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Directional transient cells
Two cell types interact to realize directional selectivity at a wide range of speeds: directional transient cells, which generate output signals, and directional inhibitory interneurons, which influence these directional output signals (Grossberg et al., 2001). This predicted interaction is consistent with rabbit retinal data concerning how bipolar cells interact with inhibitory starburst amacrine cells and direction-selective ganglion cells, and how starburst cells interact with each other and with ganglion cells (Fried, Münch, & Werblin, 2002). The predicted role of starburst cells in ensuring directional selectivity at a wide range of speeds has not yet been tested. The motion circuits in the model are sensitive to 8 equally spaced directions (Right, Top Right, Top, Top Left, Left, Down Left, Down, Down Right). 

Directional inhibitory interneuron (cf., starburst amacrine cell) activities 
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 integrate non-directional transient cell (cf., bipolar cell) inputs 
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 as follows:

 
[image: image3.wmf][

]

(

)

+

-

+

-

=

D

XY

ij

d

ij

d

ij

c

K

b

C

c

A

dt

dc

3

3

3

.                                     
                  (1)

Superscript 
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 denotes the directional preference of the cell. Each interneuron 
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 receives excitation from the non-directional transient cell 
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 at the same position and inhibition from the directional interneuron 
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 in the direction 
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. For example, for the direction of motion 
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 corresponds to 
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. Inhibition is a lot stronger than excitation (
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) so that a directional signal can be vetoed or at least greatly suppressed if the stimulus arrives from the null direction (consistent with rabbit retinal data from Barlow & Levick, 1965). This arrangement results in excitation that lags behind inhibition temporally. Parameters are 
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Directional transient cell (cf., ganglion cell) activities 
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 in the next layer combine excitatory transient inputs 
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 with inhibitory interneuronal signals 
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and generate rectified output signals:
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This circuit is depicted in Figure 1 below. Parameters are 
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 like in Equation (1). Output threshold 
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 in Equation (3) ensures that the duration of directional transient cell outputs is about 70 ms. Directional inhibitory interneurons operate on a slower time scale (
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) so that directional selectivity can be extracted despite slower speeds. 

[image: image32.png]A: Frame 1

Directional
Transients

Interneurons

Undirectional
Transients

INPUT

B: Frame 2

Directional
Transients

Interneurons

Undirectional
Transients





Figure 1. Directional transient cell network in action, exhibits directional selectivity (taken from Grossberg et al., 2001)
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