|  METHOD AND APPARATUS FOR FAULT TOLERANT STORAGE OF
PHOTOGRAPHS FI ELD OF THE | NVENTI ON The present
invention relates to a data processing method and
apparatus and, in particular, discloses a data
encodi ng net hod and apparatus for storing data in a
fault tolerant form on photographs using an infra-red

i MMEAROB ANDREPRARA TS BORFAHLT HabE RN E STARAGE OF
froma canera system %EWWLI CATI ONS Vari ous
nmet hods, systens and t ating to the present
invention are disclosed in the follow ng co-pending
applications filed by the applicant or assignee of the

res inventjon _sinultaneously with the present
Fl%%ﬂﬁ"ﬂ%i@ﬁﬁﬂ%ﬁ onal Patent Application (which
Wou ITte peestint i@dention atla@s k@b &latadabesssinh enetiddeandWppaiatus Sand, in
Docket No. received) PCT/AU01/ ART81 PCT/ AUO1/ ART82
pagcan H35owey g3lCTndadoe makre snd@ppaeys faRTigEng Hata in a fault
e
takey $toens cauxata syseat.at us rel ating to the present
invention are disclosed in the follow ng co-pendi ng
' ' ' appl i cant or assignee of the
C@%E@N‘%M#L@&Aﬁoﬁgy 10, 1998: USSN 09/113, 070
USSNafievisl #i241ivds Shtendi aad ogaras adatingi © the-mpesdi igrention are
.appljcati are i ncorporated herein by reference. .
dl%@?%@ﬁﬁ%ﬂﬂm, 00%@@%@13%1}?&&%&3?(2%&6 FBPIFERIRY 2psienerof the
pr3bf IRRhtSDMRRIthRBudY Kith the present application:

International Patent Application
(which would be filed in at a later date, when the number is Docket No.
received)
PCT/AUO01/ ARTSI
PCT/AUO1/ ARTg2
PCT/AUGL/ ARTS3
PCT/AUOY/ ARTSg4
PCT/AUO01/ ARTSS

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 application filed by the applicant or assignee of the
present invention on July 10, 1998:

USSN 09/113,070

USSN 09/112,785
The disclosures of this co-pending application are incorporated herein by reference.

Vartous 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
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di scl osed in the foll ow ng co-pendi ng applications

filed by the applicant or assignee of the BAL25-SG 2

present invention on June 30, 2000: PCT/AUOCQO 00743,

PCT/ AUOO/ 00744, PCT/ AUO0O/ 00745, PCT/ AUOCQO 00746,

PCTI AU0O0/ 00747 and PCT/ AUCQ200748 The di scl osures of

these co-pendi ng applications is incorporated herein
Pfﬁymrl@f(‘élﬁ%%.JwB%@K ND OF THE | NVENTI ON As t he
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P(JEARI0I00MERahdf RET/ALO0I00748redi a scanni ng system t hat
g e Mo S b ol i RS
sinmul taneously tolerating a high degree of corruption

Bmmgwm:mm NTRYNCE. For exanple, the form
i stri i

of di tion can suffer a, nunber of data corruption

o r P ARRlICEHEeS Frpdeily %ot%%mr@émgyapahga@aamséNpo%13,070
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detied. € IFat RxAhpI6) the IBAN O Niduebtkioh TaMshiftes nﬁﬁﬁb&ﬂ“ﬁf dMREFruption

of the card on the surface. Such errors are ideally

errpgs| vehieatteasusiaceis peanvehby # seansing devics CBherdriogs candndadce .

3. ' Iy S surface of t card .

1 3 1 DR RS A Eh B, At 1Rt B oo BE R SREL il ncar
by &@D hywiheafadiyerivel néadgr fobe 1ine fie &t productioothe dafé value for
the _surface of the card. 4. A certain degree of
“pl A rowisaathe lige.t he insertion of the card into a card

2. rea bl Ning ' f -
of { Rrabl S sBHEY (L8RS IR SR ARG TR by the
t he owaerbfitizached oi theasdanee Gutloeibes drei idently pelsiated byiang atanning
i mage, sensor. sg}%h as a CCD by neans of an electric
not SFemi'ﬁ(@mé]Pg 9% notor may experience a degree of

3. f 1 UgaH@ld dih MUr6 Bn Mel shrfi @0 the Ed filay GHEBEHIORS sbird Hblotches
rate of transmission of the data across the surface
of shwaldcbp tolprateske byranprsystemc datemiining ghe dnfsrredion| dorall sm the
be _tolerated hy the data encodi ng nmethod on the
sur %rgaé:egfﬁjteﬁ%rlabard. 6. The scanner of the surface of

4, t he Ac@idinn@epreXfetpl BN GRiswakl 1Y Snsdfon G the WaH Ul ©B&d 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 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 surface of the card.

Ideally, any scanning system should be able to maintain its accuracy in the
BAL25-SG



such that the intensity of individual pixels may vary.

Reader intensity variations should also be accounted

for in any systemor nethod inplenented in the data

contai ned on the surface of the card. ldeally, any

scanni ng system should be al e to nmaintain its

accuracy in the BAL25-SG 3 presence of errors due to
PrgspRecp sirarsidye fathe abeve fagionsi cat i ons USSN 09/ 113, 070 and

USS : ' [ -

appay A fork BRSO 1 £0810 ST Sl 98185385 b Bp0AE fBsed
métldearantpphratmnfanpridtiag aakn ah eacodpd Gluligolepint fief@rt@dbyck of a

usi ng, bl ack jnk on a whjte background. The data
PhPf@&agQ SFileiablyHising f&kdg# apr Whitebagkgopad. Thedwa represented the
phORETR iRl e FARaal BR0G: HRTRhPHioRE A6 Buter progam
scagspylycls comdd b€ fwecto reorcithehd meege or & aply gomeraffen to the image. A

| anguage, cal | ed V, ri pt was. invented for this._,
prosi et nadiaeS faled ' SO stV Ban LR ahis Rmask Pbish wes
dei pEtans BE patabl MMV e (HdepéddehtNVENTI ON The present

i nvention seeks to provide an alternative to that

nmet hod of encodi ng, and recording data by printing the
SUMMARY @ THEINYENAWNg to the i mage in an encoded

f aulThe peks@itantentdbséett td BFOMRVAN al@mad B hBEmbMBISS encoding
i tsel f usi ng infra-red inhk, the inmage and the data
B

andy sgcarglingdas e arivhngthgrdigital detdicarrespondingfe thalimpgse in an encoded

I ntlng. I scl gsed by. e.a I cant t.is
tuff OB RUPRT S S8 O Ged sl By BaOTAL o e ana
thenditnbelng fecprded binagpriht giddial usirdeddinR Retpripting OGP hs disclosed by
i ncl.uding the steps of. a) receiving i mage data
BPHe¥hondi ng to an i mage; b) converting said i mage
dat g i . i 0l e . .
ori Bt S5 FRE BELa MNPl @ Rhic tnch kol PhinHls digtal
datawagehdmigepbmduding thasepodft: a print nedia using an ink
jet printi, rocess With an invisible ink while
sﬁnﬂ%ﬂlgﬂ%ffgggdﬂ? F?E?sﬁﬁn‘g'gﬁ oA WagGage data as a
PO LOBARTY shid iFREE ddtlirfo ¥4 S1éBlied falild {@&aﬁtﬁyapkoﬁnf orm
on the sane surface of said print nedia. Preferably,

sQi greroeitrgidstaelh tolaehudigialclony rof sgidrigagadataiomerg earface of a

dat a_.and rocessi ng . t. usi.ng a Reed- Sol,onpon .. . .
o OB s RSTEUT drk et PHREE pBES, Ao il ik while
abs eiirhiliageduslly phintifg 0EOLHIDIRALR RRSA PhhdBerhfhic image in a visual,

human readable form 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.
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

digital form;
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the visible spectrum It is a further object of the
invention to provide apparatus for printing in

infra-red ink encoded fault tolerant digital data on

a phot ographi c, said apparatus including: a) a canera
system for inmaging an inage 4dand for outputting said

image in a digital format; b) nmeans for processing

s8) dn%ﬁﬂ§ fargrinfipg raid irpageend geid ﬁea@téderwbe@omﬂhgﬂal form using an

! SR RS A 0 AT Y S s

encanieﬂfra}r@hm]al formusing an ink jet printing process

sai u ol erant. encoded dj gital farm bei ng pr.i nt ed

usi g’gefgfglalt}'r MBEARS T RFRINSERPOYS B Poecwifid newiisad pigpg an ink jet
stiPEtld m%x%pieoxssd@de@aqw ?{alﬁbaﬁ{é pbhﬁ@o@@@ﬂs POTIA00/00744,

j et structure, for exanpl e di scl osed
PCRHALI0OARTAS mAAmmmmmmm @0d 2LT/AU00/00748 with a

PCT/ 00745 /A 46, PCT/ 747
PG AEOG O S oDt PAY ELRTRPeR 1 RO hrteam
appmlaeﬁdwusgmm/f1gro7@>aaamjsgm@/ﬂ1261350$ed in applicant's
Artcam appl i cations, USSN 09/113,070 and USSN
09/ 1EROIAgE, to Aqueiedrh @)rtnd)féh@mﬁmletbe indemmagipn iserinted out on a
ven [ for ted.out N
B Bkl vy casded sfa Hiafartent Tofkisomm @ 6
coftipRie@X%b RE Qrivr laR2X:kD 2APded ardd whichCRRPAFGthat @ td¥ehm x 55mm
prior art ata encoded card which has a format of 85nmm

(approgmgiely the piro st necdi 9art1)n elhsiipaeased sizeeldle reconding)medinallows

1.Z rdin di,a al
oppBEERAT R0, e i’ BN L0 R BentBEion s mprosrn
com@aed dedthenpiehieup fomagreihile usiagParsesild: Oor hi%nﬂéa@ Vda@l $ncoding
format while using a simlar or identical data
teAGY®i ng t echni que. BRI EF DESCRI PTI ON OF THE DRAW NGS
Not wi t hst andi ng any other forms, which nmay fall within

BRIEF DESCRIPTION FTHE DRAVIINGS, Preferred forms

he |nvent| on w | ow be, descri bed, by way
exanprethsgrdipe A e SHEe BB L Wiles Msasgre gf the present

\%ﬁﬁ(‘m Stetrfd M}Jﬁﬁ' f h S a r
in ggr d or otrb ogr%ghve&t&d ghelsflb%s‘%érs%%eg b5t w2y Jfae%%nple
onslci_weflm@fematd tp ﬂnmEcbmpmmngﬂra\aing‘s imghlecletat a bl ock; Fig.
31 ng?tillil?s Stes fahesdlatr;i a(%aotf aa cg}doo%'%hotograph
Fig. 2 illustrates schematically the layout of a single data block;

Fig. 3 illustrates a single data block;

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;

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;
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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 bl ock; Fig.
8 illustrates the positionalsrelationship of targets
relative to border clocking regions of a data region;
Fi g F1813 ﬂluatgfttﬂﬁh@getdﬁ%olompanmaﬂmgrprwls&;m of a

dat [ str a of, dots of a
dat a ocl%nuslt—rl egthf ay0|u+ @F%‘fg? ?C‘Wgﬂ%? fig%lPlF’ﬁ}( t he
structure of data for Reed-Sol onon encoding; Fig. 12
illustrates i n hexadeci mal notation the structure of

trol_block data before Reed-Sol onon encodi ng;
DESCAHHEN Gr THE PREFERRERENRODBIENTS, oy
enc qlhk MeRAOROERIonAAE ufdsy prei‘él'aﬁlﬂr | ats Ilﬂsé%fé% éﬂﬁéﬂpﬁawng at
of encoded data within a databl ock. | PTTON OF THE

legsRfsmERAEDSt PNEICDIZRIENPeTRaNtpd deteinta pagewidth prinhead. udbe four inks
[ system havin
W AELPERR, HropBlt o vefib 0 ARG 8 SRy SO Bl g ik
fopaieing diata iprah rehtrghd fauTthtelei’@w forind6ng Watkiltlek &orGitARe. One such
ent yel | ow f or inting _a_ color imge and an
ink Jﬁ? tﬁ@é V('lpﬂ) canqEnt pHRg KRF ks hbdlavé@sgd iuhtha @p%lm@e@ -pending
apﬁl?ééh&nst ol ef?@T/A (ﬁ'49n9 Wi %@T}Aliﬁ) gﬁgT&riﬁ)oxooms,

such print ead whi ch can pri nt u3| n
PGTMEOD/QOWGS ECE5 é@dO@/ﬂOlﬁand PRIV AE08/087480- pendi ng

t P 0/ 0074 PCT/ AUDQ/ 00744,
appﬁ'ﬁ%@ %3‘34%1%1%% A 07180 Fif e Curpsnd A gere 37 disglgepd in the
apPChhAIOLORITAS aﬁ;&lfc&@éxﬁd AhE‘t!Feﬁmﬁ ?r&ﬁ@lbﬁal f];ﬁ[eny aﬁp%ﬁ&stﬁt&gmz

current invention are disclosed in the cant

ang BOFaTubeth fheshot Augisohd, 2080 snd abplicanty mpﬂlsatmnalPQ@a@Eéﬁled on

AR R0 R PO gD ot Rl 08 1o on
Augastorditg t&HRGnventich B Wpd is taksh HYPESal fchh8€ a8 image sensor

Atﬁ%ust 21, 2000. According to the invention an image
seanead Byass ixread Pl as daive lhatdagnisipregescd byig processing unit and

cotRfted %Pé}%qnfor@lg&lcbéed faf R aaﬁlug%@ran? Bl g% LReths such as

processed by a processing uni CORVErt ere
usmgla Reai}Sehmdéd’rﬂamr Thaisinnvgtal dagibotentadedristhtn ﬁlpﬁi)ﬁé’d t@gl printer

hod such as, usin Reed- Sol.omon f or mat .
e 8 P@Hng S5 the S dad s ARdRK %BBW@CPW@S% " Apparatus for
perridit {thesd RaBfondahe RcRhigisShAWan HB %s&f‘fboéin@cgdedtﬂé Tnds! D are
an ink jet printing process. Apparatus for

disclosed in the applicant’s co-pending application USSN 09/113,070 and USSN
09/112,785, while printer means are disclosed in PCT/AU00/00743, PCT/AU00/00744,
PCT/AU00/00745, PCT/AU00/00746, PCT/AU00/00747 and PCT/AUQ0/00748, 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 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.
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perform ng these functions and techni ques that can be
used to encode the image data are disclosed in the
applicant's co-pendi ng application USSN 09/113, 070 and
USSN 09/112,785, while printer nmeans are disclosed in
PCT/ AUDO/ 00743, PCT/ AUOO/ 00744,  PCT/ AUOO/ 00745,
PCT/ 00746, PCT/ AUOQ 00747 and PCT/ AUOO 00748, the
E £¥f which are incorporated herein by
r ef i K i . .. .
At oo R N R g BT P i is pitn or o
provids e digppl foradtitlanenf foreanipldsteonvia spyicatidredfon skangpla transmission
bl ack..i r%k1 on_a white background on the back of a card '
oV 2 Qi e tHHON eGP h o g B EsSedaa gpmputer.
80MBroGIEN datd tethHofogYadn ARE R ARPeRlenCét the YASInd Atthtion. The
tolerantly encoded as 1.89 Myytes of data using
notign gf7gomrendats dsrdastiomiering medhaciply nokans thabif pels pakibleeto put more
t.her. encoded data formats ar ossi bl there will
ol G058 B SR Do R Bied o s hisPr it dta
TheWisRfre® Empsdiinehttdk@ndeativhes ofBAkS @pﬁ{i—i@tﬁ@ﬂﬁpg e dak & 152
Overvi ew The Encoded data can be used to recover the
miprfdge &V eizeviiotdgraph dsstheysirnple rphotogtaph, putdt isdgmale to determine

igital fo t hereof for nigulation i.n. .
oot e BBy 1S B e 8o TR Pt BhsREtaiy e g ot prin
redoftiRAQ NTHNERaipld in ARLAMPTIanPE iR BriMinRCRSfekN & steh & panoramic

conputer. Encoded data_ technol ogy can also be
prinh g&ip alse st Preguced svipeh it twige fheslshghiadrthe Fiaadard gideophotsfgraph
i t ' ' ' hat
ol3pRle, B ILE iy 818 RoREd Mol ShtRinly (BEHR WAk e
Reghrdlesn of elxsiprigt resslation, i the readinze techdigse reddis t@nsame. After all
represent nore data. _The preferred enbodi ment assunes .
defpdite 3ud Pl aver%eﬂéghaa e r“ﬁﬁf&lilﬁtﬁ SFout1s rded gt Tompat is
Y ") i r . .
cafible of Rohed €9 MOGROR Fatee 4 1% IR B A0k AA FaBiops up o
16D@ghoiu Moraenkodad dats carelse staed atpriar ropblotiagraagiter shanel$00 dpi.
and/ qr ot her gri nt resolutions. For exanple, in the
Fo = d}fkjet printing canera system a panoram c
Pri he @ARNGE SPIRE o liCffed | i
of t hg st andard s?zgfég’ﬁg?%éa?g%ﬁmeﬂgﬁr%ﬁéﬁ%%l '%ég %ﬁe{b aid the
reqgaiersl dfolabe Thisceactiend desetibescibn gomaad wifi dlandata oh & pleotogragle  This

data. Reqgardl ess of ,the pri. resol ution, the readi ,
fortfh s FEVRLK AGofed’ BE AR “Rlerkaive] Mhidil bty R ogppitant's
apsiicagsnsaySIN el 1 her franssrakeni2 mgp account, the

encoded data format is capable of storing 3 to 4

Dofgabyt e of data for a 4"x 6" print size at print
res ' dpi_. . Nor ncoded,dat a can.be
Gt of b8 Bamefob e ARt are PGB FRCRR Bl P i 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 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.
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Format of encoded data The structure of data on the

phot ograph is therefore specifically designed to aid

the recovery of data. This section describes the

format of the data on a photograph. This format was
previously described as the 7alternative Artcard"

format in applicant's applications USSN 09/113, 070

and ludsnribmg this emgsdin®ot, shetivan dot rsfass tor playsizal privged dot (of IR

. photograph_are i n infra:red ink wth or agver a color

1 DR TP S el B R S0 must e

safiipfeller anleadtrdoabla thprintedtcRold@bn to WS NfistRNHeORHAAMe term
is illumnated by an infra-red source having

P Apfesnia i wriple pelue dam apeejoded ideg reasler Hevied Jor graraple, when
lG?TQ EIEC s He%%%@é% 91{ 4§d'(‘)edﬂi @reg%] Ecet?’gﬁxa\%}{?%%ﬁ ngg%@.io%:?%f% dot, or 9

rome [ay of
pidlsaek ddiotEhecampkspanckst oviltibé further exptdived lWerelinalfier. s  and
hasTabsorbeg_the IR i,Il.um nation and "white" dots
cor rESHBR £ dr a8 & shoym ths) Gita syrfagg d Odvillestipiing B sagple of

enbdlel Matan SR %Hto%fa'?ﬁ th%,ging Ricd Rl Bat doRbisk B ah Ractive” region 102
I1Tumnation” substantially unattenuated or on(fy
supaurtded bl y batdee mgiinel)3. Héhedonkf 163 cdriteing sy data hifaciatiamdut can

whi as j ust fined will]. be use en.referring to
beyted B et &% P st S EEebas Qe oty d fen ian array
of dea®IdcRl BG. 10, Svitrdaesl TR Block sERirdt&d FdQhe h&k 8Y 2 ghf of'S image
hysical printed dot (of IR ink) on a photograph. Wen
dogne-éné%ledDW@mgeQm@te pauinesselpded dghie damber ofialatioblocks on a

{ . | ed N t bl e the, pti, d
ol OO B PR e G bR, Db b 152
l4piateblodi8lif af atdd oF pRRRIRatMI Bk O 1A Riim €fdF 008t @k @ns. Bach

reader device. For exanple, when 1600 dpi dots are

dataddenkelPddtas 480ansidps of H2F v 394 doB witlxa! interblogkgap 106 of 8 image
do%i nmensi on of a dot, or 9 pixels per dot. The sanpling
rocess will be further explained hereinafter. Turning
Ddtobloelg. 1, there is shown the data surface 101
iITustrating a sanple of encoded data. Each
photlegaagrow & Figg 2ethersde shayat asivslesiata okt 18 Theschivetegion

[ -harder .regi,on,103.
o BT s Sons SRR BBl Sk TR R T g of e
datadstkbliasathe @bodadstaatuie: aeRdekgibn 108 kiksuatiel By 80&d-marks 109,
| evel] s. The active region is an array of data bl ocks

bogders 11fpand frgsts Eble nThadaie preserkhddp ficameerier st prpernkile the
B 88, 0 e Ay PR Mo
enpiroscgragpiecavieryt ofidatayfrorDwithirlBetegipi. print ed phot ogr aph

o Sty o rofbh bS53 e R ) o
5958 Waots FAHL data region 108. The surrounding dots are used to hold the clock-
marks, 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, 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
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data bl ock 104 has di mensions of 627 x 394 dots with

an inter-block gap 106 of 8 image dots. Data bl ocks

Turning nowto Fig. 2, there is shown a single data

bl ock 107. The active region of encoded data consists

of an array of identically ructured data bl ocks 107.

Each of the data blocks has the foll ow ng structure:
bogder ding i engepanda8l agd rar bdotolegh gt of | cbak-markik § 14.09Fhe clock marks

borders 110 nd targets 111. The data,regi on hol ds
o Ciuhine oG SROJE i e ot blag® ik dhak ar the st
colRiriR6SH ARk dndlof Blcsdadd Klodl, ERRAS is B aepdritioml Yedvdel ctRkRark dots
| ocate the data region and ensure accurate recovery

andfloigan thefdetarregiPi-hi n t he regi on. Each data bl ock 107

has -d| i . 39 Of this, .th |
ar oA To PR 5B G SRl B 3! liebodsd e A et Ra 100
degteey, Ghengdhrgeldivebaie/disokethatioregiohs wilhbe eh@akteredBISborder 112,

borders, and targets. Borders and C ockmarks Fig. 3
113 s indanded &y uge braam epodedcdatp roader tg keap wticakfrgeking as data is read

TR A i MRS LD S8h O

is fead frobothel data aepibn. The sdpamutikn begieanthe béflier dndiclédkmadaiby a white

. da bl.ock:. e abov one bel qw t he data regi on.

ting g daRaprirebiete atf&fﬁfsoafﬂﬁvmﬂg@ﬁcmg dpringtraiae s bogger thus
r : - r

s

reafirg. (The cloplsnarks elitenatiBalbesve@bwdite bod black hivee sirpilar result, except

o t), d.a 3 dot .high set of clo mar ks 11

in SRHRERR Yather 36 g i) aMsBioB oA coghiSE du el Tocate

the' SockiSArRE bhdBorderd iff iBinBInd€ ko Gde0Bikin TBYF Hadking MBe 8EXY section deals
colum fromeither end of the data bl ock. There is no

witdhdargetst Voish prerdsaispeddo peiatthervayde she cerkmadessbardertand data.
i 1e. ¢l ock marks are synmetric in that if
Tafhfn HEOT t‘;“rgnis inserted rotated 180 degrees, the
sanmdsrshban it Bighfrthee Ard taokifeddt widgiatesragidnk 1D& 117 in each data

epcount ered, . The border 112, 113 is intended for use
bl%§= ghe &n sl andk ane @aﬁ]@rﬂ&?hs of éé% dgiarregiony The frgstgeiqas arc

sefhadtdd ot BRdald ROl Bﬁ a0dh@e 'BMnP N of g&g kP ?Agna{éﬁ&ﬁ&&.“ The
are intended to Keep horizontal tracking as data 1Is
purpesglof the MatgetRelzions Yidgil bhis tT peins tpavayttd die detkmeeks, bivder and

o et rcyd o5t REHOR el iy oo bl e ey to be casy
to if@BY AYenchied 8424 AQlert MiSninP RGP REBig6 Eﬂegé:fﬁ shéw® th¥stlicture of a

_white on either side, making for a good frequency
singlediygpisi@0o Aiach target 120 is a 15 x 15 dot black square with a center structure 121

and a run-length encoded target number 122. The center structure 121 is a simple white
cross, and the target number component 122 is simply two columns of white dots, each
being 2 dots long for each part of the target number. Thus target number 1°s target id 122
is 2 dots long, target number 2’s 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 so that target numbers 1 to 6 are located bottom to top. The target
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readi ng. The cl ockmarks alternating between white and

bl ack have a simlar result, except in the horizontal
rather than the vertical dinension. Any encoded data
reader nust |ocate the clockmarks and border if it
intends to use themfor tracking. The next section

deals wth targets, which are designed to point the

nugRher tddS ehveiys inolbk helff kRlosesbor te data n(tgl(!gﬂt'ﬁle Magnifstdsview ptnhmens of
t here are two

rig B A GUENy i BAE e s sy g i B8 St B % iR

extbépt tdigrctl €80 depgksone to the right of the data region,
The target regions are separated fromthe data region

by d\ssihgndn &8 Gnthedtreeiotld4.u2scre epecicaldy placedowithinithe Target
1 7 t f .t
RGUPRSE Rebi 191 95k A5 AR N0 Pud 0P Mgl e

cefltar @Bhrgaeg( 1a1) toahd ﬁﬂsﬂdoﬁuﬁa&tk get 1966n the ubpé&r dl(fhlﬂnaﬂ{ Rgion, and a

desi g e easy i nd by an encoded data
iERE G 55y TR RFID Cithe eet ferhe st SRSkt in the lower
clodchidfl Ilé%‘l% gﬁotas @h Otk Al lﬂ%l{&% Y Cen?gbatﬁ%%i‘%: s % &g%fectly

a 15 x square Wt r-s
inan@wﬁhﬂuﬂm@ahgmwrGM@&ﬂdbtmnﬁgmhsmanhﬁmmf%&ISHmHmEmmq&Q.
cro and t

r ure a SI | e whit , e tar
untiDe e iR MEsEri oF Figo SalRmis ot dipees Bebween
tar@&tc%nte%%hwel%' thd dlgtaﬁég o MPedk 971 2HGH 1Rt R 01“ ﬁﬁ: ﬁrst black
target nunber. Thus targft nunber | s target i1d

clqckmzrkdﬂﬂé) jrothg uppqugede lm:bmarszegmtlarnge therelig 2 chsam:e of 55

oL 548, S5 ST B B G G o s o e

entRRA AR dOs@ahetritd (Rtdtedthroubhi 1308 aRSs)! thdtaldn@n befréad left-to-

targets and right targets are the sanme, except
right, ph fight-tegeft. dé%@é@éess Oh reading directionyr e orivaighion dagseneed to be

defchfink@ Hé’t@'éﬁgﬁ[ﬁl@r&gﬁqroﬁyﬁ‘{é Eea:?%j lfar gets | to 6 are

ocate top to bottomrespec n the right

Orikatajob citemnon, the targets are arranged so that
are | ocat.ed bottomto to

t t.aunb Lt
tar oeilaeaa Sig § Gimera bdroideasataion Chbinmsi 127, 128 in
cadH QSERbAL %n& Bﬁetﬂ?tt@thre%ﬁ 2% onbRfre t{;lé ﬁ%g v\é/!ft&ﬁ{ data re on The

portions of Fig.’ 7 reveals clea
Oneatagen §0hmm89rﬂmb§cnt ol eamrientaton héoﬂretmn tcaemggmbecled data reader:

ory 6 3t w0 b51e an e 0T BHIR? et Lt TBigelf s singif Golumn of

whiiaidget127Rewi @8 ridht d€SMhe Hata 38:i6101S taPRhlof tﬂernght Targets) is a
addition, there is a distance of 55 dots fromth

singlenedyme foft ackedots 1282 43ines thentargets ae rofabiok rrmdnaufotthese two
oolééﬁ d Io(%}‘sa‘?? atlB e!m Ceng Cdéga a:fa rﬁa%e 10 ﬁp %%nélet ﬁllgs(})r?e?l 1011 of the

rom he center ar ge
phetbgajiirahks e phatogriptebden Wsertedhe eilgiwy, bEBARMo (B

shown). The first black clockmark in both regions
begﬁ:pgl ther @}99{13;1 data reader’s point of view, assuming no degradation to the
dots, there are two possibilities:

e If the column of dots to the left of the data region is white, and the column to the
right of the data region is black, then the reader will know that the photograph has
been inserted the same way as it was written.

o 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
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inline wth the target center (the 8th dot position

is the center of the 15 dot-wi de target). The

sinplified schematic illustrations of Fig. 8

illustrates the di stances between target centers as

wel |l as the distance from Tafget 1 (124) to the first

dot of the first black clockmark (126) in the upper

bor det msgt(cfrdwlmcwn@g,i and .thSilate ecgidnais eppropaateliy sotated e T reader

55 do 9 t he cl ocknarks from,both t n
o ek abPpA S LETRE (Bt PR L e BB fom he
symbfdgg@h (rotated thr ough 180 degrees), the card
can be read left-to- right or right-to-left.
DatgBsgigness of reading direction, the orientation does
nee r e .
Fr omet fa¥8 Jp 455 T U e Rttt BIERK SE'Sr S Bturnns of
381 Idotssdatin tfexda ioal bf 928,980 ddier Ehedeé dotk WaisLbdldterpie@d@ and decoded to

,érlentatlon CblunEs 127, 128 in each data_bl ock: one
yight e priginglodain Eachdot seesspie aufipgle ity se ghe B 480gfets sepresent
2251480 87 3r DEGbPBtes] 16 irflrh 2kiBh bPECHALHER e 3 foiRES en!
to giveé orienta Fon T ntofmation to an enco ata
reader: On|Bilackl eft sjte of the data region (to the
right of theteit—Targets)—{s a single colum of
white dots ]éﬁhﬁqh the 9|gh side of the data region
(to e r | Lupm .
o *Bacien L jnBipmgitig b, T BEhE, oy e BoRIHGuERY uies
untlergtandiag bf thehegirdgwom ¢lad etigisal dﬁtad@t}& dritd iath@tat® ARG Gf the
data reader to determne the orientation of the
phgie Sﬁﬁéraph - has the photograph been inserted the

Mot orY¥BYal d9% t(p@é'&ét(régﬁ)nfcfof’snt- From the encoded data
reader s polnt of view, assum ng no degradation to the

dot Shetehwile rame bt:wbasgﬂs:di thee | pro¢ess :of thkinghmn odginaindath file of

i Tt i g PRl b e A gR 0 srfoms o g 210
datalBodk€ 3€Qr1600 dpi ﬁ‘lﬁ%ﬁr&ﬂhﬁtAﬂ AR oM ROARE WRR] reb&@é‘the process

i nserted the same as it was witten. If the
in prsleriorexipct dias @ﬂgl@al tiht@ frogt the gptstone phatographg |Aé rﬁrst glance it seems
h f
e 20 o GRMIB M\  Rad OF sRO iR Bl

to piRgpl o gtisgladkasmd vBﬁieZﬁatsSﬁtdﬂle cagie ITHiNsAEhe Holwaek Waksltot allow
and the data region is appropriately rotated. The

for, thg dfagt thaiviak canslede, A15pF 9p Ricardmay be dampgedowith dit, jgjime, or even
scfaﬁﬁ%v aK/itho\f ehglf @été@l‘,{_)h %Hccfd&@hﬁ:ﬂﬁa aB %&Q@ HaRR- ¥ Q@Hgta retrieved

Regl on As shown egion o

frolpl the kcacldn sosdcs Aufd \'EJﬁEi)ut oddundmicp Bncoding, there is no way to correct the
detected errors. The aim of the mapping process then, is to make the data recovery highly
robust, and also give the encoded data reader the ability to know it read the data correctly.

‘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 encoded data damage

. Write out the shuffled, encoded data as dots to the data blocks on the
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384 dots each, for a total of 228,480 dots. These dots
must be interpreted and decoded to yield the origina
data. Each dot represents a single bit, so the 228, 480
dots represent 228,480 bits, or 28,560 bytes. The
interpretation of each dot ¢&n be as follows: Black
WhiteO The actual interpretation of the bits derived
f rom t hergegtaplhowever, requires understanding of the
N m t he.ori.gi.nak . dat o.the dots in the data
e S L R T OIS R
CaajrassitigDaginglddga There wi I | now be descri bed the
process of taking an original data file of naxinmm
si z& hy defado borscerdieden His@heersrh gaycomprisgsverst blogks, ¢.ge
d ' the 210 data bl ocks on a 1600 dpi
pﬁ%?gg?g%ﬁgﬁﬁﬁiencoded data reader woul d reverse the
pZpced® anhetatboncdata t o extract the original data from
t?f.dots on a Ehotogra h, At first glance it seens
t 14 WR4EC RTCGTEIAE QAT 8HIS dots: binary data is
CQFE%§§8§d£B(iéhé@ﬁbﬂ?&(ﬂ%?mk&v&?U|d be possible to
simply wite black and white dots onto the card. This
sheimee dndweteer, does not allow for the fact that ink

CE? fade,r%a%ﬁs of a card may be damaged with dirt,
g (FEMCB OUEEHO™ scrat ches. W thout error-detection

emcagiktg daher &ubls 28 0inkedartiags ehfhatioh, sbRwARat fersions, camera

retrieved fromthe card is correct. And w thout
r edidrbifiestioangddioderth-t here is no way to correct the

det . er . e al . RRI C t he .

o 5t R bR dd pR TSk phle R AP ST g bl witn 3
bytyk \per pﬂlitel. gﬁﬁg asdltdat Bi B/E@fb@h fof tdag, ﬁrh%chi ik mt()ir@tﬂﬁﬁ% bk stored in
. fead the data correctly. There are four basic steps
mﬁwgw@dmi tﬁe Aegipi ‘Rlae iz datgicambe exmpressed 8y e dageitod around 10:1
W e ible R i Mol (P T ppage, pomrossion

teobnigjoel e Suitidl @image aothprassinn néchtiiquesnayliutie JPE@womptdssion based on
d.effect . of I(%caliz d_encoded dat a dalma e 0 Wite out_ .
ISYRLe SPRRG Faglongy e HUETIY odingohavelst Foraprgssiop g e in the
JPBG2000BstanddNd%? fratialldonfpizeds R aph.

With 10:1 compression, the 18 Mbytes of a high quality image results in 1.8

Mbytes of compressed data.

The andio annotation data can also be compressed using, for example, MP3
compression.

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 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 burst errors and effectively detect and correct errors using a minimum
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Each of these steps is examned in detail in the
follow ng sections. Conpress the Original Data The
data to be recorded on the photograph nmay conprise
several blocks, e.g. 1) color inage data 2) audio
annotation data 3) inmage prd2essing control script 4)
osition data (such as froma GPS receiver) 5) tine
of apripngancy. Byed on @quélﬁlgéﬁ pdsquatsly disqesspdhip thestandardstests such

w233k €200 ARELL 0T OO R SOLI ol R Apicaions

TEGEaredsy Ruombg@gh mags@mm mag@ oﬁaktﬂ)ola:aMcmeav?-@ﬂ@ Kyppens, H.,
3000 xels, with 3 byt pe ixel . This results in
193 Rt Sompn daton Camertn. Ly Hobb st rimal damisns 145 éplime 22,
Isdu@fi§a-red dots on the photo. The inage data can be
con‘?iressed by a factor of around 10:1 wth generally
neglA giatibty o’édifﬁmérmnpdrmétaragﬁ)r quldLthyomai regccaimg' ns&gdbe used,

i on abI i ma ressio

inglgER daﬁ%rgn W E St leRs e et g Peetrably. the
folk&%inB 8ndddRpSTaPIiBerd B Jski:f man _codi ng, wavel et

conpression as used in the JPE&000 standard or

fracdtal oomBression. Wth 10:1 conpression, the 18

Moytes OL_ high quality imge results in 1.8 Moytes

of conpr _ggd data. The audi o annotation data can al so

be CRWREAESStheth®d ek thé Symb1anRIiES bIVPRL bﬁ@}mra?s%srh%s that each

The | mage proceSS|ng control scrip wll pi cal |y not
Reggrvelamomecededhblack gize mbist 255 et a; 1\/61)’m¥018he1n order to allow

t fy S h
coF SR 81, HRIRHEORIER b B LR 8y o v
redundgeyprymbess Haging a+64 inchanthange beies I(@lﬁﬁﬂ)ls) fo@h be corrected per
phot ogr aph proceSS|ngals the " Vark' | anguage devel oped

blctfii if ey e &b airon Farh ean byterlockythersfers das ilA8 (BSNG4) redundancy
/ d not
oy bl i i R B st O RS B o
encédlngn¥ﬁ55napping of data to encoded data dots
relies hﬁaV|Iy on the nethod of redundancy encodi ng
enployed Redd- Sol ormon encoding is preferably chosen

Th%?}‘iadtﬂ:ﬁ re@l i ihaY 129 bIRRlor Wi ap&%{tz? breSnbOded t@%gco%e a 255~byte

fectivel Yy detect a corr errors using a m
block of Reed-Solomon encoded data. The encoded 255-byte blocks are stored on the

photograph and later decoded back to the original 127 bytes again by the encoded data
reader. The 384 dots in a single column of a data block’s data region can hold 48 bytes
(384/8). 595 of these columns can hold 28,560 bytes. This amounts to 112 Reed-Solomon
blocks (each block having 255 bytes). The 210 data blocks of a complete photograph can
hold a total of 23,520 Reed-Solomon blocks (5,997,600 bytes, at 255 bytes per Reed-
Solomon block). Two of the Reed-Solomon blocks are reserved for control information,
but the remaining blocks are used to store data. Since each Reed-Solomon block holds 127
bytes of actual data, the total amount of data that can be stored on an photograph is
2,986,786 bytes (23,518 x 127). If the original data is less than this amount, the 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.
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BAL25-SG 12 of redundancy. Reed Sol onbn encoding is
adequately discussed in the standard texts such as
Wcker, S., and Bhargava, V., 1994, Reed- Sol onon Codes
and their Applications, |EEE Press, Rorabaugh, C,

1996; Error Codi ng Cookbookl3McG awHi ||, Lyppens, H.,
1997; Reed-Sol onon Error Correction, Dr. Dobb's

Jourbagh of tha dayntmd BrockydBRme3 P 2ontainsthe earhy .endoded rinfermation

f. didff L { R Sol di
reqliref i RS0 PR PR 23 o RS ES BB E I o
di f fite @ninbbiedfR et d SblonRALISHKS &Ya ﬁﬂiﬁﬁése dg@t{tabltg fired lo/hl) and

foll owi ng encodi ng paraneters are use 64

Hav 1§ nie8erafgats bykesdn thﬁéasg};iﬁ%woigmﬁe blosk gf the wss(age (8 bits).

byt I e

o oces] 38 AAUBE AR, (ke 28 inlf Xoun e VG R ite e

t o abthaningc®r rbgmt. Ir@snar\&ﬂ afd s to GyPidl Sontrdt biyekbel then Reed-

the final blo size nust _be taken up wi.ith _redundancy
%HOW%WP%@ furping they ' bdest Ofe‘@nBS?]t @Eorr@%wrcs%%ﬂes of

be E?deﬁl %k if they are in error. Each 255

byte block there ore has 128 (2 x 64) redundancy

byt e Gondrol Modkeivastoied gwi27tobgive eréaker IchANceaoitusedving. In

hal d i ginal d Th * * k= 127 Th
gt i aPPeROg PT Ui g R e ael BRok i Hpicolasignfcance
w@h%sﬁ%%@@d&n@?&%ﬁm@ 4R an ESrup PR Ked®olomon encoded block,

Reed- Sol onon encoded data. The encoded 255-byte bl ocks
thexfigst %3701?)6@ Widdatarnee exsietly dipraiginabdata) aatlean be bodiediattin el attempt
original 127 S .a ded
to fobdIn el Bles it W EanBH P iR ORSE A0 & symbors
arddopBIpted). d8lng, ffegi@irot Block @it dtssodaﬂg &iSis ﬁéﬁﬁﬂéﬁ)) exa@f® Rfs of 3
these cglums can hold 28, 560 hytes. i'S anpunts to

bytes 3 pgldorSin drtgmingthe axost lele‘éxHaIWSof@kﬂh&/dqqul%sarmneters Itis

o545 P00 D SO BT

las¢ 55D Be66Dthb Wloaspl Block b d];yﬂr@ﬁdpzﬁ’rd the diekt 96blyrRE@rR: perfectly ok.

f the eed- Sol onpn bl ocks are reserved
Lopge Shste KR 9B wts el Sty a RN PlMERNeT o hepoRIEabess gan be
seﬂéﬁﬁﬁ ub& & 8Bdé ﬁ{earen%ﬂ&{a of ﬁfehmgéas@%e @m%ﬁaﬁﬁ%‘:ﬁ 518 Reed-
holds 127 bytes of actual data e total o
Solpmon hiegks. can be stored on an phot ograph is 2,986, 786

?%;gxs Izg’epg %%H%:I{olZ? h%le Olég tabygegﬁgl ¢h %Iontr&t ]Qlock dlatt(telsbsefore being
Reed-Solomon encoded would be as illustrated in Fig. 12.
Scramble the Encoded Data

Assuming all the encoded blocks have been stored contiguously in memory, a

maximum 5,997,600 bytes of data can be stored on the photograph (2 Control Blocks and
23,518 information blocks, totaling 23,520 Reed-Solomon encoded blocks). Preferably,
the data is not directly stored onto the photograph at this stage however, or all 255 bytes of
one Reed-Solomon block will be physically together on the card. Any dirt, grime, or stain
that causes physical damage to the card has the potential of damaging more than 64 bytes
in a single Reed-Solomon block, which would make that block unrecoverable. If there are
no duplicates of that Reed-Solomon block, then the entire photograph cannot be decoded.

The solution is to take advantage of the fact that there are a large number of bytes
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be encoded to fit an exact nunber of Reed- Sol onon

bl ocks, and then the encoded bl ocks can be replicated

until all 23,518 blocks are used. Fig. 11 illustrates

the overall formof encoding utilized. BAL25-SG 13

Each of the 2 Control block$4132, 133 contain the sane

encoded information required for decoding the
Onrtb‘imhotbgrgpm 3né fat R@qdlo&ﬂ&pﬂtdus blresskisableTpleysivalntiar  Te data can

et TR S T .
in He8hroRihfRD ohé Athe?f OF Beurb@SHRASLIED cliet 69 photo%h%legl‘&ﬁatmn

nunbers are repeated 32 tinmes (consum ng g
capicause Reed-Splomanrhlagks3e beynessoyesside, o oarade@g@, t @sc@amblmg of

f en-Re n encoded,
Al ikl SR B Bl TRt SR RS g anc s
ilhisyrtied sdiemalﬁeﬂlif i'iicﬂ"lg men Alhgedege datfiom tah KadtSodmdd Blokk are
is stored twice to gBEﬁlsreater chance o

plasgd tresthty! 36, fen all de e Lhasp Bt oo oA 2 yte 0, ten
o hin

2o3phrbfc hE oAk, BLOttelasy HE AR LATULROGH b

Coﬂmdelﬁm, theomare apardeichad p é lbytes thilve Edch Reed-Bdlomonddodhfin each of

are exactly the original data, and can be | ooked
thea‘f‘ta?l?} tﬁ%ﬂﬁ%" 1:21 recover the original message if
t he gt ﬂh%' cﬂn@&iﬁ fs@hérﬁ’e @sﬁ%{)&@@mﬁa%rts 1%%{1{&&@ ¥IERR! Gn the

are corrupted). i f a Control
ph@lreg@uh mgll r¢sultiisg 6& @S@b@l arard pen®eeidrfolamersbloek. 3Tthsyll1®9s that if

rt to ne.t ues

toepis ™5 Fict oty p IRTlolRaP . i B gy Eontp RS veblgeeven
if the&re 98y &td @uplidation. t has a better chance t hr ough
redundanc¥. Say the Iast 159 bytes of the Contro
£/ EAED I bicpeRfcqta 19 ARE B st 96 bytes are
per l.y.0 0 ng..a I Wil ] W

o rg)glg% ttllﬁ% 5{15%{141 fjﬁh %aos tbeéxpﬁelm%geh S%Ion?rﬁgl kééct:oed%%, gglbhcsat%%, and
scmmbEﬁbﬂhyreLBed 99,60 bade of dea tebastodronahe phdograsls &jch of the

n| ng 3 51 Sol onon bl ocks. A hex
dagagmcgg%t Ptﬁ?siﬁgéﬁ?]w% in each Control Bl ock

dat I Re
o 5 O M B 5
blosk somthing thel ﬂISttQIﬂeS@ﬂDQ’ttd eflthelsonkblddalat, ﬂ@esaccsﬂ@ilatad)lock contains
con n menory, a maximum 5,997, 600 bytes of
the&’ff‘éiggg@%é’ééé $%red on the photograph (2 Control Bl ocks

andAs 2Busad@d lim bRy ML wWRRinkl @fKBlock, ahldth % wAE2Out column-wise

Reed- Sol onon encoded bl ocks Pr ef er abl Y,
left to right. Thus the left-most column within a data block contains the first 48 bytes of

the 28,560 bytes of scrambled data, and the last column contains the last 48 bytes of the

j

28,560 bytes of scrambled data. Within a column, bytes are written out top to bottom, one
bit at a time, starting from bit 7 and finishing with bit 0. If the bit is set (1), a black dot (IR
ik dot) is placed on the photograph, if the bit is clear (0), no dot is placed on the
photograph.

For example, a set of 5,997,600 bytes of data can be created by scrambling 23,520
Reed-Solomon encoded blocks to be stored onto an photograph. The first 28,560 bytes of
data are written to the first data block. The first 48 bytes of the first 28,560 bytes are

written to the first column of the data block, the next 48 bytes to the next column and so
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the data is not directly stored onto the photograph at

this stage however, or all 255 bytes of one

Reed- Sol onon bl ock will be physically together on the

card. Any dirt, grime, or stain that causes physi cal

damage to the card has the pbtential of damagi ng nore

than 64 bytes in a single Reed-Sol onon bl ock, which
onyowvpgosedke firsh awvo byteckt tha 28560 bytab hus. hek D3 HisrEhose Brst tweo bytes

dupl i i Reed- Sol block . t. h i :
iR b B EGETR0 TR0 B 855 0ot DR PR RBL S i
andGy an! TWen Bt 7oliBykeachilitRatoréd®r@ightEbiR0 babge 1NYIHRE kad “1” is

bytes ~BAL25-SG 14 on the photograph, and that the
stqgd oy Plagh detaandaeach A9 o and Whitp HY's fiead tved bades Wiklsbegprgsented on

f : r‘[a]ﬁtgi d to ensure that synbols

th?@gbr%%@%&?éeﬁﬁgg/ B35 Oron” bl ock are not in close
pe OXDR{1t1P1 VO1 19 Beccnist black, blakk, GMifesHladld itk Oghifablagla SRSk

of phot ograph degradati on can cause Reed- Sol onon

bP oS0t lyheconsyarhits black wehiterblaskeblagle blackeblack, black
scr (] f. ] t he. a C re robust, ... .
e 128 kBl iy eEhn TP SR AT TR H NG B i R e ik jo
noiztlbyighiladhe dmsghdummisiveéd doydrive thd @ad,3maghhta, blttydByivecoldt nozzles
from each Reed- Sol onon bl ock are gl aced together 13
wigle the;pgnt apqdia ip dripgn thropgh themsinthead pethgprintet. ner ef ore be
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“alternative Artcard” format as described above. In the Artcard format a continuous area
of data is printed on the print media, in the present case, in infra-red ink on the photograph
surrounded by margins printed as targets at the leading and trailing edges of the data area
and as other indicia to specify borders and clockmarks along the top and bottom thereof to
aid decoding of the data contained in the data area. The targets are used to confirm that
the orientation of the card when read is not rotated more than 1° from the horizontal and to

detect whether the card has been inserted front or back first. Otherwise the reading of the
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the 28,560 bytes of scranbled data, and the | ast
columm contains the |last 48 bytes of the 28,560 bytes
of scranbled data. Wthin a colum, bytes are witten
out top to bottom one bit at a time, starting from
bit 7 and finishing wth bida60. If the bit is set (1),
a black dot (IR ink dot) is placed on the photograph,
datsfweulébppareliable | ear (O) no dot is placed on the
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soﬁﬁh&&n%sﬂlfablpprogﬁmpﬁéts digitake dith rpgbdcebsife bysteds, afth tofievhich are
byt es are hex .5F. Those first, two bytes
redghly PO BreEeD (oSG of ISty 1l ihiBe cRspartise gtk | arerore, s the
ob Ee ﬁf %}e}"ﬁﬂ n&%b%g{s% JOIVEIS%He sﬁé{hgrm%hla ps ougﬁg %L‘?Jhs as come

within the e SpiriSamtseopaaihe invent®n. st ored as a bl ack dot,
and each "0" as a white dot, these two bytes will be
represented on the photograph as the follow ng set of
dots: D3 (I t O 100 11) becones: bl ack, black, white,
bl ack, white, white, black, black 5F (010 1 1111)
becones: white, black, white, black, black, black,
bl ack, bl ack The encoded inmage 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
nmedia is driven through the printhead of the printer.
The image taken by the canera systemis now avail abl e
as a photographic image wth the data necessary to
reproduce that imge printed therewith. It is not
necessary to separately |locate the negative if
anot her copy of the photograph is desired, the imge
can be reproduced notw t hstandi ng damage t hereto and
the image is available in a digital format which can
be scanned into a conputer system for whatever purpose
or transmtted over a telecomunications networKk.
O her data may be recorded along with the i mage data
i ncludi ng date and | ocation where the photograph was
taken, for exanple if a GPS facility is incorporated
in the canmera system details of the photographic
exposure, whether this information is recorded as
visual, digital or audio data. Audio information such
as a di al ogue made by the
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phot ographer at the tinme may al so be recorded al ong
wth the image if audio facilities are included such
as disclosed in the applicant's co-pendi ng application
PCT/ AWOI / (Docket No. ART83). Another type of format
the so-called Artcard formatl7i s di scl osed i n USSN
09/ 113,070 and USSN 09/112, 785 and may equal | y be used
here in place of the "alternative Artcard" format as
Cladgsti bed above. In the Artcard format a continuous
area of data is printed on the print nmedia, in the
pr‘ e . = I .
LT Sg Shpribhe A ekt ol phle B0 AU format on
phbtegdiphdndimding thaistepmgf: edges of the data area and as

other indicia to specify borders. and cl ockmar ks al on
the op AR PRAR ARG EBrPPRing oA mBER I QactpRg digttl
dat g4 fbail dhedectiOnichflagtddciscdy €a. The targets are used
to confirmthat the orientation of the card when read
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det I, card has been inserted front or
bacg&%{aﬁgﬁw%f%%p%ﬁsegﬁt he readi ng of the BAL25-SG 16

dat &) woulpginbigg oitraelch@datl entbdedffaile@iray di@scfold bf QAd digital
has been |limted to specific enbodinents of this )
i nvdmpgdata using ilrop opdemaprhink it priningpepess priag an infra-red ink

vari.at.i | .0 j:
o L e LS A T o g o
adv arphagesapbic itnage tepresariting Baid Fange iexamgable huhin saddbldfeorm on
appreci at egggtghat the invention may be enbodied in
ei t Ao SAREYHaTePisnid PEBt P§dife in a suitably programmed
di gital data processing system both of which are
readily acconplished by those of ordinary skill in the
2. r espetiethed aaclaignediih elaish d rvédherdin sdid stepof prothiadng indfzdeshe

ded, ¢l ai | | i At |
coR R S Pl Tt R NS R o L AL R pomon
enSsRP@cRfontdfeaill Mgt i on. BAL25-SG 17 Clains: 1. A

nmet hod of printing data including encoded i mage data
inadigital format on a photograph including the

3. St enS Qa2 claREal iy 'cﬂgn 3%?61{? Qati(?fa%lﬁrt l&%ﬂ%ﬁ%&% 5 8Fsaid
Image 1n an electronic digita ormrTtroman

imegeintindes applyimgehigle fisquencinopilativicdigial forsaith falt thlerant encoded

for(rjrll gdch?llaat fse?l(ri g]er(r)r{angl?tIrgcolrérgl%l%dgsartegea?a%leeﬁ&? gc(ljuefngjlzj éptectral

componerts.

4, An apparatus for printing encoded fault tolerant digital data in infra-red on a
photograph, said apparatus including;
a) a camera system for electronically imaging an image and for outputting
said image in a digital format;
b) means for processing said digital format of said output image into a fault
tolerant encoded digital form;
c) means for printing said image in a human readable form and
simultaneously printing said fault tolerant encoded digital form using an ink jet
printer, said fault tolerant encoded digital form being printed using an infra-red ink
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tolerant digital formthereof, c) printing out at
| east, said encoded fault tolerant digital form of
said digital imge data using a drop on denmand ink
jet printing process using an infra-red ink on a
surface of a print nmedia whil8e sinultaneously printing
out said inmage data as a photographic i mge
r eproasiegrtintgdacsd ivdthi seiddwman readebls flerm offsaiddmagsadabl e
formon the sanme surface of said print nedia. 2. A
method as clained in claim1 wherein said step of
5. pr oduc g rdtaciov festinEaivvesd fa08 telaiadt difRRIatOn S@frélred on a
fault tol erant encoded form by formi ng a Reed-Sol onon
phetegrpb s slimedin drins$ phercinyed meansopBripiing eomprisas arpvnter

R PR 33, fr y OBEai o

nodul ation signal to said fault tolerant encoded form
such that said permanent record includes repeatable
hi gh frequency spectral conponents. 4. An apparatus
for printing encoded fault tolerant digital data in
infra-red on a photograph, said apparatus including:
a) a canera systemfor electronically imging an inmage
and for outputting said image in a digital format; b)
means for processing said digital format of said
output image into a fault tolerant encoded digital
form c) nmeans for printing said inmage in a human
readable formand sinultaneously printing said fault
tol erant encoded digital formusing an ink jet

printer, said fault tolerant encoded digital form
being printed using an infra-red ink BAL25-SG 18 over
or interlaced with said human readabl e form of said

i mge. 5. An apparatus for printing encoded fault
tolerant digital data in infra-red on a photograph as
clainmed in claim8 wherein said neans for printing
conprises a printer wth a page wdth printhead and a
print roll for feeding print nedia therepast. BAL25-SG
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