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IMAGE-SENSING MECHANISMS IN THE VERTEBRATE RETINA

Shiro USUI, Shu-ichi SARUYAMA*
Genyo MITARAI, Manabu SAKAKIBARA and TetsuyaY AGI**

*  Dept. of Information and Compuler Sci., Toyohashi Univ. of Tech.

**  The Res. Inst. of Environment.

For image sensing, the solid-state image sensor
is now the most popular device. However, such
devices, including the videcon tube, merely trans-
fer the optical image into an electrical signal with
corresponding intensity and color profiles of the
image without processing or discriminating signals
for higher level uses, such as pattern recognition
or robot eves. In addition, the sensitivity and the
aperture size must be adjusted according to the
external optical environment.

In the vertebrate retina, on the other hand, the
receptor can adapt its sensitivity automatically to an
appropriate level. In the outer plexiform layer, re-

Med., Nagoya Univ.

ceptors (rods and cones), horizontal cells, and bi-
polar celis make complex circuits including feed-
back mechanisms and center/surround organiza-
tions. These circuits and their functionings are
studied widely in physiology and morphology by
utilizing glass micro-electrode and intracellular dy-
ing techniques. The basic features of the outer
plexiform layer are in (band-pass type) spatial fil-
tering, which improves the contrast sensitivity,
and in cclor-coding mechanisms. This paper dis-

cusses spatial characteristics and the opponent color

mechanisms in this layer.
Spatial characteristics : Three types of cone with
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a peak action spectrum at blue, green, and red
were electrically connected by type, producing a
spatial summation within 100 to 200 #um ranges.
Enlarging the spot diameter caused increasing re-
sponse amplitude within this range. However, fur-
ther enlargement did not produce a more enlarged
response, but a decrease due to the feedback signal
from the horizontal cells. The horizontal cell ex-
hibited tremendously wide spatial summation over
a few mm due to the electrical coupling through
the gap junctions. A two-dimensional discrete hori-
zontal cell network model was proposed and ana-
lyzed. The model interpreted the experimental data
with good results. Receptor and horizontal cell sig-
nals input to the bipolar cell with an opposite sign
and thus form the center/surround organization at
this stage. This was confirmed by matching the
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subtraction of the two experimental data (R and
H) with the bipolar cell area efiect characteristics.

Opponent color mechanism : The three primary
color signals were converted to the opponent color
signals through the feedback path (H to cones) in
the outer plexiform layer, that is, R/G/B to R+
G— and Y+B—, in the carp retina horizontal cell.
According to the center/surround organization de-
scribed above and ‘these chromatic type horizontal
cells with the ON and OFF bipolar channels, all
the opponent color signals are established at this
level. Four types of opponent color receptive fields
are found in the carp retina : center opponent,
surround opponent, spatially segregated opponent,
and double opponent. The possible wiring diagrams
for each type are presented.
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