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.   In order to be a useful surveillance system,  the operator must be able to absorb and use the information collected.   Under this sub-task we will address the issue of human operator interface to this unique system of data.

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
· Acoustic Communication System

· Sensor ( e.g. Acoustic, Chemical, Magnetic)

Target Simulation
- Achieving the Point Source target (e.g. acoustic, chemical, magnetic)

· Test Facility
· Operational Space

· Range tracking

· Operator Interface

· Test Plan
· Test Scenarios

· Data recording

Relevant  Programs/Facilities

- GATR Facility
