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. PHOTOGRAPH DUPLI CATI ON SYSTEM W TH | MAGE QUALI TY RESTORATI ON FI ELD OF THE
| N\VENTI ON 5 The present invention relates to an apparatus for g% ergﬂg)ut

or duplicating photographs frominfor maIt ion recorded in inf rg I nk on

the top of the photograph using an ink‘%et printing system CO PENDI NG

APPLI CATI ONS Vari ous net hods, systens and apparatus relating to the present

i nvention R Io filed
by the. appi PIGTAY ﬁ“ @%W%Q@M%Jﬂﬁ&%ﬁﬁﬁ%ﬁmm
the present appli catlo & QUALITY-RES TOQRATION Nurber Docket No.
PCT/ AUOL/ 01317ART80 PCT/ AU01/ 01328ART81 PCT/ AU01/ 01326ART82
- PCT/ AUQI / 01327ART83 PCT/ AU01/ 01325ART 84 The di scl osures of these

co- pendi ng applications are incorporated herein by reference. Various
met hods, ﬁﬁ&-ﬁfgﬁciﬁmyﬁﬁﬂewel ating to the present |nvent|on are

diopl osed 15 ! fesdip| oM COEA B9 GRRLERTLORALELEL Y 1 e ppply cant

or assi gnee of the pr esent I nventi on on
USSN 09/ photog@phs iSBNnOSmatian R2drd20 ﬂhﬁr@b@mkmuh@&;mf ﬁl@ﬁﬁ&o@‘ﬁ% ﬁaﬂg 29

appl i cati.gns, ar mcoergorat ed herein by reference. Various net _
systens Qfﬂ&i‘“&t elating to the present invention are discl osed “in

the foll owi ng co-pending applications filed by the applicant or assignee of
the pres@O-PENDING APPIIGATIONs 20000 AMENDED SHEET REAM 2 5 MAR 2005

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 assignee of the present
invention on June 30, 2000
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ARTS85 - 2 PCT/ AUOQ 00743, PCT/ AU00/ 00744, PCT/ AU00O/ 00745, PCT/ AUOQ 00746,
PCT/ AU00/ 00747 and PCT/ AUOO/ 00748 The di scl osures of these co- pﬁd% 2005
application Tjgss i ncorporated herein by reference. 5 BACKGROUND 0

| 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]r I nt head. The inmage 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

di scl osed recording data on the back of a printed photograph which can be
used to reprint RCT/AUSOM0E43,t h@(THATE0MOT4Y) | PCIVAUDNGDOTSS, t heCTrAmb0/0d746he

rint nmedia she i nfin systemrequires that there are two

Bri nt heads one ﬁ&T/gifoﬂ{q%ﬁgh‘H’teP@ 0/Q04 48 1 gnd one for printing the data
in an enco : . raph. In
i cant - o Nishucs 81 e o LR ABbltcABo A hneBipob &t RS BRH ARGk o 15

phot ograph for exanple, printed using a canera system such as disclosed in
USSN 99/ 11 BACKGROUSHN QB /THE IRMENTIONscl osed. In EP 354,581, a nusic

score i s encode : ' | a sheet . and th '
data is read b_yqgﬁﬁpﬁédaarﬁﬂyg?ﬁérﬁeﬁlggﬁg%bgg%éﬁrsgﬁ(gjégzﬂ;gg %ﬁgqfﬁanéifappﬁ@&ﬁz Tr i x
which is rmighing esSmaparustigenildjehpodtirtg systenisirca friamedsheals a Jlaswrliinkietof
dat a encoded. and “i"ﬁr efore 20, regui rqu%ﬁ'gr cessing is limted. Eight rows
of binary dAPHATe e dpegeapalso Ry wans fl by sugmees processing nregiameloaded intphe

scanner s thaegnbel ¢l (hopdidg DI EREANoH T idade! THE Uil 1€ AR0! ©
of the linear scanner_is too |arge such that the w dtth of THEPSCannar does
not ¥l 1y disglosed reordiggniarn ot thetbackraf a iprinted iphotopuaph tvihich @indel used b feprilfior

354,581 ha L.J ng the. di,scl Qsure 0oes not s st itself to, use
with a cr eZ?%Ob%paﬁlgqg?ge: “%%f?‘als éagrnged(%q 81.“’ é@ﬁﬁqﬁ%gﬁ% mﬁéggsggetdié‘l’fﬁ@s@@qnﬂ
USSN 09/ 112ysTé@1 requires hieat alidré @tectwd' piitheals cBReBl plRERY the %%@ iWolf 2 Bhd for
Ohyama, El ectr.onjcs and Communications in Japan, Part 2, Vol. 75 No. 4,
1992, pp 73’!"%%98‘51699%—#%@?@qudefé@mquyﬁafonmgm%@rbadfoﬂthmogm.a dur ati on
of sound on a p@stiEAl; LZ | ri s. 1s .disclosed, .
Postcards are nggseﬁjg?o ﬁgegsﬁlg{ia?g”gﬁ;%%egi g%%hﬁoquﬁ%tqpﬁam tﬁogdrep{?pélcmg a
substaance photegraph farlexamplagiinttelssinghedmefhdysteayssick i3 dikildsed 3t USROG 2,781

appl i cant’ 78 r USSN 09/112, 824 does not provide for a
portabl e oﬁrggﬁgn@?gﬁﬁglﬁ%g’ﬁg system nor does it provide an output with
tF)>(c):tT /hAﬁo vi gﬁgzem BR.G84,88 adfuskBRSE ch&siRY 85 8 Mafrif OF dBid L16ELL tnaldif AR Rt

and the data is read by a linear scanner. The scanner reads the width of the matrix which is

7 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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Recei ved 13 August 2002 2 5. MAR 2005 -3- The appl i cant hagediise SK 002
. co- pendi rf‘d“%?pplgi cations PCT/ AU01/ 01317 (Docket No. ART80), PCI/ AUOl/g%g%
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t he i mage ger e.and. the other being the image as transforne y an 1nmage
processi Hg %er#gq‘ as pepen pracepgndrinto ap#neoded il totent digitel forman be printed out
not wi t hst andi ng substantial damage to the print media upon which the inmge

a t he ARYTSE TIHE IN ed. In the second case the image can be
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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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. JPE JAU ARF®5 Received 13 August 2002 2 5 MAR 2005 -4- ARTSepeived 13 August 2002
. PCT/ AU01/ 01328 (Docket No. ART81), PCT/AU01/01326 (Docket No. gﬁ%n
woul d al |l ow recovery of the imge even if one third of the dat I g%ere
damaged. Qther sizes of print nedia ar_ﬁ_al so disclosed for exanple a
panoram c print which is approximtely 'the same height but twice the wdth

of the sKRIBOJPETIAWOK138GDodRaavs.LERTRDOPET/RUBY/ONEE (moékB@Nb.”Rﬁ?sg)at a
recordedwon {5@) image itself the need to have a separate photographic’
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the sto it TRGE, data iy G formis on a conputer systemand is
subj ect f% %Qéf%f;ﬁ?rlitm te%g%cagsgadg?%sgg%‘{%m%r%pﬁ}ofﬁlf'wg% 1f BOPTPRNMERY t he
data and tiememeiteighobutdaimegke width bethBataddgdipyat 4'S% 67 agribieadeta, the

obsol escence %f the hard drive, or the obsol escence of the imge data 10
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mat. These ydiavtesthsimags daigagoerded pe theiimage itseh; tha gepd i hawrer etparaitie

data is Bl ' | < f 1 I le, if, 1t has, not
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rovi-de for an rafus of reading_.digit ata printed on a photogra
"1 nt r aPGEEhRE TR S ten ety 18 o B #HEbe il AOReA fa tholsrd des &
system &hg ' [ | : i ' i n
o ar e ot o e HARE MR Bbe e M e koo,
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i nfrared.sadiat.ion; s fol ro sing data outpuf from  said scanner
means inlcfll’tﬁ%l ﬁ%}o%g}ﬁgg%g}s aﬁ@‘i ’ﬁgl‘ﬁ'ﬁ‘?ﬂ red;tgre;than one third damage, shat &y
pri nti ngappRetkintabedy i gerds BrdviRebld fp PrsRishglecoded data on.a print media
attached to said ink jet printer 20 means. The encoded fault tol erant

di gital data Hdyanlobischef themreseniethivortianolo pybvitde dorr @capperatg ff reading digital ed

i mage if i |e ' .has_provisions, for printing.in the pecessary
number  of 8 S5pR8 %4 pRebBhE A in Rl R OB g Min ¥ epraf e ety fgn o

pH6t ogr apimdrs sysetanthg appdritaineludtiy £6danf@MMEANS f& schu@ithd ath kP hfdfed Mfted

i nfrared data _and/or col or image can_be produced in the 25 manner "of the

appl i can®® &erRhotRsgany neapy for adviancingsthe ssaumedia threuglp e scaringmeBBNmeans

09/ 112, . . . I:S - . n | ] data woul d have to
be rec o%?é%dr‘f‘%‘%@‘ggr@g@{éﬁ%g‘g?ﬁh égﬁ%%g?ﬁlé%géﬂ%{gn%e%y%rﬁﬁﬁﬁgg dg é’luﬁ"ﬁt ﬁ?’ﬂi‘ its
faul t totaéd smhnetigednalindatimg fieanspfot décodingt saiti datd; ialo R pihtér Wehds fohgriatRge ON
the print di a. her versions of the image can also be printed if the
appar at USHtEe ERage; 8&"4/\]\{'?1?4 Sﬁ’é’a‘?%‘)@@rdqt?é%? REnERediaaitached to said ikgiet printer
processifgadshe 30 data received therefromin the manner as described in
USSN 09/112, 781 and USSN

The encoded fault tolerant digital data may also be reprinted on top 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 09/112,781 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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. 09/ 112,-7‘§‘g'mgy the applicant. In this instance, the Artcar dRé@a&sﬁBﬂrBrmygl}ggzooz
. the sane device as the photograph scanning neans or nmay be a fe@parate

_integer. An Artcard as disclosed in said t! /AU ART85 YU / AUUL TMZDDS
Recej ved 13 August 2002 2.5 MAR 2005 -5- applications is of a credit card
"si ze approximately 55nm x 85mm and t he-Scanning neans for scanning a

hot : [ ' i on ul d wider to
P ComodapRp RO 8rd ¥ cald o B el S s MR oyt 3 e ioans fos
case, thecaningephotegmsh anseqhized ﬁ?oh{é #&ﬂt\@iﬁd&nﬂiﬁﬁﬁﬁ&uﬁ%egﬁiﬁf%t hl Hé@k’}hl i ?@ate
Uhr ough G KB o e Sof D of augiagimon, 4n et oiserthessenest n;m °p,;] bat

di : ' [ ec red or. duplicated. photograph.is the sane
e fhe® BosidbdRi kI incit fol Mool BROUERE Uochlos B G52 ik fiplss i aRring g ipe

—

al thoughof theiskt fluonglewhichtiedlAttbad of e phbiogtapRedtiodemiertde of a larger size
such as to provide a ggnoram’c print —of the sanme height but approximtely
twice the wi dipﬁe Brnt Hedia psgdda pEObPR thrieapreredor foplicateskphotagrantiin thersame as

require ' ' I I sing t ropri.ate
A toard P, PRGBS AEER NP aBicRT RSP SCHIHTL L0 e EBReR i
panor am cont@nplatedvhitithé pentenedidedy $atbof alagéiticnach &Qo'b?&sﬁé&ﬁ%éﬁgﬂ}ﬁﬁ?ﬁm
pr ocessi nlgél?rogram encoded therewith, for exanple as described In e

appl i canP? &he; SERE gt roubEpPrRdimAtely3 peice he kadth o theArmadard phetaRRIpEF A

CRI PT. =T . ' t i an t her fornms. which.may fall
\?\F t§ hi n th@éﬁlﬁebﬁt tﬁﬁy %ﬁﬁggﬁ%’%@‘eﬁﬁgﬁ,ﬂ‘%?ﬁﬂ% &8 PoremPIoed; friog the
i nvent i omppabpriate dwtohrl fbe sieat ipnetbse by thasytigifial @homsptaph AidyyhaveWeb a RhGHARNCE tO
t he acconpanying_.draw ngs in which: 20 Fig. 1 illustrates one formof card
r eader aﬁ%‘gtr %Ftﬁgﬂ‘faoeqcﬂ@e%s Adtarnrlyding the qecessany) image direesssing axptrancehcodasiv ?f
Fig 1 i P . ; L C = Con. O
one o T e o I b ool T R 3 [P e
checker bar #RF&1Y.ern with which the data surface may be nodul ated; 25 Fig.
51' | lustrates the reading process; and Fig. 6 illustrates the steps
neCessary to decode data read i'n froma photograph. DESCRI PTI ON OF THE

PREFERREBRENB®ESENIPTION OF THE DRAWINGS

Notwithstanding any other forms which may fall within the scope of the present
invention, ppeferred forms of the invention will now be described, by way of example only,
with reference 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 photograf)h.

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

i mmge. 30 Consequently a "data dot" is physically different fr2m MAR 2005
“non-data dgir., \Wen the photograph is illumnated by an infrared source
havi ng conpl enentary spectral properties to the absorption or response
characteristics of the infrared (IR) ink the data appears as a 4PAU 2 5 MAR
2005 ART85 -6- nonochrone display of "black” on "white" dots. The bl ack
dots correspond to dots were the IR nk -i% and has absorbed the IR
illumnati Adhrod ikl t r4.e re f; the col ' e oqyer
whi ch no I%ﬂionk h%ﬂsw%%@ﬁy gfilﬁ%%g Ogtlnﬁ ref Fétgt ﬁﬁg%ﬁ?g df’{i CPFF@RP%{E)( écgﬁarere the
subst ant i al TR inkniatand hasbwriad the [} ifaninadbd unditwhisraddte cor@pid @l 4r8ds JfBe
terms black and.white 5 ﬂlustpgefiqgg wi Il be used when referring to the
IR i nk dot s} %rcﬂ??ﬁen%veaa‘?@? 8.1 1ok s resm dirinfdgand; reflecting thea iR sllomination m
of card reafd®stamd | kel i t.Q h 9 for
reading. Fig. 2 shgﬁhgér?ugﬂfg?ﬁgg%ﬁa?ggg%g&b&@?g%aﬁgﬁr :T%é%andlwﬁ%e
card ?eaderasijust dpfiredooHbeasetiwhan ricmingiottes IRsinktdetmracvddingdhtudes a CCD

r eadi ng necﬁ&gb%{raéo 13r5 The card reader includes pinch rollers 506, 507

for pinchi d phot ograph 9. One of the rollers e.g. 506 is
driven by a ot atig 37, iligstratdiCorRIMARCHTEIN rQdet B0 &ﬂﬂ&f)%&@f@ thd Tl MR SR O&f“ae
ot ogr ap over

two rollers 506 and 507 at a_uniform speed. The p 'S passe
a series dfhofograph%er readjng Eigs 25howsvan ekpladel mspestint ofi théieadarofIFRy, 1. The

t ranspar ent ' em cjrcular cros ectjion. The crass,
secti gn foccl?{;&;géhgﬁg}?rﬁ&?%%c %go %§B§1P8 T SYSiey and r’ﬂciu@ﬁé‘ é@ﬁfrﬁﬁ&w@?@sm
phot d@r aph 33. dEhd tard aslesinbindehpintlERS1ebsl 206, FOQ i ?ﬁpﬁﬂé bAGEsekbd ggot?%ra%h 9.

reflected to a high resolution |inear CCD 34 which is construct
resol ution Oéb%%igfsrﬁg-eﬁ% igdoyenpy a moter 3o the advantenednt dEthe phbtoigtapn9

subst rat e SRR ORIBHIE RS0 b SUBe TG LR RUIS LLALES LS

inserted the linear CCD array 34 which conprises a
array constseigst efdinfiprede@Ry LEDssEi? whivhdare tentased withies tati TRNGarRpaesHeald A

The surfac f the photograph 9 .is coded to the |level of approximtely
1600 dpi E‘Sﬁ%%? . Iﬁgc‘Fﬁ‘ﬁ%&F SeEEFIH- g@ﬁé@éﬁ?ﬂ“@% ?%e%%{%&ap&w;@mgaﬂa
Wi t hisan apphfxihoRughd ¢the photobiHBR 924 # phds! 9gr ' i fer
driven at IOf;lo%ﬂsﬁ:peed such thal? (t)hgﬁ? %ﬁ%bggyi@]%g%gl?o fg@getrﬁ%g‘?r% cg IH%

i near
the direct f3Ec6e {ohatbgh assolntinre isear @€Da 34 awhicbf isapmsondtedte|ay rék8Rfion of

r eadi ngs | n ta ks, forwarded from.the reader to
proc esgi ng%%%})?ﬁ%ielggﬁ%%@'p ?ﬁ% gsggD %’g‘?@r/&“ Célédr?g&b\gﬁ@‘,n S{?\]Pﬁ“@ ?rg(,lg e GHipp sustrate
light senséi4.altetweendhs mad sublieatey ie §Beee] Ak lindh €A a5 ARRich 3omprises a thin

long linear CCD array constructed by means of semi-conductor manufacturing processes.

D

20 The surface of the photograph 9 is encoded to the level of approximately 1600 dpi
hence, the linear CCD 34 supersamples the photograph’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
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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.
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printhead for printing an A4 size page (8240mm x 30 275mmor 8" x 11'/2 ").
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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 photograph 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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The anount axsfreadimgthy pixebddta.ed f or readi ng and decodi ng of the encoded data

IS The time to write one column of data to DRAM is reduced by using a number 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
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Altemnatively, the data may have been recorded in the “alternative Artcard” format which is
equally disclosed in USSN 09/112,785, or in PCT/AU01/01317 (Docket No. ARTS0),

20 PCT/AU01/01328 (Docket No. ART81), PCT/AU01/01326 (Docket No.-ART82). 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.
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equal I'y disclosed in USSN 09/112, 785, or in PCT/AU01/ 01317 (Docket No.
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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
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exanpl e, Hdhejimage 65 theienceqdsd|datrdnto e printqbthei ayatdpast #dakt inkia prGTHeAURBLRIL 317
( Dggket m‘fn@%@’ PCT/ AU01/ 01328 (Docket No. ART81) or PCIT/AU01/ 01326
(Docket s J, can be printed out using an ink jet printhead of the

If the data can be stored either in the printer or in a RAM area of the processor which

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 suitably programmed digital data processing system, both of which are feadily
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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requi red characteristics. If only the inmage is to be printed a 3-ink ink
jet printhead will suffice. If the inmage and the encoded data iB&qY]AReggq5
printed then an at least 4-ink ink jet printhead would 15 be necessary. If
the data cdf™e stored either in the printer or in a RAM area of the
processor which decodes the encoded data then the printer can be provided
with means for enabling copies of the inmage t0 be printed as desired, for
exanpl e dedi cated switches or at |east a MWumeric keypad. Alternatively, if
a nunber of copies is required, the photograph nay be passed 20 repeatedly
t hr ough thq:E?@wﬁﬁr. The foregoing description has been limted to specific
enbodi nents 0 I's invention. It will be apparent, however, that -

vari ations land Wvaripecaus fontading digitahdate priotedtonen photesdphdn inwidible iiikheherein

attai nnent ne. or .all of e _advant gges of the invention. For exanple,

it will be t@%g@%&% %1‘%‘:88“{ %atgetd:?rg ﬁeﬁgam ﬁ% Hi’&?gf?é’rﬂe%@m@awﬁ fchdingeq scanner

har dwar e ormehs 61 sosmifiag iiA the SR ixk BEQ EHES;QH '%'ﬁhal P '

- system both of which a%e1 readily accorrplg(iglghe o?/d oééno gﬁrdéd&gl?@ééaﬁll
in the respbetorphirosgh theseamer means; nicans foe ilpieatingothe phétagrapipentidavisibii ns

to cover all;: h jati n ifications come within the true
spirit and rédé%t%gl’ #ﬂ%@& Pﬁ)\%ﬁﬁg%%%ﬁ 0“‘%{“@5%%% T&%‘W%:ﬁ’r 1.
An appar at dscdding sddanagasti fiktjet paabAmRiAs 0P Prifing olOL QELAP Berdvad! oth Shill ©

i nk vvherelira thg data is encoded i mage data relating to the p?mt ograph, the
appar at us °Rradge A3 o8 agEinhmedia attechad tor wid sk el pringr ineanshe i nvi si bl e i nk data
on the phot ograph; neans for advancing the 5 photograph through the scanner
means; neans for illum nating the photograph with invisible radiation;
means) f or Br ocedwi appataties abadl@inedtipiaithriowheidsAE AN 8¢ chtRAES id- £ HuliCioNGant
means for degﬁgi ng said atd ,.and ink jet printer neans for printing out
the i mage EELISMT PR &R P RRBHR Brasshs anh stid shqaRt Topogessing aedpooding ai d
ink jet pr il dhtaTRAGGos Mind forfRo@BAAS i R SOl 'cﬂf&' claim1 wherein
said data is encoded in a fauﬁ? tolgéar%t egc?gi tcg';l oP&n%gtSjsi ng a Reed- Sol onon
process and said nmeans for processing and decoding said data includes
means for Rrocessi aj eed- Sql onon. prpcess.. 3. .An a ratus as .cl ai ned
inclaim 1§\/\her§|§ln e{{l?%ﬁsldr?\%cz?%e n a}ng gﬁ” Nl m‘&@g@b r 15i #y infsaeed ang
wherlsi n saabkorbiug fikbhued whetei satthinkiitlefddaitd ié indfaked light.

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



4. An apparatus as clainmed in claim1l wherein said ink jet printer means

i ncludes nmeans for printing out on a print nedia attached to 532‘5 mﬁ Qﬁfﬁ
printer neagsgPoth the inmage and the inmge data, said inmage data belng
printed ininvisible ink in an encoded form said inage and 20 imge data
bei ng derived fromsaid decoded dat a._lg._ An apparatus as clainmed in claim4
wherein said image data i s encoded in fault tolerant digital formusing
a Reed- Sol onon process and said neans for processing and decoding said

i mge data A%f%means for processing said Reed- Sol onon process 2 5 MAR
2005 ARTS85 - A CT An apparatus for printing out recovered i mage data
froma photograph is disclosed. The data is recorded in infrared ink on
top of the imge,itself n.encoded faulf{ tolerant 5 digital form

enabling the i rraﬁjé aP%arﬁté’I‘c" ?%rg e LUHh BV ErRS trangs daja ﬁamgthﬂﬂeismiﬁﬂmdaph
surface. ThEheo@naidicdsrdedin Rifiatd fittor 8 JFTRY Enddli lfﬁﬁ%ﬁ%ﬁé&{%ﬂ %@? ogf?rtan'
te(ﬁ as nmany | 5

If the data is stored then the inmage can be pri
requi red. Aligiégal fatm veablingitheimggeco bgreqaiversd mobeitiistelatoatiina gp 86 SR hHof@AlEh

th h [ r of ti - ther f f
the. "1 nventGacé-AAE aphilfnb i kiR gPLTRimaite ot Pressintatie Gat nld e o i

i mage dat a saged rtheredies Gedod Rah el pAME |ARAKmHSY M@ B ir&%‘%d."mkﬁgwgﬁée{l%hﬂle
necessary nynber of inkjet nozzles to do so and the apparatus has e
necessary &*@E&@%@ﬂ&&rfﬁﬁ%@ﬂl&’ pagsedthseugh the sepmeser, readaraixbleguiaed nemnbadst

the data. Rl §nGnother form of the invention, the apparatus can also print out the image with the

10 image data again recorded in infrared ink using a printer which has the necessary number of

ink jet nozzles to do so and the apparatus has the necessary processing capacity to process,
compress, scramble and encode the data.

Figure 6



