METHOD AND SYSTEM TO PROCESS A DI G TAL | MAGE RELATED

APPLI CATI ONS [ 0001] The present application clains
W@eri06/054890 benefit from US Provi sional Patent PCT/SG2004/000419

Application 60/531, 029 entitled "Method and Systento

Process a Digital Inmage" filed on Decenber 19, 2003,

the contents of which is incorporated herein by
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si gnal processing and, nore specifically, to a nethod

and systemto process a digital image e.g., a digital
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However, digital > val i dat ed
mnthout speci al provi ded only
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I's to survive tanpering. O course, watermark can al so

tpeofen Meftpide df BukvieRvin@and ¢ifta h]d\rg\qw lgrgwn in the prior art to offer

solutions to the problem of illegal distribution of the digital media. The goal in these

applications is to ensure that the hidden data can only retrieved by a 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, may 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
provided a nethod to process a host imge, the nethod

W@ 0upssBing: receiving the host image; recei viPQr/8GLio©000419

data; and enbeddi ng the audio data within the host
i mge to provide an enbedded i nage wherein the audio
data is freely recoverable fromthe enbedded i nage.
[ 0006] The nethod may conprise reduci ng an anount of
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tHg]ummé:nce data to provide modified luminance data, and combining the modified

luminance data and the chrominance data to provide the embedded image.

[0008] The method may comprise 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
subbaﬁd, and including the audio data in the perceptually adapted subband to
provide the modified luminance data.

[0009] In one exemplary 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 luminance data to provide the modified luminance

data. An inverse transform may be performed on the modified luminance data, and



data. An inverse transformmy be perfornmed on the
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chrom nance data to provi de an enbedded host that

defines the digital imge. The [um nance data may
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[0012] The method may comprise estimating a scale for each lattice code

included in the embedded 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 Dj lattice code, and inverse quantizing
the match to provide STFT magnitude data.

[0013] 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



[0013] The nethod may conprise nodeling the audi o data

as a set of known val ues, each known val ue having a
w@orosesysandi ng wei ght whi ch represents a | evel POf/SG2004/000419

confidence in the known val ue, and wherein a zero

wei ght i ndicates an unknownval ue and an extracted STFT

magni tude of the audio data is regarded as known

val ue. Each wei ght nay be nodeled as a function of a
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luminance component, and a phase recovery module to estimate phase data

associated with the identified magnitude data and generate an output audio signal
based on the quantized 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
machine 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.



configured to inplenment any one or nore of the systens

descri bed herein. The invention also extends to
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digital canera. [0018] Other features of the present

invention will be apparent fromthe acconpanying

exenpl ary drawi ngs and description that foll ow BRI EF

DESCRI PTI ON OF THE DRAW NGS [ 0019] The invention is

illustrated by way of exanple, and not limtation, in

the figures of the acco dravv| ng i n which
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extract audio from an embedded image;
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Figure 6 shows a schematic flow diagram of an audio processing method, in
accordance with the invention, to extract audio data from an embedded image;

Figure 7 shows exemplary wavelet subbands of a digital image;

Figure 8 shows a schematic 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 units of
a further embodiment of an image processing system, in accordance with the

invention, for processing a digital image;



Figure 9 shows an exenplary nethod, in accordance with
the invention, of enbedding a STFT nagnitude into a
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bl ock di agram of exenplary functional units of a
further enbodi ment of an inmage processing system in
accordance with the invention, for processing a
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It will be evident, however, to one sk111ed in the art that the present invention may

be practiced without these specific details. The invention is described, by way of
example, with reference to embedding and extracting audio data in and from a still
image such as a photograph or “snap-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 Lattice-coded and

injected into a subband of a host image’s wavelet transform or discrete cosine



appl i cations including video and other nmulti-nedia
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[0024] In order to capture audio such as speech or the like, the camera 10
includes an audio capture module 26 and, optionally, an audio processing module
28. Audio data may then be fed into the still image processor 18 which then, as
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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vasthetfemmand Bsonmytribed mmbRﬁBdmage i Intllegaxamebiry systemea30,
B o< O o bemo B0 et BRSreaP Bty L o
pRdestifikiROfly 33mage may be in another format and is

not restricted to an R image. In th ar
sysl08z7130, The exemplary system 301s shown to }ncﬁld ?{rapé f Yover

conversion 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 438, 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



the various nodul es may be provided by inmage
processing circuitry 31 and audi o processing circuitry
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a R@B to YCbCr conversion nodul e 36, a discrete
wavel et transform nodule 38, a filter nodule 40, a
perceptual analysis nodule 41, a Short Term Fouri er
Transform (STFT) nodul e 42, a quantizer nodule 44, a
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i nverse discrete wavel et transform nodul e 50, and
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escr erence to
QS@H@ImoﬁﬁermpmﬁlB@l}le A8). §Iﬂmmfrat the pelpaspiaomcaggersiohethe §~§iBe m

?Aﬁétlaglgg? égr‘f’al gg [ $omYe mto sém 2% c%rc%ﬂﬁanc%zan? 'ﬂgnnivralancg tchannels

ce conversion iIs
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Cb, and Cr, annels erS|on
(FHERRHRansg pod %anced? pely ﬁ‘é '%S &RGereéﬁQ%eg‘h%y i gt n,

t heoig§# hOoSinhe FHAKRI 69 HOPperBems 8n SRR ﬁﬁo-lef\}élQilscrete
separat'e chrom nance and | um nance channel s or

owvplshisansformet oprgationgde prqvids| iytermaesdiate lyayingncs daty ¢4 that is
6,

ShP e SR AARE PO LS, HpRS il

GRalysie in grerdtion 76 nay ueseargsptial infasmatien bdsedipis byraanevisual

N SR D e SR R BB B o o
Amagen litdé aspabipleivehenwibuled ba the husee eppdn ané enboddhent dhthe
B RL L L S SRR LR A RGBT
thathald® audindy skah apisaeddigdaliwvhtdrharitis tFurfieg ntarhieia®
tlﬂrimggget data 78 is fed into the filter module 40 to select and filter (e.g., zero out)
one or more subbands (see operation 80) to provide filtered luminance data 87.
[0031] Returning to the perceptual analysis in operation 76, perceptually
adapted luminance 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



image as little as possible when viewed by the human
eye. In one enbodi nent of the invention, the

wpersepseal anal ysi s nodul e 41may use t echni QUBGT/SG2004/000419
simlar to those that have to date only been applied
in digital watermarking. Further, internediate
| um nance data 78 is fed into the filter nodule 40 to
select and filter (e.g., zero out) one or nore
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gﬁx p%{c tqﬁdaﬂ%;rgsé 910?&18(%? P Figy \);mhé/‘év%\rélert Hgnsformed

4F Oinanee co and converted from YCbCr
H&ﬁiﬁmammiammm@eatsed meam}ﬁ@b@r heost thR@Bdio datae s pther emnimdireents,

roce t dded
i oy RERN B DL i B S 58 AOTHE P el an
gﬁiﬁgﬂogi‘{wﬁn%be(ggfng @ﬁﬁ@)m§ af &Ngiebteg mmlnamlmmnmugmi} aulordata
at a enbedded t herei n. n one .
éﬁﬁb‘)ﬁsﬁéﬁﬁlald’eﬁp@ﬂ digiensian a{? t%sg' %télaégeﬁ%@ J;%a%‘%tﬂ?ﬁe
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wavel et transforned | umi nance dat a may be used to
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e ow

pro apaclity a t hus al he enbeddi ng
ambled dtei aluglodhtad?ugmmIEmdq&m@muglr digtpition andmay baye lower

data.wi th .l tent e
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enbed the audi 0 data but nmay |ntrod%ﬁgd§grﬁﬁftual

di04 vt ifscaeteatial gy qaBgedty 401 %@R@fidmg au ne particular

embodiment, 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 setting.

[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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capacity to hold the audio data 34 (less audio data

may thus be hosted or enbedded in the host inmage).
w(ahews/059880 one enbodi ment, the LL-HH subband 10PCT/SGu®€000419

as it may provide a reasonabl e bal ance between the

hi gh-frequency subband 102with its potentially |ossy

i mage conpression characteristics and the

| ow frequency subband 104 with its potentially |ow
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Qe SRtetid debdiP&ilaullidfdarabatin @ie & oS8LBE B8GWRIHpeech that is
reconstruction of the audio. Thereafter, the guantlzed

rﬁl“gm’ ﬁrw@nm@/wnib aﬁﬁ‘ﬁp@farl@mwléﬁr@ﬁetﬁietpﬂlesé ig giggardeds dach
f KO,
OPECR Ak knay bBGu il . 80 kBT PO ke bolch o first
vdhen bf a BsLatex rTH@eniapaba\may, inwne @rﬂbpdiwnwb@ Homenig such a way

b ual 5 ?[% t gﬂtn‘ﬁ 1680r in the
Rt rate PRSPt Y ARISF AHR AR it Py
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nented on th n130 ece .ves a%$ in

RGP e SRR LR PRl o Specd i e

t REBTOSiIAREE ¥ dath 32. B00Re@uBblARNYAGERE Cading ey pbass to S

di scarded. Each
analyze a region in the host image, and in response to the analysis decide on a code
strength based on, for example, human visual sensitivity to frequency, luminance,
and contrast masking. For example, greater distortion may be acceptable in high
frequency or highly textured 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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spectral magnitude may be quantized (e.g., uniformy)

to 24 levels to match a first shell of a D4 Lattice.
wab@sosgspd ng nmay, in one enbodi nent, be done i PCESGIN0#000419

way that a Lattice code when corrupted by additive

noi se, results in mnimal error in the data it

represents (the STFT nmagnitude). Accordingly, such a

requi rement may contribute toward a gracef ul

9% Afas ih@ito b 1ih&R opHeH BhedPbfraidhodmasme ‘élnbbdhﬁlehﬂ‘l @ sﬁ(ﬁe

i mage or data 32. In_one enbodi ment, adapt
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mmyshenmp]ewntbd) by scatjugabytticé cndie aseden therrdrespondiag subband

BB e SRR FrRbE Ryl TGP sl E th cas

e O, Ditfic@dvde, tAE Salecthton tay ibe durighd mﬁenﬁilhﬁmgﬁm;ohm/ofhbe
used for reater r obust nes whil e retaining perceived
tf?%ﬁglﬂ)épéﬁ‘éf‘;f“{l?‘éﬂﬁ’é@élwé#?ﬂ’ $ion of the host image
undgpadpy Pi P&Jex&‘nﬁé" ng conditions). In a bright |ow
frequency region |ike a clear blue sky, |ow code
Scalerrgedx (R be used to inprove transparency, but(l)
Q@%;e i ce robustness (nodification of audio data after
eddedi mage has undergone |inear or non |inear
oper avi<erisd= 3, knd Dree thelfodicoeficient of o sgiéatedswhband fyased
on such.freqyency sensitivity my be used where the
coef f FOISEPYf a wavel et subband determi nes t he
fg@gmtg ag@ntent of a regl on. Perceptual adaptat®pn

| ement ed_by_scal attice code based on
tPh e S@m’rf r%ﬁ@n &mﬂd?l% ubPresn@r 56’8 f‘ﬁP EHtoumsiaRcSper at(g%
I35 ip*lﬁ%zre 3) that it replaces. For exanpl e, |r(4j he
case of Lattice code, the scale factor my

créheraiie B dis themewres Tisisnt, &b sdhe Lattie codpeS chiods alw\%%%llrﬁscalmg
gﬁ’&? S,,cf,,', &HH&S 1%% nln%t %{4 (\i/}{&ﬁ%ﬂl @Cﬁ)getilgqgiﬁi S%%Tm@%@éﬁﬁlﬁ

ereln,
aheesttehghfoﬁthe Latist fcodn Srnd pvidg tbeerbee@p@ﬂl angbyisigetenfent: S

%ﬁ]baeg?% r}to¥ h@a gre )freglo§%lv@1?&1 é efter ] rpas‘%ﬁﬁtbxft1o§. <

Ci r PORHt an@esne efribpdiment, the Spin, Smax and Sglobal variables may be

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

resistance.
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D1' = * Cl, (4) wherein D1' , is the new coefficient,
C is the Lattice code, Sgiobai is an overall scaling

WO 205059836 and Snaxmay |inmt the di stortion.PCT/SG2004/000419

D1t oget her wi th Sgi obai may determ ne the strength of
the Lattice code S, and provide the perceptual

analysis elenent. S may be larger for high frequency
regi ons, which may better mask distortion. [0037] In

on 0@3@]’0(1“ Refetring!ii Dartidtilar OMaXRS, Hfirakainumetah D ®genoBity
be adJ ustable. Stm may set a mnlggm di stortion of the
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nbodi nents binary coding (or any ot her E riate
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oF Elﬁwﬁﬁ&%elﬁiﬁ?%aé%?ﬁthé b&iﬂgd igheaY2. PTIRNS f8 einSE Hhd RidRe

resi stanc erring particular to Figure 5,
deth &4 ésve Figuwrerd) thht ig 2Mberllaé rratlhb }?\Gﬂwhhst nags datia 3@xeaydiear y

5 or [l BEoREe T EECo Rl 1o Mg WRMEAAAL Boe 1, RO
?Ee belirgiudad withimghe dis4l oamamil()e Irh»Weeerbmdnﬂ&ui ehxbedlm’bﬁﬁ, the
e S t em .
o009 (FEBETHY dof maghe Piied jta BRI R,
Fi(éli%cﬁ@ aY&afeka, GPWtﬁérQBmEﬁﬁﬂ d%vibaﬁe g.Pa BC P&y tRhtudR\GRtaet
a |

transform nodul e 128 ce code extraction nmpdul e

e@beddgd dr Imagessesiviest Bydhe feyingiraayibexepradupsd and the hegdmeee
:l'r'r)ﬁé be E&‘rﬂev\;eﬁv Wik ﬂwgftdl ZRhdeQSrJpRAMES, 3-3@ua1@w51dllrh&{smnal

ule 138, and ase recovery nodul e 140.
s (coredtpondingdp éhedmsmmagb)enwhelt bredigplaed e izﬁﬁr awbl thehe

T E
qbwyad Bafék(os @rdﬁug&ﬂ eAprdirtgd, th@dlg;tdb gd@dnqluﬂmgréle R@edded
N
apprecmted that, as the audio data 34 is embedded within the host image data 32,a
single entity or carrier medium is formed of the image data 32 and the audio data 34.
Accordingly, two separate files are not communicated and the audio and visual data
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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al so be included wthin the digital canmera 10.

However, in other enbodi nents, the system 120 and the
woreahoshsi®4 may be provided in a PDA, a cell ul B€T/SG2004/000419

tel ephone including a canera, or any other conputing

device (e.g., a PC) so that audi o data enbedded in

i mges received by the device nay be reproduced and

the host inmage may be viewed. Wien the digital inage

h$shoRR0EHSATdN 184 Yded HIRd tHeVRIGBItdTEGBC oewalversivagedule 126).
&correspondin to the hqft igaaeéﬁna tEFn bg}
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epprgerigtemaich s Teopyichige modg‘%dgf‘ el %fta'i?ﬂa?tnﬁé%a‘ﬂfg‘f’gd‘ﬁ“a‘%%
%ﬁc%,\ﬁﬁg{nf 5 O3 aﬁﬁr\gﬁ{iﬁ& RRtchOprbMRes ?ﬁnﬁﬁéd]@%. andeveche
nmet’ho 0 4

, as s at operation 142 (see Figure 6),
cheffisipsts Gee opdatiofi I§d) whigh isfayersectuentizedi(tre thnrteragrantize
I . i 2
SR 1eppii By o SFET hERARAGIRE b i LT PROSHT BEgHde
RGBers fingred@ad spekatiopr] 68) tdeermo@bBe (¢ gnpaivimppeoishoyd at

gperation 144 (see al t RGB, 0. X n LON
Rt sEefhinech gemion vt o atapacui 91395 e FRREESTE
inkoRithdegs thes Cdakie thepiabeiecsvernabdaulen Moaujeefon2 Bhdsh adcovery
perfornms a discrete wavel et transf rn1§s e erq}i n
{spg PpomRenHil) Bherepfier pa PPiPEEAUdINISAS 15k ‘Pg‘?f‘taggp?r? H’r‘holt fe
e %ﬁ@ﬁt SRPAOAS cdiR8SonaR &Y B htflo dAR 32 de WFilfre 2§ drdGhAyHR
nodu 130). The out’put of the Lattice extraction

mgﬂm@dj‘ neeynbodiment eah exgoverey afimsigialcode which then
500 Pty g |
UNIRDIRCS 3 BheRidditiBl A0 @l ﬁ@ﬁ%%ésgﬁggﬁgth@qgges@ 50

the I'mation no uce a
RbsoTE ivalad ofleath cludficialt beause alhfitstshieB Diidattica coefipient may

oL AR AT B Lo B o
tcB@esltaldifERert St gtD@ithia tbsamediostlinagt withdthedditetal cuding.
ap p{O(())E{]I al eAs rsrl?gv(v:nhfn iél?r%u9(,: ?nson%l'lefanrl]atoidizrnee%t g tewgle’velzvéévlel%y el)
transform is preformed and a maximum of the four coefficients (which are replaced)
of the LL-HH subband is used (e.g., directly) to scale the lattice code. Since 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 Dy lattice, the scale can be estimated during

decoding and need not be transmitted with the embedded image.
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coefficients (see operation 154) which is inverse
guanti zed (see the inverse quantize nodule 136) to

W DRi0aios98a0 STFT magni t ude (see operation 156). A¢CESGHBA000419
magnitude is then filtered (see operation 158) to
remove noi se (e.g., salt/pepper noise) and Gaussi an
snmoothing is perfornmed (see filter nodule 138). The
filtered STFT magnitude is then fed into the phase

reqoyey "pdtibsrebd RfirenRauer N @serall Gt abiitod, in
operation 160) whereafter an output audio signal is
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I n accordance  with the invention, for mapping audio
aeapaing of pudie feta fordlrskirst shell afia htthgrcade- It Bl beapreesiatsdy

itﬁat&ﬂé%egw&hfgoﬂmega%ﬁﬁemtaﬂ’%ﬁalst he lattice codes may be

maxi m z robust to noise. In one
enb@d43tent Astshevi aitatile25% dued TFd\ofithieaidio/datre(sexthe S TFT

| ar n h tq,handl e. i ' f . el .
P Sk D BN PLFide0Ps B LB RS Ca B fE )
Rearpplaciidrt 8lto DEX WasteSTHE maghitele istbled quastivertd 24 bevelsdse

i n general . . f the noise el is.known, the
SpaPaoTE s PSR Foretmmp Bt b ARG o b by Wi of
WRARFIBPAsaBhifg @ia the irét FTFT Hasl 8 niaBnigRIBRF 264 (séeable52then
noi se can still cause a lattice code . to be decoded

\iF BT at operationieh & the Auantizesiyaliy, may; beeivanrhyy
My’ = round (M, /255 *23) (which in the given example equals 15)

[0044] Thereafter, as shown at operation 258, a corresponding Dy Lattice
Code is obtained from a First Shell of the D, Lattice table 260. In the given example
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 table 262) are obtained. For example, as shown at
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detection and error correction, may be required to
correct it, adding nore conputational overhead and

W@ vplos9esd y. However, in one enbodi ment of thePCT/SG2004/000419
i nvention, such errors may be allowed and not
corrected. Instead, the wongly decoded code may be
provi ded near the actual code. In one enbodi nent, the
mappi ng of the STFT nagnitudes to the lattice code nay

BerslRni WA LMr the eHBRSlary Tirg STEqUhAgaiTRIY Mo,Blie fimy foaf coefficients
exanpl e, the method 250 (see Fj gure 9 hows exe Ag&y

FapRin6 O ot-6.06i-6 S aesbe al{‘fﬁieTh"?rF%ffer Shewingt opgrati
hgkédgga% A} beviseHmpﬁ {_aﬁa% 4@@ flefi@dnc} BéntdRBgh \dor

appliedto a shown at ta
Mpht IaesnaiIEEaahnmm’émam BOld%&aalp [esee t he STFT nodul e

rangr%g?gggfz%igﬁﬁxgar@y%ﬂﬁbiﬁ%\§g§5 gggﬂlg$g$s each

Thgmlbasiay then bbelppgd antd widdn (824 2) Snet 4) gsktbus the value of
gperations 254 and 256). For exanple, using the first
REJM SSIPREHY dvay of exanpl e, assuming that the first

STHéod®s arRBgiifamdanef(«4-Gd tﬁeﬁﬁ@sehta&hﬁlp%so&)aymmeas

shown at operation 256 the quantized val ue

giultéinkied py thedattiee eadahd(l; Mol zasn the givep gRAtEpe) 19 PF‘P\"é&‘g"f ven
%%{H%ld%r ? geglslﬁmg:egéodg Qggvéﬂlcﬁrﬁlecﬁg %E\(EI? Exanfple ﬁfﬁﬂg"ﬁ)e ™, 0,-4,

oper at'l a corre ondi n Lattice
Ot Haase stalﬁcsom)athﬁl neplaceShe Ififst @furtch@ﬁmmﬁ af thedd- HH@llbband

e given exanple the lattice code L equals
%Teuwhﬁ¥k? [0045] In the exenplary nethod 250, the

LL-[obgub bBEl Hattise 1ble 60 shosvsacxbple afid latictatode mapping for

O i S S B R 3

ol @i fa&Pprebiated @li‘a@fl‘ﬁfe%re 28 (smcmhl)am@% atdeoIv Rfitke chdes.
the exenplary first STET nmagnitude the(%ﬁrst 50%{
ered. For

Asetrminglye it enecaibogiment ¢f the mxelélona‘il?s La%lcs FOGPR e
%95@51@ Gfle j’ B@cfe@ bR that &3 22 HWE R4-DREARL Inblered as

per eptua anal ysi's may be performed by estimating the
floloopsency content using, for exanple, a sinple maximum

0 S O Py L S B e
makbﬁn@hmybac£SHMat 2, Smax= 4) and thus the val ue of
6.9 r‘r@/ k()i?stgnlcla Bgtween a4 fﬁ 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 D;.

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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[0046] The resultant value ("4" in the present
exanple) may then be nmultiplied by the lattice codelL

W@ ¢5/08983@, 0) in the given exanple) to provi dBCEHSG2004/000419
nodi fied or scaled lattice code L' (which in the given
exanple would be (4, 0,-4, O).These values may then
replace the first four coefficients of the LL-HH
subband (see table 268). [0047] D4 Lattice table 260

SOV R0 BXABMIIS 40 hnBrhé BY, Lhgice GO 60RRAY bkgpfﬁexgen@aem An
STFT magni t ude, however, in other enbodlre ot her
h@‘% lab

dgpadepymay hayesorrespogding Latioegade tab i Ao
te;a%ﬁ@ reﬁ‘xb%éi ehf ﬂfétL%Hcglc))dé"ﬁyﬁs 51@ QBI%Ed %h&tﬁthéy &€frecly
Accor di Ingl'y, I'n one enb I hent of
|anamlahtel bmneteh@nplatytemcbedlmd‘e dum&empdieg,@dch CF@ntl@fd&?ﬁlTe

4 | att de {
gt ins A 30 Py 1 Ake BHE A Rl hfipbifd flomafipaC ©
]ga]ct}cé ‘Aﬁtﬁrﬂa}l ber radb et laf ‘lhle ﬂb&éléxo a &attre Setticd ol eabXEDRy bd: he
ollo may. .be c t D = be -
S T DI Eh] © B ARGV AR MY BTHE RS-
(0, @0@8 0). Tﬂ_@ﬁeﬁb&mﬂﬁdeﬁénl{é@ B&e ﬂrﬁbldéﬂiﬁﬂ eﬁ@nﬂﬁ@l rhétﬁéd/for
but i n one enbodi nent is chosen to mninize tije.

aappingendip dntado Jaftice podes. Thejexragtionof thepudiq data Omé’e o

|

oﬁbghgfeﬁ gg&glga@f gggx@ggg Sb@ g?lﬁ%ﬁ%g geﬁo&ﬁﬁgangasp&n&r Sheke
pepsukatiatd abave iereaamsé.dp olyenebdiémenti the alyf/%ma}’ beextragted as

vV bl e derln f
g?ﬁcp%seﬁg aﬁ% tTlBe la cg%e %a ge e ect%ﬁgnf P]TQH&QP ﬁé%)lg% Inﬁo?lges
r&:ﬁﬂ%&ﬁne&; oﬂﬁé@lﬁﬂﬁiohghs latt:'Eceiébdes iRddhdiAgthe moldio idatg area@ieebe
cho ere t m of Euclideap di stance.

PP e taGu S S APerSPE RNIP SR FEB R re
td%@&dettﬁhela&ﬁé bode§ AR6RMelyE iflone dnifodBndndivherCthe @rﬁféﬁtlon is
nodul e 46 and the D4 Lattice table 260) nmay
ppeliesenerdigriebicamern ik e canera ddcBe eametay0 Wy éﬂclude both
%ﬂ{breﬁtiﬁﬂg %h%xah@tag wefl o ElEcligPhigS it y. DAcORE lattice code
exenpl ary enbodrnent, the Lattice code tables are
ﬂmb béenteatiactal, & eale minele estimaterd ol ope gphpdimenighe first gheld of

r 0
}ﬁ%gl%e 55 #grg%gcjug cgglc t;g%, f’gﬁog’ t estn%?fé% %ggg%f&&g be
nelatiecly smplepFacxaaplepd mzm’hum magnitude of the lattice code may be

taken. In the example provided in Figure 9, the scaled original lattice code L’ (4, 0,
-4, 0) may be corrupted by some noise and, for example, extracted as (3.2, -1.4, -4.5,
2.1). The maximum magnitude of the lattice code coefficient may then equal max
(3.2, -1.4}, |-4.5], |2.1]) = 3.2. Accordingly, the scale may be chosen as 3.2.
Thereafter, the lattice codes may be divided by maximum magnitude (3.2 in the
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.
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Lattice code nay be received at the decoder, an entire

Lattice code table may be searched for a matching
Wenisps9Esr g., an entry with a m ni num Eucl i deaPCT/SG2004/000419

di stance). [0048] The nethod 250 described above

provides an exenplary nethod for naepping audio data to

| atti ce codes. The extraction of the audio data from

t he enbedded host may, for exanple, be achieved by

perdego Nan dértdi€atiboFMeRs %sttﬂi@cesdimaymmperﬁmmdd above
inTreverse. In one enbodi ment, the. audio

P e e @Vl 9ishe SHET MPRRLIORS PYacieh 3 oF SEATTRIE S ol RERper
{?ﬁseeﬁﬁ%ﬁeqe&(%éd' ?.El:l}ﬁtﬁ B8 torl ARG Sle, d ﬂx&Q@pr@iéJﬁ@Qhé@fFT of

ent1on I ¢e codes including the audio
ohapituele éheh fieredagh pivel; tratatveageqnth salgenks 35 Windpyvean be

eafeip s BEPREG AR e PR P bRl pHRL AR 6y B2 et
pixel valeahdyl el 6 tikdpletagd valne. axsdiegnrnbadi incaorerdatags) bd:iowsan

R e LS M EPAG HIZGBR o romove

Englai RARY hbive, v@'@ﬁn&f‘@e z{p@h&dblb&o @M@ldmae fewditet transforms
extracted, a scal be estimat ed ne enbogﬁmle
rtler

lirpbdlﬁcrretg FO%rr?etranSf?ﬂnﬁ |B4111I’&§1% f“é@‘%é&%tyd?w crdbsdin
8 eg?gv%?% R ]Szeﬁ§k1 L,cdnRenest rak 'Lﬁﬁngrfﬁﬂh”t nfphere be

ref or exanpl’e, a maxi mum nagnit ude of
Ghaphiicay Anrmal eonfaemlsms,ﬂak@ ithe qonteptsef ashighds BrcpipeiAteded

eremiig' ﬁre%eytl ce af:nagl;lﬁ;% t(r%h(%ls n[fi‘é t\&lf'oar{léth&?s &S ﬁue? abc(v%*may

e corrup sSone Nnol se an
p%ESHE] Foorlg Xﬁthaﬁ(tleadclﬂﬁeré &)gather ﬂ:su!l{mg- i4 1&ge @aph) For'Ehgnple all

maxi num nma nltueofth | atti,ce co oeff| n
fl'l*?elﬁmé?}ﬁ%lf’ @gﬂn in Flgfre 4A l'fla Cbeéradyl%)rrﬂ)ﬁédel %; g&bf
B55RpdH1d8 oY thelaiGioSOBE SolitRy: 1&0@) shifdls ele ﬁBF"BmBgmtude prior to
Ther eafter the |attice codes may ,ﬁ‘e di vi ded

‘%’E\‘?dh% D4

resadingnl Wﬁ@?ﬁ the,gidect of spreadingpie GTdrenegREEY &0 U
lsﬂ“ in%eaggoﬂg ngl@}eﬁué’cﬁﬁr nesnb emBbdifhehitQart Adiitidhal Ghiskias

be searched for the nearest code
|smoEthig| noRyere pdq)\sd eusingfa stapgard Genpsiandsernel Vit um

Wé?$owanfsta de‘dd\Q?%ﬁg&bﬂqy occur when the extracted

I'ce co 'S 0, 0), the lattice code may be
cl a[$)956]| edImsenibodiment, ahrecbntﬂeédetdmud@sq@mﬁﬁ ingotEypted or

Gt At Bt Dt SRS Ay e Flfy g Tpe wsr
'nWtHNsefréeBBexﬂ’déﬂthé yuded ddth e\lé“mTEﬂhk'm@mrtmdesg mdtdatuﬂtléldg
For exanple, salt ang pepper, .0 may

Adetmiba datp mudeql gythg gﬁ.&p 1Ishy %qn)gé con gﬁlleg ng to I%event a

& Trom extracting the data, in one embodiment of the invention, the audio data 34

embedded in the host image 34 in a known 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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magni t ude then for each pixel, the average pixel val ue

of a 5x5 wi ndow can be calculated. |If the pixel value
waledosme5®s3d rom t he average pi xel value by 32, tPENSGII04/000419

pi xel value may be set to the average val ue. As

described in nore details below, an alternative

post - processi ng nethod may utilize Pull-Push

functionality to renpve salt and pepper noi se, which

gRifRamappiddcalatigely Bl abia idinslodet ia ondor @b &4 sd. rdighilor ms
and discrete cosine transforns. The Pull-Push
maisamadsig differs fremeaeyptionen thah itdeaves e odginal ingage injact and

%é:o &bl @ncgﬁtioggrb%ﬁ W¥d by multimEaR disdtAbb@RMorder to prevent
a e

uter ICs, nual "Conference Series, 1996, th
aoavitlemized diplisatiantofitte medior Pogitel eentens distribubyrs pleg Biediatae.

n.certain, cj tan - .. bed
B IR I RAEBRT S ARl W PEEOR RS ERET
lta@lgexﬁiiﬁrto ﬂg&ul batd diding, hoompesedap gigithlowatennzani, allovalakget he
SIS BEH oD LRt ORI B BT A P Fo
%}é@éc@in% MRei&Rh dhia BAnd the host Hdildves; il bite Salollim@gof thade
prior to encodlng: This has the effect of spread
1©

Presers ivvsption the augioaiatads freelh XirgEblerky aoppriser Ay %_Ff?‘%i"n
égﬁeﬁﬂl:t%& il ﬁgl{?ﬁaty' R&or&iﬂ%?,%oﬁ)%pa(ﬂﬂé PRAY witR headfhictal 100y,
thrng may

ussi an sno e ‘provi ded by using a standard
Gauessingle, beesentto fenilharal/@xtdends mdowpam dicstngida phptograph may
eviation = 1 0, e '
a5 ailaPlaged ok el TR ToE BRI mbodBPRRAAES
thschiidel aSgrédingj méssipet @dhé liknthebatcanpaniey atstil imagti thusdaodding
The user, may thus freely extract the audio data. Also,
&nFWEEgRHF@%Wﬁ¥king and data hiding where the data

i ncjogspd | Nn tatibh@abodiats, iasndgniic®undra phasecsfalheSITH Thmay
order to prevent a user fromextracting the data, in

Saembpdssd iimhgthogimagrebyt theaydioslata mayether prapirgiyice 45 snuch

SRAED bk ieaRRs s WEBRIG34uiRRd fo KRS Riabhifke Bfily of
the image and may be freely extracted w thout ) .
Kinoauldenidpta infthehest inpage 83 (keyasswping s 0%t perlaple rqsprdingly, in
i nf or mat.i on. . F - i ; iyedi a
e RS b e e i B FATI R B ohR
telitbieddedi iy tliecostdompe rfhus thet quattum of auflio datag(tite totl mumyber of

naut hori ze i stribution, the [ [ t he..
Jo3Hed e Bttt oy Bareat s bR B gt oy o he
VRHRTARY therl Ss@bdtie@iced] a 8@ playing tipat dfehiaaidiseng boprovitiel
a digital imge that $Ereléiigfntifies thesgecigic
e @vememer 4t sesged Pk it 4 965REIGRIBHTIN OBy der
tntd@dR0n (kY 1t ilage).

[0052] An exemplary method 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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wat ermarking differs fromencryption in that it |eaves
the original inmage intact and recogni zabl e. Encryption

WO 2008l05%3used by rmultinmedia distributors in orBEr/SGH04/000419
prevent unaut horized duplication of the nedia. D gital
content distributors also use data hiding to include
data that can only be retrieved by a person if he or
she is authorized to do so. Data hiding, as opposed to

di gobgj | WaRRfHBIKS Figlre 8V¥ekeaérde huaslal8sgebralipindicues be
i dden but both technlques ai m at greventln a, user

ﬂﬁﬁkﬁdeb@taﬁ%ﬁﬁlﬁg with gheriperagian.da tEcastpsting @n gedip signal from
ARG Y em'b@do%ﬂ‘f‘n gﬂigr eeﬁmrh%eﬁiae 10 356 a inBY RBfaliRn.

10 data 1s extractab by any person and
eecbnsimbimnﬂtedmlqueehat may be dsqdnn ma}:—tlm)appl;\@‘gmsmrn@ pifpations

hot I
BBt Shrkinarrcare PG A B it 0 T he
@blﬁblﬁt@tﬁcﬂﬂh Iyl be ajdlﬁe(hh’ted thatlihe irpleaty@is hadimﬂtezal tb ltesn

Thus, for exang : t he enbedded audi o may i nclude a
QF%@?WH@““W% gateclyliqYehe | j ke that acconpanies a

st 'Ol‘gbsct 1MRIR s kikbsh :%aé&ht%nnﬂ;zathewmngo phetvegsaEPD" .

In certain enbodi ments gnltude and a phase

magnmiegmmdﬁyerb@eémm@éﬁpqaks irHbe RBRE njagaigiden§ec  he
% tgoéld§4z W dRER t*ieeﬁtﬂ' T fna ﬁsaséﬂﬂfela b abyubsHdroor
e e rea

s wou ere |re to enbed the
mgmldudehmgqal afd, ahshowndi opetiiton 186, thivmethod 11 89 peligrategthe

50%
oSfutisnats Oy RLAER SRS Bk, &AL Pt et i
&gy nthfrébd&?[olﬂhsg the® gﬁ?’@ﬁﬁdﬁd e?crht fidak. hodH be al?geglaté'dlﬂnst e
t audi a e lo |
e it gt s ge ey f9ahATaGE ade kR ign
tabﬁroﬁﬁ{de@ﬁecﬁ&aéyb hﬁ/wl‘ﬁf:h B Parabiélia @s 4Taty nfaRBRuA (G@pp@ximately

reduced on erwglayln time of the audi o may

disovaciteem). cFheamesharbt e ralculsfespemnier thumhase Heg peak
(b?nsgeese o?)rxlgggng&l&n%ﬁg %n%hm apé:-‘ RUBEIESHe, lafd b PRasB ARkement

lary ne hod and systemto
rcelcolated fxonearpmtgmar(e@ns Benueney Meetedfigrhasshpwh abpperation 190,

TFT .ma T
T T

ItéchYMqlub e. gd,m/\&amlm;d S Tapghnépieat ed that the invention

neeoBgl Pnlchilil S RmbS o5 SRR cof TR E Mentif) the

sinusoidal peaks in the spectrum. For example, a check may be conducted to see if a

bin magnitude is larger than its two neighbors on the left of the peak and its two
neighbors on the right of the peak. In another embodiment, enhanced results 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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out below and that any technique for recovering phase

froma STFT magnitude signal nmay be used in different
wepdpsasasent s. [ 0053] Referring to Figure 8, refRPCESGHE04/000419

nunmeral 180 generally indicates a nethod, in

accordance with the invention, for reconstructing an

audi o signal from audi o data enbedded in a host i nage.

The nethod 180 may be a non-iterative reconstruction

t ecfoussjue tdRL B sthRRanes@&Frdqherdc@ad hhd Beenapiphlaeaideons
or 1 n situations where conputational resources are

oparetien bio) far & givendspl, mewiphase; di &t frame k reahs PLIAINES RS .

lftl wi |l be appreciated that the invention is not
IPHA%%d to this exenplary reconstruction technique.
[005&]— /S Shown oat, operation 182, the nethod 180 (5)
recel ves STFT magni tude data and, thereafter,

iveheret R i %@mks simplesh endSPHY thesnginelized drequesey.oper at i on

: 84&’8 gﬁo nd tS P%““Se 14 &qﬁe"%ﬁgﬂr@% ol ﬁfl?s‘gﬁ)ﬁﬂgﬁg ‘t"}”%%g%k

cor SInus e signal and
jSlﬁ I'Elel ;ﬁbbeiﬁxﬁay bérepeapddforeatBthddddualrpeas It bige embodiment,

T g B s LR LT o eRegoE of iy B Rifgiegpe.
'l:;ha inVerse F@Wtﬁ&%ﬂeﬁﬁcﬂh%% signalvich a BRxRRRE R&drat-egl

t
t nore or bi ns Tay be used. The nethod
mmiet these dircmaistaces,thesagepyases may pp pesidnadtathe bing geonag the

wWhi c b i S ]
S et BOTET oo REL Ty comero
g+ 6UiThé fsal Qﬁtpasiﬁoﬁ&EmSmgl’mbmph bs ebteihed becipmisklylshifing the

see 0O | t he phases at a previous
fqug’r%opgﬁglgg% I]?éﬁg? |Wf8ﬁi‘§%élﬁ? cal cul ated from an
| NSfop8sRNE KR Iﬁétﬁ&umay, hhefieialcireimst@tes hander zﬁfeasonable
operation 190, the audio signal is_reconstr cte from

tApBrosiPFatiop FcoRRastionsafitle anfiol datre Haveser-in pthen s tydunents,
Eif"%ﬂ} b%é)ﬁfe@ﬁ%rtﬂat$lg&sto%p fk'c%b?mc‘rﬁ&lqgéﬂmdu@s @8y béhded to

, any algorithmcan be used to identify the
girovidoérbahced eedosstiustiohel adiosignaln IFere enbadimant, the mrbet

[ﬁ%ﬁ rr]rkx)a%tlgc c‘fleucge?gs %fg_“vﬁt‘f' -1l %ra@io ragni tude is |arger

nel ors on't ¥t of the peak and its
t wo[oespghb OTlmspm ohb] embodjinentpthe tino datalmayibe as&utmé fto
r oV

enbodi ment, enhanced. re ht g

ceRaPyst &bl Lo o gl ¢ STRE o AOM BE Perh Q& spdfes

NAcsérale@nd dn btigiatd dfitRssiasoRls hyeatadedus fieghehcie.n yet

anot her enbodi nent, a check may be

[0060] In one embodiment of the invéntion, 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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conducted that the shape of a peak has indeed matched
what can be expected to be a true sinusoid.[0056] Once
w0 b@siosessant aneous frequency w has been cal cul BEEEGI®O€00419
operation 186) for a given peak, a new phase f k at
frame k may be obtained as follows: Fk = Fk-i + 2 r
WR, (5) where Ris a hop size in sanples, and wis the
nornal i zed frequency. [0057] The phase may then be
RS duREd. t Accoltngiy; Tn Bihd EimiSddirh &t BslinB@tidnbé alpwakthbinventidne
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transform (DWT) is performed on the luminance channels or component 68 (see the
discrete wavelet transform module 38 in Figure 2). In another exemplary
embodiment, a discrete cosine transform (DCT) is used.

[0064} Referring 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
38, 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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i mge which may then be stored on the digital canera
or comuni cated via, for exanple, a cellular tel ephone

WO ea08059830 Any devi ce receiving the digital i nmaREr/s63004/000419

then retrieve or extract the audio data fromthe
digital imge and, for exanple, when view ng the
digital inmage the audi o data may be autonmatically
generated orreproduced. Accordingly, in one enbodi nment
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is processed as described above with reference to Figure 2.

[0066] Thus, in the system 300 the discrete wavelet transform processing of
the system 30 has been replaced with discrete cosine transform processing. 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 STFT prior to mapping to the lattice codes which

may thus provide graceful audio degradation.
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general ly indicates an exenplary system in accordance
Wi th an enbodi nent of the invention, to process an
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322 and a lattice extraction module 324 replace the 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 extracts 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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[0066] Thus, in the system 300 the discrete wavel et
transf orm processi ng of the system 30 has been
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a simlar fashion, the nethod 60 of Figure 3 may have
operations 72, 76, and 80 nodified to performdiscrete
cosi ne transform processing instead of discrete
wavef orm transform processing. In the exenplary system
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[0070] In one exemplary embodiment, instead of using an entire, or

substantially entire, host image for embedding the audio data, a mask may be used to
limit the portion 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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predetermined masks. For a user-defined mask, the exemplary systems 120, 320 (see
Figures 5 and 12) that process the embedded image to retrieve or extract audio data
from the digital image, include a corresponding mask which is then used in the
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 audio from the embedded image. For

example, the associated mask may be identified by an external input (e.g., user
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=V((G - M)2 + (C2 -M)2 + (C3 -MB)2 + (C4 - W2
), where (7) the extracted Lattice code, C= (G , C2,
wE05059830 and t he cl osest matching Lattice codeCT/82004/000419
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[0075] In one exemplary embodiment, a viewer application, which is aware
of the embedding using 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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w@talm@osuqu:ﬁhtf@@at mme@ro@dvegvr Ervaotisbegapdry prabediment,

gﬁbeﬁﬁ’ﬁgﬁ Errﬁﬁde?xﬂafﬁ&Hs&d%%ct%p( %h QoOTREAILNS BE irfdpd] Or

ated that various
@khmple; dringiccpatien ofthe imagealdding exemplary eprbodiagnt, e speast or

g]?(;%ad g'ggx{e'fal A L?lfngtegcodﬁ%st}nh'z%ggﬁmlag gg&éltlon-gl?c?those

Qir@\ﬂﬂeﬂyin dpsthtiens(le 2,gl 14 aad ¢ d6pfihe methodili @ (see Higuet ¢) lisomen

set, a PDA display, a
exemplary embogigmglt tXe magrgtlu%vla Enaaly bg %lrlra%tlzed to 256 levels instead of 24

levels as a gray image typically has 256 levels. It will however be appreciated that
the magnitude can be quantized to any number of levels.

[0076] Referring to Figure 15 of the drawings, 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
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di splay, a cellular tel ephone display, or the like),
or be printed. Arelatively high resolution inmge

W@ 2009/05%36 Megapi xel i1nmage) when viewed in it sPEnNsG2004/900419
(e.g., without zoom ng) on a 1280x1024 pi xel nonitor
may be down sanpled. This down sanpling process is
generally | owpass filtering which may thus
effectively renove any distortion introduced as a

Ispseeh btri gs}?r&h&s JWIrQnbatndied Gabgre eé‘ﬂaleﬂ:d @sla Ire’guldﬂ graysate
i mage. a result, the user may ggsee Ia

amageo Fovibibe apwe@@tpd Hiatthe ppegeh ﬂgp T R pxtReted fpm the
%h}%%@c[eﬁ'lﬁg thﬂagltﬂ inthe bddBeddegiBn 5§l t of the

gain a ring process of the printer
whi kﬂh7ﬁrm oﬁh@w emelmplatyemdmémmnt, |thﬁrﬁpe@®0ﬂ gpdip triprig overlaid

R RO Al B RMtech
tsp&sab E@ipNTor ecdmiple) weing escint lpemle hucigénalityrand mintower rtvee
enbedded audi.o data by erfo .a forward discrete
speschar IGRSTIB. Ay the Peeeh o5 ip émg 18 P%?fﬁﬁ%ﬁ? T
%G}v%tx%ﬁoﬁmafgb poREkRg tRAMGRESOMRBS et foh@ﬁdﬁﬂadﬁl&ﬁgltal-

I mage W th an’i nhverse discrete CosSlI ne transforn1pr|or

aoaldgslmﬂawqmgemm T thecpremplarygmbodipent shovar wdigwest16; 4k
e%{f)%d %ﬁlagg%as%¥:x@§déﬁ)%ﬁldﬂ 58 t6 B&offinfabRlife MMAWE0d

trans strtutin screte cosine
t(e.an pfomdeﬂ\m speedi @endip emﬂw éﬁ@t362} Hosfewernihie spatigbrelation

NG 2hSBY e b AR o PR oy o
gogfél %ﬂmgﬁ t}l&ﬁa(bhg §eaked I(ri?’(Gage ?1; irﬁ)dres persorodaprédinrtioaiploggraph).
S T e e T glﬂé’f?vﬁgeaéféﬂbﬁ’gaég%ﬁya& Plexde?

Fokr8spoRfiB kpdeEikbtp B6@AE2 }esp&ﬁ"vel@(@ﬂ'@ﬂe&romddvﬁﬁtqe g any
captured using a di |taI canera nay %gtalg %%ﬁpd evel
i

otigited Peasessing ewge)fmfzyrﬁefq%aqd&?%od&ﬁ’a‘? RIS
%g&ﬁ strlps Q6. 269! orteQérl]lﬁll)IQ %l?e% a(iﬂQr rﬁ@ve\é %ﬁ%lrﬁ&@é‘% eRbeinfePbf

In tra ti1o anal og | m canera
mmsahmmmmﬁ tlsemmrs 364 Befh theSID€¢Cé\Pé augip Peﬁrmp@hng tg the

nﬁ rr§ f%g gﬁc’altrlt( Ir\égn b regxlogllfcteﬁ %ﬁn Jlrtsg%&}c'ieﬁe ﬂ)eg@lr ,.grains”

camer eve Cor r es ponds to
hi gloosenso rIn ﬁ@@@enﬁplaﬁjl%)od@mnts, desdribet abwu]attse icoding is

gre r noj in the.o nce th
HETEREE NN TN T L
NRY ufRQ iN8dRr &Mbddimddts. Fbﬁe}&h@ld} b Quantidatibh Iﬂalek diddalatiok e
noi se) caused by wat er mar Ki L iﬁg samﬁgp ee as. . ¢
£ (QIME dasbiidun Biak also prbsd 9 et the STRD mpepifiies disgrample o
NQILR § QIVNRch el iS GesSift By TRr¥n Whek BREEREHON. Wiakell he
“Quantization Index Modulation: A class of provably good methods for digital
watermarking and information embedding,” IEEE 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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di stortion caused by enbedding the scaled lattice code

does not exceed the distortion caused by sensor noi se.
wab@slosassd ce code nay thus effectively be hi ddeer/sG2004e00419

noi se. In another exenplary enbodi nent of the

i nvention, the audio data may be included in an

EXTFfile, for exanple, in an EXIF header and,

accordingly, the audio data may survive file format

OQBYRhsNORItRRch (ﬁ’ﬁs tebFhigROh e regeedadl ad NosseEIOfiayB fragile,

the STFT magnitudes may be pasted directly (e.g., .not
mlmpeem)bedﬁedt aydiorrats aye pet preserved wadeh FANMER, HNFES EPCESNTON

}Jeljaa&s galherl i 1@%% Tﬁ@mmog‘?ﬂ‘%ﬁy're i 258 €6ihtrol

soun r|p na e generated durin I ng
wf b ermioding sndniécadmg pmdabl apdghuspintseos embodimentsdnaybe less

th 0
ARG, ot R alave B abfreD it edIRbd At NedEifheless
TBgack CorfitoR it praeded; ﬂlﬁsﬁlﬁ@tﬁb@tfﬂl‘sﬁéﬂhleﬂ higihapialdtﬁl ad Hl@/@b&r@zs
y ha evel s

I
B hieats el the e e e OB LR SR
%H%(ptf%' REe Bfiink Qé(:ﬁhﬁue 0Q8H8dd abefeana 81 bR shitable. én &@taﬁf

ramnn& reference nuneral general |y
A

.endnodmee@, QiMbeethedimap Beave; &Y éy mpéﬁabzma an &a pgjlenetye.
:fg)ﬂ Q{a%ﬁ}ééj zﬂa dﬂ gl g P& f?xn%\?@ h&dEal) Sl?éﬁ%n&'.flﬁééﬁ%n Iﬂ%?tbe ldBReed

e provided speecCh
Sbbcaupé' the latticeuiles is 1the| trespoating hbrckm@y @T@Trumglmr hanees

t ed di
shopRisanntenerley o e LReighd ARaRERAL LHCAa20RE i b
Sihlhlzfli twadb@stenlﬁiE&Tdetmgm mecesisthat are render gdt ﬁst a
ar. gra ale.im appreci ate a
! hottoRlie O NS i pins, msathed See S ra i ERan SRR ice
| 7RO BscANE pEoRRRR, AbiREk Aearh ilcH m&gﬁaeésaﬁﬁﬁdger(e@ carulgaﬁz
[0077] In one exenplary enbodi ment ,

abgtograph) aqé apdiode8s V@F?}I%ﬁpe@%‘égﬁléﬂa Sl{lé‘e @”ﬂe (eeﬁ arae’&EFy@l@
g;l% FJJT tai th fHa 1§1a$@éﬁd@ﬁé QNP FHRRL, he c&fédt (host
t ee C

st rmp OI‘ exanpl e usi n cut and past e
fionage arlremtiotdata) aﬁthe mingletfilomay surpive filplota#t convestign.dn one

ise:zfrgxlaglséry e@nsbodl n% R e%ﬁ'&to%garaydﬂaged%nrduﬂlo' Ircfagpl?J Sﬂeri%t*m&h Higital

rve varil ous 1| nma
tlﬁﬁgﬁl myeius beriamedfhmmadn mxdrw@las&nﬂnddexhﬁerem In one

| anal.og- digital ver In.the ex
eGP TSRS VB T gy TR ORIy
hRSisadtofbaidiesheard éfQiﬁot&ﬁﬁmtb@ eABEAIMDLIadee s biva valedi InDthe
data (e.,g., provided jn spee Hﬁor audi o strips 360,

Je2pe toméwple tipEbE ﬁﬁgmaﬁm RS-
[0081] For the purposes of this specification, the term “image” should be

broadly construed and not limited to an image such as a photograph, video-clip 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 of a
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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with the speaker (inmage of one person captured in a

phot ograph) nmay be | ost for the case of nore than one
wWGep@aksas3( i nage of anot her person captured in PEESG2004/000419

phot ograph). In one enbodi nent, markers 364, 366 nmay

be provided each to act as an index to a correspondi ng

speech strip 360, 362 respectively. An electronic

device (e.g., any digital processing device) nay

dahsed thaifdcklRERARbAE aﬁ%ﬂé@fﬂle’iﬁé&ho&ﬁ&gl@’tﬂsm@% Bgeiachay
strips 360, 362. For exanp when a user npves a

;_b@uemcelﬁed( &n afternagive, orhebmens. the FRAERIBS MAY CIARISH A nefrk
to
ECh e ot o faloRARRES Febool DB CL SRR PO
a:sliudan taleplibns prewethappliange or pROMathinaraphide ekexepitimey

ARER LR HER A G P AT al b BBt B iz

Howpoess], otrheéorhlﬁﬁérrsmetﬁsomseghumcb inoludé héus 212 that
enbodi nents, For ex anti t| on | ndex
NBGLFPRRSCE USRS BUsBIh ?aﬁf@raha%cgﬁs Ge? SNSEH PEMENFLG,
tng e)%IEl-gl &@Qz@é §déﬂ ea§ spe&lﬂer@lmmh &n @hdis v&h 220, a dis gay screen
I'technique is describ Bri an Chen and or
\mah@rsplay adapign?34z aprigter 231%@% apeyalielaortgds, %ep%malg eyice
?sﬁala o&%@%@‘?&dﬁﬁ%ﬁoéxﬁ b3l Qiahah u%ﬁt?)ﬁ{w B MRED34, 2

Ion e | EEE Transaction on
Ifncfed drsktdmcﬂ%mdra;@DA&QMﬂV DnNoive 238 m;a @S@ﬂap‘tp\pmo a

Hlé: (fr% 4%)}‘%%?% %g,tea%(ri]t gbg@j W‘%‘&hvé f44I ({}J%&Elggﬂa}gceegve a floppy

tcﬁikhﬂlﬁques t he quantized DCT coeffl cients may be
ue when encodi

pertur ke an .ev or odd. v n
EheldiBglT ol i amias oq Malramyptaphesoss S bROGEN A <
tBERR) &H%ISH‘BE c&ﬁxe&t@%@ﬁ&ﬁﬁ ARl IRS®, 4 toubRycrde, and others.
fragile, where enbedded audjo data are not Preserved

e it is apmseessar e aliob sheslevices Souindp Figwre (3 tabe progepto
3&5&1‘&& ﬁ‘ﬁ‘: é)?&eﬁthﬁvehg@g W hen tEcITRIRALyBY i BAM fofin dF £ PbIA or

ontro an encodi ng and decodi ng nodul e and, th
wnc&ﬁohetempb«mm ireray sonmyluge foresxempley the ariuse 236G the ﬂmEY disk
i s. al I ¢ e, ar [ e.
N R A T o
CsBsystEhs andyibg Ii]ntema:hnet-tysd 1r&hﬁefeng¢bnﬁgmanoﬁsythm,tﬂat(shmm o
the e

the ho | mage. . | t

Ieere Thake Sikaiisn abt FUBFER Y E0 200ar et iBR N ire it and
de 6t dikeskeaRpdtimmyeike nore suitable. In certain
enbodi nents, the QEVInethod nmay have nerit

capi®03f] zi ﬁ@r e PPIPgses 041 Qpeﬁlgg@ﬁ(@, the term ' macl\{me-readable

medium" shall be taken to include any medium which is capable of 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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For exanple, if a region in an inmage is nodified, such
nodi fi cati on may be detected because the lattice codes

WO pooshs9saor r espondi ng bl ocks nmay be corrupt ed PCT/bG284/600419
very | ow confidence level. In one exenplary
enbodi nent, this side effect may be utilized to
provi de a tenper detection nechanism [0080] The
i nvention, as described herein by way of exanple, may

Pr quosHs ol‘hek%ﬁft%&%% irﬂpl&hé&ﬁls&ﬁe edb&difghte oﬁﬁﬁhﬁzeﬁhd)rcllﬁay
I nt'egrates _an i mag gi t.al phot ograph) and

beapastivelyglisposed| (b@h é&llw@éeﬁsly) Wikig the systengmenaqry &16,

li |
P 2 suBoydlhi coRMe TR L £.5: SRUI0 B4 200, O b
pmagssmemé) austbed datstorageimedipesush aﬁgthe fiked dislndnjvesifbyibge

o SR, o R 20 T B lty B Om VD

Ehggzgﬂ i mages nay thus be | ocated based on audi o data
enmbedded therein, hi one applicati t he

i nBOT on, Therhws g2 prsie lﬁ‘ﬁg ng‘flérh%arﬂ)é‘ BleBeE Hos PEAmple,
FRbURS lijéa%q)e lifpRRHied 8s A10FRARY) raeseﬂﬁl HukQf Iﬁﬁillel) fioxb Yor an
enbedding a user's own voice in e i m

exenpibe bus (aigi, KB, HCGY: I§Ab ElfﬁAeM@tﬁeNP}ﬁ‘ﬁggCI [099@,‘2] btrSor
i A e R S R

dwngﬁcRﬂmmﬂmaAHDpMGMugmmphmy@m@s@ cI|p or the like.

Th g en e LN n
CwdobifionsToRel meifs sl SR gkt S A58 B sl
deehibas 1a ﬁﬂéll&hl?(tgﬁrﬂahlo gldid’ﬂimucﬂ Bs a smg«sh @@naﬂmﬂp beiemhédded
text or the like ure.17 s

i agibrpierhos imags: TRV 6 RO GG Hygserbed with
BAERLAD ¥pdeHcBxBrhplal EenRoARKERY, itSHifl he BVideR thdtivafisuswhi ch
a set of ‘instructions, forcau5|ng the machine to

peadifisetionsand ebeages menke medero dissognbadigents witheyt depatng
RE bﬁ?ﬁ&&%&ﬁ and &oﬁé Eﬁfl@ﬂ'&’lﬂﬁtﬁ)ne RESHIFRAL the sb&@ﬁcatlon
machi ne may conprise a network router, a network
amd theinga areatd We rdgatsied dryam, lll%ragwaithew@h papstigiyie sensat
(PDA), a cellular tel ephone, a web appliance or any
machi ne capabl e of executing a set/sequence of
instructions that specify actions to be taken by that
machi ne. [0083] The conputer system 200 is shown to
include a bus 212 that interconnects subsystens such
as a central processor 214, a system nenory 216,
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and external devices such as speakers 218 via an audio
card 220, a display screen 222 via a display adapter
WQ@2005/0508p0 | nter 226 via a parallel port 228, aP@DBGL004000419
devi ce such as a nouse 230 and a keyboard 232 via an
i nput/output (1/0O controller 234, a fixed disk drive
236 and a CD-ROM DVD drive 238 via a host adapter 240,
a network interface card 242, and a fl oppy disk drive
244 operative to recei ve GLAIMMppy di sk 246. [0084] It
wi || be appreciated that many other devices or
subsystens (not shown) can al so be connected, such as
a scapizg HeyiFR: a touch screen, and others. Also,
it is not necessary for all of the devices shown in
Figure 17 to be present to practice the present
nventi t he r s 1.0 t.he form of
PDABO@QQO%%IW (iegsra 1%%%2 ﬁ}ég%g?lggn]ﬁgﬁﬁ%{ln ‘ncl ude, for
exanpteeewtrigeheﬂmssma%ao the floppy disk drive 244, the
fixed disk drive 236 and so on. Furthernore, the

devi cESCINHE udigdo may be interconnected in
di f f eeRpéddgthé Suieddt®BahintBahdshiiags hepfovide aEne@umed?
The operation of a conputer system 200 is reg?
ResRVhaRein e Ao daiags freclyreovraile Bemdhs fimbrdsd mate.
herein. [0085] For the purposes of this specification,
the term "machi ne-readabl e nedi unt’ shall be taken to
i2ncl udbe methodweditlaim Wwhith ¢asmpeispapessging wﬁwgla@msmg a
y
{ ﬁ&Q q‘equ% Fﬁuerf’egq‘ga%?ﬁ)ﬁ?& gi’?fﬁ&idr ¢4 | %égfd% M.% Ll)(?&r%tg ny
ovithirothe hbs immedehodol ogi es of the present |nvent|on The
term "nmachi ne-readabl e nmedi uni’ shall accordingly be
taken to include, but not be limted to, solid-state
eI 788 mefhot o€ alhind NAviTage@iprizedicdlEng ansmedmt of dpitabdwe

Shebr<HEE &1 B Hgnal FPBHEN G BB SR pBP P Apbegine th

8B REEilHHPR nhstliiygeor partialiy) within the system
menory 216, within a subsystemthat couples to the bus
212 (e.g., the audio card 220, the central processor
14), t g [

1) 1BE o @gg@'c@lg% § fvlokggiggongﬁ ?%&Hﬁﬁngﬁlatgﬁ?udfe dét%%d
WsBarimgtphps dopenfdlie apdiosigrial olpeodie maw@v@atarfom®3®ng

5. The method of claim 4, which comprises quantizing the audio data to map it

to a D, Lattice code.

6. The method of claim 5, which comprises scaling a lattice code of the Dy

Lattice to minimize distortion the host image.

7. The method of claim 1, which comprises:

separating luminance data and chrominance data of the host image;
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[0087] The bus 212 can be inplenented in various

manners. For exanple, the bus 212 can be inpl enented
w@g008/05s8@l bus, a serial bus, a parallel portPCD8GZN04/000419

expansi on bus (e.g., ADB, SCSI, |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 other nmenory devices. [0088] Thus, a nethod

and siyislu@im R ddRcRESIndhdlugitante dmg»q)rdsna&embaﬁed
descri bed. | none enbodi nent, audi o data such as a

§E§@%ﬁeéﬂgﬁﬁﬁ may be embedded in a still color host
| mage; Obn’ltﬂéﬁ mgﬂ'%r}néd'lffeﬂﬁﬁlﬁﬁﬁée Ay %ﬂfth@éhrbﬁﬁmaﬁ@e@ﬁta to provide

descr i ference to speci fic exenplary
érelvodeddedtimagd.t wi || be evident that various
nodi fi cati ons and changes may be nade to these

enbodi ments wi t hout departing fromthe broader spirit
and sTipaethbd bhdai Ty evtticharompsisesor di ngl y, the

specificatio nd. dr a s are.to, be rded i @an
g s RS R R R TR

Wat be?f&xhﬁig"ﬁé?&ebt%al ablaptétidfEtbl hoRaitonpsubbesBofahdidsdrmediate
i mage, the nmethod conprisin recei vi ng the host

Wwwgémeﬁ@ééPF@ﬁ@e&mﬁﬂﬁmﬁﬁbﬁia@ﬁ@ sERBRtdrhg the audio
dat a V\%\Gin thd'RidPSHka in rééﬁtlﬁllgﬁaﬁeedasﬂbme&lﬁ%dlde the

i mage in the audlo ata'is freely recoverabl e
forodifietl hemimniedidtad | nrage. 2. The nmet hod of claim1,
whi ch conprises processing the audi o data using a
Short Term Fourier Transformation (STFT) prior to
onbedThagethbé ofieldin8,dettieh w’mmises the host image. 3. The

of et Qlogqngé“n%l& | ml%a}sfgwa ng@aéxggﬁ) rl‘ntéﬁ%ﬂg&eﬂ%mmap@e@alf’an{o
ip mévhdée}?gﬁrtldr 'iht&ﬂtﬂﬁ:dﬁtb?lﬁﬂmﬁab@dw iagd t 2 e [Il_‘oeddl {1% g he

audl o ata W I N e (0] (0] (0]

cl ai nPanbiping dhe Resrepiplee aat?é%ﬂ @Vlﬁh‘ﬁgﬁnﬁu?tﬁsfénﬁﬁ?%‘%?\d
ql%}]rﬁiﬁgl{cg'dgﬁ t@Pﬁﬁﬁie%’é Bo@fied ReniAMRE Qatgl gnal to provide

e audio data for enbedding. 5. The nethod of claim
4, which conprises quantizing the audio data to map it

10.  The method of claim 8, which comprises:
performing an inverse transform on the modified luminance data; and
combining the luminance data that has been inverse transformed with the

chrominance data to provide an embedded host that defines the digital image.

11.  The method of claim 8, wherein the luminance data is processed by one of a

discrete wavelet transform and a discrete cosine transform.

12.  The method of claim 1, which comprises:

converting RGB components of the host image to a chrominance component

and a luminance component;

processing the luminance component of the host image; and
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to a D4 Lattice code. 6. The nethod of claimb5, which

conprises scaling a lattice code of the D4 Lattice to
WOorRevs/5wa0 di storti on the host image. 7. The nepdiDSGZN4/000419

claim1, which conprises: separating |um nance data

and chrom nance data of the host image;including the

audio data in the Iumnance data to provide nodified

| um nance data; and conbining the nodified | um nance

dat a ggideliing tHeHostTinaghme RBBaoimpohayvi de t he enbedded
i mge. 8. The nethod of claim7, which conprises:
processing the | um nance data to provide internediate

hym n@ﬂ&ﬁeﬂa%efclaﬁ{f,%mhrhgn@ﬁgégep_t ual adaptation to at
[ east one subband of the infernedi ate | um nance dat a

to proasldeg apptiexefthabost inagganded subband; and
i ncl uge'aé}?intgl?k?e rg%glé@{)ﬂ,ggﬁn%éﬁ?gltgga#qaﬁept ual | y adapted

subban 0°prov um nance data. 9. The
met hod of claim8, which conprises: renoving the at

ast ..pne subband from.the internedi ate | um nance data
& pr 38?@8%&??{4%?“ {’ﬁ)i’r[’]é?ﬁﬂ’f@mpgfees‘l unmi nance data; and
conbi Riaklignd Hporfiedk 66HE Hest invaga dapioeilleaunhdshetpastiohartdrua

further internediate | um nance data to provide the
peased gotigR Wence data. 10. The nethod of claim 8,

whi ch exﬁBéH?i'id&Qﬁ@ audiadiPTnBoRttha habltddgiostfont and fiss Ginthskud
the nodified | um nance data; and conpi ni ng

the .
parHonavkasein amose eudie daiais siosedper pixsl idhg WHH%%@F PREHOR fham,

' ce data to provide an enbedded host that
Eﬁ&%ﬁ%&@ rgglgi gital inmage. 11. The nethod of claim8,

wherein the |um nance data is processed by one of a

R I s .
converting RGB conponents of the host inmage to a
Clgr 0 mAnsayrs]t%r% s %%gsrg%rhtost 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 the audio data is freely recoverable from the

embedded image.

17.  The system of claim 16, wherein the audio processing circuitry comprises a
Short Term Fourier Transformation (STFT) module to process the audio data using
a Short Term Fourier Transformation prior to embedding the audio data within the

host image.
18.  The system of claim 16, wherein the audio processing circuitry reduces an

amount of digital data that represents an audio signal included in the audio data prior

to embedding the audio data within the host image.
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and a | um nance conponent; processing the | um nance
conponent of the host image; andconverting the host
WO pwges98at 0 RGB conponents. 13. The net hod of PCEHBG2004/000419
whi ch conprises : masking a portion of the host image;
and reserving the masked portion for host inmage data.
14. The method of claim 1, which conprises: nmasking a
portion of the host image to provide a nmasked portion
and an unmasked portion; and enbeddi ng the audi o data
in both the masked portion and the unnmasked. portion,
Wher eThe sysiem ofgleing 1&3&"&?@% therayfig Professing Qrepitly, Auppfies
i t . i . . a
HAPREKES,R 30 ROy foc il STARERRID AL Rbrofie i Ao da
firetnbgddiph. 16. A systemto process a host inmage, the
system conprising: inmage processing circuitry to
receive the host inage; audio processing circuitry to
p@cei Yhe §is@inofdhin ;18 ankrein teritagdprogessing virenitrpprondses the
the audio data within the host i e .t.o. provi.de . an.
Ipbege dote Hile dREReI AR Ao oy 4P LGrglipts 1ithinance
HRS WheFeaRhd faffided enaherdre ik RURed ifthe Thamsyiateem of
claim 16, wherein the audio processing circuitry
bompaicsdstaa Short Term Fourier Transformation (STFT)
nodul e to process the audio data using a Short Term
Fourier Transformation prior to enbedding the audio
8t a Bhe srisent dfeldind, Whage theligagdprocesping sitrwtty proggssgs the

6,. wherein .t he,.audi ' j I
oS gredl R PRSP LR b ok Ukl G,
daa vdedfierthd fenteedinmgdittde datd isincluwled irbihd ditergetiiat

udjo data within the host image.19. The system of

AR ayher ei n the audi o processing circuitry
guanti zes nmagni tude data and di scards phase data of

t he audi o signal to provide the, audi o data éor :
adbeddbq gystem of claim 16, wherein the audio data 1s quantized to provide

quantized audio data, and the quantized audio data is scaled based on coefficients of

a subband of the host image.

23. A method to process an embedded image to extract audio data, the method
comprising:
performing one of a discrete wavelet transform and a discrete cosine
transform on a luminance component of the embedded image;
identifying quantized magnitude data associated with the audio data;
estimating phase data associated with the identified magnitude data; and
generating an output audio signal based on the quantized magnitude data and

the phase data.
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20. The system of claim 18, wherein the inmage

processing circuitry processes the |um nance data with
W@ 2e508988t € wavel et transformto provide interPEds@1084/000419
| um nance data whereafter the quantized nagnitude data

Is included in the internmedi ate | um nance data. 21.

The system of claim 19, wherein the inmage processing
circuitry processes the |lum nance data with a discrete

08Si Nehd kNS Of Rk WkiedEthé Magiinidd dath é&s $THT magdde
data whereafter the quant| zed magni tude data is

dpte] thelmgthpd comprising: er medi at e | um nance data. 22. The
sYSt eiefityfib BedRs TP b W2 Ghinldife AU £Q4Buh&d to correspond

quant | ze pr ovi e quantized audio data, and the
mtamlsnxie;d audi o data is scal ed based on coefficients

a nd of the . hod to
pr ocegsg “%ﬂ‘b%’ata%a“‘f"r‘%aé‘fgq‘@ tﬁg dﬁ%@?o data, the
met hogbcosméting andio daey fram l?heregtlmated imfstaatadecms freqeency.
wavel et transformand a discrete cosine transformon a
| um nance conponent of the enbedded i mage; identifying

gyant TREReINBY B Libider ] alhdchasseikat ed with the audio
data; estimating phase data_ associated with the

i dent PYtrasHngaEIE corss figat epcodidduBRe  at i ng an out put

audi o 2 Daser: eRnlhfadutfRiics Sshemagni t ude data and
t he pﬁi@gﬁggta 24. rThe rre?hod olf cl ael m 23, wherein the

magni hontwlidiag the extrastedriafiieg spdes daingi escale Feprpwide sermalized
§Q€P"E“}d§!‘1@9‘é cdadentifyi ng peaks in the STFT magnitude

are dassunmed to correspond to sinusoids;
est i madachingrariaitios tatettatie furdatficecmpdesrugiciihg thfremp%h@sd

N T T
whi ch conprises: extr act ing lattice codes from encoded
|82§? ? Ia(ri"ge gmg afrr? a})vhs'lc alpretorf 3 identt Pymg the quantclzed 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 Dy lattice code; and

inverse quantizing the match to provide STFT magnitude data.

27.  The method of claim 23, which comprises 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 value and an extracted STFT magnitude of the audio data is regarded as

known value.

28.  The method of claim 27, which comprises modeling each weight as a

function of a distance between an extracted noisy lattice code and its nearest lattice

code.

37



normal i zing the extracted lattice codes using the

scale to provide nornalized extracted |attice codes;
waeesesmschi ng a |lattice code table for |atti CRCYSGE®H4/000419

mat ching the normalized extracted lattice codes to

provi de the quantized nmagni tude data. 26. The net hod

of claim 23, which, prior to identifying the quantized

magni tude data, conprises: extracting |lattice channel

codes from encoded subbands; estimating a scale froma

| argest absol ute val ue of each cqde; finding a match

£9-om A swstem 4g extiegt gietatafipm p RO imase, ey §toT fompine:

mat ch; ' it dhgie eZahd pldVideBlMafnce

of cl glltl%e%O%é\zﬁ’lsgﬁg@%ynp@igg%gyﬁoggﬁﬁggt hepaudi o data

asmporset ofglie hosomageahdes, each known val ue having a

corres ng..wei ght [

cont | AALeoPAsiE LAl Gltpd B ERENE: Soh B lnBance

warhpdteni andipeatidesaudiv datthatimfreedy erdramtalilean ext r act ed

STFT magni tude of the audio data is regarded as known

val ue. 28. The nethod of claim 27, which conprises

nodel ThYsysRENNRiENDY, Weicicdmiprises on of a di stance

bet ween an extracted, noi sg& attice coge a{g]d its f

near eddisprgteryaveletsanstosn modulafo periormya digprelg avglfifragstorm

dabauhin@fBeRofPStent HBBERost ifagey St em conpri sing: i mge
processing cifcuitry to recei ve the host i nage an

d
provi deidsniifipatiommedile tnideniidn auastized magiide daidgsocialpdy
witg? ﬁﬁxﬂn?a%%éi: o%r{t?écﬂdt ry to extract the audi o data

romthe

um narnice conponent and provi de audi o data
t hat Rphdse eebyerpxtoduale tastioateathaserdnsa aipaciaed with dieddenfified
29, whj ch. conpr.i a dj .
HF&B%@Q et%taﬁ‘g F %nre?ﬁ{%%and?lg@?%[’@to\%ge@lvbgalts f'e&t (}r}atﬁg or 9n£é§n a
mbghihateciatacaddephade dafa. t he host image; an
identification nodule to identify quantized nagnitude
data associated with the | um nance conponent; and

31.  The system of claim 29, which comprises

a discrete cosine transform module to perform a discrete cosine transform on
a luminance component of the host image;

an identification module to identify quantized magnitude data associated
with the luminance component; and

a phase recovery module to estimate phase data associated with the identified
magnitude data and generate an output audio signal based on the quantized

magnitude data and the phase data.

38



a phase recovery nodule to estinmate phase data

associated with the identified nagnitude data and
W@emwsnsa8e0 an out put audi o signal based on the PUBRGRE000419

magni tude data and the phase data. 31. The system of

claim 29, which conprises a discrete cosine transform

nodul e to performa discrete cosine transformon a

| um nance conponent of the host inage; an

Boent Thé §lem0sT Mg BWoewhdein desthidnitudiidnd is W TriRdpAithdide

data associated with the | um nance conponent; and a

griasthe resevspempdyls being ceigieiiomt e phase dat a

ass OCid%mg R\%Hs hn ie&s glnftﬁcrechafa&ﬁﬁtl akdiskSudat @ Bftespond to

generate out put audi o signal based on the quantized
ﬁE@ﬂH@Mde data and the phase data.32. The system of

claim %i%lateV\QlelEsﬁaﬁaﬁelglelsdﬁ[%@#é/%}%egggl?s éradr ggl:;rormgnl tude

dat a recover

i dent re‘cynsnaalwdiordatmﬁaorﬁﬂﬂé'lésmqm instdatagkana fictpamcar e
assumed to correspond to sinusoids; estimate an

i nst ant aneous frequency of the peaks; and reconstruct

3gdi oTHa¢yatehy oldi@oewhérsmtigtcd dodeLdrt aftmtbﬂ ffoneeiceday .
33. The system of cIa|n129 wherei.n | _mce cod% are

¥hbends éacaierléﬁtaﬁas%fb@ae@hﬁﬁfa%@ lattjcg p exteactsdritfiey
chcﬁes QRGId Bl Z:a %ﬁg tﬂeastc&lé WprGﬂQ@noﬁﬂ&ﬁz&l)@xﬁa&E&ﬁtﬂc@tcbdéée

codes are nornalized using the scale to provide
aod alatticesadetebleas searshedifor fagiice cadrsdnatdier the parmaliged code

te@t%c? dl%lgee&{dgyﬁgprg\gﬁ? h@hhérﬁﬁe&ﬁg%ﬁma@&ﬁg‘i ng the

Sor mal i zed extra t1ce codes to provide the
quantized magnitude data. 34. A machine-readable

d ! u?era r%?n%yrea b3 ety ”x%ﬁo&t %l eililg Bg‘tchlﬁgltls myfren

ecu a nac |ne cause receiveé
Rah ekevage bgl at@ichinep@iiseghamdéionedat a;  an d enbed t he
audi o dat a MAthlnéLpe host image data to provide an
embed FREEVF AEY % n the audio data is freely

r ecovedcaRb eudis amidi@ enbedded i mage.
embed the audio data within the host image data to provide an embedded

image wherein the audio data is freely recoverable from the embedded image.

35. A machine-readable medium embodying a sequence of instructions that,
when executed by a machine, cause the machine to:

perform one of a discrete wavelet transform and a discrete cosine transform
on a luminance component of a host image;

identify quantized magnitude data associated with audio data;

estimate phase data associated with the identified magnitude data; and

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

the phase data.
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35. A machi ne-readabl e nedi um enbodyi ng a sequence of
i nstructions that, when executed by a machi ne, cause
w0 b@sosesho ne to: performone of a discrete wavRCESG2004/000419
transformand a discrete cosine transformon a
| um nance conponent of a host image; identify
guanti zed magni tude data associated with audi o dat a;
esti mate phase data associated with the identified
gagnLA@ggmﬂ@&ﬂ&a@@ﬁdmgnerate an audi o out put signa
based on the quantize na%nitmde dat a and the phase
dat a. @eimage eapgite slodulgieraptyrs e hotidigtel BREnage capture
modul & LQiC AP fodull RSdaptlirdid Aldid §BAEan@n audi o
capture nodufe to capturg an audi o Signal; and an
i magearpinoge pcengingothdule to emberbid andie sigual iigo ghedeoall image: o
the host image. 37. A nobile tel ephone including the
digital canera of claim36. 38. A systemto process a
Bost Ankgile tdléphosy Bickidingainpdipital cgmemwéciginf 3¢. recei vi ng
host i mage; neans for receiving audio data; and neans
for enbedding the audio data within the host inmage to
BROVi Agyaém eprdsed hbmt@%d!\ﬂﬁrs%témtchlﬁpﬁdmﬁz o data is

freely recoverable fromthe enbedded i mage.
means for receiving host image;

means for receiving audio data; and
means for embedding the audio data within the host image to provide an
embedded image wherein the audio data is freely recoverable from the embedded

image.
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