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Task Description:

	The current state of the art eye-tracker technology (Collewijn et al, 1986) is expensive ($60-100K), draws significant power, produces significant heat, emits large amounts of electro-magnetic radiation, takes up a large volume, and is invasive (requires a large suction contact lens and local anesthesia). These facts make impossible for it to be used as flight hardware or in simulators or on planes, and impractical in any human-research setting. However, video-based technologies, which do not suffer from the above limitation, have not had the adequate precision and accuracy to generate high-temporal (240 Hz) and theoretically high-spatial (up to 4000 by 4000) resolution. In the technical part of this project, we propose to measure the actual unstable spatial resolution and to validate our calibration and data-analysis algorithms. The two technology deliverables for this effort will be: (1) validated hardware specifications which rival that of eye-coil technologies, and (2) a software package for rapid, precise calibration as well as new powerful analysis algorithms. A second obstacle to the use of eye movements for human factors applications has been the lack of a quantitative link between eye movements and perception. If the eye movements are to be used as a non-intrusive window into the perceptual performance of astronauts and pilots, or as interference between their mind and an interactive display, designers must first know how well they reflect perception. We therefore propose to systematically examine the link between pursuit eye movements and motion perception, and between saccadic eye movements and perceived target location. A clear understanding of these links will allow eye movements to be used more effectively and safely as a tool for monitoring human performance or as a hands-off interface for advanced display systems. 

	In FY99, we showed that we could quantitatively predict human performance in a motion direction task from the smooth eye movement data alone under conditions that produced different levels of visual coherence, thereby validating our oculometric motion analysis as a method for the non-intrusive monitoring of motion perception. We also showed that the accuracy of the first saccadic eye movement during search (detection of a target in noise) has the same sensitivity to target signal to noise as perception, thereby validating our oculometric search analysis as a method for the non-intrusive monitoring of visual detection. We are currently extending this analysis to visual search based on contrast discrimination. Lastly, we have used our empirical findings to rule out current models of human eye movements and to propose a new framework for future models of the pursuit response to visual motion and of saccadic eye movements during search. 

We have also made technical progress extending our current head-fixed eye-tracker set-up to allow head-free gaze tracking and to support greater spatial resolution. Calibration of the eye-tracking component of this new system indicates a nearly three-fold improvement over our current system (from ~0.15 deg to ~0.05 deg) with an increase in the horizontal spatial range (from ~15 deg to >40 deg). We are currently developing calibration methods for the new combined head-eye tracking system. 

	In addition to providing a new aerospace human-factors tool for non-intrusive measurements of human visual performance usable in applied aerospace settings, oculometric analysis will also allow researchers to develop a greater understanding of the quantitative relationship between perceptual-cognitive function and eye movements. This in turn will provide clinicians with new, more rigorous ways of using eye movements to diagnose deficits in human visual function and even perhaps to provide feedback to help improve residual function. In addition, this understanding together with optimized eye-tracker hardware and calibration software will allow interface designers to use eye-movement information more effectively as part of the enhanced multi-modal interfaces foreseen for future generations of human-centered computers. 

	FY99 Publications, Presentations, and Other Accomplishments:

	Eckstein, M.P., Beutter, B.R., and Stone, L.S. (abstract) “Human saccades in search: second chances are worth a second peek.” Perception Supplement, 28, 111, (1999). 

Eckstein, M.P., Beutter, B.R., Bartroff, J., & Stone, L.S. (abstract) “Guided search vs. signal detection theory in target localization tasks.” Investigative Ophthalmology and Visual Science, 40, S346 (1999). Presented at annual meeting of the Association for Research in Vision and Ophthalmology (ARVO). 

Krauzlis, R.J. and Stone, L.S. “Tracking with the mind’s eye.” Trends in Neuroscience, 22, 544-550, (1999). 

Stone, L. “Sensory, Perceptual, and Cognitive Influences in the Neural Control of Smooth Eye Movements.” Neural Control of Movement, Ninth Annual Meeting (April, 1999). 

Stone, L., Ecktein, M. “Eye Movements and Visual Search.” Optical Society of America, Annual Meeting (September, 1999). 
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2000

	Task Description:

	The current state of the art eye-tracker technology (Collewijn et al, 1986) is expensive ($60-100K), draws significant power, produces significant heat, emits large amounts of electro-magnetic radiation, takes up a large volume, and is invasive (requires a large suction contact lens and local anesthesia). These facts make impossible for it to be used as flight hardware or in simulators or on planes, and impractical in any human-research setting. However, video-based technologies, which do not suffer from the above limitation, have not had the adequate precision and accuracy to generate high-temporal (240 Hz) and theoretically high-spatial (up to 4000 by 4000) resolution. In the technical part of this project, we propose to measure the actual unstable spatial resolution and to validate our calibration and data-analysis algorithms. The two technology deliverables for this effort will be: (1) validated hardware specifications which rival that of eye-coil technologies, and (2) a software package for rapid, precise calibration as well as new powerful analysis algorithms. A second obstacle to the use of eye movements for human factors applications has been the lack of a quantitative link between eye movements and perception. If the eye movements are to be used as a non-intrusive window into the perceptual performance of astronauts and pilots, or as interference between their mind and an interactive display, designers must first know how well they reflect perception. We therefore propose to systematically examine the link between pursuit eye movements and motion perception, and between saccadic eye movements and perceived target location. A clear understanding of these links will allow eye movements to be used more effectively and safely as a tool for monitoring human performance or as a hands-off interface for advanced display systems. 

	In FY00, we had three major accomplishments. First, we validated our oculometric analysis of search eye- movements (saccades) as an accurate measure of human visual detection and discrimination performance. We also extended this analysis to a task involving complex form analysis (letter recognition). Second, we validated our oculometric analysis of tracking eye movements (pursuit) as an accurate measure of human motion perception. The eye-coil database gathered for this study also serves as a benchmark for our comparisons with non-intrusive methodologies currently being refined/optimized in our lab. We also extended our studies to include a trial- by-trial analysis of direction estimation and found a strong link between oculomotor and visual performance on a decision-by-decision basis. Lastly, we have proposed a new framework for modeling human pursuit eye movements, after demonstrating that current models cannot predict human performance. To support future more extensive modeling efforts, we are currently evaluating the non- linear predictive aspects of pursuit using complex target trajectories and, for this study, we are optimizing the spatial precision of a less-intrusive eye- tracker that tolerates some head movement. 

	In addition to providing a new aerospace human-factors tool for non-intrusive measurements of human visual performance usable in applied aerospace settings, oculometric analysis will also allow researchers to develop a greater understanding of the quantitative relationship between perceptual-cognitive function and eye movements. This in turn will provide clinicians with new, more rigorous ways of using eye movements to diagnose deficits in human visual function and even perhaps to provide feedback to help improve residual function. In addition, this understanding together with optimized eye-tracker hardware and calibration software will allow interface designers to use eye-movement information more effectively as part of the enhanced multi-modal interfaces foreseen for future generations of human-centered computers. 

	FY00 Publications, Presentations, and Other Accomplishments:

	Beutter, B.R., Stone, L.S., and Eckstein, M.P. “Saccadic and perceptual decisions in visual search: Parallel differences in contrast-discrimination and detection tasks.” (abstract) Symposium on Eye Movements and Vision in the Natural World, in press (2000). 

Stone, L.S., Buetter, B.R., and Eckstein, M.P. “Salience effects on perceptual and saccadic target localization during visual search.” Society for Neuroscience Abstracts, 25, 548, (1999). 

Buetter, B.R., Stone, L.S., and Eckstein M.P. “Human saccadic accuracy in a visual contrast-discrimination search task.” Society for Neuroscience Abstracts, 25, 656, (1999). 

Stone, L.S., Beutter, B.R., and Lorenceau, J. “Visual motion integration for perception and pursuit.” Perception, (in press (2000)). 

Beutter, B.R., and Stone, L.S. “Motion coherence affects human perception and pursuit similarly..” Visual Neuroscience, 17, p. 139-153, (2000). 

Krazulis, R.J., and Stone, L.S. “Tracking with the mind’s eye.” Trends in Neuroscience, 22, p. 544-550, (1999). 

Eckstein, M.P., Beutter, B.R., and Stone, L.S. “Accumulation of information across saccades during visual search depends on how far the first saccade lands from the target.” Perception Supplement, 29, (In press (2000)). 

Stone, L.S., and Krauzlis, R.J. “Precision of the motion direction signals underlying pursuit eye-movements and perception in humans.” Investigative Ophthalmology and Visual Science, 41, S316, (2000). 

Buetter, B.R., Eckstein, M.P., and Stone, L.S. “Task information increases from the first to the second saccade in visual search of a target among distracters.” Investigative Ophthalmology and Visual Science, 41, S759, (2000). 

Krauzlis, R.J., and Stone, L.S. “Pursuit eye movements “ in “The Handbook of Brain Theory and Neural Networks, 2nd edition.” ed. Arbib, M.A., in press (2000). 

Eckstein, M.P., Beutter B.R., and Stone, L.S. Analytic guided search model of accuracy in target-localization tasks. (2000). 
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	● Task Abstract/Description:
Original Abstract: The current state-of-the-art eye-tracker technology (eye coils) is expensive (~$60-100K), draws significant power, produces significant heat, emits large amounts of electro-magnetic radiation, takes up a large volume, and is invasive (requires a large suction contact lens and local anesthesia). These facts make impossible for it to be used as flight hardware or in simulators or on planes, and impractical in any human-research setting. However, video-based technologies, which do not suffer from the above limitations, have not had adequate precision and accuracy to generate high-quality data. ISCAN Inc. has recently developed a prototype video-based tracker hardware that has both high-temporal (240 Hz) and theoretically high-spatial (up to 4000 by 4000) resolution. In the technical part of this project, we propose to measure the actual usable spatial resolution and to validate our calibration and data-analysis algorithms. The two technology deliverables for this effort will be: 1) validated hardware specifications which rival that of eye-coil technologies, and 2) a software package for rapid, precise calibration as well as new powerful analysis algorithms. A second obstacle to the use of eye movements for human-factors applications has been the lack of a quantitative link between eye movements and perception. If the eye movements are to be used as a non-intrusive window into the perceptual performance of astronauts and pilots, or as an interface between their mind and an interactive display, designers must first know how well they reflect perception. We therefore propose to examine systematically the link between pursuit eye movements and motion perception, and between saccadic eye movements and perceived target location. A clear understanding of these links will allow eye movements to be used more effectively and safely as a tool for monitoring human performance or as a hands-off interface for advanced display systems. 


	● Task Progress:
Final Task Progress: We successfully achieved our major technical and scientific objectives. SHFE funding of Dr. Stone over the present funding period (10/98 to present) has fully or partially supported 7 peer-reviewed published manuscripts (Beutter & Stone, 1998; Krauzlis & Stone, 1999, 2002; Stone et al., 2000; Beutter & Stone, 2000; Eckstein et al., 2001; Krauzlis & Adler, 2001), three technical memoranda or conference proceedings (Eckstein et al., 1998, 2000; Campana et al., 2001), and many abstracts/conference presentations with more manuscripts in preparation or under review. Technical Objective #1: Measure and validate the spatial resolution of the ISCAN prototype eye-tracker. We demonstrated that, by optimizing the optical set-up, we could achieve spatial precision better than 0.1° at 240Hz at IR light exposure levels 10x safer than the OSHA limits (< 1mW/cm2). 

Technical Objective #2: Validate and optimize our calibration, saccade detection, and analysis algorithms and procedures. We demonstrated that our calibration procedure reliably supports accuracy of ~0.25° under head-fixed conditions. Our saccade detection algorithm can detect saccades of ~0.25° or larger. Finally, using signal detection theory, we developed a number of oculometric algorithms for monitoring the relationship between eye movements and human task performance in both search and tracking tasks. Preliminary validation of these procedures was achieved by using them to accomplish the following scientific objectives. Scientific Objective #1: Measure the trial-by-trial correlation between the perceived direction of motion and the direction of pursuit to determine how accurately eye movements can be used to predict perceived direction. We found both an overall and a trial-by-trial correlation between visual direction perception and eye movements (Beutter & Stone, 1998; Krauzlis & Stone, 1999; Stone, Beutter, & Lorenceau, 2000; Stone & Krauzlis, 2000), which even reflects higher-order cognitive states such as expectation (Krauzlis & Adler, 2001). We have used this fact to develop a computational model that can predict human visual direction-estimation performance from the eye-movement data alone (Beutter & Stone, 2000). 

Scientific Objective #2: Measure the trial-by-trial correlation between perceptual coherence (rigid form perception) and pursuit to determine how well eye movements can be used to assess whether a moving stimulus has generated a rigid motion percept. We found both overall and trial-by-trial correlation between visual coherence and eye movements (Krauzlis & Stone, 1999; Stone, Beutter, & Lorenceau, 2000; Beutter & Stone, 2000). 

Scientific Objective #3: Measure the relative amounts of information about target location available to the oculomotor and perceptual systems to determine how well saccadic targeting reflects perceived location. We demonstrated that, in a detection search task, the first eye movement has nearly the same amount of information as the perceptual system (Eckstein, Beutter, & Stone, 1998, 2001). We have also found similar results using a contrast-discrimination task and have shown a trial-by-trial correlation in the saccadic and perceptual decisions (Beutter et al., 2000, 2001). 


	● Research impact on American/Earth Benefits:
Aviation Benefits. Human error contributes to the majority of aeronautic accidents and incidents. Expert pilots and air-traffic controllers must develop refined eye-movement skills to perform their critical tasks well. Monitoring gaze non-obtrusively would be useful in two ways: 1) detecting scanning omissions or other errors during piloting or air-traffic control tasks to warn before any adverse consequence, and 2) using the scanning patterns of experts to train novices at the task by providing feedback during training. Furthermore, baggage screening has become a critical national security issue with human visual searching of X-ray imagery is an important part of this process. Oculometric technologies could be applied to monitor search saccades during training to allow security personnel to acquire skills more rapidly or on-the-job to detect declines in performance due to fatigue, or other factors. 

Earth-based benefits. After brain or spinal injuries (e.g. car accidents or stroke) humans often develop serious deficits in sensorimotor function. These deficits can seriously impede a person’s ability to interact with their environment or with computer displays. The use of eye-movement interfaces for disabled persons is an area of active research and development. The use of eye-movement monitoring is also being used to evaluate clinical diagnostics. Better eye-movement monitoring technologies and metrics would foster the development of more robust designs for such application 



	

	Bibliography Type:
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