CODI NG PATTERN COVPRI SI NG TAGS WTH X AND Y COORDI NATE

DATA DI VI DED | NTO RESPECTI VE HALVES OF EACH TAG FI ELD
WOR00BAREBETI ON The present invention rel ates toP@EI/AU2008/000124

position-coding pattern on a surface. BACKGROUND The

Appl i cant has previously described a nethod of

enabling users to access inforfation froma conputer

systemvia a printed substrate e.g. paper. The
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1$Iuﬁ@hm&mm@&mdata el enent s contalned |n each tag, sald
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wherei n: said x-coordi nate data has two replications
within a respective tag, a first replication in a

western half of said tag and a second replication in

2@n seamARYoRVENTIoSai d tag; and
In a first aspect the present invention provides a substrate having a coding pattern
disposed on a surface thereof, said coding pattern comprising:

a plurality of contiguous tags, each tag comprising x-coordinate data and y-
coordinate data, wherein a y-axis is nominally defined as north-south and an x-axis is

25 nominally defined as east-west; and

a plurality of data elements contained in each tag, said x-coordinate data being
represented by a respective set of data elements and said y-coordinate data being
represented by a respective set of data elements,
wherein:

30 said x-coordinate data has two replications within a respective tag, a first
replication in a western half of said tag and a second replication in an eastern half of said
tag; and

said y-coordinate data has two replications within a respective tag, a first
replication in a northern half of said tag and a second replication in a southern half of said

35 tag,
and wherein fragments of said coordinate data are arranged such that any tag-sized



said y-coordi nate data has two replications within a

respective tag, a first replication in a northern half
W@R00ga»t31 ag and a second replication in a SOUREIEAL2008/000124

hal f of said tag, and wherein fragnments of said

coordi nate data are arranged such that any

tag- si zedportion of said coding pattern is guaranteed

to contain said x-coordinate data and said ycoordinate
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plurallty of target el enents deflnlng a target grld,
saldigt,(g,%mg%gcr%@gsemrl sing a plurality of cells,
wher ei n nei ghboring cells share target elenments and
erein each tag is defined by a plurality of
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ICg{TE[:]Ie?eﬁa\%l ?P?urallt &?al'lréet% lr‘lnae;% Fnlr%g aztarge&)r{dr %alc!vla %gzt grld
saicomplésirg aailteamfselésr ehereio meldhhosmg s slamatarget elaments and
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one of a plurality of possible positions within a
Qell, each position representing one of a plurality of
pos:q‘an@iaey @athatay Blsqese akPéonprisdd M codtigiold dqupercellsdwhéerbin M is an

dat s, represent b macr odot occupyi ng one of 2"
poé’ﬁ?gc?f%a 8&‘{9 ﬁgg\ﬁ%@n a cell, each position

representing one of 2" possible data val ues, wherein n

IS Rhorlail, %ﬁl@'&iata%ﬁﬂeﬂ@a&lré Yacr6Re) cell defines a symbol

roup, eac nbol group conprising a plurality of
eed- Sol onon synbols encoded by a plurality of said
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posiataivelngs.wi t hin said half. Optionally, said
x-coordi nate data is encoded as an x-coordi nate
codeword conprised of a respective set of Reed-Sol onon
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on& 1 Npp 8N i n codewords, each common codeword

bei ng conprised of a respective set of said

Re%ﬁépalll)p, 0L (,%MHJQT%IQa syml%l Slio[]p, each symbol group comprising a plurality of

25 Reed-Solomon symbols encoded by a plurality of said data elements.

Optionally, each symbol comprises two halves, each half comprising 2 bits of data
represented by a macrodot occupying one of 4 possible positions within said half.

30 Optionally, said x-coordinate data is encoded as an x-coordinate codeword comprised of a
respective set of Reed-Solomon symbols, and said y-coordinate data is encoded as a y-
coordinate codeword comprised of a respective set of Reed-Solomon symbols

Optionally, each tag comprises one or more common codewords, each common
35 codeword being comprised of a respective set of said Reed-Solomon symbols, wherein

said one or more common codewords are defined as codewords common to a plurality of



said one or nore common codewords are defined as

codewords common to a plurality ofcontiguous tags.
w@paosoyRBl y, each synbol group conprises a fr aREEAT208/000124

at | east one of said one or nore conmon codewords, and

conti guous synbol groups are arranged such that any

tag-sized portion of said codithg pattern is guaranteed

to contain said one or nore conmon codewor ds

I r cegigeqisitags. of whet her a whole tag is contained in

said portion. Optionally, said one or nore conmon

codewords encode region identity data uniquely
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el esdMordsSdsgedive efvihathenn wayetglis cosheaet firydaitDpoation.
orientation of said coding pattern with respect to
said surface. Optionally, each cell conprises one or

o Optienadin shid dheor _yerbeohmoresiodeds Bycode regipp édeniity datg @niquely
of iRAlitndtRiRlEERNRracsai d translation symbol s
dentifying a translation of said cell relative to a

1 ag containing said cell. Optionally, each cell
COPLibrey said PAs br Mdre 8srhMegesiavords amglehtiténtificsysaladdubstrate.
each orthogonal translation synbol identifying a
respective orthogonal translation of said cell
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urs rom sal nts OW pass
1% i resepct tyid 8Wasa y, said target el enents are target
dots and sai d data el enents are rracrodots Optional ly,

has. a di anet er st tw,ce that .
o Ot Sherl s B eI udisafion DRSS pheGRT Y & speciive
| n\setnif s@ithdge elemeats, saiditeinsietgbnehmbatmigemidyira actomtisiatipn of said cell
pap(ghgtggtodét% gg,ﬁgmg?ﬁgd sirface of a substrate, said

corrp i SI ng e steps of: (a) operatively
2(bosml oning an optical reader relative to said surface

an el rebdsrgceaeommlea pir &t oﬂﬁégohgxrﬂra%at@alsﬂnw leékﬁh orthogonal
ter sai n atte
b "agHPg OV R L COMRrr SR bl s o o
dait@ a@n@diningseiddelhat e data, wherein a y-axis is
nom nal |y defined as north-south and an x-axis is

nom nally defined as east-west; and a plurali té
28)aOptiealimsait ree pleriens @rg syffisigbty lgrag to keAliginguigable fiPmaei data

dateRments by a low-pass filter.
Optionally, said target elements are target dots and said data elements are macrodots.
30 Optionally, each target dot has a diameter of at least twice that of each macrodot.

In a second aspect the present invention provides a method of imaging a coding pattern
disposed on a surface of a substrate, said method comprising the steps of:
(a) operatively positioning an optical reader relative to said surface and capturing
35 animage of a portion of said coding pattern, said coding pattern comprising:

a plurality of contiguous tags, each tag comprising x-coordinate data and y-



bei ng represented by a respective set of data el enents
and said y-coordi nate data being represented by a

WO e@poesrye set of data el enents, wherein: saiBCT/AU2008/000124
x-coordi nate data has two replications within a
respective tag, a first replication in a western half
of said tag and a second repli€ation in an eastern
hal f of said tag; and said y-coordinate data has two
repl i catdomieatendtd) imlher%m%ﬁﬁ@&)t horeinhIggiefiedfas sith-south and an x-axis
repllcatl nor rnhlf of said tag and a
second r@gl 'na@t(’%ﬂned ase%‘Q‘t'WeS ﬁern hal f of said tag; (b)
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and (c) determning a position of said pen, wherein

%ai d poP&IITRPRSReY aa[ﬁ%leétfveéﬁtoé?atﬁéﬁg‘leménv@e(%@

di anet er andaides®ofdmate datsthat &g rdpl&ﬁﬁin@w&ihm Q@éSpeaab tag, a first
each tag i

conpri Segllcahonqp a ngteBy%ag]ppﬁach té%@ e? %engnc?replgxgﬁ’?n [ ﬁrﬁ Qeéstern half

t arget ¢frsed, ta%amdj target grid conprising a plural i ty

of S§I8Iy|06®rd%l%rdg arhagmogrgmeét'ioﬂg witih Ia@es%@nﬁl(/@tabaé' f#€treplication in a
el enrents and wherein each s defined

“b| up%ﬂqﬂt va'fdafs%ma@%agcoeém catigfhiasuih ey, ha@afc%@dtt% is
square @m@bmﬁ@énmw& Cedtdigindta Siuascerditd dta contained in
[ teger having a value of at |east 2 .

V\/ner.gl. Inn
Optf! %?999 po@'%'? ‘§"Yata el ements are macrodots.
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ositions wthin a cel positiron representing
néiagetess.-pl ural i ty of possible data val ues.
thlonaIIy, a n-bit portion of data is represented by

upyi.ng one of 2" possible positions
MA?ﬁEﬂ“’yggﬁ] g%é@ﬁgﬁosition representing one of 2"
p055|ble data val ues, wherein n is an

| defines a synbol group,
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2Reed- SoI onor? F&W%Pféar@ﬂ@@ﬂt@atsw YA @fgﬁrgrtdysw taeggt gyid
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hal Y1ere|n eaa}?gg |sa eflngdgbr{;pa pIuraI%gofzcontlguous cellsdat a

Optionally, each tag is square and comprises M* contiguous square cells, wherein M is an

25 integer having a value of at least 2.
Optionally, said data elements are macrodots.

Optionally, a portion of data is represented by a macrodot occupying one of a plurality of
30 possible positions within a cell, each position representing one of a plurality of possible

data values.

Optionally, a n-bit portion of data is represented by a macrodot occupying one of 2”
possible positions within a cell, each position representing one of 2" possible data values,

35 wherein nis an integer.



represented by a macrodot occupying one of 4 possible
positions within said half. Optionally, said

wo@snydshat e data i s encoded as an x-coor di naR&I/AU2008/000124
codeword conprised of a respective set of Reed- Sol onbn
synbol s, and said y-coordinate data is encoded as a
ycoor di nate codeword conprisedsof a respective set of
Reed- Sol onon synbols. In a further aspect there is
gr optictedy, 2agystl eﬁf]icnfegé sj/rPIﬁtgbn’cbgp ,&acloslinibgl Ppedpt @mprising a plurality of
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pattern conprises: a plurallty of contiguous tags,
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data, wherein a y-axis is nomnally defined
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east west; and a plurali ty of data el ements cont ai ned
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has two replications within a respective tag, a first
erllcatlon in a western half of said tag and a second

reml & fi@héreRpdcnthare |§@6Tn@é‘d’h $ilei fofimagingla tedng RiREMSADEsed on a
y-colgrdi Eat% a}ta has i two replications within a

reSB EEVRSR ?e’asa\‘dis?'%?mrcgﬂi) L%t ion in a northern hal f

of (A)eiatd subgiratenhereis seid wedingeprttemabmprisesn a sout hern

hal f of Sa' Cé ptltﬁ&irty &antb%use@% o@éc‘hq coFﬂ%ﬁQﬁJ x-cQordinate de%ta and y-
conpr|S|n an | mage sensor or CaE urrng an 1 na )
%9\8“0"1‘” an x-axis

% port.@@rddfat%%ﬁtaj BEiny-pée is apminal &ewqd@a@eﬂ%
ha\él :ng @nﬁﬂﬁﬂbl@rdéflnédia%\@aﬁfwe@i ahe®ast gne tag di aneter
an ess than,t ers,;,. an a roces
Conf i cored PRy orafa e Rl Rl sBoP B SRR cipgte ata
a_nd dec@mhmgpmsant&drtma_rraspectd/atsat cddata plegwots cinth sdidy-dedrdinate data
Wi thin og?r Qstnwdebg dr @tive@?ﬁ%f@étb)ele %Flt@r\m&?élﬁ‘g a

osi tion sail d tiona eac 'S square.
tionally, S§'§|Xd3°€r6tﬂ‘?'ﬁ’ k@dtaﬁé’lf%re@'ﬁﬁ‘ﬂﬂ”ﬁg"ég'”é resPastp tagya first

of t ar geplicalic e BiestdefHaloNghictad afid@bectihd @plicadntn bRELKESM half
grid of said tag; and
said y-coordinate data has two replications within a respective tag, a first replication in a
northern half of said tag and a second replication in a southern half of said tag; and
25 (B) an optical reader comprising:
an image sensor for capturing an image of a portion of said coding pattern, said
image sensor having a field-of-view of at least one tag diameter and less than two tag
diameters; and
a processor configured for performing the steps of:
30 (i) sampling and decoding x-coordinate data and y-coordinate data within
said captured image; and

(ii) determining a position of said pen.

Optionally, each tag is square.
35

Optionally, said coding pattern comprises:



conprising a plurality of cells, wherein neighboring
cells share target elenents and wherein each tag is
waledoset3by a plurality of contiguous cells. PCI/AU2008/000124
Optionally, each tag is square and conprises 2
conti guous square cells, wherein Mis an integer
having a value of at least 2 .6 Optionally, a portion
of data is represented by a macrodot occupyi ng one of
a plurality afurppssitdbe emhl‘sid@ﬂﬁng/ﬁ u‘al‘y'engrw, sAd fargeegrith
O b Rhg SRR shi0y B0 RbighoRhin b bhoke Blocb@BREAL Enc
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positions within a cell, each position representing
one of 2" possible data val ues, wherein n is an
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eagtiegdy Mg 0k pf stadwst2.si ng a plurality of
Reed- Sol onon synbol s encoded by a plurality of said
data el enents. Optionally, each synbol conprises two
halOpéanalle achrtiha bf datcoispaniresenigd By dimasroddt odaupging one of a plurality of
re Bmgso%m.omw.w@@eno&% qutromdré&n%eonefoféple@ﬁ@b%o%s.ue
05|t|ons wthin sad P Optional ly, sai
- d8@raivttate data is encoded as an x- coordlnate
codemord conprised of a respectlve set of Reed- Sol onon

S e S S R R
Re @dssidd masitinnsswithingd eellGetch positidnyepreseintihgrona de2” possitae data values,

OPMMEQEUMstRQbBQ pen having a nib. In a third aspect
t he present 1 nvention provides a substrate having a

1ondlng pattern di sposed on a surface thereof, said
C?dﬁpﬂ@aﬂﬁfeb@fdéll @6fmeE b S{Migbl g@dup|edErpdyintbyl gméudc@magirag a plurality of
e n efining a target gri tar gri
coRBPTST AGSA R Gaar o eliay o Stk ar AeBitghbor i ng
ceIIs share target elenments; a plurality of data
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tag eac ur al
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tag data encoded by a respective set of sald dat a
el nts, erei eac es at.least 9
o SRED ef sreing SRiaus hoaiFis b preoBling Pasyiyd Ggrsed ora
t areppectied setehReed-Tqidmarsginbyls, apd shid y-agordioatp date éserabded as a y-
| e%&srdiaée E@J&BFd c%%ﬂ?é&to‘fa respective set of Reed-Solomon symbols
25

Optionally, said reader is an optically imaging pen having a nib.

In a third aspect the present invention provides a substrate having a coding pattern
disposed on a surface thereof, said coding pattern comprising:
30 a plurality of target elements defining a target grid, said target grid
comprising a plurality of cells, wherein neighboring cells share target elements;
a plurality of data elements contained in each cell; and
a plurality of tags, each tag being defined by a plurality of contiguous cells,
each tag comprising respective local tag data encoded by a respective set of said data
35 elements,

wherein each tag comprises at least 9 target elements.



Optionally, each tag is square and conprises 2
contiguous square cells, wherein Mis an integer
whamsmgs2a2 val ue of at least 2 . Optionally, saPCI/AHRQYED00124
el enents are configured to facilitate conputation of a
perspective distortion of said target grid when a
portion of said coding pattern7is acquired by an
opti cal sensing device. Optionally, said target
eI enments are suffici ently I arge to be distinguishable
a t hagss filter.
;Hagna:l){ eg&tg? gorﬁgg i Ieﬂ\éte%etﬁ S ar eenf arget dots and
said data el enents are nmacrodots. Optionally, each
tarcﬁ)%naq)meaaﬁ%g @or%r@&eét%aspﬁ t@fg &ddnid Wi ce that of
each macrodot.” Optionally, said macrodots encode data
Yal ues by pul se position rmdul ation. Optionally, a
n- lgiptiorf20y, teb@ﬂa@fs sd@dréahcﬁcdn&;pﬁmﬁﬁbubys fubees @herein M is an
OCCltIéJ o ava% atlé)a ffl ble positions within a cell,
%osnfg r&?reseﬁ I'ng one of 2" possible data
vaI ues, wherein nis an integer. Optionally, each tag
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data, suc at any sl zed portion of sald
1Q:0(§]’ISF?§'°ﬂé’f it ﬁrqeggr@umeaﬁtp@g'an Pbsaéf’o‘"ﬂ“ﬁg Rates) 1§ argtrgy by apyortical
datsandingreesipect i ve of whet her a whole tag is contained
in said portion. Optionally, each tag is square and
conprises four replications of said |ocal tag data,
eaCIptiorefly, isgid targat eloeientg apposiificieotlydargata el distinguishe ple ébinseid data

qQURhRhts®l a z@* -Pask @@y, Ootionally, said local tag data

identifles ocati1on of a respective tag. Optionally,
12ach tag conprises common data encoded by a respective

selophdnatpistid GRga eRmen. Atctargsi RN sSididdtaGRMERR d@indcrbdots.
defined as data common to a plurality ofcontiguous

tags. Optionally, each cell conprises a fragnent of
sai(ptigwineachdatgal dohhab acdametgud atleast iwice thatef eacharegadot.
such that any tag-sized portion of said coding pattern
IS guaranteed to contain said cormon data irrespective
2(hf Crfietale saig MAREHe!s £agpde data yaltes hyayise ﬁosgtalindnq%tag ion.
Opti onal | y, sal d common data is region i dentlty dat a

uni_ guel if.in r on of s
cpinaty. g Bt S B Soufy s AP PreL oW

S ulps$srbaﬁ ;mSmQIH withired ¢ejl, eaeb pbsitoarépresenpri avie of P'rpoesiltlatiate malues,

dame,%mﬂgggmp%e@ respective set of said data

25

Optionally, each tag comprises a plurality of replications of said local tag data, such that
any tag-sized portion of said coding pattern is guaranteed to contain said local tag data
irrespective of whether a whole tag is contained in said portion.

30 Optionally, each tag is square and comprises four replications of said local tag data, each
replication being positioned within a respective quarter of said tag.

Optionally, said local tag data identifies a location of a respective tag.

35 Optionally, each tag comprises common data encoded by a respective set of said data

elements, wherein said common data is defined as data common to a plurality of



el ements, said orientation data identifying an
orientation of said coding pattern with respect to

W@ a00d/0%128% ace. Optionally, each cell conpri sesPCT/AU2008/000124
transl ati on data encoded by a respective set of said
data el enments, said translation data identifying a
translation of said cell relat8ve to a tag containing
said cell. Optionally, each cell defines a synbo
gr @ofligu@sctdyssynbol group conprising a plurality of
Reed- Sol onon synbol s encoded by a plurality of said
data elenents. In a fourth aspect the present
i n@ptieriabn epehosell dersprises afiganent ef sahcomgroa detadéndgoptiup e aells are

di spQsfd sOdh tﬁat%H§; fa@%%e& B@rﬁ(ﬁp(ff said @béﬂn&&qugs &?atretn?éee to contain
conpri sing Uralt of target el’enent s errnin
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of cells, wherein nelghbor|ng ceIIs share target _
pl ur al in

eagjﬁFona ){ salg mon Fe&%’gl | qlon |8(1=,nt| \ o%?eun|ogglﬁo enfafyl %a reglon of said

defsuresd. by a plurallty of contiguous cells, each tag
conprising respective | ocal tag data encoded by a
respective set of said data el ements, wherein said

10 Cptinaliynsaid commen eria Haiguelydentiies i SYBF@E- posi ti on
nmodul ation. Optionally, said data el enents are
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RSB s Sl e orses Bl pola ot 4 BotspeSREMsPE cata
posietmeotsssa drientatian dad itlentiyagtan poentatioo of sagpeodme peiteng with
On?es%ct"[’? Qud&:‘%b y of possible data val ues.

tional it portion of data is represented by
crodot occupylng one of 2" possible positions
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synb@ﬂnggem@c@bnpr|5|ng a plurality of Reed- Sol onon
synbol s encoded by a plurality of said data el enents.
Optionally, each synbol conprises two hal ves, each
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said half. Optionally, said local tag data i s encoded
as a local codeword conprised of a set of said
Reed- Sol onon synbol s.

25 In a fourth aspect the present invention provides a substrate having a coding pattern
disposed on a surface thereof, said coding pattern comprising:
a plurality of target elements defining a target grid, said target grid
comprising a plurality of cells, wherein neighboring cells share target elements;
a plurality of data elements contained in each cell; and
30 a plurality of tags, each tag being defined by a plurality of contiguous cells,
each tag comprising respective local tag data encoded by a respective set of said data
elements,

wherein said data elements encode data values by pulse position modulation.

35 Optionally, said data elements are macrodots.



Optionally, each tag conprises a plurality of
replications of said | ocal codeword, such that any
W 29809282l portion of said coding pattern is gREr/ANM®&/M00124
to contain said | ocal codeword irrespective of whether
a whole tag is contained in said portion. Optionally,
each tag is square and conprises four replications of
said | ocal codeword, each replication being positioned
Wi m'tmhaay agBaen bi de ig taprdsente®by 5aiadoﬂ<a@cc@ah¢ omadflayplurality of
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nnﬂewwehﬂnn codemords each common codemord bei ng
conprised of a set of said Reed-Sol onon synbol s,
wherein said one or nmore common codewords are defined
s HNE6 PATRIARB R 432 1§ repreReater pya HPC'@S‘HPF@{%'U% O’Eea‘ijg
Opthbssindd pasitioesawithinsy/ a8l 0dach heston CEpigNehtigcona of 2’3 8&té d&th values,
atdhme%r”ogngf sai d one or nore common codewords, and
contlguou§ ﬁﬁ%i groups are arranged such that any
tag si zed portlon of said coding pattern is guaranteed
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codewords encode region identity data uniquely

dept.ifying.a r on of said surface. oti.anal |y, id
onoHial PRy el S Betken St i B8Ry kT £ b o 3Ry
Subsresatted byDp maoreddtlogsupgiag hnecd 4| possitrip positoss within said half.
orientation synbol encoded by at |east one data

el ement, said orientation synmbol identif

15br iQotienally. §aid drcaldag %Pt%@@n?@eﬁa% 2 ©eal cafiguper @ﬂ?é'é?d qf @ set of said
saiRdes86bM6@syniBdlsi onal |y, each cell conprises one or
nore transl ation synbols encoded by a respective set
of said data el enents, said translation synbols
i dEmtiorfally, egcretag ccanmise& & ploratitf obraplgtaiimk bf sa@ latal valetvordasuch that
t a%n}‘;fagtsabdﬂ b(ﬂ‘gonscﬁ' gd ¢] pa@rtn'l @%Irel ed ?@&Jﬁt rﬁod IPcaI codeword

conpri palr o 0g onal ans atl on sy
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respective orthogonal translation of said cel

reIa cont aj ni n idcell. tigna

o CRlongly o8oran BRa SR R B &b oo ot dtelbipore.
c eleb&h repiteatiopi beinlylpbsticand ithie g ezspérdive aartar ofahidéagof at
least 2 . Optionally, said target elenents are

sufficiently large to be distinguishable from said
28 atOptionally, each local codeword identifies a location of a respective tag.

Optionally, each tag comprises one or more common codewords, each common

codeword being comprised of a set of said Reed-Solomon symbols, wherein said one or

more common codewords are defined as codewords common to a plurality of contiguous
30 tags.

Optionally, each symbol group comprises a fragment of at least one of said one or more
common codewords, and contiguous symbol groups are arranged such that any tag-sized
portion of said coding pattern is guaranteed to contain said one or more common

35 codewords irrespective of whether a whole tag is contained in said portion.



el ements by a lowpass filter. Optionally, said target
el ements are target dots and said data elenents are
wore@sooass, and wherein each target dot has a BCEABLM®B/000124
of at |east twice that of each macrodot. In a fifth
aspect the present invention provides a substrate
havi ng a codi ng pattern di sposed on a surface thereof,
said coding pattern conprising: a plurality of target
eI @pjﬂ@ﬁaﬂy deifi ioﬁ? ﬂgntlae t:@ﬁlg];a’i c@ilé?v&ds aﬁdode teglog ﬁiientjhﬁtl)'daia uniquely
Sin rality of cells erei n nei ghbori ng
b%%%grq¥ﬁrge'd%r%ﬁents a plurality of data
elenents contained in each cell; and a plurality of
t agptiorff Raili 88 HEhde cgrﬁ%br\"@&liem/rdgur%dér yBbdrti¥esQaid substrate.
conti guous cells, each tag conprising respective tag
ata encoded by a respective set of said data

el epasHaty, ewecre& ban@aémam@idntaﬂmwrdbs@c@dedlbgaasnea@ Bee data
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dat’a suc
comangct;hmaucbsunfaq:&s guar ant eed t o contain a plurality of
said orientation synbols, each orientation synbo
i denti f |ng an orientation of a out of said tag
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eaeght cﬂaeau@aétatelem@ntsmtm}ang@ﬂmrsmaas dedtairgy £tr8Btdn of said cell
posi tio possi bl e positions within

f
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possi bl e orlentatlons Optionally, each orientation
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sal our orientations. Optionally, eac
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orientatio tionally, said data el enents
re macrodots. Optionally, a portion of data is

I epesRNY, 86id Riga eRBR A AR subicieBMAE toxRalisihgdshBbIY Frahishi data
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of 033|?
reﬁ Y AL S plurality of possible data
val ues.

Optionally, said target elements are target dots and said data elements are macrodots,

25 and wherein each target dot has a diameter of at least twice that of each macrodot.

In a fifth aspect the present invention provides a substrate having a coding pattern
disposed on a surface thereof, said coding pattern comprising:
30 a plurality of target elements defining a target grid, said target grid
comprising a plurality of cells, wherein neighboring cells share target elements;
a plurality of data elements contained in each cell; and
a plurality of tags, each tag being defined by a plurality of contiguous cells,
each tag comprising respective tag data encoded by a respective set of said data
35 elements,

wherein each cell comprises at least one orientation symbol encoded by at least one data



Optionally, a n-bit portion of data is represented by

a macrodot occupying one of 2" possible positions
W@RaoBi9s232 cel |, each position representing onePGf/AB2008/000124

possi bl e data val ues, wherein n is an integer.

Optionally, each cell defines a synbol group, each

synbol group conprising a plurality of Reed- Sol onon

synbol s encoded by a plurality of said data el enents.

QJTeieﬁfeall chh tiedally tag-siesd @drticprof saidrbmiingl pdasrh ilsfgue&n@@d to contain a
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respective quarter said tag abtlona 'y, each | ocal
1%06%%6?%m¥@@%tlfles a location of a respective tag.
Cptlonally each tag conprises one or nore connon

omron, ¢g
oo Plel e RaR e SRR 8, Mt SR PR s e
no ogent@ionoedectheniomds distancel &f wherein ASs entiegerdsing e vafoe of at
toé%IPLurality of contiguous tags. Optionally, each
ol group conprises a fragnent of at |east one of
1%ald one or nore conmon codewords, and conti guous
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ortio 0 a e ni1s ua
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of whether a whole tag is contained in said portion.

Ooigasah séa.daaeaféo?at FtsUe MBLEuGROMMON codewor ds encode

region identit a uniquely 1dentifying a region of
2&aid surface. Cptlonally, said one or nore conmon

COde‘ﬂ&fady‘B alpattigniel détd .6 ed@)trésfahte@ by @hAcatRSEERYiRg one of a plurality of
P B pbio G i Eeal, S B 8 e en P §Ee ety pf possivi

saiddtadalues.el ements, said transl ation synbols
identifying a translation of said cell relative to a

tag containing said cel
25 ptionally, a n-bit portion of data is represented by a macrodot occupying one of 2”

possible positions within a cell, each position representing one of 2" possible data values,

wherein n is an integer.

Optionally, each cell defines a symbol group, each symbol group comprising a plurality of
30 Reed-Solomon symbols encoded by a plurality of said data elements.

Optionally, each orientation symbol identifies an orientation of a layout of said Reed-
Solomon symbols with respect to said target grid.

35 Optionally, said tag data is encoded as a local codeword comprised of a set of said Reed-

Solomon symbols.



Optionally, each cell conprises a pair of orthogona
transl ati on synbols, each orthogonal translation
W@ wBoYs28dent i fyi ng a respective orthogonal treCEFAERG08000124
of said cell relative to a tag containing said cell
In a sixth aspect the present invention provides a
substrate having a codi ng pattiern di sposed on a
surface thereof, said coding pattern conprising: a
plurality of target elements defining a target grid,
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contiguous cells are arranged such that any tag si zed
1(bortlon of said coding pattern is guaranteed to
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Optionally, said data el ements are macrodots.
tionally, a portion of data is represented by a
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synpol. .group.
syﬁ%ﬁ%&ﬁ%ﬂggggd) ﬂgﬂﬁﬁgﬁrality of said data el enents.
Optionally, each synbol conprises two hal ves, each

haldcpti&rpaﬂp, rs£1i§ ioﬂ@orzm(pria Eg‘mf%n %E@ords uniquely identifies said substrate.
25

at agy tag-sized

Optionally, each cell comprises one or more translation symbols encoded by a respective
set of said data elements, said translation symbols identifying a translation of said cell
relative to a tag containing said cell.

30 Optionally, each cell comprises a pair of orthogonal translation symbols, each orthogonal
translation symbol identifying a respective orthogonal translation of said cell relative to a
tag containing said cell.

In a sixth aspect the present invention provides a substrate having a coding pattern
35 disposed on a surface thereof, said coding pattern comprising:

a plurality of target elements defining a target grid, said target grid



represented by a macrodot occupying one of 4 possible

positions within said half. Optionally, said comobn
walaws/093rencoded as one or nobre commbn codewor BGT/AB218/000124

common codeword being conprised of a set of said

Reed- Sol onon synbols. Optionally, each synmbol group

conprises a fragnent of at |edast one of said one or

nor ecommon codewor ds, and conti guous synbol groups are
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orientation of said coding pattern with respect to
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of said data elenents, said translation synbols

n nsl ati on of a|d cell relative to a
gph%ﬁ¥%|%9ﬁ@a§%' %é?qmaﬁfﬂlonally, each cel
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Optionally, each cell defines a symbol group, each symbol group comprising a plurality of
Reed-Solomon symbols encoded by a plurality of said data elements.

30 Optionally, each symbol comprises two halves, each half comprising 2 bits of data
represented by a macrodot occupying one of 4 possible positions within said half.

Optionally, said common data is encoded as one or more common codewords, each
common codeword being comprised of a set of said Reed-Solomon symbols.

35
Optionally, each symbol group comprises a fragment of at least one of said one or more



and wherein each target dot has a dianmeter of at | east

twi ce that of each macrodot.In a seventh aspect the
W@e@8O9232 nventi on provi des substrate havi ng aPCDAU2Y8/000124

pattern di sposed on a surface thereof, said coding

pattern conprising: a plurality of target elenents

defining a target grid, said tidarget grid conprising a

plurality of cells, wherein neighboring cells share

t arcgremoebcmwmtds and c@rhtigﬂ@]sisw)‘lb@fgrdﬂﬁ:t arcakramedissch that any tag-sized
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said cell relative to a tag containing said cell.

Optionally, each cell conprises a pair of orthogonal
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conti guous square cells, wherein Mis an integer
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code being defined by a first codeword. Optionally, M

translation synbols in a colum of Mcells define a
12y Ortienafy spig |'Q9ﬁ' tRqensa Ha’\‘ﬂf'ﬁ@a leratiorghd eseacivicl@dM  sai d

code being defined by a second codeword. Cptlonally,

.t N d at | at
S o ety ERTT SN BiTerse BT ol ide v af Brs Rb At
, \steereel, saidoiientation $yntbegeentifyangian grientatmh wesaif coding lpetéest with
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at
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ransl ation synbols, thereby capturing said third

CO@Wady e&¥H de? B&hﬂ)rlées eRcdt nford irar@%ﬂ@féyﬁﬂé&ls @hcddS@S)t a R3Pective
orien
ol cidhes Sl RS ERGPagie0 ey Bho BRRPAR TS afap of sed ool
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tag containing said cell.

Optionally, each tag is square and comprises M? contiguous square cells, wherein M is an
30 integer having a value of at least 2.

Optionally, said target elements are sufficiently large to be distinguishable from said data
elements by a low-pass filter.

35 Optionally, said target elements are target dots and said data elements are macrodots,

and wherein each target dot has a diameter of at least twice that of each macrodot.



Optionally, a portion of data is represented by a

macr odot occupying one of a plurality of possible
wW@omsIes Wi thin a cell, each position represkCI/ANN08/000124

one of a plurality of possible data val ues.

Optionally, a n-bit portion of data is represented by

a macrodot occupyi ng one of 2"5possi bl e positions

within a cell, each position representing one of 2"

possible data val ues, wherein n is an integer.
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belsﬂ' C% rSPFYetﬂgéa%OPanga?a\d@S ective quarter of said

tag. Optionally, each local codeword identifies a

| 0%{ oy, Shicteeli BSRGRES ¥ Baif &rtnédIhaI3 IétlY)n sﬁﬁ&ﬁso(eé& orthogonal

npri ses one or nore comon codewor
15:0&[@0&5?“8” BYTLIderiig as@éPeGFveé’r@@QO”é'f”%ﬁ?t@”Rééﬁﬁd ey IrelaiyR to a
sy rostaintgekidicBl.sai d one or nore common codewords are
defi ned as codewords common to a plurality of
contiguous tags. Optionally, each synbol group
cogptiorsdhg eactf taguigrsguere efd @imprisesst’ @niguols smprE celiewberein M is an

rmr,ﬁeg%pgar‘%;{g CRABWPLGS,st #nd conti guous synbol groups

are arr such that any tag-sizedportion of said
2Qodlng pattern is guaranteed to contain said one or

mmtl&ﬁWtré?@ﬂWydﬁolb maa@wewm oéfs @finy\h Gﬂid"l@ﬁosﬂloh\fﬁéﬂe%aving
ta .S con said one

d [ Ly
Pt B siboR agn B enety a BRI | 1y dat o
un|quely identifying a region of said surface. BRI EF

enb%gﬁger gl\lraqula%%%@? nPJ &)fltﬁﬁrr(ﬁ% (?é]gdﬂﬁggézgchc p%sné)n cgde

ment s e‘itnvention w now cri
25,\@)hayjmg RMUThglistaRee M, said code being defined by a second codeword.

Optionally, each tag comprises N cells, and at least N translation symbols form a third

codeword with minimum distance N, wherein N is an integer having a value of at least 4.

30 Optionally, any tag-sized portion of said coding pattern is guaranteed to contain at least N
translation symbols, thereby capturing said third codeword.

Optionally, each cell comprises at least one orientation symbol encoded by at least one
data element, such that any tag-sized portion of said coding pattern is guaranteed to
35 contain a plurality of said orientation symbols, each orientation symbol identifying an

orientation of said coding pattern with respect to said surface.



exanple only, with reference to the acconmpanyi ng
drawi ngs, mwhich: Figure 1 is a schematic of a the
w0 200809285 hi p bet ween a sanpl e printed net pagePGRAU2108/000124
onl i ne page description; Figure 2 shows an enbodi nent
of basic netpage architecture with various
alternatives for the relay deviéce; Figure 3 shows the
structure of a tag; Figure 4 shows a group of nine
synbol s and four targets Figure 5 shows a | eft-handed
ure a right-handed synbol
r&tp Onaﬂ’f Sg'&%gta eie HOX, mgcrgégogsnt ered synbol unit cell;
F| gure 8 shovvs the spaC| ng of macrodot positions;

Fi @bﬁ@na?:y sheMen Bm%\té i@ Y sebd BY gpt‘él:r%dcyt"ot:(mpﬁn@or%)’dr%%llurahty of

? gure 10 shows an orientation code sy

a%i?tb'e Fmstﬁ'a?sew'ﬂ‘f FHRYWRACA PPilioR SpRIESEBINI A8 &F %Q'H'E‘IW of possible
| ayietatvalugd.gure 12 shows the | ayout of orientation and
transl ati on code synbols within a synbol group; Figure
13 shows a replicated | ocal codeword A with the first

c o@pti@tabwa itzpddidn ofdatauis eeptebentad e a owamedet ocoubeing prisofB;

C, p@ss‘ﬂﬂsdpcgltl%st \kl‘ithﬁpéj@éﬁoé'a@h Bosiion réééﬁﬁjr%%ne ot ﬂ%?sll;lédata values,

shows a data stream fragment codeword F;, Figure 1
1§ haReretres PRGE" of a conplete tag; Figure 17 shovvs a
| ocal codeword layout; Figure 18 is a flowhart of

i 0cCess . Figure 19 sho a nipb and el evation ..

of CPReBle REREtel Sapen dgiothot Sl R Siofhufd Rl s Slaity o

helRegedr$olamos eymiwts emcadediby alpluratityl of sad taa alementsi ng

surface; Figure 2 1 is a lateral cross section through

t he pen ure 22A is a bottomand nib end parti al
1?)elo§8%f@t'¥ wac ”tbﬁ'éoﬁ‘éﬁses tvvcgttﬁlvees 2eaph half Cé’"t%f't‘%%t"éﬁﬂﬂ dafap

endepedchtedby BafasREstocMPyMY bite dtgobdie Assitdhs within said half.

illumnation and field of view of the sensor w ndow

shown mdotted outline; Figure 23 is a | ongitudinal
cr @psormdy tshid tagafata if enqoded 44 glocat c@ibAoidscoappgadtof alset of said Reed-

O@giotnldqg%dsgr oss section of the nib and barrel

nol di ng;

20
Optionally, each tag comprises a plurality of replications of said local codeword, such that
any tag-sized portion of said coding pattern is guaranteed to contain said local codeword
irrespective of whether a whole tag is contained in said portion.

25 Optionally, each tag is square and comprises four replications of said local codeword,
each replication being positioned within a respective quarter of said tag.

Optionally, each local codeword identifies a location of a respective tag.

30 Optionally, each tag comprises one or more common codewords, each common
codeword being comprised of a set of said Reed-Solomon symbols, wherein said one or
more common codewords are defined as codewords common to a plurality of contiguous

tags.

35 Optionally, each symbol group comprises a fragment of at least one of said one or more

common codewords, and contiguous symbol groups are arranged such that any tag-sized



Figure 24B is a partial |ongitudinal cross section of
the IR LED s and the barrel nolding; Figure 25 is a
wo 200809282 of the pen optics adjacent a sket chP@F/AUR®S/000124
nk cartridge; Figure 26 is a side elevation of the
l ens; Figure 27 is a side elevation of the nib and the
field of view of the optical sénsor; and Figure 28 is
a bl ock diagram of the pen el ectronics. DETAILED
DE$GRMH¥M@Nc@EmPREEERR@DM&N&M@TwE%M%§MIMi$ﬂmB&f?ﬁhon
Y erre odi ment ,
t hegd%raf'v('redr%;tIr esﬁecuve e ﬁ]%t%e OI? ok (pol? WeE ! ?ahO:an% oL | page
net wor ked conputer system a detailed overview of

V"h'df)hoﬁcaw lsOWene !)Fm(Wb bbmM6n &RBY60% 8@ taRh ideAtity BMS LXiquely

'ementation will necessarily enbody all or even
%D§F”UW”Qﬁ§m§ﬁé%?$qﬁ”@@%a|Is and ext ensions di scussed
below in relation to the basic system However, the
systemis described mits nost conplete forn1to reduce
the need for external reference when attenpting to
understand the context mwhich the preferred
enbodi ments and aspects of the present invention
operate. In brief summary, the preferred formof the
net page system enpl oys a conputer interface mthe form
of a mapped surface, that is, a physical surface which
contains references to a map of the surface nmintained
m a conputer system The map references can be queried
by an appropriate sensing device. Dependi ng upon the
specific inplenentation, the map references may be
encoded visibly or invisibly, and defined msuch a way
that a local query on the mapped surface yields an
unanbi guous map reference both within the map and
anong different maps. The conputer system can contain
i nformati on about features on the mapped surface, and
such information can be retrieved based on map
references supplied by a sensing device used with the
mapped surface. The information thus retrieved can
take the formof actions which are initiated by the
conput er system on behalf of the operator mresponse
to the operator's interaction with the surface
features In its preferred form the netpage system
relies on the production of, and hunman interaction
wi th, netpages. These are pages of text, graphics and
i mages printed on ordinary paper, but which work |ike
interactive webpages. Information is encoded on each
page using nk which is substantially invisible to the
unai ded human eye. The ink, however, and thereby the
coded data, can be sensed by an optically imaging
sensing device and transmtted to the netpage system
The



sensing device may take the formof a clicker (for

clicking on a specific position on a surface), a
w@oiosve23havi ng a stylus (for pointing or gestRCT/AG208/000124

a surface using pointer strokes), or a pen having a

marking nib (for marking a surface with nk when

poi nting, gesturing or witing8on the surface).

Ref erences herein to "pen" or "netpage pen" are

provi ded by way of exanple only. It wll, of course,

be appreciated that the pen may take the form of any

of the sensing devices describedabove. |In one

enbodi ment, active buttons and hyperlinks on each page

can be clicked with the sensing device to request

information fromthe network or to signal preferences

30 a network server. In one enbodi nent, text witten

by hand on a netpage is automatically recognized and

converted to conputer text in the netpage system

al BRHFMBESGRIREIONLHBRAMINGS in. 1 n ot her enbodi nents,

signatu f}&@fe&e@%&f SRE B NESNRABVRKB waluﬁ&%tdks@ﬁleh Yoy way of non-
verifijied, all OMAng&%XCOHWEFCG transacti.ons to be

sedlii'ép V‘aﬁlﬂlf Y ¢ B R A BIBYY (FEHES, " PRLY on a
1hefFpage inayhdeticdiackedatnshipegtweeredsample pfiitdd @tp&eand its online page
se%&%hubased on keywords indicated by the user. As
i |IOstrated in Figure 1, a printed netpage 1 can
reﬁm@gémmmaanmﬂ@d@@mm@bwﬁ@ﬁm@mhﬂnmd@awmb@mmbhh@mmwﬂﬁbﬁwrd%'
thgmg§er bot h phyS|caIIy, on the printed page, and
‘el ectronically", via comunication between the pen
an§¥$ﬁésﬁﬁﬁﬁ§@€w§véféﬁg The exanpl e shows a "Request"
15bOIF@,1ﬁ@@E(ﬁls Algldgp (ﬂ'aﬁiEsy&Hbdls aﬂdm&sgfea‘sl el df] ang a submit
utton. The onsi sts of graphic data 2,
pr%ﬁ?@&sﬁgs S%Jgggiﬁgm@' fc‘C"ind a surface coding
paffteerd s@ws b petihmdassgadboMititrel;he graphi ¢ data. The
su I, nprises a collection of
%%ﬁ%% %ﬁg ngﬁﬁg%ﬁ%nmﬁcgghomn in the shaded region
fF%W@@@@miﬂwaW@mwﬁ@W@Pﬁﬁmﬁﬁ@mbe appr eci at ed t hat

20 ORlgh QY Qs 1R o&ofssiﬁuﬁmm@m%y&mg@@ﬂl ng pattern 3,
are _densely tiled over mhole net page 1. The

cof@@§6%ﬂHWﬁﬁ“ﬁ%ﬁﬁmﬂgﬁﬁﬁ? ti%9A"5, stored on the
newga@elnammomhﬂmde&méahaﬁlﬁha i ndi vi dual el enents of

%gluretlp %1% sthI ﬂ¥(91 rftoﬁlec yaflon an.d rans Sogl:cg Cetess btoﬁ v&iltEn%Ea) r§'§{rnz_'})0fjgroup,
( | F@uretléshowﬁ 3 @bltstat@ﬂoctaunmﬂmrd fhthlhTée Ext@npl se<)wn shagledl | ow

24 N el PARRs UShE EBdExQor&sQJ £es bk Wi BiRORIB dhbRHhadéd; @
t he net page. The submt buiton 6, for exanple, has a

zohguy 1 OUha%%MV%§ﬁ%%@§“Fﬁmﬂﬁ%Fspat|aI extent of the
com@ﬁﬁp@ﬂﬂwmgegﬁﬁgﬁm@mﬁdméﬁg|Ilustrated in Figure 2, a

net pa ensi n vi ce 400, such as the pen descrlbed
nggggﬁyaﬁw§?b%%?§gm¥ [2¥%8hj unction with a netpage

r elFayred@isiaclew@@rd of imdpe ptocdssngan | nt er net - connect ed _

(fje\f: ég]ﬁl% 15 erowpa%g? and%fe{la!tlgl?of(?l{e g)giplg dlb? ;.ldsc'é? The pen 400 is

ess and comuni cates securefy wth the
Flgure 20 shows the pen held by a user at a typical incline to a writing surface;

Figure 21 is a lateral cross section through the pen;

Figure 22A is a bottom and nib end partial perspective of the pen;

Figure 22B is a bottom and nib end partial perspective with the fields of illumination and field of
35  view of the sensor window shown in dotted outline;

Figure 23 is a longitudinal cross section of the pen;



net page relay device 601 via a short-range radio |ink

9. In an alternative enbodi nent, the netpage pen 400
wW@Ri0B0%e32 a Wi red connection, such as a USB orP@GI/AER008/000124

serial connection, to the relay device 601. The rel ay

devi ce 601 perfornms the basic function of relaying

interaction data to a page serer 10, which interprets

the interaction data. As shown in Figure 2, the rel ay

d e\Figale 26[0& alyRYal 1&1@1{udﬁmafas§ﬁ s€stioft ekl nibhad baakimddingg
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ersonal | zed newspa ers, maga2| nes, cat al 0gs,
Dr &gy r2é§ ageleloeia el Herp Prélal@eu fiskof viaw pf thsraphigabsansag aidi gh

qualgufeys 8% biott Gigaet dfvR pheleaaes. Unlike a personal
conmputer, the netpage printer is an appliance which
can be, for exanple, wall-nmounted adjacent to an area
Wh ®EFAILED DESCRIPTIONSOWPREFERRED AND IOTHEREMBORIMENTSI N a
user's kitchen, near a breakfast table, or near the
househol d's point of departure for the day. Ital so

1 ortds i nNetpbyeSystem dediitecture port abl e and m ni ature
ver si onsy, NetRAgeSRl:fheth ORI dcogﬁou;eﬁ! 8 LyoROWRS o nerpage

COﬂSUfTEtI on conbl ne t e ease -use O er wt
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ﬂhpmbmammﬁmeﬁmﬁacﬁademen&d@ha&eﬂmdmﬁakaymmSﬂmmmaguamﬂmﬁmmime
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fl exography, screen printing, relief printing and

r ot S GHERGLPENtained yigomDaer sEyey ff B PRI TeTREICRY SemBF JYFésd S &n appropriate
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i Ntusndetsis wiap h:fe&np:djotm vothinofie thdpend agpnp ditfftrent mapsn Tlge computer system
pr I ﬂ‘bgi%a{ﬁeﬁlfaﬂrgﬁonl abo feQLEuJQse 5 Hirelrﬁla% eq s%nl‘fg%t z{n@tsgchsﬂﬁ)\t}llqaﬂ& can be

roduct 1tem conmuni cat es
s h étmfw?ddwé op ﬁlen tgferenqsksupplicd piea fepngrdaiqeivend Wil thefwapired pfjce. The

281 e Vi atRd Thus £HRvIRhPMk AR SEIT ok ON I @SROREA Ry the computer system

i nte ion data to the rel evant net e server

10 °F E"thal} ?ft@r"ﬁ?f%?ré? fegqnse Aty Werigr 1@&%&9&8“%%??#?‘1‘? deatures.
senS|ng devgﬁ@&ﬁ@ﬂﬁﬂﬁymbemm@bayﬁﬁl&hﬁe@iﬂw;mﬂu&M@opa@@hmmm
ser |nter ction dat rna veI

n eractl?n Wlﬁlsl’(lf apta%es l%ese ale P e%? éxt oraﬁ %s %hl%tgcp on ordinary paper,

i nterac coaed
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30/i @ulﬁtaﬁ-fﬁl%r i'nﬁsily}@lla t}QruQM@eg 'flurﬁag J:§e Tl’-lléhlﬁ{, Hmvéi’fagmgrgby%:l&ded data, can

be sensed by an optically imaging sensing device and transmitted to the netpage system. The
sensing device may take the form of a clicker (for clicking on a specific position on a surface), a
pointer having a stylus (for pointing or gesturing on a surface using pointer strokes), or a pen
having a marking nib (for marking a surface with ink when pointing, gesturing or writing on the
35 surface). References herein to “pen” or “netpage pen” are provided by way of example only. It will,

of course, be appreciated that the pen may take the form of any of the sensing devices described



may then receive a URI fromthe page server 10 and

access a webpage via a webserver 201. In sone
werosmesnances, the page server 10 may access PCT/AU2008/000124

application conmputer software running on a netpage

application server 13. The netpage relay device 601

can be configured to support &y nunber of sensing

devi ces, and a sensing device can work with any nunber

of angt.page relays. In the preferred inplementation,

Iezgg t |nfer g?(%g ﬁ‘.rﬁk%) Enlgﬁt?%cgl\gevbl ‘g%nﬁ al}fquer nkg%g%ﬁ}?%aig%can be clicked with the
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a sim.|lar i stration
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description 5 of the e onl I ne page description
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content of. t a udi ng text .
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a net page pen on It ace e Simu eous
capirvrr &y Whﬁ]@lmﬁ’fpéﬁtﬁéh@slé‘ém%}yn @%Ah@pm@é: iggip St téfmelay dddice 601 may, for

30 example, take the form of a personal computer 601a, a netpage printer 601b or some other relay
601c (e.g. personal computer or mobile phone incorporating a web browser).

The netpage printer 601b is able to deliver, periodically or on demand, personalized
newspapers, magazines, catalogs, brochures and other publications, all printed at high quality as
teractive netpages. Unlike a personal computer, the netpage printer is an appliance which can be,

35 for example, wall-mounted adjacent to an area where the morning news is first consumed, such as

in a user’s kitchen, near a breakfast table, or near the household’s point of departure for the day. It



Mul ti pl e netpages (for exanple, those printed by
anal og printing presses) can share the sane page
wa@le®snyy2s: on. However, to allow input through BPECTAD2G08/600124

i dentical pages to be distinguished, each net page may

be assigned a uni que page identifier. This page ID has

sufficient precision to distirgui sh between a very

| ar ge nunmber of netpages. Each reference to the page
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30 formatted according to individual user profiles.

A netpage pen may be registered with a netpage registration server 11 and linked to one
or more payment card accounts. This allows e-commerce payments to be securely authorized using
the netpage pen. The netpage registration server compares the signature captured by the netpage
pen with a previously registered signature, allowing it to authenticate the user’s identity to an e-

35 commerce server. Other biometrics can also be used to verify identity. One version of the netpage

pen includes fingerprint scanning, verified in a similar way by the netpage registration server.



whi ch case the region ID can directly identify the
interactive elenent. As described in the Applicant's
w@e@siogi2s2 appl i cations (e.g. US 6,832,717), theCT/ay2wms/000124

identity nmay be encoded discretely in each tag 4. As
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30 The netpage page server 10 maintains a unique page instance for each unique printed
netpage, allowing it to maintain a distinct set of user-supplied values for input fields in the page

description 5 for each printed netpage 1.

2 NETPAGE TAGS
35 21 Tag Data Content

Each tag 4 identifies an absolute location of that tag within a region of a substrate.



inferred. The second kind of elenent is a data el enent
in the formof a macrodot 302 (see Figure 7). Each
wore@so9f2s2 302 encodes a data val ue. As descri bRGI/AN2M0B/@00124
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the presence or absence of a macrodot was be used to
represent a binary bit. HoweveB, the tag structure of
the present invention encodes a data val ue using pul se
posi ti one4w@ duérﬁhd)romlm avxlreiqﬁgb shsuld@sciréviaRd réglonMnety d@b@érlwith the
n ta%%Ct I gglél a. preferrﬁ% ﬁmboglm ntgthg l‘egltgl? oln\T/ 3(<N a t%gr ree ggsecélgcgctles gvitl? Qn entire
ac q&aer @d thgyregam 10p¢ theraforei sprgymys syl the ppgedR@f tha page on which the tag
ﬂﬂeﬁy lh‘?&h&’ ¥m§da1n%gtts 't gl&hyt§ Wﬁﬂh Wta& l?efgs Qant &V@@@Q) subregion of a
response in the near-inffared pattern 3
Ry prasar Pfepiie-efgr ortmelet éansqsrmﬁlé?: @Hluélr: Agneer ia Pmt‘é%%?r%ement in
neahich B¢ @ &Qoﬂ Man Gt i@ny HRMMBactiNIeskAUCt U e of a
conplete tag 4 with target el ements 301 shown,

215 squar Sehal ot APHETS) REwSh RLFeE BF Q% 878, 3 region
Thogiy AbYE! cnbldeMBREE13 ]eath&‘g&I ad vall bd NeLriBAIgS SoRMHW1ail below, the

corners.,of the ta twel ve total) are shared b
o TARE b S bbbt B ¥ st o PP iR RS ey gt evry
1T omtterastn with the fubera®ppll ideatiits Ge peiev idousy, ey itkeshgnsg is not in the

th%ﬁllla0 n&%%mg% Jarget elenments 301 advantageously
facilitates accur %e determ nati on of a perspective

di storti Birhee 4tshg@1dtpaqjerabl}\,qﬁ@ﬁfy|a@ orlegtailqm)é@g tagyelqtlﬁ@to the substrate on

se %lcﬁ] the gc@\@ Iﬁ:ﬁteé- Olientdddh Satd ﬂgﬂirfgb\’l?astag B8l QRGN (y%()v)lﬁfarge pen 101
sensing and, ultipately, position determ nation

t adfHVEB IS drEGp beade%ﬂ%ﬁde array of nine synbol groups
1 5303 Sy maadg 4019 URG end3bkB oad @ mﬂ)&magg:\aﬁ@delby tottﬁ'é&egi(ﬁhrag givhole or to an
rgsfhdtuaz t?q%rgz otr:)mt h?la b%g%{kf? r gﬁarmp{ S1 net% slee Ss’mcgevice Jto proclelde feedback
Ad Jlraiccetnf@ o8y frbaion gs@ps “Sl@fﬁleam@ect;am}maglﬁ tusagawthogithy ensing device
t aﬁl%{gsto ré&rncﬁ @ c{e%ﬁptl:oﬁ o9 % r%l(ﬁ‘lng%%ag%%n ﬂlraf ﬁ?lJ éxample illuminate an
i dent ical 0 not denmarcate one tag Its
adj stwrireat B vhopigheenpifrdryriak. ¢ he | evel of target
2@l ement sa t&gnll ¥y SYOERbde @ 621 Sigra@d, or Wi Glanidiefdon @ag@ @ﬂcb&ng (partial)
of a tar %rld can ﬁe di stingui shed - th N
t hEfREP SPFE P ERPAG LTS REBE 8 L IEER y8r1?F uctl F\é“t enticity.
t aSgatap@icaiveniisdescHBiide for bagsleAUSRibticatien M. 2@MOTDINISt the contents of
32; cﬁ{sgxgr%ﬂggf% r?or%g'd lf‘}%gt%rence J&n?gigga?scl%r%tu{l ay gg%é(gdt%c?%%uchq?a way that
an 1@@1‘5@@@@@ efetrpevory Jll‘é@?fct%@é@ igeelsiran Aﬁefaat1891¥ the gl signature may
29 ¢ %Qé‘n%&@&j infsh@ %@Vthhtmgﬁ st Qb L 2 rXﬁd@%ﬁ/ opﬁ%lrtlaﬁsrc;gﬁff e BidBrate.
t he S|ze of t he tag)F | us one macrodot unit).
&

Th
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or quarter; any data unique to a columm or row of tags
nmust appear twice within the tag - i.e. once in each
hori2zont Gendrall Tag@trueamei cal hal f of the tag

3d espe cti X¢ dééalb@(p googen% V(\leglt%:ie](l,qlﬁl? tgﬂ?g?{gau% q , ffe ‘ﬁgﬁagé) gurt&c%%%ding generally

needs to appear once
consists of a dense planar tiling of tags. In the present invention, each tag 4 is represented by a

coding pattern which contains two kinds of elements. Referring to Figures 3 and 4, the first kind of
element 18 a target element. Target elements in the form of target dots 301 allow a tag 4 to be
located in an image of a coded surface, and allow the perspective distortion of the tag to be
35  inferred. The second kind of element is a data element in the form of a macrodot 302 (see Figure

7). Each macrodot 302 encodes a data value. As described in the Applicant’s earlier disclosures



2.3 Synbol G oups As shown in Figure 4, each of the

ni ne synbol groups 303 conprises twelve data synbols
w@ug/ogndh data synbol being part of a codeworBCT/AN2008/000124

addi ti on, each synbol group 303 conprises an

orientation code ('OR ) and one synbol from each of

two orthogonal translation codds ('HT' and 'VT'). The

orientation code allows the orientation of the tag in
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representation-of a ttern.
outiptingebygur grgeyqidmeshts. 3“@119@@553 ghwreups 03 *Ff ® ?Onégva‘mﬁp@mafe targets.
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ci PEREY rtangllehve%lpLﬁ H§|leva|°5ﬁ%ftékm8$ts (’111)’ @P@Ol gﬁ&%@@é pvhich define
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(plus one macrodot umt) Th1s implies that any data unique to the tag 4 must appear four times

25  within the tag — i.e. once in each quadrant or quarter; any data unique to a column or row of tags
must appear twice within the tag — i.e. once in each horizontal half or vertical half of the tag

respectively; and any data common to a set of tags needs to appear once within the tag.

23 Symbol Groups
30 As shown in Figure 4, each of the nine symbol groups 303 comprises twelve data symbols
304, each data symbol being part of a codeword. In addition, each symbol group 303 comprises an
orientation code (‘OR”) and one symbol from each of two orthogonal translation codes (‘"HT’ and
‘VT’). The orientation code allows the orientation of the tag in the field of view to be determined.
The two orthogonal translation codes allow the translation of tag(s) relative to the symbol groups
35 303 in the field of view to be determined. In other words, the translation codes enable alignment of

the ‘invisible’ tags with the target grid.



Each tag 4 has a width of 40s and a | ength of 40s. The
macr odot spaci ng, and therefore the overall scal e of

W@ b@sveg3pattern, is allowed to vary by 11% aceCr/dings/000124
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m rf]rloglflhrpnominal scale is recorded i each tag (in a tag size ID field) to allow accurate generation
of position samples.
These tolerances are independent of one another. They may be refined with reference to
particular printer characteristics.
30
25 Encoded Codes and Codewords
In the following section, each symbol in Figures 11 to 16 is shown with a unique label. The
label consists of an alphabetic prefix which identifies which codeword the symbol is part of, and a
numeric suffix which indicates the index of the symbol within the codeword. For simplicity only
35 data symbols 304 are shown, not orientation and translation code symbols.

Although some symbol labels are shown rotated to indicate the symmetry of the layout of
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2@roup 303. This guarantees that at |east four distinct

copies of the flag synbol can be recovered froma
quédZant TEnsiahen 8¢e * Four synbols forma code with a

m ni nrumza@h ﬁzln@lﬁ]tﬁﬁ c&fe sﬁmboadoht@m 1 b oF 1AM iR i€ESAEd dsBg Bse position
corr |bIe W thin

Gted. LE anditional synbol.s are visi
PGP TR FBE T SRR ALY B Be U8 B8 For addi 11 ona
r edundancshowiRin Bigdre ol tchhskaivecodatyanbdhe odt agpegomi@ianiso arfentations
23( %9[915 q d}@;%%legr&g (go 1¥1‘(’ﬁ£age tﬁerhgrl%n%fa%&) Qerﬁ%hlr%Q{ls?atlg oq ?h\éqgg% 1;5'@1@ ﬁT and
VT symbols respectively).

Each row of symbol groups and each column of symbol groups encodes a three-symbol 4-
ary cyclic position code (The Applicant’s cyclic position codes are described in US 7,082,562, the
contents of which is herein incorporated by reference). The code is defined by the codeword

30  {0,1,2}. A symbol value of 3 can be treated as an erasure. It has a minimum distance of 3, allowing
a single symbol error to be corrected. The codes of an entire tag form a code with a minimum
distance of 9, allowing 4 symbol errors to be corrected. If additional symbols are visible within the
field of view then they can be used for additional redundancy and even more robust decoding,.

The top left corner of an un-rotated tag is identified by a symbol group which encodes the

35 first symbol in two orthogonal cyclic position codewords.



the x and y coordinates of the tag respectively. The
codewords are of a punctured 24-ary (8,4) Reed-Sol onon

W@ owe/095eBe tag therefore encodes up to 16 bit SP@GF/AU2008/000124
i nfopnation for each coordinate. Each x coordinate
codeword is replicated twce within the tag - in each
hori zontal half ("north" and "Xouth"), and is constant
within the colum of tags containing the tag.
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1Gin theDthgyhias he lérﬁbfo@édltmﬁbpdmtan@n conmmon t o a set of
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of a 24-ary (15,1 1) Reed- Sol onbn code. The tag
t herdek or EoRidingiRRatan to 132 bits of information common

to a set TRftalL@RthihGHAUSoHRAGS coddiiRd £:@AYRBorGRACWANERI L@&ao encode
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conpl et e pst, of eword, . .
i rres pec t% 32 go?c? 1%]}] codei%v%gdns 1%&1%94‘ tw?%q\/?t:ﬁﬁ néhg eta | - tnheaézlhhé)nzo.ntal half
t ag nprdt wed Wouth'h end 15@@1&%@1%41 the sadiniodd tngbeenie b dhe (o tag. lrkeyvise, each

CO@/%O&&HQ@ c&fe@&ﬂ@@;eﬁhcfat%@ mléi,l \fvﬁlﬁ’r{ ﬁl@ttagt ags- ea%?ertlc@ly@!—ft(“east and
t he conmon codewords is shown in Figure 13.

of
cod¥sior dal ineRpea. HARE B Eovy %%monmw@e d¢ 5% B %‘%‘F@é@at an image of
20’ eh}&ttdg\p&tteﬁ*lola@a&bughtt@ Eintazd. aZoBpl&E G thuzlfﬁij(ee&togzﬂlailﬂﬁ eompl@ instance
%%%ﬁh %08I%mat§ é?c%\gg?rtd al %?ecg V600§§16 # a%nmel}{[ r?g gr}la%? chfh %n %Eg lfl)gttern The
r e griseme offdiger spaghiatelp@wodnsy sdnsistef frégmkittemm @ﬁeratt tpgs.

synbol s. T}Tehlgyohtaxg tﬁerhg&%fd%@ OR l)rﬁ @sa hl)%é GNEQHEs 4R hbuPO the y-

bits of secret I gnature signature I's
reyﬁ?qf(@élﬁfeéﬁdet’vﬁ]idéiﬁ@%ml lém?éi?gged reg| on. This guarantees
28 hat an image of the tag pattern |arge enough to
cont a| n a conpl ete tag is guaranteed to contain a
cofprt eCPREVERAR of the si gnature, irrespective of
the al i graRAtconiindtihe: dotmgels B ¢ lihdtlj’l\ﬁmth&gcoﬂﬁhfoﬁ]ﬁaﬁon cbheéon to a set

If Pg%naogt(i\'grle,l?u% taég 1?1% susr%age r%(gul)'lnr Eacﬂa(}éewor is 0? a 24—ary ({§ ﬁgﬂe%g-tsglomon code.

The tag therefore encodes up to 132 bits of information common to a set of contiguous tags.

30 The common codewords are replicated throughout a tagged region. This guarantees that an
image of the tag pattern large enough to contain a complete tag is guaranteed to contain a complete
instance of each common codeword, irrespective of the alignment of the image with the tag pattern.
The instance of each common codeword may consist of fragments from different tags.

The layout of the common codewords is shown in Figure 13. The codewords have the same

35 layout, rotated 90 degrees relative to each other.



The signature has the sane (rotated) |ayout as the
three common codewords described m Section 2.5.5. The

wO 20080095285 t he secret-key signhature i s shown nPEI/guzm®8/000124
14. The signature is not redundantly coded. The server
that verifies the signature has access to the ful
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1) sikemde 50l comBof ¢oghents Tive diflagnttidper ef ore optional |y

encodes bits f t he e ta enbeddi ng, i,s
di scusseélﬁefsﬁl%t e as the§ec 1 rotta%edgpg gstkﬁ 6680016181% (fo et‘wo descnbed in
10Fi Gentien 2.85.shows the | ayout of the data of a con‘pl ete

tag, W th, 8860 FHIRELLIQL QLRLAATRELShRGulWe! ve data
synbols. The orientation and translation codes are not

shown m Fregignaug & nooregniaiicodysh Srofr Elkb e e ggnqure has access
Re Qdﬂl&ﬁllﬂ@mﬂul @aﬂ&sn Wbrbfod @borh srr@rm@ééacdl A&l EF@ctde cost of one symbol

-S d d
e Bl SR i et Tt W S s S D RS T 2y @ Reco-
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t
| pEROSERLR DAl ANGE hIEE! LOT FOLERS sqg%atgf)@r@geh Y0k oo

a capacit t he are
syﬁwtﬁlgﬂﬁ%i@ct ively. The code has the fol | ow ng

prim tiveinakiynarale dRExded Frtfer wcﬁbn Ike code has the
foll ow ng generator polynomnal: n-k g(x) =l \ (x +a")
20 2.5.7 Embedded Data Fragment
The tag optionally contains a codeword which encodes a fragment of a larger data object
embedded in the surface coding. The codeword is of a 2*-ary (15,11) Reed-Solomon code. The tag
therefore optionally encodes 44 bits of the data object.
Data embedding is discussed further in Section 2.8.3.
25
2538 Complete Tag
Figure 16 shows the layout of the data of a complete tag, with each symbol group

comprising twelve data symbols. The orientation and translation codes are not shown in Figure 16.

30 26 Reed-Solomon Encoding
2.61 Reed-Solomon Codes
All data is encoded using a Reed-Solomon code defined over GF(16). The code has a
natural length » of 15. It is punctured as appropriate to obtain a chosen length. The dimension k of
the code is chosen to balance the error correcting capacity and data capacity of the code, which are
35  (n-k)/2 and k symbols respectively.

The code has the following primitive polynominal:



1=1 For a detailed description of Reed-Sol onon codes,

refer to Wcker, S.B. and V.K Bhargava, eds.,
wReedBaBonon Codes and Their Applications, | BEE/RU2®8/000124

1994. 2.6.2 Codeword Organi zation As shown in Figure

17, redundancy coordi nates r and data coordi nates d

,of the code are indexed from2eft to right according

to the power of their correspondi ng pol ynom al terns.

The synbols X of a conplete codeword are indexed from

right to left to matgh the bit order of the data. The

bit order within?&ach dynbol is the same as the

overall bit order. 2.6.3 Code Instances Table 1

d ef In esTﬁeQ@(ﬁﬁ&%tm‘io%l& gglterato_tl] Solgiofnfnglr € nt c Od €s us ed In

the tag. Table 1. Codeword Instances 2.7 Tag

ordi nate Space The tag coordi nate space has two

ort hogonal axes | abeld ed x and y respectively. Wen

the positive x ayis ppihty to the right then the

positive y axis points down. The surface codi ng does

not specify the location of the tag coordi nate space

origin on aparticular tagged surface, nor the
1Qri ent afar g Actaied dep@irtongt RessaPme @i galede Widker $Bspe¥ -

t 0 Bhltguvs Wi, R6®-SolDRbSCdBS @b MRk DWichBons, IEEE Press, 1994.

application-specific. For exanple, if the tagged

surface is a sheet of paper, then the application

whi2@R pr Codevdri ©rgangmatiomt 0 t he paper may record the

actual of r ' ng. t C u

o nor ma't Loy Rt ah Al oo B0t ARF B B RRe BT code o
1% orfjdense fioorefinfotright deeordngr b Areerowhd tisg sordsemdiagpdhential fgrms. The

a Lafbolsk, safcbnfde Lol &rSin@ked RASrighBY 1FHAOMART thO8t ordeP& the data.

tag position is taken to be the position of the top

| eftfe Ritgrdsapithineaghty bel dighe sompasthe vqrylk ot i on Cont ent

2.8.1 Field Definitions Table 2 defines the

i nf tion figlds enbedded in the surface coding.

Tal&l%gg. bﬁiee{"ateaﬂg?ﬁ nitions a the dianeter of the area,
2k ent er edTaie Itdadnet tgparingtenseifiihn dilffbrynt 20des tsbdie ghe tage

di agonal size of the tag, this is to accomopdate the

wor st - case di stance between the nib position and the

i mdglel1.tCedeviordiinbtgngesa maxi num coor di nate val ue of 225m

f Or faw@ NOM NRlcriptdd S| ZGengih (np |4 AFRERRidnD AS&Rr-EredtiRgT [ NtRla capacity

macr odot (k) capacity (bits)
(symbols)
XY coordinate codewords 8 4 2 16

(see Section 2.5.4)

B,C, D common codewords 15 11 2 44
(see Section 2.5.5)

E data fragment 15 11 2 44
codeword (see Section
25.7)

25 27 Tag Coordinate Space
The tag coordinate space has two orthogonal axes labelled x and y respectively. When the
positive x axis points to the right then the positive y axis points down.

The surface coding does not specify the location of the tag coordinate space origin on a



size and 36 nmacrodots per tag) ¢ 95 mcrons (based on
1600dpi and 6 dots per macrodot) d CCITT CRC- 16 [ see

woO Jigg/ovnser f ace bet ween Data Term nal Equi pmeneCT/BUENS/000124
and Data Circuit-term nating Equi pnent (DCE) for
term nals operating in the packet node and connected
to public data networks by dediocated circuit, ITUT X
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paW?“ctﬁg%\tPe 1?‘%5181’1130 q? 6‘?8*?{?“ mteﬁv”é’ﬂagt he field is not
coded in the tag pattern, i.e. there are no macrodots
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effror. As shown in Table E)0 tr%%r(égentl%hcgﬁdﬁ &%va@es‘%@tréerved
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15 the diameter of the area, centered on the tag, is nominally 2.5 times the diagonal size of the tag; this is to
accommodate the worst-case distance between the nib position and the imaged tag
b. allows a maximum coordinate value of 225m for the nominal tag size of 3.429mm (based on nominal macrodot
size and 36 macrodots per tag)
C. 95 microns (based on 1600dpi and 6 dots per macrodot)

20 a CCITT CRC-16 [see ITU, Interface between Data Terminal Equipment (DTE) and Data Circuit-terminating
Equipment (DCE) for terminals operating in the packet mode and connected to public data networks by dedicated circuit,
ITU-T X.25 (10/96)], computed in bit order on raw codeword data (see Table 4).



The bl ock paraneters are as defined in Table 5. The E
codeword of each tag may encode a fragnent of the
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15 Table 3. Mapping of fields to codewords

codeword codeword bits field width field bits

X all x coordinate 16 all
Y all y coordinate 16 all
F all active area flag 1 all

B 27:0 region ID 28 27:0
43:28 CRC? 16 all
C 3:0 encoding format 4 all
154 region flags 12 all
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The data capacity of the block,

in bits

If the E codeword of a particular tag does not contain a fragment of the embedded data,

then the pen 101 can discover this implicitly by the failure of the codeword to decode, or explicitly

from the tag’s active area flag.

Data of arbitrary size may be encoded into a superblock consisting of a contiguous set of

blocks arranged in a rectangle. The size of the superblock may be encoded in each block. A block

belongs to a superblock whose integer coordinate is the block’s coordinate divided by the

superblock size. Within each superblock the data is arranged into blocks with increasing x

coordinate within increasing y coordinate.
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within each tag ensures that any tag-sized field of view captures the requisite information in full,
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As used herein, the term “tag-sized” is used to mean an area of the same size and
35 dimensions as a tag. In terms of imaging the coding pattern, the imaging field-of-view is typically a

circle. The imaging circle should have a diameter which is sufficiently large to contain a tag-sized
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Image enhancement may include global or local range expansion, equalisation, and the like. The

25 enhanced image 806 is then typically filtered (at 808) to produce a filtered image 810. Image
filtering may consist of low-pass filtering, with the low-pass filter kernel size tuned to obscure
macrodots 302 but to preserve targets 301. The filtering step 808 may include additional filtering

(such as edge detection) to enhance target features 301. Encoding of data codewords 304 using
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Since each image will contain at least 9, at least 16 or at least 25 targets arranged in a

square grid, the accuracy of calculating the 2D perspective transform is improved compared to the
25  Applicant’s previous tag designs described in, for example, US 6,832,717. Hence, more accurate
position calculation can be achieved with the tag design of the present invention.

The inferred tag-space to image-space perspective transform 822 is used to project each
known macrodot position in tag space into image space. Since all bits in the tags are represented
by PPM-encoding, the presence or absence of each macrodot 302 can be determined using a local

30 intensity reference, rather than a separate intensity reference. Thus, PPM-encoding provides
improved data sampling compared with pure binary encoding.

The next stage determines the orientation of the tag(s), or portions thereof, in the field of
view. At least 3 orientation codewords are sampled and decoded (at 824) to provide the orientation
826. Robust orientation determination is provided since many symbol groups 303 are contained in

35 the image, with each symbol group containing an orientation symbol, as described above.

Moreover, and as described in Section 2.5.1, since N orientation symbols in a tag form a code with
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as det ect ed "BYPRHHE! $609€ & LR QBF R A4 SHERFFRITYS any
. determme tag x-y location from codewords
* determine nib x-y location from tag x-y location and perspective transform
» sample and decode four or more flag symbols to determine active area flag
30 * determine active area status of nib location with reference to active area flag
» encode region ID, nib x-y location, and nib active area status in digital ink
(“interaction data™)

» route digital ink based on region flags

35 The skilled person will appreciate that the decoding sequence described above represents

one embodiment of the present invention. It will, of course, be appreciated that the interaction data
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404orgingbusty ddfes the snferregd@Gudjacent to the nib, and decodes the nearest tag in its field
of view to determine both the identity of the surface, its own instantaneous position on the surface
and the pose of the pen. The pen thus generates a stream of timestamped position samples relative
30 to aparticular surface, and transmits this stream to the Netpage server 10. The sample stream
describes a series of strokes, and is conventionally referred to as digital ink (DInk). Each stroke is
delimited by a pen down and a pen up event, as detected by the force sensor. More generally, any
data resulting from an interaction with a Netpage, and transmitted to the Netpage server 10, is
referred to herein as “interaction data”.
35 The pen samples its position at a sufficiently high rate (nominally 100Hz) to allow a

Netpage server to accurately reproduce hand-drawn strokes, recognise handwritten text, and verify
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30 angles over which the pen 400 is able to image the pattern on the paper has been optimised for this
asymmetric usage. The shape of the pen 400 helps to orient the pen correctly in the user’s hand
408 and to discourage the user from using the pen “upside-down”. The pen functions “upside-
down” but the allowable tilt angle range is reduced.
The cap 410 is designed to fit over the top end of the pen 400, allowing it to be securely
35 stowed while the pen is in use. Multi colour LEDs illuminate a status window 412 in the top edge

(as in the apex of the rounded triangular cross section) of the pen 400 near its top end. The status
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pi tch anﬁng@iS' 18 Eﬂﬂgﬁlﬁinﬁfcm@%ctﬁﬁ ﬁlro%glpthe centre-line if the pen 400 (with the
cap 410 stowed on the end of the pen). The pen incorporates red and green LEDs 444 to indicate
25  several states, using colours and intensity modulation. A light pipe 448 on the LEDs 444 transmit
the signal to the status indicator window 412 in the tube molding 416. These signal status
information to the user including power-on, battery level, untransmitted digital ink, network
connection on-line, fault or error with an action, detection of an “active area” flag, detection of an
“embedded data” flag, further data sampling to required to acquire embedded data, acquisition of

30 embedded data completed ete.

A vibration motor 446 is used to haptically convey information to the user for important
verification functions during transactions. This system is used for important interactive indications
that might be missed due to inattention to the LED indicators 444 or high levels of ambient light.
The haptic system indicates to the user when:

35 e The pen wakes from standby mode

e There is an error with an action
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Cross sections showing the pen optics are provided in Figures 24A and 24B. An image

of the Netpage tags printed on a surface 548 adjacent to the nib 418 is focused by a lens 488 onto

the active region of an image sensor 490. A small aperture 494 ensures the available depth of field

accommodates the required pitch and roll ranges of the pen 400.

15

First and second LEDs 434 and 436 brightly illuminate the surface 549 within the field

of view 430. The spectral emission peak of the LEDs is matched to the spectral absorption peak of

the infrared ink used to print Netpage tags to maximise contrast in captured images of tags. The

brightness of the LEDs is matched to the small aperture size and short exposure time required to

minimise defocus and motion blur.

20

A longpass IR filter 432 suppresses the response of the image sensor 490 to any coloured
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dlameter of the field of view at the object plane, on an image sensor 490 of minimum 128 x 128
pixels. The image sensor 490 however is 140 x 140 pixels, in order to accommodate
manufacturing tolerances. This allows up to +/-120um (12 pixels in each direction in the plane of
30 the image sensor) of misalignment between the optical axis and the image sensor axis without
losing any of the information in the field of view.
The lens 488 is made from Poly-methyl-methacrylate (PMMA), typically used for
injection moulded optical components. PMMA is scratch resistant, and has a refractive index of
1.49, with 90% transmission at 810nm. The lens is biconvex to assist moulding precision and
35 features a mounting surface to precisely mate the lens with the optical barrel molding 492.

A 0.8 mm diameter aperture 494 is used to provide the depth of field requirements of the



Figure 28 is a block diagram of the pen el ectronics.
The el ectronics design for the pen is based around

WO 2008/ o8N sections. These are: the mai n ARM/PCT/AU2008/000124
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Unidber sklpctrenjefcPrsigious Recei ver Transmitter (UART) 588
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Digital ink storage 5 hours of writing

capacity

Bluetooth Compliance 1.2

USB Compliance 1.1

Battery standby time 12 hours (cap off), >4 weeks (cap on)

Battery writing time 4 hours of cursive writing (81% pen down, assuming easy

offload of digital ink)

Battery charging time 2 hours

Battery Life Typically 300 charging cycles or 2 years (whichever

occurs first) to 80% of initial capacity.

Battery Capacity/Type ~340 mAh at 3.7V, Lithium-ion Polymer (LiPo)

20 Figure 28 is a block diagram of the pen electronics. The electronics design for the pen is
based around five main sections. These are:
¢ the main ARM7 microprocessor 574,

¢ the image sensor and image processor 576,
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Pr aG&%A Qles QﬁAtfn@lrmlpn4016@ i@bprRessdr @6 @RS 4Fd/Lidrer inpgy of
capt ured |mageT9£8§ Section 2.9 and US Publication

No M"?’?f(%ffc(l)@ﬁll‘é YOG @ e r odot sanpl i ng and
deaodivwgw. byl cbrhﬁd/ﬂﬂcﬂﬂmlﬁtmﬁs&m ﬁ@?@t pdf iphih @4t 8CaHE. rmé S

th %TétPqugll 65] %cor]eorttt\:%%n !ARM mlcr(iprocessor 2%%)15}%/ gs (()jf(%| cl%% sm%ei \P]alt state

1Q3f SRhdIed EMBYtésof cmr@tiﬂd_lE@anmga abteclqcammef@ag@ff whil e the

| Mage ar rgymleRporRAs8d s Mk %Y@Jﬁhefoaﬁzféb'|1f§ﬁutfe§£ql>1§&t' on
of f the paper P hat can occur at certain angles. 3.6.3

Bl uet oot h COmilificcatlr Hiser pgaicasorid: pen uses a CSR

Bl ueCor e4- Ext @écod@hg ithexek 6N c(pa@o&iDHattddh YeSaERA 2 BX ival Addtance
Dat a Sheet re C 6- Segﬁ- 200%) as tgtﬁ Bl uet ootslg for inclusion i th
control | er 578" PG OFELELRVER PEPHEFSgRB o [A LY usion in the
19renory devi ce digld inketrdamlaling ¥ish forcognsandagodeivedfoe the force sensor
Bl ueCor e4 nee ooth vl .2 specification and

is conpliant En‘?’cn@o%?g%r#% he Enhanced Dat a Rate (EDR)

speci fi cat i onssfieehthap¢vensanegmeint CMWeR0.at up to

3Mops. A 2. 45%@&1@%@&5&%1&1&@ ¢1§th@§l§godﬁnco¥nﬁ%mpﬁ5‘ns module
for the Bluetooth communi cati ons. The BlueCore4 is

capabl e of f oP fft ﬁ”& a UART to USB bridge. This is used
200 all ow USB ¢gophtifing &k f@RSedirani de@tp@\ser. socket 458

at the top of the pen 456. Alternatives to Bluetooth

i nclude wreless LAN and PAN standards such as | EEE

802. 1 1 TWARND) mitwprecchEEFA n@9Rom dn dPMtke logg ol de@immAnigdes with

Ne';cﬁ@@ﬁdftéﬂ 1m%ltets&sdr[5%u@i‘ﬂg§Unlb&&ﬁSyg&ngﬁs%%«/e%slnmer (USRT) 586
1/i ndex (see | EEE, 802. 15 Wbrki ng
G d\@}b ﬁ(B\fIHWN The ARM7 574 communicates with the Bluetooth module 578 using a
2£ht tRiverkg A@d@ﬁ(ﬂnoﬁs&@@en@f gérgﬁlmum/A&@?ds@ 5fnh1BQﬁX1ﬁkBﬂ.uh
o SR LT S b B U SRS s B
ndowrpree O s we® PE By pi netlits ARG 8 porome
DS8SngRadiv®Speed Serial bus (LSS) 590. The LSS is implemented in software and uses two of the
microprocessor’s general purpose 10s.
The ARM7 microprocessor 574 is programmed via its JTAG port.
30
3.6.2 Image Sensor
The ‘Jupiter’ Image Sensor 584 (see US Publication No. 2005/0024510, the contents of
which are incorporated herein by reference) contains a monochrome sensor array, an analogue to
digital converter (ADC), a frame store buffer, a simple image processor and a phase lock loop
35 (PLL). In the pen, Jupiter uses the USRT’s clock line and its internal PLL to generate all its

clocking requirements. Images captured by the sensor array are stored in the frame store buffer.



SoC,

http://ww. cypress. cont cfupl oads/i ng/' products/ cywusb6
wO2Bspo232 as well as nobil e standards such asP@EMIE®&@00124

GSM Associ ation, http://ww. gsmwor | d. com i ndex. shtm),
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ge gLl gﬁh eRPtledd DnY bridthed I Ehlee @y i fre EBE DR ey Be1@ndl Jotvaki Othe

not or . e PMJ 580 communi c

th the ARW .
mi SPIEpFTE SSEUFISTAFAP LY §1°Bm%th§@@.e@% cag Opeyf ¢ gertain angles.
Sensor Subsystem The force sensor subsystem conpri ses
a 500 (based on Hokuri ku,
2354 OB R ClHml R iord WAl
1tht t p:// VWMphdkesg&Sﬁ;Bﬂtp@@rﬁ%ﬁ@ﬁ@ﬂ %f_pgt\(&eqﬁﬁf{{) Blug{fyre4-External Data

anghdf €L 6 %E}ﬂzdo@"é(s REBRethdih Lo fOBs) mhﬁfz@m&gmmmg flash
op- anps and force sensor m crogrocessor 582. The fen

usé@mg}ws&wqeé%w belth By Ravet @de- Ao B EPmg mee's thp Bl el
se @@&ﬁcaﬁbﬁn@ RICOSRRHAS vIERZ the SRR S Ding Rite (EBIRPERALiali@Svhich allows
C8051F330/ ﬁ%ﬂ Sheet, rev 1.1). The C8051F330 is
an “8YB1"" O&ao%’r Sor with on chip flash menory, 10
1Hit ADC andsabz GiftanAE434 it uednt thd s faarhe Bhtesthalmmunications.

24. 5MHz |
kHz tuni ﬁg 1IJeICE][e!‘?[f‘h%glfcjloﬁtlur| kn%%?ﬁ\ rR ?20 ggé%]@%géggggﬁ%&lgo allow
si [USBepimpinizemesi datd/ npwveispika s & dsdorof hapendpe anp st age

600 anpl Mtérﬁa‘ﬁve@mblh&ammme (20kk £ AN bRPAN diah 80 Such BEIEEE 802.11
rce Sensor_ou s signal is then sanpled by

t héWrB? e IE%%%%B;WWW%@% QFeES at SkHz.

200 e Madupd &Se b19/zfolBB0Y/ BiSihEk hie), EBE 862. 1SS IBEG, $00¢5 Udéting Group

Sy R R S T

Ap pith:atw.oebe2 001 0UIBBBAUSBICyprdss BeNGrderlets LRFOAGHANYS Radio

Waggm Technol ogy, http://wwv. wacontonponents.

coni engl i sh/tech. asp). The force sensor nicroprocessor

5821HEFTG ?W@S%cawcﬁ@lpade/awr?dm/ CYMUbP &5 iy aptelta gobilgsiapdards
2% githks @Ml (spJ G B &Scidte hft@[/ﬁxﬁw SRRAY. cotRh e ShthDfGHRREDGE,

di %P%g lPlaltfori]sz }ﬁt% r//\?vevw Gsr'r?\wgr{d com/tec nology?mgs/u?clex.ght[rSITCSDR/FA (see CDMA

Development Group, htip://www.cdg.org/, and Qualcomm, http://www.qualcomm.com), and

UMTS (see 3rd Generation Partnership Project (3GPP), http://www.3gpp.org).

30 3.6.4 Power Management Chip
The pen uses an Austria Microsystems AS3603 PMU 580 (see Austria Microsystems,
AS3603 Multi-Standard Power Management Unit Data Sheet v2.0). The PMU is used for battery
management, voltage generation, power up reset generation and driving indicator LEDs and the
vibrator motor.

35 The PMU 580 communicates with the ARM7 microprocessor 574 via the LSS bus 590.
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dat a. Th%he force sensor microprocessor flash memory is programmed in-circuit by the ARM7
microprocessor 574.

30 The force sensor microprocessor 582 also provides the real time clock functionality for
the pen 400. The RTC function is performed in one of the microprocessor’s counter timers and
runs from the external 32.768 kHz tuning fork. As a result, the force sensor microprocessor needs
to remain on when the cap 472 is on and the ARM7 574 is powered down. Hence the force sensor
microprocessor 582 uses a low power LDO separate from the PMU 580 as its power source. The

35  real time clock functionality includes an interrupt which can be programmed to power up the

ARMY7 574.
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30 mode.
The pod BlueCore VM software is responsible for sensing when the pod is charging a
pen 400, controlling the pod LEDs appropriately, and communicating with the host PC via USB.
For a detailed description of the software modules, reference is made to US Publication
No. 2006/0028459, the contents of which are herein incorporated by reference.
35 The present invention has been described with reference to a preferred embodiment and

number of specific alternative embodiments. However, it will be appreciated by those skilled in the



1. A substrate having a coding pattern di sposed on a
surface thereof, said coding pattern conprising: a
wW@Lwsai2sy of contiguous tags, each tag conpriBCTEU2008/000124
Xx-coordi nate data and ycoordi nate data, wherein a
y-axis is nomnally defined as north-south and an
x-axis is nomnally defined ast7east-west; and a
plurality of data elenments contained in each tag, said
x cOaudifias aatobaﬁ@baaimgleﬂ @@b@&am; eﬁfellmg feond BGPEpdifvAaly described,
fe IB;vﬂ?al qqf \xé;thbn tﬁ rgepﬂ‘]l‘i 3 g&g? ?S; e é)ee%/englfqgeéa(%n gc?réhcrjl %,f}t x\tfllﬁ lbg] lglderstood
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ern sald tag and a second replication In
%nH@ﬂ@@@ﬁﬁ“ﬁh@ﬁ“@iﬂ@é%ﬁmﬁ&@mmand sai d y-coordinate
data has two replications within a respective tag, a
first replication in a northern half of said tag and a
second replication in a southern half of said tag, and
wherein fragnents of said coordinate data are arranged
such that any tag-sized portion of said coding pattern
is guaranteed to contain said x-coordinate data and
q1pai d ycoordinate data for a tag irrespective of
whet her a whole tag is contained in said portion. 2 .
The substrate of claim1l, wherein each tag is square.
3 . The substrate of claim1l, wherein said coding
pattern conprises: a plurality of target elenents
defining a target grid, said target grid conprising a
plurality of cells, wherein neighboring cells share
14 arget elements and wherein each tag is defined by a
plurality of contiguous cells. 4 . The substrate of
claim3 , wherein each tag is square and conprises M
conti guous square cells, wherein Mis an integer
having a value of at least 2 . 5 . The substrate of
claim1l1l, wherein said data el enents are nmacrodots. 6 .
The substrate of claim4 , wherein a portion of data
is represented by a nacrodot occupying one of a
plurality of possible positions within a cell, each
position representing



one of a plurality of possible data values.7 . The
substrate of claim5 , wherein a n-bit portion of data
W0 g008ep285ent ed by a nacrodot occupyi ng one of PQI7AU2008/000124
possi bl e positions within a cell, each position
representing one of 2" possible data val ues, wherein n
is an integer. 8 . The substraBe of claim3 , wherein
each cell defines a synbol group, each synbol group
cormpAiMs ng a plurality of Reed-Sol onon synbol s encoded
by a plurality of said data elenents. 9 . The
substrate of claim8 , wherein each synbol conprises
twd. hal &eshstratadhvifgd fodingrpatteérs idisgosed loh a surdece dhetreof, said coding
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rttlbr'i ¥ s%@tc@q_h'@bﬂféﬁs baﬁigrﬂéédftbf 'C&‘galﬁiél(?g- \Aﬁde?dlf?éte 83% gnd said y-

ate of clalm rein said
Z%néo%ﬁmﬁﬂﬂ@aéﬁ@ﬁﬁhmﬁ%@@W@Paghﬂﬁﬁédﬂpvtﬁﬁ@ﬁ?ﬁ@ﬂ%§”§ﬁﬂﬂom°”
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i dentifying an orlentatlon of said coding pattern with
regpect Tﬁeosuﬁéatiage éflérafn"f‘?,%herein said coding pattern comprises:
25 a plurality of target elements defining a target grid, said target grid
comprising a plurality of cells, wherein neighboring cells share target elements and

wherein each tag is defined by a plurality of contiguous cells.

4, The substrate of claim 3, wherein each tag is square and comprises M? contiguous

30 square cells, wherein M is an integer having a value of at least 2.
5. The substrate of claim 1, wherein said data elements are macrodots.
6. The substrate of claim 4, wherein a portion of data is represented by a macrodot

35 occupying one of a plurality of possible positions within a cell, each position representing

one of a plurality of possible data values.



16. The substrate of claim3 , wherein each cel
conprises one or nore translation synbols encoded by a

w0 e®peeBye set of said data el enents, said trBCEFAERGSM00124
synbols identifying a translation of said cel
relative to a tag containing said cell. 17 . The
substrate of claim 16 , wherei4 each cell conprises a
pair of orthogonal translation synbols, each
ort hogonal transl ation synbol identifying a respective
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co ewords, each common codeword being comprlsed ofa respectlve set of said Reed-

Solomon symbols, wherein said one or more common codewords are defined as

codewords common to a plurality of contiguous tags.

12. The substrate of claim 11, wherein each symbol group comprises a fragment of at
25 least one of said one or more common codewords, and contiguous symbol groups are

arranged such that any tag-sized portion of said coding pattern is guaranteed to contain

said one or more common codewords irrespective of whether a whole tag is contained in

said portion.

30 18 The substrate of claim 11, wherein said one or more common codewords encode
region identity data uniquely identifying a region of said surface.

14. The substrate of claim 13, wherein said one or more common codewords uniquely
identifies said substrate.
35

15. The substrate of claim 3, wherein each cell comprises an orientation symbol
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encoded by at least one data element, said orientation symbol identifying an orientation of
said coding pattern with respect to said surface.

16. The substrate of claim 3, wherein each cell comprises one or more translation
symbols encoded by a respective set of said data elements, said translation symbols
identifying a translation of said cell relative to a tag containing said cell.

17. The substrate of claim 16, wherein each cell comprises a pair of orthogonal
translation symbols, each orthogonal translation symbol identifying a respective
orthogonal translation of said cell relative to a tag containing said cell.

18. The substrate of claim 3, wherein said target elements are sufficiently large to be

distinguishable from said data elements by a low-pass filter.

19. A method of imaging a coding pattern disposed on a surface of the substrate
according to any one of the preceding claims, said method comprising the steps of:

(a) operatively positioning an optical reader relative to said surface and capturing
an image of a portion of said coding pattern;

(b) sampling and decoding x-coordinate data and y-coordinate data contained in
said imaged portion; and

(c) determining a position of said pen,
wherein said portion has a diameter of at least one tag diameter and less than two tag

diameters.

20. A system for imaging a coding pattern disposed on a surface of a substrate, said
system comprising:
(A) the substrate according to any one of claims 1 to 18; and
(B) an optical reader comprising:
an image sensor for capturing an image of a portion of said coding pattern, said
image sensor having a field-of-view of at least one tag diameter and less than two tag
diameters; and
a processor configured for performing the steps of:
(i) sampling and decoding x-coordinate data and y-coordinate data within
said captured image; and
(ii) determining a position of said pen.



