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MANIPULATION
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LaboratoireTele, BatimentStevin, Placedu Levant,
B-1348Louvain-la-Neue, Belgium

ABSTRACT

This paperpresentsa watermarkingschemefor image or
video objects. The watermarkingof video objectsimplies
differentconstraintfrom raw watermarkingnethods.The
mark hasto be detectedafter objectmanipulationssuchas
rotations,translationsand VOL modifications. To achiere

theseequirementgheembeddingchemexploitstheshape

of the object: a randomsequencés transformedo fit the
scaleandthe orientationof the object. The detectionof the
mark is performedapplying an inversetransformand cal-
culatingacorrelationbetweertherandomsequencandthe
warpedobject. Our resultsillustrate the fact that the pre-
sentedmethodis robustto objectmanipulation.

1. INTRODUCTION

With the emegenceof new multimediastandardsuchas
Mpeg-4andJpeg-2000 thenotionof video-objecbrimage-
objectis moreand morewidespreadl1]. Consequentlya
needto protectthe differentobjectsof animageor avideo
appeared.The watermarkingtechnologiessnablethe em-
beddingof an unnoticeable andindelible markinside mul-
timediacontentssuchasimages,videoor audio[2]. It ap-

pearghatthenew multimediastandardarestronglybounded

with watermarkingnethods For example theMpeg-4 group
designedan IPMP (Intellectual Property Management &
Protection) layerpresentingawatermarkingtructureto per
mit monitoring,copy controlandfingerprintingMpeg-4con-
tents[3].

This paperis devotedto presenta new video-objectwater
marking schemethat canbe employed to protectstandard
allowing interactionwith visualcontentandobjectmanipu-
lation.

1.1. Video Object Watermarking Context

Objectwatermarkingis quite differentfrom bit-streamor
compressewatermarkingdf imageor video. In thefield of
objectwatermarkingtheembeddednarkhasto bedetected
afterobjectmanipulationsuchas:

*Thisresearclwassupportedy the EuropeariST Aspis project

e Theinsertionof amarkedVideoObject(VO) in aset
of otherVO (namedVOL in the Mpeg-4 context to
denoteVideoObjectLayer).

¢ A shifting operationappliedto themarkedVO inside
theVOL.

e A rotationor ascalingof theVO.

Differentapproachefave beendesignedo enableMpeg-
4 watermarking. Barni et al presentech methodto mark
Video ObjectPlans(VOP)[4]. Theembeddingf the mark
is performedmodifying selectedgair of DCT quantizedco-
efficientsin eachVOR The selectionof the marked macro-
blocksis performedusing a pseudo-randonsequencend
consequentlyhe detectionof the markis dependanof the
Mpeg-4 format.

Piva et al developedan additive embeddingschemein the
wavelet domainfor Mpeg-4 video streamg5]. The detec-
tion of the mark requiresthe decompressiof the video
andis invariantto formatcorversion.The schemas robust
to objecttranslationandVOL modification. It is important
to point out that thesedifferentschemesare not robust to
objectmanipulationsuchasscalingoperationsr rotations
becausén thesecaseghe synchronizatiorof the mark can-
notbeachieved.

The proposedschemehas beendevelopedto enablesig-
naturedetectionafter objectmanipulations.We focus our
worksonproviding anautomatiovatermarkingschemeable
to orientateand scalethe signatureaccordingto the object
shape Contraryto still imagewatermarkingschemesobust
to geometridransformationdy embeddingan artificial in-
formationto retrieve thetransform[6][7], ourapproachsto
boundthesignaturewith the objectcontent.Sucha scheme
belongsto second generation watermarkingscheme$3][9]
wherethe video contentis usedto enablethe synchroniza-
tion of themark.

1.2. Signatureorientation

To detectthe signatureanddecodethe embeddednessage
after VO rotations,we have decidedto orientatethe signa-



ture accordingthe principal direction of the objectshape.
We decidedto employ Principal ComponentAnalysis to
reachsuchobjective and obtainthe principal directionsU
andV of theVOP[1( (vectorsU andV denoteglirections
providing maximalvarianceof thedata).In this contet, the
setof datais representedtby a setof 2-D randomvariables
mi(z;,y;) thatbelongto the objectmaskM . U andV rep-
resenconsequentlyheeigervectorsof the2 x 2 covariance
matrix C'(O).

The main direction of the VOPR, denotedacpa, repre-
sentstheanglebetweerthe eigen/ectorﬁ andthehorizon-
tal directionof the objectplan, denoted:

acpa = (i;0)mod(r)

Sucha procesgermitsto obtaina sharporientationof the
videoobject. Takular 1 illustratesanglevariationin degrees
for differentobjectsrotationsof 40 degreemultipleson the
“Bream” VO. Resultsndicatethefactthatthepresenteas-
timator is extremelyaccuratgmeanprecisionis over 102
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. Signaturescaling

To enablethe detectionof the markaftera VOP scalingop-
eration,we extract a specificvalue of the VOP scalefrom
thePCAanalysis.
Supposinghat the VOPR, denotedO, hasbeenscaledby a
factors, thevalueT'(O) representarealproportionalto the
VOPscale.Given:

Bl

I'(0) = (A (0) + A2(0))
We obtain:

(M (sO) + Ao (50)) %

(M(0) + X2 (0))

I'(sO)
r(0)

Table?2 illustratesthe capacityof the proposednethod
to estimatethe specificscaleof the VOR Our testswere
appliedon the “Akiyo” VO for scalefactorsvarying from
110 0.2. In all configurationsthe estimationerroris under
10~2 andconsequentlyhis scaleestimatoris reliable.

2. EMBEDDING SCHEME

Our embeddingschemecan be consideredas an additive
schemewith the particularitythat the signatureis inserted

s(%) |1 08 |06 |04 |02
T(sO) | 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 anappropriataeferentialdependingn the objectshape.
This schemecanbe decomposeih six differentstepillus-
tratedon Figurel:

1. Aspresentedh theprevioussectionaprincipalcom-
ponentanalysisis performedon the VO binary mask
0. Valuesof acp4 andI areextracted.

2. A randomsequencédenotedS), composedf a set
of {+1,—1} spreacn2 x 2 blocs,is generatedrom
asecrekey K.

3. S isthereafterscaledandrotatedusingacps andl
to obtaina sequence’. Eachcoordinate(z’,y') are

givenby:
z | r| cosa —sina T — T,
y | sin a cos a Y — Ye

w55+ (5)
Ye Y—Yc Ye

1)
where(z.; y.) arethecoordinatef thecentreof grav-
ity of theVOPshape.
We after proceedto an interpolationprocesausinga
spine-cubicconvolution kernelto presere the high

frequencie®f S.

4. S'isthereaftemveightedby avisualmaskdepending
of VOPluminanceto obtainthesequence! . We ex-
ploit the factthat the humaneye is lesssensitve to
contrastin dark or bright areasthanto middle lumi-
nanceareas.

5. S, is finaly addedto the objecttexture to createthe
markedobject.

3. DETECTION SCHEME

As in classicaladditive schemesthe detectionof the mark
is performedusing a correlationcriterion. The detection
procescanbedividedin five stepsillustratedon figure 2.

1. Asin theembeddingschemepnesequencé is gen-
eratedusingasecrekey K.

2. We transformthe object texture to obtain an object
O, in suchawaythatO,, orientationis null andO,,,
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Fig. 1. Signatureembeddingscheme.

scaleis equalto 1. This operationis equivalentto
invertequationd.:

e (rea [T
(2)

3. A Wiener predictionis appliedon O,,, to minimize
the texture contribution of the original objectbefore
the correlationcomputatiorf11].

Qa~a >~

4. The correlationvalue corr betweeni andthe ran-
domsequencéV is evaluated::

corr = Z W (i, 5)W (i, 5)
(4,5)€0

5. Thecorr valueis stokedin anaccumulatiorvariable
corr 4 initialisedto 0. corr 4 is thereaftercompared
with a thresholddependingon a false-alarmproba-
bility A(pfe). In the caseof corra > A(py,), the
signaturds consequentlyletectednsidethe VOR

4. RESULTS

We havetestedhepresentednethodontheBreamsequence,
composeaf 300framesin a CIF format( 352 x 288) using
a 4:2:0 sampling. Only the luminancecomponentf the
differentframesare marked. The Bream sequencés com-
posedof two video objects,a fish denotedi” 041 delimited

Marked VOP

VOP binary mask

Secret Key

By s
Initial Random
Sequence

Decision

Fig. 2. Signaturedetectionranddecodingscheme.

by a272 x 185 boundingbox anda backgroundepresent-
ing the aquariumdenotedV O;,. Only V' O;2 is markedin
thesestests. The final decisionis determinedby the sum
of correlationsobtainedfor eachsequencé/OP The eval-
uationof the proposedschemavas performedfor different
VO manipulationsand different bite-rates. The bite-rates
have beenchoserto representawide variety of multimedia
applications.1Mb/sec,800Kb/sec600Kb/sec,400Kb/sec
and200Kb/sechave beenused.Themarkedsequenceloes
not have noticeabledifferencedrom the original one,even
in its uncompressedersion.

TheVO manipulationghathave beentestedare:

e VO scalingof 40%
¢ VO rotationof 20 degrees

¢ VO masksub-samplingvith afactorequalto 8 pixels,
thisis commonlyusedto performlossycompression
of theVVO shape.

We have performeda statisticalanalysisof corr 4 to deter
mine a false-alarnthreshold.In theseteststhe false-alarm
probability was fixed to 10~7. The different correlation
valuesare sum-upon Fig. 4. Thesegesultsillustrate the
fact that our detectionschemeis robust to bit-rate reduc-
tion for very low bit-rates.But the mostimportantproperty
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Fig. 4. Signaturedetectionresultsfor differentbit-rate.

of the presentednethodis his robustnesgo scalingof ro-
tation operationsfor differentbit-rates. Finally the mask
sub-samplingperationby a factorequalto 8 seemdo not
affectthedetectiorprocessn animportantway. In ourfutur
workswe will concentratghe testson real new segmenta-
tion conditions.

5. CONCLUDING REMARKS

The mainideaof the presentedaperis the useof Princi-

pal ComponentAnalysistools to performsignaturedetec-
tion after Video Objectmanipulations.VO boundaryanal-

ysis permitsto obtain orientationand scaleinformation of

the VO. We have usedthis informationto createa additive

schemehaving low computationatompleity that permits
the detectionof the mark after geometricalmanipulations
or shapamadifications.Our futureworkswill bedevotedto

developembeddingn the compressedomainandtestreal

segmentatiorconditions.
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