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Field of the Invention This invention relates to
woavevorsgiki ng of docunents and refers parti cul ®CirsG2003/000181

t hough not exclusively, to a systemfor the enbeddi ng

of an optical watermark in a docunent. 10 Background

to the Invention Digital watermarking is a nodern form

of the ancient art of steganography, used to hide

i nformation inside other whimiamahd on (i mages,

docunents, audio and video 15 data, and so forth). A

watermark is a hidden nessage within digital or

printed media. Wth digital nmedia it is integrated

\si t IFidlief themiventiorof the data file itself and

therefore requires no extra storage. Two types of

wat er mar ks exist: a visible watermrk an(dﬂan L nVi &

et VR vention reipgs {7 wassmarpg o fapdmRMts andyelFrhapiealany thous

t r angpl er@iHively TR0, syswbinClor tre eviessdbiag cbf am e@ptigal | wedernark in a

i ma | t usually consists of logo or the seal of the

or garl %‘?lon that holds rights to the primary inage.

W visible watermark allows the primary i nage to be

Vi evgdkgiddhd tehe divielitisier ks t he docunment as the

property of the organization. An invisible watermark

is an overlaid signal (nedia), which cannot be seen,

but Rigital Wwatern@Bkinges e cnodern4oryarf ﬂtem'itpléﬁlqﬂwf stegagiegraphy, used to

wat eﬁl(fgafnkirrﬂ&loh a%ldéefcﬂerulﬁﬁﬂrt\éﬁlﬁn §nﬁ§fw$o&®1dm§e atidid ¥nd Rideo
owner and ut or of e Ita

Rodctetn 0 shisdtited 1PEH i GPEa hetress i SR LF prmed
c od esedtaa NWitie digied cheflio it lsalntegnategtvyth dife gentepiox dhw, daga e | |tself and

dat %EHeBF‘erég L no Ldedrdge. 30 of source, identity of
cont ent nsaction status, ownership etc. Optical

wat ermar ki ng differs fromtraditi onal watermarking in
t hat Twdigpesadf evatsemndcks et raaddiel wateanarisandsinrigyisiie wataimagin oA

¥4 SU@ipy &9;q§rk S4g hnsﬁlfé R Fug&ﬁ’ Wéd'ég whitRisS oveR B8 Ines primary

Vi su a% con ocunment
ori gimeas: It %Palﬁégn%%%‘i’f loggepr Hﬁéﬁﬂ@&g‘?@@%‘?at?fiiﬁﬁgﬂds RRRS to
200440 piradry inftigt/ BGRMMAIAEhElallowds tBe priraary intfge tdee viewed, but

I ”VeE\E Ierlgnmalr[gs Shel & ﬁn’ﬁerﬂraesf ﬁ%ﬁﬁaeﬂi’g}?‘%ﬁe Btjﬂgﬁx&tlbﬁ An invisible

provi nt a
i Nt owaleTHREy i ﬂ‘?e AR oreyfaidy piopa! | (ﬁ‘ﬁd'a)TH@'q n%?d’éo"ct&ﬁrﬁ?‘?”s |q"fb g%(h be
h4rag@etected 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.

Optical 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.



5 background having a average intensity of a first
colour; and an indicator region also having said

Wa\zmr4a)g5361|7nten5| ty of the first colour. At |eaBCTiSB003/000181
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indicator region intensity2is the result of a

di t hered arrangenent of at |east two different
intensities. The resolution of the watermark inmage,
the dithered arrangenent and the at |east two
intensities are selected such that the col our and

i nSempratyyofdlie hhentionage 10 background, and the

i ndi cator region, appear uni formto t he naked eye but
the indicator region becorres to, the naked
ey® affifs PrefersdedBPrgiheRes pﬂ"?"ﬁ’? pnrﬁag%e walefperk, iy ohg
deymﬁaidmgenhat angpcamert foowriptirgs The | image coimerisinge eagimage
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wat er mar k i mage may conpri se at |east three regions,
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boa‘fﬂ'?&ew%?é‘ﬁ‘&véﬁﬁ‘ﬂ the Enage BresproundeRnd e NG S{HO8r | sed by

a.change pattern. -30 1n a second preferred aspeect -of

t h?hé \Q%thMarlpin'iapé h%g%[mhﬁnsg ra?)é'aﬁ%’re@ ré'grﬂw@ cé‘gcl‘pfeglon having a

or conbi ni n
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theha:;c’edt@mdew aelenga palieid- wi th an average intensity

equal i ng the selected intensity, but with the

minegssle}:%d pre errecl \élsp%lc“zlta!)f t%lexlr?vleﬁtlofnakhelren% 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 intensity equalling the selected intensity, and with intensities of individual
pixels falling within a background intensity range.



within a range substantially greater than the first
range such that the resolution of the inage, the
wdi2odamnsd7 ar r angenent, and the two or nore inteasiSGR@s/000181
are selected 5 such that the colour and intensity of
t he i mage background and the indicator region appear
uniformto the naked eye but the indicator region
becomes apparent to the naked eye after processing
the printed |nag with a co gin devi ce_operating as_a
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of naé@@ewa ai@r protessieg ihmngmed cnade wittea torlyipg Wgviee operating as a
back@hasyifles €9i on and an indicator region within the
base |nage according to a colour or intensity
differentiati on between the background region and the
10 ndTreedtepr of fillimgghe hackg@undihay emprise/adplyingal ditbered pattern of two

- beg, feﬂé?lliegqm%QLng tah‘ﬁst %ﬂé Ofrne LRF R lfﬁnYd fﬁg indfeator Sednemay
Phe 1% e

mar i on- se inmag
sai 'BC' es‘i‘er vigg r?a‘?”i??’ﬁ@ PP%‘“@" Shigj 'i"‘ﬁ"%i‘e§ é‘éﬂ?ﬂja eIa) rd'f%@"iﬁa
i nt mbstarﬁt}all;dgréétart&ﬁrt sdidfirsthuffefanta t TixOdeidted artchsiyningybe leys
25 gggﬁgs 3%rrther i ncl uded the steps of
receiving a VISI e mark base immage and an indicator
Ihase image; identifying the indicator region and the
backgfeonag be riegided thai $tbpsnoft Beeiingth GaseOimagasandi ia&gifing red

fil Vi Sd bl S
| ccieRPoltyredor ! g8 Rl Sl LR 82 1R e ecooriing o o
Vi sfofpueOTBtRRSity %)élreﬂtﬁﬂ@fébemﬂﬂﬁéhwpﬂ(%@%@w paektbe indiggler
andregie filled and processed indicator base inmage 30
y be conbi ned, such that for each correspondi ng
plxel the col our and intensity of that pixel in one
~ i nabfere mre be-glse be deated-Heestensd-identigng- aaiiriple- rerdingiregion-- -

gf \ﬁlfhﬁhtthe Ps¢aiadd) aﬁthﬁilw@tsalfws'ibbl?ﬁ&kln&’tégﬁin&vnihr?a §eB&1dhcolour

ac e visible mark i mage nmay have

| o "g o ?nés ed @%%"SP Eefrs cog?uraé‘d "ﬁ " Piye processed

|nd|cator base image. Pixels in the visible marking

sr egrr@re ﬂngy bd ﬁJﬁHérShéMd@d mver &e&a&eedemgea &ble v béyegmsge
rece

e than pix rocessed
bas R e 185ty s S GO T84 by lnd
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The visible mark base image and the filled and processed indicator base image

30  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 region in the visible mark base image may have higher

35  precedence than pixels in the processed indicator base image.



generating a printable watermark image for combining

into a printable docunent the system conprises neans
woano4mesact i ng an i mage background col our and PCT/SG2003/000181

intensity; neans for fiIIing a background regi on of

the watermark image with the 5 colour and an average

intensity equalling the selected intensity, and with

intensities of individual pixels falling within a

background intensity range; and means for fillin a
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greater than the first difference. 20 The sel ected

i ntPERSTY nay be not |ess than RGB(239, 239, 239). There
15may be included a neans for receiving a base inmage;
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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

35  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



colour and intensity of that pixel in one inmge takes
precedence over the col our WO 2004/ 015617 5
wWOeCH+HEXA03/ 000181 and intensity of that pixePCriGRIB/000181
other image, with pixels in fhe background region of
the visible mark i mage havi ng | ower precedence than
pi xels in the processed indicator base inmage, and
pixels in said visible marking region in the visible
mark base i mage havi ng hi gher precedence than pixels
i n anvkintensity o thetdbiveh thi therotber Hagse Withs pixels iicthe packground region
penyy tgé gﬁﬁ)% rﬁa:rl??rﬁégegfavih@ fowf &‘é@éb%miemaiﬂgbikﬁ int th% bR cessed
provided a waternmark inmage, K geperate .t he, abo
et HEEEIOTRe MagBCAMaRES R ag7 HOP&CTHG S SHER &) fRVR ok mark
i mapsepmagueeidg bighatpracedenee thaul pixdl§ inl the proféssed indisgderdiase
of hF cPresent invention there is provided a conputer
usa " medi um conprising a conputer program code that
is configured to cause a processor to execute one or
mor g 4 yedilitinRRSadpectesialil pretdne inveitibo chetke scproidsd @ atesnark
to be perfor . ' ILpt i : |
| BPaR SR e Sl rBinadSRE s RRR oshfing s BElRAR.
andimgge pioduasd py akave ogthodf f ect 20 there shall now be
16lescri bed by way of non-limtative exanple only

preferre enbodinments pof the present jnventi t
des[g'r? ﬂ?gcﬁ?p%gloﬂ&evﬁ r?sr?nflgy APINEES S F%r?}véd%aac%%'g aerﬁydlg%ae
i | | onedivrat Gowgriginga @i eegputen pydgrath code gt és gorifigurggh to cause a

or i goRakorREEeBlitB oRE orfm&e RMictioRY B endifié ledtiiod déScribbdiatiote
2 is an qriginal conpanyword image for a col our

wat BOFRPRC™EE qure 3 is a copyword i mage for a col our
1Svat ermark; Figure 4 is a pattern imge for shaping a
wat ermark; Figure 5 shows the initial patterns for the

dot BriéfDedcHmtidn of B Brawings Fi gure 6 shows the initial
wat ermark i mage; 30 Figure 7 shows the initia

wat ermark i mage after extending; Figure 8 shows the
wat trandar khad thednveptismtmay e regdily edessteashapdiput infogRipclica) effect
2? ROW@ret Q\%lll }’i@ﬁ/ecfeﬁﬁés}éri&fdgw gé‘ﬁ b ﬁoﬂfbﬁrﬁt_ameé}(g?@@:(ér?ﬂ plefrred
e overa ackground: Fi gur is a bloc |
of st R A aen P st T rdh pC SRR
35 tdvempanying ilustiativeegrawings in which:

Figure 1 is an original pattern of a grey-level watermark;
25  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 indicia;
Figure 6 shows the initial watermark image;
30  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
35 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;



Figure 11 is a diagram show ng pi xel extension of the

present invention; Figure 12 is a flow chart of the
woaveronsaik generation process of Figure 10; WOPCT/SG2003/000181

2004/ 015617 PCT/ S&R2003/ 000181 6 Figure 13 is a flow

chart of the water enbeddi ng process of Figure 10;

Figure 14 shows a docunent with a watermark; Figure 15

shows a photocopy of the docunment of Figure 14 when

the density of the copier is too light; and 5 Figure

16 Eipwed3 shdlodcbarna the veter Bmpedding rpcedsenfi Figie 18ensi ty of
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Present |nvention The i nvention rel ates
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indicia beconmes visible. 15 Watermarking on digital or
en1for controlling copies
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- SRR ldh%c&%'o@&aﬁﬁed the image or indicia becomes visible.

-a- printed-docunent - based-on-an optical watermark In a
copy control process, the owner or authorized user of
11 heWeiegndriang ahodighatortpsinted sequimentsgga sysfrat foe controlfimgy@pies of
t haﬁrin’fé@ cul‘ﬁént%m bta%ds QAL nC GRKEII \QQErn"}éﬁﬁr@SmEfﬂodl nd‘l‘rféagﬁz,tem

docunent . er phot ocop
vvat @?'vﬁsﬁ L@éem@mwema* Wi‘tﬁ@“%’mde%‘ g u'i’?él‘ﬁ“’%idi | 8%‘&? of
t hewatatriagke imawbe dsed( 2 grgy-Jeveloyaiermank, aph aicnidirosteemeartiat t he
docunent has been copied, nodified or tanpered wit h.
When conbined with controlled printing of th

201 i Hieneystelagonsista ok éd"’%[’f‘aﬂfeﬁﬁ‘?ragr Ao agwawemmesved for
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established. 30 As shown in Figure 12, to create a

grey-level watermark the watermark generator recei ves
an Inreaensy sentiohprgsess, Abg owngs ©r geherizas Hrer §& Hiedigitgl dagpments
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103copteﬁeiogtmggbwyl\,§@p\@ t@g_allelgry@rds (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.
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 pattern



35 copyword 102. The col our of the conmpanyword 101
shoul d be selected such that, after photocopying, it
woizbd4/oasarpl etely or partially di sappear. To acRCE8€2003/000181
this it is preferable that The conpanyword is white.
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2004/ 015617 PCT/ SG2003/ 000181 7 i mge, the
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be lighter than the overall background 109. The watermark generator then extends
35 the initial watermark in 1204. The initial watermark is exiended 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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H glLf'lEaewanelrmgfk 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 calculated. If the distance

25  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 — X)? + (¥ — Yo)?

30
where (Xo, 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.

35

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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30  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
35  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
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30  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
35  harder for the human eye to detect the copyword.
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document pixel is black and falls outside the shape, the resultant pixel will be the

Ul

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 original 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.
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35  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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deﬁfff%?a%wgpused i ght col our detector and dark

col our detector. Wen the density of the photocopier
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S A g\gat%rﬁ'@b(h?hso%lgqejnn%eantdgé FRL I Ma@louRE b vBbG R
| f -valve- - (238,R3, 289N cborrspondingo to- [HT@ht code #EFEFEF. For colour
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yﬁg}%&ggégash&“;§mkgggnnended that the background be

Photocopying for watermark detection is used. It is well known that for a
bandwidth limited image, it is possible to completely reconstruct the original image
if the sampling frequency, fs > 2f,, where f; is the highest frequency present in the
35 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 filtering
the image prior to sampling but at the cost of attenuating high spatial frequencies.



val ue (239, 239, 239) corresponding to HTM. code
#EFEFEF. For colour watermark, it is recomended that
woOheodmasdagr ound be bel ow this threshold (Ii ghtect/sSGkaa/nooisi
this colour), e.g. the capad#ty of the colour is |less
than 42% for any colour. The value of copy background
shoul d be of the sanme col our as the copyword, but 30
shoul d be as |ight as possible. Photocopying for
wat er mark detection is used. It is well known that for
a Dasid wietkolcallddrtivibiesiptienagena” intprinting prossisinb | Moiteeffect appears
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frequenci es. WO 2004/015617 PCT/ SG2003/ 000181 14 Tqis
i s Ahdhestrovanqyed themieteEmask dnadreisaowenthgn ithi hoRy image, the
| Nowigtbriniark dd bk extekiee BF platyeepying low-padstierngr Mostfphbleapiers
pattern t - . :

Der 10 AP s, i the eBulolePgock Yl Rer priner e srounc
16 r effl9dpicthersforetths wateragcoan gesty P exifaetad PhehoiiceRIngy spot
size is small (conpared to the sanpling distance) so
th the reconstructi filter :

by DIPRG34 0o Het piisy uéible fodurt iR SholBlier
si geragramtcodd. r Bepueampytef RRBIAM/EAdE i§ eAnBgUTRd to GRpisenatdeast one
CONMRBEEsS? t56@B@E ofd ork Mord RinétoRSiotenabld @abmpatértt perform Atk
t he fr;&ugq&y'of the watermark image is |lower than the
hostP'al§8°%t he watermark can be extracted by

phot ocopyi ng | ow pass filtering. Most photocopiers

SCafy, Mosd WA ABRAIRE 1o Which @hd ekt Okldics Oaff cBMQEE in

qual ity |aser nters i round .10 .600dpi.,, therefor
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Thesygpess thetmselvegavithéud depziting fromdhesdere ef theonysntiasras detiigd ¢
20T dink B BENE D GiafinsC O HiStlosuRis OS2 @ekPiptiohd MRt ifely
.,---pIO@Lanysgdngswqonérgﬁgﬁdmtgwea%§ewat | east one. ---m -

pr olisiratye apd arg,patiptereel fbedp 8Mn5PEe it i ons to enabl e

a conputer to performthe 15 above nethod. To those
skilled in the art to which the invention rel ates,
many changes in construction and widely differing
enbodi ments and applications of the invention wl|
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. WD 2004/ 015617 PCT/ S&003/000181




15 CLAIMS: 1. A printable watermark image for
enbeddi ng into a docunent for printing, said inmge
woao@oisiing: 5 an i mage background havi ng a avecage2003/000181
intensity of a first col our;l5and an indi cator region
al so having said average intensity of said col our, at
| east said indicator region intensity being the result
of a dithered arrangenent of at |east two different
intensities, and wherein the resolution of said
i mageAlMsae dithered arrangenent and the two or nore
intensities 10 are selected such that the col our and
intensity of the image background and the indicator
region apperipble waleonatk intpoe A eHRREENIHe Sndpcumpnt for printing,
i ndi cat ogaidiﬁ@gégaandagﬁ@rres apparent to the naked eye

af ter processi the printed image wth.a,c in
flevi ce. opbMaRT PrIAISIng eYd g aveteop Nl of fary SOl an
pri nt abl an indicaomeegikn afso diavingreaid iaveradeainiensity ofiiseid erolaurt e

aver age joRdesid idicalf rbhi6n iBARy BRMKIMAURLuE Bf & Yhdrdie
result of a dithered arrangemgnt of. two or_ng%g .
di f f er ent™aNAERHY Ph gt &ast typ ferant intepsiies. gpd whgrgin fggesgption
nor e i nt efrssldtimege, tief dithasied airaiec@bicandrtisgy ivanori rsorg indansibes
16 han the,g %Egﬁﬁ@fsucﬂa(hﬁ the\EbidRF gﬁ@l’An?ensi{yrEfQWin{alggﬁa&ﬁround

sai d i mage ckground. 20 ---3. e
pri nt abl @19468 BriFPIegN APSR HEd Mo dernaked @yeduhihg ingjcator
claim 2regioh @ecinies Sppatent to egeakbd eyey st iptbcassthgsthé grinted
i ndi cato 0 ani I rintabl e
wat er mar {r{]ag%mg] %?O%g@g ?%Jéglog%%ﬂg%gtag%?as\%ﬂ%éﬁefn sai d
wat ermark 25 inmage includes a visible nmark region
15hi gh i saA@fintavlelwhtb@iattds drhalin claid@ vihaieth thel avetage Rtensity

col our. éf'theAlm rej Ipatc%%)lﬁd\{\a@éls%rt e&l&%a%lt@r&g@h%n@n%f%
I to 3, mherel% sald waternar I'mage | ncludes a
vi si bl e erenae dfgieniintapsitien and therrapgeg! pid hwg, r rgere dntensities
av eg agegof Y inBkRBSichn id)gRateAthdn itﬁ%gbaﬁ: lsgit otm @r aoek
said indjgator reqjon. 6..A printable watermark as
cl ai ned 1" n%tfegiofrséa%lm}age %Ck%lse%rd'ei n said watermrk
2Conprises at |east three regions, each said region
ha#s:ngrl aA«ioﬁﬁt@d‘éeﬁé;bﬁwk«as_saﬁnﬁé‘efieditrfef eEm ir&ilairﬂb—,l \ﬂieréirgs?hfﬁi‘
two col ours. : ri.nt e watermark.a imed in
claim®6, 'W%Pa@?wo‘éﬂﬁnﬁgf“d frng'lé?tgrnre?'én argﬁggkfoé'ﬁtclglg ly 15%
of the surface area of said watermark, a m ddl e region

is 4. A printable watermark as claimed in claims 1 to 3, wherein said watermark
25 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
30 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.

35 '
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



WD 2004/ 015617 PCT/ SG2003/ 000181 16 substantially 70%
of the surface area of said watermark, and a second
woegi4mnsdls substantially 15% of the surface arearsi2003/000181

said watermark. 8. A printabbe watermark as clained in
claim7, wherein the first and second 5 regions are
of the sanme colour; said mddle region is interposed
between the first and second regions and is of a
different col our; and the boundaries between the
three r egibstagtiahavi% of tecludagearpa bt saich walrmatk, rept! rosecorfd
gener at| i ni ng
Tnto o Bo bl o B L . a1
the steps of: selecting an i nage background col our and
i ntgnsi teé prirftadid Wﬂgrnﬁrm{@h@ﬂiﬁ @laine @) vaiveréd the Higst and second

termark .image with_sai 0 n

nt ensi tr)?g'gbsuaﬁomhe S2hr 88%%1 4@0‘#}%89’ q%@gh s ?‘ Yé?ﬁé%gg bem’?%n
i nt ensi tthefirsiEnd spepnd tegivnapndis K differeqt pcplw ami 1ﬂ1¢| hﬁ?u'a’a"es
backgr ounglydeR tiRNArket YegloRs BfingdtHlane phitdrhi Ng an
i ndicator region with said selected colour and wth an
average intensity equalling said selected intensity,
but 9.wi t hA triethodl of gamsiating @ printabtl watehowmrk imape tor sonfikining inig a
M thi N g aBARIeS MRS, 384 h@{hl)c’l c&ﬁ;ﬁ@h&fhetstéﬁﬁofsa' d first

range such that the resolution o i mge, the

di t her edselfet @r?d‘é’ﬁ%% baclgroying Fioyr G|y 'BP”S'WDr e intensities
are sel effingd badghounhd adgioh lotthe ehiemmarkinthge mitleseid ¢ofoup Bnd dre
201 0 BAGK GhANRFoqfing Lty SictictAhtBhsi S Qi ARBIRAs of

uni formio the naked ---o---
_eye- but -pejudyahpixeisfeling Wit ahpckpeudtensifygagesand
15 t 0- t he-filimg leddindyetor aédi@r with said sel@taaCedsir agd witle ap raverbged

lf I”F?:r Wi glg S?&%Ql%“l n@%&%&%c&% l‘ﬁQ’E n@ghmth% Iﬁ‘tehéﬂv\’oﬂﬂﬁ\ﬁdual
sai d st epielssraling withina sageisubsiaptiolr Fariar thehssid irsigange such
appl yi nghat te ebertiel opid idage, te ditiered arageméritamd tiavo gr

a first rg})rfeflﬁteﬁﬂgg ar%g%e&éd gjcﬁttﬁﬁ tﬂé cglgluj é}rﬂgm%ﬁélg of the

i ndi cat or ere tern

20f two umaem @QKBVQS"%%{W’l they lr@cgtewﬁenéppqaéw@m to the naked

- subst- améyﬁllilﬂ! -t Kﬁlat:&ér fefian-beednksf dppbarentdiof the haieaeeye After - - - -
11. A netho ' J |
aner oi n S RS TEE bt St ARbp i hdled lreihd s 1
RGB( 239, =89filE89) . 12. A nethod as clalned in any one
of claims 9 to 11, further including the 35 steps of:

25 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
substantially greater than said first difference.

30
1. A method as claimed in either claim 9 or claim '1 0, 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
35 steps of:

receiving a base image; and



receiving a base inmage; and WO 2004/ 015617
PCT/ S&003/ 000181 17 identifying a background region

wana4ansdindi cat or region within said base i mageT/SG2003/000181

10

15

20§

according to a colour or infensity differentiation

bet ween said background regi on and said indicator
region. 5 13. A nethod as clained in claim12, further
including the steps of identifying a visible nmarking
region within said base imge; and filling said

vi si bl eidemtifyirigney backgbam regibin apd s indisatorc tebion withingsaid base

i nt ensi @’y}/age ddg&%@ﬁ&i& tg%g’tfi“ & Hernsclt& &R EHibticANGbtween said

i ntensi as claimed in any one of
cl ai ms 930!<91'°‘1'!E’ reqigy AP INYCPIEIHE t he  steps of :
rece|V|ng a visible mark base image and an indicator

i_dent S i ndi.cator o) .
s al bgg%&?hSS r? E\ edgﬁna%mt erthél%é:ﬁl@ﬁwg Jhé gt?%srg}l&ﬂﬁifymg
i mage aadlsmlelmaﬂwg; rsmWIthwaidd@m VegeRgda visible

mar ki lb :ﬂ Orilf n%géé?cﬂ vRIME malkitgK@gion Wikt £ 3eeRd Wtotdéhr NG angldnsny
vi si bl e ining said visible
mar k badige rfa'ﬁé(b%a'cgfﬁﬂna]g‘r"@"?f"lgﬂné'g’ and processed

i ndi cator base inmge, such that for each correspondi ng
pi )fgl tﬂ%&md%rclaltﬁélf:jln'ém%ﬂé'o? Yiaiftls d 8241, Rirk&! indiiiirdNtBe
said i mage takes precedence over the 20 col our an

i nt ensi f"‘ﬁpscﬂ‘ that pixel in the other said image, with
pi xel s iegeigiag alvisible mark tzae logage antian indicator base image;

regi on- Brent saYd ﬁl'dje%]tgr l%ﬁ{oh a'ng%gﬁ lﬁ%&ﬂd region within said

Iomer-prec nce- - pi xel s in sai'd processed

i ndi cat @fi'cei@rst@w \Qﬁ@%a“‘hfﬂlﬂ‘gﬁ?rﬂ%l s in said visible

mar ki ngides@jiiraina visibkahatking sdgivheantar backasiendi ragiore whiav saig)
hi gher vnQElE%%mgglﬂaBQ%gB' xel's in said processed

i ndi cat or 15. A system of %enerati nsgs 51
print abF@“WgeF%r"ﬁ'bierm@fé begs 'Wﬁtﬂ”ﬁﬁ"ﬁ‘@ filge gng, processe
pri nt ablngicAterchse Nihages dudh Bisfor sachapesppndigy pike dires cdiar

means for e water rmr k

i mge wrelepr sad uatensty OEES'PW' iribe Ahersoid imzpe. Vi RRY ip jaid

sel ecting, g@ﬁ.{}%@%é@g&@% %nga.a %gqérta@&dpre%h@&élavxn the

—equal-l-i pg-kgaur- &@ie%“%ﬁdﬂl&tb@q&laﬂ(‘yma@?hbvmt Ibwer-precedence

25

30

35

Ibgf:ﬁgfl()d'{ggsplx%[s in { >}5r9clé§,‘éedph&%@ét{%{ Ja@é llljn% \%& B‘XQ]S % said

ensi
visible marking region in sald visible mark base image having higher

precedence than pixels in said processed indicator base image.

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 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



means for filling an indicator region with said
sel ected colour and with an average intensity

weqgualoisaly sai d sel ected intensity, but w th tReT/SG2003/000181
intensity of 35 individual 1gixels falling wthin a
range substantially greater than said first range such
that the resolution of said inage, the dithered
arrangenent and the two or nore intensities are
sel ected such that the colour and intensity WO
2004/ 0156 e inagé beakafdandefilBé indidtop fegidneappeargmiform to the

backgr oupy geaan\ge %l]? ?h% ﬁglcé:tal l%éloﬂ %géo%s %gﬁaﬁ%rt 6! mef L LR

the nake I nditat or
appar ent aflebpfpmsmﬂa’fhe arindgimag widya @Pb@fb@eélm gquﬁéﬂg as alow
printed jgia@aRrW th a copying device operating as a | ow
ass filter. 5 16. A systemas clained in claim15,
erein said neans for filling said background
contf.i seA sydemsasf aaimeg iyl glaing 18 wherdiesaid meens demfilng gaigo
| Nt ensi tLRRHAY é?)gwpﬁsé‘s' Fn@énsdfoF TBHIGRS & dl%%dseétt@rm@a%

for filllng said. indicator %lon I ncl udes. neans
appl yi ng'"tS"%HeF HefngP ’Efa‘tcl'f@f%ﬁ‘c%@ f eld MRensHe filing saiq G‘d'cam'
havi ng aregio toiddeati méakefcapplyingsd dithiereal gajterg rof awe intenkities

10° .ai d fi rlf‘ag ﬁ%fs%t%ﬁ@Qlﬁgrencejszg_séé%tlaﬁye%@r fian g%:lé“f éré?\ce

either c or clarm rern sald selected
intensity is not |ess than RGB(239, 239,239). 15 18. A
systiem as swledi asdthirhét i Rithed biginf150kF AbiAB161 Whéréin $4id selected

further 'ht@@it?g:"gfé%ﬁt g‘é%sr% |vi ng a base i nmage;

and neans ackgriound region and an

i ndi cator region mﬁthln sald base i mage according to
152 CTd. ourA §ystehidseihddyin ehy drnelopSlimat m 7hRite @Riudisgi d

backgr ound, [ ?ogle%gwﬁngbgs%l iHadengl cgat region. 20 1-9-

-A systemas clarned I'n g™ further including:

means f onedngd &itidentifying aaPaO'thqtbﬂ gegipnracd R indiggitas regignt within

sai d basgid Hﬁagﬁnaga@dcormﬁ% &eaﬁ.n &r ihehsitl idifeteRthtis@bélween
vi sible ond colour and

st (SRS Rin® foB ot bl Pt e eSO and

2 ntensity. 25 20. A systemas clained in any one of
~-cl a4gys lﬁsﬁs@nﬂa%vclafnh@&lﬁaélm—ﬂc*ublﬁér"lﬂludmﬁ':eanS for

recei vi nrgeans Yor lderalfylng a wsuble r(?(lng reg%n watﬂm Sgig bgsr]eqm%get glgd
means for filling said visible marking region with a second colour and
intensity different to said ﬂfst colour and intensity.
25
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
30 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,
35 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



base i mage; neans for identifying said indicator

regi on and sai d background 30 region within said
wonadi4gasar base i mage and filling sane; nmeans POT/SG2003/000181

i dentifying a visible markin§ region and a background

region within said visible mark base i mage, and neans

for conbining said visible mark base i nage and said

filled and processed indicator base i mage, 35 such

that for each correspondi ng pi xel the col our and

i nt ensi tysikié matkamags heeing lowar preeedsrtedhanrpiigls in sikprocessed

precede nlﬁ&ﬁé?&e&ﬁé r}ﬁag‘éo Ly bix@8 s héi& QB%Iet Mar@fng tr&dn m said

pi xel in the other said e i, xel
backgr oufitbl? S Rasss imegs Ga‘(l% @@'??ﬂ/ e then p'xe?s in said
PCT/ SG20gro¢e88sdittlcatot Baseiiraadel @calaur k(etea‘mg@adpaexd. ng | ower
recedence than pixels in said processed indicator
ase image, and pixels in said visible marking region
in 8hi d Agysiempee claimek ibaskonerigieimRls g2 fiyjiherincluding an
pr ecedenggut BaBctdr dodphising a SightQreyPisaeRgpouhe chnid reli igditation of
base |na§§ ftﬁglour detector is applied. 5 21. A
syst em a%WF &ie®?n any one of clains 15 to 20,
further including an colour detector conprising a

10i0b-arg ¥ys%9§s@cﬁe%léﬂin 2Bkh 21) whé}élh %lhd?éhtl&f of tiHatlr€ofahe
the copy. 10

wher ei n” $9RE S arﬂﬂ‘?"& HF?%EHO'B?S ‘?br‘{fgusn‘ﬁ%'ﬂ’ @ pug? 'W%&ng}cy%%at 5 darky
wor d t hasndibecomesdaiaitwhen the damdnisdiogi ed in a denS|ty
that is dark and becones faint when the density is
light. 23. A system as cl. ai cl a
22, ZQMer%FWm?%éSE@WEGW‘ﬂ@?éggﬁfbmlgé§QFV%Em?8d?%é%FL?9
12 densi t senak taidgitifytaodzogityef a pidacopiersyst em as cl ai nmed in
any one of clainms 21 to 23, wherein the col our
detector is selected formthe group _caonsistin f:
1 g cob UerT @b ElaleRd n Y OB BEFRME 3t 2> gk die ooy
25.--- A aeye‘dtcﬁm saleatddaione thei greupl @nsistidgjof: a light colour detector
wher ei n- £$§a] Oup Q- detector-wil | -be-----------
en t

i nvi si bl ensity of the photocopier is too
20ight, and the dark col our detector will becone too

- dar 5. t-o-heyseras-shaedinaaitedisivhereiofthet-liybt-cqilue icedpi vl -be—— -~ - -

I's 100 datkyie 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

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 fo identify a density of a photocopier.



25 26. A method as clained in any one of clains 9 to'
14, further including an colour detector conprising a

woiedoigmey background and an indication of natwse2@B/000181
the copy. 30 27. A nethod ad%clainmed in claim 26,
wherein the indication of the nature of the copy is a
word that becones obvious 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, 29nher/ methbt @s caingadrin dey end off claiBs 26 ¢y I& vhersin the eelodry
a densit @Light colour detector
PCT/ SGZO ej‘%)b%l%@{eﬁqw 4 érggtcﬁ@%%gggﬁl aIEITEd in any
one of cqnélari’érkEGW'bd%@v\her ein the colour detector
is sel ected formthe group consisting of. a |ight

”,%)gr dﬁ? b5 al%‘iﬂ%d"ﬂ-‘ 9%@8%&\/?\%5 tt%qgﬁt“x{?%r de'7_? c't’waur%e

d as
col our d@tl%fdft Welw“thel deppaity 9fribe HhHPOPIRR Brioe H@‘tdéﬂf’sﬁhﬁf’aﬁ‘f

t he phot QrEPE&Ectorswill Bstomk 3Y darRRbd $@n AEK theCdhnsityrof the
det ector wj too dark to be seen when the

[l .b
density %‘\g’\qof?f’ée”e%ﬁg&%'&opl er is too dark. 10 31. A

wat er mar k i mage generated by the nethod according to

1@NY3PNe Ol aerhak 'ﬁag% dePerbfbdyone InddttioR aBortiifg 3 anyBdne OF
docunent i ncor por adglﬁ@' %vaa{ﬂer mar k i mage produced by

the net RSP Wdp %% ms 9 to 14 and clai s 26
to 30. 15 33. Conputer usable medi um conprising a

conpiter, Qg&g{em&%?ahﬁ@ Qtwaleﬁnarﬁ Qﬁggle Pricackd ) thé Hefod of

processor to execut nctions to perform

t he rreth%‘dOB?Ofé‘f'ﬁ}“%%té’%fa"%F'ﬁ'm?@G@’%o 14 and cl ainms 26
140 30. 20

33. Computer usable medium comprising a computer program code that is
configured to cause a processor to execute one or more functions to
perform the method of any one of claims 9 to 14 and claims 26 to 30.

20



