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Abstract (250 words):
Chronic partial sleep deprivation and circadian misalignment are fatigue risks to performance in space flight. There is a need for a technique that objectively, continuously, and unobtrusively detect fatigue when astronauts are performing critical tasks. Negative emotional reactions in space can also jeopardize performance. In a collaboration between two major laboratories, we have been developing (Prof. Dimitris Metaxas, Rutgers University) and validating (Dr. Prof. David Dinges, University of Pennsylvania) an objective, unobtrusive, computational model-based tracker of ocular measures of fatigue, and facial expressions of stress and negative and positive emotions, based on optical computer recognition (OCR), a form of machine vision. Analyses of the OCR algorithm detection of fatigue from sleep-deprived subjects revealed that the sensitivity of OCR for detection of ocular measures of fatigue in slow eyelid closures (PERCLOS) was 73% and its specificity was 89%. Preliminary analyses of the OCR algorithm for facial expressions of positive and negative emotions in the HERA space flight analog facility revealed an OCR sensitivity of 80% and a specificity of 64% (overall accuracy 71%). The Metaxas Lab has further optimized the functionality of the OCR algorithms for space flight by accommodating in-plane rotations of human faces as are likely to occur in microgravity (e.g., face appearing upside down), and by addressing the challenge of facial landmark localization and tracking from a single camera as crewmembers move about. The resulting OCR algorithm framework can now simultaneously handle face detection, pose-free landmark localization and tracking in real time. Further validation of it is underway.
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Dr. Dinges is Professor and Chief of the Division of Sleep and Chronobiology, Director of the Unit for Experimental Psychiatry, and Vice Chair for Faculty Affairs and Professional Development in the Department of Psychiatry at the University of Pennsylvania Perelman School of Medicine. His Dinges’ research focuses on neurobehavioral, physiological, and performance effects of fatigue and stress from life style, work demands, sleep loss, and disturbances of circadian biology. He has conducted extensive scientific work for NASA, DoD and NIH on development and validation of behavioral, technological, and biological interventions for these effects to promote human performance, especially in the area of the causes, consequences and countermeasures for sleep loss and circadian desynchrony. For the past 15 years Dr. Dinges has led the Neurobehavioral and Psychosocial Factors Team for the NASA funded National Space Biomedical Research Institute, and conducted research on ways to predict, prevent, detect and mitigate behavioral health risks to astronauts during exploration space flight. He has served on NRC and IOM committees concerned with issues of work hours, sleep need and safety; advised many federal agencies (e.g., NTSB, NRC). He is a member of the International Academy of Astronautics, served on the NIH Advisory Council, been President of both the U.S. Sleep Research Society and the World Sleep Federation.  He is the Editor-in-Chief of SLEEP, the leading scientific journal on sleep research and sleep medicine.  He has received numerous awards, including the 2007 NASA Distinguished Public Service Medal.  
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