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an information signal. lil~I~OI~~M"'10 ~~, NR~ FI ELD OF THE | NVE h
invention relates to a nmethod and arrangenent for enbeddi ng suppl enent al
data in an information signal, conprising the step of enbedding

suppl ene | data sanpl es at edeterm ned_position of said information

si gnal . gbeidg’\‘)‘éﬁ’f‘?%ng%ﬂ’?c?“?@g mgnial dpfa “ha“rw‘ﬁfofﬁ)‘?}ﬁ‘o&rﬂﬁ“élrrangenent for
extracting the supplenental data from such an information signal,

BACKGROUND OF THE | NVENTION There is a growi ng need to acconnndate

wat ermarks in audio and video signals. Watermarks are suppl&ﬂﬁmu ”

nmessages enbedded in nultinedia assets, 10 preferably in a @ “ mm;

i nvisible manner. They conprise information, for exanple, aboutg}he source
or copyri nts and audi ovi sual prograns. They can be used
to providﬁgﬁgggf%%égg&Eg? he copyright owner, and allow tracing of piracy
and support the pl’"D]lieelﬁt/dnﬂﬂn eflatdsnéd & hlegotl diad arph@@edrt Yor Ambedimy sipplbaehtaf
enbeddi ng, su in an infor nal as 15 defined in the
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enbedded in a ) del t a- nodul at ed aw%ﬁo signal. The watermark is

embedded ﬁlﬁwwﬂb%&%@aﬂ%ﬁ}m yrelegRar! A *aﬁhfcp.aﬁgn cwpeder 88ndli t s t her eof .
For exanple, every 100'h bit is replaced by a bit of the watermark pattern.

The step of nodif ing t he encoded audio signal is carried out inside the 20
f eedback BeHC Bﬁuﬁﬂ% ENHHBYVERTION t 0 conpensate the effect of the

modi fication in suﬂ%@&}é%@m@ngﬁ@d@&aésﬁ%da@@@teaﬁe{r@m%alormiWago i s
envi saged for recording high-quality audio on the audio version of the
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second.
protection of intellectual property.

A known method of embedding supplemental data in an information signal as
15  defined in the opening paragraph is disclosed, inter alia, in International Patent Application
WO-A-98/33324. In this prior-art method, a watermatik pattern is embedded in a
(sigma-)delta-modulated audio signal. The watermark is embedded in the encoded audto
signal by modifying selected bits thereof. For example, every 100" bit is replaced by a bit of
the watermark patiern. The step of modifying the encoded audio signal is carried out inside the
20  feedback loop of the encoder so as to compensate the effect of the modification in subsequent
encoding steps.

The prioi-art method is envisaged for recording high-quality audio on the audio
version of the Digital Versatile Disk (DVD). A sampling frequency of 2,822,400 Hz
(64*44,100) will be used to yield a signal-to-noise ratio of 115 dB. Replacing every 100" bit

25 of the sigma-delta-modulated audio signal by a watermark bit at the expense of only 1 dB
increases the quantization noise. This corresponds to watermark bit rate of about 28000 bits
per second.

The above-mentioned patent application W(O-A-98/33324 also discloses an

arrangement for extracting the watermark. A synchronization bit pattern (hereinafter sync
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The above-nentioned patent application WO A-98133324 al so di scl 0s&§43§y3
arrangement for extracting the watermark. A synchronization bit pattern
(hereinafter sync 24/ 4/ 2003 pattern,for short) is accomopdated in the
bi t streamto identify the suppl enent aF data bit positions. The arrangenent
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and SMT tags) in finmadertomaiue: thhnpdlos thatshifthegisan® id pro@sed hhvepplicawgent

t hes 20 dj t d t
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conpari ng a first sequence of predeterm ned first channel signal sanples
vmth Q@p ey uence of second channel signal sanples,

di sp?am ng sai ﬁrstéﬁgﬁgemd sequence by one sanple position, and
repeating sai d coipani sgert stthpmfvexmosam prodids phaded oferhbetdd&rgdumﬂmnmhlsequence

DRAW NCSI BT )1 G S CQfnEHaE 1158 RGP BAF B B 4RGP LGB Ftt of an

ar r angen@nih akémitoe neabaeddi ng suppl enental data in a sigma-delta-nodul at ed
audio signal in a Geor. dancglﬁ he i.nventi on ow wavef orns

Fi .2 and 3 s
Co i Tl usirate the Bkt aF O TBEM i R At emBeddits el dia

30  in an information signal comprising at least two channels, each channel being encoded into a
respective bit stream, the method comprising the step of embedding supplemental data
saniples at predetermined positions of said information signal, characterized in that the method
includes the step of embedding the same supplemental data bits at corresponding bit positions

of said bit streams.



nodul ators that are shown in Fig 1. Fig. 4 shows wavefornms to ill usyyai8
the operation of the arrangement for 15 enbedding supplenental data in a
signal in accordance with the invention; Fig. 5 shows a schematic diagram
of an enbodi nent of an arrangenent for extracting the supplenental data
froma signal. Fig illustrate an
embodi ment of a met M ﬁ”%ﬂ“@%?$§§8pﬂap @C@%%BE%W%%F%WﬂﬁgThE@?Blh a signal .
20 DESCRI iﬁﬁnﬁmldﬂilgﬁalﬁﬁl}lﬁﬁﬁgﬁﬁ M@D&d\@ﬁﬂing hérst regasict onpratididmbedexgl ai ned

W th referenc EF%H 1,. which shows hematic_di a r%n1of a Preferred
enbod! merABE S Gkt carigspog Be e SequpsF ehishtraichengeksigl o

srgrna- deﬂah@ie@ﬂﬂéﬂ)ﬁa@lﬂ%@&l@‘fﬁdtQn@ée@dﬂﬁl'seﬁﬂeﬂé&%f(g@@%pl%l)ﬁﬁnhﬁnd eyenhs @y The 25
arrangenent receives a stereo audi o signal conprising a | eft channel signal
x1 and a §oMyRYsARIsieR AR s dsplacedDrstingd S%O@aﬁﬁﬁéu@wﬁ as lopg asithe sqaEcephiE 88t t o
convent i oalycsi gnme-del ta nodul ators 1 and 2, respectlvely Bot h sigma-delta
nodul ators are identical so that only one of themw || be described.

Si gma-delta nodul ator 1 conprises a subtracter 11, a loop filter 12, a
polarity E@qﬁg&ﬁngﬁﬁq@mdng;b@g@@@gﬁ;path 14. The subtracter 11 subtracts
the encoded output signal z1 (having a level of +1 Vor -1 V) fromthe

i nput signal x1 ThEigl bgpwsialsckematio dgiaments prafesredichibediareoeofsingrangenhie
filtered t s, at a
rat e fot P panagdlsd ARG 1 LA AL Bl lod AR oo MR E AROVEES, % e
bit val ueth® nveiftienV) or "0 0" (- 1\0 24I4/2003 4 Fig. 2 shows waveforns to
explain the operat . andt3r?; 0\9%%\\{(1 rms naﬁu.stra e%eélgtalm%quel satn?e{ de t'él/br €
particularly, the gure shows "an XPERC oded 'si gnal .
The signaﬂdﬁﬂﬁasﬂmdmhahQM1mﬁmﬁmces nDre p05|t|ve sanples as t he i nput

signal becones larger, As the Figure sho an .n volta 0.5V is
encoded as a bit sgﬁu%ﬂg@ﬁﬁﬁﬁﬂg?gﬁPiL$gmg?h0pﬁﬁvgggﬂghﬁngﬁ ngv pul se), an
i nput 1570l dnatgadiaf s@b’leh&nﬁn@eﬁﬁﬂdt sag%xalanbé@kﬂaﬁ&eaqmememvbmonpat tern O 1010
(alternating -1 E nd_+1 V p%§§es) and n IHB@% vol of +0.5 Vis
encoded as a bit segueiods e rf(ﬂflﬁfi@@amlo 1 FRIP L e 762 ﬁ@ang&mvtgw se). The

encoded S$@a@h%uﬁnﬁ§ esledalahiatiien £ g6i.Vi ng end by reshaping the received
pul ses and passing themthrough a | owpass filter. In this sinplified

exanple, it is asshigetshrysaiiot hae obing aféﬁ%s.t@%lﬁnat%ala@MP%méﬁa by

aver agi Ngmd@o SR LIing thelshgp1ShaRAkata TR %BQU|?tEd signal x' is also shown
in Fi 2, apart froma tine delay caused by said | owpass filter

opera‘ion: In the Figure, the denodul ated signal x' is thus tinme-aligned
with the hHRQekipPIENIH A ¥REFERRED EMBODIMENT

The invention will be explained with reference to Fig. 1, which shows a
schematic diagram of a preferred embodiment of an arrangement for embedding supplemental
data in a sigma-delta-modulated audio signal in accordance with the invention. The

25  arrangement receives a stereo audio signal comprising a left channel signal x; and a right
channel signal x;. The channels x; and x; are applied to conventional sigma-delta modulators 1
and 2, respectively. Both sigma-delta modulators are identical so that only one of them will be
described.

Sigma-delta modulator 1 comprises a subtracter 11, a loop filter 12, a polarity

30  detector 13 and a feedback path 14. The subtracter 11 subtracts the encoded output signal z,
(having a level of +1V or —1V) from the input signal x;. The loop filter 12 filters the difference
signal. The filtered signal is appled to the polarity detector 13 which produces, at a rate
determined by a sampling frequency f;, an encoded signal y, having the bit value "1" (+1V) or
"0" (-1V).



Modi fication circuits 3 and 4 are connected between the polarity ?g&gﬁéfr
13 15 and the feedback path 14 of the respective sigm-delta nodulators
response to a control signal c delivered by a control circuit 5, the

nodi fication circuits (nultiplexers) replace every M'' bit of the encoded

signals yl and y2 by a watermark bit he nodi fi ed encoded signals z, and
z2 are conbi ned byF% 23hPv e lsmxa}'gffb%ﬁp%ﬁl djoRgf thegrpvestipneh gty

transm sgbi@mbdiado! PGS paeifculily) 8E B, dﬂe@goxﬁsfhlﬁnﬁl QA& a'ﬁﬁ(ﬁielﬂﬁbod-gbﬁ«ﬁé%t er mar k
message Wis stored in a register 20 50| of e control circuit IS

i mpor t an®- T septaedelnatoduigior w%cewawé% PRsive s9dess the isppt signy besPpsdi f i cat i on
Ci rcuits )3 ank t‘ﬁe rFisul: sh§w§ QFPWﬁ)uV\@O\fﬁ O8B.51/Qs &xBh B a bl & RRELAILPANRE t he
sigma-delta nodul ator if the respective nodification circuit is active. The
Fi gur é shb"é\/Qlllﬁfh@n@amﬁe*h‘«hp}dfte) gingmal voltagg oflshoimsn¢adedpgp high-gaateneiebihodi f i ed
encoded 31 SaEp1dio el YRRV e zons ALl S0Pk ool %%‘Pisem ]
wat er mar kitisequenye1.1 (Bgaes &V phlecsmodpfid dativbm).i s fed back to the input, the
adver se el fect. of SIREL LLARL A4 LS BseRy et LD RaTRaagad by the
fol | ow ngullstsemépmsh@;mmnt ttoudlat dovbpass 30e1dlnftfuerssn;ﬂuﬁedrmtahe)la;ans sspondi ng .
P30 B o PRGHR ch ok S oG8 PG Rl S o B o S ERITENLT 0 R o 2.
Not e thafdemhcenettedmgralxgmmlemhom it Big. Elagait &mmammmtyheugdd b aﬁ@m‘epdso becone

al read ni t est. befqgre. the suppl nt al abit is e il be
ooy oc! atld drEnien h B re ok BRoRge Send AR st ims WERRET O DR ISt par ol

not i ceabkgnili. practice. A sigma-delta nmodulator for encoding high-quality
audi o signals 24/ 4/ 2003 at a sanpling frqugncy fﬁ =2,822,400 Hz
(64*44,100) has a Mpdjficaliop s d and 4 piegomrectsd Betypen the PHaLY WeEeiof Bund t hat
repl agi n@ndihs AAbRL PEH 14Q0(Hs JPL&iSe LiPHA-ANEESodMBAUB MshdRE kPNcdpabse by only
1 dB. Fig. 4 shows a sinplified exanple of a mufti-channel audio bit stream
whi ch i s SEPPauieBerra bt arontiplcarefrdht MeHBsavIoR Rirpmity (myltiplererpipRlacsicngl e

exanpl e, \gVEI ¥r tﬁ@edcodéﬁ'sﬁ anfs { Bt gtB?@n?akengh& bﬁtﬁ %%o@ﬂfie@@ﬂo@l&l él%na@sz

suppl enmental data bit 'Ign d" d watermark data bits w are s din the
Fi gure. Thesp aafr@nﬂh@d%#émil‘hplb’@t hteiernaesingle Wﬁ@e@m&sd@aﬁnswwp apits are
gener al | S TR Sod SeEVE NS U Signal is
R A
nunbé@Ped 501 ofthd contip! ditcuiniS| It isoeperqnt woiose thek thmmematqrmaltkﬁﬁ iphjpbetfove of a
receiver qgg@ fy the bit position of the supplenental data
bits (m:B r? élﬁ%cndﬁhég%ﬂitsd acconpl i shed by searching the bit positions

of the nufti- chanrl‘eg 3hbows tvaedormis m Wplamhthe hmr&nogmﬁtheswmpl—@d;tanﬁbdala@ z? are
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pelo Lo Ak RN e e STt R et R Rt
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i,pl exing. t
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counter 51. Every Mh bit period, said counter produces a tjmng pulse
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streags zly 30thidAempsiadPRitecht iBmanC QAMRAIALIAH FR22. ifte IRBMONER alighrhdie tim ng
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are the d&ntheFigyres saysed e diforenee tobesomprabrearyipan fesitbefopsthe puppieaeniat datar e t he
sane., thgy. augqpetential watermark bits. In that case, the

As will be appreciated from a comparison of Figs. 2 and 3, the difference is

hardly noticeable in practice. A sigma-delta modulator for encoding high-quality audio signals



potential watermark bit z2 (or z10 is shifted in a shift registeryg)d
response to the EQ pul se. The next timng pul se now occurs M bit perlo S

| ater. Thus, as long as every.Mh bit of z1 and the corresponding bit of r2
are identical that particul ar bit is Shifted in the shift register. If the

bits are not the oduces, t he. pul se Thi s pul se
is appli®d Sf‘rap]é{lgst?ﬁqfl?m?;g ?ﬁgﬁ? 62!; ﬁ)@gfﬁaﬁtaegigngllmsr{?mgéatto&flé\lsh% ’Fn?hif hepphase

of this ms%bdﬂohxw%teaumla;rl@mpml masaﬁ@rasmleaidaehemmhﬁ&aﬁ@ hdisedysO appl i ed
to a clear |nﬁut C of the shift register 53 to clear the register. The

arrangen%‘ﬂif own in Fig. 5is sinple and cost-effective but has the
dl sadvant age t hat rg. 4 elldsiak@hMifle@BLanRaE bQ0mOMti-chh iR AWAES bibRre@RSANEE unti |
m\g be assuned that the watermark bit position has been found, and that
the t ebtadiicrd B s apanasmentibowy kg | Ithissmudosagpire 6Yera QUi €dhe r om t he
begi nni n&mmm Bit SXRBE L Pehdl, T smsplbxee&m@{a\b% %ﬁﬂed&é&%@éﬂr@ﬂ%‘fﬁe&{s was found
the watermark bit position depends on the nunber of bits (M by which the
wat er mar ®¢ Bliaded iartee Kipae cthey geerthe g in h@hsh%dblml‘it@ycc{dpq sighpdprtg4ie bits in
both ch t i
si gnal s?émg'l]ﬁgy g‘?g‘?&?g‘ J{)}gﬂsgo& 2‘! b %Etl‘f% ti Q?J,IL, da éHlo %’%jg‘gggni zed
is: "' MippcFftmhses withipeack geries op)! bltSﬁIC:t@lm:beledﬁ Nk average period of tinme to
dete t he water |ng a nunber
of pgé all el detec |“iéln%%:% pggcﬂtéd t%m EtheMb egtévseirbrtl‘ig§l r%{:egl sp aégﬂe sequence of 10
pot enti aildemdy memarplombort f, th@amplamcmhleiaatkets {(the2 dlelflgdt) i'os imnccoewplistedtbyon of
t he vvaterm% [X th e %e 1ectOf Pr%wﬁ gxr;tnr {llon \Xﬁhﬁthwat r.mar k1 can _al so be
per f or med 159 8 i R REEFOL L8 AR O BEHB A WHEH 1S SEIRABPSS 46 var e
progr am zkirggderfiicslnOns: this objevtive has lbeeﬁfformpateﬂt ammg@mt fdnagaraniigy thaeri ed out
by such a mc¢ro rocesfﬁJﬁ |n a or dance enbodi nent of the

ar r angen@hposiiiops ¢l eay APREP" n?\}/l'st"i‘rtb]iE ‘fl PSUBY MM Y¢hannel bit 15

stregm |§n1a)dm@etne§mrd@whjetdesc}]haj m croprocessor uses for each bit position m
(mO. . M1, see Fi % an array elenment R(m to indicate whether a
potential watermaFi Bﬁftowcm Sehanttip LB g W\%m&éwm@%eﬁ% (R(M =1) or
not (R( nalrag%emdn'ﬂf(ﬁl ektkdchhg St SkbpRPhenial 4NLHHH A BNBiredth 2 v@M@Ms gﬂoeﬁa%alb§
R(O)..R(M1) are initially given the value 1. In a ste the bit
posi t i onthrlrensghews indte A0 TR ENAYNGRH CqpiseHd dayaHltipiexst ﬁrf% program t hen
avai t s tcﬁ’t%uﬁt‘?;ﬁé%d?&gnt%‘aﬁﬁo Bt ﬂ%‘é‘{nl%'lhtoftl{eocm stn'é@m‘éhl%ﬁﬁgénul?g the 341t SRIPcInepnd 22.
In a step 62, both bits are conpared. they are identical, an optional
st ep2®3 and thebit stsam GutepygReneing welrlghb?eldme%lemiebé”die pragngementerthep eoremsisendi ng
array el eapnk JBTofRIRLNA HMAMAGHEC il i SRANASK dilibSpate not
i dentica Ef %egcorcr)elspon lg'jvﬁrra? ?d ment lR%n’? 1 |av1en %S%e value 0 (step
64) to mmesﬁatlw ¢ hatent hep®umnen¢m=tﬂ M- bﬁ@mtgltea’qedrrf hcsbldefeams eeind zpnoe t he
wat er mar [ 03|t| on
e T hor cppreL8ulcoPREMLL 88 PFeufse ARG By B ShBu e phliePh
posi t i onEQ sf the ¢urtenily epplind biltsew amgaeneoox :M@L.ﬂ_se NQ lﬁthat arg dlffeh’et case, t he pr ogram
returns to the st 2 est e, next bi. t hat .1 s not the
Caseﬁq the progr amﬁﬁklxeerS{s a1et1% Samc, they are i 0ten€1a1 \A%%tnnallk%g} In tha% Lpdsees t]ixel be
descri begbt¢naitlewateranack lmhzamoxrzelmslmﬁedm atshét mgnetpr ﬂﬂm(mspowsafmtccmeﬂil@epubget position
nunber i S rese to test t xt .series_of M channel hhits. ter the
ot soPiedeEiok ahSEr P RES BRI DBbBAGE H o St nhigs % punber
of bit postéieapmdhgbe odls gadygnias that pinchiaoit it ifdl ineleahifBekisibi. If (ROSi ti ons.
Wth bits are not the same, the comparator 52 produces the pulse NQ. This pulse is applied to a shift

30  input S of the counter 51 so as to shift the phase of this divide-by-M counter by one bit period.

The pulse NQ is also applied to a clear input C of the shift register 53 to clear the register.
The arrangement shown in Fig. § is simple and cost-effective but has the

disadvantage that a relatively long petiod of time must be observed until it may be assumed

that the watermark bit position has been found, and that the watermark message has not fully
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enbeddi ng suppl enental data (W in an information signal (z) conprising at
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suppl enmental data sanples (w) at predeterm ned positions of said
information signal, characterized in that the nethod 5 includes the step of
enbeddi ng the sane suppl enental data bits (w) at correspondi ng bit
positions of said bit streans. A nmethod as clained in daim1l, wherein the
channel s are the left and right
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enbeddi ng suppl enental data (W in an information signal (z) conprising at
| east two channels (z1,z2), each channe7l bei ng encoded into a respective
bit stream (yl,y2), the arrangerrent corrposi ng neans (3, 4) for enbeddi ng
suppl ement al dat ed posit f_said
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positions of sa bit streans. . 4. An arrangenment as clained in claimS3,
wher ei n PREARISH ANOrg yen i fejbids t saidpopif 1%\“5&41?@%&16‘9%&16 conponents of a

stereo audi 0 si gnayhendGerA sBRdsHON &i‘an&%bﬁ@%fo@&s&ﬂ@%rﬁﬁ?ﬂhﬁﬂel degig from an
i nformation signal conprisin east a first (z,) and a second (z2)
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si gnal sapyliensd @ﬂbl@e&aclawrdurlb&t@é‘iﬂﬁi morAper fingNy, bitfposikigmavik borpichledvi t h a
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24/ 4/ 200 I splaci ng sai irst and secon sequence by one
sanpl e pds$ﬂm9hexanmerepeat|ng said step of conparing for said displaced

firstsand second >fhd Hietiod s céw P 2 %%aﬁ H&ee?e%H@Q&t@ﬁ%a?ﬁ biy gé)stmqfnqﬁ“§ éa%f’%" 6. A

net h08 as clainmed in g (53;
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predeter menp?ggrgrrcl) rIEl%%E gxr;lgllp €, thselt plas' camecriTBut wlPen thc b1t pOSItIOItl Ql has assumed the
15 value M, i.e. whenever a series of M candidate bit positions has been processed.
The acquisition of the watermark data message may be postponed until the
watermark bit position has been found. However, it is possible to acquire the watermark
message while the search for its position is running. To this end, the arrangement includes a
further array W in which each candidate watermark message received so far is acquired. To
20  this end, the program shown in Fig. 6 includes the step 63 in which the received watermark bit
w is added to the currently received message. As soon as the watermark bit position m has
been found, the corresponding array element W(m) has already acquired the watermark
message received so far.
It should be noted that the arrangement for detecting the watermark bit
25  positions can further be extended to check whether an accidental shift has occurred in one of
the channels, For example, if the watermark is embedded in three or more channels, the
anangement can be arranged to search for the offset of one of the channels. Or the
arrangement is arranged to intentionally introduce a shift in one of the channels if the
watermark has not been identified in a predetermined portion of the signal or within a
30  predetermined period of time.
Although the invention has been described with reference to a sigma-delta-
modulated (unity-bit coded) two-channel audio signal, it is not limited to audio or unity-bit
coded signals. The signal samples may be multi-bit samples (e.g. PCM samples), the

watermark being embedded in one or more less significant bits of said samples. The coding
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audio signal components of a stereo audio signal.
10
3. An arrangement for embedding supplemental data (W) in an information signal
(z) comprising at least two channels (z1,22), each channel being encoded into a respective bit
stream (yj,y2), the arrangement comprising means (3,4) for embedding supplemental data
samples (w) at predetermined positions of said information signal, characterized in that said
15 embedding means (3,4) are arranged to embed the same supplemental data bits (w) at

corresponding positions of said bit streams.

4, An arrangement as claimed in claim 3, wherein the channels are the left and

right audio signal components of a stereo audio signal.

20
5. A method of extracting supplemental data from an information signal
comprising at least a first (z;) and a second (z;) channel each having identical supplemental
data samples (w) embedded at predetermined signal sample positions, the method comprising
the steps of:

25 - comparing (52; 62) a first sequence of predetermined first channel signal samples spaced

apart by said number (M) of signal samples with a corresponding second sequence of

second channel signal samples, and
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15  repeating said step of comparing for said displaced first and second sequence as long as the

sequences are not identical.

8. An information signal comprising at least two channels (z,z2), each channel
being encoded into a respective bit stream (y1,y2) and having embedded supplemental data
20  samples at predetermined positions of the signal, characterized in that the same supplemental

data bits are embedded at corresponding bit positions of said bit streams.

9. A signal as claimed in Claim 8, wherein the channels are the left and right
audio signal components of a stereo audio signal.

25
10. A storage medium having recorded thereon a signal as claimed in

claim 8 or 9.



