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Responses of macaque MST cells to three dimensional visual flow
Hiroshi Ohnot, Naoki Hashimoto™, Eiki Hida™2, Hide-aki Saito™2
FUJISOFT ABC Incorporated*!

Faculty of Engineering, Tamagawa University™?

Three-dimensional visual flow caused by self-movements provides important cues for the perception of
space, and thus for the perception and control of own movement.

At least 3 depth-cues built up by moving elements are contained in such a flow. One is purely dynamic
signal independent of a visual pattern of a facing scene, i.e., ‘speed-gradient’. The other two are rather static
signal called ‘perspective’, i.e., ‘size-gradient’ and ‘density-gradient’ in a texture pattern.

We investigated relative contribution of the three cues for the perceptual impression of 3-dimensional space
by presenting computer-generated virtual flow stimuli in which the three cues are controlled independently.
As expected, the contribution of speed-gradient was most strong, a medium was texture size-gradient, and
the weakest was texture density-gradient.

We also investigated response-properties of cells in macaque MST-area using similar stimuli. MST cells
are classified into three groups according to the different response-behaviors to 2-dimensional and
3-dimensional visual flow. Based on these results, a psychology-physiology correspondence is suggested.
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Fig.l Hierarchical organization of motion-processing pathway
(Magnocellular pathway) and of pattern-processing pathway

(Parvocellular pathway) of the macaque visual system.
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Fig.2 Diagrams depicting different circumstances which give 2D
visual flow (1) and 3D visual flow(2).
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a do'g size in pixels on v!sual angle viewing from the number of dots in the
the display distance of 30cm (deg) ] Density of dots per 1deg?
8x8 0.49% 0.49 display (50° % 55°)
16X 16 0.97x097 40 0016
32x32 1.95%1.95 80 0.031
64 % 64 391x391 150 0.059
160 0.063
320 0.125
480 0.189
600 0.235
Table.1 Texture size and density.
- = o B ‘texture size (pixels) 8x8 16x16 32x32 | 64%x64
- Lad -— -— .
N e mm " m—|  [texture density
[ . v o 320 160 80 40
e . (Numbers of texture elements in the screen)
- L - g
. m———=— |movingspeed (degreessec) 73 146 29.2 584

A 3D-flow containing a gradient in moving speed, in texture size, and in texture density.

[ RSl ‘texture size (pixels) 8x8 16x16 | 32x32 | 64x64
— | I
L ¢ texture density
i s _ 320 160 80 40
L :':H?H (numbers of texture elements in the screen)
w W
— W — Imoving speed (degrees/sec) 29.2 29.2 29.2 29.2

B : Quasi 3D-flow lacking ‘speed-gradient’

e " ‘texture size (pixels) 32x32 | 32x32 | 32x32 | 32x32
-
"a oy
i, texture density
I 320 160 80 40
o G — (numbers of texture elements in the screen)
- . m
- - moving speed (degrees/sec) 73 14.6 29.2 584

C : Quasi 3D-flow lacking ‘size-gradient’

i”; ol texture size (pixels) 8x8 | 16x16 | 32x32 | 64x64
:"; .h—.>: texture density 160 160 160 160
-».:;.::—.; (numbers of texture elements in the screen)
| Sy m— moving speed (degrees/sec) 7.3 146 29.2 584

D : Quasi 3D-flow lacking ‘density-gradient’

Fig.3 Artificial translational visual flow stimuli displayed on the monitor screen.
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Fig.4 Effects of an elimination of one of the three depth-cues on the

perceptual impression of 3D space.
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Fig.5 Classification of MST D cells into TypeA, B, and C according to the response properties of cells to 2D and 3D visual flow.
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