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ABSTRACT

Withthegrowthofdataparallelcomputing,roleofGPUcomputinginnon-graphicapplicationssuchas
imageprocessingbecomesafocusinresearchfields.Convolutionisanintegraloperationinfiltering,
smoothingandedgedetection.Inthisarticle,theprocessofconvolutionisrealizedasasparselinear
systemandissolvedusingSparseMatrixVectorMultiplication(SpMV).TheCompressedSparse
Row(CSR)formatofSPMVshowsbetterCPUperformancecomparedtonormalconvolution.To
overcomethestallingofthreadsforshortrowsintheGPUimplementationofCSRSpMV,amore
efficientmodelisproposed,whichusestheAdaptive-CompressedRowStorage(A-CSR)formatto
implementthesame.UsingCSRintheconvolutionprocessachievesa1.45xanda1.159xincrease
inspeedcomparedtothenormalconvolutionofimagesmoothingandedgedetectionoperations,
respectively.Anaveragespeedupof2.05xisachievedforimagesmoothingtechniqueand1.58xfor
edgedetectiontechniqueinGPUplatformusigadaptiveCSRformat.
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INTRodUCTIoN

Imageprocessinginvolvesthesubjectionofthesourceimagetovariousoperations,dependingonthe
needoftheapplication,togetadesiredtargetimage.Theprocessofconvolutionisoneofthemost
integraloperationsthatareusedformodifyingthepixelvaluesoftheimages.Variousoperationssuch
assmoothing,edge-detection,sharpening,etc.canbeachievedusingtheprocessofconvolution.A
multitudeofkernelshasbeenproposedovertheyearstobetterachievetheoutputimage.Recently,
sparsematriceshavebeenfoundtoplayavitalroleinimageprocessing(Wang,Yan,Pan,&Xiang,
2011).Sparsematricesarematricesthataremajorlypopulatedwithzeroes.Theimageprocessing
operationsarerepresented in theformofSpMV,where thesparsematrixkerneldependson the
operationtobeperformed,andthevectoristheinputimagerepresentedasaone-dimensionalvector.
Thiscanbeeasilyextendedtoimplementcomplexoperationsthatinvolvetheuseofmorethanone
ofthebasicprocesses.Highefficiencygainscanbeobtainedwhenalltheconstituentprocessescan
berepresentedasasparsematrix,andtheentireimagemanipulatingoperationcanbeimplemented
as a seriesofSpMVoperations.These complexprocesseshowever can involvemultipleSpMV
operationsofverylargematrices,dependingonthesizeoftheimageandthekernel.Duetothe
largesizeofthesparsematrixkernelinvolved,varioussparsematrixstorageformatssuchasthe
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Coordinate(COO)format,theCompressedRowStorage(CSR)format,theQuadtreeCSR(QCSR)
format,etc.,canbeusedtofurtherincreasethespaceandtimecomplexity.TheCSRformathas
beenfoundtobethemostefficientintermsofspaceandtimecomplexityoftheSpMVoperation.
Withthedemandfortheneedforgreaterefficiencywhenusinglargedatasets,highperformance
computinghasbecomeaboomingareaofresearch.Muchoftheconcentrationtoachievethisison
multi-threadingandgraphicsprocessingunit(GPU).AnimprovisedversionoftheCSRformat,the
AdaptiveCSRformathasbeenrecentlyproposedfortheGPUplatformwhichgivesaconsiderable
speedupovertheimplementationofthenormalCSRformat.

Inthispaper,weproposeamodelfortheimplementationofconvolutionforimageswhichinvolves
theuseofSpMVusingtheadaptiveCSRformat.Resultsareshownforvariousimageprocessing
applicationssuchasedgedetectionandsmoothing,anditisclearthattheproposedmodelshows
considerabletimegain.

LITERATURE REVIEw

Animageistypicallyrepresentedasatwo-dimensionalmatrixinthecomputermemory.Thereare
multipleoperationsthatcanbeperformedonimagepixels,togetatargetimageofaspecifiedtype,
basedontheapplicationneeds(Marasco,Abaza,&Cukic,2015),(Yan,Sethi,Rangarajan,Vatsavai,
&Ranka,2017).Imageeditingandsmootheningoperationplaysanimportantroleinremovingthe
noisefromtheimages.Thisisimportantforanyimageprocessingtasktobeperformed.(Alvarez,
Lions, & Morel, 1992) presented a non-linear diffusion model for edge detection and selective
smootheningoperation.(Chen,Li,Zhang,Hsu,&Wang,2017)proposedmultifeaturefusionfor
largescalerealtimeduplicateimagedetection.Storinghighresolutionimagescanoccupyalotof
spaceontheharddiskandperformingvariousoperationscanbecomputationallyexpensive.Hence,
avarietyofrobustcompressiontechniqueshavebeenproposedovertheyearstoreducethesizeof
the image stored, andGPUcomputinghasbeen increasinglyused to implement the algorithms.
(Arora,&Shukla,2014)havepresentedasurveyonvariouslosslessandlossyimagecompression
techniques. JPEGcompression,basedon theDiscreteCosineTransformation (DCT) is themost
widelyusedcommercialalgorithm.(Patel,Wong,Tatikonda,&Marczewski,2009)intheirpaper
haveexploredtheimprovementsthatcanbebroughttotheJPEGcompressionbyusingtheconcept
ofGPUcomputing.Theywereabletoobtain61%increaseinperformancebydoingso.(Hasan,Nur,
Noor,&Shakur,2012)haveproposedarobustalgorithmforlosslessimagecompression,whichcan
beusedinthetransmissionofdigitalimagesovertheinternet.Itisbasedontheconceptofrun-length
coding, and can work well on today’s heterogeneous network structure. Medical imaging is an
importantfieldwhichrequiresimageprocessingtechniquestoextractusefulinformationfrommedical
imagesobtainedfromdifferentsources.(Eklund,Dufort,Forsberg,&LaConte,2013)intheirpaper
gaveacomprehensiveoverviewaboutthevariousimportantimageprocessingalgorithmsthatare
usedinmedicalimaging.Theyhavealsoanalysedtheimpactofmassiveparallelizationonsomeof
thecomputationallyexpensiveoperations.(Haque,Kaisan,Saniat,&Rahman,2014)haveworked
onfractalimagecompressiontechniquesformedicalimagingandusedGPUcomputingtospeedup
theoperation.Theonlyproblemwiththistechniqueisthatthecompressionisirreversible,andhence
lossof informationoccurs,which iscritical in thecaseofmedical imaging.Thematrixused to
representanimagewiththemajoritypixelvaluesaszeroes,isknownassparsematrix.Storingthese
matricesusingvarioussparsematrixstorageformatscanleadtobetterefficiency.Imagecompression
isonesuchoperationwherethisideacanbeinvolved.Binaryimagesarerepresentedas0sand1s.
Hence,compressionofbinaryimagesusingvarioussparsematrixstorageformatshelpsinreducing
thestoragespaceeffectivelyandtherebyincreasesthecompressionratio.Therecentresearchtrend
is tousesparsematrixstorage format forcompressinggrayscaleandcolour images. (Tianxu,&
Yonghui,2006)havedoneextensiveworkstoimplementthisconcept.(Guha,&Ward,2014)have
usedsparsematricestoimprovecompressionofsimilarimages.(He,&Chen,2008)haveanalysed
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