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Weighted Disparity Energy Model

KONG Qing-Qun* WANG Bo" HU Zhan-Yi'

Abstract Due to the position difference of the two eyes, there exists difference between the projections of an object on
the two eyes. This is what we call disparity. The primary visual cortex (V1 area) is thought to be the origin area to
deal with binocular information and it contains many neurons which are sensitive to binocular disparity. The disparity
tuning responses of these neurons have been well described by the disparity energy model. However, this model fails to
explain a physiological finding that these neurons should have weaker responses to binocularly anti-correlated random dot
stereograms (aRDS) relative to random dot stereograms. A weighted disparity energy model is proposed in this paper
to tackle this problem. The responses of the neurons are modulated by making use of the signal differences within the
left and right receptive fields. Then the population responses are computed based on the responses of individual neurons
and interaction between them for disparity computation. This paper is primarily focused on developing the disparity
computation model based on neurophysiological findings. The main contributions are two-fold: 1) it can adequately
describe that the responses of the neurons in V1 to anti-correlated stimuli are weaker than those to random dot stereograms;
2) the obtained disparities are more accurate than existing neurophysiological methods, and even better than some classical

computer vision methods.
Key words Binocular disparity, disparity energy model, anti-correlated random dot stereograms (aRDS), weighted
disparity energy model, intensity difference
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Fig.1 Random dot stereogram
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Fig.2 Disparity energy model (The left two columns
are the left and right RF (receptive field) profiles,
in which the filled areas are the spatial
distributions of excitatory inputs. .S; and Cx

represent the simple and complex cells.)
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Table 1  Comparison of the quantitative performance among three different methods

ASCTT i HAL 240 757 SSD Jrik
Nonocc All Disc Nonocc All Disc Nonocc All Disc
Tsukuba 4.90 6.82 18.1 25.7 26.2 59.1 5.23 7.07 24.1
Venus 3.36 4.93 21.5 5.96 7.03 41.2 3.74 5.16 14.9
Teddy 10.8 19.9 26.3 17.1 22.4 33.9 16.5 24.8 32.9
Cones 4.25 14.8 12.4 13.5 20.4 35.0 10.6 19.8 26.3
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Fig.6 Computed disparities of nature images
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