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Receptive fields

W‘“@ R
= |
e SHEIBR AR

LT AIhitE
(@ (b)

O (Hf)

g - = EMEEMT M
&F/h N i W
| By | ] [ |
L Yy J / 1 |
/) S AN

i
(c) (d)

Tuning curves & polar plots

Preferred orientations
along electrode track

Hubel & Wiesel’s ice-cube model
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(Bonhoeffer & Grinvald, Nature 1991). Y
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Optical imaging setup
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Functional maps in cat visual cortex Orlentatlo.n-.ocular dominance
joint maps

Orientation map
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Simple cell
receptive field

—

Tanaka, Proceedings of Royal Society Lond. B 1995

Equivalence between feature space
& Klein bottle

Tanaka, Proceedings of Royal Society Lond. B 1995

Point-redusibility of loops
& orientation singularities
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Tanaka, Proceedings of Royal Society Lond. B 1995
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Fundamental group
of visual features

Tanaka FORMA 1997
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¢ Hebbian synapse

NMDA receptor®D BALIKFRIAECaZ D FEA
¢ Synaptic constraint
Lateral excitation/inhibition

Modifiable afferent input synapses
(Tanaka Neural Networks 1990)
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(Tanaka, Human & Machine Perception 1992)
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Self-organization model
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Mathematical description
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Self-organized receptive fields

Tanaka &
==& Miyashita
Neural Comput.
2009
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Spatio-temporal receptive fields
of model cortical neurons

Fluctuation term only

Systematic term only

Miyashita et al. NeuroReport 1997

Visual experience & synaptic gating

Spontaneous
activity

Quite similar to OR maps in cat area 17

BT & BT BEFIERBEFRHIED 2006

Curvature of cat visual cortex

midline
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How does orientation representation look
like around the crown of the gyrus?
According to Hubel & Wiesel’s idea

Size of a hyperrrun

«Crown of the gyrus

Area 17 —

Lateral sulcus

Madial bank

Self-organization of visual feature
representation in 3-D cortex

(1) Orientation, direction, ocular dominance and
retinotopy are taken into account.

(2) Correlation-based learning is employed.

(3) Isotropic cortical interaction is assumed.

(4) 5-layer structure is assumed

(5) Simulation rage gradually expands from the
middle layer (spatial annealing).

Tanaka et al. Neural Networks 2011

Orientation & direction representations
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Orientation & direction singularities
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Tanaka et al. Neural Networks 2011

Why do hairpin-like orientation
singularity lines appear?

Why do hairpin-like orientation
singularity lines appear?
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Why do hairpin-like orientation
singularity lines appear?

Why do hairpin-like orientation
singularity lines appear?
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Pair annihilation!

Pair annihilation of pinwheel centers

Superficial layers
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*Pinwheel disappe /

Deep layers

Changes in preferred orientation &
direction in the cortical depth

Tanaka et al. Neural Networks 2011

3D orientation representation
& line singularities

Straight columnar organization Wedge-like organization

Orientation singularity lines

Model flat cortex Model curved cortex

Mechanisms

* Preferred orientation tends to be represented
in a periodic manner.

 Similar preferred orientation tends to be
aligned along the depth direction.

* Orientation representation is determined by
the balance/competition between the two
tendencies.
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Injection of
monocrystalline
iron oxide
nanoparticles
(MION)

Confirmation by fMRI study
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Tanaka et al. Neural Networks 2011

3-D reconstruction of orientation 3D orientation representation & line
representation singularities reconstructed by fMRI

Orientations are not necessarily represented
Tanaka et al. Neural Networks 2011 . .
in a columnar fashion!!!

Orientation representations in different
cross sections
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Tanaka et al. Neural Networks 2011 Tanaka et al. Neural Networks 2011




2012/3/16

Schematic diagrams of orientation &
direction singularities
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Simulated orientation maps under
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Goggles’é LN - 1R RER IR Deformed view of concentric circles
through cylindrical lenses
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Movies of goggle-mounted kittens

1. In the animal cage
2. Eating
3. Playing with a ball

4. Playing with a mop

Cat Visual Cortex: Areas 17 and 18
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R Area 18 .
Anterior E Area 17 posterior
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Tanaka et al. PLoS ONE 2009
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Tanaka et al. PLoS ONE 2009

Unit recording of visual cortical
neurons in goggle-reared cats
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Supposed changes of tuning curves
by single-orientation exposure

Sensitivity profile of orientation plasticity
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Tanaka et al. PLoS ONE 2009

Recovery effect from goggle rearing
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Recovery effect by normal viewing

1-w goggle rearing 1-w normal viewing

Normal rearing

Simulated sensitivity profile
of orientation plasticity
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NMDAR involvement in orientation plasticity
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What is mind? — It’s not matter.
What is matter? — Don’t mind.
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