
DOI: 10.4018/JITR.2019010101

Journal of Information Technology Research
Volume 12 • Issue 1 • January-March 2019


Copyright©2019,IGIGlobal.CopyingordistributinginprintorelectronicformswithoutwrittenpermissionofIGIGlobalisprohibited.



1

The Improved SIFT Algorithm 
Based on Rectangular Operator 
and Its Parallel Implementation
Weiwei Yang, Harbin Engineering University, Harbin, China

Jing Yang, Harbin Engineering University, Harbin, China

Haifeng Song, Northeast Forestry University, Harbin, China

ABSTRACT

TheSIFTalgorithmisoneofthemostwidelyusedalgorithmwhichbasesonlocalfeatureextraction.
Butitcouldnotmeettherequirementofthereal-timeapplicationduetothehightimecomplexity
andlowexecutionefficiency.Inordertoimprovethesedrawback,theauthorsoptimizedtheSIFT
algorithmbyusingtheGaussianconvolutionscaleofadaptivescalespace.Theauthorsalsoprovided
theexecutiveprocessoftheimprovedSIFTalgorithmontheMapReduceprogrammingmodeland
compared its performance in terms of the stand-alone and cluster environment. The experiment
resultshowedthatcomparedtothetraditionalalgorithm,theimprovedalgorithmhadhighexecution
efficiency,goodspeedup,scalabilityandissuitableformassiveamountsofimagedataprocessing.
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INTROdUCTION

Imagefeatureextractionplayedacriticalrolewhenprocessingimages.Themainapplicationsof
imagefeatureextractionweretargetidentifyingandtracking.Itwasnecessarytoselecttheproper
localfeaturesinordertoidentifythetargetaccurately(Lowe,1999).ScaleInvariantFeatureTransform
(SIFT)(Lowe,2004)wasusedtoextractlocalfeatures.SIFTfeaturekeptnochangesregardlessof
scalezooming,rotationandlightingchanges.ButtheapplicationofSIFTinrealtimeenvironment
waslimitedduetothedrawbackofhighcomplexityandtimeconsuming.Somanyresearchersare
workingontheimprovementofSIFTalgorithm.

RegardingSIFTself-improvement:Sinha(Sinha,Frahm,Pollefeys,&Genc,2007)proposeda
featurepointextractionalgorithmbasedonOpenGL,whichhadatentimesincreaseinspeed.Zhang
etal.(Zhang,Ma,Zhang,&Xu,2014)employedthefuzzyK-meansalgorithmtoimprovedSITF
andimprovedRANSACalgorithmtoeliminatefalsematchingpointsaftermatchingwithPCA-SIFT
andFKPCA-SIFT.Fromtheexperimentalresults,itcanbeseenthatFKPCA-SIFTcankeepthehigh
matchingaccuracyforimage.HerbertBayproposedSURF(speeduprobustfeatures)in2007(Bay,
Tuytelaars,&VanGool,2016)andreplacethecomplexGaussianfilterinSIFT.

RegardingCPUharddrivespeedup:Onecommonlyalgorithmused tospeedup the image
featureextractionwasMulti-CoreCPU.Q.ZhangdesignedtwoparallelSIFTalgorithmandgota6.4
timesspeed-upin8-coreCPU(Zhang,Chen,Zhang,&Xu,2008).Fengetal.(2008)implemented
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theparallelSIFTalgorithmon16-coresmachine/CPUandgot11timesspeedup.Althoughboth
taskgainedcertainspeedup,thereweregapstothedesiredeffect.Zhang(2009)enervatedSURF
of the layered parallel algorithm (P-SURF) on multi-cores CPU. This algorithm had a smaller
parallelgranularity.However,theissuewasalargersynchronizationoverheadbecausetherewould
beaprocessofdatasynchronismattheendofeachphase.Inordertodeclinethesynchronization
overheadandunbalancedload,Shigeto&Sakai(2011)improvedparallelalgorithmremovedthe
previoussynchronizationprocessandparalleledthecalculationoftheintegral imageinprevious
integralimage.Therefore,theygained6timesspeedupon16-coresmachinebutstillnotsosatisfied.

RegardingGPUhardwarespeedup:GPUcouldassistCPUtocompletethecalculationofhigh
degreeparallelism.SIFTandSURFhadpartofrelatedworkonGPU.Lindeberg(2012)presenteda
fastalgorithmbasedontheCUDAofscaleinvariantfeaturestransform.Buttheresultdidnotindicate
acriticalquestion:whetherthedatatransfertimewasincludedintheSIFTconductiontime.Heymann
etal.(2007)completedanotherversionGPUSIFTandgot20framespersecondprocessingspeed
onQuadroFX340.TheseresearchesshowedthatGPUcouldaccuratetheimageretrievalalgorithm.
ButconsiderthestrongcalculationpowerofGPU/CPU,thereisstillabiggaptothebestidealresult.

The research above improved the function of SIFT feature extraction on algorithm self-
optimizationorarchitectureBasedonCPU/GPU.However,therewasstillabiggapbetweentesting
resultandidealizedvalue.Withthedevelopingoftheinternet,thenumberofimages,videosand
multimedia are increasing rapidly. It is showed (Tseng, Lin, & Hsu, 2010) there were 60 hours
videosthatwereuploadedtotheinterneteveryminuteonthevideowebsitelikeYouTube.Flickr
andFacebookhad6billionand200billionimagesrespectively.Withtheexponentialincreasingof
thesizeofdata,inordertomanagethedataeffectivelythedatashouldbeprocessedindistributed
environment(Cho,Cha,Gawecki,&Kuo,2013).

ThispaperdeeplyanalysistheprincipleofSIFTalgorithmfirst.Second,theauthorsoptimized
theSIFTalgorithmbasedontherectangularoperator.Finally,theauthorspresentedtheexecution
flow of SIFT algorithm on MapReduce and performed the stand-alone and cluster testing. The
experimentsresultshowed:comparingtothetraditionalalgorithm,theimprovedSIFTalgorithm
hadhigherexecutionefficiency,betterspeedup,scalabilityandissuitableformassiveamountsof
imagedataprocessing.

THe PRINCIPLe OF THe SIFT ALGORITHM

SIFT(ScaleInvariantFeatureTransform)(Lowe,2004)isoneofthemostcommonlyusedalgorithm
ofimagefeatureextraction.SIFTalgorithmiswidelyusedinimageretrievearea.Themajorimplement
areimageandvideoclassification,videomonitoringandautomaticmedicalsystem.Therearethree
mainprocessinSIFT,includinglocatingfeaturepoints,calculatingfeaturepoints,describefeature
points.

LOCATING FeATURe POINTS

TheauthorsusedI x y( , ) torepresentanimage.Indifferentscalespace,theimagecanberepresented
as I x y( , , )σ .

I x y I x y G x y( , , ) ( , ) ( , , )σ σ= •  (1)

G x y( , , )σ istheGaussiankernel
ThedifferenceGaussianpyramidisestablishedbyusingtheformula(2):

D x y G x y k G x y I x y L x y k L x y( , , ) ( ( , , ) ( , , )) ( , ) ( , , ) ( , , )σ σ σ σ σ= − × = −  (2)
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