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Section 1 Introduction

This document presents the development plan the Visual Observation Layout Tool (VOLT) project.

1.1 Purpose

The main objective of the VOLT project is to provide visual tools to help automate the planning of coordinated observations among multiple observatories, such as the Hubble Space Telescope (HST), Chandra X-ray Observatory (Chandra or AXAF), X-Ray Timing Explorer (XTE), and the Far Ultraviolet Spectroscopic Explorer (FUSE).  A secondary objective is to provide better visibility into planning information for improving the schedulability of an observation even for a single mission. The primary users of these tools are envisioned to be the science observers or investigators and the observatory planning staff. The planning coordination tools will be developed to run in a stand-alone environment, but should also be capable of running in an integrated environment in which the users operate (e.g., Scientist’s Expert Assistant (SEA), Astronomer’s Proposal Tool (APT)).

The VOLT project mission goals are to:
1. Provide tools to help automate the planning of multi-observatory coordinated observations. Develop a prototype that demonstrates this goal for two specific missions (e.g. HST and FUSE). The prototype should provide an extensible architecture to accommodate other missions.

2. Develop tools to assist both the observer and the program coordinator.  These tools may provide different capabilities depending on the type of user.

3. Integrate with existing proposal tools, such as the SEA and APT, wherever possible, yet retain the ability to run the new tools as a separate application.

4. Provide advanced visualization tools for presenting schedulability of multiple coordinated observations in an integrated display.  The user should be able to quickly identify valid timeframes for coordinated or simultaneous observations.

5. Provide tools that understand proposal constraints and can suggest modifications to those constraints in order to improve schedulability.  Eventually these tools should be able to integrate modifications automatically with user approval.

6. Analyze and determine cross-mission scheduling procedures and terminology.  Develop a strategy for reconciling the differences between missions.

7. Develop a mechanism to get data from each mission’s scheduler. Support coordination between the two mission facilities to help in constraint satisfaction, conflict resolutions, and for the generation of an acceptable schedule.

8. Develop interfaces to each observatory’s mission model, used by the mission scheduler, at the science planning level. Present dynamic model information to the scientists to help generate more accurate observation plans.

9. Use existing research into common XML-based representations of proposals, plans, and schedules. Extend these representations as necessary.

10.  Ingest and process proposals from external sources

11.  Provide near real-time collaboration services for user groups during specification of coordinated observations. 

12.  Add other astronomical space based observatories (e.g., Chandra)

13.  Provide support of ground based queue-scheduled observatories

14.  Provide support for earth science missions. Extend coordination services to accommodate details unique to the earth science domain. 

1.2 Background

Each year, a number of proposals are accepted by a space-based observatory for conduction of astronomical observations and gathering of science data for the study of galactic events - mostly in the X-ray, near and far Ultra-Violet, Visible and Infra-Red regions of the electromagnetic spectrum. Often the same target needs to be observed in more than one wavelength region for greater details, or for studying time evolution of interesting astronomical phenomena. 

Since each space-based observatory uses a set of instruments designed to operate in specific energy regions, many studies are conducted by submitting observation proposals to more than one observatory, to be conducted simultaneously or through temporal and other coordination. Many conditions/constraints need to be satisfied for proper scheduling of each of these proposals.  Scheduling of coordinated proposals requires painstaking manual collaboration between the planning coordinators at each observatory to assure that they can be observed after meeting all the related constraints. Often, the coordinators and the observers perform iterative changes to the proposals until satisfactory results are assured. Only then are the proposals sent to the scheduler for incorporation into a long or short-range schedule. These are cumbersome and time-consuming processes, in which neither the observers nor the program coordinators are confident of the outcome until very late.

Product Plan Review & Update

This plan represents the living history for this project. It will be continuously updated in order to keep a record of the progress and direction of this project. This plan will be reviewed at least once every six months during the life of the project. This will ensure that Code 588 management is aware of the status and direction of this project and allow them to make modifications to the project if necessary.

Section 2 Customer Agreement / Strategic Alignment

This section describes the agreement between Goddard Space Flight Center’s Advanced Architectures and Automation Branch (Code 588) and the VOLT development team, including those issues related to requirements, deliverables and maintenance.

2.1 Customer Identification

Although the VOLT project is funded by Code 588, the VOLT project team interacts with other groups to identify user requirements, gather user feedback, and understand mission specific aspects of observatory planning. This includes extensive interaction with teams from the Space Telescope Science Institute (STScI), Far Ultraviolet Spectroscopic Explorer (FUSE), Rossi X-Ray Timing Explorer (RXTE), and Chandra.

2.1.1 Space Telescope Science Institute

The Space Telescope Science Institute is the astronomical research center responsible for operating the Hubble Space Telescope as an international observatory.

The Hubble Space Telescope is the largest and most complex astronomical observatory ever placed in orbit. The telescope studies a wide range of astronomical phenomena. 

The Hubble Space Telescope is expected to return a steady stream of scientific data for an expected lifetime of at least 15 years. Over that period, scientific observations using the telescope's unique capabilities will significantly increase our understanding of the origin, evolution, structure, and dynamics of the universe.

The Space Telescope Project represents the first step in establishing a permanent observational capability for astronomy in space. Following a recommendation by the National Academy of Sciences, NASA established the Space Telescope Science Institute to operate the Hubble Space Telescope as a major observatory for the world-wide astronomical community.

2.1.2  Far Ultraviolet Spectroscopic Explorer (FUSE)

The Far Ultraviolet Spectroscopic Explorer is a NASA supported astronomy mission that was launched in June of 1999 to explore the universe using the technique of high-resolution spectroscopy in the far-ultraviolet spectral region. The Johns Hopkins University has the lead role in managing FUSE science and planning operations. 

2.1.3 Rossi X-Ray Timing Explorer (RXTE)

The Rossi X-ray Timing Explorer is a Goddard mission, which was launched on December 30th, 1995. RXTE is designed to facilitate the study of time variability in the emission of X-ray sources with moderate spectral resolution.

The RXTE Science Operations Center (SOC) at Goddard Space Flight Center provides scientific planning (both long term (~6 months) and short-term (1 week)) services for RXTE.

2.1.4 Chandra Mission

NASA's Chandra X-ray Observatory, which was launched and deployed by Space Shuttle Columbia in July of 1999, is the most sophisticated X-ray observatory ever built. 

Chandra is designed to observe X-rays from high-energy regions of the universe, such as hot gas in the remnants of exploded stars. Chandra’s science planning operations are the responsibility of the Advanced X-Ray Astrophysics Facility (AXAF) science center, located in Cambridge, Massachusetts. 
2.2 Customer Goals and Objectives

2.2.1 Customer Need(s) 

· An automated planning tool to improve the current planning process for multi-observatory coordinated observations. 

· A visualization planning tool to allow better insight and quicker analysis of schedulability intervals and schedule data for multi-observatory coordinated observations. 

2.2.2 Projected Customer Benefits

· More coordinated science proposals resulting in greater science return and an increased understanding of astronomical and earth science phenomenon

· Optimized and more efficient planning process improving mission team productivity 

2.3 Requirements

All project requirements are defined in the VOLT requirements document. The VOLT requirements document is an evolving document and therefore is updated to reflect user feedback and preplanned incremental feature additions at each project phase.

2.4 Deliverables

Refer to Section 3.9 Schedules for a list of the major milestone deliverables for the VOLT project.

2.5 Necessary Customer Training

Not applicable, since the VOLT project is currently at a Technology Readiness Level (TRL) of 2 (Technology concept and/or application formulated).

2.6 Medium for Product Delivery

Not applicable, since the VOLT project is currently at a Technology Readiness Level (TRL) of 2 (Technology concept and/or application formulated).

2.7 Product Destination

Not applicable, since the VOLT project is currently at a Technology Readiness Level (TRL) of 2 (Technology concept and/or application formulated).

2.8 Post Delivery Maintenance

Not applicable, since the VOLT project is currently at a Technology Readiness Level (TRL) of 2 (Technology concept and/or application formulated).

2.9 Customer Supplied Elements

Not applicable, since the VOLT project is currently at a Technology Readiness Level (TRL) of 2 (Technology concept and/or application formulated).

2.10 Customer Involvement

The customer provides direction and feedback on all aspects of the VOLT project and is the primary interface for user community.

2.11 Customer Communications

Communications with the customer will be carried out in a variety of forms. The project lead, along with the development team members will make regular contact with the customer in order to report status, bring up development issues, and discuss design decisions. The customer, project lead, and development team members will discuss issues and status at regularly scheduled weekly meetings. In addition, reviews will be held at critical activity milestones to ensure a correct understanding of the customer goals and requirements.

2.12 Authority for Changes

All changes to the requirements for the project required or requested by the customer should be conveyed to the project lead. Requested changes will be reviewed and approved by the customer and project’s development lead before they are implemented.

2.13 Acceptance Criteria

Not applicable, since the VOLT project is currently at a Technology Readiness Level (TRL) of 2 (Technology concept and/or application formulated).

2.14 Customer Agreement Review and Update Process

Not applicable, since the VOLT project is currently at a Technology Readiness Level (TRL) of 2 (Technology concept and/or application formulated).

2.15 Mapping to the Information Systems Center’s Technology Focus Areas

This project maps to the ISC Advanced Scientific Tools & Data Systems technology focus area.

2.16 Related Efforts and Research

GSFC: Scientist's Expert Assistant (SEA) 

The objective of the Scientist's Expert Assistant (SEA) project is to develop and evaluate visual and expert system tools to see if they can dramatically reduce the amount of manual effort that currently goes into the current Phase II General Observer (GO) proposal process for the Hubble Space Telescope (HST). There are currently 30-35 staff members at the Space Telescope Science Institute (ST ScI) that support GOs with the definition, review, and submission of Phase II proposals. For NGST, support staff must be reduced dramatically, primarily due to budget constraints. Thus, the SEA project was conceived as a way to investigate reducing costs, as well as reducing the effort and increasing the quality of the resulting proposals.

STScI: Astronomer’s Proposal Tool (APT) 

The Astronomer’s Proposal Tool (APT) is the next generation of user support tools for HST currently under development at the Space Telescope Science Institute.  The APT was conceived due to the success of the SEA prototype.  The APT will extend existing SEA code for operational use.  It will also be expanded to include additional science planning tools.

Section 3 Management Approach

This section describes the management approach that will be employed in the VOLT project development effort.

3.1 General Development Approach

The VOLT project will follow an iterative software development methodology as recommended by the Information Systems Center’s (ISC) Library of Approved Team Processes (http://isc.gsfc.nasa.gov/iso9k/atp/atp.html).

3.2 Resources Needed

The VOLT project is funded for 4 Contractor FTE on average throughout the lifecycle of the project.

Each of the participants on the project must be proficient in object oriented technology, the UML methodology/notation,  Java programming, and XML programming. 

3.3 Team Organization 

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

Team Organization Chart

The table below provides name and contact information, organization affiliation, and the title of each of the members of the development team:

Key Project Participants:

	Name and Contact Information
	Organization
	Title

	Jeremy Jones

(301) 286-5673

Jeremy.E.Jones@gsfc.nasa.gov
	NASA/Goddard Advanced Architectures and Automation Branch (588)
	Computer Engineer; ATR (Associate Technical Representative) – NASA Project Leader

	Vince Grella

(301) 939-1531

vince.grella@commerceone.com
	Commerce One
	Commerce One Project Leader

	Dharitri Misra

(301) 939-1170

dharitri.misra@commerceone.com
	Commerce One
	Sr. Systems Architect

	Vince Pell

(301) 939-1190

vince.pell@commerceone.com
	Commerce One
	Sr. Software Engineer

	Mark Fishman

(301) 939-1151

mark.fishman@commerceone.com
	Commerce One
	Software Engineer

	Uri Kerbel

(301) 939-1135

uri.kerbel@commerceone.com
	Commerce One
	Associate Software Engineer


3.3.1 Team Charter

The team is responsible for developing an extensible and scaleable Visual Observation Layout architecture utilizing the latest software technologies to support the scheduling of coordinated observations from multiple observatories. The team will provide a state-of-the-art and user friendly scheduling tool to satisfy the requirements of the scientific investigator community.  The team will be proactive in acquiring user feedback and incorporating subsequent modifications to achieve user satisfaction. 

3.3.2 Team Scope

The team is responsible for all VOLT software lifecycle activities including requirements development, design, development, and testing. In addition, the team is responsible for generating all associated documentation and interfacing with appropriate personnel to define and understand all required VOLT interfaces. 

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

Code 588 Project Manager: Responsible for overall direction and monitoring of progress.  Also responsible for software development planning, civil servant staffing and management issues.

Contractor Project Lead: Responsible for:

· Ensuring that customer requirements are met, 

· Software development planning, 

· Software development process compliance,

· Contractor staffing, 

· Monitoring development phases and providing review and approval as appropriate, and 

· Tracking cost and schedule. 

· The primary customer contact. 

Technical Lead: Responsible for:

· Communicating requirements to the development team, 

· Assisting with the identification and evaluation of applicable technologies, 

· Leading the detailed design and implementation effort, and

· Supporting the test and integration effort.

Developers: Responsible for (these apply whether the developers are civil servants or contractor employees):

· Software requirements, 

· Software process compliance, 

· Design, 

· Implementation and unit testing of software components; 

· Performing integration and test of the software; and

· Fixing defects as they are assigned to them.

3.3.4 Decision Making and Conflict Resolution Process

The project manager will have final authority for making decisions as well as resolving all conflicts that arise during this project.

3.3.5 External Support

Not applicable.

3.4 Team Interfaces

Not applicable, since the VOLT project is currently at a Technology Readiness Level (TRL) of 2 (Technology concept and/or application formulated).

3.5 Development Facilities

The primary development environment is located at the contractor’s facility. Each team member (NASA and contractor) has access to the CM repository from their desktop.

3.5.1 Modification of Existing Facilities and Schedules

Not applicable. 

3.5.2 Development of New Facilities and schedules

Not applicable. 

3.5.3 Physical Security

The contractor maintains network security through a firewall. The NASA personnel requiring access to the project files must submit requests through the contractor’s project lead. 

3.6 Procurement

3.6.1 Procurement Needs and Dates and Contracts Identified from Database

None identified

3.6.2 Reference Procurement Process

The Center wide processes will be used for all procurements. Purchases of hardware and/or software costing more than $2500 will be accomplished using the Small Purchases System (SPS). Purchases for hardware and/or software costing less than $2500 will be accomplished as a credit card purchase by an approved government credit card holder. All purchases will be compliant with Federal Acquisition Regulations.

3.7 Team Training Plan

Mentoring and on-the-job training will be utilized to ensure team personnel have the correct skill set to perform project functions. All team members will participate in Unified Modeling Language (UML) training.

3.8 Risk Mitigation

There are a number of risk factors associated with this effort. Management of these risks is the responsibility of the Project Manager in conjunction with the development team.

Risks are divided into several categories: technical, schedule, cost, programmatic, and resources.  The first step in identifying risks is in the planning process.  As each step of the plan is developed the associated risks are identified and quantified with respect to probability and impact.

Constant review of task progress will ferret out most risks.  Beyond that, all project members are responsible for reporting risks as they identify them.  The mechanism for doing so is via e-mail to the Project Leader.  In many cases this will be part of the standard weekly status report that each project team member must provide.

3.9 Schedules

	Milestone

	Planned Completion Date
	Actual Completion Date

	Phase 1: Visual representation of Merged Schedulability of Simultaneous Observations

	
	April 2000

	Phase 2: Facility Interfaces /Coordinate Schedulability

	
	August 2000

	Phase 3: Suggestions for Constraint Modification

	
	November 2000

	Phase 4: Extensibility (Mission, Proposal, Constraint)

	March 2001
	

	Phase 5: User Coordination and Schedule Integration
	May 2001
	

	Phase 6:  Ground Based Observatory Extensibility and Role Types
	July 2001
	

	Phase 7:  Earth Science Extensibility
	        Sept 2001
	


3.10 List of Controlled Documentation

· Project Management Plan

· VOLT Requirements Document

· VOLT Design Document

3.11 Process for Process and Product Metric Analysis

The process of the development effort will be analyzed through regular reviews of the schedule, budget, and status. Peer reviews and project reviews are anticipated.

Metrics will be collected as defined in the ISC Product Development Handbook Appendix E (580-PG-87304.1). Analysis of the collected metrics will follow the ISC standard assessment process for process improvement.

Section 4 Technical Approach

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

4.1 VOLT Terminology

The VOLT system currently processes schedulability data and may process schedule data in the future. An understanding of each type of data and the difference between the two types of data is important in understanding features of the VOLT system. 

Schedulability data indicates when a specific observation is possible or not in accordance with the orbital constraints and other inherent constraints of the system, whereas a schedule indicates the actual placement of schedulable observations in a timetable. For a given observation, schedulability information consists of dates/times within the observation cycle at which the given observation may or may not be scheduled, and possibly explanations for unschedulable blocks of time.  In coordinated observations, although each observation may be individually schedulable, the set might not be so, because of incompatibility between cross-observatory constraints.  

Schedule information, on the other hand, consists of dates/times within the observation cycle for which interesting events occur.  Events would include observations, earth shadow, scheduled down times, etc. 

4.2 Software Development Plan

4.2.1 Phase Descriptions

The following phases includes all activities required to develop a set of high-level predefined features unique to each phase. In addition to these predefined features and requirements, user feedback driven modifications account for a substantial part of each phase’s scope. It is important to note that this document only lists the high-level predefined features, a more detailed list of requirements for each phase can be found in the VOLT requirements document. 

4.2.1.1.1 Phase I  (April 2000) - Visual Representation of Merged Schedulability of Simultaneous Observations

The first phase produced an initial visual representation of the merged schedulability information from two observatories (HST and FUSE).  This visualization tool set formed the foundation for the system and provided a scalable infrastructure to accommodate additional missions and observatories.  The tool retrieved the simulated schedulability data for the selected observatories, processed the data, and displayed the merged schedulability information for the specified simultaneous observations.  Features included the ability to zoom, pan, and get details (tool tips) on specific items within the visualization. 

In addition to these visualization features, VOLT was integrated into the Scientist’s Expert Assistant tool (an existing proposal tool) to provide an integrated planning and coordination environment. This feature enables scientists to check the schedulability of an observation during its planning and incorporation into a proposal. 

4.2.1.1.2 Phase II (August 2000) – Facility Interfaces/Coordinated Schedulability

Phase II added major features in the following areas: 

Visualization

The system added tools to display coordinated schedulability between missions. Both normalized and raw data for each schedulalibity data type were made available for display through the tool.    

Solution Coordination (Initial)

The system integrated a Java-based engine (JSolver) to identify coordinated solutions between two observatories in compliance with specified temporal constraints. This system also added the ability to identify initial and next solutions in compliance with a fixed set of constraints.

Facility interfaces 

The system added the capability of retrieving raw schedulability data from mission planning systems (i.e., SPIKE for HST).

4.2.1.1.3 Phase III (November 2000) - Suggestions for Constraint Modification and Proposal Integration

Phase III added major features in the following areas: 


Visualization

The system added the ability to pin observations (holding one observatory schedulability interval fixed while finding the corresponding schedulability interval for another observatory). In response to user feedback, the system consolidated all observations for a single observatory on a single time line and revised the target editor panel to be more intuitive. In addition, the absolute time scale in the observatory set up display was modified to a relative time line.

Proposal Import (Initial Capability)

The system added the capability to read observation data directly from the user’s proposals rather than asking the user to input the information manually.  This proposal data can be displayed in the same way as manually input data. The system was able to process HST proposals in RPS2 format.


Solution Coordination

The system added the capability to provide a set of useful suggestions on how to relax certain constraints such that an unschedulable set of observations may become schedulable. The user can select a suggestion and then have the system provide a coordinated solution. In addition, the system provides a rationale for why a solution is not possible for a given set of constraints. 

4.2.1.1.4 Phase IV (March 2001) Extensibility (Mission, Constraint)

Phase IV will highlight the extensibility of the VOLT architecture with respect to mission integration, proposal processing, and constraint types. The following major features will be added in this phase.

Mission Extensibility

The Chandra and XTE missions are potential candidates for integration into the VOLT system. Schedulability data types for each mission will be defined and the interfaces to the mission planning system will be automated to retrieve the required data.  The addition of these missions will require no architectural changes and a minimal design effort due to the extensible system design. 

User Defined Constraints

The ability to define user-defined constraints will be added to complement the current support for observatory constraints. The user-defined features will allow the user to specify timelines manually via schedulablity data types or as stand-alone observations.


Sky Plot (Initial Capability)

Provide a multi-observatory sky plot similar to the existing FUSE Sky Plotting Tool. 


Proposal Import/Export

Features will be added to ingest and process FUSE proposals, process temporal constraints, and generate partial proposal exports.

4.2.1.1.5 Phase V (May  2001) User Coordination and Schedule Integration

User Coordination

Previous phases of VOLT focused on providing an environment to automate and visualize planning coordination. However, these tools serve only a single user at a time and do not provide any collaboration services among VOLT users. In cases of conflicts and other problems, the team members and/or plan coordinators need to resort to offline communications for resolving issues. In this phase, VOLT will provide real-time or near real-time collaboration services among observers and observatory planning staff to support the coordination of their observations. The VOLT team will evaluate and use an appropriate off-the-shelf package to provide the underlying communication infrastructure for user collaboration.


Schedule Integration

The VOLT system will add the ability to retrieve schedule data from mission planning facilities and subsequently visualize the schedule data via the system tool set. 
4.2.1.1.6 Phase VI (July 2001) Ground Based Observatory Extensibility and Role Types

Mission Extensiblity

Scientific investigators are increasingly requesting coordinations between space-based and ground-based observatories. With more ground-based observatories switching over to queue-scheduling systems there will be a greater necessity for pre-planning of requested observations. The schedulability of an observation through a ground-based observatory, although similar in concept to that of a space-based observation, deals with different parameters, and their data retrieval may require different interfacing mechanisms. Potential ground based observatories which may be integrated into the VOLT system include: Cerro Tololo Inter-American Observatory (CTIO), Infrared Telescope Facility (IRTF), Mt. Stromlo Observatory, Wyoming Infrared Observatory (WIRO), University of Hawaii 88" Telescope (UH88), Subaru optical telescope, and the European Southern Observatory/CTIO (ESO/CTIO).


Role Types
The VOLT system will be used by both observatory scientists and planning staff. Each set of users will need access to different features and some features may warrant access by only certain set of users. VOLT will tailor the accessibility to its features depending on the role of the user through a user identification and authentication mechanisms.

4.2.1.1.7 Phase VII (September  2001) Earth Science Extensibility

Mission Extensibility

Early phases of the VOLT project concentrated on providing basic functionality in the astronomical domain.  Earth science domains face similar problems that could be addressed by VOLT’s extensible architecture.  Earth-observing missions are planned and scheduled in much the same way as astronomical observatories.  The types of constraints are different, but the fundamental concepts associated with planning are the same.  Just as astronomical observatories each serve specific spectral energy regions that complement each other, earth-observing missions are targeted at specific properties or features of the earth.  Thus, the ability to coordinate observations between multiple complementary missions is just as important in the earth science domain.  This phase will demonstrate that VOLT can assist in the planning of coordinated observations in the earth science domain as well, by developing a prototype for two earth-observing missions.

4.2.1.2 Products Associated with Phases

Each of the phases listed above in section 4.2.1.1 will result in an incremental prototype. 

4.2.2 Development Methodology

This section describes the methodology that will be employed in the development of the VOLT project.

4.2.2.1 Methodology

Any software developed under this project will follow an iterative development methodology as recommended by the Information Systems Center’s (ISC) Library of Approved Team Processes (http://isc.gsfc.nasa.gov/iso9k/atp/atp.html).

4.2.2.2  Development Environment

Target machines and programming languages

We will be using the Java programming language and Java technology for all prototyping efforts that are done under the VOLT project.  Sun describes Java as: “A simple, object-oriented, distributed, interpreted, robust, secure, architecture neutral, portable, high-performance, multithreaded, and dynamic language.” Java technology includes APIs to support database access, an object component model, internationalization, encryption, sound, speech, and many other technologies.

4.2.2.3 Utilized Standards 

In addition to using Java, we will be using the Extensible Markup Language (XML), a World Wide Web Consortium (W3C) standard. XML is a human readable, platform independent, and vendor independent format for data interchange. XML and Java technologies compliment each other in that XML provides platform-independent data and Java provides platform-independent processing.  

Techniques described by the Unified Modeling Language (UML) will be used as a basis of our object oriented analysis and design methodology. UML is an industry-standard language for specifying, visualizing, constructing, and documenting the artifacts of software systems. Use Cases and Use Case Scenarios will also be used to help describe the basic logic of our prototypes as we develop them.

4.2.2.4 Utilized COTS Products and Tools 

The following is a list of tools and their uses on the project. 

· StarTeam – StarTeam by Starbase Inc. is and issue tracking and configuration management tool. It is used on the VOLT project as the CM repository for source code, documents, and quality records such as meeting minutes.  The issue tracking system is used for tracking action items from reviews or other meetings, change requests against code, and requirements. 

· GDPro – GDPro by Advanced Software, Inc. provides the capability to capture object-oriented designs using the Unified Modeling Language (UML). GDPro also can reverse-engineer code into class diagrams.  Reverse-engineering will be done on an as-needed basis, for example, in order to generate class diagrams for code being reviewed in a code review.

· Jsolver – Jsolver by Advanced Object Technologies Ltd is an integer constraint-programming class library for Java.  This library can be used for a variety of constraint satisfaction applications, such as intelligent Internet negotiation, resource allocation, scheduling, and planning. 

4.2.2.5  Build Strategy

The VOLT system will be developed within an incremental development project life cycle. Each build will be constructed upon the previous build. Prior to release of a build, the source code and documentation will be labeled within StarTeam so that the build can be recreated at any time.  

4.2.2.6 Product Inspection and Test Approach

The VOLT project is a prototype software development effort and will not be subject to a formal System Test Plan or a full suite of test procedures. The team will run a set of informal procedures to verify the robustness of a phase deliveries and will validate the proper performance of a system prior to any customer demonstrations. 

4.2.2.7 Acceptance Criteria and Objectives 

There are no acceptance criteria or objective for the prototype software development effort. 

4.2.2.8 Reviews Planned With Associated Membership Identified 

Reviews of requirements and design information are performed during Technical Exchange Meetings (TEMs) with the VOLT Program Manager. In addition, internal reviews are performed for design and source code. 

4.2.3 Process Control

The software development process is controlled by the mechanisms and procedures identified by the contractor. The contractor’s software development process and procedures are based on ISO 9000 software quality assurance standards. 

4.2.4 Incoming Inspection and Test

The contractor will inspect incoming COTS hardware or software using standard procedures (Purchasing Procedure). This procedure primarily calls for inspection of the materials for completeness of the order and the condition of the materials.  Any COTS hardware and software received at GSFC will follow the GSFC standard procedures, which call for an equivalent type of inspection process.

4.2.4.1 Describe Special Instruction Plans if other than kind, count, and condition

Not applicable. 

4.2.5 Control of Test Equipment

Not applicable. There is no control of test equipment on the VOLT program. 

4.3 Process for Transportation, Identification, and Medium of Product

Not applicable, since the VOLT project is currently at a Technology Readiness Level (TRL) of 2 (Technology concept and/or application formulated).

4.4 Technology and Commercialization Plan

Not applicable.

4.5 Servicing – Process for Product Maintenance

Not applicable, since the VOLT project is currently at a Technology Readiness Level (TRL) of 2 (Technology concept and/or application formulated).

Section 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

The VOLT system is a prototype effort and therefore will not be subject to all formal process standards and procedures. 

5.2 Quality Assurance

5.2.1 Control of Nonconforming Products

StarTeam will be used to record change requests and track them through to closure. 

5.2.2 Corrective and Preventative Action

The Contractor Project Lead will monitor the defects associated with the products and propose corrective and preventative action for common problems. 

5.2.3 Control of Quality Records

Quality records will be stored in softcopy in the StarTeam CM repository whenever possible.  Hardcopy quality records, such as signed document approval forms, will be retained in the Contractor Project Lead’s files.  These may be retrieved by anyone upon request.   Other archive locations of quality records include the mail archives, which hold items such as notices of review meetings.  The actual meeting minutes for design reviews are stored in the CM repository.

5.2.4 Control of Documents and Data

The Contractor Project Lead controls the review, approval, and preparation of documents. Team personnel assigned to work on documentation will check-out applicable documentation to perform appropriate updates. Upon completion of modifications team personnel will promptly check-in documents.

For source code, the Contractor Technical Lead (or their designee when not available) must approve all updates or new submissions to the CM repository.  This is to protect the integrity of the code baseline and ensure that new code is not being entered in an improper order.  Typically, the code will go through a code review and a unit test before a check-in of the code is allowed.

5.3 Configuration Management

The StarTeam repository is used to control and manage documents and source code as well as all the configuration and property files associated with the VOLT architecture. The VOLT team configuration strategy dictates that only one team may modify a given file at one time. This strategy avoids merging updated version of configuration elements. One person on the team will be designated as the Configuration Manager. The Configuration Manager will be responsible for building the official releases of the system and distributing to the test environment. 

5.3.1 Identification and Traceability of Products

The designated CM person will assign version numbers as labels to all CM controlled items prior to the compilation and release of a build.  The Contractor Project Lead will designate when to apply these labels, and the CM person will label and build the software accordingly.  All delivered products, such as tar or jar files, will contain the same version designation for traceability purposes. Maintenance builds will be assigned version numbers as well, which will be minor revision numbers of the original build.  For example, the first build of the current VOLT might be labeled v3.0.  That version will be installed and tested prior to release of the software to external customers.  If defects are found and fixed as part of the testing cycle, a new label will be applied, such as v3.0.1, and the product will be released to the test environment again.

5.3.2 Control of Customer Supplied Elements

The customer supplies information that helps in the expression of requirements for the VOLT system, but that are not directly used in the development of the product.  The customer-supplied information is stored in the CM repository whenever softcopy can be obtained. 

Section 6 Plan Update History

6.1 Appendix A Project History

6.2 Appendix B Lessons Learned

6.3 Appendix C Accomplishments

The VOLT team has successfully completed prototypes and product demonstration for Phase I, II, III.  The prototypes for each phase have successfully combined a set of predefined and user-driven features. Working relationships with applicable mission personnel have been established and continue to evolve. The VOLT concept and prototypes have been well received by the user community at product demonstrations and science conferences. 

6.4 Other appendices for each year’s plans


