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Statement of Objectives (SOO) for Exploration System of Systems Engineering and Integration Team 

1. Introduction

On January 14, 2004, the President of the United States directed the National Aeronautics and Space Administration (NASA) to embark on a robust space exploration program that will advance the Nation’s scientific, security, and economic interests. To meet the goals and objectives of our new vision, NASA plans to deploy a set of systems, large and small, that will be integrated into a “system of systems”. This includes Earth-to-orbit and in-space transportation systems, systems required for human health and performance, and robotic systems that will assist humans as they travel and explore.

NASA requires the assistance of a highly talented and experienced System Engineering and Integration (SE&I) Team in support of the Exploration Systems Mission Directorate (ESMD) Development Programs Division (DPD).  This team will serve in cooperation with Government, Federally Funded Research and Development Center (FFRDC), and associate contractor (ASCON) personnel to form a “World Class”, disciplined, focused and fully integrated system engineering environment within which all DPD-related research, development, test, and production activities will be accomplished.  The singularly important objective of this effort is to achieve the highest level of confidence in mission success across all elements of the system of systems.

2. Spiral Development Description

A key challenge for NASA is to develop new capabilities in a manner that is pragmatic – so that new capabilities can be developed and used to advance exploration in the near term – while also being flexible, in order to incorporate new technologies and respond with agility to scientific discoveries.  To meet this challenge, NASA will develop exploration capabilities in stages, or “spirals.”  Each spiral will usher in a set of major new capabilities in support of the Vision for Space Exploration.  Spirals will be structured based on specific requirements, well-defined goals and endpoints, then-current technologies, management risks, an executable budget, and knowledge gained from prior in-space activities.  

Fundamental to this strategy is the recognition that a long-term objective can be established for a development activity without fully decomposing all enabling requirements, such that the full capability set needed to address this objective is broken into smaller subsets that can be developed and tested in a time-phased schedule. In this way, requirements for future capability “spirals” that are not governing product development under ongoing implementation can be refined through additional concept studies and technology demonstration. By permitting additional time for these pre-formulation activities to mature, providing opportunities for feedback from users of operational spiral capabilities, and additional time to develop and mature enabling technologies, an integrated spiral development strategy can be formulated which will potentially reduce life cycle costs and assure optimum performance.

In terms of design, a system of systems developed using the spiral methodology will exhibit the following key characteristics:

· The overall Operations Concept is validated through feedback from users, developers, supporters and testers,

· Systems of systems architecture and the operations concept are mutually consistent,

· System of systems architecture allows time-phased, incremental designs to achieve desired full system capability,

· A high degree of modularity, cross-architecture commonality, standard component utilization and simple, standard interfaces that facilitate downstream systems modifications and upgrades.

A key aspect to spiral development will be to develop new technologies that improve performance and lower cost over time.  This is crucial to maintaining affordability and achieving the Nation’s goals for future exploration.  Accordingly, a major portion of NASA’s resources have been allocated to technology development with three major portfolios, Exploration Systems Research and Technology (ESRT), Human System Research and Technology (HSRT), and Prometheus (nuclear propulsion technology development), specifically focused on the exploration mission.  To build a sustainable program, all developments within the system-of-systems must have a strategy for incorporating new technologies that result from both NASA-sponsored and outside research.

Capabilities to be provided by the first three spirals are:

Spiral 1: Earth Orbit Capability.  Spiral 1 establishes the capability to test and checkout crew transportation system elements in Low Earth Orbit in preparation for future human exploration missions to the Moon.  As new exploration elements necessary for future spirals are developed, they will be tested with the Spiral 1 Crew Exploration Vehicle (CEV) in the space environment to prepare for future exploration. The objective of crewed access to low earth orbit will be met by 2014.

Spiral 2: Extended Lunar Exploration.  Spiral 2 establishes the capability to conduct human exploration missions on the surface of the Moon for extended durations. In this context, extended duration is defined as the capability to support the crew on the surface of the Moon for a minimum of four days.  This objective will be met in 2015-2020.

Spiral 3: Long Duration Lunar Exploration.  Spiral 3 establishes the capability to conduct routine human long duration missions on the surface of the Moon to test out technologies and operational techniques for expanding the human presence to Mars and beyond. Missions in Spiral 3 will extend in duration from those obtained in Spiral 2 up to several months to serve as an operational analog of future short stay Mars missions.  This objective will be met after 2020.

3. General Objectives

A. Establish a centralized System Engineering and Integration activity at the ESMD DPD level to assure a fully integrated system engineering and integration process that will provide unbiased, sound, objective technical advice and assistance for high confidence in mission success.

B. Integrate the centralized SE&I tools, processes and procedures with those of the ESMD level systems engineering and integration activities, and several ASCONs within the Technology Portfolios and system of systems.

C. Ensure balanced, compatible, and interoperable designs of the individual Constellation elements within the constraints of optimum mission assurance, crew safety, range safety, operational requirements, interfaces and cost.

D. Accommodate and assure the integration of each element into the totality of the system of systems.

E. Provide surveillance over detailed subsystem, element, and overall design to meet required objectives of the ESMD architecture. 

F. Aid in the establishment and revision of program and project milestones and schedules, and monitoring of ASCON progress in maintaining schedules, consistent with sound technical judgment and rapid, cost-effective advancement of the spiral technologies. 

G. Facilitate development of technologies that contribute to systems safety, sustainability, and performance effectiveness, and facilitate technology infusion into the individual Constellation elements.

4. Specific Objectives

A. Execute a well-managed program, integrated with the government and other ESMD contractors to ensure effective systems engineering and integration for the ESMD. 

B. Utilize the Integrated Product and Process Development (IPPD) methodology to form an integrated team with the Government, SE&I Team members and element ASCONS to integrate single and multi-discipline teams in the development of the system of systems and to permit all essential disciplines to review and agree to design, plans, and products in a timely manner.  

C. Implement and utilize proven, effective disciplined performance management systems and processes based on established standards to ensure timely visibility into performance of all team members, including Earned Value Management, and sound financial and workforce management practices.

D. Plan and execute effective processes and systems to establish and maintain configuration control of all data, information, records, and designs, for the life of the Program.  This plan must integrate all ASCON systems into a single ESMD configuration management system.

E. Provide and support an Information Technology security architecture that protects the networks, computing platforms and data from all security risks including denial of service, unauthorized access and data integrity.

F. Ensure crew safety through all mission phases within the limitations of meeting system performance requirements and achieving mission objectives. 

G. Ensure quality, reliability, maintainability, and supportability during all aspects of human spacecraft development, integration, certification, and operations.

H. Support the NASA Theme Directors, the NASA Program Managers, the NASA Project Managers of all element ASCONs, and NASA Safety & Mission Assurance Panels/Boards on all matters related to safety, reliability, and quality assurance. 

I. Advise NASA on the management of Research and Technology (R&T) development processes for breakthrough space exploration technologies and for the advancement of existing technologies to ensure timely, safe, and cost effective infusion into the system of systems.

J. Support the R&T Portfolio Management activities including Roadmap Development, Technology Risk and Gap Analyses, Market Analyses, Management of the three Technology Portfolios defined in Paragraph 2 above, Development of Acceptance Criteria for Technology Insertion, and Acceptance Verification process.

K. Provide and implement an approach to planning, organizing, monitoring, and controlling the development of the end-to-end system of systems architecture to assure ESMD human-rated and non human-rated systems meet operational requirements, both individually as well as when integrated with other systems.

a. Assure an acceptable balance of mission assurance, crew safety, range safety, operational requirements, and cost.  

b. Develop and manage the SE&I work breakdown structure and integrated master schedule.

c. Develop and implement an approach to assuring interoperability for ESMD systems developed over time including use of open systems where practical and adequate.

L. Support the establishment, evolution, and utilization of a federation type Simulation Based Acquisition (SBA) system for the determination of system of systems technical performance and attributes, effectiveness, cost, schedule, and risk .

M. Enable and perform system analysis, trade studies, modeling and simulation across the entire acquisition life cycle, from concept design through operations, using established overarching SBA processes.

N. Ensure that Models and Simulations are consistent and accessible; that they use open architecture; and that they evolve throughout the Exploration programmatic life cycle. 

O. Decompose, allocate, analyze, and manage the system, technology, interface, test, and verification requirements to support each spiral development configuration and assure traceability from concept to requirements through final design.
P. Deliver a robust and quality system of systems design that ensures simplicity and addresses all aspects of system integration accomplished through insight into all reviews, design development, manufacturing, assembly, test, certification, and operation activities.

Q. Ensure that the system of systems is designed to meet the Spiral requirements with a clear plan to ensure systems evolution and maintainability.

R. Develop the Testing and Verification concept, plan and direct the integrated testing and verification of coupled elements (multi-element mission configurations) and their interfaces to assure program success. (Includes both hardware and software functionality) 

S. Maintain insight into the ASCONs’ Test and Verification Plans during development phase: Development, Certification, Qualification, and Acceptance Testing.

T. Develop and evaluate operational trades, scenarios, and flight techniques for users, crew, training, systems, and mission elements (utilizing SBA as appropriate).

U. Consider ground and mission operations early in the formulation and development phases to influence the planning and design, in order to reduce a mission’s lifecycle costs.

V. Maintain the system of systems through sustaining engineering by tracking anomalies, coordinating anomaly analysis and resolution with the ASCONs, and performing trend analysis, ensuring that these issues are addressed in future system builds and upgrades and spiral designs.

5. Summary

The most critical features of this Statement of Objectives for the DPD/SEIT are  that the SE&I contractor chosen for that role (a) perform in a highly experienced, expert, and effective manner in all facets of system engineering and integration in a complex aerospace system-of-systems development,  (b) provide highly qualified and motivated engineering and management personnel for all positions within the DPD/SEIT, and (c) can confidently be relied upon by NASA to provide  sound, objective technical advice and assistance absent bias for current or future commercial advantage.[image: image1.png]
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