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Task Description:

The overall project goal is to produce computerized human performance measurement, evaluation, and modeling techniques for Intravehicular (IVA) and extravehicular (EVA) activities. Performance modeling is needed to assess task feasibility for routine, novel, or unexpected tasks in space. Crewmember tasks include EVA suited as well as unsuited activities. The target is to make tangible progress toward non-invasive video motion capture of astronaut activity for real-time task analysis, monitoring, and safety assessment based on computer vision methods, optimal control and customized wearable hardware. By building computer methods to capture, estimate, analyze and optimize human motions and interactions in space we will attain our objectives. The emphasis of the research activities will be on the development of real-time algorithms. We will achieve these goals through a carefully planned collaborative research program between MIT, UPENN and NASA and extension of existing technology. In particular we will develop: 1) performance models based on both empirical (NASA studies) and computer simulation data; 2) real-time computer vision methods for the real time monitoring and quantitative assessment of IVA and EVA tasks; 3) dynamically accurate simulations of motions in microgravity, including contacts and collisions; 4) development of efficient optimal control methods coupled with the computer vision methods for generating improved minimum torque-based IVA and EVA tasks, and 5) development of miniaturized hardware so that the algorithms to be run in real time can be used in future spaceflight missions. Applying biomechanical modeling, physics-based dynamic simulation and computer vision-based motion estimation will establish analytic and predictive measures for IVA and EVA space human factors. Such simulations will provide direct inputs to force feedback devices for VR-based training. This project will build on existing dynamic, anthropometric, and kinematic models for human motion and astronaut activities developed by the researchers at MIT and UPenn.
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2000

	Task Description:

	The overall project goal is to produce computerized human performance measurement, evaluation, and modeling techniques for Intravehicular (IVA) and extravehicular (EVA) activities. Performance modeling is needed to assess task feasibility for routine, novel, or unexpected tasks in space. Crewmember tasks include EVA suited as well as unsuited activities. The target is to make tangible progress toward non-invasive video motion capture of astronaut activity for real-time task analysis, monitoring, and safety assessment based on computer vision methods, optimal control and customized wearable hardware. By building computer methods to capture, estimate, analyze and optimize human motions and interactions in space we will attain our objectives. The emphasis of the research activities will be on the development of real-time algorithms. We will achieve these goals through a carefully planned collaborative research program between MIT, UPENN and NASA and extension of existing technology. In particular we will develop: 1) performance models based on both empirical (NASA studies) and computer simulation data; 2) real-time computer vision methods for the real time monitoring and quantitative assessment of IVA and EVA tasks; 3) dynamically accurate simulations of motions in microgravity, including contacts and collisions; 4) development of efficient optimal control methods coupled with the computer vision methods for generating improved minimum torque-based IVA and EVA tasks, and 5) development of miniaturized hardware so that the algorithms to be run in real time can be used in future spaceflight missions. Applying biomechanical modeling, physics-based dynamic simulation and computer vision- based motion estimation will establish analytic and predictive measures for IVA and EVA space human factors. Such simulations will provide direct inputs to force feedback devices for VR-based training. This project will build on existing dynamic, anthropometric, and kinematic models for human motion and astronaut activities developed by the researchers at MIT and UPenn. 

	During the first year of this grant we have funded 2 post-doctoral students and we have done research in the following areas: 

1) Motion capture of human activity based on computer vision methods. In particular we have been capturing and estimating 3D human facial motion and expression and body motion from video sequences. 

Most of the existing methods in image-based 3D object tracking use edge information and/or are able to track rigid objects. We have recently developed a formal framework for the integration of optical flow and edges within a deformable model framework. Based on our theory the optical flow is treated as a non-holonomic constraint within the Lagrange equations of motion of a deformable model. We have been able to demonstrate for the first time in computer vision, fully three-dimensional shape and motion estimation results of deformable objects from facial single video sequences. An additional novelty of our method is that we have developed a new face model with relatively few parameters based on anthropometry information. Given the generality of our face model, we are able to track human faces regardless of gender and race. Even though we have demonstrated the approach for the case of facial tracking, the method is general and can be applied to any rigid/articulated object. 

We plan to use this framework over the next year to include full astronaut body motion. 

2) We have been developing our recursive dynamics methods for the optimal control-based planning of human activity in space. 

We have recently developed some new recursive dynamics methods for the handling of collisions between rigid bodies and new optimal control methods based on the use of recursive dynamics. These new methods have been used for the motion modeling and planning of astronauts in space. The goal of this work has been to optimize astronaut motion in order to better plan EVA tasks involving high torques at the ankle. In this work we minimize ankle torque during an astronaut’s EVA task. 

3) We have been designing miniature embedded electronics so that we can so that we can develop wearable hardware in order to monitor astronaut activity. 

Our research progress continues on wearable computing. To date, personal computers have not lived up to their name. Most machines sit on the desk and interact with their owners for only a small fraction of the day. Smaller and faster notebook computers have made mobility less of an issue, but the same staid user paradigm persists. Wearable computing offers a new vision of how a computer should be used. A person’s computer should be worn, much as eyeglasses or clothing are worn, and interact with the user based on the context of the situation. With heads-up displays, unobtrusive input devices, personal wireless local area networks, and a host of other context sensing and communication tools, the wearable computer can act as an intelligent assistant. The next- generation wearables must be light, ergonomic, reliable, flexible, and scalable. 

Applications for wearables Astronaut training on the ground and in space Astronaut operations Augmented Reality Collective Intelligence During the first year of this grant we have been able to use a wearable computer that was bought based on another equipment grant in order to process video at the rate of 6Hz. The algorithm amounts to tracking an astronaut’s hand motion. We will extend the current real time algorithm over the next year in order to track whole astronaut motion. Video footage will be provided by Prof. Newman. 
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	● Task Abstract/Description:
The overall project goal is to produce computerized human performance measurement, evaluation, and modeling techniques for Intravehicular (IVA) and extravehicular (EVA) activities. Performance modeling is needed to assess task feasibility for routine, novel, or unexpected tasks in space. Crewmember tasks include EVA suited as well as unsuited activities. The target is to make tangible progress toward non-invasive video motion capture of astronaut activity for real-time task analysis, monitoring, and safety assessment based on computer vision methods, optimal control and customized wearable hardware. By building computer methods to capture, estimate, analyze and optimize human motions and interactions in space we will attain our proposed objectives. The emphasis of the proposed research activities will be on the development of real-time algorithms. 

We propose to achieve these goals through a carefully planned collaborative research program between MIT, UPENN and NASA and extension of existing technology. In particular we propose to develop: 1) performance models based on both empirical (NASA studies) and computer simulation data, 2) real-time computer vision methods for the real time monitoring and quantitative assessment of IVA and EVA tasks, 3) dynamically accurate simulations of motions in microgravity, including contacts and collisions, 4) development of efficient optimal control methods coupled with the computer vision methods for generating improved minimum torque-based IVA and EVA tasks, and 5) development of miniaturized hardware so that the algorithms to be run in real time can be used in future spaceflight missions. 

Applying biomechanical modeling, physics-based dynamic simulation and computer vision-based motion estimation will establish analytic and predictive measures for IVA and EVA space human factors. Such simulations will provide direct inputs to force feedback devices for VR-based training. This project will build on existing dynamic, anthropometric, and kinematic models for human motion and astronaut activities developed by the proposers at MIT and UPenn. 


	● Task Progress:
During this year we have developed our analysis algorithms on all fronts and in particular at UPENN we have further developed our computer vision algorithms for the analysis of human motion from camera data. We have analyzed data delivered to us from Prof. Newman at MIT and Prof. Newman has also further developed her wearable computer methods were our algorithms run. We have published our results in all major conference and journals. 


	● Research impact on American/Earth Benefits:
The development of computer vision algorithms for the noninvasive analysis of their motions will have numerous applications not only for NASA missions but also on the Earth ranging from security and monitoring applications to medical applications. Our algorithms can certainly be used in such applications. 
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	● Task Abstract/Description:
The overall project goal is to produce computerized human performance measurement, evaluation, and modeling techniques for Intravehicular (IVA) and extravehicular (EVA) activities. Performance modeling is needed to assess task feasibility for routine, novel, or unexpected tasks in space. Crewmember tasks include EVA suited as well as unsuited activities. The target is to make tangible progress toward non-invasive video motion capture of astronaut activity for real-time task analysis, monitoring, and safety assessment based on computer vision methods, optimal control and customized wearable hardware. By building computer methods to capture, estimate, analyze and optimize human motions and interactions in space we will attain our proposed objectives. The emphasis of the proposed research activities will be on the development of real-time algorithms. 

We propose to achieve these goals through a carefully planned collaborative research program between MIT, UPENN and NASA and extension of existing technology. In particular we propose to develop: 1) performance models based on both empirical (NASA studies) and computer simulation data, 2) real-time computer vision methods for the real time monitoring and quantitative assessment of IVA and EVA tasks, 3) dynamically accurate simulations of motions in microgravity, including contacts and collisions, 4) development of efficient optimal control methods coupled with the computer vision methods for generating improved minimum torque-based IVA and EVA tasks, and 5) development of miniaturized hardware so that the algorithms to be run in real time can be used in future spaceflight missions. 

Applying biomechanical modeling, physics-based dynamic simulation and computer vision-based motion estimation will establish analytic and predictive measures for IVA and EVA space human factors. Such simulations will provide direct inputs to force feedback devices for VR-based training. This project will build on existing dynamic, anthropometric, and kinematic models for human motion and astronaut activities developed by the proposers at MIT and UPenn. 

	● Earth Benefits:
The development of computer vision algorithms for the noninvasive analysis of their motions will have numerous applications not only for NASA missions but also on the Earth ranging from security and monitoring applications to medical applications. Our algorithms can certainly be used in such applications. 


