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1.0 Scope

1.1 Purpose

The Systems Engineering Management Plan (SEMP) defines the systems engineering approach for the James Webb Space Telescope (JWST).  The full range of systems engineering activities on the Project, the organizations involved and the methods of coordinating and integrating these activities are presented in this document.

1.2 Mission Overview

JWST is a large-scale National Aeronautics and Space Administration (NASA) Goddard Space Flight Center (GSFC) Project with an architecture that is divided into three segments as shown in Figure 1-1.  The Observatory Segment is the responsibility of the Prime Contractor.  The Prime is responsible for the design, development, Integration and Test (I&T), and on-orbit performance of the Observatory.  Significant portions of the Observatory are provided as Government- Furnished Equipment (GFE) for reasons of cost sharing, resident expertise, community involvement, etc.  Additionally, the Ground and Launch segments are provided as GFE.
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Figure 1‑1.  JWST System Level Block Diagram

2.0 Reference documents

The following documents listed here were used as a reference for this document.  Please refer to them for detailed information not included herein:

2.1  Goddard Space Flight Center Documents 

GMI 5310.2
Safety, Reliability & Quality Assurance Contract Provisions – The GSFC Procurement & Identification of items for Space Flight Use

GPG 1060.1
Management Responsibility

GPG 1410.2
Configuration Management

GPG 8700.4
Integrated Independent Reviews

GPG 8700.6 
Engineering Peer Reviews

GPG 7120.1
Program Management

GPG 7120.2
Project Management

GPG 7120.4
Risk Management

GPG 8700.1
Design Planning & Interface Management

GPG 8700.2
Design Development

GPG 8700.3 
Design Validation

GPG 8700.6
Engineering Peer Reviews

GPG 8730.3
The GSFC Quality Manual

JWST-PLAN-000633
JWST Program Plan

JWST-PLAN-000651
JWST Project Continuous Risk Management Plan

JWST-PLAN-000702
JWST Project Plan

JWST-PROC-000654 
JWST Configuration Management Procedure

JWST-PROC-000655
JWST Data Management Procedure

JWST-PROC-001649
JWST Software Configuration Management Procedure 

JWST-RQMT-000636
JWST Project Data Requirements Document for the JWST Observatory Contract NAS5-02200 
JWST-RQMT-000650
NGST Project Performance Assurance Requirements for the NGST Observatory, Phase 2 
JWST-SOW-000635
JWST Project Statement of Work for the Observatory Contract NAS5-02200 
JWST-SOW-000725
JWST Project Science and Operations Statement of Work 
JWST-TREE-000659
JWST Document Tree

JWST-HDBK-000668
JWST Project Configuration Management-Controlled Document Style 

2.2  Non-Goddard Space Flight Center Documents 

NPG 7120.5B 
NASA Project and Project Processes and Requirements

SP-6105
NASA System Engineering Handbook



DoD Systems Engineering Fundamentals Handbook

3.0 Systems Engineering Management

The Systems Engineering approach described in the following paragraphs is a tailored approach that attempts to maximize ownership and responsibility among all JWST partners.  This approach incorporates the result of 4 years of joint study with our Space Telescope Science Institute (STScI), International and Industry Contractor Partners.  Additionally, we have incorporated many lessons learned from past NASA Projects.

3.1 Definition and scope 

Systems Engineering is defined as an interdisciplinary approach that encompasses the entire technical effort, and evolves into and verifies an integrated and life cycle balanced set of system personnel, products, and process solutions that satisfy customer needs.
  JWST Systems Engineering is involved in all phases of the JWST Project including, but not limited to the following:

· Understanding project definitions, requirements and concepts

· Analysis, trade studies and planning

· Systems requirements definition 

· Project integration

· Requirements coordination

· Design integration and support

· Change Assessment

· Verification of requirements

· Compliance

· Operations Support

· Mission Evaluation

3.2 Objective and Approach

The principal objective of Systems engineering on JWST is to achieve mission success. The JWST approach to system engineering is optimized in accordance with the following objectives outlined by the JWST Project Manager:

· Achievement of the science mission objectives (minimum mission success criteria)

· Lowest implementation phase cost

· Simplification of the system where feasible

· Engagement of the best minds (most experienced staff)

· Appropriate weighting of factors critical to mission success

· Frequent, free-flowing, bi-directional communications between all elements

3.3 Unique Factors

There are several ways to successfully implement the systems engineering process for JWST.  The approach is driven by several factors unique to JWST: 

· One-of-a-kind nature of JWST and the fact that no one in the aerospace industry has yet attempted to field such a complex electro-optical space system.

· Unique multi-national partnering arrangements that leverage a significant financial contribution from our international partners.

· Ability to draw from a large pool of astrophysicists, astronomers, and physicists at the STScI, GSFC, and the Science Working Group (SWG) to provide a unique oversight that has come to be known as science systems engineering.

· A Wavefront control subsystem that determines and controls the telescope image quality performance.  This is a NASA-led technology development effort that is to be transitioned to the Prime at the JWST Preliminary Design Review (PDR).

· A NASA-led lightweight mirror technology development project to be transitioned to the Prime early in Phase B.

3.4 Lessons Learned

There are many lessons to be learned from prior NASA and Department of Defense (DoD) missions while considering approaches that cover the spectrum of responsibilities and authority from “total systems authority” ceded to the Prime to Government entities as “the Prime”.  The DoD Systems Engineering Fundamentals Handbook offers this perspective: 

…Several cases occurred where the government managers, in an attempt to ensure that the government did not impose design solutions on contractors, chose to deliberately distance the government technical staff from (the) contractors.  This presumed that the contractor would step forward to ensure that necessary engineering disciplines and functions were covered.  In more than one case, the evidence after the fact was that, as the government stepped back to a less directive role in design and development, the contractor did not take a corresponding step forward to ensure that normal engineering management disciplines were included.  In several cases where problems arose, after-the-fact investigation showed important elements of the systems engineering process were either deliberately ignored or overlooked.

The government is not, in most cases, expected to take the lead in the development of design solutions.  That however, does not relieve the government of its responsibilities to the taxpayers to ensure that sound technical and management processes are in place.  The systems engineer must take the lead role in establishing the technical management requirements for the Project and seeing that those requirements are communicated clearly to Project [and project] managers and to the contractor.

3.5 JWST Systems Engineering Team Approach

In accordance with the JWST Project Plan (JWST-PLAN-000702) and building on the above objectives, unique factors and lessons learned and knowing that a successful systems engineering approach is a direct function of the people-based aspects of the “team,” the JWST Project has chosen to implement a success driven, team-oriented approach to systems engineering.  

The JWST Systems Engineering Team (SET) is shown in Figure 3‑1 and is comprised of the Mission System Engineer (MSE), product systems engineers, and discipline systems engineers from Northrup Grumman Space Technology (NGST), GSFC, and the STScI.  The purpose of the SET is to provide technical recommendations to the JWST Project Manager.  
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Figure 3‑1.  JWST Systems Engineering Team (SET)

3.5.1 Discipline and Product Systems Engineers

The discipline systems engineers and product systems engineers are the key to systems engineering on JWST.  The product systems engineers are aligned with the traditional product-based decomposition of the JWST system.  They provide systems engineering support associated directly with the production of the product.  Product systems engineers work with each of the discipline engineers to obtain the best product possible.  The discipline systems engineers work for each of the product systems engineers and product managers.  The discipline systems engineers strive to integrate their discipline across all products to achieve an optimal system.  

In order to ensure engagement of the discipline system engineers and product systems engineers, they will meet on a weekly basis with the MSE to discuss system-wide issues.  This ensures that the entire SET is fully engaged. 

The MSE looks to the discipline and product systems engineers as the “gate keepers” for their discipline or product.  The discipline and product systems engineers are responsible for auditing, via peer reviews, their discipline or product and for making pass/fail recommendations to the MSE.  Recommendations from discipline systems engineers, and product systems engineers provide the MSE with a balanced technical view of the JWST Project.  The MSE can then provide optimized recommendations, based on the principles outlined previously, to the JWST Project Manager.

3.5.2 Integrated Modeling

Integrated Modeling (IM) is listed as a Discipline and a working group in Figure 3-1, this is because IM is unique in that it cuts across both disciplines and products.  The function of IM is best viewed as one of integrating models across disciplines.  The primary responsibility of IM is to create, validate, verify and exercise multi-disciplinary models.  Additionally, IM will coordinate processes, tools, methods, practices, definitions, etc. across product lines such that integrated modeling as practiced by product leads/teams will have a consistent look and feel.  The goal is to optimize resources (no need to invent multiple solutions, leverage discipline expertise, etc.).  Further, IM maintains, via configuration control, all of the observatory-level analytical tools, models, input data and associated documentation.  IM coordinates the configuration management of important documents with the Project CM Office (CMO).   Lastly, IM provides inputs to the I&T plans and requirements.  In particular, IM provides inputs to the requirements and plans of test-beds.  These hardware oriented activities represent an opportunity for IM to validate and verify their models.

There are several steps involved in IM.  The first step is single-discipline model integration across product lines by discipline leads.  Integration of element-level discipline models into Observatory-Level discipline models will be performed by the respective disciplines   The second step is to assemble the integrated system model by combining the observatory-level models across the discipline lines: structures, thermal, optics, stray light, controls, detectors, electrical, etc.  Integration of the Observatory-Level discipline models into an end-to-end integrated model will be performed by the systems modeling team with technical assistance from the discipline modeling teams as needed.  The third step is to update the integrated models based on actual test data as it becomes available.  An IM plan will be written by the IM Lead that document procedures and schedules for what IM will be done.  The plan will address how modeling is used in requirements analysis and verification, and how it is used to support trade studies.  The IM plan will address the schedule for modeling deliverables and products over the entire Project lifecycle.  The plan will specify the role integrated modeling plays in estimating Technical Performance Measures (TPMs) such as Encircled Energy, Point Spread Function (PSF) Stability, Sensitivity, etc.  The plan will explicitly establish the connection between the analysis tools and the error budgets.  The IM plan will describe how configuration control is maintained over math models, drawings and documentation.

3.5.3 Working Groups

Working groups are used for products that cut across disciplines where multiple products are integrated by the working group product.  Each working group has a unique charter from the MSE.  Working groups are for technical interchange.  They study options and potential issues.  An example is the Wavefront Sensing and Control (WFS&C) working group that integrates the development of WFS&C algorithms, the control mechanisms for the Optical Telescope Element (OTE), and the Near-Infrared Camera (NIRCam) instrument as the Wavefront sensor.  This working group facilitates communication at a more technical level than the weekly meetings with the MSE.  The working groups are chaired, as appropriate, by systems engineers from the Prime, GSFC, or STScI.  Working groups do not possess any additional authority than the individual members possess.  Working groups can only recommended changes.  All changes must be worked through appropriate channels to address cost, schedule, performance, risk, and contractual issues.   For example, the WFSC working group can only recommend changes to any of the affected subsystems.  The current working groups and their charters are shown in Table 3-1.

Table 3-1.  JWST Working Groups

	Working Group
	Charter

	Architecture Working Group (AWG)
	· Provide a forum to discuss issues and trades related to the architecture of the Observatory

	Integrated Modeling Working Group (IMWG)
	· Create, validate, verify and exercise multi-disciplinary models.  

· Coordinate processes, tools, methods, practices, definitions, etc. across product lines such that integrated modeling as practiced by product leads/teams will have a consistent look and feel.  

· Maintain, via configuration control, all of the Observatory-level analytical tools, models, input data and associated documentation.  Provide inputs to I&T plans and requirements.  In particular, IM provides inputs to the requirements and plans for test-beds.

	Line of Sight Working Group (LOSWG)
	· Provide a forum in which to work cross-element, cross discipline and cross-organizational pointing system issues.

· Advise the MSE on systems issues pertaining to WFS&C. 

	Requirements Working Group (RWG)
	· Provide a forum in which to work requirement issues that impact mission requirements, cross segment boundaries, and allocate to elements.

	Software Working Group (Software WG)
	· Technical coordination of:

· Flight Software requirement, design, and testing documents for all segments and elements

· Ground Software requirement, design, and testing documents

· Software inputs to interface requirements documents (IRDs) and interface control documents (ICDs) between flight and ground segment/elements 

· Software inputs to IRDs and ICDs between flight and ground segment/elements 

· Software Operation Concepts 

· Detailed white papers and trade studies as assigned by MSE

	Wave Front Sensing and Control (WFS&C)
	· Monitor WFS&C progress with respect to JWST scientific, technical and programmatic objectives. 

· Be cognizant of JWST requirements and interfaces 

· Advise the MSE on systems issues pertaining to WFS&C. 

· Integrate the development of WFS&C algorithms.


3.5.4 Roles and Responsibilities

The SET is responsible for the fundamental systems engineering activities of requirements analysis, functional analysis and allocation, design synthesis, and systems analysis and control (Section 4).
  This responsibility includes, but is not limited to, requirements identification and development, interface requirements, validation and verification; system definition, system design, control of technical budgets, integration and test, technical risk management and the definition of operations concepts.
  The SET is also responsible for establishing requirements for tests and test-beds and the implementation of tests and test-beds necessary for model validation, verification, and Mission and Segment level technical risk management. 

The SET interacts with Project management on all levels.  The MSE works directly for the JWST Project Manager and with each product manager.

The SET interacts with representatives from the appropriate scheduling and Project planning, quality, system safety, data management, and CM organizations to ensure recommended changes in the technical baseline can be efficiently presented to Project management for implementation.  

Within the SET, responsibility is partitioned according to the system (mission), segment, and element levels shown in Figure 3-2.  The MSE is responsible for systems engineering at the mission level.  At the segment and element levels, systems engineering responsibility is divided among the Prime, GSFC, and STScI for the Observatory, Integrated Science Instrument Module (ISIM), and Ground Segment, respectively.  The system engineering responsibility of each organization is summarized in Table 3-2.  The table lists which organization is principally responsible and which organizations merely provide support for requirement development, trades, I&T, and verification.  In the table, the term “I/F Support” is used to denote those cases where support is limited to interface definition only.  
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Figure 3-2. The JWST System

Table 3‑2.  JWST Systems Engineering Responsibility Matrix

	
	Mission 

Systems Engineer (MSE)
	Observatory Systems Engineering (NGST)
	S&OC Systems Engineering

(STScI)
	ISIM Systems Engineering

(GSFC)

	
Mission


Environmental


Software


WFS&C


Ground Segment


S&OC


Institutional Systems


Common Systems


Launch Vehicle 


Observatory Segment


OTE


FGS


Spacecraft


ISIM
	Principal, Recommend

Insight & Recommend

Principal, Recommend

Insight & Recommend

Principal & Recommend

Insight & Recommend

Principal & Recommend

Principal & Recommend

Insight & Recommend

Insight & Recommend

Insight & Recommend

Insight & Recommend

Insight & Recommend

Insight & Recommend
	Support

Principal

Support

Principal

I/F Support

I/F Support

I/F Support

Supportl

Principal 

Principal

Principal

Principal

Principal

I/F Support
	Support

Support

Support

Support

Support

Principal

I/F Support

Support

I/F Support 

Support

Support

I/F Support

I/F Support

I/F Support
	Support

Support

Support

Support

I/F Support

Support

I/F Support

Support

I/F Support 

Support

I/F Support

Support

I/F Support

Principal


3.5.4.1 JWST System

System engineering at the mission level is lead by the MSE.  The MSE is the chair of the SET.  The MSE is the chair for several reasons.  The first reason is that the chair of the SET must perform inherently governmental activities to ensure that sound technical and systems engineering management processes are in place.  Another reason for having the SET chair be the MSE is that as a civil servant he will have an appreciation for Project budget, risk and schedule issues due to his attendance at all of the weekly internal Project meetings.  From the knowledge he gains at the project meeting he will best be able to chart a course for the SET that addresses project needs.  

3.5.4.1.1 Mission Systems Engineer

The responsibilities of the MSE are those inherently governmental activities.  These activities include, but are not limited to:

· Ensuring mission success

· Ensuring traceability from mission requirement to science and level 1 requirements

· Insight into the Prime and STScI designs

· Insight into the Prime and STScI implementation approaches

· Providing recommendations to the JWST Project Manager

· Assisting in inter-agency (International) technical conflict resolution

· Leading key inter-segment and inter-element trade studies

· Mission requirements development and verification tracking

· Review of segment and element requirements and their associated verification

· Inputs into the performance evaluation on the Prime’s and STScI’s engineering

The MSE has the responsibility to ensure mission success per NASA Standard 7120-A, Project and Project Management Process and Requirements.  The MSE has the responsibility and authority to monitor, analyze, identify, and recommend plans to assist all SET members to assure the functionality and quality of all systems engineering processes, activities and interrelationships.  

The MSE has a unique relationship with the systems engineering organizations of the European Space Agency (ESA) and Canadian Space Agency (CSA).  CSA and ESA involvement in JWST is documented within the context of Memorandum of Understanding (MOU), and respective project and individual collaboration implementation plans.  The United States International Traffic in Arms Regulations (ITAR) can restrict the exchange of ITAR sensitive technical data and hardware with the international agencies.  The ITAR restrictions require that any flow of ITAR sensitive technical information to international agencies be controlled.  To accommodate this restriction, the MSE must ensure that requirements documents, specifications, interface documents, and meetings involving international partners are narrow in scope and do not exceed the bounds of the standing international agreement (i.e. MOU) and the ITAR.  Note that the United States (U.S.) does not restrict the flow of information from the International government and contractors into the U.S.  The three space agencies (NASA, ESA, and CSA) have stipulated that the JWST Prime will work directly with ESA and CSA contractors within the bounds of the ITAR regulations, and associated industry Technical Assistance Agreements, to obtain the necessary insight into the ESA CSA designs.
The MSE reviews, approves, and periodically monitors the Prime, STScI, and ISIM systems engineering approaches.  The primary focus is on mission requirements, interfaces, specifications, verification, and integration and test plans and procedures.  In addition, the derivation of segment and element requirements, interfaces, specifications, verification and integration and test plans and procedures produced by the Prime, ISIM and STScI are reviewed

3.5.4.1.2 Software Systems Engineering

Due to the unique relationship between mission success and software system engineering the project has established a Software Systems Engineer (SWSE) who is responsible at the mission level for all Software system engineering (flight and ground).  This includes the requirements identification, architecture definition, interface definition, integration and test, and the operations of all Software.  The SWSE has the responsibility and authority to monitor, analyze, identify, and initiate plans to assure the functionality and quality of software systems engineering processes, activities, and interrelationships, as delegated by the MSE.  This is of particular importance given the complex software interfaces on JWST.  The SWSE works through the MSE for interfaces with the ESA and CSA.  The SWSE is responsible for tracking and reporting software status.  The SWSE is provided by GSFC.  

The SWSE reviews and approves the Observatory Prime, STScI, ISIM FSW systems architectures and interfaces.  The list of architectures and interfaces are documented via the individual contract deliverables lists.  As such, the SWSE is the sponsor in the CM process for the identified documents.  

The SWSE is the chair of the Software Working Group (Software WG), which is chartered by the MSE to resolve JWST software related interface issues.  Membership of the Software WG includes Leads and team members from the Prime Flight Software (FSW) Team, ISIM Command and Data Handling (ICDH) FSW Team, Science Instrument (SI) FSW Teams, Ground Software Leads, Test System Leads, and STScI.  

3.5.4.2 Observatory Segment

The Prime is responsible for JWST Observatory Segment systems engineering per the JWST Project Statement of Work for the Observatory Contract NAS5-02200 (JWST-SOW-000635).  GSFC through the MSE maintains oversight of Observatory Segment systems engineering.
The Prime defines, implements, and maintains a Systems Engineering Plan (SEP), which is in compliance with this JWST Project System Engineering Management Plan (SEMP), JWST-PLAN-000872, that documents their specific approach to performing JWST Observatory systems engineering.
  Where assistance to the Prime is needed from other organizations the Project System Engineering Office will help to ensure that the assistance is provided.
The Prime is responsible for all Observatory verification, including the verification plan for all JWST subsystems, elements, and segments.
  
The Prime will define and implement a process that continually assesses the risks to the Observatory, determines the relative threat of risks, implements strategies to mitigate significant risks, and measures the effectiveness of these strategies.  
The Prime will establish, implement, manage, and maintain a Configuration Management Plan, in conformance with the JWST Project Configuration Management Procedure, JWST-PROC-000654, and apply it to all operational systems.
  

The Prime’s Lead Systems Engineer is the deputy chair for the principal reason that the Prime is responsible for on-orbit performance of the Observatory and must be involved in all aspects of systems engineering in order to meet their responsibility.  

3.5.4.2.1 Optical Telescope Element

The prime contractor is responsible for OTE systems engineering as documented in the Prime’s Systems Engineering Plan (SEP).  The GSFC OTE product system engineer provides oversight of the prime’s OTE system engineering.  The OTE product system engineer has the following responsibilities:

· Provide systems engineering oversight for validating OTE requirements

· Provide the MSE with assessments of the OTE and timely notification of problems and/or major successes

· Review all documents, requirements and specification and provide a summary to the MSE

· Provide systems engineering to ensure that requirements verification is consistent with project objectives and best practices

· Perform as an integral part of the OTE Integrated Product Team (IPT) for requirement development, design, analysis, and trades

· Perform independent systems analyses as needed

· Facilitate communications of interfaces, design issues, test plans, and other information between the various government agencies, contractors and subcontractors

· Serve as the technical lead for project-specific OTE technology development efforts

· Participate in the development of the WFS&C system

· Coordinate all OTE modeling activities, tools, and processes among the various government agencies, contractors and subcontractors

3.5.4.2.2 Spacecraft Element

The Prime contractor is responsible for spacecraft systems engineering as documented in the Prime’s Systems Engineering Plan (SEP).  In addition, GSFC provides a spacecraft product system engineer to provide oversight of the Prime’s spacecraft system engineering.  The spacecraft product system engineer has the following responsibilities:

3.5.4.2.3 Integrated Science Instrument Module

ISIM Systems Engineering is performed by the ISIM product system engineer.  The ISIM product system engineer is provided by GSFC and he represents the ISIM to the SET.  ISIM Systems Engineering responsibilities include the definition and negotiation of ISIM interfaces (IRDs and ICDs) to the SIs and to the Observatory, the flow down of level 2 requirements to the ISIM, and overseeing ISIM trade studies and system design, integration, and testing.  Additional responsibilities include overseeing the ISIM verification program, managing technical risks, supporting the CM system, and supporting reviews. 

ISIM systems engineering analyzes the mission requirements and other applicable documents to derive and allocate Observatory requirements to the ISIM, with concurrence from the Prime and the Project.  This includes flow-down of system requirements into software functions and hardware implementations.

ISIM systems engineering will be the lead for the development and test of the SI/Fine Guidance Sensor (FGS)/ISIM system. The ISIM SE supports the ISIM I&T Manager in the development of an ISIM I&T Plan (JWST-PLAN-TBD) that describes how overall I&T activity will be executed.  ISIM systems engineering provides all the systems engineering necessary to accomplish ISIM I&T, creates documentation for the integration, test, and verification Project (including on-orbit verification), and identifies, negotiates, and defines requirements for I&T interfaces with the Observatory and the Ground Segment.  

ISIM systems engineering is responsible for all ISIM verification activities.  This activity begins with the identification of the verification method for each requirement as it is defined, and follows with the Verification Plan(s).  These plans will be submitted to the Prime and the Project for approval prior to implementation.  They will establish the end-to-end testing Projects that support system verification and validation testing of all requirements for all ISIM components.  ISIM systems engineering will also support verification efforts at the Observatory level, as well as on-orbit verification. 

3.5.4.3 Ground Segment

System engineering at the Ground Segment level is performed by the Ground Segment product system engineer.  The Ground Segment product system engineer is supplied by GSFC.

3.5.4.3.1 Science and Operations Center

System engineering for the Science and Operations Center (S&OC) element is performed by the S&OC product system engineer.  The STScI provides the S&OC product system engineer.  The STScI is responsible for the development of science operations requirements and science systems engineering.  

The STScI will provide science and operations systems engineering to the JWST Project.  STScI is responsible for maintaining the Design Reference Mission (DRM) for JWST.
  

The STScI will provide requirements development support to the Prime, ISIM, and SI providers. The STScI will use their participation to gain insight into the operation of the hardware, influence its design and implementation for low-cost operations and science optimization, and help assure the quality of its interfaces to the ground system.
  The STScI will support the development of requirements for the SIs, OTE, WFS&C, FGS, and the ISIM.
  The STScI will support the development of the FSW requirements.
  The STScI will perform the engineering tasks required to integrate ground system requirements with flight system requirements. 

The STScI supports the Prime, ISIM developer, and SI and FGS developers in defining ground system to Observatory interfaces.
  STScI is responsible for the final end-to-end data flow test for the JWST system.

The STScI attends and participates in major JWST reviews by providing and presenting STScI-related work, providing analysis and technical assessments regarding operations and science impacts, reviewing architectures and designs, and providing other pertinent information as appropriate and determined by the JWST Project.  

The STScI supports the Prime, ISIM developer, and SI and FGS developers in defining ground system to Observatory interfaces. STScI is responsible for the final end-to-end 

data flow test for the JWST system.

STScI is also responsible for Ground Segment V&V.

3.5.4.3.2 Institutional Systems

TBD

3.5.4.3.3 Common Systems 

TBD 

3.6 Systems Engineering Communication 

Systems engineering ensures proper flow of information across the various activities and team members by using existing Project communication channels.  The JWST Communications Enterprise is shown in Figure 3-2.  There are two key components to the JWST Communications Enterprise.  The first key component is the JWST Project website.  The Project website contains a library of all the officially released project documentation, an action item database, and the risk database for the project.  The second key component is the Project website, NGST maintains a website to facilitate communication between the Project and NGST.  This website holds all of the documentation produced by NGST including meeting minutes for all of the product teams and working groups.  

The JWST Communications Enterprise also consists of several tools that the SET uses to facilitate its activities.  The first is a meeting scheduling tool called Meeting Maker.  Meeting Maker is used to schedule conference rooms, reserve overhead projectors, and invite attendees to meetings.  Another tool is the email system, which allows messages to be distributed to the SET. A third tool is the requirements and verification database Dynamic Object Oriented Requirements System (DOORS).  DOORS provides a centralized location containing all of the requirements for the Project.  Finally, there are several schedules that the SET team uses to manage its activities.  Key among these is the Systems Engineering Schedule that is discussed in Section 3.7.  Other schedules of interest are the Project Master schedule, the Observatory schedule and the ISIM schedule.
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Figure 3‑3.  JWST Communications Enterprise

The SET communication process is a weekly process that is structured to provide critical information on the state of the system to the MSE in a timely manner.  Information is exchanged between the product and discipline systems engineers during working group meetings, and weekly meetings of each discipline and product systems engineer.  These meetings are in preparation for the staff meeting with the MSE.  The weekly staff meetings between the discipline and product systems engineers and the MSE are key to the SET communication process.  At the weekly staff meetings the MSE reviews with the discipline and product systems engineers the status requirement documents, interface requirements, interface control documents, schedule, risks, and trades.  The weekly staff meetings provide the MSE with an opportunity to identify potential issues and work them proactively. 
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Figure 3-4.  SET Communication Process

3.7 Systems EngineerinG Schedule

The MSE utilizes a systems engineering schedule that is maintained by the planning office for the MSE to schedule all systems engineering activities on the project.  These schedules are covered in detail at weekly staff meetings.  Figure 3-5 illustrates a sample of a typical milestone/ schedule. 
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Figure 3‑5.  Example of a JWST SE Schedule

4.0 Key Systems Engineering Functions

The SET is responsible for the fundamental systems engineering activities of: requirements analysis, functional analysis and allocation, design synthesis, verification, and system analysis and control (Figure 4‑1).
  This responsibility includes, but is not limited to, requirements identification and development, interface requirements, validation and verification; system definition, design, control of technical budgets, integration and test; and the operations concept definition.
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Figure 4‑1.  The System Engineering Process

The basic activities shown in Figure 4‑1 are iterative in nature and repeated through the various phases of the project lifecycle to produce the products shown in Figure 4-2 throughout the phases shown in Figure 4-3.  Each of the basic activities of Figure 4-1 is detailed in sections 4.2 through 4.6. 
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Figure 4-2 SET Products
4.1 Systems Engineering Life Cycle, Gates & Reviews

Figure 4-3 shows the life cycle of the JWST Project.   Tables 4-1 through 4-3 show the products, information base lined and the control gates for each project phase.
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Figure 4‑3.  JWST Project Life Cycle 

4.1.1 Pre-Phase A: Conceptual Design Phase

The purpose of the conceptual design phase is to produce a broad spectrum of ideas and alternatives for the mission.  During the conceptual design phase an initial translation of the mission objectives into top-level technical requirements is made.  These initial top-level requirements of the project are then allocated to the various team members for further evaluation.  For contractor team members, agreements are reached between the Project office and the performing organization for the cost, schedule, risk level, technical requirements, and products for each activity.  

4.1.2 Phase A: Preliminary Design

The primary purpose of this phase is to determine the feasibility and desirability of a suggested new major system and its compatibility with NASA's strategic plans.  
4.1.3 Phase B/C: Detail Design and Development

Phase B/C is comprised of two highly interrelated phases: Phase B and Phase C.  The purpose of Phase B is to establish an initial project baseline, which (according to NHB 7120.5) includes "a formal flow-down of the project-level performance requirements to a complete set of system and subsystem design specifications for both “flight and ground elements" and "corresponding preliminary designs."  The technical requirements should be sufficiently detailed to establish firm schedule and cost estimates for the project.  

The purpose of Phase C is to establish a complete design (“build-to" baseline) that is ready to fabricate (or code), integrate, and verify. Trade studies continue throughout Phase B/C.  Engineering test units are built that more closely resembling actual hardware are built and tested so as to establish confidence that the design will function in the expected environments.  Engineering specialty analysis results are integrated into the design, and the manufacturing process and controls are defined and validated.  Configuration management continues to track and control design changes as detailed interfaces are defined.  At each step in the successive refinement of the final design, corresponding integration and verification activities are planned in greater detail.  During this phase, technical parameters, schedules, and budgets are closely tracked to ensure that undesirable trends (such as an unexpected growth in spacecraft mass or increase in its cost) are recognized early enough to take corrective action.  Phase B/C culminates in a series of Critical Design Reviews (CDRs) containing the system-level CDR and CDRs corresponding to the different levels of the system hierarchy.  The CDR is held prior to the start of fabrication/production of end items for hardware and prior to the start of coding of deliverable software products.  Typically, the sequence of CDRs reflects the integration process that will occur in the next phase— that is, from lower-level CDRs to the system-level CDR.

4.1.4 Phase D: Production, Integration, and Test Phase

The purpose of this phase is to build and verify the system designed in the previous phase, deploy it, and prepare for operations.  During the Phase D, technical requirements are translated into hardware and software Assemblies, Subsystems, Elements, and Segments, and tests of the final products are performed to validate that the performance meets the Project requirements.  The System Engineer uses a milestone process to track technical performance, in which milestones can either be design reviews, readiness reviews, or test reviews.  Each of these major technical reviews has criteria that must be accomplished prior to the review.  Systems engineering defines these criteria, allocates responsibility to the performing organization, and reviews the products of these efforts. The Systems Engineer uses the criteria and schedule to determine if the Project execution is progressing according to plan.

Activities include fabrication of hardware and coding of software, integration, and verification of the system.  Other activities include the initial training of operating personnel and implementation of the Integrated Logistics Support Plan.  For flight projects, the focus of activities then shifts to pre-launch integration and launch.  For large flight projects, there may be an extended period of orbit insertion, assembly, and initial shakedown operations.  The major product is a system that has been shown to be capable of accomplishing the purpose for which it was created.

4.1.5 Phase E: Operational Use and Systems Support

The purpose of this phase is to meet the initially identified need or to grasp the initially identified opportunity.  The products of the phase are the results of the mission.  This phase encompasses evolution of the system only insofar as that evolution does not involve major changes to the system architecture; changes of that scope constitutes new “needs and the project life cycle starts over.

Table 4‑1.  Products by Phase

	Pre-Phase A
	Phase A
	Phase B/C
	Phase D
	Phase E

	· Mission Justification and Objectives

· Operation Concept(s)

· Yard Stick Architecture(s)

· Cost

· Schedule

· Risk estimates
	· Mission Needs Statement

· Top-level requirements

· Evaluation criteria/metrics

· Ops & logistics concepts

· Constraints & boundaries

· Alternative design concepts

· Feasibility studies

· Risk studies

· Cost estimates

· Schedule estimates

· Advanced technology requirements

· Credible & feasible design(s) 

· Systems tools and models

· Environmental impact 

· Phase B Definition Plan
	· Update Mission Needs

· Program Agreement

· Project Plan

· SEMP

· Risk Management Plan

· Product Assurance Reqs

· Reliability Plan

· Parts Plan 

· Software management Plan

· Eng. specialty plans

· Manufacturing plan

· Logistics Support Plan

· System integration plan

· Science payloads

· Functional requirements

· Performance requirements

· Interface requirements

· “Design-to" specs & draws

· Verification matrix

· Trade Studies

· Advanced technology 

· Baseline design solution

· Baseline concept of ops

· "Build-to" specs & draws

· Statement(s) of Work

· WBS

· Logistics support reqs

· Technical resources

· Cost-effectiveness model

· Life-cycle cost estimates
· Verification Plan
	· Verified components

· Verified subsystems

· Verified system

· Verification procedures 

· Verification Results

· Audits of "as-built" configurations

· Lessons Learned

· Operator's manuals

· Maintenance manuals

· Training of initial system operators and maintainers

· Integrated Logistics Support Plan

· Deployed system
	· Training of replacement operators and maintainers

· Science Data

· Maintain and upgrade the system

· Dispose of the system and supporting processes

· Lessons Learned


Table 4‑2.  Control Gates by Phase
	Pre-Phase A
	Phase A
	Phase B/C
	Phase D
	Phase E

	· Standing review board
	· Mission Definition Review

· Preliminary Non-Advocate Review

· Preliminary Program/Project Approval Review
	· Non-Advocate Review

· Program/Project Approval Review

· System Requirements Review(s)

· System Definition Review

· System-level Preliminary Design Review

· Lower-level Preliminary Design Reviews

· Safety review(s)
· Subsystem (and lower level) 

· Critical Design Reviews

· System-level Critical Design Review 


	· System Acceptance Review

· System audits

· Flight Readiness Review(s)

· Operational Readiness Review

· Safety reviews 

· Test Readiness Reviews (at all levels)
	· Operations readiness reviews

· System upgrade reviews

· Safety reviews

· Decommissioning Review


Table 4‑3.  Information Base-lined by Phase
	Pre-Phase A
	Phase A
	Phase B/C
	Phase D
	Phase E

	
	
	· System requirements

· Verification matrix

· System architecture 

· WBS

· Concept of operations

· “Design-to” specifications

· Project plans
	· “Build-to” Specifications

· "As-built

· "As-deployed" 

· Integrated Logistics Support Plan

· Command sequences 

· Operator's manuals

· Maintenance manuals

· Problem/failure reports
	· Engineering data on system, subsystem and materials performance

· Science data returned

· Accomplishment records ("firsts")

· Operations and maintenance logs

· Problem/failure reports




4.2 Requirements Identification AND Analysis

The first step in the System Engineering Process (Figure 4‑1) is Requirements Identification & Analysis.  The objective of requirements analysis is to describe requirements at each level in the system hierarchy (i.e. to describe the “what” not the “how”).  The “how” will ultimately evolve from the functional analysis and allocation process.  

As shown in Figure 4-4, the JWST mission requirements and hierarchy are derived from the requirements and goals documented in the NASA Headquarters Program Plan (JWST-PLAN-000633), the requirements contained in the Science Requirements Document (JWST-RQMT-XXXX), and the operation concepts documented in the Mission Operations Concept Document (JWST-OPS-002018).  The mission requirements are documented in the Mission Requirements Document (JWST-RQMT-000634).  
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Figure 4-4  JWST Requirement Flow

Our goal is to create a comprehensive and traceable set of technical requirements specifying all aspects of the mission design.  To assist us we are using a commercial requirements management tool called DOORS (http://ngst-doors-hst.nasa.gov/DOORSnet) to document and track all JWST requirements.  We are utilizing a classical Requirement Development Process that is illustrated in Figure 4-5.  The process is “Vee Shaped” with user needs on the upper left and a verified and validated system on the upper right.  On the left side of the “Vee”, are the requirements decomposition and definition activities.  In general, requirements are derived from upper level requirements and allocated to lower levels.  At each level control gates such as the System Requirement Reviews (SRR) will be conducted to ensure completeness.  Requirements are analyzed for the following quality characteristics:

· Need
The requirement must be expressed in terms of the need, not the solution.  It should address the “what” and the “why” not the “how”.

· Realistic
The requirement must be achievable.  It must allow a solution that is technically achievable at costs considered affordable.

· Unambiguous
The requirement must be clearly stated and are not likely to be subjected to different interpretations.

· Appropriate
The requirement must be appropriate for the level of the system hierarchy in which it appears.  Detailed requirements should not appear at high levels of the system documentation.

· Consistent
The requirement must use uniform notation, symbols, terminology, and structure and not contradict themselves technically.

· Complete
The requirement must be at a level of detail that provides for translation of the requirement into design.  

· Testable
The requirement must be expressed in a manner that allows the requirement to be verified by test, demonstration, and/or analysis.

· Traceable
The requirements must be traceable to some higher level requirements/specifications.

Requirements are categorized in several ways.  JWST has chosen the following categories of requirements:

· Allocated
A requirement that is established by dividing or otherwise allocating a high level requirement into multiple lower level requirements.

· Design
The “build-to”, “code-to”, and “buy-to” requirements for products and “how to execute” requirements for processes.

· Derived
Requirements that are implied or transformed from higher level requirements.

· Environmental
Requirements that are a result of the environment in which the item must operate and/or survive 

· Functional
The necessary task, action or activity that must be accomplished.  Used as the starting point for functional analysis and allocation.

· Interface
Those requirements that describe the interface between two items

· Operational
Where, how, when, for what, for how long, and how efficient must the system be in performing its mission.

· Performance
The extent to which a mission or function must be executed, generally measured in terms of quantity, quality, coverage, timeliness or readiness.  

· Verification
Those requirements placed on the verification process.

4.2.1 Requirements Traceability 

Requirements traceability is crucial to determining that all Project requirements are addressed in the design.  Requirements will be traced from the JWST Level 1 Requirements down to the component level (Figure 4-4).  A goal of this analysis is to identify all non-linking requirements, which fall into two categories: lower-level requirements that do not trace directly to a higher-level requirement and high-level requirements that are not allocated to a lower level. 

Non-linking, lower-level requirements often indicate that higher level requirements have not been fully defined or are missing.  Derived requirements must be checked, making sure that they do not conflict with higher-level requirements or result in out-of-scope design work. Top-level requirements that do not flow down to lower levels may indicate required system performance that has not been factored into the design specifications.  In this case, the lower-level specifications are reviewed to see that they are responsive.  If not, they are appropriately revised.

The JWST Project will use the Dynamic Object Oriented Requirements System (DOORS) to document JWST requirements and provide traceability between requirements.  Once the database has been loaded with each document, links are established between individual requirements in the various documents.  These links allow the database user to determine how each requirement tracks between documents.  Top-level requirements will be traced to the Element and Subsystem level requirements using this database.  Derived requirements will be traced to their source documentation, if other than the next-highest level of specifications.  Source documents may be design notes or internal memos, and must link the derived requirements to higher-level requirements, even if that causes changing or the creation of a new high-level requirement.  In addition to the above documents, subsystem lead engineers are responsible for tracing their assembly specification requirements to higher-level documents, and justifying any derived requirements.  

4.2.2 Requirement Verification

For each requirement the verification method(s) is/are identified.  The early identification of how each requirement will be verified will reduce total system cost since the technical demands of integration and verification can drive cost and schedule.  A Requirements Analysis Report is also generated describing any operations concept or requirements that remain incomplete, ambiguous, untraceable, or non-verifiable/testable.  The Requirements Analysis Report also includes standard metrics such as number of requirements, number of requirements traced, number of TBDs, etc.  The Integration and verification (test) activities are shown on the right of the “Vee”.  At each level of the “Vee” testing is performed to ensure that all requirements are met prior to progressing to the next level.
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Figure 4‑5.  Requirements Development Process

4.3 Functional Analysis and Allocation

The second step in the system engineering process (Figure 4‑1) is Functional Analysis and Allocation.  Functional analysis is the systematic process of identifying, describing, and relating the functions a system must perform in order to fulfill its goals and objectives.  Functional analysis is the process of translating system requirements into detailed design criteria, along with the identification of specific resource requirements.  Functional analysis is logically structured as a top-down hierarchical decomposition.  In the early phases of the project life cycle (pre-phase A and phase A), the functional analysis deals with the top-level functions that need to be performed by the system, where they need to be performed, how often, under what operational concept and environmental conditions, and so on.  The functional analysis needs only to proceed to a level of decomposition that enables the system engineer to understand the full implications of the goals, objectives, and constraints in order to formulate an appropriate system solution.  

Several tools are available for performing functional analysis.  The primary tool is the functional flow block diagram (FFBD).  The FFBD shows the network of actions that lead to the fulfillment of a function.  Although the FFBD network shows the logical sequence of “what” must happen, it does not ascribe a time duration to functions or between functions.  To understand time-critical requirements, a time line analysis (TLA) is used.  The TLA can be applied to such diverse operational functions as spacecraft command sequencing and launch vehicle processing.  A third tool is the N2 diagram, which is a matrix display of functional interactions, or data flows, at a particular hierarchical level.

Requirements are allocated according to the following system hierarchy:

System

Segment

Element

Subsystem

Component

Assembly

Subassembly

Part

Figure 3-2 shows the System through Element portion of the JWST hierarchy.  At the system level the Level 1 requirements, Science Requirements and mission operations concept are decomposed into the Mission Requirements.  The mission requirements are then allocated to the three main Segments: Observatory, Ground and Launch. 

Within each Segment requirements are further allocated to each Element.  The Element level allocations are then used to generate Subsystem allocations, which are documented in the Subsystem specifications.  Subsystem engineers further allocate requirements to their components and assemblies. 

Since all allocations can change with design maturity, Systems Engineering assesses the allocations against "bottom-up" engineering estimates and recommends allocation changes when justified.  These changes require formal approval.

4.4 Design Synthesis

The third step in the system engineering process (Figure 4‑1) is Design Synthesis.  Design synthesis is the process of defining the product or item in terms of the physical and software elements that make up and define the item and how the item will be used in such a way as to represent a feasible system configuration.
  Inputs to this process are a functional architecture and any previously determined constraints or study results.  The result is a physical definition that is often referred to as the physical architecture and an operational concept.  The goal is to develop a physical architecture that has simple testable interfaces, supports a maximum parallel development effort and provides early recognition of problems through an integrated test program.  The result of design synthesis is continually feed back as an input to requirements analysis (section 4.3) until all design goals are achieved.  The following tasks are performed to help define the overall physical architecture and operational concept:

· Synthesize system element alternatives

· Integrated modeling of the alternatives

· Assess technology alternatives

· Define physical interfaces

· Define the system WBS

· Identification of mission phases

· Identification of operating modes

· Trade studies

· Select preferred concept/design

4.5 Verification

Verification refers to the process of ensuring that all requirements can be satisfied.  Further, verification of all requirements will be conducted via analysis, inspection or test during integration and test of the system.  The JWST Verification Plan (JWST-PLAN-002027) identifies the overall approach to accomplishing verification, establish requirements for each level of verification, establish verification methods, describe the verification process, and dictate what shall be included in the Verification Test Procedures.  Included in the plan is the overall approach of the verification program, descriptions of the configuration of the test item, test objectives, facilities, safety considerations, organization responsibilities, as well as descriptions of what will be contained in each Verification Test Procedure document.

System Engineering is responsible for ensuring that the Validation and Verification Program addresses all technical requirements stated in all requirement documents, specifications, IRDs and ICDs.  Figure 4-6 shows the verification process that culminates in the Verification Matrix.  The verification process must be in compliance with project plans such as the PAR, Contamination Control, Calibration, Modeling, etc.  In addition the verification process must be in compliance with various standards (including of the General Environmental Verification Specification) and safety documentation.
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Figure 4‑6. JWST Verification

All requirement documents, IRDs, design specifications and ICDs will include a verification matrix, which will contain the following information:

· The requirement to be verified 

· One or more of the verification methods from Table 4‑4
· The design phase and integration level(s) at which verification is performed

Table 4‑4.  Verification Methods

	Inspection
	Inspection is the process of measuring, examining, gauging, or otherwise comparing an article or service with specified requirements. Inspection tasks include: establishing the inspection criteria; preparing inspection plans and procedures; implementing the inspection; and documenting the inspection results.

	Analysis
	Analysis is defined as the mathematical or physical interpretation of simulation data or test data. Analysis tasks include: establishing the analysis objectives; preparing analysis plans; implementing the analysis; and documenting the analysis results.

	Demonstration
	Demonstration is defined as those measurements of a system or equipment taken in the field in which actual or representative environments and external stimuli are used, with recording of information individually or cumulatively to correlate events with time and stress. Demonstration tasks include: establishing the demonstration criteria; preparing demonstration plans and procedures; implementing the demonstration; and documenting the demonstration results.

	Test
	Tests are defined as measurements made under fully controlled and traceable conditions using simulated environments and external stimuli, as well as those measurements of a system or equipment taken in the field in which actual or representative environments and external stimuli are used. Testing tasks include: establishing test objectives; preparing a test plan and procedure; implementing the test; and documenting the test results.


4.6 System Analysis and Control

System analysis and control is conducted during each of the primary phases of the system engineering process.  Systems analysis and control is used to track decisions and requirements, maintain technical baselines, manage interfaces, manage risks, track cost and schedule, track technical performance, verify that requirements are met, and review/audit the progress.
  

This project uses various monitoring and control methods to ensure proper technical implementation of the requirements during the definition and execution phases for both the space and ground segments.  The monitoring methods at each step allow the System Engineer to accurately evaluate the technical progress and convey this to the Project Manager.  When deviations or problems occur, the process is designed to flag them in a timely fashion, and to provide an evaluation of solutions and project impacts.

4.6.1 Requirements Management

As illustrated in Figure 4-7, the Requirements Management Process will be controlled using the DOORS database. All requirements will be tracked using this tool.  Reviews, updates and all changes will be coordinated and archived here also.  
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Figure 4‑7.  Requirement Management Process

4.6.1.1 Interfaces and ICDs

Systems Engineering is responsible for defining and controlling all external and internal interfaces.  Systems Engineering defines and controls the interfaces between each system of interest to ensure compatible designs.  Systems Engineering is responsible for working interface conflicts to arrive at an equitable solution for both sides.  Interface Requirement Documents (IRDs) will be used to define and control the functional interfaces between systems of interest.  Interface Definition and Control documents (ICDs) will be used to define and control the detailed design of the interface.  

4.6.1.2 Mission Environments

The mission environments will be documented in an Environmental Specification.  

4.6.2 Trade Studies/Engineering Studies

System-level trades are conducted with the goal of optimizing the system architecture. The trades assess proposed changes to the System/Subsystem configuration or architecture, and to the requirements. Results will be used to update and detail system performance and design requirements allocations as necessary. In addition, analyses will be performed on COTS hardware and software recommended by team members to determine compatibility with system requirements. All trades will consider:

· Alternative architectures 

· Alternative operation scenarios or requirements 

· Assessment of technical and development risks

· Effects on operations

· Impact on verification

· Programmatic concerns (e.g. cost and schedule)

· Predicted performance

· Reliability

Each trade study will be documented in an Engineering Memo (EM), which will identify the subject, tradeoff considerations, and results.  The format specified in Appendix C will be used for each EM.  At a minimum each trade study EM should identify:

· The system issue under analysis

· System requirements and/or goals, objectives, and constraints

· The measures and measurement methods (models) used

· All data sources

· Alternatives chosen for analysis

· Computational results, including uncertainty ranges, and sensitivities

· Selection rule used

· Recommended alternative

4.6.3 Design Optimization

The JWST team conducted several design optimization activities right after prime contractor selection.  A selection was made of Option 4 by the NHQ and the PMO.  As identified in SP-6105, Para. 3.7, a Synthesis/Select Optimal Option is the final path of the Systems Definition.  All validated requirements for end items have been baselined, top-level architecture alternatives optimized and risk mitigation documented and in place.  A demonstration is ready that the system can be built within cost, schedule and performance constraints.  A specification of requirements is planned early in the conceptual phase to define the functionality of the products.

4.6.4 Design Standardization

General NASA Engineering practices apply in addition the use of FED STDs, DOD, IEEE 1220, ANSI, EIA 632, and specifications listed herein, where applicable, provides for standardization throughout the JWST Project.

4.6.5 Survivability/Vulnerability 

JWST requires the generation of a Systems Safety Plan and various studies such as contamination, FRI/EMI, and various engineering simulations conducted early in the design process.

4.6.6 Produceability 

The JWST Design Team must consider all aspects of the spacecraft life cycle especially the labor intensive I&T stage.  In order to provide ease of assembly/disassembly and element to component ease of access for troubleshooting, testing and sub-assembly/component rework and or replacement modularity and works-in-a-drawer design is highly recommended.  BITE design features are also encouraged down to the component level. Diagnostic testing techniques that provide self-test health checks and full-up performance testing are standard engineering practices.

4.6.7 Equipment Databases

Systems Engineering is responsible for developing and maintaining the Equipment Database(s) to track assembly resource requirements and properties and assess subsystem margins and contingencies. It is used to track engineering changes, compare the engineering estimates with allocated quantities, assess resource margins and contingencies, and provide a baseline assembly description for engineering analysis.  For each Space Segment assembly, the following data are reported: Quantity, unit and total mass estimates, allocated total mass, number of units operating in each mode, estimated Beginning-of-Life (BOL).  And EOL total orbit average power, allocated total orbit average power, number of units dissipating heat in each mode, estimated total heat dissipation and accuracy class.  The database is updated periodically as engineering changes are approved by issuing ECNs and represents the latest engineering estimates of assembly resources.  This information can be grouped by Subsystem or Element, which is used for tracking higher-level resources, margins and contingencies. Different databases can be maintained by each Element or Segment, as needed.

A separate Instrument Database shall be maintained, containing instrument scientific goals, instrument operating modes, mechanical configuration, command and data handling requirements, thermal requirements, power requirements, pointing and navigation requirements, EMC/EMI and contamination constraints, and special Integration and Test requirements. This database is used by Systems Engineering to assess compatibility of spacecraft bus-to-payload interfaces and is configuration controlled.

4.6.8 Fault Detection, Isolation, and Recovery

Systems Engineering will define the Fault Detection, Isolation, and Recovery strategy and requirements, using heritage designs as much as possible.  These will become the bases for development and implementation of Element and Subsystem Fault Detection, Isolation, and Recovery (FDIR).  The FDIR system concept will be documented and controlled.

4.6.9 Risk Management

Systems Engineering is responsible for the implementation of the Risk Management process, reporting to the Project Office the status of the mitigation efforts and any problems that are discovered during the Project.  Risk Management is performed according to the JWST Risk Management Plan (JWST-PLAN-000651) to identify the risk areas early in the Project, and to develop plans to reduce risk and implement these plans.  

4.6.10 Mission/Product Assurance and Quality Control

Part of the Systems Engineering function is assuring that the final product performs as required.  The role of day-to-day monitoring of this function is delegated to the Product Assurance/Quality Control (PA/QC) Engineers.  PA/QC monitors and reviews all activities to identify technical design concerns or problems of implementation (e.g., testing, operations, etc.) which could impair the scientific performance of the project, or which could otherwise jeopardize the mission.  PA/QC is responsible for the overall management, planning, reporting, and auditing of the performance assurance activities, which include both hardware and software quality assurance, and auditing the efforts of EEE parts control, materials and process control, safety, and reliability. 

4.7 Technical Performance Metrics

The following project metrics are collected and analyzed, as a minimum, in order to determine trends, performance strengths, weaknesses and probability of mission success.

Mission Metrics:

· Schedule Compliance: Time allotted and taken, variance

· Performance: Requirements met, not met, or deferred

· Risks: number and severity

· Critical Path: Number of Items along, Performance along

· Divergence from historical programs: Novelty, State-of-the-Art

· External Dependencies

· Observatory Mass

· Observatory Power

· Observatory Thermal Performance

Product Metrics:

· Measures of Effectiveness (MOEs) Achievement

· Achievement of Key Performance Parameters (KPPs)

· Technical Performance Measures (TPMs)

· Complexity/Producibility

· Requirements Traceability

· Requirements and Design Changes: Change Requests pending

· Quality and Stability: System Trouble Reports pending, Trend Analysis, Rework

· Computer Resource Utilization

· Software Metrics: AVDEP-HDBK-7, Rev.1, dated 1 Feb 1996 – Software Metrics Program

· Testing Metrics: Requirements identified, tested and passed

4.8 Technical Reviews

Technical reviews are divided into two major categories: project reviews and peer reviews. Major project reviews are the key technical milestones of the Project, conducted by Systems Engineering and covering a major segment of the project such as the spacecraft bus design. 

The major technical reviews are significant milestones in the project and are conducted by Systems Engineering.  The Systems Engineer/Manager approves the technical criteria for each review and establishes an agenda, with approval from Project Management.  

Technical meetings shall be conducted by Systems Engineering on an as-needed basis with coordination through the Project office. 
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Figure 4‑8   System Engineering Reviews

4.8.1 
Systems Engineering Reviews

The technical progress of the Project must be assessed at key milestones to ascertain readiness to transition into the next Project phase.  As illustrated in Figure 4-8, these reviews are event driven activities, that is, the technical progress milestones require that certain specific tasks must be completed prior to conducting the review. System Engineering collects and reviews the documentation that demonstrates the technical progress planned for the milestone, and submits the materials as a data package to the review team prior to the review. This allows adequate review by the selected technical representatives to identify problems and issues that can be discussed at the review.  Systems Engineering is responsible for the agenda, organization, and conduct of the review as well as obtaining closure on any action items and corrective actions. Systems Engineering acts as recorder, noting all comments and questions that are not adequately addressed during the presentations. Discrepancies, comments, and action items are collected at the end of each day. The key government and contractor personnel caucus at the end of the final day to generate the final action item list. Systems Engineering shall prepare and issue meeting minutes to all par​ticipants within 10 days of review. 

The following Project Reviews are held in accordance with the JWST Project Plan. For more detailed definitions and guidance on the following definitions, refer to JSC 49040, "NASA Systems Engineering Process for Projects and Projects". For all reviews below, a review team independent from the JWST organization will coordinate, chair, provide independent reviewers, and provide technical evaluation and issue actions items.

4.8.2 
Project-Level Reviews

Systems engineering conducts the reviews shown in Table 4-4 for the project.  The row for reviews in Table 4-4 lists only the reviews that are the direct responsibility of the indicated organization.

Table 4-5 Project Reviews

	
	Mission 

Systems Engineer (MSE)
	Observatory Systems Engineering (NGST)
	S&OC Systems Engineering

(STScI)
	ISIM Systems Engineering

(GSFC)

	EPR

SRR

SDR

PDR

CDR

TRR

MOR

PSR

FRR
	Insight & Recommend

Mission, Ground

Mission, Ground

Mission, Ground

Mission, Ground

Mission, Ground
	OBS, OTE, SC, LV

OBS, OTE, SC, LV

OBS, OTE, SC, LV

OBS, OTE, SC, LV

OBS, OTE, SC, LV

OBS, OTE, SC, LV
	SOC 

SOC

SOC

SOC

SOC

SOC
	ISIM, SIs

ISIM, SIs

ISIM, SIs

ISIM, SIs

ISIM, SIs

ISIM, SIs


4.8.2.1 
Engineering Peer Reviews (EPR)

Engineering Peer Review (EPR) are focused, in-depth technical reviews that add value and reduces risk through expert knowledge infusion, confirmation of approach, and specific recommendations.

An EPR Plan that lists the items to be reviewed and the associated life-cycle milestones for the reviews will be produced.

The EPR teams shall be comprised of technical experts with significant practical experience relevant to the technology and requirements of the subsystem, component to be reviewed.

The EPR presentation materials shall be placed in the project library and maintained throughout the project/product lifecycle.

A summary of results from each EPR conducted since the last Integrated Independent Review (IIR) shall be presented at the next IIR.

The Product Manager (Project Manager, Project Formulation Manager, Instrument Manager, or Principal Investigator) shall define and implement a set of Engineering Peer Reviews (EPRs) for hardware/software subsystems of the product commensurate with the scope, complexity, and acceptable risk of the product in accordance with GPG 8700.6.  

A variety of reviews are held by each team member and their staff. These reviews are the primary mechanism for internal technical Project control. The following peer reviews are held regularly.

4.8.2.2 System Requirements Review (SRR)

A technical review of the mission requirements, as well as requirements at the system level, to demonstrate that the requirements at the system level meet the mission objectives, and that the system specifications are sufficient to meet the project objectives.

4.8.2.3 System Definition Review (SDR)

A technical review of the system architecture, with regards to requirements, specifications, operational concepts, plans, and cost and schedule estimates, established as a result of the definition effort.

4.8.2.4 Preliminary Design Reviews (PDR)

A comprehensive, technical review of the preliminary design showing that it meets all system and interface requirements with acceptable risk, is adequately defined, and can be verified. All elements are covered in this series of reviews, which cover Assembly or Subsystems, Elements, and Segment PDRs. 

4.8.2.5 Critical Design Reviews (CDR)

A comprehensive, technical review of the complete system design in full detail, showing that all problems have been resolved, and that the design is sufficiently mature to proceed to manufacturing.  Provides a comprehensive review of all verification plans to ensure that all performance and interface requirements can be verified.  All elements are covered in this series of reviews, which cover Assembly or Subsystems, Elements, and Segment CDRs. 

4.8.2.6 Test Readiness Review (TRR)

A formal technical review of the system that establishes functional compliance with all technical requirements prior to exposure to environmental testing.

4.8.2.7 Mission Operations Review (MOR) 

A formal review of ground segment plans for operations, verification, and readiness for Observatory integration and test.

4.8.2.8 Pre-Ship Review (PSR)

A technical and Projectmatic review prior to shipment of the Space Segment to the launch site to demonstrate the system has verified all requirements. The technical review will concentrate on past system performance during functional and environmental testing. The Projectmatic review will emphasize preflight activities planned for the launch site and other support areas.

Flight Readiness Review (FRR)

A formal review to determine the overall readiness of the system for launch.

4.9 Configuration Management

System Engineering controls the technical baselines of the project and ensures efficient and logical progression through the baselines.  Typically, these baselines are the: “functional," ''design to,” "build-to'' (or "code-to"), "as-built" (or "as-coded"), and ''as-deployed."  These baselines are established after completion of the appropriate review.  

The CM process, utilizing DOORS software tools, ensures that all proposed and approved technical and programmatic changes to JWST hardware, software, GSE, ground system, SOC, Science, LV interfaces, testing verification and associated documents and drawings shall be systematically evaluated for validity, merit, need, and impact.  This is to ensure all preventive and corrective actions affecting the quality of these JWST resources are fully documented and archived over the project life cycle.  In addition, the James Webb Space Telescope Project Configuration Management Procedure (JWST-PROC-000654) satisfies the CM requirements of GPG 1410.2 and 400-PG-1410.2.1.
The CM review process includes the Systems Engineering Organization review of all changes to ensure they are compatible in terms of technical performance and schedule.  Technical review performed by the Systems Engineering Organization will be done with the support of the Discipline and Product engineers from across the organization.

4.10 Integration and Test

The Integration and Test Plan (JWST-PLAN-XXXXX) describe who is responsible for the physical integration and testing of the Space Segment and for the planning of all launch-site activities.  

5.0 Systems Engineering Tools

5.1 STatement of Work (SOW)

The contract SOW describes the effort required to develop, design, fabricate, integrate, and test the JWST mission Segments; deliver the completed Segments to their respective operational locations, and perform operations as described in the Project Plan.  This is a contractual document controlled and maintained by the JWST Project. 

5.2 Work Breakdown Structure (WBS) 

The contract Work Breakdown Structure (WBS) and Dictionary divides the tasks, as broken down in the SOW, into discrete and manageable segments.  The WBS is documented in (TBD), maintained by Resource Management, and used to organize and assign technical responsibilities and tasks.

Systems Engineering will use the WBS to evaluate the work within each partner’s responsibility and across interfaces for a comprehensive, systems-level assessment of the status and adjustments required during the JWST lifecycle.  

5.3 Technical Plans

Project technical plans provide detailed technical direction to specific areas of the project to ensure that the products comply with the project requirements.  These plans are extensions of this SEMP and are reviewed and approved by Systems Engineering through the CM process. 

5.4 Project Schedule/Milestones

One of the key management tools required in the accomplishment of any project is that of scheduling.  An accurate portrayal of the sequence of events and the pinpoint date or time for events helps all participants in the accomplishment of their task.  Project Management will maintain the master schedule, and will provide to Systems Engineering the schedule and milestones associated with all Systems Engineering activities.  This schedule will be updated at regular intervals or as needed by Project Management.

System Engineering participates in establishing a realistic JWST schedule baseline, including the development of critical product and interface documentation.  Systems Engineering monitors schedule progress, supports the forecast of completion trends, and utilize this information to make recommendations on trades or adjustments to the JWST Project Manager.  

5.5 Technical Performance Measures (TPMs)

Technical Performance Measures (TPM) are used in concert with cost and schedule performance measurement to provide an overall picture of Project status. The TPM tracking Project will tie together several basic systems engineering activities (i.e., systems analysis, functional and performance requirements definition, and verification and validation activities). 

Systems analysis activities and trade studies will help identify and quantify system effectiveness and performance requirements. Functional and performance requirements definition help identify verification and validation requirements, which in turn result in quantitative evaluation of TPMs. 

When TPM thresholds are exceeded, it is a signal to replan cost, schedule, and human resources. In addition, this may trigger new systems analysis activities.

TPM development and tracking will begin with the establishment of the design baseline, planned for early in Phase B. Additional TPMs will be developed throughout the lifecycle of the Project as tracking data is developed.

TPM data will be developed that is relevant to each system element, power, mass, etc.  The systems engineering group will determine which metrics are appropriate for each element and establish a tracking system to measure performance. TPMs will be established that can be measured objectively by direct or indirect testing and analysis.  TPMs that are tracked through analysis will be based on demonstrated values to the maximum extent possible, and performed using the same measurement methods or models used during the trade studies. The models will continue to replace estimated data with demonstrated data as the Project matures and measured data becomes available.

Selected TPMs will fall well within defined system limits, which reflect a hard boundary that can not be exceeded. An example would be the high-level TPM of the LV mass limit. Tracking at this high level will ensure that the capability of the LV is not exceeded.

TPMs will be established on a time-phased planned profile, continuously monitoring demonstrated values against the profile. The planed profile will take into account a number of factors, including system technological maturity. For example, greater margins or reserves are required for a less mature system. The established margins and reserves will be based on lessons learned from other NASA missions. 

Parameter selection is based on the measures of system effectiveness, impact to system performance, and appropriate technical attributes of the Project. Systems Engineering selects the parameters, and with the Subsystem Leads, and defines the control method for each parameter. Definition of the input data types, formats, and schedules required to support these analyses will be established by agreement with the team members as appropriate.

Once the final critical parameters have been established at SRR, the subsystems report the status of each parameter that has been allocated to their area on a regular basis. Systems Engineering maintains constant monitoring of the performance status, defines alternatives and mitigation plans for areas falling short of full performance, and assesses impacts of potential risks. The JWST Project Office has full visibility into this process through the technical metrics used to assess progress. System impact of any change is determined, trends are generated and corrective action, where required, is implemented in a Mitigation Plan.

5.6 Resource Margin 

Resource margin is defined as the amount of resource remaining when an estimate plus the associated contingencies and reserves are subtracted from the available quantity. Margin is calculated at the Element level. For mass margin, the LV lift capability is used as the available resource, and for power margin the Observatory End-of-Life (EOL) solar array capability is used. Margin can be represented by the equation:

Margin = Available Resource -(Design Estimate + Contingency + Manager Reserve)

Small or negative margins will trigger a review of the design, resulting in either reallocation of resources, release of design contingency, or modification to the proposed hardware design.

5.7 Contingency Criteria

Contingency is defined as a percentage of resource (e.g., mass or power) added to an estimate as a provision for uncertainty. Contingency accounts for the tendency of resource usage to increase as the design progresses. Up through the PDR phase of the Project, 20 percent contingency is applied to a resource usage estimates for the purposes of design and analysis work, including subsystem sizing. After PDR, contingency is based on the "accuracy class" (i.e., stage of development) of each hardware assembly.  Each assembly is assigned one of the following accuracy class numbers:

· Just like an existing flown unit

· Qualified by similarity - existing technology

· New development - existing technology

· To be developed - new technology

As the design converges and uncertainty and risk are retired, contingency is reduced. This helps to avoid oversizing of subsystems, which can occur if contingencies are too high. For example, if power contingencies are higher than necessary to account for design evolution, then radiators will be oversized. When this happens, keeping equipment at minimum temperatures requires either radiator modulation, which adds complexity, or added heater power, which further drives up power requirements. Reduction of contingency can occur in two ways:

1. The contingency held for each accuracy class is reduced at major Project milestones. This accounts for the increasing maturity of the overall design.

2. Reduction in the accuracy class designation of specific hardware is triggered by other key milestones, such as the successful development and test of an Engineering Test Model (ETM) or completion of detailed analysis.

Table 5-1.  Contingency Release Schedule

	Project Phase
	Allocated System Contingency (Percent)

	
	Class 1
	Class 2
	Class 3
	Class 4

	Pre-PDR
	20
	20
	20
	20

	Pre-CDR
	2
	5
	10
	20


The mass and power Systems Engineers should use the following methods to keep mass and power at acceptable levels:

b. Review and coordinate all changes and define margin requirements as a function of Project maturity, and consistent with design experience.

c. Identify baseline mass and power properties and limits at start of project and track throughout project until measurement verification prior to launch.

d. Allocate adequate contingency among subsystems to allow design refinement with minimal impact on subsystem and system design, manufacturing, and test activities.

e. Track and report key mass properties parameters including:

1. Unit and subsystem weights

2. Centers of gravity of all components

3. Dynamic and/or static imbalance (stowed)

4. Spin-to-transverse moment of inertia ratio (stowed)

5. Maximum-to-minimum transverse moment-of-inertia variation (stowed)

6. Deployed moments of inertia

7. Moment on LV adapter

8. Weight margin for selected LV

f. Power source levels and usage is summarized for all operating modes by unit and subsystem (including battery charging and distribution losses). This will include:

9. Equinox and solstice operations

10. BOL and EOL

11. Eclipse and sunlight operations

12. Nominal and worst case operating conditions

13. Transfer orbit and operational orbit

14. Peak and steady-state load operation

15. Safe-hold operations

g. Provide an alert of any unfavorable trends or design concepts that could degrade performance.

h. If the margins fall below minimum, perform tradeoffs to recover margin

5.7.1 Propellant

Systems Engineering works with Space Segment subsystem engineers to support the development and maintenance of the Space Segment propellant budget. Systems Engineering maintains propellant budgets to reflect changes in satellite mass properties, thruster performance, and/or mission requirements. A weight-versus-life exchange ratio is calculated and used to estimate the impacts of hardware changes or weight growth on projected excess life capability. The propulsion subsystem configuration is reviewed, and operational strategies are developed that minimize propellant usage. The propellant budget is then input to the mass allocation process.

5.7.2 Pointing (Alignment)

The allowable contribution of the Spacecraft Bus to instrument pointing error, any antenna pointing errors, (i.e., gimbal accuracy, performance changes over time, and attitude sensor error) and solar array pointing error is allocated by Systems Engineering.  Systems Engineering also works with mechanical and thermal subsystem engineers to develop and maintain the Space Segment alignment plan, to assess the effect of attitude disturbances (e.g., thermal transients, thrusters, mechanisms, solar and magnetic torques) on the Space Segment system, and develop strategies to minimize their impacts. The instrument(s) contribution(s) to instrument pointing error and attitude disturbances is assessed cooperatively between the Spacecraft Bus and Instrument Element leads. 

5.7.3 Command and Telemetry Allocations

Systems Engineering analyzes the Space Segment requirements for commands and telemetry in order to allocate commands and telemetry to Elements and Subsystems. The allocations are maintained in the Command and Telemetry Lists. These lists must include all information for each command/telemetry, such as:

i. Mnemonic, title, description, channel number, format [e.g. Consultative Committee for Space Data Systems (CCSDS]

j. Telemetry channel type (analog, bilevel, and serial)

k. Command type (low-level pulse, high-level pulse, serial)

l. Command pulse width required for function activation

m. Indication of hazardous and critical commands

n. Sorts of command and telemetry information by subsystem and unit

5.7.4 Link Margin and Allocation 

Systems Engineering maintains link margin calculations for both command and telemetry, with margin allocated based on project maturity. As the design matures, replace margins with measured/actual values, and increase fidelity of analysis to reflect details of the Space and Ground Segments respective properties.

5.7.5 Processor

Key tracking parameters of the processor(s) include memory, throughput, and bus bandwidth utilization. Processor resource management involves maintenance of adequate spare Random Access Memory (RAM) and Programmable Reads Only Memory (PROM).

Key tracking parameters of the Ground Segment include estimates of timelines for various operations scenarios

5.7.6 Reliability Analysis 

Systems Engineering reliability analysts calculate the mission lifetime probability of success. If calculated reliability falls below the specified levels, Systems Engineering suggests design changes that improve the reliability at minimum cost. Tradeoffs also suggest means of reliability improvement for modest use of weight, power, schedule, or other resources. Systems Engineering should follow the reliability evaluation process shown here:

16. Establish reliability criteria for the System

17. Gather reliability data for parts/subassemblies/assemblies

18. Specify Space Segment operating modes for the purposes of reliability modeling

19. Support Subsystem/Reliability Engineers in calculating and evaluating reliabilities based on design complexity, operational use, parts count, parts type, and parts failure rates. This effort can involve:

o. Electronic parts stress-derating analyses

p. Worst-case circuit analyses

q. Mechanical device stress analyses

r. Thermal analyses

s. Life limiting wearout analyses defining operational constraints for each unit and evaluating margins

t. Test failure (if applicable) identification, investigation, documentation, reporting, and corrective action definition

20. Perform initial Failure Modes and Effects Analyses (FMEAs) by determining critical unit failures at interfaces between each unit (their input/output) and determining existing levels of function redundancy.

21. Complete system level analyses, identify the lowest reliability parts/assemblies, and define means of eliminating susceptibility.

22. Evaluate and select design changes with the lowest system impact to increase reliability, if needed

23. Perform Probabilistic Risk Assessment (PRA) and with Project concurrence make decision on design change.

24. If Yes, modify the design to account for low-reliability areas.

25. Perform tests to verify design (e.g., mechanism life cycle testing).

26. Finalize FMEA results, showing current design meets the criteria.

27. Identify telemetry to monitor low-reliability areas.

28. For Ground Segment equipment, incorporate results into the sparing requirements and maintenance facility requirements.

5.7.7 Orbital Debris Analysis

Systems Engineering will perform an orbital debris analysis and generate a report to fulfill the requirements of NASA Safety Standard 1740.14.

APPENDIX A - Abbreviations and Acronyms

	ARC
	Ames Research Center

	BOL
	Beginning-of-Life

	CAD
	Computer Aided Design

	CCAS
	Cape Canaveral Air Station

	CCB
	Configuration Control Board

	CCR
	Configuration Change Request

	CCSDS
	Consultative Committee for Space Data Systems

	C&DH
	Command and Data Handling

	C&DM
	Configuration and Data Management

	CDR
	Critical Design Review

	CEI
	Contract End Item

	CI
	Configuration Item

	CM
	Configuration Management

	CMO
	Configuration Management Officer

	CO
	Contracting Officer

	CONOPS
	Concept of Operations

	COTS
	Commercial Off The Shelf

	CRM
	Continuous Risk Management

	CSA
	Canadian Space Agency

	LSEE
	Chief Software Systems Engineer

	DCN
	Document Change Notice

	DOD
	Department of Defense

	DOORS
	Dynamic Object Oriented Requirements System

	DPM/R
	Deputy Project Manager/Resources

	DR
	Design Review

	DRD
	Data Requirements Document

	DWG
	Drawing

	EEE
	

	EIA
	Electronic Industries Alliance

	ECN
	Engineering Change Notice

	EM
	Engineering Memo

	EMC
	Electromagnetic Control

	EMI
	Electromagnetic Interference

	EO
	Engineering Order

	EOL
	End-of-Life

	ESA
	European Space Agency

	ESD
	Electro-Static Discharge

	ETM
	Engineering Test Model

	ETU
	Engineering Test Unit

	FDIR
	Fault Detection, Isolation, and Recovery

	FGS
	Fine Guidance System

	FMEA
	Failure Modes and Effect Analysis

	FSW
	Flight Software

	FTA
	Fault Tree Analysis

	GDMS
	Goddard Directives Management System

	GEVS-SE
	General Environmental Verification Specification - Systems Engineering

	GFE
	Government Furnished Equipment

	GIIS
	General Instrument interface Specification

	GIRD
	General IRD

	GPG
	Goddard Procedures and Guidelines

	GSE
	Ground Support Equipment

	GSFC
	Goddard Space Flight Center

	HDBK
	Handbook

	ICD
	Interface Control Document

	ID
	Identification

	IIR
	Independent Integrated Review

	IM
	Integrated Modeling

	IRD
	Interface Requirements Document

	ISIM
	Integrated Science Instrument Module

	ICD&H
	ISIM C&DH

	I&T
	Integration and Test

	ITAR
	International Traffic in Arms Regulations

	JPL
	Jet Propulsion Laboratory

	JSC
	Johnson Space Flight Center

	KSC
	Kennedy Space Center

	LOA
	Letter of Agreement

	LV
	Launch Vehicle

	MAR
	Mission Assurance Requirement

	MCDL
	Master Controlled Document List

	MIRI
	Mid-Infrared Instrument

	MOA
	Memorandum of Agreement

	MOU
	Memorandum of Understanding

	MSE
	Mission Systems Engineer

	NAR
	Non-Advocate Review

	NASA
	National Aeronautics and Space Administration

	NCR/CA
	Non-Conformance Report/Corrective Action

	JWST
	James Webb Space Telescope

	NIRCAM
	Near-Infrared Camera

	NIRSPEC
	Near-Infrared Spectrograph

	NSTS
	National Space Telescope System

	NTE
	Not to exceed

	OTE
	Optical Telescope Element

	PA
	Product Assurance

	PAR
	Product Assurance Requirements

	PDF
	Portable Document File

	PDL
	Product Design Lead

	PDR
	Preliminary Design Review

	PG
	Procedures and Guidelines

	PIP
	Payload Integration Plan

	PL
	Parts Lists

	PLF
	Payload Fairing

	PMO
	Project Management Office

	PR
	Procurement Request

	PRA
	Probabilistic Risk Assessment

	PROM
	Programmable Read Only Memory

	PSM
	Project Support Manager

	QA
	Quality Assurance

	QC
	Quality Control

	QMS
	Quality Management System

	RAM
	Random Access Memory

	RF
	Radio Frequency

	RFP
	Request for Proposal

	ROM
	Rough Order of Magnitude

	SAM
	System Assurance Manager

	SDR
	Systems Design Review

	SEMP
	Systems Engineering Management Plan

	SEP
	Systems Engineering Plan

	SET
	Systems Engineering Team

	SI
	Science Instrument

	SLT
	Senior Leadership Team

	SOC
	Science and Operations Center

	SOW
	Statement of Work

	SOWG
	Software and Operations Working Group

	SRR
	Systems Requirement Review

	STScI
	Space Telescope Science Institute

	SWG
	Science Working Group

	TAA
	Technical Assistance Agreement

	TC
	Telemetry and Command

	TIM
	Technical Interchange Meeting

	TM
	Technical Memo

	TPM
	Technical Performance Measure

	UIRD
	Unique IRD

	WBS
	Work Breakdown Structure

	WFS
	Wave Front Sensing

	WFS&C
	Wave Front Sensing and Control

	WOA
	Work Order Authorization
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