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ART8S - Various methods, systems and apparatus relating to the present invention are dlsclosed

10 in the followmg co-pending apphcations filed by the applicant or assignee of the present
invention simultaneously with the present application:
International Patent Application Number Docket No.
PCT/AUQ1/01317 ART80
PCT/AU01/01328 ' ARTS81
PCT/AUO01/01326 ARTS2
PCT/AUO1/01327 ARTS3
PCT/AU01/01325 ART 84

The disclosures of these co-pending applications are incorporated herein by reference.
Various methods, systems and apparatus relating to the present intvention are disclosed
15 in the following co-pending application filed by the applicant or assignee of the present
~ invention on 10 July 1998; '
USSN 09/112,781
USSN 09/112,785
USSN 09/112,824
20 The disclosures of these co-pending applications are incorporated herein by reference.
Various methods, systems and apparatus relating to the present invention are disclosed
in the following co-pending applications filed by the applicant or gssignee of the present

invention on June 30, 2000
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PCT/ AWOQ' 00743, PCT/ AUOO/ 00744, PCT/ AU00/ 00745, PCT/ AUOQ 00746,

PCT/ AU00/ 00747 and PCT/ AUOO/ 00748 The di scl osures of these co- pﬁd% 2005
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| NVENTI ON The appl i cant has previously described in USSN 09/112, 785 net hod
and apparatus for printing out inmages using an ink jet printing system on
a print nedia using a pagewidth ink jet E{ i nthead. The i mage can al so be
transforned by an i nage processing prograr-l oaded into the canera system
for providing various effects on the image. The applicant has also 10
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applicant's USSN 09/ 112, 824, a ne and appar atus hg a 15
phot ograph for exanple, printed using a canera system such as disclosed in

USSN 99/ 11 BACKGROUSEN @B/ THE IRYMENTIONscl osed. In EP 354,581, a nusic
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of the linear scanner is too |arge such that t scanner does
not ¥l 1y disglosed reordiggniarn ot thetbackraf a iprinted iphotopuaph tvihich @indel used b feprilfior

354,581 ha (M) ng the. di,scl Qsure oes not suggest itself f{o, use
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Ohyama, El ectr.onjcs and Communications in Japan, Part 2, Vol. 75 No. 4,
1992, pp 787RENS thedytaingy ?@qudefé@mqugﬁafonmgm%@rbadfoﬂthmomma dur ati on
of sound on a p@stERLcHPLZ [ I s, 1s . disclosed .
Postcards are masseﬁjgro ﬁgegsﬁlgfﬁg”gi‘%%%egi g%%hﬁoquﬁ%tﬁpﬁam tﬁogdrep{?pélcmg a
subskiance photggraph farleximsplagirintidssingaeameiysteaysick 3 dikdldsed s UBKHIOoQ 2,781
appl i cant’ 78 r USSN 09/112,824 does not provide for a
portabl e oﬁgggﬁgn(%?g#%?lﬁ%g’ﬁg system nor does it provide an output with
both a vi ewabl el BRG84,881H adflusR&BHAd chQRIBY §S i a%}?

PCT/ AU01/ 01324 Recei ved 13 August 2002 3 88 8Pl OF D! B8R nal ploﬁ\?agﬁ?ethas

di scl osed 7l ths-detanigirens! typplineas seanner. PEIR statict Od:@ls The( Witk ef thhlenatrix which is

much less than the width of the music score sheet. The amount of data encoded and therefore

20 requiring processing is limited. Eight rows of binary data are used to record the music score in
a 12 row matrix. The scanner is hand held and reading the data can result in errors if the angle
of the linear scanner is too large such that the width of the scanner does not fully cover the

“width of the matrix. The invention disclosed in EP 354,581 has limited use and the disclosure
does not suggest itself to use with a credit card size data card (e.g. 55mm x 85mm) as

25 disclosed in USSN 09/112,781.

In the article, “Optical Sheet Memory System”, Shinji Ohyama, Electronics and
Connnunicaﬁons in Japan, Part 2, Vol. 75 No.4, 1992, pp 73-85, a system for recording a
number of images and a duration of sound on a postcard size sheet using printed dots is
disclosed. Postcards are mass-produced using a “precision printing method” the substance of

30 which is not described. This system while similar to applicant’s USSN 09/1 12,785 or USSN
09/112,824 does not provide for a portable on-demand print imaging system nor does it

provide an output with both a viewable image and an encoded recoverable form thereof. The
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be printed out. The data which is recorded on the photographic image is encoded in such a

way that even if substantial damage occurs to the surface of the photograph, the data will
allow recovery of the image. This is possible by suitable duplication and redundancy in the
data cofnpression and scrambling of the data and encoding the data in a fault tolerant, for
25 " example a Reed-Solomon, code form. The size of the photograph is approximately 4” x 6”
(102mm x 152mm). The data can be recorded on substantially the whole area of the
photogt'aph in a variety of formats, one of which is to record it as a series of data blocks (the
so-called “alternative Artcard” format) and another of which is to record the data continuously
over the data area as a series of columns (the so-called “Artcard” format) both of which are
30 described in detail in USSN 09/112,781 or USSN 09/112,785. The former method of
encoding, described in applicant’s co-pending applications PCT/AU01/01317 (Docket No.
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09/ 112,824, 1f the photograph is damaged then the ful |~ data woul d "have to
be recovet 8 PhotaesR; msenyfos eivansingthe prinf medig ghrough thecoatuinggeins; inetms | t S

faul t tof?"ilﬂﬂﬁh%% ; £ QLRI At Si usly. with the i.mage on
the print med: a t%lg&)nj\}gél?%g‘éthgp ﬁ%%&é’ I?é%&sgfgg mB#mﬁldlaﬁtO@H"ﬁt %ro’Phe
appar at usid scapnervheimd indlddingrerass foo dedodiii sl dita; iRk jet priflter Addns BF printing
processing the 30 data received therefromin the manner as described in
USSN ogﬂ@éﬁ%’é‘iﬁg&ﬁgﬂ%ﬁmﬁﬁl@m@ﬁ%@w A Erappedia aifeched fo said dnki jnkprintere,

the Artc@aeshst eader may be the sanme device as the photograph scanni ng neans

or may be a separate integer. An Artcard as disclosed in said t! /AU ART85
YU / AUUL/ U 13Pak erRedsst fawlt tolGamudjgisd d210a2ay2als BeXiRpi6d on Fop of the recovered or

replicated image if the ink jet printhead has provisions for printing in the necessary number of .

colors, namely cyan, magenta, yellow and infrared. If the photograph is undamaged then a
direct copying or replication of the infrared data and/or color image can be produced in the
25 manner of the applicant’s method and apparatus disclosed in the application USSN
09/112,824. If the photograph is damaged then the full data would have to be recovered
before being printed and, if required encoded again into its fault tolerant digital form for print
out simultaneously with the image on the print media. Other versions of the image can also be
printed if the apparatus is provided with means for reading an “Artcard” and for processing the
30 data received therefrom in the manner as described in USSN 00/112,781 and USSN
09/112,785 by the applicant. In this instance, the Artcard reader may be the same device as

the photograph scanning means or may be a separafe integer. An Artcard as disclosed in said
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. appli bat‘iARﬂ;% is of acredit card size approxi mat e!y 55mMm XRS@ﬁveda;Bdt\&giﬁtzoog
. scanni ng neans for scanning a photograph as required for the 5resent

i nvention would be wider to accommodate the 102mm x 152nm (4"£X% &1AR 200%
~of the photograph. In that case, the scanner neans nay be provided wth
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fornms of % e inventiqon will now be described, by way of exanple only, wt

ref er enc® s#ae sdd g yaprepxamatglyn grice thevwidth: of dherisigndatd i phiotographt es one

' . ' jon. Fig 2 illustrates an
L gn PR Byl 65 F0 b, bR gl o, By P0G v 1
i n sect i appropiate atchol for diat panwise of theotigind]l p6ldetpa ALy kiVetbeer 'a andtamic
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modul at et ¥ .e15004q (¥e racludingribe mesersiy iprage ayecessing pRogrameencoded i
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phot ogr abh- ARd8ilh infrared ink over a color image. 30 Consequently a “"data
dq " is physically different froma "non-data dot". Wen the photograph is
il ﬁun‘i nated by an infrared source having conplenentary spectral properties
to the BRIBFIDESCRIPTIONWIRIHE BHANINGSti cs of the infrared (IR ink the
data appears as a 4PAU 2 5 NMAR 2005 ARI85 -6- nonochrome di splay of "black

on "white" dots. The bl ack dots correspond to dots were the |
Notwithstanding any other fonns which may fall within the scope of the present

invention, preferred forms of the invention will now be described, by way of example only,
with referenc;e to the accompanying drawings in which:
20 Fig. 1 illustrates one form of card reader according to the invention;
Fig. 2 illustrates an exploded view of Fig. 1;
Fig. 3 illustrates a side perspective view, paftly in section, of one form of construction
of CCD reader unit;
Fig. 4 illustrates a checkerboard pattern with which the data surface may be modulated;
25 ' Fig. 5 illustrates the reading process; aﬁd ,
Fig. 6 illustrates the steps necessary to decode data read in from a photograph.

DESCRIPTION OF THE PREFERRED EMBODIMENT
Dots :

The dots printed on the photograph are in infrared ink over a color image.

30 Consequently a “data dot” is physi_cally different from a “non-data dot”. When the photograph
is illuminated by an infrared source having complementary spectral properties to the
absorption or response characteristics of the infrared (IR) ink the data appears as a
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IR ink is and has absorbed the IR illum nation and "white" dots correspond
to areas of the color inmage over which no IR ink has been pri ngé&dMiRd2i05
reflecting jhe. IR illum nation substantially unattenuated or only
partially attenuated. Hereinafter the ternms black and white 5 as just
defined will be used when referring to the IR ink dots recording data.

Data Card Reader Fig. 1, illustrates one formof card reader 500 which
allows for the insertion of a photographﬁg for reading. Fig. 2 shows an
expl oded pemsh&dikd z Qfps B 1 d_reader i
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e.g. 532 o? tﬁﬁpsgéé@ce of the photograph 9. The focused IR radlationis
refl ected 198MFHQEiRHEY saptiesbymeansot semi-eondugtogmanyfaetaringgroedssed. 5 MAR

20090ART85 - 7- Mh&L@kRBSAHE - mﬁ LAbed L Onm A fedoClTed

on the surface of the top shi st?éééhegég%. eg tgn?%%?gﬁ gﬁétg%ppé%;%@g%ﬁr f%dfof us

| R radi at i bencecbe livest C{Jp 34 supdnsansplesfthe phdtograph’s surface with an approximately three
times multiplier. The photograph 9 is further driven at a speed such that the linear CCD 34 is

able to supersample in the direction of photograph movement at a rate of approximately 4800
readings per inch. The scanned CCD data is forwarded from the reader to processing unit 31

25 for processing. A sensor 49, which can comprise a light sensor acts to detect the presence of
the photograph 13.

Turning to Fig. 3, there is illustrated a side perspective view, partly in section, of an
example construction of the CCD reader unit. The series of LEDs e.g. 512 are operated to
emit infrared (IR) radiation when a photograph 9 is passing across the surface of the CCD

30 reader 34. The emitted IR radiation is transmitted through a portion of the top substrate 523,
The substrate includes a portion e.g. 529 having a curved circumference so as to focus IR
radiation emitted from LED 512 to a point e.g. 532 on the surface of the photograph 9. The
focused IR radiation is reflected from the point 532 towards the CCD array 34. A series of



focused down to a point 536 which corresponds to a point on the surface of
the CCD reader 34 for sensing of IRradiation falling on the I&&eﬂﬁﬁ 2005
area of the array 34. 5 A nunber of refinenents of the above
arrangenent are possi ble. For exanple, the sensing devices on the |inear
CCD 34 may be staggered. The corresponding mcrol enses 34 can also be
correspondingly forned as to focus IR into a staggered series of spots so
as to correspond to the staggered CCD sedsors. The CCD array may only

cover a pargd: i t he phot ogr.aph _bei ng scanne for ex le, a

ha?/f) ang ‘aﬂur%ﬁg?l%Piﬁ'g g?lrﬂ’air%fc‘)vrn g} ﬁ%}g%g" ﬂcﬁ’@i@feaﬁ}@ﬁ‘g&%ﬂ’?(%%gﬁq faPzed

to enabl e rsabstentd $23. fhemictderfsed $23vdctthfosils IRNAdRhEGE fé@éi%ﬁ‘?&@sslﬂ?e su‘ﬂgbé f%.ed
radi

for det ectifon.afaitabl e |linear CCD arrays sensitive to infrared ation
are those OEBEE foWR Bpaint Borvdueh erseespinds foa pdinidrstbe surfacs of Bie CCD reader 34

descr pt 1 Otodlenblio ROSHEHGS iheAthe ARSLALL ol shd AEH TR IeT ces,

reference is made " to a standar caneras and

di splays” by GerfahumterHefl mfinemethd o HRabbOO GrryzeRRhEaRidssiblk:. @?ﬂieﬂﬁiﬁﬁlie,nﬂﬁ
Press. 15 Furtheé, . sui t apl sens%e devices are regularly described 1n the
| EEE Tr ans SET VGRS €8 ﬁ%‘?‘“ CE R 3¢ mawi hesstagpereds dihe correspdiding niidrolenses 34

25 shown wi Chrof or oncapopdingB forgtd gTRERR B i bubesfel 008 A GBS "

as shown with reference to portion o
schemat i c fcomeapandiic the sidggeae - OGPr senmss. afheaC CBYar@f may dBOE Soveha st bSthe width

ddi tional l ated .by 20 a high frequen "checkerboard" pattern 21
2dded to-t LRIy Falhed, ot P R %M@ﬂé&ﬁ@@ygm&tﬁhﬂ@pﬁeﬂi
f or nE0 of hiaghndenrateag be W Plol ARLRBYIREPESHIhE B1DRNRY 8t gﬁ@hp{#'gg%ﬁg% e

provided in conbination with the scanner for printing ou
on the photeifcisdrionteteetion; $nitsblsclinear €D amaysdensititedto iRfrared xadiption, art ligose

applicant' r : rtcamwith an jntegral _Artcard reader as
di scl osed Iﬁﬁﬁ&g‘é%&%ﬁ@%ﬁ%@%ﬁ(@@ FEING E?ﬁ% SERSFIPRRY Pf thecapguction and
acconmodat eperatimti ofdinear COB deniceq reftrente is mide @f a AR RYLLCARS th “@MY ablys
whi ch print nmeans can_be ngé\éjglgyﬂattached can be used for these purposes.

A suit abl e PPyt Splaysy Astapyhlishedht996 b SPIAGuticd Fngeering Press.
PCT/18U00 OPuefer, suftEié ShiSEY D RETH AN P 0.00747 and
PCT/ AU00/ 00748 a.sppl i cat i ons%égﬁeg%ml c o%g%gg%thfgéiﬁ\ hoﬁaﬁs%%oﬂsa%‘k%’ﬂﬁlﬁm
print head EBetrgiitsati ng an A4 size page (210nm x 30 275mmor 8" x 11'/2 ).
In the current rhgv ntti on..t he gh ogl[r_qh prinrte medi a may be 4" x 6" (102mm
x 152mm) requi ri AR FFdivseh APFre a ety potegcanie 9\iF anodulatedmatsl sed
t herei n. A&ﬁesﬁem@?dﬁ&mﬁas@%mm%fa@ﬁh k3 PRYIQuS, oW i
Readint Data fromthe CCD - Gener al Cons?i d%tlo%ggﬁﬁaﬁg%%c%%géhol s
assuned t h¥epple apand theadpinorpmprises an ptayto dR apts whiehniy atltiéiossdly modulated by

20 a high frequency “checkerboard” pattern 21 added to the data so as to assist in sensing of the

encoded data. Other forms of high frequency modulation may be possible however.

A printer is provided in combination with the scanner for printing out the image data
on the photograph after it has been read and decoded. For example, the applicant’s Artcard
reader or an Artcam with an integral Artcard reader as disclosed in USSN 09/1 12,785 (Docket

25 No. ART29US) modified to accommodate reading in the infrared of a wider and longer card
and to which print means can be removably attached can be used for these purposes.

A suitable printhead is disclosgd in applicant’s PCT/AU00/00743, PCT/AU00/00744,
PCT/AU00/00745, PCT/AU00/00746, PCT/AU0G0/00747 and PCT/AU00/00748 applications,
which disclose a 6-ink ink jet pagewidth printhead for printing an A4 size page (210mm x

30 275mm or 8” x 11%4 ). In the current invention the photograph print media may be 4” x 6”

(102mm x 152mm) requiring a printhead of approximately half the width as disclosed
therein.



_cal led "Artcard" fornat as disclosed in applicant's USSN. 0 élgefﬁ(AUOlsgé%ég
.09/ 112, 785h a data area of 97mm x 147mmfor a 102nm x 152rm o[ )

(4" x 6") with 2.5mm 5 borders (0.1 ). In this format the data ar2§ MAR 2005
continuous and bordered by tar gets at the leading ‘and trailing edges of
the data area and by other indicia alongthe top and bottomnmargins to
ensure coglaet, not w, t hst andi ng up to 10 rotation of the
phot ogr a [ 3 ORSIGeraliang sensor' s orientation. The
data is scr a%%&ﬁdjm%g pr.pcess.
In addition, .the data nay beggégrﬁripe?ggfglgg%?é?g{c%g%?\%g ng%gawé alﬁ‘BF‘? ng.
The dat a SaHgd bArteasdy @rmat a6 discdoned lmamncmtssy@ss-mowmgm@awm@n B789@ge

ot her | ahadth QR oAb R WP by St ek 9 aégx%sg%g%gz%ﬁa%m
$5E2k$§83““ Ao G gt (Re B AR AT TR SradRa tnb R
ART82) . P9dfwiling edpes af & date &egandby bﬂ'&r nmhxda alpnp ma@mﬁ&ﬁmémpm%ﬁﬁ
Forl owe ﬁ%ﬁr ol 418 ofiielins Bolv S anbPE pdan Bhiten 2?&%25‘122&31&35
5% bescr %ﬁ“ﬁ%ﬁ%ﬁ?@%ﬁ%ﬁ%ﬁnﬁﬁ%ﬁw RS apd e 0588 Boron

dec olde% PRI algerithmn art It)IIQQCSSarrIIl @ddlabn,athei éftatmaip;ﬂel a)ﬁl;lb}teisad |Ut@}~&@|
r uti orem ractice it is better to .
szﬁgl e a'(téﬂ %&(ﬁn%ﬂgrﬂéf?bl%ﬂgﬁ%tdﬁaémy ee]fné’lgggf‘? %@Cﬁlﬁ?fﬁéy%elaf@wgam@ud at 3
times thenrmagd ptocessingfpragrami bf ffb Edlgct, mn@@eéﬂmeug@%%h&ega;,ﬁa%{] %rg

e pho gr a

pixel s to define a_ si r)agle dot. Thus if the resolution o
is 1600 4pps® %ﬁw@atisﬁ%m é’é/o%tmaﬁﬁi repcessing pragson sgdh asdes8iBeddini applibewswsi ng a

'éL ﬁg maqa}tmaggllrme a of 9 /mm X %”U{) ! kﬁ? }1‘7@%{ Ftrsll\slé o&%ﬁsﬁﬁ}f %C[?%?@]OBZEED\?@% IQI@BT

pri nt re@ﬁl&h)d’rCHMJ(HmlG%ﬂ@odketNupAR@‘w) 1 rotation of a photograph of

4" or é g% ts i.n 18900 pixels per colum
(1 0*1600*3/2 mT%‘““@ Th F% Wﬂgmﬁ@%@%ﬂm é&e@pp@aewmlretu@plxeuadaaa(at
9 pi xel sigfiesd #6kh)thé BEA. Tﬁ%ﬁhﬁ&d&bbﬁonﬁ%@*”w 18900 = 30, 476 col ums or

approxi mately 30,500 colu course if a dot is not exactly ali gned
w th the sanpPhasg 1CCD t Mistesddate amadnmhstogtdpkel y case is that a dot will be
2005 ART85 -9 sensed over a 16 pi xel

t E\ DAD L
gr rea (4x4) . Aﬁggﬁogr agﬁgg ﬁ]ﬂépﬁt&ﬁ% ﬁhPIF%;O%?}bE@‘e@IQé GeP piseets, dadrmgite as
slightly rotated (up topysay

20 Phase 3. Descramble and XOR the byte-pattern
Phase 4. Decode data (Reed-Solomon decode)

The photograph 9 must be sampled at at least double the printed resolution to satisfy

Nyquist’s Theorem. In practice it is better to sample at a higher rate than this. Preferably, the

pixels are sampled at 3 times the resolution of a printed dot in each dimension, requiring 9

25 pixels to define a single dot. Thus if the resolution of the photograﬁh 9 is 1600 dpi, and the
resolution of the sensor 34 is 4800 dpi, then using a 100mm width CCD image sensor
(98.7mm. is required to cover the width of the data area of 97mm x 147rm with margins of

2.5mm printed at 1600 dpi print resolution and allowing for up to .a 1° rotation of a photograph

of 47 X 6” or 102mm X 152mm) results in 18900 pixels per column (100*1600%3/25.4).

30 Therefore if a photograph stores 8MB of dot data (at 9 pixels per dot) then this entails
' SMB*8*9/18900 = 30,476 coiumns or approximately 30,500 columns. Of course if a dot is
not exactly aligned with the sampling CCD the worst and most likely case is that a dot will be
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l:de ree) due to differences in insertion into a reader, and can have
sliggt d?fferencesi|1true data rate due to fluctuations in the spMAR 25
t he reader r 37. These changes will cause 5 colums of data fromthe
card not to be read as corresponding colums of pixel data. A1 degree
rotation in the photograph 9 can cause the pixels froma colum on the
photograph to be read as pixels across approximately 305 colums. Finally,
t he photograph 9 should be read in a reas8nabl e anount of t|n$ m@t?hrespect
to the hungp. Nk . ta on the photograph covers nobst o e
surface, so t|n1n§P£g ]§§%§%ﬁﬁ§$%an be limted to the fzta itself. A Qt's
reading tine of Aphotoapiy el b%sﬁgl‘ﬂ%f\d b dueAd fOM AaRiapd, SIS BARLIQES &P
Ioadedgin 3 secongs, %ﬁgﬁ al I 30, 50C C%Punns of plﬁgﬂgdatgﬂﬁh§?'aggﬁyéa
fromthe ccbdegres)ulug te diffsrrnses in. insertian in6ia wellernarsl @arhase slight diffdaerced @riguct he

i i ' 0000984 onds, . Pi xel data_can be
witten o b fed EPRERRREITR spoedn P8 2 HEGR o TheseiDendse il cane
conpl Bt el y dohdepeoftdnt frymfthe Gardmot B6 BE S&IOS &H@D%gll\l/léiihg c?liﬁaiﬁigerlg p%{}:? dRa XA 1

data. The éj{fneto wife one colum of data to using a

number of CKeFFE rofefionin the photagraphy P can gause dheepikeln Gom 4 ¢olvimhiondke pletegrghi tot en

' : V] itten to i ndependently, and thus
g\ljterfi;porgtﬂeegg%arsg)g%?e%&s%p@ﬁ age@%bffﬁoé unt of nenory required for
readi ng and decduiatly, thé phdtegrepic@dlﬁﬂﬂdbéﬁa&maﬂeﬁ@ﬁhﬁl&’m&ﬁbﬁﬁr&fﬁﬁﬁ-“&miﬁeﬁ%cal
pl acenent reader is | enbggde system where nenobry resources are
limited ffﬁ‘e |°é’e’é‘£°faﬂ%§;@ren ¢ FROIAEIRR PO¥ers daest rdflibe anfaqesﬁm tlml;lg t

78: eSO 1 ) d . I iC the effects
of Torati on me s the peed dp b dsh ASICA g TRt 3P ofHBM a3 Hepisc
are requi r @dequateef f ect i vel y recover original IR dot:. ‘rl'gglrjgt Inng tr:gg- of f

merory ueage. s prERad et P sRERaSIngS pl sl osumas bEpel eiampis becan
the whol e rekofrogr tpICEID G4t faen s&@nﬂé,QQ@ﬂg,ltﬁh%m%?eg%E&n\ﬁ’! gﬁ&eforé gl tlir%ié e

constraints. |, only would 30 this require huge reserves of nenory, _
woul d t akeaV"BQgErto ffﬁ"ér?ﬂﬁ columpds 0908 seapnds Rixel slotzunan bd vaitien ty & BRAN, for t h

th di ‘ t of r.y,requi red for readi ng _and
decom ng. & RaAc 8P BMPFAS ofEddithn 3R Hitle, B TP X achBHADY frhom prorsmes e
encoded dateg readigethbpixeldatds a smal | anount of scratch ART85 -10

' August 2002 2 5 MAR 2095 space (1-2Moyte).
PU 1 YAUQ/ 01324The Cgltcy \%xgltelogne cg umn of data to DRAM is reduced bypusinganmnber of cache

lines, for example, 8 cache lines. If 4 lines were written out at one time, 4 banks of DRAM

can be written to independently, and thus overlap latency reduced.
20  DRAM Size

The amount of memory required for reading and decoding of the encoded data is
ideally minimized. The typical placement of a reader is in an embedded system where
memory resources are limited, for example as a feature of an Artcam as described in USSN
09/112,781 or USSN 09/112,785. This is made more problematic by the effects of rotation as

25 the more the photograph is rotated, the more scanlines are required to effectively recover
original IR dots.

There is a trade-off between algorithmic complexity, user perceived delays, robustness,
and memory usage. One of the simplest reader algorithms would be to simply scan the whole
photograph and then to process the whole data without real-time constraints. Not only would

30 this require huge reserves of memory, it would take longer than a reader algorithm that
occurred concurrently with the reading process.

The actual amount of memory required for reading and decoding a photograph is twice

the amount of space required to hold the encoded data, together with a small amount of scratch



. Decoding A'_\qg&hdata A sinple look at.the data sizes shows th®ecéeipass$s Aubhdoor
wof fitting the process into, for exanple, 8MB of nenory for examnple, as
used in the applicant's Artcard reader of USSN 5 09/112,781 if @5 QARi2@5
pi xel data (560 MB if each bit is read as a 3x3 array) as read by the
linear CCD 34 is kept. For this reason; !Phe reading of the |inear CCD,

decodi ng Sggcgvagezmgﬁgﬁp, and the un-bitmap process should take place in
real- time (while the photograph 9 is traveling past the linear CCD 34),

~and t hesdgnodingdbedataust ef fectively work without having entire data
stores available. 10 The unscranbling process requires two sets of 8MB
areas of nenory® Fﬁ%é"(’?‘tﬁ@&? %Fﬁzﬁﬁé}w‘%r{g? H'BE‘?ﬁﬁ‘fbﬂitﬁ obigting, the pracessaistoy fed

her e t hatexhidpied3NER \WaSh | ; r . t esgrib |

USSN 09/ 132, D81 or  USSN oo ﬁg?’%déﬂ € Bodi} B DpliBAirS ARG FORE! SSMT e

Artard WO6klZe8] if the atirapixel dati (f6OMBnif @achobit isveadiss 83kR aniBastbRl 5 Mt

and end | 1S marked by 15 t etg, faqr exanple 16 targets for a card

of 55mm Efngwﬁe%clﬁ ﬁ?%ﬁ g%‘ttg%ﬁifsﬂﬁ’at&gma’cng ‘1%6196 ﬁrllfgrppﬁjp, despding ofithebitman, ay

of 31 x 3hdkeakbidahs phickR shbEld eI RITh REHI G B ﬁekhﬁt%gapﬁ‘b i§ er il

ar targets #&%

dot. For a card of 4" x 6" (102mm X 152nm size, 32 si be
used. APpghihalings CrD Bhe anththgsamrpcissaseniss effectivelyr sledt withduhRaving tetiradith Ve

Artcard" f)‘% -%&ch is equally disclosed in USSN 09/ 112,785, or in
PCT/AUOl/'s 13? Cket No. ART80), 20 PCT/AU01/01328 (Docket No. ART81),

P AU01/ 0132@hé Donskceimbing  ARESR) requited v &0 SRSMBIAdraad %f%glte@@gg‘!ﬂcg

data bl ocks having specific characteristics wherein the data are
| ocat abl #npRrarEblinEsanpetqoger iaplacef targets. Turning now to Fig. 6, there is

shown. a fl.owc [ [ rv..to gdecode he data. These.
steps i ncl udel&fi?etgsl ng ?Ir\er%ﬁgt %}%?ta %g@%p’%?é%‘fséngz%,%do gt ?SH%S Ryat a
to 25 pRIEHN 69002785 poidssy MLIQms WiRedclsekabbdre indillaRn. Oft e2R3cardext

a checker.boar %X@i.s 1g:‘ll%l;‘?)ﬁlii,ed to.the data to produce encoded scranbled data-
224. Thi OTHREADG datarid printed &n. p chpfinnigus dataragea he siateand and of Phideisonakedbs
dats 1S $ibiteFhesk 5 ' r he original raw
data 226. Alter nataih\%éﬁg? gﬂ%c%aﬁﬁgp%rﬁg %é:g‘?%%l b%aggga%%%ﬁla@ﬁea%%?ea%m

t oget her thergsntre ef e mirmgof3 ke Barkkick dotsswithfthe duta Batianinga4 HoR frdoh ehad baxal

‘steps is . di scussed 30 in,detail in the applicant's applications USSN
09/112, 75%‘ o FODESR 995112,"7§5.(l19é“%¥ IR fﬂvﬁﬁrhtaf@f%ﬁ@m@ pepdFi g.
5, the proesssval, MR A : S es, . the. first. 2 of
which are ti HE‘-’_C?I tical, %gﬁﬁﬁ%ﬁﬁgﬁg@p %c@gmﬁﬁﬁrggﬁfi%x%c ¢ Soripat Wélicﬁés read
from t heequallp. dixddsed: in USSNSIABHT 2,785ENAUN NPEREIS0 208 1VARRRESE Nol AR TS0),

20 PCT/AU01/01328 (Docket No. ARTS81), PCT/AU01/01326 (Docket No.- ARTS82). In this

format, data is arranged in data blocks having specific characteristics wherein the data blocks

are Jocatable by a distinctive set of targets.
Turning now to Fig. 6, there is shown a flowchart 220 of the steps necessary to decode
the data. These steps include reading in the photographic data 221, decoding the read data to
25 ‘ produce corresponding encoded XORed scrambled bitmap data 223. Next a checkerboard
XOR is applied to the data to produce encoded scrambled data 224. This data is then
unscrambled 227 to produée data 225 before this data is subjected to Reed-Solomon decoding
to produce the original raw data 226. Alternatively, unscrambling and XOR process can take
_ place together, not requiring a separate pass of the data. Each of the above steps is discussed
30 in detail in the applicant’s applications USSN 09/112,781 or USSN 09/112,785. As noted
previously with reference to Fig. 5, the process of scanning data therefore, has 4 phases, the
first 2 of which are time-critical, and must take place while pixel data is being read from the

CCD.

AMDSDED SHEET
IPEAJALL

PCI/AU01/01324



The four phases are described in nore detail as follows. Phase 1. As the
phot ograph 9 noves past the CCD 34 the start of the data area st be

det ect ed b&/R gsobustly detecting special targets on the phot ogr%ﬁl MARtZg%
|l eft of the data area. If these 5 cannot be detected, the photograph is
rejected as invalid. The detection nmust occur in real- time, while the

phot ograph 9 is noving past the CCD 34. If necessary, rotation invariance
can be provided. In this case, the targetkl-as described in applicant's

USSN 09/ 112, 781 fHﬁ%}] / .are_repeat on the right side of the
phot ogr aph, but ]?{eel ati vg&tgo tﬁegrﬁo%fitng%%ﬁ%ﬁ?ﬁ%ggfg“%‘?’&i nstead of the top

coner. |n thhaseivay the 10 targets end up in the correct orientation if the

card is inserted the "vvron&'l' way. Phase 3 below can be altered to detect
the orientati on ‘0¥ the RRotegraph 9 gxiyenpash thetCEId A4 thrstarbofthe dath arcamast bodet@itas e

2. Once th I in read ocess begns,
o a0t g pi 21 OB Eecli? SPRRRELEIR BE Dhob BT Ty BRGUALEBRGGey Tk BRicom
thi s i ndowanizs endsidctey, theephotdprapht is atjectediat $nviahd. OTRY E@sotiod Hust OBGE i GEdIND
a byte-image in M This st al| be done while the photograph i s noving
past the C%ﬂ‘e’ & thephopggraph 915 mowepastehe CRRA A4 been read from the data

e, o oL RS W AL TR LA 0,

XORed. Al though not requiring real-tine p
be fast endagbplivent’s HSENNY/1 K28 1 harmfdBSN sy HIQGSS, dio GepriaedamStheiht bidk of heVB

Separ at o oRioBEih B SARGE &' the Fahahs st FiRGantmnd phe epicqmee et we fe
Reedt(Bol omusgete entlish BE O6REEoridMIRIOR if Ihe cards BVBH the IWRGS” i\&%y.ctqfégéjﬁklio&t 0

a 4MB valid image data area. Again, while not requiring réal-"tine

per f or manc &2 be gléef%cltp detegidtbeerientationef thecdathe anfliacckint fov thépotensial eotstiont he
human oper =2 1 the decode process is valid, the card is marked as
valid. I|f € decode failed, any duplicates of data in the bit-inmage are

attenpted to beOuec tdatiia arephachen debiniied, HRAATH 9hdtbidss BHUGHE Shachly pikdlt i |
there are no re duplicate inmages of the data in the bit inage. 30 The
f our phasegﬁtﬁﬁcg%@edgg 8 g Yipdav's grisciig bikafirmahis Vindews sgsomblingothe
 Gemor o P i B o Uy R B RS BRI B
detai | in thopbNogmphiompgng partheSIBD09/ 112, 785 for a data card 55mm x 85mm
and stori ngpaMBytes ART85 -12 PCT/ AU01/ 01324 Received 13 August 2002
Once all the pixels have been read from the data area, the motor 37 can be stopped, and
the byte image descrambled and XORed. Although not requiring real-time performance, the
20 ~ process should be fast enough not to annoy the human operator. The process must take § MB
of scrambled bit-image and write the unscrambled/XORed bit-image to a separate 8MB
image.
Phase 4.
The final phase in the read process is the Reed-Solomon decoding process, where the
25 8MB bit-image is decoded into a 4MB valid image data arca. Again, while not requiring real-
time performance it is still necessary to decode quickly with regard to the human operator. If
the decode process is valid, the card is marked as valid. If the decode failed, any duplicates of
data in the bit-image are attempted to be decoded, a process that is repeated until success or
until there are no more duplicate images of the data in the bit image.
30 The four phase process described requires 18MB of DRAM. 8MB is reserved for
Phase 2 output, and 2MB is reserved for scratch data during phases 1 and 2.
A description of the actual operation of each phase is provided in greater detail in

USSN 09/112,781 and USSN 09/112,785 for a data card 55mm x 85mm and storing 2MBytes



PCT/AU01/01324 |

L Z 5 MAR 2995 of data. If the data was encoded and printed opethifg 13 A

- phot ograpﬁ’?mﬁsi ng the "alternative Artcard" format, such as es&Fa_be 552002
PCT/ AU01/ 01317 (Docket Nos. ART80), PCT/AU01/01328 (Docket No Rojﬁ[]ﬁ

USSN 09/ 01326 (Docket No. ART82), then the procedure for readi ng 5 .and
recovering the data is substantially as Iescribed in applicant's

appl i cati§ ? gSSN 09/112, 781 or USSN 09/112,785. Print Qut Decoded Data
Once the a has been recovered the image, the image as transforned by
the encoded i nfie dakeaRSAtoRdRNA »
whet her the data recorded on the g?gﬁg%gttgéf?ﬁgﬁﬁgr?ﬁs %ﬁ%&%ﬁ%ﬁgﬂbgﬁn&d

di scl osedfarmabpych @srdeseribeg- weﬂarhww@lalaaﬁnwkst NGT/ ARTRDY PRITA(UDAR 828 No.

ART80), P 0 1 1/01326 (Docket No.
ARTa2) cone et e AR LR O T e, AT AR i presctimsgorreeding
chaBact er usd Iramverhﬁg ahd )datahes h@lﬁ%ﬁhﬁﬁy a9 dQcibddNiredplicant’ 9k, gl'fﬂﬁnb USSN
print head suffice. the i mage and the encoded dat a P e printed

t hen an a@é%é%@l Q,IUﬁﬁNM?}QHJ?&SSpH nt head would 15 be necessary. If the:
data can pﬁ%ts(t)&r%&o%&ﬂg{a in the printer or in a RAM area of the processor

whi ch decodes d data then the printer can be provided with neans

for enabling cOptetedsta Habbetmmroeveta, e iPbkd) tedinage 48 &hi@stmeti tﬁé?ﬂ&h&i
dedi cat ed. swi tches .or at | east nuneri c: 6IN¥pad Al ternatively,
1

nunber of RASHIIEACHENE BERFFBAT Sithe Qiksegicapriingon diefes thedlatoGoomdpd an ot y

t hngugh t e e i ption, en limted to.specific
embodi ment s of % hi gs |T(;r.$veénxt9i|’n 5 PQ QFSF]IBE e %lppg?ﬁ&fn%h%\?\é’\?gbmgt figplications
vari ati onBCEhHJ@rUﬂliﬂl?cdDde May METm)deP{E’D/AUO‘[eOIBQBGUDMkBt Né.t ARTA) or

T e B B A R R oS mmarneon e d%é%;p'e
har dwar e Rtui2&l afdcnaites. rifanlwé]ﬁﬁgxls&wg?@w q_:,dﬁ,ﬂr,fh@' Igff&tgera@ro r%@ 89

system both of which are readil acconplished by t ina

| n the r e@ﬂ&magé apdl the, enW@deratarxe fo be pringed then emjtdedst 4fink inkgetqpipenrae ogldai s
gover 1%1 variations and nodifications as cone within the true

spl r|t an scope of the invention. 30 2 5 MAR 2005 ART85 -13 0 CLAIMS: 1.

;Agka\%ﬁg: 2;[ lrJ]S figthe €8l cagbelitarel Aitheleth Idprirbest 193 PARNAEL S AR rd RsdoP YinEinP! ©
decodes the encoded data then the printer can be provided with means for enabling copies of
the image to be printed as desired, for example dedicated switches or at least a numeric
keypad. Alternatively, if a number of copies is required, the photograph may be passed

20 repeatedly through the scanner.

The foregoing description has been limited to specific embodiments of this
invention. It will be apparent, however, that variations and modifications may be made to
the invention, with the attainment of some or all of the advantages of the invention. For
example, it will be appreciated that the invention may be embodied in either hardware or

25 software in a sultably programmed d1g1ta1 data processing system, both of which are readily
accomplished by those of ordinary skill in the respective arts. Therefore, it is the object of
~ the appended claims to cover all such variations and modifications as come within the true

spirit and scope of the invention.
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the data is encoded i nage data relating to the photograph, the apparatus

i ncluding a scanner neans for scanning in the invisible ink dat 5)rMA{\thg5
phot ograph; neans for advancing the 5 photograph through the scanner neans;
means for i Uni nat i ng the photograph with invisible radiation; nmeans for
processing the data output from said scanner neans including neans for
decodi ng said data; and ink jet printer nmeansfor printing out the inmage
derived fromsaid decoded data on a pri-nt3edia attached to said ink jet
printer nmeans. 10 2. An apparatus as clainmed in'claim1l wherein said data

i s encoded 4 TM‘ ul't tolerant digital formusing a Reed-Sol onon process
and said neans tTor processing and decoding said data includes neans for
processi ng lsai d Aveapasisdonreading cligital d&a printed ppar photeurah i limiisteld mlowhbeinm 1

wherei n saigl invi.sible jnk is, an jnfrared 15 absorbing ink, and wherein
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- on aﬁorint media attached to said ink jet printer t he I'mage and
the 1 mage Phatograph shrqughythgscataenmpaishepns for édininatingvths phétegrapik with iavisible
encoded form; Lt hBg . 20, | e da bei ng derived from sai d decoded
data. 5. Arﬁgaé%t%%f g}eus agp c %gslsﬁlég:% @%P&ﬁ’?f& ﬁomﬁﬁcwam%@'&d@g%e% or
encoded i ndacdding said datapa@hinkdie@pfidibr I@AAD f62 iphititiAy BaCAle IRLARL R AEES %ai?nd
sai d nmeans for gr ocessing and decoding said i mage data includes neans for
processi ng 96¢0dgd fata gn aprishwAdia piieched tosais! injet pOo&r mRISS - 14 ABSTRACT An

apparatus for printing out recovered i mage data from a photograph is
di scl osed. The data is recorded in infrared ink on top of the inmage itself

in alf encoded f &l appaciter andlaifmediigiciain I aheretnahd tag if BeolsRREa FIOBlerant

recovered notw t.hstandi ng,d e to the photograph surface. The apparatus
can print tﬁt\gi t‘gtq Hige agﬁeg;gaog?lﬁ%é’ﬁcﬁ@g b sgid ymeans ffon, precessing and despdingd

then the i pagdagancli@esihdant &t RScelBRY sdill TREIADIJEHHIbhEds. A ternatively, the
phot ograph can be repeatedly passed T hrough the scanner or reader the

requi red nunber of tinmes. In another formof the. invention, the apparatus
can al so pkint t l'”r%evm't the 10 j e .dat a, agai.n, recorded .in
i nfrared il'rs’lk us?%gaé{ il ntgrclal FCh™hg mf'hie%éggss&f‘%/ “ﬁ‘ﬂﬁ&?rmgf Is qup infgqred
nozZlses t oalhorting htkdatidrehapimaait usisiae rddigioRes RESADight.OCESSI Ng capacity to
process, conpress, scranble and encode the data. Figure 6
4. An apparatus as claimed in claim 1 wherein said ink jet printer means includes means
for printing out on a print media attached to said ink jet printer means both the image and the
image data, said image data being printed in invisible ink in an encoded form, said image and

20 image data being derived from said decoded data.

5. An apparatus as claimed in claim 4 wherein said image data is encoded in a fault
tolerant digital form using a Reed-Solomon process and said means for processing and

decoding said image data includes means for processing said Reed-Solomon process





