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Abstract
Human vision is foveated, with much higher resolution at
the centre of gaze compared to peripheral areas. When
viewing a scene, humans move their eyes several times
a second to bring different parts of the scene into their
foveal vision. This necessitates an active sampling mech-
anism for optimal parsing of scene content. Previous
work has shown natural image statistics have higher con-
trast in locations that are fixated compared to other im-
age locations. We propose a normative explanation for
these observations by calculating the expected informa-
tion gain associated with a particular fixation based on
natural image statistics at different resolutions. We train
a model to predict the expected foveal retinal ganglion
cell responses for an image patch given an existing ob-
servation at peripheral resolution. Our model outputs
both a mean prediction and an uncertainty. We pre-
dict that patches of the image for which the prediction
has high uncertainty offer the most information gain and
should therefore be strong contenders for the next fixa-
tion. We analyse human gaze data to show that fixated
image patches are associated with a higher conditional
entropy than a reference ensemble, and fixation dura-
tions are positively correlated with conditional entropy
(expected surprise).
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Introduction
Several studies have investigated the differences in statistics
of parts of images that are chosen for fixations compared to
the marginal distribution of natural image statistics. For ex-
ample it has been shown that at fixation locations, images
exhibit higher local contrast and lower local pixel correlations
(Reinagel & Zador, 1999) and contain higher frequency edges
(Baddeley & Tatler, 2006). Others have shown differences in
higher order statistics (Krieger, Rentschler, Hauske, Schill, &
Zetzsche, 2000).

It has also been shown that subjects are more likely to fix-
ate on parts of an image that are considered informative by
some metric — either by an subjective rating (e.g. Mackworth
& Morandi, 1967) or by a measure of self information (Bruce
& Tsotsos, 2006). However, such approaches tend to only ac-
count for peripheral drop-off in visual acuity by introducing a
global Gaussian blur across the resulting saliency map.

Raj, Geisler, Frazor, and Bovik (2005) propose that an ac-
tive strategy for a foveated visual system might be to choose
fixation locations that are likely to minimise uncertainty about
foveal contrasts. In this work we extend the idea to minimise
uncertainty about all retinal ganglion cell responses in the

fovea, and show that this may provide a normative explana-
tion for why high contrast parts of an image are likely fixation
candidates.

Methods
We take natural images from the Van Hateren dataset
(Hateren & Schaaf, 1998) and pass them through the retinal
model of Bradley, Abrams, and Geisler (2014) at different pe-
ripheral eccentricities. At higher eccentricities the retinal gan-
glion cell responses are at lower resolution and reflect a larger
receptive field with a lower frequency difference-of-Gaussians
filter.

We train a convolutional neural network to predict higher
resolution (foveal) retinal responses from lower resolution (pe-
ripheral) responses. The input low resolution patch is padded
to avoid edge effects, and the output of the network is a higher
resolution image patch with a mean and a variance for each
pixel. The network was trained by minimising a negative log
likelihood loss based on a Gaussian output.

For gaze data, we use the Doves dataset (Van Der Linde,
Rajashekar, Bovik, & Cormack, 2009) which contains fixation
data from 29 human observers as they viewed 101 images
from the Van Hateren dataset. In order to minimise top-down
influences, we consider only the first saccade for each image.

For ‘peripheral’ samples, we use a retinal model at 3◦ ec-
centricity (the average length of a first saccade was 2.5◦). We
take a 1◦x 1◦ image patch at the peripheral locations, and
predict the central 2/3 of the patch at foveal resolution.

Where fixation patches are compared with non-fixation
patches, we use a reference ensemble of all fixation locations
from other images, including first saccades from all subjects.

Results
We compute the conditional entropy at high resolution for each
low-resolution image patch according to our model and com-
pare the average entropies for fixation patches and reference
patches for each image. We find that the entropies of fixa-
tion locations are on average higher than reference patches
(p < 0.0001, Wilcoxon two-sided signed rank test).

We then consider the duration of each fixation. If the goal
of the saccade is information-gathering, we might expect that
more surprising foveal patches would warrant a longer fixation
time. The conditional entropy given by our model is a mea-
sure of the expected surprise (negative log likelihood) before
the saccade is carried out. The actual negative log likelihood
of the observed foveal response under this posterior is a mea-
sure of the true surprise. We show that fixation duration is
positively correlated with predicted entropy (p < 0.01) but that
after correcting for entropy, observed negative likelihood is not
correlated with duration.
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