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ABSTRACT 

iWatermarking iis ithe itechnique ito isolve ithe iissue iof icopyright idegradation, ibut 

ithis ihas ito ibe iresolved iby ikeeping ia isteady icheck ion ithe iimperceptibility iand 

irobustness iwhich iincur ito ibe iits imain iobjectives. iIn iorder ito iaccomplish ithese 

iobjectives ithe iusage iof ia ihybrid itransform iis iadopted iin ithis ipaper, ithe iidea ibehind 

iusing ia ihybrid itransform iis ithat ithe icover iimage iis imodified iin iits isingular ivalues 

irather ithan ion ithe iDWT isub- ibands, itherefore ithe iwatermark imakes iitself ivulnerable 

ito ivivid iattacks. iExperimental iresults iare iavailable ito isupport ithe istudy. 

Keywords: iAuthentication; icopyright iprotection; irobustness; iDiscrete iWavelet iTransform 

i(DWT); iSingular iValue iDecomposition i(SVD) 

 

1. INTRODUCTION     

With ithe iadvent iof iInternet 

itechnologies iand iwide iavailability iof 

icomputers iand ismart iphones, ithe idigital 

idata iacquisition, iexchange iand 

itransmission iare ibecoming isimple. iMany 

ipeople iare iskeptical iof uploading itheir 

icontent ion ithe iInternet idue ito ilack iof 

iintellectual iproperty iprotection iavailable 

ito ithem. iThe idigital iwatermarking iis 

ione iof ithe itechniques ithat ican iprovide 

ithe isolution ito iprotect itheir iownership. 

iIn idigital iwatermarking itechniques, ia 

idigital iwatermark ican ibe ivisible ior 

iinvisible ito ithe ihuman ivisual isystem. 

iVisible watermark ican ibe ieasily idefeated 

iand iremoved iby ireplacing ior icropping iit 

ifrom ithe idigital imedia. iTherefore, ithe 

iwatermark ishould ibe iinvisible ito  

 

 

Ihuman eyes ito iensure iprotection iof 

idata ifrom iunauthorized isources. iA 

ivariety iof iinvisible iwatermarking 

ischemes ihave ibeen ireportediin irecent 

iyears i[1]-[11]. iSuch itechniques iare 

ibroadly iclassified iin itwo categories: 

ispatial-domain iand itransformed idomain 

ibased. iThe iearlieriwatermarking 

itechniques iare ispatial iin inature iwith ithe 

isimplest ibeing ileast isignificant ibit i(LSB) 

isubstitution iof ithe iimage ipixel idata 

i[3].Improvement iand ivariant iof ithis 

itechniques iare iproposed iin 

i[2],[6,7],[9,10]. iThese itechniques iare 

irelatively irobust iagainst iJPEG 

icompression, ifiltering iand iscanning. iAs 

iopposed ito ispatial idomain itechniques, 

itransformed idomain itechniques iprovide 
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ibetter icapacity ithat ican iembed ia ilarge 

inumber iof idata iwithout iincurring 

inoticeable ivisual idistortion. iIn iaddition, 

itransformed idomain ischemes iprovide 

ibetter irobustness iagainst icommon iimage 

iprocessing iattacks iand igeometrical 

iattacks. iThe icommon iexamples iof 

itransformed idomain itechniques 

iincorporates iDiscrete icosine itransform 

i(DCT) i[11], iFinite iRidgelet itransform 

i(FRIT)[12], iDiscrete iFourier itransform 

i(DFT)[13], iDiscrete iwavelet itransform 

i(DWT)[14], iRedundant idiscrete iwavelet 

itransform i(RDWT)[15-18], iand 

iSingularivalue idecomposition i(SVD)[19-

23]. iRecently, isome iresearchers isuggested 

ihybrid iwatermarking ischemes ithat 

icombines itwo ior ithree itransforms ito 

iprovide ibetter irobustness iand ihigh 

iimperceptibility i[19]. iRecently, iwe 

iproposed itwo iwatermarking ischemes ithat 

icombine iChinese iremainder itheorem 

i(CRT) iwith iDCT iand idiscrete itchebichef 

itransform i(DTT). iBut ithese ischemes iare 

inot iresilient itoirotation, iscaling iand 

itranslation iattacks i[24, i25]. 

 

The iSVD itransform ialways ishows ia 

igood iperformance iwhile icombine iwith 

itransform idomain itechniques. iIts iprimary 

iadvantages iare i(1) ithe isize iof ithe 

imatrices ifrom iSVD itransform iis inot 

ifixed iand ican ibe ia isquare ior ia 

irectangle. i(2) iSingular ivalues iin ia 

idigital iimage iare iless iaffected iin igeneral 

iimage iprocessing ioperations iand i(3) 

iSingular ivalues icontain iintrinsic 

igeometrical iproperties. iMost iliterature 

i[15, i19, i23] ionly iembeds ithe iwatermark 

isingular ivalue iinto ithe ihost iimage. 

iHowever, ithis iembedding istrategy ihas ia 

ipotential isituation iof ifalse ipositive 

iproblem. iAn iadversary ican ieasily iobtain 

ithe icorrect iwatermark ifrom ian 

iunauthorized iimage idownloaded ifrom ithe 

ipublic isource iof iInternet. iA ifalse 

ipositive iproblem ioccurs iwhen ithe icorrect 

icounterfeit iextracted iwatermark iis 

iobtained ifrom ian iarbitrary iimage iin 

iwhich ithe iembedded iwatermark iis itotally 

idifferent ifrom ithe iextracted iwatermark 

i[16]. iIn iother iwords, ian iattacker ican 

ieasily ifind iany ireference iimage ifrom ian 

iarbitrary iimage. 

2. RELATED WORKS 

Recently, ia inumber iof iwatermarking 

itechniques ibased ion iRDWT iand iSVD 

ihave ibeen iproposed [15-18]. iThe ischeme 

ibased ion iRDWT iand iSVD iby iMakbol-

Khoo i[17] iis irobust iand iblind. iHowever, 

isuch ia ischeme icould inot iaddress ithe 

iproblem iof ifalse ipositive idetection. iIn 

itheir ischeme, ithe icover iimage ‘A’ iis 

idecomposed iinto ifour isubbands iusing 

iRDWT, iand iwatermark iW iis idirectly 

iembedded iinto ithe isingular ivalues iof 

ieach isubband. iThe imodified isubbands 

iare iinversed iSVD iand ithen iinverse 

iRDWT ito iobtain ithe iwatermarkedimage. 

iWhile ithe i itechnique iproposed iby iH.-C. 

iLing iet ial. i[16] ihave iaddressed ithe 

iproblem iof ifalse ipositive idetection iby 

iavoiding iwatermark’s iSVD iorthogonal 

ivectors iU iand iV iin iembedding iand 

iextraction iprocess. iHowever, ithe 

iextracted iwatermark iquality iwas iaround 

i0.3364 ifor iLL isub-band, iand imuch 

iworse, ii.e. iless ithan i0.08 ifor iother 

isubbands. iMusrrat iAli iand iChang iWook 

i[22] isuggested itwo imethods ias ia 
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icountermeasure ito ithe ifalse ipositive 

iproblem. iFirstly, ithe iprincipal icomponent 

iof ithe iwatermark iis iembedded iinto ithe 

ihost iimage iinstead iof isingular ivalues iof 

ithe iwatermark. iThe iother isingular ivector 

imatrix iis istored ias iside iinformation 

iwhich ican ibe iused ilater iin iwatermarking 

iextraction iprocess. iSecondly, iinsertion iof 

ientire iwatermark iinto ithe ihost iimage 

iinstead iof isingular ivalues ito ireduce ithe 

idependence iof iSVD ivectors iU iand iV. 

iThese iideas iare ilimited ifor iDWT-SVD 

ibased ischemes. iHowever, itheir iideas iare 

inot iextensively istudied iin ithe iliterature 

ifor iRDWT-SVD ibased ischemes. iKhaled 

iL. iet ial. i[18] ihave iclaimed ithat ithe 

icombination iof iRDWT iand iSVD icannot 

ibe iused ito iovercome ifalse ipositive 

iproblem. iIn iorder ito icounter ithe iabove 

ischemes, iour iwork inot ionly iaddresses 

ithe isolution ito ithe ifalse ipositive 

iproblem ibut ialso ishows ithat ithe iquality 

iof ithe iextractedwatermark iis imuch ibetter 

ithan imost iof ithe iRDWT-SVD ibased 

ischemes. iThe ipaper iis iorganized ias 

ifollows: iThe iproposed iRDWT iand 

iShuffled iSVD i(SSVD) ischeme iis 

ipresented iin iSection-2. iA icomparative 

ianalysis iof iour ischeme iwith iother 

ischemes iis idemonstrated iin iSection i3. 

iFinally, iconclusions iand ifuture iworks iare 

ipresented iin iSection i4. 

3. PROPOSED ALGORITHMS 

This iwork iis ibased ion iembedding 

iwatermark iimage ion ithe icover iimage 

iusing iredundant idiscrete iwavelet 

itransform i(RDWT), iand iShuffled 

isingular ivalue idecomposition i(SSVD). 

iSSVD iimproves ithe ireconstructed iimage 

iquality iby ibreaking ian iimage i I  iinto ia 

iset iof iensemble iimages i }......,{ 2

21 nIIII  . 

iThe iSSVD ican ibe icomputed iby 

ipermuting ithe iwatermark iimage iand ithen 

iapplying istandard iSVD ialgorithm. iThe 

iSSVD ican ibe idefined ias 
TSVDSSVD

USVISI   }{   i i i                                  

i(1) 

Where i }{IS denotes ithe ishuffled ior 

iscrambled ioperator. iIt iis iproved ithat ithe 

ireconstructed iimage iusing iSSVD iare iof 

ibetter ivisual iquality icompared ito ia 

istandard iSVD ioperator iunder ithe isame 

iimage irank i[20]. iThe iRDWT-SVD 

iwatermark iembedding iand iextraction 

iprocedure iis ishown iin iFigure i1 i(a) iand 

i(b) irespectively. 

 

3.1 Watermark Embedding algorithm: 

The isteps iare ias ifollows: 

1. Apply iRDWT ito ithe icover iimage. 

iThe iimage i I  iwill ibe idecomposed 

iinto ifour isubbands, iwhich iare 

i },,,{ HHLHHLLL  

2. Take iSVD ion ieach isubband. 

i )( ii ISVDZ  , iwhere i iI  ican ibe iany 

iof ithe isubband i },,,{ HHLHHLLL . 

iThus, 

 i i i i
T

iiii VSUZ    i i i i i i i i i i i 

          i i i(2) 

3. Let iW  ibe ithe iwatermark iimage. iAppl 

iing iSVD ion iW , iit idecompose ito 

i 1,1 swuw and 1vw . i i 1uw and i 1vw  iare 

ileft iand iright isingular ivectors iand 

i 1sw  iis idiagonal imatrix i(a.k.a. isingular 

ivalue). iModify ithe isingular ivalues iof 

i iZ  iby iembedding ithe iwatermark ilike 

ias ifollows: 
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i
)11( swuwSS i

c

i  
 i i 

i i i           i i i i i
(3) 

 i i i i i 0.08  for LL and i0.05 ifor 

i LHHL,  iand i HH subbands. 

 i i i iNote: i 1vw  iis iused ias ithe ikey 

ifor iwater imark iextraction. i 

4.  iTake iSVD iof ieach isubband iwith ithe 

imodified icoefficients i 

 i i i 

i
c

iS mT

i

m

i

m

i

c

i

m

i VSUSSVDI  )(   

i i I                    i i(4) 

   iwhere i m

iI
 i

indicate ithe imodified 

isubbands iof i },,,{ HHLHHLLL  
5. iTake iinverse iSVD iusing ithe isingular 

ivalue i m

iS with i iU and i iV of ithe i i i i 

ioriginal iimage ias ileft iand iright 

isingular ivector imatrices. 

  i i i i T

i

m

ii

w

i VSUI   i i i i i i i i i i                                  

i i i(5) 

6. Finally iapply iinverse iRDWT ito ithe 

icoefficients iof imodified isubbands ito 

iobtain iwatermarked iimage i
w

I . 

3.2. Watermark Extraction Algorithm 

1. Apply iRDWT ito ithe ipossibly idistorted 

iwatermarked iimage i i
*w

I . iNow i
*w

I is 

idecomposed ito 

i },,,{ ****
HHLHHLLL subbands. iApply 

iSVD ion ieach idistorted isubband ias 

ifollows: 

 i i i i i
**** wT

i

w

i

w

i

w

i VSUI   i i  i i i i i i 

i i i ii                               (6) 

2. Apply iinverse iSVD ito ieach isubband 

iusing isingular ivalue i
*w

iS , ikeeping 

i m

iU and i m

iV obtained iin iEqu i(4) ias ithe 

ikeys. 
m

i

w

i

m

i

m

i VSUI
**     i                                           

i(7) 

3. Find iparameter i 


i

m

i

p

SI
W




*

 i i i i                                

i i i i(8) 

 i i iwhere i  =0.08 ifor i LL  iand 

i0.05 ifor i },,{ HHLHHL  isubbands, iand 

i iS is ithe isingular ivalues iobtained iin 

iEqu i(2) iof iembedding ialgorithm. 

4. Extract ithe iwatermark iusing ithe 

iformula 

 
T

pi vwWW 1*   i i i i i i i i i i i i i 

i i i                      i(9) 

where i
T

vw1 is ithe iright isingular ivector 

iof iwatermark iW , iwhich iis i i i i iused 

ias iKey ifor iwatermark iextraction. i 

 

4. SIMULATION RESULTS AND 

DISCUSSION 

In ithis isection, iseveral isimulations iare 

iconducted ito iexamine ithe irobustness iand 

iimperceptibility iof ithe iproposed iRDWT-

SVD ialgorithm. iSimulations iare icarried 

iout iusing ithree iimages, iLena, iBaboon 

iand iPepper iimages ias icover/host iimages. 

iCameraman iand iChinese icharacter iare 

iused ias iwatermark iimage. iAll ithe 

istandard itest iimages iare ishown iin 

iFigure i2. iThe isizes iof ithe ihost iimages 

iare i512×512. iThe isize iof icameraman 

iimage i(watermark) iis i512×512. iThe 

iobjective iquality i(i.e., iimperceptibility) iof 

ithe iwatermarked iimage iand iextracted 

iwatermark iare imeasured iin iterms iof 
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ipeak-signal-to-noise-ratio i(PSNR) iand 

inormalized icorrelation i(NC) irespectively. 

iThe iPSNR ivalue iin idecibels i(dB) 

iindicates isimilarity ibetween ithe ihost 

iimage iand iwatermarked iimage, iwhile 

iNC iverifies ithe ipresence iof iwatermark. 

iThese iare igiven ibelow: 

PSNR=
MSE

I Peak

2

10log10    i i i i i i 

i i i i i i i i i(10) 

Where iMSE iis ithe imean isquare ierror 

ibetween ithe iwatermarked iimage, i
w

I and 

iits ioriginal iimage, i .I  

MSE=
2

1 1

2)],(),([

N

jiIjiI
N

i

N

j

w  


  

i I                              i(11) 

The iNC ivalue ibetween ioriginal 

iwatermark i(W ) iand iextracted iwatermark 

i(
*

W ) iis idefined ias: 

NC=

 
 

 

 
M

i

M

j

M

i

M

j

jiW

jiWjiW

0 0

2

0 0

*

)],([

)],(),([
                                       

i i i(12) 

 

Table 1 iThe icomparison iof iimperceptibility 

i(db) iof iour ischeme, iMakbol i& iKhoo[17], iLi 

ietal.[14], iRastger iet ial.[19], iLagzian iet ial.[15]. 

 

 
Table i1 ishows ithe icomparison iof 

iPSNR ivalues iof ithe iwatermarked iimage 

ibetween ithe proposed ischeme iand iwith 

iother ischemes. iIt ishows ithat ihigher 

iquality iof ithe iwatermark image iis 

iobtained iusing iour iproposed ischeme. 

iThe ihigh iPSNR iof ithe iproposed iRDWT 

SVD ibased ischeme iimplies ithat ithe 

ipresence iof iwatermark icannot ibe 

iperceived iby human eye.  

 
 

 
5. COMPUTATIONAL TIME 

The iexperiments iare iconducted iusing 

iIntel ii5 iprocessor i2.6 iGHz iwith i6 iGB 

iRAM. iThe itwo iwatermarking ischemes 

iare isimulated iin iMATLAB i15a iwith ian 

iun-optimized iprogram icode ito imake ia 

ifair icomparison. iFrom iTable i2 iwe ican 

isee ithat iour iproposed ischeme ioffers 

isimilar icomputation iin iboth iembedding 

mailto:processor@2.6ghz
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iand iextraction istages icompared iwith ithat 

iof iMakbol iand iKhoo imethod.  
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