Digital Still Canmerawi th Audi o Decodi ng and Codi ng, a
Printabl e Audi o Format, and Method Field of the
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canera with audi o decodi ng and encodi ng, a printable

audi o format, and corresporlwdl ng net hods and refers
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is provided a digital still camera, conprising: (a) 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 photographic 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
signal; and

(d) an audio 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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Fourier Transform and Code Excitation Linear
Prediction. The digital still canmera may further
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side walls may include at least one light source for illuminating the printed audio
format. The at least one light source may be remote from the digital still camera so

as to be outside a visible region of the 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



frame, the view finder franme conprising a plurality of
frame guides for placenenton required | ocations of an
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~relative to the printed audio format. In a further
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e Imaging system may aiso be for taking photographs and may include an image

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 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 input
audio data together with the associated photograph may be stored in a data
storage without embedding the encoded audio data into the associated

photograph. The digital still camera may further comprise a printer for printing the
printable audio format.
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printable audio format. The encoded i nput audi o data

may be stored separately fromthe photograph and have

a data connection to the pﬁot ograph. The m crophone

may be selected frombuilt-in to the canmera, and

separate fromthe camera but operatively connectable
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The processing of the printed audio format 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 comprise:

(a) extracting encoded audio data from the image;
(b) decoding the encoded audio data to a digital audio signal,
(c) converting the digital audio signal to an analog audio signal.

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



(c) converting the digital audio signal to an anal og
audi o signal. At |east one of the encoded audi o data
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(b) validating at least three centre markers;

(c) locating the rest 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, upon 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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pre-defined.In yet a further preferred aspect there is
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signal encoded in a printable audio format, the method

conprising: (a) capturing @ single still phot ogr aphi c
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cellular configuration. The cellular configuration

The printed encoding may be by using at least one of Short Term Fourier
Transform and Code Excitation Linear 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 to 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 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 configuration may be a 1x2 cell,
there being no horizontal guard bit. .



may be a 2x2 cell, the dot being in one segnent of the

2x2 cell, all other segnents being for guard bits.
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audio format may be 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.

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

comprising:

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

(b) 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.



mar kers conprising vertices of the nesh. Lum nance may
be determ ned by interpolation fromthe extracted
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Figure 15 is an illustration 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 centre marker searching; and
Figure 21 is an illustration of four examples of refining threshold;
Figure 22, is an illustration of sample positions for testing if the marker is solid or
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Figure 23 is an illustration of alternative marker configurations;
Figure 24 is an illustration of a radial configuration;
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be used to capture, extract an repro uce aud
pr AM5t%&d audi o fornmat 48 (Figure 4). The canera 10 is
directed towards the printed audio fornmat 48 in a
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prmted audio format 48 (Figure 4). The camera 10 is directed towards the printed
audio format 48 in a manner described below, and the i imaging system 12 is used
to capture 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



to capture an inmage of the printed audio format 48.

Processor 26 extracts encoded audio data fromthe
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data to a decoder 34 for decoding the audio data. The
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di gi tal -to-anal og and anal og-to-digital converter.
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438. shown in Figure 4 there is docunent, printed
phot ograph or other imagecarrying printed object 42
has/ sigvnain Figuag @ thdreos dotumant, dainedtghetog@ph of lothet impape- 44
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may occupy all of one surface of photograph 42 or, preferably, has a peripheral
border 46. 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 audio 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
low power laser that is directed or aimed at the photograph 42, and in particular at



border 46. Located on photograph 42, and preferably in
border 46, is the printed audio format 48 contai ning
wep@ste4nudi o. The printed audio format 48 nmapCheGLIN4/000418

the rear of photograph 42, if required or desired. To

have the lens 14 at the coprect distance from printed
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sources
the beams 2602 wnll form the apexes of a trlangle on the pnnted audio format 48.

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 paralle! to the printed

audio format 48.



nounted on a single frame (not shown) attachable to
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42 surrounding the printed audio format 48 may also be captured. In that case,
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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are slightly greater than the correspondi ng di nensi ons

of the printed audio forna{ 48. I n capturing an inmage

of the printed audio format 48 it is ' likely that

nore than just the printed audio format 48 will be

captured. Some of the material of photograph 42
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audio 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:
e resistant to channel error;
e rotational invariant;

o able to survive partial crop;



codec. An STFT codec uses continuous grey tone,
whereas a CELP codec uses bl ack and white. The printed
waeasos9eas mat 48 is a printout containi ng audi BCT/SG20#D00418
49, and various markers to assist extraction by the
canmera 10. The markers are arranged in a plurality of
rails, preferably three ralls - atoprail 70, a
centre rail 72, a lower rail 74. There may be a
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2, 38THL;, 5, and so forth. The audio content 49 is
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céntﬂeé'bleaﬁ"f’evi"s'b!?nd the other zone between centre rail
72 and bottomra|I 74. The rails 70, 72, 74 are
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encoded into a printed audio format, the audio tag is
eﬁ'écg?jed in the header of the printed audio format.

Duri ng decodi ng, and after locating the center rail,
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database, thereby eliminating the decoding step.

Each rail 70, 72, 74 comprises a plurality of equally spaced and vertically aligned
markers 76. The markers 76 are preferably circular, as shown, although they may
be of other shapes such as for example, square, octagonal, eliiptical, 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. t3y 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 can vary, and such variation is preferably encoded in the
centre rail 72.
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to capture as well as playback the audio, if the audio
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I'n centre region 82 - Figure 20(a). The markers are
validated. |If the markers are found to be not valid,
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that the printed audio format 48 lies in the ideal
PABinkikes irtdadtrerald 72 e soeidaben lefstopight or med. A bl i nd
decode assunes that the centre rail 72 is at the exact

centre of the captured imge
Given the centre rail 72, it is possible to predict the markers 76 of the outer rail 70:

1. let the left-most four markers 76 in centre rail 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.

3. this vector is rotated 90° anti-clockwise, to get dirlp = rotate90(dir);
normalize, dirUpN = normalize(dirUp);

5. the leftmost top rail 70 marker 76 has an estimated position:
pTopleftMarkerPredicted = p0 + dirUpN x DistanceToTopRail;

6. search for the optimal position to arrive at pTopLeftMarker =
BiockMatch(pTopLeftMarkerPredicted).



G ven three centre marker positions pq, pl, p2, where
pqg is to the left of pl and pl to the left of p2, the
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=pqg + (pg - pl) . That position is then refined by
performng the bl ock matchy, pLeft =
Bl ockMat ch(pLeft Predi cted). The new posi ti on i s then
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Bl.ogtdabehikdant-ef t Mar ker Predi cted) . I f pTopLeft Marker
i s outside the inmage, the position is not refined; and
7. the next top rail 70 marker 76 can be esti mat ed by

usiiveg apdaqpigelit Mgiok &, and @ dempl8s TThidsleisst sgpapleainege of the
d ﬁ%ﬁy %dcotrQIEtlJnr&aa:ﬁtﬁtoﬁ’l%ﬁ Y rllghy 4op Efb%n&ﬂl ¥ peRGh@8. ihis

O rotation Is clock e for the t%ottom
r H12y beygoupled with & Mininpyp pistapcg ‘1'““?2"9 tf’h‘? Ing e NeYHSIGEr ker 76
I s debrerinieft &drjghbefireggoneR t her solid 78 or hollow 80, to
eXtraCFoFﬂﬁtoﬁ@&&S@ﬁm‘ﬂeﬁbhﬂ' data. This is the header.
er

Based on'th tance to the outer top 70
or bottom 749TeAe fegipjate Pﬂd%ﬁ“o”\ﬁﬂ%t"tQ?F ey} Yt on,
it 1s possilileetatsprdghwotrelaivey e t he outer nmarkers may

be. This predi Ctb@ﬂ-ﬁé@ﬁn%q Baaﬁdensprteueﬁs%meradsearch i f

it is inside the ﬁ' he predicted position is
out of the imagefkbl H‘QW"‘:ﬂue to cropping, the
predi cted position i SReplace 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 Block 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 to ensure they are collinear.



used for data extraction. G ven a rectangul ar region
R, and a tenplate T, which is a sanple i mtage of the
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to bottom is performed. This may be coupled with a

m ni mum di stance cl usteri ng by using the heuristics:
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Cea@bity&bmpﬂed fomssinglercentreain?2. nuous vi deo stream
analysis. Three rails 70, 72, 74 are used but only the
centre rail 72 is required for extraction.

oot et eight 25l a0eih o P PHICd sufiagies SR ol 5 g oF T
epsP&ipidlidembre Blis@stha elored@ndietagi t | npossi bl e to decode.
However, CELP encoding requires the accuracy provided
by all three rails 70, 72, 74. Quter rails 70, 74 may
b&he epafipurasion. pidhesiiisted o RPIAB MPY bSENST 30 al so be
used for | engrfafkbOBdg, on cCoMgection as centre rail 72

1%&@#,«'3,)’ |b,g,§,?tg logg,to ths ogjicy centre of the lens

ten 1re havi ng

Gap 1,
“Top Data, L XRRXXXRXX
JOOOKKXXX
OOOXXXXX
Gap 2, G2
Centre marker 6 o O
Gap 3, G3
Bottom Data, Db XXORKXXXKX
) 9.9.0.9.9.9.0.0 4
).9.9.0.0.0.0.9,0.¢
Gap 4, G4
Bottom marker 0 o0 O
O = Marker
X = Data

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



m ni mum di stortion and defocus. Centre rail 72 may

al so be used to quickly reject an invalid printed
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header data capacity conpared to a single centre rail

72. Both the height and | gngth of the printed audio

format 48 may vary. The length can vary to provide

more bits to the stor a t The confi guration
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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 holiow
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 hollow marker rim. e.g. if
the marker has a diameter of 7’( radius = 3.5) the distance will be roughly 2.

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

printed audio format 48.

One configuration may be:

Bit Location Description

0 Reserved, 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)
Cell configuration

0-1x2

1-2x2

6-8 Index of Additional Printed Audio (for




Centre rail 72 to outer rail 70, 74 is used to predict

| ocations of the outer rails 70, 74. Draini to Drain4
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encoded in the centre rail 72 using solid 78 and
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printed audio format 48. One configuration may be: Bit
L ion Descripil.oqn O Reserved, always 1 1 Reserved,
am@%@ 2 %l”?rg?kg anp indicator O- Additional stanp

1 Gupidr(£3045t Suprd81383)Encodi ng Type (e.g. STFT or CELP) 5
Cel | configuration 0 -1x2 1-2x2 6-8 | ndex of

A%j %I on %(%%(P érgvdvm gg r%prg?eni l tl nﬁ Preltll\]/&? dorAH%y %)—:‘
Adohtmlucmln aireyFtpnentTed gpardibils ag- ®1t9§PQ¢Q§anAlﬁﬂ¢ ¢ Fllgy for dot

gain. Using a cell without guard bits may result in an increase in bit error. The

~ oo S o

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

flows 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 s less  than 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
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 dots 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, rimming,
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.



32 Last bit set to O, which is opposite of bit 0, to
det ect upside down stanp. As shown in Figure 14, the
whRaos/ 059083 pref erably printed in a 2x2 cell 130BCTSGIN04/000418

three guard bits as follows: Bit (1301) Guard (1302)
Guard (1304) CGuard (1303) ﬁ)blt may be black or white

to represent "1" or "0" reSpectively, or nmay be

conti nuous grey tone. The guard bits are white spaces

and are to allow for dot gain. Using a cell wthout
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dec 88&%%‘?‘?’8‘?5. °"J@(%§ll5 gﬁﬁ%ﬁe&‘"g& g@? ifs Mguse g to conpensate

for filt’? Cjd frantey peidracy htaking nig'12 1 18e= 20&Ibyes; Bmhge usi ng
* Reed Solomon code takes up the remaining 39 bytes.

The characteristic of a CELP printed audio format is:

» FEach 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;

e Ablock 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.



gamma correction or calibrated correction. Ganma
correction has the advantage of preserving the dynamc
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non-1|inear, which may cause distortion if used
excessively. Dot gain contjol nmay be enhanced

enpirically by perform ng an additional gamma

correction before conbini 0 ositing it with the
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CrolapPpriovidene bétessdutign.bi t s, or 18 bytes. A Reed Sol onon
Forward Error Correction code may be appended to a

bl ock _of CELP fr ock consi of 25

ol SRToon 2, 81 SO0 AP Tl PvaRecEls 3y e —
2parbibetgises77 each bl ock uses only 255 bytes, |eaving
10 bt s ed; fit 12 CELP franes per block , takin
up %’éim @Hg&%w bytes; and Reed Sol onon code takes )
up tHesnip@wiapewirdfugdonsyt es. The characteristic of a
CELR29népdiRd audio format is: Each printed audio
format is self-contained; The size of the printed
audio format is about 1" x 0.5" for audi o duration of
2T dase isrtbien conf@itel ihinaaritudsaandibasen desyltiog il 123 roropitissl
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umm; Pr
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1c®te|@0mne¢us|1¢76ere~wthum$sd ofn 8¢d ddirhing the priority of our US
pFovnsnénal application number 60/531,029 filed 19 Decembeér 2003 and” entitled™

“Method and System to Process a Digital 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
contains 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
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



Ef fective capacity, deducting error correction code,
is approximately 1.5 KB. The error tolerance rate
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data is rendered in continuous grey tone instead of

bl ack or white. Col our may be inverted so that 255
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The low pass nature of camera lens 14 may be used to perform the “averaging”.
Additional averaging may be performed by area sampling during the extraction
process. Because of halftoning and the use of grey colours, analog grey tone
encoding may require a higher resolution printer. V

A camera lens warps the geomeiry of an image resulting in barrel and pincushion
distortion. The "resolution” of a lens degrades and becomes defocused away from
its centre. 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 the



To increase error tolerance, the STFT bands may be
divided into three groups, and nore inportant | ower
wo ec@quessaey bands nay be placed closer to the cRCI/6€2004/000418

rail 72. For an 82 cells per colum of STFT, bands 32
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Deft prxe?glaé?( new tnr%shold 0.1 * Min + 0.9 * Threshold (Figure 21(c))

Left and top pixel black: new threshold = 0.18 * Min + 0.82 * Threshold (Figure
21(d))

The weights are decided empirically.

n

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 to increase
its accuracy. The grey value is then inverted and stored for decoding.



crucial data nearer to the centre rail 72, this
probl em may be further reduced. Exposure tine affects
war@bosefyr eyscal e) data as it determ nes not POI/§GL00€000418
"gain" but also the ability to resolve different
shades of grey. An inproper ,Exposure time may lead to
over exposure or under-expogure of the imge and may
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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)



Left and top pixel black: new threshold = 0.18 * Mn +

0.82 * Threshold (Figure 21(d)) The weights are
wolewsds4enpirically. For anal og (greyscal e) eRCT/8GI04N00418

the average of nine pixels is taken: one centre pixels

and ei ght surrounding pixgls each offset by half a

pi xel, to obtain a nore stable grey value. A bias

wei ght favouring the c e us
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space tp%aqﬁop%dafa(ﬁtorg%@ﬁo%l t. Figure 17 illustrates
wher e andlfibalplsentforipriitiag (‘M0 o are used. Here, there are
four printed audio 1601, 1602, 1603 and 1604. Their

i mages are preferably cagtured at. the one

ne.
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The markers 76 may be arranged at any location around or adjacent the periphery
of audio content 49, but are preferably at or adjacent the corners of audio content
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
49 and most are at or adjacent a corner 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.



used the header data to control this task. The audio

is replayed all at the one tinme. Figure 18 shows the
wor@sakde4pr ocess for audi o reproduction: the | PEDRGL®4/000418

captured (1700) the data of the printed audi o fornat

48 is extracted fromthe ihpage (1701) the three centre

mar kers are found by the search (1702) the header data

ed h d
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epdripkary ararexendisgito hibRG8jusacythanagididcentdnafiesr 08) or
anplified (1709) and converted (1708) the audio is
out put (1710 gure 19 shows the process for encoding
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A epreici b o bl g fle'sBrie B 808 s o
(des®eyd antohtanad|io pchieugta fore wiiform ilighiing 1380?16) printgd gueo
ouimadss. (1710) is by the canmera 10 being used in
conjunction with a conputer, sound systemor the |ike,
for audi o reproduction, conversion (1708) and
dniﬁifP"Nf # eresh G0 (s1fpooed withythe dungindnge 19h thedextrected marke® 76
|rJn§H|r| 'd the vertlces The Iummance wnthln the mesh 310 maytbe fsﬂma&ed by

r mat ~48r - Fi e
9@{'%& G R R e s L S T
iinferpolglimmssudie raat fop rexamnple, tdubis inttrprletianewes also Heecused! Yhet wo
PBEURG urmfinédha J?@bfnhhé\%@'uéboqe Bl&Nut the bgmeesgfar kers 76

or

may be arrange any | ocation aroun adj acent the
peri phery

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
extracted markers or, if it's a colour marker, the Luminance Li = (0.299 * Red) +
(0.587 * Green) + (0.1747*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 lJuminance 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,



of audio content 49, but are preferably at or adjacent
the coners of audio content 49. If perspective
wale@sosdesdNn correction is to be included, at |PEE8G2004/000418
three markers 76 are required for each audi o content
49. This is shown in Figur§723(b). Agai n, the markers
73 are arranged around or adjacent the periphery of
each audi o content 49 and nost are at or adjacent a
c OPRYPCHN A APerRion &' ot BiRfle xdhoutisipedring e e jpeesamlt
essentiagnal as is shown by marker 76' that is
internmedi ate an edge of a side of an audi o content
49. As is shown in Figure 24, a circular marker printed
audio format 210 may be used with a central nmarker 76
and a single audio content 49 arranged concentrically
with marker 76. STFT magnitude frames arranged in
colums 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 snobothing is shown in
Figure 25. Here, the lum 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
dar kened or |ightened 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
mar kers 76 maki ng up the vertices. The | um nance
within the nesh 310 may be estimted by bi-linearly
interpolating fromthe extracted markers' 76
| um nance. Hi gher ordered interpolation such as, for
exanpl e, cubic interpolation my also be used. The
resulting |lum nance nap 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) + (071T4" ~~Blue), Were Red, G een,
and Blue are the average Red, G een, and Bl ue col our
of the marker. To correct the |lum nance at arbitrary
point P, the following is perfornmed Let the |um nance
of the brightest marker be Lmax = max(Li)



The Lum nance at point P, Lp can be interpolated from
L1, L2, L3, L4 or nore neighbouring vertex. Let the
wexdaosasieesl grey | evel at point P be G. Then tP€T/SG2004/000418
| um nance-corrected grey level G'= G * (Lmax/ Lp)
Wi | st there has been desckgi bed in the foregoing
description preferred enbodi nents of the present
[ jon, it will be understood by those skilled in
tmee?'ta{%'ﬁsﬂol ogy concerned that many variations or
nodi fications in details of design,construction and
oper at A Qigitdl8ii cBRe@B@hphbitdiout departing fromthe
present invention. The. aims. 1 Adigital still caner a,
Rompr i €] APNORLRPE BHRGN SYSIETHIOE S3PHERY #dls SlehptpgAphc
capt ur i ngmagesof popiten redteridl copedigyr @ipted @udioregaatpf pri nt ed
mat er i [ : r ; \
procesth,® Preed) Booftolink inetue (0l el it e Blos® st
si ngl e stANPPITBPIIR IBEPphi ¢ i mage; (c) a decoder for
recei Ut deoded & 0chevngtdng decuing ask eicdilcl slafiorddid toddh

audi o si i d) an audi o output for outputting
t he audi %@Fq;ﬁ%f*%gé audio. Adigital still canera as
I

cl ai ne8) ian audiapyiput for puiputingrthe andiersigsipkag addidat a st or age
for storage of at |east one of the encoded audi o data
dt io.,signal. A.digital. still canmera.as

aqai ner}g d%ﬁgc " e a’rsucr'?"ﬁgog e a]WB\' ig’sglu%eracr?mﬁﬂﬂrl'q fidepe

f or arfsrageyonsipraoeef alletisbonsiofjiiglencoded audicodaleeanddhe fugio

conversighftg digital audio to analog audio for

reproduction. A digital still camera according to

claim1, wherein the audio output is selected fromthe

g¥ oup Acdeital gilicamerafas clained i sipigek dyrtherguhpasingan praplifier

s ock etiorfapipraing e die 'slkRadRH aneMerté 6 éb!ntléﬂingscfvi\%ﬂa‘ audio
erein

di gi tﬁ(l) St I ,c%mera a%. claimed in claim1,

the phot 8{5’?35‘?{? FeRIRgPAg syst em i s al so for taking

phot ographs and includes an inmage capturing device. A

di gi t  gigitdl ki AR BcRRingl B dERA 1 WhEleR ik 2udbWutdiels

conpr Isgllecqu f?aotm lhg %rsotup ggnesisting of: a loudspeaker; and an output socket
for eéarphione orheadphones:

5 A digital still digital stil camera as claimed in claim 1, wherein the
photographic imaging system is also for taking photographs and includes
an image capturing 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 signal.

7 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.



m crophone for capturing an audi o signal associ ated
w th a photograph, and an anal og-to-digital converter

wo orososmewerting the audio signal to an input dpQi/862004/000418
audio signal. Adigital still canera as clainmed in
claim6, wherein the decodgr is also an encoder for
encoding t he i nput digital audi o signal i nto encoded
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claimed in claim7, further conprising a printer for
printing the printable audio format. A digital stil
cther ah digital|stl| eamerd a5 aldimechin Zlainifprtiien cormpsisisn @auiatgr for

i Nput  @RiAfHnélBAntableudib &Inagk. separately fromthe

phot ogr aph but has a data connection to the

phot ograph. A digital still camera as clained in claim
611 wheh digitalt 44t camere @siniaireed iy claih 6 twdrefry then enberled ricpup
consi sduyaiagadth 'is Ridtdat sdpBratel) OB thePREBgrap Bus ﬁ@@%aaaea

fronrthe cg? P$§1%QP$gﬁ{atlvely connectable to the

caner a-°"ES canera as clainmed in claim?7,
wherein the decoder/encoder encodes and decodes
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and Cod tion Llne
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cl ai meglyiCBJSERitHon finedrrdditgbn CONPri sing a second |ight
source spaced fromthe first |ight source and being

for producing a
14 A digital still camera as claimed in claim 1, further comprising a first light

source and being for producing a first light beam directable to a required
location to locate a lens of the digital still camera a prescribed distance
from the required location relative to the printed audio format.

15 A digital still camera as claimed in claim 14, further comprising a second
light source spaced from the first light source and being for producing a
second 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
source spaced from both the first and the second light sources, and being



second |ight beamdirectable to the required | ocation,
the first and second |ight beans being co-incident on
wo b@sioegus red | ocati on when the lens is the preersGHOd000418
di stance fromthe printed audio format. A digital
still camera as clained inyglaim15, further
conprising a third |ight source spaced fromboth the
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canera to OCa rescr di stance
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f or mat predsrifédididtarce Sbdve land pdiBilePo @k (frinfeli ABSHo fofmat! @i m 14,
further conprising at |east one further |ight source

for providing at |east one further light beam the
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| east \Qﬂlﬁarfhgﬂtts&ﬁée fopﬁé\ﬁdn‘ﬂﬁat‘l@b@ﬂoﬁehﬁtﬂe? rb'?lt béan{ BR further

rescrl d di st printed
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digital alm
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frame, the view finder frane conprising a plurality o

r fgre %E@i&ﬁ&:ll chRera a‘%lc%ﬁﬁ‘émﬁ‘tslalm PRifther comprising a vuew finder
requir ed- ? ﬁe rinted audi o

f or rratcomgsﬁngt %ﬂe"ﬂ?@ef féqmes f’ﬁeler%’cfﬁﬁﬁrrf?"?%og‘ﬂﬂfé@ﬂ"I"a'ltY y
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wher ei n rises a base having an opening
throud?FagﬁHr?!ﬁ“’ﬂf’eth?B' daydofBetire the i nage, and a

plurality of side walls extending fromthe base for

tde Pregstt Q8 dadia baRSifved in claim 17, wherein the frame comprises a
base having an opening through which the lens can capture the image, and
a plurality of side walls extending from the base for the prescribed
distance.

21 A digital still camera as claimed in claim 20, wherein at least one of the
plurality of side walls includes at least one light source for illuminating the
printed audio format.

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



A digital still canmera as clainmed in claim20, wherein
at least one of the plurality of side walls includes
w@eoosesst3 one |ight source for illum nating theCPsGHDE000418
audio format. A digital still canera as clainmed in
claim 21, wherein the at Igast one light source is
renote fromthe digital still camera so as to be
outside a visible region of the lens. A digital still
canera as clainmed in claim17, wherein the frane
C@Bpr i detyital shibemelreas daimentin o7 ngherdin the framemperemises e
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signal encoded in a printable audio format, the
dipgi tal, cﬁ@fal lstillctgmgl:aafo? Q%P?thaionga‘f.a aa?udl% sﬁ%@f S8R InCa
I magi ng system for capturing a Single st
phot ogpiéiableaudiedeiaalpthe digital sl sampiaePnaIsPont ai ni ng a
pri nt egh) aslghdlographidTrhagirglsystém R 65pRGBEE single siikihbiagiapiigy
encoded ayds o Aot g, LERMISShOThS i didds G 00r aphi'c
i mage; (cj“ageaé’é'aa%F" OF SPeTerys P}g And decoar ng the
encode(b) aadicsessat for eutragingaenspdedsaugivadata Fa@ e pingle ¢l o
storage fgotoytphiddsagef at | east one of the audio

signal  and the encoded audi o dat A _digital L
camer al®s? 8?‘%%%%@ RPN, P, é:e&?g'?gualp? ﬁ@?‘)dg% r?f)ér'? é%tﬁ é$ an
audi o out gugio signel, auk put of t he anal og audi o signal as

audi 0. g\ giyah sifags fdrlstorsR R ERRS ofd & theBudidsigHaar® tB¢,
further conprisi n,g an anplifier for anplifying the
audi o si gisPIeIAMEC S Bonverter for converting digital

audi o tol naTdg aTudi o". A digital still camera

aﬁf or dit\%fit&lostiﬁ L @hdh 28 claiie biBint B8 ré@HdE BonfibiRg! bn ladio
se d

ecte romthe group consisti ng OJ.Z a | oudspeaker;
and an°‘5’ﬁﬂtfﬂ5?”t§?§8f<%?a? %%Q‘Pﬁﬁ&ﬂé 8Y“%eadphones. A

digital still digital still camera as clained in claim
2 V"h%g;ﬁél shiNEmielBa st LB 345 nth&QohPFisirgadfi diilifier

ot ographs_and 1 ncl udes an_ i mage capturi evi ce..
P gfor amplifying the audio signal, and a con erter%)r conveﬂ%g %ig}{al audio

fo analogaudio.

27 A digital still camera according to claim 25, wherein the audio output is
selected from the group consisting of: a loudspeaker; and an output socket

for earphone or headphones.

28 A digital still digital still camera as claimed in claim 24, wherein the imaging
system is also for taking photographs and includes an image capturing

device.

29 A digital still camera as claimed in claim 28, 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 signal.



A digital still canmera as clained in claim28, further
conprising at |east one m crophone for capturing an
wa@oasossiuynal associ ated with a photograph, anPCE8G2004/000418
anal og-to-digital converter for converting the audio
signal to an input digital,,audio signal.A digital
still canmera as clainmed in'claim?24, wherein the
decoder is also an encoder. for encodi.ng the jnpu
ditgi t a diaigl I ampras JaEs ﬁ'é'ab?é‘dwt‘?{ﬁug‘eé@&?%’ gé‘{sﬁa"
abl e t endoderfon entithgitie ispupdigitel allicssignatdnto ehadediinputAudio
digita I Or g ai m 30, wherein
the pr o?:%tgg'glrto §e€rjpgﬁ%§mt e'ﬂéﬂ%ggd'%glnﬁ%ut audi o data into
an associ ated photograph such that printing of the

PRt 0ghafdiaiidtil baniepssdcbrding td &l@mem O@etedin the pricestotémbedat a

being printed therew,t as a2 n nte r

di git ap' s‘?qcf"? dinnih ARdIQ, 5 3t8r“(}lt° Ssoc' eaaﬁ]%(ggrép% %E theA
t he enpridied of thp photagragh willhesul in ﬂag etlfh"é?d ippytipugin éata bemg
associ ?,q,ﬁghtgg}@\;,@gs%pmn@ggucﬁ@m%@ in a data storage

W t hout enbeddi ng the encoded audio data into the
associ at ed photograph. A digital still canera as

cBai med digitat btilli ;a8 adcordinhide cleion®.i whemin thepericndedringudr
printiggyd B a%g‘e{é\gtawmheth@légéoglafee rdﬂ’%graﬁx Qr‘e%t&r@é lnSJ bidth

canera as C t.he ed

i nput SOES Wiaeul embedding, thg e&%‘ﬂa‘rgt'%‘? Jatp i, t{“ﬁ @ssoc'ated
phot ogpisgidyrdpit has a data connection to the
photograph. A digi aTstifl canerWas~clainfed~in clainf
29r ~wher ei n-t he~m crophone - s _selected fromth
gPdup Acstalplstiy prpest as Oéﬂn‘?‘?l in elgin 30, fyriBerSQmBHSiNg %ﬂ&‘ er for
separ apintihg henptifigblcanprfarmatit oper ati vel y connect abl e
to the canera. A digital still canera as clai rred in
cl aim 32, wherein the decoder/encaoder encodes an
détoded digiehgfil cempra pstclaiped Brcialif 30t WAt 'rfoa'?ﬁf’%“rd input
Tr ansf aiidio as@ Eat@edxseiaradly dioml theegtotograptli Bt ihas.a data
met hod audi o signal encoded in a
printe a0 d%moqg%&n%&gra?ﬁ'e met hod conprising: (a)
placing a digital still camera adjacent the printed
agsli 0 hafigill stiiicaieid dseonamed-int demdiogivherkinghé-triicraphoner-ia:

di rect ggec'i&j%ngt?\e tgpﬁp QMS%%%%%H{-;R to the camera, and separate

from the camera but operatively connectable to the camera.

36 A digital stiil camera as claimed in claim 32, wherein the decoder/encoder
+ encodes and decodes using at least one of Short Term Fourier Transform

and Code Excitation Linear Prediction.

37 A method of reproducing an audio signal encoded in -a printed audio
format, the method comprising:

(@) placing a digital still camera adjacent the printed audio format with a
lens of the digital still camera directed towards the printed audio
format, the printed audio format being within a focal range of the lens;

(b) capturing a single still photographic image of the printed audio format

in the digital still camera;



format, the printed audio format being wthin a focal
range of the lens; (b) capturing a single still
w@bwsosreaphi ¢ i mage of the printed audi o for naPCT/8G200¢/000418

digital still canera;(C) processing the single still
phot ographi c i mage of the pfinted audio format in the
digital still canera to produce printed audi o fornat
i mage

d ocessin rinted audi o fornmat
i rage gk Pckgrte 57k Sf ahclSarBiiemese H ecyied mudo
repr oduci rigmetie treudiital sl gnera tapraauck dihed audlo rm# image
met hod as ggizai med in claim37, wherein the processing
of the printed audio format conprises: (a) retrieving
an audif @ Prgessingrife RENtes pudiceterasidmacs daigdo ekiein;an( o

sear chi ngsignaladnabase of stored audio for a stored

audi o it a{gg if the stored
audi o X\%)t EePH%@c'a [ 8@# '&'a gﬂﬁp aué'%t rieving the
stored audio and using the stored audi o as the audio

sisgnal A Methet Bodlaified 6l ALIFESY, Wherelndth&pdéessiNg & @Henprtngéﬁ

proces LJ?cgfo%atthn EI‘I nted audi o for nat conpri ses:
extrac I'ng enco j*8%di o data fromthe si ngle still

phot ogf@ pletievingagaudiq thy frefe thedrintgd aur imagodieal audi o
data t @) as&hﬁﬁﬁg&l dafiEkef 8o aligio AP Y sofed aQnQBWﬂF temEhe

digital aud L0, S naI to an anal og audio signa
met hod as® 1% P#e€d%i n cl aim 39, further conprisi ng
st ori n(§) aff teesgred evrdio with theeaudiodegl édfoandd rerietng aheastdreti he

di gi t al . agifictndiusiRgine sﬁréﬁ%h&@gs%aﬁéiéklm in claim39

further conprising anplifying at ['east”one of the

di gital audio signal and the anal og audio signal. A
8¢ hodA aretigidedsnalaimedincdiaii 87 3Wherein diieepracdskieg atl therinted
out putaljdﬁ,f&e,{aegg,%sgsr om the group consisting of: a

| oudsp and an ut ut socket for_ earphone or
headph§ﬂ ShagiP Rt I dRteon e Fiagien 0. phaisgreetin

t he decodimagg;i s by using at | east
(b} decoding the encoded audio data to a digital audio signal; and
(c) converting the digital audio signal to an analog audio signal.

40 A method as claimed in claim 39, further comprising storing at least one of
the encoded audio data and the digital audio signal.

41 A method as claimed in claim 39 further comprising amplifying at least one
of the digital audio signal and the analog audio signal.

42 A method as claimed in claim 37, wherein the audio output is selected from
the group consisting of: a loudspeaker; and an output socket for earphone
or headphones.

43 A method as claimed in claim 39, wherein the decoding is by using at least

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



one of Short Term Fourier Transform and Code

Excitation Linear Prediction. A nethod as clained in
w@b@sns®d3 wherein the inmaging systemis al so POF/SG2004/000418

t aki ng phot ographs and i ncl udes an i mage capturi ng

device. A nethod of sound %ﬁeproducti on of an audio

signal encoded in a printable audio format, the method

COP! e 3 SRR A o7 el e Wb SRR R
still caing phgtodréphs pndinelsdss ag intdge capturiph €edde. | |

phot ographic i mage to extract therefroma data signal
corresponding to the audi o signal; converting the data

s#fnal At'beﬂf!CI‘i’eOf sorndderspdyistan; of an audc%ﬁlgqaéﬁrcea%ﬁcm RPripigale

audi o SU@g}matAhméth@dcmngh@l med in claim45, wherein

t he processing of t dj o

conpr i gaz Scea;éuélg% ehsm? [j gﬁ&gﬁap%é |m%tgo orfrl@ é)f’lMEl%lQearugloo

si gnal , tfwemailugnsuaﬂigéﬁjaﬁ"'@a@ﬁrgnal bei ng converted to
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urther c rising sto

si gnal gan%)ﬁ@"?ﬁ %ﬁ"ﬁ%ﬂ”‘ﬂﬂ@ {hg |a§a‘§ls'gnﬂ'er°r8?‘ﬁ889 tge a

cl ai ned |s|grcdlta>|tm4®l;osigmatm§ir conprising anplifying at

| east gRerd gﬁod{,g}?t%gw,@g,gngpdl o signal and the audio
signal. A neth as clained in claim45, wherein the

reproduci ng of the audio signal is by neans of a
| 861ds paaketiiqd ax claimedint gaitn 450 sketinftior pregssing vé thegprinted

headph f-ormoat W&fg,apgor@p%sé“s' éb&% thdd&h %igﬂél%a dYéhQra%H’G

t he de ng I.s usi east on Sho t Term
Four i e?'g”léll M%?H%W&'@g'&é'"ﬁﬁmv?%dl e af‘ﬂ% 5‘9"5‘

Prediction. A nethod as clained in claim45, wherein

the Caﬂwqoags%gmd iR g@m‘(eamnh@%aﬁqb g%tonlnsaﬁ&as& Bﬁee?

centre rai ers o Erlnte for mat
val i dathedgtesionpl@nd theigitel@udiafendd markers: (c) |ocating
the rest of the markers on the centre ra|I and (d)

8! | ' g {@Aulmﬂ ¢§ %rarn?ema%m f{ms?w%sﬁg aﬁ:\blﬁ%ﬁ'@g{ 148t one
| east three
of the dlgltal audio signal and the audlo sngnal

49 A method as claimed in claim 45, wherein the reproducing of the audio‘
signal is by means of a loudspeaker, or an output socket for earphones or

headphones.

50 A method as claimed in claim 46, wherein the decoding is by using at least
one of Short Term Fourier Transform and Code Excitation Linear
Prediction.

51 A method as claimed in claim 45, wherein the capturing comprises:
(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.



centre markers conprises searching for the at |east
three markers in a centre region and, upon the
wo omanswms of the at | east three markers, exam PCTI§G2004/000418
position of all remaining markers. A nmethod as cl ai ned
in claimb52, further conprissing performng a
bl ockmat chi ng search. A nethod as clained in claimb52,

wherein if the search in the centre reaqi fails,

s&ar chi\Mpthagdsichined it faigp 1, Bhen ihgg‘?cgw%a‘ﬁg?e ﬁ‘qfeaf‘tﬁ}gee
sear cheentre trinekenp panpriseg searching Sor thaial Eaststbeeohdrkegs in a
cont i nyes.i a- A bakt G 61 Bktio FEANIAH 1655t Hrdd kel
claim gej)ﬁev\'ﬁ%'?ré%ﬁ&l ?@nhg]gsle%r“g'ﬁoﬁ al F three regi gns
fails exapliningn pesitiene 3 emalinodPaks® A met hod as cl ai ned
in claimb54, wherein the upper region, centre region,

a bottom reqi gn a . re-def " _
2Bl bR Rinf S 8L g R, B
pri nt aeiehingigkiacshf or mat , t he met hod conprising: (a)
capturing a single still photographic inmge of the

printabl e aydi o fofnmat .usi,ng~cligjtarstill, camera:. (b)
pH) c es'gi"ﬁaa‘olfi 78 C8iMsg I"‘ec'@Tis‘r’h &Eﬁe& 'g@F SR RS gt? % %glo'(
ext r acfeild, keargiingeantinuekain @n ypren sdgiop @nd, didiprosrarahdn the upree
audi 0 LA Bkso foliS bedr&Hirg @MinIEs i3 LBk RgloAd from the
printed audi o i rage data; (d) searching a database of
stored audio for a stored audio with the sane audio

t 5%); aAefie)d asfolainied istlaimdd, whrdeio if et deatch én alitbiies ragivgs i s
found, efif piin§Ybddde [sHerigeE ed audi o reproducing the
stored audio. A printable audio format conprising: (a)
a printed encoding of an audio signal; (b) a plurality
066 s paaedtiepdans clanred ipelaial 34evherein the; upper)regibre centiervegiah,
encodi : ' | galq being | ocated between the
pl ur al %?jyb%g?é‘ﬁfoﬁégA&ppﬁ nt aboll'e audi o format as cl ai ned
in claim58, wherein each rail conprises at |east one
“mar ker A method of sound reproduction of an audio signal encoded in a printable

audio format, the method comprising:
(a) capturing a single still photographic image of the printable audio

format using @ digital still camera;

(b) processing the single still photographic image to extract therefrom a
data signal corresponding to the audio signal;

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

(d) searching a database of stored audio for a stored audio with the same
audio tag; and

(e) if the stored audio with the audio tag is found, retrieving the stored
audio reproducing the stored audio.

58 A printable audio format comprising:
(a) a printed encoding of an audio signal,
(b) a plurality of spaced-apart and parallel rails;
(c) the printed encoding of the audio signal being located between the

plurality of rails,



A printable audio format as clainmed in claimb59,
wherein there are a plurality equally spaced nmarkers
WO p0osasts43 ai |, each marker being sel ected fronPCT8G2004/000418

group consisting of: solid, and hollow A printable
audio format as clained in.glaimb59, wherein the
rmr kers are al so used to encode data. A printable

of S wherein there are three

9‘%5 c'grpﬁ'rn{agla ﬂJdé? %OHBaqr%? IC'a'”éch@n?'?'@ P& Wherel, pagh rail

bottom gogiplises At lpast nearbéreeraudi o fornat as clained in
claim58, wherein the printed encoding is by using at
Ie st ope of Short Term Fourier Transform and Code

t at/t GANIERIR @i Soregt 8¢ iclsimedain (Hiaim t58h Maergindtheref ase reat

as cl aipheality muéllyaspms'ﬂ%armerneéd&h |ra‘i!t €dchInarker bbiBd 88lected
mar ker mwhggg{ib&f SI&P‘ opls& % rails are able to

be use erm ni 'é

g posi "0 of all other
markers. A p7Bi aBl e "aT] Bi 6f Tmaf *s cl ai nedi n
cledi t t Sgrintamleeduioforiratas QQiRkd fr &l 5oNARIBH KRN Barkers are
encodi ggoq%ghgal at A printable audi o format as
claiminc BB, C %relnthe digital data conprises
an audio tag. A printable audio format as clainmed in

cleai m 28printdbRy Kidld fbh%t B§ 'cl&tn‘f‘éi‘j lﬁ%oghé?gn ISord YreUhifRe qgnls

greysca eac cal e having at | east
one whi ?mprnglagoporﬁé acﬁ"tff r@'é%f“ﬁ% HopgAt i guration. A
printable audio format as clainmed in claim67, wherein

Lg@ i ; elal printdbleC aitid %@tt éso @lain%dam ?ef%r R lvxihettep\ethg rinted

segnenf %008'8? i b‘? 8’?‘"ggffd??ft BP? Qf ﬁ\h%tr T‘?‘i’f"a’fﬂ”ée" alignséPrmanghat
as cl aCn@ﬁxcmtchamearP&d»omrer ei n the audi o signal has
renoved t her efromfrequency in the range 0 to 125Hz
pﬁﬁ ?\o enge g r| nt abl e audi o format as cl ai ned
cla rﬂ"%@ @ é‘i"ﬁa FSRPBRL BRiaiy SPowhsyein erdlly aligned
Shor t MexkensFoeach ef thd pareifyar nils erepabledel be usedFbriteRinhing

f 1 anesposh¥Ry o apbfEmdrkeidle bei ng deleted prior to
printing. A printable audio format as clainmed in claim

67, wherein the cellular
65 A printable audio format as claimed-in claim-62.-wherein the-centre-rail-has-

markers encoding digital data.

66 A printable audio format as claim in claim 65, wherein the digital data
comprises an audio tag.

67 A printable audio format as claimed in claim 58, wherein the printed
encoding is by use of greyscale, each dot of the greyscale having at least
one white guard bit in a cellular configuration.

68 A printable audio format as claimed in claim 67, wherein the celiular
configuration is a 2x2 cell, the dot being in one segment of the 2x2 cell, all
other segments being for guard bits.



configuration is a 1x2 cell, there being no horizontal
guard bit. A printable audio format as clained in

w@eb@siss8 wherein the printed encodi ng conpri BEESG2004/000418

first portion in which the encoding is in a first
direction, and a second pogtion in which the encoding
is in a second direction. A printable audi o format as

Clsgi med bl Fb %mat"!&eﬂ' f’nQEm@% %h%pelmeth@léq&lg SHnal

format I's arran ura ortion

order P& §TeAvAd %@er%ffonl I‘féq‘ﬁf"i)’r B ?hﬁy’aﬁﬁe ﬁoiot 1%’1‘# par rig
cont ai eeddingl header data of each portion. A printable
audio format as clainmed in claim®62, wherein crucial
audio data is closerto the centre-raih A printable
ad@di o Ad¥inable @odip farsatreg ciairessiin claim A3 bereinathe encedingiis ed

encodi quééfofm %ﬂ'T@rrﬁ Fsm,a.l Trﬁﬁsff&ﬁ‘rgg groau&bmau@nsd frames,
concentric A printable audi o

f or mat 'Y ‘%E'i’%tffﬁ'ga FAp ‘gel'eé‘?cﬁﬁ"?‘sm Pﬂﬂl@Pe. n the printed

encodi ng of the audio signal conprises a plurality of
r afli al }\ypriﬂfa’bl@nélﬁﬁ ﬁ)h\%ttast Séurﬁbcll: HGiaft ebr @ﬂecfglﬁ e Lol O

franmes a ran col ums th Iovver frequencies at a
r adi al ?%9‘ g? 'sp?o?‘?lcﬂhthGTe b@%\“@ﬁ° BefizaRA! guérﬁ ithi gher

frequencies at a radially inner portion of each
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76, whereln the au franes are

phot ogfSpHNS SPpRTises AgfirstnPartigagB, Whighythg ?!\CPW?Qa!ﬁ 4] alf)'éﬁto
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75. A photograph as claimed in claim78, wherein the
printable audio format is in a |location selected from
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of the imge, and a border around the inmage.

74 A printable audio format as claimed in claim 62, wherein crucial audio data
is closer-to-the-centre-railk:

75 A printable audio format comprising a central marker and a printed
encoding of an audio signal arranged around and concentric with the
central marker.

76 A printable audio format as claimed in claim 75, wherein the printed
encoding of the audio signal comprises a plurality of radially arranged short
term Fourier transformed audio frames arranged in columns with lower
frequencies at a radially outer portion of each column, and higher
frequencies at a radially inner portion of each column.

77 A printable audio format as claimed in claim 76, wherein the audio frames
are for magnitude only.



A photograph as clainmed in claim78, wherein the

printable audio format is on a self-adhesive | abel for
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by interpolation fromthe extracted markers.
81 A photograph as claimed in claim 79, 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.

82 A photograph as claimed in claim 78, wherein the printable audio 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
cbntaining the photograph.

83 A photograph as claimed in claim 79, wherein the printable audio 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.

84 A method for luminance smoothing comprising:
(a) determining a luminance of an extracted marker of a printed audio
fdrmat; and
(b) changing a brightness level of a region around the extracted
marker for more uniform lighting of the printed audio format.

85 A method as claimed in claim 84, wherein prior to step (a), a mesh of
extracted markers is formed with the extracted markers comprising vertices
of the mesh.

86 A method as claimed in claim 85, wherein luminance is determined by
interpolation from the extracted markers.



