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Spatio-Temporal Analysis of Activity in Embodied Cultured Neural Networks
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In recent years, studies on cultured neural networks interconnected with external devices are increased. Such an approach
is considered as an important step for understanding embodied learning and memory functions. However, most of the
previous works have used the relatively low-density multielectrode array for recording and stimulation of the neural assembly.
This made the detailed analysis on the activities of each neuron difficult. Therefore, we have developed a system where a
cultured neural network and robot are interconnected through the high-density microelectrode array. In this paper, we
describe the experimental settings and some preliminary results using the system.

1. [XL&HIZ

AR, a/Ry hEEE AR B B2 A8 BLICBERE L 7oV AT M%
WA T TS, ZOXHRFIEDL, FikEE-7-k
WY EBRCAEY AR AP RR A 0O, ISR 72 T R s
CICBET DRI RNTHDHEE 2 NS, F21E, Bakkum
DILBEE DR — 2 ANT, sk B % B o
EALFTHEL TR —= 0 VP FERIREL TV D [Bakkum
2008]. F7z, MEOBFFETIL, BEEMREIFEEORF D, RO
6 L CRBED S 3 E — 2 195 LW B HIE 23]
HaEENDIZONLVBE 2D E O FRERTED L, B ik
B &I D FE D % K ELL TV 2 [Hayashi 2008].

L2L, ZRHDHEATIIZETHOWOBN TWDEMT LA (LA,
MEA) 1%, ZE 5 R MIRL, & ORI O TE 8% FH
FTHIETTEY, Fz, fll 2 ORI E SRS E 5252
EHTER, 2T, RUFFETIE, — R EBMT LA L
LZEf 0 fiFEEOD VY CMOS 2 W - @ 7 R T LA (BA
T, HDMEA) i i 3-8 T, B IRMHE R 72 2 phi a1
HOIFENDORFZE M Y — L DI, FEREAI R v N — R
DAL E OFERMEFRATL, #hREE A TOFHEBLI0M0
HZOWTR- T K.

2. Fi&
2.1 YRATL

AW THWAL AT L% K 1 ITRT. ZOKIZHAHEDIT,
ARAT AL, EIZ, KRR, HDMEA, HDMEA &m7R
yMNHDALH—T 2 —R, Ry MNpbes, HRREIEEE TR
MNeZM AR L2V AT LATHY, kv b0t — AT
It E SR 5 &, F2, FHAILI AR AR O
HEZ TIZaRy hDE—X—H AR RFELLNST2LD72T7 ¢
—RAR I N—=T DYV AT LET2 o TND.

%G AR L, masumori@sacral.c.u-tokyo.ac.jp

AWFFETHWS HDMEA (3, SEITFE CE<HWBI T
% MEA &b, W - 22 M 5 f# 6228 & W [Frey 2010].
HDMEA (FEA 7 um OB 11,011 57> TR0, 4 B
1T 18 um ZEIZEIESIVTWAD (—EAY7Z MEA OFEMITHK
60 fiil) . ZHHDEMDFDBIK 126 F v RAVOIEB A [F
BRHCEHAIT AN AIRETHD. Z D720, Mlan%s 120 2
BB LI AL T, HDMEA EDIFIE L TOMEM
N DFEEZE BN FHHIT 22 AT HEL 22D, B AR AT ~
DOEKHLIZBELTH 126 Fr o R OHFNLERTE, g K
2 Fxr RV ORIRHITEGFTRE CTh D, Fio, R 2 fRERIX
20kHz L7~ T 5. @Ry MZiX Elisa-3 (GCtronic £H8Y) %
WA( 2).

Cultured Neurons
on HDMEA Motor

output

Neural
activity

Robot

-

Spike Detector

Stimulator
i Sensor
input

1. VAT D

2.2 RERERTE

AWFFETIE, BTl _7= AT 2% WS ik 2R o7
RN OWIFEDIIL O DO —HELT, fkfRE, o9
—, B—F— iR EEAL. EITERE LD
AR E R OTREI e ARy Ml LTI N E D IO I E{LL
TURKDEFRD., AR T, AFERIZAT THRICITo7
FEERIZHOW TR TV, LR T, ZORARAZRFEBRREICD
WTI .

FPMRMRL, B —, T —DOREBHRIZ OV TR
AR5, Fili%E AT AT, 120 FRE S D ARMaRED
RS LA P ORI A 2 OBINT B, F7-, Br—itne
Ry MORTF A — 2T ORI —2FHL, B
— AR —TEDOHEIEEBZT-GEIT, TOMBREIVIZE M



The 28th Annual Conference of the Japanese Society for Artificial Intelligence, 2014

A I 2 5 2 DR P m<e o ORI LTS, LIeh
>TC, Wy MOHTS O LD BERED T2, FRIMRE A

—DIEPRELRDIFE, MR ~DORITA DI D <725,

H T OFRREAIIR T, 2245 O N7 T AR 0 3 55 > 4
AR5, HARCRIRUIZLEAZNEI 20 FEE ORI
AR IS K BI%k % 100ms Fedkl, TOEOAFHEICADIR
BaENFIEER TV — 2D IEE T 5. Fiz, vy hoE
—Z— 13T 7NN TIE—EDEDELL, FOEIHRR KD
DFEKICE D IMEZR IS5, LizdS> THRSH R O TR E) 23
TEFITRDIZHE, rR Yy MEIEGE, £ 1k, #1835, ZokH7%k
K BAPRIC Lo TR ZEEBE TEN S AT KL TR, {TEO
AL, FREIE SN DOIEB DAL 25T 5.

Fiz, MRRHIARIXT v O KM DB LIE R LT b 0%
Vg,

ARl TARRINZAT 72 FEBRTIE, 600x600mm DFEIEIZ 2R
YhEELEL, 10 O EITEBREITV, MiREEE, KO,
ARy hOTEE A TSR LIZ(K 2). £, FEBRERT, FEERE %,
R 1 B ORI OIEEIL Z e 10 o3 o5t 8k
L7z,

=

2. EBRIZAE L 722 MElisa-3) & EBR OB T

3. HR-EE

3.1 EEB#ER

AE TP EROK RE27RT. £, aR Y hEBRER],
FEBrp, EBRE %, EBRE | HRERBLESAOHIT —4
DN, 1 RS OMBREKDOTAT—Tay T NE1X 2
IR ZNBDRIND, Ry MNEBROFIH% TRk ST —2 )8
HipoTRY, FOIKRE =307 — TR E O
WL COAZE DR TED.

Pre

Post

Post 1h

Time [minute]

3 MR K DT AL —T myh

e T, BE~OEJE % Al DI 2RO E DAL, &
Pt R = D 3 K AEEE DAH BACR B D T E D e AL &
g L7e. OB, @RI O EIE, BELOREE) $H5 BIE

TR T BICBELTE LT o BB T 5. ZDOREREX 4
WRT. O, MR O I KL DB NS
LI LRI TR DB S BRI N D HZENRAS.

e—e wall avoidance
¢ ¢ correlation coefficient

o
©
vl
o
o
=]

o
©
o
o
w
«

o

&

o
Correlation Coefficient

o
=3
o

Probability of wall avoidance
2
o
&

o
~
o
I
’S
o

100 200 300 400 500 600
Time [sec]

4. TETZRIRIEES T B O BH AL LARRETE K OFH BIFR S

32 ER

AR TIE, BRI L Ry M A A4 53 AT A
EHOWTPHEREZITOEORREZR L. TORERIBIE,
AR 0D V5 B 0D FH BE & 187 22 [F1 3861 T B D 41 B 1 % I BE AR
DHDRREMENRIEI DS, HSETEITRM, BATREEED
W72 TP REBROFE R E S, 5%, BT, R17E
BEHO LT AR EREITOME N HD.

Fiz, w Ry NERT, ol NERE R Chel, mRyhE
Bt 1 RERTRGR L= B A ARG B O & — g eR vk
FERRATLIZ R > TODZEND, MEMIaE RIS (kL)
LTS ATREMEDS RIBE LT,

A, EITREME, BATEERZEOTEEbIC, B52E 7 B
END MR R Ry AR AR L, £ OTEBIZ Rk T
W&, O BN ORI A — MBI AL EER 5. <
DE, FRHIIEHE DORERERY > N — 27 OHETE 2, AP
DR KNG — 2 DIFZEM B, T2 H DI AFTTRE DG A D
EBEDE, —a—arOEFT NEFET ATV LV
Ral—var ERED WY, JVFE AT 21T T &
Thb.

ST
AW AL CMOS 7L A%, AfA® ETH ¢ Andreas
Hierlemann ##% S0 A5 1) 7=,

SE X

[Bakkum 2008] D.J.Bakkum, Z.C.Chao, S.M.Potter: Spatio-
temporal electrical stimuli shape behavior of an embodied
cortical network in a goal-directed learning task, Journal of
Neural Engineering Vol.5, No3, pp.310-323, 2008.

[Hayashi 2008] #& , {8 H, V&R, HH, Lk AEERB AT
DT 7O A BT 2 — A% N BB AR A L a R
RO EES, BAIMBERHT 7V (#2356 Vol.23, No.5,
pp.761-772, 2008.

[Frey 2010] U. Frey, J. Sedivy, F. Heer, R. Pedron, M. Ballini, J.
Mueller, D. J. Bakkum, S. Hafizovic, F. D. Faraci, F. Greve,
et al.:. Switch-Matrix-Based High-Density Microelectrode
Array in CMOS Technology, IEEE Journal of Solid-State
Circuits, 45(2):467-482, 2010.



