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of an optical watermark in a docunent. to Background
to the Invention Digital watermarking is a nodem form
of the ancient art of steganography, used to hide
i nformation inside ot {jgtermafiiigrat i on (i mages,
docunents, audio and video 15 data, and so forth). A
watermark is a hidden nmessage within digital or
printed nedia. Wth digital nedia it is integrated
5 \Riddotthelnwvestiomnt of the data file itself and
therefore requires no extra storage Tvvo types of
wat er mar ks exist: a vjisible water an | Slh
W aAmlon rees (o atpeATG CURE PR RS ROTTEE ol
mba@,a;tugn@ﬂt toi ATBgAem \Wdti bl dntbeddiy bBid opticah watermatk yn a
image. It usually consists of |ogo or the seal of the
'ﬂ’grﬁaﬂation that holds rights to the primary inage.
10 A visible watermark allows the primary imge to be
HabiftSundXelthe Il &itiohy narks the docunment as the
property of the organization. An invisible watermark
is an overlaid signal (nedia), which cannot be seen,
Digitalowteriperking & aleedsm form af tho ARqeniaiE i igganggraphy.gised to

WRL §hBRTKbM Glsut]@%tﬂé?ﬁﬁorhhaﬁﬂu g’és NERDmeits, dudidnrdl yiddohe
5 CRRCEnd l h o 1 il oy B

oedias Vitrdiditet rossiidit ufsoﬂeg@atecawutrethy cmterﬁ ef Pegaa fi lee’ts%jf and

Gtk iR tRra 461858, ty 30 of source, identity of

content, transaction status, ownership etc. Optical
vvaterrmrkl ng differs fromtradltl onal watermarking in
trivatypedi of wadrewna ekist: 2 xisibleotabuimar @od sn invishlg vejrrnerd| Aand

20 Wsi%l‘é at PPQ S fuled t@%l&@ﬁ’tt l%ﬁ@y\dnﬂgr 1s meﬁald e abﬂnﬁﬁtry
sSual con

rmati on o
dﬂ’ﬁgﬁi K yguallysonsigts I"U@%‘” t'%ﬁo'seﬁE% ﬂbec?fﬁ?r%z@ &]gtchg 45 é%’.“s o
A5Bage. Juviiisle watefmarkallolva rerprimary image to be viewed, but

2R

ol Sﬁ%&g%geogéléuﬁéﬂn LR biobdtly BF B SFGALaRADCAS itvhetce
r oV er mar k n?%

watermark is an overlald signal (medla) which cannot De seen but can be

25 detected algorithmically.

Digital watermarking has been used as a means to identify the owner and

distributor of the digital data. Unique codes are embedded into a digital media and

these codes can be used for a variety of purposes, e.g., date/time stamp, identity
30  of source, identity of content, transaction status, ownership etc.

Opfical watermarking differs from traditional watermarking in that the watermark
extracted occurs using optical and visual methods such as photocopying. This
enables visual confirmation of whether a document is an original, or has been

35  photocopied or scanned.



enbeddi ng into a docunent for printing. The inmage
conprising an image 5 background havi ng a average
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al so having said averageé |ntenS|ty of the first
colour. At least the indicator region intensity is
the result of a dithered arrangenent of at |east two
different intensities. The resolution of the
wat er mark i mage, the dithered arrangenent and the at
Sufiindry of thBInvBAtiomsi ti es are sel ected such that the
colour and intensity of the imge 10 background, and
the indicator region, appear uniformto the nake eye
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‘In a second preferred aspect of the invention, there is provided a method of
generating a printable watermark image for combining into a printable document.
The method comprises the steps selecting an image background colour and
intensity; filling a background region of the watermark image with the colour and an
average intené;ity equalling the selected intensity, and with intensities of individual

pixels falling within a background intensity range.



equal ling the selected intensity, but with the
intensity of individual pixels falling wthin a range
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the resolution of the inage, the dithered
arrangement, and the two or nore intensities are

sel ected such that the colour and intensity of the

i mge background and the indicator region appear
uniformto the naked eye but cator re
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The visible mark base image and the filled and processed indicator base image
may be combined, such that for each corresponding pixel the colour and intensity
of that bixel in one image takes precedence over the colour and intensity of that
pixel in the other image. Pixels in the background region of the visible mark image
may have lower precedence than pixels In the processed indicator base image.
Pixels in the visible marking regioh in the visible mark base image may have higher

precedence than pixels in the processed indicator base image.



PCT/ SC2003/ 00018l In a further preferred aspect of the
present invention, there is provided a system of
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into a printable docune the system conpri ses neans
for selecting an i mage background col our and
intensity; nmeans for filling a background region of
the watermark inmage with the 5 colour and an average

intensity equalling the selected intensi.t i<t h
Ih nfiethar préfersed agpect efdhamrensal inynias; Lo e P'i"}’f&é/% %@H‘Mé
@a%%&g%uﬁmtabe_tmw r:ﬂh@g’&iﬁt camshinpeiatosa ﬁmabfaégiwm@“; an

ndicator regi on W t he.se aRgouMdnh an
they SYSRTR CPWP’@%%iWeff‘"%fﬁ‘ﬁaﬁeFéf%né Ln‘fﬁéﬁg&e éeb!:( e{Tdi nt e,ns{ht Y,
ilRbHtsity nidand toe filimg & hsdigrpust regiadliol ihgueaterpRYMast ¥ 1Rg

L ar Mo th SdlecBuGrasRity, ahawitt inendiiesst
cPljy ot gt R e BHASLARg &, sdec y

& olutjon Qf the | 10
odlintiivigvias gixels feling) Wiirhe backgrguc{BeRsiy 'aé‘lge'rﬁ'}gg'%?’ﬁ ﬁe’ﬁ@{" i es
AR RGloR itth the Belbhiad caidueandowithauraverade intenaityspa)ings
the | backqr . . aTell FaikrRAGHitain ar
el Dt iy B g el eé'fpﬁg?é‘i;{fs T eaLOn.
SoBstartially geesen than the; fsstraTige saRehat th tesglyiion © B%'E‘%“sg. ng

05 0P kAN Eierlt, TERE Sl for nopopihsiipse selectabaichifichiieas a

ow pasS filter..15 Edalehd €a
ke groiReetr) e JASEERE 3p e ol Repppes,
UpBGrEned theafakédieyeibat ibe ridichtesremin Perpmes@ppatent i e BPiH e
el %rt%‘é;z&éséir%fmé bididdhag@infih ai coplirepdevice roperiating asesy low

"NC nmeans for applying a dithered pattern of two
Fapg #8%i t i es having a second difference substantially

greater than the first difference. 20 The sel ected

1 2S0R Y TR BackGiburki sy dohprsciaBi2 16 PR B Spherether e
rjPﬁy Be I ncl uded a means § o, Iecei ving, 8,038 rilingBay
patiern raE Awa imgssities Bang; # I & greBaCkgro_un% region and an
ihdielite? Aegibn meyi indiudel inteans tioreanphng P ndithered a‘lagS'i"dPng}"’% 0 a
GOl QUL o T NEO dbrdtbd Sps@Ridipgroater iat ive 6rst difigence.
'%S'Eﬁ%'ﬁ?guﬁng region 25 and | di r region. There
Theyelbeed infeasity J0ay Ag Pﬁiﬁé&%ﬁ%‘%@%?’géﬁt ifying a

. Vi sible.marki-ng-regioen wthi-n -the-base i mage; and™ "
‘Igfngilen Fha; % ifuélddleh NOmMEAR Mt FddeivRg R bddennagegirainmeartshion
on co

our and 1 ntensi.t i fferent.. fibsd
idesltiing anbRFGTAYIhEPIeY @ E?H%‘?fcé‘g"ﬁé?ﬂ'%"e Whoit the 5%endgﬁéjded
JRaang ik dorarednintagsitp difiessintidtion iveliveerh HeebackgendRYON an
i ndi cat.or i mage; neans for identifying the
?rﬂg?ec'g‘{’o °’r%§°?‘bn and the background region within the
i ndi cator base image and filling same; neans for
THeRS by bd MiEindlided bheansTior ldentiyingeay visihle arrking 1sgiek yftt@m nd
t%g %Ias?enimvggte;héng I%QB%S \férsﬂll*ﬂb Qhémi%ihle marking region with a second

colour and intensity different to the first colour and intensity

There may be finally included means for receiving a visible mark base image and
an indicator base image; means for identifying the indicator region and the
background region within the indicator base image and filing same; means for
identifying a visible marking region and a background region within the visible mark
base image; and means for combining the visible mark base image and the filled
and processed indicator base image, such that for each corresponding pixel the
colour and intensity of that pixel in one image takes precedence over the colour

)



35 base image; and neans for conbining the visible
mar k base image and the filled and processed
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pi xel the col our and |nt%n5|ty of that pixel in one
I mage takes precedence over the col our WO 2004/ 015617
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incorporating a watermark image produced by above
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of the present invention, the description

: B@FH@*‘W‘?% reference to the acconpanying illustrative

drawi ngs in which: Figure 1 is an original pattern of
a grey-level watermark; 25 Figure 2 is an original
gmwmofﬁagﬁa‘ﬁagsa colour watermark; Figure 3 is
a copyword inage for a colour watermark; Figure 4 is a
pattern i mage for shaping a watermark; Figure 5 shows
inloater thiat e invention eray defreadily wrslerstood ap¢ Put int WCFWH?f@Pfa
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been applied to the overall

Figure 1 is an original pattern of a grey-level watermark;

Figure 2 is an original companyword image for a colour watermark;

Figure 3 is a copyword image for a colour watermark;

Figure 4 is a pattern image for shaping a watermark;

Figure 5 shows the initial patterns for the dots of a copy indicig;

Figure 6 shows the initial watermark image;

Figure 7 shows the initfal watermark image after extending;

Figure 8 shows the watermark after controlling the sirength;

Figure 9 shows the watermark after noise has been applied to the overall
background; ' '
Figure 10 is a block diagram of a watermark generation of a preferred process of
the present invention;

Figure 11 is a diagram showing pixel extension of the present invention;
Figure 12 is a flow chart of the watermark generation process of Figure 10;



background; Figure 10 is a bl ock diagramof a
wat er mar k generation of a preferred process of 35 the
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pi xel extension of the présent invention; Figure 12
is a flow chart of the watermark generation process of
Fi gure 10; WD 2004/015617 PCT/ S&003/000131 Figure 13
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phot ocopyi ng the watermnmarked docunent, the copied
docunment wi Il show the salient words
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copied document will show the salient words (e.g., copy) which mdlcate_that the
document has been copied, modified or tampered with. When combined with
controlled printing of the original watermarked document, a robust system for

authenticating digital and paper documents can be established.

As shown in Figure 12, to create a grey-level watermark the watermark generator
receives an image as input 1201. The watermark generator will extract features
from the pattern image seen in Figure 1 at 1202. The features that the watermark
generator extracts include the original background 103, the companyword 101, and
copyword 102. The colour of the companywaord 101 should be selected such that,
after photocopying, it will completely or partially disappear. To achieve this it is
preferable that the companyword is white. It is preferable that inside the patiern



receives an inmage as input 1201. The water mark
generator will extract features fromthe pattern
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wat er mark gener at or extracts include the origina
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image. The copyword background 108 selected by the watermark generator will
be lighter than the overall background 109. The watermark generator then extends
the initial watermark in 1204. The initial watermark is extended in the x and y
directions respectively. As an example if an original pixel is a dot after the
watermark is extended by extension factors m x n the original dot will become m x
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printed image. The copywdrd background 108 sel ected
by the watermark generator will be lighter than the
overal |l background 109. The wat ermark generator then
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The watermark is then modulated in 1205. Modulation is used to reduce the
strength of the watermark such that the visibility of the dots will be minimised. The
distance from the original dots to the extended dots are calcutated. If the distance
exceeds a selected reference value the pixel will be controlled. Modulation is used
to obtain a good visual effect. The distance for modulation is calculated using the

following equation:
distance = V(x — Xl + (¥ — Yo)°
where (X, Yo) is the original dot location, and (x, y) is the extended location.

If the reference value for controlling a dot is selected as: ref Value >= 1 then only

one dot will left for each extended big dot. This can be seen in Figure 11C.

If the dot at location (0, 0) has been extended 4 x 4 times, then the distance value
at locations (0,0) (0,1) (0,2) (0,3) (1,0) (1,1} (1,2) (1,3) (2,0) {2,1) (2,2) (2,3) (3,0}
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Figure 11 C. 35 If the dot at location (0, 0) has been
extended 4 x 4 tinmes, then the distance value at
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images will be extracted. The process for extracting the features is the same as

that for grey-level watermark.

The initial watermark pattern will be generated. It consists of dots and background
that interlace with each other. The overall colour background will be divided into
three parts: the leftmost part, middle part and the rightmost part. Correspondingly,
the copyword and copybackground will also be divided into three parts. Different
colour values will be used for these three parts. The three split parts of each



30 images w Il be extracted. The process for
extracting the features is the sane as that for
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will be generated. It condists of dots and background

that interlace with each other. The overall col our

background will be divided into 35 three parts: the
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A %g&bgé(g}oh%ﬂseﬁseh heMmdendehydlold ReeKgbMinast SRr being
photocopied. The copybackground used is lighter than the overall background so
that, after photocopying, the copybackground will be degraded and the copy word

will become more prominent.

For example if pink was used, pink with 8% capacity would be used for the
copybackground, pink with 88% capacity would be used for the copyword and pink
with 42% capacity for the overall background. Using the same colour makes it

harder for the human eye to detect the copyword.



that, after photocopying, the copybackground will be
degraded and the copy word 30 will becone nore

WO 20@wondinent . For exanple if pink was used, pP@RSGRIOBH0EIBI
capacity woul d be used f& the copybackground, pink
with 88% capacity would be used for the copyword and
pink wth 42% capacity for the overall background.
Usi ng the same col our nakes it 35 harder for the
human eye to detect the copyword. WD 2004/ 015617
WiarnSE2002A0a0IE Pérfortngd Wspetiainderkaie eitsbid ¢hovy ih Siguesy r ned

'lth )ﬁ{&ﬁ%{@ &QH?'OH%%%OE%&FQW&&WF i ﬂs%mbe@hﬁe

e orlginal docurnent are directl {
i's

wﬁﬁmrk el thegvatsrhark '% F?é“"%? staiuA gertan shapg e nge

mﬁlﬂ%ﬂsé@ﬂs th@ reidéritk ImSyeGie biie 16 sippa e, wateradri ethé desred
Spn oo be used as the reference image in order to shape

watermark to the desired shape. To enbed a
grey-level watermark (Figure 13) the original docunent

T%*é%edﬁs ?Qg-uéva wd@@mmt(ﬁwaﬁ b)etde Wdllzdal @cﬁ:uﬁh@m\ﬂiﬁt hasﬁsltdﬂt 0

he sui or a

b (eErerkEn M PONeHS Mt BB aTaRE Fhases i iart |
egalcs bel filen He Id:.ﬁﬁ)ih forembzeddiag thia welerrhatk will bessarchegin

10 15@ %é \Llncﬁ\ ?érsé @Wdr@.-ﬂs th@ﬁdééﬁb@artlﬂiﬂfoktvélgrmaﬂ@ﬁ) this

t f bilit
s o @n@?%ﬁqﬁﬁw s s of e B PO e e 1 ho

watermark will be enbedded has been nade, the

O\I\@et tﬁé H@cr skonvgn v!lt]en:eth? @%ﬁ%ﬁwﬂl Be %%‘{-}é’ao‘au hQé ¥éeh ngae Ll:hé‘t Ion
wat er mar k he ori
wekcmente Ml 1 sbociag I T30 BY aber HERP Py 91 deve
15 whiBRgSk. If MRriGiRg dbbuntnt pikel ells vitkitie he wateemarapixetrsngeh e

thggl %ﬁtan% tplxgllql)%g g@ Ve %qn%(eegs %@loHﬁnal Idt)fmt plQél 'vgfug allf the

| Xe e t he
om&bdoasm@ni Eblds EM?&F‘R fesfs'lt %f—" WHI‘QJBE Sgb‘%\%&/‘@? Waﬁef"‘a’
pifd] Qi) BHowd o Lin@3inaldoserherit pixdllisetddek, thdvsutieglibe thesérhe be

E%_F”'ﬁ c1r|$ s do?ﬂc‘r{ueﬁ]'lp Sixglr\lagl'enaliirzfﬁp GUHE %hgiﬂél )Sﬁl:unYe% H&el lies

i xel 11es
20 bfti‘é@ﬂnébﬁ whitg alsh Plagk Bm‘ﬂs kﬂ‘%\fﬁ%u'bf"’wetfesgetsﬁ'@el"’éé’ﬁﬁ Priad | be

. --—ddciRempiBIvamel he ori gi nal--- - - - doewrent - pi-xet--vat-ue—+f
the watermark needs to be shaped using a shape such as
shown in Figure 4, the nodulation will differ. |f the

If ghewaternadrk ferds bR SAPSYSINGA Shapestyicl pRghown i Higyafrile k 25
mBliuie®bn WANGRSr. 1 tRe oAGKAI tdoRinkat pixélIfhils itsideeths antermaesk

25 pigeg I{ﬁ%ll nﬂt» dOCIgPIX?r? wﬂ%&ﬁg sglﬂé lég biig,'rflal dg&ﬁ'leg ’%1 OQJJ% H e
the hm!mmumepﬁ pre] is whitg andfalispuiside the iR the refeielwill 1
bd HGhRS higdl N AbwElRE UNRe bngplhél @bcumenivddtel & vibitd ahdifdisinsinsi de

thﬁé?aé’?'nﬁ%?g‘ﬂ{aﬂté]'m?\f'h lbt ﬁl sall% )és(? {heWa](elrmgrﬁ pﬂcgelf t%@gﬁgu?a?’ the

document pixel is biack and falls out5|de the shape the resultant. pixel will be the

30 same as the original document pixel. However, if the original document pixel is
black and falls inside the shape, the resultant pixel will be the same as the original
document pixel. If the originat document pixel is neither white nor black, the
resultant pixel will be the same as the original document pixel value.

35 The process will happen to every pixel of the watermark image. After the
watermarked image has been embedded, the document will be saved 1304 to a

proper image format. For example, a jpeg or gif file.



docunent pixel is black and falls outside the shape,
the resultant pixel will be the 30 sane as the
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the resultant pixel will be the same as the origina
docunent pixel. If the original docunent pixel is
neither white nor black, the resultant pixel will be
the same as the original docunent pixel value 35 The
process w Il happen to every pixel of the watermrk
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as the original document pixel value.

After the watermarked image has been enabled, the image will be saved fo a

proper image format. For example, as jpeg of gif files.



same as the original docunent pixel value. If the
origi nal docunent pixel value is black and falls

WO 2004i8F€l@ t he shape, then the resulting pixel PQU/BG2060G0MIL

10

15

20

25

30

35

same as the original do&unent pixel value. If the
original docunent pixel value is neither black 30 nor
white and falls outside the shape, then the resulting
pixel will be the sane as the original docunent pixe
value. |If the original document pixel value is neither
Ibis altticuinfor thakbgtyaroranalbd diffdrentiated if dre deheity ohtap ehotachipier i¢ he
téc? (ﬁ?ﬂ\lt bi {E:g ﬁ}kx ?nj th%ésblu&? 5Jf lﬂ‘% ﬁ%&f&%% piétSs SiMRar Q6 | 'tfﬂl Bathe

e wat er nmar e .
piater. hdbe r@waweaf a tpriter igelyRically 15P0¢Rb 1o A2R0dRi,owhile tEHOpeur
'5%?1}6"06% d%fegé_r rcal@ﬂgg'/ﬂﬂg@o G%Bdgl peghigier ghd offifid resge 13/\%)

or
TR UBBARSPCT D DR PR 2y TopRefl bidulion
a doluptraeca apanplied s is ghwwhiin higurgs 14 5>o16@| ﬁnel@ofow'rdeteﬁ@f

o ol ight-gdy Ha%rdﬂﬁ@érﬂ%mcﬁaﬁélﬁof %htﬂie'dﬂﬂwe b6pytsher aspf

th | ¥
tegoapbe e WOROMR, THRMPE RS PSRRI Bl T,

chpied iyipietaday dehSiy (igiret16) SO0 e vertyﬁ@nthwhghéhe denelyds t he
VE'?QigﬁteéFpg% @r Shd YhbirHetebBF sGOR t%rlﬁenﬁﬁr theNgerBinObrahe end

I
pletoaspieD  Tvbss S PRI TS0 St FR e S0Pk 1
chiber deGdcior 'Witkat the tansity ofths pisdtecopier i thd light ther light colour
th%&lﬁlgwﬂ %%g?n@ﬂwgﬂe Pméhcﬁﬁh%soti\aﬂﬁé ldér%ltﬁs ﬁcl? Q:o

I nyal
selpqigrh MYhen the density OE BRRNIFPPIBLS 1RRASH. e dFE‘.‘ wﬁ&ea“’r n
willsiatoifiaido G s bey sdeh] ghicieinipligs thattheidehsithés natrcgrdedly nt
gdensity is 10 very light (Figure 15). The
s%%fodﬁnsetector serves to identify the density of the
phot ocopi er. Two types of col our detector are used:
Thé GhékgrRh® et tielaeiark Bnah dapokantclatioun tie watrmarking\hen

prog?sgdﬁqg'e B%ckglfourlicpﬁ tﬁ{' 9%{9 CHBL He dyr u%fbn ik Q\Bf theFehﬁtel' i ght
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enS|ty 'S not

gwrdeG@ﬂﬂtV-’" eﬁ@ql @d@@'@"’&@d estibe ""Fﬁ% background of the
maternark is an inportant factor in the watermarking
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ere ocopyLng,
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Photocopying for watermark detection is used. It is welt known that for a
bandwidth limited image, it is possible to completely reconstruct the original image
if the sampling frequency, f; > 2f,, where f. is the highest frequency present in the
image f, is the Nyquist frequency. Real word images are not band limited, and
therefore aliasing errors occur. Aliasing errors can be reduced by low-pass fittering
the image prior to sampling but at the cost of attenuating high spatial frequencies.



25 For grey-level watermark, it is reconmended t hat
t he background be bel ow RGB val ue (239, 239, 239)
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watermark, it is recommenidled that the background be
bel ow this threshold (lighter than this colour), e.g.
the capacity of the colour is |less than 42% for any
col our. The val ue of copy background shoul d be of the
same col our as the copyword, but 30 should be as

ThiO Blhetd-RRSS Mbir@pheﬁ’chﬁér@c mnmnmng ifdastryalodre reffedk appears

detecti [.]
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fédudscl RQE, SNl iStefer@witiLg comflanias sigrgl atfr-ide sreatan bbet pﬁ@%c ed
by | ow pass filtering the image prior to sanpling but
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svor A spqi oLl traesdigion Aocps Rl i Logd s rfong
gdoagi, therefse thef watdrmaikveny easipbe eﬁra@ecplemhg@mnvmges t hat
are close to half the sanpling frequenC|es ThIS

ef fect occurs when the dlsg %ﬁﬁ@ di ize. |scs umr
Theorqsartdryention else inglydss) 3 cagryleLiseRiedye B RYiRp 2eRP

Brégian $bde CttieOdonipitet @rogramanotle &f donfigutesirid satisgrat frestoong t he
i deal

processor ko e?xﬁ%?nef did %fe fohtioRd & enddieR comfitd i@ berfim the

re uenc nterfere wth a conpanion
@pghraeth ,-f to create a beat pattern. As the
frequency of the watermark image is | ower than the

t t I es in
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Soosioten s DGl WSS SEOHREE 2R PRSI P T aog 8l
S @ést &Hméememtrwut ddpauting fram thecooye: of @ iIB@GiEpias defined ivf or e
tEﬁ] ppe :Ei% Cﬂfé §a5dslits B0 & Eé’s‘éﬁﬁﬂn@)ﬁe@ﬁ\%r@%@w ng.

f& %Pg 36 1ncl udes a conput er. usabl-e .
lM&WﬁﬁMﬁ net ‘fﬁef@éﬁfﬁ’theé? anysepRsigiingode. The comput er
program code is configured to cause at | east one
processor to execute one ore nore functions to enable
a conputer to performthe 15 above nethod. To those
skilled in the art to which the invention rel ates,
many changes in construction and wdely differing
enbodi ments and applications of the invention wll
suggest thensel ves wi thout departing fromthe scope of
the invention as defined in 20 the appended cl ai ns.
The di scl osures and the descriptions herein are purely
illustrative and are not intended to be in any sense
limting.
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printable watermark i mage for enbedding into a
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i mage background having d%average intensity of a first
colour, and an indicator region also having said
average intensity of said colour, at |east said

i ndicator region intensity being the result of a
dithered arrangenent of at |east two different
CoAMISsi ties, and wherein the resolution of said

i mge, the dithered arrangenent and the tmo or nnre
intensities 10 are sel ected such .that our. an

£t Cnd PUae Wl BES [ ERGR T 2 A5 TReY Rr o,

regi ogh,cﬁ@@gga@nmﬁgﬁgar mto the naked eye but the

i ndi cat.or eye

af t er I’blwg% e%% oun{itﬁg\ﬁl&? g@ %e%@ig ofQ ﬁ&ﬂ%gﬂlg%ﬁﬂ g
devi can ipgicatert regign also aa\nwapfhg‘seragm iptapsity pEsaid C‘AOW a
print 16&% Esaltf trialcHBF Ke@&n i‘rﬁ@alsf@d)eh@ e adesaitl of wheitheted t he

avera i nten th
r esul $e"%?"H?fta}1 é?‘ﬂ gwoaci"%]eé?{'é ene rs1' s %@Lh%wmé %sal"ﬁ)ﬂ ©
di f f esfeall imagee thei dithersq arandemird and thgetwofor m@jm{eﬁﬂ“eér

't“Df e é{ ﬁ%@éﬁé& é&ﬁ tha‘PftheS&iodr brmdhceaé.@ Tof tr@?me@ baekgowat er
han The ran sai d inte

S0 SRR Gr S RO opIe thihe gpked iy PR e el |
as- cl ragiorebedomes iappeeent ¢ thie maltedoeyecifiar mopessing dreekrintedai d-
| mge, Q Floaaééﬂﬂw:é@ééﬂaﬂn&% G RfQfasé M@HON are a

unlfor I ntabl e watermark as clained in
cl ai ms 1 to 3, V\,hereln said watermark image includes

A Vi 5i pinsbiBwdtermatize tiaiveddhclaim 1o vhereiditlief ayerne inteo$iyur

than & gﬂ'eqmaglérﬂa&%"éd‘ﬁr& QlagU lihe result/of QEI{I}BFe@ Qhﬁlg\éﬁﬁaﬁ%ﬂﬁbk as

cl ai me wherein S%%ﬁ nP .

i mageorimees @l%%"té{‘tQﬂs@F%P'éd tharange Of P rcf'f?r‘? DIEgTIR

di f f esfeak irdicior augisraigegleat@Otham thensingey ot $rith vwaprdmpreage
back or region. 35 A printable
wat eqnt '%Eg%g&%d%ﬂ%%cp E\%'r&ﬁgl m 1 to 5 wherein said

wat ermark conprises at |east three regions, each said

—3- egi -QRprineviergtambikras tlairel usithesddim dtae diain 2 mhareieseidof -

at | eﬁ%gée t}agpgr&ﬁld QHY Said indicator region are a uniform colour.

4. A printable watermark as claimed in claims 1to 3, wherein said watermark

image includes a visible mark region which is of a different colour than said

uniform colour.

5. A printable watermark as claimed in claims 1 to 3, wherein said watermark

image includes a visible mark region which is of a different area averaged
intensity than said image background and said indicator region.

6. A printable watermark as claimed in claims 1 to 5, wherein said watermark

comprises at least three regions, each said region having a first colour

selected from a set of at least two colours.

7. A printable watermark as claimed in claim 6, wherein a first region is

substantially 15% of the surface area of said watermark, a middle region is



A printable watermark as clainmed in claim®6, wherein a
first region is substantially 15%of the surface area
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PCT/ SG2003/ 000181 16 subXtantially 70% of the surface
area of said watermark, and a second region is
substantially 15% of the surface area of said
watermark. A printable waternmark as clainmed in claim
7, wherein the first and second regions are of the
same estutiglly Falchfthelsirace ergh oh stid waipmealo e BREPIteen
the f o [ waterfhiafif er ent
coloukg%B 3P?ﬁ§%ggﬁﬁ/éﬁﬁggﬂﬁﬁggﬁgéﬁsfie t hree regions
havi ng a change pattern. 9. A nethod of generating a

Rr i Nt ARkifaMB WaleRdrk aé smiged fnatairs Grivhereim theifirst @anch secoidd

printabl e doc nt s
R R s R

i nt enthiefigst arfd aetonngegaprbawgp dierert Gpla; apdl therRoundaries

wat er &dtﬁ@ﬂﬁee%éx&hs%éﬁn@ £Mafyypated. an average
intensity equalling said selected intensity, and with
intensities of individual pixels falling within a

pac k ga enatichdi ah herresdting a peirntgidle walsuinatiGinfage for aemiping info a

I ndi Cgr{n%rblercﬁ:gﬁrﬁé}ot ‘Q‘aiﬁtﬂ'le%ﬁl‘l @orﬁﬁlsﬁ@tﬁ%dstébgbiour and wi th an

aver a Intensity eq % @ngqﬁl?ylected intensity,
but wealastingan ‘WHQ%'?%FQ’W“S@'P &GP pixels falling
Wi t hi fiing d‘lﬁﬁﬂﬁolﬁld bt thalwaterrgark sname with said ceipw] apd anst
r angeavsé mtcgrgy ﬁi&?né €38 Eéi%]été?ﬂn@]ﬁlsﬁaérﬂ WilkBi8Casitiel Of

dlthere arran two of, nore [ntensities
ar e slagidduabpixalyBling H'Ht'" ? P%’k%'ﬁ?”gd?ter&ﬁﬁ’ap% 8MSity of the
20 i "G dMombigieusgiomnh tie stladed edlonr ane gith mn aypress

lr"g' T ggh tétg etﬂga mE Q%S gelec?é/dqntgﬁg% tbhﬁmghgﬁé iﬁ@ﬁé?t& of mdlv:duai

proc elsmlﬁwfg"lﬂm‘@'tw @ l'ﬁ"é%l S‘Fh??@‘@"’&\ﬁieﬂte‘éth@'bﬁ%}(qe W@t rﬁ'&? syeh
oper aghige I%Sulﬁloh Qf\lsalcpla'&ge fihd ditaered 3Bargemend, anditieoido ap

glailkg'%grﬁl ngteﬁ%t%s rQree ’sel\@éal%% Fﬁc{ﬂ tﬁﬁ' lﬂe Stroﬁ:gr g hiehbiyng hai d

her e%at térn o‘$
two. | imags BRekreantat e inclightor f@gtonoﬁpp?%ﬁ'e o hegnakg
SIE—FL Edtitilé—mﬂ:e&aﬂ ﬁbgloﬁéﬁeeuaﬁesrappe@nbm the obkatiegye after- --—
applyln r ng -
a sec‘gﬂ%sﬁp? héarpgﬁgeg 'R'%%%ﬁ'ugﬁtq{ B %d%‘{%g{%ia% gsrﬁm d
firstpagsfifesr ence. 30 11. A nethod as clainmed in either
claim9 or claim110, wherein said selected intensity

'IS legs ttﬂ&P agG%lr% c? |r% cauasg,) wherein said step of filling said

baclground comprises applying a dithered pattern of two intensities having
a first difference, and said step of filling said indicator region includes
applying a dithered pattern of two intensities having a second difference

substantially greater than said first difference.

11. A method as claimed in either claim 9 or claim _10, wherein said selected
intensity is less than RGB(239,239,239).

12, A method as claimed in any one of claims 9 to 11, further including the

steps of:
receiving a base image; and



12. A nmethod as clained in any one of clains 9 to 11,

further including the 35 steps of: receiving a base
WO 209415@7 and WO 20041015, 617 PCT/ SG2003/ 000 1BIT/5¢2003/000181

identifying a backgrounoF region and an indicator
region within said base inmage according to a col our
or intensity differentiation between said background
region and said indicator region. 13. A nethod as
claimed in claim12, further including the steps of

i denidéritiyingep backybwidbegiomairdémigdieaigi regionivittin R4 82¢ base
' rmglﬁlg cdrdihd ltdqg Sud oY'lﬁtbllRJlt? cﬁfﬁfelﬁhélﬁn rREeeRn stlath a
secon our i ntensi t y ferent to said first

col o‘EﬁCkﬂi‘P}H‘d “?ﬂ"é‘r@ﬁj g8/d '"E‘Gatﬁéfeg"ﬂ‘ mat hod as clained in
any one of clainms 9 to 11, further |nclud|ng t he

5 3S t ep;? glterhod rgse &5 h’gz!i rrll%la%n \ib 3‘1#&{6?*"%!@ b%ﬁﬂgntm an

PPRdi cator
reg|@Yﬁl'dﬁmaﬂﬁwgdegmmglﬂ@@ﬁéaﬁeé@?ﬁ?na’%i t h| n said
I ndi Y WaidoFSiBle | MBERg aéuibri‘ wiéﬂ |an%ecSTlTEoloﬂrgandd&f&1islfyyi ng
a Vi a background region
iﬁ#r@io&ad&fﬁ?&ﬂﬁﬂé Ptﬁ P¥se i nage, and combi ni ng

sald vi sible mark base inmage and said filled and
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correspondl ng pixel the colour and intensity of that
pi x&tePP At one sai d i mage takes precedence over the 20
col oedeivinge visitieonazk bgsedhagelmat! ap indightol base mageit her sai d
' m%ﬂtl%’*‘l& Raif dﬁ‘cﬁdaﬁn‘ I dichPhidd saiddBEKGHMENRgion within said

sal d-vi si bl’e- mark-i nmage- havi ng- | ower

pred@d?@?%%aset"ﬁﬁq?aﬁ'f’w}é?gssam sai d processed indicator
bas adentifping a ikl miackiph segion sral @ backgei egioamithingaidegi on
in %%gger}{érl?b e‘?m r&,dbase i mage having hi gher

precedence t in said ed i ndi cat
P Gombitige soid visbie e tase fede g LTIl YRRl o
vat @iditaiok basebigagd, cucte tiabfanieath comespanding pixelt th kkgour
docupey qﬁengigﬁtfdthét Pm rg%rd' lﬁllaEQ iakBE Bsedbite SR ﬁﬁ@t ing

an | mage and” i nt ensi

fil |°P'ﬁ'g' agd U&%ﬁ@rfﬁ d}?ap'r%& *Bﬁ olger SRHdMadR: t&*“?rﬂ?% ai"r?a'ae

-Wi-t Iback@iotind- Bdicnaif-aHit- viside- anrkavepargavingnbeerspregedence —

equ %Jaaln' ﬂwzlss iﬂi s%ids Frla@é%gﬁp inhi@ﬁt@ﬁﬁés@%maé’é‘ G pfxgls in said
visible marking region in said visible mark base image having higher
precedence than pixels in said processed indicator base image.

A system of generating a printable watermark image for combining into a
printable document, said system comprising:

means for selecting an image background colour and intensity;

means for filling & background region of the watermark image with said
colour and an average intensity equalling said selected intensity, and with
intensities of individual pixels falling within a background intensity range;
and

means for filling an indicator region with said selected colour and with an
average intensity equalling said selected intensity, but with the intensity of
individual pixels falling within a range substantially greater than said first
range such that the resolution of said image, the dithered arrangement and
the two or more intensities are selected such that the colour and intensity



intensities of individual pixels falling wthin a
background intensity range; and neans for filling an
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average intensity equallimg said selected intensity,
but with the intensity of 35 individual pixels
falling wwthin a range substantially greater than said

first range such that the resolution of said image,

the dithered arrangenent and the two or nore

| nt englhd ﬁ‘n% @%Sckgﬁ)hﬁ@bﬁﬂthéumabh%g[&f@pé‘@lLmlﬂrirmaﬂme
i nt enS| t /@ 20 [ SG2003/ 0 % nakg‘d gJe t he

i mage" et R B A Qﬂ'ﬂg‘]f”hr@g'% H‘tegrap?aée appear

uni f oafter procesting the plirdel! ievmge \hmtlta qohwing daYice apewtmg ey ow
beco @t%parent to the naked eye after processing

t he %g ed image with a copying device operating as a
low pass filter. 16. A systemas clainmed in claim 15,
yd1er ej %yé&é}h Gishekamed firoElaif hs,i wigradmisdid rbepok dorofiling said

f h t
OO e a0 e BRI/ P Gpfylh SPGB LAY B ! vo
for fintehsitieg havirioca ¥ frﬁdilff%ﬁne?. ang sajd maansfen filine saigdirdlont or

appl yﬂeﬁign fhchlidsNBepd BRiIpRING Plitlerna paﬁérﬂl’tﬁlt\w @fiendifies
having a secon bst

th
sai d Favirga s%ﬁopéj glg%(ﬁr&cg SEQS nRaIQ)ggﬁagehhgé‘ s%% g?{@%#e%ﬁe an
either clains 15 or claim 16, wherein said sel ected

hﬂt eNSLystrd cib%ed if Sfthdk BasRSR( afh R39ndaRbaid ddlecldd. A
ystem-as clalnmed In ¥| o,g,jg g{' claims 15 to 17,

furtH'é‘?“ﬁ'W?l“H’d?sﬁ"dha" lﬁ%‘é‘ 3.4982°Vecei ving a base i mage:

and means for identifying a background region and an

.id’ldi Cl@%}rg{en'tr a%gﬂa%d\% EIW d?)e obSdifhs P8R0 7! fXRALLS indlEAG:di Ng to

i nt ensi ?% fferentiation between said
backgT*‘é?E?ﬁE”fe@@Y'B%aH '@ﬁqedanchdl cator region. 20 -A
Syst aneaas ot lidentitgidg iarbackgadund reglin dnd rantedicatan gegien within

means, ' Y R4l I diGreh@Eb® Betwédnni N
said %@g{gs‘% E’aﬁéﬂrﬁﬁg ﬁeaa%o?upgfnf_l nFldngr said V?SI bl e

mar kisa§ bP@iglF%‘ﬁd {9ion agd %aé‘l:'ﬂﬁ'ﬂ‘at%rd?%‘?ﬂ and intensity

different to said first colour and intensity 20. A

?E ﬁigg | n%{s@:&m‘lﬁ Qlaiﬁp‘bé ﬁﬁﬁer@'fcluglhﬁu . 15 to 17, - - -

recelving.a vis |bIe mar k
bas e Meseor KRR 3 Yitlble HERI0 resian i g5l bdse image! aha

means for filling said visible marking region with a second colour and
intensity different to said first colour and intensity.

20. A system as claimed in any one of claims 15 to 17, further including:

means for receiving a visible mark base image and an indicator
base image;

means for identifying said indicator region and said background
region within said indicator base image and filling same;,

means for identifying a visible marking region and a background
region within said visible mark base image, and

means for combining said visible mark base image and said filled
and processed indicator base image,
such that for each corresponding pixel the colour and intensity of that pixel
in one said image takes precedence over the colour and intensity of that
pixel in the other said image, with pixels in said background region of said



means for identifying said indicator region and said

background 30 region within said indicator base imge
wo 20an6hs6i71 | i ng sane; neans for identifying a PCTISHR300181

marki ng region and a background region within said

vi si bl e mark base image, and neans for conbining said

visible mark base image and said filled -and processed

i ndi cat or base i mage, 35 such that for each

correspondi ng pixel the colour and intensity of that

pi xel visibla rexicimsge bavingdayer P@R@gn%r‘@%&@ﬁd%sﬁ‘%@@%ﬁ@
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WO 2owa¢’em€#aws@6w BT e e, R ¢

| Magepleaskabindicaid baferimsgde poer tittegionis appliegl. i n sai d
processed indicator base inage, and pixels in said
visible marking region in said visible mar
PhageAlsasiem gs ielaiprsrin gpe eeselfaimg iRye 3 futher ‘P?l“dé'!%
procegsii dbiestbc aintprisiRd & Sightripgyebackgraoki nt atletdicion of s
applied 21, A systemas clained in any one of clains
15 to" ai‘ﬁec’?tﬂ‘????&'r i ncl udi ng an col our detector
conpr|5|ng a light-grey background and an indication

10 9% i %&f‘ie‘?n m%f cidili8d iR R 2110:hé’r&n 1 isHGt e AR abes orgik | n

erein the indjication aof he
copy Fo8Y is aure thahbeco rﬁ‘ést%}‘ﬂggs'g i cgpigd | &%er?“gi %aq(fq;arkt
densi dnd bebumbesifaintodek theaigosithsdiohites f ai nt vvhen t he
density is light. 23_ A systen1as claimed in claim?21

I 22, wh n th I
O Rt s s R B 5 5 o iy W

15 Syst essnas tccii@itifyeciensityany plentesopiér. cl ai ns 21 to 23,
wherein the colour detector is selected formthe

group consisting of: a light col ctor
dar k A SYIRIP 28 SlalRaddh any ° ftc'a'"‘s %%92? ‘?eﬁ ot “Fa gr’ég
| n- Cde?éct& is selected form the group consisting of. a light colour detector
r col our-detector-wi || -be-
|nV|s %a a (%ES{%%ﬂgtnS|ty of the photocopier is too
20 -light, and the dark colour detector will beconme too
- ghar k—A-@ysasn-se eaimabenclsime24deharein yhedight dolpur- gétentesadpbasr—-—~---- -
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I ncl udj n
colour detector wnll become too dark to be geen when the density of the

photocopier is too dark.

25
26. A method as claimed in any one of claims 9 to' 14, further including an
colour detector comprising a light-grey background and an indication of
nature of the copy.
30 27 A method as claimed in claim 26, wherein the indication of the nature of

the copy is a word that becomes obvious when copied in a density that is
dark and becomes faint when the density is light.

28. A method as claimed in claim 26 or claim 27, wherein the colour detector

35 serves to identify a density of a photocopier.



col our detector conprising a |light-grey background and
an indication of nature of the copy. 30 27. A nethod

WO 200801661 ned in claim26, wherein the indi catfCdrbC3p03G9p181
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nature of the copy is aMord that beconmes obvi ous
when copied in a density that is dark and becones
faint when the density is light. 28. A nethod as
clainmed in claim26 or claim?27, wherein the col our
detector 35 serves to identify a density of a

phot ok oitted .as\WRIMEGIOIN /204 584 Pf paims S84088/ Wismis fie olpung.
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