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ABSTRACT

Inthisarticle,areversibledatahidingtechniqueisproposedtoembedmultiplesegmentsofasingle
message intoa singlecover image.Thismultiplemessagesegment techniqueusesapixelvalue
orderingapproach toembed the secretmessage.Thesplittingand randomizationof theoriginal
secretmessageprovidessecurityfromanattackerTherearemanydigitalformatsfordatahiding,
likeimages,audio,andvideo,ofwhichthedigitalimageisthesimplestformat.Datahidinginimage
processingreferstoinsertingthesecretmessageintodigitalimages.Reversibledatahiding(RDH)
isalosslesstechnique,inwhichboththeembeddedsecretmessageandthecoverimageisextracted
bythereceiver.TheapplicationsofRDHincludemedicalandmilitaryimaging.
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1. INTRODUCTION

Therearemanydigitalformatsfordatahidinglikeimage,audioandvideoinwhichdigitalimageis
simplestformat.Datahidinginimageprocessingreferstoinsertingthesecretmessageintodigital
images.Reversibledatahiding(RDH)isalosslesstechnique,inwhichbothembeddedsecretmessage
andcoverimageisextractedbythereceiver.TheapplicationsofRDHincludemedicalandmilitary
imaging.

NumerousRDHtechniqueshavebeenintroduced(Yang&Hwang,2011;Celik,Sharma,Tekalp,
&Saber,2002;Tian,2002;Awrangieb,2003;Nosrati,Karimi,&Hariri,2012)whicharebasedupon
losslesscompression techniqueandhistogram.Tian(2002) introduced theDifferenceExpansion
(DE) method, in which difference between surrounding pixel values is calculated to embed the
secretmessage.Thisexpansionisdonesequentiallyinthecoverimage,whichgeneratesthehigh
EmbeddingCapacity(EC)andPeakSignaltoNoiseRatio(PSNR)value.Alattar(2004)extendsthe
techniqueofDEbygeneralizedintegertransform.Wangetal.(2010)improvedtheDEtechniqueby
takingthedifferencesofcorrelatedpairsofadjacentpixels.KamstraandHeijmans(2005)introduced
sortingtechniquethatutilizescorrelationbetweenadjacentpixelsefficiently.HistogramShifting
(HS)methodofNietal.(2006),inwhichmostfrequenthistogrambinareusedforexpansionand
usedforsecretdatabitembedding.PredictionErrorExpansion(PEE)basedRDHisintroducedfor
thefirsttimebyThodiandRodriguez(2007)inwhichapixelispredictedbyitscorrelatedpixeland
thenthehistogramforthesepredictionerrorsisgenerated.Thehistogramsplitsintotwoparts,first
istheinneranditisusefulforsecretbitembeddingandthesecondistheouterregion,whichisused
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forshiftingtheremainingpixels.Theseouterregionpixelsprovideaguaranteeofreversibilityofthis
technique.SomeotherPEEtechniques(Hu,Lee,&Li,2009;Sachnev,Kim,Nam,Suresh,&Shi,
2009;Hong,2010;Li,Yang,&Zeng,2011;Qu,Li,Zhao,&Ni,2013)alsoprovideimprovement
andachievehighEC,PSNRvalueandbettervisualizationofstegoimage.Pixelvalueordering(PVO)
techniqueisfirstlyintroducedbyLietal.(2013)inwhichsortedorderofpixelvalueofcoverimageis
usedforcomputingtheprediction.Thisorderremainsinvariantafterthesecretdatabitsembedding,
thusitusedefficientlyfortheextractionofbothcoverimageandsecretmessagethus,achievesthe
reversibility.Blockofcoverimagecanembedupto2-bitperpixel(bpp)andensurethePSNRvalue
morethan51.14dB.Pengetal.(2014)improvesthePVOtechnique,wherethemaximum(minimum)
valuepixelandsecondmaximum(minimum)valuepixelisequalforeachblock.

Wongetal.(2006)introducedDiscreteCosineTransform(DCT)basedsteganographytechnique
inwhichmultiplemessagesareembeddedinacoverimage.TheMultipleMessageEmbedding(MME)
techniqueisanextensionofDCTbasedmod4techniqueofWongetal.(2007).Mod4operationisused
toembedthesecretdataincoverimageanditstechniqueisblind.Theupperlimitofembeddingthe
numberofsecretmessagessuccessfullyis14,whichenhancethesecurityandalsoupgradethequality
ofthestegoimage.Alnawoketal.(2008)introducedthemulti-segmentsteganographytechnique,in
whichasinglemessageisdividedintomultiplesegmentsandthesesegmentsareembeddedintoa
singlecoverimage.Beforeembeddingthesesegments,plaintextsareencryptedintoanencodedtext
byusingacodetable.Thissecretcodetableisalreadyknowntothereceiverandisalsoembedded
withsecretmessageforcrosscheckingit.Allthecharactersofthesecretmessageisconvertedinto
bytecodeandrepresentedby255charactersformat.Thus,itprovidesmoresecurityforthesecret
messageinthedigitalstegoimage.

In thispaper, thePVO-basedRDHMultipleMessageSegments (MMS)hasbeenproposed,
inwhichsegmentsofasinglemessageareembeddedinacoverimage.Thesemultiplesegments
increasethesecurityofhiddenmessage,becauseifonepartofsecretmessageisintrudedbythe
attackerthenitisnotinunderstandableformattillallpartsofthesecretmessageareintruded.Also,
this techniquedoesnotneedanyextraencoding toconvert thesegmentsas the identificationof
segmentsisprovidedbymodulomethod.

Therestofthepaperisorganizedasfollows.Section2presentsrelatedworkofPengetal.(2014),
section3describestheproposedtechniquesandmodulostrategyformessagesegmentspartitions.
Section4givesanalysisandexperimentalresultsandfinallysection5concludesthispaper.

2. ReLATeD wORK

Pengetal.(2014),Improved-PVO(I-PVO)techniquecreatestherankingforeachpixelintheblock
andembedthesecretdatabitsatbothminimumandmaximumpixelvalue.Lietal.(2013)PVO
schemeembedsthesecretdata,whenpredictorvalueisequalsto1atbothsmallestandhighestpixel
valuesofeachblock.I-PVOtechniqueembedsthesecretdatawhenpredictorvalueisequalsto1as
wellas0forbothsmallestandhighestpixelvaluesofeachblock,whichprovidestheBetterECand
lessdistortioninthemarkedimage.

First,coverimageispartitionedintoblocks.Theseblocksdonotoverlapeachother,andsizeof
eachblockisequal.Nowpixelvaluesofeachblockaresortedinascendingorder.ForablockB(b1,
…,bn)areitsnsortedvalueand(bᶲ(1),…,bᶲ(n))aresortedorderofeachpixelintheblock.Whereᶲ:
{1,…,n}→{1,…,n}uniqueonetoonefunctionmappingsuchthat:bᶲ(1)≤…≤bᶲ(n),b(p)<b(q)if
bᶲ(p)=bᶲ(q)andp<q.Nowthepredictorthatpredictsthebᶲ(n)byitscorrelatedsecondhighestpixel,
bᶲ(n-1)andthepredictionerroriscomputedas:

dmax bu bv� �  (1)
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