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Task Description:

	This Space Human Factors proposal addresses a need to develop high-fidelity mockup and training simulators with the goal of providing cost-effective technology for facile evaluation of dynamically changing mission scenarios and training for operations in the harsh and rapidly changing lighting conditions of space. 

NASA currently relies on ground tests to evaluate the influences of harsh on-orbit lighting conditions on Space Shuttle mission activities. These ground tests are expensive to carry out and must be repeated as mission parameters change in the course of planning. A more flexible and less expensive means to accomplish the same ends uses computer image computations of the lighting conditions in a space environment. The Graphics Analysis and Research Facility (GRAF) has demonstrated a predictive capability to construct maps of light intensity, called luminance maps, that agree with ground-test and on-orbit data. GRAF proposes to extend these luminance maps into simulated camera images that recreate solar-lit or artificially-lit on-orbit scenes as viewed by on-board cameras and evaluate whether these luminance images, when applied in a computer-based mission evaluation and training simulator, provide experience to the crew in handling the rapidly changing lighting conditions which will enhance their performance of tasks in space. 

There are two stages of research necessary to provide this proposed capability, prior to application in a more complex training and mission evaluation environment. First, a software program to convert the luminance maps into simulated camera images, to provide human interpretable TV pictures, needs to be developed and validated. Second, using a simple remote operator manipulation task, the degree of correlation of training with simulated camera images to task performance enhancement for mission operations needs to be determined. GRAF proposes to perform both stages of this research. 

	Project Objective 

A goal of this project is to be able to generate computer images from luminance maps which will accurately simulate specific camera images. These images must be able to change according to the camera parameters which are used and the type of camera selected. Another goal is to test the use of luminance images as an improvement to training scenarios where lighting can be a factor in performance. 

Development of a Camera Model 

The CTVC has two major settings which impact the image, Automatic Light Control (ALC) and Gamma Correction Control. These settings can now be modeled synthetically. These models can be use as performance predictions under specific illumination conditions. Preliminary studies have found their predictability to be extremely useful for flight planning of the Canadian Space Vision System on STS-80. 

Validation of the Camera Model 

Currently, crew training and familiarization of the onboard camera system (part of the rationale for this project) involves the use of a Mir docking module and target mockup, a solar simulator and flight-like cameras with camera control. These sessions are conducted in a darkened environment. Camera images, camera settings, and the associated luminance and illuminance measurements of major surface areas of the docking module were collected. Results are currently being examined on a case-by-case basis. 

Validation of Camera Model with actual STS-80 flight data was also performed. Predictive models about shadow and glare locations were generated in July of 1996. These images were then compared to downlinked images from STS-80 during its mission in November of 1996. Predictions were extremely close even though the launch date had slipped several days. 

Testing the Effects on Training 

In order to quantify the effects of illumination on training, a test stand has been developed. The testing hardware consists of a small docking module mockup illuminated by a small solar simulator, much like the current crew training described but on a smaller scale. This will provide the basis for comparing computer-simulated images of the same scene using computer-modeled illumination. Initial testing and adjustments are underway. The subjects will be -flying+ the orbiter toward an aligned position and will be graded on several parameters to determine performance. 

	Because the modeling of illumination for use with training simulators may have an important effect on training in general, the benefits could be considered very general as well. For instance, tasks which may be performed during night hours such as operating a large ship, a truck, or an aircraft will be affected by visibility and less than perfect lighting conditions. Even a mundane operation such as driving an automobile will be affected. If training measures are identified which can make an operator more sensitive to these restrictions, the safer and smarter the operator will become. 

	FY96 Publications, Presentations, and Other Accomplishments:

	Maida, J.C. Measurement and validation of bi-directional reflectance of space shuttle and space station materials for computerized lighting models. NASA Tech. Brief, NASA Tech. Paper 3649. 
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	Task Description:

	This Space Human Factors proposal addresses a need to develop high-fidelity mockup and training simulators with the goal of providing cost-effective technology for facile evaluation of dynamically changing mission scenarios and training for operations in the harsh and rapidly changing lighting conditions of space. 

NASA currently relies on ground tests to evaluate the influences of harsh on-orbit lighting conditions on Space Shuttle mission activities. These ground tests are expensive to carry out and must be repeated as mission parameters change in the course of planning. A more flexible and less expensive means to accomplish the same ends uses computer image computations of the lighting conditions in a space environment. The Graphics Analysis and Research Facility (GRAF) has demonstrated a predictive capability to construct maps of light intensity, called luminance maps, that agree with ground-test and on-orbit data. GRAF proposes to extend these luminance maps into simulated camera images that recreate solar-lit or artificially-lit on-orbit scenes as viewed by on-board cameras and evaluate whether these luminance images, when applied in a computer-based mission evaluation and training simulator, provide experience to the crew in handling the rapidly changing lighting conditions which will enhance their performance of tasks in space. 

There are two stages of research necessary to provide this proposed capability, prior to application in a more complex training and mission evaluation environment. First, a software program to convert the luminance maps into simulated camera images to provide human interpretable TV pictures needs to be developed and validated. Second, using a simple remote operator manipulation task, the degree of correlation of training with simulated camera images to task performance enhancement for mission operations needs to be determined. GRAF proposes to perform both stages of this research. 

	The first phase of the project has been completed. Two groups of ten subjects each were given training to align a target. The subjects in both groups tested with no time constraint and maximum accuracy performed the same with the "real" task. However, when subjects were constrained to align the targets in minimum time with maximum accuracy, a 35% percent increase in performance of the "real" task was measured for subjects trained with illumination as a factor. Subjective data was also collected. The results of this phase were presented at the 1997 Human-Computer Interaction International Conference. The second phase of the testing is in progress. This phase will increase the degrees of freedom and the task complexity. This task is expected to complete in April 1998 (due to late start with funding in 1996). 

	Because the modeling of illumination for use with training simulators may have an important effect on training in general, the benefits could be considered very general as well. For instance, tasks which may be performed during night hours such as operating a large ship, a truck, or an aircraft will be affected by visibility and less than perfect lighting conditions. Even a mundane operation such as driving an automobile will be affected. If training measures are identified which can make an operator more sensitive to these restrictions, the safer and smarter the operator will become. 

	FY97 Publications, Presentations, and Other Accomplishments:

	Aldridge, A., Maida, J., and Novak, J. “Effects of lighting on human performance in training” in “Advances in Human Factors and Ergonomics.” Edited by: Smith, M., Salvendy, G., and Koubek, R. Elsevier Press, volume 21B, pp 877-880 (1997). 


