Commercialization of NASA’s TeleMedTech

The purpose of this report is to show the various ways (and means) in which the progressive efforts of the NASA space telemedicine program may be brought to the consumer health industry in America and elsewhere.  Transferring technology from the domain of government research to the commercial sector is our focus.

NASA’s early work in telemedicine centered primarily on the monitoring of astronauts during manned space flight.  Biotelemetry was/is the name given to this process.  

Biotelemetry is defined as a means of transmitting biomedical or physiological data from a remote location (e.g., astronauts in space) to a location that has the capability to interpret the data and affect decision making (e.g., ground controllers at Mission Control Center). [http://www.it.hq.nasa.gov/~kmorgan/telemed_blue/history/history.html]

Data transmitted included heart rate, body temperature, electrocardiogram, oxygen and carbon dioxide concentrations.  The extremes and remoteness of environments in which astronauts were placed required this kind of monitoring.

Telemetry was employed to establish an understanding and monitor the health and well-being of the astronauts while they were in orbit.  So NASA has been involved in the development and application of telemedicine since the Agency’s beginnings…Moreover, the principles of telemedicine are also used in biomedical research through telescience. http://www.it.hq.nasa.gov/~kmorgan/telemed_blue/history/history.html  

Beyond such cases of physiological monitoring from space, NASA eventually undertook earth based telemedicine workings for purposes of disaster medical support and also for provision of medical services to very remote human habitations.  This work began in the early 1970’s and continues at higher and higher levels of technological and expert capabilities.  These factors demonstrate the significant role NASA must play in thinking about how to best create a globally executable, state of the art and high quality real time telemedicine.  

For further details on the history of NASA’s telemedicine record see 

· http://www.it.hq.nasa.gov/~kmorgan/telemed_blue/history/history.html
· Applications of Telemedicine in the United States Space Program (Doarn et al., 1998)
“The design of medical care for space flight should lead to a redesign of the practice of medicine on Earth” (Doarn et al., 1998)

Increasing capabilities in distributed communications systems and interface methods will no doubt reshape the use and power of medical knowledge.  Internet 2, satellite communications ware, sensors, processing software (e.g., NeatTools) and interface systems are some of the rapidly advancing fields bearing on telemedicine today.  

The NASA Integrated Strategic Program Plan for Telemedicine is the next generation of medical science in space.  Its purpose is to advance the art of providing medical support to astronauts in real time space mission situations.  These include but are not limited to the International Space Station and the Manned Mission to Mars.  Foundational to the program are strategies for the "integration of telecommunications technologies, information technologies, human-machine interface technologies, and medical care technologies for the purpose of enhancing health care in space flight” (Doarn et al., 1997)

Long term advantages of this program include: 

· international and multicultural teams

· integration of telemedical processes into the national and global informational infrastructures

· collaborations with industry and academia

· idea proliferation and mixing

· revolutionary technological results of cross-pollinization

NASA’s space medicine infrastructures provide a truly effective testbed for all the fruits of this collaborative adventure.  The ecological extremes space flight presents to the human body will form the empirical foundation of all future and spin-off work.  In addition, it is also a very important fact that NASA will be exploring commercial and academic institutions already marketing various products so as to bring them into the space program with minor adaptations.  
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The NASA Commercial Space Center for Medical Informatics and Technology Applications (CSC/MITA) at Yale Medical School has as its mission

· “To discover and develop highly advanced medical technologies, evaluate them in telemedicine test beds, and rapidly incorporate them into medical support programs for the space voyagers in the Space Shuttle, International Space Station and Mission to Mars”

· “To commercialize NASA’s operational telemedicine programs, such as the SpaceBridge to Russia”  [MITA Literature]

These items have implications for the entire field of telemedicine.  Operating under the restrictions imposed on humans and technology by space environments insures the “most innovative and high-risk technologies” will be researched and developed by the Agency.  Influence on consumer health technology development will follow.  Appropriating the various elements MITA is setting before itself, in the way of technological solutions for doing distributed medicine, we can now sketch a picture of what is optimal in a transfer of technology.

The Center at Yale 

will work with NASA and its industry partners to create a plan for a strategic relationship to optimize the resources of all, and to set an agenda to develop clinical and education services available around the world that will become the front line of a new system of health care and a model for treating people in space…The center will test and prepare, with these partners, a variety of products (Sensors, Transmitters, Effectors, Process Simulators; i.e., STEPS) for utilization to improve Space Medicine and the support of humans in space. The Center will then apply these technologies for experimental telemedicine test beds in the US, and abroad, in order to advance health care in the earth environment.  [Merrell et al., 1997?]

What is STEPS?  

STEPS is an acronym for Sensors, Transmitters, Effectors, Process Simulators.  Designating the technological elements of a robust space medicine infrastructure, each component must be given thorough attention and orchestration of resources so as to match the expectations of the MITA program.  Below we consider each in turn.

A. Sensors 

Sensing physiological data from astronauts is the first line of this medical informatics work.  Blood pressure, pulse, respiration and temperature are the most basic and essential in any projected heirarchy of needed biological information.  Recent space shuttle efforts even contained an ellaborate kit complete with mammalian specimens for assessment of neurological effects of space environments (Neurolab).  Need for much more sophisticated physiological data thus increases as the human movement into space, both planetary and interstellar, only intensifies.  Increasing knowledge of cellular and subcellular biological dynamics will feed the research and creation of vastly more intricate methods for sensing data at these levels.  Gravity, oxygen carbon dioxide concentration, nutrient flux and many other factors will be seen more and more as parts of a larger mosaic of “vital” signs as longer, farther and more scientifically rigorous missions get underway (e.g., Mission to Mars).  Biological factors we are not even aware of will only manifest as we break through to as yet uncharted temporal, ecological and technological territory.

CSC/MITA, Yale University  
· PSM-Personal Status Monitor: Integrated, wearable system of sensors, computer and communicators

· Sensate Liner: “smart T-shirt” embedded with non-invasive fiber optic and piezoelectric microsensors for vital signs 

· Microsensor-Transmitter:  Sensor, A/D converter, microprocessor, transmitter, and battery fit into ring to capture astronaut’s heart rate and body temp.  

· 3-D Tele-Ultrasound:  Backpack-sized unit transmits medical images

· Hand-Held Portable Ultrasound

Sensors 2000 

A new NASA work which “develops advanced sensor, biotelemetry, and data systems technologies, and builds hardware for NASA life sciences flight projects;” and important for our purposes here its “miniaturized systems have wide non-space applications in home health care, combat and disaster casualty care, and environmental monitoring.” [http://s2k.arc.nasa.gov/welcome.html]  The Advanced Technology Development-Biosensors (ATD-B) is the area we are concerned with here.  ATD-B 

considers a biosensor to be any sensor capable of measuring medical, biological, physiological, biopotential, and biochemical parameters. A biosensor system consists of a transducer, signal conditioner, and communication and data transmission components.  [http://s2k.arc.nasa.gov/atd/atd-b/atd_b.html] 

The sensor systems being pursued under this program are 

· Chemical and Biological Sensors 

· Physiological Sensors and Devices 

· Biotelemetry Components and Systems 

· System Architectures 

· Data Management Systems

Chemical and Biological Sensors

To move beyond current technology ATD-B is going into the directions of membrane, catheter electrode and micromachining tehcnologies.  Specific projects in progress include

1. An implantable pH sensor

2. An implantabe calcium sensor

Number one is tied to work being done with UCSF Fetal Treatment center on a Fetal Health Monitoring System (FHMS).  The sensor is implantable and is to 

monitor physiologic parameters of human fetal subjects in the womb following in utero fetal surgery”… The pH catheter represents a significant advance in the area of chronic, in vivo chemical sensing. The telemetric implant and receiver will provide a continual stream of physiological data from research subjects without physical restraint or percutaneous leads, and with minimal astronaut support. [http://s2k.arc.nasa.gov/showcase/fhms.html] 

This is more and more the direction of thinking about how to simultaneoulsy sophisticate and lower the maintenance of remote biological monitoring.

Physiological Sensors and Devices
“totally implantable pressure, flow, and dimension transducers and signal conditioners for cardiovascular and circulatory monitoring. Biopotentials, heat,

motion and imaging are also of interest.” [http://s2k.arc.nasa.gov/atd/atd-b/physio.html]

Biotelemetry Components and Systems
· “In collaboration with researchers at Marquette University, ATD-B is developing a fully digital, smart, programmable biotelemetry system. It is an 8-channel system using pulse code modulation to reduce noise and is based on a Motorola M68-HC05 chip. Compatible with a variety of sensing devices, the system has been built and demonstrated.”  [http://s2k.arc.nasa.gov/atd/atd-b/biotelem.html]

· “Analog signal processing is bulky. In an effort at miniaturization, ATD-B is developing a digital signal processor (DSP) to reduce receiver size. The DSP will allow the same hardware to decode different signal modularities by varying the software. Working with San Jose State University, ATD-B hopes to overcome the  hurdle of marrying digital processing with an analog receiver. A working prototype has been built.” [http://s2k.arc.nasa.gov/atd/atd-b/biotelem.html] 

· “Biotelemetry requires antennas. ATD-B staff are working on a cage antenna for use with group-housed animals. Using a slot antenna design, the goal is to provide full coverage within a wire mesh metal cage with a 400 MHz link to the animal and a 200 MHz link to the receiver. This design has potential ground-based applications for group-housed lab animals.” [http://s2k.arc.nasa.gov/atd/atd-b/biotelem.html]

System Architectures
· “ATD-B is integrating a digital signal processor onto a PC104 microprocessor in order to incorporate it into a small computer system.” [http://s2k.arc.nasa.gov/atd/atd-b/system_arch.html]

Data Management Systems
· “Sensors gather data. But until that raw data is processed and manipulated, there can be no useful analysis. To this end, ATD-B investigates and develops new systems for processing, displaying and storing data. Specific areas of interest include smaller and less complex systems, and handheld systems that provide portable data gathering, analysis, display and storage.” [http://s2k.arc.nasa.gov/atd/atd-b/data_mgmt.html]

B. Transmitters

CSC/MITA, Yale University
· Teleradiology with Digital X-Ray:  Instantaneously captures precise, clear digital x-ray images and stores them as digital information or transmits them to a remote site

· Tele-Pathology

· Hand-Held Portable X-ray

· SpaceBridge to Russia

C. Effectors  

Diagnostic and therapeutic devices

CSC/MITA, Yale University

· LSTAT: Life Support for Trauma and Transport:  self-contained mini-ICU

· Telepresence Surgery: Remote surgery over telemedicine networks

· Holographic Displays: Free space holograms + Phantom haptic=touchable images.  

· Wearable Computing

· Artificial Muscles

D. Process Simulators
CSC/MITA, Yale University
· Limb Trauma Virtual Reality Surgical Simulator: Prototypes now used by the U.S. Army for medic combat casualty training.  Accurately simulates wounds and injuries for faster, more effective training.  

· Virtual Endoscopy:  performs virtual fly-through of a patient’s dataset as captured by CT or MRI, producing the same images as a true endoscopic examination

· Real-Time Volumetric Rendering of Human-Derived Data: Improves segmentation, registration and data fusion to construction real-time 3-D images 

· Organ Trauma Simulator

· Derivation of Physical Properties of Living Tissue

· Deep Pixels for 3-D Database

· Haptic Input Device

· Virtual Emergency Room

The Johnson Space Center, Office of Technology Transfer and Commercialization has implemented a detailed system to "transfer and enable commercialization of NASA technologies to the private sector to create jobs, improve productivity, and increase United States competitiveness of United States companies."  This statement of mission captures the exact purposes of the Yale University CSC/MITA program.  

� All information on STEPS details taken directly from NASA or CSC/MITA documents, as listed.  References are given in brackets where available.





