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wat er mar ki ng of docunents and refers particularly, though
not exclusively, to a systemfor the enbeddi ng of an
optical watermark in a docunment 10 Background to the
Invention Digital watermarking is a nodem form of the
ancient art of steganaography,. used to hide infornmation

i nsi de ot her infor rrati@ﬂ FT' Jds, docunents, audio and
video 15 data, and so forth). A watermark is a hidden
nmessage within digital or printed nedia. Wth digital

diaJjt 1s integrated with the content of the data file
il grth Vbl

erefore requires no extra storage. Two
types of watermarks exist: a visible watermark and an

| it SfvBiBn VT REdmaing?d) duimichiseandadters paiiulars, taough si bl e
translucent inage i S | g 21 REleRY id §Rge.

I ﬂ‘%%’iﬂ&'F'WY'ctBr%g@f?%ctF%&"bgar/ h‘g‘J gnegp’n of the
Olggérienait i on that holds rights to the primary inmage. A
visible watermark allows the primary i mage to be vi ewed,
but <clearly marks the docunent as the property of the

oBgakgrewnd tethe InVentifdi si bl e watermark is an overlaid
signal (nedia), which cannot be seen, but can be 25

detected al gorit.hm b Obd Gt MR betdmnddrapby, ue&d tbeen
u?’é’d‘a'a‘%aq%mﬁg'_gé_és {o | @e‘lﬁ%‘? 1 %§%ﬁe@ov\ger adg‘é fg?:gynﬁi‘p&é%or of
t thisledinfgimation ingide, otheh iNRIBAE R0 IENBENRE" " °nt 0 a

diggial ahd SE R, AR GvatdnhaR s aditisn cressdge withiddigish oapriped; et y
of plrpases. e de... LA terkt GLME ihid file3BetDdnd
sd‘?ﬁ%@e %ﬁ‘o‘i‘“‘?’i T%ﬁao_';‘ g?&%’%ﬁ@“ﬁ?%@act i on status,
ovimegeforkirguuisescno et $terage-wat er mar ki ng differs from
traditional watermarking in that the watermark extracted

occurs usjng optical S B O SR WG mark. A
pﬁ&?d&pﬁﬁﬁ*‘ﬂ%‘?m%ﬁﬁs‘s%mé%ggﬁb}és Visdal . conf rHa%i on of
whistbieewatermitoc isree Misible ragsiucspt 1288 Whidh SHYSTHIL &P = R
PhALRE RRkREly &nsEe @NRGSIor tDsDEMHOGHETEZIS rtholdsahts ke
! nti\1/ee ;?r%nlna?ynim%gg & wéﬁg\n%%%ark gﬂé%@&%ﬁﬁ@é@% be viewed, but
clearly marks the document as the property of the organization. An invisible
watermark is an overlaid signal (media), which cannot be seen, but can be

detected algorithmically.

Digital watermarking has been used as & 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., datefiime stamp, identity
of source, identity of content, transaction status, ownership etc.

Optical watermarking differs from fraditional 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

photocopied or scanned.
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having a average intensity of a first colour, and an

i ndi cator region also having said average i nt ensity of
the first colour. At |least the indicator region
intensity is the result of a dithered arrangenent of at

dub@shy bi@eiveh@sent intensities. The resolution of the
wat ermark image, the dithered arrangenent and the at
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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 intén?sity equalling the selected intensity, and with intensities of individual

pixels falling within a background intensity range.
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€ selected intensity, bt with the intensity of
i ndi vidual pixels falling wthin a range substantially
greater than the first range such that the resol ution of
the i mage, the dithered arrangenent, and the tvvo or nore
intensities are selected 5 such thg Bhe co mte Qg
Amingieaiprpoien isties Witk sBaRRy PARH G AN PR
SREIi heaRRERE ineishyrut wih tHeeinfeatkitydofaydividiiat thﬁ*é f?'m| cat or
withib & Flans gtﬁﬁ%ﬁttéﬁp Bt%%fép fhah el f& raftakeich Bxehafréslution of

rocess rinted vvlthac
'89@?9@?1 the dihered a@&%&%?“?ﬁﬁ“&? °&6‘°‘Fh' %’&g ag?egéfléﬁ%dl ng

dubk thanhk gsiowradd ingysiyaritheinaoedokgroung aad G]et"f‘f@?aé‘d gttt er n

ag)};e% MO:eo b NE QRS £yl inB aabl Feglon tietdriesespparentibeest ep "

Lo

ettt B 4R i B Bl gt

nrensi aV|ng a secon

ldnvf:égrﬁﬁerce substantially greater than said first

di fference. The selected intensity may be I ess than

E‘%%S gﬁénsgngmg %%gm&é I%Q Mﬂ@e ; ﬂyrt?a Hﬂﬁéﬂ%ﬁeﬁ\hﬁmﬁi eps

se | ma and f ound
ipteesitien havips arﬁrﬁrﬁfea%%r B§ie8r° ‘°g‘8'é’e§b°ﬂ%%;

:&mmrai:pmgg taodityered phtem ob qu ln’leeﬂBE?St '}BVH'BfEf ercepd BHereRT
iy érgﬁelhﬁ&kgaﬁd)ﬁ@ﬁdlﬁ@@ic@ N TRA delediad intedsityahay be lessgi on.

al so- be- included-the- steps
‘B?“ éé@?%%) a visible marking region within the base
image; and filling said visible marking region with a
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region-t he backgr ound reg| on vv|th| n the indi-cator base
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colour and intensity of that pixel in one inmage takes
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may be combined, such that fotr each corres ondmg plxel e cojouir and inte

of that plxel 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 region in the visible mark base image may have higher

precedence than pixels in the processed indicator base image.
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system of generating a printable waternmark i nage for
combining into a printable docunent the system conprises
nmeans for selecting an i mage background col our and

intensity, neans for filling a background regi on of the
watermark image with the 5 col our
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There may be finally included means for receiving a visible mark base image and
an indicator base image; means for idenfifying the indicator region and the
background region within the indicator base image and filling same; ‘rr!eans 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 th.e filled |
and processed indicator base image, such that for each comresponding pixel the
colour and intensity of that pixel in one image takes precedence over the colour
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such that for eachscorrespondi ng pixel the colour
and intensity of that pixel in one inage takes precedence
over the colour 0 1 APR 2005 WD 2004/ 015617 5
PCT/ SG2003/ 000181 and intensity of that pixel in the
other image, with pixels in the background region. of the
WiSihiehty wRIhk pixarethh atheninabewith Rielsde ierkaskarpiif B9 %kl s in
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bMInﬁﬁeﬂfavbgh@’le@femg@e “150 p]_>§ s)ipy the RERRRSPES ! H‘ﬁ‘fag"‘z’? Pect of
rr§ cPpresent invention there is provided a watermark
I mdge generated by the above nethod; and a docunent
i ncorporating a watermark inage produced H above
nﬁ pelutimate asperinef] the prsent ipeniqRethBieds FRVIde A NEEETE™ her e
gl GNEREEbANE amt.ﬁmsafulaemmm ingopoTaing a waigrmark
ng é}g Q%’oggw that is configured to cause a
o8 execute one or nore functions to enable the
nmet hod descri bed above to be perforned. Brief

lPes aindy rgspam obfinel presédt amieniips there ds @ewvides & SPRUST HFRHR | on
%X Jﬁ. % Y% HORASRS! sreghadnéebdp Uhati it @npgaed ite Zpusef # ect
ere shal l now

dvat
BIRSRRSPFC BYRYNe r"gfperrecfg ﬁéﬁgﬁs&{;%ganﬁm%ﬁ dgr@&ggg}fm ative

) tnrhceemtfbfﬁwﬁ-the description being with reference to the

acconpanying illustrative drawings in which: Figure 1 is
an original pattern of a grey-level watermark; 25 Figure
%nhﬁéenﬁﬁdrg&mﬁénwymrd i mage for a col our

wat er mar Fi gure is a copyword image for a col our
watermark; Figure 4 is a att IR &%,%a
Weerder iagtithe 'Pveg’ﬂ?'é"@'% rtﬁotdl aP:;gi %o Qr ©
dtes stedl mowcp esuitied iy WaYF?fg‘Eﬂ“é'"‘G‘a’%"ﬁ Ll

YRbEHHBK of ﬁ@@%sel&(in\@ngﬂf ehe Mestriptien beig With tq‘fqenm tenark ..

“'rma ‘af’te F%ﬁ} o EhdHre 8 shows the wat er mark
'?:Vé“r?t"r Ing the srt‘relngth Figure 9 shows the

vvater mark after noise has been applied to the overall
Figure 1 is an original pattern ofa grey-level watermark

Figure 2 is an original companyword i image fqr a colour watermark;

Figure 3 is a copyword image for a colour watermark;

Figure 4 is a pattem image for shaping a watermark;

Figure 5 shows the inifial patterns for the dots of a copy indicia;

Figure 6 shows the initi_ail watermark image;

Figure 7 shows the initial watermark image after extending;

Figure 8 shows the watermark after controlling the strength;

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;
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background; Figure 10 is a bl ock diagram of a watermark
eneration of a preferred process of 35 th

WO 20040 8RY% on; Figure 11 is agdi agram showi ng p?gg{S%Z%}@ggﬁsén
of the present invention; Figure 12 is a flow chart of
the wat ermark generation process of Figure 10; U1l At
LUU3 WO 2004/ 015617 6 PCT/ S620031000181 Figure 13 is a
flow chart of the water enbeddi ng process of Figure 10;
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nents. The invention enables the
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Watermarking on digital or printed documents is a system
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watehighkoRiebeietvamresieve watermi, aj@mr watgag.
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docunment wi || ow { a e BBy i Ch
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the original watermarked docunent a robust systemfor
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controlled printing of the original watermarked document, a robust system for

authenticating digital and paper documents can be esiablished.

30
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

35 copyword 102. The colour of the companyword 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 patiem
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generator extracts include the original background 103,

wozogﬂ&,&qnpanyword 101, and 35 copyword 102. ThersabsaisfoosBi
e conpanyword 101 shoul @ be sel ected such that, after

phot ocopying, it will conpletely or partially disappear.

To achieve this it is preferable that the conpanyword is

white. It is preferable that inside the pattern U1l H 1%
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watermark is extended in x and y direction respectively)
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ing. 30 The conpanyword 103 does not change in
ﬁﬁ&mgéﬂgyatlon process 1203 and the copyword part 102

keeps the dot pattern. The watermark background 109 is
30 Tiecompmayverd ¢0B domsimot kbange fre theaaskerpbamerogiss| 1262 agt B¢

acfpy\%rd 2aft 9BY Kdeps tRKE paiterh. NEhP bRk background 109 is then
selected such that the backaround will be gray after a copy is taken of the printed
image. The copyword background 108 selected by the watermark generator will
be lighter than the overall background 109. The watermark generator then extends
35 the initial watermark in 1204. The initial watermark is extended in the x and y

Vdirections 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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round 109. The waternm;rk generator then extends 35
the initial watermark in 1204. The initial watermark is
extended in the x and y directions respectively. As an
exanple if an original pixel is a dot after the
wat ermark i s extended by extension factors mx n the
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2,3 3,0) (3,1) (3,2).(3,3). filled. 5 The f I
i o o PHE AR MRMESTTERS rar k [ (n*x0+(1< 1)
ntYo+(i-1)). 10 where (Xo, Yo) is the initial dot

| tion, gegndeapare the extension factors for
gg?@“ﬁo‘?nd’, and ffngnd j are loop variables. Howthis is

applied can be seen in the pseudo code bel ow 1 fgr (i
whére: (Xb. ¥s) i thee initial )dof locgtisp, (1 ang: § 2P }hsﬁﬂe{ﬂﬂ'émg‘?f fation
ERedding0ank iehd 4k Joopviridfmes. (] -1)) = 1 20 The extended

wat ermark can be seen in Figure 7. The watermark i s then

nodul ated in 1205. Mdul ation i s .u to reduce the
wWMFHPEJPdF%bWQFh‘g'FRS%@EEﬁ°‘fehbaef°%’tqhe visibility of the
dots will be mnimsed. The distance fromthe original

ARl P=boi L Mesaxlended dots are calculated. If the distance

S exceeds . | ected reference value the pixel wll be
%D(Sﬁ{'rgﬂ_(g(?j.’iﬁ/ggul_ati onjs.used, to obtain a good visual
apydgtipcatigh@ “dodt{dnldmf Xfﬁ HﬁﬁbTéti on is cal cul ated using
the follow ng equation: 30 35 distance = J(x-x0)2 + (y -
Yo)2 where ()(0, Yo) is the origihal dot |ocation, and

%?e%%r#%ﬁw%e%ng&ggpgee&eh%ﬁ%&rga: If the reference val ue.
0

I'ng a dot 1s selected
~only  onedot" Will Teft for each extended big dot. This
qa8 waesmaerkris itrenFingduiaied In (205, f Modlatingt is diseq & £29v6h heo, 0)
RASHHES PSSR Xnef thelvisity drlienddieill 8k stiimsed.vElleue
distance from the original dots to the extended dots are calculated. If the distance
exceeds a selected reference value the pixel will be controlied. Modulation is used
to obtain a good visual effect. The distance for modulation is calculated using the

following equation:
distance = V(x — Xo)* + (¥ — Yol

where (X, Yo) is the origihal 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) 21) (2.2} (2.3) (3.0

ected as: ref Value >=_1 then
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at locations (0,0) (0,1) (0,2) (0,3 (1,0) (1,1) (1,2
: (2’ O) (2’ . 1) (2’ 2) (2’ 3) (3’ O) U1l ANe&HEMB 000181
wo 2“%‘6‘%1815617 PCT/ SG2003/ 000181 9 (3,1) (3,2) (3,3) in
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The initial watermark pattern will be generated. It consists of dots and background
that interiace with each other. The overall colour background will be divided into
35  three parts: the leftmost part, middie 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
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Different colour values will be used for these three
parts. The three split parts of each 0 1 APR 2005 WD
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photocopied. The copybackgroung ugé/d is ligl terqgarp {he lB\.rerall background so
that, after photocopying, the copybackground will be degraded znd 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.
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with 42% capacity for the overall background. Using the
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wo 20345e17°) o copyword. O 1 APR 2005 WO 2004/ 015617 -

PCT/ S&G2003/ 000181 11 Watermark enbedding is perfornmed in
spatial donmain and is shown in Figure 13. The pixel
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5

35 The procéss will héppen 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.
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35 The process will happen to every pixel of the
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the docunent w12l be saved 1304 to a proper
i mge format For exanple, a jpeg or gif file. 0 :1 APR
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After the watermarked image has been enabled, the image will be saved to a

proper image format. For example, as jpeg of gif files.
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exanple, as jpeg of gif fi3les. WO 2004/ 015617

PCT/ S&003/000181 13 It is difficult for the copyword to
be differentiated if the density of the photocopier is
too light or too dark, or the resolution of the

phot ocopier is S|mlar to that of the printer. The
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g,ggég, L, not correctly selected as well. The '
*hac g%%ﬁ%lg of the watermark is an |rrportant factor |n t he
wat er mar ki ng process. if the backfground
Thia dhackdreund eefr thel eSS (75 MARERY HfP'e R 'ﬁ'b p%o'?"ocofi’yl ng,
paﬁegshat thi Rckmbhmd Bitd dayk.cthére tesdegradation isgot \Jhese Bty a5

u%odﬂwatbtﬁe Wbtehhfikibg elighto bithok s wisiblel asgthty shdelen t he
Or' gmg "go rr%’; Rén@& tﬁg% ihdlidgaCwin-NBt i &Eirlﬁrrthe—--—---: A

ween the visibil.it
v@tangalrkaﬂ'herefgfﬁ asampremisebspeen M iRty ¢ erigp ?‘é"c‘%{’ of' the
JBaE B&Hirsuach efiest of beclkgmded mE& bearadgr ey- | evel watermark, it
is recomended that the background be bel ow RGB val ue

(239, 239 239 orres oondi na 1.0 HlMad gﬁgnﬁgﬁgggﬁRd@r

Fop Brsirevel e congepEtonmrended '%a back rouhdr |
\Aamebe(z@wzswaﬁ)twegmmag (tri gk rcode Bl R i s & ot

Mﬁé"mﬁﬁ@ AW rb&mﬁf:eﬂdbe tapine backgeoune e belhethig wesheel (ightpr
1§0| 15 collou P VﬂL‘ Wep Lty oPRY c@ﬁuﬁkﬁﬂé&éﬁﬂarﬁmﬂd kst 4@ cobut he

¥s the co a3, t;,_;tght
e vabie &f BYRY b2 § Wﬁ esa %?er%‘?%gg']ee?%c’??w
dmead be b lighs ag\pdsisiblenown that for a bandw dth ||mted
image, it is possible to conpletely reconstruct the

Shoniy VRl BT, | ICUER Kol s B
bandwidth limited image, it is possnble io complete!}zl reconstruct ihe original image
if the sampling frequency, ;> 2f,, where f; is the highest frequency present in the
image f, is the Nyquist frequency. Real word images are not band fimited, and
therefore aliasing errors occur. Aliasing errors can be reduced by low-pass filtering
the image prior to sampling but at the cost of attenuating high spatial frequencies.
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35 image f" is the Nyquist frequency. Real word inages
not band limted, and therefore aliasi pgrR&ER5H00181
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filtering the image prior to sanpling but at the cost of

attenuating high spatial frequencies. 0 ,1 APR 2005 WO

2004/ 015617 14 PCT/ SG2003/000181 This is the so-called
"Moi re phenonena"™ in printing industry. Mire effect

TR E%esso-d:dﬂed "M%nrfe ‘Bﬁéﬁoﬁfenb‘ﬂﬁbnmlag nainsty. tMuire effedtsppdafs t he
AP 7 P hatals L8 Atk it 38 bt cofafs pEQRdics haltak! L1

i's e ect occurs he d{ spl ay
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S% hatan qu,pe.@gqmaiergaﬁiphr@rmﬁaﬂcb)sso Hatihe refonstaxtioniter f ar
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JGRLPI504B0EPdp;, wile the rédviition sidond uaidiasefavite RNy Laser
g&ddpt L3S WAk 10 SARAR extrbdi&d Bf olcbiyingnat er mar k
aS|ro %‘e extracted by phot ocopyl ng. The present )

i nvention also includes a conputer usabl e nedi um hf'aw ng a ’
Tinpatent investioalsmindwiss 2 SPRPUEHIEFRIESPHR BRVING 2GR
‘g,gg,fah,gé&gd The cSrﬂlbtﬂ& mibgrbeaste Bnenfipratioseuse aideestopet e

oS or SR8 cRatile 6RBRBLGY tolperi@ay ther m
?rﬁ'éess‘ir e\(ﬁktee O#E%L B"%}ng'%thhoseegkl |l ed Pn théﬁart to
m"emethl‘?é i nvention relates, many changes in
construction and widely differing enbodi nents and
5 Rhdse i Sn Qe bREw! VMmN thed mviitioh relteggesny tdhergee| D es

W L F‘f‘@t decP aéér,'( ﬁi&elfnr Q! ﬁleﬁﬁ%ﬁ@aﬁgllcédaﬁs bﬂH@ﬁﬂérﬁl&l s

Y a he d nd
e e GH oS Fra s o W e ?%%ﬁ%dnﬁ
et appeiided dgains.o The disclaspies s sthe |diE$ﬁﬂPt'CW§ h'ere“z\r@F? peY 15

ﬁ@‘a ard il rkdHdaiom SRRy Seasddimiigge for ‘enbedding into

cunent for printing, said image conprising: 5 an
i.mage background having a average intensity of a first
col our, and an indicator region also having said average
|nten3|ty of said colour, at least said indicator region )
intensity being the result of a dithered arrangenent of .
at least two different intensities,
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wherein the range of said two or nore intensities of sai“"*d1 APR 2003
indicator region is 10 -grea]ter than the range of said
two or nore intensities of said i mge background, and
wherein the resolution of said inage, the dithered
arrangenent and the two or nore intensities are sel ected
such that the colour and intensity of the inmage
ba%li%glﬁéj_nd and the indicator region appear uniform to
t he €d eye but the indicator regi on becones apparent
to the naked eye 15 after processing the printed inmage
Wi tth a copintably vekarnark inRge fefteimgading ipfo [agigeunipatier printipge said o
A print ahb& Wabadiigar k as claimed in claim1, wherein the
saverage LRl & Ia%%ro% d hdv[A§ ala iRBLHPEQHRA chisuralngo the
resul t o‘?_a%t red, arrangenent of Lo, ore 20 0RF Gt teast
di f f er erft" indigatas Sggfanealse hgf"“g\s?ﬂ PYR 5" Erfrar k. as
cl ai med said indidatve regish dritensity beingtiag epyit & &) diheraggfEangement of at
backgr ousskt MeGifeRhOnemdiegat or region are a uni form
colour. 2o & b ikt 3k vVt B6EBitknsiSs 61 SiidTRElcateT redici 1B

1to 3, erejn i d wat er | MBHSe | i udes, | Shdde€
Onark r eg‘?rﬁﬂefwﬁ?'&ﬁﬁ? $&6F ‘02 %‘ﬁ Fvé? ent col 'gkﬁllr]#gﬁaorﬁssa‘g% a_'h ’Q:
uni f or m faskaseund, Zind jwherein, i thgy | ESQUAPR A PRI JT28T o MR I
cl ai m 1, ansihgeninharsidheivazr moreantrnsitigagie seiseieqd sich fipb de golour
Vi si bl & SliferdsRgbran: inbBdetackgoudtl and Bk iridicatervegion erpeanuifarged
intensit ¥ nd LR §ﬁib‘g} hERERaBACKEH Mﬂﬁﬁ%&aﬁ G ﬂhﬁ?ﬁﬁk@cﬁéﬁr
regi on. 6, rint e ] . Rl 10
%0 5, whdlFEPIReEs’ %'\ﬁdingt\é@mtiarrﬁ cénag'?oipg'egghat Idgeglrgt gﬁ]r ee
r egi ons, P88 sai d regi on having a first colour 35
selected froma set of at least two colours. 7. A
prifit abl & pARkiNé WatedmaSastdihertid claim ¢ whersirbthe iesegs] intenagity of
first regiQRadeShacitRing A lidcAthb Yeskib ¥ ofitiehta shindearat dmneaoof
sai d vvater%? "% mﬁdl e region i s AMENDED SHEET | PENAU
2 1 APR 865" 8647615617 PCT/ SG2003/ 000181 16
substantially 70% of the surface area of said watermark,
and3a seéopritablecitermatksass gigismesrip  eiher clamod. oVhergid saif 'Magse
area of sadkgrowvii Rt BEA lodicBor rédgi@rarea atjfosn gpdver mar k. as
claimed in claim7, wherein the first and second 5
[ egions gre. th i ' | 6 dliRerdir® 9di® Walefmark
2 nt & posg\o‘p rﬁ%%'ﬁe“éaﬁer%%g‘z? %%g"?é&dﬂgagﬁ sggg%g’rﬁ LANSioA far Saif
a di f f er dmagedeaudes 2 visiols park rgBNARIEN'R S @ BB ween t he t%aree

regi ons haifarmgoleurchange pattern.

5. A printable watermark as claimed in claim 1, wherein said watermark image
30 includes a visible mark region which is of a different area averaged infensity
than said image background and said indicator region.

6. A printable watermark as claimed in ciaims 1 to 5, wherein said watermark
comprises at least three regions, each said region having a first colour

35 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

AMENDED SHEET
\PEAAU
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9. A nethod of generating a printable watermark image for

wo 20698161 Ng into a 10 printable docunent sai eCTestdzoes/000181
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conprising the steps of sébecting an inage background
colour and intensity; filling a background regi on of the
wat ermark i mage with said colour and an average
intensity equalling said selected intensity, and with
intensities of individual pixels falling within a

bac kg sostahtiallyt 286is bt ipe rsuriere; aremal $3d MRl AN 3 AEFORYt or

I egi ORugiinilsiRiafiaAf 1 9% bffle S@tfa0tltreantlsaid waermaraver age
intensity equalling said selected intensity, but with the
intensity of individual pixels falling wthin a range

U bst aprintbleywatermatkers daiiaed 8 sfem 7 phare? Dizdestand FecoPat
the rasRlndtdhos tof sandé eolourpgel midbie regivhis idelpesed dstysrent
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t he &iﬁtaﬂﬁﬁmﬁmﬁ'o}‘{;&@g%&% ‘hage background and
t he |hdml@mt5lﬂtfﬁ%€gfﬁs'ﬁ"%'ﬁﬂ3§'5racﬂﬂ'?qecﬁaﬂ?‘?o t he naked eye but
t he |nd| eator regi on becones apparent to the naked eye

fter SafirtdEa PhrtdtieeFatbimaeintigh for 2o@BiRvy Ml devi ce
peraf” ng asgi?eﬁ ilter. A nmethod as
cl ai metintable gpcympp sa"ﬁﬁ'@?‘@‘i[' forietisina 8 es}é’of3 “filling said

backgsawtdganmgebwgeqypﬂw‘ﬁgaadm%“ﬁ fed pattern of two
| Nt eNgiidd £ Badkavbiniitregion bf he watdithdrke insayeavith aaid celarbndigp  of

L DS Frenlf &?&uﬁ%&é&%&é&éﬁﬁk%@smﬁmm iieRgIic of

di t he second
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di f f evitimg eo iRBabi reglomwitrheald gelediedippid anA VBNt MeFVeEI9i m 9
or cl ghdhs % equillfy Slid\sclettad inalsay batwith thé Biessityyof ingiividegls

t han ‘?'Pﬁ“j%‘s&ﬁ %ﬂm éz Qerﬁfén e&alﬁ&edanb@s@ny one

8l
?];cg: ioh thegesohiien PhmRldmags & e’ﬁﬂﬂ \‘fﬁ)g'}%%ﬁ?‘g"l‘g'el?

17 PCHoRCRR160 kB eleateh suchythaigthg ‘b’&é‘k@f‘fbdﬁﬂ‘%g’f 8% and
an ingj tﬂckﬁr&ﬂid%d%é hidra:aﬁaalrézl;:d@uaé?p@ean uniigen wcemdkedg t o

| { f o .
— DackG PRI PEgR e ot s Bl %%at%@?%g;vﬁz‘; ?"’:
C

met hodragsssingalharpinter 0AAR Pﬁ“l? copYiPg HEFes
‘stepspadsfirdenti fying a visible marking region VVI thin-
sai d base i mage; and

. 10. " A method as claimed in claim 9, wherein said step of filling said- )

background 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
substantiaily 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
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filling said visible marking region with a second col our

WO 2@51,91.-,;»,{1; ensity different to said first col ogcrishooseoo1s1
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intensity. 10 14. A nethad as cl ainmed in any one of
claims 9 to 11, further including the steps of receiving
a visible mark base i mage and an i ndi cator base inage;
identifying said indicator region and sai d background
region within said indicator base imge and filling
sane idehfifying @rtizickgroung region sidbre indigatel regioperjinionsaicheesg
back %%ﬂ gcc,roﬁmgo R} W ct.cﬁUuP o? aiht@ns;t‘jl Sribiiatidi kethase skignge,

co

and nlnggsal LS H 3 K base i mage and said
fill ®aKIRY"S E@?E@ﬁ@ F'H?Er?%? base i mage, such that for

each corresponding (pixel the colour and intensity of
jhat ABhXBld sd\iSMEs i 1PN AIERBIND T BE el 6HdaERIngt he 20

colour  and intensity.of t ' the other said

i rrag@‘"sx'fd'et'ﬂ '8’(‘9579?")6"58'5 sa%‘%taseg %agﬁnd-

r egi Glingfeaid ayigible | mangne rRgiek “l“l"ra@ Seepadi Fipur and intensity

| oWe iBF-REB 451 Gikt cdidiBndinteatity. i N sai d processed i ndi cat or
base.image, and pixels in said visible marking region in

said visible mark base i mage havin ce nce
18 han Agnbed o5 e b P EES SLHPTH Bt ofirbars b s £

15. Atepyait em of generating a printable maternark |nage
for GRERhGLRGiIdhétk Basdiinhie ald o iBbetsrBase image;d Syst em

copLSkng; o1 %a”qs..%%e@rél S5 00 AR o ARESLHaR ki i

_coIo_ ensi ans I'ng a background
r egi MWW'W@ NI FAMye with said 30 colour and an

aver migetifying engsiltley meddragl repiny apd achasikdrendaggipmwihigiseid  and
mnthv$b@%§ﬂ§h&kﬁﬁa§gampdlVIdua| pixels falling wwthin a
back g%{?und '”-};evﬁns & 34}?\}:?9 % a?gq‘m Qisglfeg nB'dr&!eQ&dan

i ndi ecte our

aver &'Q@fpht’éﬁ?sma?e e‘%ﬂ'ﬁ%l“l’qtﬁ@f 4GP FouRIPaRYiRg) PiX 3@?@?‘?? but
Wi t hahditdnsitycoisthatypbed in 8fe said inragdutakespirreddgndegdviel g

Wi t hihlog a%swstﬁzﬁ@r&bﬁh ke @R 3B imddeawitis pikels ini samt

LA mgpc}ha%&é} S SRl oeS Rhih BRG prelddnce- D

re intensit] ES are

sel eteadixeircin f%?foﬁ?ﬁéee drirgtor diwae |"H?9§nﬁ‘i’ >P"‘6'51'"A€|9ﬂ 2005
WO 20.ibleOfhEikibg eGioh SCRAR3HSTIE 118ark HeBe dinagh daving gigher

back F&éﬁéﬂc@ﬁgn hﬂés InGicRbQEsdagdi@fordpfemiagelini form to the
nake eye but the indicator region beconmes apparent to

t he naked eye
15. 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 a background region of the watermari 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 arangement and
the two or more intensities are selected such that the colour and intensity



after processing the printed imge with a copyi ng device
erating as a low pass filter. 5 16. A sy${§8@sesn001s1

Qper.
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background conpri ses nmeans for applying a dithered
pattern of two intensities having a first difference,
and said neans for filling said indicator region
i ncl udes neans for applying a dithered pattern of two

inte nﬁ* {hla %a&eobelagﬁlr?m‘gi shdSRE Gl Fgnespearstirsimapt thal |y

greater than saj Irst difference. 17, S

O o ke Ve PEhE Reieaeredien Breomes app it Ty e bkl He

sel ectf pracedsing $he printesi image WithgscopYiathdeSB CPEoiEFy 2J9M) . 15

18. A sushkgmas clainmed in any one of claims 15 to 17,

further including: neans. for receiving a base inmage;

and neans for identifying a background regi on_and an

adi cat systemegs clainwid; Ini elaims 25, owhesale spigageanzcieb Mgt o a

g ol Eui,a&[,mhm RbRpiigés Fhédner N tapayinga dittienee pattesmiofl two
ackground r.edgi on saldoindi AP aly B okt 9. A

syst em?%'g'%ﬁ %ﬂg&?%& ﬁ?%%é@ geln%’ f EQ %ﬁl?ﬂtgﬁé% ﬁ?ﬂ@{g& d :%ﬂré&it ans

for i ehsiopiinghudeg meeaps SonARSIYIRGrk FHGTSIRANSH i TR A whER base

i Mage haviyth sl difidratcefsibstantigly s ater Wiapiseld dirstdiffRiePRs- r egi on

with a second colour and intensity different to said

first colour and intensity. : ledgi n
Ahy ofSYSF™EP SPIRPIIRS ”f%'msle %r‘c’tr ﬁg"rwl ﬁ%%?n%l:iﬂerreans for
recei intamgityds potdgss thanRGEH2IEE Page and an i ndi cat or
base i mage; nmeans for identifying said indicator region

d sai e @PSMs W5 iH ) fr@bdndisligeat or  base
?ﬁageigﬂggﬁggg%ﬁuﬁgmﬁge)neans for identifying éﬁvisible
mar ki M§2PIET GFEMATRT BPFACRYT 8Uhd  region within said
Vi si bimeanaiok ideatifing ardgekaramng regiamand 7 Indigaips feeicl Whing

Vi si bk&id Badekimags acdormgttoaneblam iodintenkityedifferentiatiopy kebessoed

I ndi C%‘ﬁéa%g'%ﬁnd ,gg%gan&’;g@@;,ggﬁatgnagio.ﬁ‘or each correspondi ng

pi xel I"our 3 Intensity of that pixel 1in one said
I mage takes precedence over the colour and intensity of

. tat -Ayste aspiaineg veirey s BrBen inang i Th pixels in Said

bac kg kxRdRdof Beitfihgd visitle chatkinp régith @B0DsaNDbR0 0441581 7
means for filling said visible marking region with a second colour and
intensity different 1o 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
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ence than pixels in said processed ipdi/sgimsobase
wozoﬁ’fnﬁg&?} and pixels in saidiisible marking region in said
. vi si bl e mark base i nmage havi ng hi gher precedence than
pi xels in said processed indicator base inage. a col our
detector is applied. 5 21. A systemas clained in any one
of clainms 15 to 20, further including an_colour detector
CONPr iBibla Gnaik intagh ha\grgegwé;rmw@aﬁ thap pirelaip sFHPESESETh of
nat ur e af. B'%he | ndl ; phdls if SISliapt asarkihgiregish nsagl ai m

I on  of e Ok foilein &RPY 1S
a mr&s@'ﬁdﬁa'bé’@ﬁ?rﬂga%%ﬂ é‘%ﬁ;ﬁ copl lé%ﬁqlaﬁ R density that
i s daplocesaadiintieatorbese fgosa Wé‘?\d@t‘%@'&éﬁ’?\'etdy is light 23.
A systemas claimed in claim?21 or claim22, wherein the

%glo? ggo‘%lg tgr?vcésoﬂr?: AP S ANy ,&%3 of o mféﬁ ﬁ.fﬂmﬁél&&r"}’é’l a

stem as i.n.an e of
cl ai meol@f detecRB mmmlﬁ‘ﬂ'ﬂ%ﬂre&é’?ﬁ"fﬁ°”"gé”f'n§a" Pd"l;ashxrég ect ed
for m hhGre@% @eRopONSi sting of a light colour detector and
a dark col our detector. 25.A systemas clained in claim

24, wherein the light calo detect i ble

10 @ken Alsgsternas peipegin ¢ %h@f%%‘bbﬁe do”a“‘wt $fm$%t‘ﬁéwgﬁ d the

dar k eafyasis wehitthat boconws|cbvibuscwiee copied iz denply 1 ‘%%aé'h when

2 t he dgﬁ@ﬁ%xmgfatnbﬁherﬂh@aﬁﬁ%%htl s too dark. 26. A nethod
o as cl ai In any one of clains 9 to' 14, further

i ncluding an col our* detector co |S|n y
Back g AcstemeascHiaimed @R 2! OR S8 'g“‘% ?’ﬁg'h'%%%;{/& 30

15 27. Asémiédiohentiy akiensitedf a photricopien 26, vvhereln t he
i ndication of the nature of the copy is a word that

o bAcHRER TLPRIRRLAN, R of dfieST18 by ahoidh o0

ensi t |€ah l'l%t o %ﬁ t hod
as cl seeetor isrseteriall frYothe (STUPSORTIPS e e Colour
det eCclpd a dak coibiinteRclon | dentify a densi ty of a ~
phot ocopier. 0 1 APR 2005 WD 2004/015617 20 ..
) _25___A_Sy5tem_as_e;aimed.m.claim—zd,,—whereinthE-light,-GG*BUI’"defec’@"'Wm‘be-“"”"" T
invisible when the density of the photocopier is too light, and the dark
colour detector will become too dark to be seen when the density of the

- 20

photocopier is too dark.

26. A method as claimed in any one of cdaims 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.



. . 0 1 APR 2005
PCT/SG2003/000181 29. A nethod as clained in any one of _

wozo?l/ 26 to 28, wherein the colour detect eicTist»el@oiad

he group consisting2of a light: col our detector
and a dark col our detector. 5 30. A nethod as clained in
claim?29, wherein the light colour detector will be
i nvisible when the density of the photocopier is too
light, and the dark colour detector will becone too dark
b6 beasrabdvRediaiinbe idamysoreyofofaimy s to AdtWesdn die galoyy
dar k. oGt Aol RRAAEK oloiBGEnang ontsbibyobiresminOd
according to any one of "clains 9 to 14 and clains 26 to
30. 18nbpdaracielt GREHP™ i ncor porating a wat er mark i mage
produced by the nethod of any one of clains 9 to 14 and
g ai Jd%sthiméPin cﬁﬂﬁmutﬁﬁeréxsabi ighiettiv detledopwdl $eng a

5
© er rogram code, t %1 Rotodop ? kOGOl Bnd AW BarR
pr oc e §wigipley yhen,toe (pusity o 1o Ii)rmr e9 unctions. t0 stfm[ Ih%
t he mediiwdietftonmif bopeme fooctas 15Dy WEn e Og 6 to
30. Zghotocopter is too dark.
10 31 A watermark image generated by the method according to any one of
claims 9 to 14 and claims 26 to 30. ¢ \)
32. A document incorporating a watermark image produced by the method of
any one of claims 9 o 14 and claims 26 to 30.
15 .
33, Computer usable medium comprising a computer program code that is
configured o cause a processor to execute one or more functions to
perform the method of any one of claims @ to 14 and claims 26 to 30.
20



