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Models of a single neuron
Network models

Highly nonlinear system

Hodgkin-Huxley model

dv,, /dt=Q/C DI —{gen* V V) + g’ h(V Vi)
+ ga (VM_VCF )}]

dnldt=a,—(a,+PBIn  dn/dt=a,—(a,+p)h
dm/dt=a,—(a,+p,)m
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Limit cycle . - i
Point attractor @
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Hodgkin-Huxley
Equation

Quasi-periodic I Chaotic attractor
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Detection ability of phase
difference

Amplitude and phase coding

- i h

i L
o [ [
o i | ik
firing of  T-unit "_Tl'_’_H_‘ |
] Fai |

firing of  P-unit + Fimal

beat cycle —1

Hyperacuity .
T 0.4 psec :

(Hyperacuity; Y. Kashimori et al., Biol Cybern, 2001)

The neural pathway of electrosensory processing
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Phase coding
(~ submilisecond)

Neural coding of object features
(distance, size, shape)

Encoding of EOD AM and PM




2015/5/15

Electric image

Calculation of electric image
by finite-element method

fish

B4 5.00: Sl Mmoo M- T iz & & O RELLTRITRD EOD AM
DIET. WIROBBIT > S EOD AM it 5

Water tank

(Fujita and Kashimori, Biol Cybern ,2010)

Electric image

phase shift (rad)
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rostro-caudal location (cm)
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Burst coding of object features

Soma
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(Fujita et al., Biol Cybern, 2007)

Distance and size
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The role of feedback in burst coding

a Long-term synapses
2

- in

strangth of
inhibitory synapse

strength of
excitatory synapse
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strength of
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Echolocation

®Distance

®Size

®Relative velocity
®Texture

frequency

time
CF:constant frequency

FM:frequency modulated
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The brain and the auditory cortex of the mustached
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(Suga and Xiao 2001)

Neural pathway for detecting sound
features of a flying insect

Input from
Choclea

(Doppler-Shifted constant
Frequency)

Auditory cortex
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(Inferior Colliculus)
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1, Control

Network model

(a) = (b)
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(d)

(Fujita and Kashimori, Neural Proc Lett,
2015)
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Equations of the network model

dV’l C

dt

IC-DS _
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dul®
dt

= Aa(bViC — u}

Z XIC DC

15

I}C e ICIF exp A0

ex.cH (Iexc =

|"‘: = JD = wth(xmh

(4)

i — 3l).

Centrifugal and centripetal BF shifts
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BF Shift in kHz
BF Shift in kHz
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Future works

e Electrolocatin: electric image, neural coding of
target distance and its size, hyperacuity of phase
information,

Echolocation: neural coding of target distance,
neural mechanism of corticofugal modulation of
tuning property

Sound localization: information processing of IID
and ITD, binding mechanism

14



2015/5/15

i D [F ¥R AL FEFE AR

BREZRDETIVIITESHEICLT, VX
TLEARDIREOHEEIZCODVTEDLIGE
DNELCTKEDIEERARND VAT LEERD
EBEExHHAEEEBLTHL, HTVRTLSE
SIZIFERERZIVERENLZLDITEDT
TLKARXTH S,

MDA DT TA—F

Dynamic processing of sensory information
(Attractor models)

Olfactory system

odor information processing in olfactory bulb and piriform cortex
Visual system

categorization, face perception, top-down influence

Auditory system

word perception, information processing in Al

Gustatory system

Interaction between taste and odor information

Somatosensory system (tactile, haptic)
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Dynamical attractor model
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Network model
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Hierarchical processing in memory storage
and recollection

Learning Itinerant State
RS
(<2)

OO —»

O2E@
Ao OE TEE

© +— GO

Input B1

Working memory in pair association task

Which is the pair
of the pattern 1?

(Sakai and Miyashita, 1991)
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Dynamic coding of odor information
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Dynamic coding of odor information

Neural model of olfactory

system
W. Freeman (1987)

Spike coding of stimulus
intensity
J.J. Hopfield (1995)

ey \W‘"J"'@”'f“*‘\‘f\"'-"’l;’#‘ﬂ'#"»’#“ v

Neural pathway of olfactory processing

B. Buird / Patteen recognition in rabbic olfuctony hu'h

-3 >-Axodendritic Synapse

4~ Ratiprocal Synapse

—=Mutual Inhibitory Connaction
} Glomart

G ul
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Spike coding of stimulus intensity

Spike timing and stimulus intensity
stimulus  Output spike of mitral cell

h

Olfactory —~_~_~—~. 7o stimulus
Bulb AneR

K _
I B 4. . Large intensity
'z

—
A A

o~

Oscillati - %

n s TN T

A

Small intensity

TN T N

(Hopfield, 1995)

Neural network model of olfactory
bulb

olfactory nerves Equations

dum;(.r) B Y o _ W y
Mitralcell ™ 4 ~ ﬂm,-““%dvzzaww(h Wt —d,)

glomerular layer

~
+ Z WV o () +w, U (0 + 1, (1)
ke=1(k=i)
mitral cell layer

Granule cell . du, (1)

U =-u, (r)+u;,,,,i’.;',,yljr)Jr.’s,,,I

granule cell layer

Prob{V, (N =1]= [, (1]

festac et ProblV, () =1]= 1,11, (0]
excitatory synapse
Do) d Y eV V(- d,)
()  inhibitory synapse e dr e menm ’
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Coding of odor information in

olfactory bulb

input

learning - -
Xn
~ B3

Representation of odor information by
dynamical attractors

input

response

mode
xn
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Neural network model of olfactory
cortex

Hierarchical discrimination of odor
components
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Neural mechanism of visual
categorization

Visual categorization

Training stimuli of face category 1 (¥)

OV

Training stimuliof face category 2 (=)

OLOOO

Eye separation

Eye height Nose length S-category boundaries

100%C1  80%Cl 60% C1 60% D1 80% D1 100% D1

(Sigala & Logothetis, 2000) (Freedman et al., 2001)
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Neural mechanism for visual
categorization

Top-down

signal
Visual feature
analysis

Diagnostic
features

(Soga and Kashimori, Vision Res, 2008)

Equations of PP neurons
Vi i " &
Tee dt = _"VPP T ZWE—PP(U; kl: mJXIM(kl) m) + Ip,:c_pp,
klm

1
1+exp (‘(Vgp - Vg}")/SPP) ’

¥ =
XPP_

Equations of ITC neurons

dv; = ..
= ~Vire + ;Wrrc(ka if; DXva (i, k) + Ifc_ppe,
i,
1
Xire = :
1 +exp (_ (V:TC - V#c) /Sm:)
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Network model of PFC
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Responses of ITC and PFC neurons
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Response preference of ITC
neurons for face features

T T T T
| Learning stimulus
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Response of the PFC network and of an ITC
neuron induced by lesion of PP

g toatiems

Neural mechanism of dynamic responses of
neurons in inferior temporal cortex in face
perception
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Hierarchical processing of face information in
inferior temporal cortex

b E S

AEEEEH
HEEEL TOWMBLE

Highly correlated responses of IT neurons to
face object

A B
Whole objects Parts

Eye- MNose— Mouth-
Fou NFGw o parts T paty &

o parts ke partt
L ] -

(Hiyabayashi and Miyashita, 2006)
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Temporal properties of spike correlations and
firing rates

Firing rate

¢ A
Spie correlaton Firing rate
l 100 - 300 ms
C .
g 5 e ge e, e ¢

uo--o

-, ':..°
b .
Spike correlation
-0

Firing rate

-0
-0

L.
.4
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¢
g - O Fiwgrte b MO 43
(2 wceren) (phan [ v)
1 . ms
< L
o
) ¢ 3 A
gl. / .
kS : . .
“
] won = 3 < *
'
as

4 L Posh haght ke NFO B
(2-ncore)

© Frng rale for NFO 43
Cigdar | ¥

(Hiyabayashi and Miyashita, 2006)

Spike coding of global and fine features
of face images

(Sugase et al., 1999)
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Network model of hierarchical processing
of face information

. a whole image
Ventral visual pathway

outline arrangement  parts

(Yamada, and Kashimori,
Cogn Neurodyn, 2013)

Coding of object features in V4 network

|
?I )DDDI3]-
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Equation of ITC neurons

Membrane potentials of ith neuron in ITX layer
(X=B,M,F)
dVi,ITX

™t
+IFF+IFB

= _gNamsh(Vi,lTX _VNa)_ gKn4(Vi,ITX _VK)_ gL(Vi,ITX _VL)

Synaptic weights between ith neuron in X layer and
jth neuron in Y layer (X,Y=ITB,ITM,ITF, and FRL)

Response properties for a pair of ITF neurons encoding
the features of eye and nose

>

tEERENER EX R
°
o

14
kY

Cross-correlation
o
=

Membrane potential(mv)

o

Membrane potential(mV) @

8848088884888

Firing rate (spikes/100ms) m
ONBOOONL O

[-]

100 200 300 400 500 600 700
Time (ms)
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Effect of top-down signal on spike correlation
of a pair of I'T neurons

Cross-correlation

NFO

Time(ms)

Calculated results

0-300(ms)
Spike correlation(z-score) 2 Firing rate

Firing rate (spikes/100ms) o

00 400 0 B0 1000 1200 140 1600
Time{ms)
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o

Coarse-to-fine
process

200 300 400 SO0 600 700
Time(ms)

Top-down influence on V1 responses
in perceptual learning
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Top-down influence on V1 responses in perceptual
learning

(Gilbert and Li, 2013)

Li etal. 2004
Ramalingam et al. 2013

Li et al. 2006 (Super et al., 2001)
Gilbert and Sigman ,2007

Tong, 2003

Five-bar discrimination task

Bisection task

— T —
1

Vernier task

196~496ms -

7 &

(Li et al. 2004)
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Vemier task

. Sige-flank offset tunin
Bisection task o bloscion tagk
- - - (task-relovant)

Spikes/s

Modulation
= Side-flank offset tuning
in vernier task
(task-irreiovant)

-]

Difference (%)

2 -1 0 +1 +2

— e Tk

©now % oo onow "
Franan Frsq per) Fraqpan)

— o Tk T —— — P Task - Gt
Piian Gort VARG — et T GO

Our approach

-2 =1 0 +1 +2 -2 -1 0 +1 +2
Side-flank offset position

(Li et al. 2004)

Top-down influence reflecting
perceptual strategies of the two tasks

Synchronous oscillation
(Bisection task)
Asynchronous oscillation
(Vernier task)

A higher visual area (V2)

Modulation of Long-range horizontal
connections in V1
Gating of task-relevant information in early

visual area

(Kamiyama et al., to be published)
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Spike correlations

X Parallel sites
+ Collinearsites

Correlation magnitudes,

relevant task

005 01 015 02 025
Correlation magnitudes,
irrelevant task
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LFP coherence

Bisection
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- Relevanttask - Control

-- - Relevant control - Control
0.6

— Relevanttask - Control

-- - Relevant control - Control
0.4

Formation of functional connectivity in the V1 network

Spike-timing depen
plasticity
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g —
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Decoding Word Information from Spatiotemporal
Activity of Sensory Neurons

Hierarchical processing of auditory information

pSTG
(Chang et al., 2010)

(Burger and Pollak, 1998)
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Attractor

Feature detection

[T 7T

Spatiotemporal activity

(Hara et al., Cog Comput, 2014)

The model of A1

39



2015/5/15

Model of FD layer Responses of FD neurons
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Attractor models

Olfactory system

Visual system

categorization, face perception, top-down influence
Auditory system

word perception, information processing in Al

Gustatory system,
interaction between odor and gustatory information

Somatosensory system (tactile, haptic)
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Medial temporal cortex

Prediction

Fast
processing

SC

HAERE L T ORERE

Retina

Communication between brain areas through different
rhythms

)
: _:5‘: JEarahlppocanpal
BT 7 —mtlz

(Watrous et al., 2013)
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