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Hodgkin-Huxley, 1963

Giant axon of a squid

Recording electrode

Current electrode

Reference electrode.
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Array of orientation preference (OP)
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 OP map of a tree shrew

(Bosking et al 1997)

Pinwheel

(singularity)

Linear zone

(periodic pattern)
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dominance column

The structure of the

primary visual cortex
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Cat

    - island patterns in OD maps

    - intermediate OD segregation

Macaque Monkey

    - Stripe patterns in OD maps

    - Strong OD segregation

Tree Shrew

    - Weak OD segregation (no OD map)

    - Strong orientation selectivity
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Si=(cos2#, sin2#)

Ocular Dominance

Si=+1 or -1
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OP/OD correlation <= synaptic input normalization  & competition

Theoretical predictions are consistent with experiments.

  Red  : Sx=0 (OP, !=0 or $/2)

  Blue : Sy=0 (OP, != $/4  or 3$/4)

 Black  : Sz =0  (OD, +/- boundary)
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#* Anisotropic Heisenberg model
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% : anisotropy between OP and OD columns " ~ JOD / JOP

Pinwheel density

Ising-like

XY-like Pure Heisenberg model

Instability of out-of-plane

vortices

OD

segregation

strength

anisotropy
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Motor cortex

Somatosensory
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Ocular
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Orientation
preference map

Primary visual

cortex (V1)
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Functional pathways in EEGs

Cooperating with Dep. Anesthesiolog

y, Hyundae Asan Hospital, Seoul, Kor

ea

Want to understand Want to understand the correlation between the f
eed back integration in the frontal-posterior n
etwork with conscious information processing
in brain.

FeedForward(FF)

“Unconscious inf

ormation”

FeedBack(FB)

“Conscious in

formation”

frontal

Sensory syste

ms

“Loss of consciousne

ss (LOC)”

Anesthesia experiments with human subjects

Analysis based on the Information Flow of EEG.
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Anesthesia



1. Development of a way to reconstruct the qualia space with EEG

2. Investigation of time evolution of conscious state.

Research GoalsResearch Goals::

Axis 2(F4-T3-T4-P4)

Axis 1(F3-T4-C3)

Axis 3(F3-F4-C4)

NZ N\

)\ /\)Z/Z

&\&Z

343 CTF !!"

443 CFF !!"

4434 PTTF !!!"
Axis 1

Axis 2

Axis 3
“A conscious state”

        or

“A feeling”

(F3-T4-C3)

(F4-T3-T4-P4)

(F3-F4-C4)

343 CTF !!"

4434 PTTF !!!"

443 CFF !!"

Qualia SpaceSimultaneous activation of different local brain functi

ons at a given time.

; Casually independent sub-clusters of EEGs during 0.5 second.

U.C.Lee, G.J. Nho, B. M. Choi, S. Kim, preprint, 2007
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Complex networksComplex networks
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Engel et al, 1990
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Hubel & Wiesel, 1959
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•All-to-all excitatory within a column

•All-to-all excitatory between neighboring columns:

 Connection strength  15 % smaller

•Inhibitory cells in the same column receive same inputs

•Global inhibitory to all excitatory cells

•Global inhibitory to all inhibitory cells

Synaptic connection model

Neuron & synapse models

• Hodgkin-Huxley neurons:

•  " synaptic coupling (Jack, 1975)

• Correlated noisy current :

    Ornstein-Uhlenbeck

•  A column # 12 excitatory  cells + 3 inhibitory cells

•  Angular difference : 12.85
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• Quantifiers

• Averaged firing rate of all columnar cells

• PHPS ( peak height of power spectrum)

              for synchrony • Noise

•Type I and Type II neurons  (IF neurons)

• Different synapses (e.g. Kinetic synapse model)

• Size independence (# of neurons/# of columns)
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