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ABSTRACT

The purpose of this paper is to propose a cologansatermarking scheme based on an image depecalentgamut
sampling of the L*a*b* color space. The main motiga of this work is to control the reproductionaflor images on
different output devices in order to have the saoler feeling, coupling intrinsic informations olmetimage gamut and
output device calibration. This paper is focusestlff on the research of an optimal LUT (Look Upbleg which both
circumscribes the color gamut of the studied image samples the color distribution of this imagkisTLUT is next
embedded in the image as a secret message. Thefwiof the watermarking scheme is to modify thepvalue of the
host image without causing any change neither agemnappearance nor on the shape of the image gamut.

Keywords: Image watermarking; Color quantization; Gamut Skmg.

1. INTRODUCTION

The idea of this paper is to focus on three sté@samlor imaging system (see Fig. 1). Firstly itmage is captured from
an input device, e.g. a digital camera. Input databy definition represented in a device dependeltr space, e.qg.
RGB. The RGB data are device dependent, since @no#pturing device may produce other RGB valueshi® same
scene. Therefore, a transform needs to be useshtpensate for any colorimetric differences betwesginal data and
captured data, e.g. a gamma correction. Next, ansetransform is used to watermark input data temt captured
image from illicit copy or to embed some charastérs data from input values into output valuesstlya the image data
are transformed and then reproduced on a displaigalee.g. a CRT display. Therefore, a third transf needs to be
used to compensate for any colorimetric differenoesveen capturing and display device, e.g. a gamwnaction.
When using either another capturing device or aratisplay device, a new color transform has tddeloped. Such a
problem may be solved by a color management proddss aim of color management is to control colmages
reproduction on different display devices. To re#itil goal each device needs calibration to budthtforms from a
device-dependent color space to an independenvhizh offset and correct small color variationsider to have the
same color feeling on any display device (see BEigMost of management methods are based on thefyssametric
models or LUTs which are determined during the abi@rization step to calibrate output devices. Muvee, it's well
known that each output device is limited by itsocojamut. So they can only display a small amodntators, in
regards to the spectrum locus. In order to redeeolor differences between one device and anotieras well as to
minimize the color differences between an imagegeed by a Human Visual System and the same imggeduced
on an output device, the use of a gamut mappingtifumis necessary. Such a function enables to thrjgolor gamut
of the input device (e.g. the capturing device) itfite (often reduced) color gamut of the reproductievice.

The purpose of this paper is to build a color imaggermarking scheme based on an image dependiemtgamut

sampling of the L*a*b* color space. The main motiwa of this work is to control the reproductionay color image
on different devices to have the same color feedingny output device. This paper focuses on theareh of a specific
(optimal) LUT which both circumscribes the colomyat of the studied image and samples the coloriloigion of this

image. In order to optimize the model determinafiom to minimize the errors of interpolation)ethUT computation

needs to be done in an perceptually uniform coparce, such as CIELAB, because equal Euclideanndissain this

color space represent equal perceived differencappearance. Let us note that the use of CIELABr&pace means
that we have information on illuminant and primarie.g. that we know which lighting source and trghevice had been
used to capture the picture and which output deidcesed to display the picture, that's why we &ai&ing about

intrinsic information.

The main contribution of this paper is to use aanatrking technigfewhich enables to embed into an input image the
LUT computed specifically for this image. The piple is to modify the pixel value of the host imagihout causing



any change in appearance (i.e. to minimize chamgés colors distribution), and without causingyarthange on the
shape of the color histogram. This LUT can be amsid as a secret message that we embed in thedagu In a
general way, the LUT extracted from the watermarkadge is identical to those directly computed frtira original
image (i.e. before embedding the watermark). Iriotases, the watermarked image may be alteredabyious attacks
or simply by image processing (e.g. JPEG comprajsiben we can not retrieve from the watermarkedge the LUT
embedded. To strengthen the robustness of the elimgedrocess the LUT is embedded several timesth@amage.
The proposed scheme extends some image watermadtiiegnes based on vector quantizatibhe most commonly
used approach to provide image copyright protedsatigital watermarking. Two categories of waterkiiag schemes
can be used: spatial domain watermarking schenwsransform domain watermarking schemes. In spdt@aiain, the
watermark is directly embedded into the host imdde main constraint of the spatial domain watekingrschemes is
to minimize changes in appearance. The main adgantathat computational cost is lower than for ttemsform
domain watermarking schemes. In previous Wonle proposed to use thE" ., color distance to minimize the amount
of distortions between the original image and tleéenmarked image. This color distance was usedijtsthe value of

watermark pixels in function of the sensitivitytbg visual human system.
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considered in this study. color transfotms

In the following sections, we describe briefly thatermarking technique that we have developed.ebtiagn 2 we
describe the method we developed to compute a Lhithaboth circumscribes the color gamut of the immatydied and
samples the color distribution of this image. Thisthod is based on an image dependent color gaampli®g in

L*a*b* color space. In section 3 we describe thetemmarking method developed to embed into an ime@addJT

computed specifically for this image. Next we ddsethe extracting method developed to extracttt& embedded in
a watermarked image. Lastly, in section 4 we hadésaussion on compromises we propose betweenspegcicolor
histogram and color gamut preserving.

2. THE SAMPLING PROCESSUSED

The color sampling technique that we propose isdbas six steps. The aim is to select some repiasancolors (i.e. a
color palette) specific to the image studied. Tdubor palette consists of a limited number of reprgative colors, each
having three dimensions for RGB-color images, whiah be considered as a codeword in the codebdukfifst step
consists on a uniform sampling of L*a*b* color spasased on a sphere packing technique (see Keplemjscturé)
constraining each sphere's center to be at egstndie from it neighbors so that all neighbors mé center form a
Johnson polyhedr8nSo, each sample of the grid is surrounded bydlédestant samples. The second one consists on
removing all samples which do not belong to the glaof the L*a*b* color space. The third one consisin over-
sampling the L*a*b* color space when the color disition around a sample can not be correctly regwed by only
one sample. The main advantage of this proce$misme can improve the discretization accuracy wiliteis necessary
without increasing computational time too much. Téwth one consists on sub-sampling the L*a*b* eadpace when
the color distribution around a sample is emptye Tifth one consists on the selection of tAe®st representative color
samples among those previously defined. The lat@stconsists on refinement of this set of colorsriher to make it
more representative of the color image gamut. Aenaew of this sampling scheme is given in Fig. 3.
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Fig. 3: The overview of the proposed sampling sahem

This sampling process is based on a split and reesigategy. The main criterion used in the propasedpling scheme
is the CIE AE" ., metric. To sample uniformly the L*a*b* color spaeee have used a hexagonal grid such as each
sample of the grid is surrounded by 12 samples avitlistant equal tg_, (6 in a*b* plane, 3 in the upper L* plane and

3 in the lower L* plane). The proposed uniform séingpprocess is parameterized by the distance valuebetween
two samples. The smaller the, value is the finer the sampling of L*a*b* color sigais. By construction, the number
of color samples increases inversely proportiontdlythe ¢, value (Fig. 4). In our process the number of sample

computed has been restricted to the only sampliesdiag to the color gamut of the L*a*b* color sgad et us note
that the smaller thgy  distance is the higher the computing time is. Ttwigh d, =9 We have obtained N= 1444

samples in around 1 s, meanwhile with = g we obtained N= 4835 samples in around 4 s.
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Fig. 4: Examples of uniform sampling of L*a*b* calepace based on a hexagonal grid.



The sampling process thus defined enables to desaplor palette overlapping entirely the color gawf the L*a*b*
color space. In order to reduce the size of thiercpalette to a given number of representativeorsplwe have
developed a method based on color image quantizatiet be{fsj} the set of color selected by the uniform sampling
process. Considering that these colors are repatsenof the L*a*b* color space, we have computedeach coIor(’j'i

the closest representative color gy minjzo___K_lAE*ab(g 5).

(]

In the worst case, the maximal error that we care Haetween the original color of a pixel and thesest color of a
palette computed with our uniform sampling procésd)y construction the isobarycentre of a regplmamid defined
by dy ©09d, V2 One way to reduce the mean quantization errtar iiscrease the number of samples around samples

for which the mean error is too high rather thagréasing globally the number of samples in decngasihiformly the
distance between them, as we do in over-sampliagsthdied sample neighborhood WHQ/3.by using the Johnson

polyhedron number 27. Initially each sample hadsagples in its surrounding at a distanceqof, now it has 12
samples in its surrounding at a distancg 9;3. The maximum quantization error, after over-sanmlis around, /3"

In order to reduce the average error of our unif@ampling process, we have fixed the following d¢amst. If

averagg/g}AE*ab(é:,ﬁ)>25’ﬁ> d, /N2 then sub-sample the hexagon centerecﬁoNVhere{gl/ﬁ} represents the set of color of

image | for which the closest color in color padeit the color|'5;. This constraint determines which areas must to be

sub-sampled or not according to the color imagégibigion is centered or not on palette’s colorsofher interest of
this over-sampling is that it enables us to reciaraputational time and to break the regularityhaf sampling scheme.
Consequently to sample the L*a*b* color space vétlprecision of; =3 for example, we have developed a process

which firstly uniformly samples this color spacettwa precision ofy -9, next over-samples this color space with a
precision of ,/3=3 and a sampling factor of 12 (for the worst caSe\eral studies had shown that under a precision of
d,, =2 the errors of quantization are imperceptible fbservers and that with a precision oof:3 the errors become

perceptible but are not annoyfndt seems therefore that a good compromise betywesision and computing time can
be obtained with /323 and a two steps process based on a uniform sagriplilowed by a sub-sampling process. In

order to reduce the size of the color palette withiocreasing the quantization error, we have fixieel following
constraint: If .4rg {&/B}=0 then removeﬂb’j of color palette. This second constraint enatbesemove all useless color
i/

samples of color palette.

Let card {5/5} be the probability of density of the sampfﬁ'e defined in function of the number of
Density(P,)= Yolipp !
™ e cara (E78)
colors of the original image distributed aroundreaample. Whereg44 {&/k} represents the number of colors of the

original image closer oi5'j than any other color sample, aggd, card {&/k} represents the maximal number of

colors of the original image linked to the same gl@mThe higher this density estimation is, thehkigthe studied color
sample is representative of the original imageespect to this criterion. This density based ontthdimensional
histogram, is the most commonly used criterionuamgizatioin algorithm and influence gamut mappatgprithnt.

Let be the relative probability density of the sam;ﬁledefined in

Density(P, )= 1-average ¢ AE‘ab(é', , ﬁ )/AE' ma{ﬁ}

max._o . (1— average ¢ AE‘ab(g, , F%)/AE‘ max{gk})

function of the density distribution of other saewl This density represents the relative dispersiooolors of the

original image around the sample. Wher?_;dverag% by OF ¢ 5)/AE, 8} represents the probability density of the
/‘ ab\is max | Fj

sample defined in function of the distance froﬁ‘ﬂ to colors; pe", {5} represents the maximal distance between a

color and a samplq’si; and represents the maximal probability density of

M@y k4 (1—averag%>l/gk} AE*ab((g , ng) AE*max{lgk}j



samples. The higher this density estimation is hilgber the studied color sample is representatithe original image
in regards to this criterion.

t Densmé(P,):%iso (S/IEJ) be the relative spatial density of samﬁle Considering that the color of a pixel
corresponding to a low frequency shift (homogeneasas) is perceptually more important for an oleethan those of
a high frequency shift (as a "border" of a regiorthie image) we have defined this density criterion to weite
spatial frequency shifts of all colors linked tackaample. Considering that the probability that tensecutive pixels
have the same color is low for a “true color imafjeg. a 24 bit image), we have considered that@trs included in a
sphere of radius 1 (in L*a*b* color space) have #agne color. Wheres' (@): (2511)2 Z Zslf (p+1.q+m) represents the
spatial density of pixel of coordinatgs; and of coIord;‘l; and (2s+1, 2s+1) Fepresents the size of the spatial mask used to

analyse neighborhood pixels. In this study s=3, i@ mask 7*7, f is a weighting function defined

byf(p+|q+m)_{1 it aE,(M(p.a) [(p+1.q+m)<1. The higher this density is, the higher the studismnple is
' “lo else

representative to the original image in regardhicriterion.

We have combined these three density functionstitegdo order samples from the most representdtivihe less
representative. The idea is to reduce the numbsamiples to the most representative ones. To davéhdave defined

the following function ‘DensityP, ) = Density(P, )+ Density(P, )+ (L~ Density(P, )}* Density(P)

Let us note that most of quantization algorithmsdusnly the density 1, or for some of them the diessl and 3. In a
general way these algorithms give more weight tasig 1 than to density 3. In order to give moreghéeto density 1
than to density 3, we have used the third kindoshlsination. We have thus weighted the density theydensity 2 and
weighted the density 3 by (1 - density 2). In thaty, a sample is considered as representatives ibdturrence’s
frequency is high (i.e. the density 1 is maximal}he image and if the set of pixels it represémtthe L*a*b* color
space is compact (i.e. the density 2 is maximal)suich a case the density 3 is not determiningerkaly, if the
occurrence’s frequency of another sample is lower that the set of pixels it represents in the b*atolor space is
dispersed (i.e. heterogeneous), then the samplbecapvertheless considered as representativeeiiesents connected
areas in the image (i.e. the density 3 is maximalsuch a case the density 3 plays a more importde. Moreover,
This combination of density is image adaptive,tsavoid us to give some fixed and useless parametithin a linear
combination.

Next, we have applied the following algorithm:
*  While N >2" remove the color sampl{e; D{,g’i} defined by:afgmin,:g,‘.m Densit)(pj)
* theny=nN-1
» then redistribute image’s colors which have losirtleader sample.

The aim is to reduce the size of color palette givan number (e.g. n = 8) of representative coselected among those
previously defined by the sampling process. As glansee Fig. 5, after sampling wighf/?,:2 (4 j3=3» respectively),

we have obtained a color palette of 5717 color&91@olors) and a quantization error equal in averagl.33 (1.88).
Next, with a color palette reduced to 256 colors,hvve obtained a quantization error equal to 2237). Let us note
(compare Fig. 5 (b) and (d), next (c) and (e)) tha&t gamut of the color palette has been unforaéipatduced by
selection of most representative colors in regémdshe color gamut of all color samples. The probis that nor the
three criteria above defined; nor the constrairdvipusly used to select the most representativergohas been
explicitly defined to preserve the shape and the sf the gamut of the palette. In order to comptnshis drawback,
we have introduced another criterion based on theNboi’'s partition. This criterion is use posteriorito refine the
color palette.

Let compacity (P, )= v (s8R )VE®) be the relative compactness of the sarﬁipleiefined in function of

( .
max o, k-1 (V(s(ﬁ’Rk )) / V(C('S'k )) )

the density distribution of colors of the originatage represented by this sample. This compactregsesents the




relative density of colors of the color paletteard this sample. Where\,{s(,l_t:“Rj)) represents the volume of the sphere
s(¥.r,) centered onp and of radius, meang 5, 08" (€, ) viclg) represents the volume of the Voronoi's celj

centered onS’J_ after partition of the L*a*b* color space fron{ﬁj}o and s (VSB.R) / vE®B)) represents the
maximal compactness of color samples{,gj{..The higher this compactness estimation is, the the weight of the
studied color sample is important in the computatbthe color gamut of the color palette{ﬁjfi}o.ln the assumption or
two color samples o{,gj}oare less distant thag_ /3 (or less distant than 2 gf <) then we can consider that one of
these two samples may be withdrawn of the{Sj(}ot and replaced by another sample{,hj&} more relevant in regards to

the color gamut of the image studied.
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Fig. 5. Example of color palettes in L*a*b* colgrace.

Let

Eccentricly(lgj) =10-

d(,';j 'CH)J be the relative distance from the samb’jleto the convex hull of the gamut g!ﬁ}
10 x

dmax/z

discretized on 10 values. Whe&@; CH ) represents the color distance of sambjleto the convex hull of the gamut of
i |

{,5}, d,..(cH,) represents the maximal diameter of the convexdfithe gamut 0{}5‘]} and| 4| the integer value of. The

higher this eccentricity is, the higher the studsagnple plays an important role in the computatibthe shape and of

the size of the color gamut {ﬁ} Next, we have applied the following algorithm:

Stepl:order{,yj} in a pile according to the two following criteristly from upper to lower eccentricity value ceadly

from upper to lower density value in regards,{Qsi, (p )+ pensity(p )-

Step 2 if two samplesﬁl' and |5;of {,5’1} are less distant thag /3 (or less distant than 2 if <¢) then: if
0 ref ref

Compacity (P,) > Compacity (p,) then Withdrawﬁ: of {£} and replace it by the sample at the top in the Re-iterate 2).
With such a process we preserve better the shapéarsize of the gamut of the palette in regandbié shape and the

size of the gamut of the studied image. Anothersequence: the maximal error decreases but withndispef the
average error. Let bﬁ} the new color palette defined by this process.eAample, let us consider the Fig. 5 (a)



sampled withg =9 and 256 samples, then we note that, after refinewiethe color palette by the compactness, the

gamut of the palette has increased of 12 point$6(6@8%) meanwhile the average error has increfrsed 2.37 to
3.22. Let us now consider a sampling with =, after refinement of the color palette by the canify, the gamut of

the palette has increased of 32 points (75% / 48&gnwhile the average error has increased fromtd.2310 (see Fig.
6). These results are better than the previous mnesgards of precision but are worse in regaocdsamputing time.
That is, in regards to gamut conserving, resulsbetter. Let us now consider a sampling wjth-g and 512 samples,

after refinement of the color palette, the gamuthaf palette has increased of 41 points (100% /)58&anwhile the
average error has increased from 2.09 to 4.16.€Thesllts are not better than the first ones with=g in regards of

precision and are worse in computing time but @eybetter in regards to color gamut. Let us lastlysider a sampling
with ¢ _ =6 and 512 samples, after refinement of the coloetpalthe gamut of the palette has increased ofrit 75%

| 74%) meanwhile the average error has increased .78 to 2.26. These latter results are sligh#tter than the
second ones in regards of precision and are woarsemputing time; but are really better in regat@msolor gamut.
Consequently, the increase of number of sampleslenao better preserve the gamut of the imageestuespecially
when ¢ is low. This increase is done with depend of cotimgutime but has no influence on precision. Likesyi

results that we have obtained have showed thatetter value forg  is image dependent.
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Fig. 6. Color palette in L*a*b* color space of im@farrots sampled with 256 color before and atimement of color palett?g}

has been computed wimer =g. The volume of each color set has been comput#tkih*a*b* color space from the convex
hull corresponding to the set studied.

3. THE EMBEDDING SCHEME USED

The LUT that we have computed is now used as @&sewssage. In this section, we describe how teedrtiis LUT
into an image and how to strengthen the robustoed®e embedding process in embedding several ttheesame LUT
into the image. An overview of the proposed wateknenbedding scheme is given in Fig. 8 (a).

Let us suppose that each color of the original enegcoded in RGB with 24 bits then to store a cplalette of2"
colors coded in RGB we need"24) bits. If we want to store this color palette witets of2? bits (e.g. a= 8 for an
octet, or a=2), then we neegk 22 bits, Wherebz(znx24)/ga.Let us suppose now that we want to embed all pigélan
image with 22 bits per pixel from the color palette under stuthen we can embetl times this color palette, where
o XXy and xxy is the size of the image. For example, in a cotmge of sizezsex256, we can embed about 10
2" x24)/2°

times a color palette afse colors with1 bit per pixel and about, times a color palette with bits per pixel. With a
color palette ofig2. colors we can embed at most 2 times such a calettp withy bit per pixel and abouto times this



color palette withy bits per pixel. The more we embed bits per pitkel, more we can store several time the color galett
in the image. Inversely, the more the size of thlercpalette is, the less we can store several tiiseLUT in the image.

For security considerations, the colors of the tbalare ordered differently for each use of the LWTpseudorandom
number generator (PRGN) is used to rearrange tloescof palette. Thus, the sequence of bits useshibed the host
image differs for each use of the LUT. All pixel§ the host image are embedded. For security coratidas, a

pseudorandom number generator (PRGN) is used &rndigie the positions of the pixels that are embddule the

watermark bits computed from the LUT previouslyided.
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Fig. 7. Color palette in L*a*h* color space of imagarrots watermarked with 1 bbp, 4 bbp and 7 bbpectively{g} has been

computed for 256 color samples, wgh g, Without refinement of color palette. Color diffases between the original image
(I) and the watermarked one (W) had been compuited py pixel according a logarithmic.

Let be P the position of thej* pixel of the host imagq’,j’j the color of pixel|:>j in the host image; the size of the secret
messageam that we want to embed into the pixel of positipjn(bxza represents the size of the LU'WJ; the color of
pixel p in the watermarked image. For each piRelit is possible to find a colqﬁj such as|ae, (&, W )xc] mod 22 =m



(1) WhereAEab(gﬂ \M) represents the color distance betwé'?rand\ﬁj, and| | is the integer function and is a scaling
factor constant. The watermarking scheme proposadists to watermark each pixsjl+1 in function of the color of the
pixel P such as each pixel of the host image is watereghdaly one time. Let be W the watermarked imadee T
embedding process consists 8tep 1 find the color\/(iJ which satisfies the criterion (1) and which mirzes the
distanceAEab(é’]ﬂ’ vV,) in order to minimize the changes of color dueh® watermarking scheme proposed. That is to say,

find the color\ﬁj which satisfies . Step 2 change the colof;'j+1 of pixel P by VVJ. in

:argmin{& 1 06w(@ Vi b moa 22=n] AEab(gjﬂ' WJ)
the host image.
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(a) The watermark embedding procedure (b) Therwetek extracting procedure

Fig. 8. The overview of the proposed watermarkicigesne.

As we can see on Fig. 7, under 4 bbp the origindlthe watermarked images can be considered asptitrly identical.
Likewise, their histogram can be considered aslaimiwo examples of color histogram are given ig. ® and 10.
Note that in order to compare color histograms weehused thearth mover's distanéeInversely, the gamut of the
watermarked image is by construction bigger tharsehof the original because the watermarking psobas generated
new colors which do not belong to the original irfag\evertheless, let us note that we can find at@rgamut of the
original image from the watermarked image in extracthe LUT of the original image embedded in watermarked
one. Above 6 bbp differences become more noticeabfeecially in homogeneous areas.

The structure of the watermark extracting procedsigefined by the structure of the watermark erdbeglprocedure.
An overview of the proposed watermark extractingcpdure is given in Fig. 8 (b). To extract the watek, the user
needs to know: the secret key used to determinpdb#ions of pixels embedded, andthe secret key us determine
the sequences of bits embedded. The watermarktietés blind, i.e., the original image is not nedd The extracting
process consists oBtep 1 use the PRNG to determine the positions of pikeds contain the watermark bitStep 2
extract the watermarks bits (i.e. the messageembedded in each pixel from the criterion @fep 3 use the PRNG to
determine the sequences of bits used to embedpiks of the color palett&Step 4 extract each copy of the color
palette (the size of each sequence of embeddiagsbéqual ta2"), from all these copies compute the color palesied
to watermark the image.

In a general way, the LUT extracted from the watmikad image (LUTL1) is identical to those of thégoral image
(LUT1). In other cases, the watermarked image negltered by malicious attacks or simply by imaggcpssing (e.g.
JPEG compression), or by color management (e.gugamapping), then we can not retrieve from the wateked
image the LUT embedded. Let be LUT2 the color palet the watermarked image directly computed ftbenimage as
for the original image. As we can see on Fig. 9 Bhdthe LUT extracted from the watermarked imaoguiite similar to



those of the original image. More exactly, the cdiistogram from the quantization of watermarkedde with LUT2 is
quite similar to the color histogram from the quzation of the original image with LUT1 even if teeze of the gamut
is bigger in the former case. Likewise, in a gehesay, the LUT of the watermarked image (LUT2) isitg similar to
those computed after extracting the watermark (LU Ta case of image modification (e.g. contrash&mcement), then
either only some copies of the color palette camtieacted from the image considered or none céplgeocolor palette
can be extracted among all sequences of embediiglib such a case, we consider that the imagdiestus not in
conformity with the original one in regards to thatermarking process applied.
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Fig. 9. Color palette in L*a*b* color space of imaBarrots sampled with 256 colors a@rg =g (LUT1), of the watermark extracted
of image watermarked with 1 bbp (LUT1’) and of watarked image sampled with 256 colors @19:9 without extraction

of the watermark (LUT2). For color histograms, vavé associated at each color a sphere for whichitleds proportional to
its occurrence’s frequency.

4. DISCUSSION AND CONCLUSIONS

The purpose of this paper was to build a color ienagtermarking scheme based on an image dependentgamut
sampling of the L*a*b* color space. This paper fees on the research of a specific (optimal) LUT civhboth

circumscribes the color gamut of the studied imageé samples the color distribution of this imageisTLUT will be

used to find a model which will allow to estimatgth a strong reliability, the color distributiorf the input image. In
order to optimize the model determination, i.emioimize the errors of interpolation, the LUT contgtion was done in
the CIELAB color space.

Several compromises had been considered in thdy.stu

* The first compromise concerns the distance value.Hake shown that in a general WiY3=3 OF 4322 is a good
compromise between precision and computing, aridltieechoice of; ' value is also image dependent.



» The second compromise concerns how color sampeslefined. Rather than using a uniform sampling,haee
developed a two-steps process, based firstly omifortn sampling next on an image dependent adapiver-
sampling, in order to break the regularity of taepling scheme.

The third compromise concerns the number of reptatige samples. We have shown that the increaseimber of
samples enables to better preserve the gamut afrthge studied especially wh%q is low. This increase is done

with depend of computing time but has no influenoeprecision of sampling. Inversely, it has inflaeron precision
of interpolation between samples. Let's specifyt tee computationnal time of the first selectionsafmples, i.e.
before refinement, is nearly independent of the memof required samples (under the constraintwlitt f value we

have a sufficient number of samples). In other cdsenumber of required samples influences thepcational time

of the refinement. The more we need samples, the smmputational time increases (moreover it imariced by the
value).

dref

The forth compromise concerns the criteria usedhtaracterize a representative color sample. Remase colors
have been defined in function of three density peters which have been combined together. We hansidered
that a sample was representative firstly if itsuwoence’s frequency is high in the image and if $keé of pixels it
represents in the L*a*b* color space is compacdkeliise, we have considered that a sample was eietive, even
if its occurrence’s frequency is low and that tleé af pixels it represents in the L*a*b* color spas dispersed (i.e.
heterogeneous), when it represents connected iardesimage.

The latest compromise concerns the color gamueprigg) in regards to the color histogram preservRather than
preserving the gamut, we have preferred preseevetibpe of the color histogram because this lmifleences greater
the result of gamut mapping processes. We have thenassumption that when two color samples areclosed we
can consider that one of these two samples mayithedrawn and replaced by another sample more retamaegards
to the color gamut of the image studied. We hawezetiore defined two criteria. The first one based\ronoi’s
partition characterizes the compactness of thergdmut. The second based on the convex hull catipotenables
to preserve the shape and the size of the gamuhamde shown that the use of these two criteria lertabreduce the
maximal error but with depends of the average ekt have therefore weighted their influence irirgivmore weight
to the three criteria described above.
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Fig. 10. Color palette in L*a*b* color space of inedParrots sampled with 256 colors aar(ejf =9 (LUT1), of the watermark
extracted of image watermarked with 4 bbp (LUTXiflaof watermarked image sampled with 256 colors @Qd__g without

extraction of the watermark (LUT2). For color higtams, we have associated at each color a sphekghfoh the size is
proportional to its occurrence’s frequency.

The watermarking technique used consists to emftedtie host image the LUT previously computed auithcausing
any change in appearance and without causing aaggehon the shape of the color histogram. To stnemgthe

robustness of the embedding process the LUT is dddskseveral times into the image. In a general, Way LUT

extracted from the watermarked image is identicathiose directly computed from the original image. (before
embedding the watermark). In other cases, the wmatded image may be altered by malicious attacksiraply by

image processing (e.g. JPEG compression), thenawenot retrieve from the watermarked image the ledibedded.
This enables us to prove that the image has beddifigth Likewise, in a general way, the LUT of thatermarked
image (directly computed from the image as fordhginal image) is quite similar to those of thégoral image. More
exactly, the color histogram of the latter LUT isitg similar to the former one even if the sizehed gamut is bigger in
the former case.

REFERENCES

1. J. Morovic and M.R. Luo, The Fundamentals of @amapping: A Survey, Journal of Imaging Sciencel an
Technology, Vol. 45, N° 3, (2001) 283-290.

2. G. Chareyron, D. Coltuc and A. Trémeau, Watekingrand authentication of color images based gmsatation
of the xyY color space, Journal of Imaging Scieand Technology, Sep. 2006.

3. A. Makur, S. Sethu Selvi, Variable dimensionteeqquantization based image watermarking, Sigmaté&ssing,
Vol. 81, N°4 (2001) 889-893.

4. P. Tsai, Y.C. Hu and C. C. Chang, A color imaggtermarking scheme based on color quantizatiognabi
Processing, vol. 84 (2004) 95-106.

5. J. Kepler, monograph, The Six-Cornered Snowflaka 1.

6. N.W. Johnson, Convex Solids with Regular FaCesiadian Journal of Mathematics, 18 (1966) 169-200.

7. S. Voloshynovskiy, A. Herrigel, N. Baumgartnand T. Pun. A stochastic approach to content agagdtpital image
watermarking. Lecture Notes in Computer Sciencd, Y668 (1999) 212-236.

8. J. Morovic, J. Shaw and P.-L. Sun: A fast, ntenative and exact histogram matching algorithnitefPa Recognition
Letters, Vol. 23 (2002) 127-135.

9. P.L. Sun and J. Morovic, 3D Histograms in Colbuage Reproduction. Proceedings of SPIE, Vol. 4@&®2) 51-
62.



