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BACKGROUND

The Innovative Partnerships Program (IPP) Office provides leveraged technology for Mission Directorates, Programs and Projects through investments and technology partnerships with industry, academia, government agencies and national laboratories. As one of NASA’s Mission Support Offices, IPP supports all four Mission Directorates and has program offices at each of the ten NASA Centers. IPP partnership goals include providing for an increased range of technology solutions, a broadened technology portfolio, improved cost avoidance, accelerated development and maturation of technologies and a larger pool of qualified commercial providers. 

The Facilitated Access to the Space Environment for Technology Development and Training (FAST) program has been established within the Innovation Incubator program element of IPP to increase technology infusion by creating more opportunities to advance the maturity of key technologies thereby reducing the risk of adopting those technologies.  The FAST program will facilitate technology maturation by providing access to space-environment testing, which is a key step in moving technologies from a lower to higher level of readiness.  The FAST program will focus on providing access to micro-gravity or reduced-gravity environments on commercially available parabolic aircraft flights initially, and later suborbital and orbital flights.  The FAST program also encourages commercial development and competition by using commercially available space-related services when possible such as the Microgravity Flight Services Contract for parabolic flights and other suborbital and orbital flight services as they emerge.

PURPOSE OF NOTICE

This announcement solicits interest from US private industry, individuals, academic or research institutions, NASA organizations and other government agencies.  The IPP also encourages partnerships between any of those entities.  For the FAST program activities the IPP plans to enter into Agreements for research collaborations under the authority of the National Aeronautics and Space Act of 1958, as amended ("Space Act").  Agreements with external organizations will be in the form of a Non-reimbursable Space Act Agreements (SAA) where each party funds their own participation in the research effort and there is no exchange of funds.  In the case of internal NASA organizations, a Memorandum of Agreement (MOA) will be established to define the effort. 
DESCRIPTION

The FAST program will provide opportunities for emerging technologies to be tested in the space environment and is targeted toward technologies that: 

· Support NASA's missions but are not yet mature enough for adoption into NASA’s programs with acceptable risk; and 

· Might not otherwise be tested due to lack of funding such as those developed by private companies including SBIR/STTR contractors and other small companies, universities or research institutions and NASA projects in early development. 

The current focus is on testing in micro-gravity, reduced-gravity or variable-gravity conditions on parabolic aircraft flights. The FAST program intends to provide future suborbital and orbital flight opportunities for technology testing when those commercial services are offered and if funding is available. Projects selected under this program may be considered for additional parabolic, suborbital or orbital flight opportunities without further competition.  Generally, testing on parabolic flights will be required as a precursor to suborbital and orbital flight tests.


Implementation of flight tests for selected proposals under this call is subject to availability of appropriated funds.


NASA will purchase commercial reduced-gravity flight weeks and provide space on these flights for selected projects.  There are typically four flights per flight week with each flight including 40 to 60 parabolic trajectories.  Each parabola provides approximately 25 seconds of reduced-gravity time. Microgravity and reduced gravity conditions such as lunar gravity (.16 g) or Mars gravity (.38 g) as well as other partial gravity levels can be provided on parabolic aircraft flights. The aircraft will experience increased gravity levels (~ 2g’s) in between parabolas. 

NASA flight weeks will generally be conducted out of Ellington Field in Houston, Texas but other locations (such as Cleveland, Ohio) are possible.  Proposers should provide margin in their travel budgets to account for an unlikely but possible change in flight location or postponement of a flight week.  A flight week typically involves a test readiness review on the first day (Monday) and then one flight per day for four days (Tuesday through Friday).  Project teams can request one, two, three or four flight days for their project in their proposal. The aircraft volume will allow for relatively large equipment and could accommodate several test personnel for each project, if required.  However, it is recommended that you request the minimum number of flight days, the minimum aircraft volume and the minimum number of on-board participants required to meet your objectives.   The FAST program would like to accommodate as many projects as possible and so the extent of requested flight time, volume, personnel or other special needs may be a factor in the selection process. 

Technologies selected for reduced-gravity environment testing aboard the parabolic aircraft flights must meet equipment design requirements as determined by the NASA Reduced Gravity Office.  You should refer to “JSC Reduced Gravity Program User’s Guide” and “Experiment Design Requirements and Guidelines” which can be found at:

http://jsc-aircraft-ops.jsc.nasa.gov/Reduced_Gravity/guides.html
A new space experiment support system developed by NASA Kennedy Space Center (KSC) and Space Florida may be available to support proposed investigations.  FASTRACK provides a rack structure and standard mid-deck locker accommodations with demonstrated interface compatibility aboard the reduced gravity aircraft.  Proposers who wish to consider use of this capability should contact Alexis Hongamen of the KSC IPP Office at 321-867-3107 (email Alexis.Hongamen-1@nasa.gov).
It should be noted that all proposals will be treated as proprietary information and all reasonable efforts will be made to protect proprietary information in the course of the flight-testing process.  However, the aircraft will be carrying multiple projects at the same time and various projects and project personnel will occupy the aircraft cabin and pre-flight preparation areas at the same time.  Aircraft operations personnel may participate in loading, securing and unloading project hardware.  Video recording and photography of activities may be conducted by NASA, aircraft personnel and other project teams on-board the aircraft and in preparation areas.  These photographs and video recordings may be posted on public websites and in other publications.  Project teams should take precautions to avoid the inadvertent disclosure of their own proprietary information.  For all selected projects, NASA will publicize the name of the company or organization involved with a brief description of the subject technology and may use photographs and video recordings of related flight test activity in public briefings and publications. 

DETAILS OF THE OPPORTUNITY

Eligibility

United States private companies, individuals, academic or research institutions, NASA organizations and other US government agencies or partnerships between any those entities may submit proposals.

Type of Projects Sought

The project must be an effort to accomplish reduced-gravity testing of a technology of interest and value to NASA’s missions, programs or projects. Criteria for selection are provided in the next section. A listing of NASA Mission Directorate Technology Focus Areas is provided in Attachment A.  Technologies must be within the Technology Readiness Level (TRL) range of 4 to 6 and should be ready for reduced-gravity environment testing at the time of the proposal. A definition of Technology Readiness Levels is provided in Attachment B. There must be a reasonable expectation that the reduced-gravity testing will significantly contribute to advancing the maturity of the technology.  This program is not intended to support further laboratory development of technologies. 

Funding

The FAST program will purchase reduced-gravity flight time and provide this at no cost to the selected projects.  All other project costs are the responsibility of the proposing entity including the preparation of the technology test hardware, compliance with flight test and aircraft requirements, preparation for and participation in flight readiness reviews, transportation of hardware and travel for project personnel.  Any required flight physicals and physiological training for testing participants are also the responsibility of the proposing entity.  If flights are cancelled due to weather or mechanical problems, every effort will be made to reschedule those flights.  If additional travel or transportation is required for rescheduled flights, those additional costs are the responsibility of the project team, not the FAST program.

Schedule

January 26, 2009
Call for proposals 

March 20, 2009
Proposal deadline

May 1, 2009

Selection Announcement (pending availability of appropriated funds)

June 1, 2009

Space Act Agreements and MOA’s completed

May-July 2009
Project teams prepare for flight-testing and submit required 




documentation to the JSC Reduced Gravity Office

August 2009

First parabolic aircraft flights occur

Selection

The IPP Office at NASA Headquarters will evaluate proposals in coordination with representatives from the Mission Directorates, based on the selection criteria identified within this call.  The IPP Office at NASA Headquarters anticipates selecting approximately 20 projects for this flight opportunity.  Proposals from private companies and external organizations will be evaluated together with proposals from within NASA and ranked according to the selection criteria.  Proposals from partnerships between private and government entities will also be evaluated and ranked together with all other proposals.

Companies, individuals, external organizations or other partnerships with selected proposals will have the opportunity to enter into a Non-reimbursable Space Act Agreement with NASA for conducting technology testing in the reduced-gravity environment.  Information regarding Space Act Agreements can be found at: 

http://nodis3.gsfc.nasa.gov/NPD_attachments/NAII_1050_1A.doc.

A standard Space Act Agreement template for the FAST program will be posted on the FAST program website.  NASA organizations with selected proposals will prepare a Memorandum of Agreement to define the technology testing activity. 
Reporting Requirements

All selected project teams shall be required to provide reports as described below to the NASA IPP Office.  These reports will provide feedback to the FAST program regarding the effectiveness of the program and guidance for future planning.  These reports are also intended to maximize the potential for technology infusion through dissemination of information about the status and progress of the subject technology among the relevant NASA programs and projects.  NASA will make every reasonable effort to protect proprietary information contained in these reports, if labeled as proprietary.  Any proprietary reports must include a non-proprietary summary that can be made available to the public.  If selected organizations fail to meet the reporting requirements they will not be eligible for future FAST solicitations.

1. Preliminary Report:  A brief summary of the test activity prepared immediately after the flight. Photographs and video recordings are also desired, if available.



Length: One page, not including photographs and video. 


Due: No more than five business days after the final flight day.

2. Final Report:  A full description of test activity and results including an assessment of the technology readiness level before and after reduced-gravity testing, any lessons learned or other observations and plans for infusion or further development. 


Length: At least five pages, no more than 20 pages, not including photographs 
and video. 


Due: No more than 60 calendar days after the final flight day.

3. Follow-up Report:  A brief update on further progress with the technology including any new technical conclusions based on data from the reduced-gravity testing and any new opportunities for further development or infusion of the technology through contracts or agreements with government or commercial partners.


Length: One page.


Due: One year after the final flight day. 

SELECTION CRITERIA

The following criteria will be used to evaluate the FAST proposals (in order of importance):

1. Relevance and Value to NASA – Technology’s relevance and value to current and future NASA missions, programs or projects.

2. Technology Readiness for Parabolic Flight Testing – Appropriateness of the project technology for this testing activity, the likelihood that the testing will advance its maturity and the significance of the advancement. 

3. Resources and Schedule – Realism of the proposed resources available to the project team for preparing and conducting the flight-testing in the available timeframe.

4. Strength of Project Team –Capabilities, related experience and expertise.

The Microgravity Flight Services (MFS) and Reduced Gravity Office (RGO) must also approve technologies selected for the FAST Program before parabolic aircraft flights can occur. The RGO will determine whether the selected technology meets the equipment design requirements for parabolic aircraft flight. The RGO, in consultation with the FAST program, will have final authority over scheduling, manifesting and accommodating selected projects on the aircraft.

PROPOSAL FORMAT AND SUBMISSION

Prospective respondents are encouraged to periodically check the FAST program website: 

http://ipp.nasa.gov/ii_fast.htm

The website will be used to post information, updates or modifications to this announcement.  The link to submit proposals will be provided at this website prior to the submission deadline.

Please submit a proposal including each numbered item, in order, from the outline below. Proposals shall be limited to ten (10) pages.  Items in the outline below have individual page limits.  Submitted material exceeding the page limits will not be considered.  Incomplete proposals will not be considered.  Proposal text shall be single-spaced; using 12-point Times New Roman font, and all pages shall be numbered.  Proposals shall include Letters of Commitment described below for each organization involved.  These letters are excluded from the page limit and should be placed at the end of the proposal.  

Submit proposals and signed letters in a single PDF file to the designated website no earlier than March 16, 2009 and no later than the deadline of 11:59 PM, EST, March 20, 2009. 

Proposals must follow this outline:

1) Overview (page 1- limited to one page)

a) Project Title
b) Name of Organization(s):  Name of proposing company or organization.  If the project is a partnership, list all partner companies or organizations and for each include the city, state and nine-digit zip code.

c) Project Manager: List one primary point-of-contact for the project and one additional point-of-contact for each partner organization.  Include complete mailing address, telephone number and email address for each point-of-contact.

d) Relevant NASA Mission Directorates:  This is the proposers indication of which NASA mission directorate (ARMD, ESMD, SMD or SOMD) would have the highest priority application for the proposed technology. You may identify more than one.  Also list any specific programs, projects or future applications that the technology might support.

e) Relevant NASA Centers: This is the proposers indication of which NASA Center is associated with the technology or for which the proposed technology would have the greatest relevance.  You may identify more than one.

f) Infusion Plan:  Provide a brief summary of the potential path to be taken for continued development of the technology leading to infusion into a NASA program or project.
2) Description of Technology (page 2 - limited to one page including figures and tables) Describe the background of the technology and its value and relevance to NASA missions, program or projects including the specific benefits expected.  Also describe any commercial applications or other characteristics of the technology that may be of interest.  

3) Planned Test Objectives and Approach (page 3 - limited to one page including figures and tables):
a) Indicate the current technology readiness level (TRL) with supporting evidence. 

b) Indicate the TRL expected after testing and explain how the proposed testing will advance the TRL. 

4) Test Process and Hardware to be Used (page 4 - limited to one page including figures and tables)

5) Test Requirements (page 5 - limited to one page including figures and tables):
a) Dimensions of the equipment and operating volume inside aircraft;

b) Mass of the equipment;

c) Amount and type of power required, if any;  
d) Required gravity level(s); 
e) Duration of test and number of flight days needed to adequately validate results; 
f) Number of test personnel required for flight and a description of the requirement for each participating individual’s presence; and,

g) Special testing or accommodation requirements such as venting, cooling, heating, etc., special constraints or support required, including security.

6) Preliminary Hazard Analysis (page 6 - limited to one page including figures and tables) Identify hazards and controls, if applicable.
7) Project Team Resources (pages 7 and 8 - limited to two pages including figures and tables):

a) Describe the experience, capabilities and facilities available to the project team. Brief resumes of key personnel should be included.

b) Indicate how the team resources will support the conduct of this project.  

c) Include any relevant experience in reduced-gravity testing.

d) Provide an estimate of the overall cost in dollars of the project preparation and testing activity including labor, hardware, software, facilities, shipping and travel.  If the proposal is a partnership, provide a breakdown of the cost by partner.  This information will be used to establish the level of team commitment and assess the realism of the proposal.  Note that the FAST program will not provide funding for any of these expenses.

8) Government Contracts and Agreements (page 9 - limited to one page): If this technology is the subject of any current or previous contracts, grants, cooperative agreements or other agreements (such as Space Act Agreements) between the proposing entity and the US government, including SBIR or STTR contracts or an IPP Seed Fund project, provide the contract or agreement numbers, the name of relevant agency, the name of the COTR (if applicable), and the starting and ending dates of those contracts, grants or agreements.  
9) Quad Chart (page 10 - must use template available for download at the FAST program website)

10) Letters of Commitment (one page per letter per organization; letters of commitment are not included in the page count):  Provide a letter committing the organization’s resources (as provided in item 7 above) in support of the proposal, signed by an official who is authorized to commit the organization’s resources in support of the proposed project.  Proposals from partnerships of more than one entity must include a letter of commitment from each partner organization.
CONTACTS

For further information contact the FAST Program Coordinator: Amy B. Hiltabidel,

NASA Glenn Research Center, Phone: 216-433-8063, Email: amy.j.ballentine@nasa.gov.

Points-of-contact for the FAST program in the IPP Offices at each NASA Center are listed below.

Ames Research Center: 


Lisa Lockyer, Phone: 650-604-1754, Email: lisa.l.lockyer@nasa.gov
Dryden Flight Research Center: 


Greg Poteat, Phone: 661-276-3872, Email: gregory.a.poteat@nasa.gov

Glenn Research Center: 


Kathy Needham, Phone: 216-433-2802, Email: kathleen.k.needham@nasa.gov

Goddard Space Flight Center: 


Nona Cheeks, Phone: 301-286-5810, Email: nona.k.cheeks@nasa.gov

Jet Propulsion Laboratory: 


Andrew Gray, Phone: 818-354-3821, Email: andrew.a.gray@nasa.gov

Johnson Space Center: 


Kathy Packard, Phone: 281-244-5378, Email: kathryn.b.packard@nasa.gov

Kennedy Space Center: 


Alexis Hongamen, Phone: 321-867-3107, Email: alexis.hongamen-1@nasa.gov
Langley Research Center: 


Brian Beaton, Phone: 757-864-2192, Email: brian.f.beaton@nasa.gov
Marshall Space Flight Center: 


Gwen Jasper, Phone: 256-544-1666, Email: gwenevere.l.jasper@nasa.gov
Stennis Space Center: 


Ramona Travis, Phone: 228-688-3832, Email: ramona.e.travis@nasa.gov

For other issues contact the FAST Program Executive at NASA Headquarters: 

Andrew Petro, Phone: 202-358-0310, Email: andrew.j.petro@nasa.gov.

REFERENCE WEBSITES

NASA Innovative Partnerships Program

http://ipp.nasa.gov/
IPP FAST Program

http://ipp.nasa.gov/ii_fast.htm
Aeronautics Research Mission Directorate:

http://www.aeronautics.nasa.gov/

Exploration Systems Mission Directorate:

http://www.exploration.nasa.gov
Science Mission Directorate:

http://www.science.hq.nasa.gov
Space Operations Mission Directorate:

http://spaceoperations.nasa.gov/
Reduced Gravity Program Guides

http://jsc-aircraft-ops.jsc.nasa.gov/Reduced_Gravity/guides.html
Additional references that define specific NASA technology needs can be found at the locations below.

NASA Research Opportunities

http://nspires.nasaprs.com/external/
Small Business Innovation Research Program

http://www.ip.nasa.gov/technology_infusion.htm

Attachment A: Mission Directorate Technology Focus Areas

AERONAUTICS RESEARCH MISSION DIRECTORATE

Fundamental Aeronautics

- Technologies for improving performance (reduced fuel burn), reducing noise, and reducing emissions for subsonic aircraft.

- Technologies that enable increased civil competitiveness of rotorcraft, including improved efficiency, productivity, and environmental acceptance.

- Tools and technology for the supersonic flight regime including: highly efficient airframes and engines, light weight and durable material and structures for high temperature, sonic boom modeling, airport noise, high altitude emissions, aero-servo-elasticity, entry/descent/landing in planetary atmospheres, and integrated systems for multidisciplinary design and analysis.

Aviation Safety Program

- Airframe health management; propulsion health management; environmental health management; system architectural framework; validation and predictive capability assessment.

- Tailored flexible operator-automation management; adaptive displays and interaction; decision associate technology; intelligent information management.

- Resilient flight control; resilient propulsion control; resilient airframe control; resilient vehicle mission management; safety-critical systems V&V.

- Detection and characterization of aging related hazards; prediction of life, strength and durability of systems with degradation; Mitigation of aging related hazards.

Aeronautics Test Program

- Aeronautics test technology for wind tunnels and aero-propulsion test facilities that improves data quality, facility productivity, facility cost, test capability, and integration with computational.

EXPLORATION SYSTEMS MISSION DIRECTORATE

Structures, Materials, and Mechanisms – Lightweight composite structures for vehicles and habitats, lightweight tanks for cryogenic propellants, inflatable structures for the lunar surface, multifunctional materials, and low-temperature mechanisms.

Protection – Ablative, human-rated thermal protection system materials, lightweight radiation shielding, dust and contaminant mitigation.

Propulsion and Cryogenics – Main engines and reaction control system thrusters for the Lunar Lander, and cryogenic propellant storage systems.

Thermal Control – Advanced radiators, heat pumps, sublimators, and evaporators for thermal control of vehicles, habitats, and EVA suits.

Power – Lithium-ion and lithium-sulfur batteries, regenerative fuel cells, and technologies for solar and nuclear surface power systems.

Avionics & Software - Radiation hardened and low-temperature electronics, low-power high performance processors, integrated systems health management, automated rendezvous and docking sensors, autonomous precision landing, catastrophic event flight data recorders, reliable software development tools.

Communications – Smart telemetry systems, adaptive S-Band transponders and antennas.

Environmental Control & Life Support – Atmospheric management, environmental monitoring and control, advanced air and water recovery systems, fire detection and suppression.

Crew Support & Accommodations – Technologies for advanced EVA surface suits, including life support, power, thermal control, flexible displays, and materials; crew health care systems; habitability systems.

In-Situ Resource Utilization – Regolith excavation and material handling, oxygen production from regolith, polar volatile collection and separation.

Robotics and Operations – Advanced robotic systems for lunar outpost assembly and maintenance, surface mobility systems, human-system interaction, and supportability technologies such as electronics/wiring inspection and repair.

SCIENCE MISSION DIRECTORATE 

New Remote Sensing Technologies – to better see, detect, and measure the Earth, the sun, the solar system, and the universe.

Large, Lower Cost, Lightweight Mirrors and Space-Deployable Structures – for the next generation of large telescopes and antennas.

Novel Platforms – including power and propulsion technologies that can take instruments to new vantage points.

Intelligent Distributed Systems – that enable advanced communications, efficient data processing and transfer, and autonomous operations of land- and space-based assets.

Information Synthesis – to derive useful knowledge from extremely large data sets through visualization, advanced simulations, analysis, and seamlessly linked models.

SPACE OPERATIONS MISSION DIRECTORATE

Space Communications – Optical communications, spacecraft RF including antennas and ground based Earth stations, surface networks, access links, navigation and timing, reprogrammable communications systems, communications systems for EVAs, advanced antenna technology and transmit array concepts, communications in support of launch services; novel operational projects that have a high return-on-investment; proposed project should be aligned with the Space Communications and Navigation Architecture as being developed by the agency.

Space Transportation – Technologies to enable a safer and more reliable space transportation capability including automated collection of range data, automated tracking and identification of objects, instrumentation for space transportation system testing, integrated system health monitoring for ground support equipment, facilities, and ground/spacecraft system interfaces, and technologies that reduce the cost of ground operations including new and innovative technology solutions for assembly, test, integration and processing of spacecraft; end-to-end launch services; specifically corrosion prevention, detection, and mitigation of corrosion in spaceport facilities and ground support equipment; non-destructive evaluation / non-intrusive inspection technologies; and operationally effective propellant loading, servicing, and storage.

Space Operations – Technologies that optimize crew health and performance using innovative technologies for procedure management of crew medical officer responses to in-flight medical issues, technologies that optimize the performance of ground operations, technologies that enable innovative use of operational assets for flight testing of developmental hardware and software.

Attachment B: Technology Readiness Level (TRL) Descriptions

The Technology Readiness Level (TRL) describes the stage of maturity in the development process from observation of basic principals through final product operation.  The exit criteria for each level documents that principles, concepts, applications or performance have been satisfactorily demonstrated in the appropriate environment required for that level. A relevant environment is a subset of the operational environment that is expected to have a dominant impact on operational performance. Thus, reduced-gravity may be only one of the operational environments in which the technology must be demonstrated or validated in order to advance to the next TRL. 
	TRL 
	Definition 
	Hardware Description 
	Software Description 
	Exit Criteria

	1 
	Basic principles observed and reported. 
	Scientific knowledge generated underpinning hardware technology concepts/applications. 
	Scientific knowledge generated underpinning basic properties of software architecture and mathematical formulation. 
	Peer reviewed publication of research underlying the proposed concept/application.

	2 
	Technology concept and/or application formulated. 
	Invention begins, practical application is identified but is speculative, no experimental proof or detailed analysis is available to support the conjecture. 
	Practical application is identified but is speculative, no experimental proof or detailed analysis is available to support the conjecture. Basic properties of algorithms, representations and concepts defined. Basic principles coded. Experiments performed with synthetic data. 
	Documented description of the application/concept that addresses feasibility and benefit.

	3 
	Analytical and experimental critical function and/or characteristic proof of concept. 
	Analytical studies place the technology in an appropriate context and laboratory demonstrations, modeling and simulation validate analytical prediction. 
	Development of limited functionality to validate critical properties and predictions using non-integrated software components. 
	Documented analytical/experi-mental results validating predictions of key parameters.

	4 
	Component and/or breadboard validation in laboratory environment. 
	A low fidelity system/component breadboard is built and operated to demonstrate basic functionality and critical test environments, and associated performance predictions are defined relative to the final operating environment. 
	Key, functionally critical, software components are integrated, and functionally validated, to establish interoperability and begin architecture development. Relevant Environments defined and performance in this environment predicted. 
	Documented test performance demonstrating agreement with analytical predictions. Documented definition of relevant environment.


	5 
	Component and/or brassboard validation in relevant environment. 
	A medium fidelity system/component brassboard is built and operated to demonstrate overall performance in a simulated operational environment with realistic support elements that demonstrates overall performance in critical areas. Performance predictions are made for subsequent development phases. 
	End-to-end software elements implemented and interfaced with existing systems/simulations conforming to target environment. End-to-end software system, tested in relevant environment, meeting predicted performance. Operational environment performance predicted. Prototype implementations developed. 
	Documented test performance demonstrating agreement with analytical predictions. Documented definition of scaling requirements.

	6 
	System/sub-system model or prototype demonstration in an operational environment. 
	A high fidelity system/component prototype that adequately addresses all critical scaling issues is built and operated in a relevant environment to demonstrate operations under critical environmental conditions. 
	Prototype implementations of the software demonstrated on full-scale realistic problems. Partially integrate with existing hardware/software systems. Limited documentation available. Engineering feasibility fully demonstrated. 
	Documented test performance demonstrating agreement with analytical predictions.

	7 
	System prototype demonstration in an operational environment. 
	A high fidelity engineering unit that adequately addresses all critical scaling issues is built and operated in a relevant environment to demonstrate performance in the actual operational environment and platform (ground, airborne, or space). 
	Prototype software exists having all key functionality available for demonstration and test. Well integrated with operational hardware/software systems demonstrating operational feasibility. Most software bugs removed. Limited documentation available. 
	Documented test performance demonstrating agreement with analytical predictions.

	8 
	Actual system completed and "flight qualified" through test and demonstration. 
	The final product in its final configuration is successfully demonstrated through test and analysis for its intended operational environment and platform (ground, airborne, or space). 
	All software has been thoroughly debugged and fully integrated with all operational hardware and software systems. All user documentation, training documentation, and maintenance documentation completed. All functionality successfully demonstrated in simulated operational scenarios. Verification and Validation (V&V) completed. 
	Documented test performance verifying analytical predictions.


	9 
	Actual system flight proven through successful mission operations. 
	The final product is successfully operated in an actual mission. 
	All software has been thoroughly debugged and fully integrated with all operational hardware/software systems. All documentation has been completed. Sustaining software engineering support is in place. System has been successfully operated in the operational environment. 
	Documented mission operational results.




Definitions

Proof of Concept:  Analytical and experimental demonstration of hardware/software concepts that may or may not be incorporated into subsequent development and/or operational units.

Breadboard: A low fidelity unit that demonstrates function only, without respect to form or fit in the case of hardware, or platform in the case of software. It often uses commercial and/or ad hoc components and is not intended to provide definitive information regarding operational performance.

Brassboard:  A medium fidelity functional unit that typically tries to make use of as much operational hardware/software as possible and begins to address scaling issues associated with the operational system. It does not have the engineering pedigree in all aspects, but is structured to be able to operate in simulated operational environments in order to assess performance of critical functions.

Proto-type Unit:  The proto-type unit demonstrates form, fit, and function at a scale deemed to be representative of the final product operating in its operational environment. A subscale test article provides fidelity sufficient to permit validation of analytical models capable of predicting the behavior of full-scale systems in an operational environment

Engineering Unit:  A high fidelity unit that demonstrates critical aspects of the engineering processes involved in the development of the operational unit. Engineering test units are intended to closely resemble the final product (hardware/software) to the maximum extent possible and are built and tested so as to establish confidence that the design will function in the expected environments. In some cases, the engineering unit will become the final product, assuming proper traceability has been exercised over the components and hardware handling.

Mission Configuration:  The final architecture/system design of the product that will be used in the operational environment. If the product is a subsystem/component, then it is embedded in the actual system in the actual configuration used in operation. 

Laboratory Environment:  An environment that does not address in any manner the environment to be encountered by the system, subsystem, or component (hardware or software) during its intended operation. Tests in a laboratory environment are solely for the purpose of demonstrating the underlying principles of technical performance (functions), without respect to the impact of environment.

Relevant Environment:  Not all systems, subsystems, and/or components need to be operated in the operational environment in order to satisfactorily address performance margin requirements. Consequently, the relevant environment is the specific subset of the operational environment that is required to demonstrate critical "at risk" aspects of the final product performance in an operational environment. It is an environment that focuses specifically on "stressing" the technology advance in question.

Operational Environment:  The environment in which the final product will be operated. In the case of space flight hardware/software, it is space. In the case of ground-based or airborne systems that are not directed toward space flight, it will be the environments defined by the scope of operations. For software, the environment will be defined by the operational platform.

Reference: NPR 7120.8 - February 05, 2008

