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i nvent i orwoebavms31s8o a position-coding pattern on a surPaTRAU2BAICEROUND The
Appl i cant has previously described a nmethod of enabling users to access
information froma conputer systemvia aiprinted substrate e.g. paper. The
substrate has a coding pattern printed thereon, which is read by an optical
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device. A conputer receives interaction data fromthe sensing device and

uses this data to dEIeYMETEDPEBSEQUENRESORLEYREIC PQMEIQN GQDE he user. For
exanpl e, a user nmay nake nmake handwitten input onto a formor nmake a

sel ection gesture around a printed item This input is interpreted by the
conput er systEHBLMQORINCENTENNe to a page description corresponding to the
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on the subdtrate so a&to MaXim 2 Usagl ot i mgel* chpt ured®dy the sensing

device, whilst still providing a robust error-correcting code. It would be

further desir inimze visible coloration of the substrate by the
codi ng patter@£&§9b%ﬂ%$8CF INVENTION In a first aspect, there is provided a

substrate having a mesippligt GadpBdoRil I&EMedi SR oPadlisiideAcH debgs eof
the position-coding pattern conprising: a plurality of tags, each tag

encodi ng a wIBormaioBJOHLAEFEWUET Syatea) v p eriphRbE IR dapert His sypsgpie has a

subsequengg rRARL PP pAntEPHERSP ANAING rGAY, Ih Bl CAFRYRAEHcS QhenttheudRO,
wherein adj acent "tags contain wbit subsequences shifted by one bit

relative to easrcotnérthd nbsthie winglthoscogeedyegqué serputiicatvaintarsdondats hi s
pos 4 oot SRR s 1 Ol BBkl e B et
field of viewhe user. For example, a user may make make handwritten input onto a form or make a
selection gesture around a printed item. This input is interpreted by the computer system
15 with reference to a page description corresponding to the printed substrate.

It would desirable to improve the coding pattern printed on the substrate so as to
maximize usage of images captured by the sensing device, whilst still providing a robust
error-correcting code. It would be further desirable to minimize visible coloration of the
substrate by the coding pattern.

20
SUMMARY OF INVENTION
In a first aspect, there is provided a substrate having a position-coding pattern
disposed on a surface thereof, the position-coding pattern comprising;
a plurality of tags, each tag encoding a w-bit subsequence of a cyclic code
25 sequence, the w-bit subsequence mapping to a corresponding coordinate codeword for the
tag,
wherein adjacent tags contain w-bit subsequences shifted by one bit relative to each other
in the cyclic code sequence.
An advantage of this position-pattern described in the first aspect is that it allows
30 coordinate data to be captured by an optical reader whilst minimizing the required field of
view.
Optionally, the w-bit subsequence is represented by a set of coordinate data

symbols in the tag, each of the coordinate data symbols containing at least one bit of the w-



Optionally, the wbit subsequence is represented by a set of coordinate
data synbols in the tag, each of the coordinate data synbols containing at
| east onewbi2p100i37t5Be wbit subsequence, each coordi nate aarawyvolosbei ng
represented by one or nore data el enments di sposed on the surface.
Optionally, the cyclic code sequence is @& msequence or a sinplex code.
Optionally, the cyclic code sequence has a |length n and a di nension k, and

wherei n: n >wipdebsequdie, BAcR\CbSilite Qdta @n?oo‘_l\beh’f% RASINRE b bt ortaltee @@de enabl es
errordetection and error-correction. QD'[ i onal | y, a given tag contains a

wbit subsequidiR@iscbipped gbHEISHEEo of fset i in the cyclic code sequence,
and adj acent tags (PRoilIy R cyelid&dOieqhidte B4 eNsdgfih @%rhts?thﬂe)y\éogbt
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plurality of ce eis, each’ ce efining a syr};ool group, erer n nei ghbori ng
synbol groupsdegh@eneant! arrgedorredtenent s. Optional ly, each tag is square and
contains a plural iotY oi} sayn‘oolt g%r otu%g. tti ﬁnall eachpr%oo ditn te data
symbol is a 1-bit BYRBESY: S GEHAMES &5 dHRRIR L CROREBY Y AP Bsent the
W bi t Sgbsequﬁcﬂﬁ}&lic &m&kajﬁa{cﬁ,yandbmeceﬁﬁhgs% chR@kide Bﬂhegid?ita%] SN0l Bitl S .
arranged in each tag such that at_any square portion of the position-coding
pattern of | eWgtAUSEFes corggsPonding o pRysisdid) py (Eohp dieeyelic PEEHIOGE 1) bits of

the wbit qgubs eqU%ﬁ@r}all%ﬁé’Iﬁjsﬁioﬁ—ci)cﬁngaﬁ)altt@ﬂﬂgbl!ﬂpﬁ)sfes 4 PRraliBGhradnght Blemsnt@ | engt h
or a wwdth of a coordinate data synbo Optional ly, each taﬁécont ai ns an

x- coor di nat e deEawe fvaRb i tregers compraincaydypley etrsds. sadhsel definated a
y- coordi nat e : i guence, the
X- coor di nat e Sgg%gl%ér;‘% gg’?ﬁgqgggbi%ﬁ}é%ls)%@%gé}??p(rg)séﬁrés%{g%g%&%@goor di nate data
synbol s, and t he Pptowtiimact teg sodewomd chighings pleflityed ssagbohgrearsond set  of

y- coor di naj[ e dat aOsyigJ'rfaﬂl Se'aufh otoi Ol) elhc!a}a’s rtngoei qfa{ {—Eltt sysmet;[ol gusch ﬁlra{v?‘rc] & 1niter:] subset s
of x-coordi nate data synbol's and the second set i arranged 'n subSets of
y- coor di nabe datssmbyinbptesent Botwi-kinabiegueneach subset of x-coordi nate data

cymbol o1 con ot 55 R colum soptal g, A Bl oL, U
any square portion of the position-coding pattern of length (/ + ¢) is guaranteed to contain
at least (w-1) bits of the w-bit subsequence, wherein / is a length of the tag and ¢ is a length
or a width of a coordinate data symbol.

20 Optionally, each tag contains an x-coordinate codeword mapped from a first cyclic
code sequence and a y-coordinate codeword mapped from a second cyclic code sequence,
the x-coordinate codeword being defined by a first set of x-coordinate data symbols, and
the y-coordinate codeword being defined by a second set of y-coordinate data symbols.

Optionally, the first set is arranged in subsets of x-coordinate data symbols and the

25 second set is arranged in subsets of y-coordinate data symbols.

Optionally, each subset of x-coordinate data symbols is configured as a column
containing a plurality of the x-coordinate data symbols, and each subset of y-coordinate
data symbols is configured as a row containing a plurality of the y-coordinate data
symbols, wherein each of the rows and columns has a maximal width v.

30 Optionally, the columns of x-coordinate symbols and the rows of y-coordinate
symbols are arranged such that any square portion of the position-coding pattern of length
(I +v) is guaranteed to contain at least (w-1) bits of a w-bit subsequence in the first cyclic

code sequence and at least (w-1) bits of a w-bit subsequence in the second cyclic code



data synbols is configured as a row containing a plurality of the
y-coordi nate data synbols, wherein each of the rows and colums has a
maxi mal vwotzhiwe37@pt i onal |y, the col ums of x-coordi nat @Caatedossd t he
rows of y-coordinate synbols are arranged such that any square portion of
the position-coding pattern of length (/3+ v) is guaranteed to contain at
| east (w1) bits of a wbit subsequence in the first cyclic code sequence

and at | east (yvchde, Rh&rSin@fs Acibbtcagtbsequence in the second cyclic
codesequence, wherein / is a length of each tag. Optionally, one ore nore

of the coordi nat e QpHenellg\aep eTednqre offhqreaophinpteristan yabolp 12 megdilatsy g dat a

synbol - bei ng &,ephE3 &R RY ol ifhe QGFesOited B fe SRR nkEIMSnenRNhaWIRFE] N each
nmer ged data synbol "encodés at | east two of: an x-coordinate data synbo

fromthe firstckuergeddae yobpldinpelesatdessidwepfibol from the second set; and at
| east one further t - ' ' i ent fromthe x- and
{S aﬁi & %rﬁl)sﬂgtp %th? mﬁb%P fr)b/f?i tl% f{rgt% ét

y-coordi nate data sy I‘ona he at’ | east one further data synbo
i s a Reed- Sol onon agywhdinatehianymipl drofartbgyrentd sef all cormon codewor d, the

common codeword bejng, en ed a.set. .of. d- Spl onon s ol s..contai ned in
The tag. the. comaHeRbHBGIT HLNETPEIHEN s ATraah s MR RS ERTH ot ¢y
of conti guoussylmdgs., Optionally, each nerged data synbol is represented by

the one or nore data el enents usin ul se posi tion nodul ation, ionally,
the data el ement s RPedfidron étoe'é%@.%er 3 ERPYlyS i Res Bl sy R Fﬁ‘i“?%e form

of dots), 1and, MY&lRl ITa@8EMoNBIERErdIRE BortibQlc &td bERE 6N alMt ofmBCT 0dot S,
each of the macrodots occupying a respective position froma plurality of

pr edet er mi nedRysdSeloptoa syelils qopiaBedhinihe tag riha qomnipa coday orrbidentidyingd i identite
respective pog| }Bqéagﬁﬁﬁggﬁgaﬁ&gggk%srepresenting one of a plurality of

possi bl e data val ues, n mis an integer value of 1 or nore, andp >m
For exanpl e, m maypbenally, cach Berget] day, sy@belris iZpigsrfed byrghy opeo2porg datd, 5, 6, 7,
8, 9, 10, 11, 12, 13 1 ar 19. Encoding by multi-PPMin this way

ensures unifd?%y%gJ%@gggs%%g¥%%H§dgg(Pate w th macrodots, which helps to
reduce vi sbbil ity Ophbiadiomby JatRPivheaancodinmgodotsdy. .dpscaly r¢aditeés mardks in the

form of dots), and wherein each merged data symbol is represented by m macrodots, each

of the macrodots occupying a respective position from a plurality of predetermined

possible positions p within the merged data symbol, the respective positions of the

macrodots representing one of a plurality of possible data values, wherein m is an integer

20 wvalue of 1 or more, and p > m. For example, m may be 1, 2, 3,4, 5, 6 or 7 and p may be 2,

3,4,5,6,7,8,9,10,11, 12, 13, 14, 15 or 16.

Encoding by multi-PPM in this way ensures uniform coverage of the substrate with
macrodots, which helps to reduce visibility. Moreover, PPM encoding provides an internal
luminescence reference for reading macrodots. For example, the darkest m macrodots in

25 the p positions are taken to be the PPM data, without the need to refer to any external
luminescence threshold value.

Optionally, each merged data symbol encodes the x-coordinate data symbol and the
y-coordinate data symbol.

Optionally, the x-coordinate data symbols and the y-coordinate data symbols are

30 contained in different merged symbols.
Optionally, one or more of the coordinate data symbols is a merged data symbol,

cach merged data symbol being represented by the one or more data elements, and wherein

cach merged data symbol encodes at least one of the coordinate data symbols and at least



| um nescence reference for readi ng macrodots. For exanple, the darkest
mmacrodots in the p positions are taken to be the PPM data, w thout the
need to rwbeniwws7@8y external | um nescence threshol d valPag/AUpavoonsk| y,
each nerged data synbol encodes the x-coordinate data synbol and the
y-coordi nate data synbol. Optionally, thd x-coordinate data synbols and the
y-coordi nate data synbols are contained in different nerged synbols.

Optional ly, Ocnlefﬁﬂaem&aeqyﬁlfboltxblﬁc}p@@mfeﬂﬁﬁ&nd@fcaoram*eahgsynsooa nerged data
synbol, each nerged data synbol being represented the one or nore data

el ements, and whel®? ffcecDase thyesds payidedy mptbed @rﬂ@@tﬂl@e agosifiggeqdingne of t he
coordinate daﬁaﬁe@aﬁp&wo@mrﬁée $rSaT0:R0R, tﬁyﬁlktﬁlsdcdﬁﬂﬁ@m%m@% bs ¢hich i's

different fromthe coordinate data synbol. In a second aspect, there is
provi ded a net hod (Dfopdeestingitienipoai apiied readdirdefivede theﬁmrfam s@oeet@rlmna

surface of pa 34 escﬁfrag}oﬁfon%i‘ H@&n{ﬂbop%&ﬂ'm% 0%%1‘%8)3&&&{;%%{%8%&:0]:: (a) operatively

p03|t|on|ng an rea atrve sur afnd capturing an
i mge of a portion ph]fraltc)hﬁ tngs;hanlgtagammémgawwieubmqﬁange quatdyel'rcrcod@npri sing: a

| it f t d bit f d
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codeword for tbg]evhte@gl, adpo@ elgmcoalcalmentsuﬁsagen@@sﬁl@ddrbyWnbbﬂt reSdtiD & Rpdemnces
shifted by one bit relgtlve to each other in the cyclic code sequence; (b)
sanpl i ng a wiHHSHEE® eXths eleri¥e€ont ai ned in the i maged portion; (c)

identifying a cooygisnapimeaQfINd si3édinct Rentihadp RSB pEMURNCE; and (d)
determning a position o? the optical reader fromthe coor di nate codeword

wherein the |nage&ﬂﬂﬁmﬂﬁﬁﬁaha@d@m@ﬂaﬁﬁpéhmégt%ﬁ?@d®ﬁ§ﬁm®ﬁewmagmﬂlaneter and
less than two tag lﬁllilg P@%dn%%e'o}ﬁucaﬁ Q@de‘{“fﬂagfﬂé\?&o?dﬁﬂ% H&NEE contains

a first subsequenc rom at least one first tag and a secon subsequence
from at IeastWhmmm@emnnﬁdp@gonmhedMMmsxO%mdeﬁeoen@mgégswbemmg%adpacent to
each ot her nd mh rein the nethod conprises the step of: conbining the
first and secd%%a Bsequences and using the conbined first and second
subsequendBs t o i dpribialy, thdeindocrddubtag@nce contains a first subsequence from at least

one first tag and a second subsequence from at least one second tag, the first and second
tags being adjacent to each other, and wherein the method comprises the step of:
combining the first and second subsequences; and

using the combined first and second subsequences to identify the coordinate

20 codeword.

Thus, the first and second subsequences are usually derived from 2 or more
adjacent tags (e.g. 4 tags arranged in a square comprising two first tags and two second
tags). Since coordinate codeword (and the coordinate) is derivable from portions of tags,
the length n of the underlying code can be made relatively short and the field of view of

25 the optical reader can be minimized.

Optionally, if the combined first and second subsequences does not map to a valid
coordinate codeword, the method comprises the step of:

determining a corresponding maximally likely coordinate from the combined first
and second subsequences.

30 Optionally, the imaged portion has a diameter of at least (I + ¢)V2 and spans across
parts of at least first and second adjacent tags, a set of coordinate data symbols being
arranged in each tag such that the windowed subsequence contained in the imaged portion

is guaranteed to contain at least (w-1) bits of a w-bit subsequence, the method further



codeword. Thus, the first and second subsequences are usually derived from
2 or nore adjacent tags (e.g. 4 tags arranged in a square conprising two
first tagwoand/@msssecond tags). Since coordi nate codewsCa/Atanad/o0iis4
coordinate) is derivable fromportions of tags, the length n of the
under | yi ng code can be made relatively short and the field of view of the
optical reader can be mnimzed. Optionally, if the conbined first and
second subsequeapasss deesp et map to a valid coordinate codeword, the method
conprises the step of: determ ning a corresponding maximally |ikely

coordi nate from t KeMRiBiREP AEESHbpGagency Famebamn anesfipisagvisht tsondoybseaysasd y, t he

i maged porti o, MASed e QBhERag B reflevd 883 (111) BitDf i \ABH s FR@fASHACT 0SS parts
of at least first and second adjacent tags, a set of coordi nate data
synbol s bei ngvardimhigedengih of detagtaad ¢ suchngtiharta widd ofe solodiaele daibserpebnce
contai ned gn the | ' ' t - 1t aj. |l east (vv-1)
bits of a ibit soBeanunRChhthe SuRALAN SHtel SuE AT EHR FhehPBFC oY
conbi ni ng a fsubstueauh sefienctod funtherabmpessthesepofii rst tag with a second

subsequence from L, | east one Sﬁcpgq tag.to retrie e at Ieagt SMFl) bits of
the wbit subsequéR&& " Rh&FEHS™ ewaﬁw SPTERE O A RIS a 1 ength or
a wdth of a wbegeheate data synbol. Optionally, the w ndowed subsequence
contains only (w1 -biﬁs of the wbit subsequence, and the t hod further

I

conprises the st ePPipnaludbeimaes mogion s RRFPLLT R ket §f Tobty i Aegngacross

cor r espondpnghatiQ of 4 1uiMith &0 RS QALEINESYs PRIcbSORAt YymBdeant ARASHEs ror tion
has a dianeter of at least (/ + v)V2 and spans across parts of a plurality

of adj acent t¥agpordinaigesyanplyheiag erangedsyel te watdewsd sabesiagensperntaied i of
y-coordi nate ; . hej : e1\W; q: cont ai ned
dlﬁ% ! (Hoﬁwﬁﬂgé ArafEARERaiR YUEBast {1\ 1 Midd (39%{\%32%%“'%\%-&{%‘&"1& fhe a

in the inmage tion is guaranteed to contain at ' bits of
W bi t subsequisicgclicrotheqidnesindeylchst Ov-¢ dae of egthetrokscauvdean ticessend (w 1) bits
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15  steps of:
combining subsequences from adjacent tags in at least one row of tags to retrieve at
least (w-1) bits of the w-bit subsequence in the first cyclic code sequence; and
combining subsequences from adjacent tags in at least one column of tags to
retrieve at least (w-1) bits of the w-bit subsequence in the second cyclic code sequence,
20 wherein / is a length of each tag.
In a third aspect, there is provided an optical reader configured for decoding a
position-coding pattern disposed on a surface of a substrate, the coding pattern comprising;
a plurality of tags, each tag encoding a w-bit subsequence of a cyclic code
sequence, the w-bit subsequence mapping to a corresponding coordinate codeword for the
25 tag, wherein adjacent tags contain a w-bit subsequence shifted by one bit relative to each
other in the cyclic code sequence;
the optical reader comprising:
means for accessing the cyclic code sequence;
an image sensor for capturing an image of a portion of the position-coding pattern,
30 the image sensor having a field-of-view of more than one tag diameter and less than two
tag diameters; and
a processor configured for performing the steps of:

(1) sampling a windowed subsequence contained in the imaged portion;



conbi ni ng subsequences from adj acent tags in at |east one row of tags to
retrieve at least (w1) bits of the wbit subsequence in the first cyclic
code sequencelv/angsconbi ni ng subsequences from adj acent PCagd2009/@103k east
one colum of tags to retrieve at |least (w1) bits of the wbit subsequence
in the second cyclic code sequence, wheréin is a length of each tag. In a
third aspect, there is provided an optical reader configured for decoding a

position-codi ng patt er@? icspns et c?ﬂic&o&é'é’eﬁ%@e afd cBmpahstineatigdovidie codi ng
pattern conprising: a plurality of tags, each tag encoding a wbit
subsequence of a EYRspquEncEAd® thergerstrdeycliciradaseniences ubsequence mappi ng to a

correspondi ng coor di nage iGRHENY bobRinatctBddvA% uEhEN RAMAGERE uch&YS

contain a wbit subsequence shifted by one bit relative to each other in
the cyclic codd sequence; the optical reader conprising: neans for

accessing khe cyclic coda.saaNRNGFoid drTRIBIAPRSRE thAlnEARIILNY an | mage
of a portion of the posi'tion-codi ng pattern, € | mge sensor having a
fiel d-of -vi ewodéwardr e t han one tag dianmeter and | ess than two tag

di aneters; and a progcessor copfiqured, for performng the.steps. of: (i)
Sanpli ng. 2w ndovds GRS aearbas REaan T HRESoRls B BeR RS pitelr
accessi ng t hadigyeddios aGodiRc SLOUBREE:, ARdytoniaipridggt he w ndowed subsequence
with the accessed cyclic code sequence;. (iii) identifying a coordinate
codewor d usi Hg) & RHTAaoWEE S hp SEXHABHORINE AHE™ SWPPTIERSt er mi ni ng a position of

the opticab readeg pfQy §ssCARK Al BRLEINE AdeubseqghdhcoffaQytitdtoaspect , there
is provided a system for decoding a position-coding pattern disposed on a

surface of a ssUisaes tie e bit wbseqyecemaRIBIEIP R SPIRIPONIME Coordinatg baderatdeor fier ei n
the positi On'tﬁg %h@gglpa%}akgﬁ ﬁ§§pdf5&riﬂ a?@—%it_sfibs&%%ﬁ&l shif¥d g}f, oﬁeatgﬁelat‘?\%g? teetcﬁg

encodi ng a wbl't subsequencé of a cyclic code sequence, the w
subsequence nappimge cliacaose@sporaidng coor di nate codeword for the

(B) an optical reader comprising;
15 means for accessing the cyclic code sequence;
an image sensor for capturing an image of a portion of the position-coding pattern,
the image sensor having a field-of-view of more than one tag diameter and less than two
tag diameters; and
a processor configured for performing the steps of:
20 (i) sampling a windowed subsequence contained in the imaged portion;
(i1) accessing the cyclic code sequence and comparing the windowed
subsequence with the accessed cyclic code sequence;
(ii1) identifying a coordinate codeword using the windowed subsequence;
and
25 (iv) determining a position of the optical reader from the coordinate
codeword.
It will be understood that, where applicable, optional embodiments of the first
aspect may also be optional embodiments of the second, third and/or fourth aspects.
In a fifth aspect, there is provided a substrate having a position-coding pattern
30 disposed on a surface thereof, the position-coding pattern comprising;
a plurality of tags, each tag encoding a w-bit subsequence of a cyclic code sequence
having a length » and a dimension &, the w-bit subsequence mapping to a corresponding

coordinate codeword for the tag,



tag, wherein adjacent tags contain a wbit subsequence shifted by one bit
relative to each other in the cyclic code sequence; and (B) an opti cal
reader cowprhsyesgts8snmeans for accessing the cyclic code ®equane@/00a34i mage
sensor for capturing an inage of a portion of the position-coding pattern,
t he i mage sensor having a field-of-view @f nore than one tag dianeter and
| ess than two tag dianeters; and a processor configured for performng the

steps of ! (i )wisaiPhdjRentdagdicHANeEc&HRE PUHIHRNERqRAGE & teeydid cddeeduemaed
portion; (ii) accessing the cyclic code sequence and conpari ng the w ndowed
subsequence vindhelsE iaceedsed cyclic code sequence; (iii) identifying a

coordinat e _codewoihiliahipdnd N8 UNARNRL i SHPSRANERE & Lc@Nthokdiiple Rt €7l ni ng a

position of the optical reader fromthe coordinate codeword. It will be
under st ood t hramboljfethetagmath efdky eordoptei detaal meathestiamang af lagft ondikit plithew- aspect

may al so b g tht% %u?{%ﬁﬁen?é*@&%ﬂicb‘@ﬁﬁ&e (a;ta E%o%gegfe%g}geiegké tg¥ @?eg&%org <9alt'ar th

aspects. In a aspec ere 1s-provi havi ng a
posi ti on- codi aigngpatdisposed di gpoesdadeon a surface thereof, the position-coding

pattern conprising; .a plurali f tags,.each tag encodi a W bit
Sibsequence. of a epiry difieeidsdls malRapR g deg i WA rensi on k.
the wbit subsequepGenaapmi Bagth @ oBthe Byclie sRIRREHuBIRc GoRidédat £=godewor d f or

t he tag, wherein adjacent tags contajn successive Wbit suybseguences in the
cyclic code sequeﬁJ@Esmagw SR8 GRS Gy St Su%?ﬂve&ﬁf‘aqqrrﬁép%lﬂ@gw ftiin

subsequengg e &RRE &I REREhcBYand a§8lenQhgsGRARI R BAL 6f HabRerSiFBasn Iy hitt he tag,
each of the coordinate data synbols containing at |east one bit of the wbit

subsequence, eheRuCseRscairaensingde affsoirtiio) apbiing irBpexlesndededgncene or nore
data el ements dis %ﬁ&ﬂll?ﬂhe{ Jé?ofsc%drfdﬁﬁt% dafREhUAE bfanel D GHGhd Gk R SEQUENce
or a sl nplex coae.

IS an msequence
any square portion of the position-coding pattern of length (/ + g) is guaranteed to contain

a w-bit subsequence of the cyclic code sequence, the w-bit subsequence mapping to a
15 coordinate codeword, wherein / is a length of the tag and ¢ is a length or a width of a
coordinate data symbol.

Optionally, columns of x-coordinate symbols and rows of y-coordinate symbols are
arranged such that any square portion of the position-coding pattern of length (1 + v) is
guaranteed to contain a w-bit subsequence of the first cyclic code sequence and a w-bit

20 subsequence of the second cyclic code sequence, each w-bit subsequence corresponding to
an offset in its respective first or second cyclic code sequence, each w-bit subsequence
mapping to at least one of:

a coordinate codeword for a tag; and

a coordinate codeword for a row or column within the tag,

25 wherein / is a length of the tag.

Optionally, one or more of the coordinate data symbols is a merged data symbol,
cach merged data symbol being represented by the one or more data elements, and wherein
cach merged data symbol encodes at least two of:

an x-coordinate data symbol from the first set;

30 a y-coordinate data symbol from the second set; and

at least one further data symbol which is different from the x- and y-coordinate data

symbols.

In a sixth aspect, there is provided a method of decoding a position-coding pattern



Optionally, the length n of the cyclic code sequence is defined as: n =2k -
1. Optionally, a given tag contains a wbit subsequence corresponding to

of fset i wWoO2to3cysl i c code sequence, and adj acent tagsPom/Adi2o0vam1iide of
the given tag contain wbit subsequences corresponding to offsets (i+w) and
(i-w) in the cyclic code sequence. Optiosally, the set of coordinate data
synbols is arranged in each tag such that at any square portion of the

posi ti on- codi figopAtoh@rsikfRE of £aBEthtd fhe ethod cSmBriaIand €M of:0 contain a w bit
subsequence of the cyclic code sequence, the w bit subsequence mapping to a

coor di nat e codewof CPHAESICH; NYSIFiOFiIBE & PR FHdRrelathie te Big SEfge end cerriegt h or
a wdth of a iﬁﬁg@ﬁ}aqgﬂﬁmggﬁl@c%ﬁmlttemgﬁ&&dﬁﬂ%lp'aﬂerneghﬁm% of x-coordinate

synbol s and rows of 'y-coordinate synbols are arranged such that any square
portion of the pogipturaity efdelisnegclbtag croodingp nHahgbseqgehcerofg)cyeles qgdaseawmeed t o

contain a [t e he, fi - ' - e W bi t
subsequence oFvrRd TEEAURHEE ot e i R EnERRR B RENEGRBMNE 0%
corr espondi ngobwlimate coldldweed for theitdgs respective first or second cyclic code

sequence, eac w—.bi(}. suk%segu nce na .Q,i ngﬁ.to at | east,one, .of 1o coor di nat e
codewor d for BTAYAVLRY UL COBPAFHATET R ERIMBREIBYS 4! POGCEE CUSIEHHTi t hi n

t he Ej ag, V\/ngrei n i(br?t;arirqblﬁl_rggtvhndﬂweﬂ@?sé@@nee@%’ﬁ%ﬁ’élﬂah Hﬁédr;:@@ﬂp@rﬁioﬁf?h@ of H;el
coordi nate data sy s.is a merged data synbol ., each nerged data synbo

bei ng represent ed$ eflﬂ@l%ﬁéo%rfimﬁ’ﬁrc%éj‘*éi’&fdacoérFM‘t‘%t,oﬂ?n‘?ﬁlm ei n each merged
data synbebh epsRf@scdbnd €ast two of: an x-coordinate data synbol fromthe
first set; a y-coordinate data synbol fromthe second set; and at |east one
further data synmb& dgisimeining § peniticnet gigroptigarprdan &osthegegrdinaiesefdividt e dat a

symbol's. In awl?e'r@fl]i ﬁle %ﬁ%ﬁlﬁzgor‘[i&h%fsg d&a%ne&:rr' Q Ihg% %a oﬁr@ttag ggmgtfer Qﬁch% i[h'agtv@o

posi tion-coding patter posed on a surface of a sUbstrate, the nethod
conpri si ng t heg diregssoind whakinopewati vel y positioning an optical reader

relative o the sUfiags, aRC SRR (TRES 2R RRILERD 8 & iy codi no
15  one first tag and a second subsequence from at least one second tag, the first and second
tags being adjacent to each other, and wherein the method comprises the step of:
combining the first and second subsequences; and
using the combined first and second subsequences to identify the coordinate
codeword.
20 Optionally, if the combined first and second subsequences does not map to a valid
coordinate codeword, the method comprise the step of:
determining a corresponding maximally likely valid coordinate from the combined
first and second subsequences.
Optionally, the imaged portion has a diameter of at least (I + ¢)V2 and spans across
25 parts of at least first and second adjacent tags, a set of coordinate data symbols being
arranged in each tag such that the windowed subsequence contained in the imaged portion
is guaranteed to contain a w-bit subsequence of the cyclic code sequence, the method
further comprising the step of:
combining a first subsequence from at least one first tag with a second subsequence
30 from at least one second tag to retrieve the w-bit subsequence,
wherein / is a length of the tag and ¢ is a length or a width of a coordinate data symbol.
Optionally, the method further comprises the step of: mapping the w-bit

subsequence to a coordinate.



a plurality of tags, each tag encoding a wbit subsequence of a cyclic code
sequence having a length n and a dinension k, the wbit subsequence nmapping
to a corrwepordisngscoor di nate codeword for the tag, whePermaR0)9a0ENId t ags
contain successive wbhit subsequences in the cyclic code sequence; (b)
sanpling a w ndowed subsequence contained in the imged portion; and (c)
identifying a coordi nate codeword corresponding to the w ndowed

subsequence; and (ag)io@ﬂy,%m Ak BGhtadsRASLdob@maRcodM@rdRijpe@tromaarie tydicom t he
coordi nate codeword, wherein the inaged portion has a dianmeter of nore than

one tag di ametds sCAnRCe @l srerarlinaliroderrdmapret diog, 2 AFRI] RHEIE EPP FAUNGH >k
optional 1y, thExWARARUE hRHOATINE UEoG BNL DRy Be {LIAlinAURRAGHBOE Snll T O 21

{
| east one first tag and a second subsequence from at | east one second tag,
the first andhseecondinataguicleidibgingdpiznedhy a sasorbsshofotdverdinatprigtasiabes.n t he
met hod conpri ses of . I.ning. t [ ences;
and using the C0n%ﬁﬁgﬁhﬁﬁPgﬁﬁgﬁpQE%§§§%m§u g%3&%%%%@9?§&§§§ﬂ#?¥§ﬁfﬂ§
coor di nat e codewdisd.is phganabibygts offy-¢doslimendatarsgoibéls.r st and second

subsequences does t p to id cpordjnate codeword, the t hod

compr 5o the st op BRonslERat el SRR B b F el Va i o
coordi nat e frdmainie aguirblithetkh kicedrdiamnd dse eidlssaHiseciRbRest y-éptdianal |y, the
i mged portion has di aneter of at least (/. +.Q) §$and spans across parts
of at |east fe3asymaelyscarEERdaap sverpnianipEs? pluraliiof Bie Vicopiddriidp@ dat a

symbol s bepngyabbigneRekid fckathe (g atdeIhrkRabs 4 Agiwhindemsd subsequence
contained in the imaged portion is guaranteed to contain a wbit

subsequence of phémé@@ﬁydh%ﬁﬂéﬁbéﬁﬁ@ﬁ@%%d@m@mﬁﬁﬁh@%tﬂdﬂﬂﬁ@@dé@ﬁ®ﬁﬁgﬁpg t he
econd subsequance Myl ST pRaR AR EUBRTI ob Fame ORI a0 "
subsequence, wrerdiate Sysibals bengtiangéd subletht agndawdd gpbieguenct emgptitedar tha wi dt h of
a coordinate i(rjn%;[gead p%)éﬂ)?%%' guaranteed to a w-bit subsequence in the first cyclic code sequence and a
15  w-bit subsequence in the second cyclic code sequence, the method further comprising at
least one step selected from the steps of:
combining subsequences from adjacent tags in at least one row of tags to retrieve
the w-bit subsequence in the first cyclic code sequence; and
combining subsequences from adjacent tags in at least one column of tags to
20 retrieve the w-bit subsequence in the second cyclic code sequence,
wherein / is a length of each tag.
In a seventh aspect, there is provided an optical reader configured for decoding a
position-coding pattern disposed on a surface of a substrate, the coding pattern comprising:
a plurality of tags, each tag encoding a w-bit subsequence of a cyclic code
25 sequence, the w-bit subsequence mapping to a corresponding coordinate codeword for the
tag,
wherein adjacent tags contain successive w-bit subsequences in the cyclic code sequence;
the optical reader comprising:
means for accessing the cyclic code sequence;
30 an image sensor for capturing an image of a portion of the position-coding pattern,
the image sensor having a field-of-view of more than one tag diameter and less than two

tag diameters; and

a processor configured for performing the steps of:



Optionally, the nethod further conprises the step of: mapping the wbit
subsequence to a coordinate. Optionally, each tag contains an x-coordi nate
codewor d wapped3frsem a first cyclic code sequence and aPgIGARNE@O0HL3E
codeword mapped from a second cyclic code sequence, the x-coordinate
codeword being defined by a first set ofix-coordinate data synbols, and the
y- coordi nate codeword being defined by a second set of y-coordinate data
synbol s. Optionally, tigahphifila willowsd sistaREREBiInSAHRAIRL ia8fd portloaor di nat e
data synbol s and the second set is arranged in subsets of y-coordinate data
synbols. Optional ly, edidpcceiiiigdic qysliocodeisrnautnd campyingyheyondowed confi gur ed
as a col um cont aifysBfefbe Rl dcbdsfcydiQods ORI nat e data symbol s, and
each subset of y-coordinate data synbdols is configured as a row cont ai ni ng
a plurality of the y-cooridinifing adapulingierebdivword yierthd viindewdd sopsequeace; ons and
col ums ha$ Q?Haxinal width v. Optionally, the inmaged portion has a

di aneter of at least (/ + v)V2 and spans across parts of a plurality of

adj acent tags, the col @nnisteofining e povititinndtie opyrcrbahder &ooh thd@ordinage of

y-coordi nate synbols being arranged such the w ndowed subsequence contai ned
in the inagedm§%WF?on is guaranteed to a wbit subsequence in the first
cyclic code sequempo@ng the WWalid poSitdSEad @168 pails dfaelese nshdayahic code
sequence, the pethod fugther conprising at | east one step selected fromthe

steps of : cortYiHiMGesthss dGLEREELOTFhIPRIPAce NG ubsraucREdoTbe row of
tags to reprigueodeTRst\Wgtinll a SHBSREAYRQGScE foth BEledst bitsedi€ bdeCwh LR B equUence;
and conbi ni ng subsequences from adj acent tags in at |east one col um of
tags to retrilEgeshis figths eonfgedHtience in the second cyclic code sequence,
wherein is a | eng - ..aspect, there is provided an
optical reader co%??%%?g§&?%%Q%g?ggwﬁg%gﬁgg%$fﬁgn-coding pattern di sposed
on a surface of ausubthtrcangned e apdsticoyl pbtctenees corprtifsihngoordingb ural ity of
tags, each tQ%dga%Qding a wbit subsequence of a cyclic code sequence, the
w-bit subsequence fapping to a correspondi ng coordi nate codeword for the
tag, wherébn adj adenicighalgspenibae B psiviiee 8 Syswen fr bécbdisgihp@ijivarcodisgi n t he
cyclic code %%ﬂ

(A) the substrate, wherein the position-coding pattern comprises:

uence, . .
ern rgilSpOSGd on a surface of a substrate, the system comprising;

a plurality of tags, each tag encoding a w-bit subsequence of a cyclic code
sequence, the w-bit subsequence mapping to a corresponding coordinate codeword for the

20 tag,
wherein adjacent tags contain successive w-bit subsequences in the cyclic code sequence;
and
(B) an optical reader comprising;

means for accessing the cyclic code sequence;

25 an image sensor for capturing an image of a portion of the position-coding pattern,
the image sensor having a field-of-view of more than one tag diameter and less than two
tag diameters; and

a processor configured for performing the steps of:
(1) sampling a windowed subsequence contained in the imaged portion;

30 (ii) accessing the cyclic code sequence and comparing the windowed

subsequence with the accessed cyclic code sequence;
(ii1) identifying a coordinate codeword using the windowed subsequence;

and



the optical reader conprising: neans for accessing the cyclic code
sequence; an inmage sensor for capturing an imge of a portion of the

posi ti on-wodntg3pes8t ern, the i nage sensor having a fi el #cofatzi@woof34nor e
than one tag diameter and |l ess than two tag dianmeters; and a processor
configured for performng the steps of: (i) sanpling a w ndowed subsequence
contained in the imaged portion; (ii) accessing the cyclic code sequence

and conparing the w ndgvRecanbngdyeiid oftleldplitier-ads asmant Gyfdilat code
sequence; (iii) identifying a coordinate codeword using the w ndowed

subsequence; @H#{Hv) determining a position of the optical reader fromthe

coordi nate codeworidyi;Goty dg&%édythatw@onmr@%&ng%mgﬁﬁ%@%m%&%bparts of
at least first and second adjacent tags such that the w ndowed subsequence

contai ns a fiaqptipnad abb@qn@m:@ tlfersenth. atventb and/orgnghtlf 4spepts. Equpllzvdme sestiond
subsequencg ff%&%ﬂ?eé% th@ﬁ%ttasﬁeﬁ?mg%e%pgd %ggmbﬁ%’% Svifh hd P OGRS Al éur%vf ur t her

configured for: second subsequénces; and Ing the
conbi ned flrsﬂgdndp&mcond subsequences to identify the coordlnate codemord.

Lost i onJto aoPogt s ubfh el BB e S PRl TR 25 sBEHAPE Pomed ey st em

conpri si ng: (aosl)urfadmhe&wfﬁ?é ddehg patiei ﬁdrﬁprisﬁlg arpngamy mnesz@edgudag spﬁgbdleléﬁbh f
conprises: a plu |tyo tags eac tag enco a W It supsequence O a
cyclic code s‘@?:{%‘“élrfJ@@ syphed hﬁkﬂgrqpreé%%déwéﬂ%htm%% HEERYt4iPerd 88 Bsndi ng

coor di nat o cogeuRl §hdr@h edcdienct R datWIRRIRI BrBEsACRAK 2 HRIRIFRIIEIAIA sSHBAESSI Ve
W bi t subsequences in the cyclic code sequence; and (B) an optical reader
conpri si ng: andasecond individual'data symbol.

An advantage of the ninth aspect is that the merged data symbols occupy a minimal
area of the surface and minimize visible coloration of the surface compared with separately
disposed first and second individual data symbols.

15 Optionally, the first and second individual data symbols are different from each
other.

Optionally, each merged data symbol encodes a first data symbol from a first
codeword and a second data symbol from a second codeword.

Optionally, each merged data symbol encodes a coordinate data symbol from a

20 coordinate codeword and a common data symbol from a common codeword.

Optionally, each merged data symbol encodes an x-coordinate data symbol from an
x-coordinate codeword, a y-coordinate data symbol from a y-coordinate codeword and a
common data symbol from a common codeword.

Optionally, the common codeword encodes information common to an extended

25 region of the surface, wherein the information is selected from the group consisting of: a
region identity, an encoding format, a region flag, a pattern scale identifier and a CRC.

Optionally, the first and second individual data symbols are symbols from different
error-correcting codes.

Optionally, the different error-correcting codes are selected from the group

30 consisting of: Reed-Solomon codes, binary codes, simplex codes and cyclic position codes.

Optionally, the cyclic position codes use a cyclic code sequence, and wherein a w-

bit subsequence of the cyclic code sequence defines a codeword.

Optionally, the cyclic code sequence is an m-sequence or a simplex code.



means for accessing the cyclic code sequence; an inmage sensor for capturing
an i mage of a portion of the position-coding pattern, the inage sensor
havi ng a Woebdv/wf+58i ew of nore than one tag di aneter an@Ciradgoavam3swo tag
di anmeters; and a processor configured for performng the steps of: (i)
sanpling a wi ndowed subsequence containettin the imged portion; (ii)
accessing the cyclic code sequence and conparing the w ndowed subsequence
with the accessedpyhalg, tROSRIISQAY SRyG&ce hasial Ingtdeidiaf dih&@iod kCHAr di nat e
codeword using the wi ndowed subsequence; and(iv) determining a position of
t he opticalréiﬂﬁ%”ﬁ?%ﬁﬂthe coordi nate codeword. It will be appreciated

that optional enb%iti%ﬂ%rfsth@\xz—bh@@osgdufeﬁ& REHREGicTBYe Bl RAcRR AR LI BH@ hate

1
enbodi ments of the sixt seventh and/or eighth aspects. Equally, sone
generic featwodewad. the first aspect may be used in conbination with the

fifth, sixgh, sevg@gaﬁgg%a{ m&%%ﬂéanﬁgs?%lgflﬁﬂgsm éf‘th@m@fgg& ?)aﬁ?%&?o%fs’ nddd6( £ 1S

provi ded a substr ing a ern di spos urface t%ereof,
t he codi ng patobelimtegiatapyinbél Migmeahgdaorduatd godofordrendgedodatae darpobd, each

merged data synbol bei epr.esented by a plurality of data el ements
di sposed on t%@ggﬁﬁ?ﬁbggf&ﬁ ﬂ%?ﬂgﬁggﬁa%erged data synbol encodes at |east a
first individual dptienagy thomergiitidate syBGOITOrthoR Bicyild uahulGlalt ® csy$Nethon AN

advant age of th% ninth aspect is that the nmerged data synbol s occupy a
mi ni mal  ar ea WRPPHE L Red0lon CHACATXEY9Idsi bl e col oration of the surface

conpar ed wpth sepapabiily, werRPSes mbigk® HatRREhbDEIG Aipebs bl Byl tlldka d@htsSy mbol s.
Optionally, the first and second individual data synbols are different from

each ot her. GptigoHks pyriticagulaimd8BMdat a synbol encodes a first data symbol
R SR T
is represented by m macrodots, each of the macrodots occupying a respective position from
a plurality of predetermined possible positions p within the merged data symbol, the
15 respective positions of the macrodots representing one of a plurality of possible data
values, wherein m is an integer value of 1 or more, and p > m. For example, m may be 1, 2,
3,4,5,6or7and pmaybe 1, 2,3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15 or 16.
Optionally, the coding pattern comprises a plurality of target elements defining a
target grid, the target grid comprising a plurality of cells, each cell defining a symbol
20 group containing one or more of the merged data symbols, wherein neighboring symbol
groups share target elements.
Optionally, the coding pattern comprises a plurality of tags, each tag being square
and comprising M> symbol groups, each symbol group containing R symbols.
Optionally, a tag encoding strategy for each tag is in accordance with a tag

25 encoding strategy (1) to (4) described in Table A:

tag tag PPM merge | coordin | commo | availabl
encodin | configuratio | encoding d ate n e data
g n (m- symbo | codewo | codewo | capacity
strategy | (M°xR)= | pPPM) | lsize rd rd per tag
No. of symbol | symbol
merged size size
symbols per
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val ues,

11, 12, 1O 20th/0316580r

wherein mis an integer value of 1 or
mmay be 1, 2, 3, 4, 5, 6 or
16. Optionally,

nore,

plurality of target elenents defining a target grid,
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wher ei n nei ghboring

synbol grougs sharé¢ target[elenents] Optionally, thé codi ng[pajigrn
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symbol groups, ®@ach 001 | grdapOkomt akADg | R &yribol s(1808Di dndKI)x a t ag
encodi ng strjategy for each|tag is in gecgydance wth a tag engadipg
strategy (1) to (4) _described in Table A Optlionally, a codeword
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b = 40b 5b |= 230b|In a tenth aspect,IQﬁéWé is provided a metRod36P
decodi ng a coding pattern di sposed on a surface of a subsitrate, the nethod
conprising the steps of: (a) operatively positioning an optical reader

relative to the siifgod agnedt dajstuproyigedametheigd dedodmg pepdipopatiem disresedodi ng
pattern, the i I ONRLdisidnNg; . ity of nerged data synbol s,
each nerged d%?%hggﬁgﬁ%gﬁéﬁﬁé red%%gQ%F%gM%%Méagkﬁﬁality of data el enents
di sposed on the s@)fopoetjvelyipesiépmngaciptios rgdd rdaiva tsthabofaceaciodptsriag 4ni r st
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of merged dat ﬁ§$¥iﬁ$§®§$%§¥§pége first codeword ﬁncod mggd%ol

merge

a s
correspondind”§@¥

AN RESHacs, WS cac

encodes a first individual data symbol from a first codeword and a second individual data

symbol from a second

codeword;

(b) sampling a set of the merged data symbols contained in the imaged portion; and

(c) decoding the sampled set of merged data symbols to obtain the first codeword

encoded by a corresponding set of first individual data symbols.

Optionally, the method further comprises the step of:

decoding the sampled set of merged data symbols to obtain a second

Optionally, the method further comprises the step of:

codeword encoded by a corresponding set of second individual data symbols.

detecting at least one erroneous first individual data symbol in the first

treating a second individual data symbol co-encoded with the erroneous

first individual data symbol as an erasure.

Hence, decoding of the first individual data symbols may assist in detecting errors

in the second individual data symbols co-encoded with the first individual data symbols,

Optionally, the first codeword is a common codeword identifying information

10
15
codeword; and
20
and vice versa.
25

common to an extended region of the surface.

Optionally, the second codeword is a coordinate codeword.



Optionally, the nethod further conprises the step of: decoding the sanpl ed
set of nmerged data synbols to obtain a second codeword encoded by a
corresporiDregleesr1sef second i ndivi dual data synmbol s. Optrcomdi2bgp/ootdse net hod
further conprises the step of: detecting at | east one erroneous first

i ndi vidual data synbol in the first codetord; and treating a second

i ndi vidual data synbol co-encoded with the erroneous first individual data

synbol as an er as@pBenatigaeh mee&RAtNGmMObI chtRled d thil idRaiudi @Aty mdat ahasynbol s
may assist in detecting errors in the second individual data synbols

co- encoded withhmethed furthericompiiey thg si§P ©fat a synbol s, and vice versa.

Optionally, the first goOEMOmEdnhIA CAUFRRA:E S WIS d6Hbih bR i nf or mati on
common to an extended region of the surface. Optionally, the second

codeword is aodowrdiivada byadewepondys scorfdhirdindieidud) dete syyeldlsdat a synbol
encodes a third indjVvi a - . t mr.i ses
the step of: deco%?%ﬁhgﬁghg %%rg%%gg?ﬁ%wgﬁgpgggﬂg%@%ng%%%wg&&g&g1 ain a
t hi rd codeworabdmppadeddikppsal anarsngap ofidsubgirae theebdingpatdrm qodipuisiokial dat a

synbols. In an el eventh ect. . the i S . provided a tical re r
ot edror Goohriy SRSH e sRRt: st SEY s BlibS Bt SRIZ

sulraﬂs)t Irat e, trt;eeplm@miy@ggmwrﬁéﬂgb (ﬁWl bdioﬁitmurfa:epde@h 'batt;:y n(éfge?’&ﬁtleﬁn‘tiﬂ)at ? g
synbol s, each nerge ata. synbo el ng represente y a plurality o at a
el ements di spds¥Es pHSE ﬁewgdmlfda@é,ymbmgrp@i YL YRES YU S&%él@w«%\yd%codes a

first indigi dyaboldanfa &¥sRIRbddweRa a first codeword and a second i ndividual
data synbol froma second codeword; the optical reader conprising: an inmage

sensor for cdpeentictlgesder ompyEngf a portion of the coding pattern; and a

e ST A e g MBS ) SR, et of (1
a processor configured for performing the steps of:
(1) sampling a set of the merged data symbols contained in the imaged
15  portion; and
(i1) decoding the sampled set of merged data symbols to obtain the first
codeword encoded by a corresponding set of first individual data symbols.
Optionally, the processor is further configured for:
decoding the set plurality of merged data symbols to obtain a second
20 codeword encoded by a corresponding set of second individual data symbols.
Optionally, the processor is further configured for:
detecting at least one erroneous first individual data symbol in the first
codeword; and
treating a second individual data symbol co-encoded with the erroneous
25 first individual data symbol as an erasure.
In a twelfth aspect, there is provided a system for decoding a coding pattern
disposed on a surface of a substrate, the system comprising:
(A) the substrate, wherein the coding pattern comprises:
a plurality of merged data symbols, each merged data symbol being represented by
30 aplurality of data elements disposed on the surface, wherein each merged data symbol
encodes a first individual data symbol from a first codeword and a second individual data
symbol from a second codeword;

(B) an optical reader comprising;



(i1) decoding the sanpled set of nmerged data synbols to obtain the first
codeword encoded by a correspondi ng set of first individual data synbols.
Opt i onal Iwo 2btve3prsecessor is further configured for: deeotiagoielset
plurality of merged data synbols to obtain a second codeword encoded by a
correspondi ng set of second individual d&ta synbols. Optionally, the
processor is further configured for: detecting at |east one erroneous first

i ndi vi dual data syfflge kéhsérltr daptiihg HAMGYOSE poRidE of thedddinipatterim@nd
i ndi vi dual data synbol co-encoded with the erroneous first individual data

synbol as an er as@PEcesof canfigusidiforpesfopepg the steesradd i s provi ded a system for

decodi ng a coding patt gy QmdiPOASESt 1 @ UalASRLAL céhtttaSt flfaged NE System
conprising: (A) the substrate, wherein %he coding pattern conprises: a

plurality of migethddata synbols, each nerged data synmbol being represented
by a plurakity of data.el I rel ach
1y o, 0 gL 5, Rl A ARt MU BL B

nmer ged data synbol enc I'rs a roma first
codeword and a secaddordmicaded bph cataspondingbalof firstimliaidsd cletadyslodewor d; (B) an

optical reader conprisjng, an.i e sensor for. capturing an | f a
portion of the coding BRRERFne L S BoeS Gt e g URed pho mBe At mi ng
the steps of: (i) cs@fietd;ng a set of the nerged data synbols contained in

the i maged portion; an i1) decoding. the sanpled set of nerged data
synbol's to obtain the QS]Y)S‘@?“%&?@Q%?&%&H%H‘%& %91%%1 C@ﬁfl%‘gwﬁ‘%ﬁ’ﬁ@r@@fww

first indhgi dual diakahdBydRRdass syfnbblia) afl@h&ed kit at | east one erroneous first
i ndi vidual data synbol in the 1yi rst codeword; (iv) treating a second

i ndi vidual data synbol (V¢éecediethe sanpiledtet ¢fancszed dpie sumbdls e btainddesandual  dat a
synbol as an erasyfgy, (cj((d\ééi b8 EQR RGP Bt SRR RAn Gl Lot MBS nGRE dat a

synbols to obtain a secon
including the erasure.

In a thirteenth aspect, there is provided a method of encoding a coding pattern for
15 disposition on a surface of a substrate, the method comprising the step of:
co-encoding, in a merged data symbol, a first individual data symbol from a first
codeword with at least a second individual data symbol from a second codeword,
wherein the merged data symbol is represented on the surface by a plurality of data
clements disposed thereon.
20 The method of thirteenth aspect may advantageously minimize a number of the
data elements disposed on the surface.
The method of thirteenth aspect may advantageously minimize visible coloration of
the surface.
Optionally, the merged data symbol is represented by the data elements using pulse
25 position modulation (PPM) as described above.
Optionally, the coding pattern comprises a plurality of the merged data symbols.
Optionally, the method further comprises the step of printing the merged data
symbol onto the surface.
Optionally, each merged data symbol encodes a coordinate data symbol from a
30 coordinate codeword and a common data symbol from a common codeword.
Optionally, each merged data symbol encodes an x-coordinate data symbol from an
x-coordinate codeword, a y-coordinate data symbol from a y-coordinate codeword and a

common data symbol from a common codeword.



codeword encoded by a correspondi ng set of second individual data synbols
including the erasure. In a thirteenth aspect, there is provided a nethod
of encodiwg 2a1003di58g pattern for disposition on a surfa®eTafU2e090bB8r at e,
the nethod conprising the step of: co-encoding, in a nerged data synbol, a
first individual data synbol froma first7 codeword with at | east a second
i ndi vidual data synbol froma second codeword, wherein the nerged data

synbol is represeqpachadf thderssdat k@erd BivAulddfadyhbdls 06 syadoR RIneEBkS
di sposed thereon. The nethod of thirteenth aspect may advant ageously
M ni mze a nUAMEFOTETtRgROdefat a el enent s di sposed on the surface. The nethod

of thirteenth aspeqli®YoRdVARt R8s hYenBolid®hd 81 Wk Sindl phor atjmn of the
surface. Cptional?@&'?ﬁemﬁg?%gﬁ dgﬁgﬁgjﬁg%?h?%%ﬁepFeQESﬁgg b%yt%ggﬁata

el ement s usi mptipul sebyslysénts o therterdiyckeyénsln ty PRVndgbirtdentleaspesésd above.
Optional lyg the coding pattern conprises a plurality of the nerged data
synbols. Optionally, the nethod further conprises the step of printing the
mer ged dat a sBRIEH DESECRIXTAONGQF DRAAVINGS i onal | y, each nerged data synbol

encodes a coordi nate data ol .froma coordinate .codeword conmon
it & symbol £ rom ar AL et PR BRSNSl ShE BE oAt P b0
encodes an X-@oi-Unitakexdall@oBy, Rl refbearatamedcaphdinalreviegdawaiich: a
y-coordi nate data synbgl froma y-coordi nate codeword and a conmon data
synbol from d'88midh? & @%&rﬁ.a@ﬁﬁtlﬂﬁwlbﬁwe@hésw SPIdHREEL MY 0T dual
data synbgbhs ab&dg¥igiehs fromdifferent error-correcting codes. It will be
appreci ated that optional enbodi nents of the ninth aspect may al so be
opti onal enbddgyeAtkovsfandmbodigentof basiepeiprgh archiigerure Wltgﬁérlquhia qreaaineshfor
aspects. BRlﬁﬁagF?ggthICN OF DRAWNGS Preferred and ot her enbodi nents of
the invention w now be described, by way of non-liniting exanple only,
wi t h ref er endégire3 thvavsadentipetnsgiwith g8 aybggroupsn whi ch:

Figure 4 shows a tag structure with 2x2 symbol groups;
15  Figure 5 shows a symbol group;
Figure 6 shows the layout of a 9PPM data symbol;
Figure 7 shows the spacing of macrodot positions;
Figure 8 shows the layout of a registration symbol;
Figure 9 shows the layout of a 32-bit x-coordinated codeword;
20 Figure 10 shows the layout of a 32-bit y-coordinated codeword;
Figure 11 shows the layout of a common codeword A;
Figure 12 shows the layout of a common codeword B;
Figure 13 shows the layout of a 16-bit x-coordinated codeword;
Figure 14 shows the layout of a 16-bit y-coordinated codeword;
25 Figure 15 shows the layout of a Reed-Solomon codeword,
Figure 16 is a flowchart of initial image processing by the Netpage pen;
Figure 17 is a flowchart of codeword decoding subsequent to the initial image processing;
Figure 18 shows a nib and elevation of the Netpage pen held by a user;
Figure 19 shows the pen held by a user at a typical incline to a writing surface;
30 Figure 20 is a lateral cross section through the pen;
Figure 21A is a bottom and nib end partial perspective of the pen;
Figure 21B is a bottom and nib end partial perspective with the fields of illumination and

field of view of the sensor window shown in dotted outline;



Figure 1 is a schematic of a rel ationship between a sanple printed netpage
and its online page description; Figure 2 shows an enbodi nent of basic

net page awohltoasrisBe with various alternatives for the pPeray20@viotss Fi gure
3 shows a tag structure with 3x3 synbol groups; Figure 4 shows a tag
structure with 2x2 synbol groups; Figurel® shows a synmbol group; Figure 6
shows the | ayout of a 9PPM data synbol; Figure 7 shows the spacing of

macr odot posigtiyens? iskil@istediS showecddiertiRyeut of a registration synbol ;
Figure 9 shows the | ayout of a 32-bit x-coordinated codeword; Figure 10

shows the | ayidgtre 834 # agpuis] ongiudpahcaesnencten edbrevbrit barrlgueléng1 shows the
| ayout of a C}ﬂ@ﬁ?@@ﬁﬁ‘l%‘é@i&ﬁof%tgﬁflnﬂ%c%s 2ishavk RED ayRuhe RirePmGaI¥EON

codeword B; Figure 13 shows t ayout of a 16-bit x-coordi nated codeword;
Fi gure 14 shdiwure keislaagpotiace of thapengphiestadjpcend o plditaiaf thd itkodeiudged; Fi gure 15
shows the Lay - - n,codeword; Figure 16 is a flowhart of
initial inggéﬂ%%%g%ggfng%%y§@hgpﬁﬁk%gge pen; Figure 17 is a flowhart of
codewor d decddgurg26ishselguemdtion of thheibiand thie dicldiofage g heopssi segsorfindur e 18

shows a nib and elevatiop .of the Net en held by a user; Figure 19
shows t he peﬁﬂﬁg?é$8ﬂ%&mgS@?agfﬁngﬁggggFﬁFﬁc|ine to a witing surface;
Figure 20 is a |ateral cross section through the pen; Figure 21Ais a

bottom and nib _end partial perspective of the pen: Fiqure 2IB is a bottom
and nib end JAETALED DESCRIETION G AREFERRER AND QTHEREMBORIMEN A 1 el d
of view ofigpt he sensor wi ndow shown in dotted outline;Figure 22 is a

| ongi tudi nal cross section of the pen; Figure 23A is a partial |ongitudinal
cross sectionl-bf t AetpAgE Sxstem Paehitertuny| di ng; Figure 23B is a partia

| ongi tudi nal cross I?%ﬁnhéé‘é?féd%fnbm&eﬁtﬁhbﬁgeﬁio?@gcdggg%rgﬁ{og@rk W?ljh%e{}%t'cpg lgure

24 is aray trace o pen optics adjacen the in tridge;
networked computer system, an overview of which follows. In brief summary, the

preferred form of the netpage system employs a computer interface in the form of a

15 mapped surface, that is, a physical surface which contains references to a map of the
surface maintained in a computer system. The map references can be queried by an
appropriate sensing device. Depending upon the specific implementation, the map
references may be encoded visibly or invisibly, and defined in such a way that a local
query on the mapped surface yields an unambiguous map reference both within the map

20 and among different maps. The computer system can contain information 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 form of actions which are initiated by the computer system on behalf of the
operator in response to the operator’s interaction with the surface features.

25 In its preferred form, the netpage system relies on the production of, and human
interaction with, netpages. These are pages of text, graphics and images printed on
ordinary paper, but which work like interactive webpages. Information is encoded on each
page using ink which is substantially invisible to the unaided human eye. The ink,
however, and thereby the coded data, can be sensed by an optically imaging sensing device

30 (orreader) 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 surface).



Figure 25 is a side elevation of the lens; Figure 26 is a side elevation of
the nib and the field of view of the optical sensor; and Figure 27 is a

bl ock di ayoamoaf37tsBe pen el ectroni cs. DETAI LED DESCRI PTPONATROMRAEKBRRED AND
OTHER EMBODI MENTS 1.1 Net page System Architecture In a preferred

enbodi nent, the invention is configured to work with the netpage networked

conputer system an overview of which follows. In brief sunmary, the

preferred forpafatncthRrRIPHIE &YEEBIT: PBIPTBY SroRdEOITRMIT ckdMbE b 8t will, t he
formof a napped surface, .that is, a physical surface which contains

ref erences t ®f&oWEH b@ﬁpnr?réat%tmtéb%pw%akentéa fqrp of aphpfpile 850518y 68385 OThe nap

references cap,RR AUSHiEL LY an appropriate sensing device. Dependi ng upon
the specific inplenmentation, the map references may be encoded visibly or

invisibly, and def ilnede pbasliradatt, actiepybutthes and Hyperlinkscpiegagh page tchie beralied
surface vyiel M nong
di fferent %a%%ﬂﬂﬁﬁ&ggggpgagqgﬁgﬁgt&§é§%%%gﬁPg@%H?ﬁﬂ%?ha &%Sl &%éﬁtures
on the mappec muw@racserverahdorrewufbodmenlr et wottendanhabé on etnmpegeesi auhtam&d:ahm nap
references supplied, by a se n vice us with t urf

o or ot - on e 7St PGB ParRBeri 15 i GG O ek P 4 B 1 at ed
by the conputfled SS e men ehBbEmEntQf siglatir@pRE@ICr ol ra ﬁ@@@@m&e afitombtiv@lly
operator's interaction with the surface features its preferred form

the netpage s¥f&fighn PRAYIRE GFPRIPRC (IBAREETISN i be éﬁ&r%rfé‘WOPFﬁder]é‘ct"fh&h with,

net pages. 1dheg@odnRnR28a%on0f ndyfxt magbaRNEKEE oRBEk1ir PG aRIHRAE aNtAch PRePEMI Nary
paper, but which work |ike interactive webpages. Information is encoded on

each page usﬂﬁ@wmﬁkﬂﬁﬁﬁ@%byﬁmgﬁ%stant|aIIy invisible to the unai ded human
eye. The ink, howevgr; ilu&%lg%‘?fg‘ﬁ%ylt %q)ag@ﬁ Ran ﬂesQ]? a%ﬁt@é@tﬁz PN

optically inmagi ng sensing device dtra snltte to the netpage
system The s@ndln@nd@wﬁﬁbdnaybxak@1EhebﬂerMGkﬂa'cmldk@nﬂm&drm@hl@ming on

a specific pas tion surface paL Ny Ius far |nt|ng
or “Best ur  ng_ el Za 2t Bl B RRCbS bl Wi R R e B e ki g
nib (for narkihogs a *Rﬂqlfeaée‘orm t:dmtalrnkg mhmarpbad@ltdssn@eldgesd mrsumgt buttos iThé ng on
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take the form @bedios&f withe SRPEic Agka AENIsGESe @bding pattern 3 comprises a collection
of tags 4. A typical tag 4 is shown in the shaded region of Figure 1, although it will be
appreciated that contiguous tags 4, defined by the coding pattern 3, are densely tiled over
20 the whole netpage 1.
The corresponding page description 5, stored on the netpage network, describes
the individual elements of the netpage. In particular it describes the type and spatial extent
(zone) of each interactive element (i.e. text field or button in the example), to allow the
netpage system to correctly interpret input via the netpage. The submit button 6, for
25 example, has a zone 7 which corresponds to the spatial extent of the corresponding graphic
8.
As illustrated in Figure 2, a netpage sensing device 400, such as the pen
described in Section 3, works in conjunction with a netpage relay device 601, which is an
Internet-connected device for home, office or mobile use. The pen 400 is wireless and
30 communicates securely with the netpage relay device 601 via a short-range radio link 9. In
an alternative embodiment, the netpage pen 400 utilises a wired connection, such as a USB
or other serial connection, to the relay device 601.

The relay device 601 performs the basic function of relaying interaction data to a



readers described herein. In one enbodi nent, active buttons and hyperlinks
on each page can be clicked with the sensing device to request infornmation
fromthe woetzawids738 t 0o si gnal preferences to a network PETAER0090010G3Me
enbodi ment, text witten by hand on a netpage is automatically recognized
and converted to conputer text in the nepage system allowing fornms to be
filled in. In other enbodi nents, signatures recorded on a netpage are

aut omat i cal | ypayekérbdremd, wldhOMeREete HOARREES IhaNsadhblvans Higrde secael y
aut horized. I'n other enbodi nents, text on a netpage may be clicked or

gestured to idsvict 82 lemay. 8 &KaRPIp dake dhedhrmk ehARsraBal CPraPW 08 LR, BYCPIS PHEEE . As

illustrated i i i n : i : ive
for mwhich con bePpfift derteR LDIE ILRAGChGRP of RBRRSAA: e Bbaifct L

page, and "elwedthrowicdal | y', via conmuni cati on between the pen and the

net page sygtem The.ex I "Request " f.or Fni ng . n nd
addr ess figlds and%ggs%%%$§I%@%%%%&bTﬁzﬁﬁ%?%égg&Tnkgﬁg%EQQ(%fmbﬁggﬁﬁb dat a
2, printed usiengnalizel bespapdes, @angiziaess unfabge bochung palt bmempﬁbl'sutpms,i aiposed

with the graphic data, The surface. codjn ttern 3 ¢ rises a collection
of tags 40 ATYEICLIER ARy REHE PP CHIS e Pei R mar o ey

al t hough it Wrlnker Reanapplizacd whicltlcanval fof eapBUAMS mbagsd Ajaceiefid nededyhdrhe
codi ng patterﬂ 3, are densely tiled over the whole netpangl The

cor r espondi ngdpEGEIESEP ipHTHnEmed: YFlb e Bt Whe HShPager AT WSk r i bes

t he i ndi vijgualcaeing memcBol®h pbite oNedRAGE fod e RAY. Ui 6 86mdstin dR3G6], RB&dphe type
and spatial extent (zone) of each interactive elenment (i.e. text field or

button in therogglaprdeniniatuse wdriigny Neteagaerpirieonsdempadyt thergeint efcqopspnpieer pr et
i nput via the, ngiRa he i i Bio1il [ ) &vi A = whi ch
corresponds 1o he Sost o S daferaf 2 Bhoihal sk AR L e g RS
illustrated imedimyure 2, a netpage sensing device 400, such as the pen

dosor, oo, 1 SeCt ol Rt it MERRUNTIELLORaP b RERRASRAE! i Y o,
The pen 400 imsobikrgoes r diuh corfmiey oatdesktapecampaltey, vt ah ihfoenatieh ppgkancel ay
device 601 vi c%nr?'ectse (t)Or 'cE s-hl:clraé %%pll:cl)?}%iuc alsian[K/. ?f theI rrzelay device 601 is not a netpage printer
601b which prints netpages digitally and on demand, the netpages may be printed by
traditional analog printing presses, using such techniques as offset lithography,
flexography, screen printing, relief printing and rotogravure, as well as by digital printing
20 presses, using techniques such as drop-on-demand inkjet, continuous inkjet, dye transfer,
and laser printing.
As shown in Figure 2, the netpage sensing device 400 interacts with a portion of
the tag pattern on a printed netpage 1, or other printed substrate such as a label of a product
item 251, and communicates, via a short-range radio link 9, the interaction to the relay
25 device 601. The relay 601 sends corresponding interaction data to the relevant netpage
page server 10 for interpretation. Raw data received from the sensing device 400 may be
relayed directly to the page server 10 as interaction data. Alternatively, the interaction data
may be encoded in the form of an interaction URI and transmitted to the page server 10 via
a user’s web browser 601c. The web browser 601c may then receive a URI from the page
30 server 10 and access a webpage via a webserver 201. In some circumstances, the page
server 10 may access application computer software running on a netpage application

server 13.

The netpage relay device 601 can be configured to support any number of sensing



an alternative enbodi nent, the netpage pen 400 utilises a wired connection,
such as a USB or other serial connection, to the relay device 60 1. The
rel ay dewoeoBB71ser f ornms t he basic function of relayi ngCrmteo@apicn dat a
to apage server 10, which interprets the interaction data. As shown in
Figure 2, the relay device 601 may, for #xanple, take the formof a
personal conputer 60la, a netpage printer 601b or sone other relay 601c

(e.g. personaevie@dMitLiendig dEORE tA WRINORRL bMCRINDRF SlieBzcdcMRPINhOWERIRd The
net page printer 601b is able to deliver, periodically or. on demand,

per sonal i zed FBlEEISARMNS cachuginzsehel ngdsyiss HPdias prpgwaifeniifigh dhispHeys cach
publ i cations, @l & REdidth §Uihct PrHle AuRIdshdet B5a héﬁga%é 3edd ¥ReN R} HRPBRcatibnl | ke a

personal conputer, the netpage printer Is an appllance whi ch can be, for
exanpl e, malhwﬂﬁuh&ed adj acent to an area where the norning news is first

consuned, guch as | eifh é“&e{enﬁmlf El?J% g&@geﬁag %%f forr%@cp{r)])?’thebrFeg{aggr the

househol d's point o parture
deskt op, porU&me @mu,mmmhampbeSvmrgnnmmg ﬂMﬂMmHQesfpnanGd]anHEmamﬁ at
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net page r el ayqudieyipa8liceichs Iiﬁiﬁé‘qﬁge i@t tP@bd)(Bcadﬁﬁbhez&Lon§M6 belgred aifomiticallphone
or PDA, a | aptop or._ desktop nguter an |nfo%@$§ion a Pllance c?nnected
to a shared cfPsSb‘P%E{/‘ mgullﬂ‘;Pa&% Pé.‘ LV Vlepoc“H@‘S%% é‘gfi CRRMg OISt PEI0QSnet page

printer 6Q93b MoRAIZBY hibliSatidfs RAHRScindifblattdt RBFIRN todRARAGAI uid Eroﬁ% pages
may be printed by traditional analog printing presses, using such

t echni ques as of f sek Nqthazh ogY ABHRE rogibered giith BHYIDagSTPEEFtiN FRET hbandlékpef
printing and tb Q)hgglr Mllégﬁym c%ﬁﬁlal:co"ﬁﬁtﬁ ansdélQ)'wts %l cof%ﬂeﬂ:%'p Qﬁse@gyy%ecuw ng

t echni ques such as dro emand 1 nkjet, continuous in e transfer,
and | aser priauthorigad mmgsmmagm pé. ghe eetﬁagetrmtmmp@g@r S@nwmghﬁemauee 400

i nteracts wi L8 ROp! 10N, Qlaok et 3 BALLSLAIP AR TS RELRAGS: bt O
ot her prlnted:g BSt Pate UK S abel ™ or ay %& and
conmuni catl Bs, authicaticateshoustr ¥ idagiey toadicaomimeice Qervetrhetherrtn@neanctsl oelmaltscobetthed rel ay

devi ce 601. The rel. sends correspondi ng.interaction data to.the
Tl evant met pagE S ARIS0uSTNG o TR ot MR Hat st Ud 1 om
the sensing deymie whdBy MRYeege registration server.

1.2 Netpages
20 Netpages are the foundation on which a netpage network is built. They provide a
paper-based user interface to published information and interactive services.

As shown in Figure 1, a netpage consists of a printed page (or other surface
region) invisibly tagged with references to an online description 5 of the page. The online
page description 5 is maintained persistently by the netpage page server 10. The page

25 description describes the visible layout and content of the page, including text, graphics
and images. It also describes the input elements on the page, including buttons, hyperlinks,
and input fields. A netpage allows markings made with a netpage pen on its surface to be
simultaneously captured and processed by the netpage system.

Multiple netpages (for example, those printed by analog printing presses) can

30 share the same page description. However, to allow input through otherwise identical
pages to be distinguished, each netpage may be assigned a unique page identifier. This
page ID (or, more generally, region ID) has sufficient precision to distinguish between a

very large number of netpages.



relayed directly to the page server 10 as interaction data. Alternatively,
the interaction data may be encoded in the formof an interaction URl and
transm t two 20w/Bhsspage server 10 via a user's web br owpem/AAR0@/00T13¢ web
browser 601c may then receive a URI fromthe page server 10 and access a
webpage via a webserver 201. In sonme cirzunstances, the page server 10 may
access application conputer software running on a netpage application

server 13. The net pagerdf@bRY t6lens fuge AB:Lrisan P Gt FWnestict On SEPRGbe any
nunber of sensingdevices, and a sensing device can work wi th_ any nunber of

net page r el aygtteinEachdagpfaaflier psallscpn ehemtigequsipes eideifise thsaydaus dres Ay

device 400 hagyg, H'&%)lzéd?s, heleMbiehy Sdirech ii§en§h!§sot‘ﬂ§ pERCRsMEbn KOEAMRI 1 Ak a

distinct profile w respect to a nefpage page server 10 or application

server 13. Dilgéntifips itopwilperetivg aeth¢ pegey Clafractesisiwsgd sheltagragre Wescpleadfiommed by

t he net pag$ Plotatiflow001b, which exploits the growing availability of
broadband I'nternet access. Netpage publication servers 14 on the netpage
net wor k are confi guhedattaydellly \peinteprin mtfouealabsorptpabihk omtnypnostrae maichage
printers. Per. ﬁdi aIﬂ ‘EUbl i cgti ons are deliver Efd ut omat.i cal, | # to

subscri bi ng né ?fs%ae BRIV BFL 8y PEIEG] RPEL ST iThgTRRY T RRAT NG RTEFhet
protocol s. Pegsoradthzad ipumlé €atht dasambr Bt lafedasith anckdfgramilitedtaiarngs di ng
to individual user-lt])rofi | es. ﬁ net page pen may be registered with a netpage
regi stration SBOUEHN M anRiWipte e t o one or nore payment card accounts.

This all owg e- comMex 68 iPRNFE BY & 2bhrREMIQCRAR) Y B hASIE 238G IENG, hlvennet page
pen. The netpage registration server conpares the signature captured by the

net page pen ipg fetaispraayRitiktoyhanegiags wiise 33 Gnasanesenctpace sWylgvice QloThe
authenticate Jiseggoél?s%'re?es& Qﬁﬁghﬁﬁﬁn&ae iﬂ?fh%%‘ig%ec‘raa 8LY&RT601 ah&hoRlapBt ri cs

can al so be d to verify identity. e versSion of the netpage pen
i ncl udes fi ngediprlinkt Itsisamportegt thee thef paadrepagnize shavphgrr [Dvayd pysitidneomevepage

registration seryer, iy andeiRagss. Netpades, s dde, Loundal Lan o uch a
net page networkK 1S built. y provide a paper-based usSer Interface to
publ i shed1bnfacedat kcomalkanicbm i I cdlerae ts@irfacccdamagdAs shown in Figure 1, a

net page consists of_a printed page (or .ot her surface regio i nvi si bl
FaonadCut th 1ot or oo Rbuteies RS o haRbise Gis 365 PRABIYR M T i ne

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.

20 2 NETPAGE TAGS
21 Tag Data Content
FEach tag 4 identifies an absolute location of that tag within a region of a
substrate.
Each interaction with a netpage should also provide a region identity together
25 with the tag location. In a preferred embodiment, the region to which a tag refers coincides
with an entire page, and the region ID is therefore synonymous with the page ID of the
page on which the tag appears. In other embodiments, the region to which a tag refers can
be an arbitrary subregion of a page or other surface. For example, it can coincide with the
zone of an interactive element, in which case the region ID can directly identify the
30 interactive element.
As described in the Applicant’s previous applications (e.g. US 6,832,717), the
region identity may be encoded discretely in each tag 4. As will be described in more

detail below, the region identity may be encoded by a plurality of contiguous tags in such a



page description 5 is maintained persistently by the netpage page server
10. The page description describes the visible |ayout and content of the
page, i ncWwodbrg3resst, graphics and i mages. It al so descrChag2odvorasput

el ements on the page, including buttons, hyperlinks, and input fields. A
net page all ows markings made with a netpzge pen on its surface to be

si mul t aneousl y captured and processed by the netpage system Miltiple

net pages (forwgx@ampdvery ihBRASRNPKkIE dutkyataRall @@nidids Nkd ﬁgioi@ﬁ@ﬁﬁtﬁ,séveﬁaﬂ”la shar e
t he sane page description. However, to allow input through otherw se

i dentical pagdiolsde baotindhe fieilofarato! theaersitgeiepiSge may be assi gned a uni que

page i dent ifi er. T@a@h BR9F sﬂo_@ld( PeteraBR HeliF6h %h&rﬁatio'hecgitﬁ)é"ta%@zlamsto the
sufficient precision to distinguish between a very |arge nunber of

net pages. Eaclsubstfatsraarycach the talgas pradgsl. Qaswrtioptdegncad fram ¢ tageaabdaditye whtoted in
t he net pag e I of contiguous tags)
identifi esgt E@a‘%}nolrfg}fé)%%g&gbe}e%ﬁvéﬁ{ﬁ%/hsgg;stt&aeg%é%%g%ﬁlglﬁ% thereby indirectly
identifies the page\ gedandyplisoencdle okaahmdradlagy wloch want tb tlhieasgion & owimle

position on th age. . racteristi f the tags are.described.in nore
Fotai | bl ow B AidEE SaF o Mt hedts P e arBa SIBEET shtess e Ton any
su ]lcast r atj ef Y\/ni Iﬁhviﬂesfebdﬂaélﬁ-fnﬂi&aﬁ»&fdf&?ﬁmdﬁ@g a§sucib]t|e@-$litﬁ EHH nahediapaped gfl Qe tdgh ]
infrare uorescing ink. Near-infrared wavel engths are invisible to the
human eye but™Hat BEsespederise Vg 1 refst ot dpgigop ﬁégws regols Y NSAPASh Peth

appropri atg fihyt €6 cAmbRY illutni NS add¥e AredDLRDERhdnTRUBe SERSH a hPpdrik.
net page sensing device, and the tag data is transmtted to the netpage
system vi a t heltogestivestanpstiyragies flag By dulitatedo ¢y pen 4PAdo Fuyadoaptied yinve| ess

and communi caf @R qeho iidRLPASR ¢! ay device 60 1 via a short-range radio
link. It is inportant that the pen recognize the page I D and position on

every interaction Vi tah 4ty apagecods i deggal sgmafurt @rdegnor thescodtTagetnssding Tags

are error-correctabl ncoded to nake.t he artially.t.olerant .to surface
Garage. TholrEEELE Heka PRERARE, b2 FRAT if ASMABRR okl ERARE 1§ Sedr{ o
each uni qué prrohicedaudenpageSucalapmishtings bie deseribeli intfed axa@pled) 83 Putticat®e Noof

user - suppl e abigse O HABUL, LEShAR L Nklioi 085, 2095 LRIGED A Bliufach
signature may be encoded in such a way that it can be retrieved from every interaction with
the substrate. Alternatively, the digital signature may be encoded in such a way that it can
be assembled from a random or partial scan of the substrate.
20 It will, of course, be appreciated that other types of information (e.g. tag size etc)

may also be encoded into each tag or a plurality of tags, as will be explained in more detail

below.

2.2 General Tag Structure

25 As described above in connection with Figure 1, the netpage surface coding
generally 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 to 5, the first kind of element is 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

30 perspective distortion of the tag to be inferred. The second kind of element is a data
element in the form of a macrodot 302 (see Figure 6). The macrodots 302 encode data
values. As described in the Applicant’s earlier disclosures (e.g. US 6,832,717), the

presence or absence of a macrodot was be used to represent a binary bit. However, the tag



2.1 Tag Data Content Each tag 4 identifies an absolute | ocation of that tag
within a region of a substrate. Each interaction with a netpage should al so
provi de awoegioms7isdentity together with the tag | ocati orCTiAU2009m0&f3er r ed
enbodi ment, the region to which a tag refers coincides with an entire page,
and the region IDis therefore synonynoug* with the page ID of the page on
whi ch the tag appears. In other enbodinents, the region to which a tag

refers can betagur b tHeapischt BiReiAN cRhod@ PaBR QiluObbias Hufifpake. poki@sn
exanple, it can coincide with the zone of an interactive elenment, in which

case the regiBulaopaidiy @f‘é‘ﬁfﬂ%‘f‘d infeere detyil ithsciioft’e} act i ve el ement. As
described in the Appk6ARY padteBY kPSRRI tﬁ@gdrfa@esm(sﬁckga W%&SQO §§c%v RJJ ), the

region identity nmay be encoded di scretely in each

descri bed i n byowceuittdtbaidn dpé¢adwnagitgesysieyi ol mdﬁemculaybmyomi@aleﬂye@méuﬂby a
plurality gf g Gl VEE t he
substrate gt |I}C‘l?rg\t)vltc)faq1 ?po;l% ’?‘h"’é‘grngéé}. oﬁaq%grr%% r@{terﬁ 4 Sytfpgglg &ﬁﬁt%&g?t\g\ngth?s not
inthe field smffaacnewgahaﬂrdvﬂ)amémr indragtdwikce. Each tag 4 should preferably
identify an orientation of the tag relative to the substrate on which the

tag is printe Oi tion d froma tag enables the rotation (yaw)
of the pen 40%2}el ﬁ?& “f%'rfﬁghgﬁ:{)&'glg’['ﬁ?'ﬂ’ e deternmined. Atag 4 may al so
encode one or nor @idutePshoWhteRirli@irabea t@nplhetal @8ivaith tafsgetaeléfm{sesoo@hom an
i ndividual tag. One or nore flag hits may, for exanp gnal a sensing

devi ce t o 1Br olicdas Adelisdrace ?%F%%ﬂilthsﬁfn Greeq, ﬁlélﬂ%ﬁ Té’@%“o@ifgéf glamaits KOt he

i mredi at e ar egc@fd ot e @9 andbdrRUSr thd¥8e BRTISE nlqogg\gfe%ﬁa@@w agacm tyRhRy to a
description of the region. A netpage pen may, exanpl € l umnat e an

"active area"defipghewemetenoti the tagohke bgh aurhlg/qb@f Itargﬂk elemlelntéﬁﬁ)ﬂa@dehgﬁou%m
active area fﬂa&tg%{é?ﬁleéu?a‘?é qakShifQoh *168 ap&?stp ngzta‘?stctr% WOF theCr @ggw x%ﬁ'e ' ﬂFiéJt

imedi ately to age server may al S0 enc ital

signature or 1magadatg'nmwetpdgepao400 Tlagsnpems)dlﬁmg:u(apaofmaise)mdg gidt altlmsuetynat ures

are useful1 in ap atln% s where it is required to verify a product's

aut hent i ciPy. p°§u§ 3?581‘ 4tions are described in, for exanple, US

Publ i cati on No. Zﬁﬁgidgmaﬁﬁsts bhe sqart #nl of ﬁi‘ne\sﬂnlﬁﬂll gtodiph &3e Symbdl gasupor at ed

by reference. 30 are gengarcated by the target elements 301 so that each symbol group is contained
within a square defined by four target elements. Adjacent symbol groups 303 are
contiguous and share targets.

20 Since the target elements 301 are all identical, they do not demarcate one tag from
its adjacent tags. Viewed purely at the level of target elements, only symbol groups 303,
which define cells of a target grid, can be distinguished — the tags 4A themselves are
indistinguishable by viewing only the target elements. Hence, tags 4A must be aligned
with the target grid as part of tag decoding.

25
2.2.2  Tag Structure with 2x2 Symbol Groups

Figure 4 shows the structure of an alternative tag 4B with target elements 301
shown. The tag 4B is square, but differs from the tag 4A in that it contains nine target
elements. Those target elements 301 located at the edges and corners of the tag (eight in

30 total) are shared by adjacent tags and define the perimeter of the tag.

The tag 4B consists of a square array of four symbol groups 303. An individual

symbol group 303, used in either tag 4A or 4B, is described in Section 2.3



signature may be encoded in such a way that it can be retrieved fromevery
interaction with the substrate. Alternatively, the digital signature may be
encoded iwoooM3aisay that it can be assenbl ed from a raouant2e09/00803% i al
scan of the substrate. It will, of course, be appreciated that other types
of information (e.g. tag size etc) may adso be encoded into each tag or a
plurality of tags, as will be explained in nore detail below 2.2 CGeneral
Tag Structure®s desmbobEfbuppove in connection with Figure 1, the netpage
surface codi ng generally consists of a dense planar tiling of tags. In the
present inventionASEhRH ipdigure 3. sachofthe SR grayps 303 compiys E)‘é]t’ttdé?aﬁYWR th
contai ns two Jsngts, k! %Q&ﬁm@&@rﬁmn&m{pﬁsﬁ BPELST Rkfatin | fn,nl%olgl Ist kind
of elenment is a target el ement ar elements In the formof target dots
301 al |l ow a twgicdl registipsion opaledd VRS’ )aanduarﬂwgleorml regigatiedsysubof GHRS’ )aﬁldzsal | ow

t he perspegti t t red d of

el enent |s§a gl gﬁléloglémﬁ@tétﬁﬂiaﬁhtaﬁﬁ?té)%%fotﬁ ?a%n%g;(gglel? ng Q’(ﬁ%gg ?tgﬁﬁrﬁ%e%) The
macr odot s 302Tremtavide radkat & thatrasktiondst ta@s)aelaMdo ithe syinkol Apgips 8@Bnin'tle fidd | | er

di scl osures (e.qg. 832 7 ese bsence.of .a dot was
be used to repr eé’”éhj? EOIE 3“%‘;6?15” S ?nr? fe E g8{{?}?em§5’1ggf €br esent
i nvention enceidese argdagal. val ue using rrul t| - puI se p05| tion nodul ati on, which

is described in nore detail in Sectlon 2.3. The c pattern 3 i
represented on t h&2€ufathumhah 384 dha ol af‘qusaloww{wa?@@ @BMBéiafac%émi‘%?led by
an opticahpi MRy, UG BN AR Dyrhitb] B4 Edceits TthdYs-HBR 0P BIbiE BlinSyY.8PEN i3t h a
narrowband response in the near-infrared. The pattern 3 is typically
printed ont o WM engeding aespedtivgy d-cnA MeerRBihth s &F 9ipﬁ“fltFQilﬁéﬁ? pnk2 P2.12: B Tag
Structure wit b @ ur npl ete
tag 4A with t}a}’r%é?g}%lggrr%krtogt %Eowﬁb%‘% é&? s 2’?’274’ ?j [gh% ﬁ%utggl ns

si xt een targe&sheWeﬁﬂerfﬁB@utfUﬂ?o%s%PHMpgbﬁPlﬁ‘ﬂémmrst:B@(M | ocated at the edges and
corners of the tag, (it t ot al cent .t nd define
t he perineter of t'h ]glevfedegne?ht e‘ﬁla%n%ﬁ%er yénrbog}’ﬁue: gorrgﬁ Syl%%iva HEs-
advant ageaasltynﬁsa:bsyMbblataEﬁs @ bu radtel ﬂ@tmmﬂ.natl on of a perspective
distortion of the tag 4A when it is inaged by the Netpage pen 400. This

i nproves the accuracy of tag sensing and, ultimately,

Table 1. 2-9PPM symbeol to data symbol value mapping

2-9PPM symbol data symbol value 2-9PPM symbol data symbol value
value (base 16) value (base 16)
(ps-po) (ps-po)
000, 000, 011 0 001, 001, 000 12
000, 000, 101 1 001, 010, 000 13
000, 000, 110 2 001, 100, 000 14
000, 001, 001 3 010, 000, 001 15
000, 001, 010 4 010, 000, 010 16
000, 001, 100 5 010, 000, 100 17
000, 010, 001 6 010, 001, 000 18
000, 010, 010 7 010, 010, 000 19
000, 010, 100 8 010, 100, 000 la
000, 011, 000 9 011, 000, 000 1b
000, 100, 001 a 100, 000, 001 lc
000, 100, 010 b 100, 000, 010 1d
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not perfectly invisible.

or 6-bits usi

ng 2-9PPM or 3-

As noted above, each symbol group also contains a 2-6PPM vertical registration

symbol (VRS) and a 2-6PPM horizontal registration symbol (HRS), which will be

described in more detail in Section 2.6.

24 Targets and

Macrodots

The spacing of macrodots 302 in both dimensions, as shown in Figure 7, is

specified by the parameter s. It has a nominal value of 127um, based on 8 dots printed at a

pitch of 1600 dots per

inch.

Only macrodots 302 are part of the representation of a symbol 304 in the pattern.

The outline of a symbol 304 is shown in, for example, Figures 3 to 5 merely to elucidate

more clearly the structure of a tag 4.

A macrodot 302 is nominally square with a nominal size of 0.5s. However, it is

allowed to vary in size by £10% according to the capabilities of the device used to produce

the pattern.

A target 301 is nominally circular with a nominal diameter of 1.5s. However, it is

allowed to vary in size by £10% according to the capabilities of the device used to produce

the pattern.

each
9PPM



6 shows the |ayout for a 2-9PPM or 3-9PPM data synbol 304. Table 1 defines
t he mappi ng from 2-9PPM synbol values to data synbol val ues. Unused synbol
val ues cawobelwaessed as erasures. Table 1. 2-9PPM synmbeCTiAw20@i@1ey mbol
val ue mappi ngThe mappi ng from 3-9PPM synbol val ues to data synbol val ues
follows a simlar schene to the mappi ng chene described in Table 1. A
3-9PPM data synbol maps to 84 data synbol values in total. However, only

the first 64 of theaesydbIPEMHIRI3ehas Y Fa@h of 20sUEBerébR, SR ehela (NG @ 3x3
successive 6-bit data synbol valu Unuse are again treated as

( | ues. d synbol s
erasures. 3- IRPNTUa haymisthsofi3Ry and hlengly obifls exjmilyly. spahdd Hy(hvireadsd a to

be encoded i n,2aaRWRY TR widHWBYEd a ngfaRYbelat a synbol s have the advantage
of using less Tnk and, therefore, have 'l ess visible coloration of the

substrate, parti cldosevy. it Shquikbd nitedi§rent Kigurpy 3 and ¢ ikat dlediegigdpand dBrerg i s

not perfeckly. iRV SiDHl 0 ins a
D 6Pon ver b1 oS! By o0 088 SRR B 63RM BUTRRY QHPoAho e B9ThE

regi strati on msandiot u(iHRS) andainiedbckwvith cdmgplahemery Hadol gronmrfeond edjaicht thgs.
Section 2.6. 2.4 Targets an cr s The ci ng .of . macrodots 302, in both
RGP IR S N S ) i e B G R
a nom nﬁl va: ue ofrh&gﬁfmmotb@ﬁﬁng, Ol tl&rd@;?e&hqﬁcfvbﬁll@@hl@@f the i p@Rrmfis ﬁl@@ﬁ% df)ts
per inch. Only macrodots 302 are part of the representation of a s ol 304
in the patterf. ey Glrniead Ignyaceyidg o disapadilting ointhe ‘?Vl‘?ed’rse‘LS? uge

Figures 31H0 he pREA! Xnf Gcv@hive HIRLR (PRI §daRAL fe¥ortifiin Shdhusd (tgraeh@&a@odoag 4. A
macrodot 302 is nomnally square with a nom nal size of 0.55. However, it

i s allowed tciadPyicldhtosdlipw apguratpgengieton ofiprytiencsampls.capabi lities of the
device used to pr “?‘Hék%etofeﬂ‘ﬁ%&a&é %J&Berﬁeﬁtaétggﬁe Fﬂf&%e&.sTﬁbgni'n%albleYreﬁﬁeﬁ%iﬂﬁr Wi th
of 1.5.7. However, It 0]

a nom nal dianeter : ' it is allowed to vary in size by 10%
accor di ng t o refeencap abiticilad peigteo€hatrdeerisieyi ce used to produce the

?ﬂ‘;;[“e::]g Eag;lBSyﬂb(fé thd rn?alépodgtos%)aplg‘g efeeld sdfzhl ur%f thg'noﬁfe t{gb &' Er];ll%de to fHl° pyn%baog 4A
15  groups as described in Section 2.2.2.

2.5 Field of View
As mentioned above, the tags 4A and 4B are designed to allow all tag data to be
recovered from an imaging field of view roughly the size of the tag.

20 Although data which is common to a set of tags, in one or both spatial
dimensions, may be decoded from fragments from adjacent tags, pulse-position modulated
values are best decoded from spatially-coherent samples (i.e. from a whole symbol as
opposed to partial symbols at opposite sides of the field of view), since this allows raw
sample values to be compared without first being normalised. This implies that the field of

25 view must be large enough to contain two complete copies of each such pulse-position
modulated value. The tag is designed so that the maximum extent of a pulse-position
modulated value is four macrodots. Making the field of view at least as large as the tag
plus four macrodot units guarantees that pulse-position modulated values can be
coherently sampled.

30
2.6  Registration Symbols

Each registration symbol is encoded using 2-6PPM. Figure § shows the layout of

the registration symbol.
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001,010 1 0 0

000,101 1

010,100 1 0

101,000 1

010,001 2 0 unspecified

100,100 1

000,011 3 0

000,110 1

011,000 4 0

110,000 1

001,100 unused

010,010

100,001

2.6.1 Registration Symbols for Tag 4A (3x3 Tag Structure)

Tags 4A (having a 3x3 tag structure) use the first eight registration symbol values

in Table 2 i.e. those registration symbol values mapping to a translation code symbol value

of 0, 1 or 2. In other words, if the registration symbol value maps to a translation code

symbol value of 0, 1 or 2, then the position-coding pattern is identified as containing tags



Each registration synbol is encoded using 2-6PPM Figure 8 shows the |ayout
of the registration synbol.As shown in Figure 5, the horizontal and

verti cal wegoavmatsBon synbol s each appear once w t hi n arPsymanbosgpoonip 303.
The registration synbols of an entire tag typically indicate the verti cal
and horizontal translation of the tag by2xodi ng two orthogonal translation
codes, and the orientation of the tag by coding two orthogonal direction

codes. Each reghsid g&ﬁﬂe@ﬁmﬁd‘l@ﬁﬁl bs TBYcomth Bl BEOEE 48 one-bit synmbol of a flag
code. Table 2 defines t ng from 2-6PPMregi stration synbol values to

flag code, directil8f a%%alawslﬁvwﬁﬁw@wl ¥R (5 4 shayesn Trbls|2ero
2- 6PPM r egi strat.q %ISM%@DA% (M@ Y8 xb Qud Ate&u&?dﬁm Clip E&%n%%us@%&m%me

transl ati on code s ping 2.6.1 Re ration Symbols for Tag 4A (3x3

Tag Structur et)lalffatgsl thsléﬂthQdQ Saml&l Faha @t St erub tthanethe twgetlcnrh@dfmgrmttereug ht

regi stratign Legl Stk ati. val ues
mappi ng toga ? (}f/ng?g(? %Stcl%lét%%c %%sz folu e thPé} gﬁsfﬁgé&%&?ﬁ@%}e nzﬁ%/)\gr} ds, if
t he regi st ratthismvayrﬂlmolregxsahtm srymh:el pm)valei laanalnatoifdﬁstingd@irgynisbionmadhn@ of 0,

1 or 2, thent ositi.on-co i s identi |ed as t ags4A
navi g i ne. SGET CTIREREOR BoRBldy Tps il o, SuRbo RSl SR
translation thesﬁxmholbroceaiiymadcbrdeme3m&nd1e4r)oqlﬁh@mmonpéfebﬂ RledtifRl &froneser ved
for tags 4B (ha a 2x2 tag structure) Thus, if the registration synbol
val ue naps t eﬁo “Fgéh"s‘[egltsﬁr%‘r?né%@lé%mbol value of 3 or 4, then the

posi tion-godi ng patr efeat 9A1 BRALHY 108 dyASo] GRAPALN &8h Lol 4B sawdl Rebupour
symbol groups 303 contai ned in one tag 4B. In this way, the registration

symbol provi desodss piierssyarooldi-aickiglisipertionycqdedirte Apnliserisrryclisaopéipmeodes
contai ni ng taﬂ?dé&él&ﬁ it} 9957,0%53,562% Cd’c%ﬁt%ﬁtk QPQw@ﬁL%fém RHRSGALERS redfGRY) Ng Of
PPM dat a synbol s proceeds I n accordance wt osition-codi ng pattern
identified f ercdée:@d'sistg of the codegiostt (Pat, |2Q>mdelssrﬁydio(%1)fts The qonehatsalgnmmluneach

row of synbol roups each col um rrbol rou e
{hree-symbol RN RE EMFRE AU Dull SRS b RBBA PG GR F the,558 1 on
codes ar e15es<&mbgmdl trzrnslalﬁorﬁ mszhﬁﬁﬁansﬂdmen eodets efitas eafirewdd 6dimi «scdale rvdthna

i ncor porated by.reference he code SIStS of the \ and
s eyl o SR FHERGaHS A8ing T PP ar S ParEEetch TP S  ngh
synbol error igblb&ithiarnkiefd®st. vidvothee@ecadbe ubtd féaditional redundancy.
The translation code symbol in the middle of the codeword (i.c. 1) is mapped to a
set of 2-6PPM symbol values that are each other's reverse, while the two translation code
20 symbols at the ends of the codeword (i.e. 0 and 2) are each mapped to a set of 2-6PPM
symbol values that are the reverses of the 2-6PPM symbol values in the other set. Thus a 0
read upside-down (i.e. rotated 180 degrees) becomes a 2, and vice versa, while a 1 read
upside-down remains a 1. This allows translation to be determined independently of
rotation.
25 Furthermore, in the tag 4A, each 2-6PPM symbol value and its reverse map to
opposite direction code symbol values (Table 2). The vertical registration symbols of an
entire tag encode 9 symbols of a vertical direction code. This has a minimum distance of 9,
allowing 4 symbol errors to be corrected. The horizontal registration symbols of an entire
tag encode 9 symbols of a horizontal direction code. This has a minimum distance of 9,
30 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. Any erasures detected during
decoding of a translation code can also be used during decoding of a direction code, and

vice versa. Together the orthogonal direction codes allow the orientation of the tag to be



orthogonal translations, the three translation codes of an entire tag form
a code with a mninumdi stance of 9, allowing 4 synbol errors to be

correct edwol2b10A4ddis8i onal synbol s are visible wthin thepPCirattoaioonizew t hen
they can be used for additional redundancy. The translation code synbol in
the mddle of the codeword (i.e. 1) is n¥pped to a set of 2-6PPM synbol

val ues that are each other's reverse, while the two translation code
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decodi ng @b anidigeti on code, and vice versa. Together the orthogonal
direction codes allow the orientation of the tag to bedeterm ned. The top
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the flag code, and vice versa.

2.6.2 Registration Symbols for Tags 4B (2x2 Tag Structure)

20 Each registration symbol contained in the tags 4B is positioned and configured in
the same way as the registration symbols contained in tags 4A. However, as mentioned in
Section 2.6.1, the tags 4B utilize only those registration symbol values mapping to the
translation code symbol values (3, 4). This enables the registration symbol to identify the
tags 4B containing four symbols groups, and distinguish them from the tags 4A containing

25 nine symbol groups.

In the tags 4B, each row of symbol groups and each column of symbol groups
encodes a two-symbol 2-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 consists of the codeword (3, 4) and its cyclic shifts. For each of the two

30 orthogonal translations, the two translation codes of an entire tag form a code with a
minimum distance of 4, allowing 1 symbol error to be corrected. If additional symbols are
visible within the field of view then they can be used for additional redundancy.

The two translation code symbols (3 and 4) are each mapped to a set of 2-6PPM
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codes for the tags 4B, it will be appreciated that a 3-6PPM registration symbol mapping to
20 available symbol values would allow the tags 4B to contain flag codes, if desired. In
20 this case, 12 registration symbol values (3 x 2 x 2) would be used for the tags 4A, and 8

registration symbols value (2 x 2 x 2) would be used for the tags 4B.

2.7 Merged Codeword Encoding
In the Applicant’s copending applications, US Application No.12/178,611
25 (Docket No. NPT087US) and Docket No. NPT100US, which will be substituted with the
corresponding application number, once assigned. The contents of which are incorporated
herein by reference; tags generally encode codewords using a distinct set of PPM data
symbols for each codeword.
As described in NPT087US, an x-coordinate Reed-Solomon codeword may be
30 encoded by a distinct set of X data symbols (e.g. X0, X1, X2, X3, X4, X5, X6, X7, X8,
X9, X10) and a y-coordinate Reed-Solomon codeword may be encoded by a distinct set of
Y data symbols (e.g. YO, Y1, Y2, Y3,Y4,Y5 Y6, Y7, Y8, Y9, Y10). Moreover, the

Applicant has described various arrangements of X and Y data symbols within each tag,
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data symbols. The provision of a distinct set of PPM data symbols for each codeword
necessarily uses up valuable space in each tag. As an alternative to encoding each
codeword in a distinct set of PPM symbols, individual symbols from two (or more)

20 codewords can be merged into a single PPM symbol.

Merged PPM data symbols not only save space in each tag, but may also assist in
detecting errors during decoding. For example, if a symbol from one codeword is found to
be in error during ECC decoding, then any symbol (or symbols) located in the same PPM
symbol can be flagged as an erasure.

25 The symbols from two (or more) codewords in a merged PPM data symbol may use
the same error-correcting code (ECC) or they may use different error-correcting codes. For
example, each symbol of the x-coordinate and y-coordinate codewords can be combined
with a symbol of the common codeword(s) in a single PPM symbol. In this case the
coordinate codewords may be encoded using a code with a smaller symbol size than the

30 common codeword(s), such as a binary code.

Whilst it is not feasible to elucidate all possible code configurations utilizing
merged PPM data symbols, Tables 3 and 4 give examples of some possible code

configurations using merged 2-9PPM and 3-9PPM data symbols. Where the error-
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=16b 80b
2(X,Y) (16, 8) 2x8x1b 1 (A) (31,23) | 1x23x5b




configurations using nerged 2-9PPM and 3-9PPM data synbol s.

errorcorrecting code (ECC) synbo

size has multiple bits,

Where the

then a

Reed- Sol oworroadels8s typically used. Where the ECC synb@CTsNU2e0%m®10B4bi t

then a cycli

2 x 20 x 4 (
(E) 4b) 12
5b Ib = 40b
16 x 5b Ib

2 X 23 x 5b

Background A

as output a
possi bl e non
Because each
W ndow i nto
turn can be
of the cycli

nsequence Yi
m sequence.

m sequence 0
However, pos
codeword of

10

15

20

c code,

as described in Section 2.8,
3. Exanpl es of conbined tag encodi ng str3t egi es= 16b =
16) 2xlI6x 2 (A B) (15 V) 2 ) 7 x 4b

I'b

is typically used. Table
115b 2 (X, Y ) (32,
= 32b 56b (3) 2 (X, Y ) (36, 20)

A! )
8b (4)
C, D)
40b C
b =

(
Y

D)=k =

)) 2 x 2

40b C D
D x 4 (A

) +

T (12,2
( L

1 x4x
x 10 x

&
X ¥) (
240b

(1
2
2
)
40b = 230b

I &’“

362 xd0K 2
) 1§32

i ¢ _Codes

> X(BB)x
20) 2 X 1}
3 for Cod

B T AN
3(16A) |
PO X 2
pr di nat 4

b
(3
D

> Encodi nd

16) 3 X
1, 23)
2.8.1

nﬁ&]nu
socal | e
-Zero r

k- bi t

a k pown

m2 @ngh h
d msequ
egi st er

val ue ap

m. Cﬂﬂllﬂ

val ue apf
pears exaé

ce \II nl c

'néaQOkee

£n9t
@hc
ict |y onge

lc a ||n| c

)eg)r S

2dbhas B, st

L

i(B) t h

ia k-hit
e—K—-—H

Ll
o

ni 16, Deg

TR

m seq(\

nY
.a
nY
L

igqﬁch

)i(4 & Erx)4bpr]
h e\

éI’E

lernge,128b K

hence WhH

oduces
ery
rpeat s.
-bit
ch in

i nt(é)r pr
Cc natur
el ds a
Positio
f | engt
ition d
| engt h

let%d 28

e of an
| ocal lvy

A i e |

m sequenc
Ini que Pq

sitian,

p%%@pﬁor
)b A4

>0

A n
)itcwypd(
i e o

S ASEE A=A |

DW ont o
dul o th

Setubheed

a J’:Q@U.]bl’l’l

> | engt h 1

Because

ng
of the

n 2d&e Bdli
h 2k - 1
ecodi ng

ng3¢i ¥ a

does not
Via an nsy

A2 gyfol
ik
0

err
wi| ndow ont

&kﬁdbw
q& det

a.d6h
ection
0 a req

r3e>€:Lfr>rﬁlinc

or _ 6y, ed
Curring cy

n 2d&e¥) a

| | G& 200 r ¢

1b=40b

r 2debect

i DA ahd

adr,rert

20023 x 5b
=230b

tion.
clic

28
281

Background

Cyclic Codes for Coordinate Encoding

A maximum-length LFSR (linear feedback shift register) produces as output a so-

called m-sequence with a length of 2" — 1, in which every possible non-zero register value

appears once before the sequence repeats. Because each k-bit value appears exactly once in

the m-sequence, a k-bit window into a known m-sequence yields a unique k-bit

subsequence which in turn can be interpreted as a unique position within the m-sequence.

Because of the cyclic nature of an m-sequence, a k-bit window onto a recurring m-

sequence yields a locally unique position, i.e. modulo the length n of the m-sequence.

Position decoding via a k-symbol window onto a recurring m-sequence of length

2% — 1 does not allow error detection or correction. However, position decoding via an n-

symbol window onto a recurring cyclic codeword of length n does allow error detection

and correction.

An arbitrary number of copies of a codeword of a cyclic (n, k) code C can be

concatenated to form a sequence of arbitrary length. A window of size n onto the sequence

is then guaranteed to yield a codeword of C. If the code is designed to contain exactly n

codewords, then the dimension of the code is, by definition, k& =

logn. If the code is

designed so that all n codewords belong to the same and only cycle, then the window will

yield n different codewords at n successive positions.

Since there is a direct

correspondence between a codeword and a position in the sequence (modulo n), each



An arbitrary nunber of copies of a codeword of a cyclic (n, k) code C can
be concatenated to forma sequence of arbitrary Iength. A wi ndow of size n
onto t he Wwoquemse1s8s t hen guaranteed to yield a codewor @CofaAUZ009001W3Me code
is designed to contain exactly n codewords, then the dinension of the code
is, by definition, k =log . If the codesds designed so that all n

codewords belong to the sane and only cycle, then the window will yield n

di fferent cod@uerds catbcRingiesaaphIQo PRSIl (RMNSive)Potiinst SiehiGicdnTy & fkifieet
correspondence between a codeword and a p05|t|on in the sequence (nmodulo

n), eachcodevidP8° edrmiied gringueprasenspeine [(@me— br2laypbdrarive) positions.

Si gni ficantly, a p%%' &dcﬁﬁe&ﬁﬁU@% 0@%62’ MNEH BUR v&Hkth%m@fn%ﬁ@d?&ﬁatQ& pHpP to
[(drm - 1)/2] synbol errors. di scussed in US 7,082,562, the contents of

whi ch is her erﬁfﬁrelnm;cbh@pmﬁmtedmeméﬁ@Setn@ech 1 h@iemseas GhCAQﬂSItlp@&ﬂde ‘réfers to
such a cod LC1: kg C e y 4 0 . I

posi t1 on codedSyriEE bRPREHl Y Ritfis e oA ERAEURIBorlodBls R} i
code, since idoddemse imdbdesmondoaiam thheere escoriotener, it Howefukto usd the iesmumslegul t o

use the term e codes in. the foll vvln cussi, on ny good
Cyel i o post ¢ 1 Dredfegesap oy RilafPe oy Fand resih Pl GulRooisiis L rie
cyclic shift&m@&\aﬂhh@afywﬁkﬁ&ﬁuﬁape of length 2k - 1 constitute all of the
nonzero codewords of a I|n cycllc code of Hengt n = di mensi on

k., and m ni num di sti@Re¥lig iLo fRbinary mesearopgq 9f 2°rJ. coa%ﬁlaitw{léftheg}oaane
! PseUdO R&Ddoéaosﬁﬂbk%&ﬁ%f @ﬁﬁ’eaf\'&}'fcﬁ?z’%ode &rlaﬁgﬁﬁ@' =Ngs. pfdlrhéi@loh kERd almed, No.

12, Decenber 1976). re general |y, msequences define a subset of the set

of sinplex coldace Wffhe 3 I(M%CWBB%%S Rdvaad Nehdt Hlosne="Paprdo-Rendaygl Seuancstim
di stance dmﬂa(ﬁlg rllrag Xﬁilokeeﬂm%mfﬂ?éle'Eﬁp{/&l%q I@yli Fﬁcmw% e codewords of a

si npl ex code e equidi'stant vertices of an n-sinplex. The mi ni mum
and maxi num di st andége gbneallyi mplceuenewdiefiey e stlvelr@fthy ect tof eingpdaxecod@oiThn

prinme, the Pal.e con uctlo can, be.used.t.0 copstruct a.c C_Si ex
code using qdﬁ 1 e re@?dmgﬁlf ’%vﬂ‘mgnnm m‘P%”ma% A léﬁbang Wg%
Theory of1Ernﬂmhmﬂ@ﬂheﬁmmmgwﬁbﬂﬁ&nmmbakmmkmkbanﬂﬁn&ﬁazmnmmmkemnasolm; Error

Control Systens f {% gital Cbnnunlcatl ntand orag%, entlcefkbhh,
1905] . For n pHIRE oI SamImnd nesi ARaiecs i wrieh el de R tiha
t heref ore defdamesra nGifglel the PaRy kb@&u&f@ﬂean r’}e Y6 kd ConSthiTPh 6yclic alpl&fcoliengt h n
= Am- 1 defines an optinmal cyclic positi
using quadratic residues [MacWilliams, F.J. and N.J.A. Sloane, The Theory of Error-
Correcting Codes, North-Holland, 1977; Wicker, S.B., Error Control Systems for Digital
20 Communication and Storage, Prentice Hall, 1995]. For n prime or dy, = 2¢ 1, then, a
simplex code is cyclic and therefore defines a cyclic position code.

A cyclic simplex code of length n = 4m — 1 defines an optimal cyclic position
code in the sense that it has the largest minimum distance possible not only for its length
but for any length

25 n<4(m+1)-1.

A w-bit window onto a cyclic simplex code also defines a cyclic position code. In

this case the average distance within the window is:

avg(dw)) =w dyin/n



code in the sense that it has the | argest m ni num di stance possi bl e not
only for its length but for any length <4(m+ 1 ) - 1 . AH-bit w ndow
onto a cywbi2e1mi3m38ex code al so defines a cyclic positi @Taagew/oomsthi s
case the average distance within the window is: avg(d(w)) =w dnj nThe
m ni rum di stance within the w ndow convesgges with the average di stance
within the window (and ultinmately the m ni num di stance of the code) as the
wi ndow si ze approaches the code length: dnmw - avg(d(w)) - dmmas w - n
For the sanme window size w, a larger code size n inplies a smaller mninm
di stance dmm(w) wi tTHE fidipwmdisieRsg, Withingthe widewscogyergss oyith thaferezsbdinagy Wien
a Reed- Sol om0 M HiRRRELPHENREE thSmiRahh Alsta¥cdbShd LAY Kdnd PhEMEGIOUL a
tag (without replication), 1t becones inpractical to recover the entire
codewor d fr oraparva¢hendie aedevgngthow arbitrarily aligned with the tag pattern.
The i magi ng wi ndow woul d be required to have a dianeter of at |east two tag
diagonals rn order to guarantee acquisition of a conplete non-replicated
coor di nat e codewoWgda(wAPX @gtvéit)) vy, astthe® Appl i cant has descri bed synbol
arrangenments whereby at |east sone X data synbols are positioned in a
colum of the tag,@anﬂ1 at least sonme Y data synbols.are positioned in a row
8) ¢

of the tag (NPTO87 SYID OV 1P g e FTSET 699G 1SS IS @M BBVIAIg Mt

| east sone repdtimeat),on) Withis ORKGhddat € data synbols whilst still allowing a
substantially tag-sized i magi ng wi ndow. However, special synbol
arrangerreﬂps of this type inevitably constrain the design of tags. However,

if the coordipgbe q@?mr@o}(ﬁnﬁgggg%gwi ng an underlying cyclic code then
it becones possible’to reconstruct a valid codeword from fragnments of

adj acent tags' codéweedsed-polemer eforianate qodereaid sdpdialle distribyfpd theoughyut esponds

Lo veys. 1o onbons O e iR Ty 4 Bpiaiehtio RROR e hRERH b1 7 &

si ze of wbit smagidg aoent atbetggsilcdrgnel witlethe g patthen. Jihe h@i;igwéndwb\mulébg ments of

the 15 required to have a diameter of at least two tag diagonals in order to guarantee acquisition
of a complete non-replicated coordinate codeword. Alternatively, the Applicant has
described symbol arrangements whereby at least some X data symbols are positioned in a
column of the tag, and at least some Y data symbols are positioned in a row of the tag
(NPTO87US). Symbol arrangements of this type can obviate at least some replication of

20 coordinate data symbols whilst still allowing a substantially tag-sized imaging window.
However, special symbol arrangements of this type inevitably constrain the design of tags.

However, if the coordinate codeword is encoded using an underlying cyclic code
then it becomes possible to reconstruct a valid codeword from fragments of adjacent tags’
codewords. A coordinate codeword size of w bits corresponds to a w-bit window onto an

25 underlying cyclic code of length .

There are two ways to encode the coordinates of adjacent tags. Assuming a
codeword size of w bits, adjacent tags can either encode successive w-bit segments of the
underlying code, or adjacent tags can encode w-bit segments of the underlying code shifted
one bit relative to each other.

30
2.8.3 Adjacent Tags Encoding One-Bit Shifted Subsequences

This approach has the advantage that the dimension of the code, which determines

its spatial extent, is minimized. Furthermore, as noted above, the minimum distance of a



under | yi ng code, or adjacent tags can encode wbit segnents of the
underlying code shifted one bit relative to each other. 2.8.3 Adjacent Tags
Encodi ng wWoesBii375Rki ft ed Subsequences Thi s approach hasPChaAtzdwaei@ge t hat
t he di nension of the code, which determnes its spatial extent, is

m ni m zed. Furthernore, as noted above, ¥he m ni nrum di stance of aw ndowed
cyclic position code increases with decreasing code dinension, so it is

advant ageous iaddWdics1zgotitiéh @&A8 MicRhBRASh Ofbreadifl Sod@AMI@SEH spam nal |y has
t he di sadvantage that it sonetimes only allows w- \ bhits of the cyclic
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di stance within the w ndow. The alternative approach, ‘whereby adj acent t ags
encode succesiséovercviipintthosweigien tHowerert dyallugieted inyliablg Scibitaloesatnackrsardiy ant age
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fromthe wn Ponever S s usual by the reduction in
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xdlrectlon( untlngfro heleft andj ' thta CPtheydlrectlon
(counting frod %CH@%I&HH@ e e ?argebww&dwp@ﬁ IMgHKESHEhces: (X + W-

L I+ We 2, , Asdmie Binary &dic F)USII‘[IOTI cWlles fMtNdxé'deC'OOI%mares conists ofthe » Jj )
32-Bit Coordi nate Codewor d rExarrp e Figure 9 shows the layout of a 32-bit

x- coor di nat e febe@d®drd (i.e. with w=32) in tag 4B, where, for the /th tag

in the x dirggtd SY encodes bit x, and synbol X31 encodes bit
1+31 . Figure 18%ﬁ%wségpﬁw%oyout of a 32- b|t y-coordi nate codeword (i.e

wth w= 32) in
(Xn—l,x;zfz, "'7x17 xO)

15 (ynflaynfb-":yl:yo)

In the one-bit shifted approach, the ith tag in the x direction (counting from the left)
and jth tag in the y direction (counting from the top) encodes the following w-bit
subsequences:

20
(Xivw 1o Xivw 20 ces Xin 1, Xi)

()/j+w—1,)’j+w—27 "'7yj+17yj)

32-Bit Coordinate Codeword Example
25 Figure 9 shows the layout of a 32-bit x-coordinate codeword (i.e. with w = 32) in
tag 4B, where, for the ith tag in the x direction, symbol X0 encodes bit x; and symbol X31
encodes bit x;:3;.
Figure 10 shows the layout of a 32-bit y-coordinate codeword (i.e. with w =32) in
tag 4B, where,
30 for the jth tag in the y direction, symbol YO encodes bit y; and symbol Y31 encodes bit
Yj+31-
The codeword layout in Figures 7 and 8 guarantees that a square 24-macrodot

window onto the coding pattern will always acquire contiguous 31-bit or 32-bit



tag 4B, where, for thejth tag in the y direction, synbol YOCencodes bit _y,
and synbol Y31 encodes bit The codeword | ayout in Figures 7 and 8

guar ant eesotharo3aissquar e 24- macr odot wi ndow ont o t he co@CmgpRedoroeras4wi | |

al ways acquire contiguous 3 1-bit or 32-bitsubsequences fromthe two cyclic
position codes used to encode the x and $8 coordi nates. A 24-nmacrodot w ndow
corresponds to 20 macrodot units (the length / of the tag) plus four

nmacrodot uni tsubdelit@cds eret the fivoycld RYBPLIdes I8N foRncddd eheddmiBEhOdRMbtedd NdoOW
guar ant ees that pul se-position nodul ated val ues are_decoded from

spati al | y- coher ent® ¥aredot pindew correspands wrQImeecsdatipits dhe loposddhateeipar ti al
synmbol s at  onpQShidntd8sunftl (thdendih £bfh Ginb¥h &¥hce, IRO4SYRALSwinfow gure 9

are arranged in colums, which may overlap partially with each other. A 1st
col umm cont ai gveragigesshidt pulxepesn xiodulgted nguaseFadepodsd fromispgialy-athsiost X2 and X3;

%o, 3 0 and eyl e ARl ki SHUTC BRCVE IR SRS, G0

v of each colfimdofodaw)esponds to the I ength or width of each synbol,
dependi ng on the ientati.op. of synmbols within the. colum.. Hen t.he

o mum i dth v of "ESEHOLR Hisires P TRags b s, S EBEY e FRE e engt b
of one synbolcachbtk@wh 3&colihecayiBal@bslnXFaglX & a8 @henndoh@ng §antiol XOWs,

whi ch may overlap pagtially with each other. A,1lst row contajns_synbols YO
and YI ; a 2r?ad9<§w%o?ﬂlwmgongay}%% NP YHEN84 ™ golump conpipsssmpas 88 X4, vs,
Y6 and Y7;0a ¥{0hant X1 COM @uhch SHEROLEbHR X ¥%nd X1 Pc@NTheWilith v 84ch T ow

contains synbols Y12 and Y13 etc. The width v of each columm corresponds to
t he | engt h orcolyinaxderrespordséhths Janshlor walhefrrashymbal. dapending @rihaericomtion ofsynbol s

within the Coslyﬁlm)]ls WG coLJf'rﬁl Me,%%ng%ﬂhﬁ Gﬁ?tﬂfv 0??3%9 18 !iss4 fha {S,OdOt S

corresponding'to the length of one sy ess e I magi ng w ndow
coi nci des pr ewitswbyding tolthetlpesthefgnamintgl.of a tag or the beginning of certain

rows and col ums, | 3AGA.ay 3 AiBlky SURSSOURRGGM I Be AAULL AT Eom the
i magi ng w ndow ratLher han the ful F'32° bit s@osequen’ce. 0 exall?pl e, a

24- macr odob ipm‘gxily\gzith@eﬁtd@thebe*gls'rrnmgntaipmrboﬂqto and & e_tﬁ‘érdwecfomtahﬁnd edge of
E:gleumg c 1) Rt Z: sgrﬁhgls ié(ala(?]g&ﬁa:}rwgmgggx\{gggg%,%, q{% alng Yr7 ;r’lae4ﬂnr10\(;&llcélor?taig;c sytmr%)%ls Lst
Y8, Y9, Yl0and Y11;a 5" row contains symbols Y12 and Y13 etc. The width v of cach
column corresponds to the length or width of each symbol, depending on the orientation of
symbols within the column. Hence, the maximum width v of each row is 4 macrodots,
20 corresponding to the length of one symbol.

Unless the imaging window coincides precisely with the beginning of a tag or the
beginning of certain rows and columns, then a 31-bit subsequence will be acquired from
the imaging window rather than the full 32-bit subsequence. For example, a 24-macrodot
imaging window beginning 1 macrodot from the left-hand edge of the tag in Figure 9 (i.e.

25 awindow beginning in the middle of the 1* column containing X0 and X1) will acquire
symbols X4 to X31 from that tag (a first imaged tag), and symbols X0 to X3 from an
adjacent tag to the right (a second imaged tag). Since the second imaged tag contains a 32-
bit subsequence shifted by one bit relative to the first imaged tag, then symbol X1 in the
second imaged tag corresponds to X0 in the first imaged tag; symbol X2 in the second

30 imaged tag corresponds to X1 in the first imaged tag; and symbol X3 in the second imaged
tag corresponds to X2 in the first imaged tag. Hence, a contiguous 3 1-bit subsequence may

be assembled, which consists of X0-X2 and X4-X31 in the first imaged tag. Although one

bit (X3) is missing from this acquired subsequence, there is still sufficient data to



synbols X4 to X3 1 fromthat tag (a first imged tag), and synbols XOo X3
froman adjacent tag to the right (a second i maged tag). Since the second
i mged t ayocorwmirrss a 32- bit subsequence shifted by onecChiAU20@@ti3¥e to
the first imged tag, then synmbol Xl in the second inaged tag corresponds
to XOin the first imged tag; synbol X239 n the second inmaged tag
corresponds to XI in the first inmaged tag; and synmbol X3 in the second

i mged tag CQickRsRenasxinllXBkdiRodd\afsbiih Sle cidTREEE dndhendde e R-codrdm@L | guOus
31-bit subsequence be assenbl ed, which consists of X0-X2 and X4-X31 in

ma [
the first i rmf@é%wqrégf.%%ﬁ&hwgwt%e_ bit (X3) is missing fromthis acquired
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l'i kel i hood offset in the cyclic code and,” hence, the x-coordi nate Codeword
of the first symbgled0t¥ay.in Bxgursd(r Aesordsrighi, ey 24coepsoddesaattc onglogppufficiont t he
y-coor di nakte d Yl ' I , di ngly,
iy 24 mod od SR Lgn BT POBENBIeaBEP Bt ettt e o bibelR LS B BRGNS 1O
subsequence afe eanh yabdrdinhted. tHooca) adecdordinge caideondsedytoordingodealetvhidd x- and
y-coordi nated. He & soor i nat e codemord.gnd y- coordi nat e codeword

Tay be det er mIHeE EERELEI S ok PEaet R WIS o, Fi gure 11 and

Figure 12 show possiubd i@ dhayiutcs 20hove péskiBR PGk 0fce@EpradindcanittonBA and B
Reed- Sol onon codewor ds defi negeﬁvgr GF%Z 4433 (assuni n]% a 3-9PPM encodi ng) .
Conbi ni ng Fi gtficdsolpmop cqdgwords dgfinefl oyer §Fgnhiasumiteds- TR cieadiRelPPM dat a

symbol i n1phecdm@nihSFidud®y Ge@, 8 WP appRsialde 8l dBRAPNINaRRGhbA T Re fg i©NCOdi NY
a 1-bit X data synbol fromthe xcoordi nate codeword, a 1-bit Y data synbol
from the y- coBeradambolcwsdissaniberl iaecton2heencadipgip 101t By dataxygpplfesim the sm a

common A Reeds 5ol ARR&RHAE YA PhaR f froithe vBoRMTRAY coli bR Ay COHTRN B

Reed- Sol onon é)giglev\org. As 'not ed e%{r f%ﬂéﬂro, r%my ﬁégcé’g- So%ocromn sy%]ooﬁ{s corrected

in the A and Bulgbdewnmbs! icema boramoséRetdSlbmep @dewar esa inpltidnr B eggohdi ng X

and Y synbol SH duri r}%ndni’%ﬁg&{-@dlo 16- Bi.t C?ordi nat e Codeword Exanple Figure 13
- Di

shows the Iay(r)otﬂa(c)? a X2 coordinate codeword (i.e. with w=16) in

tag 4B, whBre, forAstbed tdrliertag Read-Bbieman dinbelcodertedsy tibal an® @doodés bi t
and synbol encodes bhit_ x, and synbol 5 encodes bit xi i . .Figure 14 shows
t he | ayout ofcaag%s-eﬁitoc ﬂ%g-eéa&ﬁ%’inr‘fa?%gpﬁlﬁﬁﬁg?‘b"o‘? Fyrbols furipe dgeadigy’

16-Bit Coordinate Codeword Example

Figure 13 shows the layout of a 16-bit x-coordinate codeword (i.e. with w = 16) in

20 tag 4B, where, for the ith tag in the x direction, symbol X0 encodes bit and symbol
encodes bit x; and symbol X 15 encodes bit x;11s.

Figure 14 shows the layout of a 16-bit y-coordinate codeword (i.e. with w = 16) in
tag 4B, where, for the jth tag in the y direction, symbol Y0 encodes bit y; and symbol Y15
encodes bit ys.

25 Again, the codeword layout in Figures 11 and 12 guarantees that a 24-macrodot
window onto the tag pattern will always acquire contiguous 15-bit or 16-bit subsequences
from the two cyclic position codes used to encode the x and y coordinates.

Figure 11 and Figure 12 show possible layouts of corresponding common A and B
codewords defined over GF(2") (assuming a 2-9PPM encoding), or over GF(2°) (assuming

30 a3-9PPM encoding). Combining Figures 13 and 14 with Figures 11 and 12, it will be
appreciated that each PPM data symbol in the tag is a merged symbol, as described in
Section 2.7. Some merged PPM data symbols encode a 1-bit X data symbol from the x-

coordinate codeword and multi-bit A symbol from a common A Reed-Solomon codeword.



tag 4B, where, for the 7th tag in the y direction, synbol YCencodes bit y3
and synbol Y15 encodes bit 3 15. Again, the codeword |layout in Figures 11
and 12 gusoantedssisBhat a 24- macr odot wi ndow ont o t he tagCpatt2erwnovdsk |

al ways acquire contiguous 15 -bit or 16-bit subsequences fromthe two
cyclic position codes used to encode the4x and y coordinates. Figure 11 and
Figure 12 show possible | ayouts of correspondi ng conmon A and B codewords

defined over $amedndded(PRSSUHA Hehbals 2n@BPM SR 0O G nbolOFonPIe §-cEhiidate)
(assum ng a 3-9PPM encodi ng). Conmbi ning Figqures 13 and 14 with Figures 11
&Y

and 12, it wi9odewprda gypirbith areke! frame celegn Boigedaelamey aYSIOIdn the tag is a
nmer ged synbol, as described in Section 2.7. Sonme nerged PPM data synbols
encode a 1-bit X data synbol fromthe x - coordi nate codeword and multi-bit
A synbol frord.84 c dsiasentTage Edcdlingynseessiveituhseqnesesse ner ged PPM data synbol s

encode a 1lgbit Y I, fr - 4 I ewnr. . ti-bit B
synbol fror5n a con’?lrg%l?sﬁﬁég%g‘iglgllggyr&o%agggkc{%@\g?%%n%.ﬁ%%&ﬁ%c\aggrg t S Encodi ng
Successi ve Sulfetquethc eglit nodeleqicageph diaccht tagsrop egharede bhfye goort @g bentan w- bi t
subsequence corresponding to offset i i he lic code sequence. Adjacent
Cags on e ¢ natt LpaERgreserEe s e atteisrart G it GrBelpaR caes

cor r espondi ngHdnde, alijbcat Ggddomahn saddss(veadit dubsdgi@ceydEklicGn@@Bthesedlience.

Hence, adj acent tags contain successive wbit u(i),sequences of the

under | yi ng cod@c8eq [fKE Ban 1Bt R SRsarecen pt dosgiibe &8 dehces as descri bed

in Sectionp2.8. 3. MuRQLER AR Hrodchh RPRVARER thaf alWags AANtRGer fhpat it
al ways allows w bits of the cyclic position code to be recovered fromthe

wi ndow - t her@clicposiiopends it beicaversd frem the windost r Bwicdnhyo petwitial lessie§ bjtience
acquired fro AnireekAbdce i i ! r&%gg i 8. 3.
Mor eover , detnﬂcg,‘(?r‘l}rﬂngn atlbon S%lalﬁcg%t gl?ld; O%Hé%g\oé%% iir%lg%les |\glﬂ%0§§g%s%r?de%,d%lsi nce an
of fset in theScatiahet.3.3.iMgeaoddetamynagion pEisgpoom! tag ceordiodterim pasibleosinagiab hi n a

tag, rather than st . RALLLEULAI. LA, BUREE, of NS, HGLEE 1Ak O, Of

. under! I
fractional tag coor i'nat es may orYIy imted usefulness,” becaus

simlar inforjmatipemicdartthgl Hootemntthaddymbetidertifimetbnilrtagecofitnates atag oallyi on
B NI TR SR R R TR T
described in ®achidtodewdrd.
The layout of coordinate codeword symbols and common codeword symbols in tag
4B may be the same as those used in Figures 9 to 14, as described in Section 2.8.3.
20 Hence, it will be appreciated that each PPM data symbol in tags using the
successive subsequence approach may be a merged symbol, as described in Section 2.7. A
merged symbol may encode at least one of: a 1-bit X data symbol from an x-coordinate
codeword, a 1-bit Y data symbol from a y-coordinate codeword and a multi-bit symbol
from a common Reed-Solomon codeword.
25 Likewise, any Reed-Solomon symbols corrected in the common codeword(s) can

be used to flag erasures in corresponding X and Y symbols during decoding.

2.8.5 Optimal Simplex Codes
Table 5 defines some optimal simplex codes for cyclic position coding. These are

30 optimal in the sense that the minimum distance for both window sizes is maximized.

Table 5. Some optimal simplex codes for cyclic position coding

code code size spatial primitive din (W=15, | dpin (W=31,
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The code has a natura

| ength n of 15, 3 1 or
di nension k of the code is chosen to bal ance the error

63,

and data capaci t y To¢ ptithi¢ive padgnonwi irgfprs mtée peiynonkyl jugeddo éelkra@;ﬁhft)@lds n an

respectively. Eﬁemﬁ&%
synbol s,

to

O taln a

g}glyrag %ﬁl‘%’ %ﬁu ducethe QXl{%c% é\'

teﬂge Irrg
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ﬁ{eg) i

GF(25) or GF(26)
respectively. The
correcting capacity

tlV%dundancy
correcting

capacity. EthQQMEmMEydajgmmb@smﬂ&m&emedthymwebbaﬁmmgumdghemﬂ@ehedata

synbols with zer
capaci ty. Botlf"§
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p

aramet ers.

ot g 2

Shortening is preferred, where possible,

avoi ds the need for_erasure decodi ng. For exanpl e,

codes descri bRl i n ResgselomonFaceding { ened and/ or punctured codes.

si nce

in a code with reduced | ength and reduced data
nd shortening can be used to obtain a code with

this

sone of the Reed- Sol onpbn

has one of the folf@WiREIRTyNokinR RALVHOR) Rl Sicode8 IRAE tal N&l¥olomon code
defined over GF(2*), GF(2°) or GF(2°). The code has a natural length n of 15, 31 or 63,

10

15

20

25

respectively. The dimension k of the code is chosen to balance the error correcting capacity

and data capacity of the code, which are (n — k)/2 and k symbols respectively.

The code may be punctured, by removing high-order redundancy symbols, to

obtain a code with reduced length and reduced error correcting capacity. The code may

also be shortened, by replacing high-order data symbols with zeros, to obtain a code with

reduced length and reduced data capacity. Both puncturing and shortening can be used to

obtain a code with particular parameters. Shortening is preferred, where possible, since this

avoids the need for erasure decoding. For example, some of the Reed-Solomon codes

described in Table 4 are shortened and/or punctured codes.

The code has one of the following primitive polynomials, respectively:

P 4(.X) =

YHx+1

ps(x) =X+ +1

pg(x)=x6+x+1

The code has the following generator polynominal:

The code



PA(X) = x + x + 1 p5(x) = x5 +x2 +1p6(Xx) =x%x6 + x + | The code has the
foll owm ng generator polynomnal:n-k g(c) =TI ( + ) i=l For a detailed
descri pt iwo 20fo/Besd- Sol onon codes, refer to Wcker, S.BrCamdi2voo1Bhar gava,
eds., Reed- Sol onon Codes and Their Applications, |EEE Press, 1994. As shown
in Figure 15, redundancy coordinates r, 4#nd data coordinates d , of the
code are indexed fromleft to right according to the power of their
correspondi ng pol ynom al terms.,.fhe synbols X of a conplete codeword are
indexed fromright to left 4 g9-mat,ch the bit order of the data. The bit
order within each synbol is the_gane as the overall bit order. The region
IDis protected by a 16-bit cyclic redundancy check (CRC). This provides an
added | ayer of error detection after Reed-Sol onon error correction, in case

a codewor d5cont ai @szgdéaiféardgscﬁﬁgiénk& Re (g. ABmbP 3d§s, %fgr't%%ircﬁe(ft §§ an-ERQKCRC has
the followmng generator polynomal: g(x) = X16 ¥'x12 + 5 + 1 The CRC i s
initialised tBha@erkRls., KPhéSerosen Cidgnivtd BamAppiduriofs, HHE PregiléM.1 D is treated
as t h.e most si gni flAcsa‘s 5WI??H iflll gllgnrtedu%]:iar}chec (9%'[116}6 iglagc[]%artgl caolo'r ir%a‘tejsod Jﬁg
Coor di nate Space The Tag Coord nat's spac% as 1wo ' 6r ogonal axes |'abel | ed
x and y respeotlt wed yndexiefrorh hleft posiight \eecotdiag its tloipoya ddthchecotieglhdihhen t he

Pocat i on of - hbPRgt5er dhnarbobsebs Simnc Rt ginefie S oitdeltEur f ace,
nor the onpenhati @ObLROrdeNE thaGht URE Bit BratEviBNA&Eh Witd] [s85PRE6E at Mebii@all

surface. This information is application-specific. For exanple, if the
tagged surfacddtqdera sheet of paper, then the application which prints the

tags onto the paperrygByifEa9Ldpiheatlualsof kel ARMakl LR (CRY). Bnd t hese
can be used to normalise any digital ink
provides an added layer of error detection after Reed-Solomon error correction, in case a
codeword containing a part of the region ID is mis-corrected.

15 The CRC has the following generator polynomial:

g =x"+x2+x +1

The CRC is initialised to OxFFFF. The most significant bit of the region ID is

20 treated as the most significant coefficient of the data polynomial.

2,10 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.

25 The surface coding does not specify the location of the tag coordinate space origin
on a particular tagged surface, nor the orientation of the tag coordinate space with respect
to the surface. This information is application-specific. For example, if the tagged surface
is a sheet of paper, then the application which prints the tags onto the paper may record the
actual offset and orientation, and these can be used to normalise any digital ink

30 subsequently captured in conjunction with the surface.

The position encoded in a tag is defined in units of tags and is defined to be the
centre of the top left target. The origin of a particular tag pattern is therefore the centre of
the top left target of the tag that encodes coordinate pair (0, 0).

The surface coding is optionally displaced from its nominal position relative to the



subsequently captured in conjunction with the surface. The position encoded
inatag is defined in units of tags and is defined to be the centre of the
top | eft warge37iBRe origin of a particular tag patternPC3/Atlerdhose t he
centre of the top left target of the tag that encodes coordinate pair (0,
0). The surface coding is optionally disgd aced fromits nom nal position
relative to thesurface by an anount derived fromthe region ID. This

ensures that duffecelyl 4 &adunOBerRtd Froma@e Wglinhind iTgist enbury thit e adiidaqdot & pri nt
t he surface codi ng@l s uniform The displacenent of the surface coding is

negative, herR¥CHIRE dRispPrathadicdde PiHdhG gpesrodes dy mpoEm birerdglagamanace
coding is posirhyQufa&d @laing&s hQalille nSik iRCHsAREMBY of IREHBINELNER RTmd he

di spl acenment is the region ID nodulo the wdth of the tag in 1600dpi dots
(i.e. 240). Torfaesceodmglat eorbye rd@oodpi thyr swifase scodine. dde umbgnitadmiof ubie of

t he di spl age 1 j om V, | t
pitch of tﬁen(g&?aﬁgg%t Y%W@P%g”% haOm, Wb KRG, WBodef ol lie S0 FOL 1 (o
Tabl e 6 def i resorth@laicndonr If8@dpo prifitew | thks acwd eddeithde rf thvedisplackace moaydvang.

Table 6. Fiel fini.tions a. th anefer. of .the area, centered on the
(a0, Cis nom raTy i PR B wS GrRB IR T Sent e ag: Uhi s i s to
accommodat e the worst-case di stance between the nib position and the inmaged
tagAn active area is an area w.thin which any captured input should be

i medi ately fotwar deod fgrmptionontent hondi ng Net page server 10 for

i nterpretabi om1.Thige@bDenifibhsOWs t he Net page server 10 to signal to the
user that the input has had an immedi ate effect. Since the server has
access to preci se Teldgpdafingefhemifprimsien figddnenbeddegd an te agfachefidedt i on in the
surface coding can be inprecise so long as it is inclusive. a. For an EPC
this means that the serial nunber is replaced by a |ayout nunber, to allow
t he package dbablgh FicddDPelinitiod with a product to vary over tine (see US
2007/ 0108285,—the—coptents—of —which—s—herern;incotrporated—by—refefence).
b. Hence the X and Y'¥ed- Sol orfon codewor ds hASsrpUdns redundancy. ¢. Hence,
the B, C and Jaiqiraet4pol onon codewords have | ess redundancy. Codeword E

(when present)—either containsta data fraghent or a secret-key
active area flag A flag indicating whether the area® immediately

surrounding a tag intersects an active area.

x coordinate The unsigned x coordinate of the tagb.

y coordinate The unsigned y coordinate of the tag”.

common to tagged region

encoding format The format of the encoding.

0: the present encoding. Other values are reserved

region flags Flags controlling the interpretation of region data (see
Table 7).

macrodot size ID The ID of the macrodot size.

region ID The ID of the region containing the tags.

secret-key signature An optional secret-key signature of the region.

CRC (Cyclic Redundancy | A CRC of region ID (see Section 2.9).

Check)

a. the diameter of the area, centered on the tag, is nominally 2.5 times the diagonal

15 size of the tag; this is to accommodate the worst-case distance between the nib position

and the imaged tag



signature. These are described in Section 2.12 and Section 2.13
respectively. The secretkey signature is present in a particular tag if the
<regi on hae 2B3et58key signature> flag in the region fl ag3/ARi®av103and t he
tag's active area flag is set. The data fragnent is present in a particul ar
tag if the <region contains enbedded dat#> flag in the region flags is set
and the tag does not already contain a secret-key signature. Wen the

region flags indi oatRtitdata B apardaivathidhiel S8 eirddSinRSBAld bd MeRediately
t hecodeword is not coded in the tag pattern, i.e. there are no nacrodots

repr esent i ng PRErddde fiscarrespprdingaNgpiee sevy W0rer mterpyetainn. Ehis slieabavesths | e.

the X and Y Cﬁ&ﬁa‘é@%%er%?o s@én%ﬁ%@ﬁe dskr tﬁa{?%leﬁﬁ&lghé%'ha&§nﬁrﬂﬁe%[a?e‘-‘éffe¥te§1n$é @9 N
the region flags 1s set. codeword present 1f a secret-key
signature or Sda‘pahafsw&mm pne@sqolreé@erﬁlpﬁmgmzarﬂn@@m@rda Dalicati@binethe surfact he
<regi on ha on flags is set then the surface
codi ng con?al ns%gg%%cfﬂ%hl%dla% Oalgnlgn i 1@ Cl gg% data is encoded in nultiple
contiguous tags' data fragnents, and |s replicated in the surface coding as
many tines a 71\/3 fi.t. The enbedded data is encoded in such a way that
a random ands’]&ﬁ’:’et egioffA2%¢ (he surface coding containing the embedded
data can be em
reassenbl es r when
sufficient fra@rrenli@lqlildﬁl@teﬁéé}‘?aF‘étxrai“@VéQOW\ﬁnﬁtﬁW?P@?ernbr As shown in Tabl e

8, each bl ock ey I@%Yd% 1§acﬁ% e Ctﬁ@éfh%et r¥%19ﬁ isah Qctpz'e L. dtﬂé?rw’%% Q&Kfe 91%553aré S

lent to retrieve the emidahigdata. The scanning syst

encoded in the data fragnent's of a contiguous group of six tags arranged in
a 3x2 rectangl e. ﬁH@ltlfﬁbd)b)klnmrda#eagrwlwfeeaaﬁagdef| ned |n Table 8. The E
codeword of cazh o SIS Ué“l"ﬁlh? fragment—of the—enbedded—data—Tabt 8.

Bl ock paraneters | e%f E ¢0 ewor(ﬂ1 ‘'of a particular tag does not contajin a

fragment of fthe enmgfiiﬁh&ds Qalteakeytslfgaatutel(eeememomm;tan di scover this

|n"p||c|t|y by thel failure of the codeword to decode or nvnllhlfly fromthe

T AZASA A A" & >}

tag's active affea I?‘qgéﬂjlhafﬁ?té?d%ﬁfddé?abl trary size may be encoded into a _
super bl ock cjonsi StErngadQéd RGO ﬁtﬁli!é‘ib'?m%‘?a ur@(seé’ike@ﬁ&i%,z IEBAHJI gadyy arranged in

a rectangle.| The size of the superb be encoded
6 | Region has long coordinates”.

Region has a long region ID°.

7
8 Region ID is an EPC.
9

Region is displaced according to region ID (see Section 2.10)

a. For an EPC this means that the serial number is replaced by a layout number, to
10 allow the package design associated with a product to vary over time (see US

2007/0108285, the contents of which is herein incorporated by reference).

b. Hence the X and Y Reed-Solomon codewords have less redundancy.
C. Hence, the B, C and D Reed-Solomon codewords have less redundancy.
15 Codeword E (when present) either contains a data fragment or a secret-key

signature. These are described in Section 2.12 and Section 2.13 respectively. The secret-

key signature is present in a particular tag if the <region has secret-key signature> flag in

the region flags is set, and the tag’s active area flag is set. The data fragment is present in a

particular tag if the <region contains embedded data> flag in the region flags is set and the
20 tag does not already contain a secret-key signature.

When the region flags indicate that a particular codeword is absent, then the



in each block. The superblock is replicated in the surface coding as many
times as it will fit, including partially along the edges of the surface
codi ng. Theoaate3erssoded i n t he superbl ock may include, PoT/AdReVEI0OEN34 0T €
precise type information, nore precise size information, and nore extensive
error detection and/or correction data. & 13 Digital Signatures If the
<region has a secret-key signature> flag in the region flags is set, then

the region hagdeva@Gd 8t-doadd & Gk tt@d pic@NakUihGre drd namna@fbhbt@ee@ésvﬁtrn@nﬁ@ nt the
secret-key signature can be verified, in conjunction with the region ID, by

querying a sePgeyordi this Rt dte XefY R Eseodpierdkey 19 grandu¥ sodpvofdyear
correspondi ngbrés%ﬁ‘trl?tthek@%gloﬂ fs ﬁﬂ%f'aacﬁveeg' i ﬁgf&ﬁ fﬁgp%dsqpq"hg@t @od%&dtlpe
<enbedded data is a public -key s gnature> flag in"the region flag is set,
t hen the surfracsentdbalicngt-kayrrigantne oadate fragmaied ppradit c -key digital signature
of the regton ID. In an online environment any number of signature
fragnments can be used, in conjunction with the region ID and optionally the
secret - key siZjiat urBmbetlded/Bataddtijett he public -key signature by querying a
server with know e of .t ey, signature or fhe
cor t espondi g or 1 Vas “Repn Mhettdp - R kER) Gk SrbIShy Nt o ar e
det er mi ned f redinghenthiRgic@®BeddBd dats.i n@ esmtga@ﬂuraa ¥ entdded at @Riple. @ntigyopt cal |y
froma preV|ousI§-rFtr|eved di gi tal naty ssociated with a sequence of
region | Ds. DPgi bt ey adds eicEied abf gitarscodingay BeRHTR % HévﬂAfim i cant's
US Publ i capi on No1heB@R7diadL8e8R enéoh@d RQndeN Sy @bt LG ﬁl@anﬁrﬁhmof the
i ncorporated by reference. 2.14 Tag |magi ng and Decodin he m ni num
i magi ng fi el dugffcododing certining dhetanbgdded alatesan he spifigent |t<bff>tr¢ﬁV€l§“{e§nf"fecﬂﬁaan
entire tag 4Brhas, 3 bss Qb1 A3nO8atd frof ret ) A
for arb|trarylggﬁgtPgﬁ§§%%§%¥§%%%§i?%% 5? {tégéﬁr %%%mc%ﬁr%% %ﬁ”i%h£¥‘eld
of view hbtaﬂkysuﬁmemﬁwQQEMQh$wéﬁmrdﬁﬂwﬂemmduegomot have to be Iarge
enough to guarant apt ur f an e hd the arra nt e data
synbols within eac ﬁéﬁlgﬁgﬁgese?ﬁa#ma Hlm&:%gg%cagg, qqsg? ST% b%a(

15 data is encoded in the data fragments of a contiguous group of six tags arranged in a 3x2

rectangle.
The block parameters are as defined in Table 8. The E codeword of each tag may

encode a fragment of the embedded data.

20 Table 8. Block parameters

parameter value description
w 3 The width of the block, in tags
h 2 The height of the block, in tags.
b 176 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 400 can discover this implicitly by the failure of the codeword to
decode, or explicitly from the tag’s active area flag.

25 Data of arbitrary size may be encoded into a superblock consisting of a contiguous
set of blocks, typically arranged in a rectangle. The size of the superblock may be encoded
in each block.

The superblock is replicated in the surface coding as many times as it will fit,

including partially along the edges of the surface coding.



|l ength (/ + 4s) captures the requisite information in full fromspatially
coherent sanples, irrespective of whether a whole tag is actually visible
in the fiwbaowfosvisew. As used herein, / is defined as tireTiAgngoof34a tag.
In terms of imaging the coding pattern, the imaging field-of-viewis
typically a circle. Accordingly, the inmegfing field-of-view should
preferably have dianeter of at least(/ + 4s)V2 and less than two tag

di aneters. | nportan¢ lida chdd@ed inathds@brb¥icR WalySndi@le, fop QkinipRd rioe PRcidd ypeast
two tag dianeters, in contrast with prior art tag designs, because It is
not essenti alMfoFm3tion, PPESRIAiSY Fitte HEIBAt 2BGFIOH EXIVE fIoF deteigniaidohe
field of view, Ihgnaxhra four macrodot units ensure that pul se-position
nodul at ed val ues can be decoded from spatially coherent sanples i.e. from
whol e synbol s rather than partial synbols at opposite sides of the inaging
field of vke y m nimumimaging field of viewrequired to
guar ant ee gc\é&u}SsBi tﬁggikaggég?%?ﬁom an entire tag 4A has a dianeter of 48. Is
(i.e. ((3 x 10) +I#&hd/Zsdion hay atshaetpie sigmditured fiigeintthe ragidn faps N sadicerit 1 s gi ven

to mean the length of a tag.diagonal. Figure 16 .sho t ag | age
P oot ng: argoabmsdsrdec SuRud SRR s g Fis s R lRER fe LRk PR Rarure
regi strati on ayebadrgicans caqaodémgitt e rdgloans| Biqueryingademervds knbiviedtd of, a raw

i mge 802 of the tag pattern is acquired (at 800), for exanple via an inmage
sensor such g4 $CRERSY| IR S SPITCSPRIINS Relff!ensor, or a scanning | aser

and phot odpode i MG RE10A SbntaiddentedWd dBB AR BO 2erhiedidIRLtLY PhiaL iy €enhanced
(at 804) to produce an enhanced image 806 with inproved contrast  and nore

uni f or m pi xelsignatugaidlagiinethe rogippdlag &ribia e e surfaga godingcopdas gt epzeddesr | ocal
range expansi o y I : i ke. The enhanced i mage 806 is then
IRlBhCe g@(‘{gt%l{aé%%%agft?e oﬁﬁ'éjrg 191? Hﬁ.

typically filter o prodtce a filtered i mage 810. | nage
filtering may condiatondfic ¢ryvopasarfyi uimber afgignagiue firagthentd @nbpasd, ifii | t er

kernel size tuned.to obscure radot.s 302 but to preserve targets 301. The
(11 teri ng. st g0 ad R SaLREad By b Mtherh P SLEREL N R

det ect i on)I5t uehidigycinb@reggtquem draser3dh. knbwedgh afghedil] phatilia-ksy sipalkse 304

usi ng pul se position nodul ation )gPPl\/p provi des a nore uniform coding
pattern 3 thal WS PFROHHRY¥486Y-encodi ng (as described in, for exanple, US

6,832, 717) . Advantrageaus leyigth bhd §ph&il thssiGRRed &¢ Getdrai@e FismIklretibemD dat a
areas, ther eb(}/ allowng npre effective | ow pass ) o
uring signature verification i.e. typically from a previously-retrieved digital signature
associated with a sequence of region IDs.
20 Digital signature verification is discussed in the Applicant’s US Publication No.

2007/0108285, the contents of which are herein incorporated by reference.

2.14 Tag Imaging and Decoding
The minimum imaging field of view required to guarantee acquisition of data from
25  an entire tag 4B has a diameter of 33.95s (i.e. (2 x 10) + 4)\2s), allowing for arbitrary
rotation and translation of the surface coding in the field of view. Notably, the imaging
field of view does not have to be large enough to guarantee capture of an entire tag — the
arrangement of the data symbols within each tag ensures that a any square portion of
length (/ + 4s) captures the requisite information in full from spatially coherent samples,
30 irrespective of whether a whole tag is actually visible in the ficld-of-view. As used herein,
[ is defined as the length of a tag,
In terms of imaging the coding pattern, the imaging field-of-view is typically a

circle. Accordingly, the imaging field-of-view should preferably have diameter of at least



filtering of the PPM encoded data conpared to binary-coded data. Foll ow ng
| ow-pass filtering, the filtered imge 810 is then processed (at 812) to

| ocat e t hwotzarogsts8301. This may consi st of a search foPCTagew9/foestur es
whose spatial inter relationship is consistent with the known geonetry of
the tag pattern (i.e. targets positioned4’at the corners of square cells).
Candi date targets may be identified directly frommaxima in the filtered

i mage 810, or(mayyVbend B8 skl d@ncletl IhiRkakRaMaGERLIZ RN i9RotaairsBbCchi ng,
such as via their (binary or grayscale) shape nonents (typically conputed
from pi xel s 0% o lgast Ehian ieBcierraig €08B6! WHSBYT #h ta desdgns rhesduigit isniot he filtered
i mage 810), %seﬂﬁfﬁ%!h@ﬁfésén'ﬂﬁu&tizn %?tﬁi%gan ch® QN IR MR @licwhi ch i's herein

i ncorporated by reference. The identified target's 301 are then assigned (at
816) to a target dJh¢ext@rgur nEgwHotpaity ensire thaepwcingsiga8moediated vedues camhebol
group 303, -an I i f Vi Si ;N the
Prage. A P SoSFLELRpRUIP R RROURRIE ot RS BB Ba Rl bl "7
target grid 8iBipolsiknpposditheidtsarfgetimadod fiddondtw.t hensel ves denarcate one tag
from anot her. To %I I oW IR rodat val ues ﬁé bF .sanépl .e%taccur teléf .t he
perspective transPerht g PRETUINPIMAEH"S feld 8T HEWE {oaBiEd R PR IE 2Bt ¢ he
targets 301 ajf@uludioanant@tiRead 4rehparispeet olVas: di(sd. qsixad) €apners of a square
of known size in tag space, and the eight-degreeof- freedom perspective
transform 822 is ihfeprEat ¢uf{exgaie dgagicy laawgtbtpweﬁ@tﬁ%lg%&fﬁeﬁﬁderstood
equati ons1pel gidopg. the four tag-space and i mage-space point pairs.

Cal cul ation of the 2D perspective transformis described in detail in, for
exanpl e, Appl i canfiggreUs s§o83ptag imagetphecersiigtanth decoding wrvicesh floy upde diertage

i ncor por at ed by r . S '5@19[;9 i [ | ¥i.COALBI | east
9 targets ar régnsaegﬁl%nlgggtgﬁlagrs %ﬁ]goﬁaﬁh%ehe actcl:lémrnlaalés;}&t%? Cg%:wgyu Saﬁ%trﬁg’ ?fr@t’ 2D
per specti ve timagsi@rofthicdag mapierovsedquerpz 8e@, fooextahpleAppdn imagit segsopsushiapus t ag

desi gns descrjihed in, for pl e, US 6,832 717, The i nE rred tag-space to
i mago- space peranebrast (R Re whBr Al e O AR E I SRR
macr odot pbsiTHeaaw iimagde®02 Bphdmetypicdlly enhaagel (pideto pBoduceamdrhadvied dndga 30dhe t ags
are represent e.g1r % PP enco?i n&, t he ﬁr esence. or .absence of each Jracr odot
302 can be det'Sr HIHBYILEIHE 4" SeaF HYEREIE) WarBredBase PIEHEFY IR o
separat e i nt eRgideyglbtf 6F R4 GangtiansiBit gD ghdPihe Vikél ehe icARmedtEEhagat a
sanpling conpared with pure bi nargl encodi ng. _ )
806 1s 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
20 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 symbols
304 using pulse position modulation (PPM) provides a more uniform coding pattern 3 than
simple binary dot encoding (as described in, for example, US 6,832,717). Advantageously,
this helps separate targets 301 from data areas, thereby allowing more effective low-pass
25 filtering of the PPM-encoded data compared to binary-coded data.
Following low-pass filtering, the filtered image 810 is then processed (at 812) to
locate the targets 301. This may consist of a search for target features whose spatial inter-
relationship is consistent with the known geometry of the tag pattern (i.e. targets
positioned at the corners of square cells). Candidate targets may be identified directly from
30 maxima in the filtered image 810, or may be the subject of further characterization and
matching, such as via their (binary or grayscale) shape moments (typically computed from

pixels in the enhanced image 806 based on local maxima in the filtered image 810), as

described in US 7,055,739, the contents of which is herein incorporated by reference.



The next stage determ nes a type of position-coding pattern being i maged by
the pen 400 froma translation codeword. In other words, this stage

di st i nguiwbes13fisest position-codi ng pattern contai ni n@CragaoedA(@x3) from
a second position-coding pattern containing tags 4B (2x2) for subsequent
sanpling and decoding. Two or nore ortho¢onal registration synbols (' VRS
and 'HRS') are sanpled (at 824), to allow decoding of the orthogonal

translation COdeV\QhQﬁieﬁﬁQdftdﬂ%té)fotlf&ﬁa@%ﬁdss@ieﬂ%@ﬂ Mo & QERVNeEESI:. Pachleag synbol
val ue may al so be decoded subsequently fromthe decoded reqjstratlon

synbol s. ~ Decoitifeprdi 1 pntadrsaagbriarowprdhsndtqveil walelweurs “ihef B8y by el ds
either a (0, \ihid)nths H‘IIP&%JB %t'tﬁ@st&é@dﬁmqual%gs@f V&(l}?f nothe 1&65@%&5 'tl%%r%&dewor d

(at 830). Referring nowto Figure 17, the (0 2) translation codeword
i ndi cat es ni residgy fsaice the dargas %EMOtnaghemwap%@ﬁynam@wm fagifioq qhathe1832A) t he

| maged pOSStI on- COdI'o 0&%3%?0.(1& \%ﬁle %rgeaslaljﬂ Ie (gaéngﬂfe F?A\l %)e%lﬁo An\éﬁ) 'of t Be

(3, 4) translation co emor |nd|ca fou er eby
identifying (th¢ c832B) itmhge nmmtged npfesedt iFone @ﬁdhengargrm gelr lareaslkﬁom &k nthng t ags

4B. Once the posit.i on-codi ern ha been. |de tlfled or 832B,
Subsequent | SAmBPr ARG BRuPRy B TRR gk s e o s e

posi ti on- codidfgrep@int @EmpdctintStrarmsiRnh i 20 a6 .infdeiofndizn®| Yased e sd&ﬁ@dtﬁél well-

or t hogonal tragslatlon codewor ds afe used to determ ne the tr%¥ﬁigﬁlon of
tags(s) in tHEUPEPUCBRIGH aetptg it foYelagaPachand BEgetPagt PUMERE? tighabl es

al i gnment 19f JthBe bBYRrspltiOf tARMt B deleibtRIO%ai0M tor&8nplt heFERM3 IPW Ny
i ndi vi dual %%%@) or portions thereof, to be dlstanU|s%ed in the coding

pattern 3 in 7 .dherosentyobwhich s hetgw ingorparateddayercierches. t ags 4A (each
containing nine s 0 r rid
9 YRk A& ﬁgﬁé wgli %IE?BLJa?eaC hih af leggzbﬁ)dr&\@ffioﬁaﬂéég n%@ sq&tre 9

818. In the second case, contai nin gr oups)
are aligned (@id, %4®)lr8w Dif'patm@tillaﬂlgé@ pgllslbﬁdtimthS@nmsemBl@md oyped toghoup 303

contains orth nal, regi stration oIs mul ti t ti on codes can be
decoded to pfga%‘mlsgggm S?%d%§?sﬁ%§ﬂ) g?ﬁ%%n |on 6r%gs/@iz‘scrlbed in
Section 216, the t rmTaashitredmgespae mSm&g€M£&¢©mﬂ@$nﬁiGmmﬁmﬂ@92§snﬁaiaach r ow

and each col U 00A8 LAk, SORLALIS M oyToet of iy, L b oo Mo, matmum
4A or 4B wi t hagshee fepre@@ited B iP#MBAR odild) €he presence or absence of each macrodot 302 can
be determined using a local intensity reference, rather than a separate intensity reference.
Thus, PPM-encoding provides improved data sampling compared with pure binary
20 encoding.

The next stage determines a type of position-coding pattern being imaged by the
pen 400 from a translation codeword. In other words, this stage distinguishes a first
position-coding pattern containing tags 4A (3x3) from a second position-coding pattern
containing tags 4B (2x2) for subsequent sampling and decoding.

25 Two or more orthogonal registration symbols (‘“VRS’ and ‘HRS’) are sampled (at
824), to allow decoding of the orthogonal translation codewords and the orthogonal
direction codewords. A flag symbol value may also be decoded subsequently from the
decoded registration symbols.

Decoding of the orthogonal translation codewords (at 828) yields either a (0, 1, 2)

30 translation codeword or a (3, 4) translation codeword (at 830).

Referring now to Figure 17, the (0, 1, 2) translation codeword indicates nine

symbol groups per tag, thereby identifying (at 832A) the imaged position-coding pattern as

containing tags 4A. Alternatively, the (3, 4) translation codeword indicates four symbol



al i gnnent needs to be both robust and accurate since there are many
possi bl e alignments when each tag contains nultiple synbol groups 303.
After thewOramgidatsBson of symbol groups 303 relative to PaEFAT2A9N0108B has
been determ ned, then at |east two orthogonal direction codes are decoded
(at 836A or 836B) to provide the orientatd on 838A or 838B. As described in
Section 2.6, since N vertical registration synbols in a tag forma vertical

direction codgoykt rmgﬂltms f/didéﬁt&ﬁﬁgﬂ (N, 830B8 € hihbgeal poitibResdiN pAREL al S
capabl e of correcting 2 errors. The horizontal direction code is

simlarly ca;fé?B‘Ia@l%fta&?dBr ectl ng (N-1)/2 errors using N horizont al
registration synmboldee HRRGRxitiBh b&RM Alph@in Bk ehdth nﬁEﬂtﬁ'@d' & YO o obuat and

capabl e of correcting errors, depending on the nunber of registration
synmbol s sarrplselbseql@ntéamwhngl auid dm@nm@r@;mﬂsdl@c@d@rdglChafsltlyﬂ@l plesdionisedizD

perspectiveg t aﬁ&?ftﬁdsn?[dedt??%q&%cﬁgﬁ%tg% M d Bﬁiedt@% g&ﬁ[‘§rh&ﬁau cg(iaererSF}Q

relative to t arge a co ewor an t %nd
decoded (at attedAtoodete&zﬁmB)thettmnylhﬂlmbftt@(sp eqe dictdef decocadycodbanvargs g8d2A or

for oy onciiR fii GRHRCH RSl of Bk eSOt Shn eI P ¢ BBl oe

encodi ng f or nadividad thg(s3] o2 pbriivikR@ysT, ©BE A™iin@isadl i etadaingpiten f nake: i
format sanple  determ regi on | D Reed- Sol onon code\ﬁord format  fromregion

flags veri fyicHe- BTtth"éﬁt &S 1ths gty e NRHYiRg iR SYBOplgIouPs Ao HIgNes @hppl e

detect anyperg:aagQiih tﬁé’fﬁ?%klt $rill 'R18 €@ 08 sdcbhReRd- HOARUB ARt war d
determne region ID sa e and decode x and y coordi nat e Reed- Sol onon

codewords (X Sé(WHOl\gfoupﬁ)raé%ﬂllgﬁgi @W“Bbﬁﬁ]whﬁéﬁf%ﬁtgly%@l s co-encoded with the
det ect ed erroneous S%%Qj‘égdhssyﬁﬁ WO@’%?ntQ% ST DRI Fe@Qtr%o}ﬂ Q6L ik om

codewords determ ne | on fromtag x-y locatioh and perspective
transform translation codes can be decoded to provide robust translation determination. As described

in Section 2.6, the translation code is a cyclic position code. Since each row and each
15  column of a tag contains M symbol groups, the code has minimum distance M x M. This
allows robust determination of the alignment of tags 4A or 4B with the target grid 818. The
alignment needs to be both robust and accurate since there are many possible alignments
when each tag contains multiple symbol groups 303.
After the translation of symbol groups 303 relative to tags 4A or 4B has been
20 determined, then at least two orthogonal direction codes are decoded (at 836A or 836B) to
provide the orientation 838A or 838B. As described in Section 2.6, since N vertical
registration symbols in a tag form a vertical direction code with minimum distance N, the
vertical direction code is capable of correcting (N-1)/2 errors. The horizontal direction
code is similarly capable of correcting (N-1)/2 errors using N horizontal registration
25 symbols. Hence, orientation determination is very robust and capable of correcting errors,
depending on the number of registration symbols sampled.

Once initial imaging and decoding has yielded the 2D perspective transform, the
orientation, and the translation of tag(s) relative to the target grid, the data codewords can
then be sampled and decoded (at 840A or 840B) to yield the requisite decoded codewords

30 842A or 842B.
For example, decoding of data codewords from a tag 4B may proceed as follows:
* sample and decode common Reed-Solomon codeword (A)

¢ determine encoding format, and reject unknown encoding



taking into account macrodot size (from macrodot size ID) encode region ID
and nib x-y location in digital ink ("interaction data") In practice, when
decodi ng wozegusnse of i mages of a tag pattern, it i s uPelU20@/0xEBHOi t
inter-franme coherence to obtain greater effective redundancy. Region ID
decodi ng need not occur at the sane rate5®as position decoding. The skilled
person will appreciate that the decodi ng sequence descri bed above
represents one enbodi nefdebddelcher MigBs@ Hrmh@ALi on, based on a sinple

codi ng pattern containi n? only one _conmon codeword (A) encoding the region
| D. However, it will, ofclenineigiondp Repproelemar eqdevpdifornablipmicgioddiaebn dat a
sent fromthe pen 400 I‘%rﬁ‘)h@R@%f‘R%gﬁlﬁyStem may include other data e.g.
digital signature (see Section 2.13), pen node (see US 2007/ 125860

i ncor por at ed herein by* edeeqdestrel) flagded wgtoatlPosmplat a, force data, pen ID,
nib I D etcg An exanpl e, ' ' LNt eract i 3 ecei ved by the
net page sygt emfromt he&];t%{%ggé&%ghg 5&818,51’3'51181%%'5 }éggggeéhzéogﬁlé ﬁ%ﬁg/llmggove in
Section 1. A norecdetvaid ed di scussi on of how t he net page system nay
interpret interaction .d%tta can be found in the Applicant's previously-filed
applications (see, for &AHPFEEYUS-2007/1301 17 and US 2007/ 108285, the
contents of which are h@mpicAnd d&odPoindtyedotdihate®ced-8516@dn SodeNetipa@gendPen 3. 1

Functional Overview The active sensing device of the netpage system nmay
take the form of &) dIFEkAY CPRHINEP ﬁ)@%()ﬂfgcof?ﬁcoge@w%Qiﬁdeteﬁ%@?rfqnwon a

surface), 1g poi nt @{(mms\lds@gm@egstw us (for pointing or gesturing on a surface
usi ng pointer strokes), or a pen having a marking nib (for marking a

surface with ink when péitamingépg xgeloeaiion fgmepdeprardsi ng on the surface). For a

description of various, NelRRIGiILSENREADL M SES y 14 8E ST ERBEshettiviBL G by US
Patent No. 7,105, 753: US Paten%%ﬁé. 7015, 90§; YU Pataen? N 7 %991.960: and
US Publ i cati on Notakg(ap aG281 58 crodéieize Ointre masroddt seadh of which are herein

! ncor por at ed by r ef er eone%godelré[: iéNi I:d ang%'baigg[o%a%}o%t' ecclllgltt ?‘r}k (t‘irr}t%rae{i SIX aRa’:
i nvention may utilize any Suitable optical®teader e FHowever, -t he } page pen
400 wil | BB described herein as one such exanple. The Net page pen 400 is a
motion-sensing wr IIlE iprrallgticie,n \% e{nu eccr)] ing\'g isgquller\llég I’0 ?mailg%s of a tag pattern, it is useful to
exploit inter-frame coherence to obtain greater effective redundancy.
Region ID decoding need not occur at the same rate as position decoding.
The skilled person will appreciate that the decoding sequence described above
20 represents one embodiment of the present invention, based on a simple coding pattern
containing only one common codeword (A) encoding the region ID. However, it will, of
course, be appreciated that the interaction data sent from the pen 400 to the netpage system
may include other data e.g. digital signature (see Section 2.13), pen mode (see US
2007/125860 incorporated herein by reference), orientation data, force data, pen ID, nib ID
25 et
An example of interpreting interaction data, received by the netpage system from
the netpage pen 400, is discussed briefly above in Section 1. A more detailed discussion of
how the netpage system may interpret interaction data can be found in the Applicant’s

previously-filed applications (see, for example, US 2007/130117 and US 2007/108285, the

30 contents of which are herein incorporated by reference).



conjunction with a tagged Netpage surface (see Section 2). The pen

i ncor porates a conventional ball point pen cartridge for marking the
surface, w0 20magelssensor and processor for sinultaneousPgTadpvayoong4t he
absol ute path of the pen on the surface and identifying the surface, a
force sensor for sinultaneously neasuring the force exerted on the nib, and
a real-tinme clock for sinultaneously neasuring the passage of tine. Wile
in contact wigh aN@ng@gensurface, as indicated by the force sensor, the pen
continuously images the surface region adjacent to the nib, and decodes the
nearest tag ihlit &ungtiongl Qyervip®yw t o determine both the identity of the

surface, its own ingtantRNEAHY RORE bf AP n@PadenGsiSH g tkeandrtRer Ref&ePT the
pen. The pen thus generates a stream of tinestanped’ position sanples

relative to df@patickiegdreg spseifi¢ pesetionamnd surfzoes gipomter hindngsa stelantforopoittieg Net page

convent i on3! 15" PAMEYFEHpEATRUERRI AR Skl MahhREER MHhekin s 1 e

conventi onal | rre 0 as“~digl oke is
by a pen dowrsuengt veithpiek whpn peistite, gasiridgbeetigng tytht herfdfcor Eer sdnsition Mbr e

O anom 11 ed 18 oha ey R e bEy g & FEE 8deth MR alR e S nfi act on

data". The pexo.saIMBIo0s; ULSPapasNol 0)09BY6a asdfUI eugioidoy Wb.glwosa0mm4b9ant nal |y
100Hz) to allow a Nﬁt page s,erveigl to. accurat E’l y reproduce hand-drawn
strokes, recdghicaE ohERNrYHigheHe bessip incammaraled Oy FSferrihd- wri t t en si gnat ures.

The Netpagg pen al 3pySuRRASESEPHA thd RERnt il ch ASEhACTYEarRRRkdbEAIptieNS. | N
hover node the £en is not in contact with the paper and ma% be some snal |
di st ance aboveadeh&oygydr dbeNepageiren H¥paH be desciahaddieresyfs 9u¢ Bekyxanpisi s al | ows

the position of t hefh@?\]@tpa%er}ﬁ%huﬁé 119 Iﬁ&i%p—g%{lgig%w@iﬂgg %Dgtg.gﬂetgpﬁpl@h LE6ROLfed. In

the case of an interactrve application t over ehavi our can be used
to nove a cur®oungionhothta taggekNetgage verfasapee Secgpn 2 hEhaliestimneragh at he ni b from

t he coded surface.co q be, used fcpr t ool. .behavi gur cont r ol focq exanpl e an
convention ae lp(r))léltnpen cartridge for magkin rface, afl Image Sensor an

air brush function. i ncludes a 00 v 30176t FARE e ver for
transm ttilbg mo@kdoafor binkiltatcausdy daplutiye dlewhsomtetpatha f Netppa geths eurtees andhen

oper a1 g o (hine Ly om e, L gage, Ser Yot e pen Bullcrs spptured diol ol
pen transm t sthélhigl dndk rdankimk BloEIERk sitnuM@eously measuring the passage of time.
While in contact with a tagged surface, as indicated by the force sensor, the pen
continuously images the surface region adjacent to the nib, and decodes the nearest tag in
20 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 to a particular 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
25 andapen 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”.
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
30 text, and verify hand-written signatures.
The Netpage pen also supports hover mode in interactive applications. In hover
mode the pen is not in contact with the paper and may be some small distance above the

surface of the paper (or other substrate). This allows the position of the pen, including its



The pen is supplied with a docking cradle or "pod". The pod contains a

Bl uetooth to USB relay. The pod is connected via a USB cable to a conputer
whi ch pr owoden/orsauni cati ons support for |ocal applicaPcomd2emwdoaBssess to
Net page services. The pen is powered by a rechargeabl e battery. The battery
is not accessible to or replaceable by t$%e user. Power to charge the pen
can be taken fromthe USB connection or froman external power adapter

through the poeht AHIGoRAD batportdiasn te PAVBT atiidrabiBBGppRAtiihendat mogocket to
allowit to be externally connected and powered while in use. The pen cap

serves the dshayien ganske used temeovee erpy “itheut Mapkingde paver. Phlg g thes when

the cap is fifib gdndcodidNAhdelchEd bhEcBER (@ bABAYE AnPAVS c-RRBRGHYINY State
when uncapped. 3.2 Ergonom cs and Layout Figure 18 shows a rounded

triangul ar priofshifencgpves the pen 400 an ergonomically confortable shape to
grip and uge the peg, @& imﬁ%e%%ﬁ&?otohﬁ HIG ttﬂa@s@@llrver?@tﬁﬂ§n%{n§ rchg"ht\laﬂtinll Via ?' S0 a
ating the conponent §. nor ma

practical shape for accomp I'nterna
pen-1ike gri pehatievialtd y Nepadeorrver. tWohaa opera@mpgiifliac freinapetiaet sweentheponb 402,

i ndex finger 404 an i, ddl e .f.i.nger 406. As sh i n _Figur 9 t ypi cal
Laer e 1 oe” et B A A Gt Rt s bt R e Fued® Tom
t he normal t awekdht pe thangditdGanne i Reltde( posi tive angle) but sel dom

operates a pen at re than about 10 degrees of negative pitch (away from
the hand). The rang@ea?nlﬁﬂp@ edaw&}%&nggﬁrae\lﬁior:rpoghgﬂﬁ@ﬁga%almsa able to

i mge theipatgigébotR® U rdRAPGhe fRSs BHRR1QIRtA USEdatfiOf atcBmputdsyidet ri c
usage. The shape of the pen 400 helps to orient the pen correctly in the

user's hand 408igsgonpugraiopuiarest fonlecal genlicttionppidsicerys LRtIENservices.

"upsi de-down". The pen.fi ' . Llgs) v, B4k pd | W) Belidit angle
range is reduced.Theg?%pgg%%&%g%ﬁgg?%ﬁggo?%%%P% o%gﬁgﬁﬁg ?ogﬁg% eé¥hthe pen
400, al | owi ngeplaceplde beths egnr Biwer &t ahaxgd thatpieh eantblgakpie froinghe WSRigmnediah o1

colour LEDs iJlunm nate a status w ndow 412 in the t edge i1 the apex
of the rounacli"t i SR By Flrdiiler R obog, i delRul SR RECL AR, (0 00

The st at ug5wi coapuridd ata @it sallur-iab se extadalipfvemettaé agpwiesd sthilevnchse A

vi bration notor isj%]so i ncl uded in the en as a qutic f eedback systen1

(described in detail ¢ pen cap serves the dual purpose of protecting the'nib and the 1imaging optics
when the cap is fitted and signalling the pen to leave a power-preserving state when

uncapped.

20 3.2 Ergonomics and Layout

Figure 18 shows a rounded triangular profile gives the pen 400 an ergonomically
comfortable shape to grip and use the pen in the correct functional orientation. It is also a
practical shape for accommodating the internal components. A normal pen-like grip
naturally conforms to a triangular shape between thumb 402, index finger 404 and middle

25 finger 406.

As shown in Figure 19, a typical user writes with the pen 400 at a nominal pitch
of about 30 degrees from the normal toward the hand 408 when held (positive angle) but
seldom operates a pen at more than about 10 degrees of negative pitch (away from the
hand). The range of pitch angles over which the pen 400 is able to image the pattern on

30 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.



below). As shown in Figure 20, the grip portion of the pen has a holl ow
chassis nolding 416 encl osed by a base nolding 528 to house the ot her
conponentwO 201003715k cartridge 414 for the ball point nipCtaaRo®owsy fits
naturally into the apex 420 of the triangular cross section, placing it
consistently with the user's grip. This $n turn provides space for the main
PCB 422 in the centre of the pen and for the battery 424 in the base of the

pen. By referring tmebigH0es dsiefed tb Fit §RAHEGpAE Bf thb pén 4001 SloRnsar tBdE Ur al 1y
pl aces the tag-sensing optics 426 unobtru5|veI¥Bbelom1the nib 418 (with

respect to noWfHeEY stevednhile trgpends ¥ usp| MukpcokpgLEPs ilymingiep st wisdasivept back
bel ow the inky 63§ fiE Itdgq;a%él(%élmtt& DELYEnt ro‘af?déh%% RS YPRE il o@{h@ ﬁsapm ng 428

and the paper surface en i s operated at maxi mum pit
shown i n Fi gurcer ig|te) endhdhe¢ stetgd wigdew &1 drempiny ieobsa@od wmt@@@pﬂwmh )

ear iy aped MR U DRI SRR Yo% BN IR Dy (R BRI o e

of the nib ndlethiwdg 428. Each LED 434, 436 has a correspondlng illum nation
field 438, 440. th S hel d at ,an. angl.e t hat
causes reflectlonSXFSEWi l%¥eﬁﬂgl@Eb@@“?%g{ﬁgp%ﬁﬁ%?$$ 3?“?5’1%e i mge

sensor. By praigicadlogd b6ps BaSE a8 kdldusd feothElRotpuiehRQ Thdiak ofrirRigeli g
refl ections égn be extingui shed. %pe0|f|c details of the pen nechani cal

desi gn can bel°f G hdl Rt oD (Erishovenditgiiugly sl s/ ppoBRns thegipaguaifrest s of

whi ch ar e 1her@iidoni NEMPOEALSE RMvifRhSILAE rip. Srhd iRaMn FRerBagkcclhdheat i ons
Figure 22 is a Igggltudlnal cross section through the centre-line if the

pen 400 (wit H#pBCBA32 mthe enpprelthopentapé fos iy b@‘ﬁewﬁ%lpélw)basemféhep@h By

i ncor por at es | \ g
A e R T T L S
the signal tdmbmedsmawﬂsbﬂﬂdﬂcamDHSWWnUUMMﬂQQnbmhmh@thHQenbhmﬂmggﬂﬁB

These si gnal 0 ttat uséb(ﬂfs (S)\I:V F)ac% fow tfl hl%klélsl‘ﬁ'ld Qf:4| tUd}nglt Qoqt Lo entﬁ?t tery
| evel untransnlt hnect Fon- oR- I ne,

error mnth5annmmbMG@42@em3mép@mr@ﬂh&nﬂwgdmmwemameawdﬁﬂm@pmmmpemﬁ|on of an
orbedded dala 1120, AL IS0 At SARTRLL A0, L, L POHLL S0, A 5y rbedceo
centrally positioned IR filter/window 432 below the nib 418, and two near-infrared
illumination LEDs 434, 436 emerge from the two bottom corners of the nib molding 428.
Each LED 434, 436 has a corresponding illumination field 438, 440.
20 As the pen is hand-held, it may be held at an angle that causes reflections from
one of the LED’s that are detrimental to the image sensor. By providing more than one
LED, the LED causing the offending reflections can be extinguished.
Specific details of the pen mechanical design can be found in US Publication No.
2006/0028459, the contents of which are herein incorporated by reference.
25
3.3  Pen Feedback Indications
Figure 22 is a longitudinal cross section through the 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 several states, using colours and intensity modulation. A light pipe 448 on
30 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



A vibration notor 446 is used to haptically convey information to the user
for inportant verification functions during transactions. This systemis
used for woporwentssi nt eracti ve indications that m ght becCriARew/dus4t o
inattention to the LED indicators 444 or high levels of anmbient light. The
haptic systemindicates to the user when3 The pen wakes from standby node
There is an error with an action To acknow edge a transaction 3.4 Pen
Optics The peampmgobRefites fqhirxafbdigtustdasquanand chbidiad esa tomgieg
system It utilizes a canera with a short exposure tinme, snmall aperture,
and bright syi&hronised illumnation to capture sharp i mages unaffected by
defocus bl ur or mot odibhinotoFaRb & Red PhdpFiddiy REGy ihrhdtBRSHME Jimpen 0.5
ms velocity Allowing 70 micron blur radius 2Illumnation and filter
3Pitch, roll impertaphweriicatiore functiope dunng Hensastions. ofhist fystepenn Wb impetanbns
show ng the p i r V] I ' - ' of the
Net page tags 1%{39%1?%%&%%&8%8@%% alglg%gffg@ %@%géﬁ% mt%gléf ﬁggenﬁlﬁ@?fﬁgﬁogsr@ggﬂsed by
a | ens 488 oritigh eteds @@tbicet lighgi Tr hefticapsttrmbgeasensiorusdOthenA snmal | aperture
494 ensures the avail abl.e de thkoF fiel accdommdat es the required pitch
and rol | ranges of the" pet PAOY*E'PLS4MY B¥Eond LEDs 434 and 436 brightly
ilTum nate the surfacees SAQrevié &drivr tvid afi btlodl of vi ew 430. The spectral

em ssion peak of the LEDs is matched to the spectral absorption peak of the
infrared ink used to pfi?ﬂaciﬁ“ﬂ%@%aﬁé@é‘“{% mexi ni se contrast in captured

i mages of 1pagss Tipen Bptieht ness of the LEDs is matched to the small aperture
size and short exposure tinme required to m nimse defocus and notion bl ur.
A | ongpass | R fil t &he adancomeprtessdaedfases paagpbslantsred inaginggensdhsor 490 to
any col our ed g#:aphi [ iall LG t, Wit b .Lags and any
ambi ent il urﬁgiﬁllg%%!agﬁﬁlﬁlglwé%v%hoeé%t%%% ‘?ﬂ‘%é@%?@ﬁg?% ?Wb%lghet S%?ﬁg‘rsg%z. The
transm ssi on idimmpteonftp fgpgyre sharp images unaffected by defocus blur or motion blur.

Table 9. Optical Specifications

Magnification [0.225

Focal length of lens | 6.0 mm

Viewing distance 30.5 mm

Total track length 41.0 mm

Aperture diameter 0.8 mm

Depth of field /6.5mm
Exposure time 200 us
Wavelength 810 nm

Image sensor size 140 x 140 pixels
Pixel size 10 um

Pitch range [ 15t 45 deg
Roll range 30t 30 deg
Yaw range 0 to 360 deg

Minimum sampling | 2.25 pixels per

rate macrodot




432 is matched to the spectral absorption peak of the infrared ink to
maxi m se contrast in captured i mages of tags. The filter also acts as a
robust phwyei2eslo3nisadow, preventing contam nants from enPemiaugodre1mBpt i cal
assenbly 470. 3.5 Pen Inmaging System A ray trace of the optic path is shown
in Figure 24. The image sensor 490 is a 8MOS i nage sensor with an active
regi on of 140 pi xel s squared. Each pixel is |Omsquared, with a fil

factor of 93% Turnin h&o Fugure 25, 69e | ens 488 i s shomm in detail. The
di mensions are: D = 3 |mH REPY 593" ﬁf = 15.0 = 0.8246 nmY = 1.0

| ength of 6. 15 and transfers the i mge
fromthe object pl i mage plane (i mge sensor
490) with the correéﬂm§a mirgorflerqediticy t o successful |y decode al |l images
over the speC|f|edzgmh&glmighqnépd yaw ranges. The |ens 488 is biconvex,

wi th the nost curve sur ace facing the image sensor. The m ni num i magi ng
field of view 430 rémmlK@dndeguaﬁ&nWeéﬁutqma@ﬁMHwn of sufficient tag data
with each interaction is dependent on the specific coding pattern. The
required field of view for the coding pattern of the present invention is
descri bed bn Sectimhoﬁsaﬁ&usﬁmangemmbmaﬁmpaé@xwwbdnﬂgghﬁﬂﬁaumdalﬁfAhhe

optical systemis defined by th | f 2.25
o xel 5 per - BB YEh B G Wdeulipiedt eREn A NBaTR ShQoBEnoRbO, 1 or

the inage serl&«:smgéaﬁkoq{e ahm@mglm ¥ SmagEXs6490Y A dnfa@ apdiRie 499 cB3isds @ enpl oy's
a paraxi al nagnlflcatlon of 0.225, the ratio of the dianeter of the

i nverted i magedblecdsathioffield accomawpatesdhy reauitpd afeh and relf rapges of hepen 0. vi ew at
the object plane, af@RdiEBULLBEIBATand b Kohil MuAtHRAREweade2Bo ikl  The

i mage sensor 490 however is 140 x 140 pixels,” in order to accomvdate

manuf act uf P ngfiddefarcn®ids Thpricgtrah mispin paak oBthe LEDs is matched to the spectral

absorption peak of the infrared ink used to print Netpage tags to maximise contrast in

mm Z = 0.25 mmihi s g| esloaityf ocal

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.
A longpass IR filter 432 suppresses the response of the image sensor 490 to any
15 coloured graphics or text spatially coincident with imaged tags and any ambient
illumination below the cut-off wavelength of the filter 432. The transmission of the filter
432 is matched to the spectral absorption peak of the infrared ink to maximise contrast in
captured images of tags. The filter also acts as a robust physical window, preventing
contaminants from entering the optical assembly 470.
20
3.5 Pen Imaging System
A ray trace of the optic path is shown in Figure 24. The image sensor 490 is a
CMOS image sensor with an active region of 140 pixels squared. Each pixel is 10um
squared, with a fill factor of 93%. Tuming to Figure 25, the lens 488 is shown in detail.
25 The dimensions are:
D=3 mm
R1=3.593 mm
R2 =15.0 mm
X =0.8246 mm
30 Y = 1.0 mm
Z=0.25 mm



120mm (12 pixels in each direction in the plane of the i mage sensor) of

m sal i gnnment between the optical axis and the inmage sensor axis w thout

| osi ng aryoabiodserssnf ormation in the field of view ThePCend24®30134nade
from Pol y- net hyl - net hacrylate (PMVA), typically used for injection noul ded
optical conponents. PMMA is scratch resistant, and has a refractive index
of 1.49, with 90% transm ssion at 810nm The lens is biconvex to assi st

noul di ng preci si on aRdifeeatdaBisngh MUt gnEWinkREANd ithapE £6rh 8Rlcpjcomt € t he
lens with the optical barrel nolding 492. A 0.8 mmdi aneter aperture 494 is

used to provilidnctieccd spfase 6451 BF gmaze §lane anegstsensef 4Whwith dsicgicct The
speci fied ti 'mmgg?egﬁénc& k’tﬁsu%ﬁkfﬁlfy dhood® aflgnéflg@s &egﬁ%&%ﬂéhf)ﬁéﬁ’ rofahft @ roll

range of 30.0 toO degr ees. I'ting t pen throu iIts specified range
nmoves the ti|taedaess ebhe IWSéﬁ%IS@g\PO@‘@XB\X'@W@mWﬁ aﬁm%ﬂflg)&lallm?ggeane The

specified gpesléﬁslé %%ﬁm& ug’ﬁgtﬁ@ld%ﬁm\%%@@f}g{g@ 6?8%§Jﬁfe%kféuls&og f /6. 5mm

with an accCepta Slur the 1'nmage o the
geonetry of tsfficpantagdsa gith ea:chdantqzrexnloouei’epetrﬂsnt@mheepetcﬁf}c covieg patepi. Todh r ange

of 33.0 to 45.0.degrees.. Referri to Fi the.optical, axis 550 is
oi tohed 0.8 dedreRgedunyey rar ientz S b Gt 4R 2na Che nib
axi s conver geSckowex. .t he paper surface 548. Wth the nib axis 552

perpendi cul ar to the paper, the distance et ween the ed f the field of
vi ew 430 cl osest t(ﬁ?ﬁeél“ﬁ‘?dd)a&%%i%mé %H@l@ g@%&lpg Syt eied by shemm * The

| ongpass KR fihintrfiim %ﬁal's&nﬁfﬁ@@re@&en@%f@gﬁ p@(f:lS' RPN @R tor Ttﬂ@@ﬁlm%@ctlﬁ&ll @astic

heavily resistant to abrasion and chem cals such as acetone ecause of
these proper treess,of figeer 140 &x thy|ivegeserseed) 08 1unpinelowl YPTiedy fthq imegings 1. 5rm

thick, wth asygtgllil ﬁﬁfg&é&%ﬁ r?gagﬁagﬁlﬁéatlgg of & hthF: II'EJtlB%E‘ th%)ﬁn}e{%r %ﬁé ﬁ1¥%rfeﬂt from

a Iarge sheet "usi ng a er “cutter Electronics Design Ta
El ectri cal Sp@@ge‘ atclmin@meﬁiog@rtbe digméte 0éthb|ﬁ@kdlof dicagt timobiectiphac,pernn

o oo cs. TUR, ShSFURGRIREAED HREDE, BELul AEBEAIAANG Lt i
15 140 plxels, in order to accommodate manufacturing tolerances. This allows up to +/-
120um (12 pixels in each direction in the plane of 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
20 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 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
25 requirements of the design.
The specified tilt range of the pen is 15.0 to 45.0 degree pitch, with a roll range of
730.0 to 30.0 degrees. Tilting the pen through its specified range moves the tilted object
plane up to 6.3 mm away from the focal plane. The specified aperture thus provides a
corresponding depth of field of /6.5mm, with an acceptable blur radius at the image sensor
30 of l16pm.
Due to the geometry of the pen design, the pen operates correctly over a pitch
range of 33.0 to 45.0 degrees.
Referring to Figure 26, the optical axis 550 is pitched 0.8 degrees away from the



the i mage sensor and i mage processor 576, the Bluetooth comrunications
nodul e 578, the power managenent unit IC (PMJ) 580 and the force sensor
m cr opr ocwe=010/B3%8 3. 6.1 M croprocessor The pen uses amCAATRDOIAINBFRAI0162
m croprocessor (see Atnel, AT91 ARM Thunb M crocontrollers - AT91FR40162
Prelimnary, http://ww.keil.conf dd/ docs$dat asht s/ atnmel /at91fr40162. pdf)
running at 80MHz. The AT91FR40162 i ncorporates an ARM/ m croprocessor,

256kBytes of @RGP, ThoEptRaMRIstand thahd LKRAVRAL GMBRY the pah sektesazal flash
menory in a stack chip package. This mcroprocessor 574 fornms the core of

the pen 400. Viththgupihais 35%@Prﬁﬁ@10ula§@tthq pRgeuhe dengrub betepen thegies s or 584,

decodi ng 1 Maggs) Afvid¥ed MAeReE RAORD BAL LRl (He 45 88is §§‘e‘Pft1& PBngn. 14), with
assi stance fromthe I nmage processing features of the inage sensor 584, for

inclusion in the dilgeicapasniR Sltar é3dis alednef GR-89 oflighoeigheheoosdatestio ecei ved
fromthe fgr g agenent
| C (PMJ) 53 Ch%a\%@r}gs?sretasnglona%%glog glgcg(ﬁlgllglhcgﬁ gl'lch a? g(]telﬁoing kB %ﬁgus% %ﬁth@%vﬁ(géoteg%?

comuni cat i onge ﬁitmllalse sVB as awthdoywr O ﬁlmnsrﬂ(ﬁmmcﬂncﬂowuhase&‘nsme imdeg IOﬁpI’ ocessor

582. The ARM/, mi cessor 574 runs from.an 80 cill tor

communi cat es Wik ERENS G5 DeF el 4 BT BT e DS hg IeERf Ol sal
Synchronous Receiver Transmitter (USRT) 586 with a 40MHz clock. The ARW
574 comruni cates with the Bl uetooth nodul e 578 using a Universal

Asynchr onous FceffdestromiceResign t er (UART) 588 running at 115. 2kbaud.

Communi catpons to thgleHEREPicAMPedifi@iions ce Sensor m croprocessor (FSP) 582
are perfornmed using a Low Speed Serial bus (ISS) 590. The [SSis

i npl enented in softwarler@agotises two @Mhﬁtﬂiﬂl&@ﬁrm%@@hnmggenera
pur pose |1 Gs. The ARM |mi croprocessor| 574 is programed via its JTAG
port.3.6.2 | mage Sensar 80MHz

with 256kB SRAM and 2MB flash memory

Digital ink storage 5 hours of writing

capacity

Bluetooth 1.2

Compliance

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 2 hours
time
Battery Life Typically 300 charging cycles or 2 years

(whichever occurs first) to 80% of initial

capacity.

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

Figure 27 is a block diagram of the pen electronics. The electronics design for



The 'Jupiter' Inmage Sensor 584 (see US Publication No. 2005/0024510, the
contents of which are incorporated herein by reference) contains a

nonochr oreoeneBrisarray, an anal ogue to digital convert @CT(AARG)9/00803f T ane
store buffer, a sinple image processor and a phase | ock loop (PLL). In the
pen, Jupiter uses the USRT' s clock lines@&and its internal PLL to generate
all its clocking requirenents. |Inmages captured by the sensor array are
stored in thenf pamevstOdreulauft fain sTHRSE TheRgrs are decoded by the ARW

m croprocessor 574 with help fromthe "Callisto' inage processor contained
in Jupiter. The Calli stdhs meaigdRH bricsdsceyser ¥ dr ms, inter alia, |ow pass
filtering of captured | nRIGSLL $GSr EEMa@Ppriectébrdfgl US Publication No.

2005/ 00245 10) before nmacrodot sanpling and decoding by the m croprocessor
574. Jupiter controls tHbeBluptopthagmofnicationy médudred. LEDs 434 and 436 at the
same tinme gas its inmage, ' - of these two infrared
LEDs may bg turned off %{f&éve%&gﬁ%ﬁ%éngqg}%ﬁ@ Sgéggdsed to prevent specul ar
reflection off the paperthd foat saaor micoprocasborc@2.t ai n angl es. 3. 6.3 Bl uetooth
Comuni cat i ons Modul e The pen uses a CSR Bl ueCor e4- Ext ernal device (see
CSR, Bl ueCore4-External Data Sheet rev c, 6-Sep-2004) as the Bluetooth
controll er 5786.1! Mic®ptdce®ér an external 8Moit flash nenory device 594 to
hold its program code. The Bl ueCore4 neets the Bluetooth v].2 specification
and is conpl i AKX Beven S ATRETERN RISt PESqessoTrefe & IPEiDiR) Y SHRE T 147 Eat i on

which al | 995 RRPWRIARES -ATIRERIP6E BreRVRRS, A 2.45GH chip antenna 486 is
used on the pen for the Bl uetooth communi cations. The Bl ueCore4 is capable

of forning a WRRPYkSBmd dpgedatashisgtneyatg Eetd 16D d) Tusnng 0¥ cat i ons
vi a dat a/ powe b n ter i -0

Bl uet oot h i nc‘llggﬂgﬁ\%\n@l&é@ggg%heﬁwggﬁggg&%cgoﬁ%% g%aéﬁgg%tﬁ&gg R IcigétginégéYatfl
(W-Fi) (see sltaEe_EE,{AMGmd 2VBwies ef mn&ﬂ@ImWMithMcmBpackage.

gg;pig’ \%?EP% 'Geg‘jrrl}]?s[)r ’C%ﬁgﬁ%r%%{fo'r&é RS oPhIbdn 20b HER B0 ndiucl See | EEE
http://grobper.ieee. or g/sgﬁiﬂgli);s{h%aﬁtéﬁi/fﬂagﬂensdnsm,) , Zi gBee (see

» decoding images of Netpage coding pattern (see Section 2.14), with
assistance from the image processing features of the image sensor 584,
for inclusion in the digital ink stream along with force sensor data
received from the force sensor microprocessor 582,
20 » setting up the power management IC (PMU) 580,
» compressing and sending digital ink via the Bluetooth communications
module 578, and

» programming the force sensor microprocessor 582.

25 The ARM7 microprocessor 574 runs from an 80MHz oscillator. It communicates
with the Jupiter image sensor 576 using a Universal Synchronous Receiver Transmitter
(USRT) 586 with a 40MHz clock. The ARM7 574 communicates with the Bluetooth
module 578 using a Universal Asynchronous Receiver Transmitter (UART) 588 running at
115.2kbaud. Communications to the PMU 580 and the Force Sensor microProcessor

30 (FSP) 582 are performed using a Low Speed Serial bus (LSS) 590. The LSS is
implemented in software and uses two of the microprocessor’s general purpose 1Os.

The ARM7 microprocessor 574 is programmed via its JTAG port.



Zi gBee Alliance, http://ww.zigbee.org), and Wrel essUSB Cypress (see
Wrel essUSB LR 2. 4-GHz DSSS Radi o SoC,

htt p: // wwoeypresgsscon ' cf upl oads/ i ng/ pr oduct s/ cywusb69B36TdR2q9/ms03wel |  as
nobi | est andards such as GSM (see GSM Associ ati on,

http://ww. gsmnor | d. conti ndex. shtnml ), GPRS/EDGE, GPRS Pl atform

http://ww. gsmnor | d. com t echnol ogy/ gprs/index.shtm ), CDVA (see CDVA

Devel opment @@ pImbdd RenédrWW. cdg. or g/, and Qual conm
http://ww. qual comm conm), and UMIS (see 3rd Generation Partnership Project

(3GPP), http ://wukhe Fupitcp Tepgp Sensog S§ GeednBiblicativadionsdd/ B3 0the pen uses

an Austria M&)Bt‘%&!%f‘\%‘i@h forRB oMY hadf b?r%@f@reﬁ%?&Jn&a?nsMﬁJn@&M&h@%gorAS3603
Mul ti - Standard Power Managenent Unit a Sheet v2.0). The PMJ is used for

battery manageren, analwup&g@glgaén@walﬁqréAPCﬁ)@\ﬁ@mea@rerté%m a gawérigegon and

driving ingdic I Bl I tes
with the %M?‘ﬂ%%%(gzsro 16%152& gsgéécﬁlgo]%( g) '? é}glg%é%hﬂp pﬁgg%géggg%&%gé gnsor
Subsyst em Thetsfimemel éns genem})mto&mkmg nqouiremdtsa llnaget capruriakiyrthksenfoor ce
sensor 500 (based o riku, 0 Force Senso

et pe ! v hR BBt e e FEOAR D SRS AB 406 e RS pass 111 ter
600 i npl eﬁentrﬁﬂrdpﬁjcéb@or@pél ate Belp Mdmahd @allStoS BIEE probdsCdr @PitHieASS Piipita82he The

pen uses a Silicon Laboratories C805 1F330 as the force sensor
m cr opr ocess ora BEDIMESRRIO O BHHP TR F A Gr | 0@%5@5@3&&@%@?@%3@?&9&@5@ Sheet

rev 1.1). 13hes LR B3RP USPudRca8dpiio M00s /0048 A5 HePfe ﬂ‘i‘dcw?lo%mﬁmg)anﬁl ash
menory, 10 bit ADC and 10 bit DAC_ It contains an internal

osci | | at or ardcedingdyibemicgprossseriidl 32. 768 kHz tuning fork. The Hokuri ku
force sensor 500 '%u tePbdntiG 'ﬁlel%'tr‘c?& @ﬁ(v%?dfié?edQEﬂgm Blat th&QnRRAP Stage

600 anplifies and Io pass (antli - ers the torce sensor output.
This signal iz it resge sammpis expobyd. tQmeof ciher@f teregpp infragaddgilb ey doturi@iiat S5kHz.

Al ternatives o, R 0L e81:8 Aol 1o ARSI HARLHAS ASRPASL Y Gl

i nductive force
15 at certain angles.

3.6.3 Bluetooth Communications Module
The pen uses a CSR BlueCore4-External device (see CSR, BlueCore4-External
Data Sheet rev ¢, 6-Sep-2004) as the Bluetooth controller 578. It requires an external
20 8Mbit flash memory device 594 to hold its program code. The BlueCore4 meets the
Bluetooth v1.2 specification and is compliant to v0.9 of the Enhanced Data Rate (EDR)
specification which allows communication at up to 3Mbps.
A 2.45GHz chip antenna 486 is used on the pen for the Bluetooth
communications.
25 The BlueCore4 is capable of forming a UART to USB bridge. This is used to
allow USB communications via data/power socket 458 at the top of the pen 456.
Alternatives to Bluetooth include wireless LAN and PAN standards such as IEEE
802.11 (Wi-F1) (see IEEE, 802.11 Wireless Local Area Networks,
http://grouper.iece.org/groups/802/11/index.html), IEEE 802.15 (see IEEE, 802.15
30 Working Group for WPAN, http://grouper.ieec.org/groups/802/15/index.html), ZigBee (see
ZigBee Alliance, http://www.zigbee.org), and WirelessUSB Cypress (see WirelessUSB LR
2.4-GHz DSSS Radio SoC,
http://'www.cypress.com/cfuploads/img/products/cywusb6935.pdf), as well as mobile



sensing (see Wacom "Variable capacity condenser and pointer"”, US Patent
Application 20010038384, filed 8 Novenber 2001, and Wacom Technol ogy,

htt p: / / wswowanastsaponent s. conf engl i sh/tech. asp). The PoTa28@S0034

m croprocessor 582 perfornms further (digital) filtering of the force signal
and produces the force sensor values foréthe digital ink stream A frame
syncsignal fromthe Jupiter inmage sensor 576 is used to trigger the

generation ofst@asds fuek seGSaMRE &ShPAssbagidl Bipt/Alwi BémwélERdm/indRk&hing)yper at ur e
is neasured via the force sensor mcroprocessor's 582 on chip tenperature

sensor and t HPRRYEDHEE RO letie hdut ey gFmvad sostiselmatogy/ eprdépenténbe of the
force sensor @pAAATRIdRM e T} bigD 196, L8, LRI Sluqaleohs dynam cal | y

controlled by input of the m croprocessor’ AC ‘out put Into the anplifier
stage 600. THutpf/ovweequdaesor.com)cind pbtessvird Sgrergivmiamiccirdy ot Hokthe ARMZ
nicroprocegsq;h5@émygg“&Q, LSS bus 590. There are two separate interrupt
lines fromthe~ Sensor m croprocessor 582 to the ARM/ m croprocessor
574. One is used to indicate that a force sensor sanple is ready for
readi ng and ;gg oﬁger 0 indicqée that a pen down/up event has occurred.
The force sers®? FPEFIYPBEEDERYCMPAsh nenory is programed in-circuit by
the ARM/ mi cropr oc&aspdn tddkthn ALREia MiEr68/seMBAGE60T FMO PROGCESSBEia>82 al so
provides the real tinme clock functionality for the pen 400. The RTC
function is pYIFSYHEE: {wo8ndugtSererdd ereplaesssr Ve Rya e 2 Undbs and
runs frombhepnayti€isBd@tor BatchOBadsbmdnt RbRGe b@fckatiofNpoRerd PTttet gendBonf @l Ce
sensor m croprocessor needs to remain on when the cap 472 1s on and the
ARMF 574 is phbinevdedientmEDsantde vijetqr 1068 sensor ni cropr ocessor 582 uses a
| ow power LDO separgt enfuf o dfifufible S0t @S aRM RRBFcBOUISTEvia TR geeal T e
clock functionality i1 ncludes an I nterrupt ich can be programmed to power
up the ARMZ 974590rhe cap switch 602 is nonitored by the force sensor

m croprocessor 582. \Wen the cap assenbly 472 is taken off (or there is a
real time clock interrupt), the force sensor m croprocessor 582 starts up
the ARM/ 332 3¢.5i Boide&ensogSabspstemr on and reset cycle in the PMJ 580.

The force sensor subsystem comprises a custom Hokuriku force sensor 500
(based on Hokuriku, HFD-500 Force Sensor,
http://www.hdk.co.jp/pdfieng/e1381AA.pdf), an amplifier and low pass filter 600
implemented using op-amps and a force sensor microprocessor 582.

20 The pen uses a Silicon Laboratories C8051F330 as the force sensor
microprocessor 582 (see Silicon Laboratories, C8051F330/1 MCU Data Sheet, rev 1.1).
The C8051F330 is an 8051 microprocessor with on chip flash memory, 10 bit ADC and 10
bit DAC. It contains an internal 24.5MHz oscillator and also uses an external 32.768 kHz
tuning fork.

25 The Hokuriku force sensor 500 is a silicon piezoresistive bridge sensor. An op-
amp stage 600 amplifies and low pass (anti-alias) filters the force sensor output. This
signal is then sampled by the force sensor microprocessor 582 at SkHz.

Alternatives to piezoresistive force sensing include capacitive and inductive force
sensing (see Wacom, “Variable capacity condenser and pointer”, US Patent Application

30 20010038384, filed 8 November 2001, and Wacom, Technology, http://www.wacom-
components.com/english/tech.asp).

The force sensor microprocessor 582 performs further (digital) filtering of the

force signal and produces the force sensor values for the digital ink stream. A frame sync



3.7 Pen Software The Netpage pen software conprises that software running
on m croprocessors in the Netpage pen 400 and Net page pod. The pen contains
a nunber WO 2nioo3o80ocessors, as detailed in Section 3. 6PCThanb®iqoage pen
software i ncludes software running on the Atnmel ARM/ CPU 574 (hereafter
CPU), the Force Sensor m croprocessor 582, and al so software running in the
VM on the CSR Bl ueCore Bluetooth nodule 578 (hereafter pen BlueCore). Each

of these procgssPisn haJudlr AHEOChAr 8 & hasino IEBte WhisibnsdreidSokhe
processor specific software, together w thsettings and other persistent

data. The perremplsdedhedigigingsternt (ris (Gmnerter & reapistd deithpjoreiensebdul e
ranuf act ur er 1mi@fb§r&&'s§r’sf§8§%%l%§§n%leﬁgﬁe GRS LARRRS RePRcbmPlnsdtb for iRt Page pen
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software. The pod contains a ueCore Bl uetooth modul & (hereafter pod
Bl ueCor e) . THempsatpiggepopdancs off thipiras seriseicanil amblifehe s Thaftisolend ¢herforaniigepl isn t he

WMon the godyBlHERy Suu iRy bDRDRIARIARENAC s AV SIsRTuAubehpRgs  a0ged

surface 54 cor ated position an sanpl'es are
produced. Thisagstb®amis referred to as Dink. Note that Dink may include

sanples with zero force (so called "Hov D nk") produce en t he Net page
N 1S i m pr o m oy e STe R e e 2o kB Rk P GEAR T ace The RO
conponent of hidephNetPaFe4 pRAMSIEIBIRER. | ThefeSPORS ke IRFrupdlnks €apthdre, tag
i mge processjng and decoding (in conjunction with the Jupiter inage sensor
576), storag 0§ﬁ8ﬂ6@?mﬁﬁﬁoﬁﬁﬁ5§%%@ﬁ?ﬁ %%@ﬂmE%WﬁﬁﬁW%é?+dﬁ§ﬂsH?@F”gagﬁ%ack

and softwape HRAATGEEsenddr sdiid HIQAy BN rQRRL ahd MO oS ML) panddwhaipevant
hardware drivers. In addition, it provides a manufacturing and nai ntenance

mode for cal i edthroeecuEdnf i gurati on or detailed (non-field) fault
di agnosi s. The For € - : age pen
g Ghe &Ss%ﬁsoﬂnﬁr r5cg§é‘31sﬁ h né&ggﬁ?ﬁg%ﬁ%d ﬂf(cﬁﬁﬁggﬁl page p

software is responsible for ing and prep orce sanp or the
mai n CPU. TheARWi nBtrogCos®r YM. sof tware is responsible for bridging the CPU

UART 588 interfacejio USB when.t he gkin tetqered node. The
he force sensor 0 er

crohroR&lr 482 o) ego%cf.ep cal fimic clock” ™.
pen Bl ueCore VM softwarée Ts not  USEG when ?Eg pen I's operatrng in Bluetooth
nmode. The 1poduiitivediny for MbpsdtnaheRITS furdamon pertidrmed Bronsefde ng when the pod
5 charging 3 pe 400y SOIL LRS00 90T ARGL A ShY ror W o
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 real time clock
20 functionality includes an interrupt which can be programmed to power up the ARM7 574.
The cap switch 602 is monitored by the force sensor microprocessor 582. When
the cap assembly 472 is taken off (or there is a real time clock interrupt), the force sensor
microprocessor 582 starts up the ARM7 572 by initiating a power on and reset cycle in the
PMU 580.
25
3.7  Pen Software
The Netpage pen software comprises that software running on microprocessors in
the Netpage pen 400 and Netpage pod.
The pen contains a number of microprocessors, as detailed in Section 3.6. The
30 Netpage pen software includes software running on the Atmel ARM7 CPU 574 (hereafter
CPU), the Force Sensor microprocessor 582, and also software running in the VM on the

CSR BlueCore Bluetooth module 578 (hereafter pen BlueCore). Each of these processors

has an associated flash memory which stores the processor specific software, together with



host PC via USB. For a detailed description of the software nodul es,
reference is made to US Publication No. 2006/0028459, the contents of which
are hereiwoinmaBpsBat ed by reference. The present invenPComltze®m/doesn
described with reference to a preferred enbodi nent and nunber of specific
alternative enbodi nrents. However, it w |é2 be appreciated by those skilled
inthe relevant fields that a nunber of other enbodinents, differing from

t hose speci fIs@mhgyand%&ﬁfpéa@ﬁemwhIT@Ip%@Bi@bbrewg Els@mhbﬁmﬁwrésubplwaqtyscorJe of
the present invention. Accord %lé%r it will be understood that the

i nvention is thoModult BAYEEWS. i ﬁm‘@detsamtq@w@%@& Faptof BDsERaers
described in {he,@resent specification, including docunents incorporated by

cross-reference as appropriate. The scope of the invention is only limted
by the attached cl dibmpodSiontais a SR lgeflpse Bhieteothavidnlg (erqbeinod SiucCori-ng

pattern di §poﬁ1%(1tle? rgcalge%%r {1\9&8 altsg'gl Qs s%)ﬁ\%rg HBR Eﬂ t'ﬂQVR/P%J t?gg(p(ﬁél{le%o@e

conprising” a plu : eac ag enco ng a w sequence of a
cyclic code sequenoéestheslﬁetphgwpm 400subs ey u degagamagged vy fdco 548, e straaesgondi ng
coordi nate code [ sa wher ei ent tags.cont ai bi t
ubsequances SRt PERASmoRL ter s el f S LIER e RN B e code
sequence. 2 .NJtOthaSDIRE ifantiR1udé samhpidsiRith,zeiTeice (s csl&udebebmnkS’y@smekence IS
represented by a set of coardinate dat‘z;\lgs ynbols in said tag, each of said

coordi nate dat2endReRiRipage peiE B MPXigitato. P ARt maskiae i NetRee fagerdiice

subsequengg, each %@C@U%hﬁor@ﬁi@tﬁe}’m@ﬁgep&s@ﬂwﬁr@@sﬁ@ﬁy@ﬂsﬁlﬂgfdﬂblﬂﬁe or nore
data el enents di sposed on said surface. . The substrate of claim1,

wherein the @;a@qureetaéme@éﬁ@ﬁéméend @C@Ehngﬁns@wéﬁw vgth the Jipigsisgeserer 4
The substr at e-gf ﬁt%lagé ?d&\% N AR m%ﬂt' sFé/o%{duﬁnc%f?&lﬁ EAVEREK o @§?f@vah'eengt h n

and a di nensi on erein: . The substrate o aim1l
wherein a gi Vl@igraﬂaglt mwﬂalamsmaaiwgtwstersﬂbﬁé‘bueﬁméevmﬁﬁlméwp@rddivwg Ino of fset i

in the cycligc dﬁ?on it pef\glvugers] %Er'\ﬁanl?ig((:j[un dé A4 %%%ntena R mode ?or call %I;ansoln dc%nt") iguration

15 or detailed (non-field) fault diagnosis. The Force Sensor microprocessor 582 component
of the Netpage pen software is responsible for filtering and preparing force samples for the
main CPU. The pen BlueCore VM software is responsible for bridging the CPU UART
588 interface to USB when the pen is operating in tethered mode. The pen BlueCore VM
software is not used when the pen is operating in Bluetooth mode.

20 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.

25 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 relevant fields that a number of other embodiments,
differing from those specifically described, will also fall within the spirit and scope of the
present invention. Accordingly, it will be understood that the invention is not intended to

30 be limited to the specific embodiments described in the present specification, including
documents incorporated by cross-reference as appropriate. The scope of the invention is

only limited by the attached claims.



said given tag contain wbit subsequences corresponding to offsets (i+1)
and (i-\) in the cyclic code sequence. 6 . The substrate of claim1l,

wher ei n swpaomeBsrtsson- codi ng pattern conprises a plural PCY/AIR0GDOYSE
elements defining a target grid, said target grid conprising a plurality of
cells, each cell defining a synbol group§s wherein nei ghboring synbol groups
share target elenents. 7 . The substrate of claim6, wherein each tag is
square and copt&ims a plurality of symbol groups.8. The substrate of claim
2, wherein each coordinate data synbol is a 1-bit synbol such that w

coordi nate data synbols represent said wbit subsequence. 9 . The substrate
of claim2 whereilbalafh i5ehe 8hoRRAIAIARDRARlDoRITA G 1RELARARD [N each
tag such that at any square portion of e position-coding pattern of
length (/ + q)OSIitlgn-_dearrgemtteredompﬂmnt ain at least (w1) bits of the whit
subseduencs. et Soludiol &l SPRDLRLARE AR AU AL abrAGMD o 2 W dth
contains an mqmcadbaixhﬂvéitcsddeqwn@ mappipe b £ conmspanding erto_rcﬁlgaté, dode\e@déorsequenc_e
and a y-coor dSI ]glgte codeword mapped from a second cyclic code sequence, said
x- coor di nat e ¢ _%grvord bei ng defined by a first set of xcoordinate data
symbol s, and slairdin ydjsemriehs Badiein G agdesbiequdiedsREifieeby Arbithylad cseeondthset of
y-coordinate data symbols. 11. The substrate of claim 10, wherein said
first set is BICERGEFOITCeIBEet s of xcoordinate data synbols and said
second sefpis arranged in subsets of y-coordinate data synbols. 12. The
substrate of claim 11, wherein each subset of x-coordinate data synbols is
configured asa cdhambstedneiaiaimdgviergn taidaribityubspausageds sepiseratedibiiare ofat a
e O i e e T R
of said rows lemtorsditftis vhbissubscqasrcerghchwioodmate dat 3ymiih beiggitystescated byf ¢l ai m
12, wherein said col ums,of x-coordinat nbol s and said rows of

y- coordi nat e Osnﬁror{)%lf)rs? §tra§1631rerrlt5ﬂﬁ%oc§e&g%nc ald[esﬁfa Ceany square portion of said
positioncafling pattern of length (/ + v) is guaranteed to contain at | east

w1) bits of,a wbhit : : : .
( ) 3. Tge substrate of claim 1, wherein the cyclic code sequence is an m-sequence or a

simplex code.

4. The substrate of claim 1, wherein said cyclic code sequence has a length 7 and a

20 dimension k, and wherein: n>w > k.

5. The substrate of claim 1, wherein a given tag contains a w-bit subsequence
corresponding to offset i in the cyclic code sequence, and adjacent tags on either side of
said given tag contain w-bit subsequences corresponding to offsets (i+1) and (i-1) in the

25 cyclic code sequence.

6. The substrate of claim 1, wherein said position-coding pattern comprises a plurality
of target elements defining a target grid, said target grid comprising a plurality of cells,
each cell defining a symbol group, wherein neighboring symbol groups share target

30 elements.

7. The substrate of claim 6, wherein each tag is square and contains a plurality of

symbol groups.



subsequence in said first cyclic code sequence and at |least (w1) bits of a
W bit subsequence in said second cyclic code sequence, wherein / is a

| engt h ofweaetv/3ays 14. The substrate of claim 10, wher @Ch/Aaneodmoe3wor e of
sai d coordi nate data synbols is a nerged data synbol, each nerged data
synbol being represented by said one or ¢ére data el enments, and wherein
each nerged data synbol encodes at |east two of:an x-coordi nate data synbo
fromsaid first set; a y-coordinate data synbol from said second set; and
at | east one further data %ynbol which is different fromsaid x- and

y- coor di nat e Hat a T8¢ rHbsirage of phim 2rwhesgip gach gpadigste datasimbehis aitsgmiolsai d at

| east one furdieha At ArDBk dyihodls RaRden: 20} PERATLBKARAL, defining a fragment
of a common codeword, said common codeword bei ng encoded by a set of
Reed- Sol onon synbol s contained in said tag, said conmon codeword
identifyin id I 140, rall . i ] . The
substrate gfq£|aiﬁ?§%&Mﬁﬁ§gg¥ﬂmgé% rﬁ%?ﬁ@%*Bé?gkggﬁg%?gﬁg&ﬁ%%?géiﬁ%gh by
sai d one or nucletagaich tiel #reni@aeponign piiths pospesicodiog patedudfadngt(! + 47is The

substrate of claim 16, erein said.da el.enents are crodot.,s, .a
Thorel o e aoh SePhE B arROgyiEs: SR D HER Be BN MREh RS i ot sai
macr odot s ocCCHPip BE @is heSRRCH b Wedtp0fd dofiinakd M sgmpbiur al i ty of predeterm ned

possi bl e positions p within said nerged data synbol, the respective
positions of said macrodots representing one of a plurality of possible

data val ugg, mher gnhdsybtate FRIdiMLEIRSTciY 8dcHRoQbndin®in MBERdinAOIdwsram 18. The
substrate of claim 14, wherein each nerged data synbol encodes said

xcoor di nat e datrReder 8firs avrlis 89ds sgaueersad murceordiatty cadgrpis mappol fromp
substrate of ' \ b | dedi ' 3 ) grd sai d
ycoor di nat e d%%ghg&%%Sangig %%%?%?%%ﬁ&ﬁﬁgﬁﬁggéﬁggkéﬁ%?%ggysyﬁggl%. 20. The
substrate of wbaimte2atawhsbds, andnal oeoondnae allewai deiopdefuiedb @sedatdacifnbol s
is a nerged dag%nﬁgnb£$ S%,%%ch nmerged data synbol being represented by said

- ate gls. .
one or nore data eienen and wherein each nerged data synmbol encodes at

| east onel1bf said coordinate data symbols and at |east one further data
synbol whi ch fls dll{n]; sergtpa;[te gtr c?ari]ﬁlﬁ&lx%e?e?nosragcf tll}zsa’[tsgt is arranged in subsets of x-
coordinate data symbols and said second set is arranged in subsets of y-coordinate data

symbols.

20 12.  The substrate of claim 11, wherein each subset of x-coordinate data symbols is
configured as a column containing a plurality of said x-coordinate data symbols, and each
subset of y-coordinate data symbols is configured as a row containing a plurality of said y-

coordinate data symbols, wherein each of said rows and columns has a maximal width v.

25 13.  The substrate of claim 12, wherein said columns of x-coordinate symbols and said
rows of y-coordinate symbols are arranged such that any square portion of said position-
coding pattern of length (/ + v) is guaranteed to contain at least (w-1) bits of a w-bit
subsequence in said first cyclic code sequence and at least (w-1) bits of a w-bit
subsequence in said second cyclic code sequence, wherein / is a length of each tag.

30
14.  The substrate of claim 10, wherein one ore more of said coordinate data symbols is
a merged data symbol, each merged data symbol being represented by said one or more

data elements, and wherein each merged data symbol encodes at least two of:



data synbol .
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an x-coordinate data symbol from said first set;
a y-coordinate data symbol from said second set; and
at least one further data symbol which is different from said x- and y-coordinate

data symbols.

15. The substrate of claim 14, wherein said at least one further data symbol is a Reed-
Solomon symbol defining a fragment of a common codeword, said common codeword
being encoded by a set of Reed-Solomon symbols contained in said tag, said common
codeword identifying an identity common to a plurality of contiguous tags,

10
16.  The substrate of claim 14, wherein each merged data symbol is represented by said

one or more data elements using pulse position modulation.

17. The substrate of claim 16, wherein said data elements are macrodots, and wherein
15  cach merged data symbol is represented by m macrodots, each of said macrodots
occupying a respective position from a plurality of predetermined possible positions p
within said merged data symbol, the respective positions of said macrodots representing
one of a plurality of possible data values, wherein m is an integer value of 1 or more, and p
>m.
20
18.  The substrate of claim 14, wherein each merged data symbol encodes said x-

coordinate data symbol and said y-coordinate data symbol.

19. The substrate of claim 14, wherein said x-coordinate data symbols and said y-

25 coordinate data symbols are contained in different merged symbols.

20.  The substrate of claim 2, wherein one or more of said coordinate data symbols is a

merged data symbol, each merged data symbol being represented by said one or more data

clements, and wherein each merged data symbol encodes at least one of said coordinate
30 data symbols and at least one further data symbol which is different from said coordinate

data symbol.



