General Mission Analysis Tool (GMAT)

 Statement of Work:   Specifications, Validation, Verification, and Analysis
Background
Goddard Space Flight Center is developing a mission analysis tool called the General Mission Analysis Tool (GMAT), designed to provide prototyping, mission planning/optimization, and support for missions that fly multiple spacecraft in a variety of orbital regimes. GMAT has been under development for 2.5 years. 
Scope
Under this effort, the contractor shall contribute to three existing documents pertaining to GMAT.  These documents are the GMAT Mathematical Specifications Document, the GMAT Architectural Specifications Document, and the GMAT User’s Guide.   The documentation is to aid developers in the GSFC Missions Applications Branch, code 583 in implementation and testing, and to aid the Flight Dynamics Analysis Branch satisfy NASA software documentation regulations.
 A portion of the documentation effort shall address existing, but undocumented components of GMAT.    There are also portions of this effort that shall provide documentation and specifications for new components of GMAT that are to integrate seamlessly with the existing system.  GMAT is coded in C++ and therefore design specifications must make use of object oriented methodologies.  The contractor shall also provide documented analysis in response to developer’s questions, and to aid in implementation, verification, validation, and acceptance testing.   The contractor shall also provide a final report summarizing the accomplishments achieved during the life of the contract.
A detailed breakdown of this effort and its deliverables are contained in the following sections.

Contract Deliverables
1. Documentation of Existing Capabilities
Mathematical Specifications

The contractor shall provide mathematical specifications for the following GMAT components.   The deliveries shall be provided in Latex format consistent with the GMAT Mathematical Specifications Document.
· Numerical integrators
· Multiple spacecraft propagation
· Stopping conditions

· Maneuvers
· Spacecraft propulsion system model for finite burns
· Solvers (Differential Corrector)
Architectural Specifications

The contractor shall provide architectural specifications for the following existing GMAT components.   The deliveries shall be provided in Latex format consistent with the GMAT Architectural Specifications Document.

· Architecture and philosophy
· Architecture overview

· Executive components

· Factories

· GMAT work flow

· Subsystem design

· Spacecraft class

· Propagators (Integrator  + Force Model)

· Mission control sequence commands

· Solvers (Architecture and Differential Corrector)
· GMAT software development tools

2.   Specifications and Architecture Design Documentation for New Capabilities
The contractor shall provide architectural specifications for many components, including but not limited to the list below.  The deliveries shall be provided in Latex format consistent with the GMAT Architectural Specifications Document.

· GMAT functions 
· Propagate sequence
· Broyden’s method solver

· Event functions

· User defined accelerations

· State Transition Matrix (STM) propagation

· 6 Degree of Freedom (6 DOF) spacecraft modelling

· Adding new objects to GMAT

3.  Support for Implementation, Validation, Verification, and Testing
· The contractor shall provide documented analysis and answers to questions from developers regarding software specifications, architecture, and its implementation.
· The contractor shall provide documented analysis to aid developers in resolving

·  existing bugs and issues 

·  new bugs and issues as they arise.

· The contractor shall aid in the preparation and response for the following reviews

· GMAT math spec completeness and correctness

· GMAT architecture completeness and correctness

· GMAT acceptance test  results
4. Primer Documentation for New Users.
The contractor shall provide documentation on creating and configuring objects and commands in GMAT, and how to use GMAT to solve several types of missions.  The objects, commands, and sample missions to be documented are shown below.    The deliveries shall be provided in Latex format consistent with the GMAT User’s Guide.
· Creating and Configuring Resources
· Spacecraft   (orbit state, attitude state, hardware)
· Formations

· Maneuvers ( impulsive and finite )

· Propagators

· Solar system settings

· Solvers

· Plots (OpenGL and XYPlots) and Reports 

· Interfaces

· Variables and arrays

· Coordinate systems

· Functions (MATLAB and GMAT)

· Creating and using Mission Sequence Commands (From script and GUI)
· Propagate

· Maneuver

· Solvers (DC and SQP)

· Function calls

· Script events

· Control flow

· Mathematical operations

· Tutorial missions

· Hohmann Transfer

· Lunar swingy

· Optimization missions (These mission sequences will be provided by Gov.)
· Optimal rendezvous

· Optimal lunar swingby

· Optimal Mars transfer

· Finite maneuver example

Travel

Quarterly trips to Goddard Space Flight Center may be required.

Deliverables 

	Item
	Milestones and Deliverables
	Date of Delivery

	1
	Draft user’s guide, architecture specifications for event functions, GMAT functions, and STM propagation.
	6 Months after AoC

	2
	Architecture and philosophy specifications and specifications for Broyden’s method.  Mathematical specifications for:  numerical integrators, multiple spacecraft propagation, stopping conditions, finite burn, and solvers.
	12 Months after AoC

	3
	Architectural specs for propagate sequence, user defined accelerations, 6 DOF modelling, and adding new objects to GMAT.
	18 Months after AoC

	4
	Architectural specifications for subsystem design.  Final versions of documents described in items 1, 2, and 3.
	2 years after AoC

	5
	Monthly progress reports delivered via email.
	First Friday of each month.

	6
	Support for implementation, validation, verification, and testing. 
	As needed.


*AoC = Award of Contract
