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Task Description:

	Improved quantification and modeling of astronaut tasks, primarily for extravehicular activity, is proposed by combining human factors engineering analysis with pressurized space suited tasks, and by employing advanced robotic technology. This research study addresses a variety of important problems including: crew-time, training, mission planning, and the development of space suits with better mobility, particularly for locomotion in planetary exploration missions. The hypothesis is that astronaut task performance can be rigorously quantified, leading to enhanced training, more efficient crew operations, and optimized mission planning. This research effort is aimed at radical advances in our ability to understand, simulate, and predict the capabilities of suited astronauts in a variety of scenarios. Specifically, our aims are to provide: (1) An analysis approach that combines empirically-based anthropometric and human performance data with physics-based models of the human, pressure suit, and task environment system. (2) Instrumentation techniques for quantitative measurement of three-dimensional position (motion analysis) and external forces during the performance of typical tasks as well as measurements of the location and magnitude of significant forces exerted by the crew person on the inside of the pressure suit are simultaneously collected. (3) A master-slave robotic testing facility for performance data measurements that have never been previously collected. The space suit tester is a fully-instrumented robot inspired by biological principals incorporating joint actuators that can be thought of as agonist-antagonist muscle pairs, and it measures limb position and joint torques. The development of computational physics-based models in conjunction with pressurized space suit experiments utilizing an advanced human-sized robot provide a systematic technique to measure the relationships between the crewmember, task to be accomplished, and environment. 

	The following progress and collaborations have been accomplished during the past year. 

Objectives * Collected data on the range of motion of arm and leg joints, obtaining simultaneous data on joint angles, joint torques and body-suit contact pressures for human test subjects wearing a Shuttle EMU. * Generate a physics-based model of human-suit interaction, based on experimental data. * Incorporate suit model into dynamic simulation of EVA tasks. 

Human Modeling Software 

Jack In collaboration with the University of Pennsylvania (Profs. Badler and Metaxas), the Transom Jack human modeling package is used for EVA investigations. Inverse kinematics is used to calculate minimum-torque joint trajectories for user specified motions. Jack has the ability to calculate force and torque measurements for simulated EVA tasks. Physics-based dynamics and control algorithms are implemented into the software. Advanced analysis features allow the user to estimate metabolic energy expenditure and fatigue and recovery time, as well as time required to perform specific tasks. 

Tallchief Simulation A dynamic simulation of the Tallchief robotic space suit tester has been written. The simulation includes an accurate representation of the robot’s 24 degrees of freedom, and allows simulation of motions with user-specified control laws. With this capability, insight into realistic human motor control can be gleaned. 

Experimental Protocol The following is our experimental protocol for space suit testing to commence at the end of year one and continue through the beginning of year two of this research effort. 

1.) Unsuited test subjects perform representative EVA tasks. Optical motion tracking system measures arm and leg joint positions. Wearable computing technology for electromyogram (EMG) muscle activity. 2.) Suited test subjects perform the same tasks while joint position and body-suit contact pressure data is acquired. Kinematic and EMG data is also collected. 3.) Motion data acquired from unsuited test subjects is used to command unsuited robot, while robot joint torques are measured. 4.) Motion data acquired from suited test subjects is used to command robot suited in Shuttle EMU, while joint torques are measured. 

Results: simultaneous joint position and torque data for suited and unsuited conditions. 

Experiment Tasks: Range of Motion of arm and leg joints Overhead arm reach Cross-body arm reach Walking on level ground Walking over 15 cm high step Low reach motion, using both arms and legs 

	This research furthers an understanding of human/robotic interaction, which could be applied to transportation and health care industries. The study also provides insight into human-suited activities, which could be potentially applicable to health care situations of burn, trauma, and rehabilitation where special suits are needed for life support. 

	FY99 Publications, Presentations, and Other Accomplishments:

	Rochlis, J. and Newman, D.J. (abstract) “A Tactile Display for International Space Station (ISS) Extravehicular Activity (EVA).” Aviat Space and Environ Med, (In Press). 
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2000

	Task Description:

	Improved quantification and modeling of astronaut tasks, primarily for extravehicular activity, is proposed by combining human factors engineering analysis with pressurized space suited tasks, and by employing advanced robotic technology. This research study addresses a variety of important problems including: crew-time, training, mission planning, and the development of space suits with better mobility, particularly for locomotion in planetary exploration missions. The hypothesis is that astronaut task performance can be rigorously quantified, leading to enhanced training, more efficient crew operations, and optimized mission planning. This research effort is aimed at radical advances in our ability to understand, simulate, and predict the capabilities of suited astronauts in a variety of scenarios. Specifically, our aims are to provide: (1) An analysis approach that combines empirically-based anthropometric and human performance data with physics-based models of the human, pressure suit, and task environment system. (2) Instrumentation techniques for quantitative measurement of three- dimensional position (motion analysis) and external forces during the performance of typical tasks as well as measurements of the location and magnitude of significant forces exerted by the crew person on the inside of the pressure suit are simultaneously collected. (3) A master-slave robotic testing facility for performance data measurements that have never been previously collected. The space suit tester is a fully-instrumented robot inspired by biological principals incorporating joint actuators that can be thought of as agonist-antagonist muscle pairs, and it measures limb position and joint torques. The development of computational physics-based models in conjunction with pressurized space suit experiments utilizing an advanced human-sized robot provide a systematic technique to measure the relationships between the crewmember, task to be accomplished, and environment. 

	The following progress and collaborations have been accomplished during the past year. 

Objectives * Collected data on the range of motion of arm and leg joints, obtaining simultaneous data on joint angles, joint torques and body-suit contact pressures for human test subjects wearing a Shuttle EMU. * Generate a physics-based model of human-suit interaction, based on experimental data. * Incorporate suit model into dynamic simulation of EVA tasks. 

Human Modeling Software 

Jack In collaboration with the University of Pennsylvania (Profs. Badler and Metaxas), the Transom Jack human modeling package is used for EVA investigations. Inverse kinematics is used to calculate minimum-torque joint trajectories for user specified motions. Jack has the ability to calculate force and torque measurements for simulated EVA tasks. Physics-based dynamics and control algorithms are implemented into the software. Advanced analysis features allow the user to estimate metabolic energy expenditure and fatigue and recovery time, as well as time required to perform specific tasks. 

Tallchief Simulation A dynamic simulation of the Tallchief robotic space suit tester has been written. The simulation includes an accurate representation of the robot’s 24 degrees of freedom, and allows simulation of motions with user- specified control laws. With this capability, insight into realistic human motor control can be gleaned. 

Experimental Protocol The following is our experimental protocol for space suit testing to commence at the end of year one and continue through the beginning of year two of this research effort. 

1.) Unsuited test subjects perform representative EVA tasks. Optical motion tracking system measures arm and leg joint positions. Wearable computing technology for electromyogram (EMG) muscle activity. 2.) Suited test subjects perform the same tasks while joint position and body-suit contact pressure data is acquired. Kinematic and EMG data is also collected. 3.) Motion data acquired from unsuited test subjects is used to command unsuited robot, while robot joint torques are measured. 4.) Motion data acquired from suited test subjects is used to command robot suited in Shuttle EMU, while joint torques are measured. 

Results: simultaneous joint position and torque data for suited and unsuited conditions. 

Experiment Tasks: Range of Motion of arm and leg joints Overhead arm reach Cross-body arm reach Walking on level ground Walking over 15 cm high step Low reach motion, using both arms and legs 

	


Year:

2001

	● Task Abstract/Description:
Improved quantification and modeling of astronaut tasks, primarily for extravehicular activity, is proposed by combining human factors engineering analysis with pressurized space suited tasks, and by employing advanced robotic technology. This research study addresses a variety of important problems including: crew-time, training, mission planning, and the development of space suits with better mobility, particularly for locomotion in planetary exploration missions. The hypothesis is that astronaut task performance can be rigorously quantified, leading to enhanced training, more efficient crew operations, and optimized mission planning. This research effort is aimed at radical advances in our ability to understand, simulate, and predict the capabilities of suited astronauts in a variety of scenarios. Specifically, our aims are to provide: (1) An analysis approach that combines empirically-based anthropometric and human performance data with physics-based models of the human, pressure suit, and task environment system. (2) Instrumentation techniques for quantitative measurement of three- dimensional position (motion analysis) and external forces during the performance of typical tasks as well as measurements of the location and magnitude of significant forces exerted by the crew person on the inside of the pressure suit are simultaneously collected. (3) A master-slave robotic testing facility for performance data measurements that have never been previously collected. The space suit tester is a fully-instrumented robot inspired by biological principals incorporating joint actuators that can be thought of as agonist-antagonist muscle pairs, and it measures limb position and joint torques. The development of computational physics-based models in conjunction with pressurized space suit experiments utilizing an advanced human-sized robot provide a systematic technique to measure the relationships between the crewmember, task to be accomplished, and environment. 


	● Task Progress:
* Completed second phase of experimental subjects using spacesuit and robot (n=5) * Collected data on the range of motion of arm and leg joints, obtaining simultaneous data on joint angles, joint torques and body-suit contact pressures for human test subjects wearing an EMU. * Developed two spacesuit models: 1) hysteresis mathematical representation of torque-angle joint performance and 2) investigated physics-based structural models (beam and membrane) for spacesuit applications * Incorporate suit model into dynamic simulation of EVA tasks. * Developed advanced, 3D work envelope analysis driven by experimental data and inverse kinematic analysis Software simulation: Tallchief Simulation A dynamic simulation of the Tallchief robotic space suit tester has been written. The simulation includes an accurate representation of the robot’s 24 degrees of freedom, and allows simulation of motions with user- specified control laws. With this capability, insight into realistic human motor control can be gleaned. 

Experimental Protocol The following is our experimental protocol for space suit testing for phase two (third year research efforts) 

1.) Unsuited test subjects perform representative EVA tasks. Electromagnetic motion tracking system measures arm and leg joint positions. Wearable computing technology investigated for inside EMU. 2.) Suited test subjects perform the same tasks while joint position and body-suit contact pressure data is acquired. 3.) Motion data acquired from unsuited test subjects is used to command unsuited robot, while robot joint torques are measured. 4.) Motion data acquired from suited test subjects is used to command robot suited in EMU, while joint torques are measured. * Emphasis was on lower body locomotion and future exploration mission EVA tasks. 

Results: simultaneous joint position and torque data for suited and unsuited conditions. 

Experiment Tasks: Range of Motion of arm and leg joints and foot locus recorded Frontal arm reach Cross-body Walking on level ground (2 psi and 4.3 psi conditions tested for locomotion tasks); Walking over 15 cm high step; Low reach motion, using both arms and legs; Task board work operations. 


	● Research impact on American/Earth Benefits:
The overall results of this research effort stand to benefit 1G fields, specifically sharing techniques and data with the related fields of: - robotics - human factors - design and spacesuit utilization for disease - mathematical modeling - medical rehabilitation The direct benefits could be novel data capture, modeling, and robotics to further medical and rehabilitation techniques; Improved patient performance via engineering analysis and quantification; and unique human factors contributions of enhanced 3D work envelope representation. 
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	● Task Abstract/Description:
Improved quantification and modeling of astronaut tasks, primarily for extravehicular activity, is proposed by combining human factors engineering analysis with pressurized space suited tasks, and by employing advanced robotic technology. This research study addresses a variety of important problems including: crew-time, training, mission planning, and the development of space suits with better mobility, particularly for locomotion in planetary exploration missions. The hypothesis is that astronaut task performance can be rigorously quantified, leading to enhanced training, more efficient crew operations, and optimized mission planning. This research effort is aimed at radical advances in our ability to understand, simulate, and predict the capabilities of suited astronauts in a variety of scenarios. Specifically, our aims are to provide: (1) An analysis approach that combines empirically-based anthropometric and human performance data with physics-based models of the human, pressure suit, and task environment system. (2) Instrumentation techniques for quantitative measurement of three- dimensional position (motion analysis) and external forces during the performance of typical tasks as well as measurements of the location and magnitude of significant forces exerted by the crew person on the inside of the pressure suit are simultaneously collected. (3) A master-slave robotic testing facility for performance data measurements that have never been previously collected. The space suit tester is a fully-instrumented robot inspired by biological principals incorporating joint actuators that can be thought of as agonist-antagonist muscle pairs, and it measures limb position and joint torques. The development of computational physics-based models in conjunction with pressurized space suit experiments utilizing an advanced human-sized robot provide a systematic technique to measure the relationships between the crewmember, task to be accomplished, and environment. 


	● Task Progress:
Completed second phase of experimental subjects using spacesuit and robot (n=5)* Collected data on the range of motion of arm and leg joints, obtaining simultaneous data on joint angles, joint torques and body-suit contact pressures for human test subjects wearing an EMU. * Developed two spacesuit models: 1) hysteresis mathematical representation of torque-angle joint performance and 2) investigated physics-based structural models (beam and membrane) for spacesuit applications* Incorporating suit model into dynamic simulation of EVA tasks. * Developed advanced, 3D work envelope analysis driven by experimental data and inverse kinematic analysis software simulation. *A dynamic simulation of the Tallchief robotic space suit tester has been written and is currently being implemented. The simulation includes an accurate representation of the robot’s potential 24 degrees of freedom, and allows simulation of motions with user- specified control laws. With this capability, insight into realistic human motor control can be gleaned. Experimental Protocol The following includes a final summary from the experimental protocol for space suit testing for phase two (third year research efforts). The test objectives are: model validation, resolution of identified issues, and model extension and application studies. The test series included: Unsuited robot tests (base data generation), Suited robot tests, Suited human tests, and Unsuited robot tests (reference data generation). The suited robot tests provided model validation, specifically, torque limit extension verification, model validation tests (elbow, knee, humeral rotation, ankle, and hip hysteresis motions), and work envelope verification tests. Three issue resolution tests were completed, namely, robot motion alignment with suit bearing axes; using determined bearing axis and revised joint torques further quantify shoulder motion to confirm or adjust previous joint force hysteresis model; and using minimum identified shoulder flexion torque trajectories to measure static hold torques. Four model extension and application studies were completed. We repeated complex motion tasks, further range of motion of arm and leg joints and foot locus recorded, walking on level ground (2 psi and 4.3 psi conditions tested for locomotion tasks), and walking over 15 cm high step. In addition task board work operations were performed. 


	● Earth Benefits:
The overall results of this research effort stand to benefit 1G fields in addition to our microgravity EVA focus, specifically, sharing techniques and data with the related fields of: - robotics - human factors - design and spacesuit utilization for disease - mathematical modeling - medical rehabilitation The direct benefits could be novel data capture, modeling, and robotics to further medical and rehabilitation techniques; Improved patient performance via engineering analysis and quantification; and unique human factors contributions of enhanced 3D work envelope representation. 
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