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Primate vision, unlike most computer vision implementations, has a central, foveal area of high visual acuity surrounded by a much less detailed peripheral area.  This type of organization has many significant functional implications, most notably the need for a motor system to continually shift the location of the high acuity fovea within the visual field to facilitate detailed inspection.  Primates accomplish this through the use of eye movements.  Recent evidence suggests that eye movements contribute much more than the simple orienting of sensory resources (i.e., the retina).  For instance, evidence from saccadic adaptation studies suggests that eye movements, combined with a visual error feedback signal, also contribute heavily to the internal representation of space.  Consequently, a computer vision system that incorporates foveal processing and motor orientation already contains the basis for more complex processing abilities.
In this paper, we present an artificial neural system that utilizes mechanisms similar to those described above to allow a pan/tilt-camera connected to a computer to successfully perform simple visual search tasks akin to those used in human behavioral tasks.  The system is capable of scanning an artificial display using pan/tilt movements in order to locate a predefined target item embedded in a set of distracters.   Although the visual processing necessary to perform such a search does not present an overly complex task, the main contributions of this paper is the demonstration of a system that combines spatial attention, visual processing, and motor control in a biologically-inspired neural system.
The neural system that we present is an amalgamation of many smaller neural networks, each used to compute specific functions necessary for the complete system to operate.   The networks contained include a biologically inspired retina as well as networks simulating the functions of the primary visual cortex (V1), V2, V3, V4, the inferior temporal cortex (IT), and the frontal eye fields (FEF).  The organization represented in the system is based on the organization of the primate visual system, but ignores supplemental areas that are important for the bottom-up (stimulus-driven) effects of visual attention, as we are primarily interested in the top-down (task-driven) components of attention.  The system is divided into three primary functional parts: (1) the retina, in charge of the initial intake, division, and processing of the video signal; (2) the visual cortex, in charge of the more complex processing of visual features; and (3) the FEF, in charge of allocating spatial attention and executing camera movements.  As with the primate visual system, our simulated FEF contains many feedback projections to V2 through IT, allowing enhanced spatial-attention processing to be performed in relevant locations.
The system exhibited similar search behavior and performance as human subjects and was able to calibrate its ‘oculomotor system’ to allow efficient task performance.  The results suggest that the present model is not only useful in understanding how the control of attention and eye movements is accomplished in biological systems, but is also a promising approach to controlling active vision systems in mobile robotics.
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