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ABSTRACT

Anewreversiblewatermarkingalgorithmonstereoaudiosignals isproposed in thisarticle.By
utilizingcorrelationsbetweentwochannelsofaudiosignal,theauthorssegmentonechannelbased
onanotheroneaccordingtothesmoothness.Foreachsegmentedsub-hostsequence,theyestimateits
capacityandthecorrespondingembeddingdistortionfirstly,andthenselecttheoptimalcombinations
ofsub-hostsequencesforembedding.Experimentalresultsindicatethattheproposedalgorithmcan
improveSNR(signaltonoiseratio)forvariouskindsofcapacity.
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1. INTRoDUCTIoN

Withtherapiddevelopmentofmultimediaandnetwork,theamountofinformationstoragebecomes
largerandlarger.Atthesametime,editingandcopyingissoconvenient,whichspeedsupthespread
ofinformation.Currently,alotofdigitalworksaresufferingfromillegalacquiringandmalicious
tampering, among which audios are the popular ones. Integrity protection and ownership rights
certificationofaudiofileshaveattractedgreatattentions,whichcanberealizedwithwatermarking.

Therearetwotypesofwatermarking,robustwatermarkingandfragilewatermarkingtoprotect
audiofiles.Robustwatermarking(Malvar,2003;Naderahmadian,2014;Tian,2016;Rani,2014)is
usedtolabelcopyrightinformationsothatprotectingcopyright.Onthecontrary,fragilewatermarking
(Zhang,2009,2008;Qin,2012)isusuallyusedforcontentintegrityauthentication,whichisasked
tobesensitivetotheslightchangesothateditingthecontentslightlywillbedetected.Reversible
watermarkingmainlyisusedforfragilewatermarking,whichcanrestoreboththeembeddedwatermark
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andthehostsignal.Thereversibilityisveryimportantinsomespecialsituations,suchashigh-quality
music,legalevidence,militaryintelligenceandcriminalinvestigation.

Attheearlyage,(Barton,1997)proposedtheideaofreversibledatahiding(RDH).Lateron,
manyefficientmethodsforimagesspringup.Thecurrentalgorithmsaredividedintofivemainstream
techniques:losslesscompressionbasedschemes(Celik,2005;Lin,2011;Zhang,2012),expansion
basedschemes(Tian,2003;Ni,2006;Thodi,2007;Hong,2009;Wang,2013;Ou,2013;Li,2011),
contentadaptiveschemes(Kamstra,2005;Li,2013)andintegertransformschemes(Alattar,2004;
Chen,2010;Peng,2012).

FollowingthedevelopmentofRDHintheimagefield,alotofefficientreversiblewatermarking
algorithms have been proposed. In the early days, (Michiel, Arno, & Fons, 2003) proposed the
reversibleaudiowatermarking,whichusestheredundantbitsofaudiocodingtoencodethewatermark
information,andthenrecoverthehostsignalbyrestoringtheoriginaldynamicrangeinthedecoder.
Lateron,manymethodsareproposedintimedomain(Yan,2008;Garcia-Hernandez,2012;Bradley,
2015;Wang,2014;Xiang,2017),compresseddomain(Li,2008;Chen,2007)andfrequencydomain
(Huang,2013;Yang,2009).(Yan&Wang,2008)refertothemethodofextendingthepredictionerror
intheimagereversiblehidingproposedby(Tian,2003)toconstructtheappropriatepredictionmodel
torealizethereversibledatahiding.(Bradley&Alattar,2015)proposedahighcapacityreversible
audiowatermarkingmethodbasedon thegeneralized reversible integer transform. (Xiang&Li,
2017)proposedanalterablepredictionorderdatahidingmethodbasedonnon-causalprediction,in
whichthedouble-embeddingstrategyinimagedatahidingisusedtodivideaudiosignalfortwosets.
Inthecompresseddomain,(Lietal.,2008)designedanentropycodingalgorithm,theperceptually
unimportantindicesinonesegmentofcompressedspeechbitstreamarecodedbythealgorithm.
(Huangetal.,2013)achievedtheadaptiveembeddingofwatermarkinformationbyprocessingthe
DCTcoefficients.Particularly,usinghumanauditoryperceptioncharacteristicscanachieveabetter
effectforreversiblewatermarkingintheaudio.(Unoki&Miyauchi,2011)proposedakindofnon-
perceptualaudioreversiblewatermarkingbasedonthedelaycharacteristicsofthehumanear.

All theaboveRDHmethodsaredesignedforsinglechannelaudio.However, tobalancethe
hearingeffect,mostoftheaudiofileswecanseeontheInternetarestereoaudio.Inthispaperwe
proposedaRDHmethodforstereoaudiobyexploitingthecorrelationbetweenthetwochannels.

Therestofthearticleisorganizedasfollows.Section2andSection3givethedetaileddescription
oftheproposedmethod,includingembeddingandextractingprocedure.Theexperimentresultsand
comparisonsarepresentedinSection4.ThearticleisconcludedwithadiscussioninSection5.

2. BASIC METHoD oN SINGLE CHANNEL

Inthispaper,weusethequantizedaudiosamplesascovers,andtherearetwokindsofcommon
quantizationbitsinstandardstereoaudio,8-bitquantizationand16-bitquantization.

Foreaseofunderstanding,wegiveabasicmethodofwatermarkingfortherightchannelsignal
ofstereoaudioMfirstly.

2.1. Prediction Model

AsshowninFigure1,thelengthofthesignalisNand xi
R isaninteger.

Figure 1. The right channel of audio M
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