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ABSTRACT

Thisarticledescribeshowtransfersubspacelearninghasrecentlygainedpopularity
foritsabilitytoperformcross-datasetandcross-domainobjectrecognition.Theability
toleverageexistingdatawithouttheneedforadditionaldatacollectionsisattractive
formonitoringandsurveillancetechnology,specificallyforaidedtargetrecognition
applications. Transfer subspace learning enables the incorporation of sparse and
dynamicallycollecteddataintoexistingsystemsthatutilizelargedatabases.Manifold
learninghasalsogainedpopularityforitssuccessatdimensionalityreduction.Inthis
contribution,Manifoldlearningandtransfersubspacelearningarecombinedtocreate
anewsystemcapableofachievinghightargetrecognitionrates.Themanifoldlearning
technique used in this contribution is diffusion maps, a nonlinear dimensionality
reductiontechniquebasedonaheatdiffusionanalogy.Thetransfersubspacelearning
techniqueusedisTransferFisher’sLinearDiscriminativeAnalysis.Thenewsystem,
manifold transfer subspace learning, sequentially integrates manifold learning and
transfersubspacelearning.Inthisarticle,theabilityofthenewtechniquestoachieve
high target recognition rates for cross-dataset and cross-domain applications is
illustratedusingavarietyofdiversedatasets.
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INTRodUCTIoN

TransferSubspaceLearning(TSL)hasfoundadiverserangeofapplications,including
cross-domainfacerecognitionandtextcategorization(Si,Tao&Geng,2010;Yang,
Lin,Hou,Zhang&Wu,2012).TSLisanenablerfordatafusionanddynamicmodel
building, an important component for Dynamic Data Driven Application Systems
(DDDAS)(Blasch,Seetharaman&Darema,2013).Thefocusofthisstudyistoextend
theTSLframeworkbycombiningitwithManifoldLearningforarobustAidedTarget
Recognition (AiTR) system capable of achieving high target recognition rates for
cross-datasetandcross-domaintargetrecognition.

WeseektobuildanAiTRsystemthatisrobusttodifferentoperatingconditions
(Kahler,Blasch&Goodwon,2007)includingsensormodality, lightingconditions,
shadows,weather,sensortype,terrain,imagequality,andqualityofmetadata(Bryant,
Johnson,Brian,Nowak&Rogers,2008).ArobustAiTRsystemwouldleverageall
available‘similar’datatorecognizeanewtargetofinteresttoavoidhavingtocollect
largeamountsofdataonanewtargetbeforearecognitionmodelcouldbebuilt.

Datacollectionsareresourceintensiveandcostly,ontheorderoftensofthousands
toamilliondollarsdependingonthescopeofthecollection,thenumberofsensors
utilized,andthecomplexityofthescenarios.Often,AiTRsystemswhicharebuilt
utilizingdatafromaparticulardatacollectionsufferfromdramaticperformanceloss
whenutilizingdatafromadifferentdatacollectionorunderreal-worldscenarios.By
utilizingTSL,AiTRsystemscanbeextendedtodynamicsystemswheretheyaremore
robustandapplicabletoscenariosoutsideoftheonesfromwhichtheyweredeveloped.

In this contribution, Manifold Learning and Transfer Subspace Learning are
combinedtocreatenewdynamicAidedTargetRecognition(AiTR)systemscapable
of achieving high target recognition rates for cross-dataset conditions and cross-
domain applications.TheManifoldLearning techniqueused in thisdissertation is
Diffusion Maps, a nonlinear dimensionality reduction technique based on a heat
diffusionanalogy.TheTransferSubspaceLearningtechniqueusedisTransferFisher’s
LinearDiscriminativeAnalysis,basedonthestandardFisher’sLinearDiscriminative
Analysis.ThenewAiTRsystemintroducedisManifoldTransferSubspaceLearning,
whichcombinesManifoldLearningandTransferSubspaceLearningsequentially.

Finally,theabilityofthenewtechniquestoachievehightargetrecognitionrates
forcross-datasetandcross-domainapplications is illustratedusingadiversesetof
datasets.Thedatasetsinclude(1)theelectro-optical(EO)syntheticvehicledataset,(2)
theMNISThandwrittendigitsdataset.Thecross-datasetexperimentsuseinformation
aboutasetofobjectsunderonesetofoperatingconditionstorecognizethesameset
ofobjectsunderadifferentsetofoperatingconditions.Forinstance,usingtheelectro-
optical(EO)syntheticvehicledataset,weuseinformationaboutasetofvehiclesunder
onesetoflightingconditionstorecognizethesamesetofvehiclesunderadifferent
setoflightingconditions.Thecross-domainexperimentsuseinformationaboutone
setofobjectstorecognizeasimilarbutdifferentsetofobjects.



 

 

16 more pages are available in the full version of this

document, which may be purchased using the "Add to Cart"

button on the publisher's webpage: www.igi-

global.com/article/manifold-transfer-subspace-learning-mtsl-

for-applications-in-aided-target-recognition/205542

Related Content

Human Motion Tracking in Video: A Practical Approach
Tony Tungand Takashi Matsuyama (2010). Machine Learning for Human Motion

Analysis: Theory and Practice  (pp. 1-13).

www.irma-international.org/chapter/human-motion-tracking-video/39335

Privacy in Identity and Access Management Systems
Andreas Pashalidisand Chris J. Mitchell (2012). Digital Identity and Access

Management: Technologies and Frameworks  (pp. 316-328).

www.irma-international.org/chapter/privacy-identity-access-management-systems/61542

Beyond Communication and Control: Environmental Control and Mobility by

Gaze
Richard Bates, Emiliano Castellina, Fulvio Corno, Petr Novákand Olga Štepánková

(2012). Gaze Interaction and Applications of Eye Tracking: Advances in Assistive

Technologies  (pp. 103-127).

www.irma-international.org/chapter/beyond-communication-control/60037

Efficient Delivery Of Government Schemes Using Blockchain Technology

And Cryptography: E Governance using Blockchain Technology
 (2022). International Journal of Smart Security Technologies (pp. 0-0).

www.irma-international.org/article//287872

Estimation of the Energy Potential of the Euripus' Gulf Tidal Stream Using

Channel Sea-surface Slope
Aphrodite Ktena, Christos Manasis, Dimitrios Bargiotas, Vasilis Katsifas, Takvor

Soukissianand Harilaos Kontoyiannis (2015). International Journal of Monitoring and

Surveillance Technologies Research (pp. 23-42).

www.irma-international.org/article/estimation-of-the-energy-potential-of-the-euripus-gulf-tidal-

stream-using-channel-sea-surface-slope/153570

http://www.igi-global.com/article/manifold-transfer-subspace-learning-mtsl-for-applications-in-aided-target-recognition/205542
http://www.igi-global.com/article/manifold-transfer-subspace-learning-mtsl-for-applications-in-aided-target-recognition/205542
http://www.igi-global.com/article/manifold-transfer-subspace-learning-mtsl-for-applications-in-aided-target-recognition/205542
http://www.irma-international.org/chapter/human-motion-tracking-video/39335
http://www.irma-international.org/chapter/privacy-identity-access-management-systems/61542
http://www.irma-international.org/chapter/beyond-communication-control/60037
http://www.irma-international.org/article//287872
http://www.irma-international.org/article/estimation-of-the-energy-potential-of-the-euripus-gulf-tidal-stream-using-channel-sea-surface-slope/153570
http://www.irma-international.org/article/estimation-of-the-energy-potential-of-the-euripus-gulf-tidal-stream-using-channel-sea-surface-slope/153570

