Figure Legend:  The 3 Directors of MIT’s Man-Vehicle Laboratory,  Charles Oman, Ph.D. (1988-) Y. T. Li, Ph.D. (1963-82) and Larry Young, Sc.D. (1972-93), at the March 2009 Workshop.
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Humans in the Air and Space – Looking beyond 2020  A review of the Aerospace Medical and Human Factors Challenges Meeting in March 2009 at MIT

Now is a transition time for the human role in aviation and space. Forty years have past since the first lunar landing, and several years lie ahead before our return to the moon and possible travel beyond to Mars.  Single pilot military combat aircraft are being replaced by remotely operated, ground controlled Unmanned Aerial Systems  (UASs). As the density of planes rapidly increases in our airspace, the skies in the U.S. will start to look like Manhattan during rush hour. To determine the long range research needed to solve the aerospace challenges in the period beyond 2020, a group of about 100 aerospace life science and human factors experts assembled at the Massachusetts Institute of Technology (MIT) on March 5, 2009. The meeting, Aerospace Medical and Human Factors Challenges, was held in conjunction with a celebration of the 65th birthday of Dr. Charles Oman, Director of MIT’s Man-Vehicle Laboratory. It was generously sponsored by the National Space and Biomedical Research Institute (NSBRI), the Massachusetts Eye and Ear Infirmary (MEEI), and MIT’s Department of Aeronautics and Astronautics.

In aviation human factors, the Next Generation Air Traffic Control System (NextGen) is expected to handle twice the current number of aircraft altering the air traffic controller’s role from vectoring individual aircraft to monitoring and supervising a 4-D trajectory system which accounts for weather, transit time and fuel usage (Tom Sheridan, MIT &  Department  of Transportation (DOT)-Volpe National Transportation Research Center). This expanded role will also extend to the pilot, who will increasingly become more concerned with larger strategic air traffic control issues and less with the tactical issue of aircraft control. Traffic Collision Avoidance System utilization and its misuse serves to remind us of this dichotomy in the air (Jim Kuchar, MIT Lincoln Lab).  On the unmanned side, the increased information flow involved in controlling numerous UAVs will call for more systems and communication training and Human-Computer Interface (HCI) advances, and may alter the need for trained pilots to fly UAVs (Missy Cummings, MIT). The changes implied by NextGen and unmanned cargo aircraft will place increasing demands on universal access to flight simulators, with special emphasis on training of communication skills and the use of multiple data channels and advanced technologies (Judith Bürki-Cohen DOT). The vast increase in software being utilized in the cockpit, which has long ago made the flight engineer obsolete, will be accompanied by enormous growth in communication bandwidth, greater than 106 GHz, allowing everyone in a military or commercial network to be linked together. The appropriate use of such high density linkage remains to be worked out (Greg Zacharias, Charles River Analytics).

Turning to the field of bioastronautics, the human factors challenges remain largely the same as those identified by reports to NASA a decade ago, yet the immediacy of their application increases with the plans for the forthcoming lunar exploration (Dava Newman, MIT). In particular, emphasis on further research of the sensorimotor system is needed, as transitions between Earth, Moon and orbital g levels imply operational constraints on landing and surface exploration. Countermeasure development will emphasize integrating various techniques – from artificial gravity and exercise to the development of adaptability training, virtual reality and drugs for promoting neural plasticity (Jacob Bloomberg, NASA). The unknown effects of sustained living in the 1/6 g of lunar gravity will demand extensive human physiological testing on the moon. Going beyond to an extended Martian voyage will require artificial gravity with the capability for dual (Martian and Earth gravity) adaptation (Bill Paloski, University of Houston). The timing for strategic planning in space biomedicine is just right, as we move into an era with an increased International Space Station (ISS) crew and the potential benefits of an ISS National Laboratory (Jeff Sutton, NSBRI).

The long tradition of concern with astronaut spatial disorientation and motion sickness, and underlying vestibular dysfunction, continues to present opportunities (Conrad Wall, MEEI). Turning to the Earth benefits of space research, vestibular disturbances, both clinical (e.g. vestibular hydrops) and in space following g-transitions, are potentially and importantly  linked to degraded cognitive performance (Owen Black, Legacy Health Science Center, Portland, Oregon). About 1/3 of patients reporting “dizziness” cannot be diagnosed using current vestibular tests relying on the VOR. Diagnosis might be significantly sharpened by using measures of perceptual thresholds, akin to hearing tests.  Potential technological therapeutic measures of interest include tactile balance aids, vestibular implants akin to cochlear implants, and vestibular neural stimulation (Dan Merfeld, MEEI). Some of the inertia in clinical acceptance of this new technology is inherent in our medical education. In the age of massive information storage and retrieval, the medical world needs to be trained to regard the patient as a system, and to understand the role of diagnostic and therapeutic tools from a systems viewpoint (Lew Nashner, Neurocom). Newer communication technology will enable the patient to be continually monitored on a multiplicity of physiological parameters while going about normal activities outside of the clinic (Ted Smith, Health Central Network).

Finally, turning to the direct users of advanced Research and Development, four astronauts assessed the future needs from a user point of view. Each astronaut of the future should be able to control his or her own process of adaptation, using training and countermeasures, to account for the large variability in human responses (Jay Buckey, Dartmouth). Referring to robot assisted microsurgery as a successful example, the space community must move towards a more rational decision making model for assigning exploration functions to humans and to robots (Jeff Hoffman, MIT). It still remains a challenge to innovate and improve EVA tools and suits, displays and gloves, and to make it possible to function in space or on another planetary surface as effectively (and painlessly) as on Earth (Dan Burbank, NASA). Effective operation in orbit and on the Moon will require sensory augmentation and the presentation of the right data at the right time. Renewed emphasis on the techniques for “teaming” and feedback to let the astronaut know when he or she is near the performance limit, are both high priorities (Steve Robinson, NASA).

In summary, the panels and participants agreed on the wealth of opportunities and challenges, the need for continued advanced training of researchers, and especially the need to revitalize the basic research and development support needed to carry us forward as we expand the exploration of space.

