DRAFT

Flight Dynamics Support Services

The Flight Dynamics Analysis Branch (FDAB) and the Guidance, Navigation, and Control Systems Engineering Branch (GNCSEB) within the Mission Engineering and Systems Analysis (MESA) Division at Goddard Space Flight Center are responsible for providing analytic and operational expertise for orbit and attitude systems, dynamics modeling, control analyses, and estimation & simulation of space vehicles. The Branches create and maintain state-of-the-art analysis tools for mission design, trajectory optimization, orbit analysis, navigation, attitude determination, and controls analysis. The Branches also provide the expertise to support a wide range of flight dynamics services, such as spacecraft mission design, on-orbit sensor calibration, launch support, and orbit operations. An active technology development program is maintained, with special emphasis on developing new techniques and algorithms for autonomous orbit/attitude systems and advanced approaches for trajectory design.  Specific areas of expertise resident in the branches are:
· Trajectory analysis and control design
· Mission operations
· Mission design
· Orbit estimation techniques

· Constellation analysis

· Flight dynamics model development
· Flight dynamics ground and flight system development

· Ground attitude determination
The FDAB also provides flight dynamics operations services through its Flight Dynamics Facility (FDF). In 2007 this facility supported flight dynamics computations for more than twenty spacecraft. Operational services include orbit determination, acquisition data generation for the space and ground networks, tracking data evaluation, and maneuver planning support. The FDF also supports Expendable Launch Vehicle (ELV) operations, International Space Station (ISS) orbit determination and Space Transportation System (STS) flight operations.

The MESA division is responsible for providing strong mission-enabling leadership for a broad range of advanced science missions. In addition, many future missions will rely on highly integrated observatories in which the spacecraft functions and performance cannot be separated from the instrument and science functions and performance. The MESA division has the charter and the critical mass of people and skills to provide leadership in these areas. Within the division, the FDAB’s alliance with mission system engineers is a strong benefit to the infusion of flight dynamics technologies into new mission concepts, enabling the branch’s mission designers to meet the needs of mission formulation study teams.

Flight dynamics support services provide for the planning, designing, implementing, conducting, enhancing, evaluating, integrating, and testing of the flight dynamics services and systems provided at GSFC. The flight dynamics disciplines include spacecraft navigation (orbit determination), trajectory control, mission design, attitude determination, attitude dynamics and attitude control. Unique mission support and network services are also provided. Flight dynamics mission support efforts involve the determination of mission flight dynamics requirements and the planning necessary to satisfy the mission/project needs. Technology development is performed in the areas of navigation, trajectory design and flight dynamics automation. Flight regimes supported include low Earth, geosynchronous, libration point, lunar and interplanetary. Operational facility re-engineering planning, development, and implementation services are also provided.
This Statement of Work (SOW) defines the effort required to provide flight dynamics analysis, operations, system development and technology support for the FDAB and GNCSEB. 
1.0 Management

1.1 Business Management

The contractor shall provide cost-effective program integration to perform: program management including cost management, configuration management, development and maintenance of best practices, continuous risk management, performance metric collection and reporting, ground system sustaining engineering, and training. The contractor shall maintain a qualified work force as demonstrated by a certification program, mission operations workforce experience, and/or specified education requirements. The contractor shall comply with the Goddard Quality Management System and Directives.

The contractor shall provide the expertise and resources as needed to participate in studies, systems development, integration, test and in-flight operations. The contractor shall also provide system information technology expertise. Procurement of hardware and other materials may be required under these tasks. The contractor will provide as needed expertise and resources to define and develop flight dynamics operations systems and associated infrastructure and technology applications, both for missions operated at GSFC and for GSFC missions operated at other sites.
The Contractor shall submit Monthly (533M) and Quarterly (533Q) Financial Reports. They shall be prepared by cost element to WBS Level IV.
1.2   Technical Management

The contractor shall perform technical management of flight dynamics analysis activities and operations support to assure a level of technical performance consistent with the requirements of the contract.

The contractor shall perform the following, as appropriate, in accordance with NASA and Goddard Policies and Guidelines:

· Monitoring of technical performance

· Configuration Management

· Anomaly and Incident Reporting

· Continuous Risk Management

· Maintenance of Technical Records
· IT Security

Specifically, the contractor shall perform the following activities:

1.2.1 The Contractor shall accurately track changes to mission operations requirements, products, systems, software, and the on-orbit spacecraft configuration. The appropriate FDAB manager, task lead or FDF Operations Director or his/her designate shall concur on configuration changes before the changes are implemented. The contractor shall also maintain and track changes to Interface Control Documents and interfaces with network and other institutional facilities.
1.2.2 The Contractor shall submit weekly status reports for each task. 

2.0 Flight Dynamics Analysis and Operations Support

The contractor shall provide analytic and operational support for spacecraft orbit determination; trajectory control; product generation; acquisition data generation and transmission; and tracking data evaluation and test. The contractor shall support trajectory determination, monitoring and network operations for manned flight and expendable launch vehicles (ELV). The responsibilities include a combination of analytical tasks, critical operations support including launch and early orbit checkout, and routine production activities.
2.1 Mission Planning and Design

The contractor shall provide support for flight dynamics mission planning and design for flight projects. This support includes pre-launch planning for all flight dynamics functions and end of life planning in support of flight projects.

2.1.1 The contractor shall support pre-launch planning for flight projects in the areas of attitude determination & control, trajectory design, launch window analysis and trajectory optimization. This support includes requirements analysis, maneuver planning, attitude planning, launch support planning and testing in all areas as required.

2.1.2 The contractor shall provide for end-of life planning. This planning is nominally done as part of the pre-launch planning but will be readdressed after launch, especially just prior to a spacecraft controlled re-entry/decommission.

2.1.2.1 The contractor shall provide support for the planning and conducting of flight dynamics functions pertaining to a controlled re-entry. These functions include orbit and attitude maneuver planning and execution, product generation, orbit determination and acquisition data generation.

2.1.2.2 The contractor shall provide support for spacecraft re-entry debris analysis. This includes support of debris analysis software and support for spacecraft debris studies.

2.1.2.3 The contractor shall provide support for the planning and conducting of flight dynamics functions pertaining to spacecraft decommissioning activities. These functions include orbit and attitude maneuver planning and execution, product generation, orbit determination and acquisition data generation and post-decommissioning lifetime prediction and monitoring.

2.2 Orbit Determination and Analysis

The contractor shall provide for orbit determination services during launch and early orbit periods and as a routine operation to maintain current orbit definitions. This support includes ground and on-board orbit determination and ephemeris generation, pre-launch error analysis, pre-launch testing and mission support planning. Specific activities required include:

2.2.1 The contractor shall perform orbit determination and related computation activities in support of scientific and applications spacecraft missions. These activities include routine and periodic special orbit determination support and analysis for selected spacecraft. The routine work is done on a regularly scheduled basis, as defined by each flight project. The special support is done on a scheduled and emergency basis depending on the particular spacecraft.
2.2.2 The contractor shall perform analysis related to spacecraft local oscillator frequency. This analysis includes determining local oscillator frequency history and reporting results to users.
2.2.3 The contractor shall support onboard orbit computations as required. This support may include independent verification of onboard navigation solutions and preparing orbit products for uplink to the spacecraft.

2.2.4 The contractor shall perform critical orbit determination computations for payloads during early operations periods and rapid computations after orbit adjust maneuvers, as required.

2.2.5 The contractor shall perform pre-launch error analysis for upcoming missions for determining amount of tracking data needed, duration of passes, and number of tracking stations needed to satisfy the mission orbit determination requirements.

2.3 Tracking Data Evaluation

The contractor shall provide support for the validation of tracking data for data processing and the use of the data for tracker calibration assistance. This support shall include the following.

2.3.1 Verifying the receipt of data and determining if the data can be processed. The fault isolation process will be used for data that cannot be processed. When new or modified tracking systems are ready, real-time analysis shall be performed to verify data receipt and to ascertain that the format is correct. Noise analysis of the metric observations shall be conducted and erroneous observations identified.

2.3.2 Calibration based on statistical evaluation shall be used to maintain accurate tracker and network performance values. Evaluation of the output is accomplished by assessing the accuracy and usefulness of the data in the orbit determination process. Corrective measures are initiated by informing the appropriate network of deviation in tracker performance from a predetermined norm.

2.3.3 The contractor shall provide new tracking system calibration support. This support will include validation of tracking data and verification of new tracking system capability.

2.4 Acquisition Data

The contractor shall provide support for the generation of acquisition (ground station pointing) data based on mission requirements. This support shall include the following.

2.4.1 The contractor shall provide for the generation and transmission of pre-mission and live support acquisition data including on-orbit data for various networks.

2.4.2 The contractor shall provide for the generation of network pre-mission and live network scheduling support data.

2.4.3 The contractor shall provide for data quality verification on all products generated.

2.5 Mission Planning and Scheduling Products

The contractor shall provide for the support, generation and quality assurance of mission planning data products, scheduling products, and related spacecraft products based on individual flight project mission requirements.
2.6 Maneuver Planning

The contractor shall provide planning support and recommendations of orbit and attitude maneuver operations to meet selected mission objectives.

2.6.1 The contractor shall provide planning support for orbit maneuver operations. This support shall include orbit adjust computations for flight projects, both in-flight and pre-launch, operational support for on-going projects involving orbit adjust maneuvers, performing studies to determine the optimum mission profile that satisfies mission objectives considering all spacecraft or other constraints, providing in-flight adaptive mission analysis studies, and providing maneuver planning and execution support as requested for collision avoidance maneuvers for in-flight missions.

2.6.2 The contractor shall provide planning support for attitude maneuver operations. This support shall include attitude maneuver computations for flight projects, both in-flight and pre-launch, operational support for on-going projects involving attitude maneuvers, performing studies to determine the optimum attitude profile satisfying mission objectives considering all spacecraft or other constraints, and providing in-flight adaptive attitude analysis studies.

2.6.3 The contractor will provide for support of collision avoidance maneuver planning and execution that is done in support of the Flight Project during the in flight mission. Support includes transmission of post-maneuver vectors to USSTRATEGIC COMMAND (USSTRATCOM) for analysis and alternate maneuver planning in the event that a close approach is determined.

2.7 Conjunction Assessment and DOD Support

FDAB personnel, in conjunction with the Space Systems Protection Mission Support (SSP MSO) Office, are responsible for providing conjunction assessment services for all NASA unmanned assets. The SSP MSO maintains a close relationship with the Department of Defense, and services are provided to the military as requested.
2.7.1 The contractor shall provide support for conjunction assessment analysis and operations. This element requires the contractor to hold a Top Secret clearance for performing work in government-owned classified facilities. No classified work is required to be performed in the contractor facility.  Support includes: providing real-time operations support of conjunction assessment data for mission customers, analyzing predicted conjunctions and assisting missions in planning risk mitigation options as requested, providing pre-launch analysis of predicted collision threats to mission customers, and maintaining & enhancing the GSFC Collision Assessment System (CAS) tool suite as necessary.
2.7.2 The contractor shall provide support to the GSFC Civil Servant who acts as the liaison between NASA and the Department of Defense’s (DoD) various entities such as the United States Strategic Command (USSTRATCOM), the Air Force Space Command (AFSC) and the Joint Space Operations Center (JSpOC) for Commercial, Public, and Foreign (CAFI). Support may include: Coordinating data exchange and relevant communication between CAFI customers and the DoD, assisting in processing CAFI data requests and in the distribution of approved data products, providing required operational information to any of the DoD entities in accordance with DoD regulations, and providing analysis of CAFI requests as approved and directed by DoD.
2.8 Attitude Determination, Control and Analysis

The contractor shall provide attitude determination and control support for in-flight missions. Support shall be provided for pre-launch attitude analysis as needed. Specific activities based on mission specific requirements may include:

· Attitude determination error analysis

· Attitude sensor viewing coverage

· Real time and non-real time attitude determination

· Attitude sensor calibration and alignment

· Attitude control commands for spacecraft pointing or support of onboard attitude computations

· Attitude dynamics analysis and simulation

· Attitude anomaly support including troubleshooting of onboard attitude determination and control systems

· Development of ground attitude determination and planning systems

2.9 Human Space Flight

The contractor shall provide for support of manned flight activities. This support includes pre-launch generation and transmission of acquisition data, processing of launch trajectory data, tracking data evaluation and generation and transmission of post-launch acquisition data.

2.9.1 The contractor shall provide support for all STS missions. This support includes pre-launch generation and transmission of acquisition data, processing of launch trajectory data, on-orbit support, back-up orbit determination and landing support. Support will be provided 24/7 while a STS mission is flying.

2.9.2 The contractor shall provide on-going support for the International Space Station (ISS). This support includes generation and transmission of acquisition data and routine orbit determination.

2.9.3 The contractor shall provide analysis and operations planning for human space flight missions that follow the end of the STS program.

2.10 Expendable Launch Vehicle (ELV) Support

The contractor shall provide support for expendable launch vehicles. This support includes generation and transmission of pre-launch acquisition data, processing of launch trajectory data, and generation and transmission of post-launch acquisition data updates.

2.11 Advanced Visualization Environment (CAVE)

The CAVE is an advanced 4-wall 3-D visualization environment. CAVE activities will provide 3-D stereoscopic visualization for a wide range of missions including single satellites and satellite formations in low-Earth, high-Earth, gravity assist, libration point, non-Earth planetary, and interplanetary orbits. The contractor shall provide support for research, analysis and the integration, testing, and implementation of related engineering activities to support the flight dynamics CAVE and related visualization technology initiatives. The contractor shall provide support for assessing state-of-the-art visualization concepts and industry standards as they apply to the current CAVE design. Software and engineering support across several platforms is needed for developing, maintaining, implementing, and demonstrating simulations. In addition, contractor shall provide CAVE support, including external interfaces, for non-flight dynamics scientific research and industry & educational projects.
3.0 Flight Dynamics Systems Engineering

The contractor shall support the development of new algorithms and techniques associated with flight dynamics technology development and the support, integration and maintenance of flight dynamics systems for mission support require system engineering support to update, test and maintain systems in the Flight Dynamics Facility or Mission Operations Control Center (MOCC) environment. System engineering support includes the following.

3.1 FDF System Engineering

The contractor shall support the re-engineering activity within the FDF. This includes support for requirements definition, system design and development, and integration and testing for operations.
3.2 COTS Evaluation and Integration

The contractor shall support the evaluation of COTS flight dynamics software for use in mission analysis and operations. This support includes development of evaluation criteria, evaluation and reporting of results and integration of COTS software for analysis and operations.
3.3 Software Development and Maintenance
The contractor shall provide for the maintenance and development of flight dynamics software that is used for technology development, analysis and mission support.

3.3.1 Software Development: The contractor shall provide for the development of software systems required for flight dynamics technology, analysis and operations support. Development activities include the analysis of requirements, design, implementation and test of both institutional (multi-mission) and mission unique software. Also included are the development of scripts, “glueware” and other interface software that may be required to utilize commercial off-the-shelf (COTS) software in GSFC flight dynamics computations. Both on-board and ground software development may be required. Software development methodologies may be adaptive to the individual flight project or application, at the direction of NASA. All software development must adhere to NPR 7150.2. Specific software applications will include the following:
3.3.1.1 The contractor shall provide support to development of attitude determination, calibration and control software. Analysis software may include attitude dynamics simulators and error analysis tools.

3.3.1.2 The contractor shall provide the development of navigation, orbit prediction and determination, and error analysis software tools. This includes the development of onboard flight software that performs orbit computations. An example is the GPS Enhanced Onboard Navigation System (GEONS) flight software system. Support includes testing and the assistance in integrating software in flight systems.

3.3.1.3 The contractor shall provide the development of trajectory analysis and design, mission planning and maneuver planning software.

3.3.2 Software Maintenance: The contractor shall provide for the maintenance of flight dynamics software used for technology, analysis and mission support. This maintenance includes the modification of in-house software and updating to new versions of off-the-shelf software. Flight dynamics tools consist of a combination of homegrown systems, commercially available products, and extensions to commercially available products developed and/or procured in support of flight dynamics engineers. Software update procedures followed will be those contained in the configuration management plan. Software systems to be maintained at the direction of NASA may include but are not limited to:

· Institutional orbit determination packages (e.g. Goddard Trajectory and Determination System- GTDS)

· Mission unique attitude determination software located in the Flight Dynamics Facility or in individual Mission Operations Control Centers

· Institutional mission design tools (e.g. General Mission Analysis Tool - GMAT)

· Navigation flight software (e.g. GPS Enhanced Onboard Navigation System- GEONS)

· Orbit and attitude error analysis tools (e.g. Orbit Determination Toolbox- ODTBX)

· Product generation software

3.3.3 Integration and Testing of Flight Dynamics Software Systems: The contractor shall provide for the integration and testing of flight dynamics software systems that are to be used for the support of missions or have been developed as part of flight dynamics technology development. This support includes but is not limited to integration of off-the-shelf software into a flight dynamics mission support system, assistance in the testing of new algorithms and evaluation of new software.

3.3.4 Configuration Management: The contractor shall provide for the configuration management of flight dynamics software systems used. This will include the development of a configuration management plan for both the software and hardware, and computational facilities.

3.3.5 Backups and Archiving: The contractor shall provide support for periodic backup and archiving of designated systems and data that is used for flight dynamics support and analysis. Backup and archive procedures and schedule will be contained in the configuration management plan.

3.4 System Facilities Sustaining Engineering
The contractor shall provide system engineering support for computing facilities, equipment and network, and engineering support for system design.

3.4.1 System Administration and User Support: The contractor shall provide the system administration support for the computer systems used to support the FDAB. This support includes the configuration of new hardware systems, responsibility for user account administration, system monitoring, and user support and troubleshooting.
3.4.2 Security: The contractor shall support the implementation of required security for computing systems, user protections, and system monitoring. The contractor shall provide assistance in the maintenance of security information relating to computer systems.

3.4.3 Engineering Support: The contractor shall support the maintenance and upgrade of hardware systems used to support the FDAB. This support includes coordinating and procuring hardware or part replacement, installing new hardware and troubleshooting hardware problems, maintaining a list of hardware support contracts, and maintaining list of operational hardware and equipment. This support also includes the identification and requirements analysis for hardware upgrades.
3.5 Model Maintenance

The contractor shall provide the maintenance of various databases and product centers used to perform flight dynamics functions and for product delivery.

3.5.1 Web page/product center maintenance: The contractor shall maintain web pages or web-based product centers used for the delivery of flight dynamics information.

3.5.2 Attitude and Orbit Models and Database Maintenance: The contractor shall provide analysis and enhancement support needed to update and disseminate attitude and orbit models, and databases. Typical activities may include, but are not limited to, the creation and maintenance of comprehensive and custom star catalogs, maintenance and update of solar flux data, geopotential data, timing coefficients data, tracking data, ground station locations, assignment of station IDs, and the development of analysis specifications for and enhancements to attitude and orbit modeling software.
3.5.3 ORACLE database support: The contractor shall provide maintenance and enhancement support for the operational ORACLE database.

4.0 Technology Development Support

The contractor shall support the development of new algorithms, techniques, operations concepts and methodologies to improve capabilities, reliability, services and cost for flight dynamics support. In addition, flight dynamics technology development efforts help enable new mission types through the development of new or improved orbits, control techniques, optimization strategies and onboard orbit/attitude computations. The contractor shall support these efforts as directed. Specific areas of interest include the following.
4.1 Advanced Navigation Techniques
The contractor shall provide support for research, analysis and related engineering to support flight dynamics navigation technology initiatives. The contractor shall provide analysis support for assessing the feasibility of state-of-the-art navigation concepts and algorithms, and engineering support for developing, documenting, maintaining and testing simulation and ground/flight software to implement these advanced concepts, validating the concepts with high-fidelity simulations and flight-data analysis, transitioning the concepts to a mission analysis support environment, and infusing the concepts into mission operations. The navigation concepts to be supported will provide navigation for a wide range of missions including single satellites and satellite formations in low-Earth, high-Earth, gravity assist, libration point, non-Earth planetary, and interplanetary orbits. These concepts will use radiometric, optical, and inertial navigation resources such as Global Positioning System (GPS) technology Doppler and range data from the Tracking and Data Relay Satellite System (TDRSS) or ground station communication links, satellite cross-link measurements, and near- and far-field observations of celestial objects, to estimate onboard or on the ground the absolute and relative navigation and attitude states of one or more satellites, as well as other parameters necessary for navigation.

4.2 Advanced Mission Design Techniques

The contractor shall provide support in the development of improved orbit design optimization techniques. In addition, new orbits are researched that enable new science missions. The models and techniques developed provide immediate results for mission support, thus enhancing GSFC participation in proposals while expanding capabilities. Specific areas of support that may be requested include but are not limited to optimization of orbits to meet science and engineering requirements while minimizing maneuver impacts, development and application of new mathematical methods to ensure optimal design, investigation of unique orbit designs, and the development of new trajectory design algorithms to directly support GSFC missions.

4.3 Attitude Techniques

The contractor shall provide investigation of improvements in the methods by which spacecraft attitude sensor/actuator measurements and reference data are efficiently processed to determine attitudes. With a view to improve mission support, the contractor shall develop, at the direction of NASA, new algorithms in the areas of attitude determination, attitude dynamics, attitude modeling, and calibration of attitude actuators and attitude sensors such as gyros and magnetometers.
4.4 Automation Techniques
The contractor shall provide support for the automation of flight dynamics processes for flight projects. The contractor shall provide support for the reengineering of flight dynamics processes and systems in support of flight projects. This support includes but is not limited to design and integration of new software to meet project requirements and integration of that software into operations.
4.5 Constellation Management and Formation Flying

The contractor shall provide research, as directed, in the design, control and management of multiple spacecraft flying in formation or as part of a constellation. Support may include the development of control algorithms for flight or ground use, the development of constellation maintenance approaches, and support to formation flying and constellation management test beds.
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