






Long range 
inhibitory 
connections

Afferent connections

Short range
excitatory
connections

NxN "Columns"

RReecceepp tt ii vvee   SSuu rr ff aaccee

NNee ttwwoo rr kk
s x s Anatomical 
Receptive Field

RxR "Receptors"







2
4

6
8

10
12

14
16

18
20

22
24

x

2
4

6
8

10
12

14
16

18
20

22
24

y

0
0.002
0.004
0.006
0.008
0.01

0.012
0.014

2
4

6
8

10
12

14
16

18
20

22
24

x

2
4

6
8

10
12

14
16

18
20

22
24

y

0
0.002
0.004
0.006
0.008
0.01

0.012
0.014

z

2
4

6
8

10
12

14
16

18
20

22
24

x

2
4

6
8

10
12

14
16

18
20

22
24

y

0
0.002
0.004
0.006
0.008
0.01

0.012
0.014





-20

Left

0

Right

20

5

10

15

20

-20

Left

0

Right

20

-20

Left

0

Right

20

5

10

15

20

-20

Left

0

Right

20





5

10

15

20

5

10

15

20

0

0.005

0.01

0.015

5

10

15

20

5

10

15

20

5

10

15

20

0

0.002

0.004

0.006

5

10

15

20









0.0 20.0 40.0 60.0 80.0 100.0
CONTRAST

0

1

100

10000

KU
RT

O
SI

S

No Lateral Interaction
Self-Organized Weights
Random Lateral Weights
Gaussian Lateral Weights















!90 !75 !60 !45 !30 !15 0 15 30 45 60 75 90
Angle on Retina (degrees)

!4

!2

0

2

4

0

A
fte

re
ff

ec
t (

de
gr

ee
s c

lo
ck

w
is

e)



!

!

Sequence of spikes

Sequence of spikes

Sequence of spikes

Sequence of spikes

Sequence of spikes

Sequence of spikes

!

Spike Generator

+ "

threshold
function

Afferent Connections

Lateral Connections

w

w

w

w

w

w

weighted sum

decayed sum of spikes (leaky integrator)

weighted sum

spike

inhibitory 
feedback







0

5

10

15

20

25

( a )

0 100 200 300 400 500

0

5

10

15

20

25

( b )

0 100 200 300 400 500

0

5

10

15

20

25

( c )

0 100 200 300 400 500






















