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Task Description:

	One of the goals in human modeling at the Graphics Research and Analysis Facility (GRAF) at NASA JSC is to create a task-oriented Extravehicular Mobility Unit (EMU) suited human figure simulation which emulates the physical characteristics of the actual EMU suited human counterpart as closely as possible. EMU simulations are commonly used at the GRAF for Human Factors reach and fit analyses. Nevertheless, a comprehensive, validated model for the EMU does not exist. Important components of such a model would include accurate reaching, strength capability, and fatigue parameters. We propose a project which will build a model of the EMU suited crew member encompassing reach, strength and fatigue capabilities. Mission planners could use the modeling system and view the animations and the visualizations of the various parameters, such as overall motion, reach, fatigue and strength to streamline the timing, duration, task arrangement, personnel and overall efficiency of the Extra Vehicular Activity (EVA) tasks. 

With previous NASA research funding, GRAF has incorporated an unsuited strength prediction capability into a computer model of the human arm. This model is based on empirically collected isolated joint strength data. Initial validation of the strength model has been successful for a multi-jointed arm motion (ratchet wrenching). To extend this model to the EMU suited human, it will require collecting EMU suited strength, range of motion, and fatigue data for all the major suit joints. The suit dimension measurements and joint limit data will be the basis for building the suit in the graphics environment. The strength data will be processed into a compact format and embedded into the EMU model using the techniques developed with the unsuited strength model (NASA Technical Papers 3206, 3207). Motion analysis data along with collected multi-joint motion torque data will be used to validate the EMU kinematic and strength model. 

	Strength Data collected on 6 EMU suited subjects was processed and analyzed for the wrist, elbow, shoulder, and knee for five different test conditions. The conditions were as follows: 1) unsuited, 2) Class 1 EMU suited, 3) Class 1 with TMG (Thermal Meteoroid Garment) EMU suited, 4) Class 3 EMU suited, and 5) Class 3 with TMG EMU suited. Statistical methods are being used to look for analytical differences between conditions. 

Software has been developed to read a Cyberglove (18 Dof) and has been integrated with a graphical model of a hand. Software was also developed to integrate a hand dynamometer to collect hand strength information at the same time that the Cyberglove collects kinematic information. A strength and motion test was performed which utilized a pressurized EMU glove, the Cyberglove (for kinematic information), and a hand dynamometer (to collect grip strength data). Data from this test is being analyzed and will be incorporated into a hand strength model. 

Hardware modifications on the LIDO Multi-joint II dynamometer have begun. These modifications will allow the collection of strength data for the hip and ankle joints of the EMU. The schedule for completion of this modification has been moved due to the scheduling conflicts within the ABL with their yearly astronaut candidate measurement review. This reschedule should not impact the current ongoing data and modeling activities other than the work to be performed by Dr. Badler’s group (see below). 

A test plan to collect the next stage of EMU strength data has been developed. This plan details the protocol of EMU strength data collection. The data collection will be scheduled as soon as the additional needed LIDO attachments are built and tested. Strength Data for 15 unsuited subjects were analyzed for wrist, elbow, shoulder, hip, knee, and ankle isolated joint strengths. This data was reduced into regression coefficients. 

Modeling: Software has been developed which allows the creation of an EMU graphical model from given anthropometric data. This model is fully articulated and constrained by joint limits. Validation tests on the accuracy of the anthropometric model are underway. A postural analysis software package has been developed for modeling EMU posture. This model utilizes collected strength data to evaluate motions of an EMU task. It uses motion data gathered to analyze preferred postures. The theory is that comfort levels are a function of isolated joint strength measures. The model is currently being verified. 

Dr. Badler’s group at the University of Pennsylvania is to assist the project with detailed modeling of certain aspects of the EMU suit, especially those pertaining the modeling of the kinematics. However, due to scheduling problems related to suit access and modifications of hardware for the collection process, this originally scheduled 1995 task will take place in FY1996. Synchronization of schedules and specifics for the statement of work are being determined at this time. The funding for this particular activity is already in place. 

	The focus of this project is the understanding and modeling of the working envelopes, in terms of strength and motion, for EMU suited humans. The goal is to achieve a practical, “lump parameter” approach to predict the maximum available strength for a given posture of a human working in an EMU suit in space. These specifics should guide our research through areas related to human performance in protective but constraining equipment such as diving suits, fire fighting suits, radiation protective suits, etc. In addition, because the approach taken with this research and development began in the physical therapy arena where there is interest in modeling maximal strength, posture and motion to understand therapeutic strategies, the results of this activity will certainly be of interest to the physical therapy community. 

	Bibliographic Citations for FY 1995:

	Morgan, D., A. Pandya, R. Wilmington, J. Maida and K. Demel. “Toward modeling space suited joint strength.” American Society of Biomechanics Annual Meeting, August 1995. 


Year:

1996

	Task Description:

	One of the goals in human modeling at the Graphics Research and Analysis Facility (GRAF) at NASA JSC is to create a task-oriented Extravehicular Mobility Unit (EMU) -suited human figure simulation which emulates the physical characteristics of the actual EMU-suited human counterpart as closely as possible. EMU simulations are commonly used at the GRAF for Human Factors reach and fit analyses. Nevertheless, a comprehensive, validated model for the EMU does not exist. Important components of such a model would include accurate reaching, strength capability, and fatigue parameters. We propose a project which will build a model of the EMU suited crew member encompassing reach, strength and fatigue capabilities. Mission planners could use the modeling system and view the animations and the visualizations of the various parameters, such as overall motion, reach, fatigue and strength to streamline the timing, duration, task arrangement, personnel and overall efficiency of the Extra Vehicular Activity (EVA) tasks. 

With previous NASA research funding, GRAF has incorporated an unsuited strength prediction capability into a computer model of the human arm. This model is based on empirically collected isolated joint strength data. Initial validation of the strength model has been successful for a multi-jointed arm motion (ratchet wrenching). To extend this model to the EMU-suited human will require collecting EMU-suited strength, range of motion, and fatigue data for all the major suit joints. The suit dimension measurements and joint limit data will be the basis for building the suit in the graphics environment. The strength data will be processed into a compact format and embedded into the EMU model using the techniques developed with the unsuited strength model. Motion analysis data along with collected multi-joint motion torque data will be used to validate the EMU kinematic and strength model. 

	Data Collection: 

The strength limitations of the EMU-suited crew member are not well understood. There are severe strength and reach limitations imposed by the EMU suit. No comprehensive strength data exists for the isolated joints of an EMU-suited astronaut compared with his unsuited strength. During this year, isolated joint strength data in both the suited and the unsuited condition has been collected and processed. The Flight Crew Support Division’s Anthropometry and Biomechanics Facility (ABF) and the Graphics Research and Analysis Facility (GRAF), in cooperation with the Crew and Thermal Systems Division (CTSD), have completed a study that collected and processed quantitative data for the isolated joint strength capability of six suited operators. A generic methodology for quantifying the differences between and within the unsuited and different suited conditions has also been established. 

Modeling: 

The EMU model has been revised for more accurate modeling and to include the new enhanced suit design. The goals of the project are to develop an accurate EMU model by incorporating much of the sizing algorithms developed by the EMU Suit Facility (ESF). The ESF uses an elaborate scheme to fit an actual astronaut into an EMU. The aim of this project is to attempt to programmatically encapsulate this scheme. First, all new component models were constructed to more closely resemble the pieces of the Enhanced EMU. Next, development of the EMU Sizing Program (ESP) was completed. ESP reads in anthropometric and sizing criteria data to build an EMU model composed of the new components to fit the subject. ESP simulates the process performed by an engineer in the ESF fitting the EMU to an actual astronaut. ESP returns a command file to be run in the Dynamic Manipulator Composite Object Generator software which outputs the actual components of the Enhanced EMU model as well as the (Intravehicular Activity) IVA human model. 

Inverse Dynamic Strength Model Formulation: 

The center of mass and moment of inertia data were gathered for various components of the human model. Equations of motion were generated for a simple test case using a software program called SD/FAST. This program provides low level numerical integration routines which are being used to produce a dynamic simulation of a linked system. The ultimate goal of this approach is to be able to predict EMU mass handling properties through an inverse dynamics computation and compare the required torque values with collected data on the EMU. 

	The focus of this project is the understanding and modeling of the working envelopes, in terms of strength and motion, for EMU-suited humans. The goal is to achieve a practical, “lump parameter” approach to predict the maximum available strength for a given posture of a human working in an EMU suit in space. These specifics should guide our research through areas related to human performance in protective but constraining equipment such as diving suits, fire fighting suits, radiation protective suits, etc. In addition, because the approach taken with this research and development began in the physical therapy arena where there is interest in modeling maximal strength, posture, and motion to understand therapeutic strategies, the results of this activity will certainly be of interest to the physical therapy community. 

	FY96 Publications, Presentations, and Other Accomplishments:

	Pandya, A., Hancock, L., Morgan, D., and Maida, J. (poster) Analysis of human posture using a strength model and a virtual environment. 14th Annual Houston Conference on Biomedical Engineering Research (Feb. 1996). 


Year:

1997

	Task Description:

	One of the goals in human modeling at the Graphics Research and Analysis Facility (GRAF) at NASA JSC is to create a task-oriented Extravehicular Mobility Unit (EMU) -suited human figure simulation which emulates the physical characteristics of the actual EMU-suited human counterpart as closely as possible. EMU simulations are commonly used at the GRAF for Human Factors reach and fit analyses. Nevertheless, a comprehensive, validated model for the EMU does not exist. Important components of such a model would include accurate reaching, strength capability, and fatigue parameters. We propose a project which will build a model of the EMU-suited crew member encompassing reach and maximum strength capabilities. Mission planners can use the modeling system and view animations and visualizations of the various parameters, such as overall motion, reach, and strength to streamline timing, duration, task arrangement and personnel for overall efficiency of the Extra Vehicular Activity (EVA) tasks. With previous NASA research funding, GRAF has incorporated an unsuited strength prediction capability into a computer model of the human arm. This model is based on empirically collected isolated joint strength data. Initial validation of the strength model has been successful for a multi-jointed arm motion (ratchet wrenching). To extend this model to the EMU-suited human will require collecting EMU-suited maximal strength and range of motion data for all the major suit joints. Accurate suit dimension measurements, corresponding anthropometry and joint limit data will be the basis for modeling the suit and human inside. The strength data will be processed into a compact format and embedded into the EMU model using the techniques developed with the unsuited strength model. Motion analysis data along with collected multi-joint motion torque data will be used to validate the EMU kinematic and strength model. 

	EMU-suited maximum strength and range of motion data for all the major suit joints has been collected. The strength data was processed into a compact format and embedded into the EMU model using the techniques developed with the unsuited strength model. A volumetrically accurate EMU suit model has validated for the basic and enhanced versions of the suit. A suit sizing model has also been developed which, when used in conjunction with an anthropometric spreadsheet, will tabulate and build the suit sizing rings required for accurate fit of the enhanced suit for any particular individual or population of individuals (Astronaut Candidate Database). In addition, an anthropometry prediction model has been developed which uses statistical techniques to estimate measurements for missing or erroneous data. This tool has proven to very useful during and after data collection sessions. For example, during a reach and motion validation session using suited operations in the NBL (Neutral Buoyancy Lab), the prediction tool detected numerous typographical errors and measurement omissions. Motion analysis data along with collected multi-joint motion torque data is being used to validate the EMU kinematic and strength model. However, this work is not yet completed. The final report for this project will be completed in January 1998. The project funding terminated in September 1997. 

	The focus of this project is the understanding and modeling of the working envelopes, in terms of strength and motion, for EMU-suited humans. The goal is to achieve a practical, “lump parameter” approach to predict the maximum available strength for a given posture of a human working in an EMU suit in space. These specifics should guide our research through areas related to human performance in protective but constraining equipment such as diving suits, fire fighting suits, radiation protective suits, etc. In addition, because the approach taken with this research and development began in the physical therapy arena where there is interest in modeling maximal strength, posture, and motion to understand therapeutic strategies, the results of this activity will certainly be of interest to the physical therapy community. Finally, the statistical driven anthropometry prediction system developed under this task can be generalized to use other anthropometric databases for modeling humans both suited and unsuited for other human factors applications. 


