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W bbslsods el d of the Invention This invention perRES§4/000418
to a digital still canmera with audi o decodi ng and

encoding, a printable audio format, and correspondi ng

nmet hods and refers particulérly, t hough not

excl usi-vely, to such a digital still canera able to be
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encodi ng the audio; as well as a printable audio

format for the encoded audi o. Background to the

I nvention There have been nmany proposals for encoding
aufield ofsholoveritiod Wit h an i mage such as, for exanple,

a phot ographi c i nage, or a docunent, to enable the

encoded audio to be printed as an audi o for mat W th,
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Sythb endodéd avjdgd. downl oad t he scanned data into a sound
reproducing system Such scanners are also prone to
errors in reading the printed audio format, as they
arBackgreynd trethg fnventionsunmary of the Invention In
accordance with a preferred aspect there is provided a
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Summary of the Invention

In accordance with a preferred aspect there is provided a digital still camera,
comprising:
{a) a photographic imaging system for capturing a single photogfraphic image
of printed material containing a printed audio format;
(b) a processor for exiracting encoded audio data from th.e photographic
image; '
(c) a decoder for receiving and decoding the encoded audio data to an audio
_ signal; and .
(d) an audio output for outputting the audio signal as audio.

Data storage for storage of at jeast one of the encoded audio data and the audio
signal may be provided.
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2 The decoder/encoder nmay encode and decode using at
| east one of Short Term Fourier Transform and Code

WEYWP$4Sn Li near Prediction. The digital sti IHCTEHA9P4{000418

may further include a first |ight source for producing
afirst light beamdirectable to a required | ocation
to locate a lens of the digital still canmera a
prescri bed distance fromthe required | ocation
relative to the printed audi o fornat Al ternatively,
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as to be outside a visible regio e lens.

The frame may comprise a base having an opening through which the lens can
capture the image, and a plurality of legs extending from the base for the
prescribed distance. '

The digital still camera may further comprise a view finder comprising a view finder
frame, the view finder frame comprising a plurality of frame guides for placement
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| ocati ons of an image of the printed audio formt when
WOREOSNSH4Bal still canmera is substantially coPCdéiG2004/000418

| ocated relative to the printed audio format. In a
“further preferred aspect, tdhere is provided a digital

still canera for reproduction of an audio signal
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gi 1fy 929 StRenigy Sfé*raéls ghat fegst Qfﬁk?frfge gHdie signalpng thed
: ‘nay | reobadsd aadio detage capturing device. There may al so
“be provided at |east one mcrophone for capturing an
?a&ﬁlo Si naI assocj ated with a photograph, and a

WSzl sfiit qagiera g irher corgprisn an aigliceHinus for outputgf thelaudio
- imeleas atiie decoder may al so be an encoder for
encoding the input digital audio signal into encoded
ut audi o data able to be printed in a.printable
a‘& Peth rasPeri then digial Gk sajeara migy funthes domprisecarc ardpliiei foput
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é F °"'f% Fee OF fifadRliRtsded i nput  audi o data toget her
wi th the associ ated photograph may be stored in a data
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capturing device. There may also be provided at least one microphone for
capturing an audio signal associated with a photograph, and a converter for
converting analog audio fo digital audio. The decoder may also be an encoder for
encoding the input digital audio signal into encoded input audio data able to be
printed in a printable audio format.

‘The processor may embed the encoded input audic data into an associated
photograph such that printing of the photograph will resuft in the encoded input
audio data being printed therewith as a printed audio format. The encoded input
audio daia together with the associated photograph may be siored in a data
storage without embedding the encoded audio data into the associated
photograph. The digitat stifl camera may further comprise a printer for printing the
printable audio format. '



phot ograph. The digital still canmera may further
conprise a printer for printing the printable audio
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encoded i nput audio data nay be stored separately from
t he phot ograph and have a data connection to the
phot ogr aph. The m crophone nay be sel ected from
built-in to the canera, and separate from the canera
but operatively connectable to the canera. The
d eTredmrdded dpdiesudivaiateemayoisestaradl sepacele from ifgphatoglaptasid
0 Transf orm and Code
EQ%V?%P?%%Bnﬁggéghgggg&?ﬁkh In anot her preferred
~aspect there is provided a met hod of reproduci ng an

auuiecmic:sbrg:ﬁa!mayrba%de&ed ﬁ?rﬁ bpiltiin’\ioetge wﬁérla, ﬁrﬁl_fsi’élﬁérate til
conprising: (a cing a digital sti caner a
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digital still canera directed towards the printed
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digital still canera; (c) processing the single still
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di |taI stl ra_to -produce i nted audi o format

i '"(ad’f'a‘ﬁnga%fg thefaeth &{W's'a%dl o format

[ mage dlatlag 3 digitbstillicamena aajacbnbthe ipgmted audiafocnat eith a lens of
repr odygi m@tat Qﬁn MRS dﬁ'la(ggbgltovﬁﬁisaﬂlve ptinfec®buditfihtat, tEhe

proceSS|ng ri udi o format may conpri se:
(a) reP™ %\ﬂ“ﬁ'@ f‘%fﬁ'agtffdﬁgé""tf"ﬁé fecebmnes o e led% ed audio
i (mge @mmng & bingls etilirphbiogrgphic iatea bbthe parftedsdudiodaimaiinline
for ag,l[’; c%HQrIaD with the same audio tag; (c) if
stored audio Wth the audio tag is found,
(ﬁ) ri eRPrR§SIpGBe single still RIGiopEPhis epog f the Pripfed i frat in
audi 0 the digl sillidinerastb grdiice pAhtee aidid foraatimadelvata;
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decodi ¥ t he encoded audio data to a digital audio

siegnal repmdtﬁc}ngaﬁawrdﬂgnglm audi o signal to an
anal og audi o signal .

The processing of the printed audio fdrmat may comprise;

(a) retrieving an audio tag from the printed audio image data;

{b) searching a database of stored audio for a stored audio with the same
audio tag; _

{c) if the stored audic with the audio tag is found, refrieving the stored audio
and using the siored audio as the audio signal.

Alternatively, the processing of the printed audio format may comprise:
(@) extracling encoded audio dalta from the image;

{b) decoding the encoded audio data fo a digital audio signal;

(c)  converting the digital audio signal to an analog audio signal.

At least one of the encoded auclio-data and the digital audio signal may be stored.



At | east one of the encoded audio data and the digital
audi o signal may be stored. WO 2005/ 059643
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there is provided a nmethod of sound reproduction of
an audi o signal encoded insa printable audio format,
the nmethod conprising the steps: (a) capturing a

single still photographic inmage of the printable audio
f or mat us;gg a digital still canera; (b) grocessing
t freved PRRNGS Pesfered apiRst B dpPovded 3 FEthpd Obsqupd pproductio

t BedredudRnsighaltshceded 1 PprataboiudR oAt itegmiétbod doenpeising the
sg%qgl; (c) converting the data signal to the audio
S|gﬁal; and (d) reﬁroducing the audio signal. The
pf@cessiptigingfa sine $¥ iphetegiaetiel irepoe of thet PringaPler gdiohiapmat

conpri gén Qi i9cdnips;data  signal to a digital audio

signal, the digita di o signal bejng conv d
© " brptessing i sirdle i BocharBdt ol oS eférfics e
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diegi ,t%n%_ﬂhé&&‘ﬁénaﬂa%éJ‘u@io%iéqélparﬁl' gnal may be
ags)l i fied. The decod| n% may. be by using at |east one
ofd) ShoieProfang MEREPSIIPr ansf or m and Code Excit ati-on
Li near Prediction. The capturing may conprise: (a) -
Sl ik oMk
L FBLioGaTE PR eETIsthe figYal pistio Fipre b cqniuded p the pidio
n@griger s on the centre rail; and (d) sorting al
centre markers. The locating of the at |east three
centre markers may conprise: searching for the at
‘| R gt methpdse thegielacstanaliand thedigitalaudio signgiinay b staish A4 tHe
| gl audid fdnal Jsr:ax thé addiasignat aeBe amplifiser She decading mag ba

S | . .
oo ik o SR efh PABP IR ool eXBliofneer
_iRredigiencentre region fails, searching continues in an
upper region and, if the search in the upper region

so_f.all S ing continues in a bottomregion.
bkl SR

n-all three regions fails a blind

e o ddoqetng Rt aest tvece TR Ealapaskars oftegprivedasdiniaraat egi on,
apf boklidating S%=LNthisE Berdrelmamtess; def i ned.

(c) locating the rest of the markers on the centre rail, and

| {d) sorting alt centre markers.

The locating of the at least three centre markers may comprise: searching for the at
least three markers in a centre region and, upan the location of the at least three
markers, examining a position of all remaining markers is examined. A block-

matching search may be performed.

If the search in the centre region fails, searching continues in an upper region and,

if the search in the upper region also fails, searching continues in a bottom region.
- If the search in all three regions fails a blind decode is performed. The upper

‘region, centre region, and bottom region are all pre-defined. '
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preferred aspect there is provided a nethod of sound
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printable audio format, the method conprising: (a)
capturing a single still phptographic inmage of the
printable audio format wusing a digital still canera;
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pr.i,nt abl.e audi 0 rr? :FH) cﬂ ga) a printed
er{tloct g 3h gt Fap Jieanied pycla mepgbefi {y of
sédic ed segsehing adetaleme aff Isteredr aidiosfor & Glorédaudior ivith & same
encodl B&di®fag Id?,g aud| o signal being I ocat ed between the

rall{l’é Each rail may npri se at | east
f tfﬁﬁh a'f Vi the gudio fa s éﬂ“i"‘l’ yewv"@qﬁnmsto;ﬁd audio
spacedranmdkmgaheﬂoeaawm ail. The markers may be solid
or hollow. The markers rmy be circular. There may be
three rails conprising top rail, a centre rail, and
a/ YRS hespestiproviggga Hﬂfﬂ?wee%'d@ﬁ@wt SRPPAEING: be by usi ng
afa) | eas printatieneddirghud i avkiy gignapur i er  Transform and Code

S:I tag,b,g,gltgb&?ﬁéed%ncoﬁda%el réls ernatively or

d|t| onal be by use of the Short
16} m Fe pised er%ﬁmqimetusmmgo@l@e@g pcpied betweenythe pluealis,
every aivdder franme being deleted prior to printing.
Lateral |y aligned markers in each of the plurality of

rails may be able to be used for determ ning
piersh ﬁ"‘dﬂé\’ eAMPEPY algeastpnenpiker sThethmaybee pliralipi of equaly

fsweedrmﬁrk@ﬁ i ez eaNdiThe rﬁr@r&Tﬁby dakatd oFMeidl. gTﬁ@Jnalﬂé% a
S | e nco
%“HP*'g L8 o5 Bl Tk s Ao orbhg AloPGp LR SR 00 g

g one white guard bit in a cellular
conflguratlon The ceIIuI ar configuration may be a

tbel in o gnent the 2x2 |
d e%l ﬂiﬁ aefjl encp(ﬁneq_ %’éag usmg r%eleals? one of ghort I:f‘erm )lgouner
Transform and Code Exc:tataon Lmear Prediction. Alternatively or additionally, the
encoding may be by use of the Short Term Fourier Transform to produce a plurality
frames, every other frame being deleted prior fo printing.

Laterally afigned markers in each of the plurality of rails may be able to be used for
determining positions of all other markers. The centre rail may have markers
encoding digital data. The digital data may comprise an audio tag.

The printed encoding may be by use of greyscale, each dot of the greyscale having
at least one white guard bit in a cellular configuration. The cellular configuration -
may be a 2x2 cell, the dot being in one segment of the 2x2 cell, all other segments
being for guard bits. Alternatively, the cellular confi guratlon may be a 1x2 cell
there being no horizontal guard bit.



being for guard bits. Alternatively, the cellular
configuration my be a 1x2 cell, there being no
WORMWFEAe4E guard bit. WO 2005/ 059643 PCT/ SR 0RITIIVA46000418
7 The audio signal may have renoved therefrom
frequency in the range 0 to; 125Hz prior to encodi ng.
The printed encoding may conprise a first portion in
which the encoding is in a first direction, and a
second portion in which the encoding is in a second
di Thecaudigrsiona vy hevenerioves! thereram frequaeay imibe rafced® td25Hz
argrdng@fcddiga plurality of portions with an order for
j 0i ni ng- of ?he plurality of portions being contained
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adgll L I [t : rise
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Si rhSe . J : [ r d
SISERP o ot it oBlab bl Bt B P
i POBBT-ums with | ower frequencies at a radially outer
portion of each columm, and higher frequencies at a
radial Ly.inner porti f each colum. The audio
f?guﬁéﬁégydr?ay%orga#c?réoﬁg{}ﬂ?}eﬁﬁg&orﬁ%y. nT ape Erna a pre
of red aspect-thi:fe is
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pr"léﬁ{e'abldea augsldongour nﬁgﬁ ra's gsicrrll ged aQOV%' 'an}‘e entric
pFERELBIE RINEAS U RLET ARSI B1anal SFaoPd 81oUpd g SRagRtrico,
i witla the senfest marketu it piirded enggeing Ftibe pudinsionsl may qondprise a
I BRarERy oﬂfﬁﬁialﬂﬁhn‘éﬁgeﬁ st*ﬁ&lt ienﬁgkea&lrwsnéf@mfe& alfd?k{] fraaﬁés%’aﬁ@'at
o one of . e ot ogr aph, .a page of. a photogra
= PTG R h 3 BogPaToURS: egriaf ofsish b aBrend
f highar fregveneies eng radiadly frinet peytierpdf. eatle colrwin.nthet audip Franres|
amBebd fof ME§rRudeonRr OVi ded a nmethod for [ um nance
snoot hing conprising: (a) determ ning a | um nance of
an extracted marker of a printed audio format; (D)
clhaan gémulimatelprelgmécaspsct theratis pfovided-gphotagraptowroprising-an'

ClapACiRth PR alidd forfBl 55 HAMCHRIR:HLE N B BriRtpik NRidio
p{?l nted:audi 0 Prior tqg ste
e

format . a), a mesh of
7oL BB At 6 0E Rt 't b PG SR e Thecggole
nasudioe fogmat amgyr be ionga \seli-adiesive débet e atlesimernt uorionangetheay
BshofbGaph, "% B8EE BY a photograph album containing the photograph, and a

photograph frame containing the photograph.

According to a final aspect there is provided a method for luminance smoothing

comprisinQ:

(a) determining & luminance of an extracted marker of a printed audio format;

(b) . . changing a brightness level of a region around the exiracted market for
more unifarm lighting of the printed audio ft_)rmat.

Prior to step (a), a mesh of extracted markers may be formed with the exdracted
~markers comprising vertices of the mesh. Luminance may be determined by
interpolation from the extracted markers. '



interpolation fromthe extracted markers. WO

2005/ 059643 PCT/ SG2004/ 000418 8 Brief Description of
WORBSIHSAP ngs I n order that the invention may BETSE2044/000418
understood and readily put into practical effect,

there shall now be describad by way of non-limtative
exanple only preferred enbodi nents of the present

. invention, the description being with reference to

t he acconpanying illustrative drawi ngs, in which

FiRyigF Resgriplion ‘Pf“ge'PTaB'H’(gsperspect ive view of a first

enbodi nent; Figure 2 is a rear perspective view of

t i " T i i f
| WEo i ALRPEDRIE be Sl ot BaB b0
ofeffegt. pliereoghieh plewnbe leseriged hy eweYaoid ren-rgtatiee exqmpriziaglys
i %rei‘ién@ﬂ ?fh&wmﬁts: Hgthfei p@gerﬁnmﬁﬁo?prmé aésdlﬁﬁlgﬁ. béing fwith t
capt ur e [ nte or.ma L. gur e IS a 1ron
C PRGEASE 8 albmRe S e htaue S ERL T D T on Vi ow
of a third enbodinment; Figure 8 is a front view of a

G i@iﬁ%@:@h@,@&bem&é e of PrirktemBodimeit! view of a fifth
enbodi.nent ; [

nent ; re 10 ront. view of a sixth
o RaTa 2R en perspletie viey of Ge el rdRighE "oy et
e fiigwrd iBemblociddiagraneof 1 érgbadinfentoi Figuiedw of a preferred

f Pilyire fis Phrdnblied o iSHoRgfdph Wk a plrtdi YRR format; _
anent aTgedvi ewef partrof -t he-pri nt eq-augh o-f or pat - of - Fi
gbietEe DS Py A BRiStstPRRRAmer Py thed 9 GaRLS the printed audio

afermndt] ustration of a first formof cell configuration;

Ei(—')i%%é@is@fr&n?vi@u@oﬂéée\:!érid"é?ﬁﬂoﬂﬂweﬁtf, a second formof cell

] guratlon; Figure 16 is an illustration of a
sEBRA isriFant dew o reembadie¥tf ormat;  Figure 17 is an
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WCmtbra 10 is able to be used fo capture, extract and reproduce audio from a
printed audio format 48 (Figure 4). The camera 10 is directed fowards the printed
audio format 48 in a manner described below, and the imaging system 12 is used
to capiure an image of the printed audio format 48. Processor 26 extracts encoded
audio data from the printed audio format 48 and passes the encoded audio data to
a decoder 34 for decoding the audio data. The decoder 34 receives and decodes
_the encoded audio data to give audio data.

The decoder 34 sends the decoded audio to an amplifier 38 for the amplification of
the analog audio to enable it to be output through a sound reproduction device 40.
The amplifier 38 may incorporate a digital-to-analog converter in the normal
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border 46. Located on photograph 42, and preferably in border 46, is the printed
audio format 48 containing encoded audic. The printed audio format 48 may be on

the rear of photograph 42, if required or desired.

To have the lens 14 at the correct distance from printed audio format 48, there may
be used an attachment, or built-in facilities, to assist. These are illustrated in
Figures 6 fo 10. Figure 6 shows the use of a single’light source 50 built into the
camera 10. Aiternatively, it may be separate to the camera 10 but releasably
~ attachable to the camera 10. The light source 50 may be a narrow-angle LED or a
low power laser that is directed or aimed at the photograph 42, and in particular at
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Rather than two or three light sources there may be the one light source 2603 with
_one or more lenses to form the two or three divergent beams 2602. The divergent
beams 2602 are to locate on or adjacent corners 2604 of the printed audio format
48 when the camera 10 is at the correct distance from and parallel to the printed

audio format 48.
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once the image Is captured, processor 26 will either extract the encoded audio data
from the entire image, discard the non-printed audio format data that has been
captured and then extract the encoded audio data, or will extract the data relating
to the printed audio format from the captured image and then extract the encoded
audio data from the data of the printed audio format.

An alternative form is shown in Figure 10 where sides 62 are replaced by four
corner legs 68. Each leg 68 is located where there would have been a junction of
sides 64. The height and spacing of legs 68 is preferably the same as for sides 62.
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Each rail 70, 72, 74 comprises a plurality of equally spaced and vertically aligned
markers 76. The markers 76 are preferably circular, as shown, aithough they may
be of cther shapes such as for example, square, octagonal, elliptical, and so forth.
They may be solid 78 or hollow 80. The markers 76 are preferably rotationally
invariant to enable fast circle detection. The markers double as data storage, by
‘using either a solid 78 or hoillow 80 markers to encode data bits.

The size of the markefs 76 and the inter-marker distance is fixed. iay doing so, only
two markers are needed to determine the positions of other markers, thereby.
easing marker detection. A third marker may be used to validate the two markers.
The data area height cah vary, and such variation is preferably encoded in the
centre rail 72. | '



audio. In this way, if the sane canera, or the sane

canera storage device containing the audio database
WOR2085/058643sh card, menory stick, or the |ike) iRCTfug§04/000418
to capture as well as playback the audio, if the

audio is still stored in the database, it can be

found by the audio tag, extracted fromthe database,
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bot t om region 86 - Figure 20(c). If all three fail, it
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blLi nd decode assunes at th entre raj 72 1S at the
e?g‘(ﬁ'f the E@WP rr@i Tg,f it gewgssegz tplyfeéig:t ﬁsﬁg&ékers ‘?6' of the outer raal
let the left-most four markers 76 in centre rall 72 be p0, p1, p2, and p3;

2 the direction vector is given by, dir=p3 - p0.
p3 is used instead of p1 and p2, because p3 is further away from p1, and
thus correlation error due to an imperfect block match is least magnified.

L3 this vector is rotated 90° anti-clockwise, o get dirUp = rotateQO(dlr)
4, normalize, dirUpN = normalize(dirUp);
5. the leftmost top rail 70 marker 76 has an estimated position:
pTopleftMarkerPredicted = p0 + dirtUpN x DistanceToTopRail,
6. search for the optimal position to arrive at pTopLeftMarker =

BlockMatch{pTopleftMarkerPredicted).



G ven three centre marker positions p0, pl, p2, where

pO is to the left of pl and pl to the left of p2, the
WOSLSQ5PEdi cted | eft marker's position, pLeft PPEJYET20¢4#/000418
=p0 + (p0 = - pl) . That position is then refined by
perform ng the bl ock match,gplLeft

Bl ockMat ch(pLeftPredi cted). The new position is then
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f Aot the cerdiaayil T2, e typk, of enacker Tehisi deteromimesl, beingpeither salid 78 are

U Qo AdTREEHEE! thd Ief?&:% C{:F@é&hdété hfid thmgdlér' B4ked 3n the

thi's veétor 1s ro antl-c w se, to get dirUp

= hegdetibe disignge) to thq outﬁo(;q;?a]q gé)ottgm r?@bﬁns. Is known. With this
N Qitérmaiione (tdisr pdedibleSto priadict! whdraied otriep mizaliers 'hﬁaynm KEhis

7 i: d
%reg%ﬁomn hhmbsé pPa3LbRR u#%mgqslngé I P &Qd,&%oe
omﬂm is Bbtsqft“‘%ﬁ‘aﬂé bamd?w«edt@t tosTenpings hipradistecposition is
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PCT/ S&004/ 000418 16 |If pTopLeftMarker is outside the

|rrage the position is not refined; and 7. the next
t jven ai rectaulen rgion Ry @né arterpalate 3y Whish ésda 5ymele impge of the

P Ak fat ddprkfidn sbarcﬁfﬂofn’ i3t toTl‘ith &o;s tepsitor & peppaRidedriisor

the botto The, on

BB BB i A AT B b Felis;
For Fﬂefl&bﬁﬂq@htgfreglm t he type of marker 76 is
det er nk6154n top %moﬁgah@ﬁmwl id 78 or hollow 80, to

extract the_e at a. Th| h er
Based on t h&o" %333%&‘%%%&%?8@?"&{19 tc{ e'atcl)'ﬁls‘ér e(‘?op
70 or bot t olifcAgecEE HighdogelRipln. Wth this

information, it Gétmhd)bﬁtaﬁ&wb@dﬂo@émméﬂe the outer

mar kers may be. Th tion wll be fine-tuned by
.a search if it L[(c} n¥'|"§5‘g\"ﬁ i mge. If the predicted
Replace a previous marker if ¢ is better

Else
Add a new marker.
Store its location and ¢
MinDistance is the fixed distance between two markers 76, "Correlate” may use
sum-of-absolute-difference approximation, commonly implemented in video
processor for Biock Matching in MPEG Motion Estimation.

Validating the markers 76 in centre rail 72 requires:

1. at least three markers 76,
2, the distance between mariers 1,2 and 2,3 shouid be the same; and
3. the angles between a fine with an endpoint at markers 1,2 and a line with

an endpoint at markers 2,3, fo be the same fo ensure they are collinear.




position is out of the image boundary, due to
cropping, the predicted position is wused for data
WORMHBP4ENn. G ven a rectangul ar regi on R, and F&T/SG2004/060418
tenplate T, which is a sanple imge of the marker, a
correlation search fromleft to right, top to bottom
is performed. This may be coupled with a m ni num
di stance clustering by using the heuristics: For x in
left to right of region R For yin top to bottom of
r ¢fging of ReCGbbvectaly, thetisnw naeige isTefecled @atinvelid. (Khis/is, usely! iget
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C cdplatityeampardDioZ00Ble0®a8i®il FHCT/ SG2004/ 000418 17 If any
of the above fails, the input image is rejected as

|nvaI|.Th|S|su ut |ont

{ Both st s ok vt Birdee8 ny Vi, e 9|
Tary B2yrovide reave bitsse the lstoted@utip taghe centre rail 72 is
required for extraction. A mssing or partial outer
rail 70, 74 d rades qu. for FT encodi ng, but
(hasconfeyration oEith PTieci A0 L4 oy SRVBRES Hovever

CELP encodi mprsmadei €grs t he dMguracy provided by al |
LR Efarkd | Spifleter’ 2 md 4 Ouber gailg 70, 74 may be used
to 1 ncrease ﬁe accuracy. They can al so be used for

| €A 1di stortion corfection as centre rail 72

Top Top Data, D FOCHKAXXAXK
FROOKX
HOXROXKXKX

Gap 2, G2

Centre marker c 0 0

Gap 3, G3

Bottom Data, Db HOOOOOOKK
HXOOOOOCAX
p0.9.0.9.9.¢.0.9.4

Gap 4, G4

- Bottom marker o O o)
O =Marker
X = Data

The following attributes are derived from the parameters pf the printed audio format -
48.



typically lies close to the optical centre of the |ens

14, the optical centre having mninumdistortion and
WaaPBdaeed3Centre rail 72 may al so be used to qRICTIBGR004/000418
reject an invalid printed audio format 48. Three

rails 70, 72, 74 provide fgpre header data capacity
corrpared to a single centre rail 72. Both the hei ght

e pri_ t 48
Tﬁ@trfg%%b@%{#a vary tr%?g?g\% dé) étg:gabl ts {ngyt\é:ry
sCarretb MmdmﬂelgiaﬂThé'\&d)hﬁBgLﬁ‘atp‘bn of the printed

e format 48 may l&Q,e I nter-marker Gap, My
op. Mar ker, Di aneter, 1, G Top Data,

- [pspin2 xxxxxxxvx xxxx) Gap 2, @
Gaainse mar ker —@aqﬂMﬂ&)ﬁE?:Bottom Data, Db
X XXXXXXXX=_ & Gap 4, A Bottom
)
marker 0 0 O - O = Marker = Data The foll ow ng

attributes are derived fromthe paraneters of the
Rednft @6 72U6 oGtel @l MB174 igtBsed\WDPRADEHLGEGBAS the outer rails 70,

i b33 B Al dip BB BBk P8, Rei 1 = Mt - G
&4 + Db Drainl = cell(l\/d/2) + Gl Drain2 =

| 2086 (A vha) betericdded ibDinai daRtreral @2 lugihgl 5@ 78 =88 hollow 80
markers, representing “0” and “1” respectively. The two types of marker 78, 80 are
differentiated by comparing the centre of the marker with the neighbouring colours,
The difference is noted and tested with a threshold value to decide if it's a hollow
80 or solid 78 marker. The use of differences gives better tolerance to lighting
variances as is illustrated in Figures 21 where:

+ is the centre of the marker; and

X is a neighbouring pixel. °x” that lies in the middte of the hollow marker rim. e.g. if
the marker has a diameter of 7'( radius = 3.5) the distance witl be roughly 2.

Parsing is from left to right, so that the least significant bit is on the ieft and side.
“This allows the TBRgth of te last-field:-Audio-Tag;-to-vary-with-the-length-of-the

printed audio format 48.

One configuration may be:

Bit Location Description
0 Resetved, always 1
1 Reserved, always 0
2 First stamp indicator
0- Additional stamp
1~ First stamp
3,4 Encoding Type (e.g. STFT or CELP)
Celi configuration
0-1x2
1-2x2
6-8 Index of Additional Printed Audio (for




Drain4 = -(floor(Ml/2) + 132) Centre rail 72 to outer
rail 70, 74 is used to predict |ocations of the outer
WOR0pE05?6#3 74, Drainl to Draind are used duri rRfETdF2904/000418
extraction. The audio tag may be encoded in the centre
rail 72 using solid 78 andhollow 80 narKkers,
represent| ng "0" and " 1" respectlvel y. The tvvo types

0
c
T
v |Af9.\ﬂﬁltld$lgl ﬂfnteﬁ@lubﬂ 8
ng ) of _di enices gl ves hetter tolerance
t o9P1 ghti ng vari ances as i|SStPeflfudieB8%d in Figures 20
_ ﬁ:b +1s The Clentre of ht Qs 46E10,0, ﬂnﬁhmdpiﬁoateofbnt
niei ghbouring pixel. "x" that, L] in.t e of the
hol | ow marker rim_e.q. if k &geach’«példeﬁg‘g}‘gmd?anet er
of 7 (radius = 3.5) the distance will be roughly 2.
Pl |n§=ig§ug O, kffits bR [fréfgtla51¥ pﬁﬁe& lh %tzxﬁ &y 10t three
signiticant iI's on the de. TFis a |l ows
a’ldé’ﬁ@?enfowst he last-field, Audl 0- Tag,
to-vary-wi th-the-length-of-the printed audio format
4% conf dopn may be: - Bit Location
t |on dé'g%:es 8 always I 1 Reserved, always O

Zqiiafds(f':’%arﬁﬁ'aidr(bqoé"btor 0- Additional stanp 1- First
stanp 3,4 Encoding Type (e.g. STFT or CELP) 5 Cell

oo i B B iy s gkt o1l AETasl ok i cbe
1gomippausarey Ppg. n"Ehécﬂuﬂ(Gd?"é)G“F&’F"tef sreges pid Aredn aiew s dof
| gahheusing® esll widbutAsidid bitemedy reditrik anlinbteelseoin bit error. The

data area 49 may have 82 cells per column, and § cofumns per segment. Data

flows from left to right, top to bottom.

Due to paper absorption and imperfect printing, a2 black dot spreads beyond its
boundary. This is countered by using the guard bits (1302, 1303, 1304) in the 2x2
cell configuration 1300. The guard bits assume that the spréad 5 eSS thal one”
pixel, resulting in a clear printout. However, due to, for example, lens imperfection
during capturing, a further degradation may occur which may further smudge the

_print.

A dot from an inkjet printer spreads beyond its pixel boundary causing dot gain.
" The ability of paper to absorb and restrain its spread to neighbouring area is critical
fo minimise dot gain. A 300 dpi droplet is worth only 150 dpi if it spreads into one
surrounding pixel; and worth only 75 dpi if it expands into two surrounding pixels.
For exampie, if two black doté are printed and leave a white dot between them, the
- dots gain cause the white dot to appear as grey or, in many cases, black. Coated
paper resists absorption, while uncoated paper allows a greater absorption, and
thus shows more gain. Other factors affecting dot gain are ink viscosity, rimiming,
and mechanical imperfection. These are not controlled to allow for variation. This
is able to accommodate various printers. What can be controlled is where the dots
- are placed to minimise interference, and the type of ink and paper used.



9-31 Stored Audio Tag 32 Last bit set to 0, which is

opposite of bit O, to detect upside down stanp. As
WOREROSP¢#3Fi gure 14, the bits are preferably prAGH¥R094/000418

a 2x2 cell 1300 with three guard bits as follows: Bit

(1301) Guard (1302) Guard,1304) Guard (1303) A bit

may be black or white to represent "1" or "OQO"

respectively, or may be continuous grey tone. The

guard bits are white spaces and are to allow for dot
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The characteristic of a CELP printed audio format is:
» Each printed audio format is self-contained;
+ The size of the printed audio format is about 1" x 0.5” for audio duration of 2.5
seconds;
» Each block can be individually decoded and tolerates 19 single byte errors;
& A block is an autonomous data unit; '
e 82 cells per column;
' Printed audio format capacity = 14, 350 bits or approximately 1.8 KB with
175 columns of 82 cells,

» Effective capacity, deducting error correction code, is approximately 1.5 KB.



practice Is to conpensate for dot gain by
"brightening" the source image using ganma correction

WE200415°¢8at ed correction. Gamma correcti on hadGIf¥:2004/000418

advantage of preserving the dynam c range. The
di sadvantage is that the gggn is non-linear, which
may cause distortion if used excessively. Dot gain
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vertical quar e renoved cel |l used.
CE@PP@H'%a@g“eIGC"BWs 8Khz speech |nto a 4800 bps
streamin 30 ns franmes. Each CELP frane has 144 bits,
o} rANar N n
ol S icBEing n BCLoBH R B HG! i lo STEE LR b
Cﬁmgﬁﬁck consists of 25 colums of 82 cel I s, giving
ae t AsBinAbw8i2ze* 25 bits 256.25 bytes. ; each bl ock -

uses, onl | eaving 10 bits unused; fit 12
%‘aI"P' %@%‘%’PJ@P%@% taking up 12 * 18 = 216 bytes;
and 128 RepesizeSol onon code takes up the renmining 39

bytes. The characteristic of a CELP printed audio
format |s; Each printed audjqQ format is .
< Dhe Gate ot eaverien i magTIUE G, RS P oD T 17 Begn Ry
i andad26 phask$ per fianke. The2&megnitudbsrapd erendesif and the 128qpheseds ;
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e uctin Frror correction Ppr oxi mat el

HBsomArSterh b [eleIoRReh T SisSigER) Hgihed for providing an effcieit

and error-tolerant process for reconstructing the phases during decoding.

The 128 8-bit values are encoded using a single column so that each column

cohtains one complete frame. As is stated above, the cell configuration is 2x2 with

one data bit and three guard bits, which is the same as the configuration of CELP.

Unlike the digital CELP, data is rendered in continuous grey tone instead of black

or white. Colour may be inverted so that 255 becomes pure black, and 0 becomes
- .white,

To increase error tolerance, the STFT bands may be divided into three groups, and
meore important lower frequency bands may be placed closer to the centre rail 72.
For an 82 cells per column of STFT, bands 32 to 72 may be from centre rail 72 to



21 The error tolerance rate refers to a single block.

However, based on channel error, certain blocks at
WOREOHYEt30f the i mage, away fromthe optical FEHIE004/000418

are nore prone to error than those in the mddle.

H gher error tolerance forpgsuch high-risk blocks may

be used, but this decreases capacity. An alternative
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process. Because of halftoning and the use of grey colours, analog grey tone
encoding may require a higher resolution printer.

A camera lens warps the geometry of an image resulting in barrel and pincushion

distorfion. The “resolution” of a lens degrades and becomes defocused away from
.. its centre. Lens distortion correction may be performed fo rectify this. By placing

crucial data nearer to the centre rajl 72, this problem may be further reduced.

| Exposure fime affects analog (greyscale) data as it determines not only the “gain”
‘but also the ability to resolve different shades of grey. An improper exposure time
may lead to overexposure or under-exposure of the image and may compress the



For an 82 cells per columm of STFf, bands 32 to 72 may
be fromcentre rail 72 to WO 2005/ 059643
WORIHS2@04/ 000418 22 bottomrail 74; and ban®ETEG2604/000418
31 then bands 72 to 81 fromcentre rail 72 to top rai
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For analog (greyscale) extraction the average of nine pixels is taken: one centre
pixels and eight surrounding pixels each offset by half a pixel, to obtain a more
stable grey value. A bias weight favouring the centre pixel maybe used {o increase
its accuracy. The grey value is then inverted and stored for decoding. '



but also the ability to resolve different shades of
- grey. An inproper exposure tine may lead to
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26edilhp header data to control this task. The audio is replayed all at the one time.

Figure 18 shows the overall process for audio reproduction:
- the image is captured (1700)
.= the data of the printed audio format 48 is extracted from the image (1701) -
- the three centre markers are found by the search (1702)
- the header data extracted (1703) |
- the audio tag extracted (1704)
- database is searched for the audio tag (1 705)



The wei ghts are decided enpirically. For anal og
greyscal e) extraction the average of nine pixels is

WO e centre pixels and ei ght surroundi F§T51Ga894000418
each offset by half a pixel, to obtain a nore stable
grey value. A bias weight d4savouring the centre pixel
maybe used to increase its accuracy. The grey val ue
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49,

if perspective distortion correction is to be included, at least three markers 76 are
required for ‘each audio content 49. This is shown in Figure 23(b). Again, the
~ markers 73 are arranged around or adjacent the periphery of each audio content
48 and most are at or adjacent a comer of each audio content 49. However, this is
not essential as is shown by marker 76 that is intermediate an edge of a side of an

audio content 49.



- the image is captured (1700) the data of the printed
audio format 48 is extracted fromthe i mge (1 g
WOREYYPE centre markers are found by the searf/ G2004/000418
(1702) - the header data extracted (1703) - the audio
tag extracted (1704) - datzbase is searched for the

audi o tag (1705) WD 2005/059643 PCT/ SG2004/ 000418 25
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the comers of audio content 49.

In Figure 25, the solid circles are the extracted markers 76, and Li denotes their
corresponding luminance. The luminance value is the average grey level of the
extracied markers or, if it's a colour marker, the Luminance Li = (0.299 * Red) +

- (0.587 ~ Green) + (0.774™Blue), where Red, Green, and Blue are the-average
Red, Green, and Blue colour of the marker.

To correct the luminance at arbitrary point P, the following is performed
Let the luminance of the brightest marker be Lmax = max(Li)

The Luminance at point P, Lp can be interpolated from L1, L2, L3, L4 or more
neighbouring vertex.

Let the extracted grey level at point £ be Gp.
Then the luminance-corrected grey level Gp'= Gp * (Lmax/ Lp)
Whilst there has been described in the foregoing description preferred

embodiments of the present invention, it will be understood by thase skilled in the
technology concerned that many variations or modifications in details of design,



| f perspective distortion correction is to be

i ncl uded, at |east three markers 76 are required for
WO2095/009¢430 content 49. This is shown in Fi gur PCERGA04/000418

Again, the markers 73 are arranged around or adjacent

t he periphery of each audi @jcontent 49 and nost are

at or adjacent a comer of each audio content 49.
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As is shown in Figure 24, a circular marker printed
audio format 210 may be used with a central marker 76
and a single audio content 49 arranged concentrically
with marker 76. STFT magni tude franes arranged in
columms 212 may be used extending radially of marker
76 with | ow frequency bands being at the outer

peri phery and extending to high frequency bands

adj acent marker 76. Lum nance snoothing is shown in
Figure 25. Here, the |um nance of each extracted
marker 76 is used to predict the brightness of the
region around it. By having the predicted brightness,
the region around the extracted marker 76 can be
darkened or lightened to achieve a nore uniform
lighting of the printed audio format 48. Initially, a
mesh 310 is formed with the | um nance of the extracted
markers 76 making up the vertices. The | um nance
within the nesh 310 nay be estimated by bi-linearly
interpolating fromthe extracted narkers' 76

| um nance. Higher ordered interpolation such as, for
exanpl e, cubic interpolation nmay al so be used. The
resulting | um nance map can then be used to even out -
the brightness. In Figure 25, the solid circles are
the extracted markers 76, and Li denotes their
correspondi ng | um nance. The |um nance value is the
average grey level of the extracted nmarkers or, if
it's a colour marker, the Lum nance Li = (0.299 * Red)
+ (0.587 * Green) + (071l14- rBlICe), Were Red; G een,
and Blue are the-average Red, Geen, and Bl ue col our
of the marker. To correct the Ium nance at arbitrary
point P, the following is performed Let the |um nance
of the brightest marker be Lmax = max(Li) The

Lum nance at point P, Lp can be interpolated fromlL1,
L2, L3, L4 or nore neighbouring vertex.



Let the extracted grey level at point P be Gp. Then
the |l um nance-corrected grey level G'= G * (Lnmax/
Lp) Wil st there has been described in the foregoing
description preferred enbodinents of the present
invention, it will be understdbdd by those skilled in
t he technology concerned that many variations or

modi f, ?gs in details of design, WO 2005/059643
PCT/S 000418 27 construction and operation may
be made mnthout departing fromthe present invention.
28 The Claiigial slill dartbirgico@prisyigh | | camera, conpri sing:

g ?21 ’ l?agpgf’lta%HEtﬁ‘ﬁrQﬂgh(fc I‘”ngglﬁ%; Q;%t%%’ fof 9Jg8ufrﬂ§ a %ﬂ@% #@Wn%: raphic,
cdnt anaﬁew@prwtqﬂrmawr@ummm g @Wﬁ&taﬂd'emfmat processor f or
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ofs) I ma
decofi %89?%%”@ﬁ%oded audio data to an audio signal;
and {90 (dp despdatidi receiningand deordingudhegercodatgputivalatadel apaudio
S|gn§bna§maud|o 2 Adigital still camera as clai med

[ iml1, rther_co a data storage for
Qo gge o?"ﬁWy %5%¥ﬁ%ﬂ&BﬁF tH%a%W%%@E%mﬁﬁHPo data and
the audio signal. 15 3 A digital still canera as
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reproduction. 4 A digital still canmera according to
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canmesgiicfer ep@bdgash.i N claim 1, wherein the photographic
i mgi ng systemis also for taking photographs and
i ncludes an inmage capturing 25 device. 6 A digital
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5 A digital still camera as claimed in claim 1, wherein the photographic
imaging system is also for taking photographs and includes an image capturing

25 device.

6 A digital still camera as claimed in claim 5, further comprising at least one
microphone for capturing an audio signal associated with a photograph, and an
analog-to-digital converter for converting the audio signal to an input digital audio

30 signal.

S g A digital still camera as claimed in claim 6, wherein the decoder is also an
encoder for encoding the input digital audio signal into encoded input audio data
able to be printed in a printable audio format.

35
8 A digital siill camera according to claim 7, wherein the processor embeds

the encoded input audio data into an associated photograph such that printing of



anal og-to-digital converter for converting the audio
signal to an input digital audio 30 signal. 7 A
digital still canera as claimed in claim®6, wherein
the decoder is also an encodgg for encoding the input
digital audio signal into enc6ded input audi o data
able to be printed in a printable audio format. 35 8 A
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processor e t he encoded input audio data into an
asso@?ﬁ?@’&e$ﬂ6’i°of@’|"?ﬁh such that printing of 29 the
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cl ai wherein the mcrophone is selected fromt
grougk88ﬂ§@§W]ng of: built-in to the camera, and
separate fromthe canera but operatively connectable
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prodiiti ngA &itplrssl cameyh@s istaineddin et owiereip e decqaereserder
bocagricodest gnd d%'éodiéé(:@(ijr@ & Ibe%ﬂﬁ?@f)f Bﬁ‘rﬁt A t@lnegtridnkform and
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I oca{:?dgﬂix?g? {:'U‘:ear?’f)e‘}fcﬁ% ‘printed audio format. 15 A
digital still canera as claimed in claim 14, further

cConp{4 S' ng d%ltaﬁ%ﬁlp%erja 'ag Qraln%?itm cfin? ﬁ’afﬁﬁl%r bR PRidirdea first light

first %hé sou;ce and # g % rﬁ % a second
source heing for producing a first Tight bea dlrecta letda requwed location to

- 25 locate a lens of the digital still camera a prescribed distance from the required

location relative to the printed audio format.

15 A digital stii camera as claimed in claim 14, further comprising a second
light source spaced from the first light source and being for producing a second
30  light beam directable to the required location, the first and second light beams
being co-incident on the required location when the lens is the prescribed distance

-...from the printed audio format.

16 A digital still camera as claimed in claim 15, further comprising a third light
35  source spaced from both the first and the second light sources, and being for
producing a third light beam directable to the required focation; the first, second



30 light beamdirectable to the required |ocation, the
first and second |ight beans being co-incident on the
required | ocation when the lens is the prescribed
distance fromthe printed audio format. 16 A digital
still camera as claimed in cld m 15, further
conprising a third light 35 source spaced from both

the £id sk ﬁ‘d}‘f’ R&I}rgs e ?tuggéﬁtﬁmdc S S, th?rﬂgct ﬁgé RatloR when
ié

produci ng” a eam
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| ocathe@ameml ittt & Bxet position the pret@idled tidiaocd aioratnd parblel to the
atta? ising a frame to which the canera can
be a tacheg such that the canera is at a fixed
pbsition the prescribed distance above and parallel to
the 19ri nhegita sl enfeod aBtlaimddinliird14difgtteatonsdrising at least one
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| eas
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bei ngeédﬁﬁeodalrseﬁ&d ﬁ(ﬁhl t0d qiarduaasttré@gmém Bldk& forneC &ld @Bt light
e | ahce
(D705 38 oot e gneh i oA S DR o gcleA S e groue

15 s@lﬂﬁl@@gaﬁép@dqré agart, laader-ingdentf ur t her | i ght source

bei ng sel ected fromthe gr oup consi sting of: spaced
apar co-i nci dent. still capera. as

P o Ik T A cgatsREcemegs s,dmmies st iy er GormaieRB g nder
Con'ptmlTEprlﬂgp a wevevinder riciere, theaviey fibdee framevedmiprisiag af plaatity of
ﬂ)o n'pﬁénﬁ-:l ed f(gl dlgcgllnb dtyonngwrg(g) Iofcét ogéH 191%3 BP&?\ {)ll"]nted audio

pl acement on required locations of an I m
pri rfPEt hen @efddﬂ‘tﬁ'a‘%t'" matwbaﬁgiat'saw@ﬂ'w peatadyelative tg the
subsgriateiizatib yor@ar rect |y | ocated relative to the

printed audio format. 20 A digital still canmera as
clainmed in claim17, wherein the frame conprises a 25
baseZhavimgioitan swp‘;emﬁw@asﬂwmﬂgh chai th wherein|tieerfeaneesgpmprises a

;%a?tuag@ hbhﬁg laﬁnwenm Heowdh vm,ﬂtﬂb idr¥ ah oEbﬂﬁé m@lt.tngge and a
extendl ,n e or e I Cri ance.

o ok B O el Pl g nd e RS rerctibe tahe

- wherein at |least one of the plurality of side walls

i nclyqdes n@glg’teﬁ it cGa lab YRImSOH Toffin 28T whdréil Bt Rk W of the

the print
pﬁ)urahty of side walls includes at least one light source for ilfuminating the printed

30 audio format.

w22 A digital still camera as claimed in claim 21, wherein the at least one light -
source is remote from the digital still camera so as to be outside a visible region of
the lens.

35



30 audio format. 22 A digital still canera as cl ained
in claim?2l, wherein the at |east one light source is

renote fromthe digital still camera so as to be
outside a visible region of the lens. 35 31 23 A
digital still canera as cl ai med in cl aim17, wherein

the frame conprises a base having an opening through

whi chyst he 4 cﬁ@%; et | rﬁé’@tayﬁlgln%:t]% & 99'wﬁ9?(gn fhe frelnw grhbﬁs\és a

of | egs exten rom ase prescri be

di st é’ﬁ%eeha"@g 2n OReWtWBEE%Wh'?@B? l?ﬂﬁﬁél”rﬁjp%if? Beinage-<angRal
enc o gecklityrof g extaidad f@uatthe bdserforalig preddibeddtivad.
conprising: (a) placing a digital still canera

adj acent the printed audio format with a lens of the
dPgi 241 Amethod o Fprodueing it fetip $igiph PeRedehis ﬁo?rlniﬂde?d'd'o format,
audi enef astA@t condpRéingdr i Nt ed audl o format being within a

focal r an Eacﬁéaﬁir&galls?lpca’m cﬁ c)ant%?é) or n(egr}:%dla fosrrlnleNt% e&iens of

Stl||( pho prin for e
in ttl‘haghgjﬁabiﬁtﬂl gamgqmqlrpctgchmyﬁrds tf‘(ed)rmpﬂ@@élggtprmgt thggorinted audio
Si nglf&mﬁttuekdg mmhmtaqgcraa@hg@oflmmg% of the printed audio

the digital to d
06D or rtehect SO bl sl P8 ROMEE R Bed
audi thefdigitatestill cangeye data to obtain an audio signal; 15
and (&) f6%9&%@'tﬁbgsﬂgfkest%ﬁdt9gr§dh9ﬂﬁ‘uhg@§ftﬁéﬁ?ln@d%ué‘ik)?’drﬁat in

25 A method as Clainmed in cl

pr ocgﬁé*'gﬁ@' sh¥ C%"P’Féa {SrAr ?ﬂ“é%lp"éﬂﬁf‘i %‘d"’ff?j’ Fﬁh‘t“a%ﬂ%? i ses 20

( a) [(dtri emcegingnheaprihtea 4udig forrairinidge data taobdinaumciudio signal;
magg. fdata; (b) searching a database of stored audio
f1 a stored audio with the sanme audio tag; and (c)

i f tff‘é st BIPEWUERING awdie piorahas M'Q}a%dég is found,
retrleV|ng the stored audio and using the st or ed

audi g a audj et hod. as
i crdy oo delnd) §RBn 7630 eS I RioSen Bl Py BulfRd auao

audi f@rrﬁ@jrcnmpn&@@nprl ses: (a) extracting encoded audio

ot acdh r oMeirRing R dhido B itbin IRNGHNRATRBIBiIRadeREE;
(b) searching a database of stored audio for a stored audio with the same
audio tag; and
{c) if the stored audio with the audio tag is found, retrieving the stored audio

and using the stored audio as the audio signal.

25
26 A method as claimed in claim 24, wherein the processing of the prinied
audio format comprises: .
(a) extracting encoded audio data from the single still photographic image;
{b) decoding the encoded audio data to a digital audio signal; and
30 (o) converting the digital audio signal fo an analog audio signal.

-27 A method as claimed in claim 26, wherein the decoding is by using at least

one of Short Term Fourier Transform and Code Excitation Linear Prediction.

35 28 A method of sound reproduction of an audio signal encoded in a printable

audio format, the method comprising:



(b) decodi ng the encoded audio data to a digital audio
signal; and 30 (c) converting the digital audio signa

to an anal og audio signal. 27 A nethod as clained in
clai m 26, wherein the decodin% is by using at |east

one of Short Term Fourier Tra 4f orm and Code

Excitation Linear Prediction. 35 28 A nethod of sound
repr QQU ct 'cgﬂurﬂfg @Qm@b’ &P pidiepahicCinGae %fj tHeMpridtaBlel dHaROlofnat
audi o nmet hod conprising: 32 (a) capturing

a S|H§P%35EW#PM B€6Yr aphi ¢ i nage of the printable

audi @b)f or wetcessirgi they siaglel ist nr@logaphicllmagmmreatrao@ Berefrom a data
Pr 0ceRahNGrbHBnditd @' 3 §L&.$ glgnglof&gérﬁ'r@" hE dallPG6hal B the audio
extracCt therefrom a signal corresponding to the
atidi §'987IgHY| ; convertlng the data signal to the audlo

5 si ¢gnal ; renshugia) theepdiodiyeding t he audi o signal. 29 A

nmet hod as clainmed in claim28, wherein the processing

of the printed audio format further conprises _
decod? n§ MRt PIgeLA £lain 88.avhgrel thalprogersing of thgrpsinted audio
t he fokMattiughdr Alomdtisés QeSddHttthe RRINGg P Y ardigrel 4Rid Kignal, the

| al i.ned in claim?29,
i APl 308 sioRP ot ERDORe B pRITREY O % T tat
signal and the digital audio signal. 15 31 A nethod as

cl ai ggda infetriok @k Aaidied il HERNRY, (ERERLHDIHG A6 af Khdl Gn@Bf the
| east one audi o signal ‘and the audio

si gn¥ft@ sig%A gﬂ%ﬁﬁgaalggélgplgn d in claim28, wherein
t he reproducing of the audio signal 1is by means of a

|15JUd§’P%Jﬁ§fhod Q§ ciQiFheQH\t aérhh Zgoﬁxhﬁér dobori £ Cr%?@ a‘Preast one of

E ones. as clalne
vvher Pﬁ"gttﬂé‘“@%é'ﬁﬁﬁ"ﬁ@dﬁhgaﬁ‘i}"ﬁf@“aﬂrg at | east one
Short Term Fouri er Transform and Code Ex0|tat|on

Li negy R Frﬁ%‘& taE glgrmeﬁ% (ﬁ‘a H\Péshgrgerglﬁ é@ r%g%ﬁ\]qc rléﬂ)f ﬁ-leaéuﬁ‘ozggnm

wherei n the cap npri ses:
| easi® by eaes ¢f @ﬁqqdépqa \al! Ofr?arol@@ribsoﬁ\wt faieaiphones eblh%d Ehctﬂes
format; (b) validating at least three centre mar ker s;

th k
a1 e GalnE i PO SRR e Ring * 688G ofeastone
met hef@har Teﬂrrafr'crmer Transtdrmiany Sdde Eutviiation hinetrePrediciat | ng of

the at least three centre markers conprises searching
for &ﬁe athofast three markers in a centre

A met as claimed in claim 28, wherein the capturing comprises:
25  {(a) locating at least three centre rail markers of the printed audio format;
(b) validating at least three centre markers;
{c) locating the rest of the markers on the centre rail; and
(d) sorting all centre markers.

30 35 A method as claimed in claim 34, wherein the locating of the at least three

centre markers comprises searching for the at least three markers in a centre

-..region .and, upon the location. of the at least three markers, examining a position of . ...

all remaining markers.

35 36 A method as claimed in claim 35, further comprising performing a block-

matching search.



regi on and, upon the |ocation ofthe at |east three
markers, exam ning a position of all remaining
markers. 35 36 A nmethod as clainmed in claim 35,
further conprising performng_a bl ock- matching
search. 33 37 A method as cldrmed in claim 35,
wherein if the search in the centre region fails,

sear %I?” nﬂ n{é%t:l'a@ Lé%%nédnin %rémlr‘ @Q%he'?ﬁrglf% &Qr@h |ﬂ {t{netcgﬁtre region

search in the upper region also falls, searc

cont faltesarching cHypyes Pleyish regS’“:?BdN %P%ﬂ‘ ‘Béhectl'p&F'h@Q"’”
I N clBb Mmilg deareliey @intnuek irt digotismaegidn.i n all three

regions fails a blind decode is performed. 39 A

met hod as clainmed in claim37, wherein the uppe

r égl éh, oamthod a\sé@”l naefl inpiRim 360‘("[‘@5‘?1‘1" ﬂfé@ﬁ sRprelria a§|t|]ree regions
pre- &ﬁ!ﬁ b BRd.deddle is performed.

32 A method as claimed in claim 37, wherein the upper region, centre region, and
bottom region are all pre-defined.
10




