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Fig. I .  Human speed-based Segmentation performance. a. Human speed-segmentation thresholds are plotted 
as a function of mean display speed (solid circles and trace). Note the sharp decrement in performance for 
speeds above approximately 8 degrees per second, consistent with the range of speed tunings found in the 
primary visual cortex ( V I )  and inconsistent with the higher speed range of extrastriate visual cortical areas 
beyond V I ,  such as the middle temporal area (MT). The distributions of preferred speeds for neurons in areas 
V I  and MT (from earlier studies by others) are shown for comparison as dashed traces. b. The minimum spatial 
scale for segmentation (pairing distance) is plotted as a function of eccentricity in the visual field (solid circles 
and trace). Note that the smallest effective spatial scale for segmentation remains small (approximately 1 degree) 
even out to approximately 75 degrees of eccentricity. Again, such performance is consistent with a mechanism 
with a receptive field size similar to that of V I  neurons and much smaller than those of MT neurons (plotted for 
comparison as dashed traces from earlier studies by others). 

Computational Models 
Movement Behavior 

two types of eye-movement behaviors: search 
saccades and smooth pursuit. The overall goal is to 
incorporate the knowledge of eye-movement behav- 

of Human Eye- 

Lee Stone, Brent Beutter, Miguel Eckstein, 
Jean Lorenceau 

Humans interact with visual displays not by 
passively absorbing the information like a fixed 
camera, but by actively searching for areas with 
relevant information, and by following the motion of 
features of interest. The specific aim of this project i s  
to develop and test computational models of human 
eye-movement control with particular emphasis on 

ior acquired in our laboratory into computational 
models that can serve as design tools in the develop- 
ment of safer, more effective visual displays, inter- 
faces, and training methods, matched to human 
abilities and limitations. 

Most current models of human vision have 
focused on the passive ability to detect, discriminate, 
or identify targets in noise in carefully controlled 
laboratory conditions in which eye movements are 
suppressed. However, when humans interact with a 
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display during aerospace tasks (for example, air traffic 
controllers monitoring aircraft), their eyes jump from 
one location to another using rapid eye movements 
(saccades) to point central gaze, the region of highest 
resolution, at the current object of interest. This active 
search process greatly enhances visual performance. 
Two major categories of models have been proposed 
to explain search performance: guided-search and 
signal-detection-theory models. Unfortunately, the 
former category predicts reaction time, while the 
latter predicts localization accuracy. To enable a 
direct comparison of these two models, an extension 
to the guided-search model that allows it to predict 
localization performance was developed. Both 
models are being tested to determine which is  the 
better predictor of human performance. 

When display targets move, humans generate 
smooth tracking eye movements (pursuit) to follow 
the motion of the current object of interest. This 
ability i s  crucial when using a display to perform 
tasks involving motion estimation (for example, 
landing the shuttle by aligning a moving target with a 
reference within a heads-up display). Current pursuit 
models assume that pursuit merely minimizes the 
physical image motion on the back of the eye (the 
retina). This study has demonstrated that this simple 
view cannot explain the full range of human pursuit 
behaviors, especially the ability to track targets 
accurately even when one’s view is  partially blocked. 
The new control framework for pursuit, shown 
schematically in the figure, is  consistent with new 
behavioral data from this study, as well as what is 
known of the neurophysiology and anatomy of the 
primate brain. This research suggests that pursuit is 
driven by an estimate of target motion constructed at 
the highest level of the brain (the cortex) and shared 
with perception, rather than by the simple quasi- 
reflexive integration of lower-level reti nal-error 
signals. 
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Fig. 1 .  A two-stage control strategy for pursuit. 
Rather than raiv image motion, the main driving 
input is perceived object motion, which is computed 
in the visual cortex. Once object motion i s  com- 
puted, the remaining transformation needed io 
optiniize Performance is  cornpensation for the 
dynamics of  the visco-elastic properties of  the eye 
(the oculomotor ”plant” with transfer function P). This 
compensation can be achieved by positive feedback 
through the cerebellum (with P’- P to eliminate the 
lag associated with Pi  consistent with the observed 
neural responses in the cerebellum. LCN, lateral 
geniculate nucleus; V I ,  primary visual cortex; MT, 
middle temporal area; MST, medial superior temporal 
area; F E F ,  frontal eye fields. 
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