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Part One: Overview Information
· Federal Agency Name - Defense Advanced Research Projects Agency (DARPA), Tactical Technology Office (TTO)
· Funding Opportunity Title – System F6
· Announcement Type – Initial Announcement 
· Funding Opportunity Number – Broad Agency Announcement (BAA) 07-31
· Dates

· Proposal Due Date - September 7, 2007
· Unclassified Industry Day- July 24, 2007 
· Classified Industry Day - July 25, 2007
· Anticipated individual awards – Multiple awards are anticipated.
· Types of instruments that may be awarded - Procurement contract or Other Transaction for Prototype.
· Any cost sharing requirements - None
· Agency contact
· Technical Point of Contact (POC) – Dr. Owen Brown 
· Contractual Point of Contact (POC) – Mr. Christopher Glista
DARPA/TTO
ATTN: BAA 07-31
3701 North Fairfax Drive
Arlington, VA 22203-1714
EMAIL:  BAA07-31@darpa.mil

Part Two: Full Text of Announcement 

1.0
Funding Opportunity Description

The Defense Advanced Research Projects Agency (DARPA) often selects its research efforts through the Broad Agency Announcement (BAA) process.  The BAA will appear first on the FedBizOpps website, http://www.fedbizopps.gov/.  The following information is for those wishing to respond to the BAA. 

DARPA is soliciting innovative proposals for the performance of research, development, design, and testing to support the DARPA System F6 (Future Fast, Flexible, Fractionated, Free-Flying Spacecraft united by Information eXchange) concept.  The objective of the System F6 program is to demonstrate the feasibility and benefits of a satellite architecture wherein the functionality of a traditional “monolithic” spacecraft is replaced by a cluster of wirelessly-interconnected spacecraft modules.  Each such “fractionated” module can contribute a unique capability, e.g., command and data handling, guidance and navigation, payload, etc., or it replicates the capability of another module.  The fractionated modules can be physically connected once in orbit or remain nearby to each other in a loose formation, or cluster.  Harnessed together through a wireless network, they create a virtual satellite, delivering capability which is at least equivalent to the monolithic spacecraft.  Concurrently, they significantly enhance flexibility and robustness, and reduce risk through the mission life and spacecraft development cycle.  Proposed research should investigate innovative approaches that enable revolutionary advances in science, devices, or systems.  Specifically excluded is research that primarily results in evolutionary improvements to the existing state of practice.  

DARPA seeks innovative proposals in the following Areas of Interest: 
Technical Area One:  Fractionated Spacecraft Architectures
Technical Area Two:  Distributed Network Operations
Technical Area Three:  Spacecraft Wireless Communications
Further technical descriptions and details are provided in § 8.0 and § 9.0.
2.0
Award Information

The amount of resources made available under this BAA will depend on the quality of the proposals received and the availability of funds.  The Government reserves the right to select for negotiation all, some, one, or none of the proposals received in response to this solicitation, and to make awards without discussions with Proposers.  The Government also reserves the right to conduct discussions if it later determines them to be necessary.  Additionally, DARPA reserves the right to accept proposals in their entirety or to select only portions of proposals for award.  In the event that DARPA desires to award only portions of a proposal, negotiations may be opened with that Proposer.  If the proposed effort is inherently divisible and nothing is gained from the aggregation, Proposers should consider submitting it as multiple independent efforts.  The Government reserves the right to fund proposals in phases.  DARPA is most interested in proposals for full scope of development, i.e. from design to on-orbit system concept demonstration.  

2.1
Period of Performance
The period of performance for the effort will start approximately November, 2007.  The following notional timeline is envisioned by the Government. 
· Phase 1 (Proposal Period):  Begins on the effective date of award through system Preliminary Design Review (PDR).
· Phase 2: Based on competitive down select, will be from the completion of the Phase 1 effort through system Critical Design Review (CDR).
· Phase 3: Based on competitive down select, will be from the completion of the Phase 2 effort through system Flight Readiness Review (FRR). 
· Phase 4: Based on competitive down select, will be from the completion of the Phase 3 Effort through the conclusion of the on-orbit demonstration activities. 
The Government may incrementally fund any awards under this BAA.  Structure and period for exercise of options (if any) shall be negotiated as part of the award process.
Awards under this BAA will be made to Proposers on the basis of the evaluation criteria listed below (see section labeled “Application Review Information”, § 5.0) to provide overall value to the Government.  Proposals identified for negotiation may result in a procurement contract or Other Transaction for Prototype, depending upon the nature of the work proposed, the required degree of interaction between parties, and other factors.  Proposers should note that the required degree of interaction between parties, regardless of award instrument, will be high and continuous.
3.0
Eligibility Information
3.1
Eligible Applicants 

All responsible sources capable of satisfying the Government's needs may submit a proposal that shall be considered by DARPA.  Historically Black Colleges and Universities (HBCUs), Small Businesses, Small Disadvantaged Businesses and Minority Institutions (MIs) are encouraged to submit proposals and join others in submitting proposals; however, no portion of this announcement will be set aside for these organizations’ participation, due to the impracticality of reserving discrete or severable areas of this research for exclusive competition among these entities.  Independent proposals from Government/National laboratories may be subject to applicable direct competition limitations, though certain Federally Funded Research and Development Centers are excepted per P.L. 103-337§ 217 and P.L 105-261 § 3136. 

Foreign participants and/or individuals may participate to the extent that such participants comply with any necessary Non-Disclosure Agreements, Security Regulations, Export Control Laws, and other governing statutes applicable under the circumstances.

3.2
Procurement Integrity, Standards of Conduct, Ethical Considerations, and

Organizational Conflicts of Interest 
Certain post-employment restrictions on former federal officers and employees may exist, including special Government employees (including but not limited to Sections 207 and 208 of Title 18, United States Code, the Procurement Integrity Act, 41 U.S.C. 423, and FAR 3.104).  Prior to the start of proposal evaluations, the Government will assess whether any potential conflict of interest exists in regards to the DARPA Program Manager, as well as those individuals chosen to evaluate proposals received under this BAA. The Program Manager is required to review and evaluate all proposals received under this BAA and to manage all selected efforts.
If a prospective Proposer believes that a conflict of interest exists or may exist, the situation should be raised to the DARPA Technical Point of Contact specified in § 7.0, before time and efforts are expended in preparing a proposal.  All Proposers and proposed subcontractors must affirm whether they are providing scientific, engineering, and technical assistance (SETA) or similar support to any DARPA technical office(s) through an active contract or subcontract.  All affirmations must state which office(s) the Proposer supports and identify the prime contract numbers.  Affirmations shall be furnished at the time of proposal submission.  All facts relevant to the existence or potential existence of organizational conflicts of interest (FAR 9.5) must be disclosed.  The disclosure shall include a description of the action the Proposer has taken or proposes to take to avoid, neutralize, or mitigate such conflict. If, in the sole opinion of the Government, any conflict situation cannot be effectively mitigated by the proposer, the proposal may be returned without technical evaluation and withdrawn from consideration for award under this BAA.
3.3
Cost Sharing/Matching

Cost sharing is not required for this particular program; however, cost sharing will be carefully considered where there is an applicable statutory condition relating to the selected funding instrument (e.g., for any Other Transactions under the authority of 10 U.S.C. § 2371).  Cost sharing is encouraged where there is a reasonable probability of a potential commercial application related to the proposed research and development effort.  
3.4
Other Eligibility Criteria 
Collaborative efforts/teaming are encouraged.  Specific content, communications, networking, and team formation are the sole responsibility of the participants.  

4.0
Application and Submission Information

4.1
Address to Request Application Package
This announcement contains all information required to submit a proposal.  No additional forms, kits, or other materials are needed. This notice constitutes the total BAA.  No additional information is available, nor will a formal Request for Proposal (RFP) or additional solicitation regarding this announcement be issued.  Requests for same will be disregarded.
4.2
Content and Form of Application Submission

4.2.1
Proposal Information

Proposers are required to submit proposals at the time and date specified in the BAA in order to be considered during the initial round of selections; however, proposals received after this deadline may be received and evaluated up to one year from date of posting on FedBizOpps.
The typical proposal should express a consolidated effort in support of one or more related technical concepts or ideas.  Disjointed efforts should not be included into a single proposal.  

Restrictive notices notwithstanding, proposals may be handled, for administrative purposes only, by a support contractor.  This support contractor is prohibited from competition in this and other DARPA programs and is bound by appropriate nondisclosure requirements.  Proposals not meeting the format described in the BAA may not be reviewed.

Proposers must submit an original and five (5) copies of the full proposal and one (1) electronic copy of the full proposal [in PDF (preferred)] on a CD-ROM.  Each copy must be clearly labeled with BAA07-31 Proposer organization, proposal title (short title recommended), and Copy _ of 5.  
All administrative correspondence and questions on this solicitation, including requests for information on how to submit a full proposal to this BAA, should be directed to the administrative addresses below; e-mail is preferred.  
BAA07-31

DARPA/TTO

3701 North Fairfax Drive

Arlington, VA  22203-1716
EMAIL:  BAA07-31@darpa.mil


DARPA intends to use electronic mail for correspondence regarding BAA07-31.  Except for classified addendums, proposals may not be submitted by fax or e-mail; any so sent will be disregarded.  Classified addendums may be submitted by secure fax, after coordination with DARPA’s Special Security Office (SSO) or Special Access Program Central Office (SAPCO), using the instructions outlined in § 6.2.1.
4.2.2
Proposal Format

All proposals must be in the format given below.  Nonconforming proposals may be rejected without review.  Proposals shall consist of two volumes.  All pages shall be printed on 8-1/2 by 11 inch paper with type not smaller than 12 point.  However, 10 point font may be used inside tables, graphs and figures.  The page limitation for full proposals includes all figures, tables, and charts.  Volume I, Technical and Management Proposal, may include an attached bibliography of relevant technical papers or research notes (published and unpublished) which document the technical ideas and approach upon which the proposal is based.  Copies of not more than three (3) relevant papers can be included with the submission.  The bibliography and attached papers are not included in the page counts given below.  The submission of other supporting materials along with the proposals is strongly discouraged and will not be considered for review.  Except for the attached bibliography and Section I, Volume I shall not exceed one hundred (100) pages.  All proposals must be written in English.  
4.2.3
Volume I, Technical and Management Proposal

Section I. Administrative

A.
Cover sheet to include: 

(1) BAA number

(2) Technical area

(3) Lead Organization Submitting proposal

(4) Type of business, selected among the following categories: “LARGE BUSINESS”, “SMALL DISADVANTAGED BUSINESS”, “OTHER SMALL BUSINESS”, “HBCU”, “MI”, “OTHER EDUCATIONAL”, OR “OTHER NONPROFIT”

(5) Contractor’s reference number (if any)

(6) Other team members (if applicable) and type of business for each

(7) Proposal title

(8) Technical point of contact to include: salutation, last name, first name, street address, city, state, zip code, telephone, fax (if available), electronic mail (if available)

(9) Administrative point of contact to include: salutation, last name, first name, street address, city, state, zip code, telephone, fax (if available), electronic mail (if available), total funds requested from DARPA, and the amount of cost share (if any) and 

(10) Date proposal was submitted.  

B. Official transmittal letter.

Section II.  Summary of Proposal
This section provides an overview of the proposed work as well as an introduction to the associated technical and management issues.  Further elaboration will be provided in Section III. 

A. Innovative claims for the proposed research.  This section is the centerpiece of the proposal and should succinctly describe the uniqueness and benefits of the proposed approach relative to the current state-of-art alternate approaches.

B. Deliverables associated with the proposed research and the plans and capability to accomplish technology transition and commercialization.  Include in this section all proprietary claims to the results, prototypes, intellectual property, or systems supporting and/or necessary for the use of the research, results, and/or prototype.  If there are not proprietary claims, this should be stated.

C. Cost, schedule and milestones for the proposed research, including estimates of cost for each task in each year of the effort delineated by the prime and major subcontractors, total cost and company cost share, if applicable.  Note: Measurable critical milestones should occur every three to six months after start of effort.  These milestones should enable and support a go/no go decision for the next part of the effort.  Additional interim non-critical management milestones are also highly encouraged at a regular interval.

D. Technical rationale, technical approach, and constructive plan for accomplishment of technical goals in support of innovative claims and deliverable production.  (In the full proposal, this section should be supplemented by a more detailed plan in Section III.)

E. General discussion of other research in this area.

F. A clearly defined organization chart for the program team which includes, as applicable: (1) the programmatic relationship of team member; (2) the unique capabilities of team members; (3) the task of responsibilities of team members; (4) the teaming strategy among the team members; and (5) the key personnel along with the amount of effort to be expended by each person during each year.

Section III. Detailed Proposal Information
This section provides the detailed discussion of the proposed work necessary to enable an in-depth review of the specific technical and managerial issues.  Specific attention must be given to addressing both risk and payoff of the proposed work that make it desirable to DARPA.
A. Statement of Work (SOW) - In plain English, clearly define the technical tasks/subtasks to be performed, their durations, and dependencies among them.  The page length for the SOW will be dependant on the amount of the effort.  For each task/subtask, provide:

· A general description of the objective (for each defined task/activity); 

· A detailed description of the approach to be taken to accomplish each defined task/activity); 

· Identification of the primary organization responsible for task execution (prime, sub, team member, by name, etc.);

· The exit criteria for each task/activity - a product, event or milestone that defines its completion;
· Define all deliverables (reporting, data, reports, software, etc.) to be provided to the Government in support of the proposed research tasks/activities. 
Note: It is recommended that the SOW should be developed so that each Phase of the program is separately defined.  Do not include any proprietary information in the SOW.

B. Description of the results, products, transferable technology, and expected technology transfer path enhancing that of Section II. B. 

C. Detailed technical rationale enhancing that of Section II.  

D. Detailed technical approach enhancing and completing that of Section II.

E. Comparison with other ongoing research indicating advantages and disadvantages of the proposed effort. 

F. Discussion of Proposer’s previous accomplishments and work in closely related research areas.

G. Description of the facilities that would be used for the proposed effort.

H. Detail support enhancing that of Section II, including formal teaming agreements which are required to execute this program.

I. Cost schedules and milestones for the proposed research, including estimates of cost for each task in each year of the effort delineated by the primes and major subcontractors, total cost, and any company cost share.  Note: Measurable critical milestones should occur every three to six months after start of effort.  These milestones should enable and support a go/no go decision for the next part of the effort.  Additional interim non-critical management milestones are also highly encouraged at regular intervals.  Where the effort consists of multiple portions which could reasonably be partitioned for purposes of funding, these should be identified as options with separate cost estimates for each.

Proposers should use a program work outline or Work Breakdown Structure (WBS) and common numbering system to integrate the proposal documents, including an Integrated Master Schedule (IMS).  The IMS and cost proposal numbering should be completed to at least level 3 and in detail sufficient to highlight the significant points discussed throughout the proposal and within the WBS budget allocation.
The Government anticipates that proposals submitted under this BAA will be unclassified, with the possible exception of an optional classified addendum for any classified information relative to a prospective payload/mission application or sensitive technology.  Classified addendums shall not exceed a total of fifty (50) pages.  Addendums should follow the same format as the overall proposal with traceability to the overall design.  If any portion of the proposal WBS reveals classified information, or can be analyzed to determine classified details, then that portion of the WBS must also be submitted as part of the classified addendum.  WBS portions in the classified addendum should be cross referenced to the parent, unclassified WBS.  Reference § 6.2.1 for special instructions for classified addendums. 
Section IV.  Additional Information
A brief bibliography of relevant technical papers and research notes (published and unpublished) which document the technical ideas upon which the proposal is based.  Copies of not more than three (3) relevant papers can be included in the submission.

4.2.4
Volume II, Cost Proposal 

Cover sheet to include:

(1) BAA number; 

(2) Technical area; 

(3) Lead Organization Submitting proposal; 

(4) Type of business, selected among the following categories: “LARGE BUSINESS”, “SMALL DISADVANTAGED BUSINESS”, “OTHER SMALL BUSINESS”, “HBCU”, “MI”, “OTHER EDUCATIONAL”, OR “OTHER NONPROFIT”;

(5) Contractor’s reference number (if any); 

(6) Other team members (if applicable) and type of business for each; 

(7) Proposal title; 

(8) Technical point of contact to include: salutation, last name, first name, street address, city, state, zip code, telephone, fax (if available), electronic mail (if available); 

(9) Administrative point of contact to include: salutation, last name, first name, street address, city, state, zip code, telephone, fax (if available), and electronic mail (if available); 

(10) Award instrument requested: cost-plus-fixed-free (CPFF), cost-contract—no fee, cost sharing contract – no fee, or other type of procurement contract, cooperative agreement, or other transaction; 

(11) Place(s) and period(s) of performance; 

(12) Total proposed cost separated by basic award and option(s) (if any); 

(13) Name, address, and telephone number of the Proposer’s cognizant Defense Contract Management Agency (DCMA) administration office (if known); 

(14) Name, address, and telephone number of the Proposer’s cognizant Defense Contract Audit Agency (DCAA) audit office (if known); 

(15) Date proposal was prepared; 

(16) DUNS number; 

(17) TIN number; and 

(18) Cage Code;

(19) Subcontractor Information; and

(20) Proposal validity period.

Detailed cost breakdown to include: (1) total program cost broken down by major cost items (direct labor, including labor categories; subcontracts; materials; other direct costs, overhead charges, etc.) and further broken down task and phase; (2) major program tasks by year; (3) an itemization of major subcontracts and equipment purchases; (4) an itemization of any information technology (IT) purchase; (5) a summary of projected funding requirements by month; and (6) the source, nature, and amount of any industry cost-sharing.  Where the effort consists of multiple portions which could reasonably be partitioned for purposes of funding, these should be identified as options with separate cost estimates for each.  NOTE: for IT and equipment purchases, include a letter stating why the Proposer cannot provide the requested resources from its own funding.

Supporting cost and pricing information in sufficient detail to substantiate the summary cost estimates in B. above.  Include a description of the method used to estimate costs and supporting documentation.  Note: “cost or pricing data” as defined in FAR Subpart 15.4 shall be required if the Proposer is seeking a procurement contract award of $650,000 or greater unless the Proposer request an exception from the requirement to submit cost of pricing data.  “Cost or pricing data” are not required if the Proposer proposes an award instrument other than a procurement contract (e.g., a cooperative agreement, or other transaction.)
4.3
Submission Dates and Times
The proposal (original and designated number of hard and electronic copies) must be submitted in time to reach DARPA by 4:00 P.M. local time, September 7, 2007 (initial closing), in order to be considered during the initial evaluation phase; however, BAA 07-31 will remain open until June 28, 2008.  Although the Government may select proposals for award at any time during this period, it is anticipated that the majority of funding for this program will be committed during the initial selections.  Proposals may be submitted at any time from issuance of this announcement through June 28, 2008; however, Proposers are warned that the likelihood of funding is greatly reduced for proposals submitted after the initial closing date deadline.  
DARPA will acknowledge receipt of complete submissions via email and assign control numbers that should be used in all further correspondence regarding proposals.  Failure to comply with the submission procedures may result in the submission not being evaluated.

5.0
Application Review Information 

5.1
Evaluation Criteria

Evaluation of proposals will be accomplished through a scientific/technical review of each proposal using the following criteria, in relative order of importance: (1) Technical Approach, (2) Management Approach, (3) Commercialization Potential and Government Utility, and (4) Cost and Cost Realism.  Proposals will not be evaluated against each other since they are not submitted in accordance with a common work statement.  DARPA’s intent is to review proposals as soon as possible after they arrive; however, proposals may be reviewed periodically for administrative reasons.  The following are descriptions of the above listed criteria:
5.1.1
Technical Approach

All elements of the Technical Approach will be evaluated to determine how well they satisfy the overall goals of the System F6 program, as well as detailed objectives and milestone delivery requirements.  A description of each of the sub-factors follows.

NOTIONAL SYSTEM CONCEPT

· Ability to respond to program goals and demonstrated comprehension of the 
Government’s vision for the program.

· Extent to which the concept is capable of achieving program objectives.

· Extent to which the system concept is technically credible, sufficiently detailed, and supported by analysis, data, or analogy.

· Innovativeness of the system concept that can be substantiated by first order analysis or calculation.


SYSTEM DEVELOPMENT & DEMONSTRATION PLAN

· Extent to which the plan provides a credible technology development roadmap for ultimate program success.

· Extent to which the plan provides an innovative technology development roadmap for ultimate program success.

· Consistency of the plan with the rapid design-build-test spiral development paradigm envisioned by the Government.

· Extent to which the plan offers an integrated hardware and software development approach.

· Providing a model development path for similar follow-on systems.

RISK ANALYSIS & MITIGATION PLAN

· Identification of major sources of technical and programmatic risk, and their potential impact on the program.

· Identification of those unique sources of risk peculiar to fractionated spacecraft.

· Development of an integrated approach to mitigating and/or managing identified sources of risk.

VALUE-CENTRIC DESIGN METHODOLOGY

· Extent to which the system design and design approach reflect the objective of maximizing net system value through the selective, cost-justified incorporation of architectural flexibility, robustness, and other characteristics.

· Extent to which Proposer demonstrates understanding of quantitative value modeling and design optimization based on value models.

· Extent to which Proposer provides a detailed and credible plan for the development, implementation, and utilization of a parametric system lifecycle value modeling methodology for performing design optimization throughout the program. 

5.1.2
Management Approach
The Proposer’s management and system engineering process will be evaluated to ensure that overall sound methodologies representing good management practices are used to complete all proposed activities.  Streamlined and innovative business, teaming and technical management practices are encouraged.  Each proposal will be evaluated as follows.
PROGRAM TEAM & KEY PERSONNEL

· Experience and quality of key personnel, including the Program Manager, Chief Engineer, systems engineering staff, IPT leads, and subcontractor leads.

· Commitment of senior management to program success.

· Breadth and depth of the proposed team in networked systems, wireless systems, real-time distributed systems, small spacecraft design, space communications, distributed spacecraft clusters and constellations, software development, value modeling for engineering systems, design for manufacturing, and application of innovative business practices.

· Detailed, reasonable, and complete schedule.

· Identifying appropriate milestone products and accomplishment criteria.

· Subcontractor management approach, including detailed description of all subcontracting arrangements and processes/methods, demonstration of clear lines of communication, and appropriate subcontractor incentive structure.

FACILITIES & CORPORATE CAPABILITIES

· Facility resource requirements identified and sufficiently dedicated to the program.

· Identification or development of an appropriate laboratory environment in which rapid prototype hardware and software development needed to support the short design-build-test spiral approach of this program.

· Extent to which Proposer’s internal processes are structured to support the rapid design-build-test approach of this program.
· Identification or development of appropriate spacecraft manufacturing and test facilities needed to support the integration and space qualification of the system.
· Adequate planning, management, system engineering, and software development processes, cost and value estimation approach, and security to successfully accomplish program objectives.

PAST PERFORMANCE

· Extent to which the Proposer’s team has relevant and favorable past performance to support design, development, and on-orbit testing of developmental multi-satellite clusters and networked systems.

· Extent to which the Proposer’s team has had relevant past performance in successfully commercializing developmental architectures.
5.1.3
Commercialization Potential and Government Utility

The future potential of a fractionated space architecture is highly dependent on establishing accepted system-level standards and implementing mass production paradigms.  To that end, each proposal will be evaluated using the following criteria:   
INTELLECTUAL PROPERTY RIGHTS

· Extent to which Proposer proposes liberal, public-use intellectual property rights to hardware, software (maximizing open source use where feasible), design information, and documentation, beyond the minimum requirements of this solicitation. 
GOVERNMENT USE POTENTIAL

· Extent to which the proposed concept and design approach is likely to result in both an architecture and mission that provides value to a nominated government user or users by demonstrating the technical feasibility of the approach.
· Methodology and approach to be utilized to access government user(s) utility of the proposed system.

COMMERCIALIZATION POTENTIAL

· Extent to which the proposed concept and design approach is likely to result in a commercially successful architecture.

· Extent to which the component spacecraft are designed to be mass producible.

· Ability to credibly estimate costs associated with mass production.

5.1.4
Cost and Cost Realism
The objective of this criterion is to establish that the proposed costs are realistic for the technical and management approach offered, as well as to determine the Proposer’s practical understanding of the effort.  This will be principally measured by cost per labor-hour and number of labor-hours proposed.  
The evaluation criterion recognizes that undue emphasis on cost may motivate Proposers to offer low-risk ideas with minimum uncertainty and to staff the effort with junior personnel in order to be in a more competitive posture.  DARPA discourages such cost strategies.  Cost reduction approaches that will be received favorably include innovative management concepts that maximize direct funding for technology and limit diversion of funds into overhead.  In general, the proposal cost should be commensurate with the work effort proposed.  Adequate detail must be provided to allow proper evaluation of the cost rationale, and cost effective measures must be employed wherever possible.  

The Proposer's Cost Proposal will be evaluated based on the extent to which the proposed costs reasonably, completely, and realistically reflect the program activities described in the BAA.  Each proposal will be evaluated for:

· Affordability, including any private cost-sharing arrangements.

· Cost realism and credibility of estimates.

· Schedule realism based on length and cost, where shorter schedules are preferred when all other factors are equal.

· Budget allocations for each task substantiate the scope of work identified.

· Facility, laboratory, and other non-labor costs are identified and considered.

· Costs in Phases 1 and 2 associated solely with the demonstration payload are clearly and separately identified.

· Assumptions and their cost impact as to any Government Furnished Equipment (GFE) and services are clearly identified.

After selection and before award the contracting officer will negotiate cost/price reasonableness. 

Award(s) will be made to Proposers whose proposals are determined to be the most advantageous to the Government, all factors considered, including the potential contributions of the proposed work to the overall research program and the availability of funding for the effort.  Award(s) may be made to any Proposer(s) whose proposal(s) is determined selectable regardless of its overall rating.
NOTE: PROPOSERS ARE CAUTIONED THAT EVALUATION RATINGS MAY BE

LOWERED AND/OR PROPOSALS REJECTED IF SUBMITTAL INSTRUCTIONS ARE NOT FOLLOWED.

5.2
Review and Selection Process
It is the policy of DARPA to ensure impartial, equitable, comprehensive proposal evaluations and to select the source (or sources) whose offer meets the Government's technical, policy, and programmatic goals.  Pursuant to FAR 35.016, the primary basis for selecting proposals for acceptance shall be technical, importance to agency programs, and fund availability.  In order to provide the desired evaluation, qualified Government personnel will conduct reviews and (if necessary) convene panels of experts in the appropriate areas.

Proposals will not be evaluated against each other, since they are not submitted in accordance with a common work statement.  DARPA's intent is to review proposals as soon as possible after they arrive; however, proposals may be reviewed periodically for administrative reasons.  For evaluation purposes, a proposal is the document described in “Proposal Information”, § 4.2.  Other supporting or background materials submitted with the proposal will be considered for the reviewer's convenience only and not considered as part of the proposal.

Restrictive notices notwithstanding, proposals may be handled for administrative purposes by support contractors.  These support contractors are prohibited from competition in DARPA technical research and are bound by appropriate non-disclosure requirements. 

Subject to the restrictions set forth in FAR 37.203(d), input on technical aspects of the proposals may be solicited by DARPA from non-Government consultants /experts who are strictly bound by the appropriate non-disclosure requirements.  

It is the policy of DARPA to treat all proposals as competitive information and to disclose their contents only for the purpose of evaluation.  No proposals will be returned. Upon completion of the source selection process, the original of each proposal received will be retained at DARPA and all other copies will be destroyed.

6.0
Award Administration Information

6.1
Award Notices
As soon as the evaluation of a proposal is complete, the Proposer will be notified that 1) the proposal has been selected for funding pending contract negotiations, or 2) the proposal has not been selected.  These official notifications will be sent via U. S. mail to the Technical POC identified on the proposal coversheet. 

6.2
Administrative and National Policy Requirements
6.2.1
Security

The Government anticipates that proposals submitted under this BAA will be unclassified, with the possible exception of an optional classified addendum for any classified information relative to a prospective payload/mission application or sensitive technology.  In the event that a Proposer chooses to submit any documentation that may be classified, the following information is applicable.
If a classified addendum is submitted, it must indicate the classification level of not only the proposal itself, but also the anticipated award document classification level.  It is the responsibility of the Proposer to determine and accurately annotate the proper classification level of any classified information included in a classified addendum.  Classified addendums shall not exceed a total of fifty (50) pages.  Addendums should follow the same format as the overall proposal with traceability to the overall design.  If any portion of the proposal WBS reveals classified information, or can be analyzed to determine classified details, then that portion of the WBS must be submitted as part of the classified addendum.  WBS portions in the classified addendum should be cross referenced to the parent, unclassified WBS.  
Proposers recognizing that their proposed payload/mission may contain, reveal, or eventually lead to the development of classified information must contact the DARPA Security Manager listed below by 27 July, 2007 for further guidance on security guidance, classification level, Industry Day planning, and proposal submittal procedures.  

DARPA Security Manager / Program Security Officer

Mr. Paul F. McLean

DARPA/TTO

3701 N. Fairfax Drive

Arlington, VA 22203-1714

Tel (STE): 703-526-6708

Fax (Secure): 571-218-4361

Fax (Unclassified): 571-218-4379

Email: paul.mclean@darpa.mil

Classification guidance on a DD Form 254 will not be provided at this time, since DARPA is soliciting ideas only.  After reviewing the incoming proposals, if a determination is made that the award instrument may result in access to classified information, a DD Form 254 will be issued and attached as part of the award.  Proposers choosing to submit a classified proposal must first receive permission from the Original Classification Authority to use their information in replying to this BAA.  Applicable classification guide(s) should be submitted to ensure that the proposal is protected appropriately.

Classified submissions shall be in accordance with the following guidance: 

Collateral Classified Information:  Use classification and marking guidance provided by previously issued security classification guides, the Information Security Regulation (DoD 5200.1-R), and the National Industrial Security Program Operating Manual (DoD 5220.22-M) when marking and transmitting information previously classified by another original classification authority.   Classified information at the Confidential and Secret level may only be mailed via U.S. Postal Service (USPS) Registered Mail or U.S. Postal Service Express Mail.   All classified information will be enclosed in opaque inner and outer covers and double wrapped.  The inner envelope shall be sealed and plainly marked with the assigned classification and addresses of both sender and addressee.  The inner envelope shall be addressed to:



Defense Advanced Research Projects Agency



ATTN:  TTO


Reference:  (BAA07-31)



3701 North Fairfax Drive



Arlington, VA 22203-1714

The outer envelope shall be sealed with no identification as to the classification of its contents and addressed to:



Defense Advanced Research Projects Agency 



Security & Intelligence Directorate, Attn: CDR



3701 North Fairfax Drive



Arlington, VA 22203-1714
All Top Secret materials should be hand carried via an authorized, two-person courier team to the DARPA CDR.   

Special Access Program (SAP) Information:  Contact the DARPA Special Access Program Central Office (SAPCO) 703-526-4052 for further guidance and instructions prior to transmitting SAP information to DARPA.  Top Secret SAP, must be transmitted via approved methods for such material. Consult the DoD Overprint to the National Industrial Security Program Operating Manual for further guidance.  Prior to transmitting SAP material, it is strongly recommended that you coordinate your submission with the DARPA SAPCO.   

Sensitive Compartmented Information (SCI) Data:  Contact the DARPA Special Security Office (SSO) at 703-812-1994/1984 for the correct SCI courier address and instructions. All SCI should be transmitted through your servicing Special Security Officer (SSO).   SCI data must be transmitted through SCI channels only (i.e., approved SCI Facility to SCI facility via secure fax).  

Proprietary Data:  All proposals containing proprietary data should have the cover page and each page containing proprietary data clearly marked as containing proprietary data.  It is the Proposer’s responsibility to clearly define to the Government what is considered proprietary data.

Proposers must have existing and in-place prior to execution of an award, approved capabilities (personnel and facilities) to perform research and development at the classification level they propose. It is the policy of DARPA to treat all proposals as competitive information, and to disclose their contents only for the purpose of evaluation.  Proposals will not be returned.  The original of each proposal received will be retained at DARPA and all other non-required copies destroyed.  A certification of destruction may be requested, provided that the formal request is received at this office within 5 days after unsuccessful notification.

6.2.2
Intellectual Property 

6.2.2.1  Procurement Contract Proposers
Noncommercial Items (Technical Data and Computer Software)

Proposers responding to this BAA requesting a procurement contract to be issued under the FAR/DFARS shall identify all noncommercial technical data and noncommercial computer software that it plans to generate, develop, and/or deliver under any proposed award instrument in which the Government will acquire less than unlimited rights, and to assert specific restrictions on those deliverables.  Proposers shall follow the format under DFARS 252.227-7017 for this stated purpose.  In the event that Proposers do not submit the list, the Government will assume that it automatically has “unlimited rights” to all noncommercial technical data and noncommercial computer software generated, developed, and/or delivered under any award instrument, unless it is substantiated that development of the noncommercial technical data and noncommercial computer software occurred with mixed funding.  If mixed funding is anticipated in the development of noncommercial technical data and noncommercial computer software generated, developed, and/or delivered under any award instrument, then Proposers should identify the data and software in question as being subject to Government Purpose Rights (GPR).  In accordance with DFARS 252.227-7013 Rights in Technical Data - Noncommercial Items and DFARS 252.227-7014 Rights in Noncommercial Computer Software and Noncommercial Computer Software Documentation, the Government will automatically assume that any such GPR restriction is limited to a period of five (5) years in accordance with the applicable DFARS clauses, at which time the Government will acquire “unlimited rights” unless the parties agree otherwise.  Proposers are admonished that the Government will use the list during the source selection evaluation process to evaluate the impact of any identified restrictions and may request additional information from the Proposer, as may be necessary, to evaluate the Proposer’s assertions.  If no restrictions are intended, then the Proposer should state “NONE.”

A sample list for complying with this request is as follows:

	NONCOMMERCIAL

	Technical Data Computer Software To be Furnished With Restrictions
	Basis for Assertion


	Asserted Rights Category


	Name of Person Asserting Restrictions



	(LIST)
	(LIST)
	(LIST)
	(LIST)


Commercial Items (Technical Data and Computer Software)

Proposers responding to this BAA requesting a procurement contract to be issued under the FAR/DFARS shall identify all commercial technical data and commercial computer software that may be embedded in any noncommercial deliverables contemplated under the research effort, along with any applicable restrictions on the Government’s use of such commercial technical data and/or commercial computer software.  In the event that Proposers do not submit the list, the Government will assume that there are no restrictions on the Government’s use of such commercial items.  The Government may use the list during the source selection evaluation process to evaluate the impact of any identified restrictions and may request additional information from the Proposer, as may be necessary, to evaluate the Proposer’s assertions.  If no restrictions are intended, then the Proposer should state “NONE.”

A sample list for complying with this request is as follows:

	COMMERCIAL

	Technical Data Computer Software To be Furnished With Restrictions
	Basis for Assertion


	Asserted Rights Category


	Name of Person Asserting Restrictions



	(LIST)
	(LIST)
	(LIST)
	(LIST)


6.2.2.2
NonProcurement Contract Proposers - Noncommercial and Commercial Items (Technical Data and Computer Software)

Proposers responding to this BAA requesting an Other Transaction for Prototype shall follow the applicable rules and regulations governing these various award instruments, but in all cases should appropriately identify any potential restrictions on the Government’s use of any Intellectual Property contemplated under those award instruments in question.  This includes both Noncommercial Items and Commercial Items.  Although not required, Proposers may use a format similar to that described in Paragraphs 1.a and 1.b above.  The Government may use the list during the source selection evaluation process to evaluate the impact of any identified restrictions, and may request additional information from the Proposer, as may be necessary, to evaluate the Proposer’s assertions.  If no restrictions are intended, then the Proposer should state “NONE.”
6.2.2.3  All Proposers – Patents
Include documentation proving your ownership of or possession of appropriate licensing rights to all patented inventions (or inventions for which a patent application has been filed) that will be utilized under your proposal for the DARPA program.  If a patent application has been filed for an invention that your proposal utilizes, but the application has not yet been made publicly available and contains proprietary information, you may provide only the patent number, inventor name(s), assignee names (if any), filing date, filing date of any related provisional application, and a summary of the patent title, together with either: 1) a representation that you own the invention, or 2) proof of possession of appropriate licensing rights in the invention.  

6.2.2.4  All Proposers-Intellectual Property Representations

Provide a good faith representation that you either own or possess appropriate licensing rights to all other intellectual property that will be utilized under your proposal for the DARPA program.  Additionally, Proposers shall provide a short summary for each item asserted with less than unlimited rights that describes the nature of the restriction and the intended use of the intellectual property in the conduct of the proposed research.
Note: When planning data and software rights assertions, please consider the provisions of § 8.5 Data Rights, below. 
6.2.3
Meeting and travel requirements

There will be a program kickoff meeting and all key participants are required to attend. Performers should also anticipate periodic site visits at the Program Manager’s discretion.

 6.2.4
Human Use 
Proposals selected for contract award are required to comply with provisions of the Common Rule (32 CFR 219) on the protection of human subjects in research (http://www.dtic.mil/biosys/downloads/32cfr219.pdf) and the Department of Defense Directive 3216.2 (http://www.dtic.mil/whs/directives/corres/html2/d32162x.htm). All proposals that involve the use of human subjects are required to include documentation of their ability to follow Federal guidelines for the protection of human subjects. This includes, but is not limited to, protocol approval mechanisms, approved Institutional Review Boards, and Federal Wide Assurances. These requirements are based on expected human use issues sometime during the entire length of the proposed effort.

For proposals involving “greater than minimal risk” to human subjects within the first year of the project, performers must provide evidence of protocol submission to a federally approved IRB at the time of final proposal submission to DARPA. For proposals that are forecasted to involve “greater than minimal risk” after the first year, a discussion on how and when the Proposer will comply with submission to a federally approved IRB needs to be provided in the submission. More information on applicable federal regulations can be found at the Department of Health and Human Services – Office of Human Research Protections website (http://www.dhhs.gov/ohrp/).

Any aspects of a proposal involving human use should be specifically called out as a separate element of the statement of work and cost proposal to allow for independent review and approval of those elements.

6.2.5
Animal Use

Any Recipient performing research, experimentation, or testing involving the use of animals shall comply with the rules on animal acquisition, transport, care, handling, and use in: (i) 9 CFR parts 1-4, Department of Agriculture rules that implement the Laboratory Animal Welfare Act of 1966, as amended, (7 U.S.C. 2131-2159); and (ii) the guidelines described in National Institutes of Health Publication No. 86-23, “Guide for the Care and Use of Laboratory Animals.”
6.2.6
Publication Approval

Any resulting award will include a requirement for DARPA permission before publishing any information or results on the program.

The following provision will be incorporated into any resultant procurement contract or Other Transaction for Prototype:

When submitting material for written approval for open publication as described in subparagraph (a)  above, the Contractor/Awardee must submit a request for public release to the DARPA TIO and include the following information: 1) Document Information:  document title, document author, short plain-language description of technology discussed in the material (approx. 30 words), number of pages (or minutes of video) and document type (briefing, report, abstract, article, or paper); 2) Event Information:  event type (conference, principle investigator meeting, article or paper), event date, desired date for DARPA's approval; 3) DARPA Sponsor:  DARPA Program Manager, DARPA office, and contract number; and 4) Contractor/Awardee's Information: POC name, e-mail and phone.  Allow four weeks for processing; due dates under four weeks require a justification.  Unusual electronic file formats may require additional processing time. Requests can be sent either via e-mail to tio@darpa.mil or via 3701 North Fairfax Drive, Arlington VA 22203-1714, telephone (571) 218-4235.   Refer to www.darpa.mil/tio for information about DARPA's public release process.

6.2.7
Export Control

Should this project develop beyond fundamental research (basic and applied research ordinarily published and shared broadly within the scientific community) with military or dual-use applications, the following apply: 

(1) The Contractor shall comply with all U. S. export control laws and regulations, including the International Traffic in Arms Regulations (ITAR), 22 CFR Parts 120 through 130, and the Export Administration Regulations (EAR), 15 CFR Parts 730 through 799, in the performance of this contract.  In the absence of available license exemptions/exceptions, the Contractor shall be responsible for obtaining the appropriate licenses or other approvals, if required, for exports (including deemed exports) of hardware, technical data, and software, or for the provision of technical assistance.

(2) The Contractor shall be responsible for obtaining export licenses, if required, before utilizing foreign persons in the performance of this contract, including instances where the work is to be performed on-site at any Government installation (whether in or outside the United States), where the foreign person will have access to export-controlled technologies, including technical data or software.

(3) The Contractor shall be responsible for all regulatory record keeping requirements associated with the use of licenses and license exemptions/exceptions.

(4) The Contractor shall be responsible for ensuring that the provisions of this clause apply to its subcontractors.

6.2.8
Subcontracting

Pursuant to Section 8(d) of the Small Business Act (15 U.S.C. 637(d)), it is the policy of the Government to enable small business and small disadvantaged business concerns to be considered fairly as subcontractors to contractors performing work or rendering services as prime contractors or subcontractors under Government contracts, and to assure that prime contractors and subcontractors carry out this policy.  Each Proposer who submits a contract proposal and includes subcontractors is required to submit a subcontracting plan in accordance with FAR 19.702(a) (1) and (2) should do so with their proposal.  The plan format is outlined in FAR 19.704.  

6.3
Reporting 

 The number and types of reports will be specified in the award document, but will include as a minimum monthly financial status reports.  The reports shall be prepared and submitted in accordance with the procedures contained in the award document and mutually agreed on before award.  Reports and briefing material will also be required as appropriate to document progress in accomplishing program metrics.  A Final Report that summarizes the project and tasks will be required at the conclusion of the performance period for the award, notwithstanding the fact that the research may be continued under a follow-on vehicle.

6.3.1
Central Contractor Registration 

Selected Proposers not already registered in the Central Contractor Registry (CCR) will be required to register in CCR prior to any award under this BAA. Information on CCR registration is available at http://www.ccr.gov.

6.3.2
Representations and Certifications

In accordance with FAR 4.1201, prospective Proposers shall complete electronic annual representations and certifications at http://orca.bpn.gov.

6.3.3
Wide Area Work Flow (WAWF)

Unless using another approved electronic invoicing system, performers will be required to submit invoices for payment directly via the Internet/WAWF at https://wawf.eb.mil.  Registration to WAWF will be required prior to any award under this BAA.  

7.0
Agency Contacts

DARPA will use electronic mail for all technical and administrative correspondence regarding this BAA, with the exception of selected/not-selected notifications.  

Administrative, technical or contractual questions should be sent via e-mail to BAA07-31@darpa.mil.  All requests must include the name, email address, and phone number of a point of contact.  

Points of Contact
The technical POC for this effort is Dr. Owen Brown

The contractual POC for this effort is Mr. Christopher Glista
Electronic mail: BAA07-31@darpa.mil.


DARPA/TTO
ATTN: BAA07-31

3701 North Fairfax Drive

Arlington, VA 22203-1714

DARPA may post updates to questions or comments periodically to the solicitation website: http://www.darpa.mil/tto/solicit/SystemF6/index.htm
8.0
Program Description and Objectives
8.1
Program Goal

The goal of the F6 program is to demonstrate the feasibility and benefits of a satellite architecture wherein the functionality of a traditional (“monolithic”) spacecraft is replaced by a cluster of wirelessly-interconnected spacecraft modules.  Each such (“fractionated”) module can contribute one or more unique capabilities (e.g., command and data handling (C&DH), guidance and navigation, payload sensor, payload transponder, etc.) or it can replicate the capability of another module.  The resulting space system can be composed of fractionated modules that are physically re-connected on-orbit after launch (i.e., “docked), remain physically disconnected, but within an established wireless link range (i.e., “virtually docked”), or take a hybrid approach with a mix of docked and virtually docked flown elements.  Harnessed together through a robust, secure and self forming wireless network, they create a “virtual satellite,” delivering a capability equivalent to, or greater than, that of a monolithic spacecraft, while significantly enhancing flexibility and robustness, and reducing risk throughout the mission life and spacecraft development cycle.  Such an architecture will provide valuable options to decision makers throughout the life cycle development of future space systems which utilize the F6 approach.

One can envision an evolution of this concept in the future as a “system of systems” of such virtual satellites effectively constituting a “bus in the sky” – wherein a user or stakeholder need only provide and deploy a payload module suited to their immediate mission need, with the supporting functionality (possibly including one or more of the following: guidance and navigation, C&DH, mission processing, data storage, power and stationkeeping) supplied by a global network of infrastructure modules already resident on-orbit and at critical ground locations.  In addition, there can be sharing of resources between various “spacecraft” that are within sufficient range for communication and (if required) control.

For purposes of nomenclature this type of “virtual satellite” architecture is synonymously referred to as “fractionated” or “distributed,” the wirelessly-networked spacecraft that fly in stable “cluster orbits” as “spacecraft modules” or “space nodes,” and the terrestrially-based network elements as “ground modules” or “ground nodes” throughout this document.  The fractionated spacecraft design paradigm is enabled by six significant technological enablers.  They are listed here.  A brief vision of their contribution to the fractionated architecture idea is provided for each.
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Figure1: System F6 Technology Enablers
1. Robust, self forming networks.  The power of the F6 network will be realized through creation of a fundamentally new inter- (between modules) and intra- (within modules) spacecraft command and data handling network.  Note that with the network envisioned, there should be little distinction between inter- and intra-module network protocols and topology.  In this new network all subsystems and payloads (and for that matter, any “box” with a command and data connection) can be treated like a uniquely addressable computing peripheral or network device.  The F6 network should have the qualities of the best war fighting networks of today, specifically, it should be self-forming, reliable, have high availability, and be robust (and therefore self-healing).  Such an approach can provide a long sought after “plug-n-play” capability.  Information assurance in the network should be provided to maintain the confidentially, integrity, and survivability as the mission demands.  No specific DoD Information Assurance requirements will be issued at this time, but information assurance features should be maximally flexible and modular in their implementation.  As such, they should be able to implement DoD Information Assurance requirements efficiently in the future, while at the same time be easily replaceable with commercial or export-approved variants for non-DoD space missions.  With this network approach, the ground element of the space system is considered just another (albeit very important) network node.  Consideration of the ground element in this context greatly influences the flexibility of its function (e.g., mission computing could be seamlessly transitioned from space to ground reversibly and efficiently) and availability.  Specifically, the ground is now a uniquely addressable network node and as such its availability to the remainder of the space network should dramatically be enhanced through the use of a dynamically routed space/air/terrestrial support network backbone.  

2. Secure, reliable, available, and non-interfering wireless communication.  The above network, combined with an appropriate wireless communication capability (analogous to today’s Bluetooth and WiFi types of capabilities) means that each major component in a spacecraft can now be treated as a wireless network device.  With this wireless connectivity, the distribution of subsystems and payloads now becomes an independent design parameter.  Specifically, a spacecraft box’s location internal to a spacecraft is less constrained by wiring harness restrictions (which may yield mass performance benefits).  Most dramatically, a portion or all of a spacecraft subsystem or payload can now be placed on a physically separate module.  Once formed together, a network comprised of the appropriate separate nodes can form together creating the virtual spacecraft.   Maintainability, sustainability and adaptability of space systems are dramatically improved, as upgrades, replacements, or additional resources are enabled by orbiting a node containing the requisite capability, and allowing it to “log-in” to the network.  The wireless communications challenges in this network include providing proper authentication and access while simultaneously maintaining confidentiality, integrity, and interference resistance.  System engineering challenges include the design of a power, aperture, and frequency combination to limit wireless link subsystem mass, maximize module attitude flexibility, minimize detectability, comply with any applicable spectrum regulations, and prevent inter-system electromagnetic interference and compatibility  issues.
3. Scalable, adaptable, and fault tolerant, distributed computing.  The wireless network approach also implies that distribution of computing resources amongst various nodes is possible.  This provides enormous flexibility for upgrade and scaling of computing, which for certain mission classes can provide enormous increases in space system capability.

4. Reliable, efficient, available, and non-interfering wireless power transfer.  Wireless power transfer is another key enabler in the F6 concept.  With efficient techniques, one can envision a system whereby there is a main power collection element, which then transfers power to all other modules.  Although power transfer becomes rather inefficient at relatively small distances (tens of meters), this capability is especially noteworthy in the case where modules are docked, and also in the case of  power transfer within a module or spacecraft to a component which could benefit from complete wireless connectivity (such as in the case of highly articulated and/or rotating sensors).

5. Autonomous, safe, and self-defending cluster navigation.  With a network of wirelessly connected modules, cluster navigation capability becomes a key concern.  It is envisioned that separate modules could be launched independently.  As such, there will be a need for these modules to gather, dock and/or virtually dock.  If under attack these modules must un-dock, disperse, and re-dock.  Whenever physical contact is not desired, the modules must maintain collision avoidance parameters.  For these clustered systems to realize their full potential, people can no longer be central to establishing, managing or administering them.  As such, autonomy of cluster operations will be required.

6. Effective and efficient distributed payload operations.   Fractionation of payloads offers new capabilities.  These include, but are not limited to, development of scalable large apertures, scalable and large virtual apertures and arrays, and multiple, diverse, co-located yet de-coupled payload operations.

Novel approaches to this architectural design will consider many possible holistic applications of two or more of the above enabling technologies.  Examples include, but are not limited to, combining cluster navigation and network capabilities to create position-based encryption schemes and utilization of wireless communication and/or cluster navigation sensors to supplement local space situational awareness. 

There are numerous advantages to the fractionated approach.1,2  Briefly enumerated, they are:

· Diversification of launch and on-orbit failure risk

· Survivability enhancement from a variety of natural and manmade threats (e.g. anti-satellite (ASAT) weapons)

· Reliability enhancement through emergent sharing of subsystem resources across multiple stand alone fractionated systems

· Scalability in response to service demand fluctuations

· Upgradeability in response to technological obsolescence

· Incremental deployment of capability to orbit

· Graceful deterioration of capability on-orbit

· Robustness in response to funding fluctuations and requirements changes

· Reduced integration and testing due to subsystem decoupling

· Decoupling of requirements between modules and multiple payloads

· Decoupling of security constraints between payload(s) and rest of spacecraft

· Production learning across multiple similar modules

· Reliability learning across multiple similar modules

· Enabling very large spacecraft beyond capability of the Evolved Expendable Launch Vehicle (EELV)

· Enabling spacecraft to be launched with smaller, faster vehicles

· Enabling development of smaller payload nodes decoupled from spacecraft

· Reducing the economic barrier to entry for non-traditional spacecraft vendors

A critical goal of the F6 program is to develop a quantitative methodology to enable the exploration of the spacecraft trade space spanned by the cost, value, reliability, flexibility (gained through maintainability, sustainability, adaptability, and scalability) and robustness/risk parameters of the proposed system.  Development of a framework for identifying the “optimal” distribution of capability and reliability across the network of fractionated spacecraft modules is an essential step towards reaching this goal.  Such a methodology would be used to inform systems engineering decisions throughout the F6 program and would constitute a useful asset for assessing the applicability of fractionated architectures to future missions.3,4,5,6,7,8 
The specific program objectives enumerated and the acquisition strategy described in this BAA should be interpreted in the context of the overarching goal of demonstrating as many as possible of the advantages of fractionated architectures while simultaneously developing the technological enablers of this paradigm.  

8.2
Program Objectives

The Government envisions the F6 program culminating in an on-orbit demonstration of a space system concept consisting of multiple distinct modules performing a mission or missions that a stakeholder identifies as having increased net value from fractionation (see § 8.2.1).  Satellite missions with design orbits from LEO to GEO are open for consideration, but proposers should factor overall implementation costs and gained value for their selection.  Although launch costs are not part of the proposal, they will be estimated by DARPA and considered when reviewing proposed missions.  Options to perform MEO or GEO missions as demonstrations in LEO are acceptable.  The ability to command and control each module individually is desired for purposes of safety.  Each spacecraft module is required to carry a Space-Ground Link System (SGLS) transceiver for command, control, and mission data relay via the Air Force Satellite Control Network (AFSCN), or an equivalent system, in addition to the high data rate payload links described below.  Consideration should be given to information assurance, interference resistance, as well as to ground signature management of the cluster.  It is desirable that the spacecraft modules developed for the F6 demonstration mission maximally resemble a version that may be mass-produced for a variety of other future operational missions.  To this end, best practices in design for manufacturability should be leveraged from other industries as appropriate and applied in the performance of the F6 program.

The fractionated spacecraft modules may be launched either as a primary or secondary payload. The architecture should incorporate the flexibility to be launched incrementally on multiple launch vehicles; the limiting case being where each module is launched individually.  The Government anticipates making launch vehicle selection(s) early in Phase 2.

Although the Government is not specifying a specific demonstration mission, it must be understood in the context of the discussion in § 8.1 that most of the advantages of fractionated architectures are not mission-specific.  Selection of the payload mission is left to the Contractor.  Contractors should consider missions that are specifically enabled by a fractionated spacecraft architecture, as well as those that are significantly enhanced by it.  Contractors shall conduct a thorough stakeholder analysis in Phase 1 of the program to identify potential future program partners that value the fractionated approach.  Substantiated risk adjusted value metrics, and not cost alone, should be used to determine how much a particular mission is enhanced by fractionation.  The payload of the F6 demonstration may reside in one module of the satellite cluster, or may constitute multiple modules.  All engineering trades regarding degree and type of fractionation should also be conducted using a risk adjusted, value-based methodology.  The Government reserves the right to alter payload requirements, replace the proposed demonstration payload with a different payload, or add an additional payload to the demonstration mission.  The Contractor’s design must incorporate sufficient flexibility to enable these changes to be made at any point throughout Phases 1 and 2 with minimal impact on the rest of the design.  Additionally, the Contractor should price its efforts in such a manner that the cost solely associated with the demonstration payload(s) is easily identified.  

The Contractor should be mindful in architecting the system that at the conclusion of a successful on-orbit demonstration, a decision to extend the mission life and deploy additional payload modules for other experimental, scientific, or demonstration missions is possible.

8.2.1
Top-Level Objectives
The program objectives below are based on overarching goals that:

· Each spacecraft module shall be on a smallsat/microsat scale (<300 kg wet mass).

· First launch shall be planned to occur within 4 years of program start.

· Modules may be distributed across multiple launches.

· The launch vehicle(s) required shall be commercially available, manufactured in the US, and have demonstrated at least one successful previous launch.

· The on-orbit lifetime design of the system shall be at least one year after the launch of the final spacecraft.  No Ps requirements will be issued, but all designs should retain a fault tolerant strategy that limits the effects of single part failures on the ability to command each spacecraft, as well as to limit any navigational threats during cluster operations (e.g. a thruster inadvertently stuck open).
The top-level program objectives are:

1) Decompose a monolithic spacecraft into a distinct set of two or more modules.  Each of the fractionated modules (network nodes) should carry out one or more unique spacecraft system support functions (e.g. mission data computing, mission data storage, TT&C, etc.) that are shared and utilized by all other nodes.  Payloads can reside on these support modules, or can be designed to reside on their own module.  
 
Here, “payloads” 

a)
Are defined elements which collect and transmit mission data to other spacecraft nodes or directly to the ground.
b)
Should demonstrate a mission enabled and/or have its net value increased by fractionation.  Examples include, but are not limited to, improved/simplified performance because of thermal/mechanical isolation from the remainder of the system, and the creation of a system of multiple nodes which replace functionality required by a larger monolithic aperture.
2) Demonstrate system functionality:
a) During ground test with nodes connected via a wired or wireless network connection, utilizing communications protocols developed for the program in such a fashion that such testing can occur in a widely dispersed geographical area.

b) During the orbit population sequence with remaining nodes on the ground.

c) With all nodes on orbit.
Here, “system functionality” is defined as all “bus” and payload functions (payload functions may be simulated) required for collection of data (e.g. precision pointing etc) are operating per design, and data (or simulated data) is collected, processed, stored (if required) and down linked to the ground.
3) During nominal operation (all nodes functioning), demonstrate that mission availability is 99% over any one month period.
4) For purposes of safety, each spacecraft module shall independently retain the ability to receive command and control and transmit telemetry via AFSCN or an equivalent network.
5) Develop an exhaustive hardware and software interface specification that enable third-party vendors to develop payload and non-payload modules that seamlessly interface with the Contractor’s F6 architecture.

6) Demonstrate that some portions of all elements are designed in a manner which is conducive to mass production schemes.
7) Develop estimates of recurring and non-recurring module costs in low- and medium-sized production runs relying on appropriate mass-production best practices.
8) Develop a risk-adjusted value centric methodology that allows the net value (discounted-to-present-day lifecycle value minus lifecycle cost) of flexibility of the fractionated approach to be quantified and compared to a monolithic spacecraft equivalent in capability.  Using this approach, demonstrate that the design of the fractionated demonstration system has been informed by this analysis methodology.   The analysis should be applied to a comparable (possibly scaled up and/or longer lived) “objective” (i.e. operational) system that would utilize the same design approach.  Other analysis techniques that may provide insight into this problem include, but are not limited to, Real Options Analysis and Probabilistic Risk Assessments.9,10,11  In some cases, the value of the underlying asset may be difficult to determine, in which case Multi-attribute Utility Analysis (see the following objective) may have to be relied upon extensively in this net value calculation.
9) Conduct a Multi-attribute Utility Analysis for the fractionated system.12,13,14  This technique relies on stakeholder interviews to value various attributes of the system.  
The remaining objectives are divided into five major categories: Networking, Wireless Communication, Cluster Flight, Distributed Computing, and Wireless Power Distribution.
8.2.2
Networking Objectives
1) Demonstrate an autonomous, self-forming network of nodes.  Specifically, demonstrate the link is established, a node is discovered, authenticated, and accepted by the remainder of the network in a period of time which precludes future loss of the link or significant module collision risk due to closing relative distances caused by natural orbital dynamics.

2) Develop a standard hardware and software appliqué that enables the “packaging” and insertion of a variety of standard spacecraft components as uniquely addressable network devices within each node.
3) The ground element should be treated as a node in the network.   Specific objectives that shall be met to demonstrate the implications of this feature are to:

a) Transfer a spacecraft support function from a space-based node (or nodes) to the ground and then back while performing the mission with no mission interruption.

b) Maintain 24/7 TT&C and limited (critical) mission data connectivity to the ground node.  When developing a system solution to this objective, consideration should be given towards implementation of a space-ground architecture which is diverse and innovative (e.g. using space-space, space-air, space-ground links etc.).  Note that a system relying on AFSCN alone will not satisfy this objective due to scheduling constraints.
c) Demonstrate full flexibility of the ground node by re-locating it to anywhere in CONUS within 24 hours notice.  Equipment that is required to be relocated should be minimal (hypothetically, nothing more than a laptop computer).  The most well designed architectures should allow the ground node to be located in a variety of geographic locations, including those in the air and maritime domain.
8.2.3
Wireless Communication Objectives
1) The wireless communications system between the nodes of the network will be able to achieve an aggressive full duplex data rate that is established by the mission data processing task. 

2) At least one component device within one spacecraft module should maintain data connectivity wirelessly to its host module and to the greater network.  At minimum, this device should act as a “black-box” type of recorder, which holds, at minimum, the last 90 minutes of all available spacecraft module health and status data.  This “black-box” shall also demonstrate the capability to provide a wireless backdoor command capability to a valve driver circuit or equivalent, such that it may be used as an emergency attitude control option.  Demonstrate that this box can be commanded by, and pass data directly to, another spacecraft module.  The aforementioned risk-adjusted net value systems analysis should consider the net value implications of maximizing wireless data connectivity within each spacecraft module (e.g. impacts on flexibility, reliability, system mass vis-à-vis cost etc.).  If this analysis is positive, full internal wireless data connectivity within a module or modules should be considered.
3) Establish a wireless networking data protocol between each node.  This space-space wireless network should show ability to continue to perform the mission function even when in the main beam of in-band GEO communication satellite earth station transmitting at maximum design and/or FCC allowed EIRP across a bandwidth of a typical transponder in that band (e.g. EIRP from Ku-band system transmitting 85 dBW with a bandwidth of 36 Mhz).
8.2.4
Cluster Flight Objectives
Note: Direct physical interconnect of any 1 to N modules on-orbit is not precluded (where N is the baselined maximum number of modules).
1) Demonstrate that the in-space development of the final baseline fractionated space system is independent of spacecraft module launch order.  
2) Upon orbit insertion, demonstrate autonomous cluster gathering behavior.   Specifically, once the wireless link is established between a newly inserted module or modules, the new modules autonomously gather and then dock or virtually dock with the existing fractionated space system.  Note that in the intervening time period between spacecraft module release from launch vehicle and wireless link establishment with the network, external support from the space surveillance network (SSN) can be assumed.
3) For systems which utilize cluster flight (i.e. virtually dock), the system will be able to accept commanded changes to a min and max spread radius of the cluster.  The navigation system also will be able to command specific formation geometries using behavior-based path planning techniques that rely on autonomous and order-independent distributed control paradigms.15
4) For systems which utilize cluster flight, demonstrate autonomous collision avoidance and recovery in the following two scenarios:  

a) 1 to N modules lose(s) all relative navigation capability, but retains ability to communicate to other modules (note that this could be via module-to-module wireless data communications, or through the automated dynamic switching of communications pathways utilizing a space-ground link etc.).  Show autonomous collision avoidance control that reduces probability of any collision between any two modules to be less than 10-6 (2 sigma confidence) over a two week duration.  If, after the expiration of these two weeks, all relative navigation capability is regained, then show that full mission functionality can be recovered within an additional one week’s time.
b) 1 to N-1 modules becomes non-functional (i.e., the module can longer control its own state).  Demonstrate the ability of the remaining operational nodes to recognize this situation, and within a pre-determined time, relocate the operational elements of the cluster to a safe location, relative to the failed modules.  Show that this safe location reduces the probability of collision between any operational module and any failed one to less than 10-6 (2 sigma confidence) over a one month duration.
5) Demonstrate a rapid cluster geometry change which will result in a reduced probability of mission denial and/or total system loss due to hostile action, such as from an ASAT, with minimal impact on mission availability.  Fractionated systems which are docked on-orbit are not precluded from this objective (which implies such systems may at least have to break into two parts and then rejoin at a later time).
8.2.5
Distributed Computing Objectives
1) Demonstrate basic “keep alive” functionality of the system with the failure of any 1 to N-1 modules (where N is the total number of modules on orbit).  Show that this “keep alive” function is retained until system functionality is restored after insertion of replacement nodes.  
Here “keep alive” means that each remaining functional module
a) Maintains a positive power and safe thermal state.
b) Maintains capability to receive commands and pass basic health and safety status to other nodes.
2) Demonstrate the insertion of a new mission data processor into the cluster for each of the following cases:
a) The node with the primary (original) mission processor has failed.
b) The node with the primary (original) mission processor is functional, but is being replaced with a more capable processor.

c) The node with the primary (original) mission processor is functional, and is desired to establish a parallel processing capability with the new processing node to improve the overall computing capability of the system. 
8.2.6
Power Transfer Objectives
1) Demonstrate wireless power transfer at minimum within a single spacecraft module.  This wireless transfer shall be to the “black box” described in § 8.2.3 above.  Power received (post DC conversion) must be sufficient to maintain positive power to the black box (at max rated required power) through the worst-case eclipse.  The black box should also contain its own temporary power source (battery) to allow it to function and pass data to an external node for 90 minutes after losing power from its host.  Wireless power transfer between two or more spacecraft modules should be considered in the system design trade space, with the net value analysis discussed in § 8.2.1 utilized in informing the final design decision.  Acceptable methods of wireless power transfer include RF, optical, inductive, and WiTricity16 techniques.

8.3
Program Plan

The Government envisions a three phase development program culminating in a series of spacecraft launches and an on-orbit demonstration of the F6 System in a final fourth phase.  Multiple awards for simultaneous execution of Phase 1 by competing Contractor teams is expected.  Successive phases will incorporate competitive down selects in the number of Contractor teams, based on the technical merit of the work performed, an assessment of the ability of each Contractor team to successfully achieve program goals by program end, and overall program budget constraints.  As a minimum, each performer must meet the phase specific go/no-go metrics defined in §9.1 in order to qualify to compete for selection to a successive phase. Timely and successful completion of the current phase will also be key considerations.

Phase 1 will consist of the development of a conceptual design, completion of an orbital mechanics study, establishment of a value-centric framework for program decision-making, and completion of a preliminary design.  In addition, Contractor teams will be required to develop a Hardware In the Loop (HIL) test bed which will replicate the fractionated spacecraft mission as a software simulation.  Note that as discussed, the ground element is considered as yet another node in the network, and as such should be incorporated into this and all future HIL test beds.  Hardware elements, in the form of actual systems or equivalent breadboard designs, will be incorporated in successive blocks.  Software implementation will take on additional fidelity and will be tested more rigorously in successive blocks.  Phase 1 will culminate in a Preliminary Design Review (PDR) which will include a review of all the work done as well as a detailed proposal submittal for Phase 2.  This PDR should strike a reasonable balance between the contractor’s agile practices utilized in the program and the formality of a more conventional PDR which meets the intent of more rigorous existing or expired standards (e.g. MIL-STD-1521B).

Phase 2 of the program will include completion of a detailed design and simultaneous bench top development of successively more capable hardware elements in the HIL test bed.  Performers will be required to conduct a highly-spiral program plan involving numerous, relatively short design-build-test spirals (utilizing the HIL) that make incremental progress towards a fully integrated, but as yet not flight-qualified system.  By the end of Phase 2, performers should have advanced the design of the individual software and hardware components of the test bed (wireless communication system, navigation system, network operation, distributed resource management, etc) to such a degree that they are ready to begin production of flight-qualified software and hardware immediately.  Phase 2 will culminate in a Critical Design Review (CDR) which includes a complete detailed design of each of the spacecraft modules and ground station, a comprehensive report of the system’s concept of operations (CONOPS), and a full-fledged demonstration of the HIL test bed with simulation of elements limited to only those functions that physically cannot be demonstrated on a bench top.  As with the PDR, the CDR should strike a reasonable balance between the contractor’s agile practices utilized in the program and the formality of a more conventional CDR which meets the intent of more rigorous existing or expired standards (e.g. MIL-STD-1521B).  A detailed proposal submittal for Phase 3 shall also be provided.
Phase 3 of the program includes spacecraft hardware fabrication, comprehensive ground testing, and system integration.  While simultaneous construction of each spacecraft is not required, performers must demonstrate the ability to meet all network testing and launch schedule requirements.  Ground testing will consist of the industry standard space environment, launch environment, and RFI testing of each individual spacecraft, as well as testing of the entire network as a whole.  Ground testing should be expected to continue even as elements of the system are launched.  All assembly, training, and preparation for mission execution from the ground operations center will be complete as well.  Phase 3 will culminate in a Flight Readiness Review (FRR).  This can occur as one review for the entire system, or as multiple reviews of subsets of the total system, with the concurrence of the Government.  A detailed proposal submittal for Phase 4 shall also be provided.
Phase 4 of the System F6 program consists of the launch, deployment, and on-orbit operation of the distributed spacecraft system.  The Contractor team must execute system demonstration objectives defined in § 8.2.  At the termination of the demonstration, the performer will prepare the system for follow-on use.
Contractor teams should only include activities in Phase 1 within their proposal.  At the end of each phase, a competitive down select amongst proposals submitted by the current phase performers will be used to determine the Contractors for the successive phase.  These selections will be based on technical merit, importance to the program, and funds availability.  For the purposes of advance planning, Contractors may assume that the Government shall supply appropriate launch opportunities.  However, Contractors during the testing/integration and demonstration phases will be responsible for launch integration and all on-orbit operations.  The Government reserves the right to adjust or otherwise modify the phase structure and milestones, and the Contractor may ordinarily expect to be afforded the opportunity to submit revised proposals to accommodate these modifications.

8.4
Government Management Approach

The DARPA Program Manager (PM) shall be the technical management authority for this effort. The DARPA PM will convene a Management Team which will consist of appropriate experts from governmental and non-governmental organizations to assist the PM with Contractor oversight, monitoring of technical progress, independent verification and validation, risk management, and liaising with potential transition partners.  Additionally, DARPA may enter into various agreements with other governmental or non-governmental organizations for the provision of launch and launch integration services, payload development, and other activities in furtherance of F6 program goals and objectives.

8.5
Data Rights

The Government expects that liberal intellectual property rights, including particularly software and technical data, with respect to all aspects of the fractionated spacecraft architecture developed under this program will be conducive and beneficial to the transition and proliferation of this novel architectural paradigm throughout the industry.  To this end, liberal intellectual property rights are an express element of the Commercialization Potential and Government Utility Evaluation Criterion.  The Government encourages the Contractors to develop software pursuant to § 8.2.1 paragraphs 4 and 5, § 8.2.2 paragraph 1, and § 8.2.5 paragraph 3, as open source software, insofar as permitted by applicable laws and export regulations.

At minimum, the Government requires:

1. Unlimited Rights to: (a) a hardware and software interface specification that would enable third-party vendors to develop payload, non-payload, and ground modules, module subsystems, and module components that would seamlessly interface with the Contractor’s network architecture; (b) the design of the hardware and software appliqué that enables the “packaging” and insertion of standard spacecraft components as peripherals; and (c) top-level system specifications, graphics, and performance metrics to enable effective program representation at conferences and trade shows.

2. Government Purpose Rights for five (5) years, subsequently reverting to Unlimited Rights, to: (a) all algorithms, software, protocols, hardware and software interfaces, and accompanying documentation that are not commercial software and are developed or modified under this program; (b) the net value optimization methodology and any documentation or implementations thereof developed in response to § 8.2.2 paragraph 6; (c) sufficient data to enable independent verification of milestone criteria, test results, performance predictions, and the Contractor’s technical and financial progress; and (d) system details necessary to brief stake holders regarding technical progress and accomplishments.  After three (3) years, the Government Purpose Rights to these items will revert to Unlimited Rights.

The Government may choose to accept Limited or Restricted Rights on other items.  Additional data requirements may later be identified and may become part of future phases.  The contractor shall be responsible for marking appropriately (by page) all data delivered to the Government to which the Government has less than Unlimited Rights.

9.0
Program Execution
The System F6 program will follow the phasing outline defined in § 8.3.  The Government expects to retain as many Contractor teams as possible within the budget constraints of the program.  Competitive down selects will occur at the end of each phase, based on the technical merit of the work performed, an assessment of the ability of each Contractor team to successfully achieve program goals by program end, and overall program budget constraints.  As a minimum, each performer must meet the phase specific go/no-go metrics in order to qualify to compete for selection to a successive phase.

9.1
Go/No-Go Metrics

The following measures will be used to assess program development performance by phase.  Ultimate program success will be based on accomplishing the program objectives outlined in § 8.2.
9.1.1
Phase 1 Go/No-Go Metrics

To be considered for selection for Phase 2.

1) Demonstrate the Top Level program objectives found in § 8.2.1 are met at the PDR. 
2) Develop a hardware in the loop (HIL) test bed which replicates the fractionated spacecraft mission in real time and fast time.  At a minimum, the HIL test bed will include:
a) Fully networked computers which emulate each network node, including the ground.
b) Middleware (software) enabling distributed computing and network management.
c) Emulation of on-orbit GPS reception (if utilized in the design).
d) RF path emulation of link disturbances for the selected wireless data communications protocol design.
e) Orbital dynamics simulation to execute each module’s guidance, navigation and control (GNC) inputs for orbit propagation.
3) Using the HIL, demonstrate all program objectives in § 8.2 are met.
4) Identify possible launch vehicles using design mass and size of prospective spacecraft plus contingency and margins.
5) Perform trade space analysis of spacecraft power transfer options and conceptual design.

9.1.2
Phase 2 Go/No-Go Metrics

To be considered for selection for Phase 3.

1) Demonstrate the Top Level program objectives found in § 8.2.1 are met at the CDR.

2) At a minimum, add to the HIL:
a) Wireless data communication breadboards for node-to-node data transfer, with provisions to accurately emulate data latencies between each node.
b) A prototype mission processor board for each mission processor required.
c) Prototype or flight equivalent GPS receivers for each node.
d) A ground C2 and mission support suite, connected to the HIL using the same network required for full CONUS flexibility.

3) Using the HIL, demonstrate all objectives found in § 8.2 are met.

4) Demonstrate compatibility of spacecraft design and launch vehicle.
5) Validate breadboard level test of selected wireless data communication hardware and software in a laboratory environment.
6) Validate a breadboard-level test of selected power transfer hardware and software in a laboratory environment.
9.1.3 Phase 3 Go/No-Go Metrics

To be considered for Phase 4 performance:
1) Show that FRR system elements meet all program objectives outlined in § 8.2.
2) Conduct a successful ground demonstration of end-to-end capability test including:
a) Network demonstration of all flight nodes.
b) Wireless communication demonstration with simulated RFI environment, if required.
c) Power transfer subsystem demonstration in a relevant environment.
d) A ground C2 and mission support suite, connected to the flight test suite using the same network required for full CONUS flexibility.  These tests will including placing the C2 site at a primary and then a secondary site (separated by at least 1000 miles).
e) Inclusion of variables due specifically to fractionation, including data latency, link degradation, and GPS error.

3) Completion of individual spacecraft integration as well as cross-network integration.

4) Completion of all space and launch environmental testing to validate flight operations.

5) Demonstrated ability to meet all launch integration timelines for successive launches of each system element.

6) Assembly, training, and preparation for mission execution from ground operations center. 
9.2
Phase 1 Milestones

In addition to the minimum requirements specified in the go/no-go metrics for this phase, Contractors should structure their schedule to align with the following milestones.  Due to the innovative nature of the spacecraft architecture and program execution, these milestones are established to clarify the Government’s expectations.  

Milestone 1

· System Conceptual Design Review

· Review of Contractor’s overall system design to include basic layout of spacecraft and ground modules, subsystem-level allocation of mass, power, and reliability, trade space definition for each significant component or technology, identification and justification of preferred and fall-back approaches for addressing each program objective, orbital insertion and cluster stationkeeping approach, and software and networking architecture.

· Success criteria include traceability of the design to each program objective, flow-down of objectives to subsystem-level design constraints, justification of major technology trades, successful application of value-based design optimization methods.

· Management Review

· Detailed review of subcontracting arrangements.

· Review of non-technical metrics of program progress.

· Delivery of any data requested in conformance with § 8.5.

Milestone 2

· System Value Modeling Methodology Design Review

· Review the Contractor’s methodology for parametric estimation of system value based on system- and subsystem-level design parameters.  Review the Contractor’s application of the value modeling methodology to design optimization.

· Review the Contractor’s multi-attribute utility analysis framework and operation.

· Success criteria include: (a) the ability to model the value of flexibility, robustness, technological obsolescence, and traditional development and fabrication cost metrics for an overall system lifecycle value metric; (b) the ability to optimize top-level system design parameters such as the number of modules, decomposition of functionality across modules, module and subsystem reliability, etc. for maximum net lifecycle system value for the objective system; (c) comparison of the overall objective system value to a hypothetical monolithic spacecraft that accomplishes the same mission; and (d) the ability to make complex trade space decisions using the established multi-attribute utility analysis.

Milestone 3

· Block I Hardware In the Loop Test Bed Demo 

· Full scale simulation replicating the execution of a fractionated spacecraft architecture that can run in real time and in fast time.  All of the component segments of the overall F6 system defined in the conceptual design must be included in at least a simulated fashion.  This basic simulation will be further refined by the addition of test hardware and software in successive blocks to fully establish design feasibility.  Software functionality should include the basic modular layout with initial builds of most core modules needed to affect basic networking and rudimentary resource sharing functions.

· Success criteria include the demonstration of a functional network protocol between the modules, the ability to perform rudimentary resource sharing among the modules, the ability to add and remove nodes from the network in real-time, the ability to route around link failures.

· Management Review

· Review of non-technical metrics of program progress.

· Delivery of any data requested in conformance with § 8.5.

Milestone 4

· Orbital Mechanics/Trajectory Design Review

· Review of trajectories for launch, deployment, and sustainment of the orbits of the system of spacecraft modules, to include stationkeeping, cluster flying, cluster gathering, and collision avoidance methodologies. 

· Success criteria include a credible orbital geometry concept for the entire mission lifecycle validated through detailed numerical simulations, the justification/optimization substantiating the orbital concept, credible estimates of propellant and other requirements derived from the choice of orbital concept.

Milestone 5

· Power Transfer Trade Space Analysis

· Review of all feasible methods for transmitting power within a spacecraft for a sustained period of time.  
· Success criteria include traceability of the design to power transfer objective, proper fit of power transfer sub-system into overall spacecraft system budgets, and justification of major technology trades.

Milestone 6

· Block II Hardware In the Loop Test Bed Demo

· Full scale simulation of fractionated spacecraft system with separate networked computers representing individual nodes of the system.  Communication between satellite network nodes must be executed at least simulated data communication modules with simulated latency and link degradation while utilizing defined protocols.  Orbit propagation should include real world dynamics and orbital perturbations.  Emulation of GPS signals should be enacted for satellite GNC and wireless communication.  Implementation of cluster flying algorithms developed in orbit mechanics review.  Middleware enabling distributed resource management and network management should be functional.  

· Success criteria include the demonstration of most essential software functionality, including all low-level communications functions required by program objectives, most resource sharing functions, basic distributed computing functions, basic fault tolerance, some degraded operations capability, basic collision avoidance functionality, and autonomy. 

· Management Review

· Review of non-technical metrics of program progress.

· Delivery of any data requested in conformance with § 8.5.

Milestone 7

· Block III Hardware In the Loop Test Bed Demo

· Full scale simulation of fractionated spacecraft system using all elements of design proposed in PDR.  Payload functionality must be fully incorporated.  Simulation must show execution of all program objectives and all payload objectives.  Distributed resource management for multiple failure modes and specifically distributed computing of payload data will be tested.    

· Success criteria include the demonstration of all Phase 1 go/no-go metrics.  

· Management Review

· Review of non-technical metrics of program progress.

· Delivery of any data requested in conformance with § 8.5.

Milestone 8

· Preliminary Design Review

· Review of Contractor’s refined system design to include detailed layout of spacecraft and ground modules, subsystem-level allocation of mass, power, and reliability, trade space definition for each significant component or technology, risk analysis with mitigation schemes, identification and justification of preferred and fall-back approaches for addressing each program objective, orbital insertion and cluster stationkeeping approach, and software and networking architecture.

· Success criteria include closure of the overall design, establishing the compatibility of the physical and functional interfaces between all network components, establishing an open source communications and networking data protocol capable of meeting program objectives, demonstrated capability of design to meet all system objectives with the use of the HIL test bed, justification of major technology trades with the application of value-based design optimization methods.

· Detailed Phase 2 Proposal

· A detailed follow on proposal for Phase 2 will be accomplished.  Details regarding specific content and format will be provided by the Government prior to delivery.

· Management Review

· Review of non-technical metrics of program progress.

· Delivery of any data requested in conformance with § 8.5.

While there are no formal technical documentation requirements at any of the milestones except the System Preliminary Design Review, the Government expects that the contractor will establish appropriate internal documentation processes that maintain an appropriate degree of engineering rigor, while offering sufficient agility to enable the rapid spiral development envisioned in this program and the ability to respond to any Government data requests under § 8.5 of this solicitation.

9.3
Figures of Merit

The Government’s decision to down select the number of Contractor teams at the conclusion of Phase 1 will be the result of assessing the best overall value to the Government considering, but not limited to, the following figures of merit:

· Technical progress

· Merit of concept

· Technical and programmatic risk

· Rigorous, value-centric design approach

· Affordability

The Government reserves the right to modify or add figures of merit during the execution of Phase 1.

9.4 
Review/Demo Meeting Details and Weekly Reports

All milestone reviews will be conducted at the Contractor’s preferred location.  The purpose of the milestone reviews is to demonstrate accomplishment of milestone exit criteria.  The objective is to convey information and discuss issues, not to generate formal documentation.  Instead of written milestone reports, a complete copy of the annotated milestone review briefings shall be provided to the meeting attendees.  The contractor will forward an electronic copy of the draft briefing 3 days prior to the meeting and meeting minutes and an electronic briefing to the DARPA Program Manager within a week after the review.  The government anticipates sending 5-10 people to each milestone review. 

In addition to milestone reviews, the Government anticipates holding informal weekly status teleconferences and monthly or bi-monthly technical interchange meetings (TIMs).  The objective of a TIM is to allow coordination of Government objectives and Contractor activities.  TIMs are small working level meetings.  Three days prior to a TIM, the contractor will forward an electronic copy to the DARPA PM of a concise report outlining progress made since the preceding TIM or milestone review, suggested topics of discussion for the TIM, and critical technical challenges to be faced before a subsequent TIM or milestone review.  Attendance at each TIM will be tailored based on the agenda, but the maximum government attendance should not exceed ten people.  The TIMs provide an opportunity for the government to view the trades in progress and provide additional insight or information as required.  The value of the meetings will be in the breadth of material and level of detail and interaction with the team. 

Weekly written reports on the status of program execution will be required beginning one month after contract award.  These reports should be turned in by 4:00 PM EST/EDT (as appropriate) and should be 1 to 4 pages in length.  The reports should summarize actions completed, risk issues, key technical concerns, hardware delivery status and software status.  Commencing six months after contract award, the contractor shall establish a set of critical and supporting events, with a minimum of one per week (but typically approximately 10-20 per week), that are necessary to maintaining the program on schedule.  These events are known as "inchstones".  These events shall be on the master schedule, maintained by the contractor, and tracked in a Microsoft Excel spreadsheet.  Each event entry shall have an original planned complete date, current planned completion date, and completed date.  These events shall be grouped by major program activity, such as a major subsystem, payload, or ground element.  The contractor shall provide three weekly reports from the excel inchstone data: an updated spreadsheet with the updated entries, a histogram chart that shows by week the number of planned and completed events (spanning two months in the past and one month in the future), and a graph showing total events completed vs. original and re-baselined (if appropriate) plans (over the span of the entire program).
10.0
Glossary of Terms
Appliqué – A hardware and/or software interface that enables neighboring systems to communicate effectively and operate in a network.
Bus – The non-payload portion of the spacecraft system that provides the services (pointing, station-keeping, etc.) and resources (power, thermal conditioning, etc.) required by the payload to accomplish the mission.

Cluster – A set of spacecraft operating cooperatively in the same spatial volume with separation distances ranging from meters to hundreds of kilometers.  It is distinguished from a formation in that no precision stationkeeping requirements are specified, except for purposes of maintaining the data link, power link, and/or collision avoidance.
Distributed - Functions are spread across a set of network nodes instead of being executed in a single location.

Dock – To physically connect two spacecraft on orbit.  Can be further characterized as soft-docked (a compliant or structurally flexible connection) or hard-docked  (rigid structural connection).

Element – A spacecraft or ground station.

F6 - Future Fast, Flexible, Fractionated, Free-Flying Spacecraft united by Information eXchange

Flexibility – The ability of a system to be changed to meet an existing or changed requirement.  

Fractionated – A set of smaller spacecraft performing the same mission as a larger satellite by distributing the same functions across multiple space vehicles.

Gather (Gathering Behavior) – The ability of the set of fractionated spacecraft to self organize on orbit.  Spacecraft will autonomously collect at the designated cluster location and establish appropriate separation distances and geometry.

Lifecycle – The life of the system from concept through development, deployment, operations, and eventual retirement/disposal.

Mission – The purpose of the monolithic or fractionated space system, such as communications relay, ground imaging, space environment monitoring, and so forth.

Mission Operations – The act of performing the mission either directly by the payload or indirectly by the bus (providing services and resources to the payload).

Module – An individual spacecraft from the set of fractionated spacecraft.  All modules contain nodes, as well as support infrastructure specific only to that spacecraft (e.g. thrusters).
Monolith – A typical current satellite incorporating all mission capabilities onboard a single platform.

Net Value – The discounted-to-present-day lifecycle value minus lifecycle cost.

Node – A uniquely addressable service on the overall network.  This could be hosted in a module or ground station.
Payload – The non-bus portion of the spacecraft that actually performs the mission.

Peripheral – A device (i.e., printer) that is not part of the core system (main processor, memory, etc.).

Risk Adjusted – An evaluation of alternatives that takes into account probabilistic risk to enable equitable comparison.

Robustness – The degree to which a system can keep operating as designed despite external environmental forces.
Value Centric – A comparison of alternatives that includes not just system cost but also asset value and a probabilistic system value of some objective function, such as flexibility.
Virtual Docking – Bringing a new module into stable wireless link range of the remaining set of fractionated spacecraft and adding that module’s capabilities to that of the collective after proper authentication.

Virtual Satellite – The effective capabilities of the combined set of fractionated spacecraft.

Wireless – Short range, low power, radio frequency inter- or intra- spacecraft communication link.
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