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Task Description:

	There is a need for a technology-based research effort to develop an integrated technology (ground-based hardware and software) to assess astronaut-induced loads and motions for future long-duration space station missions. This is precisely the primary objective of the Microgravity Investigation and Crew Reactions in 0-G (MICRO-G) research effort, a collaborative international effort between MIT, NASA LaRC, and the Politecnico di Milano. 

Quantitative characterization of human Intravehicular activity (IVA) represents a basic activity for science and technology in space. The collection and evaluation of kinematics (whole-body motion) and dynamics (reacting force and torques) of astronauts acting within a space module would allow for quantification of human motor strategies in weightlessness, gathering fundamental information for the engineering design requirements, scientific investigation in the field of motor control and for technological assessment of microgravity disturbances. The proposed research effort builds on a strong foundation of successful microgravity experiments, namely, the EDLS (Enhanced Dynamic Load Sensors) onboard the Russian Mir space station (1996-98) and the optoelectronic motion analyzer ELITE-S, successfully flown on the EuroMir ‘95 mission. This joint proposal is for ground-based technological hardware enhancement to existing force sensors and motion analysis equipment, which could easily and cheaply be implemented as mature flight hardware for the ISS in the future. The motion analyzer records prescribed astronaut motion and tasks for three-dimensional kinematic characterization. Three dynamic load sensors are envisioned for measurement of astronaut forces and torques. Forces and kinematics are combined for dynamic analysis of astronaut motion, exploiting the results of a detailed modeling effort for the quantitative evaluation of adaptive control strategies for crew member whole-body motion in microgravity. The model identifies changes in human physiology, determines the extent of changes and transient effects, and models the adaptive mechanisms for microgravity crew reactions. 

Synergy between the two technologies and their proposed enhancements will provide significant contributions to the following areas critical to spaceflight: 

· An international collaborative effort between the MIT PI, NASA LaRC Co-I, and Italian Co-I leveraging past spaceflight experience and hardware to cheaply and efficiently produce a novel system for human factors 3D motion and load analysis. 

· Human factors analysis for the optimization of criteria of orbital modules and human operative capabilities during long-term missions. 

· Quantification of times and training necessary for the development of adaptive motor strategies in microgravity. 

	The progress includes compiling a historical overview of the research that has been conducted to quantify astronaut-spacecraft interaction, assessing current ground and flight astronaut performance instrumentation, hosting an MIT summer student visit by the Italians’ team senior graduate student (July-August, 1998), and providing a conceptual design of advanced sensors and electronics (possibly for future use on the ISS). Specifically, MIT’s contribution includes the force/torque sensor development whereby we elected to maintain the proven strain-gage based method of sensing forces and moments, and redesigned the restraint mechanism and the electronics of the sensors. The new restraints allow subjects to readily utilize sensors in any configuration (i.e., a handhold, foot restraint, or touchpad). While having a volume of only 5800 cubic centimeters, the new Sensor Electronics Unit (SEU) incorporates most of the features of the original EDLS flight computer that is about eight times larger than the newly developed SEU. The SEU features an advanced embedded computer system based on Motorola’s PowerPAQ with Windows CEª as the operating system. Feedback on the loads applied is provided in real-time to the subjects to aid in maintaining a quiescent environment in the future on the ISS during critical microgravity experiments. 

The next phases of the sensor development are as follows: Breadboard Model A breadboard model will be assembled from the existing unmodified hardware described in the previous chapter. This phase includes also the writing of the drivers in C++ for the A/D converter and a preliminary data-recording program in Windows CE. The breadboard model will lack the time card and as well as interfaces to the ELITE-S2 motion analyzer or the space station. The breadboard model will be the proof-of-concept of the new design. Following tests in the laboratory, it will be determined whether the performance of the entire system meets the functional requirements specified in the thesis. If the requirements are not met, components will be replaced as needed and the entire design reevaluated and a new breadboard model assembled. 

Detailed Design and Manufacturing of a Prototype Further development will include the capability of the sensors to communicate with the ELITE-S2 motion analysis system as well as a wireless data bus of the ISS if one is completed by that time. In addition, this stage of the project will include the design of integrated printed circuit boards from the PowerPAQ platform and the procurement of customized A/D converters and signal conditioning boards from IOtech and time cards from Bancomm. The current plan is to complete the breadboard design by May. 

This development of the advancement sensors is a joint scientific experiment combining the Italian ELITE-S2 motion analysis system with the EDLS force and moment sensors. However, the limited funding involves only the production of a ground-based system to explore new technologies. In the future further funding must be secured to develop a space flight qualified advanced load sensor system. Much of the work of this stage would be carried out by a subcontractor with expertise in developing space-flight hardware to ensure compliance with the requirements set forth for ISS payloads and equipment. Which tests and how they are to be performed as well as the requirements to be met are specified in ISS documents such as SSP 30237 Space Station Electromagnetic Emission and Susceptibility Requirements. If the prototype completes the exhaustive series of tests successfully, actual flight hardware could be readily built, thus ending the development cycle. 

	The hardware, software, and analysis techniques proposed herein are a potentially rich source of information for anyone interested in human factors, medical assessment of human performance, and rehabilitation. With further development these prototype systems could be used in clinical and rehabilitation laboratories to assess gait, posture, and locomotion-related diseases.


Year:

1999

	Task Description:

	The primary objective of the Microgravity Investigation and Crew Reactions in 0-G (-G) research effort is to develop an integrated ground-based technology demonstrator to assess crew motor behavior and nominal crew-induced reactions. Quantitative analysis of human performance in microgravity is important for both scientific investigations and spacecraft engineering design. By collecting and evaluating the kinematic and kinetic data of astronauts in space, it becomes possible to characterize human motor strategies, postural behavior in weightlessness improve the design of orbital modules, help maintain a quiescent microgravity environment for acceleration-sensitive science experiments, and optimize the human operative capabilities during long-duration space missions. 

The-G research effort is carried out jointly by MIT, NASA LaRC, Politecnico di Milano University, and the Italian Space Agency (Agenzia Spaziale Italiana, ASI). Crew-induced forces and moments will be measured by an advanced version of the Dynamic Load Sensors that have flown on the Space Shuttle during Mission STS-62 in March 1994, and on the Russian orbital complex Mir from May 1996 to May 1997. Crew motions will be captured by the ELITE-S2 system, an enhanced version of the real-time opto-electronic motion analyzer ELITE-S and Kinelite, flown respectively on Mir as part of the EuroMir ‘95 Mission and on Neurolab. ELITE-S2 is the human motion analysis system proposed to the European Space Agency for the Experimental Physiology Module by ASI in collaboration with the Department of Bioengineering at Politecnico di Milano University with the contribution of the French Space Agency. 

Two papers documenting the progress made in the-G project will be presented at the 16th IEEE Instrumentation and Measurement Technology Conference in Venice, Italy in May 1999. The papers are entitled “Multifactorial Movement Analysis in Weightlessness: A Ground Based Feasibility Study” (Paper IM-9142) and “Measuring Astronaut Performance on the ISS: Advanced Kinematic and Kinetic Instrumentation” (Included below). 

	Testing of Original Load Sensors The development of the advanced load sensors as part of the MICRO-G research effort began with an assessment of the design of the original sensors. Post-flight tests of the original hardware upon return from Mir, revealed an excellent overall accuracy. After two years in orbit, the error of force and moment measurements was less than ¦1.6% of the full-scale load (400 N, 50 Nm) for which the sensors were designed. 

Examination of videotapes showing the astronauts using the sensors and the data acquisition/storage system as well as interviews of the astronauts provided valuable lessons for the redesign of the system. This analysis will yield a system that could be more useful to the astronauts as a restraint system as well as significantly simplify the operation. Members of the ELITE-S2 team conducted tests at MIT to examine how well the sensors can work with a motion capture system to create an integrated system of advanced kinematic and kinetic instruments for ISS. The tests confirmed that the existing technology using strain-gages to measure loads is suitable and accurate to work with a motion capture system to provide complete kinematic and kinetic data. 

Development of Advanced Load Sensors The objectives and requirements that were set forth for the advanced dynamic load sensors as well as the current conceptual design of the sensors is reported. 

Objectives and Requirements: The following objectives have been established for the advanced dynamic load sensors: 

Primary Objective: To record and store for later analysis the forces and moments applied by the crew onto the space station during nominal intra-vehicular activities and to provide real-time feedback to the crew on the magnitude of the applied loads. 

Secondary Objective: To record and store force and moment data of human subjects for scientific experiments. The functional and operational requirements are largely based on those determined for the original sensors. New requirements for the re-design of the load sensor system were stated as follows: 

· Acquisition and processing of data in real-time and immediate feedback to the astronauts.

· Miniaturization of electronics to maximize mobility and flexibility of the load sensors. 

· Simplification of the operation for astronauts. 

· On-orbit maintenance and repairability. 

· Communication and synchronization with ELITE-S2 motion capture system. 

· Compatibility with the ISS (power, restraint aids, common data bus, etc.). 

In order to reduce the development cost, and possibly later production cost, as much commercial off-the-shelf (COTS) technology as possible has been made use of in the conceptual design. During the prototype phase, the off-the-shelf products will be modified for the specific application. Some other design guidelines were long-life, on-orbit maintainability, and ease-of-use. 

Design Summary Each advanced load sensor consists of two parts: (1) the Sensor Restraint Unit (SRU) and (2) the Sensor Electronics Unit (SEU). The former contains the astronaut restraint mechanism (either a handle or a foot loop) as well as the load cells to measure forces and moments. The latter contains all the necessary electronics for data processing, storage, data display, etc. The SRU is attached to standard ISS handrails or so-called seat track anchor interfaces and the two units are connected through a cable. 

The SEU has the same footprint as a sensor and a height of only 10 centimeters. With dimensions of cm, the volume of the unit is only (5.8 liters). The estimated mass of the SEU is less than 4 kilograms. Thus, the advanced sensor design achieves a reduction in size and mass by a factor of eight in comparison to the original data acquisition/storage computer flown on the Space Shuttle. If the number of data acquisition channels is taken into account for the comparison, the mass and volume reduction factor is about three. The SEU features a color flat panel display combined with a touch screen as an interface with the user. In addition, a microphone and a loudspeaker are provided. Windows CE is used as the operating system thus allowing a Graphical User Interface (GUI) that will greatly improve the ease of use. 

Sensor Electronics Unit (SEU): The electronics in the SEU is based on the PowerPAQ handheld reference design. Developed by Motorola Inc.’s Semiconductor Division, the PowerPAQ is a reference platform for embedded systems with applications such as image capture, wireless connectivity, speech recognition, and Global Positioning System receivers. The PowerPAQ consists of three stacked Printed Circuit Boards (PCBs) each measuring cm. 

The SEU consists of three layers. At the bottom of the unit is a 6-channel signal-conditioning card. The second layer consists of the processing and data storage components. The signal is sampled with a PC Card Type II 16-bit A/D converter housed in one of the two PC-Card readers. Typically, data will be recorded with a 250 Hz sampling frequency and sent through a third order low-pass filter. The central processor of the SEU is Motorola’s 32-bit MPC823. Data is stored on spaceflight-qualified Type III PC-Cards from Calluna Technology Ltd. These miniature hard disks provide a capacity of up to 1.04 GBytes. Given a sampling rate of 250 Hz and six channels, an advanced load sensors with such a disk is able to record force and moment data for about 100 hours. A Universal Serial Bus (USB) port is included for communication between load sensors and the ELITE-S2 system. The third layer of the SEU is the 6.4” color TFT display with a touch screen embedded in the top cover of the SEU. Using touch input, a keyboard becomes somewhat unnecessary. However, to compensate for the limitations of touch input, a microphone is used to digitally sample spoken information from the crewmember. The major specifications of the SEU are summarized in Table 1 below. 

Key Specifications of the Sensor Electronics Unit 

Dimensions (L, W, H) Mass < 4 kg Power 124 ¦ 2 Volts dc from Utility Outlet Panel CPU Motorola MPC823 Memory up to 32 Mbytes of DRAM Number of Channels 6 Sampling Frequency è 12,500 Hz (selectable) Data Storage Device Removable PCMCIA disks (520 Mbytes or 1.04 GByte) Sampling Resolution 16-bit (¦ 10 Volts) Filter 3rd order with adjustable corner frequency Ports USB, IrDA, IRIG, Microphone (attenuation of at corner frequency) (RS-232 optional) Screen 6.4” Color TFT pixels with 262,144 colors Operating System Microsoft Windows CE(tm) 

Sensor Restraint Unit (SRU): The measurement of forces and torques is accomplished with three custom-designed load cells. Each load cell is equipped with two full Wheatstone strain gage bridges. The sensor feeds the data acquisition computer with six signals that measure the deflection of the load cells. The restraint mechanism will be reconfigurable in orbit, so that the astronauts can change the foot restraint into a hand hold and vice versa or remove it to obtain an instrumented push-off pad. 

Future Work: The future work consists of the following tasks: 

· Complete Assembly of a Breadboard Model The current breadboard model lacks a compact signal conditioning board as well as the second PCMCIA Type III slot for the hard disk. These components will be added to the breadboard model during the next phase of development. 

· Development of Software Drivers While software drivers for components such as the A/D converter have already been written by the manufacturers for Windows 95/NT, modifications are necessary so that the devices can be used in a Windows CE environment. Software tools to write drivers are being obtained from Motorola and support from the hardware manufacturers has been secured where needed. Development of a Custom Windows CE Application One main application will control all aspects of the sensors. The program will be written in Microsoft Visual C++ for Windows CE and reflect the user interface guidelines developed from the experience on Mir.

· Calibration of Sensor Components In order for the sensors to provide immediate force and moment feedback in units of Newtons and Newton-Meters instead of simple voltages, the sensor hardware has to be precisely calibrated. The result of such a calibration is a matrix whose values reflect the physical and electrical properties of the actual load sensor connected to the electronics.

· Agreement on Protocols for Interfacing with ELITE-S2 A Universal Serial Bus (USB) connection has been selected as an interface between the dynamic load sensors and the ELITE-S2 motion capture system. Detailed specifications for the interface protocol and its software implementation remain to be done. 

· Overall Performance Assessment Following tests in the laboratory, it will be determined whether the performance of the entire system meets the functional requirements that have been specified. If the functional requirements are not met, components will be replaced and software modified as needed. The test of operational requirements will involve use of the system by astronauts or astronaut-candidates in the laboratory and their personal evaluation of how such a system would perform in space. 

	The hardware, software, and analysis techniques proposed herein are a potentially rich source of information for anyone interested in human factors, medical assessment of human performance, and rehabilitation. With further development these prototype systems could be used in clinical and rehabilitation laboratories to assess gait, posture, and locomotion-related diseases. 

	FY99 Publications, Presentations, and Other Accomplishments:

	Amir, A.R., Baroni, G., Pedrocchi, A., Newman, D.J., Ferrigno, G., and Pedotti, A. (abstract) “Measuring Astronaut Performance on the ISS: Advanced Kinematic and Kinetic Instrumentation.” Proceedings of the 16th IEEE Instrumentation and Measurement Technology Conference, Measurement for the New Millennium, Special Session on Instrumentation and Measurement on the International Space Station, Venice, Italy (May 1999). 

Baroni, G., Rigotti, C., Amir, A.R., Ferrigno, G., Newman, D.J., and Pedottix, A. (abstract) “Multifactorial Movement Analysis in Weightlessness: A Ground Based Feasibility Study.” Proceedings of the 16th IEEE Instrumentation and Measurement Technology Conference, Measurement for the New Millennium, Special Session on Instrumentation and Measurement on the International Space Station, Venice, Italy (May 1999). 

Newman, D.J. “Human Space Exploration from the Russian Mir Space Station to Mars.” Jones Seminar Series, Thayer School of Engineering, Dartmouth College, Hanover, NH (October 1999). 


Year:

2000

	Task Description:

	The primary objective of the Microgravity Investigation and Crew Reactions in 0-G (-G) research effort is to develop an integrated ground-based technology demonstrator to assess crew motor behavior and nominal crew-induced reactions in weightlessness. Kinetic measurements will be performed with special crew restraint and mobility aids instrumented with strain gages. The compact electronics component of the sensors system, currently developed at MIT, provides real-time feedback of the load level applied. The kinematic measurements of the astronaut motion will be captured by ELITE-S2, a general-purpose optoelectronic motion analysis system proposed for the ISS by the Italian Space Agency (ASI) with the support of the French Space Agency (CNES). This versatile motion capture system provides 3-D kinematics data in real-time using video-image processing for detecting multiple passive markers. 

Quantitative analysis of human performance in microgravity is important for both scientific investigations and spacecraft engineering design. By collecting and evaluating the kinematic and kinetic data of astronauts in space, it becomes possible to characterize human motor strategies, postural behavior in weightlessness, improve the design of orbital modules, help maintain a quiescent microgravity environment for acceleration-sensitive science experiments, and optimize the human operative capabilities during long-duration space missions. 

	Task Description: 

The primary objective of the Microgravity Investigation and Crew Reactions in 0- G (MICRO-G) research effort is to develop an integrated ground-based technology demonstrator to assess crew motor behavior and nominal crew-induced reactions. Quantitative analysis of human performance in microgravity is important for both scientific investigations and spacecraft engineering design. By collecting and evaluating the kinematic and kinetic data of astronauts in space, it becomes possible to characterize human motor strategies, postural behavior in weightlessness improve the design of orbital modules, help maintain a quiescent microgravity environment for acceleration-sensitive science experiments, and optimize the human operative capabilities during long-duration space missions. 

The-G research effort is carried out jointly by MIT, NASA LaRC, Politecnico di Milano University, and the Italian Space Agency (Agenzia Spaziale Italiana, ASI). Crew-induced forces and moments will be measured by an advanced version of the Dynamic Load Sensors that have flown on the Space Shuttle during Mission STS-62 in March 1994, and on the Russian orbital complex Mir from May 1996 to May 1997. Crew motions will be captured by the ELITE-S2 system, an enhanced version of the real-time optoelectronic motion analyzer ELITE-S and Kinelite, flown respectively on Mir as part of the EuroMir ‘95 Mission and on Neurolab. ELITE-S2 is the human motion analysis system proposed to the European Space Agency for the Experimental Physiology Module by ASI in collaboration with the Department of Bioengineering at Politecnico di Milano University and with the contribution of the French Space Agency. Testing of Original Load Sensors: 

The development of the advanced load sensors as part of the-G research effort began with an assessment of the design of the original sensors. Post- flight tests of the original hardware upon return from Mir, revealed an excellent overall accuracy. After two years in orbit, the error of force and moment measurements was less than 1.6% of the full-scale load (400 N, 50 Nm) for which the sensors were designed. Members of the ELITE-S2 team conducted tests at MIT to examine how well the sensors can work with a motion capture system to create an integrated system of advanced kinematic and kinetic instruments for ISS. The tests confirmed that the existing technology using strain-gages to measure loads is suitable and accurate to work with a motion capture system to provide complete kinematic and kinetic data. 

Examination of videotapes showing the astronauts using the sensors and the data acquisition/storage system as well as interviews of the astronauts provided valuable lessons for the redesign of the system. This analysis will yield a system that could be more useful to the astronauts as a restraint system as well as significantly simplify the operation. 

Task Progress: 

Objectives 

The main objectives of the-G project have been established for the next generation of sensors. They are stated as follows: 1. To characterize human motor strategies and postural behavior in weightlessness for future improvement in the design of orbital modules. 2. To assess astronauts’ adaptation to microgravity during long-duration space missions. 3. To maintain a quiescent microgravity environment on-board the ISS for acceleration-sensitive science experiments. 

Requirements 

The-G proposed research effort would develop advanced load sensors capable of precisely measuring crew-induced disturbances to the microgravity environment during extended space missions. A set of various sensors (handhold, touchpad, foot-restraints) will record and store for later analysis the forces and moments applied by the crew onto the space station during nominal intra-vehicular activities. Acquisition and processing of data in real-time will also provide real-time feedback to the astronauts. 

The mobility and flexibility of the system shall be maximized by making use of the miniaturization of electronics and the latest wireless capabilities. As we mentioned before, the operations for the astronauts will be simplified and our system should be able to communicate and synchronize with the ELITE-S2 motion capture system. 

In order to reduce the development cost, and possibly later production cost, as much commercial off-the-shelf (COTS) technology as possible should be used in the conceptual design. During the prototype phase, the off-the-shelf products will be modified for the specific application. Some other design guidelines were long-life, on-orbit maintainability, and ease-of-use. 

Design Summary 

The advanced sensors consist of three parts: (1) the Sensor Mechanical Unit (SMU) (2) the Sensor Electronics Unit (SEU) and (3) The Central Computer (CC). The Sensor Mechanical Unit contains the astronaut restraint mechanism (either a foot loop or a handle) as well as the load cells to measure forces and moments. The Sensor Electronics Unit contains all the necessary electronics for data processing and networking. The Central Computer is used as a server for networking and incorporates the storage devices to store all the data recorded by the sensors. This base station communicates wirelessly with the whole set of sensors and provides the main user interface with the system through a laptop computer display. 

Each sensor incorporates its own SEU that is contained in a case screwed up underneath the sensor. This case is attached to standard ISS handrails or so- called seat track anchor interfaces. The Central Computer can be installed wherever it looks convenient for the crew and can be moved at any time inside the space module. 

Compared to the DLS/EDLS experiments, the major improvement in the design is the lack of long umbilical cables connecting the sensors to the main computer. The advantage of this approach is a hugely enhanced mobility of the system. The sensors can be placed wherever the crewmembers feel they are the most useful, and the central computer can be easily moved around the module depending on the needs and preferences of the users. 

With dimensions of 24 by 24 by 8 cm, the SEUs volume is only 4.6 liters. The estimated mass of this unit is less than 4 kg. Thus the advanced sensor design achieves a reduction in size by a factor of ten in comparison with the MODE ESM and about a factor of four if the number of channels is taken into account. In the advanced design, the mass per channel is four times less than in the EDLS system. 

Instead of a central computer processing data from the whole set of sensors, as was the case in the DLS and EDLS experiments, each advanced sensor incorporates its own processing electronics and thus becomes an independent unit. Redundancy increases flexibility of the system and its ability to recover from a failure. If some sensors electronics fails, the experiment is not completely deadlocked, as was the case when the MODE (Middeck 0-Gravity Dynamics Experiment) ESM (Experiment Support Module) computer failed. The system can keep on working without the defective sensor. If the astronauts feel that they could make use of additional sensors, the system can be easily set-up for more than four sensors as well. 

Finally, the laptop computer provides a nice and easy interface to other payloads on-board ISS. In particular it provides various I/O connectors (such as a USB port, a parallel port, a serial port, etc.) to synchronize the sensors with the ELITE-S2 video capture system. 

Key Specifications of the hardware 

The measurement of forces and torques is accomplished with three custom-designed load cells. Each load cell is equipped with two full Wheatstone strain gage bridges. The sensor feeds the data acquisition computer with six signals that measure the deflection of the load cells. The restraint mechanism will be reconfigurable in orbit, so that the astronauts can change the foot restraint into a hand hold and vice versa or remove it to obtain an instrumented push-off pad. 

The SEU can be divided into three layers: the signal processing layer, the digital data processing layer and the networking layer. 

At the bottom of the unit is the customized 6-channel signal conditioning board designed and fabricated by Payload Systems, Incorporation (PSI). This signal conditioning board is designed to have the same footprint (9.0 by 9.6 cm) as PC/104 boards to facilitate its integration with the remaining hardware. It amplifies the 6 analog signals from the sensors, and then filters them with third order low-pass filters of adjustable corner frequency. 

The second layer of the SEU consists of the data processing electronics. This layer is based on two commercial off-the-shelf PC/104 boards--the Diamond MM-16 A/D converter and the Ampro Coremodule 4GV (CPU). A cable connects the A/D converter to the signal conditioning board in the layer underneath. The CPU and the A/D converter are PC/104 boards stacked on top of each other. The A/D receives the filtered analog signal from the signal conditioning board and samples it at a 250 Hz rate. 

The last layer of the SEU is the wireless interface with the Central Computer. A PC/104 module from Ampro Inc., is used to provide two PCMCIA slots accepting any type of PC-Cards (Type I, Type II, and Type III). Our design makes use of a single slot to insert a RoamAbout wireless Type II PC-Card from Cabletron, Inc. The remaining slot may be used for a Type III space qualified hard disk as an optional storage capability. The central laptop computer incorporates the same wireless PC-Card to receive the data sent by all the sensors. Data is then stored on spaceflight-qualified Type III PC-Cards from Calluna Technology Ltd. These miniature hard disks provide a capacity of up to 1.04 GBytes. Given a sampling rate of 250 Hz and six channels, an advanced load sensors with such a disk is able to record force and moment data for about 100 hours. A Universal Serial Bus (USB) port is included for communication between load sensors and the ELITE-S2 system. 

Future Work: 

Software Development 

The embedded system will run Linux. While software drivers for components such as the A/D converter are only available for Windows 95/NT, development of drivers is necessary so that the devices can be used in a Linux environment. 

Each embedded computer will have programs providing a real-time feedback to the astronauts on their applied loads. 

Programs also need to be written for the network. The central computer will be used as a base station talking to all the sensors, organizing data and storing them on the Type III Hard drive. 

Finally one main application will control the user interface. The programs will be written in C++ and reflect the user interface guidelines developed from the experience on Mir. 

Calibration of Sensor Components 

In order for the sensors to provide immediate force and moment feedback in units of Newtons and Newton-Meters instead of simple voltages, the sensor hardware has to be precisely calibrated. The result of such a calibration is a matrix whose values reflect the physical and electrical properties of the actual load sensor connected to the electronics. 

Agreement on Protocols for Interfacing with ELITE-S2 

A Universal Serial Bus (USB) connection has been selected as an interface between the dynamic load sensors and the ELITE-S2 motion capture system. Detailed specifications for the interface protocol and its software implementation remain to be done. 

Overall Performance Assessment 

Following tests in the laboratory, it will be determined whether the performance of the entire system meets the functional requirements that have been specified. If the functional requirements are not met, components will be replaced and software modified as needed. The test of operational requirements will involve use of the system by astronauts or astronaut-candidates in the laboratory and their personal evaluation of how such a system would perform in space. 

The hardware, software, and analysis techniques proposed herein are a potentially rich source of information for anyone interested in human factors, medical assessment of human performance, and rehabilitation. With further development these prototype systems could be used in clinical and rehabilitation laboratories to assess gait, posture, and locomotion-related diseases. 

	The design of miniature embedded electronics has foreseen Earth Benefits for medical applications by providing much smaller data acquisition systems in clinics, for field research on Earth to supply wearable computing capabilities, and in the home where information technology systems with reduced size and greater capabilities are desired. 

	FY00 Publications, Presentations, and Other Accomplishments:

	Neogi, N., and Newman, D.J. “Estimation of the Transfer Function for the Russian Space Station Mir Due to Astronaut Loads.” (abstract) Proceedings of the 41st AIAA/ASME/ASCE/AHS/ASC Structures, Structural Dynamics, and Materials Conference, April 1, 2000. 

Newman, D.J. and Lathan, C.E. “Memory processes and motor control in extreme environments.” IEEE Transactions on Systems, Man, and Cybernetics, Part C: Applications and Reviews, 29(3): 387-394, (August 1, 1999). 

Lathan, C.E., Sebrechts, M.M., Newman, D.J., and Doarn, C.R. “Heuristic evaluation of a web-based interface for internet telemedicine.” Telemedicine Journal, 5(2): 177-185, (1999). 

Baroni, G., Rigotti, C., Amir, A.R., Ferrigno, G., Newman, D.J., and Pedotti, A. “Multifactorial movement analysis in weightlessness: A ground based feasibility study.” IEEE Transactions on Instrumentation and Measurement, 49(3): 476-483, (June 1, 2000). 

Amir, A., Baroni, G., Pedrocchi, A., Newman, D., Ferrigno, G., and Pedotti, A. “Measuring astronaut performance on the ISS: Advanced kinematic and kinetic instrumentation.” IEEE Transactions on Instrumentation and Measurement, in press, (2000). 

Amir, A.R. and Newman, D.J. “Research into the effects of astronaut motion on the spacecraft: A review.” Acta Astronautica, in press, (2000). 


Year:

2001

	Tasks Info:
● Task Abstract/Description:
The primary objective of the Microgravity Investigation and Crew Reactions in 0- G (-G) research effort is to develop an integrated ground-based technology demonstrator to assess crew motor behavior and nominal crew-induced reactions. Quantitative analysis of human performance in microgravity is important for both scientific investigations and spacecraft engineering design. By collecting and evaluating the kinematic and kinetic data of astronauts in space, it becomes possible to characterize human motor strategies, postural behavior in weightlessness improve the design of orbital modules, help maintain a quiescent microgravity environment for acceleration-sensitive science experiments, and optimize the human operative capabilities during long-duration space missions. 

The-G research effort is carried out jointly by MIT, NASA LaRC, Politecnico di Milano University, and the Italian Space Agency (Agenzia Spaziale Italiana, ASI). Crew-induced forces and moments will be measured by an advanced version of the Dynamic Load Sensors that have flown on the Space Shuttle during Mission STS-62 in March 1994, and on the Russian orbital complex Mir from May 1996 to May 1997. Crew motions will be captured by the ELITE-S2 system, an enhanced version of the real-time optoelectronic motion analyzer ELITE-S and Kinelite, flown respectively on Mir as part of the EuroMir ‘95 Mission and on Neurolab. ELITE-S2 is the human motion analysis system proposed to the European Space Agency for the Experimental Physiology Module by ASI in collaboration with the Department of Bioengineering at Politecnico di Milano University and with the contribution of the French Space Agency. Testing of Original Load Sensors: 

The development of the advanced load sensors as part of the-G research effort began with an assessment of the design of the original sensors. Post- flight tests of the original hardware upon return from Mir, revealed an excellent overall accuracy. After two years in orbit, the error of force and moment measurements was less than 1.6% of the full-scale load (400 N, 50 Nm) for which the sensors were designed. Members of the ELITE-S2 team conducted tests at MIT to examine how well the sensors can work with a motion capture system to create an integrated system of advanced kinematic and kinetic instruments for ISS. The tests confirmed that the existing technology using strain-gages to measure loads is suitable and accurate to work with a motion capture system to provide complete kinematic and kinetic data. 

Examination of videotapes showing the astronauts using the sensors and the data acquisition/storage system as well as interviews of the astronauts provided valuable lessons for the redesign of the system. This analysis will yield a system that could be more useful to the astronauts as a restraint system as well as significantly simplify the operation. 

● Task Progress:
- Flight testing on KC-135 completed --G data analysis - Correlation with ELITE system 

The embedded system runs Linux. While software drivers for components such as the A/D converter are only available for Windows 95/NT, development of drivers was necessary so that the devices can be used in a Linux environment. 

Each embedded computer provides a real-time feedback to the astronauts on their applied loads via an LED. 

Finally one main application will control the user interface. The programs will be written in C++/java and reflect the user interface guidelines developed from the experience on Mir and continued ground testing. 

Calibration of Sensor Components In order for the sensors to provide immediate force and moment feedback in units of Newtons and Newton-Meters instead of simple voltages, the sensor hardware has been precisely calibrated, which results in calibration matrices whose values reflect the enhanced physical and electrical properties of the actual load sensor connected to the electronics. 

Protocols for interfacing with other systems were investigated. A Universal Serial Bus (USB) connection has been selected as an interface between the dynamic load sensors and the ELITE-S2 motion capture system. 

Overall Performance Assessment Laboratory tests determined overall system performance and met functional design requirements. 

● Research impact on American/Earth Benefits:
The main objectives of the-G project have been established for the next generation of sensors. They are stated as follows: 1. To characterize human motor strategies and postural behavior in weightlessness for future improvement in the design of orbital modules. 2. To assess astronauts’ adaptation to microgravity during long-duration space missions. 3. To maintain a quiescent microgravity environment on-board the ISS for acceleration-sensitive science experiments. 

Earth Benefits: The hardware, software, and analysis techniques proposed herein are a potentially rich source of information for anyone interested in human factors, medical assessment of human performance, and rehabilitation. With further development these prototype systems could be used in clinical and rehabilitation laboratories to assess gait, posture, and locomotion-related diseases. The design of miniature embedded electronics has foreseen Earth Benefits for medical applications by providing much smaller data acquisition systems in clinics, for field research on Earth to supply wearable computing capabilities, and in the home where information technology systems with reduced size and greater capabilities are desired. 
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	● Task Abstract/Description:
The primary objective of the Microgravity Investigation and Crew Reactions in 0- G (-G) research effort is to develop an integrated ground-based technology demonstrator to assess crew motor behavior and nominal crew-induced reactions. Quantitative analysis of human performance in microgravity is important for both scientific investigations and spacecraft engineering design. By collecting and evaluating the kinematic and kinetic data of astronauts in space, it becomes possible to characterize human motor strategies, postural behavior in weightlessness improve the design of orbital modules, help maintain a quiescent microgravity environment for acceleration-sensitive science experiments, and optimize the human operative capabilities during long-duration space missions. 

The-G research effort is carried out jointly by MIT, NASA LaRC, Politecnico di Milano University, and the Italian Space Agency (Agenzia Spaziale Italiana, ASI). Crew-induced forces and moments will be measured by an advanced version of the Dynamic Load Sensors that have flown on the Space Shuttle during Mission STS-62 in March 1994, and on the Russian orbital complex Mir from May 1996 to May 1997. Crew motions will be captured by the ELITE-S2 system, an enhanced version of the real-time optoelectronic motion analyzer ELITE-S and Kinelite, flown respectively on Mir as part of the EuroMir ‘95 Mission and on Neurolab. ELITE-S2 is the human motion analysis system proposed to the European Space Agency for the Experimental Physiology Module by ASI in collaboration with the Department of Bioengineering at Politecnico di Milano University and with the contribution of the French Space Agency. Testing of Original Load Sensors: 

The development of the advanced load sensors as part of the-G research effort began with an assessment of the design of the original sensors. Post- flight tests of the original hardware upon return from Mir, revealed an excellent overall accuracy. After two years in orbit, the error of force and moment measurements was less than 1.6% of the full-scale load (400 N, 50 Nm) for which the sensors were designed. Members of the ELITE-S2 team conducted tests at MIT to examine how well the sensors can work with a motion capture system to create an integrated system of advanced kinematic and kinetic instruments for ISS. The tests confirmed that the existing technology using strain-gages to measure loads is suitable and accurate to work with a motion capture system to provide complete kinematic and kinetic data. 

Examination of videotapes showing the astronauts using the sensors and the data acquisition/storage system as well as interviews of the astronauts provided valuable lessons for the redesign of the system. This analysis will yield a system that could be more useful to the astronauts as a restraint system as well as significantly simplify the operation. 


	● Task Progress:
The MICRO-G research project was completed this year with a final report submitted to NASA JSC. Please see Newman, D.J., “Microgravity Investigation of Crew Reactions in 0-G”, Final Grant Report, August, 2002 for the detailed report. All stated research goals and objectives were met and parabolic flight data analyzed. This ground-based research effort is to be followed by a flight experiment with research commencing in 2003. 


	● Earth Benefits:
The main objectives of the-G project have been established for the next generation of sensors. They are stated as follows: 1. To characterize human motor strategies and postural behavior in weightlessness for future improvement in the design of orbital modules. 2. To assess astronauts’ adaptation to microgravity during long-duration space missions. 3. To maintain a quiescent microgravity environment on-board the ISS for acceleration-sensitive science experiments. 

Earth Benefits: The hardware, software, and analysis techniques proposed herein are a potentially rich source of information for anyone interested in human factors, medical assessment of human performance, and rehabilitation. With further development these prototype systems could be used in clinical and rehabilitation laboratories to assess gait, posture, and locomotion-related diseases. The design of miniature embedded electronics has foreseen Earth Benefits for medical applications by providing much smaller data acquisition systems in clinics, for field research on Earth to supply wearable computing capabilities, and in the home where information technology systems with reduced size and greater capabilities are desired. 



	

	Bibliography Type:
· NASA Technical Brief
Newman, D.J., “Microgravity Investigation of Crew Reactions in 0-G”, Final Grant Report, August, 2002 




