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Task Description:

	This is a technical proposal with the goal of improving crew performance of Space Station tasks. Its major focus is to improve current trainer design with the incorporation of enhanced visual display information and increased lighting fidelity in computer aided training. The proposed project is a continuation of an NRA funded technology project entitled “Human Task Performance Evaluation With Luminance Images” (NRA 95-OLMSA-01). This follow-on proposal specifically addresses NRA-98-HEDS-01’s Advanced Human Support Technology Program (III), Space Human Factors Engineering (A), bullet number 2. The document states, “Develop cost-effective technologies that support integrating the human and system elements of space flight...In particular, highly innovative proposals based upon cutting-edge technologies and bold, novel approaches are sought...development of new processes and procedures...to optimize crew training...that use relevant analog studies in simulators.” 

Space Station tasks involve procedures that are very complex and highly dependent on the availability of visual information. In many situations, cameras are used as tools to help overcome the visual and physical restrictions associated with space flight. However, these cameras are affected by the dynamic lighting conditions of space. 

The proposed project will build on the findings of the previous project which revealed improved performance by humans when trained with computer graphics with static lighting effects such as shadows and glare. However, only the static case was examined and because of rapidly changing lighting effects which are common with a 45-minute orbital day, the proposed project will extend this effort to include dynamic lighting effects. In addition to enhance training and task execution during poorly or ambiguously illuminated cases, the project will also examine the use of augmented reality techniques or dynamic overlays. 

	Hardware An SGI 540 NT workstation with multiple video source and destination capability has been procured. This workstation is an Intel-based platform with better cost / performance ratio than standard SGI MIPS system. Video mixing capability is important for dynamic overlays (Augmented Reality). 

In order to provide smoother camera translations under load, the translation table has been upgraded to use roller bearings instead of bronze bushings. This increased the system’s overall reliability in an effort to ensure that future experimental results have a greater statistical significance. 

A total reflectance meter was completed and is now capable of measuring the total reflectance of materials. The development of this instrument has increased accuracy of the measurement from ~70% to ~92%. The instrument also has reduced the time required to make a measurement from ~5 hours to several seconds. This device will permit material surface reflectivity measurements for the actual task scenario. 

All the equipment associated with the NRA-98 lighting project experiments has been relocated from the acoustically noisy, high bay area of Building 15 to the quieter GRAF facility. This will allow for improved testing conditions, as well as improve the efficiency of software and hardware development. 

Software Benchmarking prior to hardware procurement revealed that the SGI 450 NT (Intel-based) workstation was comparable with a standard SGI MIPS based workstation. This result and the lower cost made the SGI 450 NT platform more cost effective for the project. 

Several techniques for producing real-time and near real-time dynamic shadows with OpenGL rendered scenes were investigated and tested. The approaches consisted of planar projection techniques, shadow volume techniques, and projective shadow texturing. The shadow volume method was selected, because it offered the most compatibility with all existing hardware. In an effort to support higher performance shadow volumes, several spatial subdivision techniques were investigated. The K-d trees spatial subdivision technique was chosen as the most appropriate method (as opposed to uniform grids, octrees, etc). Software development is underway. Currently model processing optimized for shadowing techniques is the focus. 

	Previous subject testing in an earlier related project has revealed that subjects who trained with lighting enhanced computer models perform significantly better when executing the task they trained for. The test was a remote camera operation scenario. Any similar operational task training can be expected to improve actual task performance, such as underwater camera operations (poor lighting conditions), remote equipment operation (unpredictable lighting conditions), and other similar tasks affected by lighting. 

	FY99 Publications, Presentations, and Other Accomplishments:

	Maida, J.C. “An Illumination Modeling System for Human Factors Analyses.” Proceedings of the International Conference on Computer-Aided Ergonomics and safety-May 19th-21st, 1999. Barcelona, Spain, CD ROM, ISBN 84-699-0852-9. 

Maida, J., Novak, J., and Mueller, K. “Effects on Training Using Illumination in Virtual Environments.” Proceedings of HCI International, ‘99 (the 8th International Conference on Human-Computer Interaction), Munich, Germany, August 22-26, 1999, Volume 2, Human-Computer Interaction: Communication, Cooperation, and Application Design, Part 5, Virtual Environments, Pages: 1124-1128. 
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	Task Description:

	This is a technical proposal with the goal of improving crew performance of Space Station tasks. Its major focus is to improve current trainer design with the incorporation of enhanced visual display information and increased lighting fidelity in computer aided training. The proposed project is a continuation of an NRA funded technology project entitled “Human Task Performance Evaluation With Luminance Images” (NRA 95-OLMSA-01). This follow-on proposal specifically addresses NRA- 98-HEDS-01s Advanced Human Support Technology Program (III), Space Human Factors Engineering (A), bullet number 2. The document states, “Develop cost-effective technologies that support integrating the human and system elements of space flight. In particular, highly innovative proposals based upon cutting-edge technologies and bold, novel approaches are sought development of new processes and procedures to optimize crew training that use relevant analog studies in simulators.” 

Space Station tasks involve procedures that are very complex and highly dependent on the availability of visual information. In many situations, cameras are used as tools to help overcome the visual and physical restrictions associated with space flight. However, these cameras are affected by the dynamic lighting conditions of space. 

The proposed project will build on the findings of the previous project which revealed improved performance by humans when trained with computer graphics with static lighting effects such as shadows and glare. However, only the static case was examined and because of rapidly changing lighting effects which are common with a 45-minute orbital day, the proposed project will extend this effort to include dynamic lighting effects. In addition to enhance training and task execution during poorly or ambiguously illuminated cases, the project will also examine the use of augmented reality techniques or dynamic overlays. 

	Dynamic shadowing algorithm nears completion. System has been moved from SGI based to a PC based platform. Subject testing FY01. 

	Previous subject testing in an earlier related project has revealed that subjects who trained with lighting enhanced computer models perform significantly better when executing the task they trained for. The test was a remote camera operation scenario. Any similar operational task training can be expected to improve actual task performance, such as underwater camera operations (poor lighting conditions), remote equipment operation (unpredictable lighting conditions), and other similar tasks affected by lighting. 
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	● Task Abstract/Description:
The goal of this project was to investigate and measure the effects of computer aided training enhanced with static shadows, dynamic shadows and dynamic overlays to improve crew performance of Space Station tasks. The lighting conditions under which astronauts conduct on-orbit tasks are very different from ground based tasks. Operations in space must deal with very dynamic lighting conditions. In the case of the current Space Station, shadows can move relatively quickly across the field of view and produce high contrast situations for both direct and indirect viewing. Current computer based training for these operations do not have these harsh lighting conditions. However, given the limitations of current computer based training technology what enhancements will be the most effective? 

	● Task Progress:
48 subjects have completed testing. Data collected to date has been processed and analyzed. Results have been documented in a year-end report. An abstract has been sent the ICES for acceptance in 2002 conference. Results indicate that additional subject test is needed to clarify conclusions about lighting effects. 

	● Research impact on American/Earth Benefits:
Previous subject testing in an earlier related project has revealed that subjects who trained with lighting enhanced computer models perform significantly better when executing the task they trained for. The test was a remote camera operation scenario. Any similar operational task training can be expected to improve actual task performance, such as underwater camera operations (poor lighting conditions), remote equipment operation (unpredictable lighting conditions), and other similar tasks affected by lighting. 


