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1 Introduction

This document is intended to describe the enhancement, maintenance, and engineering support of the Integrated Test and Operations System (ITOS) required to provide a fully functional ground data system to support the mission requirements.  This document shall be the basis for formal agreements between the ITOS team and HESSI mission.

1.1 Purpose

The purpose of the ITOS effort is to provide engineers, scientists, and mission operators with a tool to command, control, and monitor a spacecraft and all of its subsystems from component assembly through on-orbit operations.  In addition, the ITOS team provides the engineering support, as needed, to install, configure, enhance, and use the ITOS.

1.2 Background

The High Energy Solar Spectroscopic Imager (HESSI) is part of NASA's Small Explorers Program and is a collaboration between several institutions including Goddard Space Flight Center, Paul Scherrer Institute in Switzerland, UCB/Space Sciences Laboratory in Berkeley, CA, and Spectrum Astro in Gilbert, AZ.   As the HESSI technical management lead, the Space Sciences Laboratory selected ITOS as the ground data system to be used in support of the HESSI mission for spacecraft development at Spectrum Astro, and for instrument development, spacecraft integration and test, and mission operations at UCB.

The ITOS is developed by a group in the Real-time Software Engineering Branch for control and monitoring of spacecraft during development, test, and on-orbit operations.  The ITOS has successfully supported numerous missions at Goddard Space Flight Center since 1990.  It is a low-cost, portable, software-based, system, which runs under the UNIX operating system.  A single version of the ITOS software is used in support of over one dozen missions.  Since the ITOS development team is very small, in order to reduce the burden of software maintenance, it is expected that all of the ITOS customers remain relatively current with the latest release.  The ITOS developers are a fast-reaction team that provides quick turnaround for software fixes and requested enhancements, which results in release updates as often as twice a month.  In addition, the ITOS is a continually evolving system that stays current with new technology.

In support of the HESSI mission, the ITOS team can be viewed as a vendor that offers a "shrink-wrapped" product similar to, for example, a word processor or spreadsheet package.  It is up to the customer to determine exact compliance and performance of the product with respect to its intended use.

1.3 Product Plan Review and Update

The HESSI Mission Operations Manager and the ITOS Team, Branch and Engineering Center management shall review this document.   It has been developed by and will be maintained by the ITOS/Product Development Lead.  The on-line version of this document shall be considered the official up-to-date document.  Changes that impact the customer agreement, cost or schedule, will not be posted until they have been approved by all of the designated signatories.

2 Customer Agreement

This section describes the agreement between the HESSI Project and the ITOS development team for delivery of a command and control system for use as the basis of HESSI spacecraft and instrument development, and the mission control center. 

2.1 Customer Identification

The ITOS product customer is the HESSI Mission Operations Manager.  All correspondence regarding technical issues, status reviews, demonstrations, software releases, and maintenance will be through the Mission Operations Manager.  

2.2 Customer Goals and Objectives

The customer’s objective is to acquire a low-cost command and control system to support the spacecraft and instrument development, pre-launch checkout, launch activities, and operations.  ITOS will be located at the launch site and at the HESSI Control Center facility at the University of California at Berkeley.  In addition to providing standard command and control capabilities in the control center, the customer must provide the scientists, engineers, and operators with the ability to receive spacecraft and instrument data from remote locations via the World Wide Web.

2.3 Requirements

ITOS shall be developed to meet the requirements and data formats specified in the following documents:

HESSI Mission Operations Center (MOC) to Science Operations Center (SOC) Interface Control Document (ICD) (HSI_SYS_001A Version A - 1998-Jun-26) 

HESSI Spacecraft to Berkeley Ground Station Interface Control Document (HSI_GDS_001A Version A - NOT AVAILABLE AT THIS TIME).  

HESSI Telemetry Format (HSI_SYS_007D, Version D 1998-Nov-24) 

HESSI Telecommand Format Specifications (HSI_SYS_008B, Version B 1998-Nov-9) 

Any changes to the documents listed above that may impact the schedule or ITOS development cost must be made in accordance with the procedure documented in Section 2.14 of this document.

2.4 Deliverables

The deliverables include incremental ITOS software releases with release notes and the ITOS User’s Guide.  The planned releases are identified in Section 3.9 

2.5 Necessary Customer Training

The customer will be trained by an ITOS team member on the installation and operation of ITOS.  This training will be conducted at the University of California at Berkeley (UCB).

2.6 Medium for Product Delivery

The ITOS software releases are made available at scheduled times through an ftp account on the ITOS development server.

2.7 Product Destination

The ITOS software will be installed in the HESSI instrument development labs and the HESSI Control Center at  UCB as well as the spacecraft development site at Spectrum Astro in Arizona.  The HESSI ground system will perform the ITOS software installation with support from the ITOS development team as needed.  Detailed documentation on the ITOS installation process can be found at the ITOS home web site under the Developer Documents list.

2.8 Post Delivery Maintenance

The ITOS development team will manage all required bug fixes, enhancements, and upgrades to the ITOS software for the life of the mission.  New ITOS software releases will be installed by the HESSI ground system team.

2.9 Customer Supplied Elements

The customer shall provide all funding necessary to complete the ITOS development effort.  This includes funding for all hardware, software, personnel, and facility equipment required for the project.

2.10 Customer Involvement

This section describes the involvement of customer personnel that will be required to insure that the product delivered meets the requirements.

2.11 Customer Communication

Communication with the Mission Operations Manager will take place mostly via phone and e-mail.  The ITOS Lead will provide regular status reports to the customer as requested.  Any problems encountered during the development effort, which may impact the project schedule or budget, will be reported to the Control Center Lead.

2.12 Authority for Changes

Any changes to the product requirements or content of this document that impact the mission schedule or budget or product functionality must be approved by all persons appearing on the signature page of this document.  The ITOS Lead will have authority for making enhancements that do not negatively impact schedule or budget or product functionality.  Changes made to the ITOS software will be identified in the release notes for each delivery.

2.13 Acceptance Criteria

The HESSI mission operations team shall perform software acceptance testing for each ITOS release. 

2.14 Customer Agreement Review and Update Process

The ITOS development team will participate in periodic reviews as requested by the customer.  The customer will be notified immediately of any problems encountered during the development phase, which may impact the product development schedule, budget, performance, or functionality.  

Any changes to the customer agreements in or referenced by this document, which may impact the product delivery schedule, budget, performance, or functionality, must be requested using the ITOS Request for Change form found on the ITOS home page.  The customer and the ITOS development team must review the change requests.  The customer will be provided with cost and schedule estimates for all requested changes.  Approval by the customer for any changes must be forwarded to the ITOS Lead via e-mail.  Upon approval, the ITOS Lead shall make the appropriate changes to the on-line version of this document.

3 Management Approach

This section describes the management approach that will be employed by the ITOS development team.

3.1 General Development Approach

The general development approach of the ITOS team is to maintain only one version of the software.  Any enhancements made to the ITOS software to meet a particular mission’s requirements shall be made to the core system. Every customer will be kept up to date with the current ITOS release.   Also, mission specific capabilities are never hard-coded, instead, they are incorporated as configurable options.  In order to keep costs down, the ITOS team uses freeware products whenever possible.  At present, the software licensing cost of the ITOS system is zero.

3.2 Resources Needed

An estimate of the resources required for development and support of ITOS that meet the customer’s requirements is shown in the table below.


FY 99 Staff Years
FY 00 Staff Years

Civil Servant
.1
.1

Contractor
.25
.25

3.3 Team Organization

This section describes the organization and purpose of the ITOS development team.

3.3.1 Team Organization Chart

The following chart depicts the organization of the ITOS development team.







3.3.2 Team Charter

The ITOS team charter is to develop enhancements to the existing ITOS software as necessary to meet customer requirements for a command and control ground data system.

3.3.3 Team Scope

The ITOS development team will enhance and maintain the ITOS software as needed to meet mission requirements.  As directed by the customer, the team will either supply detailed specifications to procure all hardware and software necessary for development and operation of ITOS, or will handle the procurement directly.   The team will support all integration and test, pre-launch, launch, and operations activities as required by the customer.

3.3.4 Roles, Responsibilities, Authority, Accountability

This section describes all of the roles and responsibilities of the members of the ITOS team.

3.3.4.1 ITOS Lead

The ITOS Lead is responsible for the design and development of ITOS enhancements to meet customer requirements, in addition to the testing, delivery, and maintenance of all ITOS software.   The ITOS Lead is responsible for assigning work to members within the ITOS development team.  The ITOS Lead must provide a cost and schedule assessment for enhancing ITOS to meet unique customer requirements.  In addition, the ITOS Lead will support any meetings and reviews as required, and will provide technical input to the spacecraft, instrument, and control center developers as needed to assure minimal cost and schedule impacts to the development of the ITOS.   The ITOS Lead will also arrange demonstrations of progress against the mission requirements as requested.

3.3.4.2 ITOS Development Team (itos@itos.gsfc.nasa.gov)

The ITOS development is an in-house effort accomplished by a team of civil servants and contractors working together as an integrated product team.  The development team is responsible for supporting the ITOS Lead in the design, development, test, delivery, and maintenance of the ITOS software including any associated documentation.  In addition, the team will support any reviews or meetings as requested.

3.3.4.3 Real-time Software Engineering Branch

The Real-time Software Engineering Branch, as the line management of the ITOS team will provide organizational support for all aspects of the ITOS development effort.  This support may include generalized development tools and development environments, documentation support, development computers, related training if funding is available, augmentation of effort levels as required for development, internal reviews or audits, and software development standards and policies.

3.3.5 Decision Making and Conflict Resolution Process

Design decisions related to the development of ITOS software will be made jointly by all members of the development team.  In the event of a conflict, the ITOS Lead will have final decision making authority.

3.3.6 External Support

No external support is required for the development of ITOS.

3.4 Team Interfaces to Other Groups

The ITOS team interfaces with the customers and users of the ITOS system. ITOS has a documented external interface for telemetry and commands but will meet new interfaces as directed by the customer.  The team will participate in the development and/or review of any Interface Control Documents that are associated with ITOS.

3.5 Development Facilities

The ITOS software will be developed at the ITOS Development Lab at the Goddard Space Flight Center in building 23, room E218.

3.5.1 Modifications of Existing Facilities and Schedules

No modifications are needed for the ITOS development effort.

3.5.2 Development of New Facilities and Schedules

No new facilities are needed for the ITOS development effort.

3.5.3 Physical Security

The ITOS Development Lab is locked after working hours. All government computers are password protected and on a government owned network.  Significant effort is made to maintain a high level of network security on the ITOS development computers.

3.6 Procurement

The ITOS Lead shall be responsible for initiating the procurement of one digital data recorder.  Spectrum Astro shall be responsible for the acceptance testing and shall provide the test results to the ITOS Lead. 

3.7 Team Training Plan

Training for the ITOS team will be made available on an as requested or as needed basis as funding permits.  No specific training is required for the development of ITOS software.

3.8 Risk Mitigation

No risks have been identified that are associated with the enhancement of ITOS to meet the customer’s requirements.  The enhancements required do not represent a risk in terms of schedule or technical challenge.  The Mission Operations Manager will be notified immediately of any risks that become known as the development process progresses.

3.9 Schedule

The schedule showing key milestones associated with the development and delivery of ITOS for the HESSI Project can be referenced from the ITOS home page.

3.10 List of All Controlled Documentation Including Quality Records

The following on-line documents related to the ITOS, are controlled by the ITOS Development Team and can be referenced from the ITOS Quality Records List or the ITOS home page:

ITOS Quality Records List

ITOS Users Guide

ITOS Developer Documents

ITOS Release Notes

ITOS Metrics Matrix

Procurement Requests

ITOS Test Plan

ITOS Test Results

All other documentation related to the ground system such as review material, RFA responses, etc. are maintained by the HESSI Mission Operations Manager.

3.11 Process for Process and Product Metric Analysis

 A metrics matrix based on Appendix E of the ISC Product Development Handbook will be maintained throughout the product life cycle.  This matrix identifies and tracks key metrics associated with the ITOS development effort and will be updated and reviewed periodically to monitor the progress towards meeting  planned milestones.  This matrix is part of the quality records maintained for the ITOS product.

4 Technical Approach

This section describes the technical approach that will be used to develop enhancements to the ITOS.

4.1 Software Development Plan

The general approach to software development is to achieve 100% reuse of existing software and to find low-cost solutions for all new development work.   This is achieved by making all customer unique values and capabilities configurable and by using well-supported freeware software and tools whenever possible.  New ITOS capabilities are designed, developed, tested, and released in incremental builds.  Builds are determined by customer needs.  Because the ITOS team typically supports over ten customers at any given time, only one version of ITOS is maintained.  ITOS builds may contain enhancements for multiple customers.  All customers are notified about the most current ITOS release.

4.1.1 Major Activities

This section describes the major activities associated with the ITOS development approach.

4.1.1.1 Phases

The development of new ITOS capabilities for the HESSI mission include the following phases: requirements, design, development, integration and test, and delivery.  Detailed system requirements are provided by the customer and to the ITOS team.  The ITOS team works closely with the customer during the requirements phase and participates in the review of the Requirements Document.  After the requirements phase is complete, the design phase begins.  If the development effort is substantial, the design phase will include the development of a design document to be reviewed by the ITOS team, and, if necessary, a prototyping effort will begin.  For simple enhancements, the design phase will consist of e-mail exchange that  will represent the design documentation.  The development phase begins after the design phase has completed.  The ITOS Development Lab is equipped with development computers and software needed for most enhancements.  The software development effort is completed in phases over one or more builds.  As each build is complete, the integration and test phase begins.  During this phase, new software modules are integrated with the core ITOS software.  The ITOS Test Plan is modified to include testing of newly added capabilities.  The integrated software is then tested following the ITOS Test Plan.  Upon successful completion of the integration and test phase, the build is delivered as a new software release.  All ITOS customers are notified of the new ITOS release.

4.1.1.2 Products Associated with Phases

During the requirements phase, this Product Plan is created.  It is updated throughout the mission as needed.

During the Design phase one or more Detailed Design Documents are developed for major enhancements.  In addition, Design Review Packages are assembled to support Project/Customer reviews.  The Design Review packages address requirements, design, schedule, and status.

During the development phase, the ITOS Users Guide is updated to reflect added capabilities.  Also during this phase, a Test & Verification Plan is developed.

There are two products associated with the delivery phase: ITOS releases and ITOS patches.  A release is provided with each build.  A patch is provided between releases in response to new requirements or to address non-conformance of a release and will be handled in the same manner as full releases.

4.1.2 Development Methodology

This section describes the methodology that will be employed in the development of the ITOS product.

4.1.2.1 Methodology

The software development effort is divided into multiple builds.  Each module within a build is designed, developed, and unit tested before being integrated into the core ITOS.  After integration, the ITOS system is tested according to the Test and Verification Plan.  The test results are part of the ITOS Quality Records and are available on-line. After system level testing is complete, the software will be delivered to the HESSI ground system team.  Any defects detected during acceptance testing by the customer should be reported using the ITOS Change Request and Problem Reporting System and will be repaired and re-tested at the unit, and system level.

4.1.2.2 Development Environment

Each member of the ITOS team has his/her own development computer.  The ITOS software resides on a development server under configuration control. Each release is compiled and tested on multiple architectures (PC’s and Sun Workstations) and UNIX operating systems (Solaris, Linux, and FreeBSD) to assure complete portability.

4.1.2.3 Utilized Standards

The ITOS software conforms to the POSIX standard and the Consultative Committee for Space Data Systems (CCSDS) format.

4.1.2.4 Utilized COTS Products and Tools

The ITOS development team utilizes freeware software and tools whenever possible including FreeBSD, Linux, and a number of GNU development tools.

4.1.2.5 Build Strategy

The ITOS software is built and released in several phases. Each phase provides significant functional capability.  The following builds have been identified for  HESSI:

Build 1:
Reed-Solomon and PN decoding


Build 2:
HESSI checksum

Build 3:
TSI ground station interface


The estimated date for each build start and end is shown in the ITOS schedule in Section 3.9..

4.1.2.6 Product Inspection and Test Approach

Each ITOS release will be tested by the ITOS development team using the HESSI Traceability and Verification Matrix developed by the ITOS development team.  Testing includes compliance with customer and year 2000 requirements.  After internal testing is complete, the release is delivered to the customer.

4.1.2.7 Acceptance Criteria and Objectives

The Traceability and Verification Matrix addresses all customer and year 2000 requirements to be satisfied by the software under test.  If all of the items listed in the matrix are successfully tested, then the product will be accepted.

4.1.2.8 Reviews Planned

The ITOS development team supports all customer design and status reviews as requested.

Internal design reviews attended by the ITOS development team will be held as needed.

4.1.3 Incoming Inspection and Test

No equipment is being purchased other than the digital data recorder for which Spectrum Astro will perform incoming inspection and test.

4.1.4 Control of Test Equipment

No test equipment is used.

4.2 Process for Transportation, Identification, and Medium of Product

Equipment associated with the ITOS product will be transported using the NASA/GSFC center process for transportation.  The ITOS software will be delivered electronically using ftp.

4.3 Technology and Commercialization Plan

The ITOS product was successfully commercialized and made publicly available in February of 1999.

4.4 Servicing – Process for Product Maintenance

The ITOS software will be maintained by the ITOS development team throughout the life of the mission being supported, or as required by the customer.  Maintenance includes bug fixes and periodic updates.  Since only one version of ITOS is maintained at any given time, all customers will be notified as new releases become available. 

5 Product Assurance

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

5.1 Assumptions and Constraints

None

5.2 Quality Assurance

This section describes the processes and procedures that will be followed in order to assure that the customer receives a quality product.

5.2.1 Control of Non-Conforming Products

Reports of nonconformance associated with ITOS releases will be reviewed, tracked, and maintained by the ITOS development team using the ITOS Change Request and Problem Report System. An assessment of the impact of corrective action to the delivery schedule and budget of the product will be reported to the customer.  After approval by the customer, the non-conformance will be repaired and a new release/patch will be delivered.   Any mission critical non-conformances will be entered in the NASA Goddard Space Flight Center Non-conformance Report/Corrective Action (NCR/CA) system and will be managed as described below in section 5.2.2. 

5.2.2 Corrective and Preventative Action

For non-conformances reported using the NCR/CA system, the ITOS team will follow the procedure for initiating and implementing corrective and preventive actions as documented in the Goddard Procedures and Guidelines Directive Number 1710.1A.   For internal non-conformances reported using the ITOS Change Request and Problem Reporting System, the corrective action shall define the actions to be taken, action responsibility, schedule for completion, and status of the corrective action.

5.2.3 Control of Quality Records

All quality records associated with the ITOS product will be maintained on-line and controlled by the ITOS team lead.  The quality records are listed in the ITOS Quality Records List which can be referenced from the ITOS home page.

5.2.4 Control of Documents and Data

All documents and data generated by the ITOS team are maintained on-line and controlled by the ITOS lead.  The documentation and software are maintained using the automated Concurrent Version System (CVS) tool.   In addition, a backup of the development server is performed including a daily Level 8 backup and a periodic Level 0 backup.

5.3 Configuration Management

All source code and documentation developed by the ITOS team is controlled using the GNU Concurrent Version System (CVS) revision control tool.  This tool tracks all changes made and provides management of ITOS releases.  The ITOS documentation is maintained on-line and is included in each ITOS release.  Each release of the ITOS software is incrementally numbered and is delivered with release notes highlighting significant changes for which the user must be aware.  The ITOS development team will review any significant changes to the ITOS software requested by the customer.  An estimate of the schedule and budget necessary to effect the requested change will be made and presented to the customer.  Upon customer approval, changes will be made and delivered as either a new release or as a patch to the existing release.

5.3.1 Identification and Traceability of Products

Each software module in a release is tagged with the version number assigned to the release.  In addition, the ITOS release includes a readable file containing the current release number.  All changes made to the ITOS software are documented and maintained by the CVS revision control tool.  In addition, each release is accompanied by documentation indicating the version number, newly added features, and corrected discrepancies.

5.3.2 Control of Customer Supplied Elements

There are no customer-supplied elements at this time.
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