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ABSTRACT

This paperpresentsa watermarkingschemefor imageor
video objects. The watermarkingof video objectsimplies
differentconstraintsfrom raw watermarkingmethods.The
markhasto bedetectedafterobjectmanipulationssuchas
rotations,translationsandVOL modifications.To achieve
theserequirements,theembeddingschemeexploitstheshape
of the object: a randomsequenceis transformedto fit the
scaleandtheorientationof theobject.Thedetectionof the
mark is performedapplyingan inversetransformandcal-
culatingacorrelationbetweentherandomsequenceandthe
warpedobject. Our resultsillustrate the fact that the pre-
sentedmethodis robustto objectmanipulation.

1. INTRODUCTION

With the emergenceof new multimediastandardssuchas
Mpeg-4andJpeg-2000,thenotionof video-objector image-
object is moreandmorewidespread[1]. Consequently, a
needto protectthedifferentobjectsof an imageor a video
appeared.The watermarkingtechnologiesenablethe em-
beddingof anunnoticeable andindelible mark insidemul-
timediacontentssuchasimages,videoor audio[2]. It ap-
pearsthatthenew multimediastandardsarestronglybounded
with watermarkingmethods.Forexample,theMpeg-4group
designedan IPMP (Intellectual Property Management &
Protection) layerpresentingawatermarkingstructuretoper-
mit monitoring,copy controlandfingerprintingMpeg-4con-
tents[3].
This paperis devotedto presenta new video-objectwater-
markingschemethat canbe employed to protectstandard
allowing interactionwith visualcontentandobjectmanipu-
lation.

1.1. Video Object Watermarking Context

Object watermarkingis quite different from bit-streamor
compressedwatermarkingof imageor video. In thefield of
objectwatermarking,theembeddedmarkhasto bedetected
afterobjectmanipulationssuchas:�

This researchwassupportedby theEuropeanIST Aspisproject

� Theinsertionof amarkedVideoObject(VO) in a set
of otherVO (namedVOL in the Mpeg-4 context to
denoteVideoObjectLayer).� A shifting operationappliedto themarkedVO inside
theVOL.� A rotationor ascalingof theVO.

Differentapproacheshave beendesignedto enableMpeg-
4 watermarking. Barni et al presenteda methodto mark
VideoObjectPlans(VOP)[4]. Theembeddingof themark
is performedmodifyingselectedpair of DCT quantizedco-
efficientsin eachVOP. Theselectionof themarkedmacro-
blocks is performedusinga pseudo-randomsequenceand
consequentlythedetectionof themark is dependantof the
Mpeg-4 format.
Piva et al developedan additive embeddingschemein the
wavelet domainfor Mpeg-4 video streams[5]. The detec-
tion of the mark requiresthe decompressionof the video
andis invariantto formatconversion.Theschemeis robust
to objecttranslationandVOL modification.It is important
to point out that thesedifferentschemesarenot robust to
objectmanipulationssuchasscalingoperationsor rotations
becausein thesecasesthesynchronizationof themarkcan-
not beachieved.
The proposedschemehas beendevelopedto enablesig-
naturedetectionafter objectmanipulations.We focusour
worksonprovidinganautomaticwatermarkingschemeable
to orientateandscalethe signatureaccordingto the object
shape.Contraryto still imagewatermarkingschemesrobust
to geometrictransformationsby embeddinganartificial in-
formationto retrievethetransform[6][7], ourapproachis to
boundthesignaturewith theobjectcontent.Sucha scheme
belongsto second generation watermarkingschemes[8][9]
wherethevideocontentis usedto enablethesynchroniza-
tion of themark.

1.2. Signature orientation

To detectthe signatureanddecodethe embeddedmessage
afterVO rotations,we have decidedto orientatethesigna-



ture accordingthe principal directionof the object shape.
We decidedto employ Principal ComponentAnalysis to
reachsuchobjective andobtainthe principal directions

��
and

��
of theVOP[10] (vectors

��
and

��
denotesdirections

providing maximalvarianceof thedata).In thiscontext, the
setof datais representedby a setof 2-D randomvariables���
	����������� thatbelongto theobjectmask � .

��
and

��
rep-

resentconsequentlytheeigenvectorsof the ����� covariance
matrix � 	���� .

The main directionof the VOP, denoted���� "! , repre-
sentstheanglebetweentheeigenvector

��
andthehorizon-

tal directionof theobjectplan,denoted
�#
:�$�% "!'& 	 �#)( �� �*��+-,	�.%�

Sucha processpermitsto obtaina sharporientationof the
videoobject.Tabular1 illustratesanglevariationin degrees
for differentobjectsrotationsof 40 degreemultipleson the
“Bream” VO.Resultsindicatethefactthatthepresentedes-
timator is extremelyaccurate(meanprecisionis over /10324
degree).

angle 0 40 80 120 160
error 0 0.005 0.007 0.020 0.007

Table 1. Orientationevaluationsin degreeof VO “Bream”
usingPCA.

1.3. Signature scaling

To enablethedetectionof themarkaftera VOPscalingop-
eration,we extract a specificvalueof the VOP scalefrom
thePCAanalysis.
Supposingthat the VOP, denoted� , hasbeenscaledby a
factor 5 , thevalue 6 	���� representsarealproportionalto the
VOPscale.Given:6 	���� & 	�78�	�����9:7 4 	������<;=
We obtain:6 	 5 ���6 	���� & 	>7?8-	 5 ���$9:7 4 	 5 �����@;=	�7 8 	����$9:7 4 	������ ;= &A5

Table2 illustratesthecapacityof theproposedmethod
to estimatethe specificscaleof the VOP. Our testswere
appliedon the “Akiyo” VO for scalefactorsvarying from
1 to 0.2. In all configurations,theestimationerror is under/10 24 andconsequentlythis scaleestimatoris reliable.

2. EMBEDDING SCHEME

Our embeddingschemecan be consideredas an additive
schemewith the particularity that the signatureis inserted

5 (%) 1 0.8 0.6 0.4 0.26 	 5 ��� 2.616 2.089 1.569 1.041 0.522
error 0 0.003 0.000 0.005 0.001

Table 2. Scalingevaluationof “Akiyo” VO usingPCA.

in anappropriatereferentialdependingon theobjectshape.
This schemecanbedecomposedin six differentstepillus-
tratedon Figure1:

1. As presentedin theprevioussection,aprincipalcom-
ponentanalysisis performedon theVO binarymask� . Valuesof �$�% %! and 6 areextracted.

2. A randomsequence(denotedB ), composedof a set
of C 9 / �ED /�F spreadon �G�H� blocs,is generatedfrom
a secretkey I .

3. B is thereafterscaledandrotatedusing � �� "! and 6
to obtaina sequenceBKJ . Eachcoordinate	�� J ��� J � are
givenby:L � J� JNM &O6 LQPERTS � D S�UWV �S�UWV � PXRTS � M L �YDZ�[�\D]�T[ M
9 6 L � [� [ M &O6:^3_ 	 � � L �HD'� [�\D]� [ M 9 L � [� [ M<`

(1)
where 	a� [ ( � [ � arethecoordinateof thecentreof grav-
ity of theVOPshape.
We after proceedto an interpolationprocessusinga
spine-cubicconvolution kernel to preserve the high
frequenciesof B .

4. BKJ is thereafterweightedby a visualmaskdepending
of VOPluminanceto obtainthesequenceBKJb . Weex-
ploit the fact that the humaneye is lesssensitive to
contrastin dark or bright areasthanto middle lumi-
nanceareas.

5. BKJb is finaly addedto the object texture to createthe
markedobject.

3. DETECTION SCHEME

As in classicaladditive schemes,thedetectionof themark
is performedusing a correlationcriterion. The detection
processcanbedividedin fivestepsillustratedon figure2.

1. As in theembeddingscheme,onesequenceB is gen-
eratedusinga secretkey I .

2. We transformthe object texture to obtain an object�dc in suchawaythat �ec orientationis null and �ec
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Fig. 1. Signatureembeddingscheme.

scaleis equalto 1. This operationis equivalent to
invertequation1:L �� M &O6K2 8 ^ _ 	�D � � L � J D]� J[� J D]� J[ M 9 L � J [� J[ M@`

(2)

3. A Wienerpredictionis appliedon � c to minimize
the texturecontribution of the original objectbefore
thecorrelationcomputation[11].

4. The correlationvalue f +hghg between ij andthe ran-
domsequence

j
is evaluated::f +hghg & kl �am n�o>p�q ij 	 # ��r<� j 	 # �>r<�

5. The f +hghg valueis stokedin anaccumulationvariablef +hgsg ! initialised to 0. f +hghg ! is thereaftercompared
with a thresholddependingon a false-alarmproba-
bility 7%	utvhw-� . In the caseof f +hghg !yx 7�	zt?vhw{� , the
signatureis consequentlydetectedinsidetheVOP.

4. RESULTS

WehavetestedthepresentedmethodontheBream sequence,
composedof 300framesin aCIF format( |~}��e������� ) using
a 4:2:0 sampling. Only the luminancecomponentsof the
differentframesaremarked. TheBream sequenceis com-
posedof two videoobjects,a fish denoted

� � 8�8 delimited
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Fig. 2. Signaturedetectionanddecodingscheme.

by a �T�����'/1�~} boundingbox anda backgroundrepresent-
ing theaquariumdenoted

� � 8 4 . Only
� � 8 4 is markedin

thesestests. The final decisionis determinedby the sum
of correlationsobtainedfor eachsequenceVOP. The eval-
uationof theproposedschemewasperformedfor different
VO manipulationsand different bite-rates. The bite-rates
havebeenchosento representa widevarietyof multimedia
applications.1Mb/sec,800Kb/sec,600Kb/sec,400Kb/sec
and200Kb/sechavebeenused.Themarkedsequencedoes
not have noticeabledifferencesfrom theoriginal one,even
in its uncompressedversion.
TheVO manipulationsthathavebeentestedare:� VO scalingof 40%� VO rotationof 20 degrees� VOmasksub-samplingwith afactorequalto8 pixels,

this is commonlyusedto performlossycompression
of theVO shape.

We have performeda statisticalanalysisof f +hgsg ! to deter-
minea false-alarmthreshold.In theseteststhefalse-alarm
probability was fixed to /1032� . The different correlation
valuesaresum-upon Fig. 4. Thesesresultsillustrate the
fact that our detectionschemeis robust to bit-rate reduc-
tion for very low bit-rates.But themostimportantproperty
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Fig. 4. Signaturedetectionresultsfor differentbit-rate.

of the presentedmethodis his robustnessto scalingof ro-
tation operationsfor different bit-rates. Finally the mask
sub-samplingoperationby a factorequalto � seemsto not
affectthedetectionprocessin animportantway. In ourfutur
works we will concentratethe testson real new segmenta-
tion conditions.

5. CONCLUDING REMARKS

The main ideaof the presentedpaperis the useof Princi-
pal ComponentAnalysis tools to performsignaturedetec-
tion afterVideoObjectmanipulations.VO boundaryanal-
ysis permitsto obtainorientationandscaleinformationof
theVO. We have usedthis informationto createa additive
schemehaving low computationalcomplexity thatpermits
the detectionof the mark after geometricalmanipulations
or shapemodifications.Our futureworkswill bedevotedto
developembeddingin thecompresseddomainandtestreal
segmentationconditions.
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