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Abstract

Foveated video streams are created by selectively varying the spatio-temporal resolution of
video data according to the assumed or measured fixation patterns of the intended viewers.
The significant potential of foveated video lies in the considerable entropy reduction relative
to the original video data while minimizing the loss of apparent visual information. By exploit-
ing new human-machine interface techniques, such as visual eyetrackers, combined with fov-
eated video compression and communication protocols, more efficient visual multimedia
services operating over low bandwidths should become available in the near future. In this pa-
per, we introduce a prototype foveated visual communication system suitable for implemen-
tation as a core element of an interactive multimedia wireless communication environment.
We demonstrate the benefit of using foveation in noisy wireless low bandwidth applications,
using measured fading statistics from the downtown area of Austin, Texas as an example.
Based on a maximum source throughput criterion, the source and channel video transmission
rates and the target video coding bit rate are adaptively decided according to the channel dy-
namics. In the simulations, we use the channel throughput, the spatial/temporal resolution,
and the transmission delay as criteria to compare the performance of the foveated approach
relative to normal (non-foveated) video. The results clearly underline the significant potential
of foveated video communication protocols for wireless multimedia applications.
© 2004 Elsevier Inc. All rights reserved.
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1. Introduction

Research into real-time visual communications over wireless or wireline channels
has made significant recent progress because of significant advances in understand-
ing human vision, video compression, network design, communication protocols,
and the interplay between these areas.

In applications involving point-to-point visual communications, each subscriber
is allocated a given bandwidth that is determined according to the required quality
of the reconstructed video data. Because of the increased availability of very low-
bandwidth digital communications channels coupled with multimedia applications
that require high-quality visual service, the development of more powerful video
compression and transmission techniques remains of significant topical interest.
One promising means for increasing the efficacy of video transmission and compres-
sion takes into account the interface between the human user and the displayed
video, as well as an important property of the human visual system.

The retina of the human eye samples visual information non-uniformly in space:
the resolution is highest where the optical axis of the eye strikes the retina (known as
the fovea) and it decreases as a function of angular distance (eccentricity) from this
point. The repurcussion of this is that a human observer sees only a small part of any
scene with high resolution at a given moment, with the rest of the scene serving as
lower-resolution context or memory from fixations at prior moments. Likewise, a
human observer of a video display of sufficient size (relative to the viewing distance)
sees only a part of the display at high resolution. It therefore makes engineering sense
that, if the fixation point of the observer(s) could be known, then the video could be
transmitted with a variable resolution decreasing from fixation, with a consequent
reduction in the requisite bandwidth. Indeed, this idea is not new, and several au-
thors have proposed methods for increasing compression efficiency by exploiting
the non-uniform sensing apparatus of the human eye via the creation of foveated im-
ages and foveated video (Ebrahimi and Kunt, 1998; Hartung et al., 1998; Kunt et al.,
1985; Silsbee et al., 1993).

The goal of foveated video compression algorithms is generically to improve the
apparent (subjective) visual quality of the data by allocating more resources to
perceptually important regions, which usually means those regions which are being
fixated, but which could also encompass other measures of “interest’” such as image
motion, spatial images features, or even context.

Recently, foveated video has been actively studied as a promising means for
managing high-quality video transmission in lowbit rate video applications involving
human interaction (Geisler and Perry, 1998; Lee et al., 2002, 2001; Reeves and
Robinson, 1996). For point-to-point visual communication applications, a fixation
point can be chosen by an end user using an interactive approach such as a visual
eye tracker, a mouse, or a touch screen. Among these, only the eyetracker may be
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