Introduction

As we proceed in the paradigm of 103 and 10n  number of micro- platforms that will individually consist of rudimentary functions and capabilities but together achieve a complicated task in a continuously changing environment,   the question should be posed what are the dynamics this paradigm can provide as a collective.   In the near-term,  there can be an immediate pay-off in the deployment of such large numbers of low-cost micro systems into an area such that their only requirements as a collective is to float/drift and individually signal a detection/alarm.  Here there is no  cooperative behavior.   As we progress towards our vision for the next paradigm shift in “deploy and forget” autonomous operations,  the effectiveness of the collective will ramp up as cooperative behaviors are introduced.  

Approach

We will  address in this task through modeling and  macro-scale demonstration the definition of a control architecture  for:  collective communication,  collective sensing, and collective reconfiguration necessary for an underwater mobile search and surveillance system.  The philosophy  of this solution is to keep the sensors, communication and control signals low-bandwidth and simple and rely on the large numbers of redundant and near-field oriented micro-systems to complete the task.

The macro-scale demonstration will focus on the detection and mapping of a point-source,  short –range phenomena/entity.   This immediately has implications for both military and commercial application.   In mine warfare reconnaissance,  the mines have both chemical and magnetic signatures that are currently difficult to exploit with a single platform and low-reliability sensor from long ranges.   Larger targets such as surface ships and submarines release chemical signatures which have the potential for exploitation in track and trail missions.    On the commercial side, detection and mapping of chemicals or pollutants in the water column would support mapping of chemical plumes,   search and recovery missions, and drug trafficking. 

The proposed approach consists of  the following subtasks: Modeling Efforts for Collective Communication, Sensing and Re-configuration and Demonstration Plan for a Macro-Scale group reconfiguration exercise.

I Science Thrust ( Modeling Effort)

Collective Communication

Communication is a cornerstone of collective  cooperative behavior .   We propose to develop models that support the level of connectivity necessary within the collective to propagate the status of the group from end to end.  The goal is to  use low bandwidth  and range-limited broadcast communication systems in a neighbor-to -neighbor network to maintain connectivity within the collective.   This scheme will allow for partial communication and drop-outs while maintaining a robust performance.

Efforts will leverage ONR and DARPA funded land-based communication models originally developed for land robots to the underwater application.  With this starting point, we will modify these models to reflect specific issues related to underwater acoustic communications, impact of the environment and  the station-keeping ability of the micro-systems.

· Select underwater limited range, low band-width communication system

· Validate land-based Communication Models with impact/modifications from Underwater  application

· Define neighbor-to- neighbor network

Collective Sensing

Since information is the basis for an effective surveillance system, sensing becomes the primary task for this collective.   We propose that by using rudimentary sensors in near-field operation, the collective becomes a high sampling  mechanism that can “focus” its sensing to detection clusters within the group.   As detection information is propagated among members, a  real-time map is constructed by the collective.  For example,  initially the collective pursues an exhaustive search  until detections occur.   Using omni-directional sensor for point  source detections, the sensor provides  a level and location in space.   As sporadic detections occur, neighboring members that aren’t successfully detecting are drawn to successful   members. This will build a concentration of detections and naturally provide a validation or high confidence of the detection. Here collective sensing and communication become strongly coupled.  In addition the summation of detection maps which are constructed by the group has the  potential for characterizing traces, a plume,  or the outline of an object.    These are the kinds of collective sensing objective that will be addressed through modeling under this sub-task.   The premise is that individually  sensing will consist of low-resolution, near-field detection requiring low processing.   In a parallel sensing network ,  the collective can provide feature-like information for an observer. 

· Select low-resolution, limited processing , near-field sensor models

· Define the sensing parallel network

· Define strategy for constructing the Detection Map

Collective Reconfiguration

An ideal surveillance system is one that will reconfigure itself to maximize its information gathering task.   During the surveillance of an area there are varying conditions or events that will trigger specific behaviors from the collective.  For example a series of behaviors could be:   1) perform an exhaustive search when no information is available, 2) as detections occur the group converges on the area of interest, and 3) once a valid point of interest has been localized, it may be tagged for follow-on action.  These are examples of  cooperative behaviors that are iterative during a surveillance task and require different configurations of the collective.  This switching between behaviors requires the definition of switching criteria based on communication and sensing within the collective.   In addition, the behaviors themselves must be robust enough to handle different initial conditions (e.g. varying group size,  varying group distribution, etc.)

· Defining behaviors baseline for surveillance using decentralized control

· Defining switching criteria

·  Modeling behaviors and behavior-switching 

Human Operator Interface

As the collective sensing capability progresses, there is a system of data that will  be created by this paradigm that must be captured and reported back to the human operator.   
We  propose to develop an informatic methodology for comprehensively addressing the problem of connecting strategic personnel to emerging information from a heterogeneous array of distributed underwater motile micro-sensors for the purpose of enabling their interaction with that information. 

We will research, prototype, and demonstrate the ability to combine visual, aural, tactile rendering modalities for simultaneous display of complex information created by this heterogeneous array of distributed underwater motile micro-sensors.  This will require the development of representational attributes (and their changes) for critical data elements within this  complex system, including the creation of a vocabulary for discussing that representation.   
· Identify, and acquire aural (auditory) display technologies capable of rendering high fidelity spatialized sonified information.

· Identify, and acquire tactile display technologies capable of rendering information in the form of textures, vibrations and changes in thermal states.

II Macro-Scale Group Reconfiguration (Demonstration Effort )

The demonstration scenario consists of detection and mapping of a  short-range point source entity.   Multiple vehicles  (e.g. 6 – 10 vehicles) will initiate an exhaustive search.  Upon detection the vehicles will converge on the point source and map out its extent.  When the map is saturated, some members maintain position to establish a tag and the remaining vehicles will continue the search in other areas.  The group will in effect reconfigure itself for:  1) the exhaustive search behavior, 2) the detection and Mapping behavior 3) tagging behavior.   In order to achieve these behaviors, the group will communicate among members  location and sensing data.

Vehicle Configuration
• The EMATT unmanned undersea vehicle (MK39 Mobile Target) is a fleet training target that is presently in the Navy’s inventory.  The EMATT performs as a simulation of threat undersea targets during at-sea training exercises for P3 aircraft and submarine crews.  The function of the EMATT is to generate acoustic and magnetic signals that stimulate sensor systems aboard training platforms, thus providing the crew with experience detecting threat submarines.   Because it implements a simple, straightforward design, and is competitively mass-produced by small defense contractors, the cost of an EMATT is only $2500 (each).   It is conceivable that a large number of these vehicles could be deployed ‘en masse’ to covertly search and locate threat USW targets. The advantage of the swarming concept is large numbers of simple inexpensive vehicles can perform detection, localization, and mapping functions.  The EMATT is simple, yet its capability lends itself to the swarming concept.

· • Current EMATT Characteristics:

· 915 mm in length, 124 mm in diameter, and weighs 10 kg. 

· Operates at a speed of 5 knots for 7 hours of run time.  During the run time, it receives sonar inputs and then projects sonar signals into the water.  

· Tows an electrically energized wire that generates a magnetic field which can stimulate the MAD (Magnetic Anomaly Detection) sensor system aboard P3 aircraft. 

· Incorporates compass for navigational purposes and tilt sensors that allow the Guidance and Control autopilot to steer the vehicle to hold depth and heading.  

· Pre-programmed with run profiles consisting of course-speed-depth-time; thus allowing various run geometries to be selected just prior to deployment.  

· Energy system is installed in the factory, and has a shelf life of five years.  Once configured, EMATT’s can be pulled off the shelf and put immediately into use. 

· • Proposed EMATT vehicle modifications to perform functions specific to the swarming concept.  

· Main Guidance and Control processor would be upgraded to perform the collective behavior processing, adaptive maneuvering, and navigation functions.  

· GPS receiver would be mounted on-board, thus providing location information that is critical to the swarming concept.  

· Acoustic capability would be modified to perform two purposes; it would receive the threat ‘signal’, process the signal to determine signal strength, then using the EMATT’s acoustic transmit capability, would broadcast this key information (along with vehicle position) using acoustic modem technology.  Other EMATT’s within acoustic comms range would receive these communications broadcasts; thus enabling each unit to not only assemble a picture of the local environment using it’s own sensor, but also to know the environment in nearby areas as well. 

Test Facility

• Use of NUWC Gould Island Acomms & Tracking Range (GIATR)  Facility

· NUWC is establishing under in-house funds a Shallow Water Acoustic Tracking Range.  This will be an interactive underwater laboratory for distribute control strategy testing and evaluation. We will be able to interrogate individual group members and modify group maneuvers real-time which is a powerful assessment and debugging tool.

• Use of NUWC Portable Range and Tracking System
· Open-0cean operations can be supported using the NUWC  portable ranging system 

III Schedule and Milestones
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Task

		System Description Documentation

		Baseline Concept & Capabilities





		Behavior Modeling & Simulation

		Small Group, Small Area, 1 Target

		Lg Group, Lg Area, 1 Target

		Lg Group, Lg Area, Multiple Targets





		UUV Modifications, Fab, and T&E



		UUV Shake-out In-water Runs



		Software / UUV Integration

		Collective Behavior Software

		Lab Simulation Integration

		In-Water Checkout Runs



		Cooperative Behavior Demonstrations

		Small Group of UUVs

		10+ UUVs
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