PEC19- SG 1 DATA PACKAGE TEMPLATE W TH ARBI TRARI LY SHAPED DATA AREA FlI ELD OF
THE I NVENTION This invention relates to a data package tenplate, tag, with
data enbedding. In particular, although not exclusively, it relates to a
dot based data package tenplate format structure, or tag format structure
(TFS). BACKGROUND TO THE | NVENTI ON Vari ous net hods, systens and appar at us
relating to the present invention are disclosed in the follow ng

co- pendi nRE@PIEG cations filed by the applicant or assignee of the present

i nvention on 24 May 2000: 1

PCT/ AUCO' 00518, PCT/ AUOCO 00519, PCT/ AUOCO' 00520, PCT/ AUOO' 00521,

PCT/ AUCQO' 00328 £CR/CANGE 03I ATH MITBDABBEDBA RITTY SUADEDIBREA AREA

PCT/ AUCO' 00527, PCT/ AUOQ 00528, PCT/ AUOQ' 00529, PCT/ AUOCO' 00530, PCT/ AUCO' 0053
1, PCT/ AUOO 00532 PCT/ AUOO’ 00533, PCT/ AUCO' 00534,

PCT/ AUOCQ FIBER [ NOORB6, PCT/ AUOCO' 00537, PCT/ AUCO' 00538,

e T A e

PCT/ AUCO 005461n mmmmm@snota@mmma@s tm¢tm®@@@5@¢kage template

PCT/ AUCO gmgg% ﬁ%ﬁ%%g%gmgg%( 00560, PCT/ AUOCO 00561,

PCT/ AUCO 0C 00564, PCT/ AUCO' 00566,

PCT/ AUCO/ 00567 PCT/ AUOCQO' 00568, PCT/ AUOO' 00569, PCT/ AUOO 00570,
1(IAUOO’ 00573, PCTI AUOO 00574,
05 /b PCT/AUOO 00577, PCT/ AUOO 00578,
PCT/ AUCO 00579V@©II$ mmsowsms PTITpRUEDS 08RO t@@?/pms,@u@@sm are disclosed
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PCT/ AUOQY i0089@1 PCH Muc¥000595, PCT/ AUOQY 00596, PCT/ AUOYY 00597,
PCT/ AUCT 15@158%00/6’65%%00#&5&4@@0/&6% AUCOLE9 Rk hoRRSd7CT/ WA@@E %észThe

PCT/ AUOCO
PCT/ AUCO

PCTI AUCO
PCT/ AUCO

di scl osures of hese co- app lcations are | ncorporate erel n

cross- r oK AReR/00523, B CT/AUGL/00524, PCT/AU00/00525, PCT/AU00/00526,
PCT/AU00/00527, PCT/AU00/00528, PCT/AU00/00529, PCT/AU00/00530,
PCT/AU00/00531, PCT/AU00/00532, PCT/AU00/00533, PCT/AU00/00534,
PCT/AU00/00535, PCT/AU00/00536, PCT/AU00/00537, PCT/AU00/00538,
PCT/AU00/00539, PCT/AU00/00540, PCT/AU00/00541, PCT/AU00/00542,
PCT/AU00/00543, PCT/AU00/00544, PCT/AU00/00545, PCT/AU00/00547,
PCT/ATU00/00546, PCT/AU00/00554, PCT/AU00/00556, PCT/AU00/00557,
PCT/AU00/00558, PCT/AU00/00559, PCT/AU00/00560, PCT/AU00/00561,
PCT/AU00/00562, PCT/AU00/00563, PCT/AU00/00564, PCT/AU00/00566,
PCT/AU00/00567, PCT/AU00/00568, PCT/AU00/00569, PCT/AU00/00570,
PCT/AU00/00571, PCT/AU00/00572, PCT/AU00/00573, PCT/AU00/00574,
PCT/AU00/00575, PCT/AU00/00576, PCT/AU00/00577, PCT/AU00/00578,
PCT/AU00/00579, PCT/AU00/00581, PCT/AU00/00580, PCT/AU00/00582,
PCT/AU00/00587, PCT/AU00/00588, PCT/AU00/00589, PCT/AU00/00583,
PCT/AU00/00593, PCT/AU00/00590, PCT/AU00/00591, PCT/AU00/00592,
PCT/AU00/00594, PCT/AU00/00595, PCT/AU00/00596, PCT/AU00/00597,
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PCT/AU00/00598, PCT/AU00/00516, PCT/AU00/00517 and PCT/AU00/00511

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

reference.

In addition, varicus 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 PEC 19-SG 2 applicant or assignee of the present

i nvention: PCT/ AUO0O/ 00754, PCT/ AU00O/ 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/ AUOO BEGIF/S@Nntitl ed "Printed Page Tag Encoder™, hereafter referred to
by our reference nunber PEC02. Nowaday, nearly every item purchased froma
shop contains a barcode of sone description on the packagi ng. The barcode
provi des 2ppHeaty oniasngneoeny e pratenitinfepiing BEL/AB08ED754bPCA/AIY $5 pudvber .
The exactpéﬂ@h ¢foBlogizt i on of the product nunber depends on the type of

bar code ouse i nventory tracking systens |et users define their own
product nunber Ther disgdesyres i jthase icorpeniingr npdicatianss pre pacomesatechberpiprty erpisver sal |y
encoded s@gihat products fromone conpany don't overlap with products from
anot her conpan Bar codes thensel ves have been specified in a | arge nunber

of formats. f pprgerlar tslavensdes SHRatentcopiligationcNar BET/AUOVOAR entided
di spl ay6d“Prﬁtehli’§gJ Bl Bn@bdel RESatter Jal‘?en‘é(‘i’ﬂibd ’bﬂHePe?en%’é nunidefPEc@ENd white lines
describe the infornation the barcodes contalns Oten there are two types

of lines to foNewadaes, dewly ey Bep cwerbased Heon laashap tcertaing g Hardodd of sered on
itsel f) andeddibgsn e pad gﬁg ke M&gg prob fvfaes p&ﬁ&&ﬁen@%g/ sﬁhe@ﬁﬁg}m dhip. Wile

the information may e frombarc bar code, I'nes to separate
bl ocks st &2 prodadt alnmberrﬁl@ $Xapiegterpretaliop aw” &ted)rmuetw@aﬁep@wb raafthg &pe pé

thought  ofa&3e PHhaLhQlse qmn&@ném g%&%w s AOSHRARGEN bin Produbtendidr ode.
Barcodes are read wth speci'alized Feadi ng devices, such as |ightpens, gun

readers affBEessuilierimyentoriptinshops suistieanasg paixsallyl cepeded soribas producssisem ee f or

further prRGRSPANG-ovdapRRMprERey E8midstherBRpsyt racted data was read
correctly, checksuns were introduced as a crude formof error detection.

More recent baPeerses fhsmpgires havebeadprdlacp elisormper sfranes dherldss

Reed- Sol opRibde Riabks Botsih aﬁ@acte'ﬁs ﬂustl ake &iSflayed it € fdﬁ%to?ﬁne%DTlﬁé‘E&ﬂg@atéﬁ of
di scl osed US 5,591, 956. O ten the degree of redundancy encoding is user

sel ect abl dackppd waitedings deveibe tbﬁw&%@%%@rwé@%foa@w gBenthers atgrive BPehe

i nf or mat i gnlires 1€ MGROSE do Fletw@arsudeemélcmﬁmg Nk 8R0S LREHNGAtIRgs to

information as_a series of lines where the data is
separate blocks for better optical recognition. While the information may change from barcode

{o 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 constBECI99%Gi tion detection pattern is used by the reader to help

| ocate the cell itself, then to |locate3the cell PEC 19-SG 3 boundaries, to
allow the reader to determine the original orientation of the cell. The
ori ent at i pnndagigs thalloethe reailan éaiddiayming shefaiginal drigntatieneafghe eslindhejorfentatiomer
pattern. : i s f barcodes avail able is

t hat har d%?’gg%tgl?dn%mrbg ugﬁéﬁg;a?ﬁg\séﬂemt%airﬂggoégfg%ngpeci fic to the particular
bar code f or mat OneAgroplemnassqeintdgewthrshenignge ofabaicadet evadlae ddddt hardenre fos an

i ncreasi J ol <L LNtk a THE
| VENTT NPT st BlfoddE shlFR (P Bkt ATD A it ey
package taWpheeemieddedatien is entiedensing desie fos real-time printingotf] these tofcoddse
invention to provide a generic tag format structure that supports generic
encodi ng schenes. O her objects of the present invention wll be evident
fromthe foll owi ng discussion. SUVWARY OF THE I NVENTION I n one form

al t hough hieedr Mok IRYeNifoRN! v, or indeed the broadest, form the
invention resides In a generic data package tenplate for representing data
formed from a Yiudmphiesy obthedwesent meehiondigt raoyideck daje prckpgs! tamplaieonfly datd ng:  an
arbitrarilyhgfgped constant background pattern fornmed froma plurality of
dots and/or blanks; and at |east one arbitrarily shaped data area; said
dat a area contliihpdgthgnehiedot sha brentien taproyidsiat gepers Watfermet plargtusy thah
encodi Ng §eRGRBendil AP SEhel@d M the invention resides in a nethod of
packagi ng data i n a_generic data package tenplate forned froma plurality
of dots, the netrodisckef thgiprrgent huersion ydll b evidepidrpa the &llofipealisspsionr ray 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 generic 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 arca;
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. PEC19-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 bedPEGW-$@y of exanple only, and wth reference to the acconpanyi ng
drawi ngs, wherein: FIG 1l shows a prior4art two di mensional quick response
code; FIG 2 shows a Net page tag backgr ound pattern; FIG 3 shows data areas
wi t hi n t hBRNjgtlp RIPHKY) f 25 FIG 4 is a magnified view of the

Notpage g v th%qm(ql TR PSP I ARl ORL

out put resol ution on sent ati oh of
data in aPtRECY W%&%ﬁn&w%é‘ﬁ%ﬁ% & Jersribedepyswey S oWl Wpre 3x3
t ag st r uctwiih eferenge toRh€ac8omproymg drasineb.edhetgin: ver si on of the tag of FIG 7.

DETAI LED DESCF{:@Tjg}JWgE ;{ygﬁ%gﬁg,@ggg}, JFMBGOLIENE cbie: t hi s appli cation the

termtag is uslglﬂ}% rrbl natlon of data and any ot her

conmponents (su %‘Ogsﬁgl%tpﬁetﬁg%%g%@tni dA"%t tern, a bl ank space, a

surround, or tFJéH$11QE’)dattl#raasWlmrsﬂleﬂetm@rt@mﬂheﬁnvtﬂﬁél,p hold, |ocate or read

data. Atag th I | east one
Plg?et{ f a%a%fﬁﬁ%:@h?\ﬁ g}" {ﬁg gfg%hée()%% \leh%éﬁf?%g&@ryt $600 d@f

data area. The data ar he tag data ar ea(s)
cont ai ns the eREotsawel thesiteas pt outmia rasolutiancharadagrompersabded, per haps si nply

check-- su nFmadﬁIG 6 %%w%ﬂfe?ep?éseﬁtﬁﬁm%iiazﬁa Al 9 h%ﬂgoM é&]&lﬁreé ﬁseq,@&ea area at

| ocations specifie encodi n const ant "backgr éund
patterns, whi CHQK/-‘&OW&# Flylpier?eiﬁ tﬁgég’ufauremﬁdt ant position detection pattern.

These heip a tpg, § 8adeh sRdh gqatasntmetaggmwy i ncl ude conponents that
are easy to locate and nmay contain orientation and perspective information

in the case of 2D tags. Constant background patterns may al so incl ude
DETAITLED 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 area. 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 blank area surrounding 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

w Il be appreciated that the concepts are equally applicable to tactile
recognitiPiC1988G@ possi bly even aural recognition. In nost tag encodi ng
schenes there is at | east sone constant background pattern, but it 1is not
necessarily required by all. For exanple, if the tag data area is encl osed
by a physireed anPEHEIreadBE Bragpiescea bndoptind locatimhi meghanesne- g shysical ahigrmapof cal

| ocati on i I i ace to data reader)
then a po%sl?%lg%ﬁ d?iﬁg%éggﬁr?tg%rpb%%%h%?detg&tfﬂﬂggg{els it}lgtrreeqc?iﬁfE i fferent tag encoding
schenes have dPiffeencng el@ﬂOél@ﬁ schagyss haaﬂdif@telﬂb%@@@éaasmdpﬂwtedm phyaigal tag ea t o
const ant 4 I exanpl e,
fhe QR cofe © =aaapEhRsh WA AR hRE 3 AT BRHER Ch s P e Qe T e
tag for p@sﬁh@‘mm K6t le iy Dfixqsldtlecks A0 atheledgeslofi the tagder positipm detépsion patiermder . By
contrast, , i NeIAAIEh Ih@geréatn{déf:t]%y SnftPE 14 ﬂ sructtte sho%v%qn‘%é@soﬁ%a' ns a
circul ar locator conponent ori entation o onent 21, and séve

data ar eaid.4 ENEN ashousr ledator Rempraget 20aap antsttmonmanﬁogzlo@n@sqmtat étan |n a
resol uti Oé}?dst 534 2"5@1@\% thef[\%ﬂ% Fggor%tajn’?bercl?%oﬁfﬁrﬂ%ttéﬁ ih %sglun&uﬁld Wehdhnt h€

addition o ata areas I's an ‘exanpl e of
dot pl acelvent Fishdistlardme phgG B baeeith féi@iiddﬂtmn 0§thﬂlei@tpa@es 3ig thei Netpigtag. a

singl e bify0f 1s(3ﬁue§an5p?e SeeRE ﬁ§&%%ﬂ9¥&ﬂﬁa’% 0 Nl ﬁ%or @u%aggt@ﬁxe gporma

block within the data area. The data a acont |nst or the tag.
Dependi ngsiegie bihef daggyis sepsesemier] gmpet phersical utpyl ¢ te fm a blocly wyithin gy datee
representgd, by a nunber of physical printed dots. The exact nunber of dots
wi |l depend on the output resolution and the target reading/scanning

resol ution. FI'theslatagrrsgentaingthetpte for thyf tag.eBenending pn B t3sdy aneestingaformater from a

traditiong) 143@{ 6086: m%@eﬁr@{é%ﬂ Efia ﬂﬁmbér%? Bﬁﬁfchl%m@d dBis! TSR dunftBy be

render ed as dots wi dots” high. The 'sane |line rendered at tw ce

the resol Q}“tinthtlleyens)\pn Fhe@tnubwﬁféwﬁe@ ﬂwarg%r@éma@cmwg regeluton. (Flgach

di Mensi onghof$ iR il %soﬁes@mﬂ Fart & fil3Grdela ﬁ@&lﬁoxﬁh@é&\%d& n vﬁieﬁ rénde@d 8 NQl €
bit is represented by a nodul e or a_|ight nodul e, where the exact

nunber of FeERdtioniRya ﬂlﬂf‘epaéfd?% l}?ﬁ?ﬂ‘i‘Préd 872 fiqtymide b)‘h?') deir Bighe Phmuge dine Rderedender i ng
resol uti of +Ri&lht ads8iBtior @RI IMHe SRR Ay 8% Rlad b dotdiR each dimension.

As a further example, in the QR code shown in FIG 1, a singie 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 dinmensions. An
i deal geneXGi®-8Gag definition structure allows the generation of an
arbitrary printed shape fromeach bitéof data. G ven an original nunber of
bits of data, and the desire to place those bits into a printed tag for
subsequentendustance wrthavise emplayadiinige strading sdreme c Ramibgsimay hepleseddogetier nunber
of bits c t r

(D) &J ﬁl%edfursp gm% %ea%rg%leo(ﬁt L)‘Yer 'tl{% t?%agz? l%l@q?dcgalla té)@ﬁ% cGiRltatfe.

redundacy encode exact rm’o encoding wi ||
depend orFarissample aﬂdhﬂn‘mts of ‘Rh@i -pileroemendewerfls wauld bbispreadwiut hyem thehrmtidag ar ea

of the ta&tda?%adtb'irﬁr‘ﬁh tl{eeﬂo Itl:;ggeﬁg Pa?bnﬁﬁgrgr SG 6 rendundancy nechani sm

enpl oyed In the encoding 'sc ts may be placed together in 2D so
that burst err%nes the datavesodipacichante and sshaperpnd tsizg of dhteatag datasreyand claselyy bei ng

correctablg.g ; 19!51%5%@%' HBive égéneﬁge% bl ckns RhcBRe oAl SRR SAdENL LR poul d be

spread out over the entire a area to mnimze the potentla ef f ect
of a burs&ﬂdé%d@‘rlngﬂmd@enﬁeb@wétm@@dﬂn@e@tﬂfé@mﬁw shape and size of the

tag data area Aeers %lf%ﬁﬁfltﬁtru!:thl%li?fi& dftthé egﬁlsfn(ré%ghﬁe 1staod(£'% %d %atgger | %EC tag

format structure. he 'sane data structure ren
enmbodi nentemplgteh & aligwsithe defindtirgent aaalxbalranesﬂlypeéfdaﬁaagckﬁgﬁmmsedvﬁéotsmgl ﬂ%r mat

St ruct ur egkER) oPfov M€ d'ﬂﬁ ﬁs%ﬁ'% sthrBY gs%'ts%tﬂn?tggdgg Pac?%%eq‘hgﬁdﬁs%

tenplate. It allows the definition of an arbitrary aped data package
conposed ®fthaidhestag pan behrénded@fm méal fimp. dhe ABYveeaindan entry tferedath flof posiored as

dots wi t hizmit e agg @omg}g%g E-E@l? ef'ﬁ_ﬁssﬁe&ﬁ%%héﬁle?% ast s b dféh@%o&s&gt can be

rendered i n real S contains an entry f eac t position

wi t hi n t heeckssgpng Ha@%wvwh@hﬁmecalbza@ﬂvdem P@S@p@msmp@ﬁetmn patfern, 9 Pfoef | s part
of the cofst.gRliaRaak@eRUNd patterns, which typically includes a constant
position detection pattern, or part of the tag's data conponent. The TFS
is simlar to ErediFSingmiler toRitmpp indbitiLionising pre @iy FSr oagly dos AesifiolGYithgbsi t i on

within a bouagk nﬂxtmh@t %t hﬁletm thERord s ?’E}ﬁ‘fé‘?ﬁh@&edetE Rl AtlereX

TagWdth entries, where mat ches the si'ze of the bounding box for
the tag ﬂ’ggﬁﬁ@hmqu@leﬂlt%ﬁgq @ﬁ theahcamdmg box for the tag in the 11ne dimension, and

TagHeight matches the size of the bounding box for the tag in the dot dimension. A single line
of TFS entries for a tag is called the tag line structure.

The TFS has the following parameters associated with it:

» 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);

» NumTagDaraBits 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 low 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. If bit 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 atag is called the tag line
structure. The TFS has the followi ng paraneters associated with it:
TagWdth is the width of the bounding box (in dots) for the tag; TagHei ght
is the height of the bounding box (in dots) for the tag; EntryWdth is
nunber of bits in each entry of the TFS (m ni num 2); NumragDat aBits is

t he nunbepE@fo-stat a bits associated with each tag (m nimumO0). To encode a
specific tag instance, the data to be 7nserted into the tag needs to be
supplied: TagData is an array of NunTagDataBits bits containing the actual
data to be st orkéditiinis s¢thiel) tgn tdrtcatpatr éa forfhie setnbidnses fimwethp Tedlataitay. al r eady

been redupgangy. t%ga%egf @9%9&9 (b8 I 9 Ny Tag[ﬁaqalﬁfaq %ﬁgsnstﬁ;gaﬁ%e% %%ki entry

inthe TFSis In reted according tot ow or f bit O
is clear T@@mbﬂtﬁg\% a0 hswpgsut dot for this entry is part of the const ant

back- ground pedchemby ilhee des 1ya1htbu9retdd3ﬁ&ef emms dnfl G bnbtrellancé fon Bee 1 = O,
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may be scgl .sN dots in each dinmension, which increases the nunber of
entries in the TFS. Alternatively, the output fromthe TFS generator can be

scal ed up by Ev&rmmply ifghe eriginad Ehp Wﬁf?gz]t e heiitdgieand the ssaling wvern smplsy? %i xel
replicatipgofor YR RHWighhl doRUBRFIFRIBAIE e increased to be 42 x 42. To generate the

new TES 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 |Iine 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 macrodots instead of
sinmpl e scPECIwgSGWth reference to FIG 7 and the sinple exanple of a 3 x 3
dot tag depicted therein, a physicallyglarge printed formof the tag may
be desired, where, for exanple, each of the original dots may be
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FIG7. There Is a . const ant ackgrou ‘ocat'ing the
tag, and thhprerdeipaningdeyngandetes: are used for data. This nmeans that we can

store 6 bits ofydailifvik a&eﬂ&tér@&mn?aﬁ%é%)‘ﬁ;ﬁék%ﬁ%ﬁ{)% | et us assume that the

6 bits are actual on representative original data, since
the 3 origi nal® B#g§dhiz/e been redundancy encoded by adding their inverse.
For exanple, if7ihg;priginal 3 bits of data were 111, the 6 bits would be
101010. If the original 3 bits of data were 101, the resulting 6 bits

woul d be 1001 10ErmHE:E Htlitohd Kerpheopwdoter pibghd § trisdaxnnte He 6tdatg biteds chosen to
take account ofy,tLhg.pagmpa—gancy 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. Knowi 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 atray to be output at this dot position. The
third 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 indicaie 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, G111

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



bits nust be inverses of each other. Consequently, a second |ine 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
11 I can not be achieved when the tag is produced, except in the
pre-determ ned constant area. The foll ow ng paranmeters summari ze the sinple
tag design: TagWdth = 3 TagHeight =3 Entry Wdth =4 (1 + 3, 1 for
the | ow orHer9-fit, and 3 to index into the 6 data bits) NunifagDat aBits =
6 Wth reference to FIG 7, the first |9ne of the TFS would be 0010, 0010,
0010 to represent 3 dots that are always on, regardl ess of the data being
st ored. Témastdit daje bigati and Tdfve phig hawwaloerbds Ok e in the TFS woul d be 0001 to

i ndi cate that r . .this tag
shoul d be out pﬁp%ét%%t }@;ﬁ% dg&f'mpédt ﬁgSS'%LEem-sEecondaam%?& a%%fg;ttoﬁg b}s%econd l'ine
woul d be P@ara ¢ bit lankié 'lbgDataaltr@ntIéﬁzﬁ§hﬁWtefreeIOT&@Dﬂmaummrfayn the tdgeenoedeput  at
this dot d entry of the second line in the TFS woul d be
0101 for Wﬁé%blp&fﬂ%gﬁwg}r#gg The first entry of the third line in the TFS
woul d be 1001 to indlwonstantt hat the contents of bit 4 of the TagData array
shoul d be out pyt atltc@hs? g)ot position. Line 2, entry 2 would be 1011 for
bit 5 and line 2, en , in the TFS woul d be 0111 to indicate that

what ever is stbred i Evobﬁtﬁnt) 3 of the TagData array for the tag should be

out put at this, dot pg@gg%&q @hus the entire TFS woul d be (arranged in
entry order): 0010 1 b 0 0001, 0011, 0101 1001, 1011, 0111 Note
that the codes® | 1010 émn datatit Br e never used since these woul d point to non
PEC 19-SG 9 ex] stang M@%.PE{ 6 and 7 (we only have data bits 0 - 5).

G ven the TFS just descri d is possible to produce a tag for any set
of 6 bits. i.e* gi i/éfrpnadf’@albt‘i) Iength TagData array. If the 6 bits were
101010, the oufput §fdyR denif 49 encoder in the 9 bit positions would be:

1 (constant)

. 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)

. 1 (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. EntryWidth =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
(00000000 to define an output dot constant of 0. The next entry would be xxxxxxxx1, where



1 (constant) 1 (constant) 1 (fromdata bit 0) O (fromdata bit 1) [
(fromdata bit 2) 1 (fromdata bit 4) O (fromdata bit 5) 0O (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 1) O (fromdata bit 2) 1 (from
data bit 4) O (fromdata bit 5) 1 (fromdata bit 3) Wth reference to
FIG | agaPBECi$® sanple QR code tag is 21 blocks by 21 blocks. If each

bl ock was conprised of a single dot, tlben the QR code tag is 21 dots x 21
dots. In addition, there are 249 data bl ocks in the data area,
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dot constant of 1, and entry WO i né an output dot
const ant G#istothe ik next entry woul d be xxxxxxxxl, where PEC19-SG 10 is the
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10000001. off G0094980( [ooe katry of 00000010, and one entry of 000000000 to represent the 8 constant

data output dots of 1, 0, 0, 0, 0, 0, 1, and 0 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 portrait/landscape flag;

e 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;

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

for the tags on a given line of tags;



comes frombit 62 of the 249 data bits, then xxxxxxxx wll 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

respecti VEBEgL9-Sthere woul d then be 5 entries of data references pointing to
the various bits of the 249 data bits ifior the 2nd row of the tag. The final
line of the Tag Format Structure would be 7 entries of 00000010, one entry
of 000000060, Adfted thitedefihS ehdtihcr @ npoiontedmglattly stmodeoths vdddbde Bits itk bat are
inthe final r f.t ag.. T a.ls an array of 249 bits containing
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| andscape and portrait or 1ons. Basic Uetures are “PeRter ed at
1600 dpi , engpdibeparanpiaainather giplenpatatosoded as arbitrarily shaped nacrodots

(with a mni } 1 tt%gf\;' 0 ;- fol Low ng as
i nput : A poﬁﬁryalﬁ %ﬁg%gélaegég atat?reggl,&oslgén%Ilazggégﬁ%?ﬁgés{%g%sp (?nusg) Ure of a
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whether to treat the bits as alre ving been gnco unber of
vari abl e i #ita bisopdhay towpiningz weword contains the variable data

bits for the 'ﬂﬁ%g}gﬁa ngﬁ iV 8Ridk4 Mo ﬂed bfiPSariable compenents. 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 cach 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-encbded 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 havi ng 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 enent BECBRS®f t he tag encoder (TE) allows tags to have a variable
structure as well as fixed and vari ablie data conponents, the TE does i npose
range restrictions on certain encoding paraneters. However, these
restricti Basedsndaney eicpdse on bassdthe tagfencdderf theeffastivedmndmich rehered inodicedby
addressi ngbits, chosen for the nost |ikely encoding scenarios. It is a
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subsequent,, Ry o geggﬂleg'a}ﬁ%l%ﬁlqggg tag data is generated fromthe original
data bits on the-fly to mnimze buffer space. The TagData array is divided

into fixed andTwaﬂueﬂoFterag@mem@mnsv fOF@prtaetmrpm ef tags, the {I&§ cahobeldo®l® bits
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form showgdirddiibl G 2-4. The page-ID will be constant across all the tags,
even though the remainder of the data wthin each tag may be different for
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Dependi ng_on the enbodi ment of the encoder, these parameters wll be either
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external an address 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.e., 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 data
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 having PEC 19-SG 12 the redundancy encoder on board the tag encoder the
effecti vePl@mwel&t h required is reduced by 2/3. In the description of the
TFS above, bit O defines whether the d@tput dot is stored imediately with
the entry (bit | contains the output bit value) or whether the higher bits
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array, then n=9. |f TagWdt h=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 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 require 472 bits (100 x 4
bits + 8 x 9 bits). The saving is about 50% which may be a val uable
factor, depending on the application. Another nodification is to change
frombi-level output to contone output. In the present invention, each

out put dot is usually either on or off. If bit O =0, then bit | contains

t he



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
t he nunbePECB¥S®its in each contone output dot). If the conplete TFS is
stored locally, e.g. on the chip, it ddn be accessed either row w se or
colum-wi se to provide for | andscape and portrait orientations. If the tag
format PEELABMSG 13 structure is not stored locally (e.g. in off-chip
menory), and is accessed one line-at-a-time, it is preferable to have two
copies of the structure - one for |andscape, and one for portrait printing.
For exanple, if @erissngiragkagdrmalats| fpiorgpresstimrgoformdddram g prdibdefrdolss on an
ASI C, whi 81 § aclldg® tdnpldtdlcdpr] S i ard the
ASI C, onIX tﬁ%ﬁ%urfgn€§1inéﬂg%gm%ﬁgﬁ%%% I'S Igﬁ%édﬁg¥8§9%%%%@&%P%%%R€he
access t odathlecatdat pesitionpdeteymined by pmencedipgsstiens.o be two TFS structures
stored in the external DRAM - one for portrait orientation, and one for

| andscape_orientation printing. Theoretically they could be arbitrarily

di fferent? | n picadats eckagroteplate of plain 4 rvererdife said wlata TRekage ttempate tthough 90
degrees. Fhepughout the specification the aimhas been to describe the
preferred enbodi nents of the present invention without limting the

i nvention to any one enbodi nent or specific collection of features.
Persons ski | | eghd s B&:kég?'t@nﬁé!% AlclaifTBYwhé?@h s%i8 M@ dofdt drOBFtical1P Wahidife
specific enbodinments that will nonetheless fall wthin the scope of the

i nvent i onclerpmgsyroadaple by ap apgical geapnerp generic data package tenpl ate for
representing data forned froma plurality of dots, said data package

tenpl ate conprising at least one arbitrarily shaped data area contai ni ng
data dot% | ocHtetftapadsass emplsts ofetleifnd mdwrayy saidh datn ot 47g tactilepiaments The
dat a packpgebleyRlatR sefn&l ai m 1 wherein sai d data package tenplate is two
di nensional. 3. The data package tenplate of claim1l wherein said data dots
are optically readabl e

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 doubie
indirection.
9. The data package template of claim 1 further comprising an arbitrarily shaped constant

background pattern formed from a plurality of dots and/or blanks.
10. The data package template of claim 9 wherein said arbitrarily shaped constant
background pattern includes at least a locator component readable to locate said at least one

data area.

11. The data package template of claim 10 wherein said locator component is circular.




el ements readabl e by an optical scanner. 4. The data package tenpl ate of
claim1l wherein said data dots are tactile elenents readable by a tactile
scanner. 5. The data package tenplate of claim 1l wherein said dots are

bi -Level. 6. The data package tenplate of claim1l wherein said dots are
continuous tone. 7. The data package tenplate of claim1 wherein said
encodi ng schene includes redundancy coding. 8. The data package tenpl ate
of cl ai m BE@teg@i n sai d encodi ng schene includes double indirection. 9.
The data package tenplate of claim1 figrther conprising an arbitrarily
shaped constant background pattern fornmed froma plurality of dots and/or
bl anks. 10. The data package tenplate of claim9 wherein said arbitrarily

shaped copst anty i NG | eas C onent

r eadabl e ?%' I ch? te?ﬁ%;‘gl Ei& ggqﬁngﬂ%% %(%Egkrp?aﬁg&ghr]g%d ‘%% Isa‘fﬁaegeggrﬁfggpacg‘gge

tenpl ate @tmeeﬂlmahmbsamenbmanlys@mdl mmrmrbad«grquodtemem cbidescanl enientaB&C 19- SG
15 12. Ths‘on%hétt GALROE i 'ﬁt’et lef?tfm@' %h%lx\ﬂﬁf %'d@tﬂ?u%hd data package
tenplate 1Is i mensi ona sai trari shaped const ant
background pattern i ncl udes an orlentatlon conponent readable to identify
the oriengqatio 3

tenpl ate g? cl g?iﬁﬁfi%#aﬁgkﬁkgﬁﬁgbgﬂgggﬁ%%ug% “%ﬁg lﬂ%?ﬁ%%ﬂmﬁﬂﬁﬁ each
dot is pagachdet is hut ¢ftbkbpckarpehdmatiere onthe datp h@amﬂ theglatadf thadok it het Qfathea if the
dot is pajl,pf,the data area. 14. The data package tenplate of claim9
wherein said background pattern and said data dots are optically readable
el ements readabl e by an optical scanner. 15. The data package tenpl ate of

claim 9 wher el S o RRACK LML PBLIED hrdth SR BhokiBbita HRhS oA Gid Bk 1! ©

el enents readable by a tactile scanner
dots are optically readable elements readable by an optical scanner.

15. The data package template of claim 9 wherein said background pattern and said data

dots are tactile elements readable by a tactile scanner.



