £7, 120
22— OEEBFIZOVTHATS. w,, Ay, 1, DKZ
SIS TAEBEGF IO =2 —alz LT 1 TR
BEEh, ca—u BHEOHEERT 1,, 1, /3&% 1ET
HBH.EHI, —a—n BHEOEA TERTERTMN 1E
BETS. 1o, 120=a—nryOREEFIL 18ED=2
—arheiRbAEXRy NU—2 TR B4 ETEEL, Xy hT—7
2 RTRAKIT IT2ZEOREF THEREINS. Fig1 ITH
BIEOERERT.

-0 rTd---tr - d=-

L Y Ji Y I . ]
w Au b N

913 ast 9% 4%

9459 w20 915 93 9§ W%

4 i J 4 )

Fig.1 Agent genome

NI | -El ectronic Library Service



The Japan Soci ety of Mechani cal

Engi neers

4, YEal—¥3ay

41 29
ZITH, 20o0EHEFEO -V NEEZXS, -V
Y IDOFRI L, TEROEERZEIZLY, 100ms BICBEIET
WEERO AT, T—Vx v M RFEEE T 52 30m OHE
D 1 & (LT, source EIEER) IZML EWHLDTHAB.
source %, 0°%>6 ME L& KEFEHEI D 12 18°F 2B & L T <
EERITERET20EITI. 272 L, =—T = > MIEE 90°% [
WERENLEEEZBEGT S, ¥ 27 OBRE% Fig2 IR,
AEHOELMIHAMNANRT—T M, FAB LD AN
source ZELTW3. FRICBT I = —xr FOEIEGHRE
i3, 100ms MOEEH A== —0 DR KEK A, &L 2EHRS

—aDEKEE Lo TR@Da 225, 2D,
n>n CHNTEEGREFERL Y LS B LARER, £
DHETHNIEEREL 23,

n
n,>n, :a=27r(n—’—1) ,
1

ZDH AT TN S DAFITEL, HFOD 100ms iz A
A=ma—arig 210 EFEATS.

n, <n, :a=27r(1—i) 4)
n?‘

90" 90"
18°
342°
2@EE 20E8
Fig.2 Agent task
4.2 WilisE
T—=Vzr bbb, TOEEBHEC Im BN RE2E X5,

D& source & DEERER d,,,,, T— = b & source <‘:(D
MR dp, £ T3 T— Vv FBEIEBIEZ T 2B AT
RO)D dyg 2RD, TNEKEO)D v FIHHE 0) 1h1 %X 5D,
vy BRI, o= —o b RAETEEBEELITD

’

RO IBHER, vH151%25]<. &EIZY 220 THY, T0
Exz—Cx FNOBEIGE f &1 512].
Ay = Dogers = Apoine > (%)
v+d, @, <d.,.)
v=¢v-d, [, >d.,.,) 6)
v-1 (n,=n,=0)
f=v/20 @)

4.3 REXNTZLITY XL

FOBRICIHA—LVy MBIRZBAWS. AXHERIT 08 &L,
BXFEIIIBLX -« Bl AW 5. BEREREOERIZ02L2 L,
TON 5% THEHE2E5 X, BVIIT VA LrRE~DEEY
1T2. BEGE»LFHEEE 100 5EY, FiE+5. LT, 8
EfE L FEEOTLLEREDE 100 KX KkOHLOEME
L5, HAREIT 3000 ELTYyIalb—var®iTi. w,
Aups s T s T Treg OBV EAEOEME % Table.l IZRYT. ==
—B DI ATITONTIE, tpe DEN 0.1~100 D=2 —nu
YEAN, 10.1~20.0 %F/, 20.1~30.0 #HH /1, 30.1~
400 #EH A L L=,

Table.1 Range of parameter value

Parameter Min Max
W -1.0 1.0

A 0.1 60.0

7. 0.1 60.0

T 2.0 60.0

Toot 0.1 50.0

type 0.1 40.0
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Fig.4 Sequence of n,, n and error
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