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A. Executive Summary

The Advanced Technologies for Gravitational Biology (ATGB) Symposium and Workshop hosted by the NASA Ames Research Center in January 1997 sought to determine how advanced technologies could be used to benefit and improve the science return of the International Space Station research facilities. Scientists and engineers from the government, industry and academia came together to identify and prioritize specific advanced technologies for infusion into the Space Station development process.

This document reports Workshop findings and gives an overview of the implementation process, including funding mechanisms and collaboration with other agencies and organizations.  

Greg Schmidt, ATGB Co-Chair



John Hines, ATGB Co-Chair

B. INTRODUCTION

Gravitational Biology has evolved greatly as a discipline since the advent of the space age over 30 years ago. Research conducted onboard automated biosatellites and the Space Shuttle has greatly increased our understanding of the effects of microgravity on living organisms. Soon, research facilities on the International Space Station will offer the unique opportunity to study the effects of long-duration microgravity exposure. 

As chair of the Committee on Use of the International Space Station for Engineering Research and Technology Development, David Bodde stated that “the Committee came to realize, as many have before us, the importance of advanced technology in reducing costs and increasing the capabilities of space endeavors.” The Gravitational Biology program faces the challenge of maximizing scientific return from future investigations, while reducing associated costs. This challenge also represents a valuable opportunity to infuse advanced technologies in areas ranging from analytical instrumentation to sensor systems to information systems. Employing new technologies offers the promise of making the greatest possible use of NASA’s facilities and limited resources as well as providing the life sciences community with state of the art equipment.

This Summary Report represents the results of the Advanced Technologies for Gravitational Biology (ATGB) Symposium and Workshop held at the NASA Ames Research Center and environs from January 14–17, 1997. The event was initiated by request of the Associate Administrator for Life and Microgravity Sciences and Applications to determine how advanced technologies could be used to benefit the research facilities under development for the International Space Station and improve their science return. With participation from the public, private and academic sectors, the ATGB Symposium and Workshop was the first coordinated attempt to bring advanced technologies to bear on the many scientific questions of Gravitational Biology and on the technical challenges of developing an unexcelled biological laboratory in space.

By establishing recommendations on specific target areas for infusion of advanced technologies into the Gravitational Biology program, the ATGB Symposium and Workshop took a large first step in what will be an ongoing collaboration between NASA and other government agencies, industry and academia. The Workshop Summary Report prioritizes these recommendations and profiles implementation mechanisms which are realistic in NASA’s current limited budget environment. It is clear that advanced technologies, while not a panacea for all future research, nonetheless hold great promise for a new era of biological research on the Space Station.

C. Session Summaries

Prior to the Workshop, four distinct application areas were identified within gravitational biology as targets for technology infusion: 1) the Research Subject, 2) Habitats and Life Support, 3) Measurement Systems, and 4) Data Communications, Processing and Display. These areas, each with its own particular scientific and operational requirements, tasks, and technology needs, represent the essential components of the conduct of gravitational biology. Each will be instrumental in the successful operation and science return of the Gravitational Biology Laboratory (GBL) facility on the International Space Station. 

Each technology application area was the designated subject of one of a series of parallel working sessions where experts identified and prioritized advanced technology needs. Prior to the Workshop, a list of science and operational requirements was generated for each session to help frame the discussion. These requirements lists, as well as a list of participants, can be found in the Appendices.

The advanced technologies identified for infusion in the working sessions can be grouped into two categories: enabling and state-of-the-art. Enabling technologies support the basic operations of the GBL and help to overcome the numerous constraints imposed by the International Space Station environment. These constraints include:

Physical:
Utilities shortage (water, cooling, power, exhaust/vacuum)


Allocations shortage (mass, volume, emissions, acoustics)


Station impacts on the payload (emissions, EMI, vibration)

Human Access:
Training


Experiment operations (expertise, time, flexibility)


Experiment maintenance

Safety:
Containment


Toxicity

Information Systems:
Radiation hardened electronics


Lack of flight qualified current commercial hardware


Lack of flight qualified current commercial software

Enabling technologies that reduce weight and power needs, or reduce necessary crew time through automation, reduced training requirements, or simplified operation will be a high priority for technology infusion.
State-of-the-art technologies satisfy the science requirements imposed by the Gravitational Biology research agenda while at the same time meeting the kinds of Space Station constraints mentioned above. These advanced technologies will provide the research community with new sampling, measurement, and analytical capabilities to increase the quantity and quality of science return. It is these state-of-the-art technologies that will take space life sciences into the 21st century. 

1. Research Subject 

The Research Subject session addressed issues such as the handling of subjects, the acquisition and manipulation of biosamples, and sample storage and preservation, all in a microgravity environment. Unlike most ground labs, the GBL will have to support the study of an array of organisms. Planned subjects include plant and animal cells, plants ranging from seed to mature specimens, and insects, fish and rodents ranging from neonates to adults. 

This variety of research subjects places great demands on GBL design and operation. Subjects will need to be moved from the storage racks to the Centrifuge and back. Most inflight sample acquisition and processing will require use of the Glovebox. Merely maintaining a contaminant-free environment when working with such diverse and portable organisms is a challenge. Clearly, the infusion of advanced technologies is critical to success.

Enabling Technologies

Processing and Preservation: Sample processing emerged as a particularly fertile area for technology infusion. It is a time consuming task in an environment where crew time is at a premium. The appropriate application of automation and robotics is desirable for many operations associated with sample processing and characterization.

Inflight cell and tissue preservation are important for maintaining samples in their microgravity state for later analysis on the ground. However, the scientific impact of the preservation process must be minimized, as must the required storage volume.  Freezers are expensive in terms of energy consumption and are not appropriate for all sample types. Microwave fixation holds promise, as does freeze drying. Microgravity-compatible systems for liquid fixative application and removal and for vacuum, resin, and/or paraffin infiltration are also needed. 

A generic fluid manipulation system for Glovebox use is desirable. Such a system could include the functions of test tube, vortexer, magnetic stirrer, and pipetter. A portable refrigerator/heating system for Glovebox use would facilitate sample manipulation.

The ability to acquire and manipulate samples at the microscopic level in space does not currently exist. Two advanced technologies were identified to support such finely detailed and time-consuming work. An automatic micropositioner/injector would allow for highly targeted sample manipulation, especially in cell biology, without requiring significant crew time. Laser capture microdissection would allow for taking highly targeted biosamples. Crew members cannot be experts at the multitude of discipline-specific operations they will be required to perform. These technologies will help them carry out specialized functions and produce data not otherwise obtainable.

Sanitation and Sterilization: Avoidance of cross-contamination was identified as a crucial area for specimen handling, especially for cells. Advanced technologies need to be developed for microgravity cleaning and sterilization. Within the Glovebox, biofilm resistant and self-sterilizing materials or coatings offer attractive possibilities. The Glovebox volume will be exposed to a variety of organisms. Such materials will reduce the need for manual cleanings of interior surfaces, saving crew time. However, cleaning will still be necessary throughout the GBL. Methods such as microwave and ultrasonic cleaning bear investigation.

Inflight Sample Analysis: Certain enabling technologies will be required to carry out inflight sample analysis. An efficient method for slide staining in microgravity will be necessary. An automated system requiring little crew time would be the most attractive option. An electrophoresis system was also identified for analysis of sample constituents in suspension.

State-of-the-Art Technologies

Inflight Sample Analysis: Characterization of samples while in the microgravity environment was deemed crucial for avoiding reentry effects. At the same time, inflight sample analysis covers a range of disciplines and a host of possible analytical tools. Instruments included here are of the highest scientific priority and have the most potential for use across disciplines.

The analysis of genetic material prior to confounding recovery effects is critical to many disciplines. The session identified DNA analysis techniques as a high priority for their ability to increase science return.

A number of analytical tools common in ground labs were identified as desirable for the GBL. For all of these technologies, adaptation for Space Station use will be the key element of the infusion process. In plant science, fluorescence reflectance imaging and stack gas analysis will allow monitoring of photosynthetic processes, critical for understanding plant growth and physiology in space. In cell biology, flow cytometry will allow for optical analysis and separation of samples.

2. Habitats and Life Support

The Habitats and Life Support session was concerned with housing and environmental control for research subjects in the GBL. The challenge is to maintain livable conditions for subjects over durations of up to 90 days with minimal need for crew interaction. Participants identified a number of advanced technologies that could have a significant impact on the development and capabilities of rodent, plant and cell habitats. Other habitats are planned for the GBL, but the session addressed these as the initial priorities. 

Technologies identified in the session fall primarily in the Enabling category as habitats and life support are themselves enabling functions supporting the science agenda.

Enabling Technologies
Thermal Efficiency: Thermal efficiency is a major hurdle, especially for rodent and plant habitats. Constraints are imposed both by the life support needs of the subjects and by the operational requirements of Space Station. Advanced insulation materials such as ultra-lightweight and high-efficiency aerogels offer a partial solution. They will alleviate power and weight requirements by reducing reliance on heat exchange systems. This does not, however, eliminate the need for heat exchange. New techniques must be found. Non-phase change technologies and light, thermally conductive materials were identified as infusion areas.

Sanitation and Filtration: Maintaining sanitary conditions within habitats over 90 days will not be possible without the infusion of advanced technologies. Not only must the interior volume and surfaces remain sanitary, so must water and food systems and plant growth media. The biofilm resistant and self-sterilizing materials and coatings identified in the Research Subject session will have application here. Odor absorbent coatings/materials and odor eliminating bacteria may reduce the load placed on filtration systems. For food and water systems, irradiation and UV sterilization hold promise. 

Structural Materials and Methods: Advanced structural materials were identified as ways to minimize weight problems for all habitats. While certain lightweight materials may no longer represent “advanced technologies” in the strict sense, their prolonged exposure to living organisms—both crew and research subjects—in a closed environment brings the issue of toxicity into play. Advanced solutions will be required to overcome this potential obstacle. Titanium, composites and advanced coatings/surfaces all merit investigation. Smart materials which can consolidate structural, operational, and monitoring functions would be highly desirable. Miniaturization of subsystems offers potential for meeting overall habitat requirements within volume, mass and power constraints.

Condensate Management: The removal of condensate was seen as another basic problem for rodent and plant habitats. New methods for preventing the accumulation of condensate must be found. Porous materials and wicking materials/methods offer low-weight, low-power possibilities.

3. Measurement Systems

The Measurement Systems session dealt with the process of taking measurements and acquiring data. Discussion focused particularly on sensors systems, biotelemetry, and imaging. One science area that will benefit greatly from the use of these technologies is space physiology. The ability to conduct inflight monitoring of unrestrained, group-housed rodents over long periods of time will provide previously unavailable data on physiological adaptation to space flight. Along with inflight sensor measurements, conducting inflight imaging will provide much data on processes never before observed without the overlay of partial recovery effects.

Enabling Technologies

Environmental Sensors: Sensors will be needed inside the habitats and Glovebox to monitor environmental parameters. A number of advanced technologies are under development depending on the parameter to be measured. (See the requirements list in the Appendix for specific parameters.) Sensor technologies identified include surface acoustic wave, flexural plate, and cantilever beam devices. Miniaturization is an important issue for all sensor systems to meet weight and volume constraints. Other issues are long-term stability and self-calibration, and developing membranes with resolution at the parts-per-billion level. 
Biotelemetry: Biotelemetry will allow inflight monitoring of unrestrained, group-housed rodents. To have fully implantable biotelemetry, miniaturized integrated circuits, interconnects, enclosures, and transmitters must be available. Advanced radio frequency receiver and decoder technologies are required to multiplex signals and monitor multiple animals. Highly accurate antennae are also needed to receive transmissions from moving transmitters within crowded environs.

State-of-the-Art Technologies

Sensor Technologies: Implantable sensors will allow the regular, automated collection of physiological data from group-housed rodents throughout the flight period. This will vastly increase the amount of data returned from animal experiments. For physical sensors, parameters of interest include pressure, flow and acceleration. Chemical and biological parameters include an array of ions and other measurements. (For specific parameters, see the requirements list in the Appendix.) Many of these sensors are currently under development but the Space Station environment will be a demanding one for all sensor systems. Challenges to be solved include stability, reliability and self-calibration capability. Physiological sensors will also have to meet the challenge of long-term chronic implantation.

The ability to conduct efficient inflight chemical and biological assays will permit the acquisition of a great deal of new data and, along with implantable sensors, will allow for the possibility of real-time data analysis. Known as the lab-on-a-chip or biochip, these small, low-power devices could be integrated into an automated system requiring very little crew time.
Imaging: While ultrasound has been used with astronauts on the Space Shuttle, inflight imaging has not been used with other subjects. Such a capability has the potential to provide a more detailed picture of physiological adaptation to microgravity. Ultrasound and infrared imaging were identified as priorities due to their relative ease of infusion compared to other imaging technologies. Doppler and 3-d ultrasound will provide improved tissue imaging and cardiovascular monitoring in animals and humans. A small infrared system will offer animal and human imaging of peripheral blood flow, tissue oxygenation, and in low-light conditions.
4. Data Processing, Communication and Display

It is information technology (IT) that transforms raw scientific data into a usable state. It also offers the possibility of real-time data analysis and investigator involvement in onboard processes. The Data Processing, Communication and Display session dealt with the application of IT, in its various forms, to the GBL environment. The session was in agreement that the increasingly rapid evolution of these technologies will dramatically impact the infusion process. 

For data generated in the GBL to be widely accessible and usable throughout the scientific community, that data must be processed, stored and archived in formats representing accepted industry standards. So, infusion in this area will involve incorporation of standards into GBL and Space Station data management planning as much as it will involve adapting particular advanced technologies.

Enabling Technologies

Processing: The use of PCMCIA-based packet-switched processing of sensor measurements will allow for asynchronous recovery of location- and time-stamped data. This will alleviate power and mass constraints on the hardware. 

A data production profiler would offer better data planning and management, helping to optimize communication resources. Each investigator would submit a profile of all data expected to be produced throughout the course of their experiment. Data would be profiled by type and quantity and specific factors such as resolution and compression loss would be stipulated.

Storage/Organization/Tracking: An adaptive indexing engine is a software system which would “learn” how Space Station data systems are actually being used to help provide investigators with real-time access to complex, cross-linked systems for optimization of constrained resources and science quality. This software will increase science return and quality and mitigate constraints on communications and downlink time.

The GBL will have a complex array of stores to support maintenance of the lab and the conduct of diverse scientific protocols. A high-accuracy, radio frequency inventory tracking system will reduce crew time required to track these stores.
Data Transfer: To effect accurate and efficient transfer, the data must be stored and compressed using standardized formats appropriate to particular data types. For example, Digital Imaging & Communications in Medicine (DICOM) is a set of standards for the exchange of medical imaging, sensor and video data. For transfer of large data sets or high-bandwidth data, some form of compression is generally necessary. Standards, by data type—such as MPEG2 for video—specifying compression and acceptable data loss rates will need to be determined. 
In support of the technology infusion process itself, collaborative development server software would facilitate essential advanced technology development across the spectrum of GBL needs. The use of such a Web-based communication system would support the planning, development and infusion of advanced technologies which necessarily takes place among groups spread continent-wide. The software would help to bring far-flung groups of individuals together, and gather and disseminate information to facilitate the infusion process.

Display: Display systems that expedite operations will be essential in the GBL and throughout Space Station. Given the mission length and range of tasks to be performed in the GBL, the crew will have to refer to experiment-specific instructions. A goggle-mounted display with head-mounted camera will allow crew members to read instructions for procedures as they work. It will also allow investigators on the ground to monitor critical activities.

A method for the crew to record experiment, maintenance and status information will be necessary. A pen-based electronic notebook linked to onboard data systems will be portable and reduce the time needed to perform these record keeping functions.

D. Implementation

Implementation of the ATGB Technology Infusion Plan will be an extension of the important groundwork laid at the Symposium and Workshop. 

1. COLLABORATION

Inter-Center

Representatives of the Gravitational Biology and Human Research programs have agreed to establish a joint working group to define common technology needs to more efficiently use limited development resources. It is apparent that ARC and JSC have numerous common needs, from advanced information and data handling technologies to advanced sensor systems. Co-development and infusion of appropriate technologies is an important common goal. Closer coordination with life sciences activities at Kennedy Space Center (KSC), as well as greater contact with technology-oriented programs at other centers, will facilitate the infusion process and help to identify promising technologies that may already exist within NASA. 

Inter-Agency

At the invitation of the Department of Defense (representatives of which attended the ATGB Symposium and Workshop), NASA co-sponsored the May 1997 Advanced Technology Applications to Combat Casualty Care (ATACCC) conference, held at Elgin Air Force Base in Florida. With the numerous common technology requirements of DoD and NASA, many possibilities exist for partnering and two-way technology infusion. Topics discussed included resuscitation, microfluidics, pharmacology, remote surgical care and biosensors. DARPA is also an important linkage, and ARC has begun forging closer ties by sitting on DARPA advanced technology panels.

Government partnering opportunities extend to links with other federal agencies. Discussions have been held with national leaders in biosensor development to begin identifying common needs between agencies such as the National Institutes of Health, National Science Foundation, Naval Research Laboratory and others. Potential avenues are under exploration to facilitate NASA and these agencies working together.

Industry and Academia

The commercial and academic sectors will be major sources of infusible advanced technology. Many linkages with academia already exist, but greater coordination and forging new engineering-focused links will broaden participation from this sector. Industry linkages have been more ad hoc and need greater coordination. The ATGB SBIR and Cooperative Agreement Notice (see Funding Options below) will be the primary mechanisms for industry collaboration. 

2. FUNDING OPTIONS

The following are the primary sources of funding for the technology infusion process:

Advanced Technologies for Gravitational Biology SBIR: NASA plans to establish a Small Business Innovative Research (SBIR) program to address the Advanced Technology needs of the Gravitational Biology program. This SBIR program will focus on using small companies to develop technologies that, while oriented towards satisfying the needs of the Gravitational Biology program, also are aimed towards eventual commercialization. It was clear from the Workshop that many technology development needs fall under this category.

Cooperative Agreement Notice (CAN): Pending funding availability, a CAN will be released in 1997 to solicit industry/NASA technology development and infusion partnerships. A CAN has the particular characteristic that each party (industry and government) must apply resources, either financial or in-kind, towards the development and infusion of the technology specified in the proposal. As such, this type of solicitation is particularly appropriate for commercial technology development by relatively mature organizations.

NASA Research Announcement (NRA): Technology needs which are currently at a low technology readiness level will be recommended to the NASA Headquarters Life Sciences Division for inclusion in the yearly Life Sciences NRA. This type of solicitation is appropriate for those exploratory technology needs, which are best conducted through an open, peer-reviewed process, and has successfully been used for several years to produce high-quality efforts under the Life Sciences Advanced Technology Development program.

Other: Specific recommendations may be made for other funding mechanisms for items such as rapid flight instrument development efforts for innovative technologies, which would not normally be funded under any of the mechanisms indicated above.

3. INFORMATION GATHERING AND DISSEMINATION

Working Groups

Given the diverse science requirements and technology needs for the GBL, working groups mirroring those at the Workshop will be formed. These working groups will investigate and assess relevant technologies from the government, academic and commercial sectors. Recommendations will be made as to the appropriateness of particular technologies, promising collaboration opportunities, and timelines for infusion. The working groups should include technology representatives from all sectors as well as NASA personnel with requisite knowledge of the GBL and Space Station environments.

ATGB Web Site

The ATGB Web site will provide updates on ATGB activities at: 


http://s2k.arc.nasa.gov/atgb/atgb.html.
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APPENDIX 2

Session Requirements

Science and operational requirements were collected and prioritized to help frame the discussion in each working session. These requirements were derived from NASA documentation and discussions with project personnel.
Research Subject Science Requirements

Common

Accessing the specimen

– Secondary specimen processing containers 

– Fluid handling tools and techniques for microgravity

– Materials compatible with specimen

Processing and preserving the specimen

– Automated tissue processing and fixation methods

– Room temperature biological sample preservation methods

– Freezing capability like liquid nitrogen immersion

– Long-term sample preservation techniques

Processing for in-flight analysis

– Capability to expose samples to 45 °C for up to 2 hrs

– Automated or manual slide processing

– Ways to apply fluorescent labels in an automated fashion

Characterizing the sample in-flight

– Advanced microscopy in glovebox - confocal, other

– Automated or manual slide inflight analysis

– Microgravity genetic test methods - RNA/DNA isolation, DNA analysis

– Advanced sample characterization techniques

Work Area Preparation

– Telerobotics/Robotic lab assistant

– Methods to provide sterile environment within Glovebox (UV light, alcohol spray, positive pressure, etc)

– Automated (telerobotic) video monitoring capabilities operable under various light conditions

– Micromanipulator with telescience capability

Cell

– Sterile access - approaches to start and stop experiments

– Methods for introduction of new media and new cells

– Microgravity systems to degas water for culture media

Animal

– Automated and human assisted in-flight dissection techniques

– Techniques for specimen containment - alternatives to "bag" approach

– Device to collect and/or preserve excreta

– Method to handle and inject isotopes - to assess musculoskeletal metabolism

– Intravenous infusion kit

– In-flight fertilization and embryo selection capabilities

Plant

– Sample dehydration techniques

– Tissue fixation techniques

– Tissue homogenization techniques

– Other in-flight plant tissue processing techniques

– Non invasive monitoring of tissue and function

Habitats and Life Support Science Requirements

Common

 – Batteries for research subject biotransporters – high-power, low-weight, compact

 – Automated ability to collect frequent biosamples over extended duration

 – Sterilization within habitats and subsystems over 90-day periods

 – Electronic shielding technologies and radiation-hardened electronics

 – Non-absorbing composites for lightweight habitats

 – Integration of common, modular systems

 – High-power, compact, light-weight batteries

 – Gas storage, mixing and delivery system

 – Capability to irradiate habitats at specified wavelengths and intervals

 – Out of acceptable range notification for critical life support parameters

 – Ability to recycle water drawn from atmosphere

 – Appropriate illumination for video monitoring

 – Advanced Materials (Biocompatibility, clean-ability, lightweight/durable)

Cell
 – Methods for introduction of new media and new cells

 – Automated cell culture sampling 

 – Valve technology with remote actuation

 – Control within the media: pH, glucose, O2, CO2, temperature, humidity

 – Low volume thermal and noise insulation techniques

 – Recyclable culture media systems

 – Storage of additives and media at appropriate temperatures

 – Accommodate foam, beads, collagen, gelatin and agar as substrates

 – Advanced nutrient, water and waste systems

 – Air filtration - particulate, chemical, organic

 – Lighting - low-power, diffuse, variable intensity to at least 40 lux

 – Temperature controllable within specified setpoints, cannot vary more than 0.5 degrees

 – Controllable rate of nutrient delivery

 – Ability to add and accommodate additives such as fixative, inhibitors and hormones

 – Prevention of contamination, preservation of sterile conditions

 – Ability to introduce new media into the culture within 1 °C degree of culture

 – Capability to supply oxygen, carbon dioxide and nitrogen at specified concentrations

 – Capability to fix drawn and intact samples with specified delivery rates

Animal

– Odor control at habitat/glovebox air exhaust

– Advanced filtration systems for exhaust systems

– Particulate containment

– Liquid containment, including condensate

– Heat exchange

– Water system – non-corrosive, sterile, maintain palatability

– Visual environment stimulator

– Cables and connectors – water-tight, gnaw-resistant

– Fans – light-weight, low-profile, low-cost, low-noise, low-power

– Clean window over 90-day period for video and visual monitoring

Plant

 – Plant growth LED light systems

 – Recyclable plant nutrient systems

 – Ability to control root and shoot temperatures separately

 – Water introduction to roots at specified temperature

 – Monitor and control of oxygen, carbon dioxide, and highly sensitive control of ethylene

 – Control of humidity, air pressure, soil nutrient levels, pH, salinity, and temperature

 – Uniform distribution of moisture, nutrients, salinity and pH

Measurement Systems Science Requirements

Common

– Automated video monitoring (visible and infrared)

– Advanced, miniaturized CAT, PET, NMR, etc. capabilities

– Thermographic imaging, ultrasonic imaging

– Detection of photon emission and fluorescent signals from markers 

– Techniques for non-invasive measurement of morphology and function

– Automated micromass measurement systems

– Technologies to measure body mass, volume and surface area

– Advanced inventory systems for specimens, samples, etc.

– Fire detection measurement systems

– Atmospheric CO2, O2, N2, NH3, humidity

– Chemical and biological sensors for nutrient solution measurements - pH, and dissolved O2, CO2, N2.

– Advanced chromotographic, electrophoretic, and mass spec. techniques

– Light intensity, photon flux measurements

– Advanced sensor systems for acceleration, vibration, & radiation

– Automated self calibration of measurement systems

– Sensors systems for hardware monitoring

Cell

– Nutrient solution glucose measurements.

– Genetic test methods – RNA/DNA amplification/isolation/measurement

– Capability for in situ color video imaging at 10X and 40X

– Bubble detection 

– Cell number, turbidity

– Automated, robotic slide inflight microscopic analysis

Animal

 – Advanced, miniaturized pressure and flow transducers

 – Chronically implantable biopotential transducers

 – Chronically implantable chemical and biological sensors

 – Implantable conductance techniques

 – Miniature, chronically implantable, wireless biotelemetry systems

 – Neural recording measurement techniques

 – Pleural and airway pressure transducers

 – Hemoglobin/oxygen saturation measurements

 – Respiratory and blood gas analysis techniques

 – Miniaturized systems for blood, urine analysis

 – Methods for using radio isotopes

 – Measurement systems for metabolic analyses

 – Non-invasive EMG recording

Plant
– Highly sensitive monitoring of atmospheric ethylene gas

– Chemical sensors for nutrient solution measurements, including, NH3, NO3-, NO2-, K+, Ca++, Cl-

– Nutrient solution conductivity

Data Communications, Processing and Display 

Science Requirements

Common

 – Data compression and trend analysis tools

 – Advanced inventory systems

 – Real-time environmental monitoring (on ground, on board)

 – Ultrasound and x-ray imaging

 – Wireless, wearable, hand-held computer, data display systems

 – Advanced visualization and imaging systems

 – Intelligent systems for experiment support and facility maintenance

 – Portable high-density, high-reliability memory systems

 – Radiation-hardened computers & data storage mechanisms

 – On-demand real-time black-and-white, and color video downlinks

 – Ability to monitor and record flight experiment video from the ground

 – Modeling of interaction of systems to help predict system performance problems

 – On orbit and on ground display of all monitored environmental conditions

 – Real-time video and audio up and down links

 – Lossless and with loss video compression

 – Autonomous robotic devices & controllers

 – Telerobotics

 – Real time data collection and communication of parameters being measured and monitored

 – High density memory capacities

 – Video downlinking capabilities

 – High bandwidth (ratio of various data streams, which split?)

 – High capacity data processing

 – High capacity data/image/sound storage & retrieval

 – Alert systems for unacceptable environmental conditions

 – Data management tools (tagging, comments, location, distribution)

 – Software uploads

 – Hardware upgrades

 – Data display (flat panel, real-time, data repository, GUI)

 – Video display (compression, image repository)

 – Sound display (ambient noise, compression, voice recognition, voice generation)

 – Estimates of amount of data generated by type

 – Microgravity tolerant input devices

Cell

– 3 dimensional video display

Animal

– Neural modeling software for studying neural network development

Plant

– Video monitoring in low light (IR, enhanced video processing, shape detection & marking)
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