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FORVMAT Field of the Invention This invention rel ates
W 200sfis6dqsal still canera with audi o decodi ng 8pgsca004000418
encoding, a printable audio format, and corresponglng
met hods and refers particularly, though not
exclusively, to such a digiflal still canera able to be
used to decode previously encoded audio, and for
encodi ng the ausiirafis WGblo RSrMATP! | Nt abl e audi o
format for the encoded audi 0. Background to the

I nventi on There have been many proposals for encodi ng
audi o associated with an inmage such as, for exanple,

a [Fidd 613héRbstionnage, or a docunent, to enable the
encoded audio to be printed as an audio format wth,

or for application to, the inmage or docunent.
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I ea QHMGEANSLgRY St €ém  Such scanners are also prone to
errors in reading the printed audio format, as they
are hand operated. Sunmary of the Invention In
acBarkgmwed tohelinentioef er red aspect there is provided a
digital still canmera, conprising: (a) a photographic
I magi n’? system for capturing a single photographic
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_ also prone to errors in reading the printed audio format, as they are hand operated.

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 extracting encoded audio data from the photographic
image;

{(c) a decoder for receiving and decoding the encoded audio data to an audio
sighal; and _

(d) an audic output for outputting the audio signal as audio.

“Data storage for storage of at least 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

wociobswsoeds Li near Prediction. The digital stil lpcaaRRo@/000418

may further include a first |ight source for producing

a first [|ight bean1d|rectaQIe to a required | ocation -

to locate a lens of the digital still canmera a

prescri bed distance fromthe required | ocation

relative to the printed audio format. Alternatively,
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as to be outs:de a visible region of the Iens

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
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| ocated relative to the printed audio format. In a
-further preferred aspect, t ere is provided a digital
still camera for reproducti of an audi o signal
encoded. i printabl e audloforrrat the digital still
ca i Feguir H‘iﬁﬂ?feuqﬁ@n inagp o the |pategugishionnat wheyi thg digital tstim
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anpl [ f)nhdggrabfmctmagbo signal, and a converter for
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out put rm be sel ect'e rom ol spea

out put S galRndy o earp one or-herdpho -c% The i nagi ng
syet emarm}a a]lomgel‘m dtwage efkatnghsp by @ﬂﬁ@@u&oafﬁam the
i ncl udegnag at:Capturing device. There may al so be

‘provi ded at east one m crophone for capturing an
audi o signal associated with a photograph, and a

c@he digitabstilticomerateay et dd@pRRain2Qdia Y@ rdrougind tlaudio
adhd) as dilifin, decoder may al so be an encoder for

encodi ng the input digital audio signal into encoded
i nput audio data able to be printed in a printable

 aFidhi oot aspeats, ffhamgateloamaﬁmérarmay ﬁﬂhﬁdcd'rﬁbﬁsee&i: Qﬁhsﬂ‘c# fput
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a@mﬁaﬁiﬁmd i nput audi o data together

wi th the associ ated photograph may be stored in a data

_s orage W thout enbeddi ng the encoded. audio data into
imading-svstemymay also be for taking photographs and may include an image

captunng device. There may also be provided at least one microphone for
capturing an audio signal assoclated with a photograph, and a converter for
converting analog audio to 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 audio data into an associated
photograph such that printing of the photograph will result in the encoded input
audio data being printed therewith as a printed audio format. The encoded inpui
audio data together with the associated phofograph may be stored in- a data
- storage without embedding the encoded audio data into the associated
photograph. The digital stilt camera may further comprise a printer for printing the
printable audio format.




phot ograph. The digital still camera may further
conprise a printer for printing the printable audio
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encoded i nput audio data nmay be stored separat

t he phot ograph and have a data connection to the
phot ogr aph. The m crophone day be selected from
built-in to the canera, and separate from the canera
but operatively connectable to the canera. The
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Exdiavmﬂaiﬁc@nmwtomreampwayn. I n_anot her preferred

aspect there is provided a met hod of reproducing an
au oded.in rlnte audi o format
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digital still canera; (c) processing the single still
phot ographic image of the printed audio format in the
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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 audio with the audio tag is found, retrieving the stored audio
and using the stored audio as the audio signal.

Alternatively, the processing of the printed audio format may compnse
(&) extracting encoded audio data from the image;

(b) decoding the encoded audio data to a digital audio signa!;

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

- Atleast one of the encoded audio‘data and the digita! audio signal may be Stpred.



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 nethod of sound reproduction

an audi o signal encoded in 2 printabl e audio fornat,

the nmet hod conprising the teps: (a) capturing a

single still photographic inmage of the printable audio
format wusing a digital still camera; (b) processing
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SI gepd:; and (d) reproducing the audio signal. The
%essba{bﬂmﬁé atsk?ﬁle%ﬂ Bﬁcﬁggrﬁﬁfﬁ@ ﬁaﬁ@ﬁmg pﬁﬁ%blé lé[.&@ %rmat

conprise_decodin sg si gnal digital audio
si gnal , Y§M9& Qi b‘?a"ﬁf?dl o signal be| ng converted to
t héb) au dprocessmggina Isingte-atill ghotographib drikgye 16 beiradbithereBorg Badata

;ndI Egle %4 %O@if%wtgt@gg&ﬁglgﬁg}y be stored, and the

e audi o signal may be ‘
) i f i epveringdhesisignalde thgypudie sigsdi apdi ng at | east one

of(dﬁhorrbprﬁmrcnigmtwmesigﬂa] ansf'orm and Code Excitation
Li near Prediction. The capturing may conprise: (a)
--iota-iE'ng atleasffhree centre rail

maPhedresetingrfé the printecaydio fermst Gayfither corpprisa dpepding thg date

| esigrial to Ardeftalcadib ignaltiid@gital audd) sidnaidiing REnvehed toaisd aualo
the qprkers on the centre rail; and (d) sorting all
cemtre markers. The | ocati ng of the at |east three
centre markers may conprise: searching for the at

|- e bl nBh&R, B e &i§ndl BncPth6 Gigitd) QudiegyraimayBe stvR@ank B

(e} t ast thr r ni n

A o Sork o e RS BB, g B 09 12
bI kyaring Fleash PRyl Sbert ZE rigreTrpvsfor eng Godq Excitation disgarch
I rerédi@iog.entre region fails, searching continues in an
upper region and, if the search in the upper region
al so fails, sear Chl ng continues in a bottom region:
Ifmﬁﬁ@tWGP@Mcq’Wfﬁ?I three regions fails a blind

dﬂrﬁfﬁmmmﬁﬁ@mﬂm%rs-mipﬁmed%ﬁ&ﬁ;egi on,
a% bot v hdn?m eag‘ega thi ereece J. m%gk%rsdef | ned.
(c) lacating the rést of the markers on the centre rail; and
{d) sorting all 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, upoh 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 ali three regions fails a blind decode is performed. The upper
region, centre region, and bottom region are all pre-defined. '




preferred aspect there is provided a nethod of sound

WORIRMEsd4son of an audio signal encoded in a perser004/000418
printable audio format, the method conpri sing: ((‘a§

capturing a single still photographic i mage of the
printabl e audi o format usiﬁg a digital still canera;
(b) processing the single still photographic inmage to

extIPABka ey preferad asngeltizere isipmvitkd e onathes pd smlind gepraiutton
audifan Side Ednal dnd iR ol ki

pri n)t gdu-a dlng i nadegﬁi’%%@&blegl{agfear chtﬁ%g]ggo%g%é@ 3 of
D gL bl o, AR sfiCarBioataiie irae ot temisbivcaucia fomoa
tag; andsit@s digial stilileaméray ed audio with the audio tag is
fo R =\ ; K ' e Ci th

ot oy ERCRY IRkl irboe BirRE HR R o fate
print abls'@"aéﬁ?iTeép‘%ﬂ\"%ﬁ’tt“‘tﬁh’fﬁ’rﬁ'%'P’hg: (a) a printed
enmdid nepiniEving an audt tag sd@malpﬁptédaaud?; iPbgl did; ty of

spaged- Lsi. (c), the printe

en ggd in Q% ¥nlg ﬁé;gag%%&% us%ﬁé%%’é e )fIBr@gtaé'g'o BE'E’V@% f2Phe
“plural i B¥Aiot8% apdi | s. Each rail may conprise at |east
one) rer km.stontﬁidmmhth@a@liopda%@douw Léhfevﬁﬂ 'yl %Hred aydio,
space ‘ rail. e markers may be soli
or hol I%af()blﬁétilr're}rt?%%?%uc“oﬁay be circular. There may be
three rails conprising a top rail, a centre rail, and
a Abetifiirher aspbdt prolibss DirinfabR Gu@b fRHatRempRIngDe DY using

at .| eas hort Term Fourier Transform and Code
Ex(ca#t atél%rﬁ&?ieﬁéog'rﬁgﬁfaé'oﬁugﬁs@ﬂ?’ Alternatively or

ad@ t i GhRIWPHlY ofisproed-pariandipgralislailie by use of the Short
Teon Faik privked Bhadfig@f e BOdiP SIS PloRhdd Rl the‘:%ﬁﬁfﬁﬁ’

every ofper frame being deleted prior to printi
Laterally aligned markers in each of the plurality of

rails may be able to be used for determ ning

P dStch iraiNfaydorplide RUSYEL oneBheRdrS : L . -
has\ggceqqgﬁglgi:t%&cogi 39 digital Th%\-rtggvﬁ?%eéﬁwéﬁ gf g@é’%ya
may conprise an-aldi o AgPHEYS st ar kelewdiThe medprsbe
bymayde cisgulagr dyiere arfag be theastail$aompfisingretog ratlyssamtre rdil 2and ag
atboltgaml, one white guard bit in a cellular
configuration. The cellular configuration may be a

2x2 cell, the dot being in one segnent of the 2x2
cdhe Prigiefl epeoring mey rbenitys using at least one of Short Term Fourier

Transform and Code Excitation Linear Prediction. Altematively 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 aligned 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 martkers
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 configuration may be a 1x2 cell,
there being no horizontal guard bit.
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being for guard bits. Alternatively, the cellular
configuration my be a 1x2 cell, there being no
WwWohisRessas guard bit. WO 2005/ 059643 PCT/ SR200¢4PR84 B 000418
7 The audi o signal may have renoved therefrom
frequency in the range O to_125Hz prior to encoding.
The printed encodi ng may cofprise a first portion in
which the encoding is in a first direction, and a
second portion in which the encoding is in a second
dir =0, f

oy r@ﬁ%h&?@sag@ﬁrafﬁérvgtr?{%\%g ?ré%g?rgrlf%ﬁr%&a iﬁﬁﬁ(e éhg%oo e‘125Hz
j owﬂ?ﬁ%e%P'?$e plurality of portions being contalned
i n header data of each portion. Crucial audio data
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LNt ed encodi n
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i Npgfibirms Wi th | ower frequencies at a radially outer
portr on of each colum, and higher frequencies at a
radially inner portion of each colum. The audio
fr@rusblaudiaylafb@a&becinmgmmerwh'emily. of a penutfim pre:
of gyred as eect"ttie're is

id raph-conpri si ng- an-
P Ry & SBoral.nRe GG curP T, By S 5 oenial
pr nankerAnd aguioked endodingraf amaugiotsional ay@ngedcdround @ndt pergentricor
| Nwith RO LG rﬁérﬁér”ﬁet Hfteld TR Ring UP ﬁre%fuhrets?;hél‘?nay%ﬁlhl%e a

rg on a, sel f-adhesrive or aftachment
top‘gfa'év gl é"arrsﬁi!; 'wrtafﬁh Fouger fragsforgied qudin SpiBe} AfReed
al i walumonwitti lnwerdrethenciel et @ gadigtii putenpbriion df kadhoghsapand
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aﬁrgect there is Frovr a method f um nance
s BB bR gredplids PPl ng: (a) deternmining a | um nance of

an extracted narker of a pri nt ed audi o format; (b)

extract eg r ket ? erre un| or m ht| ﬁwﬁpﬁﬂg—aﬂ_
o TG s agrstepls, o, foprt qeacr@s%abcevg) The pristaplecqudio
e Xoneat eylbana pactof shenhmpgdy @r nGr oedbr wrolit thi émagis! TAE printbbie

eR" B 'i%gi rgé BY o’ S&AdhBsiveC fanbiNBr RS RmehUS! SRNGE HERY
be determ ne .
photograph, a page of a photograph album containing the photograph, and a

photegraph frame containing the photograph.

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

comprisiné:

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

() changing a brightness level of a region around the exiracted market for
more uniform lighting of the printed audio format.

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



|nterpol ation fromthe extracted markers. WD
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wonBssNgs | n order that the invention nmay beryfsddobanoodis
understood and readily put into practical effect

t here shall now be descri be[g by way of non- limtative
exanple only preferred enbodi ments of the present
i-nvention, the description being with reference to

t he acconpanyi ng illustrative draw ngs, in which

Fi @uierDekctigtiondf thelDrawihgper spective view of a first
enbodi nent Figure 2 is a rear perspective view of the
first enbodinment Figure 3 is a block diagram of the
enioeltierdiat thef inventinnr reayibe fuﬂsgunderstﬂ gndh refadibhput iite wagcak
phgﬁ&grmb shbif riiov’il He' Hf&:ﬁ%g Io@frﬂﬁ-iumltﬁivguéxﬁmélte' enly
si de, vi ew enbodj nen apt u

© hirSise o, o (55 pigeerteirenben. e oSeRcrebn b St
a Erenae todindhadomganying llluatrgweeiramngs irmwhiclont vi ew of a
third enbodi nment; Figure is a front view of a
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P
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Ig{.tl'@ I5\A Teap view of a photograph with a printed aud|o format

of Figuré § it dike-yisw ofttiecirstuestibodimentads ueéd toicgptue-the printédaudion
er@m.rrent; Figure 14 is an illustration of a first
formof cell configuration; Figure 15 is an -

i | Higree 6 ige front visw of asecopf @MPRAiMeNSt cel | confi gurati on:
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1o format Figure 18 is a
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Figure 1318 an enlarged view of partof theprinted-audio-format-of- Flgure-‘l 4z

fourth embodiment;
Figure 14 i is an'illustration of a first form of cell configuration;
Figure 15 is an llustration of a second form of cell configuration;
Figure 16 is an illustration of a second form of printed audio format;
Figure 17 is an illustration of a third form of printed audio format;
~ Figure 18 is a flow chart for the capturing of an image of the printed audio format
and replaying the audio;
Figure 19 is a flow chart for the capturing of audio and creation of a printed audio
format;
Figure 20 is three illustrations of cenire marker searching; and
' Figure 21 is an illustration of fdur examples of refining threshold;
Figure 22, is an illustration of sample positions for testing if the marker is solid or
holiow;
Figure 23 is an illustration of alternative marker confi guratlons
Figure 24 is an illustration of a radial configuration;



Figure 21 is an illustration of four exan'pl es of
refining threshold; Figure 22, is an illustration of

wWobeepesi ti ons for testi ng if the marker is sgelisd2604/000418

hol l ow;, Figure 23 is an illustration of alternative
mar ker configurations; Figure 24 is an illustration
of a radial confi gurati on; WD 2005/ 059643
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of &iguri2g it dn iREhHadh oRmMicighthlRibadilhes, Descri ption of
Preferred Enbodi nents To refer to Figures 1 to 3 there
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pri nt gf%gd&a‘%%%{rkﬁg 521820%% ﬂﬂipgthir)’p ‘%‘HBSE ' Fﬁal%"
di 8%f8d towards the printed audio format 48 in a
manner descri bed bel ow, and the imaging system 12 is

s S0 920088 0Bl e S B
printed audio format 48 (Figure 4). The camera 10 is directed towards the printed
audio format 48 in a manner described below, and the imaging systérn 12 is used
to caplure 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 i_ncqrporate a digital-to-analog converter in the normai



audi o data fromthe printed audio format 48 and passes
the encoded audio data to a decoder 34 for decodi ng
woeomdpqaszdat a. The decoder 34 receives and depef€82004/000418
the encoded audi o data to give audi o data. The decoder
34 sends the decoded audio to an anplifier 38 for the
arrplification of the anal olg audio to enable it to be
out put through a sound reproduction_device 40. The
anplenperdg COEBQW’Q'WRS’F’BW SRnEcdgetign Jir ity o Perhef| aggnverter
conyektsaswr. N t he normal WO 2005/ 059643
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owi in Figure 4 there is docunent, printed
phot ograph or other image- carrying printed object 42

hans §HwaNin I FGREE 4 4herOlis @bdiftent] ptitted pAStEGERh S EthéMARge44

rer e Sheeta nalh Sl A oyl R HEARY i iRk e

p eAYorseeyrallad ong ﬁ'dfapen et phoiagraph 48 asoprefierablychas; & peripheral

Pldofdefd6. Located on photograph 42, and preferably in border 46, is the printed
audio format 48 containing encoded audio. 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 audic format 48, there may
be used an attachment, or built-in facilities, to assist. These are illustrated in
Figures 6 to 10. Figure 6 shows the use of a single’ light source 50 built into the
camera 10. Alternatively, 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
tow power laser that is directed or aimed at the photograph 42, and in particular at



audi o format 48 contai ning encoded audi o. The printed
audio format 48 nay be on the rear of photograph 42,

wb 2085s0¢8d or desired. To have the | ens 14 at pefiRg2004/000418

correct distance fromprinted audio format 48, there
may be used an attachnent, or built-in facilities, to
assi st. These are |IIustratEd in Flgures 6 to 10.
Figure 6 shows the use of a single' |ight source 50
buid presanibest lo¢ation ermeeadiacet to,Ahe arinted wéﬂ formaf 48 gugh asefor
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 beAs showrt in Rigaren2f, and Qirtharsalternatively, there may be two or three light

sh Wesoeft'ﬁ?é’ortéeloé%&?ﬁ@ﬁemféﬁ%%m Habi @Mr&e has a beam

_ attachabl e to

| g, v e e team diverng T ea%%f)ﬁv e e Fprees
f r theebegmne R6G2hwilVoym dtet apekesialf ¢ tismgle anmdheaprib@d e8dioHformat 48.
fr RHfher than two or three light sources there may be the one light source 2603 with
one or more lenses io 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.



may al so contain a power source for the |ight sources
50, 52, 54. As shown in Figure 26, and further

wblh6ss3bdsgel y, there may be two or three |ightpersca004/000418
sources at the one location 2601 in canera 10. Each

i ght source has a beam 2602, with the individual
beans diverging fromeach ot?her. For three I'i ght
sources the beans 2602 will formthe apexes of a
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sized and shaped to allow lens 14 to be able to

capture the inmage of printed audio format 48.
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trnag/te[ot-_ erent - Wi s-Preferab c¥
onhcé the image is captured, processor 28 will either extract fhe encoded audio data

from the entire image, discard the non-prinfed audio format data that has been
captured and then extract the encoded audio data, or will extract the data relating
{o the printed audio format from the capfured 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
comer 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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phot ograph 42 surrounding the printed audio fornmat 48
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audic content 49 is located in two zones — one between top rail 70 and centre rail
72, and the other zone between centre rail 72 and bottom rail 74.

The rails 70, 72, 74 are preferably:
« resistant fo channel error;

« rotational invariant;

@ able to survive partial crop;
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bl ack and white. The printed audio format 48 is a
printout containing audio content 49, and various

WBhbfdReds9 assi st extraction by the canera 10. pdR8c2004/000418
markers are arranged in a plurality of rails

preferably three rails - a top rail 70, a centre rail
72, and a lower rail 74. There may be any nunber of
rails fromone up including, for exanple, 1, 2, 3, 4,
5, eandudio CODECHndepérelestyst ihaicthe bamnd rall Works withndith&@dCELP or
aroung H—‘le centre rail and between the rails

- irrespective of the nunber of rails. The rails are
gentr 8lingde aixGpteae 368del are equal |y spaced. As shown,
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cen'tr@b'??:ﬂqmbe??esﬁfﬂgaflﬂéta@tﬂ@r zone between centre

raid féibknghaleethame.rail 74. The rails 70, 72, 74 are
preferably: resistant to channel error; rot ational
invariant able to survive partial crop;
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Duri ng decodi ng, and after locating the center rail,
an e stored audio tag
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database, thereby eliminating the decading step.

Each rail 70, 72, 74 comprises a piurality of equally spaced and verfically aligned
markers 76. The markers 76 are preferably circular, as shown, although they may
be of other 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 hollow 80 markers to encode data bits.

The size of the markers 76 and the inter-marker distance is fixed. i3y doing so, only
two markers are needed to determine the positions of other markers, thereby.
easing marker detection. A third marker may be used fo validate the two markers.
The data area height can vary, and such variation is preferably encoded in the
centre rail 72. ' | '



In this way, if the same canera, or the sane canera
st orage device containing the audio database (e.g.

Wbasds/3adsd, mermory stick, or the like) is usedptg, (2004/000418

capture as well as pl ayback the audio, if the au

is still stored in the database, it can be found by
the audio tag, extracted frBmthe database,
anllr'reptayed directl-y'frnri"th' e database, thereby
el iDretestion of gnatkess thds eltiwngn Stoare. 20Ead thegied by sE@rching foriiee
Comrl’ce%eﬁl &enﬁé wuaﬂzl Meﬁtte %‘aiéﬁ'dzy— ﬁ@%ezé(aanﬁhé/ %Fkbﬁsaéré y

alig er kers
ci rve'eﬂaﬁﬂ If she @%%‘ﬁ arearpmﬁida @ﬁ npteid ﬁ%ﬁﬁeaﬁg °8’Ft'“8?§1l§'r°ther
Shagfichs 26 d&c&iﬁdfbebwewahﬂmeeocamwﬂre three nadersathe position of

el ltﬁeolgét%glhe ﬁrﬁﬂgrssié)&rg Eé; 6A blgaFMat%Qgrcﬁ ¥ théh %a@foﬁ’ﬁ d to

are rotationa
i mf%ﬂ“P Hhetpredisted papition. fTé’§tPf39F°F9€IP§S'BFé‘t'% tﬂtHOB?Pt awée%?sk%? s
doubér&m,dﬁ.ﬁcrﬁs@g@galabm& using either a solid 78 or
hol |l ow 80 narkers to encode data bits. The size of the
markers 76 and the inter-marker distance is fixed. By
doitfnije searcly fiirythe thiee markers is the corendafiedd cendregiegien diZnfals.

t Ngeh@hiigt Edniiue®fin %“ﬁ’ﬁ mergisﬁrss;, ke bd(b). 1@k RBo fails,
mar ker, . det e t|on Héq

A PP GRS ok region S, ot 20 A RE ke s '
v apgsumath dhat U'@mnmdlaaﬂlp dormiat 49 fiest iorthd idgalcrrsitide @nd @ iing

CeRidoBe fs%bllfon%gd A‘Aﬁm@&&é&&é@@ﬂ& A THe 04T PDRAL Bre eldrt
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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 correfation error due to an imperfect block match is least magnified.

3 this vector is rotated 90° anti-clockwise, to get dirlip = rotate90(dir),
| normalize, dirUpN = normalize(dirUp);
5. the leftmost top rail 70 marker 76 has an estimated position:
pTopieftMarkerPredicted = p0 + dirUpN x DistanceToTopRail;
6. search for the optimal position to arrive at pTopLeftMarker =

BlockMatch{pTopLeftMarkerPredicted).



to the left of p2, the next predicted left marker's
position, pLeftPredicted = p0O + (pO - pl) . That
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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 markers 1,2 and 2,3 shouid be the same; and
3. the angles between a line with an endpoint at markers 1,2 and a line with

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



G ven a rectangular region R and a tenplate T, which

is a sanple image of the marker, a correlation search
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Centre marker o 0 0O
Gap 3, G3
Bottom Data, - Db YOOOOIXXXXK
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Gap 4, G4
Bottom marker c O 0
O = Marker
X = Data

The following atfributes are derived from the parameters of the printed audio format -
48. '



an invalid printed audio format 48. Three rails 70,

72, 74 provide m)reI header data capacity conpared to
entre rail 72. Both the height and |
“t?(hgdog/rgégﬁ%jéd audi o format 48 nay vary. gThe l en %&091/000418
vary to provide nore bits to the stored audio tag. The
configuration. of the pri nBed audi o format 48 may be

given as Inter-nmarker Gap, My Top Marker, Dianeter,

MteRirdioGop Gafer Rail CI' Topd Dame G2BDt XX) C( XXX

ntre marker 0 0 O
ok o Se PRERRAL, .= M Gy 0000000

XRBOXXX Gap 4, 4 ‘B@Q"(Mﬁﬁ)rm(ﬁker 000 O = Marker X-
A The fol | owi ng atgdorimdtzgps cry e derived fromthe

paraneters of the printe format 48. WO
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The audio tag may be encoded in the centre rail 72 using solid 78 and 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 holtow
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 middle of the holiow marker rim. e.g. if
the marker has a diameter of 7‘( radius = 3.5) the distance wili be roughly 2.

Parsing is from left to right, so that the least significant bit is on the left and side.
“Yhis Gllows the Iength of tie last-field-Audio~Tag;-to-vary-with-the-length-of-the
printed audio format 48. '

One configuration may be:

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




The audio tag may be encoded in the centre rail 72
j Seksd 78 and hollow 80 markers, represert
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80 are. differentiated by conparing the centre of the
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O Reserved, always 1 1 Reserved, always O 2 First
stanp indicator 0- Additional stanp 1- First stanp

3, BitEHdHI ng Gpapd1308) 9. STFT or CELP) 5 Cell

C O japti{# 804) O'BuBrak¥ad3) 1- 2x2  6-8 I ndex of Addit i onal
Printed Audio (for WO 2005/ 059643 PCT/ SG2004/ 000418

19 multiple Printed Audio) For first Printed Audio, it
i s A hié maynipre blaclobr whité toi tiesisentr i pe (0° Agereptively. gn may be
St QbMMudisclirsy thAd Thé duaditbitdisie GBite spacés anthare o affow for dot
op%g%! t Ssh?g a %Iel} without guard bits may result in an increase in bit error. The

data area 49 may have 82 cells per column, and 5 columns per segment. Data

fiows from left to right, top to bottom.

Due to paper absorption and Imperfect printing, a 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 Spread 1§ 1688 tan one”
pixel, resulting in a clear printout.  However, due to, for example, lens imperfection
during capfuring, 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
to 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 example, if two black doté are printed and feave 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 absorpﬁoﬁ, and
thus shows more gain. Other factors affecting dot gain are ink viscosity, rimming,
and mechanical imperfection. These are not controlled to allow for variation. This
is able to accommaodate various printers. What can be controlled is where the dots
are placed to minimise interference, and the type of ink and paper used.

74. Draini to Drain4 are used duri ng data extraction.



0, to detect upside down stanp. As shown in Figure 14,

the bits are preferably printed in a 2x2 cell 1300

wo bibsidege guard bits as follows: Bit (1301) fpE62004/000418
(1302) @uard (1304) @uard (1303) A bit may be bl ack

or white to represent "1" or "0" respectively, or my

be continuous grey tone. THe guard bits are white

spaces and are to allow for dot gain. Using a cell

wi thout guard bits may result in an increase in bit
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“The characteristic of a CELP printed audio format is:

e Each printed audic 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;

s 82 cells per column;
Printed audio format capacity = 14, 350 bits or approximately 1.8 KB with
175 columns of 82 cells.

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



of preserving the dynam c range. The di sadvantage is
that the gain is non-linear, which my cause

wio20@Bfkdee i f used excessively. Dot gain contredr/S@04/000418
be enhanced enpirically by perform ng an additional

ganma correction before conbining or conpositing it
wth the image. In such a Zse, the additional gamma
correction only affects the printed audio format 48,
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bl ek pefidddbdtef shies: A CELP Bl ock consists of 25
colums of 82 cells, giving a total of 82 * 25 bits =

256. 25 bytes. ; each bl ock uses only 255 bytes,
| eMTFg agodia an Bl $6APHz speach i firsEomvertesrto STHA rusing dbs
rg}getéyg 12 * 18 = 216 bytes; and Reed Sol omon code
ég the remai ning 39 bytes. The characteristic of
a CEL g\"fj?ﬂﬁ'ﬁf’ raudi o format is: Each printed audio
f o¢ midannigg wieddwingdmctioned; The size of the printed
au [ is about 1" x 0.5" for audio duration of
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andtolerates 19 single byte errors; A block is an
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“Method and System o Process a Dlgltal Image *(the contents of which are hereby
incorporated by reference) there is disclosed a method for providing an efficient
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.
Unfike the digital CELP, dafa is rendered in continuous grey fone 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
‘more 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



certain blocks at the edge of the inmage, away fromthe
optical centre, are nore prone to error than those in
whod9dedsg. Hi gher error tolerance for such hi QET)E;@%#OOMIS
bl'ocks may be used, but this decreases capacity.
alternative is to interleave the data across the
printed audio format 48. Thé! advantage of interleaving
is that capacity renains the same. The di sadvant age

i s bdtian rail¥d; sndtbends Ogo Bhtheo bandd 78 to $1dframacentt raiig to top rail
ext qu(% f one side of
thefogﬁﬁlﬁ?oengggt%@ ggé&ﬁig’?ge‘?%e?g':%' romthe inmge,
the entire printed audio fornmat may be unusabl e.

| ntietd8amis pag caurhrewerb bsstiie sitob@mbingéaseh o edilute the size, 82
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wi ndow si ze; Hanni ng wi ndow ng functi on; 128 hop

dat d i,tud
oheibe Mo ehdsna b iRy oo B 08 B e 138,
f r divd sinthemaliigudspagiere ganwot rapreduse distre dEvernvdothen barigm the
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[ it cat, s fil cont enpor a ere
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pr drequsngyrangedp phaut3v kidn Ihtmbdecoem Bmamtssi@gballﬂeammés@ly

D‘ R&EPHSRed frgr?f %Ir@ﬁﬁoﬁﬁfnb tﬂaﬁ& The WRt RAFAbARE any %{eel%ttf@w

?’ ital Image "(the contents of which are
@'?ff?'e'f'% orated by reference) there is disclosed

a nmet hod for providing an efficient and

er h%toh&kﬁét?ﬂﬁteﬂaﬂ%ﬁ@?nﬁ%mf &5&91?% o6t daBG, inBSe Mlﬁ‘r%eé

during deco 1t values are
5 PR o7y ot P B ACTYRL Wemipiao ey e Sy lack
oné€ofs aremneibd: mfa gpesific pelteinsinst proceds oo @s hélfieniogtd simulate

CoBfishsHaloRbried ni-!tkn?an@ﬁgs &etd?ey iR nBividlidl 488 BedaltERe dot]§

guard bits, “which I's same as the confl guration
CEgie, too s 'l?é’etq‘ﬁée'd?ﬁi}] Pt EP"“EEEEXBS f@‘éﬁ g "POIIYHPRYYSE §T i fre-
c ommutm oimythgzg emal igani oxetapaokinafe i beaagedoA sednnér however,

Y B e R SRy AP AP BRI AR BleRC

and To 1 ncrease error to eranc

STFT bands may be divided into three groups, and nnre
i NPl pracess biodesving & grpyeniny givemd haiftene imegpisdoede thiiseéng.

t OTADBWGS §5 nfd) b %Gl SrBif] 1n6 OhyefEaingf
STET Eg% %ﬁﬁagufé o J:ange?'a % n%?om gent rp;e rail Th % ?gmg\b
206@:}11@9 3 cpyeragipg by area sampling during the exiraction

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
distortion. The “resolution” of a lens degrades and becomes defocused away from
its centra. Lens distortion correction may be performed to rectify this. By placing
crucial data nearer to the centre rail 72, this problem may be further reduced.

Exposure time 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 t_he :



22 bottomrail 74; and bands O to 31 then bands 72 to

81 fromcentre rail 72 to top rail 70. The concept

v@@ﬁbo%?ﬁ&g ended for 128 cells per col um. @/ﬁ?ﬂobﬁoomm

per col'umm were used the size would |ncrease

reduce the size, 82 cells are encoded to nake it the
sanme size as if CELP were d@ked. Keeping only 82 out
128 bands nmeans the frequency range is only up to 2.6
kl—Erey istead, eléﬁiiir@fto4nfkrid2 dataTberattion o espadally riam gealoggndoding.
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uds s ca r epr oduce’ them
Evier have tepreassiveieshe’r ené rtion® dpe Beﬁad%ﬁmsare: s Ushe fe ot

asnudnhﬁatéwwéqué rhab hﬁvé?hﬁ RRE prifted LAME | femnat IBNIEE dsbilteloy
han in the | ower frequencies. This

ef‘F"@E’f’ﬁ"@g\&V’r‘? ‘eases the frequency range to about
3 7 kHz During decoding, the m ssing bands are

Es&?{d g the A?thafd%@.' hesle § pﬁﬁ%@& Elhﬁ‘d fornfet 45 M6l PEerbske he

t four bands, and 'E t few bands renain
ze‘?‘%‘“‘"ﬁ@6?"63?'“?"\?19}’%‘!"%?7%? ¥ E4n only print solid

colour In nost cases, these colours are cyan,

é&%&%«ﬁw th%‘ %E@ﬁb frSMKis- dohb Rndthibany] Bradtion

'g are print pecific
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a bdgea ireshslé 1o cohlartae gryma!s into lyrany Aisaghend i eviclosed by
| Y ddﬂag%lt 3Rl RERAYSEa urat?b‘heTﬁIQ QppToZth asE@né%e

d ;

arthat the G180 Kk 17re, ggl%m?irvs&&%a kepPefer i € s

a\tﬁbﬂ@;&ﬂ espec.a@armaerunemmmm USIhgTHny edtlre @ented @agio famat
|H§t 8 Atg"f“%té H@ﬁf t@ﬁ%rﬁl@lth result in_a more equal

do S-1 nst rocess of. deri.vi ng ey
v Slisiribution @f10°and 3 f?‘éﬁésqr??&d tjilgmingtian,ig gonsiant {o .‘hﬁh%“"’

Thade) Wk 96 QUi IREIP 10 ﬁ:e cfalee e | nainiswthdandayiatieurn stiadtes
p%%!‘ygé %E sto%\ﬁc[r?&ihiﬂ P‘l’l’ESél di tional averaging may be

per uring the extraction
process. Because of halftonl ng and the use of grey

C Ql @hifeSdot RNAEEIF GEighbolnryedoteere bidici gAsra;anmeg praceeds from

%MW@*&E‘J‘% SRR B o R k-
purﬁwga indmproyRdceHraqyorppeaiplly 2t g ewiof forysTeginy negr ffig fddes

deg el asinRE daldRe wivRat. Gahingiyste tvajold rionadjustesl whert Itiee
2% d'gfqt b k] 8RO HECAAMindIRYs RELBRE P HEER 5P aheH 4 Y

t cing cruci ata nearer to centre
rdollowg2  this problem may be further reduced.

Dtleﬁ St @p bixévhild: e trfeshold = (1gHey &8 alepstobat (Bigae A1{a))

t | it
oFop el Ry PR S R Do | MiGen Bl B g BBl 1 1Y
eﬂpﬁpuelé)lapk mew imgspold s8d! T MinA\Aed 358]6@591‘# é,FiQﬂfe 21(c)

UNGRTan8XROSA Blab nbl ehrbsfiE= 81d *Miy +CEIDT EBshdie (Figure

21(d))
The weights are decided empirically.

For analog (greyscale) exiraction 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 to increase
its acouracy. The grey value is then inverted and stored for decoding. -
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|l eading to inferior data extraction, especially for

: @F}?L, 588G 0di ng. | mproper exposure my reSU|th‘i‘/sb9&)4/00041s

10 sounding "thin" due to over - exposure, or
have excessive "echo" and "distortion" due to
under - exposure. Using an il24um nated opaque cap
covering the printed audio format 48 may assist to
overconme this problem Extracting the audio data from
t he ' 0 ar | pol ate the
pos;rtglfdg%é OPQHSHI w rom"fl%é‘bd Fgll'%%gé qRﬁrkers 76.
For digital extractlon t he thresholdlng process is

dongs @ymmqa‘ﬁdré/m Bivd printelai RAio R 6 n@p i sephARa" MY two

val B9t e Yol A 26 oo bfod Sfiics o drt s e giiaioe
i nt Whilsi the bptionA helé gPrentodes thenssicarsietiméy periddoafr aiuiidj eithemivith

ggyé@ﬁ&d Bénds/dr @it éﬁ%‘ilé}%gll" |'l%rpr€\féﬂif 4 Igﬁélq:’e ng 'ﬂear-drriiu% to unaven
e Ao o531 beresn g ©5 g kb2 he o 2ok 93e be
t hrensbdsiddn reyepse ordat boythanitie joineyinod is @intthe) gamdJshd\gr dolte
entjahvas B6,igot ed audio format 48 instead of just a
segnent to derive the average may result in a nore
equal distribution of "0" and "1", but assunes that
i || Additioredly onaltematielys & 2n timesualet rh@; ﬁlbderfoﬁned PR&Sppinévety
is y n

iy S8FT lfrgﬁlF Exfaclin Je?félg‘rﬁ; an e g%lﬁ% %H é\eryformlng a

ext resaé\(ct ed ues are a

t hrlRXfiBegele ta sigytdawn Alsa, Boraavtﬂi@pmmesm sLISEA BY WRigs

ar & B agkwhelstws gead bitgrodaterdgivb i atrubtekt to right,

tomigo bottom a freshodd is

adj osted-if the-top-or-left-dot-isblack,- resulting in
5Fed accuracy, especially at the out of focus

| reg'he'abyitmuingttlna&speabge@irewfor%mwi nted audi o fornat.

Simlarly, the threshold is adjusted when the

surroundl @gﬁ pixel is white. The adjustnent is
i | Flgure, 1 Weptrates mherg reultiple pijpted; audigsare usgd. biges, theed aredont

t oprindédaldiodsot,e502) @803 dndesbn [THeirinigds ére%b\ferém?c&tured at

{ Y SoRe e g AT, erarpe s aholt Sl 51 alfer esigy

Lef® 3piee unsver: lghtingevikhirhpre pasiug lens(attachmant, rthav Ftegrate in
Ththes lendoding fsb gt e dilst 4601 ik @hdodad totn0dTt BIngAl, akid BB lsecdh@W

* Jhreshol
on [ AR aftadec i ianto Rt sty s il a?Fvcoa??c& anl 65, nfoig
( gV 04 rRY 1%02tmaa(@9wedhp!mmegmpwd abthe ghetimeiand 11803iand
t akeDa capi0@d GRbdeently. The processor comnbines all the data into one, and

used the header data to control this task. The audio is replayed all at the one ime.

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 (1705)



pi xel s and ei ght surroundi ng pi xels each offset by

half a pixel, to obtain a nore stable grey value. A

Wb abos/Bbast favouri ng the centre pixel naybe u§§fl,5§;9004,000418
increase its accuracy. The grey value is then

inverted and stored for decodi ng. WD 2005/ 059643

PCT/ SG2004/ 000418 24 To i Rérease the audi o duration

is illustrated in Figures 16 and 17. As shown in

Fi gure Ehe dudie tpy isriv du database (1306nthe4@dipds extacted (1711)

separ at centre ra|I 72. The top
balf Oﬁ‘lg?] %rg biffed Q‘fﬁ)Q) é‘ﬁaqr@&oad&@d

AR A sacbars (D678 ofin s Sufteg 80 ©
audi 0 ebrfdhe dsicéded ausidus disbnbeithels canventddt (1768 edrideampifigd .

To pr evg%gﬁ %)rﬁp?ﬁéﬁ é%bg%d%meﬂed H?ﬁ%t 0 uneven

lightin bet ween top 90 and bottom
92-t he ﬁeﬁﬁmhﬂpwt{‘gﬂo}my be encoded in reverse order.
so that the joining part 94 is on the same end of both

h'\é a " ?. Addlt onal oL alternatively, a 2x

g 4P Bowi ed’é“ﬁ%sr "o ed o5y a'roppl ng every ot her
SI FT f riheimageisoapiuretl 6i80@er f orns an "i nver se"
ti nescaﬂhbggu,g);g,&g;@g@ﬁmﬁg a 0.5x tinescale to slow it
down. Also,. horizo onpressi on nmay be used by
e

using e pudicis cve two guard bits are deleted to
gi ve t hibe sudioiis bonodecdBi8®) Guard Thereby hal ving the

space rgguidicd ggph bit. Figure 17 illustrates
wher e t||c|>I th&éd(‘igé dio are used. Here, there are

f our p'?%aﬂ?'é‘a‘aé 1602, 1603 and 1604. Their
i rages taeenqodafmeedwgd(da?ﬂ)ur ed at the one-tine.

Af T emaf Ji@in8iy B Yor Bfnting (1807
capt areci'I sgpbgrsat emr‘a z;gg(requ)l redordesired. - To address

uneven lighting.within an opaque |ens attachnent, they
al If the oatpet (1710) is beihe cameredD heing bsedhmeonjunetion with & compiter| s

e ngo‘ﬁgt? % %t&l‘ﬂ Mhi eilflet Ilf(é) f& %Ello ?Hﬁﬂ)dh&%n S @&efdion 1608s) &nd
encoage romr {

] IT% a? . Simlarly for the final
t viTPliesatian AP baeem*f' 9% s way 1601 and 1602 may

have their imges captured at the one tine, and 1603

?‘hﬁi%[@s‘%?% &amsor 23¢
n%lir%gs the data into one Hﬂw{ﬁm' c{ Igﬁ:eg" (a)
detawe 8’“%'8ﬁFFB?“‘Y%?‘%W‘%E."“rﬁEé’h'ﬂ gnsIdeTs 85@59 e
at neelieto®s @nly iwremarkdrs Bdoeedk asdiowsntehdd.over al | process

for audi o reproduction: - the image i's captured (1700)

- the data_of the printed audio f n'R d8 extr cted
f r Bie rpatkers ?%@@r %qqrfﬂl;ed at any location arou ora acentt e pen

of audio content 49, but are preferably at or adjacent the corners of audio content
49,

' if perspective distortion correction is fo 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
49 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 confent 49.



the three centre markers are found by the search
(1702) - the header data extracted (1703) the audio

waSoedsbagt ed (1704) - database is searched fOf,C-hgémM,m)Mls
audio tag (1705) WD 2005/ 059643 PCT/ SG2004/ 000418 25

- if the audio tag is in the database (1706), the
audio is extracted (1711) Zhen anplified (1709) and
reproduced if the audio tag is not in the database

( 1796 showe indtiglire)24, ¢ cifeusd metke ripEd audia frimeid O dey bgaged
augitd a centlaRak&G 176 BRY a ﬁ.;tjwﬁfo%amé&l@ Srartfed caimhméauﬁdam
(170 2& Laéfl'g_JJl flg?%% 096 and conve tedh%?z?O%) t he
aufllB5el €20 t Mg g AEnged 18 NS el 2 PR BR U1sgdh
enedeiding eedidiyoof markerh?d wittabpw freguerqyt bandsl beibg G )the otitke
audLankS . = STe (oW verted

( 1HEBS R pRinRGclhdvency (el QlgRR e 18721 70 1
tagged (1804) - header data is inserted (1805) - the
enburieghcd admothing rie GhwkB MOfigure 50 Heeri|they kehitincd @f each
pr N . | a
7 ofiabB mkeh 7 1kt o et R Wb 8 ot el
s yBavingths predited brightness ghe galgn gropeghie gidacted inarkes 16 earsheon
( 1dkened el lighieriel it iagidve G b’ Gbrmiighting of e Tprititddeshidio
Fi 1%‘3"33?433' 11 unes wo al t ema9ef 6rm ot pri

nt ed-aadi o-format-48--Figure 23(a) shows where
perspective distortion is not taken into consideration
angitslifua rida3R 20 iRAMY With thE Wiancd WP tHEBEMBHSd MarkbRY 76

o e RS it B Wi 1! Beshiba® Ry B8 pRIALES
aUHirpathp intesnpiatiag frorh the extrasteg meriears 6 Juminange. Highescedered

t htepeEBISauRh U fr @x&fiM, &bic ifd&potbionnA&s BRE te\iRed. The
di s tion correction iisS to belncl d at | east
, Jhenp 1 B

tH ée"@'r"%wréﬂnge TP BYRARETS M55%0 cont ent
49. This is shown in Figure 23(b). Again, the
In Figure 25, the solid circles are the extracted markers 76, and Li denotes their
corresponding luminance. The luminance vailue is the average grey level of the
extracted markers or, if it's a colour marker, the Luminance Li = (0.299 * Red) +
- {0.587 * Green) + (0.¥14™ Blog), 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 P 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 those skilled in the
technology concerned that many variations or modifications in details of design,



mar kers 73 are arranged around or adjacent t he

peri phery of each audio content 49 and nost are at or
wob@BRSs4 coner of each audio content 49. Fbmp@ﬁgﬂamumomus
this is not essential as is shown by marker 76

is internmediate an edge of a side of an audio content
49. WD 2005/ 059643 PCT/ SG2084/ 000418 26 As is shown
in Figure 24, a circular marker printed audi o format
21 C0constiuctins arsiedperatipn imay lwe mada withat ldeparliy &od tae prasghte
auGhwnfgnt ent 49 arranged concentrically with marker
76. STFT magni tude franes arranged in colums 212 may
be used extending radially of marker 76 with | ow
frequency bands being at the outer periphery and
extending to hi.gh 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
havi ng the predicted brightness, the region around the
extracted marker 76 can be darkened or lightened to
achieve a nore uniformlighting of the printed audio
format 48. Initially, a nesh 310 is formed with the

| um nance of the extracted markers 76 making up the
vertices. The lum nance within the nesh 310 nay be
estimated by bi-linearly interpolating fromthe
extracted markers' 76 | um nance. Hi gher ordered

i nterpol ati on such as, for exanple, cubic
interpolation may also 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 markers or, if
it's a colour marker, the Lum nance Li = (0.299 * Red)
+ (0.587 * Geen) + (O T14" "13196y, where Red,

Green, and Blue- are the-average Red, G een, and Bl ue
colour of the marker. To correct the |um nance at
arbitrary point P, the followng is performed Let the
| um nance of the brightest marker be Lmax = max(Li)
The Lum nance at point P, Lp can be interpolated from
1-1, L2, L3, L4 or nore neighbouring vertex. Let the
extracted grey |level at point' P be Gpo. Then the

| umi nance- correct ed grey level G'= G * (Lmax/ Lp)



Wi | st there has been described in the foregoing-

description preferred enbodinents of the present

invention, it will be understood by those skilled in

t he technology concerned that_rmany variations or

nodi fications in details of d§§|gn WO 2005/ 059643

PCT/ S&004/ 000418 27 construction and operati on may

(%%hgout departing fromthe present invention.
aims 1 A printable audio format conpri sing:

(a) a printed encodi ng of an audlo signal; 5 (b) a

plurglity IIeI rails; and (c)

t he grlnte %ﬁ@g%?ﬁmagﬁﬁkh S|gnal bei ng | ocat ed

bet wé@n tlﬁe)rinﬁﬂdﬁfwmmg oHan ﬂadlbéilgnﬂlher ein each rail

c np ses ingthe printed

compd e Cgﬁlurla gisg% d@%h%ﬁd?@%u\é&‘%ﬂﬁh&ﬁgh e

encom)ng |’f|3§e printed eheagting Qﬁhélat@tﬂt signal being lacaled batveen the

porti h the encoding is in a second

dire ??%kWOMQX?printqble audio format as clained in

claimi1, wherain gacthegieceomerisgs qillgaﬁlqueyméd@alany vsaeiadhe

fmar k ' At b is ¥Pa first
ol el EnERRHy e fsLRA S I R IRERLRS iyfra frs

mu nﬂamt@na@dﬁoa fsgeondt pagion| iai whighi the céngoing, IS\AMeaesewond

t he Hﬁ"%ﬁi are also used to encode data. 20 4 A
printable audio format as clainmed in 2, wherein there
are three rails conprising a top rail, a centre rail,
and g bot WoipkHid Tuéo@brﬂ{dt% u‘ﬁeé‘Wle quﬁérgﬂ-ﬁthere are a
clained in claim whereln the pri encoding Is

by uBlraltaequaliyspacrrbmerkesh oy eactorah E@Qh merkeT rhegingr eglested
and ¢S t@g%éjﬁ%bé Qi‘in,éyoéf ddiinedtd I% Reiction. 6 A

printable as clalrre In claim1l, wherein
laterally aligned markers in each of the plurality of

rail | ar eﬁgmn?abﬁ a&gt.) 'fbg@% £OLIainfl& B il 1 QuiPsih thSRdirkers

of a
are also used to encode data.

20 4 A printable audio format as claimed in 2, wherein there are three

rails comprising a top rail, a centre rail, and a bottom rail.

5 A printable audio format as claimed in claim 1, wherein the printed
encoding is by using at least one of Short Term Fourier Transform and

25  Code Excitation Linear Prediction.

6 A printable audio format as claimed in claim 1, wherein laterally
aligned markers in each of the plurality of rails are able to be used for
determining positions of all other markers.

30
7 A printable audio format as claimed in claim 4, wherein the centre

rail has markers encoding digital data.



7 A printable audio format as clained in claim4,
wherein the centre rail has markers encoding digita
data. 29 8 A printable audio format as claimin claim
7, wherein the digital data nprises an audio tag. 9
A printable audio format as clainmed in claiml,

wherein the printed 5 encoding is by use of

greygeal ep &ﬁﬁéblggadieffoﬂm a8 cRYA GRLIGinD AViAgelink BAhl data
one white guard bit in a cellular configuration. IO A
pri nCamPESeRAN dHdidtagat as claimed in claim9, wherein

the cellular configuration is a 2x2 cell, the dot
being in one_seqrrent. of the 2x2 cell, all 10 other
segnEnt s KePrifaltle augigdprnaliassclaimed An sigimt1a pherein dieoprinted

f Or Mahc@fing lsaby "B bigreYRul®, LachBsK & e A&/ sediHRving at least

signal has reroved therefromfrequency 1n the range O

t o 128¢Vhie geardikit in agebidaigpnfigaration.A print abl e audi o
format as clainmed in claimb5, wherein, the encoding

IS by use of the Short Term Fourier Transformto

prodife aA piniakle pudicffermat as dajeed iHEkBR % wawinBengpllular
del etgsfigardteh id 8 R icEH, A do?@eiﬁ o s&nidttf 22 cell, all
format as clainmed in claim9, erein the cellular

¢Onf PHEF 889reeNts §eing formuged bits. t her e bei ng no hori zont al
guard bit. 14 A printable audio format as clained in
claim1, wherein the printable audio format is. ]
arrahfed Arrrinighie padictfprreat gsoglpinmsdsinvgleim Anwbergisy thegaudio
] Oi NkigAalHas RtdvBE tRdrEifréthifleluBhcyP R the By 81tB 9 25HzZ prior to
contained in header data of each portion.: 15 A

pri neRgd%audi o format as clainmed in claim4, wherein
¢fucial audio data is closer to the centre rail. 30

16 A printable audio format conprising a central )

mar k and Brinablat avdio cfprael By erimas dudiaims Bgrerein, the
arr a&%&ir%r %Ugﬁ 1RB CbfCRB CSHRB TerM Edliribh Trrarsfdtht & produce a
marker. 30 17 A printable audio format as clained in

cl ai PHmESLY fidvesse erery iothep famedepingdeleigH pgooie ArENGudi o
signal conprises a plurality of radially arranged

short term Fourier transfornmed audio franes arranged
%M b umA rRntaklg aye format as claimed in claim 9, wherein the cellular

configuration is a 1x2 cell, there being no horizontal guard bi.

14 A printable audio format as claimed in claim 1, wherein the printable
audio format is arranged in a plurality of portions with an order for joining of

25  the plurality of portions being contained in header data of each portion.

16 A printable audio format as claimed in claim 4, wherein crucial audio

~ data is closer to the centre rail.

30 16 A printable audic format comprising a central marker and a printed
encoding of an audio signal arranged around and concentric with the

" central marker.



frequencies at a radially outer portion of each
columm, and higher 5 frequencies at a radially inner
portion of each colunn. 18 A printable audio format as
clainmed in claim17, wherein &e audio frames are for
magni t ude only. 10 19 A photog aph conprising an
image, and a printable audio format as clained in

claingyl. 20,f %59&5 %mla?ggﬁfalrﬁécf‘gl cq'aﬂm' W%e&éﬂiwéaprinted

printabl e audi as clainmed in 16. 15
phot 6§¢aig eishe pudimsitniahcamerises Poluraliyoéradiallyarranged short

Pr i niapy Fo@‘i&?"tPansfdPﬁqEHtadd% 'ﬂ%rrf%s' %%fg‘e@”in%%l&ﬁﬁ@%dﬁur BWer

t he gr oup consi St n&@
bor d eq@ﬁr@mdat e TRdiate. ou@@ @Qrtnnpnbtetaghawum @ngi migdher

' §‘ ChahhBrifés a‘f‘@%cﬁélf} ihf& d?)rrﬂldﬁcﬁ@a@h aydip, format is in

| ocation selectedfromthe group consisting of: a
part of the 1inmage, and a border around the inage. 23

A ph‘i’EOQrﬂpd?mﬁé‘blé:E@éh?‘?&nﬂé? os! Aiffed S ¢ ‘Qpﬁrﬁ' Rhbih fhe aydio

printabl e audio ormat 1S on a se adhe3|ve

f or Hemae grafat megnigise anly. t he phot ograph, a page of a
phot ogr aph al bum cont ai ni ng t he phot ograph, and a

phot ograph frame containi ng the photograph. 24 A

Hhot &)gr aph Pastagraihneainprisingl af iNage, anvha peEniabierudio format as
printabls idddiR 1. 30 format is on a self-adhesive | abel
for attachnment to one of: the photograph, a page of a
phot ogr aph al bum cont ai ni ng t he phot ograph, and a

phot 8gr apR phbRigRaghAbhrRingSart fifigBN M PF HARBbIe audio format as
claimed in 16.

15
21 A photograph as claimed in claim 19, wherein the printable audio
format is in a location selected from the group consisting of: a part of the

image, and a border around the image.

20 22 A photograph as claimed in claim 20, wherein the printable audio
format is in a location selected from the group consisting of: a part of the
image, and a border around the image.

23 A photograph as claimed in claim 19, wherein the printable audic

25 format is on a self-adhesive label for attachment to one of: the photograph,
a page of a photograph album containing the photograph, and a
photograph frame containing the photograph.

24 A photograph as claimed in claim 20, wherein the printable audio
30  format is on a self-adhesive label for attachment to one of: the photograph,
a page of a photograph album containing the photograph, and a
-photograph frame containing the photograph. '



