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Abstract

Human visual system is exposed to the outside world and receives a large
amount of visual information at the speed of 8.96 Mbits per second. Although it
has limited computing and storage capacity, the most important contents, such
as the emergency of dangerous animals, can be efficiently captured and filtered
from the mass information, and immediate responses can be performed. It largely
outperforms modern computer with powerful computing and storage capacity in
the aspects of low energy consumption and high efficiency. So it is very necessary
to uncover the inner selective mechanism from the view of psychophysics and
simulate this kind of mechanism by electronic computer. The aims of this thesis
are to design computational models of selective visual attention based on known
psychophysics evidences. These models can accurately simulate the static and

dynamic properties of selective visual attention on natural scenes.

First, in order to analyze the local vibrating behavior and global stochastic
behavior of eye movements, we use a high-speed eye-tracker to collect eye move-
ment data from 24 subjects with a set of color natural images. This dataset can
be used in our latter experiments and also for other researchers’ work (There have
been researchers asking for it). We also propose to employ time-delay embedding
to evaluate the scanpaths generated by dynamic attention models. This method
needs less parameter to be tuned and the parameter is easily tuned compared

with classical edit distance.

Second, although many computational models of visual attention have been
proposed in recent years, they generally have low prediction accuracy compared
to human visual system. In this thesis, we propose a new computational model for
visual saliency: Site Entropy Rate. The model is inspired by a few well acknowl-
edged biological facts, such as spare representation in primary visual cortex, two
different spatial scales of cortical neuron connectivity, a neuron’s activities are
driven by the total synaptic input from its neighbors. First, the model extracts a

number of sub-band feature maps to be early visual features using learned sparse
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codes. Then, it adopts a fully-connected graph representation for each feature
map, and runs random walks on the graphs to simulate the signal/information
transmission among the interconnected neurons. Finally, Site Entropy Rate is
proposed as a new visual saliency measure based on the principle of information
maximization. To evaluate the proposed model, we do extensive experiments on
psychological stimuli, two well known image data sets, as well as a public video
dataset. The experiments demonstrate that the proposed model achieves the
state-of-the-art performance of saliency detection.

Finally, as we know, visual attention is the driven force of human visual
saccade which in fact is a dynamic search process. Human saccade contains not
only fixation location but fixation order. The combination of these two aspects
is the saccadic scanpath. Large amounts of psychology evidences show that it
is unsuitable to explain human saccadic behavior with the scanpath by ranking
static saliency values. Based on the principle of information maximization, we
propose a computational model to simulate human saccadic scanpaths on natural
images. The model integrates three related factors as driven forces to guide eye
movements sequentially - reference sensory responses, fovea-periphery resolution
discrepancy, and visual working memory. For each eye movement, we compute
three multi-band filter response maps as a coherent representation for the three
factors. The three filter response maps are combined into multi-band residual
filter response maps, on which we compute residual perceptual information (RPT)
at each location with Site Entropy Rate. The RPI map is a dynamic saliency
map varying along with eye movements. The next fixation is selected as the
location with the maximal RPI value. On a natural image dataset, we compare
the saccadic scanpaths generated by the proposed model and the other two visual
saliency-based models against human eye movement data. Experimental results
demonstrate that the proposed model achieves the best prediction accuracy on
both static fixation locations and dynamic scanpaths.

In summary, we propose two computational models to simulate the static
and dynamic properties of visual attention, one for fixation distribution and the
other for fixation order. In fact, human saccadic behavior contains several other

factors, such as fixation duration, individual differences of human scanpaths, the
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influential factors of the first fixation, the influences of contextual information

on human scanpath, which are our focus in the future.

Keywords: Visual attention, Visual scanpath, Information maximization, S-
parse coding, Site Entropy Rate, Fully-connected graph, Reference sensory re-

sponse, Foveal imaging, Visual working memory
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