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FOREWORD

The Plan specifically addresses the Project implementation for the Orbital Space Plane (OSP) Program’s Demonstration of Autonomous Rendezvous Technology (DART) Project that is managed by the NASA, George C. Marshall Space Flight Center (MSFC).

This Plan describes the integration process of the DART Project and will be used as a guideline for successful implementation. The Plan described herein was generated in accordance with NASA Procedures and Guidelines (NPG) 7120.5B, NASA Program and Project Management Processes and Requirements and the experiences and lessons lived of the Project Manager. In addition, the following reference was instrumental in developing the Project Plan, Visualizing Project Management – A Model for Business and Technical Success, Second Addition, by Forsberg, Mooz, and Cotterman. While no document determines the success or failure of a Project, it is imperative to understand the Project vocabulary, roles and responsibilities, Project life cycle, and methodologies whereby the Project operates. This Plan reflects how the Project operates and is not an imposed template or a repeat of every document in the hierarchal structure. The DART Data and Configuration Management Plan, OSP-DART-PLN-002 is a critical supplement to the successful implementation of the Project.

A Document History Log is provided to detail any document revisions that have been made to this Plan, the date the revisions were made, and a description of the applicable changes. 

Tailoring for the DART Project requirements are documented in Section 11 per Program/Project Planning, NPG 7120.5B. 
1.0
INTRODUCTION
Since the 1960s, NASA has performed numerous rendezvous and docking missions. Recent mission examples include servicing of the Hubble Space Telescope, Space Shuttle and USSR Space Station Mir Docking, and International Space Station (ISS) assembly missions, which included re-boost, re-supply, and crew transfer. While spacecrafts piloted by astronauts have been the common element of all United States rendezvous and docking missions, the need for autonomous rendezvous capability has been recognized for some time. The DART mission provides a key step in establishing an autonomous rendezvous capability for the United States. The OSP Architectures being considered, including Alternate Access to Station (AAS) will benefit since each have identified autonomous rendezvous as an enabling technology. Human rated piloted vehicles can also benefit from robust system performance and reduction of potential piloting errors.
 
In the mid-1990s, the MSFC Automated Rendezvous and Capture (AR&C) Program used ground simulators to demonstrate automated capabilities essential for the progression of unmanned and manned space operations. These objectives were met by the development of hardware and software to achieve a safe, assured rendezvous, close approach, and dock between a chaser and target vehicle. The AR&C hardware, which included the Video Guidance Sensor (VGS) and its software; the Three-Point Docking Mechanism (TPDM); the On-Board Computer (OBC); and Global Positioning System (GPS) filter have all been tested in multiple digital and closed loop ground simulations. The VGS and its software are the only components of the AR&C Program that have been tested in a flight environment, culminating in two highly successful AR&C flights aboard the Space Shuttle (STS-87 and STS-95). 

 

As the next critical step in the Autonomous Rendezvous and Proximity Operations (ARPO) process, MSFC has teamed with Orbital Sciences Corporation (OSC) to design, build, and fly the next generation VGS, the Advanced Video Guidance Sensor (AVGS). The AVGS is one of the three key elements of the DART Project effort. The AVGS can accurately track an object outfitted with the appropriate passive optical targets within a range of approximately 300 meters. Tracking data can be used as a navigational input to the rendezvous algorithms. The algorithms will provide guidance commands to the chase vehicle to facilitate an autonomous rendezvous with the target vehicle. 

The other two equally important elements involve the modification of a Pegasus Launch Vehicle upper stage to incorporate ARPO hardware and software upgrades and to implement ARPO algorithms as part of the Pegasus flight code. Current Pegasus software will act as a translator between the Pegasus subsystems and the ARPO algorithms for data being sent as input to the algorithms and commands being generated by the algorithms. When integrated, these elements will then become the DART Chase Vehicle. 

The Target Vehicle is the Multiple Paths, Beyond-Line-of-Sight Communications (MUBLCOM) satellite, currently in orbit. The OSC owned MUBLCOM satellite has been chosen as the baseline target since it is operational and has reflectors installed that were expressly designed for use with the VGS. The satellite and installed reflectors are depicted in Figure 1. The target satellite will require software modification to enable broadcast of its GPS state vector, which will be monitored for a pre-determined time to establish the stability and accuracy of the data. DART is currently manifested for a late-2004 launch.
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FIGURE 1. DART chase vehicle and MUBLCOM satellite.
1.1
PURPOSE

The DART Project’s primary purpose is to provide enabling risk reduction activities of the OSP Program to increase the Technology Readiness Level (TRL) for the key technologies of AVGS and ARPO. This is accomplished by an in-space demonstration of autonomous rendezvous and closed loop proximity operations and control between the DART Chase Vehicle and the MUBLCOM passive, cooperative satellite.

1.2
GOALS
The primary goals of the DART Project are to increase the TRL for AVGS and ARPO from the current level of three to a level of seven. Figure 2 displays TRL definitions. Waterfall charts for TRL progression for the ARPO and AVGS are shown in Figures 3 and 4, respectively. The current charts are located on the Windchill ProjectLink System in the IPMT folder in the current DART Stop Light Chart. The technologies are a proximate sensor in the form of the AVGS and an expert software system containing advanced ARPO algorithms. 
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FIGURE 2. Technology readiness levels.
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FIGURE 3. ARPO technology readiness progression.
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FIGURE 4. AVGS technology readiness progression.
1.3
OVERALL APPROACH
The DART Project Team is comprised of the following NASA Centers providing the following respective capabilities:

· Kennedy Space Center (KSC) — Launch Services Program (LSP) utilizing existing Small Expendable Launch Vehicle Services (SELVS) with technical oversight for Pegasus mission in accordance with NPD 8610.23A, Technical Oversight of Expendable Launch Vehicle (ELV) Launch Services
· Goddard Space Flight Center (GSFC) — Independent Verification and Validation (IV&V) of AVGS and ARPO software

· Marshall Space Flight Center (MSFC) — Overall Project management and technical insight on DART, Task Agreements (TA) for the prime contractor for AVGS software and Hardware-in-the-Loop (HWIL) testing. 

The prime contractor for the DART and Pegasus Projects is Orbital Sciences Corporation (OSC) of Dulles, Virginia. 

1.4
TIMEFRAME
The DART Contract period of performance is specified in terms of a Base Period and two Option Periods that may be exercised at the discretion of the Government. The Base Period of performance for the DART Project began at the effective date of Contract Award, May 24, 2001, through March 2002. Option 

Period 1 began April 2002 and extended through July 2003. Option Period 2 began August 2003 and extends through December 2004.
1.5
NASA CENTER PARTICIPATION
The principal roles of NASA Centers supporting the DART Project are listed in Table I. MSFC has overall responsibility for the Project in accordance with this Plan.

TABLE I. NASA center participation.
	Center
	Project Element
	Type of Contract
	Procuring Activity
	File Name/Location

	MSFC
	DART Project
	DART Project Plan
	MSFC
	OSP-DART-PLAN-001 https://naccsli5.nis.nasa.gov/Windchill - DART CDM - IN-HOUSE PLANS

	MSFC 
	DART Spacecraft
	Cost Plus Award Fee/Incentive Fee (CPAF/IF) - Competitive Statement of Work (SOW)
	MSFC
	NAS8-01102 Attach J-1 (SOW) https://naccsli5.nis.nasa.gov/Windchill - Project Management - Contracts

	MSFC
	AVGS Software and Test
	NASA Task Agreement
	MSFC
	DART Technical Task Agreement (TTA)-001 https://naccsli5.nis.nasa.gov/Windchill - Project Management - Task Agreements

	
	
	
	
	

	KSC
	Pegasus Launch Vehicle
	Firm Fixed Price (FFP) – Indefinite Delivery Indefinite Quantity (IDIQ) 

Memorandum of Understanding (MOU)
	KSC
	NAS10-9905 https://naccsli5.nis.nasa.gov/Windchill - DART Pegasus


Appendix A - OSP-DART-PLAN-001 https://naccsli5.nis.nasa.gov/Windchill - DART PEGASUS - KSC Contract

	GSFC
	IV&V
	Memorandum of Agreement (MOA)
	GSFC
	Appendix B OSP-DART-PLAN-001

 https://naccsli5.nis.nasa.gov/Windchill - DART PROJECT MANAGEMENT - GSFC


2.0
MISSION SUCCESS 

The DART Project’s mission success philosophy is as follows:

The DART Project will challenge and lead the contractor by managing to the MSFC center values with an “A” rating on the Mission Success Survey (MSS) survey. Additionally, the Project will utilize Level III Government insight in high risk areas to assure success of the Demonstration of In-Space Autonomous Rendezvous and Closed Loop Proximity Control to raise the Technology Readiness Level from 3 to 7 with a reliability > 96%. A Flight Demonstration on the Pegasus Launch System will be conducted on or before October 2004. Earned Value Management (EVM) parameters will be maintained at > 98% with < 5% cost growth, while constantly encouraging improvement of the contractor through the Performance Evaluation Board (PEB) with no failures, mishaps, close calls, or lost time accidents. The Project will manage all issues based on risk with responsibility at the lowest levels.  Table II outlines the MSS parameters defined above, the measurements, and frequencies for assessments.

TABLE II. MSS criteria.
	Parameter
	Measurement
	Frequency

	MSS
	Grade
	Semi-Annual

	Insight
	Full-Time Equivalents (FTE) and 
Office of Primary Responsibility (OPR)
	Monthly

	TRL
	Risk Progression
	Quarterly

	EVM
	Schedule Performance Indicator (SPI) and 
Cost Performance Indicator (CPI)
	Monthly

	Budget At Completion (BAC)
	Percentage Overrun
	Monthly

	Launch Date
	Days Slack
	Monthly

	Reliability
	Percentage
	Monthly

	PEB
	Grade
	Semi-Annual

	Safety
	Incidents
	Monthly

	Risk
	Risk Exposure
	Weekly


3.0
CUSTOMER ADVOCACY AND COMMERCIALIZATION 

The primary customers of the DART Project are the OSP Program, the Department of Defense (DOD), and the ISS. The DART Public Affairs Plan defines on-going Project advocacy strategies according to the NASA Public Affairs Policy. Table III displays Project milestones and corresponding public affairs activities. 

TABLE III. Timeline of milestones and public affairs activities.
	DATE
	PROJECT MILESTONE
	WHO
	PUBLIC AFFAIRS

	May 

2003
	Fact Sheet
	MSFC
	( Create DART Media Plan

( Create DART Fact Sheet 



	June 2003
	Design Certification Review
	MSFC/Orbital
	( Create News Release concerning 

   Option 2 decision/completion 

   of DCR (issue August 2003)

	July 2003
	DART Option II Decision
	MSFC
	( Create video file on DART 

   Project – including sound bites 

   from Program Manager and DART 

   animation if available (issue August2003)



	February 2004
	DART Hardware in the Loop Test Readiness Review
	MSFC
	( Pitch DART story to local media 

   for hardware testing



	 May 2004
	Ship DART Assembly to Vandenberg 
Air Force Base (Pre-Ship Review)



	
	( Photo Release - DART landing at   

  Vandenberg Air Force Base



	October 

2004
	Pegasus/
DART Flight Readiness Review
	MSFC/KSC
	( Pre-launch Release to include 

  flight profile, technologies to be 

  demonstrated

	October 

2004
	DART Launch 
	MSFC/Orbital/

KSC
	( News Release of Launch

( Photo Release of Launch

( Live shot campaign (if possible)

( Radio campaign (if possible)


3.1
COMMERCIALIZATION OPTIONS
DART-derived technology advances, which may have potential for commercialization, are identified in the following paragraphs.

3.1.1
Alternate Access to Station 

AAS is intended to enable NASA and private industry to establish and use alternative means of access to the ISS.  The AAS mission will provide important benefits, including contingency capability, operational flexibility, increased competition, near-term flight opportunities, and development of capabilities to meet Station unique needs. Currently, significant risks present obstacles to commercial servicing of AAS mission needs. Key technological gaps include the lack of proven, domestic automated rendezvous and proximity sensors, software, avionics, and rendezvous techniques. Gaps in understanding by industry of ISS vicinity operations, docking/berthing, power, and communications hinder the development of feasible commercial concepts. The lack of a sustainable market has limited development of these technologies and of vehicle systems that could service the AAS mission. The U.S. Government technology investment and market creation for ferrying ISS cargo by commercial services will reduce these risks and nurture the emergence of a repeatable commercial business in space. AAS is part of NASA’s Space Launch Initiative and is managed by the OSP Program at MSFC.

3.1.2
Orbital Express

Orbital Express (OE) is a Defense Advanced Research Projects Agency (DARPA) program to validate the technical feasibility of robotic, autonomous on-orbit refueling, and reconfiguration of satellites to support a broad range of future U.S. national security and commercial space programs. Refueling satellites will enable frequent maneuvers to improve coverage, change arrival times to counter denial and deception, and improve survivability, as well as extend satellite lifetime. The Orbital Express advanced technology demonstration will design, develop, and test on-orbit a prototype servicing satellite (ASTRO), a surrogate Next Generation Serviceable Satellite (NextSat), and the SPAWN Space Awareness prototype micro-satellite escort, that will provide near-field space situation awareness for U.S. satellites deployed in geo-stationary orbits. NASA will supply the sensor and software developed for DART, specifically the AVGS and related ARPO algorithms. Figure 5 is an artist’s rendering of the Orbital Express mission. 
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FIGURE 5. Orbital Express mission summary.
3.1.3
Experimental Small Satellite-11

Experimental Small Satellite-11 (XSS-11) is an Air Force Research Laboratory (AFRL) program with emphasis on autonomous on-orbit operations. Additionally, the XSS-11 will advance the capabilities needed for a satellite to maintain operations on-orbit without intervention from ground-based mission control teams and assets. The spacecraft, equipped with a Mars Program supplied Laser Instrument Distance and Range (LIDAR) sensor, will first deploy a mockup of the Mars Sample Return Orbiting Sample (OS) canister and test the autonomous proximity and safety operations using it as a target. Subsequently, the spacecraft will approach another satellite and test all the aspects of autonomous rendezvous such as locating an object, circumnavigation, station keeping, fault protection, and imaging. The technology can be applied in a number of ways. For example, one of the XSS-11 mission goals is to perform space flight demonstration of technologies needed for the NASA proposed plans to use spacecraft to collect samples of rocks and soil from Mars and return them to Earth for analysis. Figure 6 is an artist’s rendering of the XSS-11 Experiment.

[image: image21.wmf]
FIGURE 6. XSS-11.
4.0
PROJECT AUTHORITY
MSFC is the Lead Center, with additional support from GSFC and KSC. The DART Project authority is determined by the NRA 8-30 Source Evaluation Board (SEB), Cycle I Award. The DART Authority to Proceed (ATP) was initiated June 1, 2001 for Contract NAS8-01102.
5.0
IMPLEMENTATION AND MANAGEMENT
The DART Project management and implementation is described in the following paragraphs.

5.1
ORGANIZATION AND RESPONSIBILITIES
The DART Project organization structure and relationships with the customer and contributing organizations are shown in Figure 7. 
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FIGURE 7. DART project management structure

The top-level Project management positions and major functions are as follows:

· Project Manager

The Project Manager (PM) creates the Project Team, working with the line or functional management to obtain the proper staff. The PM is the primary point of contact for interface with the functional organizations and the assignment of key positions. The managers of support organizations providing the Project Team (PT) staffing must obtain PM approval before reassignment of staff on a Project. The PM is responsible for working with the PT and the customer to establish the Project Mission Success Criteria (PMSC), which, once established, may not be changed without the consent of the customer. The PM is responsible for the cost goals of the Project, for management reserve, and overseeing the development of a Work Breakdown Structure (WBS) and the allocation of budgets to each element of the WBS.

The PM is the top-level interface to the corresponding contractor team PM and the primary point of contact to the customer on Project issues. The PM ensures that the Project is conducted in compliance with NASA Program and Project Management Processes and Requirements, NPG 7120.5B, maintains a Project Plan and Project checklist, and implements and leads a comprehensive Risk Management Process (RMP) throughout the life cycle of the Project. 

The PM primary responsibility includes the following:

· Contracts — Coordinates technical evaluations with the procurement and Project offices 

· Budget — Maintains business office support

· Schedule — Maintains support for Project schedules

· Internal Communications – Responsible for ensuring effective communications within the Project and monitoring the DART ProjectLink Windchill activities, as well as updating the Stop Light Charts, and planning meetings, schedules, and agendas. Coordinates off-site meetings, prepares agendas, charts, records and tracks action items, prepares surveys, and collects data. Identifies and implements improvements in Project level functioning, meeting effectiveness, and continuity of meetings.

· External Communications – Responsible for disseminating information on DART’s activities to the general public in an open, accurate, forthright, and timely manner. The news media will be used, especially television and the Internet, as the most expedient and cost-effective method of achieving these goals. The Web site, www.slinews.com, will serve as the single source for news about the Program and technology area Projects.

The PM delegates and subdivides the Project into the following System and Component Managers: Resident Manager (RM), Lead Systems Engineer (LSE), Vehicle System Manager (VSM), AVGS Manager (AVGS), Avionics Manager (AM), and System Software Manager (SSM). In addition, the PM assigns the Lead Subsystem Engineering (LSSE) roles to each of the managers. LSSEs are accountable to the respective managers and are responsible for assuring that the subsystem requirements flowed down from the system requirements are met. Subsystem examples are structures, thermal, propulsion, attitude control, power, guidance and navigation, and communications. The System and Component Managers are responsible for ensuring that the respective subsystem risk management activities are properly executed.

The LSSEs work with the line manager to staff the subsystem tasks and ensure the subsystems meet all requirements. If the subsystem team is not functioning effectively and a change in the team composition is needed, the LSSE works with the line organization and, if necessary, with the PM to effect personnel changes. In addition, the LSSE generally serves as the Office of Primary Responsibility (OPR) for most documents delivered per the contract. In addition, the LSSE acts as the Change Package Engineer (CPE) for the respective documents defined within the configuration and data management (CDM) Plan. The CDM defines all Project documentation and the respective organization responsible as the OPR and, by definition, the CPE.

· Resident Manager

The PM delegates tasks to the Resident Manager (RM), who is directly accountable to the PM, and assigned the following functions for support:

· Review Manager — Organizes and establishes Project level reviews and ensures that necessary and sufficient reviews and associated review processes are planned for the Project from the outset, and are conducted as scheduled by relevant personnel

· Resident Manager — Responsible for onsite MSFC representation of the contractor and launch site

· S&MA — Primary interface with the Safety and Mission Assurance (S&MA) organization

· Risk Manager — Responsible for the risk monitoring process

· Lead Systems Engineer

The PM delegates tasks to the Lead Systems Engineer, who is directly accountable to the PM and assigned the function of assuring the technical integrity of the system.

· Program Control Board/Review Item Discrepancy (PCB/RID) Manager — Resides within the Project Office and responsible for receiving data from the contractor, transferring it to Windchill ProjectLink, notifying those responsible for reviews of the available data, updating Windchill ProjectLink with the most recent data available, and running the PCB as defined within the configuration and data management plan.

· Vehicle System Manager

The PM delegates tasks to the Vehicle Systems Manager (VSM). The VSM is responsible for all Project aspects associated with the System that include budget, schedule, and technical. The VSM shall attend all TD50 monthly meetings and coordinate with the designated personnel within TD50. The VSM is directly accountable to the PM and assigned the following functions for support:

· LSSE for Reliability, Quality, and Safety — Resides in the S&MA Office, QS10

· LSSE for Systems Engineering — Resides in the Vehicle System Engineering Department, TD50. The Systems Engineering Team (SET) is responsible for system performance analyses, error budgets, resource allocation, electrical and mechanical design integration at the system level, interface definition and control, Electromagnetic Interference (EMI), Electromagnetic Compatibility (EMC), mass properties, design/safety review coordination, and system Technical Performance Measurement (TPM) parameters (e.g., power, weight, cooling, bandwidth, etc.). The LSSE ensures that verification planning is properly executed at the component, subsystem, and system levels

· LSSE for Integration — Resides in the Flight Directorate, FD20 and is responsible for MSFC/KSC Project integration and assisting the VSM in resolving integration issues
· LSSE for Propulsion and Structures — Resides in the Vehicle System Engineering Department, TD50 and is responsible for review of engineering changes to propulsion and structures systems for compliance to pertinent standards and specifications, technical review of contract documentation, and supplying technical insight for resolving propulsion/structures issues
· AVGS Manager

The PM delegates tasks to the AVGS Manager (AVGSM). The AVGSM is responsible for all Project aspects associated with AVGS that include budget, schedule, and technical. In addition, the AVGSM is responsible for integration of the NASA Task Agreement into the main line contract with the prime contractor.

· TAM for AVGS Software and Test — Resides in the MSFC Avionics Department, ED10.

· The LSSE for AVGS – Resides in the Avionics Department ED19.

· Avionics Manager

The PM delegates tasks to the Avionics Manager (AM). The AM is responsible for all Project aspects associated with avionics that include budget, schedule, and technical. The AM shall attend all ED10 monthly meetings and coordinate with the designated personnel within ED10. The AM is directly accountable to the PM and assigned the following functions for support:

· LSSE for SIGI — Resides in the MSFC Avionics Department, ED10
· LSSE for Instrumentation and MACH — Resides in the MSFC Avionics Department, ED10
· LSSE for Computers — Resides in the MSFC Avionics Department, ED10
· LSSE for Batteries — Resides in the MSFC Avionics Department, ED10
LSSE Video, GPS, UHF Receiver and S-Band Transmitter — Resides in the MSFC Avionics Department, ED10

· System Software Manager

The PM delegates tasks to the Systems Software Manager (SSM). The SSM is responsible for all Project aspects associated with Systems Software that include budget, schedule, and technical. The SSM shall attend all ED10 and TD50 monthly meetings and coordinate with the designated personnel within ED10 and TD50. The SSM is directly accountable to the PM and assigned the following functions for support:

· LSSE for Guidance, Navigation, and Control (GN&C) — Resides in the Vehicle System Engineering Department, TD50

· Manager for IV&V — Resides at GSFC-West Virginia IV&V Facility

· LSSE for Software (Flight and Ground) — Resides in the Avionics Department, ED10

· Software Quality Assurance — Delegated to S&MA, QS10. 
· AVGS Software – Resides in Avionics Department ED14
5.2
Mission Success Survey (MSS) CHECKLIST SURVEY
The health of the DART Project will be assessed at least twice a year using, as a minimum, the checklist survey from the Report on Project Management in NASA by the Mars Climate Orbiter Mishap Investigation Board, published March 13, 2000, and located on the Windchill ProjectLink System, <https://naccsli5.nis.nasa.gov/Windchill> — Program Management.  This revised checklist is called the Mission Success Survey.  The use of this survey will be coordinated through the MSFC Employee and Organizational Development Department (EODD) and negative results will be tracked from reporting through closure via action items with an associated timetable for resolution.

All comments and grades are confidential and will be entered by the Electronic Meeting System (EMS) group, thereby promoting honesty among team members. This survey does not attempt to assess blame; it is used to determine the health of the organization and to identify methods to improve problem areas.

The EMS group will provide reports and charts to the Project that contains results of data correlations between groups and previous results. The top five and bottom five areas where the Project did well and poorly will be identified. An all-hands meeting will be conducted to review the results and to empower the Project to take action to improve. Figure 8 displays an example of statistics from the survey.

An all-hands meeting will be conducted subsequent to every MSS survey with all results discussed and leadership philosophies on noted leaders such as Colin Powell and Abraham Lincoln used as examples to establish leadership at all levels of the Project. In addition, lessons lived of previous Projects will be reviewed with specific reference to Lessons Lived for COBRA, dated December 2002. The book on Visualizing Project Management – A Model for Business and Technical Success, Second Addition, by Forsberg, Mooz, and Cotterman will be discussed and reviewed.

FIGURE 8. MSS survey percentages.

5.3
PERFORMANCE EVALUATION BOARD

The DART Contract is an award fee provision contract and therefore requires Performance Evaluation Boards (PEB) in accordance with MWI 5115.1 Evaluation of Contractor Performance under Contract with an Award Fee Provision. The DART Project will maintain an Award Fee Plan for the Contract that provides guidelines and establishes criteria and methodologies for evaluating the performance of OSC under Contract Number NAS8-01102. In addition, the PM establishes the monitors, defines the areas of emphasis, sets the weighting factors, and makes a presentation and report to the fee-determining officials. The PM is responsible for recommending a grade, identifying strengths and weaknesses, to improve the contractor’s performance and assuring systemic weaknesses are corrected.

5.4
REVIEW BOARDS 
The Project will conduct preboards, boards, and internal review boards to review, monitor, and complete all Project major milestone reviews. Prior to each major review, the Project will create a review plan and conduct a preboard, and a board, if required, in accordance with MWI 8060.3, Requirements and Design Reviews, MSFC Projects/Programs. The PM will chair preboards, and the boards will be chaired by the OSP Chief Engineer. The Project Review Manager will establish the review while developing the plan with the Review Item Discrepancy (RID) Captain and establishing review teams and preboard membership. The latest plans will reside on Windchill ProjectLink under NASA led Reviews. The following review plans will be maintained:

· Systems Requirements Review (SRR)

· Preliminary Design Review (PDR)

· Critical Design Review (CDR)

· Design Certification Review (DCR)

· Pre-Ship Review (PSR) – Similar to a System Acceptance Review (SAR)

· Pre-Flight Readiness Review (Pre-FRR).

Upon completion of the Pre-FRR, responsibility for boards and committees will be transferred to KSC Launch Services with MSFC participation at the Flight Readiness Review (FRR).

The DART Project will follow the System Engineering Process outlined in Figure 9 to assure the appropriate reviews with proper technical representation utilizing Review Item Discrepancies (RID) are tracked to closure.
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FIGURE 9. Systems Engineering Vee model.

5.5
MANAGEMENT SYSTEM
Figure 10, DART Project Management Process, shows the relation between the weekly and monthly reporting requirements.
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FIGURE 10. DART management process.
5.5.1
Monthly Program Reviews 

The DART Project holds Monthly Program Reviews (MPR) utilizing existing tools and methodologies to manage Project budget, technical, schedule, and risk. Budget will be trended and adverse trends assessed and corrective action identified. Each Cost Account Manager (CAM) will identify Risk, Opportunities and Watches (ROW) for respective budget areas. The Project schedule will be trended, adverse trends assessed, and corrective action identified. Each CAM will identify all tasks completed, tasks behind schedule, and tasks behind schedule and on critical path. Technical Performance Measurements (TPM) will be trended, adverse trends assessed and corrective action identified. All risk will be assessed on a 5x5 with any deviations from the waterfall Plan identified and corrected. The NASA TA will be included and assessed in the MPR. The contractor will maintain a Stop Light Chart to identify and track any identified issues from the MPR for budget, technical, schedule, risk, or new issues. Decisions will be based on risk assessments and balanced with budget and schedule concerns. Actions will be assigned and tracked. NASA will actively participate in the contractor’s MPR. The MPR will be a complete assessment of OSC’s activities on the DART Project, including all safety issues. This is a review of all contractual documents and is summarized within the configuration and data management plan. Monthly charts will be located on the Windchill ProjectLink server within the MPR folder. Actions and minutes will be tracked and included in Windchill ProjectLink for each monthly review.

5.5.2
Technical Organization Monthly Reviews 

The supporting institutional organizations will conduct Technical Organization Monthly Reviews (TOMR) for Task Agreements and insight task. Project personnel shall attend these reviews and assure that the LSSEs and OPRs from the supporting organizations are performing and communicating properly. All issues will be incorporated using Stop Light Charts to reflect all issues with the respective System or Component Managers. In the event of unresolved issues, institutional managers and Project personnel will determine resolution at the TOMR.  The Project Office personnel will utilize the technical organization to work all technical issues.
5.5.3
One-Page Project Assessment

Figure 11, the DART One-Page Project Assessment, will be used for summarizing Project status, risk, milestones, and accomplishments for NASA Headquarters. The One-Page Project Assessment will be based on the most recent available Stop Light Charts, MPR, and supporting organizations’ monthly reviews. The One-Page overview includes a status of accomplishments, milestones, and issues with a graphical display of a recent event.
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FIGURE 11. DART one-page project assessment.
5.5.4
ERASMUS 

ERASMUS is a Web-based reporting system to NASA Headquarters. An automated e-mail reminder will be sent to the PM on the first Monday of every month to input data prior to the third Monday of the month. Figure 12 displays the ERASMUS home page and the screen with links to the various information portals in the ERASMUS System. The ERASMUS System link is https://erasmus.hq.nasa.gov/.
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FIGURE 12. ERASMUS home page and typical information.
5.5.5
Weekly Assessments 

The weekly Project Staff Meeting (PSM) will be utilized to determine the calendar for the upcoming month, contractual activities, and review and assign action items. The Issues Management Team (IMT) meeting will be utilized to assess the Project Stop Lights and Risk. The Risk Management Team (RMT) meeting will be utilized to assess new risk and monitor existing risk. The Integrated Project Management Team (IPMT) meeting will be utilized to integrate all team members and takes precedence over other performance meetings. The Project Management Team (PMT) meeting between NASA and the contractor Project Managers will be held to assess major issues for the week. An integrated set of actions will be maintained in an Excel spreadsheet within the Stop Light Charts. Table IV, Performance Management Meetings, outlines reoccurring meetings used for managing and monitoring performance.

TABLE IV. Performance management meetings.
	Meeting
	Description

	Integrated Project Management 
Team (IPMT)
	Weekly Integration Issues between MSFC, OSC, KSC, TTA and GSFC with the IPMT being the governing and precedence setting team

	Project Management Team (PMT)
	Weekly OSC and MSFC Project Managers to discuss Management Issues

	Issues Management Team (IMT)
	Weekly Risk and Issues 

	Project Staff Meeting (PSM)
	Weekly MSFC Planning 

	Upper Management Review (UMR)
	Weekly to Brief Upper Management on Stop Light Charts

	Project Control Board (PCB)
	Weekly to Disposition Data Requirements – See Section 9.0 CDM Plan OSP-DART-PLN-002

	Budget Assessment Meeting (BAM)
	Weekly to Assess Budget Best Case, Most Likely, and Worst Case

	Technical Interchange Meeting (TIM) and Specific Technical Topics
	Weekly on High Risk or Important Technical Areas


5.5.5.1
Stop Light Assessment 

The DART Stop Light Chart will be used for weekly assessments in the areas identified below. Each category has guidelines within Table V for the DART Project’s color code assessment. Each respective color code has guidelines for assessing the respective color for each category and coincides with the ERASMUS System, with the exception of the color code system and the addition of a category for risk. ERASMUS System criteria require an area to be “Red” only if outside Project control, “Yellow” if within the Project control, and “Green” if as planned. While these criteria will be used for upward reporting, a higher level of fidelity will be required to implement the Project and is defined within Table V. In general, the Project will be a higher color than the ERASMUS System due to the definitions. In addition, ERASMUS requires monthly assessment, whereas, the Stop Light assessment will be performed daily and reviewed weekly at the IMT meeting.

· Management and Issues — Human Capital and Safety or any general area not addressed by the other categories. Numerous Stop Light issues within this category are systematic of process problems. Most issues will be driven into one of the remaining categories. 

· Budget — EVM and NASA Other Direct Cost (ODC), travel, and manpower versus predictions. Includes trending of past patterns for long-term corrective action. In addition, Best Case, Most Likely, and Worst Case assessments.

· Best Case – Assumes nothing goes wrong and only protects for what will happen regardless.

· Most Likely – Includes Best Case with predictions of most probable known occurrences.

· Worst Case – Includes Most Likely with potential margin failures for unknown.

· Schedule — Integrated Master Schedule (IMS) and trending of past patterns for long-term corrective actions. In addition, Best Case, Most Likely, and Worst Case assessments.

· Technical — Requirements and status as to compliance through the verification process. Key requirements or critical areas are identified with TPMs to give increased visibility. In addition, waivers and deviations provide assessment tools for the technical area.

· Risk — The risk process is explained in the Risk section of this Plan. The only delineation within this section is the implementation of the risk. It is noted that just because a risk isogrid has a “red status,” the stop light color, if proceeding to plan, would be green.

TABLE V. Project assessment color codes.
	Budget
	Green
	On Budget with Worst Case Budget Covered in Reserve or CPI >0.95

	
	Blue
	+/- 5% with no Adverse Trends and 5% Reserve or CPI <0.95

	
	Yellow
	Reserve Trending Adversely and History of Cost Growth or CPI < 0.9

	
	Orange
	No Reserve and Most Likely Budget Exceeds Balance at Completion or CPI <0.8

	
	Red
	No Reserve and Best Case Budget Exceeds Balance at Completion or CPI < 0.7

	
	
	

	Schedule
	Green
	On Schedule or SPI > 0.95

	
	Blue
	Behind Schedule on any Task or SPI < 0.95

	
	Yellow
	Significant Delay or Numerous Delays or SPI < 0.90

	
	Orange
	Delay of Critical Path Activity with Margin or SPI < 0.8

	
	Red
	Launch Date Delay or SPI < 0.7

	
	
	

	Technical
	Green
	On Plan with All Required Margins

	
	Blue
	Trending Adversely

	
	Yellow
	Projected Outside of Requirement with Margin Applied

	
	Orange
	Outside of Requirement

	
	Red
	No Way to Meet Requirement or Not Measured

	
	
	

	Risk
	Green
	Risk Mitigation Going as Planned

	
	Blue
	Risky Mitigation Plan

	
	Yellow
	Risk Mitigation Off Plan or Acceptance of Yellow Risk

	
	Orange
	Risk Mitigation Failed

	
	Red
	Risk Mitigation Undecided, Failed Risk with No Recovery Plan or Acceptance of Red Risk

	
	
	

	Management

and

Issues
	Green
	0%-5% 
Likelihood of Needing Help or Failing

	
	Blue
	5%-20% Likelihood of Needing Help or Failing

	
	Yellow
	20%-50% Likelihood of Needing Help or Failing

	
	Orange
	50%-80% Likelihood of Needing Help or Failing

	
	Red
	80%-100% Likelihood of Needing Help, Failing or No Plan


5.5.6
 Risk Based Acquisition and Management

The DART Project implements the NASA standard risk management process based on the Software Engineering Institute's (SEI) Continuous Risk Management Principles (CRMP) and documented in Continuous Risk Management Guidebook, 1996, Carnegie Mellon University Software Engineering Institute. All Project concerns and acquisitions will be identified and assessed in terms of risk, identification, mitigation, and monitoring as shown in Figure 13. Risk activities will be managed through the IMT, which holds weekly meetings. The Project risk-tracking system includes both the contractor and Project Offices’ complementary tracking systems, which are coordinated weekly at the IMT meeting. All Project reviews include top risk status.  
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FIGURE 13. End-to-end processes.
5.5.6.1
Risk Based Acquisition

Risk Based Acquisition is assessing the risk based on a numerical ranking system. The DART Project uses the NASA standard 5 by 5 ranking matrix. Table VI describes the risk consequence and Table VII describes the risk likelihood. These two variables will be assessed and validated at the IMT meeting. The validated rankings will then be plotted on the isogrid in Figure 14 and used to determine where Project funding should be applied. 

TRL and Risk likelihood will be interrelated based on Table VIII. The primary goal of DART is to advance the TRL level for the AVGS and ARPO from TRL of three to a TRL of seven, and to assess the relative risk of the technologies used and minimize them. TRL equates to the inverse of the likelihood in risk assessment, as shown in Table VIII, by maximizing the technology maturity levels, risk are minimized.
TABLE VI. Risk consequence.
	Sequence Level
	Description
	Guidelines for Judgment of Consequence Level

	
	
	Technical Factors
	Cost Factors
	Schedule Factors

	1
	Very Low Consequence
	(  Minimal or no consequences

(  Small or no impact to design

    margins
	(  Negligible cost overrun

(  Budget estimates not    exceeded

(  Some transfer of money
	(  Negligible impact

(  Slight development schedule change compensated by available schedule

	2
	Low Consequence

15 -40%


	(  Small reduction in technical performance

(  Small impact to design margins

(  Some desired technical   

    performance not completely met
	(  Cost estimates exceed budget

(  Cost overrun - minor impact
	(  Minor schedule slippage

(   <  1-month delay of deliverables from milestone schedule

	3
	Moderate Consequence
	(  Some reduction in technical performance

(  Loss of design margins

(  Some wanted or desired science   objectives are not met
	Cost overrun < 5% increase
	(  Small schedule slip 

(  > 1 month < 2-month delay of deliverables from milestone schedules

	4
	High Consequence
	(  Significant degradation in technical performance

(  Inability to meet power, weight, size and/or performance requirements within established constraints
	    5% < Cost overrun < 10%
	(  Large schedule slip 

(  > 2 month < 6-month delay of deliverables from milestone schedules

	5
	Very High Consequence


	(  Technical goals cannot be achieved

(  Loss of mission, critical function, or major objective
	Cost overrun > 10%
	(  Unachievable key or major Program/Project milestones 

(  Slip in delivery of OSP Program

(  Slip in delivery of major system or subsystem beyond 6 months of milestone schedule


TABLE VII. Risk likelihood.
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TABLE VIII. TRL conversion to likelihood.
	Adjective Rating for Likelihood
	Numerical Rating
	Maturity Factor

	Very High Likelihood
	5
	TRL 3 or lower

Basic principles/technology concept and/ or application formulated.  State of the art; concept proven feasible.

	High Likelihood
	4
	TRL-4

Components validated in laboratory environment.

	Moderate Likelihood
	3
	TRL 5

Components validated in relevant environment.

	Low Likelihood
	2
	TRL 6

Prototype validated on ground

	Very Low Likelihood
	1
	TRL 7

Prototype tested in space environment
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FIGURE 14. Risk isogrid.
5.5.6.2
Risk Management and Monitoring

Risk management is the practice of utilizing proven processes, methods, and tools for managing risks to the DART Project. Risk management provides a disciplined environment for proactive decision-making to continually assess what could go wrong, provide a ranking or priority list, implement strategies to minimize impacts, and assess and provide adequate justification for monetary changes or impacts. 

Risks that are baselined through the Project’s or contractor’s risk system will be categorized as research, accept, mitigate, or watch. Table IX describes the actions for each risk category and provides the description for the range of mitigation approaches.  
TABLE IX. Risk category actions.
	Research
	Accept
	Mitigate
	Watch

	Investigate the risk until enough is known to be able to decide what to do
	Do nothing; the risk will be handled as a problem if it occurs. No further resources will be expended in managing this risk. These risks are not significant enough to justify an expenditure
	Eliminate or reduce the risk by reducing the impact and/or reducing the probability
	Monitor the risk for early warning of critical changes to the likelihood or consequences


Product risks will be tracked according to category by the contractor in their system wherever possible. The Project Office will maintain product and implementation risks against the contract in the Stop Light chart. All mitigated risk will require a Risk Waterfall Chart. Top Project risks will be discussed, reviewed, and validated at all major meetings. The Project will utilize checklist, standards, hazard analysis, FMEA, experiences, and lessons learned to identify Project issues and concerns. The Project will consider possible impacts, assess the likelihood and consequences, and determine the actions for risk reduction.

Implementation risks consist of external and internal risks that can lead to Project cancellation. External risks consist of funding, political, shared technology, and associate performance. Internal risks consist of planning, resources, tools, skills, and subcontractor performance.

Product risks consist of failure and hazards that can lead to personal injury or Project failure. Failure risks consist of single point failures, limited life items, expendables, nontestables, and process sensitivities. Hazard risks consist of radiation, explosives, potential energy, high voltage, and toxins.

The Project Office Risk Management items are tracked within the Stop Light charts. The Stop Light charts are located on the Windchill ProjectLink System in the IPMT folder in the current DART Stop Light Chart. The Project Risk Waterfall Chart example is displayed in Figure 15 and contained within the Stop Light chart.
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FIGURE 15. Risk waterfall chart.
5.6
Work Breakdown Structure
The top-level Project WBS and WBS Dictionary are listed in Table X.

TABLE X. DART WBS dictionary.
	1.2.3
	DART Project

	
	
Dictionary: This element includes the technical and management efforts of a flight demonstration of the hardware and software required to autonomously rendezvous with a satellite/target vehicle. The demonstration will mitigate risk and lower uncertainty of autonomous rendezvous and closed loop proximity control between a chase vehicle, DART, and a passive, cooperative target vehicle, MUBLCOM.


	
	1.2.3.1
	
	DART Prime Contracts

	
	
	
Dictionary: This element contains the procurement activities for the DART vehicle, the flight operations, and all associated test operations. The vehicle procurement mechanisms include a “cost plus” contract with Orbital initiated via NRA8-30 cycle 1 and the NLS procurement for launcher procurement and associated activities for the DART flight.

	
	
	1.2.3.1.1
	
	
	OSC Prime Contracts


Dictionary: This element contains the procurement of the DART vehicle, the flight operations, and all associated test operations. The active procurement mechanism for this element was initiated via NRA8-30 cycle I.

	
	
	1.2.3.1.2
	
	
	SELVS KSC Pegasus Launch Services


Dictionary: This element contains the procurement of the launch services to support the flight of the DART vehicle; it includes all launch operations and facilities. In addition, include all NASA Insight.

	
	1.2.3.2
	
	DART Project Management, Design Insight, and Task Agreements

	
	
	
	
Dictionary: This element contains the support personnel (including management, design insight, design participation, and in-line Government tasks) required to assure successful design, develop, and tests of the DART Vehicle. 

	
	
	1.2.3.2.1
	
	
	DART Project Management

Dictionary: This element includes the business and administrative management effort of planning, organizing, directing, approving, and controlling activities to accomplish the Project goals and objectives. This effort includes, but is not limited to, the responsibilities of establishing and executing the Project objectives, requirements, guidelines, budget, schedule, preparing a Project Plan, establishing Project performance metrics in conjunction with the Flight Demos Office Manager, reviewing and reporting Project performances, and controlling change requests.

	
	
	1.2.3.2.2
	
	
	DART Design Insight

Dictionary: This element is the Primary element for the Government contract management support functions. 

This element includes the employees involved in Design Insight. (Formerly Insight Level 1) These employees are brought in to either review or audit technical documents, provide comments, and then proceed with other business. These individuals will most likely be enlisted for major reviews but may participate at other times as well. The Office Manager/Project Manager will coordinate the efforts of these individuals with specific tasks or areas of responsibility and timeframes within which to work.

This element also includes the employees involved in what would be considered design participation (formerly insight Level 2 and above). These employees are assigned to the Project team and are responsible for working closely with contractors on a daily, weekly, or monthly basis as the design matures. They are committed to the contractors’ success but do so by bringing their own diverse backgrounds as part of the team. Their contributions can include independent analysis or potential candidate designs, as appropriate. These individuals are aware of their role as the customer, but exercise that role to enable the team’s success.

	
	
	1.2.3.2.3
	
	
	Reserved

	
	
	1.2.3.2.4
	
	
	DART Task Agreements

Dictionary: This element contains the Government tasks that are “in-line” activities supporting the Prime Contract. The tasks include activities performed by The MSFC Engineering Directorate in two areas – Advanced Video Guidance Sensor development and System Level DART testing.


5.7
WEB-BASED COMMUNICATIONS
All Data Requirements Documents (DRD) will be managed and stored using the Windchill ProjectLink System. Authority to access this System will be granted by the PM or designee. A request made to the PM by e-mail will initiate the process. The requestor completes the form located at the following URL, http://www1.msfc.nasa.gov/INSIDE/info/sli_webform.pdf. When approved for access, notification will be sent by e-mail that the requestor is being invited to join a Windchill ProjectLink Project. 

NASA personnel will be required to have their supervisor sign the access form and support contractors will require a signature from their Contracting Officer’s Technical Representative (COTR). The form will then be forwarded to the DART ProjectLink PM for approval. The requestor will then receive a user name and password to access the System. Once the user has access to the system, the following link should be book marked for future access: https://naccsli5.nis.nasa.gov/Windchill/. Figure 16 displays the Windchill ProjectLink System. The Home Tab is utilized to display the DART Project and all associated subprojects. The following describes each area:

DART HOME – •houses the following folders:
•DART Discrepancy Reports--Serves as a place for Orbital to drop discrepancy reports. 

•Drop Folder - Temporary--Serves as a place for Orbital to drop information to MSFC. The documents in this folder will be deleted on a periodical basis.

•EMI--Serves as a place for all the EMI working files.

•Orbital Drops--Serves as a place for all Orbital contractual drops. The contractual submittals will then be moved to the CDM Project on a daily basis.  

•Reliability Meeting--Serves as a place for the reliability working files.

•Retest--Serves as a place for the retest working files.

•Structural Analysis Reports--Serves as a place for the structural analysis working files

•Test Schedules--Serves as a place to house the component test schedules
DART CDM — •serves as a place to house all in-review and approved documentation. This Project contains the following folders:
•CDM Review--This folder serves as a place to house the OSC contract deliverable’s that are being reviewed by the Project Control Board (PCB). This includes Type I documentation, ECR’s, Type II documentation, and the Waiver’s and Deviations that are in review and will be processed through the PCB. After the documentation is processed through the PCB and approved it will be moved to the DRD Deliverables folder.  This folder also house’s the agenda’s, minutes and other information associated with the PCB.

•DRD Deliverables--This folder contains the Type I, II, & III documents delivered from OSC that are approved. The OSC documents, both current and obsolete are listed per the contract data requirement number.

•IN-HOUSE PLANS--This folder contains all the documentation that has been developed by the Project Office.  This includes the correct and obsolete versions.

•STATUS-- This folder contains status reports received from Orbital.
DART Project Management — •The DART PROJECT MANAGEMENT Project serves as a place for the Project Office to store normal Project Office Information.  The folders include:

· Conference Phone Numbers and info
· Contracts  (Statement of Work)

· DART Meetings and Briefings (This folder contains sub-folders for AVGS, DART Software, FMEA CIL, GN&C, Ground Network Telecon, Hardware in the Loop, IMT, IPMT, MPR, OSP Quarterly, RMT, Technical Briefings & Test & Verification Telecon.  These folders serve as a place for the working groups to exchange information, agenda’s, minutes, etc. Both MSFC and OSC are set up to drop information into these folders)

· DART Organization Chart
· DART Photograph’s
· GSFC (Contains the MOA and PSLA)

· Leadership Files (Contains MSS survey’s)
DART NASA Reviews — serves as a place to house the information and documentation associated with the DART design reviews. Currently this includes the Critical Design Review (CDR), the Design Certification Review (DCR), the Preliminary Design Review (PDR), and the Systems Requirements Review (SRR).
DART Pegasus — •serves as a place to house the following folders:  ICD, ICP Drops, ICP Status, Joint SW CCB, KSC Contract, MIWG-Mission Integration Working Group, MUCDR, SRS and TIM Charts. 
DART NASA Only — •serves as a place for the Project Office to house budget, and PEB information.  This Project’s access is restricted to Project office personnel and their support personnel only.
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FIGURE 16. Windchill ProjectLink system.

6.0
TECHNICAL SUMMARY
The OSP Program has identified ARPO and AVGS as enabling technologies. The objective of DART for the OSP Program is to demonstrate autonomous rendezvous and closed loop proximity control between the DART Chase Vehicle and the MUBLCOM passive cooperative target satellite in space. 

6.1
PROJECT REQUIREMENTS
Program risks are defined through identification of technology shortfalls, which may preclude an architecture design from achieving the Program end-product objectives. An initial set of risks was identified in the Space Transportation Architecture Studies (STAS). Additional risks are being identified through the architecture definition activities. The Program flows down risk reduction requirements to the Project via the Program Risk Management Process. Risks are flowed down and assigned to the Project for mitigation based on the Project’s areas of discipline expertise and access to the resources needed to mitigate the specific Program risk. The Project ensures that the risk mitigation activity directly supports the Project end-product objectives and performance goals, as defined in Section 2. 

6.1.1
ARPO 

The DART Project shall increase the TRL for ARPO from the current level of 3 to 7. This task shall be verified by demonstration.

6.1.2
AVGS

The DART Project shall increase the TRL for AVGS from the current level of 3 to 7. This task shall be verified by demonstration.

6.1.3
Launch Date

The DART Vehicle shall be ready for launch within three and one-half years of ATP with a launch date of October 2004. This task shall be verified by inspection.

6.1.4
Reliability

The DART Vehicle shall be designed for a reliability of greater than 0.96. This task shall be verified by analysis.

6.1.5
Range Safety 

The DART Project applicable range is the Western Test Range at Vandenberg Air Force Base (VAFB). Range safety shall comply with EWR 127-1, Range Safety Requirements. This task shall be verified by analysis.

6.1.6
Space Debris Safety 

The DART Project shall comply with NASA Policy Directive (NPD) 8710.3A, NASA Policy for Limiting Orbital Debris Generation. This task shall be verified by analysis.

6.1.7
Cost

The DART Project shall cost less than $91.6 million. This task shall be verified by inspection.

6.2
LAUNCH VEHICLE
The DART Vehicle will be launched on-board the Pegasus Launch. The DART and Pegasus Launch Profile is displayed in Figure 17.
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FIGURE 17. DART/Pegasus launch profile.
6.2.1
Mission Operations Center

A Mission Operation Control Center (MOCC) will be established at Vandenberg Air Force Base to serve as the focal point for decision-making and data gathering for the mission phases of Pegasus and DART. The DART Vehicle will provide mission video data to the MOCC when communications resources are available.

6.3
DART SYSTEM
The single-string DART Vehicle combines two discrete systems. The aft portion is the Pegasus 4th stage including the avionics assembly and Hydrazine Auxiliary Propulsion System (HAPS). The forward portion houses additional gas, Reaction Control System (RCS) thrusters, batteries, and the AVGS—the primary sensor used for navigational data during proximity operations. The DART Vehicle and components are shown in Figure 18. 
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FIGURE 18. DART vehicle and components.
The development effort focuses on the following four key areas:

· Development and integration of the AR&C algorithms with the Pegasus flight software 

· Design and build-up of the forward portion of the DART Vehicle

· Design, qualification, and build-up of the AVGS

· Integration of the forward section with HAPS.

System level testing is conducted once component and subsystem testing has been completed in preparation for flight. The details for the system level testing are defined within DRD 930 SE-017, DART System Level Test Plan, VAFB, TM 17330, and DART System Level Test Plan, Dulles, TM 16999. The AVGS flight unit tests will include Hardware-In-The-Loop (HWIL) simulation runs at the MSFC Flight Robotics Lab (FRL) facility. This is a subsystem test of the GN&C and sensing systems. Additional AVGS target tests will be performed as a part of the final flow at the launch site.

6.4
SYSTEM OPERATIONS CONCEPT
Once testing has been successfully completed, the DART Vehicle will be integrated onto a Pegasus Launch Vehicle. The Pegasus will be mated to OSC’s L-1011 Carrier Aircraft (OCA) in preparation for the various phases of the flight demonstration shown in Figure 19. These phases are briefly summarized in the following sections.

6.4.1
Flight Operations

6.4.1.1
 Ascent to Parking Orbit 

On launch day, Pegasus will be lifted by the OCA to a pre-determined drop point and released. This will initiate the ascent phase of the flight demonstration. During ascent, the same hardware and software that would be used for any regularly manifested Pegasus launch is used to lift the DART Vehicle to its initial orbit. The ascent trajectory is designed to place the DART Vehicle in a pre-determined parking orbit below and behind the target satellite during Stage 3 burnout.

6.4.1.2
 Rendezvous with Target Satellite Orbit

Following separation from the Pegasus 3rd stage, the HAPS on-board the DART Vehicle eliminates any existing dispersions. A coast time is then calculated by the flight computer to time correctly the burns necessary to transfer DART to the MUBLCOM target satellite altitude. A series of transfer orbits eventually raise the DART Vehicle to a point just aft of the target from which the proximity operations initiate using the AVGS for relative navigation data.

6.4.1.3
 Proximity Operations

During this portion of the flight, the AVGS acquires the target and provides navigation data to the flight computer. The DART Vehicle will perform a series of maneuvers that bring it progressively closer to the target satellite. Each maneuver is followed by a brief period of station keeping. Several approaches will be attempted along different trajectories.

6.4.1.4
 Departure and De-Orbit

The final part of the flight demonstration consists of a Collision Avoidance Maneuver (CAM) and mission termination to a disposal orbit that satisfies the NASA Safety Standard of Reentry within 25 years. The DART Mission Phases are represented in Figure 19.
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FIGURE 19. DART mission phases.
6.5
LOGISTICS
6.5.1 Spares

Since Pegasus is a production program, all Pegasus and DART common elements will be available in sufficient quantity to provide necessary spares. However, since DART is a single use demonstration mission, spares philosophy for mission unique elements requires careful planning. The Project cannot afford to stop if failure of a given flight critical component occurs during integration and test and no spare is available. Additionally, the Project cannot afford to have spares for every mission unique element due to cost limitations. A selective spare philosophy is required and will be used as the guidelines for selecting components for spares based on lead-time, flight criticality, and cost. Major item spare planning is outlined in Table XI.

TABLE XI. spares planning.

	Item
	Item Nomenclature
	Number of Spares

	
	Flight Units
	Spare Units

	1
	Battery, Avionics, 50 Ah
	6
	1

	2
	Battery, Transient, 9 Ah
	1
	1

	3
	AVGS Bus Fuses (as required)
	10
	20

	4
	SIGI (INS/GPS)
	1
	1

	5
	UHF Receiver
	1
	1 (kit)

	6
	DART RCS Fill Valve (High)
	1
	1

	7
	DART RCS Fill Valve (Low)
	1
	1

	8
	DART RCS Filter (Low)
	1
	1

	

	
	
	

	Item
	Item Nomenclature
	Number of Spares

	
	Flight Units
	Spare Units

	9
	DART RCS Pressure Transducer (Low)
	1
	1

	10
	DART RCS Pressure Transducer (High)
	1
	1

	11
	DART RCS Relief Valve
	1
	1

	12
	DART RCS Thrusters
	4 (sets of 4)
	1

	13
	DART RCS Pressure Regulator
	1
	1

	14
	GPS Receiver
	1
	1 (kit)

	15
	AVGS Flight Unit
	1
	1

	16
	Camera Transmitter
	1
	1

	17
	Camera
	1
	1

	18
	Camera Power Supply
	1
	1

	19
	Camera System Antenna
	1
	1

	20
	Telemetry Transmitter, S-Band (TX-2)
	2
	1

	21
	MACH-2
	1
	0

	22
	Flight Computer
	1
	0

	25
	UHF Antenna
	1
	0

	26
	MACH EMI Filter Assembly
	1
	0

	27
	Battery Enable/Charge Assembly
	1
	0

	28
	HTDU
	1
	0

	29
	TDU
	2
	0

	30
	PDU
	1
	0

	31
	PTS
	2
	0

	32
	Surrey GPS Antenna
	2
	0

	33
	S-Band Blade Antenna
	2
	0

	34
	S-Band Coupler
	1
	0

	35
	GPS Antenna (Passive)
	1
	0

	36
	RF Switch
	3
	0

	37
	Transmitter Input Switching Relay
	1
	0

	38
	MUX
	1
	0

	39
	Prox Ops Reaction Control System (RCS) Tank
	1
	0

	40
	HAPS (System)
	1
	0

	41
	        HAPS REAs
	3
	0

	42
	        HAPS  Tank
	1
	0

	43
	        HAPS Pyro Valve
	1
	0

	44
	        HAPS Pressure Transducer
	1
	0

	45
	Pegasus Reaction Control System (RCS) Tanks
	2
	0

	46
	Pegasus Reaction Control System (RCS) Relief Valve
	1
	0

	47
	Pegasus Reaction Control System (RCS) Regulator
	1
	0

	47
	Pegasus Reaction Control System (RCS) Thrusters
	2
	0

	49
	Pegasus Reaction Control System (RCS) Fill Valve (High)
	1
	0

	50
	Pegasus Reaction Control System (RCS) Fill Valve (Low)
	1
	0

	51
	Pegasus Reaction Control System (RCS) Filter (High)
	1
	0

	52
	Pegasus Reaction Control System (RCS) Filter (Low)
	1
	0

	53
	Pegasus Pressure Transducer (High)
	3
	0

	54
	Pegasus Pressure Transducer (Low)
	1
	0

	

	
	
	

	Item
	Item Nomenclature
	Number of Spares

	
	Flight Units
	Spare Units

	55
	DART Avionics Cylinder
	1
	0

	56
	Instrumentation Panel
	1
	0

	57
	38"/23"Adapter Cone
	1
	0

	58
	23"/7" Adapter Cone
	1
	0

	59
	Pegasus Avionics Cylinder
	1
	0

	60
	Thermostats
	3
	0

	61
	Heaters
	1
	0


6.5.2
Packaging, Handling, and Moving Program Critical Hardware 

The DART packaging, handling, and moving of Program Critical Hardware (PCH) will be governed by OSC TM-16648, DART Special Handling and Storage Requirements Document. When at MSFC, the PCH will be governed by MWI 6410.1B, Packaging, Handling, and Moving Program Critical Hardware.
7.0
MILESTONES
Figure 20, DART Milestone Chart, outlines the major milestones for the Project.

	No.
	DART Project Major Milestones
	Baseline Completion

	 
	FY04 Option II
	 

	1
	System Level Test Readiness Review
	11/20/03

	2
	DART Vehicle Integration Complete and Ready for System Testing
	12/01/03

	3
	Start of Power Subsystem Test
	12/02/03

	4
	HWIL Pre-Test Review (@ Dulles)
	11/25/03

	5
	HWIL Simulation Test Readiness Review (@ MSFC)
	02/04/04

	6
	Start of Environmental Test Readiness Review
	02/20/04

	7
	HWIL Simulation Test Complete
	04/09/04

	8
	AVGS S/N 001 Qual Unit Verification Complete
	04/23/04

	9
	System Testing Complete (@ Dulles)
	04/30/04

	10
	DART Pre-Ship Review (@ MSFC)
	06/28/04

	 
	DART Vehicle Arrival at VAFB
	06/29/04

	11
	Start of Comprehensive Performance Test #1 at VAFB
	07/08/04

	12
	DCR Closeout
	08/10/04

	13
	MRR
	09/20/04

	
	
	

	14
	FY05 Option II

	

	15
	FRR
	10/12/04

	16
	LRR
	10/18/04

	17
	ILC 
	10/18/04

	18
	PEGASUS/DART Launch/On Orbit Performance
	10/18/2004

	19
	Post Flight Report Compliance
	11/30/2004

	20
	DART Contract End
	11/30/2004


FIGURE 20. DART milestone chart.
8.0
RESOURCES 

8.1
FUNDING REQUIREMENTS 

The Project budget is shown in real year dollars ($K) in Table XII. The Contracting Officer (CO) shall utilize Defense Contract Audit Agency (DCAA) for contract audits.

TABLE XII. FY01 – FY05 DART budget.

	 
	WBS #
	FY01
	FY02
	FY03
	FY04
	FY05
	Total

	DART Prime Contract
	1.2.3.1.1
	8264
	8647
	13218
	13669
	1477
	45275

	
	
	
	
	
	
	
	

	Pegasus Flight Services (KSC)
	1.2.3.1.2
	6111
	5940
	2096
	7806
	0
	21953

	Task Agreement –AVGS MSFC (TA-001)
	1.2.3.2.4.1
	214
	603
	1406
	4317
	45
	6585

	IV&V (GSFC)
	1.2.3.2.2.1
	0
	327
	710
	374
	0
	1411

	Project Management
	1.2.3.2.1.1
	137
	770
	873
	5190
	2778
	9748

	Design Insight (MSFC)
	1.2.3.2.2.2
	257
	348
	1357
	3916
	700
	6578

	
	
	
	
	
	
	
	

	Total DART
	 
	14983
	16635
	19660
	35272
	5000
	91550


8.2
INSTITUTIONAL REQUIREMENTS
The Project requirements for civil service workforce are summarized in Table XIII. 

TABLE XIII. FY01 – FY05 MSFC civil service workforce.

	 
	WBS #
	FY01
	FY02
	FY03
	FY04
	FY05

	Project Management
	1.2.3.2.1.1
	2
	5
	7
	11
	3

	Design Insight (MSFC)
	1.2.3.2.2.2
	3
	13
	14
	16
	2

	Task Agreement –AVGS MSFC (TA-001)
	1.2.3.2.4.1
	3
	10
	14
	16
	0

	 
	 
	 
	 
	 
	 
	 

	Total DART
	 
	8
	28
	35
	43
	5


8.3
INFORMATION TECHNOLOGY (IT) MANAGEMENT 

The management of information technology and security is described in DRD MA-019 Technology Protection and Control Plan (OSC TM-16400, OSC DART Technology Protection and Control Plan). This document is stored in the Windchill ProjectLink System, <https://naccsli5.nis.nasa.gov/Windchill> within the DART CDM subproject. All information for the DART Project is managed using the Windchill ProjectLink System described in Section 5.6 and is protected under the following ITAR regulations:

This document contains information which falls under the purview of the U. S. Munitions List (USML) as defined in the International Traffic In Arms Regulations (ITAR), 22 CFR 120-130, and is export controlled. It shall not be transferred to foreign nationals in the U. S. and abroad, without specific approval of a knowledgeable NASA export control official, and/or unless an export license/license exception exemption is obtained/available from the United States Department of State. Violations of these regulations are punishable by fine, imprisonment, or both.
9.0
CONFIGURATION AND DATA MANAGEMENT
Configuration and Data Management (CDM) for the Project is described in OSP-DART-PLAN-002, DART Configuration and Data Management Plan. This document is stored in the Windchill ProjectLink System, HTTP://naccsli5.nis.nasa.gov/Windchill within the DART Project Management subproject. The PM will charter a Project Control Board (PCB) for CDM. The CDM plan contains all project documentation and responsible organizations for OPRs and CPEs.

10.0
SAFETY AND MISSION ASSURANCE

10.1

OBJECTIVES
The DART Project Team will provide insight to ensure that adequate quality assurance, reliability, and system safety requirements are implemented.

10.1.1
Organization and Responsibilities

The MSFC S&MA Office will provide the DART Project Office with representation that is responsible for NASA S&MA insight into execution of the OSC DART Contract.

10.1.1.1
Insight Responsibilities

The S&MA representative for the DART Project is responsible for the overall S&MA insight, reporting directly to the MSFC S&MA Director, and accountable to the MSFC DART PM. The S&MA Lead has direct access to all DART Project design and development information and staff. In addition, S&MA personnel may conduct audits of contractor and supplier efforts in support of the DART Project to ensure the implementation of S&MA processes. These reviews will be in accordance with NASA Engineering and Quality Audits (NEQA), MWI 5330.2A. In addition, S&MA will coordinate Defense Contract Management Agency (DCMA) audits.

10.2
QUALITY ASSURANCE
Quality Assurance (QA) will provide guidance and define the requirements for insight and assessment of the DART Project’s QA implementation. MSFC QA insight will provide accurate assessments of the quality assurance aspects of DART design, manufacturing, testing, integration, processing flight and operational activities. S&MA will verify that adequate OSC policies, procedures, and standards are implemented. OSC shall perform all quality assurance in accordance with DRD 903-QE-001 Quality Plan.
10.2.1
Software Quality Assurance

Software quality assurance will be provided in compliance with the MSFC S&MA Organizational Instruction (OI) QS01-QE-007, Software Quality Assurance Planning.

10.2.2
Software Independent Verification and Validation

Independent Verification and Validation of flight software will be provided by the software IV&V facility in accordance with Appendix B of this Plan.

10.3

RELIABILITY 
S&MA will coordinate with the DART Team to provide insight and assessment of the contractor-supplied Failure Modes and Effects Analysis (FMEA) and associated reliability models to assure compliance with Project reliability requirements. 

10.4

GOVERNMENT/INDUSTRY DATA EXCHANGE PROGRAM ACUTE LAUNCH   EMERGENCY RESTRAINT TIP

For DART-specific hardware, OSC will provide parts lists to the Project Office for Government/Industry Data Exchange Program Acute Launch Emergency Restraint Tip (GIDEP/ALERT) screening to satisfy MSFC reporting requirements. MSFC S&MA personnel will review the parts lists against the latest ALERT listing and provide the Project with any potential impacts, which will be transmitted to OSC for review and disposition. In addition to the in-house screening, all ALERTs and Safe-ALERTs received by OSC directly from GIDEP are compared with the applicable component and parts lists.

Each ALERT is reviewed for applicability to DART hardware, with an assessment of the mission risk in the event of failure. Where appropriate, corrective actions will be implemented. The Project Office will be informed of any GIDEP ALERTs that will impact the DART mission hardware through Discrepancy Reports (DR) generated when an impact is discovered. The impact evaluation will be reported to the Program through the Problem Reporting and Corrective Action (PRACA) process. The DR will provide closed loop visibility, accountability, and recurrence control through the DART Project Office. The Project will also provide Marshall Safety Advisories to the contractor for response, when required.

Components shared with the Pegasus Launch Vehicle are screened through the KSC SELVS GIDEP ALERTs screening activity. The DART Project contractor is an active member of GIDEP.
10.5
SAFETY

10.5.1 System Safety

System safety will be accomplished in accordance with DRD 930-SA-002, DART System Safety/Hazard Analysis Report and Missile System Pre-launch Safety Package (TM-16439). This TM describes the tasks and activities of system safety management and engineering required to identify, evaluate, and eliminate hazards, or reduce associated risk to a level acceptable to OSC and NASA Program Management. 

10.5.2
Industrial Safety Requirements

The contractor’s industrial Safety Plan is documented in contract Attachment J-6, DART Safety and Health Plan (OSC TM-16254), and per the requirements in DRD 930-SA-005, Off-site Contractor Safety Program Plan, will be reviewed at the MPR for safety metrics.

10.5.3
Office Safety

Office safety will be in accordance with MPG 8715.1A, Marshall Safety, Health, and Environmental (SHE) Program.

10.5.4
Contingency Planning

Contingency Planning will be done in accordance with MWI 8621.1A, MSFC Close Call and Mishap Reporting and Investigation Program. The PM will establish a contingency contact list.
10.5.5
Environmental Impact

The Pegasus Air Launch System has been in operation since 1990. Pegasus has been integrated from Vandenberg Air Force Base since 1993. All Environmental Assessments (EA) have been completed with Findings of No Significant Impact (FONSI). The HAPS has its own Supplemental Environmental Assessment (SEA), also with FONSI from the base authorities. The DART Vehicle requires no additional EAs beyond those already in existence for fabrication, integration, and launch, and is essentially inert and poses no environmental risk beyond those already captured in existing EAs. There are no environmental impacts for the planned mission that would require a SEA to be submitted.


Specific details of the environmental assessment of the Pegasus Air Launch System may be found in Reference 14 of TM-15609, Pegasus Commercial Launch Operators License Application - Common Configuration and Operations Document.

11.0
 TAILORING
Table XIV identifies requirements for which the approach to compliance has been tailored consistent with the OSP Program and DART Project needs, pursuant to NPG 7120.5B, NASA Program and Project Management Processes and Requirements and MPG 7120.1, Program/Project Planning.

TABLE XIV. Tailored requirements.

	Requirement
	Project Tailoring
	Justification

	MWI 1280.5 MSFC Alert Processing – Closed loop accounting for GIDEP
	Modified MWI with S&MA support to satisfy closed loop accountability
	Compliant to KSC/Pegasus GIDEP requirements, MSFC requires more stringent closed loop system, cost prohibitive contract addition, S&MA closing loop

	MSFC-HDBK-1453 Fracture Control Program Requirements
	References to this document have been deleted from the Orbital DART Fracture Control Plan, TM-16418B
	DART spacecraft is a non-man rated system; therefore, this document does not apply. The cognizant technical organization has agreed to the use of TM-16418B and the Structural Assessment Plan

	MSFC-STD-3012 EEE Parts Management and Control for MSFC Space Flight Hardware
	EEE Parts Control Plan will not be applicable to COTS parts or Orbital heritage parts
	Orbital will maintain the as designed EEE parts list for AVGS and UHF receiver; ED10 EEE parts personnel will review lists and identify the quality level of piece parts. In coordination with ED10, the Project will manage exceptions by assessment and, if possible, identification of replacement parts
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KSC MEMORANDUM OF UNDERSTANDING
MEMORANDUM OF UNDERSTANDING

BETWEEN THE

SLI/DART PROJECT AT MSFC

AND

THE LAUNCH SERVICES PROGRAM AT KSC

FOR

JOINT TECHNICAL INSIGHT AND APPROVAL OF THE DART MISSION PERFORMED BY ORBITAL SCIENCES CORPORATION
Purpose:

The purpose of this document is to define the programmatic interface between the SLI/DART Project (DART) at MSFC and the Launch Services Program (LSP) at KSC. This Memorandum of Understanding (MOU) defines roles and responsibilities associated with the technical insight and approval for the technology demonstration and launch services provided by Orbital Sciences Corporation (OSC) for the DART mission.  

Background:
The DART mission will demonstrate Autonomous Rendezvous Technology using a modified Pegasus expendable launch vehicle (ELV) Hydrazine Auxiliary Propulsion System (HAPS)/extended vehicle avionics section upper stage in conjunction with MSFC’s Advanced Video Guidance Sensor (AVGS) and automated rendezvous and proximity operations (ARPO) algorithms. The mission is managed by the MSFC/SLI Program/DART Project per contract NAS8-01102 with Orbital Sciences Corporation (OSC).

The launch service for the DART mission is managed by the NASA/KSC Launch Services Program (KSC-LSP) per SELVS-KSC contract NAS10-99005 with Orbital Sciences Corporation (OSC).  

Interfaces:
The DART Project’s identified interface to the KSC-LSP will be the Vehicle Systems Manager (VSM). The VSM will designate additional points of contacts as appropriate.

The KSC-LSP’s identified interface to the DART Project will be the Mission Integration Manager (MIM) of the Launch Services Program Mission Management Office and Project Engineer from the Vehicle Engineering Division. The MIM will designate additional points of contact as appropriate.
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Roles and Responsibilities:
The DART Project is responsible for the overall DART mission success performed by OSC. The KSC-LSP is responsible for assuring the successful implementation of the launch services provided by OSC. The DART Project and the KSC-LSP will use reasonable efforts to coordinate the appropriate level of participation by each party in the respective technical and programmatic reviews, boards, working groups, and other applicable forums, including those coordinated and chaired with OSC.  

A free, effective, and timely interchange of technical, financial, and managerial information will also be maintained between the DART Project and the KSC-LSP. 

The DART Project is responsible for establishing the mission’s launch date. Should it become necessary to modify the launch date, and subsequently the respective contracts for the technology demonstration and the launch services, the DART Project, through NASA Headquarters Code R, must coordinate a new date with the NASA Flight Planning Board, Code MV. The Flight Planning Board convenes quarterly, and board membership includes representation from the Enterprises (R, S, Y, M, and U). The Flight Planning Board also authorizes the KSC-LSP to modify the launch date on the launch services contracts.

Release of public information regarding this mission may be made by the appropriate program for its own portion of the mission as desired. Release of information applicable to both portions of the mission must be coordinated between the DART Project and the KSC-LSP.
Pegasus-DART Interface Control Document:
A formal ICD and requirements verification matrix will be developed and maintained by OSC under the SELVS-KSC contract. The Pegasus-DART ICD (A70440) identifies and defines the functional and environmental interfaces, and performance requirements of DART with the Pegasus launch vehicle. Applicable requirements for the payload/launch processing facilities are also documented in the ICD. The DART Project and KSC-LSP will participate in the development of the ICD and will jointly concur on the baseline and subsequent changes.  

Periodic updates to the ICD may be required. Configuration control for the ICD is managed by OSC. Proposed changes to the ICD are documented on Interface Change Proposals (ICP). The ICPs are reviewed jointly by the OSC, DART Project, and KSC-LSP teams during the regularly scheduled launch services integration telecons. Upon concurrence by all, the ICPs are signed, processed by the internal OSC Configuration Control Board (CCB), and incorporated in updated releases of the ICD. 
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Joint Insight and Approval Responsibility:
Joint concurrence with the ICD includes a joint NASA technical insight and approval responsibility for the shared Pegasus-DART components. These responsibilities are further defined in the Joint Technical Insight and Approval Matrix. The matrix includes all shared Pegasus-DART hardware, software, integration and testing, pre-launch activities, launch services documentation, and applicable reviews and meetings. Where appropriate, the matrix identifies the corresponding ICD paragraph.  

The following terms and definitions are applicable to the responsibility matrix:

Approval - Providing authority to proceed and/or formal acceptance of requirements, plans, designs, analyses, tests, or success criteria in specified areas. This term is further defined in the SELVS-KSC contract under Government Insight and Approval. Per 2nd Generation Reusable Launch Vehicle (RLV) Flight Demonstration contract, all items classified as Type 1 or Type 2 require approval.

Class I Changes - Any change that affects interchangeability or significantly affects cost or schedule. Factors considered are mechanical or electrical interface, performance, safety, and qualification status. Engineering Change Requests (ECRs) are used to disposition Class I changes. Copies of all approved ECRs are forwarded to the customer for insight into vehicle configuration. This term is defined in the SELVS-KSC contract in the Configuration Control/Change Management process.

Insight - Gaining understanding necessary to knowledgeably concur with the contractor's actions through watchful observation, inspection, or review of program events, documents, meetings, tests, audits, hardware, etc. without approval/disapproval authority. This term is defined in the SELVS-KSC contract under Government Insight and Approval. Per 2nd Generation RLV Flight Demonstration contract, all items classified as Type 3, Type 4, or Type 5 are available as required to perform MSFC Insight Levels 2 and 3.
MSFC Insight Level 2 - Intermediate penetration to include daily or weekly involvement to identify and resolve issues, review of verification plan, its implementation, and selected verification closure data.
MSFC Insight Level 3 - In-depth penetration to include methodical review of details, independent models to check and compare vendor data, as required, and review of verification plan, its implementation, and to provide concurrence for all verification closure data
Oversight - Program insight and approval in specific areas to ensure the highest practible probability of launch success provided by commercial ELV launch services for NASA missions. (Reference NPD 8610.23A, Technical Oversight of Expendable Launch Vehicle (ELV) Launch Services) 

Qualification - Verification of compliance with design requirements
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Joint Insight and Approval Responsibility Matrix

	Pegasus-DART Shared Item

And ICD (A70440) Reference
	KSC

Insight Requirement
	MSFC

Insight Requirement
	Lead

Organization
	Remarks

	HARDWARE/COMPONENTS
	
	
	
	

	Flight Computer

1.3

3.4.1
	Full Insight 

Notes 1 & 1A
	Level-2
	KSC: Class I Changes

Note 2
	Track DRs & Changes

P/O Pedigree Review

Tested in Flight Sims

	SIGI

1.3

3.3.6 

3.4.1


	Full Insight

Notes 1 & 1A
	Level-3
	KSC: Class I Changes

Note 2
	Track DRs & Changes

P/O Pedigree Review

Tested in Flight Sims

KSC oversight must include any changes to the manner in which SIGI power is controlled (or interrupted by flight software command)

	Pegasus RCS System

1.3

3.1.6

3.4.1
	Full Insight

Notes 1 & 1A
	Level-2
	KSC: Class I Changes

Note 2
	Track DRs & Changes

P/O Pedigree Review

Tested in Flight Sims

Thrusters, Tank, GN2

This would be specifically applicable to changes in thruster placement required by unique DART configuration.

	TDU

1.3

3.4.1
	Full Insight

Notes 1 & 1A
	Level-2
	KSC: Class I Changes

Note 2
	Track DRs & Changes

P/O Pedigree Review

Tested in Flight Sims

	HAPS 

1.3

3.1.5

3.4.1
	Full Insight

Notes 1 & 1A
	Level-2
	KSC: Class I Changes

Note 2
	Track DRs & Changes

P/O Pedigree Review

Tested in Flight Sims
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	Pegasus-DART Shared Item

And ICD (A70440) Reference
	KSC

Insight Requirement
	MSFC

Insight Requirement
	Lead

Organization
	Remarks

	HARDWARE/COMPONENTS - Continued
	
	
	
	

	HTDU

1.3

3.4.1
	Full Insight

Notes 1 & 1A
	Level-2
	KSC: Class I Changes

Note 2
	Track DRs & Changes

P/O Pedigree Review

Tested in Flight Sims

	Avionics Battery

1.3

3.3.6

3.6.1
	Full Insight

Notes 1 & 1A
	Level-2
	MSFC: Qual, ATP, Installation

KSC: Class I Changes

Note 2
	Track DRs & Changes

P/O Pedigree Review

Tested in Flight Sims

It is extremely rare that the “spacecraft creates the power supply to be shared with the launch vehicle.  The opportunity for compromising reliability and electrical system interface is great.  KSC Engineering must exercise approval over this item in order to ensure adequate system interface definition, system qualification test, and pre-launch testing.

	Avionics Battery Charge/Enable Assembly
	Full Insight

Notes 1 & 1A
	Level-2
	MSFC: Qual, ATP, Installation

KSC: Class I Changes

Note 2
	Track DRs & Changes

P/O Pedigree Review

Tested in Flight Sims

Same comment as Avionics Battery
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	Pegasus-DART Shared Item

And ICD (A70440) Reference
	KSC

Insight Requirement
	MSFC

Insight Requirement
	Lead

Organization
	Remarks

	HARDWARE/COMPONENTS - Continued
	
	
	
	

	Transient Battery

1.3

3.2

3.2.3.1

3.3.6
	Full Insight

Notes 1 & 1A
	Level-2
	MSFC: Qual, ATP

KSC: Class I Changes

Note 2
	Transient Battery Resides on Pegasus Avionics Structure

Track DRs & Changes

P/O Pedigree Review

Tested in Flight Sims

Same comment as Avionics Battery

	PDU
	 Full Insight

Notes 1 & 1A
	Level-2
	KSC: Class I Changes
	Track DRs & Changes

P/O Pedigree Review

Tested in Flight Sims

	Stage 3 Multiplexer

1.3

3.4.1
	Full Insight

Notes 1 & 1A
	Level-2
	KSC: Class I Changes
	Track DRs & Changes

P/O Pedigree Review

Tested in Flight Sims

	Avionics Structure

1.3

3.3.5
	Full Insight

Notes 1 & 1A
	Level-2
	KSC: Class I Changes


	Track DRs & Changes

P/O Pedigree Review

Tested in Flight Sims

	Mechanical Interface

1.3

3.2

3.4.1


	Full Insight

Notes 1 & 1A
	Level-2
	KSC: Class I Changes

Note 2
	Track DRs & Changes

P/O Pedigree Review

Tested in Flight Sims

KSC must be fully engaged in each interface. Definition of what constitutes each interface must be accomplished by the ICD.
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	Pegasus-DART Shared Item

And ICD (A70440) Reference
	KSC

Insight Requirement
	MSFC

Insight Requirement
	Lead

Organization
	Remarks

	HARDWARE/COMPONENTS - Continued
	
	
	
	

	DART Vehicle Structure

1.3

3.3.5

3.4.6.2
	Insight is necessary to support coupled loads analysis and any other interface or environment unique to the mission.
	Level-2
	MSFC: Qual, ATP, Integration


	Same level of understanding as any other “spacecraft”. KSC does not approve the structure, rather ensure that the structural dynamics are adequately reflected.

	MACH & EMI Filter

1.3

3.3.2

3.3.6

3.4.1
	Notes 1 & 1A
	Level-2
	MSFC: Qual, ATP, Integration

Note 2
	

	PTS

1.3

3.4.1
	Full Insight

Notes 1 & 1A
	Level-2
	KSC: Class I Changes

Note 2
	Track DRs & Changes

P/O Pedigree Review

Tested in Flight Sims

	Pegasus RF System: 

TX Antenna

1.3

3.3.2

3.4.1
	Full Insight
	Level-2
	KSC: Class I Changes


	

	Pegasus GPS RF System

3.3.2

3.4.1
	Full Insight

Notes 1 & 1A
	Level-2
	MSFC: Qual, ATP

KSC: Class I Changes and Installation, Note 2
	Track DRs & Changes

P/O Pedigree Review

Tested in Flight Sims

	System Level Thermal & EMI/EMC Protection (24 Hour Mission Requirement)

3.4.1

3.4.2
	Full Insight
	Level-3
	KSC: Class I Changes

MSFC: Qual, ATP
	Protection Item Oversight Is Associated With Component Oversight
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	Pegasus-DART Shared Item

And ICD (A70440) Reference
	KSC

Insight Requirement
	MSFC

Insight Requirement
	Lead

Organization
	Remarks

	HARDWARE/COMPONENTS - Continued
	
	
	
	

	Pegasus GSE 
	Full Insight

Notes 1 & 1A
	Level-2
	KSC: Class I Changes
	Used in Flight Sims

	Pegasus ASE
	Full Insight

Notes 1 & 1A
	Level-2
	KSC: Class I Changes
	Used in captive carry

	DART GSE
	Notes 1 & 1A
	Level-2/3
	Orbital-DART 

Note 2
	

	SOFTWARE
	
	
	
	

	Pegasus MDL & Flight Software

3.3.3
	Oversight

Notes 1 & 1A
	Level-3
	KSC: Class I Changes

Note 2
	Track DRs & Changes

Tested in Flight Sims

Even for software modules or routines that are inactive in the flight program until a later mission phase, KSC oversight is crucial for NASA concurrence that none of the modifications threaten completion of the SELVS-KSC contract mission phase.  

	Autopilot Transition 

3.3.3
	Full Insight

Notes 1 & 1A
	Level-3
	KSC: Class I Changes

Note 2
	Track DRs & Changes

Tested in Flight Sims

See Flight Software comments

	DART Flight Software

3.3.3


	Notes 1 & 1A
	Level-3
	MSFC: DART SRS Approval

Note 2
	KSC aware of effects to assent phase of Pegasus and safeguard mode switchover

See Flight Software comments
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	Pegasus-DART Shared Item

And ICD (A70440) Reference
	KSC

Insight Requirement
	MSFC

Insight Requirement
	Lead

Organization
	Remarks

	PEGASUS PRE-INTEGRATION TESTING AND ACTIVITIES (Chandler)
	
	
	
	

	Avionics Section Build Up
	Full Insight

Notes 1 & 1A
	Level-2
	Orbital-Pegasus
	Track DRs & changes

Participate in Avionics Pre-Ship review

	Pegasus RCS Integration
	Full Insight

Notes 1 & 1A
	Level-2
	Orbital-Pegasus
	

	Pegasus System Level Testing
	Full Insight

Notes 1 & 1A
	Level-2
	Orbital-Pegasus
	

	
	
	
	
	

	DART PRE-INTEGRATION TESTING AND ACTIVITIES (SMF-Dulles)
	
	
	
	

	DART Buildup and Testing
	Awareness
	Level-3
	MSFC:
	DART Standalone Activity

	
	
	
	
	

	
	
	
	
	

	INTEGRATION TESTING AND ACTIVITIES (SMF-Dulles)
	
	
	
	

	Pegasus-DART Mechanical Mate
	Oversight

Notes 1 & 1A
	Level-3
	KSC:
	

	Pegasus-DART Electrical Mate
	Oversight

Notes 1 & 1A
	Level-3
	KSC:
	

	System Level Environments Tests
	Full Insight

Notes 1 & 1A
	Level-3
	MSFC:
	Includes Vibe, Thermal Vac, EMI/EMC

	Pegasus Combined Avionics Test
	Full Insight

Notes 1 & 1A
	Level-3
	KSC:
	

	HAPS Integration
	Full Insight

Notes 1 & 1A
	Level-3
	KSC:
	

	DART Unique Testing
	Awareness
	Level-3
	MSFC:
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	Pegasus-DART Shared Item

And ICD (A70440) Reference
	KSC

Insight Requirement
	MSFC

Insight Requirement
	Lead

Organization
	Remarks

	GROUND TESTING AND ACTIVITIES (VAB-VAFB)
	
	
	
	

	Pegasus Build Up and Test  Through Flight Sim 2
	Full Insight

Notes 1 & 1A
	Level-2
	KSC:
	

	DART Unique Testing
	Awareness
	Level-3
	MSFC:
	

	Flight Sims 3 & 4
	Oversight

Notes 1 & 1A
	Level-3
	KSC: Launch Phase

MSFC: DART Phase
	Full Mission Flight Sims 

	DART Closeout Activities
	Full Insight

Notes 1 & 1A
	Level-2
	MSFC:
	

	Fairing Mate
	Oversight

Notes 1 & 1A
	Level-2
	KSC:
	

	HAPS Fueling
	Full Insight

Notes 1 & 1A
	Level-2
	KSC
	

	GN2 Loading (Pegasus RCS)
	Full Insight

Notes 1 & 1A
	Level-2
	KSC:
	

	GN2 Loading (DART RCS)
	Awareness
	Level-2
	MSFC:
	

	Pre-Roll Out Preps/Activities
	Full Insight

Notes 1 & 1A
	Level-2
	KSC:
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	Pegasus-DART Shared Item

And ICD (A70440) Reference
	KSC

Insight Requirement
	MSFC

Insight Requirement
	Lead

Organization
	Remarks

	PRE-LAUNCH ACTIVITIES/TESTING (HOT PAD-VAFB)
	
	
	
	

	OCA-Pegasus Mate
	Oversight

Notes 1 & 1A
	Level-2
	KSC:
	

	Combined Systems Test
	Oversight

Notes 1 & 1A
	Level-3
	KSC:
	

	DART Unique Testing/Activities
	Awareness
	Level-3
	MSFC:
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	PEGASUS LAUNCH PHASE (C/L OPEN THRU AUTOPILOT TRANSITION)
	
	
	
	

	Flightline Activities
	Full Insight/Oversight

Notes 1 & 1A
	Level-3
	KSC:
	

	Captive Carry Phase
	Full Insight

Notes 1 & 1A
	Level-3
	KSC:
	

	Ascent Phase
	Full Insight

Notes 1 & 1A
	Level-2
	KSC:
	

	HAPS 1 Burn
	Full Insight

Notes 1 & 1A
	Level-2
	KSC:
	

	Pre-Transition Attitude & Rates
	Full Insight

Notes 1 & 1A
	Level-2
	KSC:
	

	Autopilot Handshake
	Full Insight

Notes 1 & 1A
	Level-2
	KSC:
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	Pegasus-DART Shared Item

And ICD (A70440) Reference
	KSC

Insight Requirement
	MSFC

Insight Requirement
	Lead

Organization
	Remarks

	DART MISSION PHASE (AUTOPILOT TRANSITION THRU DEPLETION BURN)
	
	
	
	

	HAPS Burns
	Awareness
	Level-3
	MSFC:
	

	RCS Firings
	Awareness
	Level-3
	MSFC:
	

	Rendezvous Ops
	Awareness
	Level-3
	MSFC:
	

	Proximity Ops
	Awareness
	Level-3
	MSFC:
	

	HAPS & RCS Depletion
	Awareness
	Level-3
	MSFC:
	

	MUBLCOM Ops
	Awareness
	Level-3
	Orbital-DART
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	PEGASUS DOCUMENTATION 
	
	
	
	

	Pegasus/DART ICD
	Full Insight

Notes 1 & 1A
	Level-3 / Concurrence
	KSC: CDRL C3 Approval
	

	Pegasus/DART EICD
	Full Insight

Notes 1 & 1A
	Level-3 / CDRL Review
	KSC: CDRL C3 Approval
	

	Pegasus/DART MICD
	Full Insight

Notes 1 & 1A
	Level-3 / CDRL Review
	KSC: CDRL C3 Approval
	

	SRS
	Full Insight

Notes 1 & 1A
	Level-2
	Orbital-Pegasus
	Orbital-DART Awareness

	SIS
	Full Insight

Notes 1 & 1A
	Level-3 / Concurrence
	KSC: Approval
	Replaces Serial TLM Spec

	Integrated Thermal Analysis
	Full Insight

Notes 1 & 1A
	Level-2
	KSC: CDRL C11 Approval
	

	MU Hardware Test Report
	Full Insight

Notes 1 & 1A
	Level-2
	KSC: CDRL C12 Approval
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	Pegasus-DART Shared Item

And ICD (A70440) Reference
	KSC

Insight Requirement
	MSFC

Insight Requirement
	Lead

Organization
	Remarks

	PEGASUS DOCUMENTATION - Continued
	
	
	
	

	MU Software 
	Full Insight

Notes 1 & 1A
	Level-2/Concurrence 
	KSC: CDRL C14 Approval
	

	PMA & FMA
	Full Insight

Notes 1 & 1A
	Level-2/Concurrence
	KSC: CDRL C9,13 Approval
	

	CLA
	Full Insight

Notes 1 & 1A
	Level-2
	KSC: CDRL C7 Approval
	

	MU Hardware Test Plan
	Full Insight

Notes 1 & 1A
	Level-2
	KSC: CDRL C6 Approval
	DART System Level Test Plan

	Integrated Procedures
	Full Insight

Notes 1 & 1A
	Level-2
	KSC: Signature
	

	RF Link Analysis
	Full Insight

Notes 1 & 1A
	Level-2
	KSC: CDRL C16 Approval
	

	Stability & Controls Analysis
	Full Insight

Notes 1 & 1A
	Level-2
	KSC: CDRL C17 Approval
	

	Dress Rehearsal Plan
	Full Insight

Notes 1 & 1A
	Level-2
	KSC: CDRL C18 Approval
	

	Integrated MSPSP
	Full Insight

Notes 1 & 1A
	Level-2
	KSC: CDRL C28 Approval
	

	Launch Checklist
	Full Insight

Notes 1 & 1A
	Level-3 / CDRL Review
	KSC: CDRL C19 Approval
	

	Mission Constraints Document
	Full Insight

Notes 1 & 1A
	Level-3 / CDRL Review
	KSC: CDRL C19 Approval
	

	Launch Notebook
	Full Insight

Notes 1 & 1A
	Level-3 / CDRL Review
	KSC: CDRL C20 Approval
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	Pegasus-DART Shared Item

And ICD (A70440) Reference
	KSC

Insight Requirement
	MSFC

Insight Requirement
	Lead

Organization
	Remarks

	PEGASUS DOCUMENTATION - Continued
	
	
	
	

	Pegasus Quick-Look Report
	CDRL C21 Review
	Level-2                                                          
	Orbital-Pegasus
	

	Pegasus Post Flight Report
	CDRL C23 Review
	Level-2
	Orbital-Pegasus
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	SCHEDULE
	
	
	
	

	Mission Planning Schedule
	Full Insight

Notes 1 & 1A
	Level-2
	Orbital-Pegasus
	

	SMF Processing Schedule
	Full Insight

Notes 1 & 1A
	Level-2
	Orbital-DART
	

	VAB Processing Schedule
	Full Insight

Notes 1 & 1A
	Level-2
	Orbital-Pegasus
	

	
	
	
	
	

	
	
	
	
	

	REVIEWS & MEETINGS
	
	
	
	

	MU Requirements Review
	CDRL C4 Review/

Participation
	Participation
	
	Chaired by Orbital-Pegasus

	MU Preliminary Design  Review
	Full Insight

Notes 1 & 1A
	Participation
	KSC: CDRL C4 Approval
	Chaired by Orbital-Pegasus

	MU Critical Design  Review
	CDRL C4 Review/

Participation
	Participation
	
	Chaired by Orbital-Pegasus

	DART CDR
	Participation
	Level-3
	MSFC:
	Chaired by MSFC
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	Pegasus-DART Shared Item

And ICD (A70440) Reference
	KSC

Insight Requirement
	MSFC

Insight Requirement
	Lead

Organization
	Remarks

	REVIEWS & MEETINGS  - Continued
	
	
	
	

	HAPS/Avionics Pre-Ship Review
	Full Insight

Notes 1 & 1A
	Level-2
	KSC: CDRL C4 Approval
	Prior to Shipping From Chandler

	Pre-Mate Readiness Review
	CDRL C4 Review/

Participation
	Participation
	
	

	DART Pre-Ship Review
	Participation
	Level-3
	MSFC:
	

	MIWG, GOWG & LOWG
	Co-chaired with OSC
	Participation
	No Oversight Requirement
	Orbital (Pegasus and DART) Participation

	MRR
	Conducted by KSC
	Participation
	KSC
	Orbital (Pegasus and DART) Participation

	FRR
	Conducted by KSC
	Concurrence
	KSC
	Orbital (Pegasus and DART) Participation

	LRR
	Conducted by KSC
	Concurrence
	KSC
	Orbital (Pegasus and DART) Participation

	LMCM
	Conducted by KSC
	Participation
	KSC
	Orbital (Pegasus and DART) Participation

	
	
	
	
	

	OTHER
	
	
	
	

	Mission Dress Rehearsal
	Participation
	Participation
	KSC:
	Orbital (Pegasus and DART) Participation

	Pegasus Mission Success 
	Full Insight

Notes 1 & 1A
	Level-2
	KSC:  CDRL C15 Approval 
	

	DART Mass Properties
	Awareness
	Level-2
	MSFC:
	Includes Pegasus Avionics Section, HAPS, DART SV and Hydrazine & Nitrogen
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	Pegasus-DART Shared Item

And ICD (A70440) Reference
	KSC

Insight Requirement
	MSFC

Insight Requirement
	Lead

Organization
	Remarks

	OTHER - Continued
	
	
	
	

	Range Requirements and Scheduling
	Awareness
	Level-2
	Orbital-Pegasus
	Includes Pegasus and DART Requirements Through End of Mission

	Anomaly Resolution
	Full Insight

Notes 1 & 1A
	Level-2
	
	Reference Associated Hardware, Test, and/or Activity for Oversight Authority

	
	
	
	
	

	
	
	
	
	


Notes

1 -  KSC will practice full insight to all core vehicle hardware and software necessary for the purpose of accomplishing the launch service contracted under SELVS.  Orbital will provide any additional insight deemed necessary to support approval of mission-specific hardware and software changes (see Note 2).  This also includes GSE/ASE with direct interface to the vehicle.

1A - The criteria necessary to "complete" the launch service contracted under SELVS (e.g. insertion state after the first HAPS burn) has not been formally defined to Engineering.

2 -  KSC will exercise approval over all mission-specific hardware and software changes, as uniquely required for the DART mission, to all vehicle hardware and software necessary for the purpose of accomplishing the launch service contracted under SELVS.  This also includes GSE/ASE with direct interface to the vehicle.
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Effectivity:

This MOU is effective upon the signature of both approving parties.  It will remain in effect until all normal closeout actions associated with the Pegasus launch of the DART mission are completed or when it is mutually agreed to by the DART Project and KSC-LSP signatories that it should be terminated.

Amendments:

Amendments or revisions to this MOU can be made by the mutual consent of the signatories.  Written changes become effective upon the signature of both parties.  If conflicts to financial or launch date obligations occur, the signers of this agreement will be notified for resolution.  
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GSFC MEMORANDUM OF AGREEMENT
Memorandum of Agreement

Between the

National Aeronautics & Space Administration

Goddard Space Flight Center

Software Independent Verification and Validation Facility

and

National Aeronautics & Space Administration

Marshall Space Flight Center

Demonstration of Autonomous Rendezvous Technology (DART) Project

1
Purpose

This Memorandum of Agreement  is between the National Aeronautics & Space Administration Goddard Space Flight Center Independent Verification and Validation Facility (Code 307) and the NASA Demonstration of Autonomous Rendezvous Technology Project for the purpose of performing IV&V of DART flight software. It documents the working relationship, roles and responsibilities, and points of contact necessary to assure mutual benefits to the parties involved. The objectives of the IV&V effort are to provide early detection of software errors and to provide confirmation and assurance to the DART Project that the software components analyzed are capable of supporting the DART mission.

2
Duration of the MOA

This MOA shall be in effect until the completion of the agreed tasking or until terminated at the request of one or both parties. During this time, the IV&V Team and DART Project Representatives will continue to review the content of the MOA for applicability to the DART Project and make formal modifications as required.

3
Schedule and Milestones

The IV&V activities associated with this MOA are tied to the development schedules of the DART Project.  The IV&V Team will respond to milestone activities within the DART organization through various reports and analyses of the Project. The IV&V activities to be conducted are described in the DART Catastrophic/Critical/High Risk Functions List (CFL) Report and the DART Startup Assessment Presentation. Further description of the IV&V activities, reports, and analyses associated with Project milestones are described in the DART IV&V Project Plan that will initially be provided to the DART Project by the IV&V Facility 30 days after this MOA goes into effect.

APPENDIX B
5
Roles and Responsibilities

5.1
NASA IV&V Facility

The NASA IV&V Facility personnel will provide the technical direction and financial management for the civil servants and IV&V contractors located at the IV&V Facility, as well as IV&V contractor personnel at the DART Project and developer locations, to perform the tasks listed in this MOA.  The NASA DART IV&V Project Manager (PM) will be responsible for the direction and activities performed by the contractor and for planning and approving the work to be performed, including utilization of IV&V tools available from the IV&V Facility.  

The NASA DART IV&V PM is responsible for assuring transmittal of the IV&V deliverables identified in Section 7 to the DART Project.  The NASA DART IV&V PM will be the formal interface between the IV&V contractor, the DART development organizations, and the DART Project Office for issues related to the IV&V work being performed for the DART Project.

5.2
DART Project

The DART Project will facilitate the tasks to be performed with the IV&V Facility.  This may involve coordination between Project personnel and the IV&V facility (as required) to:

· Provide IV&V personnel onsite and/or access to facilities to perform the IV&V tasks (as required). 

· Provide necessary development and supporting documentation to the IV&V personnel to perform the IV&V tasks.

· Transfer the funding as cited herein to Code 307, GSFC to fund this activity.

· Provide a government civil service person that will act as the IV&V liaison point of contact for formal interactions between the IV&V Team and the Project.

5.3
General Roles and Responsibilities

The following roles and interfaces are defined to ensure that the IV&V Team has adequate access to necessary documentation and resources and that IV&V results are available to the DART Project. 

1. The DART Project and the IV&V Team will interface formally through the NASA DART IV&V PM for items related to IV&V scope, IV&V product issues, IV&V priorities and schedules, budgets, requirements for access to resources, and delivery of formal IV&V products.

2. The IV&V team will have access to documentation and resources pertinent to the IV&V tasking:

· Draft and finalized software development documentation will be made available to the IV&V Team.  Non-deliverable or informal documentation (i.e. Software Development Folders, Software Interface Requirements Documents, etc.) will be made available at the DART facilities.  When available, electronic access to appropriate DART software development documentation and information will be provided within the constraints imposed by the DART security policy as the information is made available to the DART teams.
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· Source code documentation will be made available through the IV&V liaison if required. When available, electronic access to source code will be provided.

3. Issues, which cannot be resolved with the IV&V Liaison within an appropriate timeframe, will be elevated to the DART Project Manager.  IV&V representatives and DART Project Management will work to resolve these issues.  The DART Project Manager and the DART IV&V Project Manager will raise issues, which cannot be resolved at their level, to the Space Launch Initiative Program Office and IV&V Facility Director.  The final level of resolution will be the Marshall Program Management Council.

4. IV&V Team requests for additional activities or resources, that present potential impacts to program cost or schedule as determined by the DART Project Management or contractors/subcontractors, will be coordinated through the DART Project Management and the DART IV&V Project Manager. 

5. The IV&V Team will make available copies of all IV&V deliverables to the appropriate DART personnel as stated in Section 7.

6
Tasks

The NASA IV&V Facility will perform IV&V on selected Catastrophic/Critical/High Risk (CCHR) DART software components as described in the DART CFL Report. IV&V uses the CFL to define these selected software components and their analysis level. The analysis will consist of requirements, design, code, test, and interface analysis, as applicable for the life cycle of the software being analyzed.
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7
Deliverables

The IV&V Facility will provide the results of the IV&V analyses, identified issues and risks, as well as status reports, to the DART Project Management per the following table. (Note: issues and problems are immediately communicated to the appropriate working group, the IV&V Team does not wait for the formal Review and Analysis Reports to begin the issue resolution process).

	Product
	Recipient
	Schedule

	DART IV&V Project Plan
	· DART Project Manager

· DART IV&V Liaison
	Draft: 30 days after IV&V initiated.  Final: 4 months after MOA.  Updates as required, but not less than yearly.

	IV&V Technical Issues 
	· Cognizant DART Project development team or organization
	Ad-hoc, as authored

	Monthly Software Status Report

· Development Progress Assessment

· Operational Constraints

· Top Risks

· IV&V Contributions
	· DART Project Manager

· DART IV&V Liaison


	End of Month + 7 working days

	Status Briefing (technical, cost, schedule)
	· As designated by DART Management
	As requested by DART Management

	Catastrophic/Critical/High Risk Functions List (CFL)
	· DART Project Manager

· DART IV&V Liaison
	6 months after MOA and every 6 months, thereafter

	Milestone Technical Reports (CDR, TRR, PSR, MRR) 
	· DART Project Manager

· DART IV&V Liaison
	30 Days after milestone review complete

	Briefing and Software Certification
	· DART Project Manager

· DART IV&V Liaison
	At DART MRR or equivalent


8
Resources/Budget

8.1
DART Project Resources 

The following DART Project resources shall be made available to the IV&V Team:

1. Access to the DART internal web site from Fairmont (some servers, etc. will only be available on-site).

2. Personnel space on-site for one person (if required).  

3. General office materials, telephone and computer electronic access etc., for DART on-site personnel.

4. Access to DART development, test, and implementation facilities for the purpose of reviewing work products and evaluation of testing. 
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5. Access to development and test computing environments and tools on an as available basis for the purpose of special analyses.

6. Access to problem tracking and configuration management systems.

7. Area access permits for those areas that are accessed by DART development and operations personnel.

8.2
IV&V Resources

The following IV&V resources shall be made available to the DART Project:

1. Access to the IV&V Project Issue Tracking System (PITS) and Risk Management System (RMS). 

2. Access to the IV&V analysis tools being used on or developed by the IV&V team for this effort on an as available basis.
8.3
Budget

The Budget for IV&V is included in Section 8.1.1.
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REFERENCED DOCUMENTS 
	Document Number
	Document Title

	DRD 903-QE-001
	Quality Plan

	DRD 930-SA-005
	Off-site Contractor Safety Program Plan

	DRD 930-SA-002
	DART System Safety/Hazard Analysis Report and Missile System Pre-launch Safety Package

	DRD 930-SE-017
	DART System Level Test Plan

	DRD MA-019 
	Technology Protection & Control Plan

	DRD SA 930
	Off-site Contractor Safety Program Plan

	ISBN 0-471-35760-X
	Visualizing Project Management – A Model for Business and Technical Success, Second Addition

	
	

	MPG 8715.1A
	Marshall Safety, Health, and Environmental (SHE) Program

	MWI 5115.1 
	Evaluation of Contractor Performance Under Contract With an Award Fee Provision

	MWI 5330.2A
	NASA Engineering and Quality Audits

	MWI 8060.3
	Requirements and Design Reviews, MSFC Projects/Programs

	NPD 1000.2
	NASA Strategic Management Handbook

	NPD 7120.4B
	NASA Policy Directive Program/Project Management

	NPD 7500.1
	Program and Project Logistics Policy

	NPD 8610.23A
	Technical Oversight of Expendable Launch

Vehicle (ELV) Launch Services

	NPD 8621.1
	NASA Procedures and Guidelines for Mishap Reporting, Investigating, and Record keeping

	NPD 8710.3A
	NASA Policy for Limiting Orbital Debris Generation

	NPD 8730.3
	NASA Quality Management System Policy

	NPD 9501.1
	NASA Contractor Financial Management Reporting

	NPG 1620.1A
	Security Procedures and Guidelines

	NPG 7120.5B
	NASA Program and Project Management Processes and Requirements

	OSP-DART-PLAN-002
	DART Configuration and Data Management Plan

	OSP-DART-PLAN-003
	DART Contingency Plan

	OSP-PLAN-001
	OSP Program Plan

	QS01-QE-007
	Software Quality Assurance Planning

	TM-15609
	Pegasus Commercial Launch Operators License Application - Common Configuration and Operations Document

	TM-16648 
	DART Special Handling and Storage Requirements Document

	TM-16999
	DART System Level Test Plan, VAFB

	TM-17330
	DART System Level Test Plan, Dulles
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LIST OF ACRONYMS 

	Acronym
	Definition

	AAS
	Alternate Access to Station

	ACI
	Administratively Controlled Information

	AFRL
	Air Force Research Laboratory 

	AM
	Avionics Manager

	APM
	Assistant Project Manager

	AR&C
	Automated Rendezvous and Capture

	ARPO 
	Automated Rendezvous and Proximity Operations

	ATP
	Authority to Proceed

	AVGS
	Advanced Video Guidance Sensor

	BAC
	Budget at Completion

	CAM
	Collision Avoidance Maneuver

	CAM
	Cost Account Manager

	CCB
	Configuration Control Board

	CDM
	Configuration and Data Management

	CDR
	Critical Design Review

	CM
	Configuration Management

	COB
	Close of Business

	CPAF/IF
	Cost Plus Award Fee/Incentive Fee

	CPE
	Change Package Engineer

	CPI
	Cost Performance Index


	CRMP
	Continuous Risk Management Principles

	DARPA
	Defense Advanced Research Projects Agency 

	DART
	Demonstration of Autonomous Rendezvous Technology

	DCMA
	Defense Contract Management Agency

	DCB
	Document Control Board

	DCR
	Design Certification Review

	DMB
	Data Management Board

	DOD
	Department of Defense

	DPD
	Data Procurement Document

	DRD
	Data Requirements Document

	ECR
	Engineering Change Request

	ELV
	Expendable Launch Vehicle

	EMC 
	Electromagnetic Compatibility

	EMI
	Electromagnetic Interference

	EMS
	Electronic Meeting System

	EODD
	Employee and Organization Development Department

	EVM
	Earned Value Management

	FFP
	Firm Fixed Price

	FMEA
	Failure Modes and Effects Analysis

	FONSI
	Findings Of No Significant Impact

	FRL
	Flight Robotics Lab

	FRR
	Flight Readiness Review

	FTE
	Full-Time Equivalents

	GIDEP
	Government/Industry Data Exchange Program

	GN&C
	Guidance Navigation and Control

	GPS
	Global Positioning System

	GSFC
	Goddard Space Flight Center

	HAPS
	Hydrazine Auxiliary Propulsion System

	HWIL
	Hardware-In-The Loop 

	IDIQ
	Indefinite Delivery Indefinite Quantity

	IMS
	Integrated Master Schedule

	IPMT
	Integrated Project Management Team

	ISO
	International Standards Organization

	ISS
	International Space Station

	IV&V
	Independent Verification and Validation

	KSC
	Kennedy Space Center

	LIDAR
	Laser Instrument Distance and Range

	LSE
	Lead Systems Engineer

	LSP
	Launch Services Program

	LSSE
	Lead Subsystems Engineer

	MCO
	Mars Climate Orbiter

	MOA
	Memorandum Of Agreement 

	MOCC
	Mission Operation Control Center

	MOU
	Memorandum of Understanding

	MPR
	Monthly Performance Reviews

	MSFC
	Marshall Space Flight Center

	MSS
	Mission Success Survey

	MUBLCOM
	Multiple Paths, Beyond-Line-of-Sight Communications

	NEQA
	NASA Engineering and Quality Audits

	NextSat
	Next Generation Serviceable Satellite 

	NPD
	NASA Policy Directive

	NPG
	NASA Procedures and Guidelines

	OBC
	On-Board Computer

	OCA
	OSC Carrier Aircraft

	OI
	Organizational Instruction

	OIG
	Office of Inspector General

	OPR
	Office of Primary Responsibility

	OS
	Orbiting Sample

	OSC
	Orbital Sciences Corporation

	PCB
	Program Control Board

	PCH
	Program Critical Hardware

	PDR
	Preliminary Design Review

	PEB
	Performance Evaluation Board

	PM
	Project Manager

	PMSC
	Project Mission Success Criteria

	PMT
	Project Management Team

	PSM
	Project Staff Meeting

	PSR
	Pre-Ship Review

	QA
	Quality Assurance

	RCS
	Reaction Control System

	RLV
	Reusable Launch Vehicle

	RM
	Resident Manager

	ROW
	Risk, Opportunities, and Watches 

	RMP
	Risk Management Process

	RMS
	Risk Management System

	RMT
	Risk Management Team

	RSM
	Resident Manager

	S&MA
	Safety and Mission Assurance

	SEA
	Supplemental Environmental Assessment

	SEB
	Source Evaluation Board

	SEI
	Software Engineering Institute

	SELVS
	Small Expendable Launch Vehicle Services

	SET
	Systems Engineering Team

	SHE
	Safety, Health, and Environmental

	SPI
	Schedule Performance Index

	SRR
	System Requirements Review

	SSM
	System Software Manager

	STAS
	Space Transportation Architecture Studies 

	TA
	Task Agreement

	TAM
	Task Agreement Manager

	TOMR
	Technical Organization Monthly Reviews

	TPDM
	Three-Point Docking Mechanism

	TPM
	Technical Performance Measurements

	TRL
	Technology Readiness Level

	TTA
	Technical Task Agreement

	UMR
	Upper Management Review

	Mir
	USSR Space Station

	VAFB
	Vandenberg Air Force Base

	VGS
	Video Guidance Sensor

	VSM
	Vehicle System Manager

	WBS
	Work Breakdown Structure

	XSS-11
	Experimental Small Satellite-11 




































































































































































































































































TABLE XI. spares planning - Continued
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TABLE XI. spares planning - Continued
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