Exhibit 1

RFP-36449-GCR


METS RTO 1

Mission-Level Technology Planning and Methodology Development

Background

Several new Space Science mission concepts involving Distributed Space Systems (DSS) are currently in the pre-formulation phase at GSFC. These missions are being planned for the 2015 to 2020 time frame. A small but very significant subset of these GSFC DSS missions have notional mission architectures that employ multiple Precision Formation Flying (PFF) spacecraft in Lagrange point orbits. In some cases these mission concepts have science-driven requirements that reach the limits of physics. Systems Engineers as well as Formation Flying Technologists from the Mission Engineering and Systems Analysis Divison (Code 590) are working together with the Space Science Directorate (Code 600) scientists to perform the pre-formulation effort. 

DSS is a Technology Core Competency area for GSFC. Over the last several years GSFC has executed an aggressive program of DSS research and development, both internally and externally. The DSS technologies being developed include Relative Navigation Sensors/Algorithms, Relative Control Algorithms, Inter-Satellite Communications, Miniature Spacecraft technology and technology validation environments such as the Formation Flying Test Bed (FFTB). This broad set of DSS technology developments is envisioned to address the need of many of the upcoming formation flying missions, for both Space and Earth Science applications.  

GSFC’s mission architects need to have the capability to systematically perform quantitative technology trade analyses early in the mission formulation process. 

The process to be developed must be capable of quantitatively distinguishing between Low Risk/Low Payoff technology development areas from those with High Risk/High Payoff technology.  Philosophically, GSFC is interested in having a technology management process that fosters innovation. Towards that end the process to be developed should have the capability to clearly identify High Risk/High Payoff technologies for inclusion in the optimized investment portfolio, funded perhaps at levels appropriate for “seedling” activities. It is anticipated that these High Risk/High Payoff efforts would significantly push the boundaries of technology in order to dramatically increase the science return of future GSFC missions. 
There is a near-term need for this capability. Code 590 is leading a Mission-Level Advanced Technology Analysis and Assessment Study to re-assess and re-prioritize the entire DSS technology program. This study is being driven by both changes in anticipated technology funding levels as well as the critical need for GSFC to be making the “right” set of strategic and objective investment decisions for DSS/PFF technologies.  The primary goal of this study is to identify the subset of highest payoff (at the mission level) technology developments and the associated investment levels needed to ensure technology readiness for the 2015-2020 PFF mission set. In particular, the desired outcomes of this study are: 1) a clear understanding of the relative benefits of individual PFF technologies, 2) the identification of potential high-payoff combinations of inter-connected PFF technologies, and 3) a set of credible, rational and objective justifications for PFF technology investment funding decisions and/or funding requests. 

The end product of this study is the development of an optimized DSS technology investment portfolio. The METS Contract prime contractor is tasked to support the conduct of this Mission-Level Advanced Technology Analysis and Assessment Study by providing specialized DSS/PFF technology assessment and roadmapping support to the Code 590-led team. Once demonstrated to be of utility for Precision Formation Flying technology management, it is envisioned that the process/tools developed under this DSS/PFF study effort could be tailored for application to GSFC’s other Technology Core Competency areas.  

Statement of Work

The contractor shall provide services for a comprehensive and systematic assessment of 

the mission-enabling technologies needed for the precision formation flying missions 

currently in pre-formulation at GSFC. In particular GSFC requests that the contractor 

support the following two tasks:

Sub-Task 1: Assist GSFC in developing a comprehensive and systematic process for Mission-Level Advanced Technology Analysis and Assessment. 

Establish criteria for technology investments. Develop a standard systematic methodology to quantitatively conduct technology trade studies to determine the relative contribution of individual technologies to the mission’s science return as a function of key technology metrics such as current Technology Readiness Level (TRL), estimated cost to achieve TRL 6, estimated development risk, etc. This methodology should support the process of quantitatively assessing technologies to clearly identify those in the High Risk/High Payoff category. 

This work would include the identification of any existing software-enabled “Technology Investment Prioritization” tools that would be suitable for developing an optimized technology investment portfolio that directly supports GSFC’s future PFF missions. It is envisioned that these software-enabled tools would provide a standardized framework to quantitatively investigate the “sensitivity” of a mission’s science return as a function of the set of inter-connected technologies infused into the mission. 

Sub-Task 2: Conduct system-level DSS/PFF technology assessments to identify the sub-set of critical, high payoff DSS/PFF technology developments   

Identify the sub-set of DSS technologies relevant to GSFC’s PFF pre-formulation mission set.  Assess mission compatibility of each technology through an analysis of mission requirements using the process developed in Sub-Task 1.

Independently assess technology readiness of a broad set of DSS/PFF 

technologies being developed both internally at GSFC and external to GSFC. 

Objectively ascertain the current TRL of each individual technology. Develop 

cost/schedule/risk profiles (with associated uncertainty levels) for maturing 

individual technologies from their current TRL to TRL 6.  Develop and evaluate 

technology technical, safety, cost, and schedule risk mitigation schemes. Generate 

technology roadmaps.  

Perform technology gap analysis by comparing the PFF mission requirements to

potential technology performance capabilities.     

Support Integrated Design Center (IDC) focused studies on various DSS

technologies.

Study innovative approaches for the integration of the Formation Flying 

technologies so as to optimize mission-level performance.  

Study the relationship between the GSFC DSS technology development program 

and that prescribed by the NASA Space Architect.

Document results. 

Applicable Documents

DSS-001
“GSFC DSS Technology Program Description”

DSS-002
“GSFC Precision Formation Flying Mission Descriptions Document”

DSS-003
“NASA Space Architect CRAI Formation Flying Capability Investment Recommendation”

Period of Performance

One year after Authority to Proceed (ATP).

Deliverables

(For Sub-Task 1)

Technology Investment Criteria


Two (2) months after ATP

“Technology Investment Prioritization” Tools Comparison Report








 Six (6) months after ATP

Technology Assessment Methodology (Draft)
Six (6) months after ATP

Technology Assessment Methodology

 One (1) year after ATP

(For Sub-Task 2) 

PFF Analysis Study Report



Seven (7) months after ATP

DSS Technologies Trade Study and Assessment Report


Nine (9) months after ATP

IMDC DSS Focus Study Reports
Two (2) weeks after each IMDC study

DSS Technology Roadmaps 



One (1) year after ATP

Assumptions

Long Distance Travel: $4000

On-Site/Off-Site:  On-site (Government's facility)

Task Start Date: Task is issued on the first month of contract year 1

Cost: Not to Exceed (NTE) $300K (includes the long distance travel)

METS RTO 2

Phase A Advanced Technology Mission Study and Assessment 

Background

A new Earth Science mission concept has been approved for Phase A study.  Named ESsat, the mission is to take atmospheric limb data while viewing the solar corona through the Earth’s atmosphere from the Lagrange point at L2.  The Earth Science Enterprise has issued an Announcement of Opportunity (AO) for flight validation of new technologies on ESsat.  Many more candidate technologies are proposed than can be accommodated on the mission.  The mission budget is tight and launch must be within four years. Only six months is scheduled for Phase A study. The METS Contract prime contractor is tasked to support the Phase A effort.

Statement of Work

1) The contractor shall provide services for the research and development of the end-to-end mission architecture and conduct a trade study of the proposed new technologies.  A combination of advanced technologies and systems engineering principles is required to enable this technology mission.   The contractor shall provide preliminary analysis study services focusing on analyzing mission performance and safety requirements and establishing mission architectures in order to demonstrate that a credible, feasible design(s) exist(s).  The contractor shall start with a list of candidate technologies and recommend a subset for inclusion on the mission based on evaluation criteria that are approved by the government. The technology assessment shall include the evaluation of the any commercial parts used in the design for reliability and radiation tolerance in the predicted space environment.   Mission compatibility, technology readiness level and risk are to be considered.  A risk mitigation plan must be developed to address each risk.

2) The government defined the primary instrument, XTX, for the mission.  The top risk for that instrument was determined to be a new technology that would provide Internet Protocol (IP) capability. The contractor shall evaluate this technology and develop technical, cost, and schedule risk mitigation schemes. In addition, the contractor shall evaluate a fallback Commercial Off-The-Shelf (COTS) product that can be utilized in the event that NASA management determines that the IP technology risk is too high. 

Applicable Documents
ESsat-001 
“Announcement of Opportunity for Technology Validation”

ESsat-002
“List of ESsat Candidate Technologies”

ESsat-003
“ESsat Level 1 Requirements”

ESsat-004
“ESsat Mission Description”

ESsat-005
“XTX Instrument Specification”

Period of Performance

Six (6) months after Authority to Proceed (ATP)

Deliverables

Technology Evaluation Criteria


Two (2) weeks after ATP

Preliminary Analysis Study Report


Two (2) months after ATP

Technologies Trade Study and Assessment Report
Four (4) months after ATP

Preliminary Mission Architecture & Mission Cost Analysis




Five (5) months after ATP

Technology Mission Risk Mitigation Plan

Six (6) months after ATP

XTX Instrument Risk Mitigation Plan

Six (6) months after ATP

Assumptions

Long Distance Travel: Not Applicable (N/A)

On-Site/Off-Site:  Off-site (Contractor's facility)

Task Start Date: Task is issued on the first month of contract year 2

RTO 3

Flight Software Architecture and Prototyping

Background

As part of the formulation effort for ESsat, the flight software architecture for the mission must be defined.  For early risk identification and an aid in generating the software requirements, the project decides to prototype the selected design.

Statement of Work

The contractor shall conduct a trade study comparing the relative merits of various flight software architecture options. This effort shall be compatible with and include interfaces to the instrument subsystem.  The instrument software architecture will be defined by the instrument vendor.  At the completion of the trade study the contractor shall present the recommended architecture to the government. After the project approves the architecture, the contractor shall develop and successfully demonstrate a prototype of the selected design.  A Government Furnished Equipment (GFE) flight software development facility will be available for the prototype work.
Applicable Documents
ESsat-003
“ESsat Level 1 Requirements”

ESsat-004
“ESsat Mission Description”

ESsat-005
“XTX Instrument Specification”

ESsat-006
“ESsat Data Management Plan”

ESsat-007
“ESsat Operations Concept”

ESsat-008
“ESsat GN&C Algorithm Descriptions”

Period of Performance

Seven (7) months after Authority To Proceed (ATP) 

Deliverables

Trade Study Report




Two (2) month after ATP

Presentation Material for Recommendation

Two (2) month after ATP

Prototype Architecture Demonstration

Five (5) months after project approval of architecture
Assumptions

Several existing mature FSW architectures will be traded (3 or more) and some

have flight heritage.

The government will provide access to any FSW testbeds that are required for

the demonstration.

This study is for spacecraft bus only, no instrument payloads.

Any necessary procurements for Automated Data Processing Equipment and/or software licenses will be provided by the government.

Long Distance Travel: N/A

On-Site/Off-Site:  On-site

Task Start Date: Task is issued on the seventh month of contract year 2

METS RTO 4
Guidance, Navigation & Control (GN&C) Systems Engineering

Background

The ABC spacecraft is to be launched into a polar orbit from the Vandenberg Air Force Base on a Delta II 7920 launch vehicle.  This earth science spacecraft has a pointing accuracy requirement of 25 arcseconds, 3 sigma.  It contains a propulsion system for initial orbit trim, backup momentum unloading, orbit maintenance, and end-of-life disposal.  In addition to its other functions, the GN&C system is required to generate commands to point the spacecraft high gain antenna to maintain the science data downlink.  This project is currently in Phase A with its Preliminary Design Review scheduled in approximately one year and Critical Design Review in two.  The spacecraft will be developed in-house at Goddard.

Statement of Work

The contractor shall provide GN&C Systems Engineering and Systems Safety Engineering support to the ABC Project.  The contractor shall help to define GN&C requirements and interfaces, perform configuration trade studies, assemble verification plans, support Project risk management activities, develop the GN&C operations concept, create and track resource budgets (pointing, mass, power, etc.), perform GN&C conceptual design, modeling, and simulation, organize design reviews, manage any advanced technology implementation, supervise Integration & Test (I&T) activities at GSFC and the launch site, participate in spacecraft operations, and otherwise advise the Lead GN&C Systems Engineer, the Missions Systems Safety Engineer, and the Mission Systems Engineer on GN&C issues.  The GN&C System includes the Attitude Control Subsystem, Propulsion Subsystem, Flight Dynamics Analysis, and all GN&C Ground Hardware and software including the Flight Dynamics portion of the Mission Operations Center and the Dynamic Simulator used for spacecraft testing.
Applicable Documents

ABC-001
“ABC Level 1 Requirements”

ABC-002
“ABC Mission Description”

ABC-003
“ABC Science Instrument Specification”

ABC-004
“ABC Configuration Control Plan”

ABC-005
“ABC Document List”

ABC-006
“ABC Project Plan”

ABC-007
“ABC Data Management Plan”

Period of Performance

Two years after Authority To Proceed (ATP).

Deliverables
Preliminary Interface Control Documents

Six (6) months after ATP

Peer and Design Review Packages


Two (2) weeks prior to the review(s)

Action Item Responses



Two (2) weeks after reviews

Resource Budget Tracking Document (Pointing, Mass, Propellant, Power Budgets)

Six (6) months after ATP

Preliminary GN&C Algorithm Descriptions

One (1) year after ATP

GN&C Configuration Trade Study Reports

One (1) year after ATP



Operations Concept Document


One (1) year after ATP 

Final Interface Control Documents


Eighteen (18) months after ATP

Monthly Status Briefings



Monthly

Assumptions

Long Distance Travel: N/A

On-Site/Off-Site:  On-site

Task Start Date: Task is issued on the first month of contract year 4

METS RTO 5

“New instrument added after Critical Design Review (CDR)” 
Background

CDR was successfully completed for the ABC mission and the project is five months into the implementation phase.  The instruments and satellite designs are complete and orders have gone out to begin hardware fabrication.  

NASA Headquarters has mandated to the project team a new requirement to fly an additional instrument (Instrument-5) on the ABC mission.  Instrument-5 is a nadir looking, visible light imager.  Instrument-5 was de-scoped from an earlier mission after being fully qualified for flight. From a science perspective, Instrument-5 can be considered as an instrument of opportunity with science objectives independent from that of the rest of the mission. Changes to the instrument design for flight accommodation are strongly discouraged. There is adequate launch vehicle capacity to handle the additional mass.
A critical (but not the only) factor in the accommodation study will be the degree to which spacecraft thermal instabilities will impact the ability of Instrument-5 to meet its focus and alignment requirements. The METS Contract prime contractor will be tasked to support the multidisciplinary analyses that will be needed to evaluate the optical performance that can be achieved by Instrument-5 as a function of different Instrument-5 mounting and thermal interface concepts developed by the prime contractor.

Statement of Work

1. The contractor shall perform an Accommodation Trade Study which will define and evaluate different Observatory design options that could be used to add Instrument-5 to the existing ABC instrument complement. This study shall address all of the ways in which the addition of Instrument-5 will impact the implementation and execution of the mission, including but not limited to its impact on the Observatory’s:

· Command and Data Handling Subsystem

· Structural Subsystem

· Communications Subsystem

· Power Distribution Subsystem

· Power Conversion Subsystem

· Attitude Control Subsystem

· Thermal Subsystem

· Harness

· Grounding Requirements

· Deployables

· Alignment

· Magnetics

· Contamination

· Electromagnetic Interference/Electromagnetic Compatibility (EMI/EMC)

· Ground Elements

· Safety

· Mission Operations Concept

· Data Analysis

· Risk Management Plan

· Integration and Test Plans

The contractor shall update the Mission Operations Concept to address the impacts of the addition of Instrument-5.

2. As part of the Accommodation study, the contractor shall complete all Structural, Thermal, and Optical multidisciplinary analyses (both stress-free-based and NASTRAN-based) necessary to assess the thermally-induced Instrument-5 optical degradations related to the different possible instrument/Spacecraft (SC) accommodation concepts that the contractor defines for consideration. 

3. The contractor shall complete the Accommodation Study by defining, based on the Observatory design chosen, the overall impacts of adding Instrument-5 (technical, cost, and schedule) to the ABC mission. As part of the Accommodation Study, the contractor shall also specifically identify the impacts to the technical design of the ABC spacecraft that derive from the Observatory design chosen and provide recommendations.  These recommendations shall be reflected in an updated SC-to-Instruments Interface Control Document and shall also be documented in the form of Configuration Change Requests (CCRs) to be presented to the Configuration Change Board (CCB) for approval. 

Applicable Documents
ABC-001
“ABC Level 1 Requirements”

ABC-002
“ABC Mission Description”

ABC-009
“ABC Mission Requirements Document”

ABC-015
“ABC Instrument-5 Specification”

ABC-016
“ABC Mission Operations Concept”

ABC-017
“ABC Spacecraft to Instruments Interface Requirements Document”

ABC-018
“ABC Instrument-5 Thermal, Optical, and Structural Models”

Period of Performance

Twelve (12) weeks after Authority to Proceed (ATP).

Deliverables

1) Updated Mission Operations Concept
                                     Two (2) weeks after ATP 

2) Trade Studies based on Stress-free Analyses to Assess Optical 

Performance of Instrument-5 as a Function of SC structural and 

thermal instabilities  
                                                                           Two (2) weeks after ATP

3) Down-select to Proposed Interface Concept for Instrument-5  
     Three (3) weeks after ATP

4) Validate down-selection via a Detailed Analysis Assessing 

Optical Performance of Instrument-5 as a Function of SC 

structural and thermal instabilities 
                                                      Six (6) weeks after ATP

5) Instrument-5 Accommodation Study
                         
            Nine (9) weeks after ATP

6) ABC Spacecraft CCRs and Updated Spacecraft-to-Instruments



                     Interface Control Document (ICD) 








 Twelve (12) weeks after ATP

Assumptions

Long Distance Travel: $2500

On-Site/Off-Site:  On-site

Task Start Date: Task is issued on the first month of contract year 5 

METS RTO 6

Plan and conduct end-to-end verification of the ABC mission

Background

The ABC observatory is an earth science spacecraft carrying five instruments. It is to be launched into a polar orbit from the Vandenberg Air Force Base on a Delta II 7920 launch vehicle.   ABC is approximately 5 m tall x 2 m outside diameter, with a dry mass of 2200 kg.  The observatory has a fully redundant architecture for a mission life of 5 years.  ABC is three axis stabilized with a full complement of GN&C sensors and actuators to achieve a pointing accuracy requirement of 25 arcseconds, 3 sigma.  ABC has two deployable articulated solar array panels, an articulated X-band high gain antenna, and a monopropellant propulsion system for initial orbit trim, backup momentum unloading, orbit maintenance, and end-of-life disposal.

In order to verify the ABC mission prior to the start of environmental testing, the project has required a comprehensive verification of the Observatory (spacecraft and all five instruments).  Every attempt must be made to make it as comprehensive as possible including all mission modes and activities.  The end-to-end ambient Comprehensive Performance Test (CPT) must be completed prior to the pre-environmental review.  The CPT must be capable of being repeated under thermal vacuum conditions to the extent feasible.

Statement of Work

1. The contractor shall develop a CPT test plan, involving all the supporting ground elements, the five instruments, and the spacecraft bus.  The plan shall include:

· Facilities used to conduct the test

· Test consoles, network resources, simulators and all other equipment required to perform the CPT 

· Detailed test plans for each test, specifying the configurations of the Observatory, the supporting ground elements, and the required network resources

· Test configurations of the supporting ground elements and network resources

· Scheduling constraints of supporting ground elements and network resources

· Safety and quality assurance requirements

· Identification of all tests performed

· Priority of tests to be performed

· Identification of test procedures

· Schedule layout for the testing

· Staffing requirements during testing

· Safety and quality assurance plan

2. The contractor shall develop the complete set of test procedures required to perform the CPT.

3. The contractor shall conduct the end-to-end ambient CPT of the ABC Observatory, including the five instruments and the spacecraft.  The verification task shall include:

· Identification of interfaces verified

· Identification of system level requirements verified by the CPT 

· Identification of all system level requirements not verifiable by testing

· Identification of requirements already verified at a subsystem level

· Identification of differences between the test and flight configurations

4. The contractor shall develop a complete CPT test report including:

· Description of the tests as performed

· As run procedures with all recorded test data

· Engineering evaluation of the test data including margin and trending

· Assessment of the state of the elements tested and of the entire Observatory

Applicable Documents
ABC-001
“ABC Level 1 Requirements”

ABC-002
“ABC Mission Description”

ABC-003
“ABC Science Instrument Specification”

ABC-010
 “ABC Spacecraft to Instrument-1 Interface Control Document”

ABC-011
 “ABC Spacecraft to Instrument-2 Interface Control Document”

ABC-012
 “ABC Spacecraft to Instrument-3 Interface Control Document”

ABC-008
 “ABC Spacecraft to Instrument-4 Interface Control Document”

ABC-009
“ABC Mission Requirements Document”

Period of Performance

Six (6) months after Authorization to Proceed (ATP)

Deliverables

Verification Test Plan
 (Draft)


Three (3) months after ATP

Verification Test Plan
 (Final)



Four (4) months after ATP

End-to-end Ambient Test Report


Five (5) months after ATP

Action Item Responses



Two weeks after end-to-end testing

 Assumptions

Subsystem level test procedures are available for reuse

Long Distance Travel: N/A

On-Site/Off-Site:  On-site

Task Start Date: Task is issued on the fourth month of contract year 5

METS RTO 7

Post- Launch Design and Implement a Single-Gyro Control Law

Background

The ABC satellite has a requirement for a controlled re-entry.  The current control law for re-entry requires that there be at least two working gyroscopes.  After two years in orbit, the ABC satellite is performing beyond everyone’s expectations, and all three gyroscopes are working per specifications.  However, in the event of the failure of one gyroscope the controlled re-entry plan would be immediately executed.  It has been proposed that, in order to extend the life of the mission after the loss of one gyroscope, a backup control law be developed that uses a single gyroscope and some other sensor to control pointing of the mission and support for a back-up re-entry plan.  

Statement of Work

The contractor shall prepare a trade study for various options, develop the selected control law, implement it in the Flight Software, and monitor its performance.  The new control law must be uplinked to the satellite in the next six months and its performance shall be monitored for another three months.  Thus the task shall be completed in 9 months.

Applicable Documents
ABC-001
“ABC Level 1 Requirements”

ABC-002
“ABC Mission Description”

ABC-013
“ABC Flight Software Specification”

ABC-014
“ABC Spacecraft Guidance Navigation and Control Specification”

Period of Performance

Nine (9) months after Authority To Proceed (ATP) 

Deliverables

Single Gyro Trade Study


Four (4) weeks after ATP

Single Gyro Flight Software


Five (5) months after ATP

Single Gyro Flight Software Test Report 
Six (6) months after ATP

Single Gyro On-orbit Performance Report
Nine (9) months after ATP

Assumptions

Long Distance Travel: N/A

On-Site/Off-Site:  Off-site

Task Start Date: Task is issued on the second month of contract year 3

 METS RTO Applicable Documents (Hypothetical Non-existent Documents)

DSS-001
“GSFC DSS Technology Program Description”

DSS-002
“GSFC Precision Formation Flying Mission Descriptions Document”

DSS-003
“NASA Space Architect CRAI Formation Flying Capability Investment Recommendation”

ESsat-001 
“Announcement of Opportunity for Technology Validation”

ESsat-002
“List of ESsat Candidate Technologies”

ESsat-003
“ESsat Level 1 Requirements”

ESsat-004
“ESsat Mission Description”

ESsat-005
“XTX Instrument Specification”

ESsat-006
“ESsat Data Management Plan”

ESsat-007
“ESsat Operations Concept”

ESsat-008
“ESsat GN&C Algorithm Descriptions”

ABC-001
“ABC Level 1 Requirements”

ABC-002
“ABC Mission Description”

ABC-003
“ABC Science Instrument Specification”

ABC-004
“ABC Configuration Control Plan”

ABC-005
“ABC Document List”

ABC-006
“ABC Project Plan”

ABC-007
“ABC Data Management Plan”

ABC-008
“ABC Spacecraft to Instrument-4 Interface Control Document”

ABC-009
“ABC Mission Requirements Document”

ABC-010
“ABC Spacecraft to Instrument-1 Interface Control Document”

ABC-011
“ABC Spacecraft to Instrument-2 Interface Control Document”

ABC-012
“ABC Spacecraft to Instrument-3 Interface Control Document”

ABC-013
“ABC Flight Software Specification”

ABC-014
“ABC Spacecraft Guidance Navigation and Control Specification”

ABC-015 
“ABC Instrument-5 Specification”

ABC-016
“ABC Operations Concept”

ABC-017
“ABC Spacecraft to HRCPP Interface Requirements Document”

ABC-018
“ABC HRCPP Science Instrument Top-Level Performance 

  Requirements”


1


