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Distributed Active Sensing
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Issues: Sensor selection& coordination
Centralizedvsdistributed

Problem: Centralcoordinationfor globallyoptimalesti-
mationextremelydi�cult problem

Objective: Presente�ective heuristic distributedcoor-
dinationof activesensors, in MVEframework
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Half-Space Based Sensors

Half-space sensor (1-bit sensor) is \buildingblock" for
polyhedralestimation
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Quantization yieldsoneor two inequalities:
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Active sensing: sensor canadjustkeyparameters.
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Polyhedral Estimation

Dynamical system:

x(t + 1) = Ax(t) + Bw(t); jw(t)j � 1

1. Dynamics Update:

{ x(t) known to lie in polyhedronPt

{ dynamicspredictx(t + 1) 2 P̂t+1
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Pt
P̂t+1

dynamics
+ noise

2. Measurement Update:

{ newsensor measurements) x(t + 1) 2 St+1

{ updatepolyhedronPt+1 = P̂t+1 \ St+1
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Polyhedral Approximation and Pruning

Problem: Polyhedraldescriptiongrowswith each
measurement:needto prune polyhedron

Proposal: useminimum-volumeellipsoid(MVE)

{ computingMVE convexproblem,easilysolved.

{ MVE good quadraticapproximation/boundsof P

{ MVE givesnaturalrelevancerankingfor inequalities

PSfragreplacements

BaseStation
Sensor
Target

Uncertainty
Emve

P

� = 1:25 � = 1

� = 1:5

Last talk: Pruningmakespolyhedralestimation
practical.
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Active Sensing via the MVE

Ignorance measure:

� volumeof uncertainty ellipsoid

� cutswith same� , cut o� samevolumefromMVE

Active distributed sensing:

� sensors recon�gureto \cut away" asmuchaspossible
of MVE

� sensors onlymake measurementif theycancut o� a
substantialpart of MVE, i.e., � < � max
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Distributed Active Sensing { Idea
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Approach:

� Broadcastuncertainty estimate& threshold

{ MVE ellipsoid(covariancematrix)& � max

� Eachsensor assessits own \informativeness"

{ recon�guresto maximizeown informativeness
{ measures& transmitsonlywhenneeded

) Greedy(sub-optimal)but distributed sensing.
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Distributed Active Sensing { Advantages
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Advantages:

� basestationneednot know sensor position

{ sensors couldbe moving,multitasking,hiding,. . .

� avoidsmaking/sendingunnecessary measurements

{ savessensor power, communicationbandwidth.
{ avoidsdetection

� extendseasilyto multipletargets

{ producesfair sensor allocation
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Simulation: Distributed Active Sensing
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Simulation: Multiple Targets
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Extensions

Distributedactivesensingandestimation

� Distrisbutedsensors exchangeinformation,packages
broadcastedin the network, couldbe blocked,lost,
degraded.

� Eachsensor runsits own versionof the estimation
algorithm, basedon what it canreceive,andmakes
decisionwhenandhow to act.

Fully distributedestimation,no centralstationrequired.
Eachoneservesasa centralstationfor what it knows.
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Conclusions

Objective: distributedactivesensing

globallyoptimalsolutionveryhard (evencentralized)

proposede�ective heuristic in MVE framework

� broadcastMVE and\informativeness"threshold

� sensors recon�gureto optimizeinformativeness

� measure/transmitonlyif useful

� greedy, but appears to work well in practice

manynicefeatures

� distributed decisionmaking

� handlesmoving,multi-tasking,sensors

� avoidsmakingunnecessary measurements

� easilyextendsto multiple-targets
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