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Introduction

The Army’s Collaborative Technology Alliance (CTA) program was formed in 2001 to establish partnerships among research communities in the Army Laboratories and Centers, private industry and academia. Each alliance member brings with it a distinctly difference approach to research: Academia is known for its cutting-edge innovation; the Army Research Laboratory’s researchers keep the program oriented towards solving complex Army technology problems; the industrial partners are able to leverage existing research results and to deal with technology bottlenecks. The CTA concept is designed to capitalize on the innovative academic research ideas coming from the university partners. These ideas are then augmented by the strong applied research capabilities of the commercial sector and the focused research products of the Army Research Laboratory. The three sectors collaborating together on one team provide the means for innovation and rapid technology transition. These multidisciplinary research teams are required to generate the complex technology needed to solve the Army’s complex problems. This approach enables the CTA program to bring together world class research and development talent and focus it on Army-specific technology objectives for application to Army Transformation.

Under the CTA program, Cooperative Agreements were awarded to five consortia in the following technical areas: Advanced Sensors, Communications and Networks, Power and Energy, Advanced Decision Architectures, and Robotics. From the cooperative program formulation process through the truly collaborative research efforts, the CTA program is efficiently focusing the expertise of industry, academia and the Army Research Laboratory on enabling technologies and new military capabilities needed for Army Transformation.

The Alliances in the CTA program include not only the five consortia and ARL but also Army Research, Development and Engineering Centers (RDECs), other Army and other Government agencies (OGAs). The Army RDECs and OGAs are invited to actively participate in the research program and to conduct research jointly with Alliance members. The annual research program plan is also cooperatively formulated by Alliance members and ARL with input from the RDECs and OGAs through participation on the Research Management Boards (RMBs) established for each Alliance. The RMB partners are critical to identifying opportunities for transitioning CTA research results into their on going R&D programs. This transition is facilitated by a task order contract build into the CTA agreements. Several Army RDECs and OGAs have taken advantage of this contract mechanism in 2001 to apply CTA research results to their technology development programs.

The Robotics CTA consists of the Collaborative Alliance for Robotic Technology (CART), a group of leading university and industrial laboratories conducting research in robotics and allied technologies, working collaboratively with the Army Research Laboratory.  Alliance efforts are aimed at developing enabling robotic technologies to support the Army transformation into a more lethal, sustainable, flexible, and survivable force, with a reduced logistics footprint.  The work is divided into four main technical areas:

Advanced Perception for Autonomous Mobility (AP), 

Intelligent Control Architecture (ICA), 

Human Machine Interface (HMI), and,

Modeling, Simulation and Experimentation (MS&E).

* Prepared through collaborative Participation in the Robotics Consortium sponsored by the U.S. Army Research Laboratory under Cooperative Agreement DAAD19-01-2-0012
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[image: image9.wmf]The Robotics Alliance is a unique member of the ARL CTA family, conducting applied research,  i.e., funded with 6.2 RDT&E funds, that is critical to enabling development of the Army’s Objective Force.  The Alliance also has a direct responsibility through the Office of the Secretary of Defense Joint Robotics Program to provide advanced ground robotics technology to each of the Armed Services.   As an applied research program, the Robotics CTA is focused on rapid technology development, working with soldiers to focus research into areas that will have both immediate and long term payoffs, gaining immediate feedback on new concepts, hardware and software.  ARL has had great past success with this research paradigm, particularly in the area of robotics technology development.   For example, the dialog between soldiers, scientists and engineers has led to new formulations for the soldier-machine interface and vehicle behaviors developed for the ARL Demo III program (Figure  1.0-2).  The Robotics CTA will continue and expand upon this approach because the soldier is the ultimate customer for technology.

Technology components developed by the consortium in collaboration with ARL are driven by field experimentation with extensive soldier interactions and an integrated Modeling, Simulation, and Experimentation process that provides constant input into the direction of research.  These components include advanced algorithms for short, mid, and long-range perception, a distributed, collaborative, control framework connecting manned,and unmanned intelligent agents; improved feature analysis and terrain understanding; and an integrated approach to human performance modeling and operator interfaces, all of which support the science and technology objectives associated with the development of the Army Objective Force.  

Launched in 2001, the CTA program was formed to build on the success of the Army’s Federated Laboratory program in establishing partnerships between research communities in the Army, industry, and academia.  The Alliance brings together the best team assembled from across the country with a track record grounded in a philosophy that emphasizes and rewards government/contractor teamwork facilitated by strong intra-team communications. Its methodology features well-defined task structure, common tools for tracking performance, schedule and cost, and strong risk mitigation strategies. 
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The CART consortium is composed of members selected from both industry and academia for their recognized leadership in the technical areas described above.  Not only do the members bring a strong history of successful performance in their respective areas of expertise, but also an existing history of working together on past and current robotics programs with each other and with the Army Research Laboratory.  This history enables the Consortium to leverage from a currently installed set of capabilities, common toolsets, and existing lines of communication to provide immediate payoff of research efforts.  Table 1.0-I summarizes the breadth of the Consortium Membership.
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Organization

The CART is composed of both industry and academic members in order to leverage the unique strengths of each: industrial focus on technology bottlenecks and an orientation towards technology transition; academic focus on fundamental technology and education. General Dynamics Robotic Systems is the lead industrial organization and works with the ARL Collaborative Alliance Manager (CAM) to coordinate the research activities of the Consortium.  Each partner has a seat on the Consortium Management Committee that jointly develops an annual research program plan. The current members of the Consortium Management Committee are provided in the organizational chart shown in Figure 2.0-1. 

Research is planned and reviewed on an annual basis so that the funded efforts and the Consortium membership can be matched to the Army’s technology needs. A Research Management Board (RMB) provides input from other services, DoD and other government agencies.  The scope of work is divided into the four technical areas previously mentioned.  Each technical area has been assigned three leads: a Research Technology Lead (RTL), an Integration Technology Lead (ITL), and an ARL representative.  The current technical area leads are shown in the organizational chart. 
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                          Figure 2.0-1:  The Robotics Collaborative Technology Alliance Organization
The research plan is developed annually by all participants, with the technical leads coordinating the submission of Army-focused collaborative project proposals from integrated teams of ARL and Consortium researchers. The Consortium Management Committee recommends proposals for funding to the ARL Cooperative Alliance Manager Once approved by both the Consortium Management Committee and ARL, this annual program plan becomes the guiding document for the year’s research. Cost, schedule, and technical performance are monitored throughout the year by the CAM and the Recipient Program Manager). Quarterly and annual reports are used to communicate progress.

As part of the Alliance, our Research Management Board (RMB) provides guidance, in the form of resources, requirements and vision, which helps shape the research program and identify technology transition opportunities.  Members of the Robotics RMB are: CECOM, SBCCOM, STRICOM, TACOM, Engineer Research and Development Center, Air Force Research Laboratory, Naval Research Laboratory, Navy Space and Naval Warfare Systems Command, Office of Naval Research, Office of the Secretary of Defense, Central Intelligence Agency, Department of Transportation, Federal Emergency Management Administration, National Aeronautics and Space Administration, and the National Institute of Standards and Technology.

Participation and Leverage

The CTA program was structured as a Cooperative Research Agreement between ARL and the research Consortia. This avenue has proven to be very effective in encouraging collaborations between members and in leveraging the unique focus of each class of participants in accomplishing the research plan.  Scientists and engineers from industrial partners, which are leaders in commercial and defense sector product development, bring their knowledge of system performance, cost, and production issues as well as associated technology bottlenecks. University researchers bring their commitment to cutting-edge research and an educational focus, which provides a constant stream of fresh thought in the form of research students.  Besides their own unique research skills, ARL researchers keep the program oriented towards solving Army problems.
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One of the unique components of the CTA program is the ability to leverage private and parallel government funded resources in the form of people, facilities and research activities. The CART members have applied a great deal more of their facility resources and research-talent to the program technical areas than was funded by the program.  In addition to the obvious technical leverage from programs such as Demo III, several of the Consortium members have pledged matching funds for research directly related to the CTA Technical Areas.  A summary of these cost share possibilities is shown in Table 2.1-I:

The Army Semi-autonomous Robotics for FCS Science and Technology Objective (STO) and Robotic Follower Advanced Technology Demonstration (ATD) program are parallel efforts which provide powerful leveraging opportunities for CTA members.  The Robotics CTA is a primary technology development vehicle for both programs.  CTA research in  perception, intelligent control and behaviors, and man-machine interfaces will provide advanced autonomous mobility capabilities required for Army Objective Force Programs and other ground robotics efforts for the Joint Services.  The ARL Demo III program, with its heavy emphasis on field experimentation and soldier interactions, provides a testbed environment of Experimental Unmanned Vehicles (XUVs) for the field evaluation and demonstration of CTA research and technology development efforts.  

The success of the Demo III program together with ARL’s close involvement with the entire DoD robotics R&D community through the OSD Joint Robotics Program has led to a wide dissemination of XUV testbeds  (Table 2.1-2).  This commonality of testbed platforms provides an unparalleled opportunity for rapid dissemination of technology to multiple programs.  It also provides an opportunity to benefit from lessons learned as the technology is applied to new and as yet unchartered missions. The Robotics CTA is taking full advantage of this opportunity.  In 2001, discussions concerning technology transfer to both Navy and Army programs were initiated.  The CTA anticipates increasing interest in technology transfer throughout the forthcoming year.

Table 2.1-2 Disposition of XUV testbed vehicles & related systems throughout the DoD
	Organization
	Number of XUV Testbeds
	Application

	TACOM-TARDEC
	1
	Testbed for Robotic Follower ATD

	UGV/S JPO
	2
	Mission package integration in conjunction with AMCOM RDEC

	CECOM/NVESD
	1
	Counter-mine mission packages

	PM-PSE
	(2)
	MDARS-E chassis - significant commonality to the XUV.  This program is currently in SDD with LRIP scheduled to begin in the ’04 timeframe


User Input and Experimentation

In formulating the research program, the Robotics Alliance has adopted a construct that will rapidly take technology “out of the laboratory” and place it into the hands of soldiers, exercising it in relevant, realistic environments.  This approach provides researchers with an unparalleled opportunity to characterize and experiment with technology in a far richer and more complex environment than would normally be available.  It offers the opportunity for direct feedback from the ultimate customer, the soldier, who will provide a unique perspective that will help optimize the direction of research thrusts.  At the same time, it will provide aid in spurring the development of the new operational concepts, necessary for optimal use of this advanced technology.  Historically this construct has been highly successful, leading to rapid technology development and demonstration, as evidenced by ARL’s recent Demo III Field Exercise.    

Continuing in this same vein, the Robotics Alliance has adopted an approach that will emphasize leveraging opportunities in parallel R&D programs being conducted by ARL and other DoD laboratories and research centers.  The Alliance is currently geared towards rapidly integrating technology onto a number of UGV testbed vehicles of differing weight classes, demonstrating the scalability of the technology.  Immediate targets include field exercises planned for the ARL Demo III program in late Autumn, 2002 and February, 2003.  As part of the Annual Program Plan process, each of the three primary Robotics Alliance area leads identified specific candidate technology transition efforts.  Those that demonstrate advancement, as the year progresses, will be integrated and demonstrated on both XUV and HMMWV based testbeds, as part of the Demo III effort, and exercised in a series of force-on-force exercises conducted with both Army and National Guard troops.  Potentially a subset of these technologies will also be integrated on Light Armored Vehicle (LAV) testbeds, similar to the Interim Armored Vehicles (IAV) being utilized for the Interim Brigade Combat Teams (IBCT), being developed for the TARDEC Vetronics Technology Integration (VTI) program.  The net result of these extensive experimental efforts will be the rapid maturation of a key Objective Force technology.

Laboratories and Testbeds

The Alliance uses a variety of member facilities which are world class and unique. Examples of the facilities leveraged by this program are:

[image: image13.wmf]ARL Robotics Research Facility at Ft. Indiantown Gap, PA.  In 2001, ARL established a long term relationship with the Pennsylvania National Guard to establish a Robotics Research Facility at Ft. Indiantown Gap.  The facility consists of a 6,000 sq. ft. structure combining a 3,500 sq. ft. high-bay and laboratory areas with administrative office space for visiting researchers.   The facility was specially constructed to be capable of housing Light Armored Vehicle (LAV) class platforms, such as those being used by the IBCT, and contains a full array of electronic and computer infrastructure necessary to support the development of advanced robotics technology.  Most importantly, the facility stands beside Tracked Vehicle Maneuver Area B (TVMA B), a 2 km by 3 km maneuver area utilized extensively for training by National Guard troops for much of the year.  The maneuver area features the rugged terrain typical of the Appalachian foothills, providing a wide array of opportunities for experimenting with robotic systems, in varied, relevant and realistic environmental conditions.

[image: image14.wmf]General Dynamics Robotic Systems:  The GDRS facilities have supported the full development of 10 robotic systems over the last 11 years. GDRS is a full product design, manufacturing and R&D-capable company with 120,000-square-feet of office and manufacturing space in Westminster, MD shown in Figure 2.3-1. Highlights of the facilities include:

A completely equipped electronics laboratory for hardware development, integration, and testing. All systems and offices are connected via the fast 10/100 BaseT Internet line to meet fast information sharing requirements. 

A model shop containing a large assortment of manual and computer numerically controlled (CNC) machines for rapid prototype fabrication of both machined and precision sheet metal parts.  

A production shop containing 30 large CNC machining and turning centers for large, limited-rate and/or full-scale production programs.  

ISO 9001 certification and 20 individuals currently active in the GDRS Quality Lab to assure customer satisfaction and unparalleled quality.

[image: image15.wmf]Carnegie Mellon's Robotics Institute:  Carnegie Mellon University's Robotics Institute, a division of the School of Computer Science, was established in 1979 to conduct basic and applied research in robotics technologies and transfer them to industry to enhance productivity and product quality. Over time, its mission has broadened to include projects that benefit society at large. The Institute is one of the largest facilities of its kind in the world with an annual budget of over $30 million and more than 200 researchers working on nearly 150 projects. The projects include computer vision, parallel architectures, mobile robots, learning robots, medical robotics, knowledge-assisted design, intelligent interfaces, planning, scheduling, rapid manufacturing, shape deposition and manipulators. As the field has expanded, so has the need for trained scientists to advance and implement new robotic systems. In 1989, the institute created one of the world's first robotics doctoral programs. This year, a master's program was added to meet even greater demand. In 1994, Carnegie Mellon received $2.5 million from NASA to establish the National Robotics Engineering Consortium to commercialize mobile robotic technologies NASA has developed by working directly with American industry.  

Other Members Facilities   The remaining CART members have extensive facilities that have supported research and development in their respective areas. 

	SRI International:

( SRI International is a pioneer in the creation and application of innovative, technologies providing corporations, governments, and organizations worldwide with technology research
( 66 acre campus in Silicon Valley

( More than one million square feet of laboratory and office space

( Facilities for development of next generation machine intelligence technologies
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	University of  Maryland:

( The Institute for Advanced Computer Studies (UMIACS) ws established in 1985 with a mission to foster interdisciplinary research in computing.    

( The Computer Vision Lab, established in 1964, will host the majority of the CTA research lab facilities supporting research in image stabilization, hyperspectral imaging, detection of independently moving objects, and RSTA
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	Sarnoff Corporation:

( Sarnoff is located on 355 park-like acres in Princeton NJ and comprises 11 buildings with 606,000 sq. ft. of laboratory and office space 

( HMMWV vehicle testbed with full instrumentation      

( Several PVT-200 vision processing computers

( Acadia-based vision processing evaluation hardware 

( Numerous cameras, pan/tilt units, and workstations
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	Applied Systems Intelligence, Inc.:

( ASI is located in a 5000 sq. foot building in Roswell Georgia.  This facility has supported the development of their associate technology for several successive programs including the ICAV project.

( Multiple workstations are configured to support this research
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	BAE Systems:

Located in Merrimack NH and maintains extensive facilities for:                       ( Advanced mapping display                                                                                           ( Algorithm analysis                                                                                                                    ( Advanced sensors                                                                                                                ( Threat warning and defensive systems
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	Florida A&M:

( The College of Engineering (COE) is housed in two connected modern buildings with approximately 200,000 sq. ft. of space in Tallahassee Florida

( Access to the FSU Computational Sciences Institute, including the largest super-computer owned by any university in the world (RS/6000SP), a computer cluster consisting of over 56 computers, and an extensive visualization laboratory.
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	Jet Propulsion Laboratory:

( Robotic HMMWV with INS/DGPS, color stereo cameras, FLIR stereo cameras, pan/tilt mount for the color cameras, 6U VME computer rack

( Ladar available: 100 x 100 image, programmable scan, 700 m max range; geometric and radiometric camera calibration facilities

( High resolution laboratory spectrometers

( Off-road navigation test area available immediately adjacent to the laboratory
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Collaboration
A cornerstone of the CTA program is the concept that researchers sharing ideas and research findings while working in a common environment will accelerate the development of new technology and provide a rapid transition path into applications. Today’s complex technology challenges have made it absolutely necessary to engage researchers on these multidisciplinary teams where new ideas can be successfully applied to complex Army problems. This is the Army’s way of establishing a new research culture—transforming the old way of doing business—that fosters a different kind of relationship among research colleagues in industry, academia and Army laboratories and centers. As in integral part of the program, the CTAs utilize several venues through which such synergistic collaborations can be pursued and encouraged. Some of the venues utilized by the CTA program are summarized below:


Joint Research Projects – The individual researchers collaborating on a particular research topic are involved in the planning at the task level as well as in the execution of the overall research project. On many projects the researchers come from each of the three sectors—academia, Government and private industry – bring the advantages of a multidisciplinary approach to the research problem.


Staff Rotations – The best example of collaboration is staff rotation, in which individuals temporarily relocate, if necessary, to work on a daily basis with the research group at a partner’s organization. Such rotations may last months or years. The rotations produce mutual understanding of technical approaches and issues. The sharing of expertise among the participants foster new insights into difficult research problems and creates opportunities for advances not previously recognized before the exchange of personnel. In some cases the rotation is combined with a long-term training educational component. This provides educational opportunities for graduate students from academia and staff S&Es from the Government and industry to earn advanced degrees and to perform cutting-edge research. The result is both individual and institutional associations that endure and grow to far exceed the separate capabilities.


Workshops – Each technical area organizes focused workshops to discuss technical progress and challenges unique to that topic.  This provides a forum for effective interaction between researchers from ARL, the participating consortium members, and Army RDECs.


Distinguished Lecture Series – A monthly seminar is presented by an expert from one of the consortium partners or ARL to more broadly communicate the technical issues and progress on specific projects. Members of all CTA alliances are invited to attend either in person or via video teleconference.


Seminars and Short Courses – More informal seminars and short courses are conducted frequently and primarily involve members of a particular CTA or technical area. Certain seminars are specifically designed to address technical areas which include several CTAs and serve as starting points for cross-CTA collaborations. Short courses are developed for particular projects that cross multiple disciplines. In these cases, it is of particular benefit for researchers to gain more in-depth knowledge of all technical areas within the project, and an expert presents several days of technical material specifically designed for the purpose.


Annual Symposium – The CTA program holds a symposium each spring to present the results of its research and describe plans for the next year. Program overviews, technical papers and posters, and exhibits and demonstrations serve to communicate the research products of the CTA program to Army organizations and other Defense Department agencies. The symposium fosters interactions and collaborations among researchers from all the technical areas and all the alliances.

Research Areas

The technical work of the Robotics Consortium is grouped into the following major areas:

Advanced Perception for Autonomous Mobility: Research aimed at developing robot perception, navigation, and cooperation technologies to enable unmanned systems to join the force structure as effective members. Focus is placed on the perception of salient features to enable the vehicle to execute tactically significant behaviors, while providing robust all-weather operation. 

Intelligent Control Architectures and Tactical Behaviors: This area focuses on developing and enhancing a network-centric architecture that supports the planning and control of robotic resources (IUGS, UGVs, UAVs, etc.) in battlefield environments, including the development of specific behaviors and skills for autonomous implementation by unmanned systems that will be necessary for successful operation in tactical environments . 

Human-Machine Interface:  The main research objective of this area is to develop the underlying technologies that will reduce operator workload and provide an optimal distribution of control between soldiers and unmanned systems. Context-sensitive multi-modal interface technologies will be used to enable operators to assess situations rapidly and respond in an effective manner.

Modeling, Simulation, and Experimentation-. Modeling and simulation will be used iteratively with experimentation to identify high-payoff technologies and evaluate the effectiveness of new components, providing the driving force for directing the CTA research. 

The following sections describe the vision and goals associated with each of these areas, as well as a synopsis of the approach taken in 2001 to meet the research goals. Incorporated into the discussion of each research area are selected 2001 research highlights or accomplishments that we think are important steps toward fulfilling the robotic component of the Army’s Future Combat System.

Advanced Perception

[image: image16.wmf]The Advanced Perception Technical area seeks to develop robot perception, navigation, and cooperative technologies (Figure 3.1-1).  The primary goal of the Advanced Perception team is to address the core competencies in short-range perception for autonomous mobility and vehicle safeguarding, and mid-range perception for tactical mobility planning and mapping of the environment.  Long-range perception technologies are also supported to the extent that they enable mission capabilities.  Our approach assumes that:

A sensor-rich perception system including sensors such as LIDAR, RADAR, IR, and video is required to meet the operational requirements of future Army missions while providing reliability, robustness, and redundancy required in combat situations, 

Multi-modal perception techniques employing temporal, spatial, multi-scale, and multi-representation processing are required to handle the breadth of perception requirements for autonomous mobility,

A combination of geometric analysis and object classification is required to support intelligent navigation.  Recognition of water, smoke, vegetation types, trafficable areas, people, landmarks, good hiding spots, other vehicles, and docking sites is critical,

Sensor fusion is required to intelligently merge information from multiple sources including onboard sensors, a-priori maps, yesterday's missions, other vehicle's results, and air or ground sensors, and,

The perception system will be required to operate with uncertainty while providing a measure of confidence as an input to control behaviors.

Approach

In order to focus the limited resources of the CTA program, several critical capabilities have been emphasized in the initial phase, structured around four broad areas as described below. 

Obstacle Detection and Terrain Classification: Reliable detection of obstacles and, more generally, accurate characterization of the terrain within the driving envelope of the vehicle are critical to autonomous mobility. This problem has many facets; from sensors that can operate at night and in poor weather, to obstacle detection algorithms for obstacles with challenging geometry, to terrain understanding and classification, to fusion of multiple algorithms and multiple sensors. 

Road Networks:  Driving on roads is a critical capability in most scenarios, including driving on paved roads at high speed, driving on unimproved roads, and detecting the presence of road segments from off-road detection. A key capability in this area is the ability to detect roads under poor visibility conditions. The baseline task for road detection and tracking focuses on the use of multi-spectral and IR imagery for unimproved road detection and night driving. 

Situational Awareness:  In order to operate in a mixed environment with robots, trained operators, and civilians, the system must be aware at all times of the activities in its immediate surroundings. This area includes two key aspects: the development of sensors capable of sensing in a full 360o hemisphere around the vehicle, and the development of algorithms for detecting, identifying, and tracking moving objects, humans or other vehicles, around the robot. 

Mid-Range Perception:  In order to conduct complex missions, the system must be able to construct an accurate representation of the environment, or world model, at medium-range, up to 500m. The Advanced Perception plan concentrates on two fundamental perception issues in building world models: the ability to sense at ranges of up to 500 meters, and the ability to detect and recognize features relevant to navigation at such distances.

2001 Research Highlights
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Stereo and Motion for Obstacle Detection and Terrain Characterization:  By combining multiple cues such as motion and color in addition to traditional stereo computation, and by using multi-baseline techniques, the resulting stereo algorithms can achieve performance superior to traditional approaches.  Using a 4-D sensing technique a continually evolving world model can be built using a passive video stereo sensor.  The model is continuously updated and integrated with current readings, yielding high-fidelity geometric information that is appropriate for obstacle avoidance and extended world modeling. The 4D approach correlates information obtained from different spatial viewpoints (stereo pair), as well as from each camera over time (video tracking).  The initial results are promising and suggest that this approach can provide the basic capability of finding geometric structure, including negative obstacles and small-diameter objects.
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Terrain Classification:  Existing terrain classification techniques are generally built for a relatively narrow range of operation in both location and environmental variation.  In order for these approaches to become useful for soldier-based systems their performance envelope must be expanded to allow robust operation over a variety of environments and the ability to adapt to a new environment with little or no input from the soldier.  The approach investigated in this research builds a base set of terrain classes for a representative set of sites and operating conditions and exploits the onboard vehicle situational knowledge to select the closest terrain “basis” for operation.  The operation of the terrain classification system will be augmented to include a self-monitor for evaluating the confidence / performance of the terrain classification system and a feedback mechanism for the operator.  Performance evaluation will be performed on a set of sites distinct from the training set for validation of the approach.
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Feature and Sensor Fusion:  Individual classifiers for obstacle detection may have limited performance or may be specialized to a particular class of obstacles. Systematic combination will provide higher performance than individual detectors, based on proven techniques from machine learning.  Given a set of obstacle classifiers, the issue is to combine them optimally to yield the best combined obstacle detectors.

In this approach, the outputs of individual classifiers are combined into a single classifier and the combined classifier is derived at training time by using optimization techniques. Initial implementation will use boosting techniques that provide a principled way of selecting relative weights for classifiers so that they concentrate on the cases that are hardest to classify.   In FY01, we have conducted a review of statistical methods for fusing classifiers, and started the development of a software and hardware testbed for validating fusion strategies. 
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A key capability for fusing data from multiple 3D sensors is the ability to align the coordinate systems. Over the last decade, Sarnoff Corporation has implemented real-time image-based stabilization and registration to accuracies of 0.1 pixels, and at speeds of 60Hz, on full-resolution imagery. This registration is robust to image translation, rotation, scaling, affine, and projective transformations.

In 2001, efforts were initiated to extend these algorithms to deal with 3D data from sensors such as LADAR, stereo vision, and motion-stereo. The fundamental approach is coarse-to-fine. Salient features are used to perform coarse registration at a few discreet points.  Three dimensional gradient information is then used to iteratively refine the registration parameters.  All of this is embedded in a multi-resolution framework.  
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Safeguarding and Monitoring:  In order to operate in a mixed environment with robots, trained operators, and civilians, the system must be aware at all times of the activities in its immediate surroundings. This area includes two key aspects: the development of sensors capable of sensing in a full 360o hemisphere around the vehicle, and the development of algorithms for detecting, identifying, and tracking moving objects, humans or other vehicles, around the robot. The combination of all-around sensing with activity understanding provides the system with a protective envelope around the vehicle at all times.

We are currently designing and validating a suite of short-range sensors and sensor interpretation that can track moving objects and fixed objects around the vehicle. In particular, compact sensors such as laser striping sensors are being evaluated. CMU is engaged in similar work for the USDOT that provided the starting point in FY01. Short-range sensors being used currently include the next generation of short-range radars; scanning laser rangefinders; stereo video; and a new laser stripe rangefinder suitable for use in daylight. Other sensors that CMU has used in the past include sonars and capacitive proximity sensors. 

Additionally, we are developing algorithms for detection and tracking with fixed cameras, stereo IR cameras, and panning stereo cameras based on the University of Maryland’s extensive base of algorithms for statistical background modeling, background suppression, and activity monitoring. During FY01, we focused on detection, tracking, and isolating people from a stationary vehicles using fixed stereo cameras.  Ongoing research is directed at identifying groups of people (2-4 people) and developing  the capability to separate the groups into individuals.  

[image: image22.wmf]Stereo and Motion for Mid-Range Sensing:  A persistent issue in autonomous mobility is the need to detect shape at long distances. Passive depth recovery at mid-ranges, e.g., 500m, requires longer baselines than can be achieved by a single stereo system. Longer baselines can be achieved by using cameras on multiple vehicles or by using the motion of a single vehicle to establish a long baseline between images and a basis for temporal integration. This task addresses the development of three mid-range sensing techniques with complementary capabilities corresponding to different operational scenarios. 
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In the Structure from Motion approach, an algorithm which can perform stereo-like computations over time is used, instead of traditional snap-shot stereo.  Sarnoff has formulated a correlation-based, multi-resolution approach to motion-stereo, which estimates both scene structure and the motion of the camera through the environment from the stream(s) of incoming images. Both single-camera and multiple-camera rigs can be accommodated. Most importantly, the algorithm is optimized for outdoor off-road terrain, where the frequency content of the scene may not be uniform over all resolutions (ICCV99). Under the CTA program, the key objective is to increase the computationally efficiency of the approach to provide close to real-time structure recovery at mid-range, to enhance the accuracy of the algorithm, and to incorporate and fuse with other sensing modalities such as LADAR.

In FY01, a review of the algorithms for mid-range structure recovery was conducted, and extension of the algorithms to CTA scenarios was begun. In addition, hardware and software resources were acquired for experimentation and development of the algorithms.

RF and Acoustic Sensing:  The task addresses the development of alternative mid-range sensing solutions based of RF and acoustic sensing. In FY01, we have focused on deriving the basic requirements necessary to support the various scenarios developed by the CART Team.  The underlying technology in multi-color and RF sensors were surveyed and an initial analyses of the basic capability required to detect geometric structure was performed for obstacles and vehicles in the short to mid range. 

Additionally, for acoustic sensing, the first steps were taken to transition platform noise reduction technology from ground vehicles to unmanned airborne vehicles (UAVs).  Using a suite of microphones and accelerometers, platform noise reduction digitally removes the acoustic signature of the platform self-noise from the acoustic sensing elements so that far field signals of interest are more readily observed.  In FY01, simple field experiments were designed to verify that the same technology used to reduce the self-noise of ground vehicle platforms is directly applicable to UAV platforms.  These field experiments are intended to gather acoustic and vibration data from sensors mounted on three different UAVs in order to determine the effectiveness of platform noise reduction for acoustic arrays that sense vehicle and impulsive targets.  Aerolight, Dragon Eye and Pointer UAVs were all subjects of similar on-the-ground experiments.

Intelligent Control Architectures

[image: image24.wmf] 

The goal of the Intelligent Control Architectures (ICA) Technical Area (Figure 3.2-1) is to expand the state-of-the-art in robotic control architectures in three dimensions in order to enable tactically significant behaviors of unmanned systems as part of a mixed force.  These areas include:

Tactical robotic behaviors to include tactical skills and tasks with the effectiveness of manned systems by developing Associate systems with an understanding of mission objectives and operator intent,

Warfighter integration combining robotic battle team commanders, unmanned assets (IUGS, UGVs, UAVs), and dismounted soldiers to enable effective force-multiplication, and,

Network-centric warfare integration linking ensemble battle teams with ATCCS and higher echelons.

These three research focus areas address the challenges of integrating highly autonomous robotic systems into the network-centric battlespace envisioned for the Army’s Objective Force.  Decentralized methods for information management, situational awareness, planning, and execution over a mobile, ad-hoc network are required to achieve combat effectiveness equivalent to manned systems.  Support of mixed-initiative behaviors between robotic platforms, their commanders, and their co-combatants is required to achieve seamless, manned-unmanned integration.  Tactical robotic behaviors, seemingly human in nature, are required at the individual platform level to allow them to survive in hostile environments and at the group level to provide focused combat power from a flexible, networked collection of battlefield functional resources.  Specific research topics addressed by the Consortium include intelligent information management, distributed situational awareness, world modeling and mapping, distributed task definition and decomposition, multi-vehicle coordination and cooperation, symbolic planning, geometric planning, tactical skills, and contingency handling. 

Approach
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The XUV architecture is being expanded in the three dimensions of network-centric warfare integration, warfighter integration, and tactical robotic behaviors, with the addition of a section layer and a platoon layer according to the intent of the reference architecture.  These two layers provide the necessary scope of intelligent control required for ensemble battle team operations.  In FY01, the Consortium has designed an implementation for each layer that will allow a research testbed to be rapidly developed in FY02.  In addition to the research testbed system architecture, longer-term research goals are being pursued in world modeling, geometric planning, tactical skills, multi-robot control techniques, and primitive maneuvering control.  Technologies and concepts developed under these efforts will eventually be integrated into the testbed for system evaluation and experimentation, and with the AP, HMI and MS&E technical areas which are supporting this evolutionary approach.

2001 Research Highlights

Successful definition of critical architectural extensions identification of  key technologies in 2001 will allow the ICA and Tactical Behaviors Technical Area to demonstrate a baseline battle team capability as early as possible in support of the Army’s Future Combat System.  In FY01, the Consortium concentrated on defining the scope of the architectural components while ensuring that the relevant FCS scenarios are supported.  This up-front design phase laid the groundwork for implementation which will start in FY02, and was critical in focusing the efforts of the ICA members. 

Network-Centric Warfare Integration Architectural Extensions:  Situational awareness and behavioral coherency are critical intelligent control challenges in a system of systems environment.  We have chosen two distributed system technologies for our research testbed that address these challenges. These two technologies form the core of the section layer of each battle team node.  Both technologies are extensible and are designed to accommodate advancements in perception, control strategies, and evolving operational concepts.

The situational awareness and intelligent information management technologies developed by SRI under DARPA’s SUO-SAS were selected to provide common relevant tactical information over a bandwidth-limited, mobile and ad-hoc network.  The decentralized information management services’ interest-based dissemination strategies (based on geography, organizational group and/or task group) are being  modified to provide efficient and robust distribution of situational awareness data to all battle team nodes.  These nodes could be manned components, unmanned ground vehicles, unmanned aerial vehicles or unattended ground sensors.  BAE has started the analysis required to determine how Micro UAVs and UGS are to be integrated into the battle team.  BAE is also investigating adapting a decentralized fusion technology to improve the quality of situational awareness data and reduce bandwidth requirements.
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ASI’s technology was chosen to address the behavioral coherency challenge.  Associate systems, previously developed under several DARPA programs and being applied to DARPA/USAF and DARPA/USN UCAV programs, provide the canonical intelligent aiding (i.e. analyze, plan, act) building block to construct a surrogate command and control framework for our robotic battle team.  Adaptation of this technology to provide decentralized, intent-driven decision making among collaborating battle team nodes has been initiated.  The technology was also chosen because of its support of mixed-initiative behaviors and its ability to scale to arbitrarily large networks of agents.

In addition, CMU’s multi-robot control techniques developed for both military and commercial applications are being adapted and integrated into the section layer.  These algorithms provide opportunistic, peer-to-peer negotiation in resource-constrained environments and do not require robust communications.  They are especially important to mapping tasks such as area reconnaissance or clearing and interior space. 
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Warfighter Integration Architectural Extensions:  The ICA is addressing warfighter integration in three ways: 1) mixed-initiative Soldier Machine Interface; 2) integration of dismount situational awareness information; and, 3) 360( safeguarding behaviors.  Associate systems, with origins tracing back to the original DARPA Pilot’s Associate program, are specifically designed to address the integration of man and machine in a mixed-initiative context.  A commander’s associate system forms the core technology of the architecture’s platoon layer.  The section layer described above allows the battle team to fight along dismounts similarly equipped with SUO-SAS technologies.  Finally, as the advanced perception technical area develops safeguarding and activity-monitoring technologies to identify persons in close proximity to the robotic platform, the necessary tactical behaviors will be developed to either avoid or defend against them as appropriate.

Robotic Tactical Behaviors Expansion: Robotic tactical skills (e.g. covered and concealed tactical movement) remain a high priority because of their essential contributions to survivability and combat effectiveness; robotic behaviors addressing the more deliberate individual and collective tasks will determine the ultimate utility in terms of tactical roles the robotic platforms will support.  When combined with multi-robot intelligent control algorithms such as those under development by CMU, the core technologies chosen for the section and platoon layers address the individual and collective task behaviors, but will not adequately address the tactical skills.  Therefore, several multi-year research thrusts were identified in 2001 to begin addressing these needs.  To a degree, these research efforts are paced by advanced perception efforts to identify critical terrain features.  Once these terrain features can be sensed, extracted and integrated into the world model, tactical behaviors will be developed to exploit them.

CMU has been refining real-time dynamic planning that continuously integrates new information about the environment to improve subsequent planning.  These algorithms are computationally very fast and can be run in real time to perform geometric reasoning for route planning, stealth, area reconnaissance, perimeter guarding, sensor coverage, and sweeping operations
.  FAMU is developing a laboratory around small robots to explore dynamic vehicle modeling and innovative UGV control methods that emulate the driving techniques of humans.  These low-level behaviors are needed to address real-world driving and safety issues associated with sloping terrain, mixed-composition pathways, and speed control during cornering or steering in tight spaces.

Human / Machine Interface

The Human / Machine Interface (HMI) Technical Area (TA) seeks to develop advanced control paradigms to support a single operator’s ability to control multiple unmanned assets. Our mission includes supporting technology insertion into multiple types of robotic control systems ranging from a Command & Control vehicle through dismounted teleoperation of unmanned assets (air, ground, and sensors). The approach is human-centric approach, and seeks operational performance improvement goals that include:

Better situational awareness and understanding,

Improved ability to operate in a mixed-initiative environment,

New multi-modal interface technologies to reduce operator interaction,

Intelligent Associates to aid the human controller and act as a surrogate crew members,

Improved mission planning and control tools,

Improved interface and control concepts to enhance human performance in a high information / high stress environment, and,

Technology maturity through technology insertion opportunities.

The challenge for control of multiple unmanned assets requires revolutionary concepts to ensure the human is capable of exerting control. The cognitive load and subsequent task performance on the part of the operator is a function of many different variables. The Battle Team Definition and the missions that battle team is expected to perform drives the requirements, and can range from a single UGV control to a Command & Control (C2) Vehicle that is responsible for the movement, communication, control, and fires of multiple unmanned assets.
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Key research areas used to mitigate these problems identify the minimum set of situational information to support accomplishing the mission, and analyze how this information can best be conveyed to the human. Mitigating the stress of the multi-task demand environment will be accomplished by investigating multi-modal technologies that use non-conflicting human resources (visual, auditory, cognitive, and psycho-motor channels) to accomplish the tasks.

In addition, this TA seeks to investigate the soldier’s ability to perform in a mixed initiative control scenario where unmanned assets will be required to transfer control to the human supervisor to execute specific tasks or to handle failure modes. The situational understanding of the unmanned asset’s state prior to transfer, and the lack of knowledge of the events that led to the transfer, impose a performance decrement on the supervising human. The HMI research intends to quantify these performance decrements and investigate cues to mitigate the challenges imposed by this environment.

Another area of human interaction research is the question of trust in automation.  The research in this area aims to identify ways of enforcing trust and to provide enough cues that a symbiotic relationship between human and robot can be developed more rapidly.

Approach

Our approach for achieving the goals of HMI research is through continuous and iterative research and development to mature numerous technologies that can support technology insertion to future systems.  HMI research is currently focused in two technical directions. The first is establishing performance metrics and prediction models of human performance. The second is technology research to improve soldier-machine interface (SMI) and multi-modal capabilities. Research in the following areas is being conducted under the HMI TA:

Baseline Human Performance Prediction models from existing technologies,

Future Concept Human Performance Prediction model development,

Definition of intelligent Associate requirements,

Research to update multiple-control workload models,

Trust in automation research,

Multi-modal interaction research,

Speech Control,

Graphical Interaction, and,

Geometric Planning Tools

2001 Research Highlights
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Task Analysis:  A review of  the Army’s doctrine for the fires, scout and carrier missions, as well as the battle command process described in FM 3-0, revealed the scope of tasks the battle team’s two-man crew would need to support.  At the highest level, the crew would need to provide tactical level command and control for a battle team providing organic capabilities from each of the five battle field functional areas: maneuver, fires, intelligence, air defense, mobility/countermobility & survivability, and combat service support.  At the lowest level, the crew would need to be engaged in individual vehicle and subsystem functionality specific to one or more battlefield functional areas.

The battle team commander will be operating at or below the lowest-levels of tactical command and control where “tactical commanders begin with an area of operations designated, objectives identified, the purpose defined, forces assigned, sustainment allocated, and time available specified.”   The battle command process provides the functional integration and synchronization of the battlefield operating systems under its sphere of control, in our case, the ensemble, multi-role unmanned systems of the robotic battle team.  The three-step process consists of a visualize-describe-direct process that is exercised during pre-mission planning, and also continuously during mission execution.  The battle command process transforms commander’s intent into specific directions for battlefield operational elements organic to the battle team (e.g. robotic reconnaissance vehicle, robotic direct fires vehicle, robotic indirect fires vehicle, robotic carrier vehicle, unmanned air vehicles, and unattended ground sensors).

Operator Control Tools Assessment:  Two tools were obtained, installed and assessed, the Demo III OCU and ADOCS.  These two tools represent the most mature examples of human-machine interfaces for operators performing the battle command process and the control of multiple, autonomous mobile robotics.  

A major objective of the CTA is to investigate robotic team control from smaller control stations that can be HMMWV-mountable and potential soldier-wearable.  The Demo III OCU embodies this approach and allows pre-mission, and in-situ, mission planning for up to four XUVs performing reconnaissance, surveillance and target acquisition (RSTA) scout missions.  In addition to XUV planning, the OCU provides some battle management capabilities including mission monitoring.  A summary of OCU capabilities is provided in the separate document developed from the XUV Simulator.  

ADOCS is a commander’s aid that supports horizontal and vertical integration within the Army Tactical Command and Control System.  It integrates the ATCCS five battlefield functional area control systems: Maneuver Control System (MCS), Advanced Field Artillery Tactical Data System (AFATDS), Forward Area Air Defense Command, Control, and Intelligence System (FAAD C2I), Combat Service Support Control System (CSSCS), and All Source Analysis System (ASAS).   Commanders in tactical operations centers or high echelon command and control centers, execute the battle command process with the aid of ADOCS.  Specific ADOCS capabilities are detailed in the ADOCS User’s Manuals and include: situational awareness via 2D and 3D tactical situation displays (maps with tactical overlays), a cadre of tactical decision aids, associated terrain and threats analysis tools,  targeting, and fires management tools.  Currently, components of ADOCS are being modified to provide an embedded interface to upper echelons through FBCB2, situational awareness rollup features, and HMI capabilities for the robotic battleteam.  By emphasizing the embedded nature of the modifications, the CTA will maintain compatibility HMMWV-mountable and wearable solutions.

Geometric Mission Planning Tools:  The interfaces required for combining various geometric route planning with other terrain reasoning tools was also investigated.  Tools for selecting observation points to maximize visibility and for terrain / mobility / threat analysis through the user interface were identified for research. The geometric route planner is given a range of goals and constraints on how it reaches those goals, so that it can modify its plan in real time as new information is acquired.  For example, instead of dictating exactly which points an unmanned ground vehicle must visit to perform RSTA operations, the user designates a list of rank-ordered candidates.  These can be designated directly on the control station by the user or can be provided by a terrain analysis tool.  The route planner will attempt to reach the most significant point(s) first, and resort to alternative points if the primary objectives cannot be met.  Similarly, the geometric route planner will be given bounds on the areas it can plan through.  These can be drawn by the user or provided by a terrain analysis tool (e.g., eliminating areas of known threats or poor mobility).  The route planner will attempt to reach the goal(s) without leaving the designated area.  If it cannot, it will report failure back to the user.

Terrain information is provided to the geometric route planner as a vector of attributes.  For example, attributes include mobility cost, stealth cost, safety cost, etc. The planner will find the route that minimizes a weighted sum of these costs.  The user can modify the UGV’s performance by adjusting knobs or slider bars that change the weights on each of the costs, for example, favoring a fast route over a safe one.

Digital terrain maps such as DTED maps suffer from the fact that they are represented as four- or eight-connected graphs for the purpose of planning routes. Solution paths are thus constrained to consist of segments with four or eight possible directions. The resulting paths through homogeneous cost regions are not only “odd looking” to the user, they are as much as 22% suboptimal since arbitrary directions cannot represented. We are investigating a way to recover this lost optimality by modeling the terrain map as a grid of optical facets of different indices of refraction, and calculating paths by propagating virtual light rays through these facets.  This approach has been used to approximate paths through polygonal obstacle fields; but we expect to get a more exact result by using the simplified grid structure.  

Modeling, Simulation, and Experimentation
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The Modeling, Simulation, and Experimentation Technical Area seeks to identify high payoff technologies and evaluate the effectiveness of new systems. Modeling and simulation will be used iteratively with experimentation to both drive and verify the functionality and performance characteristics of developed research. Initial simulations will be used to focus the research on high payoff areas while experimental results will be used to support research and validate the underlying models. Frequent experimentation is a cornerstone of our research approach and utilizes the Demo III XUVs as a testbed. In addition, three system level field tests have been planned to demonstrate technology maturity levels. These tests are scheduled to correspond with the FCS technology readiness needs and are coupled to the Army’s future technology needs.

Goals of the MS&E research and development include:

Supporting the engineering analysis process and identifying promising component technologies,

Providing virtual capabilities for performance testing of sensors and humans,

Developing constructive simulations to depict performance improvements,

Developing realistic mission scenarios and vignettes; and,

Developing constructive models of human performance.

[image: image31.wmf]Approach

Our approach is to provide the simulation tools necessary to demonstrate the improved capabilities that various technologies can provide by putting those new technologies (from sensors to human control systems) into an operational representation of the environment. The approach also includes developing constructive model simulations from information discovered from virtual testing of the technologies. This provides a fast prototyping capability with supporting analysis tools and processes to identify potentially high payoff technologies and to help document the technical readiness level for future technology insertion into the Army’s fighting systems.

For example, one process being applied is the Operational Analysis approach (Figure 3.4-2) where we focus on identifying the requirements for each type of mission that needs to be supported. In the example case, it is a Scout mission.  This approach identifies the strategy to task as well as all the required operational parameters involved with successfully conducting the mission. The data is collected from field manuals, decomposition of existing systems and procedures used and subject matter expert estimates.

When new technologies are developed, we are able to immerse them in the virtual environment for man-in-the-loop or equipment-in-the-loop studies that ultimately lead to force effectiveness analysis.

2001 Research Highlights

In FY01, MS&E team interacted with the HMI, ICA, and AP technical areas to define requirements of the simulation system and to define required behaviors, such as robotic, micro unmanned aircraft, unattended ground sensors etc.  Behaviors defined include both normal operating behaviors and abnormal (to include failure modes) behaviors.  
[image: image32.wmf]Human Performance Models:  From the task analysis conducted in the HMI technical area, human performance model construction was started to help identify areas where the multi-task demands imposed on the operators is predicted to be over-whelming. The advantage of the modeling approach is to inexpensively predict where potential problems will arise.   The work in this area consists of working with the HMI and ICA technical areas to establish a baseline architecture appropriate to the TARDEC Vetronics Technology Testbed (VTT), Future Battle Command Brigade and Below (FBCB2), and Demo III OCUs. 

Scenario Development:  In FY01, development of scenarios to be used in the CTA program to provide an operational context for robotic technology development was initiated.  These scenarios provide detail down to the platoon level op-order, and are being developed in conjunction with Ft. Knox to incorporate user input. At the end of FY01, a draft scenario was imminent. 

Furthermore, GDLS is leading is a effort to develop a modeling and simulation environment based on OneSAF and to provide that environment to ASI, MAAD, and the rest of the Consortium to use in developing and analyzing command and control and human factors issues related to CTA.  During FY01, the initial design and hardware requirements were analyzed.  Ideally, this model will also include OneSAF implementations developed for unattended ground sensors by BAE Systems.

Data Collection:  CMU, JPL and Sarnoff have developing activities needed to support the research activities of the Applied Perception group by characterizing  sensors and testing advanced algorithms.

Technology Transition

The CTA program’s value to the warfighter is significantly enhanced when we exploit the full potential of the enabling technologies that result from the basic research projects. Our technology transition approach relies on collaboration and partnering of ARL, RDECs and RMB members. This team works with the technology user community to seek out transition opportunities and to demonstrate technologies mature enough for application. This approach extends our activities beyond research papers to matching technology with customers early and then jointly mapping the transition path with them. The identification of user champions through early and frequent collaborations and partnerships is a key component of our process for effective transition with defined entrance and exit criteria.  Technology transitions identified, but not formalized to date:

· Transition of perception multi-vehicle control, and man-machine interface technology to expand capabilities of robotic systems being developed for the Navy Explosive Ordnance Disposal Technology Division (NAVEODTECHDIV) Basic Unexploded ordnance Gathering System (BUGS)

· Transition of CTA developed man-machine interface and intelligent control technologies to enhance current teleoperated capabilities for obscurant dispersal and countermine missions by the Unmanned Ground Vehicle/Systems Joint Program Office (UGV/S JPO) 

For further information contact:

Chuck Shoemaker, Robotics CAM                                                                                                                                                          (410) 278-8810                                                                                                                                                                                                cshoe@arl.army.mil
Scott Myers, General Dynamics Robotic Systems                                                                                                                                                        (410) 876-9200                                                                                                                                                                                      smyers@rst.com
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Figure 3.1-3:  Temporal Integration for Stereo























Table 2.1-I: Summary of Robotics Consortium Cost Shares


Participant�
Amount / 8 Years�
Description�
�
GDRS�
$1,250,000 / Year


$10,000,000 / 8-Year Program�
General Dynamics will fund additional research (IR&D) directly related to the CART Technical Areas�
�
GDRS�
$636,000�
General Dynamics will fabricate and provide two (2) XUV Chassis to the CART program�
�
GDRS�
$981,708�
General Dynamics will treat CART as IR&D and will wave G&A charges on entire contract�
�
JPL�
$400,000 / Year


$3,200,000 / 8-Year Program�
JPL will provide matching funds up to indicated amounts for research into CART Technical Areas �
�
ASI�
20 PreAct Software Licenses


1 IKE Server License


1 IKE Maintenance Contract


2 IKE Classes for 15 Students


2 PreAct Classes for 15 Students�
ASI will provide software licenses and Knowledge Engineering Training courses during the 8-Year CTA program.  Cost share has an estimated value of $648,000�
�
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Figure 2.2-1:  The ARL Robotics Research Facility at Ft. Indiantown Gap, PA with adjacent maneuver area 
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Figure 3.1-8:  Acoustic Sensing and Platform Noise Reduction.
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Figure 3.1-6:  360 Degree Safeguarding with Group Activity Monitoring.
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Figure 3.1-7:  Mid-Range Sensing Using Temporal Integration
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Figure 3.1-4:  Terrain Classification using Video, FLIR, and Range
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Figure 3.1-2:  High Fidelity Stereo























� INCLUDEPICTURE "C:\\Documents and Settings\\drodgers\\My Documents\\projects\\Robotics CTA\\References\\FMs - TTPs\\FM3-0 Chptr 5 Battle Command_files\\fig5-1.gif" \* MERGEFORMATINET ���


Figure 3.3-1:  Human / Machine Interface Technical Area
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Figure 3.3-1:  Human / Machine Interface Technical Area
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Figure 3.4-1:  MS&E Approach
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Figure 3.4-2:  Operational Analysis Process
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Figure 3.4-3:  Human Performance Models





� EMBED Word.Picture.8  ���       � EMBED Word.Picture.8  ���


Partial Knowledge      Full Knowledge


Figure 3.2-4:  Knowledge-Based Route Planning
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Figure 3.2-3:  Associate Systems Address Mission Dynamics





�     �
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Figure 3.2-2:  Network-Centric Warfare Extensions
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Figure 3.2-1: Intelligent Control Architectures Problem Space
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Figure 3.1-1: Enabling Technologies for Autonomous Mobility
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Figure 2.3-2: Robotics Institute Provides the Preeminent Facilities Available in the Academic Environment
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Figure 2.3-1: The GDRS Facilities Have Supported the Development of over 10 Robotic Vehicles Including the Demo III XUVs
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                Figure 1.0-2:  The Robotics Alliance – The Best From Across the Country





Figure 1.0-2:  Field Experimentation with Soldier Participation will be a hallmark of the Robotics CTA
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Figure 1.0-1:  The Collaborative Alliance for Robotic Technologies (CART) works together with ARL to address all aspects of integrating robotics technology into existing and future force structures.  
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