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Section 1 Introduction

A feasibility study and demonstration will be performed for a wearable voice activated computer (WEVAC) in several environments.  These environments include space system fabrication, integration, test, and on-orbit experiment operations. The feasibility study will include exploring currently available wearable computer technologies and systems, and prototyping a subset of these emerging technologies for applications in NASA’s environment. 

The WEVAC team of software engineers will collaborate with flight integration and environmental test engineers at the Goddard Space Flight Center,  and engineers at the Johnson and Kennedy Space Centers.  These collaborations include the loading of appropriate NASA-specific applications onto a WEVAC to allow access to reference tools and instrument control systems. Lab technicians and engineers will be equipped, both in clean-room and on-orbit simulation environments, with prototype wearable computer systems.  Activities performed in these environments include: a study of human factors (including usability analysis with respect to wearable computer human interfaces, development of verbal languages appropriate for each environment, and the documentation compiled from the research.  A large part of this project will involve the production of methodologies that will aid in applying these technologies to future NASA applications. 

1.1 Purpose

The objective of this project is to demonstrate the operability of a wireless wearable, voice-activated computer for fabrication, integration, and test of space systems, and on-orbit applications by astronauts. Efficient access to information, hands-free operations, and control of devices is very important in these domains.  Human factors research will play a critical role in preparing this system for use.  Once the benefits and usability of this system are shown, other environments can be studied for applicability. This project will be a first step in our broader vision of developing a system that will be useful to most of the application areas within NASA.

There are many situations in which the link between the physical world and the virtual world of information cannot be made because current computer systems do not sufficiently allow physical freedom, nor alternative forms of control or input. Notebook computers and palm computers cannot satisfy this need in their present off-the-shelf configurations.
Our broad vision is to build a wearable wireless voice-activated computer to be used in a wide range of crosscutting enterprise space applications that would be enhanced by having instant computer access with complete mobility and hands-free operations.  These applications include spacecraft fabrication, integration and testing, and astronaut on-orbit control and monitoring.

1.1.1 Goals

The goals for this project are in two sets: (1) those that are broadly applicable and have long-term implications; and (2) those that are more specific and serve as proofs of concept for the first set of goals.

1.1.1.1 Goals for Any Application

Two goals will be useful to many applications of this type of system:

1. Study the human factors of wearable computing devices and identify critical success factors in applying these systems to technical environments.

2. Develop a process to create a verbal language (a set of context-free grammars).

A study and demonstration will be performed of the comfort, usefulness, and ease of use of the human computer interface (e.g., monocular display, speech control, earphones, integrated camera, reaction to wearing the device on the body, etc.). The process may involve customizing hardware and certainly will involve customizing software. We will study and document what works best and why, so any application of such a wearable will be able to leverage off our work.

Part of making this unit easy to use and effective will be to develop an intuitive, clear language. This requires a somewhat rigorous process.  This involves much more than training a speech algorithm and restricting the vocabulary. A useful process will be developed and it will be verified by using it to develop a language for a specific environment.  This resulting language will be quite natural to the users because it will be derived, in part, from examining and capturing concepts from their work environment. Specific steps will cause the language to be more reliably understood by the system than is often associated with voice control. 

These goals will be validated by applying this system to specific environments (described below).  

1.1.1.2 Goals for Specific Applications

This system will be demonstrated in two specific domains. Clean room applications are an excellent near-term domain to focus on because it is where many fabrication, integration and test activities occur, and perhaps more importantly, it is a restrictive environment.  Many drawbacks of those restrictions can be mitigated by a properly developed wearable system.  Another domain is the on-orbit applications for astronauts.  This is the extended portion of this project, and the goals and schedule will be determined by the results of the clean room application.

1.1.1.2.1 The Clean Room

The first test beds for this system will be fabrication, integration and test (including environmental testing) areas, such as clean rooms and tents. These areas are replete with situations that require hands-free operation, access to documentation and the ability to document anomalies. The above fundamental goals can be proven, and a useful system can be provided by following these specific goals:

1. Provide a wearable system ready to facilitate the activities in the clean room.

2. Develop a specific verbal language for use in clean room fabrication and I&T.

3. Demonstrate the operability of command and control software on a wearable system.

To prepare a system for activities in the clean room, a WEVAC will be outfitted with the needed software, pass clean room certification, and be configured with prepared speech software.  The users will also be trained as needed.  Some custom software may be needed for certain applications as well. 

Wearable computer technologies may be operated with speech recognition software. General speech recognition (free speech) will allow the users to review, annotate, and produce documents, and perform other general computer operations. In addition to that, the development process (described above) will be applied to the clean room to generate a specific language to facilitate tasks unique to that environment. Allowing the clean room technician hands-free operations of the equipment and payloads within this environment.

To provide clean room technicians and astronauts with spacecraft command and control capabilities, appropriate software will be installed.  This will allow an integration and test worker to have a control-center software system available that can be used to interface directly with spacecraft while doing hands-on work. Hands-on work can include: verifying a spacecraft or instrument response to a command, performing a voltage or current measurement, and communicating with other clean room technicians via a wearable microphone and earphones.

1.1.1.2.2 Astronaut On-Orbit Operations 

This domain will be an extension of this project.  The specific goals and methods will be discovered in part, by our studying the selected clean room applications.  Even while work is proceeding with the clean room applications, work will also proceed with the collaborators at Johnson Space Center to assure that the momentum of this project is in line with their needs.  Discovering the critical factors associated with operability in the clean room will give us the foundation needed for the next step: determining the human factors requirements associated with astronaut on-orbit use. In general, the problem of an astronaut having ready access to procedures and vehicle data can be solved through the use of a WEVAC.  This is particularly true for hand intensive operations such as experiment or maintenance work in a glove box or clean box as will occur routinely on the International Space Station.   As part of this investigation, ground testing will be performed to accumulate human factors data on the characteristics of a WEVAC by astronauts executing on-line procedures.  The ISS mockup facility at Johnson will be used in a series of evaluations of the units, using actual ISS procedures, and the voice protocol developed in the clean room system.   
1.2 Background

The usability of wearable computers has been growing, but is only recently reaching a critical point such that they are applicable to a very broad range of environments. This is because of their shrinking platform size, growing power and storage capabilities, and increasing speech recognition accuracy. NASA should gain the benefits as soon as the product reaches this critical usability point.

1.3 Product Plan Review & Update

The plan will be reviewed monthly, and updated as needed.

Section 2 Customer Agreement / Strategic Alignment

This section describes what the WEVAC project is trying to accomplish for the technicians who work in the clean rooms and tents.  

2.1 Customer Identification

Our customers are the users of the system.  At first, the focus will be on the clean room and the technicians that work there.  Later, the focus will turn more toward the flight test personnel and astronauts.

2.2 Customer Goals and Objectives

The clean room technicians need a system that allows immediate access for reference and control, in a hands-free form.  The ability to provide on-line documentation of Test Plans, component schematics, and COTS product specifications and tolerances will greatly facilitate the work of the clean room technician.  Providing the capability of recording audio and video of a clean room test result or anomaly will result in more effective communication of spacecraft and instrument integration and test results.

2.3 Requirements

The system must be light, small, unobtrusive, wireless, comfortable, safely secured and easily operated. The system must also comply with the customer's environmental requirements (i.e. the clean room).

2.4 Deliverables

This project will deliver:

1) A wearable wireless computer

a) That is clean room certified

b) With specialized grammars developed specifically for the clean room environment

c) With scaled-down version of command and control software installed

2) A document with the results of the human factors studies

3) A document for the language development process

4) A state-of-the technology assessment to include future NASA applications of the technologies involved.

2.5 Necessary Customer Training

User training will need to include aspects of basic operation, control, and usage:

2.5.1 Basic Operation

Basic operation aspects include knowledge of the components and their purpose so other instructions and discussions will be better understood.   Users will also be instructed concerning how to wear and fasten the system securely.  This is especially important in the environments that are being considered.   Basic operation will also include charging and changing of the batteries.

Users will need training with the voice control.  They must know the special language that will be developed for them.  Since the language will be created by observing their normal work environment, it should be learned very quickly.   They will also need to know how to train the speech recognition software so it will better recognize their own voice.

There are alternative controls such as a trackball and buttons that the users will have access too.  They need to know about them and know how to switch back and forth among them.

2.5.2 Usage

Some tasks that are performed in the clean room will be obviously helped by a WEVAC, but other tasks will not. The technicians will be educated on the possible uses, and there will be brainstorm sessions with them to explore what areas could be benefited by these devices. 

2.6 Medium for Product Delivery

The wearable computer will be delivered as an integrated system to prospective customers.

2.7 Product Destination

For activities described in this plan, the product will be used mostly in lab and clean room environments.

2.8 Post Delivery Maintenance

Once the project is complete, there will be continued work with the clean room technicians and on-orbit personnel as needed. Our goal would be to contribute the information so that they can prepare units themselves with little effort. The involvement from the WEVAC team will lessen quickly when the project is finished.

2.9 Customer Supplied Elements

Our customers will supply domain knowledge that will be essential to developing the specific language for their environment. Their knowledge will also be used for any modifications to the hardware.  This could affect physical fastening, security, comfort, convenience, etc.  At times, some of our customers will donate time to review the product or associated documents. 

The customer will be responsible for purchasing a unit (from the chosen vendor) after it has been proven in their environment. Help will be provided for configuring the unit with the results of our studies.

2.10 Customer Involvement

The clean room technicians will wear this system in the clean room performing their usual tasks.  They will provide information that will be used to modify the system, so it will become an essential tool for their work environment.  Part of this will include information concerning the verbal language development.  Their input is invaluable because the resulting language should be very natural to them, to best facilitate their work in the clean room.  Customer involvement is critical to the success of this project.

2.11 Customer Communications

Communications with the customer will be carried out in a variety of forms. 

· Personal Contact

· Web Page

· Email

· Meetings

The project members will make regular contact with the customer in order to report status, bring up development issues, and discuss design decisions.

The WEVAC web page is available at all times, and is continually updated.  This will serve as one main source of information including agendas, minutes, schedules, this TPMP, and the proposal.  The URL is http://www.wff.nasa.gov/~WEVAC/
Email will be used frequently as well.  Anyone wanting to be on our email list may simply send a request via email to the contact on the web page.

There will be meetings with clean room technicians near/in the clean room for testing and gathering information.  There will be brainstorming meetings, and they are encouraged to attend our regularly scheduled meetings.  (See the WEVAC "Meetings Page".  http://www.wff.nasa.gov/~WEVAC)

2.12 Authority for Changes

The requests for changes will be gathered either in meetings or via email.  Mark Rice will be the coordinator for these change requests.  

Requests will be reviewed either in a meeting (including teleconferencing) or via email, by a central core group comprised of the PI and CoI’s of the project.  Decisions will be distributed via the web site. 

2.13 Acceptance Criteria

The product must be sufficiently useful to the clean room technicians, saving time and frustration. Customers may or may not accept the system as is.  Human factors and usability analysis are part of the study documented by this plan.  Customer feedback will be forwarded to vendors for possible enhancements in human factors and usability.

2.14 Customer Agreement Review and Update Process

Roles of the customer and the product team will be established.  Customer communication will occur on a daily or weekly basis.  Any changes to customer or product team roles will be discussed with the customer.

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

ISC Focus Area: Rapid Mission Formulation, Design and Execution. (See URL: http://isc.gsfc.nasa.gov/Technology/TechRoadmap.htm)

Automation of the I&T process greatly reduces the amount of time required for I&T.  Eventually, the wearable systems described in this document could be directly linked to the Integrated Synthesis Environment (ISE) allowing real-time feedback and updates to mission formulation designs and documentation.  The WEVAC can provide a link from the virtual domain of the ISE to the physical domain of spacecraft and instrument fabrication, integration and test.

Other candidate applications or technologies include: 

· Information and Knowledge Management

· Science Data Processing

· Real Time Command and Control

2.16 Related Efforts and Research

Bentley, Troy, “Augmented & Virtual Reality Payload Processing”, Payload Technologist, BC-B1, Kennedy Space Center, FL 32899. The Humionics Society - http://www.ksc.nasa.gov/payload/projects/borg/humionic.html
Pentland, Alex (Sandy). “Wearable Computers”, MIT Media Laboratory, IEEE Micro 1999, p. 9

Section 3 Management Approach

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

3.1 General Development Approach

The first step will be continuing market research to ensure that state of the art systems are being considered.  The efforts involved will include both human factors studies and language process development, making sure they meet the objectives of the specific project goals in the clean room and our broader vision.  

The chosen unit will be examined and possibly modified in areas such as:

· Fasteners to assure they will not fall off in the clean room

· Comfort, to be sure they can be used for long periods of time

· Clean room certification (possibly including electrostatic, electromagnetic, radio frequency, or particle emission issues)

· Longevity (battery life, external chargers, ability to swap batteries without turning the unit off)

As WEVAC is developed, many of the technologies will have to be extended and guided to suit NASA’s needs. This project will provide this type of guidance to industry to assure reaching NASA’s goals, and for the growth of the industry. This project's collaborators will help guide the overall direction and provide input for modifications of software, hardware, human factors issues and language development.  They will facilitate tests in their respective areas to validate and modify the evolving systems, assuring that the WEVAC project's results meet the needs of the specialists who will use these systems.

Clean room knowledge will be gathered by monitoring the activities, record conversations, and talk with the technicians.  This information will be used to derive a verbal language for use with a WEVAC.  This will improve the speed and accuracy of the verbal commands given to WEVAC’s.

After the development for the clean room, one document will be provided for the language development process, and another for the results of the human factors studies, and the improvements gained by the results.

The third year will extend the WEVAC concept to on-orbit applications. The results of the first two years will determine the extent and kinds of testing that will be conducted with astronauts.  Consequently, the schedule and other specifics will be determined later.

3.2 Resources Needed

Funds will be needed for project members’ time, the hardware required, and for related software.  This project will also need access to the clean room and time from the technicians.

Acquisition of financial resources is planned for FY 2001 via a CETDP proposal.  Additional (limited) technology development funds are available from Code 584.  If the CETDP proposal is not approved, the scope of this project will be reduced dramatically.

See full proposal for more information on the budget.

3.3 Team Organization

This section describes the organization and purpose of the WEVAC team.

3.3.1 Team Organization Chart

Areas of responsibility will be listed for each core team member, even though doing so will not reflect the complete contribution, as these people are well versed in many aspects of this project and its lifecycle. 

Barb Pfarr is the Principal Investigator.  She will oversee all activities, provide guidance, attend meetings when possible, and receive reports concerning the state of the project.  

There is no further hierarchy as such. 

Mark W. Rice will assume responsibility for coordinating this project and provide guidance for the verbal language work, and any software development effort.

Mark Lupisella will act as the primary interface with external collaborators, vendors and other partners. 

John Donohue will act as the secondary interface with external collaborators, vendors and other partners and provide system-engineering support for the design and development of wearable system architectures.  

Karen Keadle-Calvert will be responsible for the test planning and documentation, as well as providing expertise during software development.

The project’s collaborators are Dan Worth, George Studor, Troy Bentley, Gary Cooper, and John Grunsfeld.  They will guide the overall direction as well as giving input into modifications for software, hardware, human factors issues and language development.  They will be responsible for facilitating tests in their respective areas to validate and modify the evolving systems, assuring that the WEVAC project's results meet the needs of the specialists who will use these systems.

Contractor support will be obtained from SODA Tasks for many areas such as language development, software installation, configurations and programming efforts.

3.3.2 Team Charter

Our charter is to prove the concept of a wearable computer in the specific environment of the clean room (and later the flight readiness environment), thus paving the way for the use of wearable computers on a wider scale throughout NASA.

3.3.3 Team Scope

Our team (see 3.3.1) is comprised of members with a wide range of expertise.  It includes knowledge of both specific environments focused on (clean rooms and flight test).  It also includes experts in object technology, general software development, and project management.

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

See section 3.3.1.

3.3.5 Decision Making and Conflict Resolution Process

Barb Pfarr (Branch Head for Code 584) will have final decision making authority.  Otherwise, it will be a team effort and the process is outlined in 2.12.

3.3.6 External Support

There are none defined so far.

3.4 Team Interfaces

This is kept informal for now, except that Mark Rice is the coordinator, and Mark Lupisella and John Donohue are interfaces to external collaborators, vendors and other partners.  As any specific interfaces are needed, they will be put in place, and this document will be updated.

3.5 Development Facilities

3.5.1 Modification of Existing Facilities and Schedules

None

3.5.2 Development of New Facilities and schedules

None

3.5.3 Physical Security

Nothing out of the ordinary is planned.  A key-card is needed to access one of the development labs, the Real-Time Software Engineering Lab, Bldg. 23, Room E120.

3.6 Procurement

3.6.1 Procurement Needs and Dates and Contracts Identified from Database

There will be a need for the purchase of two wearable computers, one transceiver, possibly a few speech recognition packages (to compare capabilities), 5-7 development packages, collaborative software and a few headsets (with microphones) for speech development on desktops.

Dates are to be provided.  This should be in the form of a Spending Plan.

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.  No flight hardware is planned for purchase.

3.7 Team Training Plan

There will only be an initial phase of experimenting and learning about the wearables. Later, areas may be found for which some of the team members can be trained, for example, speech recognition techniques, programming, and human factors issues.

3.8 Risk Mitigation

The risks known so far include issues with:

· Speech recognition which must be quick, easy and reliable. Filtering environmental background noise in a clean room environment poses a challenge.

· Hardware and its readiness for the clean room

· Human factors concerning technicians wearing this unit for extended periods.

For each of these, testing will be done as early in the project as possible, so more is known, and can reliably assess and document the remaining risks.  For example, the speech recognition can be tested before procuring a wearable computer, because the software runs on desktop PC’s as well.  Speech reliability will be worked on even before procuring a unit. 

Concerning the hardware, information will be gathered by talking to technicians and those responsible for clean room certification before procuring the hardware.  This will allow a more accurate assessment of the requirements before procurement.

An attempt will be made to receive demonstration units before actual procurement and allow technicians to use this unit and give reactions.  This will be relayed back to the providers.  This will contribute to the ability to accurately state system requirements before actual procurement.

3.9 Schedules

See the documents page of the WEVAC web site: http://www.wff.nasa.gov/~WEVAC/documents.htm 

3.10 List of Controlled Documentation

A document, WEVAC Human Factors Studies, will be written, that will detail our findings concerning the users comfort and ease of use.  There will be another document: WEVAC Language Development Process.  These will be the most beneficial products from the project, and by their use, one could apply a wearable computer to other environments quickly.

3.11 Process for Process and Product Metric Analysis

The project progress will be measured against the schedule.  The documents will be reviewed regularly internally, and at scheduled intervals, they will be reviewed by those not internal to the project.  Regular reviews will occur for any software development effort.  This includes peer reviews and walkthroughs.  Senior developers and/or consultants will also periodically review the designs and code.

Because this project is sufficiently different from others, much is unknown what metrics that will best assure the desired outcome. The below table will be updated as more is learned and put in place. 

WEVAC metrics will include the below (see Product Development Handbook http://isc.gsfc.nasa.gov/iso9k/iso9001.htm Appendix E for more details).

All metrics will have a scheduled date, and an actual date.

See Product Development Handbook table for metrics: http://isc.gsfc.nasa.gov/iso9k/pdh/PDH65.html 

Reports will be kept on the web site quantifying the progress (schedule v. actual) and other metrics. 

Section 4 Technical Approach

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

4.1 Software Development Plan

4.1.1 Major Activities

Our major activities will include 

4.1.1.1 Phases

The phases will be:

1. Initial work

1.1. Ongoing research into state-of-the-art equipment including wearable computers

1.1.1. Research specific vendors’ hardware

1.1.2. See if Windows NT is the only platform to use (as opposed to Windows 98).  (Note: the target platform for the command and control software may determine this.)

1.2. Decide on project development methodologies used for applicable steps  (specifically for software development, but for the project as a whole too – see section 4.1.2)

1.3. Develop metrics for the entire project 

2. Language development

2.1. Language development specifically for the clean room including steps such as domain analysis.  Concepts learned will be documented for the next step.

2.1.1. Experimenting with speech recognition software

2.1.2. Teaming up with clean room technicians to do a domain analysis on the voice language needed

2.2. Complete the development process for creating a specific language (documenting what is learned)

3. Preparation of hardware 

3.1. Review requirements for a wearable computer

3.2. Procure wearable computer and any other associated hardware

3.3. Configure hardware as required (including specific language for clean room and any physical modifications)

4. Human Factors studies

4.1. Document while learning

4.2. Experiment with headgear including the monocular display

4.3. Work with clean room technicians to discover improvements

4.4. Test voice aspects of the system

4.5. Experiment with collaboration software

4.6. Load and test command and control software

4.7. Consider what custom software may be needed

4.8. Develop any custom software needed (e.g. possibly an applications front end so the user won’t have to control the operating system directly).

5. Apply the system to the flight readiness environment

5.1. Details are unknown at this point and will be determined, in part, by what is learned in the preceding steps.

6. Extensive testing of completed system

7. Consider and document further uses for this system

4.1.1.2 Products Associated with Phases

Phase
Deliverables

1 (Initial work)
Notes on candidate systems, a list of the desired criteria, and a document of the metrics to be used as a gauge throughout the project.

2 (Language development)
A document for the language process will be created. Following this, one could develop a specific language for another environment.

3 (Preparation of hardware)
A useful wearable computer fully equipped for the clean room.  This baseline system will be built upon.

4 (Human Factors studies)
A document containing the discovered critical success factors in applying this system to a specific environment.

5 (Apply the system to the flight readiness environment)
A schedule of activities to be done in this phase.

An improved wearable ready for flight.

6 (Extensive testing of completed system)
Improvements discovered throughout the project will be applied to the system

7 (Consider and document further uses for this system)
Documentation of our recommendations for further study.

4.1.2 Development Methodology

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

4.1.2.1 Methodology

See section 3.1.

4.1.2.2 Development Environment

Standard Windows based machines will be used.  Visual C++ will be used for an special software development, unless it is determined that a RAD (Rapid Application Development) environment may be suitable (e.g. C++ Builder, Visual Basic, or Delphi).

4.1.2.3 Utilized Standards 

These standards will be monitored and modified, and more may be added.  Currently, the chosen wearable will run one of the Windows operating systems, allowing for a vast selection of software.  

4.1.2.4 Utilized COTS Products and Tools 

ViaVoice from IBM will be the initial speech recognition software, however, this may change depending on the capabilities of some competitors, such as L&H and Dragon Software's Naturally Speaking. Any software development will use Microsoft's Visual C++.

4.1.2.5 Build Strategy

This will be determined by the size of the custom software project(s) since they may be small enough to be accomplished by only a few people.

4.1.2.6 Product Inspection and Test Approach

Careful design and code reviews by peers and senior members of the team will be performed for each major phase.  End users will have a demonstration at specific milestones to be determined in the schedule.  (The software development schedule will not be known until the specific programs that will be developed are known.)   End users approval will be required.

Quality records will be posted to the WEVAC web site (http://www.wff.nasa.gov/~WEVAC).  

4.1.2.7 Acceptance Criteria and Objectives 

TBD

4.1.2.8 Reviews Planned With Associated Membership Identified 

TBD

4.1.3 Process Control

TBD

4.1.4 Incoming Inspection and Test

There are no plans for procuring flight hardware or items that are in-scope of the GSFC Quality Management System.

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

N/A

4.1.5 Control of Equipment

See Web Page for both Equipment List and Equipment Tracking

4.2 Process for Transportation, Identification, and Medium of Product

The required methods of transportation will be better known when a wearable computer has been chosen.  Processes will be defined at that point. 

4.3 Technology and Commercialization Plan

A Technology Assessment will be completed and will include a description of the technology maturity level, projections for the technology in the short-term and possible applications for the technology in a NASA environment.

4.4 Servicing – Process for Product Maintenance

Every month the newest anti-virus software will be loaded onto the wearable computers.  There is no other planned maintenance.

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

5.1.1 Assumptions to Reexamine

1. A copy of ITOS will be given for this unit

2. ITOS command and control software will run on this unit without major porting

3. ITOS will run under 800x600 resolution 

4. One of these units will be made available when it is required

5. An 800x600 resolution display will be available when needed

6. There is an advantage for the technicians to have command and control software

7. The microphone and speech software combination will work with the current level of noise present in clean rooms.

8. The RF technology used in the wearable computer will not be a problem (concerning interference).

9. Keyboard input will not be required (there is an arm mounted keyboard that could be used, but it would likely be too bulky).

5.1.2 Constraints

1. All related software must work on a display limited to 800x600 resolution.

5.2 Quality Assurance

5.2.1 Control of Nonconforming Products

Any nonconformance will be listed in our “actions” list.  Due date and completed date fields are reviewed weekly and the status is tracked.  Associated email is sent to the assignee.

5.2.2 Corrective and Preventative Action

Corrective and preventative actions will be identified by brainstorming in our weekly meetings.  These will be tracked through our “actions” list.  

5.2.3 Control of Quality Records

Records will be created on Mark Rice’s computer and posted to the web site. They will be backed up nightly to removable media (Zip disk) and to the servers on a weekly basis.

5.2.4 Control of Documents and Data

Documents will be stored on Mark Rice’s computer. They will be backed up nightly to removable media (Zip disk) and to the servers on a weekly basis. Off-site copies are created when significant changes have occurred.  This is usually done more frequently than each month.

Any data gathered by the wearable computers that should be archived will be taken care of in a similar fashion.  If different action is needed for the wearable units, then a process will be put in place at that time.

5.3 Configuration Management

Any software development will be version controlled.  The exact tools used are not known at this time.  Periodic updates will be given to Mark Rice and these will be taken care of as the data referred to in section 5.2.

5.3.1 Identification and Traceability of Products

The products are identified in section 4.1.1.2.  They will be traced as the data referred to in section 5.2.

5.3.2 Control of Customer Supplied Elements

Not required. 

Section 6 Plan Update History

6.1 Appendix A Project History

1999 - This project started near the end of 1999 with the goal of running operations with a wireless palm-sized machine and a personal type of display (e.g. VR glasses).  As brainstorming continued, the momentum shifted to applications for which hands-free use was critical.  Integration and testing became a clear application where this would be very useful.  

February 14, 2000 - CETDP proposal was submitted with the clean room as the focal application

February 28, 2000  - The new WEVAC web site was brought online.  www.wff.nasa.gov/~WEVAC 

February, 2000 - Speech testing begins

April 3, 2000 - Wireless equipment arrives for testing

April, 2000 - Testing on collaborative software begins

See www.wff.nasa.gov/~WEVAC/news.htm for more information on this project's history.

6.2 Appendix B Lessons Learned

6.3 Appendix C Accomplishments

6.4 Other appendices for each year’s plans


