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reference.

In addition, various methods, systems and apparatus relating to the present invention

are disclosed in the following co-pending PCT applications filed simultaneously by the



In addition, various nethods,. systens and apparatus relating to the present
invention are disclosed in the follow ng co-pending PCT applications filed
si mul t aneously by the PEC19-SG 2 applicant or assignee of the present

i nvention: PCT/ AUO0O/ 00754, PCT/ AUOCQO 00755 and PCT/ AU0O0/ 00756. The

di scl osures of these co-pending applications are incorporated herein by
cross- reference. O particular relevance is PCT Patent Application No.

PCT/ AU00O/ 00517 entitled "Printed Page Tag Encoder", hereafter referred to
by our refgi@rRaR; nunber PECO2. Nowadays, nearly every item purchased froma
shop contains a barcode of some description on the packaging The bar code

provi des a conveni ent way of identifying an object a product nunber.
The exact applienppretsigienofothe tpmeend rimsotion: ﬁﬁwoﬁéﬁénli@'f/éﬁ()‘@/W% ywpe of
bar code. BROYS60sEVentory tracking systens let users define their own

product nunber ranges, while inventories in shops nust be npre universally
encoded so t hatThgrdisglogres afrthase e?réend@amp@mwasﬁmtmmfafeédﬁemW pP¥tuct s from
anot her CORRaRYe. Barcodes t hensel ves have been specified in a | arge nunber

of formats. The_ol der rcode f ts h
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to barcode, the lines to separate blocks stay constant. The lines to separate blocks can therefore
be thought of as part of the constant structural components of the barcode.

Barcodes are read with specialized reading devices, such as lightpens, gun readers and
scanners, that pass the extracted data onto a computer for further processing.

To help ensure that the extracted data was read correctly, checksums were introduced
as a crude form of error detection. More recent barcode formats use redundancy encoding
schemes such as Reed-Solomon. Such a scheme is utilized in the Aztec 2D barcode as
disclosed US 5,591,956. Often the degree of redundancy encoding is user selectable.

Two dimensional barcodes have been developed in which the information is encoded in
two dimensions, instead of storing the information as a series of lines where the data is
extracted from a single dimension. Just as with the original barcodes, the 2D barcode contains
both information and structural components for better optical recognition. FIG 1 shows an
example of a Quick Response (QR) Code, developed by Denso of Japan and disclosed in US
5,726,435. Note the barcode cell is comprised of two areas: a data area (depending on the data
being stored in the barcode), and a constant position detection pattern. The constant position
detection pattern is used by the reader to help locate the cell itself, then to locate the cell



extracted froma single dinension. Just as with the original barcodes, the
2D barcode contains both information and structural conponents for better
optical recognition. FIG 1l shows an exanple of a Quick Response (QR) Code,
devel oped by Denso of Japan and disclosed in US 5,726,435. Note the
barcode cell is conprised of two areas: a data area (depending on the data
being stored in the barcode), and a constant position detection pattern.
The constant position detection pattern is used by the reader to help

| ocate thepgeblsgtself, then to |locate the cell PEC19-SG 3 boundaries, to
allow the reader to determine the original orientation of the cell. The
orientation can be determned by the fact that there is no 4th coner
pattern. Ormengrishiosireds o tedttehingthe prgiraherisatatidn df thecell e axjestationb| e i s
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encodi ng schenes. O her objects of the present invention wll be evident
fromthe follow ng discussion. SUMVARY OF THE I NVENTION In one form

al though it need not be the only, or indeed the broadest, form the

i nventi on @B iE BNVEIAON G dat a package tenplate for representi ng data
formed froma Ipis%%bje&%que b inveitiofl t6lBroRdd 2 ek pRkAR MhpMEwRIOBR | Si Ng:  an
arbitrari I%n ‘E‘?ﬁid constant background pattern formed froma plurality of
dots and/ and at | east one arbitrarily shaped data area, said
data area cont at si mgrtdatoajedcn‘fshel neatiedtogiroviiesd generivstagl Ersatrstmatgte Ithat an

encodi ng form the invention resides in a nmethod of
packagi ng él'g?o %le]gyeﬁgneéqa{e at a packa%e tenplate fornmed froma plurality
of dots, the nedthrsabipatdfihgipregent ingengereyidl be pidentfonmsthe fdlovingdiscupion. array of
entries for each dot position within said data package, said array of

SUMMARY OF THE INVENTION
In one form, although it need not be the only, or indeed the 'broadest, form, the

invention resides in a generic data package template for representing data formed from a
plurality of dots, said data package template comprising: \

an arbitrarily shaped constant background pattern formed from a plurality of dots and/or blanks;
and

at least one arbitrarily shaped data area;

said data area containing data dots located at positions determined by an encoding
scheme.

In another form, the invention resides in a method of packaging data in a geﬁeric data
package template formed from a plurality of dots, the method including the steps of:
constructing a bit array of entries for each dot position within said data package, said array of
entries defining whether each said dot is part of an arbitrarily shaped constant background
pattern or an arbitrarily shaped data area;
encoding said data for storage in said data area; and

printing said plurality of dots encoded with said data.



entries defining whether each said dot is part of. an arbitrarily shaped
const ant background pattern or an arbitrarily shaped data area; encodi ng
said data for storage in said data area; and printing said plurality of
dots encoded with said data. PECL19-SG 4 BRI EF DESCRI PTI ON OF THE DRAW NGS
In order that the invention nmay be nore fully understood and put into
practical effect, preferred enbodinents of the invention wll now be
descri bed, by way of exanple only, and wth reference to the acconpanyi ng
drawi ngs, wheiekd: FIG 1 shows a prior art two di nensional quick response
code; FIG 2 shows a Netpage tag backggound pattern; FIG 3 shows data areas
within the hbtpage tag shomn in FIG 2; FIG4 is a magnified view of the
Net page t a@R FIdiE DR? dpi; FIG5 shows the effect of

out put resol t . ) I f
dg.t g_u| N astvé :jiﬂprr%ﬁ) I,t}%f'lg.] gnvgrﬁﬂﬁ% Bémonle::flgﬁ ng&é?é?%ﬁ aI’nhgut 1&@5&&@&%%&@?2 gXB

R o i

tag struct Breerred ggbgejments of s favention 88“’8?) V@?ﬁoﬁ’f"@?’ ﬁ’éamﬂfémf 1G 7.
DETAI LED DRShRefereetq RroqumpanREriiEs VERBOD VENT | n t hi s application the
termtag i s use®Id Dshoef £price art twoaliseasibiah atickaespafse cdb;a and any ot her
conponent s (sucbl@@Sh@wpgg%dggﬁggﬂ(g,@gdd%mttern a bl ank space, a

surround, or thEKJ} édatt measw{%lﬂee%eﬁp?%qagﬁfmwmgglﬁl p hold, locate or read
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These heI pata der t ocate t ey include conponents that

are easy to Iocg{crbse%ﬂ %‘Ac‘i?n‘fefﬂoﬂ g’ﬁ?%ﬁ?‘?ﬁﬁgn and perspective information

in the case of 2D tags. Constant background patterns may al so incl ude
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

In this application the term tag is used to refer to the combination of data and any other

components (such as a position detection pattern, a blank space, a surround, or the like), that
must be rendered to help hold, locate or read data. A tag therefore contains the following
components:

e at least one data arca. The data area is the reason for the tag. The tag data area(s)
contains the encoded data (optionally redundancy-encoded, perhaps simply check~-
summed). The bits of the data are placed within the data area at locations specified
by a tag encoding scheme.

e constant background patterns, which typically includes a constant position
detection pattern. These help a tag reader to locate the tag. They include
components that are easy to locate and may contain orientation and perspective
information in the case of 2D tags. Constant background patterns may also include
such patterns as a blank area surrounding the data area or position detection
pattern. These blank patterns may aid in the decoding of the data by ensuring that
there is no interference between data areas.

For ease of description the data package template will be described in terms of common
optical recognition, such as bar code scanners and the like. It will be appreciated that the
concepts are equally applicable to tactile recognition, and possibly even aural recognition.

In most tag encoding schemes there is at least some constant background pattern, but it

is not necessarily required by all. For example, if the tag data area is enclosed by a physical




such patterns as a bl ank area surroundi.ng the data area or position . ..
detection pattern. These blank patterns may aid in the decodi ng of the
data by ensuring that there is no interference between data areas. For
ease of description the data package tenplate will be described in terns of
common optical recognition, such as bar code scanners and the like. It
will be appreciated that the concepts are equally applicable to tactile
recognition, and possibly even aural recognition. In nost tag encodi ng
schemes theged.§zat | east some constant background pattern, but it is not
necessarily required by all. For exanpde, if the tag data area is encl osed
by a physical PEC19-SG 5 space and the reading neans uses a non-optical
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As a further example, in the QR code shown in FIG 1, a single bit is represented by a
dark module or a light module, where the exact number of dots in the dark module or light
module depends on the rendering resolution and target reading/scanning resolution. For
example, and with reference to FIG 6, a data module may be represented by a square block of
printed dots (all on 60 for binary 1, or all off 61 for binary 0).

Here, a single bit of data may be represented in the printed tag by an arbitrary printed
shape. The smallest shape is a single printed dot, while the largest shape is theoretically the
whole tag itself. For example, a macrodot comprised of many printed dots in both dimensions.

An ideal generic tag definition structure allows the generation of an arbitrary printed
shape from each bit of data.

Given an original number of bits of data, and the desire to place those bits into a printed
tag for subsequent retrieval via a reading/scanning mechanism, the original number of bits can
either be placed directly into the tag, or they can be redundacy-encoded in some way. The
exact form of redundancy-encoding will depend on the tag format.

The placement of data bits within the data area of the tag is directly related to the



exanple, and wth reference to FIG 6, a data nodule may be represented by a
square block of printed dots (all on 60 for binary 1, or all off 61 for
binary 0). Here, a single bit of data nay be represented in the printed tag
by an arbitrary printed shape. The snallest shape is a single printed dot,
while the | argest shape is theoretically the whole tag itself. For

exanpl e, a macrodot conprised of many printed dots in both dinensions. An
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TagHeight matches the size of the bounding box for the tag in the dot dimension. A single line

FP

of TFS entries for a tag is called the tag line structure.
| The TFS has the following parameters associated with it:

o TagWidth is the width of the bounding box (in dots) for the tag;

« TagHeight is the height of the bounding box (in dots) for the tag;

* EntryWidth is number of bits in each entry of the TFS (minimum 2);

» NumTagDataBits is the number of data bits associated with

each tag (minimum 0).

To encode a specific tag instance, the data to be inserted into the tag needs to be
supplied:

* TagData is an array of NumTagDataBits bits containing the actual data to be stored in
the tag data area. These bits have preferably already been redundancy encoded according to the

tag encoding scheme.
Each entry in the TFS is interpreted according to the fow order bit (bit 0):

» If bit 0 is clear (=0), then the output dot for this entry is part of the constant back-
ground pattern. The dot value itself comes from bit 1. Ifbit 1 =0, the output is 0, and if bit 1 =
1, then the output value = 1.



TagHei ght mat ches the size of the bounding box for the tag in the dot
dinmension. A single line of TFS entries for a tag is called the tag |line
structure. The TFS has the followi ng paraneters associated with it. Tag
Wdth is the width of the bounding box (in dots) for the tag; TagHeight is
t he hei ght of the bounding box (in dots) for the tag; EnttyW idth is
nunber of bits in each entry of the TFS (m ni num 2); NumragDat aBits is

t he nunber of data bits associated with each tag (mninmumO0). To encode a
speci fic tagdiaggance, the data to be inserted into the tag needs to be
supplied: TagbData is an array of NuniTagDataBits bits containing the actual
data to be stored in the tag data area. These bits have preferably already
been r edundancy - &tétdis detgel)otheh theyoutmt Hdtdor thisgntyrvomel fign the Maghata diagh entry

in the TFS s ddiiRhPbR! Gneehe’ @ed'd tb NubEeDWitQT P&ntal fhe Gitrdss @t the | bit O
Is clear (E'g) theqﬁthe 3’Ut%Ht dot for this entry is part of the constant
back- grou ng‘ﬁT‘f"@r’ Larg e st val ue itself comes frombit 1. If bit 1 = 0,
t he out put is OEachnehtry fin lhet TAS s interpratédeinddpbralemly; pud hasaloumliance] on PBE19- SG 7

| f bit O i Snfeatifr. Whis it BEJortkdd €o Mk rdbm ABdesslt6 thelehtkiss i PbskileCati@Smdyram t he

TagData arr, . AT i ; i
NuniTagDat a%?%%%ﬁypﬁgﬁﬁgﬁhﬁ%nﬁgm%@éfgg ro%e?s%%gﬁ%ﬁeqéf\gg %)ga %alg% @'gf’ﬁéatg "afe to be
used. Each P8R geTesy o pL mpredendering epgines) ot o4 i ndependent |y, and has no
reliance on st affghe sizapftherprinitedidots Pigitap Smsll,iﬂmmrcﬁlagﬂs@ﬁi ip gt of paypraloyAYaiccess to

the entri esrpt $agPRSIE inlal ®e VI NRYts AE cach @MRRHE, Yohich ifbidalcs RleSnuk®BdgT i N
engi nes are processin ere may be split

across two °Biieyigrie TE d?é:]tll;‘fﬁﬁivél%ﬁhggét;‘i f?"];n {%ﬁ gt%g ?gf’éﬁ%é‘%claﬁge %%%ﬂt“@d’yd ots are
too smal |, stahdard afmapakeale Gclmiges i Mforonampk, bepekRleplh@lia or Treagingofi t sel f
may be spalseo‘lﬂs%N. dots in each dimension, which increases the nunber of
entries in°tHe & Alternativel y, the output fromthe TFS generator can be
scal ed up by sFearedampde, HithermiginglddSivag 2t e ehenirigsiand the foglingoyesavpdimaple By pi xel
replication Qf (@\LeHaRHdrigihal dSRRS BABBLIA Be increased to be 42 x 42. To generate the
new TFS from the old, each entry across each line of the TFS would be repeated, and then each
line of the TFS would be repeated. The net number of entries would be increased fourfold (2 x
2).
The TFS allows the creation of macrodots instead of simple scaling. With reference to
FIG 7 and the simple example of a 3 x 3 dot tag depicted therein, a physically large printed
form of the tag may be desired, where, for example, each of the original dots may be
represented by 7 x 7 printed dots. If replication by 7 is performed in each dimension of the
original TFS (either by increasing the size of the TFS by 7 in each dimension or by placing a
scale-up on the output of the tag generator output), 9 sets of 7 x 7 square blocks would be
produced. Instead, each of the original dots in the TFS may be replaced by a 7 x 7 dot
definition of a rounded dot. FIG 8 shows the results.
Consequently, the higher the resolution of the TFS the more printed dots can be printed
for each macrodot, where a macrodot represents a single data bit of the tag. The more dots that
are available to produce a macrodot, the more complex the pattern of the macrodot can be. For
example, FIG 4 shows the Netpage tag structure rendered such that the data bits are represented
by an average of 8 dots x 8 dots (at 1600 dpi), but the actual structure of a dot is not square in
shape. This allows the Netpage tag to be subsequently read at any orientation.
A very simple example is shown by the 9 dot tag of FIG 7. There is a 3 dot constant
background pattern to aid locating the tag, and the remaining 6 dots are used for data. This

means that we can store 6 bits of data in the tag.



For exanple, if the original TFS was 21 x 21 entries, and the scaling were-
a sinple 2 x 2 dots for each of the original dots, the TFS could be
increased to be 42 x 42. To generate the new TFS fromthe old, each entry
across each line of the TFS woul d be repeated, and then each |I|ine of the
TFS woul d be repeated. The net nunber of entries would be increased
fourfold (2 x 2). The TFS allows the creation of nacrodots instead of
sinple scaling. Wth reference to FIG 7 and the sinple exanple of a 3 x 3
dot tag depiggi®ggtherein, a physically large printed formof the tag may
be desired, where, for exanple, each of the original dots may be
represented by 7 x 7 printed dots. If replication by 7 is perfornmed in each
di mensi on of t hBowewes, gt nahssipStheetht (Gehits lbie dcheliveendy regresdntativi ofd Wifs fhe TFS by
7 in each d; p%?i%tgnsg% h% &Fﬂﬁ'bﬁghﬁe b&ﬁ%d%n&éﬁ’c %ch&?b)pé&Hﬂg'Ehef?fmv r@@ tag

generator ou sets o roduced

I nstead, edetexample.itthopriegihbbitsgbae ‘i"fﬁe lHethTfEEterdﬁli IP%Pa’é opginal 7 7
dot defi nlﬂlﬁt@érdatfau%renoummuﬂegsblElv@:ﬁbslrmmthe results. Consequently,
t he hi gher the reso] utign the, TFS 1 he nor nt ed dot e printed
for each macrod e,re{m 8%?&8?88?5’8‘? n epﬁ“%?@%ﬁ? t%iaﬁ%?"@o'ﬁg?fctg%m "ot the
tag. The ndaey dadoding bfabe da&r@ﬁmahﬂp@dadxanpleg thertopdiire of the tagdy dvlays 111 Hike nor e

compl ext he, ol 8Tl h0RIBERH Vs CERE 1 Bia or AL Eme ik OV the

Net page tag structure ren suc he are represented by
an aver age bi§ mgst boingerses f edelt athef. gEons@pentlps S}Wombh@e of A&l epamersT beschipeur e of a

dot is not .RtHEN R1idl], 1%6@:{2@10&&&&hiewafsvrﬁ&emé\lﬁt@ag@ﬁe@gmtmeaah&hgosequentIy
read at an%_orlentatlon A very sinple éﬂ%els shown Ei{a .dot tag of
FIG 7. Ther ‘F@mathgcﬂﬂﬁnteﬁﬁg’t?fﬂt”°"Bz§‘8‘kt§ra Bhn s Re ’csé’ro G ’I%‘E?Btt‘f‘ng t he
tag, and t lae predeRrmingiofistaioiréa. ar e used for data. This neans that we can
store 6 bits of ver, let us assune that
the 6 bits are alget uaol“imfpmf’mersgummaggéﬁ ?ﬂ%}]%tagyg% ts of original data,

since the 3 origifeglidthi~3s have been redundancy encoded by adding their
inverse. For exq-gg;], G the origi nal 3 bits of data were 111, the 6 bits
th

woul d be 101010 e Ol’lgl nal bits of data_were 101, the resulting 6
bits woul d be 10&1W0VERRE (} Pak@b%%’l‘f?"r?rd(ﬂb‘%lb‘td368§1d?’515tﬁ§he6r4a‘laﬁl§5 tag was
chosen to take .aaaQuPxsdislse redun- dancy encoding of the data. In this

sinple exanple, the top line of the tag is always 111. The second |line
contains the first two data bits. Know ng the data encodi ng schene, the
first two With reference to FIG 7, the first line of the TFS would be 0010, 0010, 0010 to

represent 3 dots that are always on, regardless of the data being stored. The first entry of the
second line in the TFS would be 0001 to indicate that the contents of bit 0 of the TagData
array for this tag should be output at this dot position. The second entry of the second line
would be 0011 for the bit 1 contents of the TagData array to be output at this dot position. The
th.ird entry of the second line in the TFS would be 0101 for the bit 2 contents.
The first entry of the third line in the TFS would be 1001 to indicate that the contents of
bit 4 of the TagData array should be output at this dot position. Line 2, entry 2 would be 1011
for bit 5 and line 2, entry 3, in the TFS would be 0111 to indicate that whatever is stored in bit
3 of the TagData array for the tag should be output at this dot position.
Thus the entire TFS would be (arranged in entry order):
0010, 0010, 0010
0001, 0011, 0101
1001, 1011, 0111

Note that the codes 1101 and 1111 are never used since these would point to non-



bits nmust be inverses of each other. Consequently, a second.line of 111 can .
never be achieved although 101, 011, 100 and 010 may be achi eved. The sane
is true for the third Iine of the tag. Therefore, the constant pattern of
[I'l can not be achieved when the tag is produced, except in the
pre-determ ned constant area. The foll ow ng paranmeters summarize the sinple
tag design: Tag Wdth = 3 TagHeight = 3 Entry Wdth =4 (1 + 3, 1 for
the low order bit, and 3 to index into the 6 data bits) NunifagDat aBits =
6 Wth refesgneggto FIG 7, the first [ine of the TFS woul d be 0010, 0010,
0010 to represent 3 dots that are always on, regardl ess of the data being
stored. The first entry of the second line in the TFS would be 0001 to

i ndi cat e t histabtidata bivsd and 7 §wodnhbhiave ditadfits DR &). TagData array for this tag
shoul d be out pu t. ond line
woul d be 0011 ftGl\?eB tl‘teh{)f%tjgéﬂies%h 1{ Q'E,o%sm% ﬁz%ﬁﬁgqr%rﬁ) ?/&t"tglaq’éégﬁt put at
this dot paEvenpEbit lengé TaglPﬂt%Faénifrﬂ}ﬁ Gotits g 1QHY bleqtttnvéfr?rﬁﬂteﬁ%tg exgederyoul d be
0101 for thgmeiobitosiiPRd Wolldbe: The first entry of the third line in the TFS
woul d be 1001 to indicate that the contents of bit 4 of the TagData array

shoul d be out puf at { oty position. Line 2, entry 2 would be 1011 for
bit 5 and line 2, entnymﬁmﬂln the TFS woul d be 0111 to indicate that
what ever is stored | Yann 3 of the TagData array for the tag should be

output at this dot pog ?803 Thus the entire TFS would be (arranged in
entry order): 0010, ! (®rpdatad@y®) 0001, 0011, 0101 1001, 1011, 0111 Note
that the codes 1101 gpfhmldhbitaje never used since these would point to non
PECI 9-SG 9 existant data bits 6 and 7 (we only have data bits 0 - 5).

G ven the TFS jist dbdemdsedit2t s possible to produce a tag for any set
of 6 bits. i.e.e« giVvedom dataditid) | ength TagData array. If the 6 bits were
101010, the out ut f encoder in the 9 bit positions would be:
1 (constant) ° BEHQ Jg%bn%g

. 0 (from data bit 3)
If the 6 bits were100110, the output from the tag encoder in the 9 bit positions would
be:

. 1 {constant)

. 1 {constant)

. I (constant)

. 1 (from data bit 0)
. 0 {(from data bit 1)
. 0 (from data bit 2)
. 1 (from data bit 4)
. 0 (from data bit 5)
. 1 (from data bit 3)

With reference to FIG 1 again, the sample QR code tag is 21 blocks by 21 blocks. If
each block was comprised of a single dot, then the QR code tag is 21 dots x 21 dots. In
addition, there are 249 data blocks in the data area, representing 249 bits. The basic parameters
of TagWidth and TagHeight can now both be set to =21. EnfryWidth=9 (1 + 8, 1 for the low
order bit, and 8 to index into the 249 data bits). NumTagDataBits = 249. Thus, the Tag
Format Structure would be a total of 441 entries (21 x 21), with each entry being 9 bits. The
first 7 entries would be 000000010 to define an output dot constant of 1, and entry 8 would be
000000000 to define an output dot constant of 0. The next entry would be xxxxxxxx1, where



| (constant) | (constant) | (fromdata bit 0) O (fromdata bit 1) t
(fromdata bit 2) | (fromdata bit 4) O (fromdata bit 5) 0 (from
data bit 3) If the 6 bits were 100110, the output fromthe tag encoder in
the 9 bit positions would be: 1 (constant) 1 (constant) 1 (constant)
1 (fromdata bit 0) O (fromdata bit |) O (fromdata bit 2) I (from
data bit 4) O (fromdata bit 5) | (fromdata bit 3) Wth reference to
FIG 1 again, the sanple QR code tag is 21 blocks by 21 blocks. If each

bl ock was gpppstged of a single dot, then the QR code tag is 21 dots x 21
dots. In addition, there are 249 dat ggbl ocks in the data area,
representing 249 bits. The basic paraneters of TagWdth and TagHei ght can
now bot h bexseakxtiothe AddresEoft the/Al mhtnher-thdd replesents8he Sth blogk dnlile firghine.olf ther  bi t |

and 8 to '%ﬁa%%c&nﬁ‘e%%o 3&% 1%8{&@54@ cgfa;bﬁ H’R“MM g§é§®omo?4%meTﬁiék§ the Tag

Format Structure fries W th each entry
bei ng 9 bi tcsmes‘lﬂ’ﬂi!l blf ﬁ%@ﬁtheﬂ‘@rﬁﬂflﬁlbé% thgs s Wil Ge OB b0 JhereMiond baa out put

dot const apd,(QFs df thaddEhefrBlefelceBntiBlfoflows by @OSIOSH0RA ¥ enteidlof omoa01 @Yt put dot
constant of 0. The next entry woul d be xxx|, where PECL9-SG 10 XXXXXXXX iS

t he addresé“lﬂ‘ﬂ‘f’ﬁé" bit nunber that represents the 9th block on the first
line. If the birthcdconad Mirsofftiieony BornatlRfhcmfe vidul t200000ait0folbivied by § breies X X X X X X X X

Wil be 109)98(9)9&0006 fom;f eh ‘?ry bl“ &)%50010 and one entry of 000000000 to represent the 8 constant
data output dots of 1, 0, 0, 0, 0, 0, 1, and O respectively. There would then be 5 entries of data
references pointing to the various bits of the 249 data bits for the 2nd row of the tag.

The final line of the Tag Format Structure would be 7 entries of 00000010, one entry of
000000000, and then 13 entries pointing to various data bits that are in the final row of the tag.
TagData is an array of 249 bits containing the actual data to be stored in the tag data area.
These bits must have already been redundacy encoded according to the QR tag encoding
scheme.

The Tag Format Structure of the present invention may be implemented in a Tag
Encoder of the type disclosed in the aforementioned copending PCT application, reference
number PEC02. The operation of the Tag Encoder is briefly summarized herein.

The Tag Encoder (TE) provides functionality for tag-enabled applications, and it
typically requires the presence of IR ink at the print head (although K ink or an alternative
might be used for tags in limited circumstances). The TE encodes fixed data for the page being
printed, together with specific tag data values into an error-correctable encoded tag which is
subsequently printed in infrared or black ink on the page. The TE might place tags on a
triangular grid allowing for both landscape and portrait orientations. Basic tag structures are
rendered at 1600 dpi, while tag data might be encoded as arbitrarily shaped macrodots (with a
minimum size of 1 dot at 1600 dpi).

The TE takes the following as input:

¢ A portrajt/landscape flag;

¢ A template defining the structure of a single tag;

¢ A number of fixed data bits (fixed for the page);

¢ A flag that defines whether or not to redundantly encode the fixed data bits or whether
to treat the bits as already having been encoded;

e A number of variable data bit records, where each record contains the variable data bits

for the tags on a given line of tags;



cones frombit 62 of the 249 data bits, then xxxxxxxx will be 00111110..
There would be a total of 5 of these data reference entries, followed by
000000000, and 7 entries of 000000010 to finish the |line. The second |ine
of the Tag Format Structure would be 00000010 followed by 5 entries of
000000000, one entry of 00000010, and one entry of 000000000 to represent
the 8 constant data output dots of 1, O, O, O, O, O, 1, and O
respectively. There would then be 5 entries of data references pointing to
t he vari ouppeié.ggof the 249 data bits for the 2nd row of the tag. The final
| ine of the Tag Format Structure woul djbe 7 entries of 00000010, one entry
of 000000000, and then 13 entries pointing to various data bits that are
in the final ¢ow Bdg thitedefimgy. whetherg®atotitd sdaudamly reagodofthe2vhflatild daa biGnérai ni ng

t he actual data These bits nust have
al ready been re%%gy&%ﬁéogwapa%%%h %&%&fﬁﬁ tag encoding schene.
The Tag Fornmat he epnutfremdhe tag encpdes SERtis p A¢Wrdni birievehlpysieof where éagedataed in a

Tag Encodghoulf belghigtel.y PR dhtpaelk 9RQA -diwiiberral amne ik ?ééu&lﬁg’_&@ﬂiaﬁ PCT
appl i cation, ‘ff erence nber e oper ation of the Tag Encoder is

briefly suffififdyie ?%%SW“P&?&EHEB% repd by pE3e SERSBGIIEERE- f unctional ity for
t ag- enabl ed appEvaha}tdugnme c@mibtualtlmplbmmtmh bithe eglencoces(TERslops egenaseof | R i nk

" 11 bed Soria etk a0V el oo B Spadi e 1A% SRR o0 °0°
printed, t ogbictens owccrhmsqymriglp@ramafgrsdéiowewpalthmresmt@naﬂe eldxmt reswdrofect abl e

encoded ta@umsﬁ& and the%uaﬁ&%@aa}ésyng% th6n | fe tﬁenﬁdsanag cRlodink e&ekaao@k on the
page. The TE m ght pl ace ta%s on_a  triangul ar | ow ng for both

| andscape étdaaﬂapler%ﬁﬁ?”araﬂjé tth&tbrlngessaéuceﬁqswd@s Addrsptivacts a&%ar Fra¥der ed at
1600 dpi, ‘ehdoligg paginctad id ofitigplelentAibaOded as arbitraril y shaped macrodot s

i th 1 Ni the f
i(\rllmput : : 2\1 ng?ﬁs#gwgtﬁﬁ%%a{ﬁvg % 3 Eé&‘%’am toglgr%llea?lg‘a%éﬁ) ni iy ﬁéggg‘fn%h%t? \lIJMr ggma Sa
si ngl e t agfor mefgimpihi@roded taf dateditltitt baslvitdgsstradting,add plavingtthedopagth putpud f | ag
that definggpgeldls ec?Brde%r JuQse gt;{ﬁ: ﬁ'&tal"ﬁﬁe ERGAAGa 438 i eg&%dﬂﬁ&n@ r%l ts or

whether to treat t as a vi hg been "encod A nu
vari abl e daﬂanaémtalpl@@aﬁfsﬂytmww% rspaford contains the variable data

bits for the tagSTag@batRarily \elividdd Ao Bfed b@d¥iiable components. For example, if a tag
holds 512 bits of data, some of these bits may be fixed for all tags. Some may vary from tag to
tag. For example, the Universal product code allows a country code and a company code.
Since these bits don’t change from tag to tag, these bits can be preloaded into the tag generator
in order to reduce the bandwidth when producing many tags. Another example is a Netpage tag
generator. A single printed page contains a number of Netpage tags of the form shown in FIGs
2-4, The page-ID will be constant across all the tags, even though the remainder of the data
within each tag may be different for each tag. By reducing the amount of variable data being
passed to the tag encoder for each tag, the overall bandwidth to the encoder can be reduced.

Depending on the embodiment of the encoder, these parameters will be either implicit
or explicit, and may limit the size of tags renderable by the system. For example, a software
tag encoder may be completely variable, while a hardware tag encoder may have a maximum
number of tag data bits.

Instead of accepting the complete number of TagData bits encoded by an external
encoder, a tag encoder could accept the basic non—redundancy-encaded data bits and encode
them as required for each tag. This can lead to significant savings of bandwidth. In the
Netpage tag case, as described in co-pending PCT application PEC02, only 120 bits of original
data are provided per tag, and the tag encoder encodes these 120 bits into 360 bits. By having



PEC19-SG 11 A flag that defines whether or not to redundantly encode the
variable data bits or whether to treat the bits as al ready having been
encoded. The output fromthe tag encoder (TE) is a 1600 dpi bi-Ilevel |ayer
of where tag data should be printed. The output is via a 1-bit w de FIFQO
The tags are subsequently preferably printed with an infrared-absorptive
ink that can be read by a tag sensing device. Even though the conceptual

i npl enentation of the tag encoder (TE) allows tags to have a variable
structure agEoMmls as fixed and vari abl e data conponents, the TE does i npose
range restrictions on certain encoding paraneters. However, these
restrictions are a direct result of buffer sizes and the nunber of

addr essi ng thd redundanhoeneedef oy bomiddhertegsancadeitbs sffeetivie baridmith sequirpd g rgdpced iyt s a
sinple mattgy to adjust the buffer sizes and correspondi ng addressing to
allow arbitrary_ encoding paraneters in _aother inplenentations, The TE

wites a bi-I|evdl theggscHptioatdf dhenThSyabpyre bif 0. Jefivss whether e ppsput-dqbisporgdg
responsi bl ammbdisteljraiith ke @ntth(@it @ ReR4Rdhd @gputisit vlue) sriwhiether theatggher Bidort r uct ur e,
and pl acing, t dots jn th put . FLFO in.the correct.or for
Ubsbauent AR ok e tad et AL o BEnECR bR Bt pson g1 o
data bits ometbhaprebénythe emeiinfoomatien. buf f er space. The TagData array is divided
into fixed and ygriabl SpBR mrﬁsff%aﬁmgpsl s tabs) R FiR0can B SupR12 DI ts
of data, sone of trh%se Prts % %e f irxp To a?l ags. So?fag may vary from
tag to tagndimgionekinfpprove dererintindes hit Oyof G IEE ety E sah e hieh oot ry code
and a conpahdh thO&Hress oPHRGR foMQBELTIDAE ardido be BB MUSvelerAfht Bl htmbens, t hese
bits can be @rel ot%ctﬁ%.l to the ta%. enera%or .gn (%rde)éD to.re uci t he
bandwi dt h GAERS Bratics REseamy hegaximyn spmber obddap &1 ©r & sy il Heag
gener at or . TESSs agiperativelyngratierplay NundagRetaBits, ahanlindae fbe odnvbigenp gee tiadhs of t he
f orm shown d;c[x} E.Gs 2-4. The page-1D will be constant across all the tags,
even though Re remai nder of the data w thin each tag may be different for
each tag. By re¥siog deyblelindiregion the dete-agdess anfties off he ITH epingnto pazesedrrey t he tag
encoder f OryRAGK tHealld of HE T#YaME! Thd3aehal Al coritaifsiBe SN0 dikesE FhiR el €duced.
Dependi ng on the enbodi nent of 't t}e encod?r , t?gi?fe 1§ r anet er(f w | be either
inplicit dPeeiaTaKiG use.ohy ¥ARple fhihere rpeniypvsls differe ééta PEHTEY It &YBy t he
syst em Folinexsfrty, the EfrSitih\Wway 8e sct @@ (& bit deterniiieywiathecw iyl it sdcyssargtoi abl e,
whil e a hardware t ncoder may .hav j.. r,_,0f goaabits.
| nst ead of I%ﬁ’@&eid%% bl? ﬂreV%g’o r??r}:)tf’(‘al eebr&ﬁud‘r?rrﬁcglry Qﬁ‘?"‘%gﬂa@% tlgtlsg' atraen‘%:so e y an
ext er nal an daddress 0-7. The address looks up a table of 8 n-bit entries that point into the TagData array.

If there are 512 entries in the TagData array, then n=9. If TagWidth=100, then the basic encod-

ing would have used 1000 bits (100 x 10 bits) for each line of the TFS. If double indirection is

used, and there are only ever 8 different data bits used on a given line of a tag, then each line of

the TFS will require 472 bits (100 x 4 bits + 8 x 9 bits). The saving is about 50% which may be

a valuable factor, depending on the application.

Another modification is to change from bi-level output to contone output. In the

present invention, each output dot is usually either on or off. If bit 0 =0, then bit 1 contains the

output bit to use. This can readily be extended to form a larger number of bits. For example, if

4-bit contone printing is desired, i.c., if bit 0 = 0, then the output is 4 bits formed by bits 1-3.

Of course, the EntryWidth would need to be increased appropriately.

Likewise, the address pointing to the TagData array would be pointing to the nth entry, where,

instead of the entry being a single bit, it would be a plurality of bits (depending on the number

of bits in each contone output dot).

If the complete TFS is stored locally, e.g. on the chip, it can be accessed either row-

wise or column-wise to provide for landscape and portrait orientations. If the tag format



encoder, a tag encoder could accept the basic non-redundancy-encoded dat a-
bits and encode themas required for each tag. This can lead to
significant savings of bandwidth. In the Netpage tag case, as described in
co- pendi ng PCT application PECO2, only 120 bits of original data are

provi ded per tag, and the tag encoder encodes these 120 bits into 360 bits.
By havi ng PEC19-SG 12 the redundancy encoder on board the tag encoder the
effective bandwith required is reduced by 2/3. In the description of the
TFS above, dpicio.8gdefi nes whether the output dot is stored imediately with
the entry (bit 1 contains the output hat value) or whether the higher bits
form the address to | ook up the TagData structure. It is a trivial change
to use di f fsewcone isbotistoppddocalisoln-g. in nf-chip mempryd gutis ackrsedsmpting-atpdimedit ison.  To

reduce st onage.ied Hive RIS éséf%res&&@&@daewmasc% ahae&foﬂaaﬁrﬂﬁ&tﬁ. n use
doubl e |n|rect|on In the above description, eTFSentry

is set, th&FoniguPlerieesresingPCY appfipatiprPE(c(y the g S‘ng‘?‘iés Piap W%ﬁ’f ]‘Bﬁ teTagDat a
array to bargsesl. anbi@WﬂM@RAMf Té Redude GloRdge emadaerthei\sme Biily thes:uxlréixt likbeof TFS i s

| ar ge, andt of . di fferent 1 iven eof t he
TFS i s comb¥ |'§/Eﬁa‘§}ﬂ "P%r ipgrhe 9905 ‘E%PEQB\ Tigd Qafg?l‘gﬁhgfetne% ﬁo ™onveni ent
to use douHIFs straetates giorkd dmn theUsdangl dDB:AMe anp dor mmomentah@l,dadanaﬁm ess
entries of F | CONIMAS LRAM be il i diftbredtN8n §REsRF the TFS
line. The Sl%?%a} o?re’?%f’ﬂ ﬂh |nseéﬁ gﬂtt%g dbtfr e§s ré’svlgtlhlrﬁ thré% TégData
array to u@éwev%ﬂ‘eb%aﬁpﬁ@eﬁﬁfQWf@’rtéfowhé’O@ﬁﬂ;f?Psever 8 different data bits

used on a gi VenThrbﬁgﬂ&xt@fe sﬁec’!fﬁﬁhonttﬂﬁauﬁmﬁi %\M ﬂid&sdﬁ%’thb@rc&ﬂ’éd tbodinfedtsbi t toO
det er m ne whet her or. 'iﬁ ata bit. or

whet her t o °h&E Bagsent Im"G'i‘t}"Bd”f‘Th?‘)t l“‘f‘ﬁm e”?t’§n f’ a‘lyh%‘ﬁ P‘Emi nt 9f pLiliGsed to
form an adolieetsm &F-féaturdshePaadds ddibed io abesrelepana att alply aeadifze Sariatidpistfrapnthei es t hat

point into_th n the TagDat a

array, t heFHo cel%%%%e%m%a{‘gﬁn%%ﬁde%h%m]t eﬁ% %C&E%é%‘ﬁéﬂ?lng woul d have used -
1000 bits (100 x 10 blts) for each line of the TFS. If double indirection
is wused, and there are only ever 8 different data bits used on a given
line of a tag, then each line of the TFS will require472 bits (100 x 4
bits + S x 9 bits). The saving is about 50% whi ch maybe a val uabl e factor,
depending on the application. Another nodification is to change from

bi -1 evel output to contone output. In the present invention, each output
dot is usually either on or off. If bit O =0, then bit 1 contains the



output bit to use. This can readily be extended to forma | arger nunber of
bits. For exanple, if 4-bit contone printing is desired, i.e., if bit 0 =
O, then the output is 4 bits forned by bits 1-3. O course, the EntryWdth
woul d need to be increased appropriately. Likew se, the address pointing to
the TagData array would be pointing to the nth entry, where, instead of
the entry being a single bit, it would be a plurality of bits (depending on
the nunber of bits in each contone output dot). If the conplete TFS is
stored locally, e.g. on the chip, it cn be accessed either row wi se or
colum-w se; to p | r & Al I L #wlof the tag
Format PECLY: S 1 JHHed 418 payaBr BRRRE pRakiiTky R Ihat sy ol o
menory), arf®s stiddaizRackrpedmRriate pARPHENG-time, it is preferable to have two
copi es of | t he stat Webtuing arbiteRily shaged :daﬁdﬁﬁaa@mtairﬁ@watu’lﬁ)tsc iocatqaat bog(;ltions printing.
For exanple,. in co- i P ppli cati on PECO2, the tag encoder is on an
ASI C, whiIébpﬁgngﬁa%ﬁgg&%%ggﬁlg%ﬁgpnaI DRAM To reduce storage on-board the
ASI C, only the @hlergone pibjiarilyshapeheonstes haskdroyad eettest fopnedifiom 2 /yralte ¢ he
access to tdngotd&rd/dr Slahisne based, there needs to be two TFS structures

stored in the external. M- one for portrait prientation,. e for
| andscape ori enf”é?rle@r?a'}.d)rgﬁ%ﬁt ﬁ'be. ar%aé@rsg%?egacpﬁ}ar}t ﬁaecffgrg%"gjlpgﬁ)%%mg? |StB Pari |y
di f f er ent . ldant qoe &ncetorempbrpnbreadable thiesategaid at leastoaedaty @8ar ot at ed t hr ough 90
degrees. Throughout the specification the aimhas been to describe the

preferred enbodi ts f the present jnvention without limting the

i nventi on ?0 anb/ﬂ%aﬂa 8?‘9%6% tﬁ'@ﬂ'?teé’ claipet Vhgrain Sﬁ'ald\é\%cp??@ﬁe Baf"ﬂaga'f (es.

Per sons skidimeagioriah t he rel evant art may realize variations fromthe
specific enbodi nents that will nonetheless fall within the scope of the
invention. 14 O 1. A generic data package tenplate for representjng data
formed frof a plifdata Ragkage tempiieof cin ng%fﬁ‘a spid dria gats PE I 8GN i si ng:  at
| east one dehérits @addble bylaapgtidaldednerar ea cont ai ni ng data dots | ocated at
positions determ ned by an encodi ng schene; and at |east one arbitrarily
shaped const ant_background pattern formed froma plurality of dots and/or
bl anks, whr ei nTheaiaép rackage demplaimer daimiltwherain spid seig defs asrettieflemsaiSkgr ound
pattern i nehdsBRdyaliactie€amherone | ocat or conponent readable to |ocate said at
| east one data area

5. The data package template of claim 1 wherein said dots are bi-level.
6. The data package template of claim 1 wherein said dots are continuous tone.
7. The data package template of claim 1 wherein said encoding scheme includes

redundancy coding.

8. The data package template of claim 1 wherein said encoding scheme includes

double indirection.
0. The data package template of claim 1 wherein said locator component is circular.

10. The data package template of claim 1 wherein said data package template is two
dimensional and said arbitrarily shaped constant background pattern includes an orientation

component readable to identify the orientation of said at least one data area.

11. The data package template of claim 1 wherein said encoding scheme identifies
whether each dot is part of the background pattern or the data area, and the data if the dot

is part of the data area.



2. The data package tenplate of claim1l wherein said data package tenpl ate
is two dinensional. 3. The data package tenplate of claim1 wherein said
data dots are optically readable elenents readable by an optical scanner.
4. The data package tenplate of claim1l wherein said data dots are tactile
el ements readable by a tactile scanner. 5. The data package tenpl ate of
claim1l wherein said dots are bi-level. 6. The data package tenpl ate of
claiml1 wherein said dots are continuous tone. 7. The data package tenplate
of claim1 wherein said encodi ng schen® inclPudes redundancy coding. 8. The
dat a package tenplate of claim 1l wherein said encodi ng schene incl udes
double indirection. 9. The data package tenplate of claim1l wherein said

| ocat or com@onerithe idstaqiaciage gamplatel OF, clalihg whetein prid kaohgrowndrmgtiern éndsaic| ai m 1
wher ei n Sa'o@ta%{saaréjipﬁgﬁgﬁeabm&ﬁé%ts!réaéa\ﬂg by h SRRBSLQRAer. and said arbitrarily
shaped constant background pattern includes an orientation conponent
readable to identify the orientation of said at | east one data area. 11.
The dat a packagé&hé eaplpatiegeienplasd ohchintievherein s3d bhckgrowdi patiers etresaid
identifies i ; ckground pattern or the data
area, and tdﬁ%%??tﬁﬁﬁﬁbg%ﬁ%{éﬁ?@@%%? %Etg)‘% &tgﬂ%%dat a area. 15 O 12. The data
package tenplate of claim 1 wherein said background pattern and said data
dots are optically readable el ements readable by an optical scanner. 13.
The data package tenplate of claiml wherein said background pattern and
said data dots are tactile elements readable by a tactile scanner.



