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Mathematical Model for Space Perception to Explain Auditory Horopter Curves

Michiko OHKURA*, Taro MAEDA** and Susumu TACHI**

For binocular visual space, it is well-known that horizontal lines which appear straight on a subjective fron-
toparallel plane are not always straight in the physical sense, and that the form of the lines depends on the
distance from the observer. A similar phenomenon is also known for tactile space. Then, we conducted funda-
mental experiments on sound localization with distance, and confirmed the similar phenomenon for perceived
binaural auditory space. On the other hand, we proposed a mathematical model for space perception to ex-
plain visual and tactile horopter curves by using biological information and constraints. this model, named
ISLES(Independent Scalar Learning Element Summation) model, succeeded to explain the dependency on the
distance of the horopter curves uniformly. From the results of other experiments we conducted, sound intensity
and interaural time differences seem to be quite important cues for sound localization with distance. In this
paper, these cues are employed instead of biological information to construct ISLES model to explain auditory
horopter curves. The constructed model for space perception is examined by simulation. As the results of the
simulation, the followings are obtained.

e By using sound intensity and interaural time differences as parameters, the constructed model can explain

the dependency of auditory horopter curves on distance.

e The differences of the curves between subjects are explained by the differences of individual learning areas

for space perception.

¢ Relatively near part of the learning area of ISLES model for visual horopter is not included in the learning

area of ISLES model for auditory horopter.

That is, this model successfully explains the results of fundamental experiments on sound localization with
distance.
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Fig.2 Experimental results
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Fig.6 Horopter Curves Obtained by Another Simulation
((a)Learning Area 1 ~ 60m, (b)1 ~ 10m)
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