1 METHOD AND APPARATUS FOR FAULT TOLERANT STORAGE OF
PHOTOGRAPHS Continuation application of U S. Ser. No.
09/ 693,471 filed on Cctober 20, 2000 now U.S. Pat No.
6,496, 654 FI ELD OF THE | NVENTI ON The present invention
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In U.S. Pat. No. 6,459,495, the applicant disclosed a method and apparatus for
printing data in an encoded fault tolerant form on the back of a photograph preferably
using black ink on a white background. The data represented the photograph in a
“negative” format and/or data comprising a computer program script which could be

" run to recreate the image or to apply some effect to the image. A programing language
called VARK script was invented for this purpose which was designed to be portable -

and device independent.

CO-PENDING APPLICATIONS

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:

US Patent Application Serial Number Docket No.
09/693,471 ARTS80US
09/693,083 ARTS81US

09/693,134 ART82US



09/ 693,3 17 ART85US The di scl osures of these
co- pendi ng applications are incorporated herein by
reference. Various nethods, systens and apparat us
relating to the present invention are disclosed in
the follow ng co-pending applications filed by the
applicant or assignee of the present invention on
July 10, 1998: USSN 09/113, 070 (Docket No. ART02US) US
Pat ent No. 6, 459, 495 (Docket No. ART29US) The
disclosures of these co-pending applications are
kpogated herein by reference. Varioupgswst hods,
sys ens and apparatus relating to the present
i096eaee&N are disclosed in the fol | owiART&ESpendi ng
Lcations filed by the applicant or ee of the
gggégﬁ?}invention on June 30, 2000: US atg%F No.
6,471, 331 (Docket No. CPECIUS) USSN 09/ 608, 779
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US Patent No. 6,471,331 (Docket No. CPE01US)
USSN 09/608,779 (Docket No. CPE02US)
US Patent No. 6,347,864 (Docket No. CPE03US)
US Patent No. 6,439,704 (Docket No. CPE04US)
US Patent No. 6,425,700 (Dockét No. CPEO5US)
USSN 09/607,991 (Docket No. CPEO6US)

The disclosures of these co-pending applications are incorporated herein by reference.

BACKGROUND OF THE INVENTION

As the applicant has previously noted in pending applications USSN
09/113,070 and US Patent No. 6,459,495 (Docket No. ART29US) there is a general

need for a print media scanning system that allows for high volumes of computer data



l'i near CCD having a faulty pixel reader for a line
t hereby producing the sane value for all points on
the line. 2. Preferably, the system adopted can
tolerate errors wherein text is witten by the owner
of the card on the surface. Such errors are ideally
tolerated by any scanning system scanning the card.
3. Various data errors on the surface of the card may
arise and any scuffs or blotches should be tol erated
by any system determ ning the information stored on
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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
presence of errors due to the above factors.

In application USSN 09/113,070 and US Patent No. 6,459,495, the applicant
disclosed a method and apparatus for printing data in an encoded fault tolerant form on

the back of a photograph preferably using black ink on a white background. The data



effect to the image. A programm ng | anguage called a
VARK script was invented for this purpose which was
desi gned to be portable and devi ce i ndependent.
SUMVARY OF THE | NVENTI ON The present invention seeks
to provide an alternative to the aforesaid nethod of
encodi ng and recording data by printing the digital
data corresponding to the nggative of an inmage in an
encoded fault tolerant digital formover or with the
image itself using infra-red ink, the inmage and the
ArEeREs 8, BERIeRR i AR T P rfat SR Bh bipri o
aompprpograhme haippwhich neuld be/intto warepts therimageier teappbt seoe

Q riptLi dat ' 0 i 4 A

el eiifbe. A ForaREit it BGARPE VATO RV, ot for
aifiis purpose evhizh wian desigmad)® b podabbaoand deyicniddepgndent. an | nage
in an electronic digital form froman electronic

I mage sensor; b) producing fromsaid digital image
GAUMMAR ¥ OFOHEH INVENTION erant digital form thereof;
c) printing out, at least said fault tolerant digital
formaf said.digjtal .i e _da Si:0 d

dermnds et eiiieried® BB e sl et U Tinchod of
@ncoding uhd scerding data byrprinting el digitsihiatacosespohdisgeahshogative

printing. out said.i e t a phot ogr aphi c . €.
L i g Sare e el o oo S SR8 Pt S ine
fifFalfe @ k! e irfaieRing thef RGEbelip récdidtd ofral piint Media asing an ink jet
Preferably, said $teﬁ of producing first includes
PERGRETySteh 8 diwlpsed ieherprlics | nege as said digital

I mager gk oMbl G theSprbdanineafion @8l providelemalby of frithlg data
encodi ng step includes conpressing said i mage data and
pichding snended tmagsidalg ina ioana P8R Botpsraph pluding the steps
gpsi st reading, the data surface area of the

phot ograph may be nodul ated wth a checkerboard

pat t e3)meceivingdmageciatpscoptspanding foraa dmagedy apslgeiranid digitahfoym

B6m RORH A AVERG:, O

b) producing from said digital image data an encoded faﬁlt tolerant digital form

thereof;

¢) printing out, at least said fault tolerant digital form of said digital image data
using a drop on demand ink jet printing process using an infra-red ink on a surface of a
print media while simultaneously printing out said image data as a photographic image
representing said image in a visual, human readable form on the same surface of said
print media.

Preferably, said step of producing first includes forming the negative of said
image as said digital image data which is then encoded.

Preferably, said encoding step includes compressing said image data and
processing it using a Reed-Solomon algorithm.

To assist reading, the data surface area of the photograph may be modulated
with a checkerboard pattern. Other forms of high frequency modulation may be

possible however.



It is a further object of the invention to provide
apparatus for printing encoded fault tolerant digital -
data in infra-red on a photograph, said apparatus
including: a) a canera systemfor electronically

I magi ng an i mage and for outputting said inmage in a
digital format; b) neans for processing said digital
format of said output inmages into a fault tol erant
encoded digital formc) nmeans for printing said inmage
in a human readable formand said fault tolerant
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According to a preferred form of the invention the information is printed out on
a photograph which may be a standard size of approximately 102 x 152mm (4” x 6”)
compared to the prior art data encoded card which has a format of 85mm x 55mm
(approximately the size of a credit card). The increased size of the recording media
allows approximately three to four times as much data to be recorded on the
photograph compared to the previous format while using a similar or identical data

encoding technique.



invention, preferred forms of the invention will now
be descri bed, by way of exanple only, with reference
to the acconpanying drawings in which: Fig. I
illustrates the data surface of a card or photograph;
Fig. 2 illustrates schematically the |ayout of a
single data block; Fig. 3 illustrates a single data
block; Fig. 4 and Fig. 5 ilkustrate magnified views of
portions of the data block of Fig. 3; Fig. 6
illustrates a single target structure; Fig. 7

'f}m_@t HRSERIFNON GF 48K BRAWINGS of a data bl ock; Fig.
fustrates tne positional relatlonshlp of targets
relatlve to border clocking e q data regi on;
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nozzl es per printed dot in a pagew dth printhead. The
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with F@es Biattaites iHFRGSitiodaN R atiShkhip dflﬁdfgdtﬁ*elaﬁt?d o bbeacklocking
which can print using four inks is disclosed in the
agginms ehpdataregigl; pendi ng appl i cations and granted
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Pat ent "No. 6,439, 704, US Patent No. 6, 425 700, and
USSN Big/ lé)olfmsggtgs thq 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;

Fig.13 illustrates the Reed-Solomon encoding process; and

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

DESCRIPTION OF THE PREFERRED EMBODIMENT

The present invention includes, preferably, an ink jet printing system having at

least four ink jet print nozzles per printed dot in a pagewidth printhead. The four inks
would be cyan, magenta, and yellow for printing a color image and an infra-red (IR)
ink for printing data in an encoded fault tolerant form along with the color image. One
. such ink jet printhead which can print using four inks is disclosed in the applicant’s co-
pending applications and granted patents USSN 09/608,779, US Patent No. 6,347,864,
US Patent No. 6,439,704, US Patent No. 6,425,700, and USSN 09/607,991.



Infra-red inks suitable for use with the current
invention are disclosed in the applicant's co-pendi ng
appl i cations, Australian provisional patent
applications PQ@412 and PQ@376 both filed on August
14, 2000 and applicant's applications PQ509 filed on
August 18, 2000, and P@571, and P@@561 filed on
August 21, 2000. According to the invention an inage
is taken by a digital canmera area inmage sensor and
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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.




Encoded data technol ogy can al so be independent of the
printing resolution. The notion of storing data as
dots on print nedia sinply neans that if it is
possible to put nore dots in the sane space (by
i ncreasing resolution), then those dots can represent
nore data. The preferred enbodi nent assunes
utilization of 1600 dpi prignting on a 102 mm x 152 mm
(4" x 6") size photograph as the sanpl e photograph,
but it is sinple to determ ne alternative equival ent
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correspond to areas of the color inmage over which no
IR ink has been printed and reflecting the IR

Format of encoded data

The structure of data on the photograph 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 “alternative Artcard” format in applicant’s

application USSN 09/113,070 and Patent No. US 6,459,495.

Dots
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



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 recording data. In describing this
enbodi nent, the termdot refers to a physical printed
dot (of IR ink) on a photograph. Wien an encoded data
reader scans encoded data, vhe dots nust be sanpled
at at least double the printed resolution to satisfy
Nyqui st's Theorem The term pixel refers to a sanple
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a photograph will vary. On a 1600 dpi printed photograph of 4” x 6”, the array can be
15 x 14 data blocks in an area of approximately 97mm. x 147mm. for 2.5mm margins.
Each data block 104 has dimensions of 627 x 394 dots with an inter-block gap 106 of 8

image dots.

Data blocks

Turning now to Fig. 2, there is shown a single data block 107. The active
region of encoded data consists of an array of identically structured data blocks 107.
Each of the data blocks has the following structure: a data region 108 surrounded by
clock-marks 109, borders 110, and targets 111. The data region holds the encoded data



Each data bl ock 107 has di nensions of 627 x 394 dots.
O this, the central area of 595 x 384 dots is the
data region 108. The surroundi ng dots are used to hold
the clock-marks, borders, and targets. Borders and

G ockmarks Fig. 3 illustrates a data block with Fig. 4
and Fig. 5 illustrating magnified edge portions
thereof. As illustrated in# g. 4 and Fig. 5, there
are two 5 dot high border and clockmark regions 170,
177 in each data bl ock: one above and one bel ow t he
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horizontal tracking as data is read from the data region. The separation between the
border and clockmarks by a white line of dots is desirable as a result of blurring
occurring during reading. The border thus becomes a black line with white on either
side, making for a good frequency response on reading. The clockmarks alternating
between white and black have a similar result, except in the horizontal rather than the
vertical dimension. Any encoded data reader must locate the clockmarks and border if
it intends to use them for tracking. The next section deals with targets, which are
designed to point the way to the clockmarks, border and data.

Targets in the Target region




data bl ock: one to the left and one to the right of
the data region. The target regions are separated
fromthe data region by a single colum of dots used
for orientation. The purpose of the Target Regions
116, 117 is to point the way to the cl ockmarks, border
and data regions. Each Target Region contains 6
targets e.g. 118 that are désigned to be easy to find
by an encoded data reader. Turning nowto Fig. 6 there
is shown the structure of a single target 120. Each
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©h tRfcehtBofftirb&itl (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).

The simplified schematic illustrations of Fig. 8 illustrates the distances between
target centers as well as the distance from Target 1 (124) to the first dot of the first
black clockmark (126) in the upper border/clockmark region. Since there is a distance



bl ack cl ockmark (126) in the upper border/cl ockmark
region. Since there is a distance 12 of 55 dots to
the cl ockmarks from both the upper and | ower targets,
and both sides of the encoded data are symetrica
(rotated through 180 degrees), the card can be read
left-to-right or right-to-left. Regardl ess of reading
direction, the orientation foes need to be detern ned
in order to extract the data fromthe data region.
Oientation colums As illustrated in Fig. 9, there
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photograph has been inserted the same way as it was written.

¢ 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 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



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 13 228,480 bits, or 28,560 bytes. The
interpretation of each dot can be as follows: Black 1
Wiite O The actual interpretation of the bits derived
fromthe dots, however, reqgires understanding of the
mappi ng fromthe original data to the dots in the data
regions of the photograph. Mapping original data to
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process of taking an original data file of maximm
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dat a regions fthe—21G;datta bl ocks on a 1600 dp
phot ogr aph. An Ehcoded |dat a|reader woul d reverse the
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however, does not allow for the fact that ink can fade, parts of a card may be damaged
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with dirt, grime, or even scratches. Without error-detection encoding, there is no way
to detect if the data retrieved from the card is correct. And without redundancy
encoding, 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 correcily.

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
o Shuffle the encoded data in a deterministic way to reduce the effect of

localized encoded data damage
e Write out the shuffled, encoded data as dots to the data blocks on the

photograph.



Wite out the shuffled, encoded data as dots to the
data bl ocks 'on the photograph. 14 Each of these
steps is exanmined in detail in the foll ow ng sections.
Conmpress the Original Data The data to be recorded on
t he photograph may conpri se several blocks, e.g. 1)
color inmage data 2) audio annotation data 3) inage
processi ng control script 4)4 position data (such as
froma GPS receiver) 5) tinme and date 6) canera
orientation 7) tracking data - such as ink cartridge
| EYcR bPMEse Qdps i§ SXdRIIGn YL PIn Mol GARBSeBLions.
identification, and so forth. For a high quality

i mage, the source i mage data nay be 2000 x 3000
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negl’ grbl'e Peduction in imge quality using an inmage

conpr esdio amotabiahdbtajue. Sui t abl e i mage conpressi on
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costn & RREFBIREOERGSERE | nan coding, wavel et

conPyr gssiticrdatssudh aglfrorn alGPS rdde&)000 st andard or

fractal coppression. Wth 10:1 conpression, the 18
MoytedMEAG9E gh qual ity image results in 1.8 Mytes
of @oumnhesseshtfiat a. The audi o annotation data can al so
be conpressed using, for exampl e ression
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CONSURntiRaBor, Ao kokh, Kbyt es of data, with the
exception of inages enbedded in the script. These

i magekor ashighawrligeivasal thy spEcecigiege daia gy ba 2800 ¥ 30PQ pixels,
LTRILLREQRE PREINITISCTbN it 28 WHFRE 0F 8R4, WHedh is more than can be
stored in infra-red dots on the photo. The image data can be compressed by a factor of
around 10:1 with generally negligible reduction in image quality using an image
compression technique. Suitable image compression techniques include JPEG
compression based on discrete cosine transforms and Huffman coding, wavelet
compression as used in the JPEG2000 standard or fractal compression.

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

The audio 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 (Docket No. ART02US). The remaining data is

small, and need not be compressed.



for photograph processing is the "Vark' I|anguage

devel oped by the present applicant and disclosed in
USSN 09/ 113,070 (Docket No. ARTO2US). The remai ni ng
data is small, and need not be conpressed. 15
Redundancy encode usi ng Reed- Sol onon encodi ng The
mappi ng of data to encoded data dots relies heavily on
t he met hod of redundancy emcodi ng enpl oyed.
Reed- Sol onon encoding is preferably chosen for its
ability to deal with burst errors and effectively

delifsdand SR EIRE RecALSoMnfonlkpbdtihed M Ni mum of
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d| scudbeaiapping RE data foysereder daix detSyelkss hggww%@g mathod of
pI Iﬁggg% githding ¥m 103 RecRBERme |e9693ﬁg(x;0ﬂ%§ra%@dcho§eﬁ Qbilits

I ons, Press, Rorabaugh, 6; Error
@bdli}ng) dzﬁ)m@okurst qvtory and sﬁﬁthelwbq@etn@d wrrectlgws using a

B bR S0 ol {£3RE S JRUG08 i e

dtahdepd temts slladgaﬁsﬁtcleerf? é ?rd Blmdwsdr ofﬁ_?ﬁ Mfﬁmongmcﬁ‘andemd
|

RGP ePlipEo R o BRI 16 B Vol GB0EM

e HILp Bympend, cils 1897 RB@ﬁSolémasnzﬂErroi‘ Gorfdtidra\Dm PabbB

Toane nty BT CPRBE B5Fhon encoded bl ock &ize n'is.

255 bytwSiety 23 mff&erﬁwahﬂie&}s for rRead-86lomon enedding\Man be used,

correc n of up tot 2t s

bR e e Do s Q%renwetffﬂs Lty ’gsffrtﬁ’&giys%e
ERMWE dncéiting ParitRtckd @ ud: byt es (synbol s) can be
corrected per block if they are in error. Each 255
byte bl ockrtRBerefore has 128 (2 x 64) redundancy

byt esy and-tghae remmi ning 127 bytes (k=127) are used to
hold original data. Thus: n=255 * k= 127 The
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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 error. Each 255 byte block therefore has 128 (2 x 64)
redundancy bytes, and the remaining 127 bytes (k=127) are used to hold original data.
Thus:

* n=255

* k=127
The practical result is that 127 bytes of original data are encoded to become a 255-byte
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



bl ock of Reed-Sol onobn encoded data. The encoded
255-byte bl ocks are stored on the photograph and

| at er decoded back to the original 127 bytes agai n by
the encoded data reader. The 384 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 amounts to 112 Reed- Sa@ onon bl ocks (each bl ock
havi ng 255 bytes). The 210 data bl ocks of a conplete
phot ograph can hold a total of 23,520 Reed- Sol onon
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Reed- Sol onon bl ocks in a full nessage (16 bits stored
hi), and The nunber of data bytes in the | ast

Reed- Gl aimyer b @5tk bpks e TRERSAESidinonblbek) of théBSRadeN@
nunbers are repeated 32 tinmes (consumi ng. 96 bytes)

WitHh the remaining 31 bytes reserved and set to O.
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turning the 127 bytes of control information into
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wthen 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 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 repeating set of
numbers. These numbers can be sensibly used to decode the remainder of the message
in the remaining 23,518 Reed-Solomon blocks.

A hex representation of the 127 bytes in each Control Block data before being




an attenpt to recover the original nessage if the
Control Block fails decoding (nore than 64 synbols
are corrupted). Thus, if a Control Block fails
decoding, it is possible to exam ne sets of 3 bytes
in an effort to determne the nost |ikely values for
the 2 decoding paraneters. It is not guaranteed to be
recoverable, but it has a better chance through
redundancy. Say the |ast 159 bytes of the Contro

Bl ock are destroyed, and the first 96 bytes are

RELd 86iolnbn BlcodddPRiINEe Alilnishtred infsg. 196 bytes will show

a repeating set of nunbers. These nunbers can be
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photograph can store 28,560 bytes. Consequently, there are approximately 4 bytes

Sa-

from each Reed-Solomon block in each of the data blocks on the photograph.

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

Once the original data has been Reed-Solomon encoded, duplicated, and



f r o meach Reed-Sol onon bl ock are placed toget her
136, t henall t heBytel s etc. There will
therefore be 23,520 byte 0's, then 23,520 Byte |I's
etc. Each data block on the photograph can store
28,560 bytes. Consequently, there are approximtely 4
bytes from each Reed- Sol onon bl ock in each of the
data bl ocks on the photogragh. Under this scranbling
schene, conplete damage to 16 entire data bl ocks on
the photograph will result in 64 synbol errors per

%ﬂbl@&)'tﬁé@ Rre 3 900 l600 B ssom BelBred én the PBEtBgrhsh. Bach of
damage to the oto the entire data is
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hin a colum, bytes are witten out top to0 bottaom
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_>u.:

e SF (0101 1111) becomes: white, black, white, black, black, black, black, black

The encoded image 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 locate the negative if another copy of the photograph is desired,
the image can be reproduced notwithstanding damage thereto and the image is



Those first two bytes will be stored in colum O of

the data block. Bit 7 of byte O will be stored first,
then bit 6 and so on. Then Bit 7 of byte 1 will be
stored through to bit 0 of byte 1. Since each "1" is
stored as a black dot, and each "0" as a white dot,
these two bytes will be represented on the photograph
as the followi ng set of dot® D3 (1101 0011) becones:
bl ack, black, white, black, white, white, black, black
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mventlon It w111 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 software in a suitably programmed digital data processing system,
both of which are readily accomplished by those of ordinary skill in the respective arts.
Therefore, it is the object of the appended claims to cover all such variations and

modifications as come within the true spirit and scope of the invention.



margins printed as targets at the leading and trailing
edges of the data area and as other indiciato
speci fy borders and cl ocknmarks al ong the.top and
bottomthereof to aid decoding of the data contained
in the data area. The targets are used to confirmthat
the orientation of the card when read is not rotated
nore than 1 fromthe horizpntal and to detect
whet her the card has been inserted front or back
first. O herwise the reading of the data would be
Wy gimgbl e. The foregoing description has been limted
t™© specific enbodi ments of this invention . It wll
be apparent, however, that variations_ and
riodirhthagitof pringingwlgta ircludingacaded image Haty i digitpl fapmatenghe

' .all of the advantages of the
%h@gﬁ?ﬁgﬁ&“@%%§g§§ﬁ£fé, it will be appreciated that
taheecéiving image dataagrdsponding delindithagsin 2 ietepiegnitdigithhénra frpm an
SE;%g@gﬁthﬁ%Ssuitably programmed digital data
6 5 sin sy§¥©n1 both of which are readily
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RLQIHGIAQif romsaid digital formof said inmage data an
encoded fault tolerant digital formthereof; c)
printing out at |east, said encoded fault tolerant
9 Qlctdtlod GOUMRN irPAbifh (i aid prélfibifg v dndt:
on demand 1 nk jet printing process using an infra-re
saii inpage & widrfdtiolerapt ergogrdiform byefdinaing/a iRieed-Solomon encoded
sinul% Q&}gg}y printing out said image data as a
5%% 8grap |cg'inage representing said image in a
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image includes applying a high frequency modulation signal to said fault tolerant

encoded form such that said permanent record includes repeatable high frequency

spectral components.

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;

¢) 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



said image to said fault tol erant encoded form by
form ng a Reed- Sol onon encoded version of said image.
3. Anmethod as clainmed in claim2 wherein said fault
tol erant encoded formof said inmage includes applying
a high frequency nodul ation signal to said fault
tol erant encoded form such that said pernmanent record
i ncl udes repeatabl e high frgquency spectra
conmponents. 4. An apparatus for printing encoded fault
tolerant digital data in infra-red on a photograph,
?&dﬂle@@i@ﬁaﬂ %dﬁsoeing Gl B8ng A)infa-FRMRN VeSHShtEMctDWith said
ctronically imging an i mge and for outputting
Swiindn readadie formmofzgaidilgrgeal format; b) means for
processing said digital format of said out put i mage

into a fault tolerant encoded digital form c) means
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an infra-red ink over or interlaced with said human
readabl e formof said image. 5. An apparatus for
printing encoded fault tolerant digital data in
infra-red on a photograph as clained in claim4
wherein said neans for printing conprises a printer
with a page wwdth printhead and a print roll for
feeding print nedia therepast.



