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| NVENTION Field of the Invention This invention relates generally to the
field of y. More particularly, the present invention relates to
the fiel dmmmﬁ@mgﬁm@mmmt ermark detecting nethods and devi ces. Description
of the Related Ar e synM%T'é@%N\WeéﬁPP&bmﬁfmvel oped data

conpr essi on t'E@¥RI ques, hi JINATHRMARK PETEGHONHEOR the Internet and ot her
hi gh bandwi dth distribution chePREIRCSEALESWREed digital 'media nearly
ubi quitous. In view of these des®RBIPRANY SHiEgEnol ogies for the control of

di stribution) copying and identification of authorship and/ or ownership of
such nedia are gaining inportance and rel evance in the marketplace. I'n
particular, the effective eBAFKGRAUNE OFcPHIEINVENTION digita( media is a
conplex problem., primarily due to the nature of the nedia itself Indeed)
unl ess preventative neasures are Egg@gn, gi giiét al data is easily and
perfectly reproducible, with no | S thedaysationso_cal 1 ed "digital

wat er mar ks"” have gai ned attention recently as one possible weapon in a

content devel opge ;@e&r@%aaies boher TG th P HidiR Gt any%qgﬁ _%i,ﬁzeepqgﬁﬁuﬁd&%@gt ion

or reproduction of digital nedia, "such as video neral’,” water s are

a nmessage. synbol or an i stingtive.nprkin at I.s transparently added to
the vi deopgff%'ﬁg'lverft@r" : alﬁéeés goutr?lﬁ ‘s:l(e(:i o ‘i%"g@“ﬁfﬁe?@*}‘kgem%?‘ﬁ?%ﬂé Vs an
aut hori zed one, the author of the video content, its distributor owner or

li ke information The process qegiiifitich bhthdRatldteatar¢e message, synbol or
marking to the digital nmedia is generally referred to as the enbeddi ng

process. Preferably, digital watermarks are enmbedded in the digital nedia
(whet her audi ofhestyrergids betwken Medéndy~devplopedirdas @ompiedda) tschni@ed, chigiender
theminvisible to the intended audi ence (such as, for exanple, noviegoers)

and rel i a@dpﬁciﬁ@t&ﬁgameﬂi_apme&m@h@p&hcﬁbﬁledﬁgﬁcﬁénﬂﬂricﬁl’{ﬂtsﬁmﬁtioﬁ RhSEBE Hale
visibility and detectability are directly related to one another: the nore

visible bl BRIM thetia ﬁ%ﬂ%gngqgité i @llidhy b eakd h?{eggﬁgatgg{ee@{o;o%%gvf&f sely,

a wel |l -concea wat er mar e difficult tore

accept abl ¢ conpr,om Jbetween visibility and delectapility, therefore, nust
typi cal | yﬁ‘ﬁeconggcgc‘ife‘ﬁsﬁnég{?@r SPPYifi ?‘n"éfd’sfie %Qfég%'bgﬁa ‘?‘83 YUY VHs pa"te
watermark in a data stream In the case of a video stream for exanple,
each vi de®ch magi #8 BN IRACHAT S #dorelevpaoger inthe gracketplace. In particular, the

effective enforcement of copyrights in digital media is a complex problem, primarily due to
the nature of the media itself Indeed, unless preventative measures are taken, digital data

is easily and perfectly reproducible, with no loss of fidelity.

So-called “digital watermarks” have gained atteation recently as one possible
weapon in a content developer’s arsenal to combat piracy or unauthorized distribution or
reproduction of digital media, such as video In general, watermarks are a2 message. symbol
or any distinctive marking that is transparently added to the video signal for the purpose of
identifying whether the copy is an authorized one, the author of the video coatent, its
distributor, owner or like information The process of adding the distinctive message,
symbol or marking to the digital media is generally referred to as the embedding process.

Preferably, digital watermarks are embedded in the digital media (whether audio, still
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bl ocks of a given size. Each bl ock, therefore, consists of a matrix of )
picture elenents (hereafter, pixels), each having a nunber of
characteristics associated therewith, such as |um nance, chroln'%zmgy gtacgz A
transformation may be carried out on each bl ock For exanple, a Discrete

Cosi ne Transform (hereafter) DCT), a Discrete Fourier Transform (hereafter,
DFT) or sone other transfornmation may be carried out on each bl ock of each
frame of the video stream Such transfornmations generate information rel ated
to the spectral content of the video stream Once this information is

obt ai nedictureiareyifeekswas 40 sefder dhem wevisille tadihe heteadrdeaintienhck (supheasp fomor e

bl ocks by eval uating and sel ectively nodifying the transformed bl ock of

pi xel s aramplecmoriygbyisyand i’dﬁalblyl\dereeﬁblerb@rr@bﬂfématd:wte&%ﬁ@ét@ms.alﬂ\@érﬂfdlf,ar k or
a portion thereof may be enbedded as directed perturbations of a single or
a plufal}&n:0f . Bl j ' . I xel s. of ransfor med
Bl bk ariPHiend Qastatily k. el 0 ot ahihel: 1 Pgh€luiRp Baldyiiik O ™=
wat ermark may be embedded, with low visibility. This is possible_ because
the humdh the S10s¢ f@%%aﬁd’r‘llweé%?de noRsrebt & walicpycealed (watermash magthfeen
smal | variations in spectral content, making it possible for video 2 19 N-
OV ~Od~diffficfilotoretliably detech gy asreprablgoempyomize eskeenalisitili|rdnddietertability, he
same or an adjacent frequency. Waternarked video streans often are scal ed
to acconpmdpie wiidkphiemy beeesmnts. For exanple, novie theater screens
general l'y have an approxi mate 16:9 aspect ratio, in that the novie theater
screen is about 16 units long and 9 units w de. Tel evision screens on the
ot her hand héeseml smethaslsage beat pwposdiue, embeden wacnerk fnoa dametieanndh nust
often be scaled to another format. Video may be horizontally scal ed and/ or

verticalgy 8¢ Jre0vidEd Streatn, SHPWRnle, %&amuleg ﬁfmilegﬁa s@hiv?%gqamaa ;ah&fe koOf

wat er mar ked vi deo data. As shown'in Fig. a y 16 x 16) pi xel

wat er mar ked bl.ock. of vide at.a n or exanple, in:DVD | i cations) be
hor i zonlti’gqq?(f/ of & BIER iFen E%‘g‘t %‘Pcwbﬁ% e nFSe?f ﬁ/%?t"f‘ﬂ’éa@gt-"&eaglle@amﬁ’an &
Scan scaling. The scal ed waternmarked bl ock then, has a vertical dinension
of 16 pi(kareaftesnpixglshorrch hawige A nipbdr A rehatachinyeessisseciged Tigerewitly 3suclyras 64/ 3.
Video is often cropped and shifted, for the sane reasons as di scussed above

or for alhisgedeh ehrathihdreeent - reasasdraibndnny be Garfdd o@XaiRhdh bidtigi tFak
conpressi on techni ques and/ or unaut horized mani pul ati ons of the video

t E ; t . i gl th
stream eﬁé\rgﬁ%,?g?kﬁgre?e RLixE ”ﬁﬁﬁsf&hggr‘ge%@eér,”ﬂrcﬁ, %ri)xséxtetetmi}ggﬁ?{]rbﬁlragstv\gﬁ% e

first wvi ecause of, for ,, one’‘or nore

colums., Such s ing, cropping apd shifting render the detection. of .
wat er mafiee ’eﬁgmg me ‘ﬁg@e‘gﬁ‘bgﬁﬂﬁ}%"\?? g’écfagi‘erde% %?ﬁchi\i@‘&fﬂ”o‘@% one
some formof scaling and shifting) but the exact scale utilized and the
amount &famehof theofvidehestigamer riack thnsfokmations generate information related to the

spectral content of the video stream. Once this information is obtained, a watermark or a
portion thereof may be embedded in one or more blocks by evaluating and selectively
modifying the transformed block of pixels and then applying the inverse transform. For
example, a watermark or a portion thereof may be embedded as directed perturbations of a
single or a plurality of blocks By selectively perturbing the pixels of a transformed block
and thereafter applying an inverse transform, for example, a watermark may be embedded
with low visibility. This is possible. because the human visual and auditory systems do not

readily distinguish between small vanations in spectral content, making it possible for video
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may not be known. However, the need to reliably detect the enbedded
wat er mar ks remai ns What are needed, therefore, are devices and'thuzgagggo
det ect wat ermarks enbedded in video streans havi ng undergone an™u .
scal i ng anong a predeterm ned 19 N OV ~0~? and finite nunber of known
scal es- What are al so needed are devices and nethods to detect watermnmarks
in video streans having undergone an arbitrary shift. .Wat are al so needed
are devi Geformatibnmef hogisert Greqedney trowmbss matdamarkndath AFOthS tARGr B Wiacedpeen
scal ed by an unknown scal e factor and having been shifted by an unknown
nunmber Oﬁhﬁhﬁﬁés Al so needed are devices and nethods to reliably ascertain
the scal e an hift of a watermarked video stream SUMVARY It is,
therefore, an object of an enbodi ment of the present invention to provide
devi ces and neyhetaarked dédeecitrenatseoftdr ke suatedddestcbRmaddROdiBbfeRa iiniagYi NY
under gone an unknown scaling anong a predeterm ned and finite nunber of

known sc t . J j t -he present inventjon is
to provi fg?gg@@gﬁgﬁa%ﬁ%ﬁ%ﬁ%ﬁ@% 5‘\7\%?%&? ﬁéor){%%mleﬂ(s%s FEEH L B 3 havi ng
undergone an arbjtrary shift. A furthgé obj%ct,of_an enbaodi nent of the

present thR/BAYESheater sCrpepinthoyt 1o aits loae 2Ad Omsits ade: ol elesisien saregne omdh&s i n
vi deo streans havi ng been scal ed by an unknown scal e factor and havi ng been
shifted lbyheahanthkavevand:d aspest rasfo. pThus| sided scaleddor dagfoemid fnlisttdfen db Guated

descrijbed objects and those that will be nentioned and will becone apparent

bel ow. Ag, grdindli fBRRAt. IWidB6 /il BethofzomallieidrRd aﬂa!op_%rﬁ&;lig%galmg%\;\g{gﬁit e\bsvi deo

enbedded 1 n a video stream forned of successive imge

stream wi t h emhedded waier mark, i cal ed an, unkno scal e, g a

pr edet er A FEYOH Fr???*ée %ﬁﬁ%&%p%gé’?&a}e Bﬁ%p videp flaty \%IS shavp 'B?f%)ﬁe a16
predetermned finite nunber of scales, the steps of: dividing the

wat er mar kedlévi(Hea 36} eixel iwatermarkadyblerk tof wdedatal ypy,sfareckanphyl ibl BYRs; 4
19 N Q-~ ~0~~? accumul ati ng each of the plurality of read bl ocks having a

same of f agilicatibal by thotigorthily sdabedt byoh fadier 0B Foeatamite, Wl ShaRblesliddPdn &
respective read bl ock bin of a predeterm ned nunber of read bl ock bins
det er m ngg Patidle PREGhlel wat&RaPledBoAShER has a vertical dimension of 16 pixels and

a non-integral horizontal dimension of 16 * 4/3, or 64/3.

Video is often cropped and shifted, for the same reasons as discussed above or for
altogether different reasons incident to, for example, digital compression techniques and/or
unauthonzed manipulations of the video stream For example, a watermark block may not
start at the origin of the first video block because of, for example, one or more missing
rows or columns. Such scaling, cropping and shifting render the detection of watermarks
more complex. Indeed, a given video stream may have undergone some form of scaling
and shifting, but the exact scale utilized and the amount of shift of the watermark block
may not be known. However, the need to reliably detect the embedded watermarks

remains

What are needed, therefore, are devices and methods to detect watermarks

embedded in video streams having underg%ne an unknown scaling among a predetermined



reinforce the strength of the watermark whil e de-enphasizing the video
stream signal; re-scaling each of the accunul ated read bl ock yﬁqg zgap
sanme offset to recover the original imge size; conbining the I -
accunul ated read bl ock bins by shifting themand conbining theminto a

vi deo accunul at ed bl ock; and evaluating a predeterm ned quantity within the
vi deo accumnul at ed bl ock for each of the predetermned finite nunber of

scal es, tad dieitegiuntbee ofidkhewnacdes. Abiut dirdglsbondeded hed deBOIhME Mefhodshs

pr edet er mi ned nunber of read block bins nay be determ ned by each scal e of

the preda&éﬁ"wé%mk@ua %&H@%m@fha%gllﬁﬁe%g-mg RCALEAN U O D OGS MY

be of size v/ Jv ere an origin

size of Nx gnd vvhere I—(Q (|V/JV21B 5(e horj zontal and vertical
scal es, %‘gﬁ &5 9%‘{‘935 d“eé'? Sr“él SRePt WA TR Videe gipams hpangesrescaledhe
predeterm ned finite nunber of read block bins may be I'H for each

hori zont by as cakmvanstaledadtor ardduivingdreei slafted bphe unlivevr sadbdl afgieelsmexisbe of
a same size for each of the predetermined finite nunber of scales, and are

suffici eptddidladd B8ER MAGRITRIARL G RbIERIceABin SR sEMe YR %Ffedf(‘jp wIrmarke
e

eval uating step may include the step of transformng the video accunuFate
bl ock corres ondlng to each of the predeterm ned finite nunber of scales
into a frt g %gncy ‘domai n by applying a DCT or DFT process to the video
accunul ated bl ock for each of the predeterm ned finite nunber of scales.
The predeterm ned quantity may include, for exanple, a power of the DCT or
DFT and the evaluating step may include a step of selecting that DCT or DFT
havi ng a greatest power, the DCT d%UNmmARHVing t he greatest power pointing
to a correct scale of the 5 19 NO~ ~~'~? predeterm ned finite nunber of

scal es ardisatresforcin shjeéttofoh ehttdnAdR ftdprabdnb idvehdiéh Wér@ﬁﬂ@'ﬂgv@ésOCks An
enbodi nent of present invention may al so be viewed as a net hod of

processi nganshade M@%&Wﬁéx‘ﬁ%‘ké’bﬂﬁ@d&ﬁ dgagaéoogtg@ﬁxsq{a@gﬁﬁa%%é%b d'Bges,

conprising the steps o rea ocks
fromthe Vnkg Sséah%%rgn{o?ltg% prrgd?l Céerl?rlmcl)ed( and’ tfim(taeqn Mber 0%?(hown scales. Another

object of an embodiment of the present invention is to provide devices and methods to
detect watermarks in video streams having undergone an arbitrary shift. A further
object of an embodiment of the present invention is to provide devices and method to
detect watermarks in video streams having been scaled by an unknown scale factor and
having been shifted by an unknown number of pixels. In accordance with the above-
described objects and those that will be mentioned and will become apparent below.
An embodiment is provided of a method of detecting a watermark embedded in a
video stream, formed of successive images, wherein the video stream with embedded
watermark is scaled by an unknown scale among a predetermined finite number of
scales, comprising, for each of the predetermined finite number of scales, the steps of:
dividing the watermarked video stream into a plurality of equally sized read

blocks;



cyclically distributing successive read bl ocks having a sarrEJogfﬁIj\é ?Q@q
relative to respective watermarks into a respective read bl ockvb félgin
predet er mi ned nunber of read bl ock bins, wherein the predeterm ned nunber
is related to the scale applied to the watermark bl ocks; accumul ating the

read bl ocks in_each,qf the read hlo bi ns einf.orce the .strength of the
heror mae ko 185 Rine afh oA RS ot R0 blhels bViRL A Sl SeRE RREVELOH of
the accunul ated read bl ock bins to recover the original imge size;
shifting &adbe start RE the rewsriive wéamarkst Bio raearspettoEkreinklogly binmfi Ae t hem

into a video accunul ated bl ock; detecting at | east a presence of a
wat er mar k predetetreined dmmbec ofimeddableck binsadeterminsadebyn thehspesidal sabppbiasdot o t he
wat er mar ked bl ocks is I/J where | and J are relatively prinme and wherein

the di str idibiforddahs btedhetty6f the alatermdilSwhilddd-emphdderine il videdGRam Mighal;
respective | read block bins. The read bl ock bins may be nmenory spaces

within a ”e”DrYe-Qc%ﬁhgeea@l@doft 8 it kéag @1581& Hw?g r{ﬁé Légﬁleaoﬁ’%efgo of
storing or accunulating the successive rea | ocks of "the sane offset in

t he menor y sgagﬁs..Thqgread bl ock bins may each correspond to pixel offsets
of starts 0P FeadBFYEKEAEP 4 ve to starts of the watermark bl ocks within
the video stream The detectipng step may include ;he steﬁ,of detecting a
shift of the waPBPH the renscalefrecipulaisdarsad phlaelk SinsTe shifapg Hhym and

di stributing, accumulating, re-scaling and conbining, shifting and the
det ect i ngcembimsngthymijatogavidéeatconmlatet blecksanduspect ed scal e of the
predeterm ned finite nunber of scales. A step of selecting one result of

the 6 19 N O¢val(dlihgde tpeaicton@iridepaintiny withBotheevides at@@udated bldwk foesul t
pointing to a correct scale and shift of the watermark in the waternmarked

bl ocks. TREHBABEPledbBMEIRED ARitEBYMb IfREAleD €0 YdteWakl RateAnaR! hod of
processi ng a scal ed wat ermarked vi deo stream formed of successive inages,

SS! " : . : !
conprising t e[(Azc"chgﬁlégﬂoaf&%?'e&%g%i/‘@fe%(s”‘%}lﬁéﬁ%ds{eﬁfigﬁgix{rxllgrm& g ALBRRL T eam

into read bl oc Si ze; clrcal ! successi ve read

Cespoct | VBT aHE B JERTBING &Y <P BUB B REGSRATIEH TBF CrBHRPEE bR ne,

wherein the predeterm ned nunber nay relate to the scale applied to
The scaled watermark blocks may be of size N * (Ig/Jg) x N * (Iv/Jy), where an
original watermark has a size of NxN and where (Iy/Jy) and (Iv/Jy) are horizontal and
vertical scales, respectively, and are relatively prime integers, and wherein the
predetermined finite number of read block bins may be Iy for each horizontal scale and
Iy for each vertical scale. The read blocks may be of a same size for each of the
predetermined finite number of scales, and are sufficiently large to accommodate an
entire scaled watermark. The evaluating step may include the step of transforming the
video accumulated block corresponding to each of the predetermined finite number of
scales into a frequency domain by applying a DCT or DFT process to the video
accumulated block for each of the predetermined finite number of scales. The
predetermined quantity may include, for example, a power of the DCT or DFT and the

evaluating step may include a step of selecting that DCT or DFT having a greatest

power, the DCT or DFT having the greatest power pointing to a correct scale of the



t he wat ermark bl ocks; accunmul ating the read bl ocks in each qL tgﬁawpqﬂ
bl ock bins to reinforce the strength of the watermark while 9— aql Qang

the video stream signal; re-scaling each of the accunul ated read bl ock bins
to recover the original image size; shifting each of the re-scal ed

accumul at go g each bl a6l WiflSel G COIRIAG o OSIDC] R & il SR AGSUAMLALRD bl ock:

detecting east a presence o er na e vi deo accunul a

bl ock; and wherein the distributing step, for each video scale of a
predeternﬁﬁ@HnW§ﬁﬁ@$3n of video scales of format In/J" where In and J" may
be relatively prinme, distributes every Inth read blocks in a sane_ read

bl ock bi n anonént ¢isberdimgnt of piresent invebidon adayr alsel bsl viekvediassa mythod of

pr edet er mi ned nunber of read block bins nay be I". 7 ~ 9 N OV ~0~?

Accor di ngpiceesingt hersciledl wateadarked odide® nitreatmh efopmeab eoft sudvessiNd dmapss, a
wat er mark detecting device for detecting a watermark enbedded in a

vat er mar kggnMiidgoiRist@aRy: the video streamw th enbedded watermark may be
scal ed by an unknown Scal e anong a predeterm ned finite nunber of scales,
conprising: nmeans for dividing the video streaminto a plurality of equally
si zed read bl ocks; neans for accunul ati ng each of the plurality of read

bl ocks having a sane offset relative to the start of the respective

wat ermarks into a respective read block bin of a predeterm ned nunber of
read bl ock bins determ ned by the paraneters of the specific scale so as to
reinforce the strength of the watermark whil e de-enphasizing the video
stream signal ; neans for re-scaling each of the accunul ated read bl ock bins
to recover the original image size; nmeans for shifting the re-scal ed
accunul ated read bl ock bins having the sane offset to conbine theminto a
singl e video accunmul ated bl ock; and neans for evaluating a predeterm ned
quantity within the video accunul ated bl ock corresponding to each of the
predeterm ned finite nunber of scales.

Sa



A still further enbodiment of the present invention is a nethod of

processi ng a wat ermarked data stream which is scal ed by an unlgn
anong a predeterm ned finite nunber of scal es, conprising thehsg\é\gm?zﬁgz

di viding the watermarked data streaminto a plurality of equally sized

portions each having . an offset wiith respect to a respective waterpmark, said
of f set corresfﬁ?ﬁ]ﬂ’ig terga, efdrsbjg‘flﬁSgWé’i‘{ e‘ﬁ‘%orﬁ(ﬁrgﬁ?q gl |r|e$‘§$lﬂ§ksa°f\fler\%3 S1%nal

remai nder to conpute a nunmber of bins in which to distribute the portions
of the data st redicpllyndistikntingsuecestve seadblodksshaying neape offsgnslagive 1 19 N
0~ Z~JL the data stream having the sane offset into selected bins of the
conput ed raspdmive ofatdrinmasks inta 2irespectoe ek bloak dinraf & prédteteemiledenpitesiofi ng t he
data streameffects; re-scaling each of the distributed portions having the

same of f sgdadtblookesifyy ShetdiethRprétichdhikbatrainted RaklatidB fisd QAR appeld LARBI Ni ng,
by a shifting process corresponding to respective offsets, each of the

re-scal eddisthiuibaed. portions into a data accumul ated bl ock which exhibits
a predetermned quantity representative of the unknown scale. 7b 19 N Of

~~~? The utilizin tep may a igs.the. fraction r i nder .operation to
cach of a pl ur By TR B rRP BpoES in B B o SEbia bRt et ehe o,
BRI EF DESCRI PTI ON. OF THE DRAW NGS For a further understanding of the

obj ect s api@engthy ok ihes yeterpark whilydesmphasizigatheivigeorstransigglishoul d be nade to
the follow ng detail ed description, taken in conjunction with the
acconpanyi ng f rgsaadisy daph wifi thé:acFirgulatedi wad tdetkehimsito reepvezstbataiginh of
scaling a 16 x 16 waternmarked bl ock of video pixels by a horizontal scale
of 413) tongewiate a 16 x 6413 wat ermarked bl ock of video pixels. Fig. 2
is a block diagramillustrating a nunber of aspects of an enbodi nent of the

met hod accor di geiftify bR & S §BlscdlBY ARbdnANated SERDLIORR bitd 165EdmbihY ghéxanpl e
of a 16 x 16 watermark bl ock scaled by a horizontal factor of 4/3 _ Fig. 3

s a bl ock, i Aguam L LI HSLERWAE, YA ARCHIY AhlOhcB%EY Hhitfnl® Athe

video accumulated block;

wherein the scale applied to the watermarked blocks is I/J where I and J are
relatively prime and wherein the distributing step cyclically distributes the read blocks
into respective I read block bins.

The read block bins may be memory spaces within a memory device and the
distributing step may include a step of storing or accumulating the successive read
blocks of the same offset in the memory spaces. The read block bins may each
correspond to pixel offsets of starts of read blocks relative to starts of the watermark
blocks within the video stream. The detecting step may include the step of detecting a
shift of the watermark within the watermark blocks. The reading, distributing,
accumulating, re-scaling and combining, shifting and the detecting steps may be
carried out for each suspected scale of the predetermined finite number of scales. A

step of selecting one result of the



enbodi mrent of the present invention, using the illustrative exanple of a 16
x 16 watermark bl ock scaled by a horizontal factor of 413. Fi i

bl ock diagramillustrating further aspects of the present |ﬁ\£“éyn§0%2
including the steps of re-scaling the accunul ated bl ocks and conbining the
accunul at |locks with .a shift. prior,to detection of the water usi ng
the 11 usprsrtifie el ao pe garil gubiond sl bRping to dieolrbfy ¥ffeptpdanin

hori zontal .factor of 413 8 19 N 102 Fig. 5 is a schematic

repr esent aﬁheﬁvaéqm@émtﬁ@vvéwrmaskem &rmar ked bl ock of video pixels by
both a horizontal scale of xScale and a vertical scale of yScale) to
generate a N xSbealpeeseniNinveyiBoa heywbirdembe kaécwdld osla wtheid defopecessing. aFi g. 6
is a block diagramillustrating a nunber of aspects of an enbodinent of the
net hod of s@tddewbiefifiarked @1deBrskdaradoahel 80sicRedshe iMa@é@@bmpnvﬁFtth@@aepMSI ng an
illustrative exanple wherein an N x N watermark block is scaled by a

hori zont ap.factor of xScale. Fig. 7 is a block diagramillustrating video
accurrul ati on according to an enbodi nent of the present invention, using an

illustrative exanpl e erein N watermark block is | ed. b

hori zontal factd n&“?%@%ﬁrg?d Eﬂ)ﬁiys §0I ﬁ% Yﬁfl%ocﬁtr%bq&%ﬁ??dl ﬁ@?fsr ok F%ﬁ‘?f urt her
aspects of, the present invention, including the steps of re-scaling the
accumnul at 8d®bl ocks and comnbi ning the accunul ated bl ocks with a shift prior
to detection of the watermark, using an illustrative exanple wherein an N x
N wat er mar k bl exdically distiibating yucgessive reachblakks may baveof sagBceffset refitiye t® i s a
flow chart of an enbodi nent of the present invention, for three known

scal es. DESpE#ting vilibrfarksHntPREESpERIRR rEABEIOCKBNT 6f 4 ipecdetetmield numtenibof on
utilizes a video accunul ati on procedure to allow the detection of

vat er mar K gea dM6bkSBIRS SAREh tREpicBBRFrhM8d AlimbBemWRtQhIdRb 'fh@@délé)ﬂﬂﬂiea o
wat er mar k- enbedded vi deo streans havi ng undergone an unknown scal i ng and/ or

an arbi”ﬁ{eXij:ﬁﬂr gg;cf(g.. Wthin the context of the present invention, the
termwatermark i nc'l(u es within its definition any intentionally conceal ed

A L A R T N T
strength of the watermark while de-emphasizing the video stream signal;
re-scaling each of the accumulated read block bins to recover the original
image size;
shifting each of the re-scaled accumulated read block bins to combine them
into a video accumulated block;
detecting at least a presence of a watermark in the video accumulated block;
and
wherein the distributing step, for each video scale of a predetermined number n
of video scales of format I,/J, where I, and J, may be relatively prime, distributes
every I,™
read blocks in a same read block bin among the predetermined number of read

block bins.

The predetermined number of read block bins may be Ij,.
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is designed to be substantially invisibly hidden into the data stream To
detect watermarks within a waternmark-enbedded video streamr 1

bl ocks of video data be read fromthe stream and i ndi vi dual | ;’ﬂa INaaV 260'2'
collectively evaluated for the presence or absence of a watermark or

wat er mar ks. Howeveri since t.he scgje ag&%igd tﬁ he str%an1is.unknomn, t he
appropriate sié§u3995hg)ﬁ@8 b1 € r$§ 8% o] .p¥ﬁ8nppg§gﬂwlﬂﬁv%ntion
solves this problem according to one enbodi ment, by reading and processing
t he vi deoWatcrain feicqingcdeyicst fog defscting it Watepmankocrabaddasm £ Balsamatkadr k

bl ocks scaled by the |argest commonly used scales. This procedure nmay be
carri ed ouideeistieem, she ivaddoy stogami rwigneadbedded Afateematkhenapabe rspaled dy wndeo
processi ng nethod according to the present invention is carried out for a
vari ety ofinithowneiceRtantmglaqsieddiértingd Riifemtnbdr bf RiagSeedmpriding: stand out
strongest at the correct shift and in the correct scale, the correct scale
bei ng the scal ieg; r tn,t i inthnite
nunber of scalggggfgh?ﬁgﬁﬁggF@%w?§%ﬁ§§%ﬁbpggzgﬁgﬁ?ﬁgqgf%ggﬁ?kﬁﬁgeﬁ%?on is
effectivebin detecting watermarks in a video stream scal ed by any scaling
factor inP{%%&Shorizontal and/or vertical dinensions, given sufficient time
and/ or processing paower. In practice, however, only a limted nunber of
scal es are in BSARDIIRSUMyRtigE ach of jths phuality Aferead dlegky gving #nsame ar e
supported. This allows the present invention to greatly reduce the nunber
of di f f er effsctgelatiestot thestarhaftthdyeespactive atatdmarksdetoectesiative readiblockniedded
therein in an accurate and reliable manner. It is to be understood)
however, bthatprédegerpriggkenimbarveitcadblock bias deiefmined Wyothapargmdteiscafl the scal e
di mension or to any particul ar nunber of scales currently in use. dig. 2,

for illuskpRtfic/&aRUEPRS RSredifotoe B SHERSh ke WARHAAIKOWARE d¥lcHPpRagisRgdded
wat er mark 'has a bl ock size of 16 x 16 pixels and that a horizontal Sscal e of

4/ 3 (one . 0 V 2002 known scales currently in use) has been
applied t gr‘;é?%&%ﬁlélr%?ﬂ&lﬂe, the original 16 x 16 wat er marked bl ocks have

d hor i I | i f 4l3, | 1i ' i bl I [
but cqual 1y s PEAT AR P e aclBitaleead BRI 1 reRgverc PR xof s

in the vertical direction and 16 * 413 pixels (6413 pixels, or about 21.3
pi xel s) i Arigial IAee #96t al di mensi on. Therefore, each video frame of the
scal ed and wat ermark enbedded video signal is divided into a plurality of
16 x 64/ 3 bl ockmangéorabifting thehes-seated raceurkslated trhachbloble bisdiavihg thdsamst r eam
it is necessary to read the blocks, including WB 1-5 and all subsequent

bl ocks nobffsdiasvombinkitigem thto bieiglkevifled Accumulupéd lodgiahtie to read 21.3 pixel s
Therefore, according to the present invention, a read block size of 16 x 22

pi xel s i1 s chosgRan@$orSEAWALHE of REtBIKGKS qffltity RRthin BR3video Bécianslald BS. To

mai ntai n consistency with thé original 16 x 16 watermarks size, the 16x22

Lead ) oo Ryfshligel, R eichebbeafeFRURChy RO ALIEES ot Show |1
all subsequent ¥ afly oot K RoRmeil e brestmtdivéition €5 hitthod 6 FokdsE 2 The
watermarked data stream which is scaled by an unknown scale among a predetermined
finite number of scales, comprising the steps of:
dividing the watermarked data stream into a plurality 6f equally sized portions
each having an offset with respect to a respective watermark, said offset corresponding
to a fractional remainder;
utilizing a fractional remainder to compute a number of bins in which to

distribute the portions of the data stream; accumulating selected ones of the portions of

Ta



overl apping read blocks RB 1 through RBA are shown on different lines only
for clarity. As shown in Fig. 2, the beginning of the firslq)ebggyﬂ W RB1
is aligned with the beginning of the first scal ed waternar I and
its offset OB | relative to WB 1 is zero, by inspection The begi nning of

t he secongd read block RB2 .starts 16 pixels fromthe beginning of WB.1 and
o° ¢ her o B SRRSCKaE U pone o eHS By eted S lriae FPRYEY GuBbeLet cap.
The relatjve offsets OB 1, OB2... OBn, according to the present invention)
are the fbiagta wHdpree ditayvatgenark grhilgidgremphysizinghe dyta pyeagmetiectsinere n = 0, 1,
2, 3 ... and where 6413 is the horizontal dinension of the scal ed watermark
bl ocks WB | , B2alBBeachStfahedisttibiifedrpontidng hating thekaid offseh or tezondrahe of f set s
oBl, OB2) ... OBn (the offsets of the start of the read bl ocks relative to

the starto@findinRa\g® TBhénsRIneCdR) . are derived by evaluating the 11 19 N
Ov 20f1 2 expression (K* N) I (N* I1Il) = K! (1JJ), where N= 16 in this

e Renot e 1 nE T, b (R adesf SYRtsrblufdp Resptive oty kaBhfis "CTLF

perati on. e case O

as shown jn Fig 2, the relative offset OB L is ro,pecause the.fractiona
Formi noer By tegiboret; dig iphied Seorigne s %, 1, dool@pBREATHRRE MR it
obt ai ned by evaluating the fractional renainder of the expression K/ (W)
for K = OPigdefernined gyantityrpeprosentatiyef the palgiovapeales equal to the fracti onal
remai nder of dividing 1 * 16 by (16*4/3) or 3/4. Thus, read bl ock RB2
begins |6 pixels fromRB | and is offset relative to the beginning of WB |
by 3/4 of the horizontal dinension of the scaled watermark bl ock WB 1.

Li kewi se, the relative offset OB3 is equal to the fractional renainder of
dividing 2 16 by (16 * QL13) or 1/2_ The sane result is obtained by

eval uating the fractional remainder of the expression KI (UJ) where K = 2
and (UJ) = 4/3 Thus, RB3 begins 16 pixels fromRB2 and is offset relative
to the beginning of WB2 by 112 of the horizontal dinension of the scaled
wat ermark bl ock WB2. Similarly, the relative offset OB4 is equal to the
fractional remainder of dividing 3 * 16 by ( 16 * 413) or 114 Thus, RB4
begins |16 pixels fromRB3 and is offset relative to the beginning of WB3 by
114 of the horizontal dinmension of the scal ed watermark bl ock WB3 The sane
result is obtained by evaluating the fractional renainder of the expression
KI (U) where K= 3 and (UJ) = 413. The offsets fromthe scal ed watermark
bl ocks, and consequently the fraction of the horizontal dinension of the
scal ed watermark bl ock that these offsets represent then repeat in cyclical
fashion as follows As is the offset of the first read block RB |, the
relative offset OB5 is once again zero, as the fractional remainder of
dividing O * 16 by ( 16 " 413) is zero Thus, RB5 begins 16 pixels from RB4
and is aligned with the beginning of WB4. Simlarly, the relative offset
OB6 (not shown) can be shown to be equal to 3/4, the relative
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12 19 N O~! 2002 offset OB7 (not shown) can be shown to be equal to 1I2,
the relative offset OB8 (not shown) can be shown to be equal-legomwg ng gd
the relative offset OB9 (not shown) can be shown to be aligned, e& g in
with the next watermark block, WB9 {not shown). The relative offsets OB6,
RB7, RB8 and OB9 represent fractions of 3/4, 1/2, 1/4 and O of the

hori zontal di nmension of the scal ed watermark bl ock) respectively. Thus, it
can be seen that RB1, RBS, RB9, RB 13, and every subsequent fourth read

bl ock wi || havEhantilififigs etep afiayzanpbies Sienfraciiongl, reptaingken operatieto edrdht ofRB2, RB6,
RB 10 and every subsequent fourth read block will have a 3/4 offset,
relative glardlidSofskpec@iiehles 6Nk vadrmiafedwatedtivamk bl ock, as shown in Fig.
2. Likew se, RB3, RB7, RB 11 and every fourth subsequent read block w Il
have a 1/2 offset, whereas RB4, 1LB8, RB 12 and every fourth subsequent
read block will have a {4 [ the horizontal |ength of the
scal ed wat ermark bl ocksgﬂggégsaﬁ:ﬁ'&ﬁj@hleéﬁe EyBAMNINGS| - RB2, RB3 . _.
of Fig. 2 may be classified according to a limted nunber of relative
of f set magni Lude L . ol se . of a.horizontal scale of
4/3, only fotf" %Il%lf'i{éf 8H<tle$rg%dc gtr‘lfaﬂe ?béér]r:ﬁ}l %@egigvag%gg? of gﬁr‘?@% HERYCY o
fractions of the horizontal |ength of the watermark blocks of 0, 3/4, 1l2
and 1/ 4r,ef¢rersc|§esémﬂdé1€ynadﬂﬁ95t,hetfﬂgo%&dewleé Kesarption, takgpin fmgunctiopewittbe
organi zed into four offset consistent 16 x 22 read bl ock bins. or nenory
spaces, theactodpanyngfipecepanabndh:t o one of the possible offsets, as shown in
Fig. 3. According to the present invention, each video franme is traversed,
read bl ock by read bl ock, each read bl ock being added to the preceding

bl ock havi ngFight issasehematicepresentafiongd sraling ar ko 16 wsesamiarkedddoclesiradeti ng t o
the appropriate offset This video accumul ation into specific bins

cor r espgingls B¢ 4 RorerMUserde of A50tS geserataal 166t 6413 byateayarkdd bivkk sthiifido

bet ween the watermark and the first read block 13 -19 NOV 2002 According -
to the §xagple shown in Fig. 3, read bl ocks having an offset of zero may be
accunul BY€d in read bin | ) read bl ocks having an offset of 314 relative to
the horizontal dinension of the scal ed watermark bl ock may be accunul at ed

in read bin Bg peadbllchUdediavius@ataiy Dhdmbér 6ff ashéds bEhAkibBdintent BE the
hori zontal di nension of the scal ed watermark bl ock may be accumul ated in

d bi I i | at.i h
hort zonfshofieb@Rf & Ge el fidndh, UstodSthe Utychialiol RpbICor B 1R 164 1
read bin 4 Eaf(hlr ad?lg[i&h?ﬁccordi lgg to tpe present invention, accunul ates

bl ocks WATHRykblQakss ool facten pf 4/3

t-he fractional remminder operation
may be used to accumul ate read bl ocks having |like offsets. In the case of a

"4/ 3 scale, AFigS howp | qikl):ékg'diazgranrl hﬁugtf\a@ﬂgbu&%gsa@uﬁmlation according to an

embodiment of the present invention, using the illustrative example of a 16 x 16 watermark

block scaled by a honizontal factor of 4/3.

Fig. 4 is a block diagram illustrating further aspects of the present invention,
including the steps of re-scaling the accumulated blocks and combining the accumulated
blocks with a shift prior to detection of the watermark, using the illustrative example of a

16 x 16 watermark block scaled by a honzontal factor of 4/3

"y



cycLicaQy distributed into 4 separate bins. Each bin may correspond to a
predeterm ned nenory space of a conputing device and the vag QN ?
corresponding to one or nore selected characteristics of th ugi g\é rmy'be
stored within the predeterm ned nenory spaces. Eor exanple, the |um nance
val ues of the pixels of the read bl ocks may be chosen as the selected

characteri sty. r i LJ: read Q bi.ns rj the .

accumul at i onhgi ggs.%&gé'ﬁﬁég%bﬁ%g%%%é e,scgﬁbge%blgtxeﬁg %?tﬁlé?alag‘?#a&ggf ng_'é‘E‘? c or
characteristics of correspondi ng pixels of each accunul ated bl ock within
each bipixels by hateaiherizogt sealg phebcaloand: meertical soale iof wtale, sogenemtel 4 W
relatively uncorrel ated signal as conpared to the watermark signal, the

st r engtyscale ¥ et yfuak~warckmudkled bhekrofivideopets. as the read bl ocks accunul atwe,
whereas the video signal itself will trend toward a nean gray level. A
filtering criteria may also be inposed at this stage of processing, to

al | ow for sdfigcé iy blsick diagprra dlbsstrating 2 Sumbesef #peits of Ancnbodinead of ity woul d
al l ow the accunul ati on of only those read bl ocks having passed a given

criteriféthod\ef Uetd mtétﬂﬁrl&sya‘d@oﬁﬁx!lgie?d theeprdent idvenblofMu an WRektive
processing nmethod, the criterion utilized to detect the watermark matches

rocessing et hod, utiTized .
aur 1 g TAEP G AR RO NP AERRR ek 8 UBAY PhETOI ReARFetE, ocossi n

met hod allows the visibility of the watermark to be advantageously reduced

wi thout af f ggii MY i§ e bigdkardeipirarat RB@AthgOidebe a¥@RinRNARIK aStaddy €/rdnng
detection thereof. Methods and devices tor such sel ective bl ock processing

are discl.o [N - 0 i 0, . i.gned US patent.a fcajdon to
< i o ot el Bt SR oY ERHOE SRR e RO XN
which is incorporated herewith in j{s entirety. Wen a sufficiently |arge
nunber WCME%B?CS&%“WQ\P@aﬁ!?éﬁo%l‘él:{?ﬁﬁﬁ’rafé@lcﬁ’% each of the read bl ock bins,
t he accunul ated read bl ocks may be re-scal ed, adjusted far differential

of fset, combi.ned intoQ,a,single ck.an he scale and shift of the

wat er mark d ‘gcgeﬁ.a%&%gealﬁgrﬁﬂ ;'/,u%[rﬁtén%?"r'ﬁg (PR O?htg'ed%rteﬁeé‘f VR Lr mar k
may be evaluated to e, g., decipher the hidden nessage thereof As shown in
Fi g 4, ingledipg she slept RE rerp@ling uhe peramulased blecks fadicombiingothscaccupnlatedeach
bin receiving and accunul ati ng read bl ocks having the sane offset. Each of
t he reatbdilsowkh Dishift fridrhroodetectdorané thowatanaclg! @ingd vn Jlidstdtive examplese of
the original 413 scale), to create re-scaled 16 x |16 pixel read bl ocks 410)
420 A3th A0 o MON Bl B id Geatedty PhotBbnfaprfdtldstaad bl ocks 410
420, 430 and 440 are then conbi ned through Sﬂl ting into a single re-scal ed
16 x 16 video accunul ated bl ock 45D. Indeed, the selected characteristic or
char act eri stkigs9 af a owrdapafdinngnipiduets affthe podsemtfintdmnionefa ahiee knbead

bl ocks 410, 420. 430 and 440 are added together to forma single re-scal ed
16 x | §.pbgdeo accunul ated bl ock 450.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention utilizes a video accumulation procedure to allow the
detection of watermarks (and subsequent deciphering of the watermark payload) in
watermark-embédded video streams having undergone an unknown scaling and/or an
arbitrary pixel shift. Within the context of the present invention, the term watermark
include; within its definition any intentionally concealed message, symbol or other artifact

that conveys some information such as, for example, indicia of ownership or authorship that

9



The above-descri bed procedure, according to the present invention is
carried out, preferably in parallel, for each scal e under confgﬁgv QBG?
The present invention allows for 15 ~ 9 ~ ov zaoz the detec -
wat ermarks in video streans having been scal ed by an unknown scal e factor.
What is generally known, however) is which scales are in conmmon use for

vi deo. iEhlesignettal bessubbtantiallyaniisiblyoindden intoethe dattstteame T détedt bvaatermaiar se  of
known scales. It is, therefore, not unduly burdensone to test the video

st r eam FginISwaRARKKOSbHISE vidRBTSRBAM retiftds Bita bRkt B 118 HRRBE redlassh i Ded

above. According to the present invention, testing the video stream agai nst

each of ,the co Al y .ys cales,.: W e..,a single re-scal ed video
accumul ?heec’gre%'f‘%g "f%‘r" léﬁgyh&o "? ﬁtémjc%ﬁagé%é#crthec%ﬁsfﬂ‘é“e?%%Smﬁe %A2det ection
algorithmmay then be run on each of the re-scal ed video accunul at ed

bl ocks, wateEmarksortwaterearks o Howeyes soce thgssala epplieditattkelstidantik unktovef, ti g. 4.
The present invention, however, is not limted to any particular type of

det ect i ggprapriie sizbof theaead blvakiedlsd inkndeine CTHeQiresthOb ekt oM soR¥s tHiansf or m
each of the video accunul ated bl ocks fromthe spatial to the frequency

d [ : -1 Al I ift. lied t
the. wat LG SEforipE WBheleMotiRa (BRERIAELR rdesfiife Mo Slbad p?Ee ' ¢ 1
conput ed for each. of the re-scalgzd 16 X %&Ha}ccunul ated bl ocks 4S0. In this
case, 2ugcksiaf su t pieg L0 ppramipedate patesars Rlogksscaled hy thes largest commnnly at ed

bl ock 450, one for each possible offset of the watermark within the bl ock
450. | nokeddgaleteThio ppwedins| may scarnéd owvesthanstirially ooinyrmallet ugftérather oppi ng,
conpression algorithnms and/ or other digital manipul ation, the waternmark

bl ock ”ﬁﬁteﬂﬁ&k@@ﬁd&o Frode3ing® frietidd Rboddiey wtﬂggrea&ﬁtm@nasﬁﬂ &{{;&tﬂkouéﬁ% but

may be shifted therein by an unknown nuriber pt xel' s. For t reason. it
IS necessary tp.. te. 256 DCIs on, each of t | 6, x .16 matrices of the
bi ocks. &ugicty pEFRRY AN Bhe Bt PotRs S, Ml st S afioneiet o e o xel
within each of the _video accunul ated bl ocks 4S0. In this manner, if three
scal es eareectshifand shdierorges wale. thereoaregy scplerheing the ssalel pplied tmibeat ed vi deo
bl ocks 4S0 wi |l be obtained. For 16 19 N 0~! Q02 each of these video
accunul whedndrkas ke A3&) steéin DCTs nust be carried out, for a total of 768
DCTs. Assum ng that the sanme nunber of read blocks is accunmul ated in each
of the read bl ock bins for each scal e under cansideration, then the

wat er mar k wi £p ipfptite numbsr f scales arg hsprepically) osgbleoangetbe prasentiayentien iscal ed
vi deo accunul at ed bl ock 450 having the greatest DCT power. The DCT anobng

t he 768effattile Mdsedtiny wwgerntrek gineatidst stipanescalet e aaf e¢ating Fctdr is theul t aneousl y
i ndi cate which scale was used and the shift of the watermarks within the

' Chat g e Aol A g P R R Bt he P "o fl e
at that prlagt?c%:[ Lc?vgeygr,tcml}? a limited number of scales are in common use, as only a limited

number of video formats are supported. This allows the present invention to greatly reduce

the number of different scales that must be evaluated to detect watermarks embedded

therein in an accurate and reliable manner. It is to be understood, however, that the present

invention is not_limited to any particular scale dimension or to any particular number of

scales currently in use.

' ‘Fig. 2, for illustrative purposes only, assumes that the onginal video embedded
watermark has a block size of 16 x 16 pixels and that a horizontal scale of 4/3 (one of the
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t hat bl ock 450 corresponding to the correct shift. This is because the

vi deo signal, when considered over tinme and space (a suffcieft

read bl ocks), is a generally wi de sense stationary signal Th ww
signal) on the other hand, may be an unchangi ng (al beit weak) signal that
is concealed in the video stream After accunul ation, therefore, ,r the
wat er markrogngaales qrrently i yse) hasdreen apriied thesetot Aberefarerthe bagied 6ixdkso si gnal
wi |l be de enphasized, manifesting itself as a nmean gray i mge, for
exanpl e.wayrniatlemt bléokis hgve trelergons adioddormalcuatingaifars, vesiring M pssibhs0 havi ng
the DCT exhibiting the greatest power, therefore, the watermark and the

correct seahmidhrehidlly sl wabareasnclelaeleats VVB?-SPE&%%”#G pildERtion is

not linmted to video accunul ated bl ocks 4S0 having a $ize of 16 pi xel's by

| oat ng e b 180 Bl B TR R 2T s e Rl *°

conplexity of the transform,k The d~sc(osure above, for illustrative
purposes‘f,‘mF’?‘QH‘r rquet??é[‘é’ﬁjéeir%‘faf’}f ot gligscaled and wasermarksimbeddedaddeobl ock and a
wat er mar k bl ock having a horizontal scale of 413. However, the nethod

accor di rsignabis divededrints @rplurality exfitl b ard 4ibbloclsadid detdne tigewateadariewitlinthe

wat er mar ked 17 19 N O~ ~00~ bl ocks of any dinension, scaled to any scale

and shi fstgled idédlitreatd) @ iVASRESABY #o reADHE Bldeks, MBIuBRPWE 135 Ynd HIRBSeqflnt Pi Xl S.
| ndeed, assum ng that xScaie is one possible horizontal scale and that

Scal e i I - VEr e i,nventign i.s equal l
gppl i cat?? 'y goeég‘?%(% lga%d gﬁ‘?ek%r? ftggoﬁ%tg’lws?%gkese%?btl ﬁepﬁx%l(SSca eéef%ﬁyqbe Y
represented. as | K/ 1H and yScai e nma e repr nted.as |v/1lv, where (IH J
arg r el ZEFR7ANg tof cr?éesﬁﬁtrfﬁé ‘OM’e\ﬂ%B{‘)’ék E‘Fgf’ﬁﬁ)‘ 22 pErel|igehose), 48 F*\?@*l“y( pri msH)
nunbers. If the original size of the watermark block is assuned to be N x N
pi xel s iimf@ﬂb@,CkﬁﬁBgiR@ZMt@WQRBﬁOEEQ nieantAin g oNsipineg vathi the bhgindlor | zont al
direction and N pixels in the vertical direction, then the scal ed waternark
bl ocks wild 16haaterrttirkeias,ithe $6:0F2 reddl BlodSER EfhroudhMRBS Eadalt elbsdguenyewdn in Fig.
5) which expression is equivalent to (N* I,-,/JH) x (N* Ivllv). For

si npl i Cibi%Es Ldienbeh 'irf(’ﬁ%”@) GEPEVdP 6 PlReldd k&@@&mﬂ%&@}t}w&n&%@?{l&@@b case

. Xe
wherei n the waternar |l ock 1s scaled only 1n the horizonta ection, it

being u t that the sent ipnvention s readily appligable to scales
ineith O@"%%‘? PHOSFAUERe %g’[:%%%n Oélsg%“r'\ '"v%‘til)é’é{ r?acﬁ ?‘b%‘f‘f’@'g%. o insure that
the entire watermark bl ock nay be contajned within the read bl ock, the read

bl ock, A¥edaraingdgeadlodks RtlebetishiBR1ere skrvn pe difieremb figesoaly far dagts. of N x i nt

(N xScale + 1)) where "int" is the mathematical truncating integer

et on, TOSEShaLRN £ 957 bARAD B0 AIUFLGEER) Al SRR
S e e T A R T A
bl ocks relative to the watermark bl ocks, however, preferably is the

fracti omefio, beinspastien The begrrdnggf thslsedond +ead block RB2 starts 16 pixels from the

beginning of WB1 and is, therefore, offset relative to WB1 by a non-zero relative offset

OB2. The relative offsets OB1, OB2, .. OBn, according to the present invention, are the

fractional remainders of dividing (n * 16) by 64/3, where n =0, 1, 2, 3... and where 64/3 is

the horizontal dimension of the scaled watermark blocks WB1, WB2, WB3..  Stated

differently, the relative horizontal offsets OB1, OB2, ... OBn (the offsets of the start of the

x

read blocks relative to the start of the watermark blocks), are derived by evaluating the
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*N) by (N* IHH1H) Ttus is equivalent to the fractional remainder of
(¢shift / I~~* J,~/IH+ K* 1HIH))) where Shift denotes t b

origin of the watermark within a read bl ock and where Kis Dyglﬂa\?ngm%ual
to (0, 1, 2, . . IH1). If 1Hand IH are relatively prine, 18 19 N OV
~af | 2 téwprestine (KytNe / INngl/R oK £ (14), rveteaé Mden s initlid e)&aen %I MhérELK & nce the
fractional remainder upon division of the expression *JHI, 1)
is equ i udlk ijonal 1. NeGe O ' * J| ilIH H *

JHI Ikl)a‘l:yglt%([:lgréﬁ H |§man i nt egg’r@idTher ef or({é:(&ag&er[{éuall lﬁf‘%%’koibe’l“ht?"are :
sufficient to accunulate the Nx int (I~ * 1, i/JH+ 1 ) -sized read

bl ocks so t HEhust ethembserofer 43 btale ks showtiuFit eckhi Rel@delbAbnon ik Zigve the
sanme offset. The read bl ocks are preferably | arge enough to |nsure that the

scal ed yRhek RS Fadt®nhluehingarifiingtdy bheiehy ¢ f he scal e undef
consideration. Smaller read bl oéks %ray al s}g beq‘z’sgz% $1 m}'?reﬁ Best

resul t ' be .obt ai ne the |H read bins are
suf fi m‘gbq?‘ﬁéd legtlfJagBe{g ﬁ% %%E}%’%’% Mer O?QWGI’(Pré’S%%‘a&QZpM?'eFmP Ry ef or e,

t he ITBX_I_H}J g{l redgé (ﬁ gf t he re d bl ocks may be int (N * nmaxYscale +
1) x NTA53n B saupbia thedracyeral sematndsr ofideidiepnst Bebat i on, N
x int (N* nax7Cscale + | % in the case wherein only horizontal scales are
under dda¥4/8eerd/ftoThugreidblo¢h\RB2 bagiBC46 plxelsfroh) RB1iand is offset rotecal e + 1)
in the case wherein both vertical and horizontal scal es are under

consi dehabegifningoe VB by %3¢ of mﬂmﬂaﬁévalﬁ@hﬁoﬁbﬁtﬂe%am%&a]%%s Bl Scal es

under consideration in the x and y directions respectlve own in

Fig. 6, ural jty of bl ocks,
| abel ed P&%ﬁougheréﬁgwérﬁ \?ﬁ%ﬁ?ﬁg%%nﬁo tloqaLrei['ﬁg‘dﬁ %f\g’a\‘]g m%hlérl zont al
scalin hagRBk xN*B<c or Nx N* IHJ"- The read bl ocks
RB t t ot?!g(ﬁ bR b2 aithe saporsukise 'ﬂed(fN evalugiing the fragtignal regnaindsur e t hat
an entire wat~cmark bl ock wilt be read, up to the nma, ~ci nrum si zed scal ed
wat er neafite expression dhé (4R veierok TRand €D =Hit/ac KEhuRERB3 bégiauphpiBs fwae of f set
relative to one another by N pixels and are offset rel atlve to their

cor r es (RBwlanpiswsiiservehitive bb cekseelRiny ditwBuSH 1VBRr b HoPi%orftEJ Q{kfrl of €Mai nder
of the division of K* N by (I~ *xScaIe) where K is cyc y 1's equal

to (0, ¢ld sdifed whth OB WB" . Shdifadty) fhell[llghve o?tlsgf B@rl Zont téﬂ ?1?0 0,

d| scussed relative to Fig for exa Vel | 'Fyqé* ,

3 h RBllsallnedvmthV\Bl
and th%aflé?'gf% 2}"5%(88{1 "t%lq alsq %’ea;g{]‘aéit}r) 3{4 r Chusi RH4 begins gé’”ﬁﬁ'ﬁ/l si on of
K* Nby (N* xScale), where K=0. RB2 is offset fromWs ( by the
fracti ﬁvm RBa pad froffsebreladive Faihg desmming o WRONy 1/4 86 tiediprizawtglrdimensionl .  The

starts of subsequent read bl ocks are offset fromthe starts of the
wat er maf Khdlscdés warertnaek blanke WBANeThe sahe lredtld B staladd b dviduating wheer eupon K

fractional remainder of the expression K / (I/T) where K = 3 and (I/]) = 4/3.

The offsets from the scaled watermark blocks, and consequently the fraction of the
horizontal dimension of the scaled watermark block that these offsets represent then repeat
in cyclical fashion, as follows As is the offset of the first read block RB1, the relative
offset OBS5 s once again zero, as the fractional remainder of dividing 0 * 16 by (16 * 4/3) is
zero  Thus, RB5 begins 16 pixels from RB4 and is aligned with the beginning of WB4.

Similarly, the relative offset OB6 (not shown) can be shown to be equal to 3/4, the relative
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cycles back to O for the next read bl ock. Returning now to the exanple
wherein the scal e under consideration is a horizontal scale og glﬁ\}m$2e
read bl ocks may be advant ageously organi zed, using the fract' der
operation descri bed above, according to their offsets relative to the

shown 1 roe OF 7 (168 o) Frrofl 850 thi e T N

separate bins, each of which ma%/ for exanpl e a distinct nmenory space
of a corﬁb@ﬁ“h@a‘ljb@/ﬁwﬂ@n@%@h%yﬂr @80 Sheichgve offih OBS (no shown)otendzst s of

the horizontal start of the read blocks relative to the horizontal start of
t he wat eshowmktotieadigaed, amn¢ again mgthvihe nextheatenararlebloct WBaqmbashovadl erexanpl e
The val ues corresponding to one or nore selected characteristics of the

pi xel s ri%létxb@ ofts Q¢ @E()V\WT' REshd OB We@hpﬁ&txghﬁéf 3/ OI/Ze)éﬁi”zdeD of m:é

| um nance val ues of e pi xel s of the read bl ocks may be chosen as the

| ect h th
e AR APk i A RS M A b e DB SRR P W BaR Yl 9 L
characteristics of carrespondi ng pixels_ of each accurrul ated block within
each of KBk RBH.ERY Hﬁ@c&mg?‘f?éy Fbsequset fourgiefead Hlogk ailhhayternsrofingt efizsrasi deo

signal is generally a relatively uncorrel ated signal as conpared to the
wat er marSiradiady)af canttieesest theh§BR, BB6t RB 1 Ghvandeeverr dubsdqhitnt euntte reafl bickdyillwher eas
the video signal itself wwU trend toward a nean gray scale. 20 19 N 0~

2~Q- Thehalt giaes offfet! RRAvOLOBK hotibdital @@ th SahecaliRbRIEK B #A%A iRTFid he | H

read bl ock b| ns prior to carrying out a detection algorithmw | vary

gffiéﬁl i 6“\“%36 NEIR, kgﬁ@@ﬁ‘*‘i‘ﬁg}}%@%ﬁaﬂsb%?%ﬂaz@% 20 k
ueing. 1ol e At s RuFELardiotiionrB tienig! ot Miaskoel 1o anlin 1 ho.

above cited patent appiication to Kurowski. As shown in Fig. 8, the read
bl ocks afset oelatveda thekatizontablengthof the soaledt watsimask bleaks r ecei vi ng read
bl ocks having the sane offset. Each of the read blocks bins are then re

scal ed by JH vers r n | H Jr | e under

consi deratio ccog‘%“é?’e b?:célshlgBﬁ !%‘BL) g?aiel P&fdgb JBKs bgdessidsd  gao

... 840. Each of the N x N pi xel re-scaled read bl ocks 8/ 0, 820, 830 ...

840 are qcﬁ@fﬁl%dpﬁét“é@df‘@mb@f?%féla“&%aﬁﬁ?bﬁﬁgfﬁé'éeﬁ QB @B2i QBB e- latheesed N x N

vi deo accunul at ed bi ock 850 using, for exanple, single dinensional affine

t r ansf orofathioprental svele od 4/3t hely fedratffadntdhatiamat eniastes egist, chaesponding o i cs of

correspondi ng pi xel s of each of the re-scal ed read bl ocks 810, 820, 830 .
840 FrRtieRdTRiIrNAL ndaﬁsﬁtmelen&m bortmR avatm@He biRks G2l ®d3M, xi/N atddea,

accunul ated bl ock 8~0_by linear maps utilizing a re
respectively. Thus, the read blocks RB1, RB2, RB3... may be organized into four offset-
consistent 16 x 22 read block bins. or memory spaces, each bin corresponding to one of the
possible offsets, as shown in Fig. 3. According to the present invention, each video frame
is traversed, read block by read block, each read black being added to the preceding block
having the same offset in a specific read block bin corresponding to the approprate offset

This video accumulation into specific bins corresponding to computed offsets is unaffected

by any initial shift between the watermark and the first read block
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sanpling interpolation filter, for exanple. The above-descri bed procedure,
according to the present invention, is then repeated for eaﬁ? @%{ 290 er
consideration, to yield a single N x N video accunul at ed bl o€k or —each
scal e under consideration. The present invention allows for the detection
of wat er mar Ascoirding taitho exampla s viamiling 3head tdodds davity aap i lofiowd maal e
factor Wat is generally known, however) is which scales are in-comon use

for vigegcuhling i G@eld&ﬁn 1 Nidkd Blogkd RavepADEFFILE Bf mrt%tat&yt@uf& HdrBbhef uni ver se
of knovvn scal es. is, therefore, not undul y" burdensone to test the video

stream.aqa C n 01~ 200
nanner egs"?:(ﬁ)gﬁ% Qggé/g P‘%ﬁ‘cor i ngﬂpé i hgg%'rﬁglg%ﬁtm r thi[{’;lt‘lzgﬁea‘t %‘8?'&? ore, -

testing the vi m. agai each of the comonly used scales w Il

pr oduc@@%ﬂ-"r@fgsét Pé"r%dglf"étf 9 ‘E%E} odzqiahduenstpgidhg sginl watermarkiblosk ¢ he

scal es under consideration. A detection algorithmmy now be run on each of
t he r emdy bk eccumutated i itad binct andireat ddodks diakisg 85 ® a6t & 4 Blalive tptiesent

i nvention, however, is not limted to any particular type of detection

al gor i fHFonfaP HinekaioR| oF thdeTtedowatdiTak rByckbay 8 hebdmbiBRd dRtesd b4 @l gori thm
to detect the watermark and ascertain the scale and any shift that may have

been ly i t: I cks For e le, 2-
DCTs %@hblgg%éﬁbsggtﬁ%r ea IEeswtlth éﬁtlbg sca’%ﬁiéi%b;{?c%sgmﬂe%a rrgt ed

bl ocks 850. _In tEe case, N * N separate DCTs nust be carrled out for each
N x N offsetimlius & %PB‘&P&%%WGH%O Iqnomay he mserh & pequaulite sead Blpckshe

wat ermark within the video accunmul ated bl ock 850. | ndeed, due to possible

| oss dlfavingnikeaofiivetsr otharmase efha il staje, asshpivngn Eiglnzartbssrbambbbgnakthns

and/ or other digital manipulation, the watermark bl ock may not begin at the
ori gi neyefic ngﬂxsﬂbﬁmummmhxate&ﬂnsbl ock 850) but may be shifted therein by an
unknown nunber of pixels. For that reason, in the enbodi nent of the present
i nvention wherein DCTs are used as a step of the detection nmechanism it is
necessary tBachdhipuer cpurespapdioapisdcteaifcdomenpey fage f ¥ computingcdavick at ed

bl ocks 850, starting each of the N* N DCTs at a different origin pixel

Wi t hi nasridnéhe Malsed\cotradpendirectonane atr anbrb Iseleéte® oharatibridtids o GRNpiéls mal behr ee

scal es are under consideration, three different hi x |~ accunul ated vi deo
bl oc kﬁft@ég Wit thggréa@teahme@ mefiBfy $AER. For uaaﬁaeva\g Anififcd rvatuat epth@' ocks

850, be carried out, for atota of DCTs Assum ng
that the sa nu r of re d bl ocks |s ated in each of . the read

bl ock B OFEP rgé}gﬁlogl?a'f‘aey qosetan e era #gﬁamftﬁgﬁ‘ < 1RE GATIHIHOMT i || nost
i kely manifest itself strongest in, 22 1 ~ Nov ~~a~ that re-scal ed video
accumithatres blogk kg5 0Pwing g acrumyition st adng) prraedurthe RTEHRShg t he
greatest power, therefore, will simnultaneously point to the correct scale
and t ocHahseterwtic ecthas:iu'tefrtsticsf oft doerespind mgepikels bf eahyaccuvhdlhied tidvk wishier mar k

bl ocks I ndeed, the DCT °~ having the greatest power wilt be present in that

vi deo aeh i akdstde Q%m%ﬁﬁrcﬁﬂm%g}ﬁl k%eh&%llf@&ﬁzﬁ%lyﬁﬁn@&ﬁe@t@@' at that

| ocation wthin that block corresponding t
signal as compared to the watermark signal, the strength of the watermark will be

reinforced as the read blocks accumulate, whereas the video signal itself will trend toward a

mean gray level.

A filtering critena may also be imposed at this stage of processing, to allow for
selective block processing. Such selective block processing would allow the accumulation

of only those read blocks having passed a given criterion. According to one such selective
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the correct shift. This is because the video signal) when considered over
time and space (a sufficient nunber or read blocks), is generally a nean
gray scale. The watermark signal, on the other hand, may be1 ?Néklnﬁﬁ&%ng
(al beit weak) signal that is concealed in the video stream After

accurul ation, therefore, the watermark signal will be reinforced, whereas

t he uncblofle|niecessing gsghad, dhe crifpnan pelized- Wghtset thed waresmardke statohes ithesel f as
a mean gray-scale, for exanple By identifying the re-scal ed accumul at ed

vi deo btiiteHoB etpluyed ng deteemin€Tinewhichitlocky tohembyde BleCwhteRANR! dufifletief or e,
the watermark and the correct scale and shift will have been detected. In
sone in , m e r s : i | ocks
350, havi A e e e e o b6 P e e
mean power.level, of the uncqrrelated video signal, Those re-scal ed

accumul ¥ &"X/f’ggl? thr&?@‘gggg’e YENPRRS rc?glf'?ﬁgs‘ﬁ'gf?d‘tta eding @‘5 PAYEMGre, for
exanple, an integral nultiple of the correct scale, the correct scale being
that scatresgtinofi the tvagspskergnab durige detpglianathergpfleMethodeand deviess fonsuaich a
case, however. the re-scaled accunul ated video bl ock exhibiting the

gr eat esseldofi¥e plovle pravessingnare tdisclosed in cmpendidghandnainaney kssigried i paeit, and
wll indicate the scale of the original video stream Moreo~~er, the origin

pi xel ofpdiiBRidaGh RaKufvski) Ssephleinisd m&&rrm@{ hiledi gifi cate the ghif el Mposed
upon thepx\*;\l/aterrrark within the watermark bl ocks Altermativety) if’ none of

t he SCaﬁi,?@oéﬁ?gg@ﬁ&pﬁiifgi%@ﬁtg&h%ﬁﬂ%ﬂ\kg}t%?ﬂr@% _I ed accunul ated vi deo bl ock 8

SO exhi g a signal rising significantly
above the nean of the video signal, no watermark nmay have been enbedded in

the video stweasaniciently hege/iulsier oF FQABIGERY hARYBecn@RPuMBR:86h bshng a scal e
t hat has not yet been considered. Fig. 9 shows as enbodi nent of the nethod

for det i L Tple <] scali and
ar bi t ra&%%%léf{%%%eﬁ ﬁlgﬂ%{l%&? ﬁe pr é(géegn aﬁkv%%gg%ﬁdﬁﬁ%dngégﬂg%eﬂ@%i ns at

step SO. _Thereafter, a nu r Qf s S e carrjed out for each scale 1/J

under coft '}eg Ao 4 S‘f‘glge‘?l?‘ﬁij%‘# &F’i ré ee@l‘é@nﬁ!‘i ngthqzl"‘@.te@)" ki ggteded uch

scal es are under consideration; nanmely, Ir/Jr; 12/JZ and 13/J3. The nethod
i s ext ehdsbiusnty, thgirusiurp of thsf dejerted vetermark migebo avajuatédnia e, decipteirng t he
processi ng power and speed of the equi pnent carrying out the nethod

rel ati vehethiddeh enedabea titeadof. afs shbemvin 0y 45 tthee ssad Blaeke ambhaty ofdagizpd @gent
nmethod is carried out in real time, neaning at a rate sufl'rcient to keeps

pace wifhie the MbACins 18R Bin RicRMe Sndiladclbal: Feal®hIshs mrng Rl saE for
scale |,/J,; steps S21 through S26 are carried out far scal & 1z/Jz and
steps Sc:)gﬁs!et.t Eg&)\u&l‘lhes ?egd b AR %fnrs'letgxroq‘l"éh 4f e n%%va}e?sc!a.l;eé %9 '3/‘1 ?Ihg tm%grsse of
the original 4/3 scale), to create re-scaled 16 x 16 pixel read blocks 410, 420, 430 and 440.
Each of the 16 x 16 pixel re-scaled read blocks 410, 420, 430 and 440 are then combined
through shifting into a single re-scaled 16 x 16 video accumulated block 450. Indeed, the
selected characteristic or characteristics of corresponding pixels of each of the re-scaled

read blocks 410, 420. 430 and 440 are added together to form a single re-scaled 16 x 16

video acwm(xlated block 450.

The above-described procedure, according to the present invention is carried out,

preferably in parallel, for each scale under consideration. The present invention allows for
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S 11, S21 and S3 | ) the watermark bl ocks are read in read bl pcks. of !
size in the manner described above and distributed in turn inf Né %ﬁlﬁaz
and |; read bins, respectively. In sreps S 12, S22 and S33, the waternmark
bl ocks in each of t he respective read bins are accunul ated as they are

di st ri butheddetpasion; of watermerks i yideat stergms raging sheom Isyalert Hy tanandnotvn ssehlect ed
characteristics) of the constituent pixels of the read blocks, it is well

suited t fache. C&hat @ geaertliykidvan, keewmvag ipahieh stdlds 4rben dohMBR ust Teamied t er
it is determned) in steps S 13, S23 and S33 that a sufficient nunber of

read blo ot n cordi
sone preg{étasgﬁxﬁégﬁagﬁr?g{r:l on, agﬁg%scelé&ﬁl&g S %Eemﬁ‘cliveg%ftglf"e caP Ig%’f
wherein re- aled r scal ed read bl o¢ 8I0 throu h
840 1 FHErIge, Sor iy yrdcsSing 3 S AR il g neeinr cagh 9&@%@ ’

bl ocks accunulated in the read bins by Jr/lr; Jz/1z and by J3/13,

respect i wedyscalpninsthe grangeridsscrifed ahave. Sascording to thequeseatinvantion bestnigshar e
conbined into a single video accumnul ated bl ock such as shown at 850 in Fig
8 using wideegtraimtagainst edchoof, the ccommatly use scalis hvilrodadeat sidgtéi [daalbd ock
for each of the three scales under consideration in the exanple of Fig. 9_

In st epsvﬁeéﬁecumt@d\aoa@ﬁ)r caclist @elskA8 lﬂldep&sd{s @?a&.énCﬁrJe':e% oﬂgggm&n each

of the three video accunul ated bl ocks produce y st eps and S35.

mccum ared AR AR R RO R AT BT s Fpat ﬁl@fﬁaam?{ ﬁsethvsér?%é’aleq or

exanpl e, a discrete Fourl er or C05| ne transform; In the case of DCTs, a
nunber of &ﬁmm%vd@@%ﬁpmf%m one for each pixel in the video

accurnul ated bl ock For exanple, if the video accumnul at ed bl ocks are of size

, mb b d $4,
the resul (s ofns REUEN hiallon, Rye i€ hoPlReCR o8P agllGons ot drefishbar ot

and the best result is s , as shown in step S 5. For exanple vvhen
DCTs ar edlgaftheqd Kaft exam ?e&@ tggflonselgortivn gy, Rﬂ‘l’fﬁ@fﬂb\%ﬁ*‘s obfthe|vidgez ' * N
‘> N) 2-D DCTs are conpared and that DGI having the greatest power will

poi nt t oadchmubahddf blocksfframyhe sphtialite thefrequemck domiihito deteet thetveatermakc dldocks
and to the scale at which the watermark was scaled within the video stream

The et hgdeillsthat scaleepndSGhifWappked: e ther egeimgk dgbas| edodesGripRt it has
described preferred enbodi ments of the present inventior~ it is to be

under st oghe fxﬁé’ﬁal (o)aveysnds Por betp!u&B fbrse dchldi3hd Petéc}{l%(g ¢g! Y16 uﬂlﬁfahﬁm tin-

of the disclosed I nvention_ exa etectli on ne an those

Gepar 1 nOPORTE i 465 850 7 3%"3‘?%@ AL eacF‘t“"‘eigd

bl ocks nmay have a size that
accumulated block 450, one for each posstble offset of the watermark within the block 450.

Indeed, due to possible loss of rows and/or columns due to cropping, compression
algorithms and/or other digital manipulation, the watermark block may not begin at the
origin of the video accumulated block 450, but may be shifted therein by an unknown
number of pixels. For that reason. it is necessary to compute 256 DCTs on each of the 16
x 16 matrices of the blocks 430, starting each of the 256 DCTs at a different origin pixel
within each of the video accumulated blocks 450. In this manner, if three scales are under

consideration, three different 16 x 16 accumulated video blocks 450 will be obtained. For
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25 19 N O-J 202 different than that described mttie presen~ appttcation
I nstead of accucnutatng read bl ocks in the respective read b‘g:ﬁQynim]Qhe
read bl ocks may be averaged therein, for exanple. O her noditic ns wl |
no doubt occur to those of skill in this art, and all such nodifications

are deenmed to fall, w-thin th c n jrit of the present invention.
Thus, t Pﬁ@hp}fég‘?éﬁt“qeﬁxﬂém‘}“&ﬁteg SlaskS fsh %%ézf%m fughba shenied eutnor agotbof f or t h
bel ow. Zs 19 N ~d 2a2 CLAIMS: 1. A nethod of detecting a watermark
enmbedde@68 BCIsviAlssomgtg thanthe fsamerpdmbér efincad bloickeisiacagmdatedireehrofithe vi deo
streamw th enbedded waternmark is scaled by an unknown scal e anbng a

pr edet efggnR6CK bink tfer dthibREleQindsC abmikleratOAPHeR Ithd wat@hmakawil Rbst Mktly
predeterm ned finite nunber of scales, the steps of: dividing the

wat er mar k i Shhe i ¥ -2l | Y, Sy r bl ocks;
Aecarur Tptes! KSAPsRieERTh Ut fe B i Aokl BV il IE
relative to the star f the re ctiyv termarks into a respective read
bl ock bpﬁ:%Po‘&erprtléFe’bgr%n‘f'ﬁ% 'ﬁﬁﬁ%grsnfﬁ ﬁrcﬁgd‘afﬂ“&é greatestRavsnthsesdorsy t he
specific scale, so as to reinforce the strength of the watermark while

de- enphwill sinoliadeoasty indesteswhicln snals waralsed prd the shiftraf tieaeitemiarkseitkio therul at ed
read bl ocks having the sane offset to recover the original inmage size;

conbi ni faterierk Klodeal Ridedts ehyTDICA Ralifgethd hdx@ailimoweer Wil HBigrésefdint dh@im and
conmbining theminto a video accunul ated bl ock; and eval uating a

pr edet ef.n \ wEd] | I . =h. of the
pr edet e?’ﬁmleﬁ g%“w %%Blﬁﬁ%%@bdg{&ggﬁﬁégg@’t# g%ﬁ%é@%ﬁ%‘%@ﬁ% rl é]éépﬁr?ag&%he

met hod qf ajm_1l, wherein th redet er.pi ned nynber of r.ead .bl ock bins is
ot or mi Hatblsgk Asficotiesnontide o ottt St e termioe Mt serd taon 3.
The method of claim1, wherein the scal ed waternmark bl ocks are of size N *
(1 H JH) considered( owet Jipje anghenaee & sufBicightnmimbge oe readrilodksl ina gieresalf wideN and
where (IH JH) and (lv/Jv) are horizontal and vertical scales, respectively,
and ar esedde stationary signal The watermark signal, on the other hand, may be an unchanging

—

(albeit weak) signal that is concealed in the video stream After accumulation, therefore,
the watermark signal will be reinforced whereas the uncorrelated video signal will be de-
emphasized, manifesting itself as a mean gray image, for example. By ideatifying the re-

scaled accumulated video block 450 having the DCT exhibiting the greatest power,

therefore, the watemiark and the correct scale and shift will have been detected.

The present invention is not limited to video accumulated blocks 450 having a size
of 16 pixels by 16 pixels. Smaller or larger block sizes may be used, larger block sizes
leading to more efficient coding, but increasing the computational complexity of the

transform.

The disclosure above, for illustrative purposes, is drawn to the specific case of a 16
x 22 pixel read block and a watermark block having a horizontal scale of 4/3. However,

H

the method according to the present invention may readily be generalized to watermarked
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19 NO ~ ~0~2 relatively prine integers, and wherein the predeterm ned
finite nunber of read block bins is |I,~ for each horizontal I

for each vertical scale. 4. The nethod of claim!|, wherein taggr@m?all@s
are of a same size for each of the predetermned finite nunber of scales,
and ar ebleakisfof enseditmieysidrasgpéedt to aay cwirrand ahied withint the eacg@hdcblvadsdymmy k. 27a
1 ~1~ 0~ 2002 5. The nethod of claim1l, wherein the evaluating step

i ncl udegbitfag, mirdier of pheRNThadsd AGumig tHitdSRaRGS WY balsifle RbAsA QELESPONdi ng
to each of the predetermned finite nunber of scales into a frequency

domai n ' e%g- : vi-deo accynul at | ock for
each of ﬁgﬂyr%%‘g% eé’“m nega% i@ﬁ%glp{?g‘?rgglré pté%%@ﬁ]’%‘%‘?“& © Y ﬁ%@ﬁg@e 2? claim
5, wherein the predetermne uant.i i ncl udes a power of the DCT or DFT
and wheyesioH s anat ﬁ‘f@“’ét g\ﬁ“ ixﬁﬁaﬁ%ﬂ‘é% b, refiressnist a5 didic endhySedamapCT or
DFT having a greatest power, the DCT or DFT having the greatest power

poi nt i rg representak asdotlv.sekdre (laf Jif) laee relatiwelyrpritoe snwobgrstand voliezel €hvelyyianed finite
nunber of scales and a correct shift of the watermark within the waternmark

bl ocks. alsh reMailélp Pri npmberes 3 the ofgislate G W RaRBAIR B0tk 38 %ssatb@agThd or med of
successi ve i mages, conprising the steps of: reading watermarked bl ocks from

the vi ki , ik ZE: | i,call (St L1 buting
successy aady PSR T iz i bR Nodrbiling W et e Rataldiilon
wat ermarks_jnto, a respect.iye.read block, bin of a predetern ned nunber of
read blBAKNoPHES eY#‘?aXed‘f?F'é%tthf"fﬁthee(fcﬂﬁérﬂﬁ‘g?‘?df é?ei%‘ir%dw![bq‘f‘}’?e scal e
applied to the watermark blocks, accumulating the read blocks in each of

t he readimpnsinsis off @ *t Sqale) nf ENCE ySerbe)say shayrrhinofFig He whick raxpreksiowiid e

de- enphasi zi ng the video stream signal; re-scaling each of the accunul at ed
read blegakaknne @0 “rigBYvueINT*hR/IQ). i Bomsimplidigg theSfoll&wing 8escription will set

forth the general case wherein the watermark block is scaled only in the horizontal
direction, it being understood that the present invention is readily applicable to scales in

either or both of the horizontal and vertical directions.

To insure that the entire watermark block may be contained within the read block,
the read block, according to the present invention, preferably has a size of N x int (N *

”

xScale + 1), where “int” is the mathematical truncating integer function. Therefore,
considering only horizontal scales, the read block size or quanta may be N x int (N * I/Ju)
+ 1). The start of each successive read block is preferably incremented by N pixels relative
to the start of the previous read block The horizontal start of the reading blocks relative to
the watermark blocks, however, preferably is the fractional remainder of dividing (Shift + K
*N) by (N * Ly/Jy;) This is equivalent to the fractional remainder of ((Shift / N) * Ju/ly +
K * Ju/Ty)), where Shift denotes the beginning or origin of the watermark within a read

H

block and where K is cyclically equal to (0, 1, 2, .. [g-1). If ]y and Iy are relatively prime,
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19 ~I ~I ~0~2 shifting each of the re-scal ed accunul ated read bl ock bins to
conbine theminto a video accunul at ed bl ock; detecting at | eagt 8

of a watermark in the video accunul ated bl ock; and wherein tha Qg\dww
applied to the watermarked bl ocks is 1/J where | and J are relatively prine
and wherein the distributing step cyclically distributes the read bl ocks

i nto I egRaaht ¥l lérgarloblipakmainters \Ail tENS:em! odiret ( Baeichal KASREIR e

read bl ock bins are nenory spaces within a nmenory device an el n the

di stributing. p.d . S { successi ve read, bl ocks of
a same g&?’%g'tvg %Oﬁ oféﬁ%é@ﬂ?@gﬁé@&%ﬁ? {/ pa}cf‘glrg? ﬂ%ﬁhg'l:tostﬁ%&a tl'o"égﬁfiﬂﬁmd&f Phg the
successi ve, r/ead *blﬂﬂcks oj %ﬁ sa offset in the nenory spaces. 9. The

met hod EShE AN Awlyfelue SEH thd ikessr-ndhergare cluriead; blosk bins ane xel

of fsets of starts of read blocks relative to starts of the watermark bl ocks
W t hi n suffcieitde acatmuaethe x imH(® hbyInodJosized edadblocknkethat thetwazerrmasdi ng,

di stributing, accunulating, re-scaling, shifting and detecting steps are
carri edpRYks {cetimeiacll is achdil will meatie safe bsetpr edet erm ned finite nunber of
scales. 11. The nethod of claim 10, further conprising the step of

sel ecting one result of the detecting steps, said one result pointing to a
correct scal Eharaddhecks agsr prefeablialaegernmough to inslise hat dheragakeddwitereck is 12.

Met hod of processing a scal ed waternarked video stream formed of successive

i mages, futlprphiabicd ghdctig, fot epsofthe scabadinder cvasideratiok eSmbll@akad blogmhidie Vi deo
streaminto read bl ocks of equal size; 29 19 ~ OV ~Op2 cyclically

di stri byth §guSCaBRREN thetR&eRlOG S RBYLIO Y. %mé%s&p{eg'@eggg B

respective waternmarkS into a respective rea bi'n o
nunber of ,read bl geck bins, wherein the predeterm ned nunber is related to
the scaf@dPEpIaF ee&"qﬁﬁ‘elfthga%taés?’rﬁ?ﬁ?"ﬁ%d@ SR (N %W‘?‘Fﬁ”‘i‘%& PZ‘&W?%F'OC ks in
each of the read block bhins to reinforce the strength of the waternmark
whi | e dtheanasinaen prefgrechaze oithe read bdogls saybalint Ne* swsalViserde Ealdix Wfin thiee
accunul ated read bl ock bins to recover the original image size;

case wherein only vertical scales are under consideration, N x int (N * maxXscale + 1) in

the case wherein only horizontal scales are under consideration, or int (N * maxYscale + 1)

x int (N * maxXscale + 1) in the case wherein both vertical and horizontal scales are under

consideration, where maxXscale and maxYscale are the maximum-sized scales under

consideration in the x and y directions, respectively.

As shown in Fig. 6, the video stream is divided into a plucality of n watermark
blocks, labeled WB1 through WBn  The watermark blocks, in the case of a horizontal
scaling, have dimensions N x N * xScale, or N x N * [/Jy. The read blocks RB1 through
RBn have dimensions N x int (N * xScale + 1), to insure that an entire watermark block
will be read, up to the maximum-sized scaled watermarks under consideration The read
blocks RB1 through RBn are offset relative to one another by N pixels and are offset
relativq, to their corresponding watermark blocks WB1 through WBn by the fractional

remainder of the division of K * N by (N * xScale), where K is cyclically is equal to (0, 1,
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shifting each of the re-scal ed accunul ated read bl ock bins to conbine them

into a video accunul ated bl ock; detecting at |east a present}escmm{ “‘,‘0902
watermark in the video accumnul ated bl ock; and wherein the distriputi*h

step, for each video scale of a predeterm ned nunber n of video scal es of

format 0/ 0 WICNE the 420 Rorlzondil CcalblaRbhated Yol pill 9! RPULSSnEVETY |71 E

30 19 read bl ocks in a sane rea anong

pr edet er mi.ned nunher. of , read ck bings. 13., The. neth of .claim 12,

wher ei n"’fralgﬁlﬁregﬂa?grorr?ﬂ?eﬁﬂu Frg}e% gf"'r gﬁﬁs’fﬁ 315%1n,r1%g.i éq}BI isjaligned Wk er mar k
det ecti device for detecting a watermark enbedded in a waternmarked video
st ream V\%‘nbm the relativgiafiset QB1 authe fiacHomabrsaateder wh ther division jof Kst M oMby an
unknown scal e anong a predeterm ned finite nunber of scales, conprising:

means foiSeily) dheg K k. VRER & offseefiom WBA ty tht Gaaldnbyrefhirdarat dividsp Zed read
bl ocks; nmeans for accunul ating each of the plurality of read bl ocks having .

a same @hf W@g Fa %E Oé)VQIhEx% Kbg Sf'lf%rsrtar%fot{sﬂﬁsegt?énﬁ? ib\{c(?;t,flc?’r%ée:%t?%{ igg 't 0 @

respectiver ck bin of a predeterm ne er I ns

determ ned by the par ters t he specifi cale so as fo reinforce the
st r engt $2g%¢ 0%/ the %‘%)‘B}aﬁgﬁ?gﬁﬂ‘ﬁ%e &% Gi %%h ‘Pﬁ@“ﬁi“ﬂgb‘gt‘?’@é‘?ﬁpgi‘ al ;
nmeans for re-scaling each of the accunul ated read bl ock bins to recover the
ori gi natyclavkaek t5 & for thanexsrepdblogki fti ng t he re-scal ed accunul ated read

bl ock bins having the same offset to conbine theminto a single video

accunul ated plock: an an val.uat i ng, a predeternj.ned quantity wthin
the video ac fﬂﬁﬂ“ﬁ @%96%8 k&%%ﬁl;eevgh ﬁg‘lﬁg?}hegsc? 18 u@a%rhcoﬁﬁfr%hmbfseadfgﬁp?ﬁa%ed
finite nunber of scales. 30a 19 0~ ~~!~a_15. Method of processing a :

N
wat er mesREdok il Jhe aeafh Rlecknmay headwgtaggously organized, using the fractional

remainder operation described above, according to their offsets relative to the watermark
blocks, there being only a finite number I; of such offsets As shown in Fig 7, the read
blocks, therefore, may be organized into Iy separate bins, each of which may be, for
example, a distinct memory space of a computing device, and each corresponding to one of
the Iy offsets of the horizontal start of the read blocks relative to the horizontal stact of the
watermark blocks, continuing with the current horizontal scale example The values
corresponding to one-or more selected characteristics of the pixels may be stored within the
I read block bins. For example, the luminance values of the pixels of the read blocks may
be chosen as the selected charactenstic for accumulation in the read block bins During the
accumulation (i.e., adding) procedure, a selected pixel charactenistic or characteristics of
corresponding pixels of each accumulated block within each of the Iy read block bins will
be added to one another As the video signal is generally a relatively uncorrelated signal as
compared to the watermark signal, the strength of the watermark will be reinforced,

whereds the video signal itself will trend toward a mean gray scale.
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unknown scal e anong a predeterm ned finite nunber of scales, conprising the
steps of: dividing the waternmarked data streaminto a plurali

si zed portions each having an offset with respect to a respeclialgqovl%!g?
wat ermark, said offset corresponding to a fractional remainder: utilizing
the fractional remainder to conpute a nunber of bins in which to distribute
the portion f gededd BidcEaMat 2EE L, &y ec e g portions
of the dat asfg rmelg\ﬁ?%aw ng%t(Lce saama o#lpget :n{r%l'?‘ (géésaie eez%ﬁggﬁ& ﬁ‘sr%%% B@ﬁlé

comput ed nupber of .bins tq rejinfaorce,the.watermark whil e de-enphasi zing the
dat b sPIEAOER GUTHENE PRt & giertion dagrtgt vilh@ry ecearsipg e BBt thavi ng t he
same offset to recover the original data signal dinensions; and conbining,
by a sleimbedded watemasks sigo! e Siroviden giream. r Edpbabé neted tlhiag ¢hesstrengthhofithe t he
re-scaled distributed portions into a data accunmul ated bl ock which exhibits
a pr ed@&a@éﬁﬁaﬂ@dmaﬂwaédrgasécemyejadhmmyvsaleaﬁng e biBkieoNwERR! 8- end¥d 2 19 N OV
2002 16. The nethod of claim 15, wherein the utilizing step applies the

fraction; nnraﬂn{}?sir%g?%-gggrﬂgﬁf hmefegtf%fdzk%c%ss?x{g%@&lba Yer Petis HSME GO SKA.- Scal es

of the water tream

CA{9. A A8 AL, AL, A5 ANF_A. A AA@. AyH@ ASS. Ayf . A@ A@ . Al S. A?. Ay. A& A5. Af @R
" Aa. A, cie pagint applicaipn (O KUtgWskE R AR Ae. AR A 2. ANe. Ay &Sdi hgu_pwo

Nzuoj e’ [ V] ca] ca] ca] ca] c*alU] c*a] cTa] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]c
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Lo ba ESpbiE R BT b Pl i b el b S R lo it i i ) 28] o
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aJ cal ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]calc,alc, a]ca]ca]ca]calx&&&&/"'
y' "t Isalldd) T)x) N)preet teartidocks 8 10; B20,836. 8. $40s nEabhAjfUhd N(aPcpikeapsedlab] cal ca] ¢
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c8a] ca] ca] ca] ca] ca] ca]
c(al! 8. reddH1ddids/91809EL 83011 202F 23 IRA3HIeRBRMbAde Thimcahe e Wis alsalcal ca] ca]

c*al] c*a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca] ca] cal

l 245 5755% S B . .
o< LEERR A Y Tep PP PR 838 e for o Bl dipsnsostl AT ca ca ca
. y | s<<=" —y===H>>>>R??"7. @@
(B AAANBHSBIEHES DU BN HG S, A A8 E L CoF Bk Ea7Gat o A Pl a] ca] c- a
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! nEe
FF>FFFpGesatekiti-dHbk ¥-scafed xead blocks 810, 820, 830 ... 840 are combined together to
KgKKL8LLL?MVWWFNNN| wr mhc”~Y] ] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca

] ca] cakém] & diheleaklscdla] Nat dhjidad eeduealaed blatlc 85E by tindae abANCREDERARMERRUSSTWI T
U\ UUVh PXXXLYYZ| wr mhc”Y] ] ] ca] ca] ca] ca] ca] ca] c(a] ca]ca]ca] caV]ca]ca]c

ajcalc : &ae],{g@,h ajcalcalcalc*alcalcalcalcal Z] ZZ[I [ ~[[[\ n\\
"1r]111 ?;éﬁn@lp%j%&%&%gggb\%‘gléacccT %\'/ql gb] X] ] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]c(a
] ca] ca] ca] ca] ca] ca] ca] caV] ca] ca] ca] ca] ca] ca] ca] caV]ca] ca] ca] ca] ca] ca! Tddeae
ef r f f) gngs gqye hbdvet des@jbieil lpkddetnde| davamdifinmo}thes piesen? Javbatine &]thal repdacsl] ca) ca) ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] c(a]ca] ca]ca]ca]ca]ca]lca]ca]ca]c

al nnn ! ideration, to yield a single N x N vi (ated block 850 &
voquS%’q"é‘rdF ‘cr’césesusn&ﬁ %insjluﬁr'avv[\‘/’vv&/va?/yl)n%g z‘})>(<s n‘lﬂge_ozic]cj"g%]ac?a] cozf] caj c?ar] ca] ca] ca

L5 shc ool apbratsalenben] uchistichmatl s s e didlielgrl (2 ¢
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c(a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! *Hps$

ANy 5A| wratdrarands] i cadeoadtesaing djavuipchegh satled b dpcikeey e atdafacircalda] #a] cal cal ¢

aJca] ca] ca]ca] ca] caV] ca]ca]c(a]ca] ca]ca]ca! gk"z3fjl6-06] wnhc”Y]]]ca]ca]ca]

ca] ca] %ﬁ&ﬂlyqaﬂo%] el eatl, daivbich]scadécat tateahoalieabe alled] Thiseatala|tha] ca) cal ca

]calcaV]calca]jcal! J f
are in common use constitute a finite universe of known scales. It is, therefore, not unduly

burdensome to test the video stream against each of these commonly used scales in the
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video accumulated block 850. Indeed, due to possible loss of rows and/or columns caused

by cropping, compression algorithms and/or other digital manipulation, the watermark

block may not begin at the origin of the video accumulated block 850, but may be shifted

therein by an unknown number of pixels. For that reason, in the embodiment of the present

invention wherein DCTs are used as a step of the detection mechanism, it is necessary to

compute N * N DCTs on each of the N x N video accumulated blocks 830, starting each of

the N * N DCTs at a different onigin pixel within the N x N video accumulated block 850.

In this manner, if three scales are under consideration, three different N x N
accumulated video blocks 850 will be obtained. For each of these video accumulated
blocks 850, N * N DCTs may be carried out, for a total of 3 * N * N DCTs Assuming
that the same number of read blocks s accumulated in each of the read block bins for each

scale under consideration, then the watermark will most likely manifest itself strongest in
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example By identifying the re-scaled accumulated video block 850 having the DCT

exhibiting the greatest power, therefore, the watermark and the correct scale and shift will

have been detected.

In some instances, there might be several re-scaled accumulated video blocks 850
having DCTs exhibiting statistically significant power levels over the mean power level of
the uncorrelated video signal Those re-scaled accumulated video blocks 850 most likely
correspond to scales that are, for example, an integral multiple of the correct scale, the
carrect scale being that scale in fact applied to the original video stream. Even in such a
case, however, the re-scaled accumulated video block exhibiting the greatest DCT power
will most likely carry the watermark, if present, and will indicate the scale of the original
video stream Moreover, the origin pixel of the DCT having the greatest poser will indicate
the shift imposed upon the watermark within the watermark blocks Alternatively, if none

of the scales under consideration yield a re-scaled accumulated video block 850 exhibiting a
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109%&' () TRSméAYEbeindRtIAYES [ ) Thered0Ea a)mbér T¥Rpk hre carried out for each scale
I/7 under consideration. In the illustrative example of Fig. 9, three such scales are under
consideration; namely, I,/J;; I/J, and L;/J;. The method is extendable to any number of
such scales, the only limitation being the processing power and speed of the equipment
carrying out the method relative to the data rate of the video stream Preferably, the

present method is carried out in real time, meaning at a rate sufficient to keeps pace with

the video stream.

Steps S11 through S16 are camried out for scale Ii/J;; steps S21 through S26 are
carried out for scale /T, and steps S31 through S36 are carried out for scale [3/];. In steps
S11, 821 and S31, the watermark blocks are read in read blocks of equal size in the manner
described above and distributed in turn into the I, I and I; read bins, respectively. In steps
S12, S22 and S32, the watermark blocks in each of the respective read bins are
accumulated as they are distributed therein. As this operation entails only additions of
selected characteristic(s) of the constituent p'uceis of the read blocks, it is well suited to be
carried out while keeping pace with the video stream. After it is determined, in steps S13,
$23 and S33 that a sufficient number of read blocks have been accumulated in each of the
read bins according to some predetermined criterion, steps S14, S24 and S34 are carried

:

out, wherein re-scaled read blocks, such as re-scaled read blocks 810 through 840 in Fig. 8,
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consideration tn the example of IE& 1g. (9} In steps Sgng( %26 and S36 a detectlon algonthm is
carried out for each of the three video accumulated blocks produced by steps S15, S25 and

S35.

For example, the detection algorithm may transform the three video accumulated
blocks from the spatial to the frequency domain, using, for example, a discrete Fouder or
Cosine transforms  In the case of DCTs, a number of transforms may be carried out, one
for each pixel in the video accumulated block For example, if the video accumulated
blocks are of size N x N, a number equal to N * N of such DCTs may be carried out In
step S4, the results of the comparisons run in steps S16, S26 and S36 are compared and the
best result is selected, as shown in step S5. For example, when DCTs are carried out in
steps S16, 526 and §36, the powers of all (3 * N * N) 2-D DCTs are compared and that
DCT having the greatest power will point to the shift, if any, of the watermark within the
watermark blocks and to the scale at which the watermark was scaled withia the video

stream. The method ends at step S6.

While the foregoing detailed description has described preferred embodiments of
the present invention, it is to be understood that the above descrption is illustrative only
and not limiting of the disclosed invention. For example, detection methods other than
those specifically described herein may be advantageously utilized without departing from

the scope of the present invention. Moreover, the read blocks may have a size that is

25



10G 109%6G& () - 4! 109%6G& () - 9XXLYYZ] ZZdEbC 10S! 109& ()- S! 109%& () -

S! 109 ()- Sy! 109 ()- SL!10%& ()-  10% ()-2Z[I[[\n\\dEbC 10 002
1 109 ()- Sl 10%& ()-S! 10%& () - f|10%& ()-SS109& ()- \"]1r]]" 510953@@”"
10SLO! 109& ()-S-!109& ()- +109%& (

S) s10% % 0%&; xmbC 10#S 10%4& ()-F 10 10 10Y;
Yoo ittt Bindacterio R s;m%ém fémmaem@mg read Do

10@ 10%4&' () - ! 10944& () - Ilo%ﬁgz 1 10944& () -f!10%44& () -

' 10%‘8![‘(’)‘65@5‘55’@T%jeld1’_‘?m‘51§$' regbhlecks)mayibe 0984854d) therein, for example.

109 () - 109%H& () - 109& () - ! 1094H& () - eaeef rff) gdEMDC

10@2! DhéiEnddiA@LRANAMEI o) doubl &t these! KO thisar) hdPU &) - & ! 10%4& () -) gny
pgagr gsgggohbC 10F! 10% U&' ()-310% U& ()- " 10% U& ()-Z 10H 10H 10H,

llg(())@&un{ghtﬂ)%_&%ré deBdho il vikidiERfe sé@pe]agc{‘)sHigh 59 ik pgegtyt%eg\glon '{"hlu('s)% W& () -

the present invention to be limited only by the claims as set forth below.
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1. A method of detecting a watermark embedded in a video stream,
formed of successive images, wherein the video stream with embedded watermark is
scaled by an unknown scale among a predetermined finite number of scales,
comprising, for each of the predetermined finite number of scales, the steps of:

dividing the watermarked video stream into a plurality of equally sized read
blocks;

accumulating each of the plurality of read blocks having a same offset relative
to the start of the respective watermarks into a respective read block bin of a
predetermined number of read block bins determined by the specific scale, so as to
reinforce the strength of the watermark while de-emphasizing the video stream signal;

re-scaling each of the accumulated read blocks having the same offset to
recover the original image size;

combining the re-scaled accumulated read block bins by shifting them and
combining them into a video accumulated block; and

evaluating a predetermined quantity within the video accumulated block for
each of the predetermined finite number of scales, to detect the watermark.

2. The method of claim 1, wherein the predetermined number of read
block bins is determined by each scale of the predetermined finite number of scales.

3. The method of claim 1, wherein the scaled watermark blocks are of size
N * (Ig/Jg) x N * (Iv/]y), where an original watermark has a size of NxN and where

(Ig/Jg) and (Iy/Jy) are horizontal and vertical scales, respectively, and are
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accommodate an entire scaled watermark.
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the video accumulated block for each of the predetermined finite number of scales.

6. The method of claim 5, wherein the predetermined quantity includes a
power of the DCT or DFT and wherein the evaluating step includes a step of selecting
that DCT or DFT having a greatest power, the DCT or DFT having the greatest power
pointing to a correct scale of the watermark among the predetermined finite number of
scales and a correct shift of the watermark within the watermark blocks.

7. Method of processing a scaled watermarked video stream formed of
successive images, comprising the steps of:

reading watermarked blocks from the video stream into read blocks of equal
size;

cyclically distributing successive read blocks having a same offset relative to
respective watermarks into a respective read block bin of a predetermined number of
read block bins, wherein the predetermined number is related to the scale applied to the
watermark blocks;

accumulating the read blocks in each of the read block bins to reinforce the
strength of the watermark while de-emphasizing the video stream signal,

re-scaling each of the accumulated read block bins to recover the original

image size;
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relatively prime and wherein the distributing step cyclically distributes the read blocks
into respective I read block bins.

8. The method of claim 7, wherein the read block bins are memory spaces
within a memory device and wherein the distributing step includes a step of storing the
successive read blocks of a same offset in respective memory spaces, and a step of
accumulating the successive read blocks of the same offset in the memory spaces.

9. The method of claim 7, wherein the read block bins each correspond to
pixel offsets of starts of read blocks relative to starts of the watermark blocks within

the video stream.

10.  The method of claim 7, wherein the reading, distributing, accumulating,
re-scaling, shifting and detecting steps are carried out for each suspected scale of the
predetermined finite number of scales.

11.  The method of claim 10, further comprising the step of selecting one
result of the detecting steps, said one result pointing to a correct scale and shift of the
watermark in the watermarked blocks.

12. Method of processing a scaled watermarked video stream formed of
successive images, comprising the steps of:

reading watermarked blocks from the video stream into read blocks of equal
size;
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strength of the watermark while de-emphasizing the video stream signal;

re-scaling each of the accumulated read block bins to recover the original
image size;

shifting each of the re-scaled accumulated read block bins to combine them
into a video accumulated block;

detecting at least a presence of a watermark in the video accumulated block;
and

wherein the distributing step, for each video scale of a predetermined number n

of video scales of format I,/J, where I, and J, are relatively prime, distributes every I,h
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14. A watermark detecting device for detecting a watermark embedded in a
watermarked video stream, wherein the video stream with embedded watermark is
scaled by an unknown scale among a predetermined finite number of scales,
comprising:

means for dividing the video stream into a plurality of equally sized read
blocks;

means for accumulating each of the plurality of read blocks having a same
offset relative to the start of the respective watermarks into a respective read block bin
of a predetermined number of read block bins determined by the parameters of the
specific scale so as to reinforce the strength of the watermark while de-emphasizing
the video stream signal,;

means for re-scaling each of the accumulated read block bins to recover the
original image size;

means for shifting the re-scaled accumulated read block bins having the same
offset to combine them into a single video accumulated block; and

means for evaluating a predetermined quantity within the video accumulated

block corresponding to each of the predetermined finite number of scales.
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each having an offset with respect to a respective watermark, said offset corresponding
to a fractional remainder;

utilizing the fractional remainder to compute a number of bins in which to
distribute the portions of the data stream;

accumulating selected ones of the portions of the data stream having the same
offset into selected bins of the computed number of bins to reinforce the watermark
while de-emphasizing the data stream effects;

re-scaling each of the distributed portions having the same offset to recover the
original data signal dimensions; and

combining, by a shifting process corresponding to respective offsets, each of
the re-scaled distributed portions into a data accumulated block which exhibits a

predetermined quantity representative of the unknown scale.
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