Section J, Attachment 2
ARV Robotic Technologies Contract

Work Breakdown Structure & Dictionary

Section A – Work Breakdown Structure (WBS):

	Item
	Contract Reference

	1. ARV Robotic Technologies
	C.1

	1.1 ART System
	J.1.2.X

	1.1.1 Platform and Structures 
	C.5, J.1.2.X

	1.1.1.1 Surrogate
	C.5.3.X, J.1.2.2

	1.1.1.2 Final  
	C.5.4.X, J.1.2.3

	1.1.2 Mobility 
	J.3.2.1.4, J.3.2.3

	1.1.3 Automatic/Remote Piloting
	C.5.5.1.X, J.3.2.1.3

	1.1.3.1 Advanced Perception Suite 
	C.5.5.1.X

	1.1.3.2 Autonomous Mobility Suite
	C.5.5.1.X, J.3.2.1.3

	1.1.4 C4ISR 
	C.3.2.2.4, C.3.2.4.2

	1.1.4.1 C2 
	C.3.2.2.4, C.3.2.4.2

	1.1.4.2 ISR 
	C.3.2.2.4, C.3.2.4.2

	1.1.4.3 Teleoperation 
	J.3.2.1.7

	1.1.5 Survivability 
	C.5.5.3.X

	1.1.5.1 Anti-Tampering 
	C.5.5.3.X, J.3.2.1.5

	1.1.6 Lethality/Fire Control 
	C.4.5.4, C.4.5.6

	1.1.6.1 MILES 
	C.4.5.6

	1.1.6.2 Weapon Integration
	C.4.5.6

	1.1.6.3 Fire Control Integration
	C.4.5.4

	1.1.7 RSTA 
	C.4.5.3, J.3.2.1.1

	1.1.7.1 ATR/AiTR
	J.3.2.1.1

	1.1.7.2 BDA
	J.3.2.1.1

	1.1.8 Sustainability
	C.5.5.4

	1.1.8.1 Embedded Prognostics/Diagnostics
	C.5.5.4, J.3.2.1.6.X

	1.1.9 Mission Specific
	

	1.1.9.1 Robotic Tactical Behaviors 
	C.5.5.2, J.3.2.1.2

	1.1.9.2 Mission Modules 
	J.3.2.2.3

	1.1.10 Warfighter Control 
	J.2.1.76

	1.1.10.1 Mounted 
	J.2.1.76

	1.1.10.2 Dismounted 
	J.2.1.76

	1.1.10 Core Vetronics
	J.3.2.4.X

	1.1.10.1 Computer Resources
	J.3.2.4.1.X

	1.1.10.2 Data Control and Distribution
	C.8.3

	1.1.10.3 Power Generation and Management
	J.3.2.4.3.X

	1.2 ART M&S Suite
	C.5.2.X, J.3.2.1.12.X

	1.2.1 Mobility
	J.3.2.1.4

	1.2.2 Survivability
	C.5.5.3.X

	1.2.2.1 Anti-Tampering
	C.5.5.3.X, J.3.2.1.5

	1.2.3 Mission Specific
	J.3.2.1.1

	1.2.3.1 Robotic Tactical Behaviors
	C.5.5.2, J.3.2.1.2

	1.3 Program Management
	C.3.X

	1.3.1 Program Planning
	C.3.8.X

	1.3.2 Program Tracking
	C.3.4.1

	1.3.3 Contract Management
	C.3.8.X

	1.3.4 IPT Management
	C.3.2.X

	1.4 System Engineering
	C.3.4.X, C.4.X

	1.4.1 Specifications and ICDs
	C.4.4.6

	1.4.2 Platform and Payload Analysis
	J.3.2.2.3

	1.4.3 Safety
	C.6.1.1, C.7

	1.4.4 Engineering Reviews
	C.3.2.2, C.3.9, C.3.9.2

	1.4.5 Architecture 
	J.3.2.1.2

	1.4.6 Quality
	J.5

	1.4.7 Development Environment
	J.3.2.4.X

	1.4.7.1 IDE
	C.3.3

	1.4.7.2 M&S Environment
	C.3.7

	1.4.7.3 Software Development Environment
	C.3.5

	1.5 System Test and Evaluation
	C.6.X

	1.5.1 Development Test and Evaluation
	C.6.2.1.X, C.6.2.2.X

	1.5.1.1 Technology Comparison/Evaluation Experiments
	C.6.2.1.X, C.6.2.2.X

	1.5.1.2 Configuration Item Testing
	C.6.2.1.X, C.6.2.2.X

	1.5.1.3 ART Vehicle Engineering Evaluation Testing
	C.6.2.1.X, C.6.2.2.X

	1.5.2 Operational Test and Evaluation/Performance Metric Validation
	C.6.2.1., C.6.2.2

	1.5.2.1 ART System Baseline Operational Testing 
	C.6.2.1.X

	1.5.2.2 ART System Vehicle Operational Testing 
	C.6.2.2.X

	1.5.3 Test and Evaluation Support
	C.6.3.X

	1.8.3.1 Test and Measurement Equipment
	C.6.3.X

	1.8.3.2 Support and Handling Equipment
	C.6.3.X

	1.8.3.3 Spares and Repair Parts
	C.6.3.X

	1.5.4 Test Site Coordination/Rental
	C.6.3.X

	1.5.5 Demonstrations
	C.6.2.1., C.6.2.2

	1.6 Training
	C.9.2.2

	1.6.1 Services
	C.3.9.2

	1.7 Data
	C.6.3.3, C.6.4.5

	1.8 On-site Support
	C.4.15, C.9.3, C.9.5


Section B – WBS Dictionary:

1. ARV Robotic Technologies

The equipment, data, services, and facilities required to develop, test and demonstrate the ART system.

1.1 ART System

The equipment and services required to develop, test and demonstrate the ART vehicle system.

1.1.1 Platform and Structures

The mobile element of the ART system embodying means for performing operational missions and all structures required to support equipment within the chassis.

1.1.1.1 Surrogate
Interim platform that is based of an existing chassis to be used in support of early integration and testing.
1.1.1.2 Prototype  

Target platform that incorporates the technologies required to complete the final testing.

1.1.2 Mobility 

The automotive components and controls necessary to produce a dynamic vehicle system that is capable of moving from one position to another and meeting all mobility performance specifications.  Including, but not limited to the propulsion, steering, suspension and braking subsystems.
1.1.3 Remote Piloting

The group of hardware and software subsystems which allow the vehicle to be operated via electrical control, e.g. drive-by-wire.

1.1.3.1 Advanced Perception Suite

Advancing the existing GFP sensor suite beyond what is delivered, including operations in adverse weather conditions (i.e. rain, fog, dust, etc) and hazard detection advancements (i.e. negative obstacles, wire detection, etc)

1.1.3.2 Autonomous Mobility Suite

Advancement of the existing sensors and algorithms, to include hazard advoidance.

1.1.4 C4ISR

The computer, electronics and interface hardware required to implement a command, control, communications, computers, intelligence, surveillance and reconnaissance (C4ISR) system in the ART platform.

1.1.4.1 C2 

The command and control interface to the robotic asset(s) this should be in line with the GFP HRI and use a limited amount of bandwidth

1.1.4.2 ISR
Low bandwidth communications to support ISR.

1.1.4.3 Teleoperation 

Low bandwidth communications to support control of platform and/or payload.

1.1.5 Survivability

The hardware and software components that perform or simulate the performance of subsystems designed to minimize damage to the entire system, subsystems and crewmembers.   

1.1.5.1 Anti-Tampering

Autonomous detection of immediate threats to the robotic platform includes non-lethal countermeasures and obscurants to prevent tampering.

1.1.6 Lethality/Fire Control

The hardware and software components that perform or simulate the performance of weapon system control.

1.1.6.1 MILES

The preferred simulated lethality system to be integrated.

1.1.6.2 Weapon Integration

The mechanical and electrical interfaces required to integrate a live fire weapon component.

1.1.6.3 Fire Control Integration

The mechanical and electrical interfaces required to integrate the weapon to the fire control network.

1.1.7 RSTA 

The computer, electronics and interface hardware required to implement a Reconnaissance, Surveillance and Target Acquisition (RSTA) system in the ART platform.

1.1.7.1 ATR/AiTR

The computer, electronics and interface hardware required to implement an Automatic Target Recognition (ATR) and or Aided Target Recognition system in the ART platform.
1.1.7.2 BDA

The computer, electronics and interface hardware required to implement a Battle Damage Assessment system in the ART platform.

1.1.8 Sustainability

The computer, electronics and interface hardware required to sustain the ART platform.

1.1.8.1 Embedded Prognostics/Diagnostics
1.1.9 Mission Specific
The special equipment (hardware and software) to be utilized in the ART system to allow the ART to achieve a special mission capability.

1.1.9.1 Robotic Tactical Behaviors 

The special equipment (hardware and software) to be utilized in the ART system to allow the ART to autonomously act in a tactical manner while performing a mission.
1.1.9.2 Mission Modules 

The special equipment (hardware and software) to be utilized in the ART system to allow for different mission modules to integrated/removed, in a “plug-and-play” manner.

1.1.10 Warfighter Control 

The computer, electronics and interface hardware required to allow for the warfighter controlling all aspects of the ART platform
1.1.10.1 Mounted 

The computer, electronics and interface hardware required to allow for the warfighter controlling all aspects of the ART platform in a mounted environment (GFP CAT Interface).

1.1.10.2 Dismounted

The computer, electronics and interface hardware required to allow for the warfighter controlling all aspects of the ART platform in a dismounted environment (GFP HRI Interface).

1.1.10 Core Vetronics

The computer processing, vehicle control interface, and data and power distribution infrastructure required for developing, testing and demonstrating the ART system.

1.1.10.1 Computer Resources

Computer Resources provides distributed intelligent resources, data processing, and control capabilities for the Information, High End Real-Time, High Power Load Management, and Automotive and Utility Systems to enable the vehicle to execute its mission.  It consists of the processing elements, operating system software, and application software required for developing, testing and demonstrating the ART system.
1.1.10.2 Data Control and Distribution

Data Control and Distribution provides the capability for efficient transfer of all electrical control signals and data within a subsystem, within a vehicle, and to the components that link the vehicle to the electronic battlefield.  It consists of communications network(s) to distribute digital data, video, and audio throughout the vehicle, that are required for developing, testing and demonstrating the ART system.
1.1.10.3 Power Generation and Management

Power Generation and Management provides electrical power to all the electrical/electronic subsystems of the vehicle.  It provides for electrical power generation, distribution, conversion, regulation, and load control.  It also manages vehicle-wide power consumption, including prioritized power allocation to essential functions for cases of emergency, failure, or battle damage as required for developing, testing and demonstrating the ART system.
1.2 ART Modeling & Simulation Suite

The equipment and services required to develop, test and demonstrate the ART M&S Suite.

1.2.1 Mobility

The simulation of automotive system components to include the propulsion, steering, suspension and braking subsystems and function as a means of creating the resulting effects of a dynamic vehicle system within a virtual world.  A product where operator input controls result in the generation of realistic output data that is capable of moving a simulated vehicle from one position to another with the same mobility performance as a real vehicle.
1.2.2 Survivability

The simulation of the ART subsystems designed to minimize damage to the entire system, subsystems and crewmembers. 

1.2.2.1 Anti-Tampering

Simulated capability that allows for autonomous detection of simulated threats to the robotic platform includes non-lethal countermeasures and obscurants to prevent tampering.

1.2.3 Mission Specific

The special equipment (hardware and software) to be utilized in the ART M&S Suite to allow the ART to achieve a special mission capability.

1.2.3.1 Robotic Tactical Behaviors

The special equipment (hardware and software) to be utilized in the ART M&S Suite to allow the ART to autonomously act in a tactical manner while performing a simulated mission.

1.3 Program Management

The business and administrative planning, organizing, directing, coordinating, controlling, and approval actions designated to accomplish overall program objectives which are not associated with specific hardware elements and are not included in systems engineering.

1.3.1 Program Planning

The planning actions required to accomplish overall program objectives

1.3.2 Program Tracking

The actions required to track progress in accomplishing the overall program objectives against the program plan.

1.3.3 Contract Management

The actions required to manage the contractual actions with the government as well as contractual actions with subcontractors.

1.3.4 IPT Management

The actions designated to manage the Integrated Product Teams.

1.4 Systems Engineering
The technical and management efforts of directing and controlling a totally integrated engineering effort of a system or program.  System engineering includes system definition, overall system design, design integrity analysis, system optimization, system/cost effectiveness analysis, and intra-system and inter-system compatibility assurance, etc.; the integration and balancing of reliability, maintainability, producibility, safety, human health, environmental protection, and survivability; security requirements, configuration management and configuration control; quality assurance program, value engineering, preparation of equipment and component performance specifications, design of test and demonstration plans; determination of software development or software test facility/environment requirements.

1.4.1 Specifications and ICDs

The actions designated to specify performance of the VTI subsystems and to develop and manage interfaces between the VTI subsystems.

1.4.2 Platform and Payload Analysis

The actions designated to analyze the ART system performance utilizing potential payloads.

1.4.3 Safety

The special equipment (hardware and software) to be utilized in the ART system to ensure the safety of the systems, their operators, testers and observers.

1.4.4 Engineering Reviews

The actions designated to plan and conduct the engineering reviews.

1.4.5 Architecture

The architecture is a description, including graphics, of the systems and interconnections providing for, or supporting, warfighting functions.  The architecture includes the physical connection, location, and identification of key nodes (including materiel item nodes), circuits, networks, warfighting platforms, etc., and specifies system and component performance parameters (e.g., mean time between failure, maintainability, and availability).
1.4.6 Quality

The tasks associated with meeting the hardware and software quality requirements.

1.4.7 Development Environment

The special equipment (hardware and software) to be utilized to conduct the modeling & simulation, software development and data communication activities.

1.4.7.1 IDE

The equipment (hardware and software) used to develop and maintain an on-line, integrated data environment for purposes of sharing information specifically intended for use by the Government/Contractor Integrated Process Teams (IPTs).
1.4.7.2 M&S Environment

The special equipment (hardware and software) required to create and run models & simulations that will be utilized to perform testing of ART concept.

1.4.7.3 Software Development Environment

The software tools required to develop and debug the software necessary to demonstrate the ART system.

1.5 System Test and Evaluation

The use of prototype, production, or specifically fabricated hardware/software to obtain or validate engineering data on the performance of the ART system.
1.5.1 Development Test and Evaluation

Test and evaluation conducted to demonstrate that the engineering design and development process is complete, the design risks have been minimized, and that the system will meet all specifications.

1.5.1.1 Technology Comparison/Evaluation Experiments

Survey technology currently being developed in industry, academia, and Government laboratories to identify, determine status and determine availability of technology required to execute the ART concepts.
1.5.1.2 Configuration Item Testing

Configuration item testing involves testing components to verify components meet performance requirements allocated to that component.
1.5.1.3 ART Vehicle Engineering Evaluation Testing

Formal testing of the ART vehicle to demonstrate conformance to all related performance objectives.
1.5.2 Operational Test and Evaluation/Performance Metric Validation

Test and evaluation to assess the ART’s military utility, operational effectiveness, operational suitability, logistics, cost of ownership, and need for any modifications.
1.5.2.1 ART System Baseline Operational Testing

The testing to be completed in FY06, that shows that the ART System meets the initial criteria required in the performance specification.  This will serve as the baseline experiment criteria for the final experimentation results.

1.5.2.2 ART System Vehicle Operational Testing

The testing to be completed in FY08, that shows that the ART System meets the final criteria required in the performance specification.

1.5.3 Test and Evaluation Support

The support elements necessary to operate and maintain, during test and evaluation, ART system and subsystems which are not consumed during the testing phase and are not allocated to a specific phase of testing.

1.5.3.1 Test and Measurement Equipment

The peculiar or unique testing and measurement equipment which allows an operator or maintenance function to evaluate operational conditions of  the ART or related equipment by performing specific diagnostics, screening or quality assurance effort at an organizational, intermediate, or depot level of equipment support.

1.5.3.2 Support and Handling Equipment

The deliverable tools and handling equipment used for support of the ART system.

1.5.3.3 Spares and Repair Parts

The deliverable spare components, assemblies and subassemblies used for replacement purposes in the ART end item.

1.5.4 Test Site Coordination/Rental

The coordination with and rental of test facilities required for performance of the various developmental tests necessary to prove the design and reliability of the ART systems or subsystems.

1.5.5 Demonstrations

The actions designated to conduct demonstrations of the ART system in conjunction with experiments, at trade shows or at the contractor facility.

1.6 Training 

Deliverable training services, devices, accessories, aids, equipment, and parts used to facilitate instruction through which personnel will learn to operate and maintain the ART system with maximum efficiency.

1.6.1 Services

Deliverable services, accessories, and aids necessary to accomplish the objectives of training, including the renting or leasing of facilities.

1.7 Data

The deliverable data required to be listed on a Contract Data Requirements List, DD Form 1423.

1.8 On-site Support

The services, accessories, and equipment necessary to support the ART system at TACOM for one year following delivery.
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