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Task Description:

	Computer aided human factors analyses have been successfully used to predict and solve human engineering and human performance issues. For example, using a combination of models of suited humans, space station nodes and luminaires, critical EVA translation paths were optimized for visibility and situational awareness by identifying necessary and unnecessary external fixed lights. Some lights actually impaired translation. This optimization reduced costs for Space Station assembly and maintenance by requiring fewer lights while improving human performance and safety. Continued development of these advanced tools and techniques to improve human factor analyses is cost effective. 

Current research and development is primarily applied. This year, it is focused on several problems related to human center modeling. One problem is modeling human kinematics. Because humans are complex chains of joints, computer-based human models must be able to solve the inverse kinematics problem in order to model human motion correctly. Inverse kinematics algorithms compute the joint angles for the human joint chains that form a particular motion or posture. Many algorithms have been developed in the past, but most suffer from lack of accuracy and performance with degrees of freedom above six. This problem is a basic one, because a large percentage of the time during analyses is spent properly animating the human model. 

The second problem is related to vision and tracking. Often, a real world image is difficult to understand because of poor lighting or some other source of poor image quality. Lack of additional viewpoints is also a problem. However, if the image contains an object built by humans, we can use that knowledge to register a projection of the object model with the image of the object. The model can then be used better understand the image of the real object. This approach is being examined as a way to improve the tracking of humans and their environment using a single camera image. 

The Graphics Research and Analysis Facility (GRAF) works closely with other facilities within the Space Human Factors Laboratory. For example, the Lighting Environment Test Facility (LETF) and the Anthropometry and Biomechanics Facility (ABF) provide resources and expertise to collect data and verify computational models. In addition, extra-mural collaboration includes universities (MIT, University of Texas, Texas A&M, University of Houston) and other government research centers (Lawrence Berkeley Lab). 

	A solution to the inverse kinematics problem for degrees of freedom greater than six has been developed using a maximum joint availability technique. This algorithm was developed to deal with joint locking and local minima problems that are common for inverse kinematics algorithms above six degrees of freedom. The primary application will be in the area of human modeling where large degrees of freedom joint chains are common. The algorithm will provide a more robust solution. It uses a unique combination of non-linear computation techniques combined with heuristics. The technical report is in progress and will be submitted for publication as a NASA Technical Paper. 

A new technique has been developed in which the model-to-image registration problem is solved in view space as opposed to the traditional image (or screen) space solution. With this technique, the user selects points from a known three-dimensional computer model and from corresponding two-dimensional pixel coordinates from the screen. The algorithm computes the position and orientation of the camera or viewpoint axes that would be needed to transform the model points into the screen pixel locations. With the use of a downhill simplex minimization process, a set of points is found on the projectors of the image points that have the same distances between them as the points in the three dimensional model. Although user interaction is currently required for each view or frame, further development will examine automated tracking from frame to frame. The technical report will be submitted to an appropriate technical journal yet to be determined. 

	The improved inverse kinematics algorithm will be useful for most human modeling systems in both the research and commercial field. Because humans are complex chains of joints, computer based human models must be able to solve the inverse kinematics problem in order to model human motion. 

The image registration algorithm has great potential for use in augmented reality applications. In addition, it is useful for improving the comprehension of images. It is currently being tested for use in solving photogrammetry problems. 

	FY98 Publications, Presentations, and Other Accomplishments:

	Maida, J. Camera images from luminance maps. JSC Research and Technology Annual Review (1998). 

Maida, J. Effects of lighting on human performance in training. JSC Research and Technology Annual Review (1998). 

Pandya, A., Maida, J., Cheang, A., and Pardue, F. “Modeling anthropometry strength and motion to solve space human factors problems.” Southern Biomedical Engineering Conference (February 1998). 

Pandya, A., Maida, J., Cheang, A., and Pardue, F. “Modeling anthropometry strength and motion to solve space human factors problems.” Proceedings of the 17th Southern Biomedical Engineering Conference, p 90 (February 1998). 
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	Computer-aided human factors analyses have been successfully used to predict and solve human engineering and human performance issues. For example, using a combination of models of suited humans, space station nodes and luminaires, critical EVA translation paths were optimized for visibility and situational awareness by identifying necessary and unnecessary external fixed lights. Some lights actually impaired translation. This optimization reduced costs for Space Station assembly and maintenance by requiring fewer lights while improving human performance and safety. Continued development of these advanced tools and techniques to improve human factor analyses is cost effective. 

Current research and development is primarily applied. It is focused on several problems related to human center modeling. One problem is modeling human kinematics. Because humans are complex chains of joints, computer-based human models must be able to solve the inverse kinematics problem in order to model human motion correctly. Inverse kinematics algorithms compute the joint angles for the human joint chains that form a particular motion or posture. Many algorithms have been developed in the past, but most suffer from lack of accuracy and performance with degrees of freedom above six. This problem is a basic one, because a large percentage of the time during analyses is spent properly animating the human model. 

A second problem is related to vision and tracking. Often, a real world image is difficult to understand because of poor lighting or some other source of poor image quality. Lack of additional viewpoints is also a problem. However, if the image contains an object built by humans, we can use that knowledge to register a projection of the object model with the image of the object. The model can then be used better understand the image of the real object. This approach is being examined as a way to improve the tracking of humans and their environment using a single camera image. 

The Graphics Research and Analysis Facility (GRAF) works closely with other facilities within the Space Human Factors Laboratory. For example, the Lighting Environment Test Facility (LETF) and the Anthropometry and Biomechanics Facility (ABF) provide resources and expertise to collect data and verify computational models. In addition, extra-mural collaboration includes universities (MIT, University of Texas, Texas A&M, University of Houston) and other government research centers (Lawrence Berkeley Lab). 

	Inverse Kinematics Algorithms Computer-aided human factors analyses is highly reliant on modeling of human motion and posture. A classic problem for such modeling is the inverse kinematics algorithm. Because humans are complex chains of joints, computer-based human models must be able to solve the inverse kinematics problem in order to model human motion correctly. 

A hybrid technique has been developed to build a system that can solve the inverse kinematics problem for articulations with very high degrees of freedom (< = 150). The technique uses the pseudo-inverse solution of the Jacobian of the system. This technique initially puts the end effector into the proper position without regard to joint limits (if possible). Maximum joint availability is determined by selecting solutions from the null-space of the pseudo-inverse to be added to the joint angles such that they are as near to their center of ranges as possible without moving the end effector. This approach minimizes joint limits and singularities. 

An abstract entitled "Human Modeling: Inverse Kinematics with Maximum Joint Availability" was reviewed and accepted as a proceedings publication by the International Ergonomics Association (IEA) XIVth Triennial Congress and Human Factors and Ergonomics Society (HFES) 44th Annual Meeting, in San Diego, CA on July 30-August 4, 2000. The proceedings manuscript is due January 15, 2000. 

Image Registration 

Validation of the effectiveness of the image registration algorithm has been determined through its use in the investigation of a cable blocking problem. Previous flight photos through the overhead windows of the orbiter indicated that there might be cables blocking a Canadian Space Vision System (SVS) target used to track a module on the RMS. Working in parallel with the principle investigators of this problem, we used the image registration technique to confirm their findings. 

	The improved inverse kinematics algorithm will be useful for most human modeling systems in both the research and commercial field. Because humans are complex chains of joints, computer-based human models must be able to solve the inverse kinematics problem in order to model human motion. 

The image registration algorithm has great potential for use in augmented reality applications. In addition, it is useful for improving the comprehension of images. It is currently being tested for use in solving photogrammetry problems. It has also been used to predict flight 3A fields of view for SVS camera operation using extrapolations of ISS assembly photos from previous missions.


