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BpRCRtqnEy§ to ensure that the h{dden data can only retFr\)nevg: bya person if he or

she is authorized to do so. Data hiding is generally applied when large amounts of
data are to be hidden as opposed to digital watermarking where a small amount of
specific identification information is provided.

[0004]  Thus, digital video processing methods to date have focused on
identifying multimedia using watermarking and digital signatures. However, digital
signatures may not be validated without special software or key that is provided only
to a single authorized person, or limited group of authorized persons. In certain '
circumstances, watermarking by itself, as oppose to encryption, rnay not be secret as
the primary objective of watermarking is to survive tampering. Of course, .

watermark can also be encrypted.




[0005] In accordance with the invention there is
rovided a nethod to process a host inmage, the net
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intermediate luminance data, performing perceptual adaptation to at least one
subband of the intermediate luminance data to provide a perceptually adapted
subbaﬁd, and including the audio data in the perceptually adapted subband to
provide the modified luminance data. |

[0009]  In oneexemplary embodiment, the method comprises removing the
at least one subband from the intermediate luminance data to provide further
intermediate luminance data. The perceptually adapted subband may be combined
with the further intermediate fuminance data to provide the modified luminance

data. An inverse transform may be performed on the modified luminance data, and
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E?@Ud%ﬁﬂhqub@ﬂmg image, and scaling the lattice codes to normalize it to

_provide the quantized magnitude data. In one exemplary embodiment, prior to

identifying the quantized magnitude data, the method comprises extracting lattice

~ channel codes from encoded subbands, estimating a scale from a largest absolute

value of each code, finding a match from a D lattice code, and inverse quantizing
the match to provxde STFT magnitude data. '

10013]  The method may comprise modeling the audio data as a set of known

| values, each known value having a corresponding weight which represents a level of

confidence in the known value, and wherein a zero weight indicates an unknown
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based on the quant'ized magnitude data and the phase data.

[0017] The invention also extends to a machine-readable medium
embodying a sequence of instructions that, when executed by a machine, cause the
' machiné to execute any one or more of the method described herein or that is
configured to implement any one or more of the systems described herein.

The invention also extends to digital camera and a mobile telephone including the
digital camera.

[0018] Other features of the present invention will be apparent from the

accompanying exemplary drawings and description that follow.




WO 2005/ 059830 PCT/ SG2004/ 000419 BRI EF DESCRI PTI ON OF
THE DRAW NGS [ 0019] The invention is illustrated
WA P80anpl e, and not linitation, in the fPSEﬁS’E’i““&mO“m
t he acconpanyi ng draw ngs, in whi ch like references
indicate the sane or simlar features unless

ot herwi se indicated. [0020] In the drawings, Figure 1
shows a schematic block di agram of an. exenplary

digital camera, in accordance with the invention;
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2005/ (ﬁ@ﬁ%% sﬁ’gé a%@ﬁggﬁt{c%é&ﬁgram of an audio processing method, in

. accordance with the invention, to extract audio data from an embedded i image;

Figure 7 shows exemplary wavelet subbands of a digital image;
Figure 8 shows a schématic flow diagram of an audio processing method, in
 accordance with the invention, to reconstruct audio data from magnitude data
derived from an original audio signal;

Figure 9 shows an exemplary method, in accordance with the invention, of
embedding a STFT magnitude into a subband .of a host image;

Figure 10 shows a schematic block diagram of exemplary functional vnits of
a further embodiment of an image processing system, in accordance with the

invention, for processing a digital image;




Figure 11 shows an exenplary 8x8 discrete cosine
transf orm (DCT) coefficient block with four DCT

WOFLHYIS%Bnt s that are replaced by a lattice chgySC2004/000419

Figure 12 shows a schematic bl ock di agram of
functional units of another exenplary enbodi nent of
an audi o processing system in accordance with the

i nvention, to extract audi o from an enbedded inmage;
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- image such as a photograph or “spap-shot™ taken by a digital camera. It will,

however, be appreciated that invention may apply in any digital signal processing

“applications including video and other multi-media environments.

[0022] In one exemplary embodiment of the invention, a method and a

'system to embed an audio signal (e.g., a speech signal) in a color host image, such as

~ a still image, are provided. As described in more detail below, the magnitudes of a

short term Fourier transform (STFT) of the audio signal may be Laitice-coded and

ihjected into a subband of a host image’s wavelet transform or discrete cosine
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device such as, but not |limted to, a Personal
Digital Assistant (PDA), a cellular telephone, a

digital canera, a Personal Conputer (PC) or the I|ike.
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 described in more detail below, embeds the audio data in the host image captured by

the image capture module 12. It will be appreciated that the various modules shown
in Figure 1 are merely exemplary modules, and that further or other modules may
be included in different embodiments of the exemplary digital camera 10. For

example, a digital camera provided within a cellular telephone may include different
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Short Term Fourier. Transfaqrm ( STET@Hg]tédul e

auithari format arshiis net restrictgd foanRepB fraage r?ﬁalaplémﬁéstﬂa 30,
6 b Phnd audi
ek T g LAY, GRS Bt

conver si on
@ﬂsmgmculﬁs?’aescrl bed in nore detail below, in one

g R e SR B S R

bﬁmﬁrsmn module 36, a discrete wavelet transform module 38, a filter module 40, a

perceptual analysis module 41, a Short Term Fourier Transform (STFT) module 42,

" a quantizer module 44, a D4 Lattice code module 46, a look-up module 43, an

inverse discrete wavelet transform module 50, and a YCbCr to RGB conversion
module 52. As described in more detail below, in one exemplary embodiment the

system 30 allows graceful audio degradation wherein only a magnitude of a STFT is




WD 2005/ 059830 PCT/ S&2004/ 000419 encoded and enbedded
in the host imge. Further, the system 30 nay

WOV at ti ce code to encode the audio dat §C§'§G2004"000419

described in nore detail below [0028] Figure 3 shows
an exenplary nmethod 60, in accordance with the
invention, to process a digital inage by enbedding
audi o data in a host i mge such as the RGB host inmage
stngpdad apd-eoohedded inythe boss imeach GBI, Ha gy sty mep vy

d | i

ARUbESR Ldifle BECH géngglb % gmdda& ds Aesch BRI thékel Bl HEIEw.
des§0G28kd, Bigured/stofvs ex axandgry methmd 16@f naraemréaxlcemth the

S) m 30. [0029 sho eratlo the syste
S D e SR T P el B B g e
t aeheRGBHost BRkOsig 3T, eAﬁmrga i xﬁahd:dsﬁ(pmf aypletd aay device

eration 64 _to convert nponen ta) to
\ff)’r Eﬁ?cess%éntﬂlg“@ﬁ@?'&ﬁ’é%ncé‘g’éé“%ﬂé‘ L%$ f\eeg%ﬂ the
CREKEA §0 graemme& % %}of&&ﬁﬁﬂe aﬁﬂﬁéfefeh@e ©hPeysBRIVE

conver si on, REB host i nmage signal 32 |s converted
i nt {0028par aAeslrpMmﬁpm@@ 6aridie Fysteh Ahesseivesthe BOB hogl -

C-gln‘gé) 55%1%2%&61 t]?e?%aﬂ%re %@lglc%)al[eeé §r§ﬁﬁ‘1 ?foﬂ‘h L oé%aﬁ

om nan um n ce c ann
as ctm;erthGE ebinpeentsfordiaty) tcaY, Cataad Ci,abaﬂjelﬂ(m theRﬁBdo

erfor | evel discret
DRSS PR 465« e F5or §55% apviSioR. o RaB
| HobERape| Blg‘hﬁ 3& Mdﬁaﬁﬁ:ﬂ lﬂats@a?aﬂe ¢Hehinasce dnd durhinbiee chamels
per cept ual ysis nodul e 41 (see operation_.76). The
pﬂsncer@mwrs 66&% IT?F§P‘§WP1H (t5p opPetpiiQin/Ug Tigre feeThe
- a}ﬁg&ﬂe@'ana RnRh 4Rt biAnd866 68 Ay bR And bé“c?%ltal ayat em

so that the audio data efbedded i e host
i rm[3193ﬁl t er Bhetthesharbt then prafpemaan ¢Aemplasy Huo-syeldlissrede

WS S bS8 pR e i Bre R IRARRE Bl o 'R

ercep tuaf anal ysi's nod nmay use
tfed:inm tlpa@mcsptmilaaalymmbdhdsel (sehqner:itwméﬁb oTktaperceptubly

it Ki th
Hieiasif B enebaion 16 el yieer il ABaf beed 0 fiman vipel
N0 steth éncHelstse tisf iR Gilidia @altalebbéded (iﬁft}@ hostzmage alteks the howe

aor. nor e_subbands, (see oper ti.o rOVI
fimegeasditle Hrhatple g RsT DY g@ﬂa}* dhogrwmof the

Qﬁ&eﬁﬁ@ﬁ YR pRORhMPArIysH nﬁﬂﬁfealtl 'n@dg( s tecﬁﬁﬁﬁé%mxﬂﬂ‘dﬂtd’ those

ada I um nance subband i s _conbined with
E@vejgtdgteaftnl)gmey(l epndied p‘ecilglta,l avtergankings Hyrthes gaéennedlate

IGARRSIALLS BEEh b antE e lu . Sy

iohe opmbiesatibaids (se¢ yerdtiont86) wprovidd ﬁhmdalwanmce Bﬁta 87.0

e Ol "R it b ARGl by i 3 R0RTE FeRPhusty -

adapted ll.'Imlnance subband data 82 is combined with audio data at 84 (see operation

86) to provide perceptually adapted audio data 88. Thereafter, as shown at 89, the
perceptually adapted audio data 88 is combined with the filtered luminance data 87

to provide modified luminance data 91 (see operation 90). As shown at operation




9 WD 2005/ 059830 PCT/ SG2004/ 000419 92, an i nverse

discrete wavel et transform (see inverse discret
W 8%r ansf orm nodul e 50) is perfornmed on PﬁySG20041000419

nodi fied | um nance data 91. [0032] The nodified

~ lum nance data 91 that has been inverse transformed

wWth the inverse discrete wavel et transform nodul e 50
is then conmbined with the chrom nance conponent 66
%%l ale ivorse diserete vanelyiGtaasTorrs (ReEVeBRPispsieveavglet ranpsform

ool A R e L R B e e o er ot o

nod {00322 The h’rmdﬁieﬂ enikasse ldamt91|ﬂm@a Isieny inevers¢ transfataied )

32.wi.th the .audio signal (or da 4 enbedded, .

DY e Avepig g RGeSO AR R oI pih g
Sonehmahcd @BmpSRAt 6d aﬁidfcﬁn%rte@ fdni VELOEH REFB btﬁhpcﬂ;ﬁﬂ)s ysthe
nmodul e 41 of Fi gur(lem@) t he wave et transf

| Vb Grin RO Bigariremiap madulecizd A BOgvTs R RO HeY e 56
d(%’%l?e Yt O h&sB EdRedioNsdale 58s Imue IﬂlefK@ﬂ Hsﬁ%ag%ts@%a@n@r

e used as It may.provide a higher capacity

atath) 32 m thd dudie signal @ndata)cidembnddedihercing of a greater
or MOERR, o1 THBY BlepflarbRuBRYSe [V 1HIR bR RN CtiBhre 7

&%d rtms Iiehfeptuillﬁnﬁlytls aodeld d¢ df Figuge 2b. thd*l@m&:ke trandférened

reuen suband12 be .vleabet Ioss

han e melh el RiEmtsa gt Bo pievandit delh TR o Sribodttacis,

ﬁeﬂ;enémesmﬁﬁozﬁqa&@%éerd%uﬁﬁgyprsﬁb@an@h&%pﬁtyhﬁe
hos al so be used to enbed the audio agﬂgma

ﬂb‘ts ailayf ﬁwm'eﬁﬂld@s op Bestiag of /4 regtes GUAINIL AL AYTHRAA
m?eﬁﬂgl é‘% efﬂﬂalhﬂét%tlb}? Bf A %5{ uqﬁéeaslg%ﬁl ééﬂ <ﬁ§a332qﬁ 1KY

oste
magxe;ambmdg@ jmdga 56n Howmdhnhmh-ﬂqqh@cx Eubhancé mshamdbel 00

AR Blorsl iR pRR S8 AEANRER R R ffbedacd
Aok gnss, aA- lqw—ﬁe(@mycy subbmddodpf ésdiostrimapamayc sler bestsed to
n requency,sybband 04 .wW t.h it
s&%ﬁwﬁ R BRL B eroaRTRLR Y on 4t Bees o oy
Rptd Ihcﬁ&'ﬂx@ faudi6 ARAGU TREY aud® ddtRELHEEbE libst&d&ﬁ\ Bmbedded
(o] ty of the order of about fi vegﬁgm%
g‘wl@gdmegeh ABvs: 1 ong embedigra. dhefak-Blbs and, leﬁ’Q iy jiged as it

é{r%aéo%blé bh%e%%@en mglﬁﬁédlﬁﬁcy%%bﬁdnﬂg{)z w1th its
Reference nuneral 110 (see Figure ; gener al |

|potﬁnt;dtyelgssanmage>cemm$19n dwmstlpwndéhﬁipw elwytSthan

hl@s{ t%t@tthl 183@&%{?&113;18&%%?%% F&r %rr?)@&c?ﬁ%&{dw ﬁﬂ? e@%g ?ax‘tlguslgr g

tembodii®as an increase in channel capacity of the order of about five times may be

- provided by including the audio data 34 in the HH subband 102 for a low JPEG

compression sefting.

[0034] Reference numeral 110 (see Figure 4) generally indicates an
exemplary method, in accordance with the invention, to process audio data for
embedding in a host image. In one embodiment, the method 110 is used to process

the audio data 34 (see Figure 2) in the host image data 32 of the system 30. As
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the audio data 34 (see Figure 2) in the host inmage
data 32 of the system 30. As 10 WO 2005/ 059830

WOEHSABB4/ 000419 shown at operation 112, thBCHEGCRYA/000419

110 may receive the audio data (e.g., representing any
audi o signal) which,, for exanple, may

be-di gi tal speech-sanpled at 8 kHz. Thereafter, as
shown at operation 114, a Short-Term Fourier Transform

(STFT)pat eiferation 132 dhomahod 11Gmavreesivg the audip dataxaspl e t he

Foh RS 4o it e S A Wt s

d§ kHar Tiedeafien adshona araparationdd4,0f ShonieT¢rmaiwitior Tredsform

S al . dat STFT .magni t.ude b uant.i zed. .
"R S i 8 RO ek N R 75 e
V)| {he PRase BPIHR Glandithdd RpéctraldabC@TUT Hladel hap Hivs Se Miyarded,
degrade the audio reducing its quality but still
Jhegmagniiugy pithe ensiamne sheeird aed S TET, pwepinide may be
r UGt i Q. . .
SRARSAILEL LOR B8 L R opBiGEF 1A 3 gyl Rpprocived
(dserdigstha phase mby @pgradeithe auskin ysducing its qualieu sidll provideay

e LEyer | .
o cicr® idoelaleh s Sl rbo R ARh of B9 B, PhiteartBlt
NiassRY uRighifudedeyttedappediondDdmtticetode (eclapeaatRd 118). The

L DR B R S, I S A

| J5Rd SRR 28 descABed 4bBve YSdoribindd wigche ﬁﬁﬁepmuﬂliyadﬁjﬂéca 34
in the formof 8-bit 8 kHz speech that is %FT
tlnmingnes sebbendidets 82 to poavisledhq pepcoppeleadaptsd apdie e | s

di d. ' ' '
(o TRBSEL 360 oxchifies o AR, Ik AT 1051 A IoF el
odn the EytehndQ iecaives Bhdiodata3i iy thedogrm piB-bit 8 kitasperchlint is
j ‘ t, hat [
PRl it Sl R oot dedtl e BRa I MR, pech

i spedtibmagidtude iay be puasieat (&.g(, uhHoSifoddevetstd aatch a first

ohell b Pt et s topbdiey: Hans AP BEE R PR a g & ey
© hithi IRlde Rodden tRSlipte BYSddMivedRisR, Reultslift nfiiighal error in the

enbodi nent, adaptive coding may be used to _analyze a

a
rdatsi ibrepresenthéhaBET magniEde)aferordingl¥sehs Eargep Ry may
R Arbatedo ﬁ'ﬁ'a%?ac_gﬁll gffg?%ﬁon SttheAeib aha shbediRd within the

exanpl e, humarm visual™ sensitivity to frequency

IRGB hosicmage arddtad@ninroas emhedivieny 2daptive eodinginay bepssdter
distortion nm e ' [ ;

B R TPt WpuFRRL M el e EAYSRSN: s
streerih bisedoy, beexampldhiman Grushsasitivisp tsfreymsscy, Winiihance,

P PO Tha e GHEER EHOT B A e cerrtlp gL
| fFeqBerf®l lop highlyQ¥ktured regions and, accordingly, a high code strength may be
used for greater robustness, while retaining perceived transparency (reduced
distortion of the host image under typical viewing conditions). In a bright low
frequency region like a clear blue sky, low code strength may be used to improve

transparency, but sacrifice robustness (modification of audio data after embedded
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frequency region |ike a clear blue sky, |OMICOde
strength may be used to inprove transparency,

wQa:'@?q"‘%P@@ robust ness (nodification of audio dngsﬁ'?Q“é’PO“‘“s’
enmbedded 11 WO 2005/ 059830 PCT/ SG2004/ 000419 i nmage
has undergone |inear or non |inear operations). In one
enbodi nent, a sinple schene based on such frequency
senS|t|V|ty may be used where the coefficient of a

' wmagt bas lmdtrgmedmdatce mm fieear ppreationgly lreane embodinent, agimple

d I
(RO EF SR 1B B ) SRRt
swdake&n shbbaabdetdrmims the(f&q&emp edaérit ofia ®gibn. Fergepnerl 8Japtation
For in the case of D4

t hat
TRy l?eegm[ﬂa%éfeﬁ?’% scalingpla ﬁgﬂﬂﬂ basgy B bFFegRamdsg spiphand
NEATIEI @Qe%ﬂeiﬁtl@n 96 jrf F?uré‘ liﬁat%%@;ﬁ@dég F&Qfxﬁﬂnﬁleeﬁttﬁe case

that it wll replace. For 'exanple, Scale =

(afBypttice yodevmhe ﬁeﬂenfacfer rady be derivad agifie BRI Tng absolty Sidhe
gﬁ@{:%’@“g%gﬁ%%t?“’?gt%ﬂ?@%g bband for replacenent. S

mnif S < Smn, Smax if S
> Si36] orF&éxamaleL ot her circunstances. (3)

| =P*Ci wherein D', is the new coefficie
%fal(eﬁ'em%qlg ce code,” Sginbai is an overall scali 3%)
fvigka,, Sm n and Smax rmyl|mt the distortion. Di
together with |oba| ef.ermn th ngt h of
e ot it REb S e o R s i
anal ygdpiaceigient . S may be larger for high frequency
regi ons, which may better mask distortion. [0037]

e Seslob8ument , the Snin, Smax and Sginbai vari ak@)es

be usteabl; n i St orggy on
P SRR SRLES D T e bl 101

|D1b?§d‘sﬁ.ng Sm n may r esul t in an overall great er @)
[}@V%Jqsuﬁ ﬁie i8 gw r}%&r coe L‘V ' tafﬁ% %At{g%gct%ﬁg ﬁ?;t ond &o&erﬁgéllng
tf@ct&xb&nneﬁﬂﬂesyj,ﬁrdaphxdit tthe dlﬂomma Bxepgtharwith Sgloba[ may deterrnme
DI ETTCIE T T N e M

lm@ belldiger f6H lﬁglpﬁ&q&ﬂc}lﬂ%ﬁoﬂﬁ wWhithSndyHetteaadkelistdtibhough

the invention is descri way of exanple wth

refBPFce lﬂd)me&ﬂltbp‘é@eﬁb@}erﬁ;um Pibex 31 Sgloﬂa@’a’aﬂﬂ?sé&?bl?eed

LhRktabIE. 8LNEGy set a minimum distortion of the host image due to the
embedded audio, and increasing Sin may result in an overall greater robustness, but
- may increase image distortion. Snax may limit a maximum distortion of the host
image due to the embedded audio. In one exemplary implementation, Sgopal may be
- setto 1.0, Sin may equal 1.0 or 2.0, and Spax may eﬁual 4.0. At Syin = 1.0, the
distortion may be less noticeable. Although the invention is described by way of
example with reference fo lattice coding, it will be appreciated that in other
embodiments binary coding (or any other appropriate technique) may be used.
However, in certain circumstances, laitice coding may provide higher noise

resistance.
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enbodi nents binary coding (or any other appropriate
tec&ﬁégq%e) may be used. However, in certa

O; 8nces, lattice coding may provide h| gﬁ@T’Sﬁ@"é@““‘m
resi stance. 12 WD 2005/ 059830 PCT/ SG2004/ 000419

[0038] Referring in particular to Figure 5, reference
nuneral 120 general ly indicates an exenplary system

in accordance with the invention to process a digital

i mel9838lo r Refarangingartionlar tedfiguned, seferance umsral d Hgenerally

thﬂ%a‘i&' ap fg@}%ﬁry s?%erﬁ,)e(l)% gpéofdaﬁ&b with tie %%gtl + ggss a-ﬁfk‘?tal

rmageud rétfdve(cs ertrdeit gmdmdaﬁa froffiltke digital émrage? ﬁ)rlemmluld és an

conver nodul e 12 a d| S8
et B BRI D S0 M glor Sxqiie, f sShE G iRbRment
AtHACIY Qe Hgm@ lﬁ? Tnﬁ?é)s,ystansga R lRles amnGBaa YaudilcenvkRzon
a mat chi_ng_ nodul , an inverse ntlzaalon nmpdul e

Iryzsiulealzﬁ 3 dlﬁretmmlét taagsfon%ﬁpdaledﬁ ¢ SXIFRGHRR e
%n%ul % nethﬁﬁ%ldnrinm £139e4 ﬁﬂaichﬁglnsaamet e, awgbaged

20 an 124 al 1'ow extracfti on

auumtmatdmtraociudﬁ 136ea Gitbouerbde 13%aged apipse mrerery medule 140. As
?ﬁ%ﬁﬁ%{ ig n}no&g {iﬁgﬁi %&Wdﬁg ?YS?G%‘I iﬁ)e d%@@%ﬁo@izﬁﬁﬁh &xtraction

hos ata
fof tinb&Medlawgiio dec mnthé crabdddeld miéige 18%.sTlerms 2 exeem:de ttieeaudio

f L e, I | ud th
s Fare Ak p0S Sute RO imabS B res
r&tfeved Y6 fRbstrable@NThd HstemEzh aad hédneiiyd 124 ndypTor @etinple,
a PDA, a cellular tel ephone_including ca
&Hy be inelided withinthe distiel prmera 18, Eoweaefpe)o?k% empadiingpty the
éﬁm@%@&eihed i PRGES bd FOPIYEHh ebyDAh@céiﬁwr fepliBiYe DeE
repro uce

and the host” i nage nmay be vi ewed. en the
dncliiding a damatpe of anyratipar compWng davier el 2 Ralosodhatendio datal

g{ﬁggcf e& ?S{H{ ggspr%&% a;t@e &eafﬁce Iﬁ?a}[be r%g&)cemd l.thg Gbs

t
a user cconfpanyi ng audi o
trh@lbe meénﬁméddté digital ireage nsargproﬂagedbevsuamw«o-dmmmhgl

| ayed back d d.. A th di

s dCormamdtago ElRast et ity fnfooeh = Metiline

‘abRbiphBndhdiOgRAMBE wa embeadddiin thefinaganmey be klmu%aﬂdouﬂy?

ﬂfprem ated that, as the g,uglgo da{a 34, |]¢, Eddd
o ok rema oo nageond el s et Graggine s oy cppodded

Q& la§ &hd}\%éyeﬁhmel St41RM Hoteéralsfh’eorlufmsg piofuie. ’3 3t @mldoet he

audi o data 34. Accorg5 two separate files are

appreciasediihat, esaﬂle audip data R l%ﬂmeéd%‘ulﬂw shediostigage dgfp 82, a
?ﬁé@%gutg or bk M&h?@foﬂﬂcdd SRy irﬂ%%e ﬂgtagg Rhé ?’Q @3 dfa 34. -
i ma resul or d th

copyl ng Ication o e audi o
Aatadiaglyywsid separate files are not commumcated and the audio and visual data -

age

are merged or intermingled and copying of duplication of the image results copying
or duplication of the audio data as well. '

0039} Returning to.the system 120 and the method 124, as shown at

~ operation 142 (see Figure 6), the system 120 (Figure 5) may receive the embedded

image 122 (e.g., corresponding to the embedded image 56 of Figure 2) and,

thereafter (if necessary) convert RGB components to provide a YCbCr component
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[0039] Returning to the system 120 and the nethod 124,

as shown at operation 142 (see Figure 6), the system
WO2003459830r e 5) may receive the embedded i mag&8CTH62004/000419
(e.g., corresponding to the enbedded i mage 56 of .

Fi gure 2) and, thereafter (if necessary) convert RGB
conponents to provide a YCoCr conponent 13 WO

2005/ 059830 PCT/ SG2004/ 000419 as shown at operation

- ]aﬁ4h<(\$lt3@t cmbrg@ort H@ (RerlsodheREB o Y&{-E canvsrsiqioaedue 129) |

gfhse dra eg%aq@%f Fsa%% ]%Fﬁ ?ﬁ{tﬁoﬂ%w&@%?&ﬁat per rg?crlrlge a
dli28 ¢zt perfovane eld&reter mfebtrmsfmme(s@memtlpm h48)a8iereafier the

reaf er the at |cec LS extracted.fr
ROt stried ot Epraf sub e (5 S Sl F80hdthe
@Xﬁﬁéﬁh in@stuE0A0}. eThkIRput JihBe. Dath@&léxtﬁf:tldmﬁod;ﬂé 1300Ray be a
extraction nmopdul e 130 nmaybe a | ed 4-D channel nl%g

visleh4-Dhelignigh gedegrdeh T@%Wléje’é%’ﬁﬁ ??3 |°5'F1métl‘°”oap§ 8Py
((§e§%eals%lt é’scta%%stﬁﬁéﬁcﬁ nﬁﬁiﬁle“i@ﬁ) ﬁ'])r&ﬂ?)%’ b @oddaized SDRIHARINEE €

anorrm|ze annel is fed into the
reade whieh isfed intethe mtqhmgan@rbhle 13& in |0FFB>1‘ tp fedsa bagt or

SHBCI P T R ISR s g

aﬁﬂ,l’ findirigathebestorcippropriate umeh, pmdmnes qaahh(zal .2, 224etebvel )

t 154 .
Goseienls it Sot oD Bk & g i e Bl i b S qugntize
Q&I@m 3%) RIFblLinRSTFT HAenilikie Qsee PpéEratioroT56).56he smm@ﬁfﬁde
nitude 1is then filtered (see qgperation 158
rl%%en/ Eliprsd Gee prergjion 1) fPF?i%‘b‘ﬁé’Plsﬁég gefaltiprgperag §

if%a otifin ﬁ@&&&ﬂﬁé s{eé%iﬁetf:hb&ﬁé 198)dqhs fikadd STF"he
tere

STF ima n|tu e is then fed |nto the hase
meagoiredeyis then ﬂ;‘ndentpzﬂ@ phesqisedvsrhmpiide 844 oqwilermy phase gegovery

r
IRE B0, foR bintleshadh bipu Rt 3’?‘5"’5%’3 it B 62.
e beppond dignat d:cereqnmids)toctm aldimda(ts éé (¢ Figuere 2) andrmahy be
consi d ne dlnent as a recovered
' 38%61 %r‘éq » JhEe o1 6%‘5&‘7}’{ ??1& E?ﬁ%veé %‘&f%gﬂal the scal e may
pa0]nat- g4l oﬁeﬁﬁtﬁlﬂl@ﬁ,gﬁéicale&h@(ﬁdﬁsﬁmuaﬂ uethe flargach
coe ficient because all first heI I

@bwiyte ¥alapef qeal coeffigjent B?Paﬁ%%l h sheil 54 ﬁ«&tjﬁ? eqﬁﬁclenfmfg
‘(1}&{ ! rrﬁaﬁfhﬂﬁl‘ g iRtk Thil AR Osclih@ilay 6R6 BRcdlb alow

strengthh wthin the sanme host 1 mage w t hout

sodtistoff o differand @trqmgm Wigoa the sase besbimagavithqytadditipnal godige
t d
anclOGT s A8 ol e ST S b bAHER. PhH et aGEiel e

tepifageid)prefodmedhad b h}ab:hhmm bbtha douir soeffietnie éwlgmh are replaced)
%lf {h%itlj—ﬁ%{ stulg)ba?lg ?sl use P rectlf) %o sca?e the lgéttrllc%ecode eSmce the

image already has undergone a wavelet transformation, the dynamic scaling

- operation may be fast and require only a few additional operations. By restricting the
lattice code to the first shell of a D4 lattice, the scale can be estimated during

decoding and need not be transmitted with the embedded image.
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WE2005/

" ref @0dce MuRigned 9 Zﬁaeg@r@ﬂwral)l

- deensled podegnay bepsoddadarsar

inage al ready has undergone a wavel et transformation,
t he ‘gnan1c scaling operation may be fast and require

9438w addi ti onal operations. By restrlctfﬁﬁsgﬁgﬁmmiw
lattice code to the first shell of a D4 lattice, the
scal e can be estimated during decoding and need not
be transmtted with the enbedded i mage. 14 WO
2005/ 059830 PCT/ SG2004/ 000419 £0042] In Figure 9,

0 generally éndicatasameind, im -

accordan t.h the i dat a
PESRAHRR S e ey, O ARl Rl and BARLALBUE U oL
tddﬂzintﬁé@e)f thtﬁdea:ﬂdlﬁg Bahavelendistivece batvtebi ﬂledatd%comwmhuebe

maxi. m make it rqbust to noise.
SRR oDt B, Brane o ra M SEe sadg ey
laéaﬂ? b B&!&Hrg@ CndlAAY RarldREhOBskifHN WS aharthel: mmmér,
However , the context of waternar k| ng, this may n

b@ ﬂ{@rcaeiteﬁdsﬂwaﬁ%@a!tkw, thisamaionag be pisgidgel becausedhenqiss FS
%Qﬁfd@ %1 ﬁéﬂl EdentiPfie 307se §1008 3 knovih, Jﬁi&%%e maP8e too

sca e may arge; causing what nay
dargewegm@wmtmastbo nnacgcptaﬁthdﬂstortwng’éhwrlnBenesq}fa‘uf&ql%mtwlse

501 5 AR DA B iR IRR

alﬁtéctarmmﬁ eﬁﬁf dscfmt:mmn mapby rdqalrecbxqwnrrad it adding mexet it

SO B STBA SRl BHSHRES RO EORRLi

waeﬁf &n, F8ch PRrthhypmedioned ambhot ¢orréctsl Blitead,Nbd WRMglyt he
vvrongly decoded code t¥x be provi ded near the actual
¢

acual saden Nepesmbodnegihe
'ﬁﬁa%@in% YRR St'I@"ItrHJrgnkt@&ets & e TRAS JTRY AF bE A& HRE % et RSt

requi renent. By way of exanple, the method 250

repieBeguBe way oémmleeﬂ@mpﬂww itegogiignye ) shavei egegplagy
gbatgpltélg%g{al Sgi%t% ?&r t?rst oy E%t t&ﬁc (%gg It fvhl %ﬂgr&ﬁted

HHe nappl hg® nay
ﬂmtﬂeﬁnap&)ﬁ@%yb%&pﬁlﬁnﬁ\IMahkhdlhbl e 252 the STFT of the

2 i s 0o ST W iR e ol ot

| %?‘cﬁmélﬁ of e 9) ltnﬁy provide £28 BTBT mbghmaies bastl Qarigin k’tﬁn

quantized to 24 | evels (see_ ap eratlons 254 an ?
Esampls.dramm 8 to 255 Rech $iF fmagtrweﬁgﬁhftnlm@n B9 2hdsycls see
d
SpaRRR PR SR TR BGimilp %anbz?féﬁfﬁigni‘?ﬁ%%g R
bkmn}duaasmmwmauha rstrBYF B bags megmmsle o4 (seertalplpdSDitben

L e A O B EL 1
C or r epMpoAddund (MG /255t”t28‘p@vhlch in the given example equals 15)

[0044) Thereafter, as shown at operation 258, a corresponding Dy Lattice
Codé is obtained from a First Shell of the D4 Lattice table 260. In the given exaniple
the lattice code L equals (1, 0,-1, 0). . __

[0045]  In the exemplary method 250, the LL-HH subband is used to embed
the audio data. Accordingly, subband values of the host image in the LL-HH
subband (see LL-HH subband téble 262) are obtained. For example, as shown at
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Code is obtained froma First Shell of the D4 Lattice
table 260. In the given exanple the lattice code
WORIRYS9%4, 0,-1, 0). [0045] In the exenplary ﬁ@{lﬁggp04!000419

250, the LL-HH subband is used to enbed the audio
data. Accordingly, subband values of the host inmage in’
the LL-HH subband (see LL-HH subband table 262) are

obt ai ned. For exanple, as shown at 15 WD 2005/ 059830
POTABECB4 D @mxemple;yé"rrattsm manitudeMo; the fiesk Eavp pegtljcients

fgg (% 421?}FI & g%'lgtsg ﬁ/bébt%h-% %51%5% LA fsh&%&t ddpefa%&a 866

'ﬁhﬁélﬁﬁéltaﬁilysmﬁmﬁ bwpfh!ﬂfoﬂhecbl@eemmamg ®he &eqmmcjc eqpiters sing, for
anal ysi s per forned._b est:lmatl ng the frequency

@zsmelﬁtam glﬂf%wmﬁefa?ﬂoﬁe X% e maxi mum

f unct Kany g& 4?1@%[}11! 8}, -7 whRk gives 6.9
-2.41, 16. 1,1-0.51) which_gives 9 The value |
valnemab ghea be glipned tobeaithip (Prin™ 2 SHme = 4) @d thyg;the valys of 1

%E %3 ue of 6.9 may be clipped to 4. [0046]
he res nt value ("4" in the present exanple) may

t helf04@ nilhd nepﬂiaeldvahya (t47an et resent exenple) may thende. 1

8‘@‘%@@5 f'?’i{ﬂ% 13 c%%égﬂp( })ijcbg i fht gﬁ% %m\lﬁr!;elgi th )?%in

\Mﬁidit?adbﬁ sc(a%l’ed l@ulce‘lcofd;e 0) i[whxamﬁﬂfhe gxﬁbmeefmgkywwié be &3 pl-é,c e
the first four coeffjci t
o8 Thesb Belyes T o0R oplaSs G Fe B STTECSHE CLTE L ar sbband

eggemh@zggﬁ a lattice code mapping for each STFT
magni t ude; however, in other enbodi nents._other

mapf04¥ s aDeLﬁfbe%fﬁ'dP 260 shos\gn|examile g5 lagiice spumappipe for
: %%rsefﬁ 1§\ c%l %é E\%E RbtheVEh %{gﬁrﬁeﬂ% S8Er rﬁé’pph@stak&ﬁ)sslme

inone e I ment of
Itrwmmlappr,ecmﬂaé tliaaﬂitlte(aee 5 4] @E@tcara@ wayd b erder Zﬂdpttlce codes.

BB i bR PG p e FRe{ o ELRLRR For

leﬂdnﬁ le,eheDPiaitice coc(ex{\klﬁt ﬁe 24 paingeis 4#]1) epace, may R rdersdss
tqgwg 260) the following may be calculated D =
nce between a 4-D plane, containing C,, with

nor ma Kdikachtigtitd\Gde @, i(@héte { Can@esdeéhh 0 td DB choiable 260), the
normal (N) may be arbitrary, but in one enbodinent is

&llovene mepbogalgwatede tie. For sinplicity, N= (1, 1, 1,
1) ey, bitOSERween a 4-D plane, containing C;, with normal (N), to the

origin (0,0,0,0).

The choice of normal (N) may be arbitrary, but in one embodiment is chosen

© to minimize tie. For simplicity, N=(1, 1, 1, 1) may be chosen.
2. The lattice codes may then be sorted in descending order of Dl
3. Lattice codes of the same D; may be permutated, for example, by
exhaustively evaluating every possible ordering. K may be the number of codes of
the same D;. Since K may be small {e.g. 3), the number of combinations is K! <<

24! An ordering may be chosen where the sum of Euclidean distance between two

: neighboring codes is minimal. It will be appreciated that the Lattice codes (e.g., in
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| i‘f"ie?%f'é ‘PBH&*CG&@‘?QSP&“}Y%td‘%%ﬂ B HRRIBYE N

2. The lattice codes may then be sorted in descendlng

order of D. 3. Lattice codes of the sane D

WESPPASH3Bd, for exanple, by exhaustively evafﬁﬁ%ﬁﬁ@‘”‘m(’“w

every possible ordering. K may be the nunber of codes
of the sane Di. Since K may be small (e.g. 3), the
nunber of conmbinations is KI << 24! An ordering may

be chosen where the sum of Euclidean di stance between
tﬂmLatnea apidb modnlg 46 @odtheDy Liattive table 260) may be pigegenerated. An

he Latt
60%8 B Soder BB o btngfiiof RpREe (o fbieddla iR ol |
%{eﬁpﬁrﬁ égﬁo%ndéﬁgh& Lt deaibﬂetaﬁﬁ@}areqmbhmed g thaitheyeara freely
An | er an €eco ave corre n
caafal%ﬁ?fa e eXEHPIary £ éﬂ%@ (HTIRS Vweﬂlﬁ%aoff ﬁia‘m‘m %ﬂh@tﬁf
Liakdnitade MaARlieal) B InLRHBIRIde SAesInsise dohaptea haunamai

freely availabl'e. In one exenplary_enbodi nent, E
%1y

drttingicadp mankdreepivndiat thedlesspe an ﬁﬁfgﬁ Letigecedsiadblemay

(S0 B puEfinf By (15 o o) S BRI EUIREIRIMERS
Lat {6048] codbe mathbé zmwsmedgbavmeﬂdcsmn eaemnltanhnﬁgod for

en h a,n.n E

el il ufReinbosi Ik SR B Bealiflo i3 he
ntbet ¢ hosimX fpkaniple, e tabldevell by perfayppingar leastsomedeittise
to lattice codes. The xtractl on Ofath‘gf?‘@?gdl 0, dat.a

SHepR PIeTEAnCd DRI AL EEVRIBS ARG Smyqshiment Pay be fritegisg as

BYIREY. fRialyNBe BhitideRB8d maPHEexfaclel BromStheRSst IR4Yel Iﬁﬂﬁa@
above in réverse. In one enbodi nent, the audio na% Hh
L~
y

embodimentiofe inventionyie lattirecpdgs|igcludingthe audip dataa
b#@a ier t@‘fﬁe nérﬁﬂ:mbhﬂ So @gﬁ? ggﬂgtgga\)nﬁk ﬂ)@ﬁ) priafEaetiwER Yan

es 1nclading the
algdide thbdamcacceieﬁ nﬁesbxyﬂmgav i orgtsimbotlimenhwhepethe Fraflentmbs ic

T e e
%fﬁlﬁdﬂll@ﬂhctvdihémyfah evellay e:ntacmsn fuactiomplityi @ubei the lattite godeal

ra such as a 10, the capera
AR Pest e B9%,  sePlrnt TP RIAGH 1B aP PRpotgoqdid Tijgshell of
e DAL Ay i Eadiadh ElbientS0CE of g ﬂ{ead‘sﬁmﬁftﬁ)rﬁﬁétethetbﬁﬁe be
been extracted, a scale may be estimated. |n

é#@%‘mlmpletl‘fm exppple, aynafipuprmagnifadepfl thelattice @oqtﬁﬂw%]m y
?ﬂ&r P oF e e ?\Qded]m uré tPE B&SigliRl | lafifte BB 1 (4, 0,

ative Si For exanpl e
el mmbnrampttebddw someme;e laad, tf¢r@£ampﬁeem¢e@ as (3t7a kbfh.-4-3,

oL 252 ETR S RYde e 1l B odimclghiin SCA P Bhual max

Q!GQI Wpp 4. bly[ZSlq)nﬁes’ noﬁkaﬁrcﬁugﬂy tﬁexealemy;bleehosenhs alted as

e, .maxi num gm ed 2&1;1ﬂtlhe

Y

given example), and a D Lattice Code table (corresponding to the Dy lattice code

table 260) may be searched for the nearest code in Euclidean distance. If, for

‘ example, the maximum magnitude = 0, which may occur when the extracted lattice

code is (0, 0, 0, 0), the lattice code may be classified as unknown, and the

corresponding STFT magnitude is set to zero.




(13.21,1-1.41,1-4.51,12. 11) = 3.2. Accordingly, the

scal e may be chosen as 3.2. Thereafter, the lattice
“@Hﬁgg%ﬁ§§ be di vided by maxi mum magni t ude (3. BCTRGEH4/000419

gi ven exanple), and a D4 Lattice Code table

(corresponding to the D4 lattice code table 260) may

be searched for the nearest code in Euclidean

di stance. If, for exanple, the maxi nrum magnitude = O,

whi BB49Tay Bosdsinsdndintestsepast-proseseing may be perferaed 10 s

RS iy 08 STET SRR B o AR faRnE pper

n0isé ffa@ be ile?ndﬁ@i Z%ﬁmﬁﬁggﬁefi G’of&fﬁh@@ﬂﬁﬁbﬂ@@&&@ts theSTET

_I ¢ Cefta fgpg PB"’\? ﬂ! ’%E%Pl?‘{rflg)’%@ﬁs%ﬁg ga\flélﬁowcanbe

RERIGMatcH Ck?ﬁw%el aah@&kffeﬁ%n%a Bvdrae pﬁ}é‘dl ala by me,pmrthe
noi se may be renoved Assum n g that or ex

pisebalpeprbeset t theavespe valupedslopgisd d Rt G Bl an
%hfﬁﬁlitl’lvetﬂa% ﬁ?fe'é&g%m@ﬂfé&}n gﬁ#lh'z% LIk )ﬁfhc%ﬁliﬁ%y‘foci&ﬁoﬁ

I Xe differs fromthe
awIEamt}Eppermise walhdemby b@applic4idartotrth digrste wavelgtjeansfagms

369 A relati g Bl Shuot R BEality 16 edtibdih Sortler
m%aﬁ&imeRB&ellsﬁ@smdhmM |Fqﬁarhet1yanngrgjlﬂé’wﬂnmt k?ufmlt .
e er e 0 (0]

R er Bt Cpalbieprasms o, M b finls e Rrfor idRporated

%E&ﬂﬁ;ﬂ%ﬁ&ncé— h céPtbin cifdufilitahden Ghé ﬁﬂﬁhbﬂﬁds cB:scdHﬁd Ebdjiednay |
in Gortler S.J, rzeszczuk R Szel |

perform mpsly i{fhe g@mﬂuﬁew@p@esul@%amgg gaps gixamp e, all
GRNLRLEOSR irhle! sﬁf regi]o%%q Flg‘i)fbelfﬂl%ofﬁﬁ)%g Badff co%biéh JoSing an -

i'ncor porated hereln reference. In certaln
entire posioant ¢, audiloeonmlmh%@ssh@l@ﬁ dhe HET mpgriwdagsjor to

per f.or h _
BREL R h i g LU 1R O Bl
elehflingrafiththe akiye redgétivn. nronf thochm&mtAamaiditbmakﬁmsylan
corrupted, .l osin n _enti e .au . One
- egpabingmivbeRsoatkiy 1@%#&@%@% %% © li&'oa(rjé}{%o
SRERN A stahBh@ doistiée 1ef fect of spreadl ng the error.
The receiver can undo the shuffl i ng a‘agﬁr t he noi Sﬁor

r edi@@®qlon. In| qne gmbodimsal theembedded aydifidetaciqds neseeply
%gérb% ? uﬁﬁlsmof’ifﬂ]ﬂﬂgd m‘m%%trﬁlﬂmg 115 AAAfPdath. @Héﬁﬁérﬂn

a 3x3 w ndow and standard devi ation = 1.

Gl ﬁmlyamaa(é whsoatidicedata. Alseeurdike sutreaaking @dgﬂ‘aiaéﬂf@g

is N cr

isfehe S BB inthe P A FhiRH of QRefied Aarto Plenta

IiIBQt ﬁdﬂﬂ&tﬁ‘abﬁfﬂ tie dath, rmohe ¢rhiepdiruetit of thatimvenidbrs the andiol data 34
L em edfrﬁ rlrt< tlhg %osat?l%ag a3t4a. ma knowrc} portion of the image and may be freely

extracted without knowledge of encryption keys or any other secret information.

For example, in watermarking, multimedia distributors generally attempt uniquely to
identify their digital content so that, in the event of any unauthorized distribution,
they may identify the source 'of the unauthorized distribution. A digital watermark is

a digital signal or pattern inserted into a digital image that merely identifies the
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where the data included in the host data is hidden or
concealed in order to prevent a user fromextractin

W80 in one enbodi nent of the invention, PEREC2003/000419

audi o data 34 enbedded in the host image 34 in a

known portion of the inage and may be freely

extracted without know edge of encryptl on keys or any.

ot her secret information. For ex

venecsfioimage Aud reltively Wtilei datedp inchidg, ibeféefg}e Hesey Pigital
I
t%{}ﬁﬂlﬁ i ﬁﬁuﬁ f%rr]x{ &SPJPH&W thit if 1R&Yes bl (%&Ifai m?é%@ﬁrﬁﬁ& Al

e eve any unaut hori zed stri bution,
treegnizable. Baorypitfoy it dis wod by mubimedieedistributotsdn iozdetito prevent

d di I rk

cSishoendoratit offht Reat 196 RS bl el B
Ilﬁkﬁﬁg td ih€ladé dita thék 020 0hly Do M&ed@a%ﬁbﬁmﬁwbma419
speci fic inmag e and relatively, |i ttI FWdat a llénc uded

aithopizrd todg sroDalg hidingy At appos iRk el
%ﬁﬁfuﬂﬁ%f Bhka kdbd Iﬁéﬁen bt ﬁcﬂﬁi&%ﬁm&lﬁ@ afth h%r@@éntlh%'&ﬂﬁsr fiBimact

recogni zabl e. EI’]CI‘¥l tl on'is al so used
matrthtm@i iddentdetatfionothg hpsi. Moviever.tip opg ev'mlmenf of the

%@%gétﬁlg%tnér " uz{?lldioco%{dl el e %@%ﬁdﬁ%ﬁry%&bﬁ ald Sakat

al so use ata cl ude data
tlotitesiciated many \my Ae:tardmgle;:plbsogmﬁletaéemmth theeccameragi@anays

uh

dghpimplol st i ol ol RAREEE ol omogh mey
?ﬁveh!hé d.@ct[io bla?edlﬁﬁclta Ed ﬂaelhn'l‘lmseg)r ?xaii}lpié t}ne: mlmﬁﬁec{@dm oaer
rom extractin e e ata rrom 0S e ge
AR SRSt R LR Defacb P 8t i AraYidine

th@aiﬁﬁg pRotd@bgh»i s freely extractable by any person and
extraction ~not restricted in any vvay Accord| nsgl_FyF
may

phomgllaphénpmemquﬁnm% agaagBitederyd ﬁ@}aase
en)é%% r?de{il?x? th%(ﬁg%t nth%? qj,a&rm SudQidPR Much

ave t I'o played back
tbendvhdm orT:hlbsddeﬂ @rea@x wnpldé)e redvired ubedblbédh@mdgtbwdﬁynly of

ot 8 Bl Proef TAREE e @hinb ot b Acgpidingly. i
e Emﬁ;giei’@ gmgbdlﬁﬁﬁt] ;hdz plg?e {‘s}q&?cgr%éﬁbﬂﬂﬂhﬁﬁtﬁ@m;mh only is

ERDtsn o THRES. CheS ey g def e TR et ot
tb%)qﬁcla&dmkb ho@ﬂﬁﬁﬁé RAbPbefedesras ddmdu@ﬁ 88 aéiBal\Yoalitd oDhe

-required to enb e magni tude only t he audio
dudia may thenalspdiredused @ lege{ plagng e Fher?gldla) mgjoke provided
pent
TS 1t e Y B AN ull e 1E o2 KB PN SPEY B
enibeditéddn ihe hosteamhgedt | mage. Thus t he quantum of audio
dat [%Ogi]h € tp? ! gclempyagyb Seth ocfi and system to recover the phase (or an

estimated phase) from the STFT magnitude (which may be implemented by the

phase recovery module 140 — see Figure 5) is set out below. It will, however, be
appreciated that the invention need not be limited to the exemplary embodiment set '
out below and that any technique for recovering phase from a STFT magnitude

signal may be used in different embodiments.
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: [0053 ferrlng to Figure 8, .reference nunec{l\ﬁo

bits) included in the host inmage nmay be reduced.
Al t hough the actual quality of the audio may the

W 208574535
may be provided for a given anobunt of enbedded audio
data (e.g., a longer nessage may be enbedded in the
host image). [0052] An exenplary nethod and systemto
recover the phase (or an estimated phase) fromthe

STFI00&3lgni tReferripgibe Wiguresd; rafercnoppiuaeeah i Sdigangralliéndigates de
Irrﬁgtgvﬁ}/ t}/aﬁggr%gnc% WI éanhe m%’gn%on %ag‘e%géﬂrﬁbtfngfaﬁtauﬁ{dt ﬁlt ﬂ ﬂgﬁl

pret e I nv I on
remeidh dact en’d:teddiedrm h hdstﬁmageh & he xisatipldali89 neayibe dinopiteratiee

| ?f?%ﬂlf-?@'l%%%gﬂfa b hardey tertan Ty ierpGaRonT ol sPRRRR:
%a‘lwnﬂl?es%c%@ é&ﬁﬁ&ﬁ & 1PEekirSta0 Vidd iDSHH 19 180

|
FETPH PRS- mwﬂd%ﬁtaegreaaﬁ?éfh%aw ipypngertis pghlinie atﬂHSt he

[ ltdg,q@ cting an audi o signal from
acﬁg A %Ctlggfegmﬁ&é; host image. The nmethod 180
may [0084la ndw-shaver attoperstion Hi2o thetmedlead; k8A recetven SEHE t hat

:n

e S RE L e LB PR S hORSE Pl KL T ons

cpeiation) 584) 0 The peaks iaithdS TED maghiaide aresassuniedvb lcbrrd{sgond to

T NN TN T
QRABneOIs ficddencl BEed¥R binAshid BlRaK)asdittifsa Satibbla mﬁgﬂl Hibgle

data and, thereafter, identifies peaks in the

g irerddyl bingdhat gy surqupd eagieak: £ il éﬁﬁ@r?qﬁat%@afs?ﬁ?
R AL 1S bR R 12 QAL Bifds aFlefliHR) B 1 1

e signal an as shown at operation 186, 't he” net hod
. ppprowEnateiiegyeneyhat Whldstha pezahele issat fits syuisiny (esfappragimately

g S e L T

: \Mﬂsl(sdaeapamoremsahﬁdg t}ﬂa@ham pica pxewodxsa‘mnd, badha Bhdse rsrameept
od 180 then finds.a fr enc

SHIGH B Sl PRIy Do el AHOERRS AR 2t sretSipn 194

R dnaly Bidral isEURHAIcH¥E fidh/the ISTE THaghittE} usifif én WEROSTFT

180 then cal cul ates or estimtes the phase of the peak

Eﬁchélqv%@eg reandad SAFT denig¥eng t he phases at a
PT €j6pEY]S fm@amﬂ?&boauﬂaes%%n RSHAARYan b@ﬁ%e@% ey tROM

an 1 nstant aneou requency herea ter, as shown at

sipgsaadal peaks dothe spastumu doncramplala cheskmeayhesondustaddo seedh
%khe S Ft-tlz-dgﬁ%}lgérlfﬁia% its b 'ﬁglgﬁgork 0¥ HeIé1t SFthd peak and its two

neighbors on the right of the peak. In another embodiment, enhanced resulis may be
provided when the analysis takes into account that side lobes are not mistakenly-
identified as sinusoidal peaks. In yet another embodiment, a check may be
conducted that the shape of a peak has indeed matched what can be expected to be a

true sinusoid.
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techni que, e.g., a standard STFT technique. [0055] In

certain enbodi nents, any al gorithmcan be used to
WORPYPE0t he  si nusoi dal peaks in the spect r uRCTRGR004/000419

exanpl e, a check may be conducted to see if a bin

magni tude is larger than its two neighbors on the |eft

of the peak and its two neighbors on the right of the

peak. | n another enbodi ment, enhanced results nay be

pro@aseH wh@ncettheinaaaiaywisireqicrnsy ¢ s bernrslentated(sre

side lo are not stake |
iR S0 BEERS pebS Gltade i A EHish i Fotgainsdas,
MRYioRe conducted that the shape of a peak has |ndeed
mat ched what can be expected to be a true sinusoid.
20 W0 2005/ @5@830RPCT/ SG2004/ 000419 [0056] Once Bhe
é t.angous fregm ‘Z been 1‘,1:%\'% ated (see
11D PBYTC 5 N forga a8y Kk at
f r al[(msb! naqu)h@m;ﬁamaa Eesappfléﬂ {oMEF T OBiks surdfmdling (1R geak
where Ris st ze.in sanples, and o.is

tlne fﬁbq Prasasy Bgy be ewsasﬁtﬁw eqoh dstiyidual Befﬂfh du gngyepbadimntne
I

PG i files Sl b hidd R iR Sihcl D STorDow) e

OTe: isvapedinTemky. genafahel 4 shaftyermrsi gnaBMth) hassimoanedra ud.ed

| RieF e rpomagartir S pieh aiw Bt esines e Bl aipond e
NpRskdTHA ﬁé@é&ﬁxﬂ@ly-th@FFT kg8~ éma@s n which 4 ¥halNa8eke deh@red at

_sane qﬂases may be assigned to the bins around L&F
pbalas eﬁ@l QP Horgeyn Higwal meybe ebtaiped By prpadasly spiting the
!Fﬁ’i‘%brhgﬁﬂlek\ﬁn tgged at n = 0. The final
t ut s ort erm si na be obtained by circularly
s h i tll0|581]g t Hhe mhqle]:BOcﬂayt ine:eﬂm clygurhgigrices, prnder a reasonable
1 ze. d, 18
rpeidioh Seoopitio S FEbdR ety HoWe WolE difleBionts,
rie@iinisd efppfebiaf.eﬂ thlaft vhﬁ@s@thér mcoia;tractlohi(wﬁm&]ues inay b ied to

embqdi nents,, it wll preci ated that var

GrPafe erbanged recguatistion %%Hﬁﬂgc?w@gls "ﬂ?wﬁn&% method
P30 Y9G hURA Ko A6k ¢ FRRPMRAT M GletaBBn f audlo signals. In
one enbodi nent, the nethod 180 may i nclude a serles

of 180B9 i n-Thumin oue ermbesiigent|thozulio daiymay pp agpmed to
%BR@ mallyﬁs%%las%gtﬁe SR ARs@SRARn Gealf ATRDIARI

sl nusol and the STFT phases around
tahmr;haglk(sazmsgmapdﬁ(ﬂmjsmusmds instantaneous frequencies.

[0060] In one embodiment of the invention, as described above by way of

example, the data processing system 30 and/or the data processing system 120 may
be included in a portable digital camera. Accordingly, users of the digital camera
such as the general public may record audio clips or messages simultaneously with
the taking of a still picture where the audio clip is then embedded within a host
image which may then be stored on the digital camera or communicated via, for
example, a cellular telephone network. Any device receiving the digital image may
then retrieve or extract the audio data from the digital image and, for example, when

viewing the digital image the audio data may be automatically generated or
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according,to an estimate of the sinusoids
i nst ant aneous frequencies. [0060] In one enbodi nent of

WORQ05988t i on, as described above by way of EKARERW4/000419

t he data processing system 30 and/or the data
processing system 120 may be included in a portable
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ﬁﬁﬁwﬁﬁwﬁQﬂ@uﬁa, unllke dlgltal maternarks and di gital
enbodi nent. of the_invention, the audio

in one
d at Elogﬂroed fethe preoutary smbpdimentdsscribed ahoveng digerete gvayglet
liffiodm P ofmé od’ thE ﬁﬁxglﬁﬁﬁh @hztf%el@ BY chRBEfcneR 8 kdedhe

a conpafi evi ce. audi o data is intended to
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d and
caodsiiE g iRy bR R, I PN Phe”

audjooediat aReferring to Figure 10 of the drawings, reference numeral 300

generally indicates an exemplary system, in accordance with an embodiment of the

invention, to process an image to embed audio data therein. The system 300

' resembles the system 30 and, accordingly, like reference numerals have been used to

~ show the same or similar features. However, the discrete wavelet transform module

3 8; the filter module 40, and the perceptual analysis module 41 of the system 30 are

replaced in the system 300 with a discrete cosine transform module 302, a DCT
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[0063] In the exenplary enbodi nent descri bed above, a

di screte wavelet transform (DW) is perforned on the
WOZHWHEREE® channel s or conponent 68 (see the &CIEGRQ4/000419

wavel et transform nodule 38 in Figure 2). In another

exenpl ary enbodinent, a discrete cosine transform

(DCT) is used. [0064] Referring to Figure 10 of the

drawi ngs, reference nunmeral 300 ‘general l'y indicates
afilter xmrdolecdOy, sDET parceptnal apalysisimadde 304, andian Wiversel flinerate
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the system 30 are replaced in the system 300 with a
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into exenplary 8x8 blocks in the discrete _cosjne
tqoxiETonding fvemicbandy Thersslested spefhiciprlp e dhepslitased (e.g., zeroed
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J chnol ogy or chnol ogy. Thereafter, the
aligngt eosinedradsibtnm viodula 362 nisa nwivisiesintermedialy lamingheesiata 74
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odi ment roup o oeffjcients i,s sel.ec e.d.
relee mogvle4F o7 5P aL i arrphey Hanie B goa PR e eplaces
SR 8448 eBiklohfia® M dwnadt 89 kdpravide hiodifRd 14r8ingnce daty9aettat
out) by the DCT filter nodule 304 to provide filtered
i feidriniRdle myerse Gcrety pesinedrapsionn madels;SN8. Hedperst m
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DCT perceptual analysi's nodul e 306 t

ps processcdusrdeaquibadinlioye audtpeferencd lordiignede data 82 t hat
OBl 10 68 69l i oo

fro
Res 9epiizl ha bachappleckdaviti disdleat aosii ttdneform epdcassag. In a

similar fashion, the method 60 of Figure 3 may have operations 72, 76, and 80

modified to perform discrete cosine transform processing instead of discrete
waveform transform processing. In the exemplary system 300, the audio (e.g.,
speech) is transformed using a STET prior to mapping to the lattice codes which

may thus provide graceful audio degradation.
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the selected coefficients as shown at 89 to provide

nodi fied | um nance data 91 that 1is fed into the
WORIEYEEMi scret e cosine transform nodul e 308. PEREG2004/000419 .

inverse transfornmed data is then fed into the YCbCr

to RGB conversion nodule 52 where it is processed as

descri bed above with reference to Figure 2. [0066]

Thus, in the system 300 the discrete wavel et transform
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i ghe uen coefficients nmay not be
ﬂéﬁ?’gr]ssélhﬁialr]r"ég%edl ‘Thus, in one exenplary enbodi nent,
th eﬁ)@ﬁ §) 9hpkfeague Hlﬁﬂerﬁ%ﬁ)fuh Fighipé $2 SHRrNg inti@fesia0frther
lattice coding thereby to enhance the capacjty of the

diniodizment pegerudliy F&@C@Wﬁﬂéﬁﬁ@a B agresdange with the igyention, to
BRI BAY srofIDOMIBR i, 31 E{Eténfﬁzd SRRy ifiar to

i - scre ans O m case ercep
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bsol ut e of.
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178X ahd 4 hilticefextkaction mibdille 04 )epffacé he discrete wavelet transform
module 128 and the lattice code extraction module 130 of Figure 5. The discrete

cosine transform module 322 partitions the luminance data 146 (YCbCr component)

into exemplary 8x8 blocks and performs a discrete cosine transform on each block.

The lattice extraction module 324 then exiracts the lattice channel code from the
~encoded DCT coefficients to provide a scaled 4-D channel code that is fed into the

scale estimation module 132, as described above with reference to Figure 5 in the
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[ 00681 Reference nunmeral 320 in Figure 12 generally

i ndi cates a further enbodi nent of an audi o processin
WOy accordance with the invention, to PEkEEH0#U00419

audi o from an enbedded i mage. The system 320 i s

substantially simlar to the system 120 and,

accordingly, like reference nunerals have been used to

indicate the sane or simlar features. In the s%stem
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.@nd Ssiraakst Rpatshed) lattide crde. ACzne distance (@.g;, perferd match) may

- Lun h. r ' I tence
SRR PR hpph AR GE R e RUEL POCE .
herei wby-d,ef erence. An input to this Pull-Push (6)

' thod.is
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ROLoReieHaT A G etV PEp 8 ohinbe, and 1 kb of
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limit the poi'tion or area of the host image in which the audio data is to be

- embedded. Exemplary mask 330 (see Figure 13B) is elliptical in outline and any
portion of an exemplary image 332 (see Figure 13A) within the ellipse may be

reserved (e.g., reserved exclusively) for image data. Thus, an area 334 external to
the ellipse may be used to embed the audio data. It will be appreciated that the shape

and/or size of the mask may differ from one embodiment to the next and may also
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where wis weight and w = 0 denotes a | evel of | owest
confidence, and d is the Euclidean distance between
WOH8054050$34¢ct ed noisy lattice code and its cl os86T/5G2004/000419

match: d = 4((CG M)2 + (C2 -M)2 + (C3 -M3)2 + (4

-M4)2 ), Where (7) the extracted Lattice code, C =

(a, 2, C3, &), and the closest matching Lattice

code, M= (M, M2, M3, M4). [0070] In one exenplary
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extraction process. For example, when a predetermined mask is used in the
generation of the embedded image 56, the systems 120, 320 identify which

predetermined mask was used during the embedding process, and a corresponding

. predetermined mask is then used to extract the andio from the embedded image. For

- example, the associated mask may be identified by an external input (e.g., user
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therein and preserve an inportant region or area of

the host image. Further, the audio data nay be

VWO RWEEE83¢ n bot h a masked portion and an unnmaIKEWSG2004/600419
portion where nore audio data is stored per pixel in

t he unmasked portion than in the masked portion. The
"density" of the stored audio data may thus vary from

i mage portion to image portion in the enbedded i mage.
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of the embeddmg usmg the discrete cosine transform technique described herein,

may remove the embedded audio data by performing a forward discrete cosine
transform, filter out (e.g., zero out) the selected coefficients, and process the
‘embedded host image with an inverse discrete cosine transform prior to displaying
the image. It will appreciated that the same methodology may be used with the

discrete wavelet transform by substituting the discrete cosine transform with discrete
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ndistetiion dawsed by s&msmtoesd Thednhtldacfalelmaymhéhqe@bl lee hid@én

Fihe Foibe I o] Sxera 9 Fhbb intell of B BRp AR aldIR85p may p

Qﬁclﬂd&dﬁﬁ an &XIE ififey f(frreﬂml]blb,an lag EE'S(IEhéHdelr arﬂ;i‘mmrdmgly, the audm

her 1SQ | this noi se can be ver ar ent..

2 pagsLiEy e I B Yerfowa& GPRveEHnn beffft, E‘b’i}j‘“i“}er oAy smg?fﬁ@enf
GROETRIBIAg A eS ﬁﬂa? 6t pasibdmlﬁbtlj} (82, RV Kiliddn) bk Ghades for
nmore sensitive to lLight but resu ts in nore "grains

|eampleqquyingreationef te iags: Brone s&m@w enbgdimeah dhecspeqel or
Wiy 6P ﬁf&ﬁ/ gé %ré%ﬁd M)elnt%ﬁnﬂg utllfMHg%nnﬁa?%Hérﬁﬁods o those

greater nofse-in the orl Since
qrogieddn operagensall2eHdyand d dbdmofihe meﬁmdel 10 (es E lguam 4). In one

at t enpt rti-on ]
egglﬁglp odﬁg?rgqﬂ lela%rgélge Wy%}g uan tlz&ﬁto 258 lev(al@qhs%lld of 24
degles a@aﬁ ifeags epivally haxi 256, Ie\Ieh*.uE wih ideél@r bé agreriged thet

sensor nglse The Iattlce SC ﬂ@ be chosen such
thegnagnifude gandhepuantized Lo, ey r% é‘a%n ng the scal ed

| at [g096] CORRIEIEStoTaburetS e theldMvings, reference numeral 350

generally indicates an embedded host image where the audio data is provided in a

selected region 352 of the host image 354. The audio data may be provided in a
“speech strip” or “audio strip” that includes STFT magnitudes generated from the

audio data as described above with reference to Figure 2. In one embodiment, the

28




di stortion caused by sensor noise. The lattice code

may thus effectively be hidden in the noise. In
V%Q]%‘l”ﬁﬁ%gkenpl ary enbodi nent of the inventi onPCt'I}‘?é;ZOO‘”““““lS‘
audi o data may be included in an EXIF file, for

exanple, in an EXIF header and, accordingly, the audio
data may survive file format conversion better. In

anot her exenpl ary enbodi nent, the STFT nagnitudes nay
bepegetsstep paivides STHT (regrgtudeﬁb@t anG adanyd asrp regulptrgrayspig e,

for dur L0

o Pt T T bt L Bl b SRAGed frBmaRE
bembeided &h@é atldittien Gisplagsddh g salebted ragivg 352 | ar

gﬁgr ﬁ(tﬁg of %@2\, %}9%}%& ngglgl f%pggﬁ%r@}? tgfrl) o'&f’ons]friﬁg o%é:%aid
e&@@&t@d% %’T’Gﬁéﬁtﬁ?m 0 tré@&sﬁmbtnﬂﬁmawmea e 6 édtiatble

| evel's insS evelsasagraylmae
t spseelnittiy, fhrexamply, use%m%and naﬂmfwcﬂﬁ U two ormore

| aﬁ:%&%r%ﬁ% tAs fh@ @pc{é@%{%{uﬁ oﬁﬂ@%hgeeﬁrﬁ

nunber of “l'eve O ng to Figure 15 of
t h&vﬂe Fgviowy Smagegireccssiptechningies |1mm‘om@q§ gerverdign, and digital-

| B B O B e SRR lp 4 LB B BB b Bk RuE, 1607
| &ﬂ%dﬁ@ﬁost e dudirextatied paiiohss §o aviotianbodate the audio data
speec

|,ud
et nravaigJ @éﬁ%ﬁFéP’é%‘%g":r %Ffstﬁré'e p36§ﬁr§?%ﬂea§€f gh%a*?g’%f@ g%%foﬂed

apaN ﬁlevﬂpé:ﬂcef xfnﬁ EdTeRe bétsdn & gﬁ pEy gt Mot tfor the
the 28 WO 2 059830 PCT/ 004/ 004 speech strlp%)

peasEy Dﬂ@gresmmwgwk@rmepﬁ amotbﬁr@elfse%m Hithe photogra
rﬁq}ﬁl %fnbg{iﬁ%ﬁp HaBiekSRAC366 thay'be ﬂro@iﬁecﬁ&eﬁ ?d%\c@ﬁ@ﬁ ﬁlbéﬁ toa

e speec may be extracted fromthe
i coapspandihgtspeach dﬁ@@lﬁa,y?é@ réspectivelys Ah glecieehie é@{l@ﬂ{exszny

oot reoePr s S R ol B OGR he piEn7G Bl e
?ir?gédh dtﬂggcﬂr?%%?l Hﬁgﬁawﬂlh; wheneyusat lln::!wsa pgfﬁgr n(g.g aqbninter of
LTI eRIkeE 306 ABbgre 6P FaBLE SRPBPoORTEE & e

Slﬁéﬂtﬁ‘éd nficdrlogn BORBRGuGRH fRmflitOassbdidted spsedhadtdip.of t he
%m, it may survive vari ous i mage pr ocessl| ng
t ec 7§

lies Inﬂmfgfémplswm odiRepes desaipe awedlaﬁt;csgpdmg is
a,#@b Qe L‘lgbétﬂlm @Mﬁgo;&a%p td the hB& i %Vereéfﬁél‘%dlﬁﬁﬂlhes

own I n edded hos has an

eatt eseddul oﬂmr erbodiB&ss. For @@W&B@ﬂaﬁﬁ@n daglgtagion
( rovi ded S 0,

QB 15 Rn e AR b 1 BB Rbe HEN TR Hepioitohn bl of

Qfuck B QINEkaaiquedpiascrteddiby Baiapithen gmchﬁfegonyd\y Bémhailst

for the ¢ f re t one s ker

ReRiatigR fadex %E%ﬁfaﬁf"é?dg s al@rois Y@P%ﬁﬁff’%%s it digita

watermarking and information embedding,” TEEE Transaction on Information
Theory, Vol 47. No, 4, May 2001. pp 1423-1443, the contents of which is
incorporated herein by reference.

[0079]  When applying QIM techniques, the quantized DCT coefficients may
be perturbed to take an even or odd value when encoding the digital audio data (the
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In one enbodi nent, markers 364, 366 may be provided

each to act as an index to a correspondi ng speech
V) 20050988 362 respectively. An el ectronic dePCa&G2004/000419
(e.g., any digital processing device) may detect and
decode the markers 364, 366 and the speech strips

360, 362. For exanple, when a user nobves a pointer

(e.g., a pointer of a nouse) to one of the narkers

3 Gsﬂgnaﬁﬁﬁ') Altteugiptésabchaiqua mhiy@e oagrided m)lnshle:sg ittmaytljwefragile,

ntlflegdga(léer can b% ﬁedcfroml

BBereembedied A 8 flatd 75 19t PYeprYRs] W CPETORIIET BrPgessing
BRREHONE (. d@ ﬂ%%igﬁt%ﬂmg Bitagd)aT e m@haDEkyEquie a Gfkdntrol

mhen enbe ding the audig data into the host inmage

FBh\aeodTs Heopeiinmgile ands s, 8 87 FmiRcRpnts may be less
bf?,eﬁ’ %%se R4 I\Ao%@ 'EEJJ&% arbiteiy %ﬁi%e%@fti‘ng @oﬂt\ﬁ}% XNevertheless,

Mo at'ion nique nay a used to enbed

t lrf@lI®T@1Iitrnlag mw@aéaghlsmﬂ@xlm pabaskhighsquakitya aigl Wigh capacity
r

VETRE e SRR, I E redthd AR, ARl IR0 0 e
padaptivd Iyttlge)mﬂmmtmnimafdmcrxbecga&oab mayh¢ srenmsuiirblg. Iamektain
|nfo tio IEEE Tr gnsac
| 1P AP fhe @ﬁimﬂ&ogmy e IRE Yzfaplﬁ%vmﬁ@&ifs fiagile nature.
%Ft?r?exﬂaﬂ ;if b ?@nﬁﬁﬁhﬁ Et?%%egﬁg?mﬁim& such mbaﬂ‘;ﬁ@:littb(fl.rrﬁazﬁefjia detected

erein by reference
t becawe dirdattice epdeynthe F%PWME {%@? éﬁ ?%mi'?é‘if‘ orfigve a

Y rydithodleAe (N 8ide 8ITEAGA D
%&%@gﬁ&;&%l ﬁgctngee(%t&ﬁgra NhoMRIAE (M5 S10c BTER G be

Paitizedonayidooenper d@en@namcban)sm Al t hough this

radiell TR ARTR RIS, o s By povige

fra eree e not p
m&emsmnmldmgmghmmwhng mtezgpaeesaml image (e% A digipdhen

ht e e The thod ma ire
RO AOD e g SR aR HI 8 B TE b TR bl
I ;ﬁaﬁﬁéﬁﬁoﬁﬂ&%ﬁn{@ﬂhg boaYieinags snd themmlia Fuether fhe&on!ﬁﬁr(host
is allowed, to use arblﬁ ry imge S{“ﬂﬂa softvvareIn
v eyl 50w AR Yo R gE ot gipien. 1o one
aud| Qgcélﬂbtﬁfmﬁﬁ d¥Btodakht Uase@@i‘ﬁau'ﬂicﬁh:é}g 8 diied. Digital

he host | nage. ar get
i images hayt theg be lecaieit@sed ﬂ‘eaﬂd@mféﬂta ebedded thoreq. In eqe
By, SENB SRR oR e RN, AR AEnTREE B e
the wedlommbvidé ageasurd efprétectiyinlby embrdding a usev's opnatefredn the

i f ified, h nodificati
il ety Mkl RIEE SR IPR: codes in the
cor [easpondiFegthl F@@bgesrmmb@eeﬁbatmm thel tedin ‘ﬁm@”ahouze by

| ow conf| dence [evel, ]I n one exe IarB/ enbo ma
- tipagiyeanatregdragd poifyprtegto an image suchi as 2 hotograph, video-¢lip or

the like. The term “image” is intended to include any two-dimensional
representation and may be an image such as a photographic image, an image ofa
document, text or the like.

[0082]  Figure 17 shows a diagrammatic representation of machine in the

exemplary form of the computer system 200 within which a set of instructions, for
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utilized to provide a tenper detection mechani sm

@080 The i nvention, as described herein by way of
¥83%my provide, or be used to provide, PATEHGIYHLH00419

medi a which integrates an inmage (e.g., a digital

phot ograph) and audio (e.g., voice or speech). Thus a

single file (e.g., a JPEGfile) my be provided

contai ning both the i mage and the audi o. Further, the

c @aﬂsfmgtthQ mediine tb Ipag‘mremﬁ oael df the deetlwyologics discusiedlgierein, may

S conversi on

o Ve Ry st o g, £ SRR ot S meter,

Meyuidita pewblrsieidh, abieidrR bridge)ReesnalBygitah Assifimnt (RIDAY, ed

bas oq %leo data enbedded t her ein k@)one )

eserdelgphons, @ wekiapplipnen gt A ARG GBI TR EHERS2 an

S ¥é&ils8qTRen SEsT GRS bNS ﬁfa@kﬂécﬂ?%ﬂoﬁ@tol&%keh%yﬁﬁéf}ﬂaﬁiﬂn@

measure of protection by enbedding a user's own voice

in tR883]i ne qompufeosysmm ia shqwiHopnaludsl ayis 212 8 of
the | thi
1S e, 590 f o MRRSERC 14 My memgr 21,

specl
c embexnternal davidesrsoth as syedkens 2118 viarani awdiperaslZ29, adisplay screen

ip 28# ﬁgr@?gsgﬁiy ggﬂ?ﬁ{ g?ﬂf&gpr 2%&2 L?: qlf?gﬂlgirg%g ,a pmn{ra gqgewce

I Sthes @ idoakd 280 aadd kﬁ%bahﬁli’ama mpulﬁqufut @O pcontroller 234, a
0 an i ma docu

Phesd ai grl\iie%é'ég?g #F&R@W%&V&%Sdﬂ%@ﬁﬁ@ﬂe&ﬁ 2

I R RERcRthl QA PI 42T RN ﬂkﬁ)p%y Risk give 9XLHRIrATE t(f REEVOL floppy
the conputer system 200 within which a set of

i disk24eti ons, for 30 WD 2005/ 059830 PCT/ SG2004/ 000419

c auﬁb@% th S %P@é % retcﬁ’éfla%fft 91{3% %{Hér 9%2 or Elﬁ)gy dgms {not

ogles ssed herein; execute
attommin ad als mmonmbctﬂdm:sh at sr:amaugl dﬂ\ecer;ayom:h NEEdns endaotherS-

PSS o i Ry AP oo, gy BE b5 o

t ﬂa&ﬂi&@h@pres’énﬂﬁb&/:rﬂ@ﬁ | Whetthe 0smpuityr s!j@t%ﬁhl iB ¢n ihe foial of a@ﬂl)fA or
executin set/ seque I nstructi ons t. speci

% 671134 tqlephpee, t?‘dR%W%BV"’f‘H&t ORGP th e[*@%s?gﬁ- Hoppy dlsk
COURRUIAG thS YiRb LALIRA0ve B6 2RO YEoA. Futth&rhionlS e dVRe2dnd t hat

i nt er connect s subsystens such as a centr al processor
2subsystemssymaydin intereontectzd dn differat eonfigpivtipngibon théfsshgwe Hl

[ r I
SERUEETH el L A0t B B
vnsao‘a:‘lxmsmtiIxmdetmbhdrezﬁZS a pointing device such as a
d ak boar.d .232 .an_input/o
ContBR] or 155152 pAPORR R hier s o gL kR edsatid
- GReded EMD parakes 1@ M8ludé anyBmbdisita vildetpis@apabiddof storing or

encoding a sequence of instructions for execution by the machine and that cause the
machine to perform any one of the methodologies of the present invention. The
term "machine-readable medium" shall accordingly be taken to include, but not be

limited to, solid-state memories, optical and magnetic disks, and carrier wave

signals.
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network interface card 242, and a floppy disk drive
244 operative to receive a floppy disk 246. 0084(3] | t
W 1005/098Hhpr eci at ed that many ot her devi ces oPCT/8G2004/000419
subsystens (not shown) can al so be connected, such as
a scanni ng device, a touch screen, and others. Al so,
it is not necessary for all of the devices shown in
Figure 17 to be present to practice the present
i nv§i8spbn. TWhesfividretocciompientest sosyestmhodinentsofithesinvention ofay

PDA

r . cellLular_.tel eph I . npt. in
Fhsronssetigly Bisboiee (ol el 9SHREARL vishig B Rl B s,
2dhin b REbsktaA thatl béilplcdrd the basSDl 220, Sige aidio davd 210p thewesiral
t he devices and _ subsystens ma b%mgﬂ%ahggggec%%g in
dPestas Al Dedraredipnetparmeda DA ISKIVEL & e
1ffo(§)p}'aﬁk 9RE Ak ICTNROM/MDVIPIIRh &I SpetitRRIvaGhé ED-REN/DYD
knowh 1 n the art and is not discussed in detail
hisivei238. [ 0085] For the purposes of this specification,
t he " I Nl jund. . )

i ncp@gzﬁangﬁ ‘?rgllll ur%c\%ﬂl ?gﬁlllffq %m%{g%{a {vgrlo sﬁfngpll%h%&lg?&nﬁ &,
ethe baki 21§ can bemnpdaoetal asiadkstal bics; & saril bes; a paraliel pogroriay

t he machi ne an h S L,ne er,f ot m any
HBeIo e G ABHOS Gk B S5 Aoy SUEHE B B T
teedhilectiREN TREsysRANABLhEryTR6l caliBe Slaaddm-aceesy emalyyRA), a
taken to include, but not be_ linmted to, solid-state
FRERicEAMABRAM), onofher BEEY PevitfSsks, and carrier wave

Si Ok  3Fmi0a 2HRIARS %&n?ﬁﬂr&%@%&?gﬁﬁ%&@e he{vﬁ%&]

d
The" software to I npl enent sone enbodi nents of the

idesaibed.oln ara ymbediment; audiedaty sushep a spascl signal nay|beygmpedded
3R B Sy bt holt el AiouBY 36 R FVelfls ool dcthoed wih,

aeferbn220, spédific eentptaay emprdimess, o witlbe)evident thetomtduson

st oy. nmedi.a, such as, the fixed disk.drive.

Al artipa S p R e e o op msionl 6o achlifng
\g}d@thb l*bﬁmﬁ&sﬁfjﬂﬂaﬁﬁ/&opé of the inddion] O!Q:?gc‘n’l]din'glbe tlta;@eaﬁ&;ioan
e inpl.emented i n various_nmanners. r exanple, the
504 dpyings aFp e irffﬁar@ﬁémw&u%ﬁaﬂae Faghey &%@?@“&V@FF‘W
bus, a parallel -port, or an expansion bus (e.g., ADB,

SCSI, I'SA, EISA, MCA, NuBus, PCl, or other bus
architectures). The system nenory 216 can be a
random access nenory (RAM, a dynam c RAM (DRAM, or
ot her nenory devi ces.
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[0088] Thus, a method and systemto process a digital
i mge have been described. In one enbodi nent, audio
data such as a speech signal nay be enbedded in a

still color host image. Although the present invention
has been described with reference to specific
exenpl ary enbodinents, it will be evident that various

nodi fi cati ons and changes nmay be nade to these

Wietbetimeent s wi t hout departing fromthe broader spirit
and scope of the invention. Accordingly, the
speC|f|cat|on and drawi ngs are to be regarded in an
“i |1 dPeibadityRrorest A RISt MREh ”'é? PG CPRPISPE sense. 32 What
i s cdcaivingtheinsstimage;A net hod to process a host inage,

the MRl NQd.fPRE b Ng:  receiving the host inmage; 5

recel vi ng audi o data; and enbeddi ng the audi o data
Wi t ﬁfﬂhe"(dﬁ‘& thesyio P%ﬂ@“"t §e B?%\Waa%“’d%ﬁ"‘@ﬁﬁ% gaeddrdigges wherein
maghiede data ofraagndit sigrel m‘ate&lud‘b dain isauehitieedsang pbdse déta tshifscarded,

an@méran #RtAaib SardINRBY ze&@eaalg B %een{%@&o%d inthgd] Scar ded,

d wherein the au data is freely recoverablefrom
the enbedded i mage. 10 2. The nmethod of claim11, which
2. confbhe wetBoduf oleies’s iwhigh tdnerisasghrcoesiang theteadin data uSBiyor $hofdem

Four%HﬂaﬁQforﬂ;Etﬁ)ﬂ %@‘:ﬁ-ﬁ'?ﬁ%f B%m@mﬁi@ E)thepgddfardatta %tﬁﬁ"@u@ ﬂgét ﬂﬁbgg he
audi o data within the host inmage. 3. The nethod of

claim1, which conprises quantizing the audio data to
3. map Tha metoodeof Bdim 1 abith e pdeed @uantiSnglthe dindip datthodp dfo a D4
1 atfidediold 3, which conprises scaling a lattice code of the
D4 Lattice to mnimze distortion the host inage. 5.
The nmethod of claim 1, which conprises: 20 separating
4. | unmTireameteoddd tlaimain dhidheoomiissa ncainglataticodode hishddbtatticatge;

m;rj;rmggggigrngnwﬁosﬁu,g%@ data in the |lum nance data to
provi de nodified [um nance data; and conbining the

nmodi fi ed | um nance data and the chrom nance data to
. pr oVhedeethdderf clamiedbietcompagge. 25 6. The nmethod of claim

5, mb@hﬂgq?ﬂmm Bt arm&mhmaﬁm tﬂe%ﬁitﬁ}?@@?_ data to

p oVvi um nan er. rm.n .

ber BEpIEAS ¢ Spt ol a0 B BB R lisf kirgre s onc

i nt %qﬂ‘rbé‘d‘lgéh@emwfﬁd iweineece cdtstand the chiomirte datapeproddstthel | y
emidagy igdges ubband; and

6. The method of claim 5, which comprises:
processing the luminance data to provide intermediate luminance data;
performing perceptual adaptation to at least one subband of the intermediate luminance

data to provide a perceptually adapted subband; and
including the audio data in the perceptually adapted subband to provide the modified

luminance data.

7. The method of claim 6, which comprises:
removing the at least one subband from the intermediate luminance data to provide

further intermediate luminance data; and
combining the perceptually adapted subband with the further intermediate luminance

data to provide the modified luminance data.
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including the audio data in the perceptually adapted
subband to provide the nodified 30 |lum nance data. 7.
The nethod of claim 6, which conprises: renoving the
at | east one subband fromthe internedi ate | um nance
data to provide further internediate |um nance dat a;
and 35 conbining the perceptually adapted subband wi th
the further internediate | um nance data to provide
sthe The thiefhbeef clatiid, RARE eortlis&: 33 8. The method of claim

Vb,grlf&llﬂ?n? meérsséetﬁéhsfgrﬁmn%%%legmmln%ﬁceerd%?a ;,{dan sformon

t he nmodi m nance
| unicAERIMEs he umineprsdaladiat Basdiven yassedensioraed MYt He ehromipance

datahie protideoan enbadd2d hoka that defingarievdighel imsgeenbedded host t hat
defines the digital imge. 5 9. The nethod of claim6,
wherein the |um nance data is processed by one of a

9 di sdPerehodfglarmsd whersin dredviinaneldate iPeepssedbycans Phiediscrete

wabeletiafgbarmand § dischéte comlevackf@im. cl ai m 1, whi ch conpri ses:
10 converting RGB conponents of the host inage to a
chrom nance conponent and a |umi nance conponent;
Opr odBIBPHEY 4 HEM LMiRRSRE® ESiponent of the host i mage;
and corvertivgRGE cignpbientstd Sie hostingiye itdd ehrdRihincoOtaPORt and al 5

uminmce! QpBEpod of claim 1, which conprises: masking a
portl on of the host image; and reserving the masked
por PPsTHsiPgie WBE’F”?W@'@WTH?W“GI‘QQ IMa$& 398t hod of claim
1, vwinvetingdbaiprst ises: in2 RaBaskipsrgn@a. porti on of the host
inage to provide a masked portion and an unmasked
portl on; and errbeddl ng the audio data in both the
- ras KPS gAmanghieh@MrAtASsked portion, wherein nore
audmeskitgtagortign gfttiertesl ipege; pidkel in the unmasked portion

t hapsthigg ﬂ@&%ﬁ@dea{radf%osﬁrﬁag’e%ata'“ systemto process a
host image, the system conprising: immge processing

circuitry to receive the host inmage; audio processing
12.ci r €hs nogtiyodtobclrimdewhieh @ugiisesdat a; and

masking a portion of the host image to provide a masked portion and -an unmasked
portion; and
embedding the audio data in both the masked portion and the unmasked portion, wherein

more audio data is stored per pixel in the unmasked portion than the masked portion.

13. A system to process a host image, the system comprising:

image processing circuitry to receive the host image;

audio processing circuitry to receive audio data; and

an embedding module to embed the audio data within the host image to provide an
embedded image wherein magnitude data of an audio signal of the audio data is quantized and
phase data is discarded by the audio processing circuitry, and whergin the audio data is freely

-recoverable from the embedded image.

14. The system of claim 13, wherein the audio processing circuitry comprises a Short Term
Fourier Transformation (STFT) maoduie to process the audio data using a Short Term Fourier

Transformation prior to embedding the audio data within the host image. -
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an enbeddi ng nodul e to enbed the audio data within the
host inmage to provide an enbedded i nage wherein
magni tude data of an audi o signal of the audio data is
quanti zed and 30 phase data is discarded by the audio
processing circuitry, and wherein the audio data is
freely recoverable fromthe enbedded i mage. 14. The
system of claim 13, wherein the audi o processing

15¢ci r due systemod nipim SesheaeiSthe iniagd eromessikgtircliey processes the luminance

daErv@ﬂ %ﬁ@asfn;aé.é&ae &éﬂé@m%@é&eﬁe Jogn@ﬁémfgﬁétotpmd@m'r&ed%@ a

| % Term Fouri e tion prior to
urRagE Gﬁ‘*?]ﬁhftf?f’éte%%ﬂ%“?f&? magq g6 7t HESHRSS D thm@aﬂed@ke 15.
lurihacs gata.em of cl aim 13, wherein the i mage processing
circuitry processes the lum nance data with one of a
dIS Fete wa e et_and a discrete cgsine transformto
101 oV "aRSieR R PR DRfvAalired apdiy datin sralsdpesd op geefficients
of geuphendzéthe regyimagede data is included in the
internediate |um nance data. 5 16. The system of
clal éwd wher ei n th ﬁ%antized audio data is scaled
7 has 84 YR EOBPIF LIRS mapedt BYERH 4UBT daih deresdtodichrryisng:
17. p&xfomaiedhoe of e diptreic @sela rarsivire datbaldisorgensine transformon a

lunﬁrkbqi:@coﬁﬁb@ntéflﬂ%e'm%mgu%@})” sing: 10 perf orm ng one
transforn1aﬂ%mg?£#ﬁ rete cosine

of I.Screte vel et

Ot e G s 1R SoerR e e Senbedded

| magdimaiingephesefdpfarrgsagiatedviit the idenified tnaghiiudkadate; asisoci at ed
Wi t Ben%&ﬂn@éﬂ@u%u%ﬁ@sngnﬁ phLdedBh Er@%ummﬂﬁﬁﬁe assasd @t &Qise

dtvvlth the 1dentified magnitude data; and generating an
output audi o signal based on the quantized nmagnitude
data and the phase 15 data. 18. The nethod of claim

18.17, TNRStRIdF bR 17BGRIIVEE md@litBdd dtaSd BTF TRl G dad a,
od conprising: identifying peaks in the STFT

"mﬁmgcmwmﬂggdata that are assuned to correspond to 20
Si n'd%rﬁlfyd!g pegdgin thafTgnamnitida setaitabire etsymed wpaeerognddd
sindsB@s;peaks; and reconstructing audio data fromthe

oS! LARLGY o ASLAUANEOUTLLY SHERSs gnd - The et hod of

cl al ing lattice codes
f r ORPESHRSPUdig Hbtaﬁé@ the estimaterbinstaniprgousdigheentior each
extracted lattice code

19. The method of claim 17, which comprises:

extracting lattice codes from encoded subbands;

estimating a scale for each extracted lattice code;

normalizing the extracted lattice codes using the scale to provide normalized extracted
Jattice codes; and

searching a lattice code table for lattice codes matching the normalized extracted lattice

. codes to provide the quaritized magnitude data.

20. The method of claim 17, which, prior to identifying the quantized magnitude data,

comprises:
extracting lattice channel codes from encoded subbands;
estimating a scale from a largest absolute value of each code;
finding a match from a D4 fattice code; and
inverse quantizing the match to provide STFT magnitude data.
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3B .
~ for lattice codes matching the normalized extracted lattice codes to prowde the quant:zed

normal i zing the extracted lattice codes using the
scale to provide nornalized extracted |lattice codes;
and searching a lattice code table for lattice codes
mat ching the normalized extracted lattice 30 codes to
provi de the quantized nmagni tude data. 20. The net hod
of claim17, which, prior to identifying the quantized
magni tude data, conprises: extracting lattice channel
codes from encoded subbands; 35 estimating a scal e

21]c r 0 ﬁ‘h@mletﬁ&ﬁﬁ%fam@pis mnlzﬂ &)m\bﬁéeg %o@élm& REBUEOLRa as 4 éepg 'kﬁlﬂvn

I ce code; I.nverse quanti ng

"a'tl?fe e?fﬁﬂ‘%‘ﬁ"”t"d'”ﬁP%‘ﬁﬂg(fem@ﬁﬁ??”q'%d‘ﬁigﬁwlémd%ﬂ’?e”t% loyql of ‘?H ence
in the kived vafe, @hdwvimrdiy a zarhveibht ddispies sreskmmatebiue gnddnexteasio 0
sTHABgREdPor tlau@b akh %Vr\@bam\éélaéjﬁw%wn Gagh known val ue

having a correspondi ng wei ght which represents a |evel

of confidence in the known value, and wherein a zero
22wei g methell & albigs21lanhichdompriaes vatielieg eavtl waightes ifnctiop df H
d.sé;EgTbemn bt B6&ced ndnsl}@atﬁ:@ ‘Eibd% HaldndaRs 1RGP as known

value. 22. The nethod of claim 21, which conprises

nodel i ng each weight as a function of a distance
23.het Wspatenaio eaikact agiosdtarimmsyhoktanedecibe st @mprisings

neafRgt ploddstihg 8rcGiRfR redeRe H hd imdde BHSEERAL PuRitdc86dmponent

“f%é% data rom a host image, the system conprising:
ge"pPBE®8Esing circuitry to receive the host inmage

andaysioqydogesing drevitivia pdractditrgydin date from thetlimaindmos tonipeegyeand
pmaa&ia@wdjaatpertmas,@lré&gve%brecwtry to extract the audI 0

dar S eordSiq B o 37 SRR £ oy oy Rapafe o Bholo o

is dipggiét ude data of an audio signal of the audio data is
quantized and phase data is discarded. 24. The system

rlses one of a discrete wavel et

Of ‘I:h sas em of laim 2§ h(l:an pns%
and' & drscrete" cosime “tTaRs orm nodul e to perform a

di seneef adisgete wavaidt and piiscteeqsioe tansteon medyle wpsfemm dsorete
watelR€oi dibdteRaIEiRe ﬁ@ﬁﬁﬁmme Qfmn%ﬁ\:% cbﬂﬁnehtmﬁﬂie hodtinage;
I deéht ldgn ﬁ;c%{idn% ull ee tah qua ltu%u%ntta ags%g‘la ITE%JEH t é’l de
asSsocCl ate H r{ Um n nce conp onentte an a
mmWH%§é°m@%BW€WV nDduIe to estimte phase dat a
as SHEHasd @bovetytnibdlib @ ésthant bhdsedata associated with the identified

magnitude data and generate an output audio signal based on the quantized magnitude data and

the phase data.

25. The system of claim 24, wherein the magnitude data is STFT magnitude data, the

recovery module being configured to:

identify peaks in the STFT magnitude data that are assumed to correspond to sinusoids;
estimate an instantaneous frequency of the peaks; and

reconstruct audio data from the estimated instantaneous frequency.

26. The system of claim 23, wherein lattice codes are extracied from encoded subbands, a
scale is estimated for each extracted lattice code, the extracted lattice codes are normalized

using the scaie to provide normalized extracted lattice codes, and a lattice code table is searched

magnitude data
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magni tude data and generate an out put audi o signal
based on the quantized magni tude data and 25 the
phase data. 25. The system of claim 24, wherein the
magni tude data is STFT magnitude data, the recovery
nodul e being configured to: identify peaks in the STFT
magni tude data that are assuned to correspond to
sinusoids; 30 estinmate an instantaneous frequency of

t he peaks; and reconstruct audio data fromthe

27€st !Ar@etcﬁﬂe—irééﬁémm&ﬁbofdﬁiﬁ@éj?J&Eé(nce %ﬁnstr-&al‘ansstgai}vﬁfghmgiecuted

rein lattice codes are extracte

cl ai 23, e ]
by & magRg °§ﬁ§@§ﬁ?ﬁ§["”%ﬁa scale is estimated for each

ext petirmdnt afta discetecpmteet ttahsforexdnd acitserdtel catine taesfamde s

lurdfdhcd niPohdrf 6Ch 3=t iMSdeNd the scal e to provide

da

nor [%I i.zed extracte attice codes, and a |lattice code
t abl€"NsRlzed fagnitugedaty agsoqiated i gudo dal¥ichi ng t he

nor ketimakehasxdataasseibtddadith itteddentifbe snaaitupe dara; éed t he
quagéderfslan ARBHHUARNSBES od thedliantPed TRSINRE dBE BHAAL Phase
tmedl um enbodyi ng a sequence of I nstructions that, en
8xecuted by a machine, cause the machine to: perform
one of a discrete wavelet .transform and a di screte
cosine transformon a 5 |um nance conponent of a host
i mge; identify quantized magni tude data associ at ed
with audio data; estimte phase data associated with
the identified nmagnitude data; and ' generate an audio
out put signal based on the quantized nmagnitude data
and the phase data. 10 37
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