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1 General

1.1 Scope

This document is a Statement of Work (SoW) for the Tactical Mobile Robotics (TMR) Part B program.  The tasks described within shall be performed by Mindtel, hereinafter referred to as the Subcontractor for the Raytheon Systems Company hereinafter referred to as the Contractor.  The items as supplied by the Subcontractor shall meet the requirements as detailed in this SoW.

1.2 Background

Our objective on the TMR program is to develop and demonstrate human robot interfaces that interoperate with teams of robots in a variety of missions, modes and configurations. This program will produce unique and innovative systems concepts for human robot interfaces including a mission planning and configuration system, a wearable human interface system consisting of a suite of perception, processing and effector capabilities.  Innovative methods for team command and control as well as information synthesis and representation will also be investigated. 

2 Requirements

The objective of this effort is to identify through analysis, rapid prototyping and experimentation an optimal set of configurations for the TMR human computer interface. 

2.1.1 Human Interaction Analysis

This effort shall include a human factors analysis of a warfighter’s ability to effectively interact with a team of robots in military operations ranging from special covert to active combat. The analysis shall address day and night operations in a variety of conditions such as fog, rain, snow, desert, arctic, etc. A set of metrics that define a warfighter’s ability to physiologically sense data received from the robot, process the information and produce a physiological response shall be defined for human-robot interactions. 

This analysis shall be used to recommend a set of candidate interface modalities and configurations suitable for TMR.  Key areas for interface modalities shall include as a minimum those listed below.  The various modalities shall be traded to determine a core set for early evaluation.  The human factors analysis, list of candidate interface technologies, trade study results, trade study criteria and list of technologies recommended for prototype evaluation shall be compiled into a report and delivered to the contractor. 

Tactile information processing:

· Identify appropriate tactile sensations and device types that generate the sensations for integration into a wearable system.

· Provide an analysis of techniques and the associated human factors analysis (optimal body locations, perception parameters - tactile distance, time, sensation variation, etc.) for tactile based sensing 

· Identify methods for tactile sensing messaging (combination of tactile sensations that equate to a message - like Morse code)

Visual information processing:

· Identify techniques for information display that do not visually distract a human when operating in dismounted tactical military operations. 

· Identify techniques for optimal visual representation of data obtained from up to 4 platforms simultaneously.  

· Identify techniques for incorporating peripheral vision in a wearable display (glasses) using visual data obtained from the robotic platform.  

· Identify optimal viewing techniques for 3-D information display. The 3-D display shall be able to overlay generated image data within a real 3-D view (such as wire frame overlay on a building with threats identified in the floor plan).  

· Identify resolution, brightness, field of view for military use of see through glasses display technologies. 

· Define techniques for using eye gaze to select landmarks (images) from the display for visual servoing.  

· Identify relevant vision based human factors applicable to military tactical operations in urban & forested terrain.

Auditory

· Identify sound types other than spoken language that may be used to represent messages (such as an alarm, robot status, etc.).  The sounds shall not be detectable by other people within proximity to the robot operator  

· Identify human factors associated with audio sensing & processing for the dismounted soldier engaged in military  operations      

Gesturing

· Identify intuitive gesturing techniques for commanding teams of mobile robots in tactical military situations.  The gestures should be supportable when in crouched or horizontal positions as well as moving and when carrying weapons.  Not all gestures need to be supported in all positions.  

· All gesturing types shall be considered including head, limbs, torso, etc.

· Gesturing shall also include instrumenting wearable devices such as hat, gloves, clothing, shoes, etc. with tactile pressure sensors.  

Human generated Sounds

· Identify appropriate speech (including inaudible) or human generated sounds that may be used to represent tasking to the team of robots

· Identify any appropriate olfactory or taste sensing modes that may be applicable to TMR. Identify suitable technologies for representing these sensations for the dismounted soldier engaged in military operations. 

2.1.2 Experiments

The objective of this effort is to work with the user community in a series of experiments to determine how humans operate while performing military operations involving teams of robots and to have the users evaluate various HRI concepts and provide feedback required for optimizing the HRI.  

Experiment #1:  Task Analysis and Function Allocation Assessment

The Subcontractor shall work with the user community to conduct an experiment to evaluate current activities during normal military operations.  This data shall be analyzed to understand current methods for interacting with the environment and to determine recommended concepts for simple, intuitive, non-intrusive methods for interacting with teams of robots.  The Subcontractor shall plan the experiment, coordinate all experiment activities with the user community, collect and analyze the data and use the data to recommend a preferred set of methods and technologies for human-robot interaction.  The results shall be used to recommend an initial set of technologies for rapid prototyping and evaluation in Experiment #2. This data shall be compiled into a report and delivered to the contractor.  The Subcontractor shall notify the Contractor on the time and location of the experiment at least two weeks in advance.  The Subcontractor shall make provisions for the Contractor to observe the experiment and shall conduct an experiment plan review with the Contractor prior to the experiment.

Experiment #2:  HRI Prototype Testing

After initial rapid prototyping efforts are complete (see section 2.1.3) the Subcontractor shall conduct an experiment with the user community to evaluate the prototype HRI system (interface + robots).  The Subcontractor shall design the experiment with the user community, conduct the experiment, collect and analyze the results.  The results shall be used to make recommendations on improvements to the initial HRI concepts and recommendations for an additional set of experiments to test increasingly more complex operating modes and scenarios.  This experiment shall occur after the initial rapid prototyping efforts are complete. This data shall be compiled into a report and delivered to the contractor. The Subcontractor shall notify the Contractor on the time and location of the experiment at least two weeks in advance.  The Subcontractor shall make provisions for the Contractor to observe in the experiment and shall conduct an experiment plan review with the Contractor prior to the experiment.

2.1.3 HRI Rapid Prototype

The Subcontractor shall develop concepts for rapid prototyping up to 10 interface devices for integration into the TMR HRI system.  These devices shall be developed for the Contractor to integrate into the prototype HRI systems.  There will be a maximum of two iterations to the prototype concepts and devices based on feedback provided by the experiment efforts.  It is intended that these will be proof of concept devices to be used for evaluating the effectiveness of the concept.  These concepts shall be reviewed with the TMR design team for inclusion into the overall approach.  This task includes the following efforts:

1. Develop & deliver up to 10 interface devices and associated software and documentation for integration into the TMR HRI prototype.  

2. Support integrating these devices into the prototype HRI system (assume telephone support).

3. Provide modifications to the interface devices and software based on user evaluation and feedback.

4. Provide up to two iterations of the concepts and devices depending on the results of the experiment efforts.

2.2 Project Management

2.2.1 Program Management

The Subcontractor shall provide program management to assure successful completion of all requirements delineated in this SoW.  This task shall include planning, monitoring, manning, supervising and reporting all technical efforts and coordinating activities with Contractor personnel.

2.2.2 Reports, Reviews and Meetings

2.2.2.1 In Process Reviews (IPRs)

One person from the Subcontractor will be expected to attend at least one IPR and one Team design meeting in Washington DC.   The Subcontractor shall also develop and present relevant material as appropriate.  IPRs are held regularly to promote technical interchange between all Part A and Part B program participants as well as the government technical and user communities and other members of the robotic development community.  The intent of the IPRs is to:  a) promote free exchange of ideas, concepts and emerging technologies relevant to the TMR program goals; b) enable each contractor team to inform and update the government on each of their technical as well program plans and status; and c) provide military user representation to help interpret operational issues.  The quarterly IPRs will be held at selected contractor sites in the following localities: a) San Francisco area, b) Boston area, c) Los Angeles, d) Washington DC, e) Denver, f) Atlanta, and g) Pittsburgh. 

2.2.2.2 Monthly Progress/Status Report 

The Subcontractor shall provide monthly progress/status reports in accordance with PDRL A001. The reports shall be submitted in Contractor format and shall contain at a minimum the following information:

· Period covered by the report.

· Summary. The summary shall include brief statements on technical accomplishments over the previous month.  This report shall also include an outline of anticipated efforts for the upcoming month. 

· Any information about circumstances which may cause significant program changes or delays.

2.2.2.3 Monthly Cost Report

The Subcontractor shall provide monthly cost reports in accordance with PDRL A002.  These reports shall provide details of expenditures made over the previous month, total cost of the program to date, remaining funds available, and the percentage of the program effort completed. This report shall also include a projection of costs for the following month.

2.2.3 Year 2000 Compliance

The Subcontractor shall ensure that all new software and firmware developed under this contract, as well as existing software and firmware used for the demonstrator, will be operable past December 31, 1999.  If any legacy systems are used that are not Y2K compliant, the Subcontractor shall notify the Contractor and disclose any impact they would have on the performance of the end product.

3 Limitations

The Subcontractor shall obtain written Contractor approval prior to subcontracting any efforts in this SoW.

4 Applicable Documents

The standards, specifications and other documents of the exact issue shown below are applicable to this SoW to the extent referenced herein.  In the event of a conflict between the reference documents and the contents of this SoW, the contents of this SoW shall prevail.

4.1 Government Documents

None.

4.2 Non-Government Documents

None.

5 Deliverable Items

5.1.1.1 General Data  

The Subcontractor shall deliver all data in Contractor format unless otherwise specified.  The deliveries shall be furnished in accordance with the schedule and quantities set forth in the following paragraphs. The Subcontractor shall submit the reports electronically in a PC compatible format (Microsoft Windows Office applications).

5.1.1.2 Software

The Subcontractor shall deliver any software developed or modified, as well as a copy of any simulations performed and their results.  The Subcontractor shall deliver source code listing for all non-commercial, newly developed or modified software with sufficient detail to clearly illustrate logic flow, control flow and data structures.  The source code listing shall be in ASCII format and state the compiler and computer hardware platform used to translate the source code.  The source code for the software developed under this contract shall be delivered on mutually acceptable media (e.g. floppy disk, CD-ROM, etc.).

6 Documentation

6.1 Human Interaction and Analysis Report

The Subcontractor shall submit a report describing the human factors analysis, list of candidate interface technologies, trade study results, trade study criteria and list of technologies recommended for prototype evaluation.  This shall be submitted in accordance with PDRL A003.  The document shall be done in Microsoft Word  6.0  based on the Subcontractor format using commercial best engineering practices.  Soft copy of the document on 3.5” floppy disk in IBM PC compatible format shall also be required. 

6.2 Experiment Results Report

The Subcontractor shall submit a report describing the experiments, collected data, analysis and future recommendations. This shall be submitted in accordance with PDRL A004.  The document shall be done in Microsoft Word  6.0  based on the Subcontractor format using commercial best engineering practices.  Soft copy of the document on 3.5” floppy disk in IBM PC compatible format shall also be required. 

6.3 Software Documentation

The Subcontractor shall submit a document describing the hardware and software implementation for the prototype devices.  This shall be submitted in accordance with PDRL A005.  The document shall be done in Microsoft Word  6.0  based on the Subcontractor format using commercial best engineering practices.  Soft copy of the document on 3.5” floppy disk in IBM PC compatible format shall also be required. 

6.4 Final Report

All engineering notes, log books, etc generated as a part of this effort will be placed in a loose leaf binder (with a hard copy of the final program management status report) shall constitute the final report and shall be submitted to document the results of the program (PDRL 006).

6.5 Quality Assurance

The Subcontractor shall plan and perform internal reviews, development, testing and integration with standard commercial practice.

6.6 Configuration Management

The Subcontractor shall use formal software configuration management procedures.  These procedures shall include software configuration identification, software configuration change controls, configuration status accounting and data management.  Subcontractor configuration management procedures shall be available for Contractor review at the Subcontractor’s facility.  

7 Contractor Furnished Equipment

HRI System for Experiment #2

8 Support

8.1  Contractor Access

The Subcontractor shall provide access to Contractor representatives to obtain knowledge of the efforts over the life of the subcontract.  This informal access shall transpire via email and telephone between the engineers and will be on an as needed basis, but not to the extent as to put a heavy burden on the Subcontractor.

9 Delivery Schedule

Task
Description
Delivery Months ARO

Human Interaction and Analysis Report
Paragraph 2.1.1
2

Experiment # 1 Report
Paragraph 2.1.2
2

Initial Prototype Units
Paragraph 2.1.3

   2 devices

   8 devices
2

3

Experiment # 2 Report
Paragraph 2.1.2
4
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