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STORAGE ON PHOTOGRAPHS FI ELD OF THE I NVENTION 5 The present invention

rel at es twoOa2/sisea processi ng net hod and apparat us and, i npCpavbi/eiar,

di scl oses a data encodi ng net hod and apparatus for storing data in a fault
tolerant formon photographs using an jnfra-red ink wherein the data is
original inmage data taken from a canera system CO PENDI NG APPLI CATI ONS 10
Vari ous net hods, systens and apparatus relating to the present invention
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The di scl osures of these co-pending applications are incorporated herein by
reference. 15 Various nethods, systens and apparatus relating to the
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CO-PENDING APPLICATIONS

10 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 simultaneously with the present application:

International Patent Application
(which would be filed in at a later date, when the number is Docket No.
received)
PCT/AUO01/ ARTS1
PCT/AUO1/ ARTS2
PCT/AUOL/ ART83
PCT/AUO01/ ARTS84
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The disclosures of these co-pending applications are incorporated herein by reference.
15 Various methods, systems and apparatus relating to the present invention are disclosed
in the following co-pending application filed by the applicant or assignee of the present
invention on July 10, 1998:
USSN 09/113,070
USSN 09/112,785
20 The disclosures of this co-pending application 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:



-2 PCT/ AUOO 00743, PCT/ AUOCO 00744, PCT/ AUO0/ 00745, PCT/ AUOO 00746,

PCT/ AUOQ' 00747 and PCT/ AUOO 00748 The di scl osures of these co-pendi ng

appl i cat ivom92/84523 ncor porat ed herein by reference. BACKGREUNBUCHIBHE

| NVENTION 5 As the applicant has previously noted in pending applications
USSN 09/ 113,070 and USSN 09/112, 785 tlere is a general need for a print
nmedi a scanni ng systemthat allows for high volunes of conputer data to be

stored on a spRyLURHHE43TEdpET/ AYRN0FE42 GRIEA ymb}o%mii mﬁdmeg%bm

tolerating a high degree of corruption when read by a sScanni'ng device
exanpl e, PCHEAUOO/MOBK7 ad PAT/BUODOA74%Nn suf fer a nunber of data corrupti on

errors scanne a scann device. The errors can
i ncl ude\:M}%e dﬁglé?élurfﬂ g{iﬁesgp? BF%(?%FQPNCQF%‘SXFIP%%‘Prflteeflg‘iﬁghWW 58 surface of
the card with a linear CCD having a faulty pixel reader for a |ine thereby
pr oduci nBAGKGR(DiUNEQF THE NVENMONS on the line. 2. Preferably, the

of T ho card ot bl de: PRSP sred haaa iy ) LS Ry Al g Oafghe

scanni ngURE gl 1231;@1%%% tahen&adl feedZor y%hh@h'}%dﬁ%%@nn ?s&:rrpfl‘latt e wupf ace
of the card may arise and any scuffs or Dbl otches shou be tol erated by

any syst @ighdetanes ofi qognputee dafsf @r brastpisd ozt @ pispleoprintheediar fugh @s efcard wailcar d.

A 4. A cer r ex s in.the.insertion of the carddnto a
card rea éﬁrkmaﬁ!%o(aglg tglgra%%a 1@% |és§11 CorpRgPR &SR Trag By ¢ S%aHBVlgtq%ICSalﬂar when
read by axamayple] ﬂhea‘dmﬁ of Ristdtitioheran suffer @amdubeleaﬂemalcarrap@waebré Qviee tH¢ i ven
past a |linear imge sensor such as a CCD by neans of an electric notor.
Thie el ecfyHace ifpcamedRy aé‘k%‘élmgé]ﬁ(‘f@eaTH‘*e%fF@éC@‘fmlelﬂ"uct uation which will

result i, {1 UBEURLAONSWHIR 4i8hSeqlt &1 @RRM 81l of E Al 3,25 LRSS

t he surface of th These notor tluctuation errors s ould

tolerated byCChehalatga éaudty ghiixed repetehiod admettheelsupiodoeang thetdame oahd . foball The
scanner of the .surf of the card nmay experience various device

fluct uations BB oM ?@é‘f“et he intensity of individual pixels may vary. Reader

i ntensity varpatdraly mdgMleth aloped dag t@&ﬁ@%fo%dwﬁ&émIt&tq@wnﬁyﬁgy%mewwneﬁt hod
rrESIerrented in the data contained on the 10 surface of the card. |deal ly,
an

scanni ng 8f/eapidserothedurfaceabbecht esrompimtiadally itolsratedchyr anyyschminghsyspnesence
of scanning the card.

3. Various data errors on the surface of the card may arise and any scuffs or blotches
should be tolerated by any system determining the information stored on the surface of
the card.

20 4. A certain degree of “play” exists in the insertion of the card into a card reader. This
play can comprise a degree of rotation of the card when read by a card reader.

5. Further, the card reader is assumed to be driven past a linear image sensor such as a
CCD by means of an electric motor. The electric motor may experience a degree of
fluctuation which will result in fluctuations in the rate of transmission of the data

!5 across the surface of the CCD. These motor fluctuation errors should also be tolerated
by the data encoding method on the surface of the card.

6. The scanner of the surface of the card may experience various device fluctuations such
that the intensity of individual pixels may vary. Reader intensity variations should also
be accounted for in any system or method implemented in the data contained on the

30 surface of the card.
[deally, any scanning system should be able to maintain its accuracy in the presence of

errors due to the above factors.



errors due to the above factors. WO 02/ 34525 PCT/ AU01/01317 -3 In
applications USSN 09/113,070 and USSN 09/ 112, 785, the applicant disclosed a
met hod amdo app@est us for printing data in an encoded faul PCT/aUer/@nst7 f or m on
the back of a photograph preferably using black ink on a white background.
The data represented the photograph iaga digital image file format and/or
data conpri si ng a conputer programscript 5 which could be run to recreate

the imge or gp%htymﬁ%ﬁfobﬂ% 078 dheyssRar, 1A, 789%9%@3 ) gls@mgéaage

called a VAR I pt was invented for this purpose which esigned to
be port abiednoalrrmddm)araem fod epeideddta iISaMEAR e OFallHS drEDNTh ON thédagh eSent

i nventi on seeks, to vi de a | ternative. to that t.hod ,of encodj and
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u5|ng|n ra-red ink elmage and the data elng recor ded on a print
medi a uswhg:hanouldkbq en o iredreaty thy Swege @s tdi phosede mﬁfet:héo dpplinegnt Alt is

an object of the Ji esent nt rovi de for thod _of printi ng

i g o aitrrgnea o BRGEs g o faRRrE e B b B! s e B K38 e
data cor a@g@acﬂ@ B pdr@abBanidRgies indkperaemer ti ng said i mage data into an
encoded fault tol erant di gltal form c) printing out said fault tolerant

digital formof said image data on a surface of a print nedia using an ink

jet pri nﬁUM%ABCYeQSFM INMENON b1 e i nk whil e sinul t aneousl y printing

out sai d i meg¥hélptederASn@nRHIOLRRY &PHOCIdE MRGRemati R t6i tRatahethdtliddhcb@iad ahd e
form 20 on the sane surface of said print nedia. Preferably, said encodl ng

st i ncresgeling 8aprysriinige Jbe digitaagaia &arfraspaﬂ@ngart%f@s@%s i tan ‘enspdsg fault
Reed Sol gy tlad geq! 1itbiMbyel e wlmvthé h%%%sl;t%@;ﬁ% iD6a- AR lmg gﬁ@nﬁ &4 Ahsee b 49 i nk

with negI|g| sorptionint spectrum I's a furt
obj ect obeihpeccordedmhiagmint me¢in osingen arkgatr;a‘tnnisgfsy}sltenmas dlSqlmEgdbmthem‘ppheaned i nk

encoded fault_t.oler ital data on 0 phi c, para
el udi ng: ) 1S eanBrs Syl afenbEHE Bancs Rhgenain SormIaB e 15 sai d
i mage i nof aGhiokfiph 1ﬁcwd7i?gtthe5& Jarans for processing said digi taI format of

said image into a fault tol erant encoded
15 a) receiving image data corresponding to an image;

b) converting said image data into an encoded fault tolerant digital form;

c) printing out said fault tolerant digital form of said image data on a surface of a print
media using an ink jet printing process with an invisible ink while simultaneously
printing out said image data as a photographic image in a visual, human readable form

20 on the same surface of said print media.
Preferably, said encoding step includes compressing said image data and processing it
using a Reed-Solomon algorithm.
The invisible ink may be an infra-red absorbing ink with negligible absorption in the
visible spectrum.
25 It is a further object of the invention to provide apparatus for printing in infra-red ink
encoded fault tolerant digital data on a photographic, said apparatus including:

a) a camera system for imaging an image and for outputting said image in a digital
format;

b) means for processing said digital format of said image into a fault tolerant encoded

30 digital form;
c) means for printing said image and said fault tolerant encoded digital form using an ink

jet printing process said fault tolerant encoded digital form being printed using an



30 digital form c¢) means for printing said i nmage and said fault tol erant
encoded digital formusing an ink jet printing process said fault tol erant
encoded av@o2/a452% or m bei ng printed using an WO 02/ 34525 PETI/AUQU$BIBL17 - 4-
infra-red ink. Preferably, the neans for printing enploys a pagew dth
printhead using an ink jet structure,.f4or exanple, as disclosed in

appl i cant's PCT/ AUO0/ 00743, PCT/ AUOCO 00744, PCT/ AUOO 00745,

PCT/ AUCQ 00746, PCT Q' 00747 and PCT/ AUO0/ 00748 with a print 5 roll
feeding print media therethrough, for exanple as disclosed in applicant's
Artcam appl i eafféraplg, theSHRME bl pantdideapldyUsFHgO0YdIH BrintBéad Winpoamdiimgjet o a

Pt o0t SBHIHEG PN dlinasadins paicart s pp bk Dlbule b3 tAutfobras o o)
conpar ed ﬁc@r/AUBG/opfyzisO pcal A ulgha7&) @@?&UG@G@M&?@@@%@O@W@M@fa_ SR X

55mm (approxi nat e the size 10 of a credit car The increased size of
t hes r econdli rfepdinedipantlrhaivg thgpethoxpnmaie| gratiptees tdisdlasad int apphisandls Atiedm dat a

to be recorded on t ogr a the previous format while

usi ng a §Pﬁﬁliq33?“sopggﬁé’???ﬁéﬁod”53éﬁgﬁ@:ﬁf&g%gechng que. BRI EF DESCRI PTI ON OF
THE DRAW NGS NotMhithBstha gieRgreanibrtdtahe fieAlon M1 iGfbnmaYor A&l printddt &itrort ke
scope of the presen 15 invention, preferred forns of the invention wll

now be dehotogigld whimh maybad stendandize drbyroximdteli 102 lo2ence 'K 6 tdempared to

acconpanyj ng.draw ngs i n which;. Fiqg. illu ates .t he data.sur e of a
card or r&ﬁra%\gﬁ,ta ‘?ﬂcadedfﬂiﬂh’@lgg#ﬁ% @ior?@Lgir%{Wdﬁ ?Wﬁ@pm%}]@ﬁ&ebﬁtﬁe 3%ingl e
da@ bl 0Gky creliit@ard® Thd MetchRRFedf HeReHordifidi@dialaf6wWs apgiflodi@telythaBdo fdug. S
illustrate magnified views of portions of the data block of Fig. 3; Fig. 6

i |1 ust r attiezes @s siugh|datat tarhgaecosdad i the ehotpgigph vompared for the e vidye feraag athile

structure of a.data b L El L tes the positional relationship
of targeﬁgmgéﬂs}a ?a\fé)rfdggg%#&igt?gféﬁogé it%%ﬁﬁ}iug'gi ons of a data region; 25 Fig. 9
illustrates the orientation colums of a datablock; Fig. 10 illustrates

the arr a\BRIEFPESCRIPTIONOPTIHE DRAWINGS! ustrates schematically the
structure of %&\git}];s?gndﬁl%egﬁysahgxn?&m@,nSVBQhnlgéy fall within the scope of the present

15 invention, preferred forms of the invention will now be described, by way of example only,
with reference to the accompanying drawings in which:
Fig. 1 illustrates the data surface of a card or photograph;
Fig. 2 illustrates schematically the layout of a single data block;
Fig. 3 illustrates a single data block;
20 Fig. 4 and Fig. 5 illustrate magnified views of portions of the data block of Fig. 3;
Fig. 6 illustrates a single target structure;
Fig. 7 illustrates the target structure of a data block;
Fig. 8 illustrates the positional relationship of targets relative to border clocking
regions of a data region;
25 Fig. 9 illustrates the orientation columns of a datablock;
Fig. 10 illustrates the array of dots of a datablock;
Fig. 11 illustrates schematically the structure of data for Reed-Solomon encoding;
Fig. 12 illustrates in hexadecimal notation the structure of control block data before
Reed-Solomon encoding;
30 Fig.13 illustrates the Reed-Solomon encoding process; and

Fig. 14 illustrates the layout of encoded data within a datablock.



Fig. 12 illustrates in hexadecimal notation the structure of control block
data before Reed-Solonon encoding; 30 Fig.13 illustrates the Reed-Sol onon
encodi ngwoorasey and Fig. 14 illustrates the | ayout of ercDdA®d/@aIA W t hin
a dat abl ock. WO 02/ 34525 PCT/ AUOL/ 01317 -5 DESCRI PTI ON OF THE PREFERRED
EMBODI MENT The present invention includgs, preferably, an ink jet printing
system having at |east four ink jet print nozzles per printed dot in a
pagew dt hpgl Cfﬁﬁeﬂ@)NH'le'lf :F\Eﬁ\ﬁEy m Pfagent a, and yellow for
printing a co I ma anln printing data 5 in an
encoded fault Tth6|pé¢sawtmff@1twnan@h@%smeﬁ:rﬂt aednléﬂetumgég smt@nga\sng iahleagtet

P o pend: gtk it SR nBA X ad BB B, B S HBsR0 st Rl RSB 8a. ©
PCT/ AUCQ 63617, dgentGRA ARIEY B8 pAintiag d cBETinAIge D&y idEralred (TR) ek fbnhﬁltlﬁig Idhtabl e
for _use with the c;Jf;rent invgntlon are disclosed in the applicant's

co- pendi B BEFeededt i Lolerapts tormy glane WHBUIG FHIRRIM3ES: RS S 10K 46l mhqa@ggmz

and PQ37% n t-.14. 0; n
PQA509 fl‘&egptgﬁn unugt\ltgln Bfﬁggfggs 1sa§1§clg§%9 [Hé %ﬁﬁk%{&}%o E?@P%ld August

21, 2000. POWA@}OGIOﬁ@ﬂ&O t hRCTAAMENMY A4 an |B€Q”éAU@O/0@ﬂ<6n by RCHAIOD&074@mer a
area i m mage is read out as data. That data is
processewg@§&8igp§rﬂmml M’é L5 converted thereby into an encoded
formusing a frgdréd @b Qlidble BNERAIIROhEBLMEGH ifMAiorASe &cRSeBinMeeshpiel@aon
format. The converted data so encoded is then supplied to a printer neans

whileh pricetpending applisaépnsodusiralian arayisiong! patent aRpljce or;srli’(a%lﬁgmém?é%@both
Appar at u I ues e_ysed
o encoadithgr PRk #80 SRRIcHE EhpPER FRT QO3B RIS A LR 1 €300 gt

appl i cat |RQ95@S,SMdQ‘919]S&SB fldDomAdgldBIN 2000112, 785, while printer !0 neans are
di scl osed in PCT/ AU00O/ 00743, PCT/ AUOCO. 00744, PCT/ AUOO/ 00745,

PCT/ AUD0/ 007 4@\CCRERE RSy inralion ahimasety ke distal C@ﬁ)éracré%aclmag% PR e

whi ch ar gpe 'séhchﬁécp%%eeg R84 SL a0 ¥ath ef LR NGE: IST&G&@SBHEW Q'IﬂH&ﬁm RLfit and

descri bed as Artcar alternative Artcar Dotcard fTornmats. 1n these
appbi cat |oomgqrtetl ttieardmmtomgnmded fact msmgragfaa]t tﬂlaam enmd1mg1mathowlsudhe1s bsioggr ound

oD S eGPt B S D27 M3 B P ST i e
1.89 mytvﬂﬁct@ﬁnntgéﬁtﬂhéléﬂc@Ged'L@at@ﬁﬁné’@r@mﬁrét%ﬁgngﬁﬂoﬁess. Apparatus for performing
these functions and techniques that can be used to encode the image data are disclosed in the
applicant’s co-pending application USSN 09/113,070 and USSN 09/112,785, while printer
20 means are disclosed in PCI/AU00/00743, PCT/AU00/00744, PCT/AU00/00745,
PCT/AU00/00746, PCT/AU00/00747 and PCT/AU00/00748, the descriptions of which are

incorporated herein by reference. These techniques were described as Artcard, alternative

Artcard or Dotcard formats. In these applications, the data was printed using a black ink on a
white background on the back of a card of size 85mmx55mm in an active data area of

'5 80mmx50mm. In this way 967Kbytes of data was fault tolerantly encoded as 1.89 Mbytes of
data using 15,876,000 printed dots.

Encoded data Format

While other encoded data formats are possible, there will now be described one such
encoded data format with a number of preferable features.

30 Encoded data Overview

The Encoded data can be used to recover the image over which it is written or to
provide a digital format thereof for manipulation in applications, for example transmission

over a digital telecommunication network or image processing in a computer.



Encoded data Format Wil e other encoded data formats are possible, there

wi || now be described one such encoded data format with a nunber of

pr ef er abiveo bwatses es. M Encoded data Overvi ew The Encoded Bé@t/auvesao3bz used
to recover the inmage over which it is witten or to provide a digital
format thereof for manipulation in appldcations, for exanple transm ssion
over a digital telecomrunication network or inmage processing in a conputer.
WO 02/ 34525 P ﬁk}g 1 S C ROY 5 ~ h
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f or5 ot hep”phbiat qhoaighaphi sethe asathpler pbdthgmplpr buntit iesmhplt itondeterfore alexamipee, in
the applicant's ink jet printipng camera systema panoram ¢ print. can al so
be pr b EEEHIHEYPUIGIng i a7 P%@Pwt%raem%zeé@a&aa?t ersﬁ%%aﬂ@flaﬁ% oh

al | owi ng 1 , be : ded. i rRgsagan t woage
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data. Regardl ess of I
t he saneprotiutet which idedcdhe tengiicof dhdeirndawd sinepltbtégraphoaloningkaee hadata to

account, .the encoded data.format is capab stpring.3 to. 4 abyt e of
ot & f or b o R eniineiti anhrgiof sBe FRRRSE theedhdiP o AdedeLiprBRIb o
enppded @atmgtadhnRfe SérRdifrth@banid. IAfer all 8860dipi 200 StheF Sakisad hboteeh G4ken b -
Format of encoded data 15 The structure of data on the photograph is

t her ef or ecovpetithia ewbilsd dntas fogmeldistcapalilel of $tering 2 so ¢ viggabyte @atdata fphp §$6¢t i on

describes .the format, of the dat ho raph., Thi s format .
previ ous ngngélé%lﬁlg BEg 5‘?§OIPH Sl %’e?ﬁ%@fi&e Mﬁ%gﬁ%f’degéf? %a an; be gﬁfﬁ\gﬁ%ﬂms
appl i cat ir@aﬁltiuﬁsS%}eat@&haﬁ.%o@@i_and USSN 09/ 112, 785. Dots 20 The dots
printed on the photograph are in infra-red ink with or over a col or inmage.

Consequelprmatpfenepdaddaie " i s physically different froma "non-data dot".
Wh t he phot I.S.q4.].um pat i - I ) & i :
corFr%I enent ar ngégc Crtlélllle OSrdélﬁeﬁ P’gqu}%(t)% Zﬂsé sr%frglet Sﬁ)gﬂﬁgﬁg)r:a%@g?g(? fugsth%f t he
JR i nk t heotladyaf appe@his sasioa dewnideditherfernait 9P tieydaaf of' dphatksgraph. This format
was previously described as the “alternative Artcard” format in applicant’s applications USSN
09/113,070 and USSN 09/112,785.

Dots

20 The dots printed on the photograph are in infra-red ink with or over a color image.
Consequently a “data dot” is physically different from a “non-data dot”. When the photograph
is illuminated by an infra-red source having complementary spectral properties to the
absorption characteristics of the IR ink the data appears as a monochrome display of “black™
on “white” dots. The black dots correspond to dots were the IR ink is and has absorbed the IR

25 illumination and “white” dots correspond to areas of the color image over which no IR ink has
been printed and reflecting the IR illumination substantially unattenuated or only partially
attenuated. Hereinafter the terms black and white as just defined will be used when referring
to the IR ink dots recording data.

In describing this embodiment, the term dot refers to a physical printed dot (of IR ink)

30 on a photograph. When an encoded data reader scans encoded data, the dots must be sampled
at at least double the printed resolution to satisfy Nyquist’s Theorem. The term pixel refers to a
sample value from an encoded data reader device. For example, when 1600 dpi dots are

scanned at 4800 dpi there are 3 pixels in each dimension of a dot, or 9 pixels per dot. The



on "white" dots. The black dots correspond to dots were the IR ink is and

has absorbed the IR 25 illum nation and "white" dots correspond to areas of
t he col owonagEs2Hver which no JR ink has been printed anBCT/AUbEeBiNg t he
IR illumnation substantially unattenuated or only partially attenuated.

Hereinafter the terns black and white_as just defined will be used when
referring to the IR ink dots recordi ng data. In describing this

enbodi nent, the term ers t.o cal printed dot (of IR ink) 30
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central area of dots is the data region 108. The surroundi ng
dot s ar eregsedy viddtoframtvithictheskgiorar ks, 20 borders, and targets.

Each data block 107 has dimensions of 627 x 394 dots. Of this, the central area of 595
x 384 dots is the data region 108. The surrounding dots are used to hold the clock-marks,

20 borders, and targets.
Borders and Clockmarks
Fig. 3 illustrates a data block with Fig. 4 and Fig. 5 illustrating magnified edge portions

thereof. As illustrated in Fig. 4 and Fig. 5, there are two 5 dot high border and clockmark
regions 170, 177 in each data block: one above and one below the data region. For example,

25 the top 5 dot high region consists of an outer black dot border line 112 (which stretches the
length of the data block), a white dot separator line 113 (to ensure the border line is
independent), and a 3 dot high set of clock marks 114. The clock marks alternate between a
white and black row, starting with a black clock mark at the 8th column from either end of the
data block. There is no separation between clockmark dots and dots in the data region.

30 The clock marks are symmetric in that if the encoded data is inserted rotated 180
degrees, the same relative border/clockmark regions will be encountered. The border 112, 113

is intended for use by an encoded data reader to keep vertical tracking as data is read from the
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20 target id 122 is 4 dots wide etc.
As shown in Fig. 7, the targets are arranged so that they are rotation invariant with
regards to card insertion. This means that the left targets and right targets are the same, except
rotated 180 degrees. In the left Target Region 116, the targets are arranged such that targets 1
to 6 are located top to bottom respectively. In the right Target Region, the targets are arranged
25 so that target numbers 1 to 6 are located bottom to top. The target number id is always in the
half closest to the data region. The magnified view portions of Fig. 7 reveals clearly the how
the right targets are simply the same as the left targets, except rotated 180 degrees.
As shown in Fig. 8, the targets 124, 125 are specifically placed within the Target
Region with centers 55 dots apart. In addition, there is a distance of 55 dots from the center of
30 target 1 (124) to the first clockmark dot 126 in the upper clockmark region, and a distance of
55 dots from the center of the target to the first clockmark dot in the lower clockmark region

(not shown). The first black clockmark in both regions begins directly in line with the target

center (the 8th dot position is the center of the 15 dot-wide target).
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20 of the data region is black, then the reader will know that the photograph has been
inserted the same way as it was written.
e If the column of dots to the left of the data region is black, and the column to the right
of the data region is white, then the reader will know that the photograph has been
inserted backwards, and the data region is appropriately rotated. The reader must take
25 appropriate action to correctly recover the information from the photograph.
Data Region
As shown in Fig. 10, the data region of a data block consists of 595 columns of 384
dots each, for a total of 228,480 dots. These dots must be interpreted and decoded to yield the
original data. Each dot represents a single bit, so the 228,480 dots represent 228,480 bits, or
30 28,560 bytes. The interpretation of each dot can be as follows:
Black 1

White 0




inserted the right way, or back to front. Fromthe encoded data reader's
poi nt of view, assuming no degradation to the dots, there are two
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There are four basic steps involved in mapping an original data file to data region dots:

° Compress the original data
. Redundancy encode the compressed data
° Shuffle the encoded data in a deterministic way to reduce the effect of localized
20 encoded data damage
e Write out the shuffled, encoded data as dots to the data blocks on the
photograph.

Each of these steps is examined in detail in the following sections.

Compress the Original Data

25 The data to be recorded on the photograph may comprise several blocks, e.g.
1) color image data
2) audio annotation data
3) image processing control script
4) position data (such as from a GPS receiver)
30 5) time and date
6) camera orientation
7) tracking data - such as ink cartridge information, software versions, camera

identification, and so forth.



process then, is to nake the data recovery highly robust, and al so give the
encoded data reader 15 the ability to knowit read the data correctly.
There ar av0 ous4sRasi ¢ steps involved in mapping an ori gi naPCdava1/6i3kze t o
data regi on dots: Conmpress the original data Redundancy encode the
conpressed data Shuffle the encoded dgta in a determnistic way to reduce
the effect of localized 20 encoded data damage Wite out the shuffled,

encoded dat a .as t he da a bl ocks on 't he ho ra Each of, these
steps is exarmihé ‘giqﬁgftélnpa%en ReOUESSI BT A acypl? %@ %%Plég@ Y‘/Hgt?’

Ori gi nal pyRatRr Bﬁ(eﬂ-h‘?mg@ésﬁlti f REMbees belesda amithe Rhet sl @Rfbe ¥RYeCRAMBfrhSe
several blocks, e.g. 1) color inmge dat a 2) audi o annotation data 3) imge

pr ocessing detsrar B pheta pThGﬂfymngos?iatal @R h&aﬁoalﬁ(f@@%bhg faqtemnefaarapg Kt avitper)
ggr t5|)’| ;&%erﬁp%rnﬁk glloape) nEEec{nalmorn'ngnt Elzllllcey us i ¢ r]gckl gegngx%ia?es& r?"l!gcrﬂngzl ' nk

sS1Fons; | ca

forth. V¥iQB3IARES r’eé‘d;&ife@ﬂqﬁaﬂes mdllldeFlBEGl c&h@ﬁssﬁ]@tﬁbz&s’&& oh Bgete I:dilzﬁqes Our ce
i mage data may be 2000 x 3000 plxels with 3 btestg ixel. This results

in 18 wbtpetné%mm apich R Tgpn; oRfings Witklel qommessian 3 esad wrtBel TPEC20A0 siandagdiorgot s
on the photg9. %B%S&P@ge data can be conpressed by a factor of around 10:1
with general ?y negligi bl e reduction in imge quality using an inage

conpr essi on tWﬁhﬂOdL@mpBesS@hitabﬂ&Mbymge)f a bighresBiyomageechuiisqués Mbgeude JPEG
conpr essi on gfgﬁg on discrete cosine transfornms and Huf f man codi ng,
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The image processing control scrip will typically not consume more than 10 Kbytes of
data, with the exception of images embedded in the script. These images should generally be
compressed. A suitable image processing script language designed for photograph processing

15 is the ‘Vark’ language developed by the present applicant and disclosed in USSN 09/113,070.
The remaining data is small, and need not be compressed.

Redundancy encode using Reed-Solomon encoding

The mapping of data to encoded data dots relies heavily on the method of redundancy

encoding employed. Reed-Solomon encoding is preferably chosen for its ability to deal with

20 burst errors and effectively detect and correct errors using a minimum of redundancy. Reed

Solomon encoding is adequately discussed in the standard texts such as Wicker, S., and

Bhargava, V., 1994, Reed-Solomon Codes and their Applications, IEEE Press, Rorabaugh, C,

1996; Error Coding Cookbook, McGraw-Hill, Lyppens, H., 1997; Reed-Solomon Error
Correction, Dr. Dobb’s Journal, January 1997 (Volume 22, Issue 1).

25 A variety of different parameters for Reed-Solomon encoding can be used, including

different symbol sizes and different levels of redundancy. Preferably, the following encoding

parameters are used:

* m=38
* t=64
30 Having m=8 means that the symbol size is 8 bits (1 byte). It also means that each

Reed-Solomon encoded block size n is 255 bytes (2% — 1 symbols). In order to allow correction
of up to t symbols, 2t symbols in the final block size must be taken up with redundancy

symbols. Having t=64 means that 64 bytes (symbols) can be corrected per block if they are in
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enﬁoded gﬁg 8 les%%q this apn ugé flhe data can be encoded to fit an exact number of Reed-Solomon

blocks, and then the encoded blocks can be replicated until all 23,518 blocks are used. Fig. 11
illustrates the overall form of encoding utilized.

Each of the 2 Control blocks 132, 133 contain the same encoded information required
for decoding the remaining 23,518 Reed-Solomon blocks:

20 The number of Reed-Solomon blocks in a full message (16 bits stored lo/hi), and

The number of data bytes in the last Reed-Solomon block of the message (8 bits).
These two numbers are repeated 32 times (consuming. 96 bytes) with the remaining 31
bytes reserved and set to 0. Each control block is then Reed-Solomon encoded, turning
the 127 bytes of control information into 255 bytes of Reed-Solomon encoded data.

25 The Control Block is stored twice to give greater chance of it surviving. In addition,
the repetition of the data within the Control Block has particular significance when using
Reed-Solomon encoding. In an uncorrupted Reed-Solomon encoded block, the first 127 bytes
of data are exactly the original data, and can be looked at in an attempt to recover the original
message if the Control Block fails decoding (more than 64 symbols are corrupted). Thus, if a

30 Control Block fails decoding, it is possible to examine sets of 3 bytes in an effort to determine
the most likely values for the 2 decoding parameters. It is not guaranteed to be recoverable,
but it has a better chance through redundancy. Say the last 159 bytes of the Control Block are
destroyed, and the first 96 bytes are perfectly ok. Looking at the first 96 bytes will show a



dots in a single colum of a data block's data region can hold 48 bytes
(384/8). 595 of these colums can hold 28,560 bytes. This amobunts to 112
Reed- Sol swon2/bisetks (each bl ock 10 having 255 bytes). TherP@uAuUdHB1D| ocks
of a conpl ete photograph can hold a total of 23,520 Reed- Sol onon bl ocks
(5,997,600 bytes, at 255 bytes per Reeg Sol onon bl ock). Two of the
Reed- Sol onon bl ocks are reserved for control information, but the remnaining
bl ocks are_ us tQ re a i nc - Sal ock hqld 27

byt es of Foet g AtuieRe ol S5-Iy oot D0 M b a8 o
phot ogr aplssage i, tASMABANHYS 658 Re-Sdléman BéYs. | f the original 15 data is

|l ess than this anbunt, the data can be encoded to fit an exact nunber of

Reed- Sol onmon ABleddreseaistion RE et Hd byiss dostrhdronined Blegk dnda badgreibemedieednt i |
all 23,5 I . hlLl pstrates the overall form of
encodi ngéﬁlgﬁoﬁ%é@d@%&gﬂﬁﬁ% atsrlll:fclal% a%éhntjrqlgl )l ocks 132, 133 contain the sane
encoded Babwebirahé Braecodediidataed for decodi ng the remaining 23,518

nessage

Reed- Sol onmon bl ocks: 20 The n r of Reed- Sol onon bl ocks in a ful
(16 bits st or/éﬁﬁurrwaqiaﬁ, tf&nerwf)%%H&E’bé’;aV%?Lea%t%ors@tcggﬂwuﬂmem| meory, a
Reed- Sol gt b @997%68%6}%3 r@ﬁﬁﬁag@an(& Qb )on thd _@ﬁ%ﬁ% 121\59 é@@gﬁ%ﬁBﬁfcﬁs Lepeated

32 tinmes (consum ng. ytes) wth the renmaining ytes reserved and
set to 023.BHchfeomtipobldskedktalisg £RE20 ReetiSPomonemcededddents). t Rreferabdy, thehe 127

2% The B ol N5k TS Bt 08B Hy e e o RO oGPy Of otk

survi Vi NBeed-$olasidh HIdXR, will BeptiyeRRelly tdgheObn tHeecad@t Anyidifd) Girkd)@r CRR fhat

Bl ock has particul ar significance when u5|n? Reed- Sol onon encodi ng. In an
uncor r uptagesRldicgofaspags teribvaad ek dhekpotemial pf damaging myye dwgn 6dfbydkstia ar e
exactly . el - i cover
the or | ornap XisdSSRmeif bReic VR IRP aBO §5F LRl ShelloRb T et RETRES
symbol s audicates oflthhteRBed-Shiason blbela th2h tiomttirophdBbgraph Jaahdtdederadd.ng, it is
PRy et necRongin s kg ke S e S, e ok e e
reppvera i : d ast
155 byt on Cal O Raps nd PR U 1] e FAE R D A R P e GRS e
per f ect | Ye skamblsdktiorapsae thitesynibods fro@ hyingle Redd-Sabrmon dloal D2 h8Y RS ose

PCT/ AU01/ 01317 . 13 repeati set of, nunbers. The nu rs n be sensibly
used o BRCHAL P BREehdaF O RO HRSL Gyes PhobNeBFBh RS repghe
Reed- Sol peansdibeek Blocks itde iBEFReRBabItdN Rbrabhahd dofallimSof dAtaaagies @ant r ol

Bl ock data before being Reed- Sol onon encoded would be as illustrated in
Fi g. 12.data much more robust. The scrambling scheme chosen is simple and is illustrated

20 schematically in Fig 13. All the Byte Os from each Reed-Solomon block are placed together
136, then all the Byte 1s etc. There will therefore be 23,520 byte 0’s, then 23,520 Byte 1’s etc.
Each data block on the photograph can store 28,560 bytes. Consequently, there are
approximately 4 bytes from each Reed-Solomon block in each of the data blocks on the
photograph.

25 Under this scrambling scheme, complete damage to 16 entire data blocks on the
photograph will result in 64 symbol errors per Reed-Solomon block. This means that if there
is no other damage to the photograph, the entire data is completely recoverable, even if there is
no data duplication.

Write the scrambled encoded data to the photograph

30 Once the original data has been Reed-Solomon encoded, duplicated, and scrambled,
there are 5,997,600 bytes of data to be stored on the photograph. Each of the data blocks on
the photograph stores 28,560 bytes.

The data is simply written out to the photograph data blocks so that the first data block



5 Scranbl e the Encoded Data Assuming all the encoded bl ocks have been
stored contiguously in nenory, a nmaxinmmb5,997,600 bytes of data can be
stored owo hz34skdt ograph (2 Control Bl ocks and 23,518 i nPoT/Ambi/@31Dbl ocks,
totaling 23,520 Reed- Sol onon encoded bl ocks). Preferably, the data is not
directly stored onto the photograph at g his stage however, or all 255 bytes
of one 10 Reed- Sol onon bl ock will be ~plhy"si cally together on the card. Any
dirt, grime, or stain that causes physical damage to the card has the

pot ent i AONBNSABGEET AgSRY P¥e H%ﬂ‘eéﬁraﬁ’;‘?{eésdaf% the seeqdyiags maglicagirinnibm nBriock,
whi ch wosd shompke efchat bl ock unrecoverable. If there are no duplicates of
t hat Reed- Sol onon bl ock, then the entire photograph cannot be decoded. The
sol ution is t& itlaketadu &ing. ddewdlintahiataftdatk, theabtatiheridemow calunar-ge indber of

byt es on. th hot ogr aph, and .t hat the photogr - h a reasonabl e
p%ysi calr?gak‘i%gg‘aus %?gleg?{f‘ té?glr‘l‘mc“h‘é'r“@f‘& ta ‘ﬂ%dg‘&ﬂ“ tgg?l{%%ér%f{?ﬁ @?9}? ol s
frem a siynglsg sEapdeaa@Bmd Basd cALRNRBhtald 1K ASE18 BRAXIFTh ¥8 560 OR& of

anot her. "OF course pat hol ogi cal cases of photograph ‘degradation can cause
Reed- Sol sgrapibldgl datks Wishibea aolnmnobgesbleewriten ogniopvertagen, bhebs et antbhé,ng of

dat kes..t h h. . cranbling . .sch chos S

o1 ol o AR PTG 7 A B e e HE A IS oA g Lh 3 b SR BRGNSt rom
h Regglactab hdtapedphe 1618 @fbatt @Y @blISF i 6 tdgrdphe Byte i tc.

'el'ﬁgre \?\n'qlﬂ? thggieé?pore be gg%d%a%@te (gg? t%lesr?la%B?gggﬁg)y?egrla&)seetg. © IEZcﬁ :

dat a bl ock oA©f B¥apPIet d§elagfhd, Aok biftes gfadatsoarhhe exateddiysssepmting 23, %2Rer e

ar ap jstgp(;]g% t I ed- ogk, A Q he data
bllgc ks (F}%é%tahe p I%?%B@épﬁ&%ﬁ%%@%&ﬁﬁ?%@ (rag?%g%ﬂhgh%@ te%ég‘S C rreﬁ Iofgtd étadamage
to 16 endré wettetatoathdfiest Matabiockh&he fild B §ytaphbf the fikst 28 56D bytenarb 4vridgniotheer r or s
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Once the original data has been Reed- Sol onon enco I cat ed,
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bytes of the scranbled data, the second data bl ock contains e next
following set of dots:

e D3 (1101 0011) becomes: black, black, white, black, white, white, black, black
o 5F (0101 1111) becomes: white, black, white, black, black, black, black, black

20 The encoded 1mage data is sent to an ink jet printer to drive the infra-red ink jet nozzles
while the image data is used to drive the cyan, magenta, and yellow color nozzles while the
print media is driven through the printhead of the printer.

The image taken by the camera system is now available as a photographic image with
the data necessary to reproduce that image printed therewith. It is not necessary to separately

25 locate the negative if another copy of the photograph is desired, the image can be reproduced
notwithstanding damage thereto and the image is available in a digital format which can be
scanned into a computer system for whatever purpose or transmitted over a
telecommunications network.

Other data may be recorded along with the image data including date and location

30 where the photograph was taken, for example if a GPS facility is incorporated in the camera
system, details of the photographic exposure, whether this information is recorded as visual,
digital or audio data. Audio information such as a dialogue made by the photographer at the

time may also be recorded along with the image if audio facilities are included such as



28,560 bytes etc. As illustrated in Fig. 14, within a data bl ock, the data
is witten out colum-wise left to right. Thus the | eft-nost colum w thin
a data bivwak2/aset ains the first 48 bytes of the 28,560 5SPOVAESs1/f317
scranbl ed data, and the last colum contains the |ast 48 bytes of the
28,560 bytes of scranbled data. Wthinsa colum, bytes are witten out top
to bottom one bit at a tine, starting frombit 7 and finishing with bit
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-WD 02/ 34525 PCT/ AUCL/ 01317 - 15 disclosed in the applicant's co-pendi ng
application PCT/AUDI/ (Docket No. ART83). Another type of format the
so-cal | eav@wr/amesl format is di sclosed in USSN 09/ 113, 070 Pa@ndUuUBEaN!17

09/ 112,785 and may equal ly be used here in place of the "alternative
Artcard" 5 format as described above. (4n the Artcard format a continuous
area of data is printed on the print nedia, in the present case, in
infra-red ink on the photograph surrounded by margins printed as targets
at the Igaghﬁg_and trailing edges of the data area and as other indicia to
specify § and cl ockmarks along the top and bottomthereof to aid
decoding of the data contained in the data area. The targets are used to

confirmthat the orjentat.ion of the card 10 when read is not rotated nore
Chan 1t fom ¢ v SPLne sl it S taERFRE heferfts Cbeen
inserted frong) or Bagknirh edﬁg&ywa@dagngmgm{ﬁﬁggpg of the data woul d be
unreliable. The foregoi ng description has been I'imted to specific

enbodi nent s ob) t hieonverisgsdidimage data injolan epeodgp fanlidpleranhdigesldermit hat

vari ations and nodjfi.cations to-the.nventio with the

attai nnent of son§h8$%§PP9%¥dgﬁ%t@%ﬁ%ﬁgg&égbgP(¥ %gﬂﬁ@'%?@%H?“&%?“ﬁ&@hple,
it wll béntify plopsseciiat ed itidbletiAR onny ewtdce df Byrimemedrh aeHik timbltRbigy
hardware or software in a suitably progranmed digital data processing
system BBRIEAUL §Hf dRage &g BaPhafOBbPIAES FREspytngsikimage dgp i myisyalski | |

in the rﬁ&ﬂﬁ?kﬁ&ﬁﬁ%&hﬁonﬁ%ﬁ%ﬁk&&@hait is the object of the appended clains
I :

to cover a such variations and nodifications as cone within the true
splG¢it and scope of the invention. 20 WO 02/34525 PCT/ AUOL/ 01317 - 16-

Clains: 1. A nethod of printing .digital. data on a .photograph, in¢cluding the
Steps of 2 a) Kibabid, i gRiaede Saif P bRl it ig el 1anes et hgfiggleran?
converti Bgtodad fonhTBHPriskatiaming @ RRAI-SHRRAEné Rl VerkBh@F 80l il tal form c)
printing out said fault tolerant digital formof said inage data using an

ink jet printing process with an invisible ink on a surface of a print

medi a whil e si oumsly..pni.ntin ut said. ] dat s_a phat ogr aphi c
i mage r e%’r es ell!rsf'?}l'[I éﬁ%@ds]agsi cza 1?1%4%6&1%15% gwlg%rggl S\%d?ﬁlgf {,0@%3% Oda%g%qfémgéwg%eon t he
sane sur feles applying a high frequency modulation signal to said fault tolerant encoded form such

that said permanent record includes repeatable high frequency spectral components.

4. A method as claimed in claim 1 wherein said invisible ink is an infra-red absorbing ink

with little absorption in the visible spectrum.

20
5. A method as claimed in claim 1 wherein said step of printing out utilizes a_print roll
means storing said print media and an ink supply for said printer means which is detachable
from said camera device.

25 6. An apparatus for printing in infrared ink encoded fault tolerant digital data on a

photograph, said apparatus including:

a) a camera system for imaging an image and for outputting said image in a digital
format;

b) means for processing said digital format of said image into a fault tolerant

30 encoded digital form;



10 2. A nmethod as clained in claim1l wherein converting said imge to said
fault tolerant encoded form conprises form ng a Reed- Sol onon encoded

ver si on o¥OoezB4$235 nage. 3. A nethod as clainmed in claiml mMieAagInosal d faul t
tol erant encoded form of said imge 15 includes applying a high frequency
nodul ation signal to said fault tol erapt-encoded formsuch that said
pernmanent record includes repeatable high frequency spectral conponents. 4.
A met hod as cl.ai nme i ' red
Sbsor bing 1 nik-) wi t AT el ETERE SAOFEL AR IhRORK Encolt LA LRg

met hod aan dhlajjargdiniimg ptogesy) daidHarleidlersii chcsdedpdigifal goinmtbemg mutedutsing zes a
print roll s storing said print nedia and an ink supply for said
printer e \Nﬂﬁch is detachable fromsaid canera device. 25 6. An
apparatus for printing in infrared ink encoded fault tolerant digital data
on a photograph, said apparatus including: a) a canmera system for inmaging
an 3 mage7and fAor appaltapmtfp'r PgnEsg dn iimfeageedi ink eendodgitfablt téloranhigithl) dateaimsa for
processin sal f sai.d i to a ol er ant

hooded ANgPEah Fo i Mebiosiad s Rt Aug s o P pioplsShe' PR nt i ng
sai d i magankBsl $sdiethnfiAtet sth@k@éma SIS S IO dﬁxﬂ{t @i theigthighghan i nk | et
printing process, said fault tolerant encoded igital form be| ng printed
using an infra- red ink. 5 7. An apparatus for printing in infra-red ink
encoded fault tolerant digital data on a photograph as clained in claim®6é
wherein said nmeans for printing enploys a pagew dth printhead using an ink
jet structure with a print roll feeding print nedia therethrough.



