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INTRODUCTION

This supplement is a companion to research announcements released by agency members of the
International Space Life Sciences Working Group (United States National Aeronautics and Space
Administration (NASA), the European Space Agency (ESA), and the space agencies of Canada
(Canadian Space Agency, CSA), France (Centre National d’Etudes Spatiales, CNES), Germany
(Deutsche Agentur fur Raumfahrtangelegenheiten, DARA), and Japan (National Space
Development Agency of Japan, NASDA) for 1997. The various sections of this supplement
provide a common basis for proposal preparation and submission by any eligible scientist,
regardless of the country of origin.

Interested persons who do not have a copy of the appropriate agency research announcement
should contact one of the following persons for more information:

United States National Aeronautics and Space Dr. Joan Vernikos, Director

Administration (NASA) UL/Life Sciences Division
NASA Headquarters
Washington, DC 20546-0001
USA

(202)358-2530
(202) 358-4168 (FAX)

European Space Agency (ESA) Dick A. M. Mesland, Senior Biologist
ESTEC
European Space Agency
Keplerlaan 1
P.O. Box 299
2200 AG Noordwijk
THE NETHERLANDS
(31) 71 565 3650
(31) 71 565 3042 (FAX)

National Space Development Agency of Japan Shunji Nagaoka, Ph.D.
(NASDA) Space Experiment Department
National Space Development Agency
of Japan
Tsukuba Space Center
Sengen 2-1-1, Tsukuba
Ibaraki, 305
JAPAN
81-298-52-2703
81-298-50-2233 (FAX)



Canadian Space Agency (CSA)

Centre National d’Etudes Spatiales (CNES)

Deutsche Agentur fiir
Raumfahrtangelegenheiten (DARA)

Alan J. Mortimer, Ph.D.

Program Scientist

Space Life Sciences, Space Science Program
P.O. Box 7275

Vanier Postal Station

Ottowa, Ontario K1L 8E3

CANADA

(613) 990-0801

(613) 952-0970 (FAX)

Dr. Antonio Guell

CNES Direction des Programmes
18, avenue Edouard Belin

31401 Toulouse Cedex 4
FRANCE

(33) 5-61-28-25-77

(33) 5-61-27-40-13 (FAX)

Dr. Glnther Ruyters

DARA

Head, Life Sciences (WS 2)
Koenigswinterer Strasse 522-524
53227 Bonn-Oberkassel
Postfach 300364

53183 Bonn

GERMANY

49 (228) 447 214

49 (228) 447-714 (FAX)

Proposers submitting responses to agency announcements should be aware that the proposal

submission deadline for 1997 is April 1, 1997.



1.0 SPACE LIFE SCIENCES PROPOSAL EVALUATION PROCESS

This section describes the process that will be used to evaluate the scientific and technical
strengths and weaknesses and, in some cases, the feasibility of carrying out the research/technical
plan defined by the proposals submitted to any agency member of the International Space Life
Sciences Working Group during early 1997. Following evaluation, each agency will select
proposals for either funding or flight opportunities (or both) according to guidelines described
elsewhere in individual agency announcements. That selection process is NOT described here.

1.A  Evaluation Process

The evaluation process consists of four distinct elements: agency screening, scientific and
technical merit evaluation, evaluation of the feasibility of implementing the proposed tasks, and
agency evaluation of the relevance of the proposed activity to agency objectives or goals and of
resource cost versus availability. All proposals are not necessarily subjected to all four elements
of the evaluation process. For example, if an agency has defined a special and restrictive
screening process in its announcement, then those proposals that fail to pass that screen will not
be subjected to further evaluation. Also, proposals that do not require flight accommodation or
the use of special ground facilities to be carried out need not be subjected to the formal feasibility
evaluation mentioned above.

1.A.1 Agency Screening

Each research proposal must be submitted to individual space agencies in response to an official
agency solicitation issued by that agency. In that solicitation, an agency may define a number of
critical constraints that proposals must satisfy in order to be considered for selection by that
agency. If this is the case, then proposals not satisfying those constraints may be returned to the
proposer without further review. For example, one agency may fund no work with certain
specimens, or no work in certain discipline areas, or no work without a flight component.
Proposals to these agencies to carry out work that will not be funded by them will be returned to
the proposer immediately following submission. For this reason, proposers are advised to
communicate with agency officials if there is any doubt of the acceptability of a proposal by the
agency in question.

1.A.2 Scientific and Technical Merit Evaluation

Following submission and screening, compliant proposals will undergo a scientific and technical
merit review. All compliant ground and flight proposals submitted to NASA will undergo merit
review by a panel of US experts. All compliant flight proposals furnished by an agency, as well
as US flight proposals, will undergo merit review by a panel of international experts. The variety
of panels and the number of experts required for this latter evaluation will be determined by the
response to the agency announcements and by the variety of disciplines represented in the
proposals received. Experts will, in general, be drawn from the international scientific
community. All panels (US and international) will utilize the same factors in their evaluation and
all panel meetings will be conducted using the same review guidelines. The aim of this review
process will be to determine the scientific and technical value (numerical score plus narrative



description of strengths and weaknesses) of each proposal. Cost factors will be considered in
this evaluation, but only through determining the appropriateness (realism and reasonableness) of
the budget to accomplish the proposed task.

For the purposes of this merit evaluation, scientific proposals will be differentiated from
technical proposals by two characteristics: the underlying objective of the proposal and the
method proposed for reaching that objective. Scientific proposals generally have, as their
primary objective, the development of new knowledge through the scientific method (i.e., through
the development and testing of a scientific hypothesis). Technical proposals, on the other hand,
usually have the development of technologies or processes as their primary objective, and
propose engineering methods, evaluations, and trade studies to reach their objective. It is the
responsibility of each applicant to determine whether their submitted proposal is scientific or
technical; the central review coordinator reserves the right to reclassify submissions prior to
review.

The overall scientific and technical value of each proposal will be based on the following critical
factors:

Clarity of the project’s hypotheses and objectives

Feasibility of the approach and adequacy of the methods and procedures to carry
out the proposed project

Innovation of the research design

Originality of the proposed project

Likelihood that the proposed project will lead to new discoveries or fundamental
advances within its field

Likelihood that the proposed project will lead to new technologies that contribute
to space missions or to the health and welfare of the people on Earth

Familiarity of investigators with the relevant published literature

Background and documented experience and skills of the investigators as an
indication of their ability to accomplish the proposed activity

For flight investigations, documented adequacy of maturity of the proposed
project (i.e., is the project scientifically/technically ready for flight or is further
ground research or development required?)

Availability of the investigators to devote adequate time and effort to the project
Adequacy of institutional resources, facilities, and equipment to support
proposed research

Overall standing among similar proposals available for evaluation and/or evaluation
against the known state-of-the-art

Potential that accomplishing the proposed project will significantly enhance the
productivity and/or cost effectiveness of ground or space operations
Appropriateness of the budget, including the realism and reasonableness of the
proposed costs

All proposals evaluated by this merit review will be scored from 0 (minimum) to 100 (maximum)
points. The merit score will place the proposal in one of five categories:



Category Range Descriptive Features

Outstanding 90-100 This score places the proposal among the top 10% of
proposals in its area of research and warrants the highest
priority for support. This scoring category is used only for
truly outstanding proposals.

Excellent 80-89 This score places the proposal among the top 20% of
proposals in its area of research and warrants high priority
for support.

Very Good 65-79 This score places the proposal among the top 35% of
proposals in its area of research and warrants priority for
support.

Good 50-64 This score places the proposal among the top 50% of

proposals in its area of research. Proposals in this category
are worthy of support.

Fair 0-49 This score places the proposal among the lower 50% of
proposals in its are of research. Although support of
proposals in this category might be possible with
contingencies, generally these proposals should be rewritten
and reviewed again prior to support.

In addition, a small number of proposals will not be awarded a numerical score, but will be rated
“Not Recommended for Further Consideration (NRFC).” This rating will be given only when the
review panel strongly believes that the proposal should not be considered further by an agency.
Proposals obtaining this rating will still receive the full attention of the review panel and will be
provided the same type of complete narrative critique that other proposers will receive.

1.A.3 Feasibility Evaluation

Following the merit evaluation, each agency will be provided the scores and critiques of the
proposals originally submitted to it. Using this information, each agency will then define the set
of proposals that are to be subjected to a further engineering and technical evaluation by an
international team qualified to determine the feasibility of implementing the proposed projects
utilizing available flight and/or ground facilities. The results of this feasibility evaluation will be
provided to the agency requesting that it be carried out.

1.A.4 Relevancy And Resource Cost Evaluation

Finally, each agency will determine the relevance of each competitive proposal to its own
program. This will be done by evaluating the proposal’s contribution to the development of a
sound agency program having the appropriate balance of tasks required by the agency’s goals and
objectives. In addition, this final agency evaluation will take into account the relationship of the
proposed cost (and other required scarce resources) to the available funds (and other available
resources).



1.B Selection

Following completion of the evaluation process, each agency will prepare a tentative selection
plan according to guidelines described elsewhere in individual agency announcements. Then, the
members of the International Space Life Sciences Working Group will meet to discuss those
issues related to any necessary and appropriate coordination of agency selections that should
take place to optimize science return and resource utilization. For example, it may be more
efficient or more effective to form international teams of researchers addressing overlapping
questions and requiring similar, limited space resources than to have individuals working alone
and relatively isolated using closely related research protocols. Experience has shown clearly that
such teams are best formed at the time of selection, rather than later in the flight experiment
development process.

Following this coordination meeting of the Working Group, each agency will finalize its selection
plan and announce its own selections.



2.0 FLIGHT OPPORTUNITIES AVAILABLE FOR SPACE LIFE
SCIENCES

Note: The information in this section is repeated from the NASA Research Announcements
(96-HEDS-04 and 96-HEDS-05). The relevant portions have been condensed for the
international community.

During 1997, proposals for space flight experiments may be submitted in response to the
Research Announcement if they involve one of three special types of scientific studies:

A. Short-duration experiments that can be implemented primarily on the Shuttle without
the use of major mission resources.

B. Long-duration experiments that can be implemented with the limited resources
available on the International Space Station during the early assembly (construction)
phase (1999-2000).

C. Pre- and post-mission studies involving tests of the astronaut crew prior to and upon
return from their space flight.

All of these experiment types are highly constrained in a number of ways (described below);
proposals requiring resources beyond the capabilities defined below should NOT be submitted in
response to the Research Announcement.

Potential applicants should recognize that, given the limited flight opportunities that are available
at present, the flight experiments area is likely to be one of the most competitive arenas within
the Space Life Sciences for 1997. It is expected that successful flight experiment proposals will
represent mature studies strongly anchored in previous or current ground and/or flight research.
Ground-based research may, and often must, represent one component of a flight experiment
proposal, but that research should be limited to activities that are essential for the final
development of an experiment for flight and for the completion and publication of the scientific
results of the experiment. In this case, only one (flight) proposal need be submitted.

Note that all flight experiments must address one or more of the research programs and emphases
defined in each agency’s Research Announcement. Applicants proposing flight experiments
must fill out the information required on Form C (Section 5 of this document). Flight experiment
proposals should emphasize the actual experiment, duration requirements, and experiment
conditions. The investigator should allow for flexibility in selecting the best hardware to be used
to accomplish the experiment goals.

Descriptions of the hardware items available to support human and non-human experiments are
included in the International Flight Hardware Catalog section of this document (Section 3.0).
Investigators may propose to use one or more pieces of this flight-certified hardware to
implement their experiments, or may propose to utilize their own currently existing flight
hardware. The development of experiment-unique equipment to implement experiments is
discouraged, and individual agencies may not allow such development. However, when
exceptional circumstances justify the need for such equipment, such items should be proposed as
new developments and the additional costs should be included in the proposal.



It should be noted that the informed consent of human subjects must be obtained prior to
carrying out any study in space, and potential proposers should be aware that obtaining such
informed consent will involve a uniform process regardless of the country of origin of the
proposer.

Applicants should note that flight experiments should be proposed as if the actual flight of the
experiment occurred between 1999 and 2001. Experiments that cannot be accomplished within
this time period should not be proposed at this time. With strong justification, applicants may
request multiple flight opportunities; however, preference will be given to those proposals
requesting only one flight to accomplish the proposed research.

2.A  Short-Duration Flight Experiments

Short duration experiment proposals submitted in response to the Research Announcement are
restricted to experiments that can be accommodated on the Shuttle in addition to the primary
mission and that use existing flight hardware. The experiments themselves are usually stand-alone
studies that require limited crew training and involvement to execute. It is possible to take
advantage of the location in the Shuttle middeck to obtain late pre-flight installation and early
postflight retrieval of materials.

For more information on the shuttle middeck accommodations, please access the web site:
http://www.ksc.nasa.gov/shuttle/technology/sts-newsref/stsover-prep.html#stsover-mpaccom

It is expected that a limited number of flight opportunities will exist for the use of human (crew)
subjects and non-human subjects. Note that the number of crew subjects available to support
such studies will be limited due to both the late manifesting of middeck experiments and the
limited amount of crew time historically available to support such experiments.

2.B  Long Duration Flight Experiments

Limited research opportunities will be available during the construction phase of the International
Space Station. These opportunities shall be longer than the current Shuttle limit of
approximately 16 days, but will be constrained in a variety of other ways. Research
opportunities will be available during utilization flights when the Shuttle visits the Space Station
and during the time period between the utilization flights when the permanent onboard crew will
act as experiment operators and, if necessary, as subjects. The duration of microgravity exposure
during the 1999-2001 time frame can, in theory, be indefinite with periodic disturbances every 30
days caused by the U.S. and Russian transportation vehicle docking activities. The primary
opportunities to transport scientific equipment, supplies, and samples will be on the utilization
flights of the Shuttle; however, modest capabilities for research-related deliveries and sample
returns will be available on assembly flights that take place every 40-90 days.

During the period of time covered by this solicitation, space life sciences research is restricted to
utilize a limited hardware set. Potential applicants should refer to the International Flight



Hardware Catalog section of this document (Section 3.0) for descriptions. The hardware
available at this time represents the early configuration of the Human Research Facility and the
European Space Agency’s Modular Cultivation System.

Applicants should be aware that extravehicular activity (EVA) is scheduled for these
flights; this requires the atmospheric pressure in both the Shuttle and the Space Station to be
reduced to 10.4 psi for 24 to 48 hours. Proposers should consider the potential impact of such
reduced pressure on their investigations. In addition, it is expected that the following resources
will be severely constrained throughout 1999-2001: crew availability for science operations,
power, and logistics resupply (both frequency and mass) to and from Space Station. Refrigerated
stowage on the Shuttle for transport of samples will be very limited, and during certain time
frames, refrigerated stowage may not be available on the Space Station. Experiments with few
and/or simple in-flight activities have the greatest potential for technical feasibility during this
time frame.

It is expected that competitive proposals will address issues of critical basic physiological or
operational importance and will require the unique facilities or attributes of microgravity
exposure in excess of 16 days for their completion.

2.C  Pre- and Post-Mission Studies

Opportunities will be available to perform experiments, collect samples, and take physiological
measurements utilizing the astronaut crew both prior to their space mission and following their
return to Earth. Such proposals are considered flight experiments and should specify the desired
activities, the time frame in which these activities must be performed prior to and following the
mission, and the required mission duration (e.g., prior to and following a short-duration shuttle
mission versus an ISS mission).



3.0 INTERNATIONAL FLIGHT HARDWARE CATALOG FOR SPACE

LIFE SCIENCES

3.A  Overview

This document provides information on space flight equipment that is available for applicants to
carry out their flight experiments. The hardware described is anticipated to be available for the
time frame covered in this solicitation. This suite of hardware represents the contributions of all
member agencies of the International Space Station Life Sciences Working Group; all equipment

is available for the use of researchers from all member agencies.

Tables 1 and 2 list major and supporting hardware items or capabilities, along with their
anticipated availability for short duration and long duration experiments. A detailed description
of the items in Table 1 is provided in Section 3.B, and a short description of the items listed in

Table 2 is provided in Section 3.C.

Table 1. Major Hardware Item Availability

Major Hardware and Capabilities

Short Duration

Long Duration

Aerobic Exercise Device - Ergometer

X

Aerobic Exercise Device - Treadmill

X

Animal Enclosure Module (AEM)

Aquatic Research Facility

Biological Research in Canisters (BRIC)

XX XXX

Foot-Ground Interface

Gas Analyzer Mass Spectrometer

HRF Computer Workstation

Lower Body Negative Pressure

Modular Cultivation System

Muscle Atrophy Research and Exercise System

X XXX XXX

Plant Growth Facility

Range of Motion Suit (Goniometers)

Resistive Exercise Device

Ultrasound/Doppler

XXX
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Table 2. Supporting Hardware Availability

Supporting Hardware and Capabilities

Short Duration

Long Duration

Human Hardware

Activity Monitor

Hand Grip / Pinch Force Dynamometer

XX

Hematocrit Centrifuge

HRF Centrifuge

HRF Portable Computer

Human Physiological Monitoring

Blood Pressure

Muscle Potential

ECG/EMG/EEG

Human Sample Collection Kits

Injection and Infusion System

Mass Measuring Devices

XXXX XXX XX

Orbiter Centrifuge

XX XXX XX

Pulse Oximeter

Radiation Measurement Capabilities

X

Respiratory Impedance Plethysmograph (RIP)

XXX

Venous Occlusion Cuff and Controller

Video Imaging

XX

Animal and Plant Hardware

Beetle Kit Experiment Hardware

X

Dissection Microscope

Glovebag Kit

Harvest Kit

Fixative Kit

Flight Syringe Unit

XX XX XX

XX [X]X

Temperature Control Devices

X

X

11




3.8 MAJOR HARDWARE ITEM DESCRIPTIONS

HARDWARE ITEM: Aerobic Exercise Device - Ergometer

Equipment Provider: NASA

DESCRIPTION:
The Bicycle Ergometer provides a quantitative measure of the exercise stress induced in a subject.
The Ergometer shall be used for crew aerobic exercise.

FUNCTIONAL CAPABILITIES:

The Ergometer shall be capable of:

» Providing a controlled work load, driven by the hands or feet, that is controlled by manual
adjustment or computer control.

» Operating in the Og environment with the subject seated or supine.

» In-flight calibration by a crew member to assure accuracy.

» Providing time-synchronized data compatible with other complementary analyses.

* Providing a measure of external work.

* Accommodating size range of astronaut population from the 5th percentile Asian female to
the 95th percentile white male.

* Providing recumbent seating for the user. The seat shall have multiple settings, to adjust to
each individual’s comfort.

» Providing a data output which will consist of work rates in watts and pedal speed (rpm) for
use with a data acquisition system.

* Being deployable and portable.

» Operating in 1g and 0g environments.

TECHNICAL SPECIFICATIONS:
The Ergometer shall:
* Provide two modes of operations: Manual and Computer Controlled
* Allow selection of the following:
Work 0 - 350 watts (15 watt intervals)
Speed 30 - 120 rpm (5 rpm intervals)
* Maintain an accuracy of:
Workload £5%, Speed +3%

RACK CONFIGURATION:

In general, this device may be used with the ambulatory data acquisition system, the mass
spectrometer, the foot-ground interface monitor, the holter monitor, the continuous blood
pressure measurement device, the pulse oximeter, the respitrace, the video system, the range of
motion system, the head and body tracking system, and the hand-load interface and should have
close proximity to the above devices.
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HARDWARE ITEM: Aerobic Exercise Device - Treadmill

Equipment Provider: NASA

DESCRIPTION:

The Treadmill shall be used for providing walking and jogging exercise. The device will employ
various strategies (e.g., subject load devices) to simulate as closely as possible 1g skeletal loading
during exercise bouts.

FUNCTIONAL CAPABILITIES:
The Treadmill shall be capable of:

Providing the proper load distribution on the body similar to that experienced in a variable-g
environment. The harness will be adjustable to accommodate the size range of the astronaut
population from the 5th percentile Asian female to the 95th percentile white male.

Providing hand holds for crewmember stability.
Providing time synchronized data compatible with other complementary analyses.

Measuring and displaying the loads exerted on the subject by the restraint harnesses prior to,
during, and after the exercise bout.

Measuring and recording the interface loads between the treadmill surface and the foot during
exercise.

Providing a data output terminal to be used with additional data collection systems.
Providing a control panel display of the following information:

Speed
Target & Actual distance Heart rate
Elapsed Time (min:sec) Restraint Force

The Treadmill system will provide for manual or software control of device parameters.
Software control can be programmed to suit varying exercise protocols. The software
required to control the Treadmill system will be resident on the Treadmill.
Providing the ability to store data from each exercise protocol, and being remotely controlled
by a computer.
The Restraint System shall be capable of providing stabilization of the user in a weightless
environment, and proper load distribution on the body and appropriate body orientations.
The Treadmill should exhibit the following maximum linear and angular displacements
following each foot strike:

Pitch - 5°, Roll - 5°, Yaw - 5°

Anterior/Posterior - 1 inch, Medial/Lateral - 1 inch, Surface Normal - 1 inch
The Treadmill shall be capable of accommodating a pattern of medial/lateral foot placement
that is consistent with both walking and running on both stable and displacing surfaces.

13



TECHNICAL SPECIFICATIONS:
The Treadmill shall:

Provide the following operational modes for exercise:

- Motor Driven: 0-10 mph, adjustable speed control with speed resolution of 0.5 mph and
speed fluctuation less than 2% while the subject is running.

- Passive: Device will be functional without a motor, and allow a subject to drive the tread
at speeds ranging from 2 to 7 mph.

Loads applied to the harness accelerating the runner towards the treadmill shall be able to be

measured and should be between 40-220 Ibs. with a load resolution of 5 Ibs.
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HARDWARE ITEM: Animal Enclosure Module (AEM)

Equipment Provider: NASA Previous Missions Flown/Status:
STS-80 (latest)/Operational

DESCRIPTION:

The Animal Enclosure Module (AEM) supports up to five 250-g rats and fits inside a standard
middeck locker with a modified locker door. It is composed of a stainless steel grid cage module,
fan blowers, a layered filter system, interior lamps, and a water unit; food bars are glued on cage
walls. Total animal floor space, with water box installed, is 645 cm?. A removable divider plate
provides two separate animal holding areas (if required). The AEM remains in the stowage
locker during launch and landing. In orbit, the AEM may be removed from the locker and the
interior viewed or photographed through the clear Lexan cover which is over the cage; the AEM
must be pulled out of the locker approximately three quarters of its depth to allow crew
observation of the rodents. Temperature can be read from a built-in thermometer and recorded
automatically when the AEM is outfitted with a 4-Channel Ambient Temperature Recorder
(ATR-4). The Main Breaker protects and distributes power to fan and lighting subsystems.
Additional circuit breakers independently protect lights and fans in diagonally opposed corners
to assure light and air circulation on each side of the AEM should one breaker fail. The AEM can
be moved into the Orbiter approximately twelve hours before launch and removed approximately
one hour after landing.

FUNCTIONAL CAPABILITIES:

Air Quality: Cabin air is exchanged with the unit through a filter system. Four fan blowers,
operated by a switch on the front panel, create a slight negative pressure inside the cage, causing
an air sweep to pull animal waste products into a collection filter. Cabin air is drawn through the
front panel inlet slots, then along the side plenum walls, to be directed though the inlet filter
located at the rear of the AEM, into the animal habitat. High efficiency particulate air filters
(electrostatic and phosphoric acid treated fiberglass pads) prevent any microbiological escape
into the cabin atmosphere. Treated charcoal, within the unit, confines animal odors within the
closed system. After exiting the habitat through the exhaust filter (located at the front of the unit
between the rodent cage and fans), the filtered air is drawn through the fans into the cabin and
directed by the air deflector. Air flow indicator ribbons are attached to both sides of the air
deflector for visual confirmation of AEM air flow.

Lighting: The four internal lamps provide an average of 14 lux illumination and are controlled by
an automatic timer to provide a 12-hour lighting cycle. The lamps are mounted two to a side in
the rear corners of the AEM, between the animal habitat and inlet filter, and are covered with a
clear cap to protect each lamp from animal debris. Although the 12-hour cycle is fixed, the
starting hours, minutes, and day/night sequence can be selected.

Water: The unit has a 1500- and 2000-cc capacity automatic watering unit that utilizes four
“Lixit Drinking Valves” and two flexible plastic (polyvinylchloride) bladders for water storage.

15



Sufficient water pressure is maintained via compression springs. Total water consumption can
be monitored inflight by observation of water levels via a Lexan window on the top of the water
box.

Food: Rodent food bars are attached to four slide-in food bar plates inside the rodent cage. The

food, a sterilized laboratory formula, is molded into rectangular bars (approx. 1.875 x 1 x 8
inches) accessible to the animals at all times during the mission.
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HARDWARE ITEM: Aquatic Research Facility (ARF)

Equipment Provider: CSA Previous Missions Flown:
STS-77

DESCRIPTION:

The Aquatic Research Facility (ARF) is a joint development effort of NASA-Kennedy Space
Center (KSC) and the Canadian Space Agency (CSA). The ARF provides a modular, multi-user
facility that can be employed to support a wide range of life sciences investigations in
microgravity. The ARF system consists of two middeck locker units: the main subsystem and
the Sample Storage Unit (SSU). The main subsystem uses 28 VDC orbiter power, while the SSU
does not require external power.

FUNCTIONAL REQUIREMENTS:

The heart of the system is the Standard Container Unit (SCU). The SCUs, sized 4.35 inches x
1.188 inches x 3.094 inches, provide a standard interface with the other ARF systems. The
inside of the SCU can be customized to meet specific science requirements. The first-generation
SCU has been designed to provide automated chemical fixation in a unit which also
accommodates on-line video stereomicroscopy. This unit provides two independent 35 ml
chambers, each coupled with a 1.1 ml fixative piston. A threaded fitting on the bottom of the
chambers facilitates connection of these chambers with the flight syringe unit described below.
Three independent containment levels are provided to ensure containment of the fixative solution
liqguid and vapor. Semipermeable membranes are provided for each level of containment to
facilitate diffusion of metabolic gases.

The main subsystem provides a thermally controlled environment of 10°C to 25°C within 0.2°C.
The main subsystem provides a 1g and a quasi-static (microgravity) carousel to provide
simultaneous microgravity and 1g environments. The 1g carousel supports six SCUs and the
microgravity carousel supports up to seven SCUs. Computer-controlled specimen illumination
is provided using 660 nm LEDs. The main subsystem supports black and white video
observation and recording of specimen activity in both microgravity and 1g environments using
an internal Hi-8 video recorder. This video system employs infrared lighting to minimize
perturbations to specimen activity and provides a resolution of approximately 100 microns. An
on-board computer system controls system temperature, illumination, camera pointing and
selection, video recording, and fixation. The computer also records data (i.e., temperature,
fixation timepoints, carousel speed, etc.) on non-volatile memory.

The SSU is a passive locker (requires no power) which provides thermally controlled storage for
up to 18 SCUs. The SSU occupies a single middeck locker. SCUs located in the SSU can be
transferred to and/or from the main subsystem in-flight to provide maximum mission science
return. The SSU is designed to maintain a temperature down to 6°C for at least 48 hours. In
addition to the thermally controlled storage, the SSU also provides storage space for spare video
cassettes, a manual fixation unit, and a main subsystem manual control unit.
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HARDWARE ITEM: Biological Research in Canisters (BRIC)

Equipment Provider: NASA Previous Missions Flown/Status:
STS-80 (latest)/Operational

DESCRIPTION:

BRIC is a passive storage enclosure which can be used to transport and house various experiment
containers. Since it is passive, BRIC contents are at ambient temperature, and there are no
provisions for power or light sources in BRIC. However, it is possible to install a battery-
operated environmental data logger (temperature, humidity, pressure) in the BRIC locker. BRIC
can be installed into the orbiter middeck during the late access timeframe (~L-16 hours) and
removed after landing during early access (~R+3 hours). Investigators may use existing specimen
containers (see below) or propose developing unique containers.

FUNCTIONAL CAPABILITIES:

The BRIC canisters are essentially aluminum tubes which provide maximum flexibility in
accommodating experiment unique hardware. Hobo data loggers may be included with or in these
canisters to provide data recording of temperature, relative humidity, and/or pressure throughout
the mission. Three types of containers are currently available:

The BRIC-60 canister is a two-compartment aluminum canister designed to fit inside the gaseous
nitrogen (GN2) freezer to enable in-flight freezing of specimens. The BRIC-60 is not sealed.
Light traps are provided at the vent ports to permit passive air movement while eliminating light
entry to the specimens. Previously flown configurations include eighteen 60-mm Petri dishes or
twenty-six Teflon tubes (seed sprouting studies). A total of five BRIC-60 canisters, or two
BRIC-60 canisters and one GN2 freezer may be configured in a middeck locker.

The BRIC-100 is a single-compartment, sealed canister. The previously flown configuration
includes a stainless steel holder for nine 100-mm Petri dishes. A total of six canisters may be
configured in one middeck locker.

The BRIC-100S is a shorter, modified version of the BRIC-100 which includes a quick
disconnect lid and ports for gas flushing/sampling. Since this is a sealed canister, the internal gas
concentration is independent of the middeck environment. The BRIC-100S can be filled with
known gas concentrations pre-flight to support a wide array of investigations. The current
configuration supports four 100 mm Petri dishes per canister. A total of twelve BRIC-100S
canisters may be configured in a middeck locker.
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HARDWARE ITEM: Foot-Ground Interface

Equipment Provider: NASA Previous Missions Flown:
None

DESCRIPTION:

The Foot-Ground Interface is a device which will measure single axis loads, normal to the sole of
the foot, between the foot and the supporting surface during any activity in which a crew
member engages. In addition to the measurement of total force between the foot and the surface,
regional force values will also be available. This device will provide data to the laptop computer
and HRF workstation computer for onboard analysis and display.

The flight system will consist of two flexible insole inserts, cables that run from the insoles to the
waist along each leg, and a waist pack. The insoles will fit in each of the foot garments of the
crewmembers and be connected by cables to the waist pack. The waist pack will contain the
signal processing, data storage, and batteries along with control switches and status indicators for
battery life and storage capacity. Software will also be provided that will be used to display and
analyze the data.

FUNCTIONAL CAPABILITIES:
The Foot-Ground interface shall be capable of:

Providing a measure of force distribution on the sole of the foot where loading occurs.
Providing total force measurements normal to the foot sole.

Generating data in acceptable format and availability for integration into multiple experiment
packages.

Characterizing load profiles via appropriate dynamic response.

Being worn with suitable footwear that will be used in the Space Station. Sensors should be
capable of being worn inside of existing footwear.

Providing software-selectable regional measurements of the loads applied to six sites:
rearfoot, midfoot, medial metatorsal head, lateral metatorsal heads, hallux, and lesser toes).

Incorporating both “burst mode” and “long-term collection mode” to allow rapid sampling of
transient events and long-term sampling and storage at lower frequencies to characterize daily
mechanical “dose”.

Providing insole sizes to suit the variation in the astronaut population.
Providing a calibration device to verify calibration on orbit or on the ground.

Providing a data-recording accomplished PCMCIA card for later playback. Real-time display
will be provided for calibration and confirmation of operation.

Providing the software capable of providing pressure distribution or regional force as
functions of time.

On board, simultaneous display of data from the device during data collection.

19



Malfunction Indicator. A visual alert indication during setup should be given if there is a fault
at any point in the system and identification of faulty elements to prevent them from
influencing the measured values.

Provide interface via RS422 to ADAS, RDAS, HRF Workstation and Laptop Computer.

TECHNICAL SPECIFICATIONS:

The Foot-Ground Interface shall have:

» Accuracy of +5%. Typical hysteresis of 3%.

» Operational temperature range from 10°C to 40°C.
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HARDWARE ITEM: Gas Analyzer Mass Spectrometer (GASMAP)

Equipment Provider: NASA Previous Missions Flown:
Available in December, 1997

DESCRIPTION:

The GASMAP shall be used in conjunction with exercise equipment to measure a person’s
metabolic activity in a shirt sleeve, intravehicular space environment (18-27°C, 10-80% relative
humidity). GASMAP will be capable of providing metabolic data for archival or real-time data
downlink to permit investigators at a ground station to monitor data and GASMAP diagnostics.
The GASMAP will also be used to support pulmonary measurements and will interface with a
pulmonary function/spirometer.

FUNCTIONAL CAPABILITIES:
The GASMAP shall be capable of:

Monitoring flow of inspired and expired gases. Metabolic activity shall be analyzed by
measurement and analysis of the following quantities:

- Volume of inspired and expired gas

- Frequency of respiration

- Ambient barometric pressure and temperature

- Heart Rate
Operating on orbit with or without the use of an external laptop computer. A commercially
available, MS-DOS compatible computer shall reside inside the gas analyzer and be capable
of monitoring and controlling the status of the gas analyzer components and perform gas
measurements. It shall also organize the data in such a format that it can be downlinked real
time or archived to an external computer. Self-diagnostic software shall be included to
facilitate on-board maintenance in space.
Providing feedback and control of the system via an appropriately sized LCD display and
keypad.
Providing an interface for the gas calibration module for control of that module and calibration
gas sampling.
Providing a filter for the sample inlet system to protect the analyzer from particles that could
block the inlet system. The filter shall be accessible from the front panel for easy changeout.
The GASMAP shall be capable of giving an indication visible to the user of an inlet blocked
condition.
Handling a varying sample rate through a wide range. The sampling rate shall be
programmable. Commercial, well-proven hardware shall be used where practical.
Updating gas interaction and gaining corrections easily in software. On-board calibration with
appropriate gas samples shall be provided, and signal calibrations will be easily updated in
software.
Providing interfaces for heart rate and designated exercise device signals on the front panel for
data acquisition. The GASMAP shall be capable of controlling exercise devices via the same
interface with programmable or predefined protocols.
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Accommodating two front panel ports for vacuum connection (with the appropriate flow
control plumbing). One shall provide a method of transporting a gas sample using space
vacuum instead of an internal pump in the event of a sample pump failure. The second shall
provide a means to rough out the analyzer using an external vacuum pump or space vacuum,
in the event of a loss of vacuum.

Providing the ability to disable the interaction corrections and/or summing. Under normal
operation, the gas analyzer computer corrects interactions between the gases, sums the gas
readings and then calculates concentration so that the total of all the gases equals 100%.
There are no accuracy requirements for uncorrected readings.

Providing a flow measurement device which is capable of accommodating the entire
respiratory stream as it enters and exits whether the subject is exercising or at rest with a
minimum of back pressure.

Accommodating integration over a single breath to quantify the volume of gas expired,
because the composition of the gases within a single breath may vary significantly.

Providing the proper interfaces to be utilized with the Pulmonary Function/Spirometer
system.

Providing the ability to simultaneously and continuously measure the partial pressures of the
individual component gases of a mixture as a percentage of the total pressure of the mixture.

Providing selected housekeeping parameters for downlink or to auxiliary experiments.
Displaying information via external computer or front panel LCD in English and Russian.

Providing limited life components (i.e. batteries, filters, sample line) that are accessible to the
user for maintainability. The GASMAP shall also be capable of providing user access to all
circuit breakers and/or fuses.

TECHNICAL SPECIFICATIONS:
The GASMAP shall:

Quantify sampled gases as follows:

TABLE 3.1-1 GASMAP GAS LIST PERFORMANCE SPECIFICATIONS

Gas Mass Response Stability Linearity Error
Measured (10-90%) 24-Hour and Accuracy FS  Allowed
(AMU) (ms) (% of FS) (% of FS) (%) (%abs)

N, 28 100 +.3 +1 100 1

0, 32 100 +.3 +1 100 1

CO, 44 100 +.3 t1 20 t.2

Cig0 30 200 +1.25 +3 1 +.03

N,O 30 100 t .4 +3 10 +.3

Ar 40 100 t1 +3 10 +.3

He 4 200 +1 +3 10 +.3

C,H, 26 200 +.5 +3 2 + .06

SFs 127 100 .5 +3 10 +.3

N, 28 200 +.3 +3 1 +.03
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Have an RS-422 serial port also available to an external computer system of experiment
hardware.

Have an Ethernet Hub, which shall provide communication between the GASMAP and the
SIR via its back panel connector. It shall also provide communication between the GASMAP
and an external computer for performing detailed system diagnostics.

Provide a method of switching the measured gas units from percentages of total atmospheric
concentration to direct partial pressures and vise versa.

Provide for display of the analog gas signals along with other major housekeeping functions.
Provide the capability to measure a minimum of 10 gasses desirable on a breath-by-breath
basis.

Provide a sample gas mixture with a minimum volumetric flow rate of 60 ml/in £10% via a
catheter/capillary tube. Adjustable sample flow rates are required.

Provide a dedicated high-quality analog, 0-10V DC channel available to external devices on
orbit for each specified gas per Table 3.1-1. Not all channels may be active in any one test
depending on the selection of gases desired.

Provide digital data for the selected analog outputs.

Provide an electrometer capable of sensitivity to 100 ppb.

The gas analyzer shall be equipped with a turbo-molecular pump of at least 20-50 liters per
second pumping capacity to maintain vacuum within the analyzer.

The Calibration module shall contain gases which provide two calibration points per channel.
The calibration subsystem shall exercise each channel at the 10 and 90 percent points.

RACK CONFIGURATION:
The GASMAP and its Calibration Module shall be Standard Interface Rack compatible in both
mechanical and electrical fit and function.

23



HARDWARE ITEM: HRF Computer Workstation

Equipment Provider: NASA Available Date:
August 11, 1997

DESCRIPTION:

The rack-mounted, workstation-class processor and backplane will serve as a general purpose
experiment computer. Additionally, the capabilities will support psycho physical/ cognitive/
human factors studies.

FUNCTIONAL CAPABILITIES:
The HRF Computer Workstation shall be capable of:

Providing high-capacity mass storage devices.
Uploading and downloading software and data from and to the ground.

Having sufficient back plane space to support the use of digital signal processing cards and
dual 3-D graphics accelerators.

Supporting multitasking and event-driven, real-time processing.
Supporting multichannel equal-interval sampling and precise reaction-time measurement.

Supporting a variety of operating systems, such as DOS/Windows, UNIX/X-windows, and
Windows NT.

Accepting pre-developed software or standard off-the-shelf applications for specific
experiment needs (for instance, LabViews, SAMMI).

Providing simulations of tasks similar to those used in training to measure performance
retention/degradation over time and the effect of in-flight training on productivity.

Accommodating video frame grabbing and NTSC video generator card and video storage
capability on disk.

Providing voice input and sound output.

Displaying high-resolution graphics. Accepting and utilizing graphics software.

Providing multiple serial interfaces. Supports a printer.

Providing Ethernet and Payload Bus connectivity.

Providing an A/D Card - 16 bit resolution (standard).

Providing an option to support head-mounted display.

Providing a VVoice Recognition System (software interface required).

Providing digital sound recording and playing capability.

TECHNICAL SPECIFICATIONS:
The HRF Computer Workstation shall have:

An adjustable work surface and foot restraints.

A large (17”) rack-mounted high-resolution, 24-bit color display (standard option) and
separate keyboard. The display should have minimum lag, so that dynamic graphics and
motion video can be displayed. On/off LCD switching should be less than 100 msec.

Non-fixed workstation components adjustable and able to connect to seat track attachments.

24



Attachments to allow the components to be placed in various orientations or combinations
for different test situations.

Minimum restrictions on the type or quantity of software that may be loaded on the
compulter.

Ability to accept wide range of input devices, including trackball, joystick, hand controller,
eye-tracker, etc. (Serial port, and Analog input support).

A PCMCIA slot to access data from other devices stored on PCMCIA cards.

A file compressor utility program.
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HARDWARE ITEM: Lower Body Negative Pressure (LBNP) ||

Equipment Provider: DARA Available Date:
March 1998

DESCRIPTION:

The Lower Body Negative Pressure (LBNP) Device provides a decompression device for life
science research. It will allow scientists to monitor deconditioning of the human cardiovascular
system due to long periods of weightlessness and provide for a countermeasure to orthostatic
intolerance. The LBNP will accommodate research opportunities such a microneurography for
other than cardiovascular discipline science.

The LBNP is a cylinder that encloses the lower abdomen and lower extremities to maintain a
controlled pressure differential below ambient during periods of extended weightlessness. The
LBNP bag is collapsible. It can be opened via zippers to provide instrumentation of the legs.

Components:

LBNP Device - “Bag” Includes waist seals, removable seat, foot rests,

with zippers relief valve, pump interface, controller interface

LBNP Automatic Controller Provides pump control to execute science
protocols, the unit will be programmable in-flight

LBNP Pump Unit Decompression source for the LBNP device

HRF Laptop Computer/ Provides waveform display, data storage and

HRF Ambulatory Data interface for data down link

Acquisition System (ADAS)

HRF Physiological Provides ECG and automated ausculatory blood

Monitoring System pressure monitoring and analog output during LBNP

HRF Continuous Blood Provides continuous blood pressure monitoring

Pressure Device (CBPD) and analog output during LBNP

Functional and Technical Description:

The LBNP provides pressure applications to the lower body in a range from ambient -60 mmHg
+1 mmHg using a respective pump system. It allows performance of a continuous
decompression to -50 mmHg in the following range: less than 10 seconds, e.g., rapid
decompression, and up to 10 minutes, e.g., slow decompression.
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The LBNP bag provides a changeable waist seals or an adjustable waist seal to accommodate
different crew member waist sizes within the 5 - 95% crew member (male & female) population.

Inside the bag, a system consisting of adjustable foot support, removable saddle, and knee
fixation provides skeletal “loaded” and “unloaded” lower body negative pressure. There will be
the opportunity for access to the lower extremities such that placement of measurement devices,
subject preparation while in the LBNP Device, and signal recording during LBNP is easy and
without physical interference (e.g., microneurography).  There is also a removable
Bioinstrumentation Port.

Electromagnetic shielding of the LBNP Device is guaranteed to allow successful recording of low
amplitude, highly sensitive lower body physiological measurements. Sufficient air movement
across the subject’s legs inside the LBNP Device in order to prevent lower body heating is
maintained by the pump system.

The HRF computer system provides a mobile controller close to the subject that will display the
following parameters at the LBNP (downlink of data possible):

Vacuum pressure sample rate: 10 Hz
Stage time

ECG sample rate : 512 Hz
Power indicator

Heart rate

Blood pressure sample rate : 512 Hz

- Beat to Beat/Continuous
- Automated Ausculatory
Internal LBNP Air Temperature sample rate: 1 Hz

The controller is capable of executing at a minimum the following: a rapid decompression,
e.g., stand test; a continuous ramp protocol, e.g., slow decompression; and a graded ramp
protocol, e.g., ramp or stepwise decompressions. The LBNP protocols are programmable in-
flight. The capability to pause the execution of a protocol is included.
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HARDWARE ITEM: Modular Cultivation System (MCS)

Equipment Provider: ESA Previous Missions Flown/Status:
In development. Ready for flight in late 1999.

DESCRIPTION:

The MCS is a modular facility for biological experiments composed of a standard cultivation unit
and two rotor modules. The cultivation unit provides thermal control, life support, and two
drives for 1g reference centrifuges. The rotor modules (diameter 600-mm) will be dedicated to
specific classes of experiments and can be exchanged easily on board the space station. The main
scientific topics for the initial use of the system are focused on experiments with plants including
signal perception and transduction in plant tropisms, plant and insect gametogenesis,
development events, and long-term physiological and genetic stability investigations.

The main goal of the development is to provide identical conditions for microgravity, variable-g,
and 1g reference experiments. All experimental material is located in experiment containers on the
two rotors allowing a simultaneous independent acceleration environment ranging from
microgravity (not rotating) up to 2g.

The scientific topics are supported by the development of a plant-oriented rotor system
providing accommodation for 6 experiment containers on each rotor. The system allows forced
air flow of controlled composition through the container, water resupply, illumination,
observation and data acquisition inside the container. The internal dimensions of the containers
are 60 mm x 60 mm x 160 mm with the long axis in the g-direction.

A second rotor type under development will accommodate a Confocal Laser Scanning
Microscope for on-line observation including intracellular structures on living material as plants
and cells under varying acceleration conditions.

It is planned to integrate the facility into an EXPRESS Rack.

FUNCTIONAL CAPABILITIES:

The MCS is a biological facility offering an incubator with drives for two centrifuge rotors as a
basic unit. Into this incubator modules (rotors) can be installed using the services of the
incubator (power, data, thermal control, drive unit and life support). A first set of rotors
dedicated to plant experimentation is under development. The experiment containers also allow
the installation of BIORACK hardware (Biorack container inserts).

TECHNICAL SPECIFICATIONS:
Incubator system with 2 drive units and life support for modular inserts built as rotors (0g to
20).
Speed setting independent for both drives.
Rotor diameter 600 mm.
Temperature control in the range from 20°C to 37°C.

28



HARDWARE ITEM: Muscle Atrophy Research and Exercise System (MARES)

Equipment Provider: ESA Previous Missions Flown:

DESCRIPTION:

This device measures concentric, eccentric, and isometric strength-isolated joints over the full
range of motion of each joint. In addition, the device will be capable of strength training muscles
acting across a single joint. The joints of specific interest are the wrist, elbow, ankle, knee,
shoulder, hip, and trunk.

FUNCTIONAL CAPABILITIES:
The Strength Measurement Device shall be capable of:

Strength training and measuring the generated torque during tests on the agonist and
antagonist muscle groups of the trunk and extremity joints

Strength training and measuring the strength during submaximal and maximal isometric,
isokinetic concentric, and isotonic (concentric and eccentric) testing of the trunk, hip, and
extremity joints throughout the entire range of motion.

Performing torque angular velocity, and training measurements on the following joint
movements. Note that the joints are grouped and the groups are listed in order of importance
for testing.

- Knee flexion/extension

- Ankle dorsi/plantar

- Trunk flexion/extension
Shoulder flexion/extension; shoulder abduction/adduction; shoulder rotation.
Elbow flexion/extension
Wrist flexion/extension; supination/pronation; radial/ulnar deviation.

- Hip flexion/extension. (optional)
Provide display of peak, torque vs. joint angles, and average torque at specific joint angles as
well as torque-velocity throughout the entire range of motion.
Provide adequate restraining devices for obtaining valid, reliable data by stabilizing the
subject and minimizing the influence of other muscle contractions on the measurement.
Providing for alignment of the device and joint axes of rotation.
Assessing fatigue over serial contractions.
Providing a protocol and the software needed for calibration of each measured parameter by
the experimenter at each time of use of the apparatus.
Providing time-synchronized data compatible with other complementary analyses, including
other data collected by the data acquisition system, the HRF laptop computer, and the HRF
Computer Workstation.
Providing variable and quantifiable velocities and resistances during training exercises. The
velocity and resistive levels shall be changeable on orbit as needed by the subject or
experimenter. A menu selection for defining torque, position, and velocity for a series of
movements must be available to the experimenter. Use of the menu selection options must be
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functionally available to the operator in real time so that a full range of tasks can be
programmed. Provide graphic and digital access to all outputs.

Providing for emergency provisions to terminate any activity on the SMD.
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TECHNICAL SPECIFICATIONS:
The Strength Measurement Device shall:

Provide for measuring torque of and strength training up to 475 Nm (»350 ft-1b), with an
accuracy and resolution of 2% or better of the measured value ranging from 0 to the
maximum torque.

Provide for measuring angular velocity of 0°/sec to 240°/sec, with a resolution of 2°/sec.
Provide for measuring joint angle of 0° - 180°, with a resolution of 1°.
Provide for a 20 msec sample rate (50 Hz).

* Provide for time synchronization within 1 msec.

RACK CONFIGURATION:

In general, this device may be used with the ambulatory data acquisition system, the mass
spectrometer, the foot-ground interface, the holter monitor, the continuous blood pressure device,
the pulse oximeter, the RIP, the video system, the range-of-motion system, and the head and
body tracking system.
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HARDWARE ITEM: Plant Growth Facility (PGF)

Equipment Provider: NASA Previous Missions Flown/Status:
STS-87

DESCRIPTION:

The Plant Growth Facility (PGF) is a modular facility designed to support investigations using
higher order plants. The PGF replaces one middeck locker and operates using 28 VDC orbiter
power. Plants are grown in six Plant Growth Chambers (PGCs). Each of these PGCs provides a
4 cm x 18 cm x 6 cm deep growing surface and accommodates plants up to 18 cm in height. All
PGC components are sterilizable ,and 0.45 micron air filtration enables aseptic plant growth. The
PGCs are equipped with quick disconnect latches to enable easy access to the plant specimens
for in-flight photography and/or sampling.

A fluorescent light bank provides a minimum photosynthetically active light intensity of
220 mmol/m?/sec. The user-defined photoperiod is computer controlled. The system also
provides CO,, temperature, and humidity control. A filter is also provided to remove any
ethylene from the air provided to the plants. Data (i.e., temperature, airflow, humidity,
irradience, and CO,) are stored throughout the flight by the system computer. The computer
system is battery backed to ensure consistent data archival in the event of power interruptions.

FUNCTIONAL CAPABILITIES:

The following plant growth substrate configurations have been previously flown, but these

configurations should be considered suggestive not restrictive:
Plantlet roots are placed in a Nitex mesh sleeve that is subsequently inserted into slots in
Oasis foam . The Oasis foam is saturated with Hoagland’s solution to provide water and
plant nutrients. This configuration supports good plant growth and provides for easy
removal of whole, intact plants with minimal damage to the roots.
Plants or imbibed seeds are grown in agar-filled polycarbonate centrifuge tubes, which are
inserted into an Oasis foam block for structural support. Water may be added to the Oasis
foam to reduce agar drying.
Imbibed seeds are placed in pipette filters which in turn are attached to the top of rectangular
polypropylene bags filled with agar. The agar in the plastic bags may be stratified with
different nutrients to support optimal plant feeding at different growth periods.
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HARDWARE ITEM: Range of Motion Suit (Goniometers)

Equipment Provider: NASA Previous Missions Flown/Status:
Available in July, 1997

DESCRIPTION:

The range of motion suit is a group of instruments designed to measure joint angles.
Measurement of these angles provides information critical for detailed analysis of changes in
posture and mechanics of movement in space flight. Measurements are made dynamically or at
rest. The device will be used with all exercise devices, torque/strength dynamometers, and at
workstations and in motion studies throughout the module and will be capable of operation
throughout a working day in the station.

FUNCTIONAL CAPABILITIES:
The range of motion suit shall be capable of:

Providing in-flight, static and dynamic monitoring of: (priority for racks 1/2)
— Lower Extremity Angles - Hip / 2 Degrees of Freedom (DOF), specifically,
flexion/extension, abduction/adduction. Knee / 1 DOF, specifically, flexion/extension;
Ankle / 1 DOF specifically, plantar flexion and dorsi flexion.
— Upper Extremity Joint Angles - Wrist / 2 DOF, specifically flexion/extension and
ulnar/radial deviation; Elbow / 1 DOF, specifically flexion/extension. Shoulder /2
DOF, specifically flexion/extension and horizontal abduction/adduction.
Generating data in acceptable format and availability for integration into multiple experiment
packages.
Accommodating data rates commensurate with body segment velocities.
Accommodating data recording on to a PCMCIA card for later playback.
Accommaodating on-board display and recording required to confirm operation, monitor signal
nulls, and calibrate all joint angles through the range measured by the system.
Future development will include 3 DOF measurements of the neck and back, rotation of the
shoulder, full range of the sternoclavicular joints (shoulder shrug), forearm rotation, and hip
axial rotation.
Simultaneous joint set measures shall be: wrist/elbow/shoulder and ankle/knee/hip.

TECHNICAL SPECIFICATIONS:

The Range of Motion (Goniometer) shall:
Provide sampling rates from 10 Hz (long term collection mode) to 100 Hz (burst mode) by
switch selection.

SPECIAL INTERFACE CAPABILITIES:
Battery powered for ambulatory use.
* Connector available for rack-powered, tethered operation.
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HARDWARE ITEM: Resistive Exercise Device (RED)

Equipment Provider: NASA Previous Missions Flown:

DESCRIPTION:

The Resistive Exercise Device (RED) provides an additional modality for exercise onboard the
ISS. Resistive exercise is important in mitigating the loss of muscle and bone mass that
accompanies exposure to microgravity. Multiple joint training is desirable to minimize exercise
time required to perform general strength training protocols. The device will quantify for each
exercise the total volume of work performed.

FUNCTIONAL CAPABILITIES:
The RED shall be capable of:

Providing resistance training for the major muscle groups of the legs, thighs, hips, trunk,
shoulders, arms, forearms, and wrists.

Measuring angles, velocities, and forces/torques as a function of time during a specific
resistive exercise.

Providing (1) isometric and (2) isotonic and isokinetic modes of movement, with concentric
and eccentric capability for isotonic and isokinetic modes.

Providing variable and quantifiable velocities and resistances.

Providing body restraints for the various exercise configurations.

Providing the ability to be deployed in less than 5 minutes and stowed in less than 5 minutes.
Providing the ability to measure and control exercise range of motion.

Providing multi-joint actions to minimize the number of individual movements required to
exercise the musculature, thus maximizing exercise efficiency.

Providing accessible emergency provisions to terminate velocity and/or workload.

Providing for exercise reconfiguration capability in less than 1 minute.

Providing for manual and software control capability of device parameters, including uplink
and downlink capability of device parameters.

Providing for manual isotonic concentric operation in case of power failure.
Providing the ability to record and monitor force/torque and work output.

TECHNICAL SPECIFICATIONS:
The Resistive Exercise Device shall:

Provide a peak isometric force capacity of 2200 N (»500 Ib).

Provide an exercise force in a concentric isotonic mode of 25 - 2200 N (»5-500 Ib) at the
point of force application, adjustable in 10 N (»2 Ib) increments.

Provide a linear exercise velocity of 0 to 10 ft/sec, adjustable in 0.5 ft/sec increments; or an
angular exercise velocity of 0 to 600 deg/sec, adjustable in 10 deg/sec increments.

Provide a peak mechanical power of 1700 Watts in the isokinetic mode.
Provide the ability to be deployed in less than 5 minutes and stowed in less than 5 minutes.
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Provide for exercise reconfiguration in less than 5 minutes.

RACK CONFIGURATION:

In general, this device may be used with the ambulatory data acquisition system, the mass
spectrometer, the foot-ground interface, the holter monitor, the continuous blood pressure device,
the pulse oximeter, the RIP, the video system, the range of motion system, the head and body

tracking system, and PSC and should have close proximity to the above devices.
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HARDWARE ITEM: Ultrasound/Doppler

Equipment Provider: NASA Previous Missions Flown/Status:
Available in July, 1997

DESCRIPTION:
This section contains a general hardware description (for reference), and the hardware
performance, load, physical (e.g., weight, envelope, etc.), and interface design requirements.

The Ultrasound System is a medical instrument that utilizes ultrasound energy to perform
medical imaging and to measure flow rates. The system generates and receives ultrasound signals
using hand-held probes. The system contains hardware and software to display and analyze
sonographic information. The user controls the software and hardware with a user interface
consisting of a keyboard, control switches, knobs and a trackball. The system performs
functions to support the following applications:

Cardiac Ultrasound

Abdominal ultrasound (deep organ)
Vascular ultrasound

Gynecological ultrasound

Muscle and tendon ultrasound
Transcranial ultrasound
Ultrasound contrast studies

Small parts ultrasound

Veterinary ultrasound

The physical configuration of the ultrasound system consists of a combination of rack mounted
and stowed components. The main electronics unit is a rack mounted assembly that contains the
ultrasound system electronics, main electronics power supply modules, and ventilation system.
It will be compatible with the Standardized Interface Rack (SIR).

A tissue mimicking test phantom shall be used simulate body tissue and contain standardized
targets for checking system performance.

FUNCTIONAL CAPABILITIES:
Ultrasound Operating Modes

Real Time 2D: The system shall display a two dimensional pie-shaped representation of the
internal body structures

Color Flow Doppler: The system shall display the real time 2-D image with a user assignable
color overlay where the color represents the direction of flow

Color Power Imaging: The system shall display a high sensitivity mode for visualization of
small vessels
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M-mode (gray and color): The system shall display a time versus motion plot along user
selectable line within the 2-D display

Pulsed Wave Doppler: The system shall display a Doppler flow graph with audible flow
sounds

Continuous Wave Doppler: The system shall display a continuos wave Doppler flow graph
with audible flow sounds

Dual Image Capability: The system shall be capable of displaying the 2-D image and the
M-mode image together to allow for positioning of the M-Mode marker

ECG Display (triggered 2-D): The system shall have the capability to detect and display the
electrocardiograph to be used as a trigger for the 2-D display

Respiratory Trace Display

The system shall be capable of being upgraded with 3-D construction capability.

General Physical Features:
Main Electronics Unit: The main electronic unit is a rack-mounted electronic enclosure.
Electrical connections for scanheads, ECG electrodes, control panels, and the display shall be
located on the front panel. The main electronics unit shall also provide data interface
connectors for video and digital signals. It also shall contain a magnetic optical disk drive and
an internal hard drive.
Video Recorder: A high band 8 mm format video recorder shall be part of the ultrasound
system. The video recorder shall be a front loading device with a front control knob.
Keyboard Module: The keyboard module shall be a portable input device containing the
operating controls for the main electronics unit. It includes an alphanumeric keyboard, a
trackball, switche, and slide controls.
Display Module: The display module shall be a portable device that shows text and
graphics.
Ultrasound Probes: The ultrasound probes shall be hand-held devices that can transmit and
receive ultrasound energy. They include an integral cable and locking connector.
Headset: The headset shall be a stereo device used to relay Doppler information to the
operator. It shall include an integral cable to interface with the keyboard module.
Microphone: The microphone shall be a two-piece unit. The signal conditioner shall attach at
the user’s waist and terminate at the keyboard. The microphone shall connect to the signal
conditioner and terminate at the lapel/collar of the user.
Calibration Standards: The calibration standards shall consist of blocks of uniform materials
embedded with objects that serve as imaging targets.
Consumables: Consumables are accessory items that are used to support ultrasound imaging
activities. These items include containers of acoustic coupling gel, packages of ECG
electrodes, packages of dry wipes, and 8-mm high-band video tape cassettes.
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3.C SUPPORTING HARDWARE AND CAPABILITY DESCRIPTIONS

Human Experiments Support Hardware

ACTIVITY MONITOR

The Activity Monitor is a small wrist- or ankle-worn device which has the capability to
simultaneously detect body movement, light intensity, and body temperature. The device is used
to evaluate sleep/wake adaptation and circadian cycles. The device can be used to investigate a
number of activities such as sleep quality, sleep onset, hyperactivity, as well as other daily
routines of human activity.

HAND GRIP DYNAMOMETER/PINCH FORCE DYNAMOMETER

The Handgrip Dynamometer/ Pinch Force Dynamometer (HGD/PFD) is a locker-stowed,
hand-held set of components capable of instantaneously measuring hand grip strength or pinch
strength as a function of time. The principal components of the HGD/PFD system, as identified
below, are: a dynamometer to measure hand grip strength; a second dynamometer to measure
pinch strength; a signal conditioner unit to amplify the signal coming from the dynamometers; a
laptop computer to display, store, and download the force-time data, as well as to provide the
crew with experiment feedback and direction; and associated cables to connect the various
components together. Also, a means will be provided for performing on-orbit calibration of the
HGD/PFD System.

HEMATOCRIT CENTRIFUGE

The hematocrit centrifuge is a lightweight device which requires 9 microliters of blood for each of
6 capillaries, is hand-held, and battery operated. The hematocrit determinations are read directly
off the rotor after approximately 3 minutes of centrifugation. Small amounts of blood plasma can
also be obtained. This centrifuge can be used to determine hematocrit during space flight.

HRF CENTRIFUGE
The centrifuge is intended to provide a system for separation of biological samples based on
differing sample densities. The centrifuge will be capable of separating blood into its components

and is also capable of separating saliva from saturated dental cotton rolls. It will also provide
timed centrifugation with selectable centrifugal force while accommodating varying sample sizes.
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HRF PORTABLE COMPUTER

The portable computer will consist of a laptop computer, mass storage devices, communication
adapters, power supplies and cables, and custom built software. It will use a standard operating
system (SOLARIS) and will also be capable of operating software written for Microsoft
Windows.

HUMAN PHYSIOLOGICAL MONITORING

Blood Pressure Monitoring

The Manual Blood Pressure Device consists of a sphygmomanometer, with a sewn-in
stethoscope as a single unit. The device is exclusively used for determining noninvasive blood
pressure in the arm via the brachial artery.

The Automatic Blood Pressure System (ABPS) will be used to measure blood pressure and heart
rate noninvasively during rest and during bicycle ergometry or similar exercise.

The Continuous Blood Pressure Device is a portable instrument used to monitor finger arterial
pressure. Hydrostatic pressure effects due to relatively slow movements of the hand are
compensated by a height correction system. In addition, the Continuous Blood Pressure Device
automatically alternates the measurement between two (adjacent) fingers at a pre-determined
interval. The instrument can, therefore, be used under many circumstances. For example, the
Portapres may be used in conjunction with ECG, respiration monitoring, Holter monitoring,
sleep station monitoring, lower body negative pressure testing, and exercise testing.

Combined Blood Pressure Monitoring

The HRF will have the ability to monitor and collect blood pressure data, both continuous and
static, on human subjects. The data can be collected by manual or automated methods. The
devices can be used in conjunction with other physiological monitoring devices. It is possible to
take these measurements during periods of rest and exercise.

Muscle Potential

The Percutaneous Electrical Muscle Stimulator (PEMS) is a high current stimulator which
provides trains of pulses of up to 0.8 amps, according to pre-programmed protocols, to stimulate
locally the muscles of the human test subject, using reusable, pregelled electrodes.

ECG/EMG/EEG

The HRF will have the capability of acquiring human physiological data, such as ECG, EMG,
EEG, temperature, and skin potential response. The data can be collected by means of portable,
crew-worn devices over extended periods of time (24 hours) or via rack-mounted devices
operated in conjunction with other HRF hardware during periods of sleep, exercise, and other
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daily activities. These devices have the capability of collecting and storing data for downlink
through the HRF data systems.

HUMAN SAMPLE COLLECTION KITS

The sample collection kits consist of blood, urine, and saliva collection Kits that are designed to
provide collection, preservation, and storage of samples. Tracer kits are included and designed to
provide oral ingestion, bolus-injection over a short period of time, or infusion over a designated
period to time. The sharp trash container shall isolate, contain, and seal needles, syringes,
scalpels, and glass until they can be returned to Earth.

INJECTION AND INFUSION SYSTEM

The injection and infusion systems deliver injections or infuse fluids at a controlled rate. The
systems may be used for therapeutic purposes or in support of Metabolic or Pharmacokinetic
studies.

MASS MEASURING DEVICES

The HRF will have the capability to measure the mass of the human body, live specimens,
plants, solids, semi-solids, and liquids (in containers).

ORBITER CENTRIFUGE

The function of the Orbiter centrifuge is to perform separations inherent in blood-related Life
Sciences research. The centrifuge shall provide a minimum relative centrifugal force of 1400-
times gravity when fully loaded. There will be an automatic shutdown time that may be
manually set for operating durations selectable up to 99 minutes in increments of 1 minute. An
override will be available so that manual starting and stopping can be initiated without
intervention by the timer. The centrifuge is mounted by two suction cups.

PULSE OXIMETER

The pulse oximeter is a medical device used to continuously monitor the percentage of
hemoglobin oxygen saturation in the blood. A noninvasive probe is attached to the subject at
locations such as the finger, toe, or earlobe to measure this parameter.

RADIATION MEASUREMENT CAPABILITIES

In order to support the broad range of biological experiment envisioned for the Human Research
Facility, a passive dosimeter system with the capacity to provide dose characterization for time
intervals as short as one day is desirable.

The passive dosimeter system consists of (1) various radiation detectors packaged in a compact

dosimetry-type device, (2) a compact reading and annealing system to determine accumulated
exposure of space radiation in flight, and (3) a compact irradiator to calibrate detectors.
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Generic instrument set including:

Personnel Dosimeter(s)

Radiation Quality (TEPC)

Spectrometer (charge/energy) - CPDS (SREM - complimentary mode)
Monitoring/warning

Environmental monitoring - passive (onboard monitoring (reader/annealer))

RESPIRATORY IMPEDANCE PLETHYSMOGRAPH (RIP)

The Respiratory Impedance Plethysmograph (RIP) has two conductive bands which are placed
around the chest of the subject, one around the upper thorax and the other around the lower
thorax or abdomen. The bands each form an inductive loop whose inductance depends on the
area and material enclosed by the loop. Thus, the subject’s respiration creates changes in the area
enclosed by the bands, creating corresponding inductance changes. These inductance changes are
measured and used to calculate cross-sectional area changes in the chest which, in turn, indicates
changes in lung volume. These relative cross-section changes can be used to draw conclusions
regarding changes in breathing strategies between 1 and 0 gravity environments.

VENOUS OCCLUSION CUFF AND CONTROLLER (VOCC)

In order to induce a physiological stress on the measured limb, an inflatable venous occlusion cuff
will be used. This cuff is electronically controlled. Parameters such as time between inflations
and inflation pressure can be controlled. Safety features include: manual start and abort,
automatic abort above 235 mmHg, after seven seconds of pumping, and during power loss. The
pressure source for the cuff is a battery-powered air pump. The cuff is made to fit the thigh.
The cuff controller produces parallel digital data for downlink capability and local display.

VIDEO IMAGING

The HRF will have the capability of documenting Station activities using video and still cameras.
Formats will probably be 35mm (positive and negative) and 8mm camcorder.
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Animal and Plant Experiments Support Hardware

BEETLE KIT EXPERIMENT HARDWARE

The Beetle Kit hardware was designed to support up to 32 individually housed desert black-
bodied beetles (Trigonoscelis gigas) for circadian studies. The Beetle Kit is launched in the
Shuttle in a middeck locker which is loaded during the late access timeframe prior to launch. If an
opportunity exists, the Beetle Kit is also approved for operation on the Russian Space Station
Mir. Internal temperature is recorded via an Ambient Temperature Recorder (ATR) for post-
flight analysis. Programmable lighting to the beetle activity monitors, which house the
specimens, is provided via LEDs operated by the on-board programmable controller. Air
exchange is facilitated through periodic (weekly) operation of a small hand-held pump which
forces fresh air into the beetle activity monitors. Activity data is recorded and stored in memory
for post-flight analysis. Food and water supply are not required. Since the Beetle Kit is flown in
the middeck, it may also be retrieved immediately after landing.

Beetle activity is recorded when the specimen moves a turn table which turns a shunt ring
through an infrared emitter/detector system. Counts from the detector and the timer are then
recorded by data loggers for post-flight analysis. Batteries provide timer circuit, activity
monitor, and data logger power for up to 30 days when the kit is not connected to external
power. Once specimens are loaded and the kit is closed for flight, no further access is possible or
required by the crew.

DISSECTION MICROSCOPE

The Dissecting Microscope may be used to view and video small specimens. It provides for
both transmitted and incident illumination and can zoom from 4X to 100X. Samples can be as
large as 5 cm in diameter or 8 cm in length. Video is provided through the use of a Charge-
Coupled Device (CCD) video camera, and 35mm photographs may also be made.

GLOVEBAG KIT

A portable glovebag is available to support in-flight experiment operations, including fixation
procedures. The glovebag provides a temporary hazardous material containment barrier during
fixation procedures. The bag is made of clear polyurethane and provides a working area of
approximately 2 feet x 2 feet. Rubber gloves are provided to manipulate items in the bag while
maintaining containment.

HARVEST KIT
The Harvest Kit is available to provide tools for plant harvesting. Items that are included in the

current configuration are forceps (13 mm), scissors (13 mm), micro scissors (9 mm tip), curved
dissectors (17 mm tip), pouches, etc. Other items can be included as required.
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FIXATIVE KIT

A manual fixative kit can be employed to provide in-flight fixation of specimens. This Kkit
consists of an aluminum box and double-layered polyurethane fixation bags. The fixation bag is
approximately 3 inches wide x 12 inches long and is divided up into compartments for fixative
and the specimen using three clamps. The current configuration provides a 20 ml fixative volume
anda 3inch x5 inch area for the specimen.

Operation of the fixative kit consists of placing the specimen into the bag containing the
preloaded fixative. Clamps seal the specimen in place. The clamp separating the fixative from the
specimen is removed, and the bag is gently manipulated to ensure good contact with the
specimen. The fixative bag is then placed in the metal box to prevent inadvertent crushing or
puncture of the bag.

FLIGHT SYRINGE UNIT

A flight syringe unit has been developed as part of the Aquatic Research Facility (ARF) project
to facilitate transfer of liquids into an sample container unit while maintaining two containment
levels at all times. The current configuration provides the capability for precisely metering
concentrated solutions (in 12.5 microliter increments) and introducing them into the sample
container unit through a 21-gauge hypodermic needle. The syringe is designed to withdraw
approximately 1 ml of liquid from the target container to mix with the concentration solution.
Mixing is accomplished by cycling the 1 ml fluid volume back and forth into the container. All
wetted syringe components are sterilizable. A second syringe configuration is currently under
development which will provide double containment transfer of up to 3 ml of fixative.
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Temperature Control Devices

The following are descriptions of only some of the refrigerators, incubators, and freezers available
for flight experiments. The investigators should specify the temperature requirements for the
experiment. The optimum device to accomplish the goals will be identified during the engineering
review.

COMMERCIAL REFRIGERATOR/INCUBATOR MODULE (CR/IM)

The CR/IM is an actively powered unit with a temperature range of 4°C to 40°C. It will be used
to transport samples/experiments from the ground they are installed in the Incubator on the
Space Station. This equipment provides a working volume of 18.7 liters and occupies a single
middeck locker. A CR/IM can be operated at a refrigeration temperature from middeck
installation to the time the Shuttle is on orbit. As soon as possible after microgravity conditions
are achieved, the CR/IM could then be configured to operate at the incubation temperature point.
This strategy reduces the amount of time that the specimens would need to be maintained at a
reduced temperature. The CR/IMs would continue to incubate the specimens until the
specimens can be removed and transferred to the incubators in the Lab.

PASSIVE FREEZER

The Passive Freezer (under development) is planned to be used to transport specimens from the
ISS to the ground in the orbiter middeck. The freezer occupies one middeck locker and is
expected to provide about 450 ml of -180°C volume. Specimens cannot be frozen using the
passive freezer, but must first be frozen in the -80°C on-board freezer.

INCUBATOR

Under development as part of the ISS Laboratory Support Equipment (LSE) complement is a
general purpose incubator. In may be used for cellular biology, microbiology, tissue culture, or
for any experiment that requires environmental control at biological temperatures. The incubator
can only be accommodated in the ISS Laboratory or other on-orbit rack and therefore, is not
available for transport to and from the ISS using the Shuttle. It provides approximately 18 liters
of conditioned volume between 4° and 38°C (+0.5°C). The incubator provides data to the ISS
for downlink and monitoring. Expected availability date for the incubator is around mid-1998.
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4.0 SPECIAL INTERNATIONAL GROUND RESEARCH FACILITIES FOR SPACE
LIFE SCIENCES

This document provides detailed descriptions of the special research facilities currently availabl