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Abstract

Since Wheatstone invented the stereoscope, it has been known that the different
views projected to our two eyes contain information that is used to recover depth. It also
has been realized that the two eyes which have slightly different views of the world
contribute to the perception of depth. Many of the organisms, including humans,
perceive the outside world with both eyes, grasping a two-dimensional retinal image
which is captured by each eye as a common single image. This phenomenon is known
as binocular fusion which means that similar images presented to the two eyes appear as

one and are processed simultaneously rather than successively.

Fusion limit (i.e. diplopia threshold) denotes the largest retinal disparity between two
images for which the impression of a single fused image can be maintained. It has
pronounced influence on the generation of the percepts of 3D because goods are
sterically recognized by the deviation of the retinal image generated in the position of
the two eyes (i.e. binocular parallax). In contrast, viewing dissimilar images yields
perceptual alternations competing for dominance, and this is known as binocular rivalry.
Although various techniques have recently received much attention in the broadcast
research community as a promising technology for three-dimensional television systems,
the dominant problem associated with binocular vision still is that of explaining how a
single unified visual percept is formed from the inputs from two eyes since any optical
instrument, especially 3D displays, should be designed to avoid the unpleasant and
annoying binocular rivalry. When we view a stereogram whose left and right images are
of different, but uniform, colors, we perceive a stereoscopic image whose color differs
from the color of either image. This property is explained by the theory of binocular
color mixing. Then, one of the fundamental problems in understanding the color rivalry
process was to measure how much difference of color is permitted before the visual
field turns inhomogeneous. Many experiments have already been performed. Therefore,
previous works concerning the fusion limit of binocular vision are all based on normal

visions. Few works are reported upon the cataract vision.



Along with the arrival of the aging society, the optical instruments design for elders
has become an earnest demand. It is necessary to measure the vision difference that can
be permitted before the rivalry occurs for elderly people. In this study, a cataract
experiencing goggle is used to provide the vision as close appearance of age-related
(senile) cataract as possible. It is evident that the main cause of visually significant
cataracts is ageing, and age-related cataracts are the focus of many seminars. In this
thesis, we measure the limit of binocular color fusion in the normal vision and the
cataract experiencing vision, which is used to simulate the elderly vision using a 3D
display connected to a computer to present experimental stimuli conveniently. The
results show that the color fusion limit curves in the cataract experiencing vision are
very similar with those in the normal vision. Compared with the binocular color fusion
limit in the normal vision A)gn, the binocular color fusion limit in cataract experiencing
vision Alg IS approximately 3~39 nm increased on the central vision, 4~22 nm on the
retinal eccentricity of 3°, 5~23nm on the retinal eccentricity of 6°, and 5~24 nm on the
retinal eccentricity of 9°. The results also reveal that a similar limit is observed in the
range of 520~560 nm in both normal and cataract experiencing visions, and the
minimum value of the binocular color fusion limit exists at 590 nm either in the normal
vision or in the cataract experiencing vision during all retinal eccentricities, which

might give some potential evidences for designing 3D equipments.

In addition, the brain wave research related to vision is remarkable recently, to give
more certification on the fusion limit, we carried out EEG based experiments to find out
the relationship between the binocular fusion and the brainwave rhythm. In EEG based
experiments, we analyze the fast and middle alpha-variant rhythms on the front of the
brain (locations Fpl, Fp2 and Fpz). The EEG-based experimental results show that the
middle alpha-variant rhythm is bigger than the fast alpha-variant rhythm when binocular
fusion appears, while it becomes smaller when binocular rivalry appears either in
normal vision or in experiencing cataract vision. In addition, the values of energy
variation diagram of EEG when the binocular color fusion occurs were depicted, which
the peaks (i.e. the middle alpha-variant rhythm) were located at 9 Hz ~11 Hz,

suggesting that the subject was under relaxation. Furthermore, the difference of the



wavelength between two eyes becomes larger, the ratio of o/ B decreases, suggesting

that it is more difficult to view fusional images in the two visions.
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