Exhibit 15 - Representative Task Orders (RTOs)

Exhibit 15 – RTO 1: Flight Dynamics Support for the Hypothetical Near-Earth (HNE) Mission

Exhibit 15 – RTO 2: Flight Dynamics Support for the Hypothetical Deep-Space (HDS) Mission

Exhibit 15 – RTO 3: Research, Design, Development, and Sustaining Engineering of Flight Dynamics Technologies

Exhibit 15 – RTO 1: Flight Dynamics Support for the Hypothetical Near-Earth (HNE) Mission

I. Summary of Work

This task order statement of work (SOW) describes the research, analysis, engineering, and operations support necessary to perform all flight dynamics functions for the Hypothetical Near-Earth (HNE) mission. The purpose of including an RTO for a hypothetical mission is to allow the bidder to illustrate the range of experience, skills, and innovative processes that it would apply to the full lifecycle of the typical GSFC mission for which the FDSS contract will be applied. Since the full lifecycle of a typical mission may exceed the nominal length of the FDSS contract, for purposes of this RTO, we assume that HNE is already being developed and is currently in Phase C/D (design completed, implementation and integration & testing are underway and launch is within 20 months). Bidders should assume that a prior task or tasks previously provided the mission design and the operations concept for the Mission Operations Center and ground data systems.

HNE consists of two three-axis stabilized nadir-pointing spacecraft (HNE-1 and HNE-2) that will perform all attitude determination and control functions autonomously onboard and perform coincident imaging in support of earth science as part of the Earth Observation System (EOS). Project and operations management will be provided by GSFC, and science management by an external Principal Investigator. The HNE spacecraft were designed and are being developed, manufactured, integrated and tested in-house at GSFC along with the spacecraft carrier assembly (SCA) that carries the HNE spacecraft during launch and early orbit. 
The HNE spacecraft and carrier assembly are due to launch on March 15th 2011 12:00:00 UTC aboard an Atlas V with a Centaur upper stage. The daily launch window is 30 minutes in duration and lasts until the summer solstice season (assumed to begin on June 15th) when launch is precluded by shadow constraints. 
After the burnout of the upper stage, the SCA, which stays attached to the Centaur, dispenses one HNE spacecraft and then dispenses the other HNE spacecraft 20 minutes later. Each spacecraft stays in its insertion orbit for 5 days for initial checkout then begins its ascent maneuvers into the mission orbit. The HNE science goals requires that HNE-1 and HNE-2 are to assume a sun-synchronous 705 km altitude orbit with 0.5 minutes difference in mean-local-time and with 10 seconds of time difference in equator crossing. 
Once the mission orbits are achieved, the HNE spacecraft must maintain precise orbits relative to each other, while minimizing station-keeping maneuver frequency. HNE will utilize GSFC’s GEONS
 software to perform onboard orbit determination using data and observables from an onboard transceiver. This transceiver provides inter-satellite and ground communications, and provides orbit determination observables from Global Positioning System (GPS), Track & Data Relay Satellite (TDRS), and Universal Space Network (USN) stations, as well as inter-spacecraft observables. HNE must also perform conjunction predictions and perform collision avoidance maneuvers, as circumstances dictate.

The contractor shall expect to work closely with the Government’s task monitor (TM) for this task, and to work with NASA personnel as well as NASA’s partners in other Government agencies, industry, and academia in the accomplishment of the technical objectives of the task. Because of the non-standard nature of the work in this task, work priorities and objectives may change as project requirements evolve. Therefore, the contractor shall be prepared to provide timely support of unplanned high-priority actions resulting as circumstances dictate.

Details of the work by subtask are provided below, and should be considered as a baseline. This work will generally require the contractor to utilize a mix of GSFC in-house and commercial-off-the-shelf orbit determination and mission planning software in performance of the work items. The contractor may, in some situations, propose the use of their own proprietary software. The technical and cost advantage to the Government should be clearly justified.

II. Period of Performance

The period during which the work for this task shall be performed begins July 15, 2009 and ends on July 31, 2011. Figure 1 shows a high-level schedule and the external milestones that shall be supported by the task.
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Figure 1: HNE high-level schedule.

III. Work Location

Approximately 35% of this work is expected to occur at operational facilities at Goddard Space Flight Center (GSFC).
IV. Government Property

The Government will provide the facility and facility services for mission support functions performed onsite at GSFC. Within these onsite facilities, the Government will provide office and workstation furniture that are required to manage and operate the spacecraft and its ground support elements.

A summary of other Government-furnished equipment that may be applicable to this task is available in the FDSS Bidder’s Library.

V. Specific Tasks

The contractor shall perform the following specific tasks consistent with the high-level schedule as shown in Figure 1.
A. Mission Design – Cycle P
In this subtask, the contractor shall start with the current Cycle P outputs from United Launch Alliance (ULA). These outputs consist of:

· the injection state as a function of time in the daily launch window, 
· a launch vehicle covariance matrix that characterizes the launch vehicle dispersions,
· the coverage of critical events by USN and Space Network (SN) assets, 
· the angle history of the Sun with respect to the SCA body axes from fairing jettison to spacecraft separation. 
The contractor will analyze Cycle P data against the mission requirements and prepare an assessment that will be documented in deliverable D1.
B. Contingency Analysis – Cycle P

In this subtask, the contractor shall perform the following contingency analysis activities.

1. Analyze the Cycle P Monte Carlo results provided from ULA on minimum separation of HNE-1 and HNE-2 from the launch vehicle based on the planned Contamination and Collision Avoidance Maneuver (CCAM).

2. Update the delta-V budget to reflect Cycle P launch vehicle dispersions.

3. Analyze the strategies to delay the ascent maneuvers and update the delta-V budget appropriately

4. Analyze moving ascent maneuvers to be in contact with the USN or SN in the event the scheduled asset is unavailable. Update the delta-V budget appropriately.
These analyses will be documented in deliverable D2.
C. Launch Window Analysis – Cycle P
The HNE daily launch window is defined as a set of launch and ascent trajectories sampled at 30 second intervals over a 30 minute span. The trajectories are to be generated using the HNE automated launch window system where each sample takes 10 minutes to produce. For the HNE launch, ULA requires 3 weeks of launch window cases at a time and that the window shall be extended with an additional week for every week of delay. In support of this subtask, the contractor shall:
1. Calculate an initial 2 week launch window with an analysis of the corresponding delta-V and determine which trajectories satisfy the mission requirements. 
2. Develop a strategy to extend the launch window in the event of a launch delay.
3. Support the generation and dissemination of data in support of Launch Collision Avoidance (COLA) (GPR 8000.1)
These analyses will be documented in deliverable D3.

D. Mission Design – Cycle Q

In this subtask, the contractor shall distill the work done in subtasks A-C to produce the final input to ULA, which will be documented in deliverable D4.

E. Simulations and Operational Preparation
In this subtask, the contractor shall develop launch and early orbit simulation materials to be used in conjunction with L&EO simulation 1, 2, and 3 (see Table 1). These materials will include operations handbooks, procedures, operational scripts and will be documented in deliverables D5-D7.  
F. Operational Support
In this subtask, the contractor shall provide flight dynamics services to support launch readiness, launch and early orbit, and handover to routine operations. Specific work elements include the following.

1. Launch Readiness Review
For this work, the contractor shall develop all materials for and shall support the launch readiness review (LRR) 30 days before launch.
2. Launch and Early Orbit (L&EO) Orbit Determination
The contractor shall perform launch and early orbit support for HNE-1/HNE-2 orbit determination using the existing processes and software in the FDF. 
3. Ascent Support
The contractor shall perform the following activities in support of the HNE-1/HNE-2 ascent:

· Initial replanning of the ascent profile (impulsive maneuvers) using a definitive L&EO orbit determination state
· Finite planning, reconstruction, and calibration of the each ascent maneuver.

· Generation of predictive products based on each maneuver plan update.
4. Onboard Navigation 

For this work element, the contractor shall support initial checkout of the onboard GEONS navigation solutions (after completion of ascent through establishment of the formation) against ground-based solutions and will monitor performance until task closeout.
5. Closeout Activities 

For this work element, the contractor shall develop handover materials to transition routine flight dynamics support to the Flight Operations Team (FOT). These materials will be documented in deliverable D8. The contractor shall write a post launch report (deliverable D10) documenting the launch support activities and lessons learned. The contractor shall write a closeout report (deliverable D12) as the final deliverable.
VI. Deliverable Items and Schedules

The contractor shall, at minimum, deliver the following items according to the schedule shown.

	Table 1:  HNE Mission Deliverables
	

	Deliverable Item
	Description
	Delivery Date

	D1
	Mission Design – Cycle P Assessment
	11/1/09

	D2
	Contingency Analysis Report
	2/1/10

	D3
	Launch Window – Cycle P
	8/30/10

	D4
	ULA Trajectory Inputs
	8/15/10

	D5
	L&EO Sim 1
	9/15/10

	D6
	L&EO Sim 2
	12/15/10

	D7
	L&EO Sim 3
	2/15/11

	D8
	LRR Support Materials
	2/15/11

	D9
	Routine Task Reporting (tracked as deliverable D9a, D9b, etc.)
	Weekly, Monthly, Annually

	D10
	Post Launch Report
	7/1/11

	D11
	FOT Handover Materials
	7/15/11

	D12
	Task Closeout Report
	7/31/11


VII. Travel

Key contractor personnel shall attend all major project reviews, as specified in NASA Procedural Requirement (NPR) 7120.5D, which will be held within the GSFC local area. In addition, the contractor shall plan to send key personnel to at least three face-to-face meetings at the (Principal Investigator's (PI) facility in Huntington Beach, CA, in conjunction with mission status reviews. 

VIII. Reporting Requirements

The contractor shall report status to the TM or designated alternates on a weekly basis. Reports shall include, but are not limited to: informal presentation of interim results, status of development activities, and action and risk item status. The contractor shall provide written summaries of meeting discussion items within not more than one day after each weekly meeting via email to the TM. The contractor shall also support the TM in the preparation of status reviews for internal and external agencies. The contractor shall be expected to periodically compile results from this task into technical papers of archival journal quality for presentation at technical conferences and submission to professional journals. The contractor shall comply with any and all additional requests for status meetings and reports. The contractor shall deliver all documents in portable document format (PDF) electronic form to the TM. Digital storage media in DVD format containing all numerical results and all input data relevant to reproducing the results shall accompany all analysis reports.

IX. Security Requirements

When working inside the GSFC perimeter or online any GSFC networks, the contractor shall maintain compliance with all GSFC IT security guidelines. Access to classified information is not required for this task.

X. Risk Management Requirements

The contractor shall perform risk management according to all applicable NASA policy directives, including, but not limited to, the applicable versions of NPR 8000.4 and/or NPR 7120.5.

XI. Electronic Information Technology Compliance

The contractor shall maintain compliance with all applicable NASA policies concerning electronic and information technology accessibility, including, but not limited to, 36 CFR Part 1194, Section 508 of the Rehabilitation Act of 1973, etc., or document exemptions based on NASA-approved rationale and documentation, including but not limited to NASA Procurement Information Circular 05–01.

XII. Evaluation Criteria

The response to this RTO will be evaluated in accordance with RFP NNG08234094R Section L.16 Mission Suitability Subfactor B Representative Task Orders (RTOs). 

 (END OF REPRESENTATIVE TASK ORDER)

Exhibit 15 RTO 2 – Representative Task Order for Full Life Cycle Hypothetical Deep-Space Mission Support

XIII. Summary of Work

This statement of work (SOW) describes the research, analysis, and engineering necessary to perform all flight dynamics functions for the Hypothetical Deep-Space (HDS) mission. The purpose of including an RTO for a hypothetical mission is to allow the bidder to illustrate the range of experience, skills, and innovative processes that it would apply to the full life cycle of the typical GSFC mission for which the FDSS contract will be applied. Since the full life cycle of a typical mission may exceed the nominal length of the FDSS contract, for purposes of this RTO, we assume that HDS will move from Phase A to Phase D over the full period of performance of the FDSS contract with launch and operations occurring just after the end of the nominal period of the FDSS contract.

NASA will procure the HDS spacecraft bus from an external prime contractor. The HDS spacecraft, which is launched aboard a Delta IV Extended Expendable Launch Vehicle (EELV), will perform a low-energy, weak-stability-boundary transfer from the Earth to the Moon, and enter a highly elliptical lunar mapping orbit for approximately 60 days. HDS will then perform another low-energy transfer to escape the Earth-Moon system and enter a heliocentric orbit that enables a rendezvous with a Near Earth Object (NEO). HDS will perform surveys in proximity to the NEO for 3 months. At the end of its mission, HDS will perform a soft landing on the NEO where its transceiver will remain functional for a minimum of 25 years as a beacon for use in precisely refining and predicting the orbit of the NEO. All flight dynamics functions for HDS will be performed on the ground. HDS will also carry an autonomous navigation experiment package that will shadow ground-based flight dynamics activities. This package will use GSFC’s GEONS
 software to perform onboard orbit determination and maneuver planning using data and observables from the onboard attitude determination sensors, the onboard transceiver, and an altimeter. The transceiver provides space-to-ground communications, and provides orbit determination observables from GPS, TDRS, and Deep Space Network (DSN) stations. The attitude sensors provide line-of-sight vector observations of the sun, stars, moons, planets, and the NEO. The altimeter provides range and range-rate to the lunar and/or NEO surface, when the altitude is less than 10 km. HDS will be a spin-axis stabilized spacecraft with a 6 thruster complement used for both trajectory and attitude maneuvers, with a three-axis stabilized mode for landing only.
The contractor shall expect to work closely with the Government’s Task Monitor (TM) for this task, and to work with NASA personnel as well as NASA’s partners in other government agencies, industry, and academia in the accomplishment of the technical objectives of the task. Because of the non-standard nature of the work in this task, work priorities and objectives may change as project requirements evolve. Therefore, the contractor shall be required to provide timely support of unplanned high-priority actions resulting as circumstances dictate.

Details of the work by subtask are provided below, and should be considered as a baseline. This work will generally require the contractor to utilize a mix of GSFC in-house and commercial-off-the-shelf orbit determination and mission planning software in performance of the work items. The contractor may, in some situations, propose the use of their own proprietary software. The technical and cost advantage to the Government should be clearly justified.
XIV. Period of Performance

The period during which the work for this task shall be performed begins July 15, 2009 and ends July 14, 2014.

XV. Work Location

Approximately 70% of this work is expected to be performed at the contractor’s facility, but the contractor may be required to perform the remaining work at the Goddard Space Flight Center.

XVI. Government Property

A summary of Government-furnished equipment that may be applicable to this task is available in the FDSS Bidder’s Library.

XVII. Specific Tasks

The contractor shall perform the following specific tasks.

A. Flight Dynamics Design and Analysis

In this subtask, the contractor shall provide the flight dynamics design and analysis for HDS. This work shall be documented in a mission design document that contains all flight dynamics requirements, including the onboard flight dynamics autonomy experiment, and addresses interfaces with spacecraft and ground systems. Specific work elements include the following:
1. Mission Design

The contractor shall provide a mission design for HDS. This design shall include, at minimum: a launch window analysis, an orbit maneuver plan, a delta-V budget, an Earth-based tracking station coverage analysis, an attitude system calibration plan, a flight dynamics product generation plan, and an end-of-mission (disposal) plan consistent with NASA-STD-8719.14. The contractor shall produce and maintain an end-to-end Design Reference Mission, in the form of both documentation and electronic trajectory records, for use by other disciplines.
2. Performance Analysis

The contractor shall provide analysis of expected flight dynamics system performance in various flight phases, using analysis techniques such as linear covariance and Monte Carlo analysis. Specific analysis results shall include, but are not limited to: statistical characterizations of expected errors in definitive and predictive solve-for parameters, and maneuvers based thereon; sensitivities of solve-for parameter errors to expected non-solved-for error and noise sources; variations in performance under various off-nominal and de-scope conditions. Work products shall include interim results in the form of memos and/or briefing charts, and final results in the form of technical reports. All analyses shall utilize the assumptions and descriptions documented in the Design Reference Mission.

a) Orbit Analysis

The contractor shall perform the flight dynamics performance analysis functions described above for the spacecraft orbit and all related parameters.

b) Attitude Analysis

The contractor shall perform the flight dynamics performance analysis functions described above for the spacecraft attitude and all related parameters.

3. NEO Shape and Topography Analysis

The contractor shall provide shape and topography analysis of current observations of the target NEO, and simulations of the expected shape and topography for flight dynamics analysis. The contractor shall contribute updates to the Design Reference NEO model maintained by Mission Systems.

4. Onboard Autonomy Experiment Support

The contractor shall provide design and analysis support for the GEONS-based onboard autonomy experiment. This work includes all aspects of designing, analyzing, documenting, interfacing, configuring, testing, and delivering to the spacecraft provider the GEONS executable software that will be hosted onboard the spacecraft. This work also includes all aspects of designing, analyzing, documenting, interfacing, configuring, testing, and delivering the GEONS ground support software to the GSFC Flight Dynamics Facility (FDF), which will host experiment operations.

5. Documentation Development Support

The contractor shall provide documentation of flight dynamics requirements and interface agreements for relevant flight and ground system elements.

6. Design Review Support

The contractor shall provide briefing materials for flight dynamics support to peer reviews, design reviews, key decision point reviews, etc., as specified in NPR 7120.5D.

B. Flight Dynamics Operations Support Concept

The contractor shall provide a flight dynamics operations concept for HDS. This work shall be documented in a mission support document that describes how all flight dynamics aspects of mission support will occur, and addresses interfaces with instrument and science teams.

C. Flight Dynamics Ground Data System Architecture

The contractor shall perform architecture studies for the flight dynamics ground data system (FDGDS) for HDS, and implement the FDGDS architecture, per the direction of the TM. The FDGDS will reside in the Mission Operations Center (MOC), and will interface with the FDF. Specific work elements include the following.

1. Design

The contractor shall identify options for the FDGDS architecture for HDS, perform trade studies among these options, and document recommendations resulting from such studies. This work shall at minimum consider cost and risk factors.

2. Implementation

The contractor shall develop and implement the FDGDS. The FDGDS shall, at minimum, support all flight dynamics aspects of the following functions: scheduling of spacecraft and instrument activities, and scheduling of ground contacts; command management, including identification and resolution of conflicts and constraints; command generation and engineering telemetry processing and display; spacecraft telemetry trending and archival for at least the duration of the mission; generation of mission planning products; attitude sensor calibration; automation of routine operations; capability for test data simulation. The FDGDS shall be capable of interfacing with the FDF for delivery of orbit determination, acquisition data, and maneuver planning and execution products.  For the purposes of bidding RTOs, offerors shall assume that all FDGDS hardware is GFE.
a) MOC Hardware

The contractor shall provide the hardware required for the MOC.

b) MOC Requirements

The contractor shall maintain the requirements for the MOC in a configuration-controlled repository.

D. Mission-Specific Flight Dynamics Tools

The contractor shall determine requirements for mission-specific flight dynamics tools that are not provided as part of the MOC implementation, and cannot be performed by existing FDF tools. The contractor shall provide testing of these tools with the MOC and FDF systems.

E. Mission Readiness Testing Support

The contractor shall support all flight dynamics aspects of mission readiness testing for HDS. This shall include MOC and FDF external interface tests and end-to-end tests. The contractor shall provide flight dynamics inputs to test plans and procedures, coordinate with the operators as required to execute the tests, and document the results. The contractor shall provide inputs relevant to flight dynamics for logging and tracking all discrepancies.

F. Operations Planning Support

The contractor shall support the flight dynamics aspects of planning the operations of HDS. This includes provision of flight dynamics inputs to the development of operations plans, procedures, and databases, participating in the acceptance testing of the MOC, supporting the Mission Operations and Operational Readiness reviews, and supporting pre-launch reviews. The contractor shall work with the spacecraft, instrument, and MOC developers to become fully cognizant of all aspect of their operations relevant to flight dynamics. The contractor shall define flight dynamics aspects of and participate in operations simulations to demonstrate operational readiness.

XVIII. Deliverable Items and Schedules

The contractor shall, at minimum, deliver the following items according to the schedule shown.
	Table 1:  HDS Mission Deliverables
	

	Deliverable Item
	Description
	Delivery Date

	D1
	Transition Plan
	Award + 1 month

	D2
	Mission Design Document
	Launch – 48 months

	D3
	Mission Support Document
	Launch – 45 months

	D4
	FDGDS Architecture Study Report
	Launch – 39 months

	D5
	Initial FDGDS system supporting command, telemetry, planning, and scheduling functions
	Launch – 18 months

	D6
	Mission Operations Review materials
	Launch – 15 months

	D7
	Launch-ready FDGDS system
	Launch – 9 months

	D8
	FDGDS system training for flight operations team
	Launch – 6 months

	D9
	FDGDS documentation for sustaining engineering
	Launch – 6 months

	D10
	Flight dynamics tools for non-MOC operational support
	Launch – 6 months

	D11
	Operational Readiness Review materials
	Launch – 4 months

	D12
	Mission readiness test plans and reports
	Launch – 3 months


XIX. Travel

Key contractor personnel shall attend all design reviews associated with Key Decision Points in the Project, as specified in NPR 7120.5D. The contractor shall plan to attend at least one additional face-to-face meeting per month during the preliminary and detailed design phase of the mission, during months for which no other travel is required. The location of all of these meetings will generally alternate between GSFC and the prime contractor’s facility in Huntington Beach, CA.

XX. Reporting Requirements

The contractor shall report status to the TM or designated alternates on a weekly basis. Reports shall include, but are not limited to, informal presentation of interim results, status of development activities, and action and risk item status. The contractor shall provide written summaries of meeting discussion items within not more than one day after each weekly meeting via email to the TM. The contractor shall also support the TM in the preparation of status reviews for internal and external agencies. The contractor shall be expected to periodically compile results from this task into technical papers of archival journal quality for presentation at technical conferences and submission to professional journals. The contractor shall comply with any and all additional requests for status meetings and reports. The contractor shall deliver all documents in portable document format (PDF) electronic form to the TM. Digital storage media in DVD format containing all numerical results and all input data relevant to reproducing the results shall accompany all analysis reports.

XXI. Security Requirements

When working inside the GSFC perimeter or online any GSFC networks, the contractor shall maintain compliance with all GSFC IT security guidelines. Access to classified information is not required for this task.

XXII. Risk Management Requirements

The contractor shall perform risk management according to all applicable NASA policy directives, including, but not limited to, the applicable versions of NPR 8000.4 and/or NPR 7120.5.

XXIII. Electronic Information Technology Compliance

The contractor shall maintain compliance with all applicable NASA policies concerning electronic and information technology accessibility, including, but not limited to, 36 CFR Part 1194, Section 508 of the Rehabilitation Act of 1973, etc., or document exemptions based on NASA-approved rationale and documentation, including but not limited to NASA Procurement Information Circular 05–01.

XXIV. Evaluation Criteria

The response to this RTO will be evaluated in accordance with RFP NNG08234094R Section L.16 Mission Suitability Subfactor B Representative Task Orders (RTOs). 

 (END OF REPRESENTATIVE TASK ORDER)

Exhibit 15 – RTO 3 – Representative Task Order for Research, Design, Development, and Sustaining Engineering of Flight Dynamics Technologies

XXV. Summary of Work

This statement of work (SOW) describes the research, design, development, and sustaining engineering of several of GSFC’s flight dynamics technologies. Such technologies include, but are not limited to, software systems for onboard flight dynamics functions, ground software support systems, and flight dynamics analysis software. Currently, GSFC is actively engaged in development of several flight dynamics technologies: GEONS
 and the GEONS ground support system (GGSS), GMAT
, Orbit Determination Toolbox (ODTBX)
, and various attitude determination tools. GSFC also uses and maintains numerous legacy institutional flight dynamics tools. Also included are the development of scripts, “glueware,” “middleware,” and other interface software that may be required to utilize commercial off-the-shelf (COTS) software in GSFC flight dynamics computations. The Government does not anticipate that any technologies covered by the FDSS contract will involve flight components or hardware.

The contractor shall expect to work closely with the Government’s Task Monitor (TM) for this task, and to work with NASA personnel as well as NASA’s partners in other government agencies, industry, and academia in the accomplishment of the technical objectives of the task. Because of the non-standard nature of the work in this task, work priorities and objectives may change as project requirements evolve. Therefore, the contractor shall expect to be prepared to provide timely support of unplanned high-priority actions resulting as circumstances dictate.

NASA may choose to make the flight dynamics technologies developed under this SOW available to outside parties via a NASA Open Source Agreement (NOSA). The contractor shall facilitate this process, and as required, the contractor shall assign to NASA the copyright for any contributions to these tools and any other tools in GSFC’s suite of flight dynamics tools, utilities, and data simulation systems, and associated documentation. No limited rights data will be acceptable as a deliverable item under this contract.

The contractor shall contractually firewall any and all of its related commercial activities from its support to this SOW. Alternatively, the contractor may make appropriate licensing arrangements with the GSFC Technology Commercialization Office for use of any software developed under this SOW that has not been released under NOSAs or other open-source licenses. However, if NASA does release certain software developed under this SOW under NOSAs or other open-source licenses, the contractor may use such software in any way permitted by such licenses. The contractor shall provide all necessary support functions in this development effort, including but not limited to the following: documentation of algorithms, user instructions, and application program interfaces (API); acceptance testing and acceptance test case database management; maintenance of a server to host the development effort; and development and maintenance an online source code repository, an online bug/issue-tracking system, and a web page for announcements and distribution of the software. Code repositories shall be hosted onsite on GFE. The contractor shall perform all software development according to all appropriate NASA policy directives, including but not necessarily limited to, NPR 7150.2. In all cases, documentation shall include at minimum a detailed mathematical specification of the algorithms to be implemented, and a system description and user’s guide documenting the resulting software design and its usage.

Details of the work by subtask are provided below, and should be considered as a baseline.

XXVI. Period of Performance

The period during which the work for this task shall be performed begins July 15, 2010 and ends on July 14, 2011.
XXVII. Work Location

Approximately 75% of this work is expected to be performed at the contractor’s facility, but the contractor may be required to perform the remaining work at the Goddard Space Flight Center.

XXVIII. Government Property

The Government will provide access to the development repositories for GEONS/GGSS, GMAT, and ODTBX. A summary of other Government-furnished equipment that may be applicable to this work is available in the FDSS Bidder’s Library.

XXIX. Specific Tasks

The contractor shall perform the following specific tasks.

A. GEONS/GGSS

In this subtask, new navigation capabilities shall be documented, designed, and integrated into GEONS, the GEONS Ground Support System, and the associated data simulation (DATSIM) program. These capabilities shall be validated, and tested as appropriate with simulated data and/or flight or ground-test data collected from sensor hardware. Specific work items include the following.

1. GEONS

In this work element, the contractor shall implement the decentralized estimation architecture described in “Decentralized control of satellite formations”
 as a new capability within GEONS. Although the paper describes additional capabilities associated with decentralized control and disturbance accommodation, this SOW only requires the contractor to implement the decentralized estimation architecture. The contractor shall test this capability using a scenario based on the Magnetospheric Multi-Scale mission
.

2. GGSS

For this work element, the contractor shall update GGSS to match the capabilities of GEONS and DATSIM that will be delivered as part of the current GEONS release.

3. DATSIM

For this work element, the contractor shall modify DATSIM so that it may be used as part of a simulation loop. The contractor shall develop a simulation driver that steps forward through time, first simulating truth states and corresponding measurement data with DATSIM, then calling GEONS to process the simulated data. If a GEONS-targeted maneuver occurs, the driver shall model maneuver execution errors, and add the perturbed maneuver to the truth states for the next pass through the loop. An outer loop for the driver shall provide a Monte Carlo simulation capability. All simulation data shall be saved in either or both of two formats specified by the user: (1) as labeled, clearly delineated columns in one or more ASCII text files; (2) as Matlab variables and/or data structures stored in Matlab binary data files.

B. GMAT

In this subtask, the contractor shall develop several new features in GMAT. The task shall involve the entire life cycle of software development from requirements gathering and mathematical specifications, to software design, user’s documentation, implementation, and testing. The specification and design phase of this work requires at least one individual with expertise in both mission design and software architectural design. 
The first new feature to be implemented is a symplectic numerical integrator. The second feature is a general propulsion system flow network model that predicts pressure losses across components such as tubes, valves, and joints. The model should be based on the work by Molinsky
 and configurable to support hardware changes and variations in component performance.
1. Requirements and Mathematical Specifications
   In this work element, the contractor shall solicit requirements from FDAB and the propulsion branch. The contractor shall then research, develop, and document mathematical specifications for the symplectic integrator and flow model components that satisfy all requirements. The requirements and mathematical specifications shall be delivered as additions to the GMAT Requirements Specification and the GMAT Mathematical Specification. The requirements and mathematical specification shall adhere to all existing GMAT standards, practices, and process which are fully described at http://gmat.gsfc.nasa.gov.
2. Design

In this work element, the contractor shall perform architectural and detailed design to implement the new integrator and flow model into GMAT.  User interface design shall also be performed for the script and Graphical User Interface (GUI) updates required to support the new features. User’s documentation will be developed to explain to analysts how to use the new features. Design documentation shall be provided as additions to the GMAT Architectural Specification. User’s documentation shall be provided as additions to GMAT Wiki and in HTML for use in the software help system. The design and documentation shall adhere to all existing GMAT standards, practices, and process which are fully described at http://gmat.gsfc.nasa.gov.
3. Implementation

In this work element, the contractor shall implement the new integrator and flow model in C++ for use in GMAT. The implementation shall adhere to the GMAT C++ Style Guide, and the design documentation developed in the previous work item.  The implementation shall adhere to all existing GMAT standards, practices, and process which are fully described at http://gmat.gsfc.nasa.gov.
4. System and Regression Testing

The contractor shall perform regression testing as the new integrator and flow model are implemented to ensure that new development is of high quality and does not affect existing capabilities. The contractor shall document system tests appropriate for the new features in the GMAT System Test Plan. The contractor shall provide test results that demonstrate that new features pass all tests, and that the new features have not adversely affected existing components. Testing shall adhere to all existing GMAT standards, practices, and process which are fully described at http://gmat.gsfc.nasa.gov.
C. ODTBX

The contractor shall develop ODTBX in six-month increments, with a prototype demonstration at the end of each increment. The contractor shall collect and utilize user feedback to iteratively refine requirements for successive increments. The contractor shall perform the following activities during each increment: develop and document user scenarios, operational concepts, test cases, and software requirements; design, document, code, and acceptance-test the software, in conformance to the ODTBX user interface as exemplified by the existing ODTBX adaptors and estimator functions
; demonstrate a prototype and collect user evaluations and feedback; generate reports summarizing acceptance, regression, and validation results, and maintain a test case database in a form useful for regression testing of future software increments; deliver a formal release of the OD Toolbox, inclusive of all of the above deliverables, in the form of a platform-independent installer package. The install process shall not overwrite any existing ODTBX releases resident on user systems.

1. Increment 8

The contractor shall prioritize all user feedback and requirements refinements from prior Increments into a maintenance list. For Increment 8, the contractor shall implement all high-priority maintenance items, and all Increment 8 requirements. Increment 8 shall deliver an object-oriented measurement modeling architecture that allows a Matlab script to construct networks of sophisticated and novel measurement observations and measurement partials by aggregation of primitive data types. These primitive types shall include at minimum simple range, range-rate, and angle types. In addition, bias models shall be available for each primitive type. These biases types shall at minimum be configurable as random constants, first-order Gauss-Markov processes, or second-order Gauss-Markov processes. These primitive types shall be capable of being aggregated via a network graph so as to model one-way, two-way, and three-way data types among an arbitrary number of transmitters and receivers. The aggregation model shall associate these transmitters and receivers with any spacecraft, ephemeris object, or ground station object that currently exists in ODTBX.
2. Increment 9

The contractor shall prioritize all user feedback and requirements refinements from prior Increments into a maintenance list. For Increment 9, the contractor shall implement all high-priority maintenance items, and all Increment 9 requirements. Increment 9 shall augment the ODTBX estimator suite by implementing and testing a sequential smoother capability. Increment 9 shall also provide an updated training module that blends an orbit determination tutorial with demonstrations using OD Toolbox capabilities, as directed by the TM.
3. Release 4.0

Release 4.0 shall incorporate Increments 8 and 9 into a fully tested and documented release of ODTBX. 
XXX. Deliverable Items and Schedules

The contractor shall, at minimum, deliver the following items according to the schedule shown.

	Table 1:  Research, Design, Development and Sustaining Deliverables

	Deliverable Item
	Description
	Delivery Date

	D1
	Transition Plan
	Award + 1 month

	D2
	Completed GMAT requirements solicitation with documented requirements.
	Award + 1 month

	D3
	Completed GMAT Mathematical Specifications and algorithms documentation.
	Award + 4 months

	D4
	Mathematical Specification Document for new GEONS capabilities
	Award  + 6 months

	D5
	Complete GMAT design documentation
	Award + 6.5 Months

	D6
	GMAT Prototype implementation of new features


	Award + 9 Months

	D7
	System Description and User’s Guide Document covering new GEONS capabilities
	Award  + 12 months

	D8
	System Description and User’s Guide Document covering new DATSIM capabilities
	Award  + 12 months

	D9
	New Release of GEONS and DATSIM supporting capabilities defined in this SOW
	Award  + 12 months

	D10
	New Release of GGSS compliant with GEONS/DATSIM release defined in this SOW
	Award  + 12 months

	D11
	ODTBX Increment 8
	Award + 6 months

	D12
	ODTBX Increment 9
	Award + 12 months

	D13
	ODBX Release 4.0
	Award + 12 months

	D14
	Fully tested and debugged GMAT with new feature implementation.
	Award + 12 months


XXXI. Travel

There is no travel for this SOW.

XXXII. Reporting Requirements

The contractor shall report status to the TM or designated alternates on a weekly basis. Reports shall include, but are not limited to, informal presentation of interim results, status of development activities, and action and risk item status. The contractor shall provide written summaries of meeting discussion items within not more than one day after each weekly meeting via email to the TM. The contractor shall also support the TM in the preparation of status reviews for internal and external agencies. The contractor should expect to periodically compile results from this task into technical papers of archival journal quality for presentation at technical conferences and submission to professional journals. The contractor shall comply with any and all additional requests for status meetings and reports. The contractor shall deliver all documents in portable document format (PDF) electronic form to the TM. Digital storage media in DVD format containing all numerical results and all input data relevant to reproducing the results shall accompany all analysis reports.

XXXIII. Security Requirements

When working inside the GSFC perimeter or online any GSFC networks, the contractor shall maintain compliance with all GSFC IT security guidelines. Access to classified information is not required for this task.

XXXIV. Risk Management Requirements

The contractor shall perform risk management according to all applicable NASA policy directives, including, but not limited to, the applicable versions of NPR 8000.4 and/or NPR 7120.5.
XXXV. Electronic Information Technology Compliance

The contractor shall maintain compliance with all applicable NASA policies concerning electronic and information technology accessibility, including, but not limited to, 36 CFR Part 1194, Section 508 of the Rehabilitation Act of 1973, etc., or document exemptions based on NASA-approved rationale and documentation, including but not limited to NASA Procurement Information Circular 05–01.

XXXVI. Evaluation Criteria

The response to this RTO will be evaluated in accordance with RFP NNG08234094R Section L.16 Mission Suitability Subfactor B Representative Task Orders (RTOs). 

 (END OF REPRESENTATIVE TASK ORDER)
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� The Orbit Determination Toolbox is an analysis tool based on Matlab and Java that is aimed particularly at non-traditional mission concepts that cannot be supported by legacy flight dynamics analysis tools. Matlab is the primary user interface, and is used for building up new navigation models. The Java Astrodynamics Toolbox (http://jat.svn.sourceforge.net/viewvc/jat/) and/or GMAT are used as engines for functionalities that might be slow or inefficient in Matlab, like high-fidelity trajectory propagation, ephemeris lookups, precession, nutation, polar motion calculations, file parsing, etc.


� J. R. Carpenter. Decentralized control of satellite formations. International Journal of Robust and Nonlinear Control, 12:141–161, 2002.





� http://stp.gsfc.nasa.gov/missions/mms/mms.htm


� Molinsky, J. M. “Flow Modelling of the Galaxy XII Dual Mode Bipropellant Propulsion SubSystem,”   40th AIAA/ASME/SAE/ASEE Joint Propulsion Conference and Exhibit. Fort Lauderdale, Florida, July, 2004.





� To be in conformance, each new ODTBX function must meet several requirements: it must be self-documenting via the Matlab publish command; it must be self-testing by calling itself with appropriate test data when called with no input arguments; it must be self-demonstrating when called with no input and no output arguments; and it must be configurable via an options structure that is a child of the existing ODTBX options structure architecture. Inclusion of the self-published documentation for each function in the Matlab documentation browser will satisfy this SOW’s requirements for a Mathematical Specification and System Description and User’s Guide.
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