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SummarySummary

•• Recognition Accuracy isRecognition Accuracy is
Resource DependentResource Dependent
•• Varying ResourceVarying Resource

AvailabilityAvailability
––Resource ReallocationResource Reallocation
––Changing Environment orChanging Environment or

RequirementsRequirements
–– System DamageSystem Damage

•• Dynamic ApplicationDynamic Application
ReconfigurationReconfiguration
•• Successively Successively RefinableRefinable

Data RepresentationsData Representations
•• Application to SAR ATRApplication to SAR ATR Classification Errors vs. Available BandwidthClassification Errors vs. Available Bandwidth
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Accuracy and Resource ConsumptionAccuracy and Resource Consumption

•• ATR processing consumes network and computation resourcesATR processing consumes network and computation resources
•• Accuracy depends in part on data representation complexityAccuracy depends in part on data representation complexity

–– Truer representation allows closer to optimal resultsTruer representation allows closer to optimal results
•• Resource consumption depends in part on data complexityResource consumption depends in part on data complexity

–– Higher complexity can mean more data to processHigher complexity can mean more data to process
•• Dynamic adjustment of data representation complexity toDynamic adjustment of data representation complexity to

accommodate variation of available resourcesaccommodate variation of available resources

Model DatabaseModel Database
((quantizedquantized source) source)

SceneScene
(source)(source) EncodingEncoding Sensor PlatformSensor Platform

(channel)(channel)

InterconnectionInterconnection
NetworkNetwork
(channel)(channel)

ATR ProcessorATR Processor
(receiver)(receiver)

Inferred TargetInferred Target
and Poseand Pose
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Data Communication RatesData Communication Rates

•• Rate of data a measure ofRate of data a measure of
information to the processors perinformation to the processors per
classificationclassification

•• Required average classification timeRequired average classification time
sets rate in bits per secondsets rate in bits per second

•• Sensor data gathered for analysisSensor data gathered for analysis
–– Processors may be remoteProcessors may be remote
–– Sensor data may be stored for laterSensor data may be stored for later

analysisanalysis

•• Model data retrieved duringModel data retrieved during
recognitionrecognition
–– Data storage bus may be sharedData storage bus may be shared
–– Database and/or processors may beDatabase and/or processors may be

distributeddistributed
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Other Resource Consumption RatesOther Resource Consumption Rates

•• Network bandwidth is one of many types of resourcesNetwork bandwidth is one of many types of resources
•• Other average rates of resource consumption:Other average rates of resource consumption:

–– Elapsed time per classificationElapsed time per classification
–– CPU cycles per classificationCPU cycles per classification
–– Database (magnetic) storage per model classDatabase (magnetic) storage per model class
–– Power dissipationPower dissipation

•• ATR processor may be one module in a larger systemATR processor may be one module in a larger system
–– Process on a shared computing platformProcess on a shared computing platform
–– Network of embedded recognition systemsNetwork of embedded recognition systems

•• Changing resource consumption rates due to:Changing resource consumption rates due to:
–– Variation in application requirementsVariation in application requirements
–– Reallocation of resources to higher priority tasksReallocation of resources to higher priority tasks
–– Damaged or offline computation elementsDamaged or offline computation elements
–– Disrupted communication pathsDisrupted communication paths
–– Power considerationsPower considerations
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Successively Successively Refinable Refinable Data RepresentationsData Representations

•• Dynamic reconfiguration through successively Dynamic reconfiguration through successively refinablerefinable
data representationsdata representations

•• Process incrementally more complex representations until:Process incrementally more complex representations until:
–– a classification is requireda classification is required
–– resource allocation exhaustedresource allocation exhausted

•• Example of successively selecting SAR pixels based onExample of successively selecting SAR pixels based on
information content relative to clutter, information content relative to clutter, DD((pppixelpixel || ||  ppclutterclutter) > ) > γγ
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Signature VariationSignature Variation

Model data varies with:Model data varies with:
•• Pixel locationPixel location
•• Target classTarget class
•• PosePose
•• Orientation relative toOrientation relative to

sensor platformsensor platform

Variance in SAR pixels with orientationVariance in SAR pixels with orientation
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Hierarchical Model FamiliesHierarchical Model Families
Successive refinement in orientationSuccessive refinement in orientation

Statistics over decreasing intervals of widths 2Statistics over decreasing intervals of widths 2ππ, , ππ, , ……, 2, 2ππ/2/2mm-1-1

••••••

Approximate varianceApproximate variance
images for bulldozer (D7)images for bulldozer (D7)

from 2from 2ππ through  through ππ/8/8

Resource consumption depends on extent of search (complexity)Resource consumption depends on extent of search (complexity)

Successively-Successively-refinablerefinable
models yield successively-models yield successively-

refinable refinable decisionsdecisions
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Hardware ModelingHardware Modeling

•• ATR by maximizing the likelihood functionATR by maximizing the likelihood function

•• Time to classify image of an unknown object includes:Time to classify image of an unknown object includes:
–– Time for image distribution to all available processorsTime for image distribution to all available processors

–– Time to retrieve model data for each approximationTime to retrieve model data for each approximation

–– Time to evaluate log-likelihoodTime to evaluate log-likelihood
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Network DependenceNetwork Dependence
•• Experimentation yields empirical error as a function ofExperimentation yields empirical error as a function of

model complexitymodel complexity
•• Sample data yields empirical number of bits as a function ofSample data yields empirical number of bits as a function of

model complexitymodel complexity
•• Hardware model yields classification time as a function ofHardware model yields classification time as a function of

model complexitymodel complexity
•• For fixed classification time, bandwidth required to supportFor fixed classification time, bandwidth required to support

complexity complexity cc is is

•• Plot Error(c) vs. BW(c) for fixed classification timePlot Error(c) vs. BW(c) for fixed classification time
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Analysis ResultsAnalysis Results

•• Ten-class results onTen-class results on
actual SAR dataactual SAR data

•• AssumptionsAssumptions
–– 4 4 superscalar superscalar processorsprocessors
–– 1 GHz clock1 GHz clock
–– 0.5 CPI0.5 CPI

•• ResearchResearch  –– compare compare
competing algorithmscompeting algorithms

•• DesignDesign  –– bandwidth bandwidth
required for ATRrequired for ATR

•• OperationOperation  –– Decline in Decline in
bandwidth requiresbandwidth requires
larger error or slowerlarger error or slower
classificationclassification
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ConclusionsConclusions

•• Development of rate-recognition theoryDevelopment of rate-recognition theory
–– Rate of sensor dataRate of sensor data
–– Rate of model dataRate of model data

•• Representations that capitalize on limited hardware resourcesRepresentations that capitalize on limited hardware resources
–– Network throughputNetwork throughput
–– Computational capabilityComputational capability
–– Power consumptionPower consumption

Research GoalsResearch Goals

•• Dynamic application reconfiguration accommodates changingDynamic application reconfiguration accommodates changing
availability of hardware resourcesavailability of hardware resources

•• Hierarchical data representations allow optimization overHierarchical data representations allow optimization over
increasingly complex spacesincreasingly complex spaces

•• Model for hardware united with empirical performance dataModel for hardware united with empirical performance data
•• Results useful in research, development, and operational phasesResults useful in research, development, and operational phases


