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We discuss how to indicate the logicality and connectivity from living neuronal network

in vitro. Rat hippocampal neurons are organized into complex networks in a culture dish with 64
planar microelectrodes. We have already proposed a model to analyse logic of signals of three elec-
trodes in a culture dish with t-norm and t-conorm connectives. However, in this paper, we expand
the electrode space which is analyzed, and discuss the logicality and connectivity of cultured neu-
ronal network from the view of signal transfer with propagation, spread and convergence. First, we
define the transfer pattern of pulse signal with formulation of propagation, spread and convergence.
Next, the connectivity of electrodes is defined by contribution of fuzzy sets which represents signal
strength. The useful of the model is evaluated by experiment data of cultured neuronal network.
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Fig. 1: Algorithm for Analysis of Action Potentials in Cultured Neuronal Network
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Fig. 2: Connectivity of Electrodes
Fig. 3: Propagation Patterns
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Fig. 4: Inclusion Degree of Fuzzy Numbers
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Fig. 5: Transmission of Pulse Frequency

050000000000000000000000
000000 p,0 p.0000000000~0000
4~=000p,=1.0000 1400000000000
00000y=1.2900 p,=430.0.000 750000
00000000000000y=24500 p,. = 999.90
v =31200 p. = 999.90~ = 3.85 0 0 p, = 508.00
4=39700 p,=508.00000000000000
0000000000000~ =12900 p, = 430.0
000000000000 0p,=43000000000

g00o0ddboooooooooogooorbobooobooo
googbooaoo

» P,
0

10 20 30 30 20 10

Fig. 6: Narrow Diffusion and Absorption of Pulse Fre-
quency
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Fig. 7: Wide Diffusion of Pulse Frequency
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Fig. 8: Whole Diffusion of Pulse Frequency

5. 000og

oobobOoooooooboooooooboooobod
oooooboooboooobooooboooooobooo
gobooobooooboobooboooboooobooo
oobooooboooooooooboooooooog
oboooooboooon

gooObObO0ooooooooooobbooooooa
OO00O0000o0oOOooOOooOooooooooo(2o013
002040)0000000

good

[1] M.A.Lebedev, J.M.Carmera, J.E.O’Doherty,
M.Zacksenhouse, C.S.Henriquez, J.C.Principe,
and M.A.L.Nicolelis, “Cortical Ensemble Adap-
tation to Represent Velocity of an Artificial
Actuator Controlled by a Brain-machine Inter-
face,” Journal of Neuroscience, Vol.25, No.19,
pp-4681-4693 (2005).

[2] S.N.Kudoh, I.Hayashi, and T.Taguchi, “Synap-
tic Potentiation Re-organized Functional Connec-
tions in a Cultured Neuronal Network Connected
to a Moving Robot,” Proc. of the 5th International
Meeting on Substrate-Integrated Micro FElectrode
Arrays (MEA2006), pp.51-52, Reutlingen, Ger-
many (2006).

[3] K.Warwick, “Implications and Consequences of
Robots with Biological Brains,” Journal of
Ethics and Information Technology, Vol.12, No.3,
pp.223-234 (2010).

[4] D.J.Bakkum, A.C.Shkolnik,
P.Gamblen, T.B.DeMarse, and S.M. Potter,
“Removing Some ‘A’ from AIl: Embodied
Cultured Networks, in Embodied Artificial Intelli-
gence, editered by F.Iida, R.Pfeifer, L.Steels, and
Y.Kuniyoshi, New York, Springer, pp.130-145

(2004).

G.Ben-Ary,

[5] T.B.DeMarse and K.P.Dockendorf, “Adaptive
Flight Control with Living Neuronal Networks on
Microelectrode Arrays,” Proc. of 2005 IEEFE In-
ternational Joint Conference on Neural Networks
(IJCNN2005), pp.1549-1551, Montreal, Canada
(2005).

[() DODO0OD0O0OU0O0DOO0DOOUOOoOoUoOooooO
000, Vol.18, No.3, pp.352-368 (2006)

[7] L.M.A.Bettencourt, G.J.Stephens, M.I.LHam, and
G.W.Gross : Functional structure of cortical neu-

ronal networks grown in vitro, Phisical Review,
Vol.75, p.02915 (2007).

8] DOO0DOODOO0OOUDODooOODooooooOooo
oobooooooobooobo 2000000
0000000000000 OONo.1B3-01 (2009)

[9] I.Hayashi, M.Kiyotoki, A.Kiyohara, M.Tokuda,
S.N.Kudoh : Acquisition of Logicality in Living
Neuronal Networks and its Operation to Fuzzy
Bio-Robot System, Proc. of 2010 IEEE Inter-
national Conference on Fuzzy Systems (FUZZ-
IEEFE2010), pp.543-549 (2010)

I.Hayashi, M.Kiyotoki, A.Kiyohara, M.Tokuda,
S.N.Kudoh : Fuzzy Bio-Interface: Indicating Log-
icality from Living Neuronal Network and Learn-
ing Control of Bio-Robot, Proc. of the Inter-
national Joint Conference on Neural Networks
(IJCNN2011), pp.2417-2423 (2011)

0000000000000000000000
000000000000000000000Vol5,
No.5, pp.1132-1141 (1993)

[0o0]

O 0 0000000 oooooood
0 569-1095 DO OOO0OOOOO0O 2-1-1
tel. 072-690-2448

fax. 072-690-2491

e.mail ihaya@cbii.kutc.kansai-u.ac.jp

192



