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Task Description:

	Self-motion perception is altered by spaceflight raising important safety concerns. Countermeasure development would be enhanced if the nature of the problem was elucidated and the phenomenon quantified. Unfortunately, the methods previously used have been qualitative, insensitive, or too difficult to perform with adequate precision in or immediately after spaceflight. We propose to validate a new, inexpensive, and unobtrusive (i.e., no sled or eye-tracker) methodology that will have adequate sensitivity to be used with a high probability of success in a future flight proposal to measure spaceflight-induced perceptual changes. Furthermore, we will generate a quantitative baseline of human self-motion perception in earth’s gravity for comparison with future flight data and for use in other aerospace and biomedical applications. Humans can use the visual motion on their retinae experienced during navigation (optic flow) to determine their self-motion and the relative depths of environmental points. We propose to determine the precision and accuracy of heading (direction of forward translation) and depth judgments from optic flow in 1G. We have previously developed a computational neural model of human self-motion and depth estimation consistent with the known properties of primate visual cortex (Perrone & Stone, 1994; submitted). Other current models either fail to predict observed human performance (Stone & Perrone, 1993; 1997) or are inconsistent with primate neurophysiology (Perrone & Stone, submitted). Our model predicts that heading and depth estimation will deteriorate under conditions of non-gaze-stabilized and non-roll-suppressed optic flow. Such conditions are common during and after spaceflight. Furthermore, current theory predicts that whole-body tilt with respect to gravity will not affect heading estimation in 1G. The main goal of this project is to test these hypotheses to increase our ability to predict human self-motion performance errors in general and as a prelude to a flight proposal to test the prediction that tilt will have a strong (adverse) effect post flight. 

	We have made progress on two fronts in FY98. First, we completed extensive testing of the Template Model of self-motion estimation comparing the performance of its internal model neurons with those of real neurons in the primate brain. We found that simulating previous neurophysiological experiments (same stimuli, same conditions) on the model neurons yielded very similar results to those found in the original physiological studies, both at the individual neuron level and at the neural population level. This finding demonstrates that a neural-network model designed to solve the self-motion estimation problem, but constrained to use the input motion signals available to the areas of the primate visual cortex responsible for self-motion perception, has emergent properties that mimic those of the real neurons in these areas. This suggests that an algorithm similar to the template model is being implemented in the primate brain to help support self-motion perception and to guide navigation. Second, we have made progress in porting our software package for simulating self-motion to an inexpensive and easily portable PC system. This is a necessary first step prior to running the central experiments on the Two-Axis Human Rotation Device in FY99. 

	Human errors in visual motion perception can contribute not only to errors during spaceflight (e.g., the Mir docking accident) but also on earth (e.g., car and even airplane accidents). Quantitative computational models of how visual motion is processed in the human brain to support navigation and obstacle avoidance, together with how these self-motion signals interact with vestibular signals is critical for understanding the root causes of these human errors as well as the design of visual displays or training paradigms to minimize the resulting adverse consequences. Although the models are originally developed for and the technologies applied to aerospace settings, they will eventually be made available to increase the safety of motorists on earth. 

	FY98 Publications, Presentations, and Other Accomplishments:

	Perrone, J.A. and Stone, L.S. “Emulating the visual receptive field properties of MST neurons with a template model of heading estimation.” J. Neurosci., 18, 5958-5975 (1998). 

Stone, L.S. and Perrone, J.A. (abstract) “Quantitative simulations of MST visual receptive field properties using a template model of heading estimation.” Soc. Neurosci. Abstr., 23, 1126 (1997). 
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1999

	Task Description:

	Self-motion perception is altered by spaceflight raising important safety concerns. Countermeasure development would be enhanced if the nature of the problem was elucidated and the phenomenon quantified. Unfortunately, the methods previously used have been qualitative, insensitive, or too difficult to perform with adequate precision in or immediately after spaceflight. We propose to validate a new, inexpensive, and unobtrusive (i.e., no sled or eye-tracker) methodology that will have adequate sensitivity to be used with a high probability of success in a future flight proposal to measure spaceflight-induced perceptual changes. Furthermore, we will generate a quantitative baseline of human self-motion perception in earth’s gravity for comparison with future flight data and for use in other aerospace and biomedical applications. Humans can use the visual motion on their retinae experienced during navigation (optic flow) to determine their self-motion and the relative depths of environmental points. We propose to determine the precision and accuracy of heading (direction of forward translation) and depth judgments from optic flow in 1G. We have previously developed a computational neural model of human self-motion and depth estimation consistent with the known properties of primate visual cortex (Perrone & Stone, 1994; submitted). Other current models either fail to predict observed human performance (Stone & Perrone, 1993; 1997) or are inconsistent with primate neurophysiology (Perrone & Stone, submitted). Our model predicts that heading and depth estimation will deteriorate under conditions of non-gaze-stabilized and non-roll-suppressed optic flow. Such conditions are common during and after spaceflight. Furthermore, current theory predicts that whole-body tilt with respect to gravity will not affect heading estimation in 1G. The main goal of this project is to test these hypotheses to increase our ability to predict human self-motion performance errors in general and as a prelude to a flight proposal to test the prediction that tilt will have a strong (adverse) effect post flight. 

	In FY99, the project has focused on visual segmentation of optic flow into separate depth planes as a precursor to depth estimation. We measured the spatiotemporal limits of segmentation using speed cues alone and found that human performance shows limitations similar to those found in primate primary visual cortex (V1); performance falls off dramatically for speed above 8 deg/s yet the spatial resolution of segmentation remains good (~1 deg) even in the periphery. These findings strongly suggest that segmentation is a visual process that occurs early (within or soon after V1) rather than at a higher cortical level. The data also provide important information for the design and use of heads-up displays by showing 1) that fast motion in the world or on the display may not be properly segmented and 2) that high spatial resolution in the periphery is useful for segmentation and cannot be casually thrown away. 

We also developed a new input front-end for our self-motion estimation model. Rather than simply assuming input responses like those in cortical area MT are available for the optic-flow processing stage, a neural mechanism that can generate MT-like speed tuned responses from V1-like inputs was constructed. In addition to potentially explaining another tier of neural processing within primate cortical motion-processing pathways, this enhancement will allow us to use the model as a machine-vision algorithm because it can now act directly on image sequences. 

We have also made technical progress porting our optic-flow stimuli generation software from a system that requires special hardware and software to a simple PC platform that runs standard graphics calls recognized by most current graphics cards. This will allow us to use this software in a wide variety of laboratory settings and to share it with collaborators and other interested scientists. 

	Human errors in visual motion perception can contribute not only to errors during spaceflight (e.g., the Mir docking accident) but also on earth (e.g., car and even airplane accidents). Quantitative computational models of how visual motion is processed in the human brain to support navigation and obstacle avoidance, together with how these self-motion signals interact with vestibular signals is critical for understanding the root causes of these human errors as well as the design of visual displays or training paradigms to minimize the resulting adverse consequences. Although the models are originally developed for and the technologies applied to aerospace settings, they will eventually be made available to increase the safety of motorists on earth. 

	FY99 Publications, Presentations, and Other Accomplishments:

	Masson, G.S., Mestre, D.R., and Stone, L.S. “Speed tuning of motion segmentation and discrimination.” Vision Research, 39, 4297-4308, (1999). 

Stone, Lee “Certificate of Appreciation, June 1999 for expert assistance in the possible role of visual self-motion or depth/distance estimation errors in the Aviano crash.” 
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	Task Description:

	Self-motion perception is altered by spaceflight raising important safety concerns. Countermeasure development would be enhanced if the nature of the problem was elucidated and the phenomenon quantified. Unfortunately, the methods previously used have been qualitative, insensitive, or too difficult to perform with adequate precision in or immediately after spaceflight. We propose to validate a new, inexpensive, and unobtrusive (i.e., no sled or eye-tracker) methodology that will have adequate sensitivity to be used with a high probability of success in a future flight proposal to measure spaceflight-induced perceptual changes. Furthermore, we will generate a quantitative baseline of human self- motion perception in earth’s gravity for comparison with future flight data and for use in other aerospace and biomedical applications. 

Humans can use the visual motion on their retinae experienced during navigation (optic flow) to determine their self-motion and the relative depths of environmental points. We propose to determine the precision and accuracy of heading (direction of forward translation) and depth judgments from optic flow in 1G. We have previously developed a computational neural model of human self- motion and depth estimation consistent with the known properties of primate visual cortex (Perrone & Stone, 1994; submitted). Other current models either fail to predict observed human performance (Stone & Perrone, 1993; 1997) or are inconsistent with primate neurophysiology (Perrone & Stone, submitted). Our model predicts that heading and depth estimation will deteriorate under conditions of non-gaze-stabilized and non-roll-suppressed optic flow. Such conditions are common during and after spaceflight. Furthermore, current theory predicts that whole-body tilt with respect to gravity will not affect heading estimation in 1G. The main goal of this project is to test these hypotheses to increase our ability to predict human self-motion performance errors in general and as a prelude to a flight proposal to test the prediction that tilt will have a strong (adverse) effect post flight. 

	In FY00, we quantified the spatial scale that limits human visual segmentation performance from optic flow and found that it is on the order of the receptive field size of neurons within the primary visual cortex, across a range of retinal eccentricities (~0.2deg in the fovea, ~0.8deg at 15 deg of eccentricity). It is surprisingly, much smaller than the receptive fields of neurons in areas currently thought to specialize in motion processing/segmentation, particularly in the periphery (e.g. the Middle Temporal Area , ~1 deg in the fovea, ~15 deg at 15 deg of eccentricity). The significance is that humans can resolve and use peripheral motion to segment display imagery with surprisingly high spatial detail. This fact has considerable consequences for modeling of human optic-flow processing for self-motion and depth estimation as well as for the design of heads-up displays and of image-compression algorithms. 

	Human errors in visual motion perception can contribute not only to errors during spaceflight (e.g., the Mir docking accident) but also on earth (e.g., car and even airplane accidents). Quantitative computational models of how visual motion is processed in the human brain to support navigation and obstacle avoidance, together with how these self-motion signals interact with vestibular signals is critical for understanding the root causes of these human errors as well as the design of visual displays or training paradigms to minimize the resulting adverse consequences. Although the models are originally developed for and the technologies applied to aerospace settings, they will eventually be made available to increase the safety of motorists on earth. 

	FY00 Publications, Presentations, and Other Accomplishments:

	Mestre, D., Masson, G., and Stone, L.S. “Spatial scale of motion segmentation from speed cues.” Vision Research, accepted pending revisions, (2001). 

Verghese, P. “Presidential Early Career Award for Science and Engineering.” Office of Science and Technology, (2000). 

Beutter, B. “Linking perceptual and motor limits in human visuomotor control.” JSC (January, 2000). 


