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1.0 
Introduction

1.1
Document Purpose

This document is the FSW Branch (Code 582) Product Plan for development of the NGST Common Command and Data Handling (CC&DH) and Integrated Science Instrument Module (ISIM) Flight Software (FSW) system. 

This Product Plan is the ISO quality planning document for producing the FSW. See Section 1.4 for related details.

There are six major goals for this document:

(1)
To describe what products FSW Branch will deliver as the NGST FSW system, and what the FSW Branch will need from the Project in order to complete this development.

(2)
To define who is responsible for producing the products.

(3)
To describe the baseline schedule for completing the effort.

(4)
To specify the cost of producing the FSW, as a function of time.

(5)
To describe how and where the work will be carried out.

(6)
To reach a mutual understanding and agreement with our customer on items (1) through (5).

1.2
Document Organization

Section 1 of this document presents some introductory material, and an overview of the mission and the FSW system to be developed. 

Section 2 (Customer Agreement) summarizes the requirements, deliverables, and other mutually agreed aspects of the relationship between the Project and the FSW Branch. 

Section 3 (Management Approach) describes how the FSW Branch will manage the FSW development process.

Section 4 (Technical Approach) describes the technical approach to developing, delivering, and maintaining the FSW products.

Section 5 (Product Assurance) describes the Branch approach for ensuring the quality of the delivered products.

Appendix A (Acronyms and Abbreviations) defines the acronyms and abbreviations used in this document.

Appendix B (Mapping to Product Development Handbook Outline) provides a mapping between the Product Plan outline in Appendix of the ISC Product Development Handbook, and the sections of this document.
1.3
Background and Scope

The Next Generation Space Telescope (NGST), scheduled for launch in Fiscal Year (FY) 2009, will carry cameras and spectrographs sensitive to infrared radiation that will allow astronomers to observe the farthest reaches of the universe. Extensive descriptive information regarding NGST and the Project may be found at the NGST web site (see URL:http://ngst.gsfc.nasa.gov/).  NGST will perform the astronomical observations from a location orbiting the Earth-Sun L2 libration point. Figure 1.3-1 depicts the NGST System, Segment, Element, and Subsystems.   The NGST system is composed of a launch segment, observatory segment, and a ground segment that must inter-operate effectively to achieve goals for observing efficiency and science productivity while simultaneously making efficient use of operational resources.  Both the flight and ground segments have substantial software complements that must be developed and subsequently maintained throughout the mission lifetime. The Optical Telescope Equipment (OTE) and Spacecraft elements are developed separately from the ISIM element. The “white boxes” in Figure 1.3-1 show the Integrated Science Instrument Module (ISIM) element and the Common Command and Data Handling (CC&DH) in the Spacecraft element, ISIM element, and Science Instrument (SI) subsystems.  The white boxes represent the FSW described in this product plan. Software for the remaining Observatory Segment (Spacecraft and OTE elements), the Ground Segment, and the SIs will be described in separate Product Plans.  

[image: image1.wmf]
Figure 1.3-1
NGST Primary Constituents

When completed, the ISIM element is integrated with the spacecraft element and OTE element to complete the NGST observatory segment. The ISIM element consists of a physical structure that houses the OTE subsystem mirrors, the SIs, and associated hardware and electronics.  The SIs, as defined in the GSFC Yardstick concept, are the Near Infrared Camera, the Near Infrared Spectrograph, and the combined Mid Infrared Camera/Spectrograph.  Each of the SIs has a multi-configuration optical/mechanical system for transmission of the light and a focal plane array (FPA) detector system for measuring the incident light.  The data systems and software elements required to monitor and control these components reside in the ISIM processor. The SIs are developed separately and integrated into the ISIM element prior to observatory integration.  Similarly, the SI FSW is developed separately and integrated into the ISIM FSW to form an integrated ISIM FSW system. The NGST FSW is based on a Common Command and Data Handling (CC&DH) system.  All flight processors are required to utilize the CC&DH software by the NGST Level 2 requirements document.

The CC&DH provides the core command and data handling functionality for the Spacecraft Support Module (SSM) FSW, SI FSW, and ISIM FSW.  The C&DH consists of the CC&DH, the ISIM C&DH, SSM C&DH, and potentially SI C&DH.  All flight processors will use the same CC&DH Flight HW and FSW. The CC&DH requirements, as represented in Figure 1.3-2, include:

· Executive services-packetization, memory, and user information

· Non-volatile memory management

· Command management

· Stored Commanding

· Local and External Bus Communication  

· Telemetry management

· Subsystem monitoring, limit checking and response

· Time management

· Memory loading and dumping

· Computer health and safety 

The ISIM C&DH requirements, as represented in Figure 1.3-2 include:

· SI Mechanism Interface

· ISIM Thermal Interface

· SSM Time Synchronization

· FPA Interface

The ISIM FSW architecture is shown in Figure 1.3-3.  

The CC&DH FSW is developed by an Integrated Product Development Team (IPDT).  The CC&DH FSW IPDT includes members from the FSW Branch (Code 582), the SSM FSW developer, and the Ground System developer.  Tasks developed by the SSM FSW developer are deliverables under their associated contract.  Upon completion, the CC&DH FSW is baselined, and delivered to the SSM FSW developer, the ISIM FSW developer, and the SI FSW developers.  Throughout the SSM, ISIM, and SI FSW development activities, the CC&DH FSW is configuration controlled.

The ISIM FSW is also developed by an IPDT with members from the FSW Branch (Code 582) and the Ground System developer.  Upon completion, the ISIM FSW is baselined, and delivered to the SSM FSW developer for final NGST FSW integration. The ISIM FSW is configuration controlled throughout the ISIM FSW development activities.

The approach to developing the CC&DH, ISIM C&DH, and ISIM Application FSW are described in this plan.  In addition to the CC&DH and ISIM FSW, this plan also provides information on any supporting infrastructure (Development and Test laboratories and tools) required to successfully complete the CC&DH and ISIM FSW.  Throughout this document, NGSTFSW will be defined as the SSM, C&DH, and ISIM FSW. NGST Software (SW) will be defined as the NGST FSW and Ground Segment SW.  CC&DH FSW and/or ISIM FSW will be specified in most cases.  It is anticipated that the Canadian Space Agency (CSA) and European Space Agency (ESA) will provide a guider capability and spacecraft bus for the Observatory.  These systems will likely contain CC&DH FSW.   Upon completion of the architectural studies, this document will be updated to include them as CC&DH users, if appropriate.  
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Figure 1.3-2
NGST FSW Requirements Model
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Figure 1.3-3
ISIM FSW Architecture

1.4
Document Development, Review, Approval, and Update

This Product Plan has been developed by the NGST FSW Systems Manager, and reviewed and approved by members of the FSW Branch and NGST Project (Section 2 only), as listed on the signature page. 

This document presents a snapshot of planning information that is current at the time of signature. Detailed cost, schedule and other planning information will be maintained by the NGST FSW Systems Manager. The planning information in this document will only be updated if both Branch and Project agree that there is a change in cost, schedule or scope sufficient to merit a re-plan of the software effort. (See Section 1.5 for updates associated with changes to reference documents).

This plan is consistent with the NGST Software Management Plan, NGST-PLAN-000653. The baseline version of this document was produced after the FSW CC&DH Requirements Review. After initial approval, the document will be treated as a Controlled Document (described in Section 5.2.4), placed under Flight Software Branch (Code 582) Configuration Management (CM) and tracked by Information Systems Center (ISC). Changes will be listed in the Plan Update History. It is envisioned that this plan will be updated after the ISIM FSW Requirements Review.

This plan is consistent with the design planning information required by Goddard Procedures and Guideline (GPG) 8700.1 (Design Planning and Interface Management) and (GPG) 8700.5 (In-house Development and Maintenance of SW Products), the process management information required by GPG 8072.1 (Process Control), and GPG 5330.1.

GPG 5330.1 (Product Processing, Inspection, and Test) describes the use of the Work Order Authorization (WOA) to document the processing of GSFC products. Paragraph 2.1.5 of the GPG recognizes that the WOA may not be appropriate for software development activities, and allows the use of a WOA equivalent document. The WOA equivalent document for the development of NGST ISIM FSW is provided by Section 4.1 (Software Development Plan) and Section 5.3.1 (Identification and Traceability of Products) of this Product Plan, together with all associated documentation and references.

1.5
References

This document references explicit versions of several GPGs, and FSW Branch standards documents. The policy with respect to how changes in these documents affect this document is as follows:

The versions referenced are current at the time of writing. If a GPG (or standards document) changes at a point in the development life-cycle after which the referenced process is no longer being used, the reference in this document will not be updated. For example, if we reference Revision A of the Procurement GPG, and Revision B is released after we have finished all procurements on this project, it would be incorrect to update the reference – the procedure actually used for procurement was Revision A. 

If there is a change in a GPG (or standards document) relating to a process, which has not yet been completed, the change will be evaluated for impact on the content of this document and the related development process. In this case, the reference will be updated to reflect the new version, along with required changes (if any) to the document. It will not be necessary to update the signature page in this case.

Tables 1.5-1 and 1.5-2 provide a list of GPG and FSW Branch references and standards, respectively, that are referenced in or applicable for this Product Plan.

Table 1.5-1 
GPG References

	Title
	Document #
	Date

	Procurement
	GPG 5100.1B
	03/02/00

	Product Processing, Inspection, and Test
	GPG 5330.1C
	2/22/00

	Process Control
	GPG 8072.1C
	8/9/99

	Design Planning and Interface Management
	GPG 8700.1C
	8/9/99

	In-house Development and Maintenance of SW Products
	GPG-8700.5
	


Table 1.5-2
FSW Branch Standards and References

	Title/Locations
	Document #
	Rev
	Status
	Date

	2000
	
	
	
	

	Flight Software Unit Test Standard

fsw.gsfc.nasa.gov/library/unit_test_requirements.pdf>
	582-2000-002
	
	Draft
	01/18/00

	Flight Software Branch Software Development Process Configuration Management Recommended Practice

fsw.gsfc.nasa.gov/library/cm_practice.pdf>
	582-2000-003
	
	Draft
	03/23/00

	Flight Software Mathematical Entity Naming Standard

fsw.gsfc.nasa.gov/library/math_naming_standards.pdf
	582-2000-004
	
	Draft
	06/01/00

	Flight Software Branch C Coding Standard
fsw.gsfc.nasa.gov/library/code_standards_c.pdf>
	582-2000-005
	
	Baseline
	09/07/00

	Flight Software Component Documentation Standard

fsw.gsfc.nasa.gov/library/document_standards.pdf>
	582-2000-006
	
	Draft
	

	Flight Software Branch Product Plan Template
fsw.gsfc.nasa.gov/> 
	582-2000-007
	
	Baseline
	09/27/00

	Flight Software Requirements/Preliminary Design Review Guidelines
fsw.gsfc.nasa.gov 
	582-2000-008
	
	Draft
	11/01/00

	Flight Software Critical Design Review Guidelines
fsw.gsfc.nasa.gov/
	582-2000-009
	
	Draft
	11/01/00

	Flight Software Acceptance Test Results Review Guidelines
fsw.gsfc.nasa.gov/ 
	582-2000-010
	
	Draft
	11/01/00

	Flight Software Acceptance Test Readiness Review Guidelines
fsw.gsfc.nasa.gov
	582-2000-011
	
	Draft
	11/01/00

	2001
	
	
	
	

	Software Requirements Specification for the Flight Software Common Command and Data Handling System
<http://fswevolution.gsfc.nasa.gov/library/
	NGST-SPEC-000692

582-2001-004
	
	Prel
	06/20/01

	Flight Software Testbed Capabilities Guidelines
fsw.gsfc.nasa.gov
	582-2000-012
	
	Draft
	05/01/01

	Flight Software Branch C++ Coding Standard
fsw.gsfc.nasa.gov/library/code_standards_c++.pdf>  
	582-2001-002
	
	Draft in Progress
	

	Flight Software Branch ROSE Realtime Auto Code Standard 
	582-2001-003
	
	Draft in Progress
	

	
	
	
	
	


2.0
Customer Agreement

This section describes the FSW Branch (Code 582) commitments on the products to be developed, the schedule for development, the resources required, and the mechanisms for communicating with the customer. The purpose of this section is to expose these items to the customer as a means of negotiating and documenting mutual agreements. The customer’s signature on the signature page indicates concurrence with this section.

2.1
Customer Identification

The primary customer for the CC&DH and ISIM FSW is the NGST Project. The NGST Project is providing funding for the CC&DH and ISIM FSW development, test, validation and on-orbit maintenance, and will supply the mission requirements and oversight of the various organizations involved in the effort. 

Other organizational interdependencies with the FSW development team are noted in Section 2.5 (Receivables and Deliverables).

2.2
Customer Goals and Objectives

The goals for NGST FSW development are intended to directly support the NGST Project Goals for acquiring scientific knowledge as stated in the Goals section of the NGST World Wide Web site.  The overarching goals of the NGST FSW Development activities are to:

Develop high quality FSW products that meet NGST FSW functional and quality of service requirements.

· Error free 

· CC&DH provides sound infrastructure for all subsequent FSW

· Provides functionality needed to meet ISIM Integration and Test schedules

· Provides functionality needed to meet Observatory Integration and Test schedules

· Provides robust FSW system that supports nominal and contingent flight scenarios

Achieve robust and effective end-to-end operability from operations planning through capture and analysis of science and engineering data.

· Encourage and participate in the development of appropriate operations concept analysis and documentation, and fully utilize these products in the development process to improve operability of the resulting system.

· Encourage and support effective communication between development, integration, validation, and operations teams, and between development teams for the various system segments, to promote common understanding of operations and design concepts.

Achieve high efficiency and effectiveness in the software development and sustaining engineering processes.

· Encourage the appropriate use of common components, languages, software tools, development environments, and ground support components for design, development, integration, and sustaining engineering.

· Encourage thorough and uniform approaches, methods, tools and formats for software design and documentation.

· Carefully manage all aspects of the project life cycle including the development processes, the system configurations and the risks. 

· Carefully plan and monitor the allocation of resources to development activities to ensure effective and efficient use of those resources.

2.3
Requirements Sources

The sources of requirements from which the FSW will be developed are listed below. 

Next Generation Space Telescope Software Management Plan, NGST-PLAN-000653, dated 02/08/01

Next Generation Space Telescope Level 2 Requirements, NGST-T-nnnnn, dated 04/03/01

Next Generation Space Telescope Operations Concept Document, NGST-T-nnnnn, dated 02/18/01

NGST Data Volume and Communications Study, NGST-R-0008B, 02/19/2001

NGST Flight Observatory to Ground Segment IRD, NGST-T-nnnnn, dated 03/21/01

NGST Flight Observatory to Ground Segment ICD, NGST-T-nnnnn, dated TBD

NGST ISIM FSW to Observatory FSW IRD, NGST-T-nnnnn, dated TBD

NGST ISIM FSW to Observatory FSW ICD, NGST-T-nnnnn, dated TBD

NGST ISIM FSW to NIR Cam FSW IRD, NGST-T-nnnnn, dated TBD

NGST ISIM FSW to NIR Spec FSW IRD, NGST-T-nnnnn, dated TBD

NGST ISIM FSW to NIR Cam FSW ICD, NGST-T-nnnnn, dated TBD

NGST ISIM FSW to NIR Spec FSW ICD, NGST-T-nnnnn, dated TBD

NGST ISIM FSW to MIR FSW ICD, NGST-T-nnnnn, dated TBD

NGST ISIM FSW to MIR FSW ICD, NGST-T-nnnnn, dated TBD

Software Requirements Specification for the Flight Software Common Command and Data Handling System, NGST-SPEC-000692/582-2001-004, 06/20/01.

The CC&DH requirements have been documented in the Software Requirements Specification for the FSW Common Command and Data Handling System Document and presented at the CC&DH FSW Requirements Review (SRR).  An updated CC&DH FSW Requirements Specification will be available after incorporating all changes resulting from the Requests for Action (RFAs) identified during the CC&DH SRR and baselining by the NGST Project.  ISIM FSW Requirements will be documented in a requirements document to be created by the development team in cooperation with the customer, based on mission requirements supplied by the customer. 

2.4
Resources Required

The labor and dollar estimates agreed to by the NGST Project are contained in a separate addendum. 

2.5
Receivables and Deliverables

This section itemizes the major deliverables from the customer, and to the customer.

2.5.1
Receivables to FSW IPDT

The items required by the CC&DH FSW IPDT and the ISIM FSW IPDT, to complete the development efforts according to the planned schedule, are identified in Table 2.5.1-1 and Table 2.5.1-2, respectively. The information in Tables 2.5.1-1 and 2.5.1-2 were consistent with the Observatory RFP information when this document was written.  If there are any discrepancies between this document and the Observatory RFP, the Observatory RFP will always take precedence over this document.  The FSW schedules and information in Tables 2.5.1-1 and 2.5.1-2 were developed in accordance with ISIM I&T Planning information available.  After the Observatory, Science Operations, and SI contractors have been selected, all tables in this section will be updated. Although most of these items are obtained from organizations outside of the Project, the FSW Branch will coordinate with the Project to ensure timely availability:  

Table 2.5.1-1
Receivables to CC&DH FSW IPDT

	Element Description
	Supplied by
	Need Date

	NGST Level 2 requirements
	Project
	baselined

	Ops Concept Document
	Science Operations Contractor (SOC)
	SOC Contract Award (CA) + 30 days

	Flight Obs to Ground Segment IRD - Revision 1

(DRD SE –07)
	Observatory(Obs) Contractor + SOWG
	Obs CA + 30 days

	Flight Obs to Ground Segment ICD - Prel

(DRD SE –09)
	Observatory Contractor + SOWG
	Project SRR

	ISIM FSW  to Observatory FSW  IRD - Prel
	Observatory Contractor + Code 582
	Obs CA + 30 days

	Ground system #0
	SOC
	01/02

	Ground system #1
	SOC
	03/03

	Flight data system processor class definition
	Code 560
	01/02

	Flight data system COTS (Flight Equiv)
	Code 560
	03/02

	Flight data system breadboard (BB)
	Code 560
	03/03

	Flight data system BB external I/F card
	Code 560
	03/03

	BB HW/SW I/F ICD – Final
	Code 560
	01/03

	ETU HW/SW I/F ICD – Prel
	Code 560
	03/04

	BB HW/SW I/F ICD – Final
	Code 560
	06/04


Table 2.5.1-2
Receivables to ISIM FSW IPDT

	Element Description
	Supplied By
	Need Date

	ISIM HW Design
	Code 560
	TBD

	ISIM FSW to Observatory FSW ICD – Draft

DRD [FSW-09]
	Observatory Contractor + Code 582
	NGST PDR

	S/C Simulator that includes functionality to simulate:  

  SSR

  FSM

  FGS Executive

  OPE Responses
	Observatory Contractor
	07/03

07/03

12/04

03/05

06/05

	Spacecraft Simulator Requirements and Verification Document (DRD SC-01)
	Observatory Contractor
	

	Spacecraft Simulator Design Document     (DRD SC-02)
	Observatory Contractor
	

	Spacecraft Simulator Operations Manual    (DRD SC-03)
	Observatory Contractor
	

	Spacecraft Simulator Hardware and Software Description Document  (DRD SC-04)
	Observatory Contractor
	

	Spacecraft Simulator to ISIM IRD (DRD SC-14)
	Observatory Contractor
	

	Spacecraft Simulator to ISIM ICD (DRD SC-15)
	Observatory Contractor
	Project SRR

	Spacecraft Simulator Test Plan   (DRD SC-16)
	Observatory Contractor
	

	Spacecraft Simulator Test Procedures and Results Document     (DRD SC-17)
	Observatory Contractor
	

	Ground system #2
	SOC
	07/03

	Ground system #3
	SOC
	09/05

	Flight data system ETU
	Code 560
	06/04

	Flight data system ETU external I/F card
	Code 560
	06/04

	FPA/FPE Breadboard
	Code 560
	03/03

	FPA/FPE ETU
	Code 560
	06/04

	Instrument simulator(s)
	SI FSW Teams
	03/04

	SI –multiple iterations 
	SI FSW Teams
	TBD


2.5.2
Deliverables from FSW IPDT

Table 2.5.2-1 and Table 2.5.2-2 identify IPDT items that will be delivered as part of this effort by the CC&DH FSW IPDT and ISIM FSW IPDTs, respectively. 

Table 2.5.2-1
Deliverables from CC&DH FSW IPDT  

	Element Description
	Supplied To
	Need Date

	Baselined CC&DH FSW
	FSW Teams
	03/04

	Software Requirements Specification for the FSW CC&DH System Document
	Project/SW Teams
	03/01

	CC&DH Software Requirements Review presentation package
	Project/SW Teams
	03/01

	CC&DH Iteration/Build Plan
	Project/SW Teams
	03/01

	CC&DH and ISIM Product Plan
	Project/SW Teams
	07/01

	FSW Life-cycle Objectives Review (FLOR)  
	Project
	8/01

	CC&DH Architecture Design  Review (ADR) presentation package
	Project/SW Teams
	11/02

	CC&DH Configuration and Change Management Plan
	Project/SW Teams
	CC&DH ADR

	CC&DH Detailed Design Review(DDR) presentation package
	Project/SW Teams
	05/03

	Simulator Baseline (for ISIM, SSM and SI Simulator Development)
	FSW Teams
	07/02

	CC&DH User’s Guide - Draft
	SW Teams
	CC&DH DDR

	CC&DH FSW Build and Verification Test Plan
	SW Teams and CC&DH FSW Maintenance Team
	CC&DH ADR

	CC&DH FSW Build and Verification Test Procedures and  Reports Draft

                                                                                                          Updates
	SW Teams and CC&DH FSW Maintenance Team
	CC&DH ADR

Build #1-n Finish

	CC&DH FSW Telemetry and Command Definition inputs to Reference Data Description Doc (DRD OPR-05)


	SW Teams
	TBD

	CC&DH FSW development facility
	CC&DH FSW maintenance team
	12/03


Table 2.5.2-2
Deliverables from ISIM FSW IPDT  

	Element Description
	Supplied To
	

	Baselined NGST ISIM FSW
	Project/SSM and SI FSW Teams
	See Table 4.1.2.5-1

	ISIM Software Requirements Specification Document
	Project/SW Teams
	11/03

	ISIM Software Requirements Review presentation package
	Project/SW Teams
	11/03

	ISIM FSW Build/Iteration Plan
	Project/SW Teams
	ISIM FSW SRR

	ISIM FSW Architecture Design Review (ADR) presentation package
	Project/SW Teams
	5/04

	ISIM FSW Detailed Design Review(DDR)  presentation package
	Project/SW Teams
	011/05

	ISIM FSW – multiple Iterations  
	FSW/HW Teams
	See Table 4.1.2.5-1

	ISIM FSW User’s Guide
	FSW/HW Teams
	ISIM FSW DDR

	ISIM FSW Build and Verification Test Plan
	Project/ SW Teams
	ISIM FSW ADR

	ISIM FSW Build and Verification Test Procedures and Reports
	Project/ SW Teams
	ISIM FSW ADR + updated for each iteration

	ISIM FSW Test Readiness Review (TRR) 
	Project/ SW Teams
	ISIM FSW Iteration #12 Complete

	ISIM FSW System Test (ST) Plan
	Project/ FSW Teams
	ISIM FSW DDR

	ISIM FSW System Test Procedures and Report
	Project/FSW Teams
	ISIM FSW DDR + ST Complete

	ISIM FSW Acceptance Test Results Review (ATRR) package
	Project
	System Test and Independent Acceptance Test Complete

	ISIM FSW Telemetry and Command Definition inputs to Reference Data Definition Document (DRD OPS-05)
	SW Teams
	TBD

	ISIM to NIR Cam Interface Requirements Documents
	NIR Cam FSW Team
	10/03

	ISIM to NIR Cam Interface Control  Documents
	NIR Cam FSW Team
	03/04

	ISIM to NIR Spec Interface Requirements Documents
	NIR Spec FSW Team
	10/03

	ISIM to NIR Spec Interface Control  Documents
	NIR Spec  FSW Team
	03/04

	ISIM to MIR Interface Requirements Documents
	MIR FSW Team
	10/03

	ISIM to MIR Interface Control  Documents
	MIRFSW Team
	03/04

	SI FSW development facilities
	SI FSW Teams
	10/03

	ISIM FSW development facility
	NGST FSW maintenance/test team
	1/05 

	ISIM FSW System Verification Facility
	NGST FSW Maintenance/test team
	10/05 

	ISIM Subsystem Simulator 
	SI FSW Developer
	09/04

	FPA Simulator
	SI FSW Developer
	09/03

	ISIM Simulator
	SSM FSW Developer
	11/03

	ISIM FSW Simulators Requirements and Verification Document*
	SW Teams
	TBD 

	ISIM FSW Simulators Design Document*
	SW Teams
	TBD 

	ISIM FSW Simulator Operations Manual *
	SW Teams
	TBD 

	ISIM FSW Simulators Hardware and Software Description Document*
	SW Teams
	TBD 

	ISIM FSW Simulators IRDs*  
	SW Teams
	TBD 

	ISIM FSW Simulators ICDs*
	SW Teams
	TBD 

	ISIM FSW Simulators Test Plan* 
	SW Teams
	TBD 

	ISIM FSW Simulators Test Procedures and Results Document* 
	SW Teams
	TBD 

	
	
	


* Identifies the simulator documentation set.  If a non-582 organization provides any FSW simulators, a simulator documentation set will be provided by the provider organization..

2.6
FSW Team Placement within Customer Organization

The NGST FSW Systems Manager is a member of the NGST Project Staff.  The NGST FSW Systems Manager is co-located with the NGST Project.  The NGST FSW Systems Manager will work closely with the NGST Project and the FSW Branch to ensure that NGST FSW development is successful.  For the purposes of this document, the Project is referred to as the “customer”.  Within the context of this document, the NGST Project Organization with respect to NGST FSW  team is represented in Figure 2.6-1., Specific roles and responsibilities of the NGST FSW team are captured in Section 3.3.4
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Figure 2.6-1
NGST FSW  Team Organization

2.7
Customer Involvement

The customer will contribute to FSW activities through participation in the Software Operations Working Group (SOWG), technical reviews, change control boards, informal discussions and meetings, and by witnessing system and acceptance tests. 

2.8
Customer Communications

The NSGT FSW Systems Manager considers communication a critical component for FSW success for the NGST Project.   The major vehicles for customer communications include:

Project Management

· The NGST FSW Systems Manager will report status, raise development issues, and discuss design decisions with Project Management and Branch Management. The NGST FSW Systems Manager will attend regularly scheduled Project staff meetings, risk assessment board meetings, CCB meetings and Joint System Engineering Board (JSEB) meetings.

· Communication with the Project will also occur through technical meetings such as the ISIM Team Meetings, Guider Study Group, CC&DH H/W IPT Meetings, progress reviews and review of technical documentation

FSW Branch – The NGST FSW Systems Manager will support monthly Branch status meetings covering schedule, staff, technical progress, and issues.

NGST FSW Team – CC&DH and ISIM FSW technical leads communicate with the NGST FSW Systems Manager, NSGT FSW team, and with their technical counterparts on the NGST Project, as depicted in Figure 2.6-1.

2.9
Authority for Changes

All changes to the CC&DH and ISIM FSW requirements, design, or implementation required or requested by any Project element after CC&DH and ISIM FSW requirements have been baselined, shall be forwarded to the CC&DH and ISIM FSW development team in writing via a CCR. Electronic forwarding of the CCR via e-mail is preferred. If changes in requirements will result in a change in a software development schedule and/or cost, the customer will be informed of the estimated impact promptly.  

The NGST FSW Systems Manager will organize and chair a Level III Configuration Change Board (CCB). Processes and procedures for the NGST FSW Level III CCB will be documented in the CC&DH and ISIM Configuration Management Plan (CMP) and will be compliant with the Project CMP. Any technical changes within the scope of the NGST FSW, will be managed at the NGST FSW Level III CCB.  Any technical changes that outside the scope of the BGST FSW will be forwarded to the Project Level II CCB for disposition.  The NGST FSW Level II CCB will include a recommendation for any changes submitted to the NGST Level II CCB.  Table 2.9-1 identifies the documents or FSW under Project CM (Level II CCB) or FSW CM (Level III CCB)

Table 2.9-1
List of Controlled Documentation

	Documents under Project CM
	Documents under FSW Branch (Code582) CM

	· Software Requirements Specification for the FSW CC&DH System Document

· ISIM Software Requirements Specification Document

· Required Interface Requirements Documents (IRDs)

· Required Interface Requirements Documents (ICDs)

· All FSW Code
	· CC&DH and ISIM SW Product Plan (this document)

· CC&DH FSW Build Test Plan

· CC&DH FSW User’s Guides

· ISIM FSW Build Test Plan

· CC&DH and ISIM FSW Acceptance Test Plan

· ISIM FSW User’s Guides 

· CC&DH and ISIM FSW Configuration and Change Management Plans

· CC&DH FSW Telemetry and Command  Definition inputs

· ISIM FSW Telemetry and Command Definition inputs




The Project will have final authority for approval of changes affecting cost, schedule or scope. Written authorization for, or concurrence with, the proposed change by the Project will be required. 

All changes will be entered into the FSW problem/change reporting system at:

<http://fswevolution.gsfc.nasa.gov>

The problem/change system will be used to track the disposition of requested changes.

2.10
Acceptance Criteria

The ISIM FSW acceptance criteria will be specified in the ISIM FSW System Test Plan.  The ISIM FSW System Test Plan will include a requirements matrix mapping all requirements to test procedures and acceptance criteria.  The CC&DH will not be acceptance tested.

2.11
Customer Training

No specific customer training is anticipated.

2.12
Medium for Product Delivery

The CC&DH and ISIM FSW products are delivered to the NGST FSW library and the FSW Branch library on two duplicate CD ROMs. 

2.13
Product Destination

Tables 2.5.2-1 and 2.5.2-2 identified the products and destinations for the CC&DH and ISIM FSW IPDTS, respectively.

2.14
Post Delivery Maintenance

The CC&DH FSW development team will be responsible for the CC&DH FSW until the CC&DH FSW is completed.  After CC&DH FSW is completed, the CC&DH FSW Maintenance Team will assume responsibility.  The CC&DH FSW Maintenance Team will work closely with the SSM and ISIM FSW IPDTs to ensure both teams are using identical CC&DH FSW.  The CC&DH FSW Maintenance Team will transition to the NGST FSW Maintenance Team.

Maintenance of the ISIM FSW will be the responsibility of the NGST FSW development team until the completion of on-orbit checkout.  During this period, all modifications to the FSW needed to address discrepancies, enhancements, and upgrades will be performed by or managed by the FSW development team. Changes must be requested through the Project's problem reporting system, and approved by the Project before they are implemented.

After the on-orbit checkout period, maintenance will be the responsibility of the NGST FSW maintenance team. This team will develop a Product Plan describing their requirements, deliverables, and responsibilities. 

The FSW development environment, including all tools, products, and documentation, will be delivered in-place to the NGST FSW maintenance team at the conclusion of the development effort.

3.0
FSW Management Approach

This section describes how the FSW development effort will be managed.

3.1
General Development Approach

The NGST CC&DH and ISIM FSW will be developed by two IPDTs, the CC&DH FSW IPDT and the ISIM FSW IPDT.  Each IPDT will include civil servant and contractor personnel, including personnel from the Spacecraft development and the Spacecraft Operation Control (SOC) ) contracts. The civil servant team members will be Code 582 software system engineers and software developers.

3.2
Staffing Profile

The 582 CC&DH and ISIM staffing profile is contained in a separate addendum.  This staffing profile includes 1/3 civil servants staffing for both the CC&DH and ISIM FSW teams as agreed to with the Project.

3.3
Team Organization

This section describes the organization , charter, scope, and roles, responsibilities, authority and accountability of the development team.

3.3.1
Team Organization Chart

The NGST Project and FSW Branch organization was depicted in Figure 2.6-1. 

3.3.2
Team Charter

The CC&DH and ISIM FSW IPDTs will develop, integrate, test, deliver, and maintain the CC&DH and ISIM NGST FSW, and all associated products, to support the mission. The ISIM FSW IPDT will support ISIM hardware integration, spacecraft integration, pre-launch checkout, launch, and early mission operations. 

3.3.3
Team Scope

The CC&DH and ISIM FSW IPDTs will acquire and/or develop all hardware and software necessary for NGST CC&DH and ISIM software development, except for those items, described in Section 2.5.1 (Receivables to FSW Branch), which are received from other organizations. The CC&DH FSW IPDT will design, integrate, test and document all of the CC&DH FSW to delivery. The ISIM FSW IPDT will design, integrate, test and document all of the ISIM FSW from delivery to spacecraft I&T through on-orbit checkout. 

3.3.4
Roles, Responsibilities, Authority, Accountability of Product Team Members

NGST FSW Systems Manager: 

· Manages all aspects of the NGST FSW.  In the context of this document, this includes management and oversight of the GSFC in-house activities to develop the CC&DH and ISIM FSW.  

· Responsible for coordinating with Branch Management to ensure that adequate resources are applied from within the Branch to meet Project commitments, and ensuring that the Project provides the adequate resources to accommodate the development needs.     

· Coordinates technical interfaces to ensures requirements are met.  Co-chairs the SOWG with the participation of the Ground System Lead.

· Chairs the NGST FSW CCB; provides input and serves as a member of the Project Level 2 and Level 3 CCBs.

· Provides status to NGST Program Management and the FSW Branch Head.  

· Manages the FSW Risks and associated mitigations.

System Architect and Engineer: 

· Provides oversight of end-to-end FSW development process and FSW Systems and their associated interfaces.

· Provides technical liaison between CC&DH FSW IPDT, ISIM FSW IPDT, SSM FSW development team, SI FSW development team(s), and GS SW development team. Identifies, resolves, and documents potential SW risks in the risk management plan.  

· Provides input for resource, budget, schedule, and status information.  

· Supports the Joint Project Systems Engineering Board (JSEB)

·  Provides oversight of FSW team products configuration. 
CC&DH FSW Lead: 

· Provides oversight of end-to-end CC&DH FSW development process

· Provides technical leadership to CC&DH IPDT

· Manages configuration of CC&DH IPDT products

· Coordinates with the System Architect and Engineer

· Provides input for resource, budget, schedule, and status information.  

ISIM and SI FSW Lead: 

· Provides oversight of end-to-end ISIM FSW development process

· Provides technical leadership to ISMFSW IPDT and SI FSW Development teams

· Manages configuration of ISIM IPDT and SI FSW Development team products

· Coordinates with the System Architect and Engineer

· Provides input for resource, budget, schedule, and status information.  

FSW Test and Validation Lead for CC&DH, ISIM, and SI: 

· Provides oversight of end-to-end FSW test process

· Provides technical leadership to test team

· Manages configuration of test team products

· Coordinates with the System Architect and Engineer

· Provides input for resource, budget, schedule, and status information.  

Spacecraft and OTE FSW Systems Manager: 

· Provides oversight and coordinates  the interfaces between S/C and OTE and ISIM

· Ensures S/C interfaces with ISIM meet mission requirements, push for a common, robust, S/C to ISIM interface
· Reviews S/C, ISIM, and instrument I&T plan wrt end-to-end data system verification
· Works with the Mission Operations Manager to support Flight Operations Team flight software training and review the flight operations and contingency procedures.

· Provides FSW support and input to Operations team in areas of Operations Guides, IOC plans, etc.

· Provides FSW input and support to systems engineering for development of Spacecraft Contingency Handbook.

FSW Facilities Lead: 

· Provides oversight of end-to-end FSW facilities.

· Provides technical leadership to FSW facilities team

CC&DH FSW IPDT Team: 

· Designs, develops, and integrates CC&DH FSW system

· Delivers a baselined CC&DH FSW to the ISIM and SSM FSW IPDTs, to the SI FSW Developers,  and to the CC&DH FSW Maintenance Team..

ISIM FSW IPDT Team: 

· Designs, develops, and integrates NGST ISIM FSW

· Performs ISIM FSW Integration Testing

· Delivers the NGST ISIM FSW and all associated products, to support the mission. The team is responsible for integrating the SI software deliveries and providing an integrated ISIM FSW system to the S/C developer for NGST FSW System end-to-end testing.  

· The ISIM FSW IPDT will support ISIM integration, observatory integration, pre-launch checkout, launch, and early mission operations. 

FSW Test and Validation Team: 

· Responsible for Build and System Tests for the CC&DH and ISIM FSW and for ISIM Acceptance Tests.   The FSW Test and Validation team is an integrated test team with members from the FSW maintenance team and the FSW test and validation team.

· Defines, develops, executes, analyzes, and reports on FSW tests. 

FSW Facilities Team: 

· Defines, procures/develops, integrates, and maintains the CC&DH FSW Development, ISIM FSW Development, and SI(s) FSW Development Laboratories,  the ISIM FSW System Verification Laboratory, and associated simulators. 

3.3.5
Decision Making and Conflict Resolution Process

Design decisions related to the CC&DH and ISIM FSW will be made by all members of the corresponding development team. In the event of a conflict, the NGST FSW Systems Manager will have final decision making authority. See Section 2.9 (Authority for Changes) for changes affecting cost, scope or schedule. 

3.3.6
External Support 

The Flight Software Branch (Code 582), as the AETD provider of engineering support for this project, will provide organizational support for all aspects of the development effort. This support may include generalized development tools and development environments, documentation support, development computers, related training if available within the branch, temporary augmentation of resource levels as required for development, and support for internal reviews or audits.

3.4
Development Facilities

This Section describes the facilities to be used for FSW development, integration, and test. This Section describes only facilities – the development environment is described in Section 4.1.2.2.

3.4.1
Modifications of Existing Facilities

The NGST CC&DH and ISIM FSW development and test facilities will require approximately a 1500 square foot facility that is Electrical Static Discharge (ESD) certified.  The CC&DH and ISIM FSW development and test facilities will modify existing facility space at GSFC, Building 13, Room 190.  

3.4.2 Development of New Facilities

No new facilities are required.

3.4.3
Security          

This section describes the security for the NGST CC&DH and ISIM FSW.

3.4.3.1
Physical Security

Access the ISIM FSW development facilities shall be controlled by GSFC badge and access to Network Control Center  (Building 13)  Clearance/NAC or an escort with someone who has access.. 

3.4.3.2
Network Security

Access to the LAN used by the CC&DH and ISIM FSW developers  is separated into four categories. 

1) NGST FSW User computers: All user computers are members of the NGST domain.  Domain controller rules apply to all user computers when using NGST resources.   

2) NGST FSW Servers:  Access to servers is limited to known IP address and address ranges.  When possible encrypted passwords are required.

3) NGST FSW Lab facilities:  All computers are behind a firewall.  Access through the firewall is limited to NGST known IP address.  Encrypted passwords are required for any activities.

4) CC&DH and ISIM FSW internal network:  Physical access (keycard) to development and test computers.

3.5
Procurement

This section describes the purchases planned for the project.

3.5.1
Procurement Needs, Dates and Contracts

Facilities and associated configurations will be documented in the FSW Facilities Concept Document.

3.5.2
Reference Procurement Process

All procurements will be made using the approved Center-wide procurement processes in accordance with GPG 5100.1 (Procurement).

All items that require GSFC tags will be tagged and tracked by the FSW Branch (Code 582) Property Management System.

For procured items intended to be included in FSW, or to test FSW, the GSFC Receiving Inspection and Test System (RITS) will be used:

<http://rits.gsfc.nasa.gov/ritsindex.cfm>

3.6
Team Training Plan

A core set of training will be provided to the CC&DH and ISIM FSW IPDTs.  GSFC training will be used as the primary source and will be augmented by vendor training.  The core set of training is identified in Table 3.6.1.

Table 3.6.1
FSW IPDTs Core Training

	Training Subject
	Provider

	Object Oriented Design and Implementation
	GSFC

	C++ programming language
	GSFC

	Rational Rose Realtime development tools
	Rational or other TBD

	Electrical Static Discharge
	GSFC


Some team members have already received training in the use of the Rational Rose Realtime development tools. A final determination will be made later whether additional training will be provided internally or from an outside source.

Internal training will also be provided, as needed, on methods and practices associated with development and unit testing if it is discovered that a uniform understanding and approach to a particular activity does not exist within the team.  Possible topics could include:

· Establishing and Maintaining Software Development Folders 

· Preparing Unit Test Matrices

· VxWorks/Tornado

3.7
Risk Mitigation

The team will continually assess risk, and will address newly identified risks, and planned mitigation strategies.  Cost, schedule and technical risks will be identified and provided as an input to the NGST Risk Database. Status will be provided at the NGST Project Risk Management Board meetings.  Current risk assessments will be provided at each of the reviews listed in section 4.1.2.8 (reviews planned).

3.8
Schedules

Figure 3.8-1 shows an integrated CC&DH and ISIM FSW schedule, including dependencies and drivers at the time of baselining of this document.  However, it is recognized that the Project is in Phase B and consequently the schedule will change.  Updates to the FSW schedule will be provided at fswevolution.gsfc.nasa.gov.
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Figure 3.8-1
CC&DH and ISIM FSW Schedule

3.9
List of Controlled Documentation

Some items produced during development will be formally placed under the Project’s configuration management after approval. Others will be configuration managed by the development team using 582 CM standards. Table 2.9-1 identified the documents and FSW under Project CM and FSW CM.

A list of all quality records associated with the FSW development effort will be controlled by the NGST FSW Systems Manager. A list of the quality records will be linked to the FSW documentation web page at:

<http://fswevolution.gsfc.nasa.gov>

3.10
Process & Product Metric Analysis

There are two types of metrics that can be measured during the development effort:

· metrics that measure the development process (“process metrics”) such as schedule milestones achieved, budget performance, or the number of units that have passed unit test,

· metrics that measure the developed product itself (“product metrics”) such as the amount of memory occupied by the executable code, percentage of available CPU time used, or the number of discrepancy reports received to date.

This section describes the process(es) for gathering and analyzing these two types of metrics.

Table 3.10-1 lists the metrics, measurement units, and when recorded, as recommended in Appendix E of the ISC Product Development Handbook:

Table 3.10-1
Metrics

	Metric Group
	Metric
	Units
	When Recorded

	Project
	Name
	Names
	At project 

start

	Schedules (1)
	-Planned major milestones. Should include the following:

    Documentation (including ICDs)

    Tests

    Releases/Builds

    Procurements

    External Deliveries to Team

-Actual major milestones. See above

-Quantification of progress
	Start/Stop Dates 

Start/Stop Dates

Start/Stop/Delivery Dates

Start/Key/Delivery Dates Milestone Dates

Same as above

0 – 100%
	-During  project planning activities

-Schedules should be updated for changes in plan

-At completion of milestone

-On a continuing basis

	Cost (2)
	-Budget for:

    COTS hardware

    COTS software

    COTS software maintenance

    COTS hardware maintenance

-Civil service manpower estimated(2) 

-Civil service  actual(3)

-Contractor manpower estimated

-Contractor manpower actual

-Training (4)

-Travel
	Dollars by fiscal year

Dollars by fiscal year

Dollars by fiscal year

Dollars by fiscal year

Staff months

Staff months

Staff months

Staff months

Number of classes

Number of trips
	-Initial planned budget numbers should be recorded during the project planning activities. Budget expenditures should be monitored on a periodic basis and compared with the planned budget


	Non Conform-

ances (3)
	-Nonconformances:

   >Open

   >Closed

   >Origin of error
	Numbers and severity


Requirements, design, code, test, etc.
	-On a continuing basis



	System

Changes (3)
	-Number of known changes due to:

    >New requirements

    >Modified requirements

    >Deleted requirements
	Number
	-On a continuing basis

	Performance/ Resource Metrics
	Estimated and measured values for:

    CPU utilization

    Memory utilization

    Bus utilization
	%


	Each Review, each Build

	Requirements Implemented
	Percentage of Requirements Implemented for:

    Each iteration

    Cumulative for each iteration
	0 – 100%
	Completion of Build Test for each iteration.


Notes: 

(1) Each time the schedule is updated, the new version will incorporate the update date into the filename. Previous versions will be preserved to maintain a history of schedule changes.

(2) The cost metrics will be recorded by the Flight Software Branch and/or NGST Project.

(3) Requirements changes and non-conformances will be recorded and tracked by entry into the FSW tracking system. Each entry (and each subsequent status change to the entry) will be time and date-stamped. By using the date stamps, it will be possible to recreate a snapshot of the status (e.g., number of open, high-priority non-conformances) for any particular point in the development effort’s history.

(4) Training metrics will be recorded by the FSW Branch.

4.0 
Technical Approach

This Section describes the technical approach for developing, delivering, and maintaining the NGST FSW.  

4.1
Software Development Plan

This Section describes the technical approach for developing the NGST CC&DH and ISIM FSW.

4.1.1
Major Activities to be Performed

This section describes the development activities to be performed in terms of the development life-cycle to be used. The different phases of the life-cycle are listed, along with the specific development products to be delivered during each phase.

4.1.1.1
Life-cycle

Figure 4.1.1.1-1 shows the typical FSW development life-cycle for GSFC in-house missions. The number of builds varies by project, but the relative phasing of builds, FSW reviews, and major spacecraft events should be as shown.

The CC&DH and ISIM FSW will use a modified development life-cycle, called the Rational Unified Process (RUP).  The RUP is an iterative process that attacks risk through demonstrable progress measured in products, continuously integrates software to produce frequent executable releases (internal or external), and continuously involves the end user.  The RUP identifies four phases for the complete software development life-cycle:

· Inception (Project planning/Concept Definition): Define the project scope, develop business model (resources), and baseline requirements.

· Elaboration (Architecture Definition): Baseline architecture

· Construction (Implementation): Build the project

· Transition (Deployment): 
Evaluate previous iterations and transition the product to the end user

Each phase contains one or more iterations. An iteration (equivalent to build) is a distinct sequence of activities based on an established plan and evaluation criteria, resulting in an executable “system”(internal or external), except for possibly the inception phase.  Each iteration includes activities from several disciplines with different levels of detail.  Iterations are sequentially integrated with previous iterations..  Formal reviews are conducted at the end of each phase.  Section 4.1.1.2 provide further detail of the RUP phases.  The FSW reviews are further described in section 4.2.1.8.  Figure 4.1.1.1-2 depicts a high level overview of the RUP with emphasis on the relationship between phases and FSW discipline areas.  Figure 4.1.1.1-3 shows the RUP iterative process.

The RUP is supported by an integrated tool suite, called the Rational Rose Tool Suite.  The Rational Rose Tool Suite has the capability to assist with requirements development, traceability, configuration management, development, and testing of applications using Rational Unified Process (RUP).  The CC&DH and ISIM FSW will utilize the capabilities of Rational Rose Tool Suite.  Details of the methodology and tool suite are provided in section 4.1.2.
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Figure  4.1.1.1-1
FSW Life Cycle for In-house Missions
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Figure 4.1.1.1-2
RUP Overview
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Figure 4.1.1.2-3
RUP Iteration Process

4.1.1.2
Phases and associated products

Figure 4.1.1.2-1 depicts the activities associated with each iteration.  Table 4.1.1.2-1 lists the RUP life-cycle phases, with development activities and products associated with each phase.  Note: in the table, the term FSW implies CC&DH and ISIM FSW.

Table 4.1.1.2-1
Phases and Associated Products 

	Inceptions (Project Planning/Concept Definition)
	The goal of the inception phase is to achieve concurrence on the project life-cycle objectives. 

The developers work with the customer to capture the right set of requirements (functional and performance).

The developers estimate cost and schedule, identify and address risks and constraints, establish software scope, boundary, and end product acceptance criteria, prepare the project environment, assess the project organization and processes, and develop prototypes to gain confidence and demonstrate feasibility. 

Products of this phase:

· FSW Requirements Document

· Software Requirements Review (SRR) Presentation Package

· Mission requirements to FSW requirements traceability matrix

· Iteration/Build Plan

· FSW requirements to iteration traceability matrix

· FSW Product Plan (draft)

Phase exit criteria:

· Branch FSW Requirements peer review held

· SRR and Iteration/Build Plan completed

· SRR RFAs answered

· Requirements baselined

· FSW Life-Cycle Objective Review:  

The end-of-phase review is a FSW Life-Cycle Objective Review  (FLOR) with the customer, discussing and agreeing with the following items: software scope; requirements, cost and schedule estimates, priorities, risks and mitigation strategies, and development process.

	Elaboration (Architecture Definition)
	The goal of the elaboration phase is to baseline the architecture of the system to provide a stable basis for the bulk of the design and implementation effort in the construction phase.

Products of this phase: 

· FSW system architecture design

· Build and Verification Test Plan

· Build and Verification Test Procedures

· Configuration and Change Management Plan

The end-of-phase review is the Architecture Design Review (Lifecycle Architecture Review) where the detailed system objectives and scope, the choice of architecture, and the resolution of the major risks are all examined.  Details of initial iterations are defined.

Phase exit criteria:

· Software system architecture is baselined

· Build and Verification Test Plan completed

· Build and Verification Test Procedures completed

· Configuration and Change Management Plan complete

· Development Environment Established



	Construction (Implementation)

(The following sub-phases will occur iteratively, based on build content)
	The goal of the construction phase is on clarifying the remaining requirements and completing the development of the system based upon the baselined architecture. Details for each iteration are completed or refined (initial iterations defined during elaboration)

	Requirements Analysis and Design

Code and Unit Test

Integration Test

Build Test

General


	The developers re-evaluate and update, as needed,  resources, schedule, risks, requirements and architecture design, traceability matrices, iteration plans, and build test plan.

The developers code new units from the architecture design according to Branch standards, and perform any required modifications to re-used units. Iteratively and incrementally develop a complete product that is ready to transition to user.

Team walkthroughs are held for each new or modified unit according to Branch standards.

The developers integrate each successive FSW iteration into a build. They define and develop the ground database. They load and execute the FSW in the target (flight-like) environment to verify that the build is ready to begin Build Testing:

· The test emphasis is on commanding, and apparent functionality as seen in telemetry.

· Performed by the development team

· Team DCR reporting is optional.

Using the integrated build: 

· Test emphasis is to demonstrate that the FSW implementation satisfies the functional and performance requirements.

· Performed by a team of FSW test specialist team (members from the FSW maintenance team and test team)  

· Team DCR reporting is active (not only for the build, but also for FSW tools, documents, simulators, etc.)

Build testing is controlled by the Build Test Plan and Procedures and conducted by the FSW test specialist team.

Products of this phase:

· Detailed Design

· Unit source code under CM

· Unit-test results

· Subsystem/build test results

· “Make” files

· System Test plan

· FSW User’s Guide (Draft)

· Delivery Letter/Version Description Document (or file – each build/release)

Phase exit criteria:

· Final Build  and Verification Test Procedures and Results Report complete

· Test Readiness Review describing Initial Operations Capability (IOC) achieved. System code & supporting data generated & tested and ready to support customer tests.

· Build Test procedures finalized and successfully executed



	Transition (Deployment)

(The following sub-phases may occur multiple times)
	The goal of this phase is to ensure that the FSW is available to end-users.  This phase can span several iterations and includes testing the product for release and making minor adjustments based on user feedback.  User feedback should focus of fine tuning the product, configuring, installing, and usability issues.

	FSW  

System Test
	FSW System Testing occurs in parallel with other implementation phases (see life-cycle diagram). FSW System Testing dry runs begin with the first build having sufficient functionality to support closed-loop testing.  FSW System Tests are formal end-to-end system tests, with the FSW configured as for operations, fully integrated on flight-like hardware:

· Test Readiness Review confirms that the FSW is ready to support formal FSW System and Acceptance Tests

· Test focus is on system operability

· Often led by the FSW test team (members from the FSW maintenance team and test team)

Products of this phase:

· System Test Plan

· Support for Independent Acceptance Test Plan (Update)

· Verification and Validation (V&V) Matrix

· Test Readiness Review

· Support for execution of the Independent Acceptance Test Plan

· Acceptance Test Results Review  (Product Release Review)

FSW System Testing is controlled by the FSW System Test Plan.

At the end of the FSW System Test Phase, the Independent Acceptance Test will be formally conducted to confirm that the software is ready to support a Comprehensive Performance Test (CPT) on the actual flight hardware.

Phase exit criteria:

· Independent Acceptance Test successfully completed

· Acceptance Test  Results Review held

· Product Release achieved

	ISIM Integration and Test (I&T) Support
	The development team is provides technical support as required during ISIM I&T.

The FSW User’s Guide is updated as required.

Products of this phase:

· ISIM I&T support as needed

·  FSW User’s Guide (Update)

	Spacecraft I&T Support
	The development team is provides technical support as required during spacecraft I&T.  The FSW User’s Guide is updated as required.

Products of this phase:

· Spacecraft I&T support as needed

·  FSW User’s Guide (Update)

	Operations Support
	The development team provides technical support as required during spacecraft on-orbit checkout. 

Products of this phase:

· Support for in-orbit operations and FSW maintenance team. 


4.1.1.3
Document Descriptions

The documents identified in table 4.1.1.2-1 will be developed in accordance with the FSW Branch (Code 582) standards that can be found at:

<http://fsw.gsfc.nasa.gov/library/document_standards.pdf>

4.1.2
Development Methodology

This section describes:

· the development methodology to be used,

· the development environment,

· standards to be employed,

· any Commercial Off-The-Shelf (COTS) or Government Off-The-Shelf (GOTS) products and tools to be used,

· the iteration/build strategy,

· the approach to FSW inspection and test,

· the FSW acceptance criteria and objectives, and

· the planned product and process reviews.

4.1.2.1
Methodology

This Section describes the methodologies to be employed during the development process:

· The CC&DH and ISIM FSW requirements, design, and code will be developed and maintained consistent with the RUP using the Rational Rose Tool Suite..

· The Object Oriented Design (OOD) methodology will be used. The design will be represented by Unified Modeling Language (UML) diagrams. Rational Rose Real-time will be used to develop and maintain the design diagrams.

· Prologs and Program Design Language (PDL) will not be part of the output from the design process.

· All CC&DH developed or modified components will be added to the Code 582 Software Library.

· VxWorks will be used as the COTS real-time operating system (RTOS) for the PowerPC target processor (see Section 4.1.2.4 for details). 

· Prototypes will be developed for the OPE and the guide star acquisition software.  Other prototypes will be developed for candidate FSW to verify that Rational Rose Realtime-produced software will have adequate performance.

· C++ has been selected as the implementation source language and will largely be generated by the Rational Rose Tool.  C++ also allows the FSW team to take advantage of team experience.  

· Other languages, like Java and Pascal, may be used for developing low level drivers or integrating “external SW components”.

· The CC&DH and ISIM FSW will be developed and released in iterations/builds with priorities according to risk.  The higher risk capabilities will be implemented in early iterations.

4.1.2.2
Development and Test Environment

The CC&DH and ISIM development and test environments (includes simulators) will be PC based.  The  Commercial Off The Shelf (COTS) Rational Rose Tool Suite, summarized below, will provide an integrated tool set:

· Rational Suite serves as the bridge between the requirements and implementation phases by providing the environment for analyzing requirements, converting them into a technology-independent design, and ultimately depicting the architecture and design of the software and database aspects of the application to be built.

· Clear Quest is a flexible defect and change tracking system that captures and tracks all types of change, for any type of project, on any platform, including Windows, UNIX and the Web.  
· Purify, Quantify, and PureCoverage constitute a set of automated runtime analysis tools for improving application performance and quality for software applications in C/C++ and Java.. 

· Rational Suite TestStudio Version 2001 provides an integrated set of automated testing tools for functional, reliability, and performance testing.

· Requisite Pro allows team members to collaborate on the project requirements.  It also promotes artifact reusability and eases the sharing of information. 

· Rose Real Time is the embedded version of the Rational software suite that provides support for the Real time processing.

The expected processor for the flight computer is a Power PC.  

Table 4.1.2.2-1 shows how the Rational Rose Tool Suite components, other COTS SW development products, and hardware will be used in the CC&DH and ISIM FSW development and test environments.

Table 4.1.2.2-1
FSW Development Environments/COTs products

	 

	CC&DH FSW Dev (non RT Env)

	CC&DH FSW Test Env (Real time)

	ISIM FSW Dev

	ISIM FSW Test

	ISIM FSW Verification

	Simulators


	Host System

	Intel PC

	Intel PC

	Intel PC

	Intel PC

	Intel PC

	Intel PC


	Host O/S

	Windows 2000

	Windows 2000

	Windows 2000

	Windows 2000

	Windows 2000

	Windows 2000


	Requirements and Build Plan

	RequisitePro

	RequisitePro

	RequisitePro

	RequisitePro

	RequisitePro

	RequisitePro


	Tool Suite

	Rational Rose RT/ Visual Studio

	Rational Rose RT  Tornado

	Rational Rose RT/ Visual Studio

	Rational Rose RT  Tornado

		Rational Rose RT/ Visual Studio


	Compiler

	GNU

	GNU

	Visual Studio/ GNU/                  Borland C++/ Borland Delphi/  Borland Jbuilder

	 GNU

	Visual Studio/    GNU

	Visual Studio/ GNU/                  Borland C++/ Borland Delphi/  Borland Jbuilder


	Target CPU

	x86 PC

	PowerPC Card

	PowerPC Card

	Breadboard / ETU

	ETU

	PowerPC Card


	Debug

	Visual Studio

	Tornado/           PCI Bus Analyzer/ Ground System/ Test Studio

	Visual Studio

	Tornado/           PCI Bus Analyzer/ Ground System/ Test Studio

	Tornado/           Visual Studio/  TestStudio

	Tornado/           PCI Bus Analyzer/ Ground System/ Test Studio


	Defect/Change Tracking

	ClearQuest

	ClearQuest

	ClearQuest

	ClearQuest

	ClearQuest

	ClearQuest


	CM

	ClearCase Lt

	ClearCase Lt

	ClearCase Lt

	ClearCase Lt

	ClearCase Lt

	ClearCase LT


	Database

						
	Test

	Purify/ Quantify/ PureCoverage

	Purify/ Quantify/ PureCoverage/ TestRealTIme

	Purify/ Quantify/ PureCoverage

	Purify/ Quantify/ PureCoverage/ TestRealTIme

	Purify/ Quantify/ PureCoverage/ TestRealTIme

	Purify/ Quantify/ PureCoverage/ TestRealTIme



	


CC&DH FSW Development and Test Environment:

The CC&DH FSW development environment consists of

· CC&DH Development Unit

· FSW Development System

The CC&DH Development Unit is the critical element in the CC&DH FSW Development Laboratory. The CC&DH Development Unit components; processor card (COTS-Flight Equiv), 1355 Interface card, and the ePCI bus monitor card, were identified in Table 2.5.1-1.  

The FSW Development System will provide the capability to develop and unit test flight code on a standalone Windows 2000 or equivalent based PC.  The Windows 2000 development and test machines will have the Rational Rose Realtime Suite to support FSW development.  Rational Rose Realtime is a design and code generation tool that produces an output product that is then compiled and executed on multiple target processors.  Each target executable will either be for a Power PC (flight target processor) or Windows 2000. Every developer and tester will have a Windows 2000-based PC or equivalent. 

The CC&DH Test Environment consists of the CC&DH Development Environment, augmented by:

· In-Circuit Emulator (ICE) Monitor 

· Internal Bus Monitor (ePCI)

· External Bus Monitors (1355)

· Ground System or Back Door I/F System

The Ground System (GS) is also a critical component of the CC&DH Test Environment.  Based on current schedules, a GS will not be available during early CC&DH FSW development.  To compensate, a Back Door I/F system will be used for early CC&DH FSW development. Figure 4.1.2.2-1 shows the CC&DH Development and Test Environment. The non-gray area represents the Development Environment. The gray background area represents the Test Environment. 
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Figure 4.1.2.2-1
CC&DH FSW Development Laboratory

ISIM FSW Development and Test Environment

The ISIM FSW Development Laboratory is largely based on the CC&DH components. As depicted in Figure 4.1.2.2-2, an FPA Processor HW card and a mechanical I/F card have been added.  Additionally, the HW COTS processors and I/F cards are replaced with “Flight-like HW”.  Initially the ISIM FSW Development Laboratory will use Breadboard Processor and I/F cards.  As soon as the Engineering Test Unit (ETU) processor and I/F cards are available, they will be used in the ISIM FSW Development Laboratory 

The ISIM FSW Test Environment augments the ISM FSW Development environment with Simulators (ISIM subsystem, SI, FPA, SSM I/F-S/C, and SSR) and the GS.  The test environment, from a FSW perspective, will look as close to the spacecraft environment as possible.  External systems and functions will be simulated and eventually have flight like boards (ETUs). All ISIM FSW and simulators will be written or be compatible with Rational Rose Realtime and will be able to run on a Windows 2000 PC. This allows the developer to functionally test flight software on a Windows 2000 PC.  The ISIM FSW will run on WindRiver’s VxWorks RTOS version 5.4 (or later versions) running with the Tornado II (Windows 2000 patch) environment.  The GS will provide the capability to perform end-end testing to verify flight-ground functionality and interfaces.  Figure 4.1.2.2-2 represents the ISIM FSW Development and Test Environment using BB flight-like HW.  The non-gray area represents the Development Environment. The gray background area represents the Test Environment.
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Figure 4.1.2.2-2
ISIM FSW Development Laboratory

ISIM FSW Verification Laboratory

The ISIM FSW System Verification Laboratory is based on the ISIM FSW Development Laboratory.  The full complement of SI processors and I/F cards, ETU cards, and a “full instrument” FPA simulator have been added to simulate the complete flight systems.  Figure 4.1.2.2-3 represents the ISIM FSW System Verification Lab. 
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Figure 4.1.2.2-3
ISIM FSW System Verification Lab

4.1.2.3
Utilized Standards

The standards for development practices, listed as references in Section 1.5, will be carefully reviewed and will be used intact.  If changes to these standards are required, then they will be documented and approved by the FSW Branch.  

Design notation and associated development tools will be consistent with the Unified Modeling Language standard maintained by the Object Management Group that is incorporated into the Rational Rose Realtime development tool.

Other standards, such as CCSDS standards for command and telemetry, are referenced in requirements specifications and interface control documents and are not repeated here.

4.1.2.4
Utilized COTS/GOTS Products and Tools

Table 4.1.2.2-1 identified the planned COTS software design and implementation products and tools.  Table 5.1.3.4-1 identifies the COTS / GOTS planned for general support.

Table 4.1.2.5-1
General Support COTS Products Used for CC&DH and ISIM FSW IPDTs

	COTS support software
	Description

	Microsoft Office 2000                        
	Word Processing, spreadsheet, and presentation generation

	Adobe PDF reader and writer
	Platform independent information exchange

	WinZip
	compressed file exchange

	Eudora Pro Mail Client
	email

	Bullet proof FTP Client
	remote file access

	Norton Antivirus
	virus protection

	Symantec PC Anywhere
	remote PC access

	Microsoft Frontpage

Cold Fusion
	Web development

	Netscape
	internet reading

	Programmer File Editor
	file editing

	Checkpoint
	Security (firewall that supports sw remote clients)


4.1.2.5
FSW ITERATION/Build Strategy

The CC&DH and ISIM FSW Build Strategy starts with the iteration/build plan. The iterations are defined to provide an executable product every 3 months.  Each iteration is integrated with previous iterations/builds, tested and delivered.  Deliveries are internal or external.  Tables 4.1.2.5-1 and 4.1.2.5-2 define the CC&DH and ISIM FSW Iteration/Build strategies, respectively. Updates to the CC&DH and ISIM FSW Iterations will be provided at fswevolution.gsfc.nasa.gov.

Table 4.1.2.5-1
CC&DH FSW Iteration/Build Strategy

	CC&DH Iteration
	Included Functionality
	External or Internal Delivery

	Iteration/Build 1
	Time management

Command management

Telemetry formatting

Raw memory loading and dumping
	Internal

	Iteration/Build 2
	Stored Commanding

Telemetry filtering

Memory loading and dumping


	Internal

	Iteration/Build 3
	Telemetry Monitoring and Response

Dwell
	Internal

	Iteration/Build 4
	Board support package

Time I/F

External and internal bus

Memory integrity
	Internal

	Iteration/Build 5
	CPU Health and Safety

Resets

Non-volatile memory management
	External

	Iteration F1
	FPA BB Test Applications – build solely to support HW test
	External

	Iteration F2
	FPA ETU Test Applications – build solely to support HW test
	External


Note: the Fn iterations will be developed in parallel with the CC&DH FSW iterations.

Table 4.1.2.5-2
ISIM FSW Iteration/Build Strategy

	ISIM FSW
	
	

	Iteration/Build 1
	SSM I/F
	External

	Iteration/Build 2
	FPA I/F
	Internal

	Iteration/Build 3
	FPA Readout 1  
	External

	Iteration/Build 4
	SI I/F
	External

	Iteration/Build 5
	FPA Readout 2
	Internal

	Iteration/Build 6
	ISIM  Hardware I/
	External

	Iteration/Build 7
	SI FSW 1 – Supports ISIM Flight SI I&T Ambient Functional Tests
	External

	Iteration/Build 8
	Guide I/F
	External

	Iteration/Build 9
	OPE 1
	External

	Iteration/Build 10
	SI FSW 2 – Supports ISIM Flight I&T Aliveness Functional Tests
	External

	Iteration/Build 11
	OPE 2
	External

	Iteration/Build 12
	SI Integrated Final 
	External

	M1
	MEMs I/F
	Internal

	M2
	MEMs Control
	External (NIR Spec FSW team)


Note: the Mn iterations will be developed in parallel with the ISIM FSW iterations.

4.1.2.6
FSW Inspection and Test Approach 

This section describes the approach to ensuring CC&DH and ISIM FSW quality through inspection, test, and reviews.  

The following list summarizes the inspection and test methodology, and terminology:

FSW Life-cycle Objectives Review (FLOR): 

· Performed through a meeting between the NGST Project and the at the end of Inception Phase

· Project agreement on section 2 of the Product Plan

Flight Software Requirements Reviews (SRR):

· Performed through inspection by the CC&DH and ISIM FSW test team and the development team, results are incorporated into the requirements and baselined for external reviews.

· Performed through peer and formal review at the SRR.

· RFAs at SRR are recorded and answered by the FSW development team or other assigned organizations.

FSW Architecture Design Reviews (ADR):

· Performed through inspection by the CC&DH and ISIM FSW test team and the development team, results are incorporated into architecture design and baselined for external reviews.

· Performed through peer and formal Review at the end of the Elaboration Phase.

· RFAs at the at the ADR are recorded and answered by the FSW development team

FSW Detailed Design Review(DDR):

· Performed through informal discussions and reviews by the development team, results are incorporated into existing design and baselined for external reviews

· Performed through peer and formal Review at the Detailed Design Review.

· RFAs at DDR  are recorded and answered by the FSW development team

Source Code Inspections:

· Rigorous and formalized inspection of source codes, prior to unit test

· Inspections comply with NASA Standard NASA-STD-2202-93 for Software Code Inspections

· Results are documented and retained by the development team

Unit Testing:

· Tests usually exercise one function at a time

· Valid and invalid inputs are tested (including single and multiple errors)

· Error conditions are established and error handling/recovery is verified

· Branch Testing is performed (path testing, where feasible)

· Designed and performed by programmer on development workstation and target

· Results reviewed by team at code walkthrough

· Unit Testing is conducted in compliance with the Code 582, Branch Standard for Unit Test.

Integration Testing:

· Verifies basic functionality of the build before release to test team

· Functionally related groups of software classes tested in the embedded environment

· Interfaces are tested

· Sending all build commands and verifying in telemetry

· Executing all modes of the software & verifying all transitions between modes

· Verifying major build functions (e.g. OPE, FPA Readout, Guide)  

· Test procedures designed and executed by software developer

Build Testing:

· Verifies that the flight software build operates as designed and that all functional and performance requirements have been met

· Test procedures designed and executed by the FSW test team, according to Build and Verification Test Procedures and requirements documents

· Results published in the Build and Verification Test Report. 
Test Readiness Review:

· Test procedures designed by independent test team, according to System Test Plan and requirements documents

· Test Readiness Review verifies that FSW is ready for System Test and Final includes a summary of the Initial Operational Capability.

FSW System Testing:

· Fully integrated software (CC&DH, ISIM, and SI)

· Configured as used operationally

· Executed on flight-like hardware

· Independent Acceptance Test is conducted at System Test completion and verifies FSW is ready for CPT

· Acceptance Test scenarios focus on operational capabilities (nominal and contingency) of the system

Acceptance Test Results Review:

· V&V Matrix reviewed at the Acceptance Test Results Review

· Acceptance Test results reviewed at the Acceptance Test Results Review and includes a Product Release recommendation

The table in Section 4.1.1.2 (Phases and Associated Products) shows development activities taking place in each life-cycle phase. This table also lists inspection and test activities by phase.

4.1.2.7
Acceptance Criteria and Objectives

The Observatory Contractor is responsible for the CC&DH System Test Activities.  No CC&DH Acceptance Test is currently planned.  An ISIM System Test Plan (STP) will be produced by the ISIM FSW Test and Validation team.  The ISIM FSW Test and Validation team is an independent integrated team with members form the ISIM FSW test team and the NGST FSW maintenance team. (supported by the CC&DH and ISIM FSW development team) during development. The STP will be based on the ISIM FSW Requirements Document, augmented with operational scenario testing.  
The requirements traceability matrix used in development team testing will not be used in the ATP.  The V&V matrix will be used in the ATP.

4.1.2.8
Reviews Planned

The CC&DH and ISIM NGST FSW Systems Manager, in conjunction with the Branch, will select a review panel for each review. Review panel members will be selected based on their experience relative to the particular review. The role of the review panel is to manage the flow of the review, and to ensure that Request For Action (RFA) are collected and tracked to completion. The following reviews are planned:

Table 4.1.2.8-1
Reviews Planned

	Review
	Participants
	Content

	FSW Life-cycle Objectives Review (FLOR)
	· Customer Representatives

· FSW Branch Representatives
	· CC&DH and ISIM FSW Product Plan

	SRR


	· Review Panel

· Customer Representatives

· Developers

· Test Team 

· CCB

· Selected FSW Branch specialists
	· SRR Presentation Package:

· Schedule & Staffing

· Relevant Mission Characteristics

· Operations Concept Overview

· Functional Requirements Summary

· Interface Requirements

· Performance Requirements

· FSW Qualification Requirements

· FSW Re-use Strategy

· Requirements Control Approach

· Issues, Risks, TBDs, Actions

	Architecture Design Review


	· Review Panel

· Customer Representatives

· Developers

· Test Team 

· CCB

· Selected FSW Branch specialists
	· ADR Presentation Package:

· Updated Schedule & Staffing

· Requirements Overview

· OO Diagram Overview

· User I/F Overview

· Code Overview

· FSW Re-use Candidates

· Requirements Traceability Matrix

· Testing Strategy

· Design Team Assessment

· Estimates/Metrics (of what?)

· Issues, Risks, TBDs, Actions

	Detailed Design Review
	· Review Panel

· Customer Representatives

· Developers

· Test Team 

· CCB

· Selected FSW Branch specialists
	· DDR Presentation Package:

· Updated Schedule & Staffing

· Updated OO Diagrams

· Updated User I/F

· Updated Code

· Prototyping Results

· Operational Changes since PDR

· Re-use Changes since PDR

· Testing Strategy Changes since PDR

· Required Resources

· Updated Estimates/Metrics

· Issues, Risks, TBDs, Actions

	TRR
	· Review Panel

· Customer Representatives

· Developers

· Test Team 

· Selected FSW Branch specialists


	· TRR Presentation Package:

· Updated Schedule & Staffing

· Build and Verification Test Results

· Initial Operations Capability(IOC) Description

· System Test Dry Run Results

· System Test Overview

· Test Readiness Assessment

· Updated Metrics

	System Test
	· FSW integrated test team (Maintenance Team and Test Team)

· Developers

· Customer Representatives
	· System Test Plan

· Acceptance Test conducted )completion of System Test)

	Acceptance Test Results Review
	· FSW Maintenance Team 

· Developers

· Customer Representatives
	· Acceptance Test Results Package

· Product Release Recommendation

· V&V Matrix


4.1.3
Process Control

GPG 8072.1 establishes a consistent method for the control of production, installation, and servicing processes that directly affect the quality of products.

The specific implementation of  GPG 7072.1, as applicable to this development project, is described by this Product Plan.

4.1.4
Incoming Inspection and Test

No inspection other than kind, count, and condition of COTS purchased products is planned.

For procured items intended to be included in FSW, or to test FSW, the GSFC Receiving Inspection and Test System (RITS) will be used:

<http://rits.gsfc.nasa.gov/ritsindex.cfm>

4.1.5
Control of Test Equipment

During development, after the unit test stage, FSW is tested using a variety of hardware and software simulators of varying fidelity. The final pre-launch tests are run on the actual flight hardware. However, there are frequently some tests that cannot be performed on the flight hardware in a ground test environment. These functions can, therefore, only be tested using hardware or software simulators and other test equipment. In these cases the validity of the test depends on the fidelity of the test equipment. This section describes how the hardware and software test equipment for CC&DH and ISIM FSW tests will be controlled to ensure the validity and repeatability of such tests.

Note that lab test equipment and simulators provide only an interim level of testing. Integration and execution on flight hardware provide the basis for product acceptance.

After delivery to the CC&DH and ISIM FSW development laboratory, all test equipment is controlled by the CC&DH and ISIM IPDTs. The CC&DH and ISIM Lab Development Team is responsible for integrating and validating the HW and SW lab configuration. Maintenance of the test equipment (HW and SW) is performed by the organization that supplied the equipment; please refer to Section 2.5 for responsible parties. Calibrations will be performed as necessary.

Configuration management of the test equipment is the responsibility of the CC&DH and ISIM FSW IPDTs.  Configuration management of the test software is the responsibility of the FSW development team and is described in the CC&DH and ISIM FSW Configuration and Change Management Plan.

Test equipment located in the ISIM FSW System Verification Facility is the controlled by the ISIM FSW Test and Validation Team, and is the responsibility of the Team Lead.

Test Equipment and test software located theISIM FSW System Verification facility is controlled by the ISM FSW Test and Validation Team.
4.2
Process for Transportation, Identification, and Medium of Product

The NGST FSW products shall be delivered on CD ROMs as described in section 2.12 Medium for Target Delivery.  The CD-ROM shall have a sticker that contain the following information:

· Build Identification (Build Number)

· Release Message Identification

· Web page address where that contains the following information

· Release Message

· Description of Release (Problems fixed, known problems)

· Version Description Document

· Installation Procedure

· Release Notes

4.3
Technology and Commercialization Plan

There is no technology and commercialization plan for the NGST CC&DH and ISIM FSW.

4.4
FSW Maintenance

This section describes the arrangements for maintaining the software after Acceptance Test. 

The NGST FSW maintenance team will maintain the CC&DH and ISIM FSW through end-of-mission.  The process used to develop the launch image will be continued throughout the life of the mission.

5.0
Product Assurance

This section describes the processes and procedures that will be followed in order to assure that the FSW satisfies the customer’s requirements.

5.1
Assumptions and Constraints

It is assumed that, initially, a separate dedicated configuration and change management system will be used for ISIM and Common C&DH software.  It is conceivable that the project will, at some point, decide to create a common, project-wide CM system.  If this occurs, some accommodation will be found, however, if the CM tool we select is highly integrated with our development tools, the impacts of this will need to be evaluated.

5.2
Quality Assurance

This section describes the processes for reporting and correcting faults, and for controlling quality records, documents, and data.

5.2.1
Control of Nonconforming Products

During the development phase, reports of nonconformance will be reviewed, tracked, and maintained by the development team. An on-line problem/enhancement database system will be set up at: 

<http://fswevolution.gsfc.nasa.gov>

Any problem or enhancement that impacts the schedule, budget, and delivery of the product will be assessed by the development team and reported to the customer. 

The following procedure will be used to report, control, and correct FSW nonconformances occurring prior to final delivery:.

· Any member of the team may fill out a Discrepancy or Change Request (DCR) via the online reporting system during any phase of the project. The DCR shall specify the proposed assignee.

· The system will forward any DCRs received to the appropriate proposed assignee and to the team lead.

· The proposed assignee and the team lead will jointly assign a person representing the appropriate group (including the person who submitted the DCR) to analyze the problem, determine corrective action, and notify all affected owners of any other related items.

· Discrepancies that cross team boundaries, e.g., ISIM vs. SSM will be assigned to the NGST Systems Architect and Engineer for technical coordination across the interface.

· After approval (if necessary), work scheduling, correction and retest, the DCR assignee will update the appropriate CM information (see Section 5.3

· The assignee of the item will maintain the status of the DCR in the team DCR database.

For DCRs reported after delivery of the final release to the customer (or representative), the Team Lead will determine if the DCR meets one or more of the criteria set forth in GPG 1710.1 (characterized as “major” non-conformances), and if so, will also enter the item in the GSFC Non-Conformance Reporting (NCR) system:

<http://ncr.gsfc.nasa.gov/>

The CC&DH and ISIM NGST FSW Systems Manager will discuss with the customer if the software release will be returned to the Team for correction or can be used as is until the next release is available.

5.2.2
Corrective and Preventative Action

Reports of nonconformance will be reviewed, tracked, and maintained by the development team. An assessment of the impact of the nonconformance to the schedule, budget, and delivery of the product will be made by the development team. 

Nonconformances with potential impact to schedule, scope, or cost will be reported to the Project for approval of the proposed solution.

Nonconformances with no potential impact to schedule, scope, or cost will be repaired and tracked as described in Section 5.2.1 (Control of Nonconforming Products).

5.2.3
Control of Quality Records

All quality records associated with the Flight Software development effort will be controlled by the Quality Records Coordinator (the CC&DH and ISIM NGST FSW Systems Manager). A list of the quality records will be linked to the NGST FSW web page at:

http://fswevolution.gsfc.nasa.gov
The control of Quality Records, documents, and data will be conducted according to the Library of Approved Team Processes (Section 2: Control of Documents and Data & Quality Records):

<http://isc.gsfc.nasa.gov/iso9k/atp/ATP06.html>

5.2.4
Control of Documents and Data

The process for controlling documents and data is as described in Section 5.2.3 (Control of Quality Records) above. 

5.3
Configuration Management

Section 2.9, Authority for Change, previously described the NGST FSW Systems Manager roles for CC&DH and ISIM FSW CM.  The CC&DH and ISIM FSW team will define an approach to configuration management that is consistent with the NGST Project configuration management approach. A CC&DH and ISIM FSW Configuration and Change Management Plan will be developed during the CC&DH Elaboration Phase.  A CC&DH and ISIM FSW CM database will be established and available minimally for read access, to the Project, to Systems Engineering teams, and to Software Development and Integration and Test Teams either government or contractor.  Additionally, the CC&DH and IISM FSW team will:

· Review DCRs for software classification changes.

· Manage the CC&DH and ISIM FSW CM library to control the use and revision of official copies of baseline components.

· Produce and distribute periodic CC&DH and ISIM DCR data base and individual product CR status reports.

· Conduct CC&DH and ISIM functional and physical configuration audits (FCA & PCA)

The CC&DH and ISIM FSW team will define a configuration and change management process for the items listed below, and will address these in a separate Configuration and Change Management Plans

· Configuration Identification

· Configuration Change Control

· Configuration Status Accounting

· Configuration Authentication

· Documentation Requirements

The Rational Rose Tool Suite component, Clear Case will provide an automated CM tool for managing software configurations.  Typically, software configurations, in the form of a build, will be placed under configuration control after Build Integration and prior to onset of Build Testing.  The CC&DH and ISIM NGST FSW Systems Manager will designate a specific individual to be responsible for software CM.  This individual will decide when and by whom software items may be placed into the CM repositories. 
5.3.1
Identification and Traceability of Products

Software releases will be identified by iteration/build number starting with iteration/build 1.  Iterations are typically characterized by a predefined level of capability expressed as a set of requirements.  Sub-releases, identified by a second digit separated by a decimal point (e.g. Build 1.3), will be used to update an iteration to correct errors or fix problems.

A naming convention will be established for identifying components and units (modules) that indicates the subsystem or task the component or unit belongs to.  General or common components will be named using a similar convention that identifies them as such.  

Each release will be accompanied by a Delivery Letter that describes the purpose, nature and scope of what is being provided. Attached to the Delivery Letter, there will be a Version Description Document that summarizes the capabilities and requirements met by this delivery and provides specific version numbers of all software components of the build.  Also attached to the Delivery Letter, there will be Release Notes that describe details of the build process and any characteristics or limitations of the delivered software that could affect operation.

To ensure that the iteration can be recreated from accessible information, the following provisions will be met:

· “Make files” (or equivalent) for each component and for the whole system will be provided.

· The version numbers for each required software tool (compilers, link editors, code generation tools, etc.) will be specified.

· The software development environment that was used to create the Iteration will remain available (or could easily be recreated if necessary).

· Procedures and data used to test the Iteration (and its components) will be provided or unambiguously identified.

Each delivered release shall be maintained for as long as Quality Records related to that release are maintained.

5.3.2
Control of Customer Supplied Elements

Customer-supplied elements will be controlled according to the Library of Approved Processes (Section 3: Control of Customer Supplied Elements ):

<http://isc.gsfc.nasa.gov/iso9k/atp/ATP08.html>

Appendix A
Acronyms and Abbreviations

ADR
Architecture Design Review 

AT
Acceptance Test

ATP
Acceptance Test Plan

ATRR
Acceptance Test Readiness Review

CC&DH
Common Command and Data Handling (Subsystem)

C&DH
Command & Data Handling (Subsystem)

CCB
Configuration Control Board

CDR
Critical Design Review

CM
Configuration Management

CMP
Configuration Management Plan

CMS
Configuration Management System

CPT
Comprehensive Performance Test

CPU
Central Processing Unit

COTS
Commercial Off-The-Shelf

DCR
Discrepancy or Change Request

DDR
Detailed Design Review 

ESD
Electrical Static Discharge

ETU
Engineering Test Unit

FLOR
FSW Life-cycle Objectives Review

FOT
Flight Operations Team

FPA
Focal Plane Array

FPE
Focal Plane Equipment

FSB
Flight Software Branch (Code 582)

FSW
Flight Software

FTE
Full Time Equivalent

GOTS
Government Off-The-Shelf

GPG
Goddard Procedures and Guidelines

GS
Ground System

I&T
Integration & Test

IAT
Independent Acceptance Test

IATP
Independent Acceptance Test Plan

ICD
Interface Control Document

ICE
In-Circuit Emulator

IOC
Initial Operational Capability

IPDT
Integrated Product Development Team

IRD
Interface Requirements Document

ISC
Information Systems Center (Code 580)

ISIM
Integrated Science Instrument Module

JSEB
Joint System Engineering Board

NCR
NonConformance Report

NGST
Next Generation Space Telescope

ODC
Other Direct Charge

OO
Object Oriented

OOD
Object Oriented Design

ORR
Operational Readiness Review

OTE
Optical Telescope Equipment

PDH
Product Development Handbook

PDL
Program Design Language

PDR
Preliminary Design Review

QMS
(GSFC) Quality Management System

RTOS
Real-Time Operating System

RUP
Rational Unified Process@
SDP
Software Development Plan

SI
Science Instrument

SOW
Statement Of Work

SRR
Software Requirements Review

SRR
System Requirements Review

SSM
Spacecraft Support Module

SW
Software

RFA
Request for Action

TBD
To Be Determined

TL
Team Lead

TRR
Test Readiness Review

V&V
Verification and Validation

WOA
Work Order Authorization

@ RUP is a registered trademark of Rational Software Inc.

Appendix B
Mapping to Product Development Handbook Outline

The outline of this document was originally based on the Product Plan outline presented in Appendix A of the Code 580 Product Development Handbook (PDH), Rev. D. 

Subsequently, the Product Plan outline in the Product Development Handbook changed with Rev. E. In parallel, the outline of Code 582’s Product Plan template changed to better reflect 582’s normal practices and procedures. As a result, the outline of this document is substantially different from the outline presented in the Product Development Handbook, though the intention remains the same.

The following table presents a mapping between the Product Development Handbook (Rev. E) Appendix A outline and the contents of this document:

	580 PDH Section
	580 PDH Section Name
	This Document Section Name
	This Doc. Section

	1.0
	Customer Agreement
	Customer Agreement
	2.0

	1.1
	Background
	Background and Scope
	1.3

	1.2
	Team Charter
	Team Charter
	3.3.2

	1.3
	Customer(s) Identification
	Customer Identification
	2.1

	1.4
	Customer Goals and Objectives
	Customer Goals and Objectives
	2.2

	1.5
	Requirements
	Requirements Sources
	2.3

	1.6
	Deliverables
	Deliverables from FSW Branch
	2.5.2

	1.7
	Schedules
	Schedules
	3.8

	1.8
	Necessary Customer Training
	Customer Training
	2.11

	1.9
	Medium/Method for Product Delivery
	Medium for Product Delivery
	2.12

	1.10
	Product Destination
	Product Destination
	2.13

	1.11
	Post Delivery
	Post Delivery Maintenance
	2.14

	1.12
	Customer-supplied elements, both technical, and resources (schedule, medium, and interfaces)
	Receivables to FSW Branch
	2.5.1

	1.13
	Customer involvement (roles, responsibilities, authority, accountability)
	Customer Involvement
	2.7

	1.14
	Acceptance Criteria
	Acceptance Criteria
	2.10

	1.15
	Customer Agreement Review and Update Process
	Document Development, Review, Approval, and Update
	1.4

	2.0
	Design Planning and Interface Management
	Management Approach
	3.0

	2.1
	General development approach
	General Development Approach
	3.1

	2.2
	Resources needed (budget, people/skills, and facilities)
	Resources Required
	2.4

	2.3
	Team Organization
	Team Organization
	3.3

	2.3.1
	Team Organization
	Team Organization
	3.3

	2.3.2
	Roles, Responsibilities, Authority, Accountability of Team Members
	Roles, Responsibilities, Authority, Accountability of Team Members
	3.3.4

	2.3.3
	Decision making and conflict resolution process
	Decision Making and Conflict Resolution Process
	3.3.5

	2.4
	Team interfaces to other teams, organizations, or groups
	Receivables and Deliverables
	2.5

	2.5
	Procurement
	Procurement
	3.5

	2.6
	Team training plan
	Team Training Plan
	3.6

	2.7
	Risk mitigation
	Risk Mitigation
	3.7

	2.8
	Security
	Physical Security
	3.3.4

	2.9
	Detailed Schedules
	Schedules
	3.8

	2.10
	Technology and commercialization plan
	Technology and Commercialization Plan
	4.3

	3.0
	Technical Approach
	Technical Approach
	4.0

	3.1
	Design Development (GPG 8700.2)
	Software Development Plan
	4.1

	3.1.1
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