CODI NG PATTERN COVPRI SI NG REG STRATI ON SYMBOLS FOR | DENTI FYI NG THE CODI NG
PATTERN FI ELD OF | NVENTI ON The present invention relates to a

posi ti on-wodnrg3paEtt ern on a surface. BACKGROUND The Applireantodnasi3s

previ ously described a nmethod of enabling users to access information from
a conputer systemvia a printed substrate e.g. paper. The substrate has a
coding pattern printed thereon, which is read by an optical sensing device
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data to determ ne what amENTIFANGETHE CODINGPRUTRRNt he user. For exanpl e,
a user nmay nake nmake handwitten input onto a formor make a sel ection
gesture around a printed item This input is interpreted by the conputer

system wi t prreh OFaReENTION page description corresponding to the printed
substrate. It would desirable to inprove the coding pattern printed on the

substrat®e so as T meseitidveatiigglgies tofa NopHgesodtgprtieradn pyurfase sensi ng devi ce.
It would be further desirable to provide variants of a position coding
pattern, suitable for printing by different types of printer, where each
vari ant i sBACIIaROENDy t he sane optical reader. SUMVARY OF I NVENTION In a

first aspect, th ent. ..nvent i es strale havi ng. a flrst
codi ng pattern d?%%ég@deIMSpgﬁFPaXe é?ﬂo fﬁ{aégf?rs glmesﬁ)%%a tern
conpr|S|ngmﬂmnﬁmnﬁ%mbymmﬁmhaygaﬁvﬁhgﬂmnﬂsmd&mbmgngma-ﬁhegﬁmHgfmﬂa t he

t ar get risin ur al eIIs ) re|n oring cells
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and a pl ur aldriys Wih tha@sbstr@d@ding &g sbRinBdeded iAn@ehplr RecdildsShters@ionQhta
contiguous cells, each tag conprising respective tag data encoded by a

respect i velieBithoieniipgdeyise and Py i (prisicanine éva%trﬁcw is beipgrrdreksd bsne or

Tor e T egi SteakbioRorSK RS BRE AP haRY nflk! IRGANEY B S (rRGrdalke el enentss,
each of the one or nore registration synbols id P fying the cell as
selection gesture around a printed item. This input is 1nterpreted 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. It would be further desirable to
provide variants of a position coding pattern, suitable for printing by different types of
printer, where each variant is readable by the same optical reader.

20
SUMMARY OF INVENTION
In a first aspect, the present invention provides a substrate having a first coding
pattern disposed on a surface thereof, the first coding pattern comprising;:
a plurality of target elements defining a target grid, the target grid
25 comprising a plurality of cells, wherein neighboring cells share target elements;
a plurality of data elements contained in each cell; and
a plurality of tags, each tag being defined by a first set of contiguous cells,
cach tag comprising respective tag data encoded by a respective set of the data elements,
wherein each cell comprises one or more registration symbols encoded by a respective set
30 of the data elements, each of the one or more registration symbols identifying the cell as
being contained in the first set and thereby contained in the first coding pattern.
The registration symbols advantageously provide a means by which the first coding

pattern can be distinguished from other coding pattern(s) of the same general type.



being contained in the first set and thereby contained in the first coding
pattern. The registration synbols advant ageously provide a neans by which
the firstwoadimg7attern can be di stingui shed from ot hePCtadizng/qoatsser n(s)
of the same general type.Optionally, a nunber of cells contained in the
first set identifies the first set and, thereby the first coding pattern.
Optionally, each of the registration synbols identifies the nunber of cells

contained in t fi rft set QOCtehonak lir}éd
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Advant ageoustepy theliest cetngparterini Opticaylivhedcs of the ricistrytidnlsemboly Rientifesdihag pattern
by identifyi t he _nunber of cells contained in each tag. For exanple, a
7 r st codi Myt G ae e B i REOEUP SehBE Fan Akl ot a second

codi ng pat tRfinkulthes thae oawlp patd ﬁor@@@ecb@egeod@@tph@ﬂ@.IAdyamatgla@lsgA,fh@t codi ng
pattern and the second coding pattern are both readabl e and decodable by a

sane optd cHeistratimsymbelpideifty fhsdiryeedingguttya Ry ddeatity g dhewmberefsells di f f er ent

Net page pogdidiRid-if Ofth 1Y PALLERIS a rirdt CEANESKIEM BaRf cohfif kiR pepagber  of
cells per taq. This enabl es different position-coding patterns to be used
and pri nt ethildepenad engingmatidie may have fewgelbine ®ges of a printer Optionally,
t he second codiig. r i X RS S
defining a tar g(gﬁloggll}}{ﬂ,ﬁlet sé?@@g%ﬁ@raﬁﬁ%ﬁggéﬁglﬁ éso}iﬁlg%%lt{e%f%fgg?tﬁeéﬁ%?é cells,
wher ei n nerghdeosdablg bg elsdrse gpiiagl ecatlar Hatce eheNgpdgs peracaplreadahd docodf dat a

el ements, c ai in each cell: and a plurali of ‘ta ach tag being
Gori mocthy e BunS el oFAER-Eink pulBs Pl e b g B PRI Y emreatt ve
tag data emgongdedaylcadiffesgotitivecsiels pafteride beladed agl @il Sopevdigr @i n t he
second set contains. a different nunber of cells than the first set. Hence,

the secondS@ENtGeRPILEHPHAP B tern is typically of the same general type as

the first positoaRna8dinegedoad R pafddh tRRsty, each cell of the first
coding pattern and the second coding pattern conpri ses one or nore

registration synbol ¢ Pluslitheigerceiisiemsnts definingyf Brgetaridote yepbelid in each tag
provi deg ac&h&ﬂin%%%ﬁlﬁﬁitygf Jeﬁg 'x’s‘ﬂ%ﬁ%ighﬁ@ﬁ'@'c&ﬁ sh’ﬂ@%aréeh@erﬁ&ﬂs; can robustly

a plurality of data elements contained in each cell; and
a plurality of tags, each tag being defined by a second set of contiguous
cells, each tag comprising respective tag data encoded by a respective set of the data
clements,
20 wherein the second set contains a different number of cells than the first set.
Hence, the second-position coding pattern is typically of the same general type as
the first position-coding pattern.
Optionally, each cell of the first coding pattern and the second coding pattern
comprises one or more registration symbols. A large number of registration symbols in
25 cach tag provides a high degree of redundancy, meaning that the pen can robustly
recognize a particular coding pattern.
Optionally, the registration symbols in the first and second coding patterns are
configured and positioned identically relative to target elements contained by each cell.
The relative positioning of the registration symbols in both the first and second coding
30 patterns is the same, so that the pen can find the registrations symbols before it identifies
which coding pattern it is reading.
Optionally, the second coding pattern is adapted to be printed at a lower print

resolution than the first coding pattern. Optionally, the second set contains a fewer number



recogni ze a particular coding pattern. Optionally, the registration synbols
in the first and second coding patterns are configured and positioned

i denti calWQ 2o®/@risve to target el enents contai ned by ea®lTaai2b09/00hs3
relative positioning of the registration synbols in both the first and
second coding patterns is the sane, sosthat the pen can find the

regi strations synbols before it identifies which coding pattern it is

r eadi ng. OBf’ieﬁQ%larll bﬁ'gsktlseetsecond coding pattern is adapted to be printed at
a lower print resolutionthan the first coding pattern. Optionally, the

second set cont@ptiaaly, EeivedgisaatidaeymboldéntiBestahansidtiva of the stll &&tive ©pt i onal |y,
each registration synbol jdentifies a translation of the cell reJative to a
Cag contar HeagERuETERE. ThcdsiabRuteo BT TG B et aiEyiaTbn « no
target gri dfisTyRistiabd dodeRordlid.g10, 1, NaRTERNVe@Por eRARWREEnd Sut@m, Philsla 2) S

reserved for the first coding pattern, whilst a second translation codeword
(e.g. 3,5 4yccprd Faaglatiqpeqdenrd toe 3B ETRErEB &ty sean 6pHIE ¥ETonal |y, each

cel | conprises OpAklly eich 061F APRRRa ph R 9t Sl PRoYAMBR L FinbRAERN OF t hogonal
regi stration synbol identi fgl ng a respective or t hogonal translation of the
cel | rel at pkogpenl gegistigtianonmad! idantifyinga resprdtive pighngenal sashtipegfghstotlat i on
synbol is | 1fJ [ n i -1. i a cell
relative t(})eqagi% lg)gd tg‘%%%%galtnﬁl?%%gp ef%l)e(l{d EIE:C% ‘i%?‘té%ﬁ%}%ﬁé %H?Boglgﬁﬁﬁtkfg% e@{s}“r g%uar e and
conpri ses keragdation guoysrassiptian ef celllrdativehies @inoidinisg dat Gellt eger havi ng a

val ue of, at least. 2. Typical tag sizes are =2. 3 or 4. Preferably, = 2 or
5 Ot a1y BB o B BT SRS it TARE™ Lyl i o
posi tion codie ahavdgtichaling b RuGR ol 28 lea CETYical fag sie@de: 17ei 1)g otlefPratadblpy a first
translation codeword. Optionally, Mregistration synbols in a colum ofM
cel I's defiffe” Of:%/cl ic position code having mnimumdi stance M the code

bei ng defined bypRnHIBCHNEgiltFA0S byRboRNn & REEHNT dells @it idposiBBE fbdk ag
conprises N cells, and at |least N registration synbols forma third

t ransl at i oRedrgdaiErun distereedy. tharons bRikg defiedd by 2 fitkdieasidioNcpdswarl. i nt eger
having & val ue @Igtioﬂgllyl, @ﬂ%éistﬁlﬁon symbols in a column of M cells define a cyclic position

code having minimum distance M, the code being defined by a second translation

codeword.

Optionally, each tag comprises N cells, and at least N registration symbols form a
third translation codeword with minimum distance N, wherein V is an integer having a

20 value of at least 4.

Advantageously, the first, second and/or third translation codewords enable robust
alignment of the tag(s) with the target. For example, in a tag containing nine cells, four
symbol errors in the third translation codeword may be corrected.

Optionally, each registration symbol further identifies an orientation of a layout of

25 the tag data with respect to the target grid. The encoded orientation enables the Netpage
pen to determine its orientation (yaw) relative to the tag data, and hence relative to the
substrate.

Typically, the data elements are macrodots (i.e. readable marks in the form of dots).
Typically, a portion of data is represented by m macrodots, each of the macrodots

30  occupying a respective position from a plurality of predetermined possible positions p
within the cell, the respective positions of the macrodots representing one of a plurality of
possible data values, wherein m is an integer of 1 or more (usually 2 or more), and p > m

(typically p > 2m). Encoding by multi-PPM in this way ensures uniform coverage of the



Advant ageously, the first, second and/or third transl ati on codewords enabl e
robust alignnent of the tag(s) with the target. For exanple, in a tag

cont ai ni nyororan3eslZl s, four synbol errors in the third tPrcamdi2edsom3sodewor d
may be corrected. Optionally, each registration synbol further identifies
an orientation of a layout of the tag fata with respect to the target grid.
The encoded orientation enables the Netpage pen to determne its

ori entati on, LA f ELALANE hnthllS: LAt ol piRntiaenseriigllagg Lo the
substrate. " Typically, e 'data elenments are crodots (1.e. readabl e marks
i n the for proefdedotiskrnalllypinegkhag refareperfon reqtlifmadaidats i Bor eepip&s et ed by m

macr odots, each of the macrodots occupyin r ctiv osition froma
rural ity S adueiis Hade pocuter & gt st BIERHTeRdRUEF | he

respecti verd#Qs iyl uRsI¥R&I tRdiosl vagRr esenting one of a plurality of
possi bl e data val ues, wherein mis an integer of 1 or nore (usually 2 or

more), and p >nPRtiop#ivesach gelbdesings a srbeldrots. woh bl SPEMITRIRAES way ensur es
uni for m coygrAge,rHeed-BASHBSLALR Wdabu BRESIRIRE S b bichiels to reduce

visibility. Mreover, PPM encoding provides an internal |um nescence
reference for r@pingly. atdessoeoesf saRbipg dataiygheded $1a lokat dsyordeaiapidddt s i n

thep posit IOf)pi%t & fte ﬁ@e‘ﬁ%lo ?znsll{;]%ﬁe gﬁg ylsagzgg%egﬁ%%gyﬁdewﬁ?es g?&@ti#nloof refer to

any externa um nescence y, each ce defines a
synbol grotptagcach synbol group conprising a plurality of Reed- Sol onbn
synbol s, £ncoded_by a pluraljty.of t dat.a .elL.enents. ional.ly, at |east
s or'Ca o« o wiaealpgedubirtisdradty i St SRR S T PR or °a ser o
t he Reed- SpiterDs aSydsao t&linglfagerh ddpdsed aa daface, the phctial lcympiikaidtthd itgs a

| ocation of .the tag. In a second aspect, there is provided a nmethod of

i magi ng ei Pher a first coding pattern or a second coding pattern di sposed

on a surface, t@pogerkipadp&aMRmsSh Bftich8adt RRSvOH thd RHa@PEViAL kvt the
positioning an optical reader relative to the surface having either the

first or sétbpicbeecsdicodinpratterdrdispericd 6568 t hereon; (b) capturing an image of
a portign of theg){dfusihg A inREE MNhTRA S ehe R bLELBond &g bdtRin, the first

and second coding patterns each comprising:
a plurality of target elements defining a target grid, the target grid
comprising a plurality of cells, wherein neighboring cells share target elements;
a plurality of data elements contained in each cell; and
20 a plurality of tags, each tag being defined by a set of contiguous cells, each
tag comprising respective tag data encoded by a respective set of the data elements,
wherein each cell comprises one or more registration symbols encoded by a respective set
of the data elements;
(c) sampling and decoding at least one registration symbol contained in the imaged
25 portion;
(d) determining, from the decoded registration symbol, an identifier of the first or
second coding pattern, the identifier indicating a number of cells contained in each tag;
(e) determining, from the identifier, whether the optical reader is positioned relative
to the first coding pattern or the second coding pattern; and
30 (f) using the indicated number of cells to sample and decode the tag data,
wherein a number of cells contained in each tag of the first coding pattern is different from
a number of cells contained in each tag of the second coding pattern.

Optionally, each registration symbol identifies a translation of the cell relative to a



and second codi ng patterns each conprising: a plurality of target elenents
defining a target grid, the target grid conprising a plurality of cells,
wher ei n nwoghtya3irsg cel | s share target el enents; a pl ur &Cirtau20§9/0dat3a

el ements contained in each cell; and a plurality of tags, each tag being
defined by a set of contiguous cells, g£ach tag conprising respective tag
data encoded by a respective set of the data el enents, wherein each cel

conprises gne or. mre registrati symbol s encoded by a respective set of
the data e‘%ﬁ%ﬁ?&?gﬁgfe@gﬁ% ?ﬁ%fgﬁhr %@%&Fﬁgfﬁgmfgast one registration

synbol cont ai nedingnhd treaslatitage shnjpde dnddbgod€ chy taetaear m ni ng, from t he decoded
registration synbol, an jdentifier of .the.first or.second coding pattern
Che Chent 1 f1er DRGNP RS ey B B ne  SHe TR aTt RYeB e BT ( o)

det er m ni ngata fvitR Mspdeetoi st f dridr the wq{@shbdnfcﬁthérh@mgﬁgniég:taé steeggler s positioned
relative to the first coding pattern or the second coding pattern; and (f)

usi ng t e i ndi cetrédhefuiepiationdp sumle andrdseads thsitee dffd decode the tag dat a,

wherei n a numbep, ,0firCRpdE aRANE loNREd 4 B sRACD: hAgin@tinldh® fifst EiingGadiRg pattern
is different froma nunber of cells contained rn each tag of the second

codi ng pat pez yecondspiiog paticrn, the svsteny eagipsisingit i on synmbol identifies a
t | at i f Lor. I . at L0l . t hod
ransiatl Ofnl%)oa suﬁgﬁteﬁﬁlélhg %@169%? Yi?st Eocalr% pt%ﬂerﬁ g%gke{ég‘ﬁ%g’gﬁg Bgt?elrrl dlfﬁeoisl% met no

further conprising usin e trans sanp and decode
t he tag dabmasugfté hoadf, whereiadhe firggnd tecatd coding yatisols eadientnpfisees an

orientatjon of a.layout of the tag.data with.respect t.Q the.target grid,
Che netiiba f ur ¢ RPEHS st s henatobls f v il T The i combitian o sanpl e
and decode plub#ityt @g@elthaivhereih Reightokihg ckliasip@ctisget didfictst S provi ded a system for
imaging either a fiyst _coding pattern, or second coding pattern, the
systernconprisi*hl{:]".“a(‘9715\)0f m%ﬂﬁ%??%%@mﬂﬁ@Pﬁﬁc %ﬁh%ﬁ the first coding pattern

or the second fAGty Re{ak€ bath i SRASREIRA b9 aStIof BGiRighde EARS cacMagr ei n t he
first and second coding patterns each conprises: a plurality of target

el ement's deFMMIsSHE reEPecavg e dgfp prpodediy araspgeive gatiobithe Bp PicRPMYy a
15  wherein each cell comprises one or more registration symbols encoded by a respective set
of the data elements;
(B) an optical reader comprising;
an image sensor for capturing an image of a portion of the first or second coding
pattern; and
20 a processor configured for performing the steps of:
(1) sampling and decoding at least one registration symbol contained in the
imaged portion;
(ii) determining, from the decoded registration symbol, an identifier of the
first or second coding pattern, the identifier indicating a number of cells contained
25 in each tag;
(ii1) determining, from the identifier, whether the optical reader is
positioned relative to the first coding pattern or the second coding pattern; and
(iv) using the indicated number of cells to sample and decode the tag data,
wherein a number of cells contained in each tag of the first coding pattern is different from
30 anumber of cells contained in each tag of the second coding pattern.
Optionally, each registration symbol identifies a translation of the cell relative to a
tag containing the cell, the processor being configured to perform the further step of:

using the translation to sample and decode the tag data.



plurality of cells, wherein neighboring cells share target elenents; a
plurality of data elenents contained in each cell; and a plurality of tags,
each tag weiog/defstned by a set of contiguous cells, ea®lTiAAQI@HIPI3BSI Ng
respective tag data encoded by a respective set of the data el enents,
wherein each cell conprises one or norg registration synbols encoded by a
respective set of the data el enents; (B) an opti cal reader conprising: an

i mge sensor fo ur i ortlon firs second
codi ng pattern; (5%{103857 earcgge ésg%trloncsgm%)qldeml SfagrOrlent or Er:%llném{t hhggaéps of: (i)
sanpl i ng adsta dzﬁh@eﬂpengtoalﬁe th@atsgndpnheplroe@scﬁﬂaélag tcmﬁgslymd)pﬁrfoﬁﬁ)ﬂiedum:d in the

i maged port| on, (ii) determning, fromthe decoded regi stration synbol, an
i dentifier>6P% he first or second codi ng pattern, the identifier indicating

a nunber of celdsﬁngmrahtaﬁ&ltb@arqa@mldtc@godeeﬂeit@da@et ermning, fromthe
identifier, whether the ogtl cal reader is positioned relative to the first

codi ng pattern Br oyt agess Hﬁredberowseqoaaltqpe?%reaﬁ@ﬁéor(lmegmgj@thﬁrga fise i ndi cat ed

nunber of @@dlﬁgﬁ)ah&n%@%c@ncp&@ng?ﬁ%q{atﬁehﬁstraﬁgseg@&d%odlﬂgﬁitéfﬂé] efbhnunber of
cells contain in each tag of first coding pattéern is different froma

nunber of eandrsingont ained in each tag of the second coding pattern.

Cpt i onal |y, " each) (60l 3} LAkl A0y aXR L S50 LiER AL AT AhRAf the cel

relative to at tal e ce rocess eln flguredto
performthplufalnt}tdfeellsswhqaemhelglut@iingceﬂlhehalrafialrgstleﬂ&memts,to sanpl e and decode the

t ag dat QOtlonaI [e trat S entifies an orientation of
a l ayo of the %‘éhtéfa??g Wl?‘ﬁ IES Cé)B Q{n Qéaﬁcelu %‘gget grid, the processor

bei ng confi gur ea flgralugof ALieidigad beirchiefinedthe @ sefof corsicigs t4IB, @th apt ation to
sanpl e and decode the ta% gata In a fourth asp F% there is provi ded an
optical r eaﬂ*g@rlsp(grrespg:éﬁ? g yp prrafled Py rpsppctive setof t ¢ data elements,

wherein each cell comprises one or more registration symbols encoded by a respective set
of the data elements;
15 the optical reader comprising:
an image sensor for capturing an image of a portion of either first or second coding
pattern; and
a processor configured for performing the steps of:
(1) sampling and decoding at least one registration symbol contained in the
20 imaged portion;

(ii) determining, from the decoded registration symbol, an identifier of the
first or second coding pattern, the identifier indicating a number of cells contained
in each tag;

(ii1) determining, from the identifier, whether the optical reader is

25 positioned relative to the first coding pattern or the second coding pattern; and
(iv) using the indicated number of cells to sample and decode the tag data,
wherein a number of cells contained in each tag of the first coding pattern is different from
a number of cells contained in each tag of the second coding pattern.
It will be appreciated that optional embodiments of the first aspect may also be
30 optional embodiments of the second, third or fourth aspects.
In a fifth aspect, there is provided a substrate having a coding pattern disposed on a
surface thereof, the coding pattern comprising:

a plurality of contiguous square tags of length /, each tag comprising x-coordinate



coding pattern or a second coding pattern, the first and second codi ng
patterns each conprising: a plurality of target elenents defining a target
grid, thewbargai7grid conprising a plurality of cells, WwO@EmAdi200v@i3Bbori ng
cells share target elenments; a plurality of data elenents contained in each
cell; and a plurality of tags, each tag being defined by a set of
contiguous cells, each tag conprising respective tag data encoded by a
respective set(pf tQF z%&ag&gnents, wherein each cell conprises one or

nore regis Tt ﬁm§§ﬁ%%is éncoded by a respective set of the data el enents;

t he optical readdirali9pditselagentadoniaiiadé aanagthd Otooedpididataigign | mage of a
portion of either first or second codin ttern; .and a processor

configured“?g?mﬁ§v33FWWﬁﬁwFﬁ%og@@b§m8¥mg?ﬁ}e§éﬁ&ﬁ?ﬁ&‘@ﬁ@eﬁécoding at | east
one regi st ¢ptds@itedyiltedpecaRbt@bN@th dieindote | maged portion; (ii) determ ning,

fromthe decoded registration synbol, an identifier of the first or second
codi ng pat ¥8#1i t he i dentifier indicating a number of cells contained in

each tag: (11 1)l CETMhATdard § WPrésBRed i%%liuﬁlg%hhem%ﬁﬁa Wifhe, yeptd: cal

reader is positioned relative tothe first coding pattern or t'he second

codi ng pat t er n;allghely-coapdinaie flatgyis r¢pecspiriel] io atred ohtharisaparalel gethlag xtagissanpl e and
decode the,tag data, wherein a nunber of cells contained in each tag of the
first coding pattern is different froma nunber of cells contained in each
tag of the secohdcaooh ag tiabiverach have a width v.be appreci ated that optional

oD L ) B3R5 e B B BRI SORETRI R "
substrate baiingea-coodinag dpathehe ydbspnsedatafora taliftpeivt bewkaier at he codi ng
pattern CO%{)IIG %algqg (::ontained in the portion.
The fifth aspect of the invention advantageously enables non-replication of
coordinate data in each tag, which saves on tag space. Typically, x-coordinate data should
15  Dbe replicated in each vertical half of tag, and y-coordinate data should be replicated in each
horizontal half of a tag. However, by encoding all x-coordinate data in one column, and all
y-coordinate data in one row, the requirement for replication is obviated. If the column or
row has a width v, then any square portion of length (/ + v) is guaranteed to contain the
relevant coordinate data. Morcover, if the width v corresponds to a width or length of a
20 coordinate data symbol (depending on the shape and orientation of coordinate data
symbols in the column or row), then it is ensured that any square portion of length (/ + v) is
guaranteed to contain the relevant coordinate data from spatially coherent samples i.e.
from the same symbol, as opposed to partial symbols at opposite sides of a field of view.
Optionally, a plurality of target elements define a target grid, the target grid
25 comprising a plurality of cells, wherein neighboring cells share target elements and
wherein each tag is defined by a plurality of contiguous cells.
Optionally, each tag comprises M contiguous square cells, wherein M is an integer
having a value of at least 1. Typical tag sizes are M =2, 3 or 4. Preferably, M =2 or 3
Optionally, the data elements are macrodots, which are readable dot-like marks
30 formed by a plurality of contiguous printed dots.
Optionally, v = ts, wherein: s is defined as a spacing between adjacent macrodots;
and ¢ is an integer value of 2 or more.

Optionally, the macrodots encode data values by pulse position modulation (PPM).



a plurality of contiguous square tags of length /, each tag conprising

X- coordi nat edata and y-coordinate data; and a plurality of data el enents
cont ai nedwpnomashistag, the x-coordi nate data bei ng repr @SEMR200959 1053
respective set of data elenents and the y-coordi nate data bei ng represented
by a respective set of data el enents, gherein: all the x-coordinate data is
represented in a colum of the tag parallel with a y-axis; all the
y-coordinate d eprese of the t 10, R@r | el h an
x-axis; and thg‘tD O@%a Hdt ?qfte“e %r%éswre Sty o hetfpdgreeft fa‘L ‘?%a“tr%a% any
squar e por bédapyind a teb{&ct(ﬁ@qjoﬂgorpﬁmm&If)hlrd’]lmwfn)gedatefrﬁﬂ@iﬂmss@lile posu)ons B guar ant eed
to contain tg.e ﬁ(-cgoh i nate dat.a an g 8% coordi nate data [or

i rrespect i V&GS HEL AR RTRCEIP G fh§ o FF@H’S‘?“HHWEW&P uradify o The fifth
aspect of bmlbiemég%ju@gw advant ageously enabl es non-replication of

coordi nate data in each whi ch saves on tag space. Typically,

x- coor dithat e daPrfiogHbuthg Xt?éorldélﬁﬁeldététlsef‘dw‘i’q‘?dé%@rf‘ oFdinggegodpee of tag, and

y-coordin aEﬁnﬁﬁE@oﬁr}%ngp St LEML YGBL8Solohof %ﬁboﬁoﬁﬂdztw @(Lor(!ﬂﬁ‘a{té da@af isa tag.

However, by encoding all x-coordinate data 1'n one colum, and
y- coor di naeesodestas auywogﬁd@aw@mdemrrécmlﬁﬁ¢®mpeqlm set efghg &Bmdoﬁ?pl@rsorbbvu at ed.
I f the col @ row has a width v, then any square portion of length (/ +

V) is guaran ged to contain the rel evant coordinate data. Mor eover, if the
wi dth v cor resp@dealtyothaM@tﬂ*Sobmoheyrgndls ot cafigoed didnaicatedmttie synbol

(depen g nthe e and orie ti |nate asynbolsmthe
o o5 Sty “EwdhRE RO%eRal Pl e g e A SrBRh ISt T engtn ()
V) is guar anifgedd bal @lifainthé Rey soak eMant the aadtli.nat e dat a from spatially

coherent sanple m t he sanme s nbol , as Po posed to partial synbols

e
at opposite si 108’1‘11Yae*1“]?é%§°‘6‘f3“5\% %R}“ aEft 9T SRR/ IEVINHCEIMOPTBR ¢ ar get

el enents dgfdeRBrddetn %rc&ﬁfms@ﬂ bich reiﬂé@tw’fe@ét%@{hewebdis&&ﬂ&{ dy®ibbg, Wwhedinihal ity of
cells, wherein neighborin I's share target elenments and wherein each tag

i s defi nedPhaliyy ¢ficomapn ¢ ewprd&@rmdi:@wéa%cqééwrés camprgngp aplurlineefch t ag
conpri sgs MRS ks W SonfltAo8e vl lypica¥Gk&lea Molod 18R hAYe $9%E: the

substrate.

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

20 of whether a whole tag is contained in the portion.

Optionally, each cell comprises a registration symbol encoded by a respective set
of the data elements, the registration symbol identifying one or more of:

a translation of the cell relative to a tag containing the cell;

an orientation of a layout of tag data with respect to the target grid;

25 a number of cells in each tag;

a flag associated with the tag,

Optionally, each cell comprises first and second registration symbols, the first
registration symbol identifying a first orthogonal translation of the cell, the second
registration symbol identifying a second orthogonal translation of the cell.

30 Optionally, the first registration symbol identifies a first direction component of the
orientation, and the second registration symbol identifies a second direction component of
the orientation, such that the first and second orthogonal registration symbols together

identify the orientation via the first and second direction components.



having a value of at least 1. Typical tag sizes are M =2, 3 or 4.
Preferably, M =2 or 3 Optionally, the data el enents are macrodots, which
are readawbeoda37isrke marks formed by a plurality of comCirguzoe®/ooriat ed
dots. Optionally, v =ts, wherein: s is defined as a spaci ng between

adj acent macrodots; and t is an integed value of 2 or nore. Optionally, the
macr odot s encode data val ues by pul se position nodul ation (PPM. Optionally,

a portion of dahg, s/ ARIESCHEAM,PY M IRGHOARNR, 1. EA5 gl 48, dRELOdOL S
occupying a res Stive pos% ronfromap ur ali y of precfeatrerm ned possi bl e
posi ti ons pnddatinarget dve hael digmdidref stdspeside vieit pleacht mamsdofThiskeati@cr odot s

representi one_of .a plurality of possible data val ues. tionally, the
e Door df nale-tat aitruche sttt ibedvio BAED e HEbe L BERRA "B ced of

respective set @fa stﬂEasffecB@l%i’ei§9fcﬁ}m@@aﬁﬁéfﬁb@bﬁima?iﬂ@a&dﬂﬂn@/pa&@ﬁﬂ@b@@&e data is
encoded as a y-coordi nate codeword conprised of a respective set of the
7- Reed- Sol 8fd ARG sgbstigyst the mgthpd conriisig iestePSel onon synbol s are

configured and gy Jgﬁ&‘ﬁ@@ly bitidi e GR LA BRIARakifc BANEutE apl Ephliihg aRN
wherein the 7-Reed-Sol onbn syn%ol s are configured and oriented I'n the row

so as to havagevhepwiien ¢f the codpe paieal, the codiag patiergpomonyirg ses a plurality of
conmon codewor i i . . ctive set
of the Reed- SoIdagpr%{l)rglﬁ‘tgg5 ﬁgogﬁﬂg?&ﬁc@géﬁ%sg Flgg%?%reaﬁ%g?‘{/éogﬁggg%%%&%gﬁgmr ds are
defi ned asdoodelwcaslicondamaid a plurality of contiguous tags. A conmon
codewor d, typi cal | nc s .a region.lD or pa ID for. th ubstrate.

oot +onalt y” P eacttyfRGr 95 o fptr e Pine e PRg e Bl BB Gne or ¢ he

common codepasiéelted radedonive g ofigatsaleHxaks agd edPscodfdtarrdanngad such that any
tag-sized portion of the coding pattern is guaranteed to contain the
plurality 6@@%%@&3{%&%%?6%0?4%&%% ve of whether a whole tag is

cont ai ned iyfedfae portion. Optionally, each cell conprises a registration
synbol encoded by a respective set of the data elenents, the registration
synbol identi fyql]?/fbe HReOTGpaterpgtais ggpresented in a column of the tag parallel with a y-axis;

15 all the y-coordinate data is represented in a row of the tag parallel with an x-axis;
and

the column and the row each have a width v,

(b) sampling and decoding x-coordinate data and y-coordinate data within the
imaged portion; and

20 (c) determining a position of the reader,
wherein the imaged portion has a diameter of at least (/ + v)\2 and less than (21)V2.

Since the field of view of the optical reader is not required to have a diameter of at
least two tag diameters, then the imaging requirements of the reader are reduced. Hence,
the position-coding pattern not only provides efficient use of tag space, but also allows the

25 imaging field of view of the tag reader to be minimized.

Optionally, each tag comprises a plurality of common codewords, each common
codeword being comprised of a respective set of the Reed-Solomon symbols, wherein the
plurality of common codewords are defined as codewords common to a plurality of
contiguous tags, the method further comprising the step of:

30 sampling and decoding the common codeword within the imaged portion.

Optionally, one or more of the common codewords encode region identity data
uniquely identifying a region of the surface, the method further comprising:

determining the an identity of the region.



a translation of the cell relative to a tag containing the cell; an
orientation of a |layout of tag data with respect to the target grid; a
nunber ofwoeblm3rrs7each tag; a flag associ ated wi th thePCapU2@p00003al |y,
each cell conprises first and second registration synbols, the first

regi stration synbol identifying a firgg orthogonal translation of the cell,
the second registration synbol identifying a second orthogonal translation

of the cell. Opti.onall the first,reqgistrati nbol jdentifies a first
di rection corrpo(:%]'xs@@nnof1 %ff %tbﬁegloélrlfleélﬁfyaqal{aolﬁfqugﬁclf} T ﬁ@eszﬁelecsgnsctf aére'egi stration synbol
identifies a se@anevedihrageti, daredoppoidandt systmtfhreamaginent@linggaitersuch t hat the
first and a.econ(g orthﬁca)ﬁgoogal re is%rati on sgnbol‘s together identify the

ori ent at i ofSRISET PHesU Rt @ SR UaE B SIEP B8RP conponent s. Opti onal |y, the

target el epenhssudittatd, dhgeih thtadogingd pettckh@nipatad: el ements are nacrodots, and
each target dot has a dianeter of at |least twi ce that of each macrodot.

This enabl es | ovRlpasY of pqnfigyaup satsrtags aplepgth i creReppeoMPESIRSE-SPHINE get

el enments by, QRECWRIINRCLLHRS. I n a sixth aspect, there is provided a
nmet hod of inaging a coding pattern disposed on a surface of a substrate,

t he met hod conpaplwiakity of fesa derapss eontainedn capletpgithazetaprdiendd datadivingg an opti cal
reader rel ati t d i an | f portion of the
codi ng pat?e %eﬁzglt%dﬁog aggsg?ﬁigg ?)egts {@aﬁbﬂel@%&n%%g{ﬂ%a%gdgﬁ %ﬁiéaﬁibf f;i]}gof cont i guous
squar e t agsepokent@iigtahrespectizasd of dagp donguts, si ng x- coor di nate data and

y- coor df'd1at$rdat a; and a plurality of data elenents contained in each tag,
t he x-coor di'fidgt'e data bei ng represented by a respective set of data

el ements and t hal the cosvrdihnatifa dadpresbredig alcERMADEME & parallel withspesdtd;ve set of
data el enents, whﬁr ein: all the x-coosrdd,i nat e 1pltgta IS @gpr, sented in a

col um of the tHg"purearfiate gji i rpropenisq g ray plfpReprRlg i At at a i s
representeghydn a row of the tag parallel wth an x-axis; and the colum and

the row each have a width v,
the column and the row each have a width v,

15  (B) an optical reader comprising:
an image sensor for capturing an image of a portion of the coding pattern, the
image sensor having a field-of-view of at least (7 + v)V2 and less than (2/)\2; and
a processor configured for performing the steps of:
(1) sampling and decoding x-coordinate data and y-coordinate data
20 contained in an imaged portion; and
(i1) determining a position of the reader.
In an eighth aspect, there is provided an optical reader for imaging a coding pattern
disposed on a surface of a substrate, the coding pattern comprising:
a plurality of contiguous square tags of length /, each tag comprising x-coordinate
25 data and y-coordinate data; and
a plurality of data elements contained in each tag, the x-coordinate data being
represented by a respective set of data elements and the y-coordinate data being
represented by a respective set of data elements,
wherein:
30 all the x-coordinate data is represented in a column of the tag parallel with a y-axis;
all the y-coordinate data is represented in a row of the tag parallel with an x-axis;
and

the column and the row each have a width v,



(b) sanpling and decodi ng x-coordi nate data and y-coordinate data within
the imaged portion; and (c) determning a position of the reader, wherein
t he i magewloporwdsors7has a di aneter of at |east (/ + v)V2ramAuze®#o1dian
(2/)V2. Since the field of view of the optical reader is not required to
have a dianeter of at |east tw tag diygneters, then the inmaging

requi renments of the reader are reduced. Hence, the position-coding pattern
not only p;h%vig%eaf{egéegi cient use of tag space, but also allows the inaging

field of viewo e f%ln&prlrsglgder to be mnimzed. Optionally, each tag

conprises a pl wndhhgesendor oo maphuring @al @wuge dBa peaaivfciartoting padewwiied bei ng
conprised of a respective set. of the Reed-Sal onon IS, erein the
Ul ty OFe sRO bt ae AL i Or LT YA R0 HWINHS LGN t o n
plurality of cofrb@uRusontiagsd fdr pefdmindakt didpk bher conprising the step of:
sanpl i ng and decodi 2‘3 t he conmon codeword within the imaged portion.

Optionally, one or hipPAENE pMkdeeeshiphcoostAitatrs2nd Hecordinpegrdn i dentity data

uni quel 'y identid\%i.R@d & 78QLRA poftiokNGgsur face, the nethod further
conprising: determning the an identity of the region.Optionally, the

region identity dat &ihdsictiuiaing aipdeen dfithegeadae substrate. In a seventh
aspect, there i Al f [Wag=Toll i r.n di sposed on
a surface of a IZ‘J@L eragﬁggat?%yé ?%a%g%%dgp@%g%qﬁé& %%ﬁgﬂ%{%&ﬂ}at e, wherein
t he codi ngopantlembodions bSesh, savepthund kighty agfectsont i guous square tags of
Iength{ each tag conprising x-coordinate data and y-coordi nate data; and
a plurality of data elenents contained in each tag, the x-coordinate data
bei ng r epr BREPF BESORIPTIES DFCHRAWINES of data el enents and the y-coordinate
data being repr es%rﬁ]t ed by a respective set of dat al |

the x-coord nat oA MG OHEpFESEATE ThNGmEBH R DI ROTTEgepr el with a
y-axis; al _bf ﬁdﬁQiIMtiﬂg)Q{aﬂblé@h@, WAk Rfddhck BRACKBNMREy R dawiY iPlhiche tag
paral el WF}gHrealnis);-s%I)q%msai[ic of a relationship between a sample printed netpage and its online
15 page description;
Figure 2 shows an embodiment of basic netpage architecture with various alternatives for
the relay device;
Figure 3 shows the structure of a tag for a first position-coding pattern;
Figure 4 shows a group of twelve data symbols and four targets for the first position-
20 coding pattern;
Figure 5 shows the layout of a 2-6PPM and 3-6PPM data symbol for the first position-
coding pattern;
Figure 6 shows the spacing of macrodot positions in the first position-coding pattern;
Figure 7 shows the layout of a 2-6PPM registration symbol for the first position-coding
25 pattern;
Figure 8 shows a semi-replicated x-coordinate codeword X for the first position-coding
pattern;
Figure 9 shows a semi-replicated y-coordinate codeword Y for the first position-coding
pattern;
30 Figure 10 shows common codewords A, B, C and D, with codeword A shown in bold
outline for the first position-coding pattern;
Figure 11 shows an optional codeword E for the first position-coding pattern;

Figure 12 shows the layout of a complete tag for the first position-coding pattern;



and the colum and the row each have a width v, (B) an optical reader
conprising: an inmage sensor for capturing an inage of a portion of the
codi ng pavbenry/o3ttse | nage sensor having a fiel d-of - vi ewpofi/AdRoioagasi33(/ +
v)V2 and less than (2/)V2; and a processor configured for performng the
steps of: (i) sanpling and decodi ng x-+goordi nate data and y-coordi nate data
contained in an inmged portion; and (ii) determning a position of the

r ead.er | nF%nreeiﬂsr]{%ths P Fagglit othl &SRRV gleewdor ?orot% Iﬁctr;s?lposri idaflqceorcl'}{l]cgéor .
i maging a coding pattern di sposed on a surtace of a substrate, 't codi ng
pattern copgteirsi ng: a plurality of contiguous square tags of length /, each

tag conprisin -coordinate data d y-coordi.nate. data; and a plurality of
ata ol Brehtds bR A g * PREOPoUBOT N HEPE SR a bei hg

represent edigdy & hewPeGHiupdf Rht Gdta datalsehe Mrtsganeh: iheseyYondgREidbmat e dat a
bei ng represented by a respective set of data el enents, wherein: all the
x- coor dihafliRgesfens represented in a colum of the tag parallel with a

y-axis; al kighpe o/ siRQrdl Dabe sfat a.opvr &4 SRt 88 1hD sBeoh®Wolfiod BRink2d
parallel with an x-axis; and the colum and the row each have a wdth v,the
optical read®&m .conprising: an i nage sensor for capturing an inmage of a

ti ¢ i r ‘ . . fi Cof - Vi ¢
e east (IR GBI BBl bl O3 BERSGNs SO b ol Tor
per f or m ngFigne 1Stskpss aof-coofdidatsadphord§y fanidie skeciabposigox-calgy miterat e dat a and

Y- coor dinat.e, 32, SO AR chdbuBR A TRARLLRMHh - el e o7 M 1 g 2
Figure 20 shows the layout of a complete tag for the second position-coding pattern;
Figure 21 shows the layout of a Reed-Solomon codeword for the second position-coding
pattern;

Figure 22 is a flowchart of initial image processing by the Netpage pen;
15 Figure 23 is a flowchart of codeword decoding subsequent to the initial image processing;
Figure 24 shows a nib and elevation of the Netpage pen held by a user;
Figure 25shows the pen held by a user at a typical incline to a writing surface;
Figure 26 is a lateral cross section through the pen;
Figure 27A is a bottom and nib end partial perspective of the pen;
20 Figure 27B 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 28 is a longitudinal cross section of the pen;
Figure 29A is a partial longitudinal cross section of the nib and barrel molding;
Figure 29B is a partial longitudinal cross section of the IR LED’s and the barrel molding;
25 Figure 30 is a ray trace of the pen optics adjacent a sketch of the ink cartridge;
Figure 31 is a side elevation of the lens;
Figure 32 is a side elevation of the nib and the field of view of the optical sensor; and

Figure 33 is a block diagram of the pen electronics.
30 DETAILED DESCRIPTION OF PREFERRED AND OTHER EMBODIMENTS

1.1 Netpage System Architecture

In a preferred embodiment, the invention is configured to work with the netpage



It wll be appreciated that optional enbodinments of the fifth aspect may
al so be optional enbodi nents of sixth, seventh and ei ghth aspects. BRI EF
DESCRI PTIvON 200/BRAW NGS Pref erred and ot her enbodi ment s POT/AU2809%00W8AL | ON
wi |l now be described, by way of non-limting exanple only, with reference
to the acconpanying drawings, in whichg Figure 1 is a schematic of a

rel ationship bet vveen a sanple printed net page and its online page

descri pti Onétwo Sm utgrh(s) Bon e%%lwne wl%ch LPI? S, Y bPl %hn"i‘r%a?r?,'t LeCt ure

Wi th various lik ernati ve or 'né"Te device; gure
structure pfefearetl dgmf of tig dctagé spPOsi bmploys:adjomgutplatnmfam 11Ftthfbﬁn 4fahows a

group of twelv nbol s andfo rt ets for heflrst 0sj.ti oncodi ng
ot Fgme S e fne TEYGL e SdGHB S oS PR b ol f or

the first pesict ineneatidng PabhEE; syFle@UTae %a@h@i’éﬁen&é@ecaﬁp@cqu%ﬂe&foy macr odot
positions in the first position-coding pattern; Figure 7 shows the |ayout

of a 2- GPPRINEYIASt PeRping niiprh BEPmging t Honf the stPesifis | implspentaiinn ghep aaper n:

Figure 8 showencds ﬁﬁ{?”b reﬁ@db&%%ﬁ@ & iRPOhE! B GrROARMALA o XvdyOhatt DRCAIT T St
posi tion-coding pattern; gure "9 shows 'a sem -replicated’y-coordi nate

codewor d Ydqfiasy op H@ mapped Sq@@sﬁ Yielgh 2i¢ geAngug Bt mep refer@icg betd withis howeapc onmon
codewor ds Ahd 'qung AP ?f[{é"e c%ﬁl%ﬁt‘ép{ﬁtff% cﬁ:EE"Mhld fﬁf&lﬂ%tﬂ)ncﬁ%dt kne, dQh the

first posi flon-c |ng pa gur OWs an optiona eword E for
the first pwesméppoh-sodate, ngadpatchenﬁo;maﬁpgwam b Zetsib@dsbatdue o aqapu'efemhcea conpl ete

29, S DTRG0 SR R R Sl e 1S 2
shows the sintdied the ordif ofactichg whith afe B@ResdbyRRS édnipdter ReHnIGn Pl &F the
operator in response to the operator’s interaction with the surface features.
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
15  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
(or reader) 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
20 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).
References herein to “pen” or “netpage pen” are provided by way of example only. It will,
of course, be appreciated that the pen may take the form of any of the sensing devices or
readers described herein.
25 In one embodiment, active buttons and hyperlinks on each page can be clicked
with the sensing device to request information from the network or to signal preferences to
a network server. In one embodiment, text written by hand on a netpage is automatically
recognized and converted to computer text in the netpage system, allowing forms to be
filled in. In other embodiments, signatures recorded on a netpage are automatically
30 verified, allowing e-commerce transactions to be securely authorized. In other
embodiments, text on a netpage may be clicked or gestured to initiate a search based on
keywords indicated by the user.

As illustrated in Figure 1, a printed netpage 1 can represent a interactive form



Figure 15 shows a group of eight data synbols and four targets for the
second positioncoding pattern; Figure 16 shows the |ayout of a 2-9PPM data
synbol f owothw/sersend position-coding pattern; Figure 1PCThaes094101033
x-coordi nate codeword X for the second position-coding pattern; Figure 18
shows a y-coordinate codeword Y for thge second position-coding pattern;
Figure 19 shows a common codevvord A for the second position-coding pattern;

Figure 20 s th l.e or th sec¢ 03|t|on codi ng
pattern; Fi glur e’ % sﬁ}{ H%h e us bo} aPrhﬁ% dly’SgPormnpr(I:no%fd\Ro d afor t he
second posrélecmﬂmeﬂljrr ngacpmtrmelﬁdanori:begweﬁt}%a)en sndathé h@m&gb\@rsterrofrhe &ainpll 1 mage
processi ng age pen; gur e 2 art codewqrd

ecod ng SUBYE D, Bra S Hiping i sifon R gt g ellbvs a ni b

and el evat h@tﬁag@fl cohastdNeteppER daar, feltel Ringdisusenk, 4ntl @Uiitace osdisatttdie pen
held by a user at a ty tgl cal incline to a witing surface; Figure 26 is a
| at er al Scr dS¥eEEPPIEH N ﬁlaeogiarhlq%éa EB‘?\SW@?WF‘%??%W%C%@M&?% brRllsFEPINI b end

partial pepspechiy @yﬁ?(fal ’Ea? 1@‘§ﬁ'owﬂ: InOHE GhaddBrelidn Jf b%hlteolmaﬁm;gﬂ idyand parti al
perspective with the fields of illumnation and f of view of the sensor

w ndow showeprécimtediohatedntizyousi tags; 4, Befgpgd &y 28 q@ﬂ&lﬁﬂ@ﬂg&t&ﬂdﬂﬂéﬁly tledgyersect i on
of the penyF r is a partial longitudinal cross section of the nib
and barr el he‘*hg}én%pggﬁgure 29B is a partial longitudinal cross section of
the | R LED s andThehedriospondihg pz[gediewg'ptid%i Huroeedldh ths napmylenwodceles@ﬁbetshe pen

vt B BF PRyl BN SUpe G o ROGH i SR b Saf bed e By 1 ne

field of vigw)asf chéheinepiciicadlenensiar texaneld i gutrca i3 3hd &amph), a6 Kucdw &gr am of
the pen el ectronics. DETAI LED DESCRI PTI ON OF PREFERRED AND OTHE
EMBODI VENT &°tR28¢ SK@?‘B&@@@%%‘H’?%“’&HP@‘EC“[%Fll? netpage. The submit button 6 for

example, has a zone 7 which corresponds to the spatial extent of the corresponding graphic
8.

15 As illustrated in Figure 2, a netpage sensing device 400, such as the pen
described in Section 5, 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
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

20  or other serial connection, to the relay device 601.

The relay device 601 performs the basic function of relaying interaction data to a
page server 10, which interprets the interaction data. As shown in Figure 2, the relay
device 601 may, for example, take the form of a personal computer 601a, a netpage printer
601b or some other relay 601c (e.g. personal computer or mobile phone incorporating a

25  web browser).

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

30 the morning news is first consumed, such as in a user’s kitchen, near a breakfast table, or
near the household’s point of departure for the day. It also comes in tabletop, desktop,
portable and miniature versions. Netpages printed on-demand at their point of consumption

combine the ease-of-use of paper with the timeliness and interactivity of an interactive



In a preferred enbodi nent, the invention is configured to work with the
net pagenet wor ked conputer system an overview of which follows. In brief
sumary, wbheomrsfsrred form of the netpage system enpl opPSTARVNOLSE
interface in the formof a nmapped surface, that is, a physical surface

whi ch contains references to a map of 44he surface maintained in a conputer
system The map references can be queried by an appropriate sensing device.
Dependi ng ynogn the specific inplenentation, the map references may be
encoded vi Si y or invisibly, and defined in such a way that a | ocal query
on the mapped SuAftaﬁ:&iVy]iyEihdSietpﬁgel.tﬂlﬁjﬂﬁé@ctb(ﬂﬂ)ﬁ mmeraeﬁcewaele@evikmtsﬁth\mis tahi n t he
map and am)ng feren stem can _.contain information

conput e
about feat JWBLE BRoERY IaBTﬁPfQiC% 81?1&‘0@8 ' i 4B FEQTARO e ARPIRRESY ot 1 i eved

based on nBgnt&EEDHARELSE &W LRH 2DY TR 5 ERIFEIDYIHRY 60 Bis wseLhoiabbipridi@ mapped
surface. The information thus retrieved can take the formof actions which

are initJ ab@ip whick pants dsipagee rdigipdy epd on dsepnd: ftheopetpages Bk basatef HYr esponse

to the opetaliftnaf dnmog BikinONpMED ik SHET atGnisat e eéffsei NithdgRapRY, f €r 1 ed
form the netpage systemrelies on the production of humen i nt er acti on

with, net pdgesraphhegecrapratipagelief ofintingend rgjogaphire gs Vahlblaﬁ tmad;e@l prittiged on

or di nary PBfSes, WL té’é'ﬁhl&fbs‘éﬁéh‘%s C%d &‘eﬁqﬁh@grﬁqe‘(eco%ﬁ]&? Riet, 'd?{)ﬁ&ﬂé‘? fon is

encoded on“each page using I nk IS su ant VIS G the
unai ded hunamhlasyprintinpe i nk, homever and t her eby the coded data, can be

Pt R R A A R
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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
20 server 13.

The netpage relay device 601 can be configured to support any number of sensing
devices, and a sensing device can work with any number of netpage relays. In the preferred
implementation, each netpage sensing device 400 has a unique identifier. This allows each
user to maintain a distinct profile with respect to a netpage page server 10 or application

25 server 13.

Digital, on-demand delivery of netpages 1 may be performed by the netpage
printer 601b, which exploits the growing availability of broadband Internet access.
Netpage publication servers 14 on the netpage network are configured to deliver print-
quality publications to netpage printers. Periodical publications are delivered automatically

30 to subscribing netpage printers via pointcasting and multicasting Internet protocols.
Personalized publications are filtered and formatted according to individual user profiles.
A netpage pen may be registered with a netpage registration server 11 and linked

to one or more payment card accounts. This allows e-commerce payments to be securely



recogni zed and converted to conputer text in the netpage system allow ng
forms to be filled in. In other enbodi nents, signatures recorded on a

net page awe 2awvwmeri cal ly verified, allow ng e-comrer cePCranzeamitom3s to be
securely authorized. In other enbodinents, text on a netpage nmay be clicked
or gestured to initiate a search basedgon keywords indicated by the user.

As illustrated in Figure 1, aprinted netpage 1 can represent a interactive
f ormvhi ch ¢ N bot h S|caII an..t he rlnted
page, and "LrarEd bt B ot Bty iR Rhe A3 cobon 87k 1Bl C
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Wi th the geaphiciddal.ondRersish of @6 tetpQdipbginblalidsamBerdrif Qahin Gv%nﬁedh(ﬁ' | ection
of tags 4. A t{plcal tag 4 is shown in the shaded region of Figure 1,

al t hougl? i & ST WhiebyBpicdraeatceirttiase¥ent i guous tags 4, defined by t he
coding pattern 3, are densely tiled over the whole netpage 1. The
correspondi ng page description 5, stored on the netpage network, describes
the indivi d3al eNetpagess of the netpage. In particular it describes the type

and spatial ext el 20Nkl RAGM LIAGRERINE, SLETRL i ey Nkl € d OF

button in the exa e net pa systen1 O corr 'y "i nt erpret

i nput via phﬁrh@b@ﬁgEmwﬁhEtsphﬁwhﬁbmbnmmoﬁmuhmmmamampWEpshas a zone 7 which
correspppds to the atial. extent t he corr.es in

R o e g s PR e S R i
descri bed rdgiohetivisvny ﬁggeWﬂhSreﬂefén&@m AN@dlin® ﬂes‘vﬁmﬁtf@na dieienage Thebaljhedevi ce
601, which is f“ I nt er.net - connect ed deV|ce for hone, offic nobi | e use.

The pen 400°8°sIehiPEPRS S AR drRRIvCHlE &Y SBE AFRiSy TRt FFqulie‘%nE{“bBﬁ:’@ rel ay

devi ce 601 g¥kAptRn R ibes BOIRILIAHY St lahd Konent bthdPag, mmaﬁltglty;@ %E@fml ment ,
t he net page pen 400 utilises a wred connection, such as a US ot her

serial conARCiagH; Itelso eseries fheynrydirmentonthe megs. indpdye bsipns 8vis0kper f or ns
the basjg Eﬁfﬁfaﬁt%la@fA'h g?@é'aﬂgwé Bﬁﬁfngﬁmaé?@wﬂ@& ﬂetha%e%eﬂ?agﬁs SERYEl b0, which

interprets the interaction data own I n Figur rel ay
simultaneously captured and processed by the netpage system.

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

20 page ID (or, more generally, region ID) has sufficient precision to distinguish between a
very large number of netpages.

Each reference to the page description 5 is repeatedly encoded in the netpage
pattern. Each tag (and/or a collection of contiguous tags) identifies the unique page on
which it appears, and thereby indirectly identifies the page description 5. Each tag also

25 identifies its own position on the page. Characteristics of the tags are described in more
detail below.

Tags are typically printed in infrared-absorptive ink on any substrate which is
infrared-reflective, such as ordinary paper, or in infrared fluorescing ink. Near-infrared
wavelengths are invisible to the human eye but are easily sensed by a solid-state image

30  sensor with an appropriate filter.

A tag is sensed by a 2D area image sensor in the netpage sensing device, and the

tag data is transmitted to the netpage system via the nearest netpage relay device 601. The

pen 400 is wireless and communicates with the netpage relay device 601 via a short-range



device 601 may, for exanple, take the formof a personal conputer 60la, a
net page printer 601b or sone other relay 601c (e.g. personal conputer or
nobi | e phwoeoiomsorspor ati ng a web browser). The netpage pCImEen09B0133i s abl e
to deliver, periodically or on demand, personalized newspapers, magazi nes,
cat al ogs, brochures and ot her publicatifons, all printed at high quality as
i nteractive netpages. Unli ke a personal conputer, the netpage printer is an

appliance wiychycapLey fiof @X3IPLE: HaLlz RN 18dLAGKTEL Qa AR €3 vher e
the norning news i's Tirst consumed, suUcCh as I user itchen, near a
br eakf ast tradvhegion o¥ithnéarpagd)ainoe ulse adrattisn poktaklcof Tdgpaktamoecdraxtablye day. |t

al so cones in. tabl efop, desktop ortahl e and m niature versions. Netpages
print ed on9ﬂ@W§ﬁ8nﬁkeﬁﬁ@??ﬂéhﬂﬁkng?mé@"?ﬁﬂﬂ?%%n conbi ne the ease-of -use of
paper with the tTREhdHNES pa@rienll @ hagidin 4 Ynigic Fide linMtMAEAL) icv@MBEduem

Al ternatively, the netpage relay device 601 may be a portable device, such
as a nobl | BiHHbAEPIsE. POAINGIt |ty Jtabipine gkt Spotbpiipalicd wuesdor WP¥r mat i on

appl i ance GERDRGHE oL QosdritBR5eY SR nepMn as a TV. If the relay 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,
usi ng suchztechnN %EﬁgGgffset | it hography, fl exography, screen printing,
relief printing and rotogravure, as well as by digital printing presses,
usi ng t echilquesTsgRitag®ntknop- on- demand i nkj et, continuous inkjet, dye

transfe and | ase rintin As shagwn i n Figure 2 the. net page sensing
devi e B0 i nt er St's %t Kol s BROE bgor 45 Bt T a8 ST dd net page
1, or othegubptat®it ed substrate such as a | abel of a product item 251, and
comuni cates, via a short-range radio link 9, the interaction to the relay
device 601. The FaPdycBeonswita neBrgelBYAdI AP P %t A& IHCYAL RSHBE" he

rel evant niRageaPRERIR G Y BFefdld bRBodiRER! RE RLRNL kPRhicRAWdata chirGisved from
t he sensi ng device 400 ng¥ﬂ£e rel ayed directly to the page server 10 as
&

i nt er act i ofYithap gntirAlpegs: argion Hhes therelercawnenymodnrith teypape l2Edded in the
T Sy R s L TR
t he page 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
interactive element.
As described in the Applicant’s previous applications (e.g. US 6,832,717), the
20 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
way that every interaction with the substrate still identifies the region identity, even if a
whole tag is not in the field of view of the sensing device.
Each tag 4 should preferably identify an orientation of the tag relative to the
25 substrate on which the tag is printed. Orientation data read from a tag enables the rotation
(yaw) of the pen 400 relative to the substrate to be determined
A tag 4 may also encode one or more flags which relate to the region as a whole
or to an individual tag. One or more flag bits may, for example, signal a sensing device to
provide feedback indicative of a function associated with the immediate area of the tag,
30 without the sensing device having to refer to a description of the region. A netpage pen
may, for example, illuminate an “active area” LED when in the zone of a hyperlink.
A tag 4 may also encode a digital signature or a fragment thereof. Tags encoding

(partial) digital signatures are useful in applications where it is required to verify a



server 10 and access a webpage via a webserver 201. In sone circunstances,
the page server 10 may access application conputer software running on a
net page appl20paBron server 13. The netpage relay devi ce PEOAWOGY/U0€33
configured to support any number of sensing devices, and a sensing device
can work with any nunber of netpage rggays. In the preferred

i npl enentation, each netpage sensing device 400 has a unique identifier.
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regi stered S|gnature allomnng |t to aut henticate the user's identity to an
e- conneﬁfe erve% it QS can al so be used to verify identity.

ne ver 1 ofi%of t hEPREHY 8P &s fingerprint scanning, verified in a
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t he VISIb|e ayout and cont page, 1ncluding t graphics
Applicant’s high-resolution (1600 dpl) pagew1dth inkjet printers. The Netpage system

complements the Applicant’s inkjet printers, which are able to print Netpages having a

high degree of functionality and position resolution via the printed tags 4. Ideally,

Netpages are printed using ‘Netpage-aware’ printers, which are specifically tailored for
20 printing Netpages.

However, the Netpage system is a generic page-based system that need not be
inextricably tied to such printers. Preferably, Netpages should be printable using other
types of printers, including existing lower resolution (e.g. 300 dpi) print-on-demand
printers, such as laser printers and other inkjet printers. Netpages should also be printable

25 using traditional analogue printing presses, which use, for example, established offset,
rotogravure or photogravure printing techniques.

Self-evidently, position-coding patterns designed to be printed with high-
resolution printers may not be printable using lower resolution printing technologies. If a
dot spacing in the coding pattern is too small, then individual dots may not be resolvable

30 Dby a relatively low resolution printing technology. Moreover, the resultant coding pattern,
printed by a low-resolution printer, would not be readable by the Netpage pen 400 if
adjacent dots are merged together.

One approach to this problem would be to provide a ubiquitous Netpage coding
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user-supplied values for input fields in the page description 5 for each

printed netade dgternpnqyehphgrHt TnEadipg theThyt Pasegorh apstim-coding pattern by
15 decoding a registration symbol in each tag 4, as will be explained in more detail below.

Once the pen 400 has recognized the coding pattern it is reading, decoding of tag data can

proceed in accordance with that particular coding pattern.

3 FIRST POSITION-CODING PATTERN (“YARROW”)
20 3.1 Background
An earlier version of the first position-coding pattern (“Yarrow”) was described
in Applicant’s US Application Nos. 12/178,611 and 12/178,619 (Attorney Docket Nos.
NPTO087US and NPT092US). This earlier version of the first position-coding pattern has
been modified for compatibility with the second position-coding pattern described herein
25 in Section 4. In particular, the registration symbols now map to translation code symbol
values specifically identifying the first position-coding pattern, as described in more detail
in Section 3.6.1. The complete first position-coding pattern will now be described in detail

below.

30 3.2  General Tag Structure
As described above in connection with Figure 1, the netpage surface coding
generally consists of a dense planar tiling of tags. In the first position-coding pattern
(“Yarrow™), each tag 4 is represented by two kinds of elements. Referring to Figures 3 and

4, the first kind of element is a target element. Target elements in the form of target dots



Each tag 4 identifies an absolute |ocation of that tag wthin a region of a
substrate. Each interaction with a netpage should al so provide a region
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contiguous tags in such a way that every interaction with the substrate
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an orientation of the tag relative to the substrate on which the tag is

printed. Omodweatzm whickitdascribeddn mosrdetpilimectipmbbes the rotation (yaw) of the
pen 400 rel ativeto ; t e 4 0 encode
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"active area" LED when in the zone of hyperlink. A tag.4 may al so encode
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can distortion of the tag 4 when it is imaged by the sensing device 400. This improves the
accuracy of tag sensing and, ultimately, position determination.
The tag 4A consists of a square array of nine symbol groups 303. Symbol groups
20 303 are demarcated 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.
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,
25 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.
The tag 4A is designed to allow all tag data, with the exception of an embedded

data object (see Section 3.9.3), to be recovered from an imaging field of view substantially

30 the size of the tag.

3.3 Symbol Groups

As shown in Figure 4, each of the nine symbol groups 303 comprises twelve data



be assenbled froma random or partial scan of the substrate. It will, of
course, be appreciated that other types of information (e.g. tag size etc)
may al so we2enusdesd i nto each tag or a plurality of tag®CTad2ddo1dse
explained in nore detail below 2.2 Position-Coding Pattern Variants

Al t hough the adoption of a ubiquitousposition-coding Netpage tag pattern
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Net pages. However, "t he Net gage' systemis a generi c@?age- based system t hat
need not be i nebachdetakimbol $Qdeh it & mudichrlsroopitien modubyteds (BP M Hata Smélol\;ages shoul d
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may not begyRsfl MaRk&-Sofod Bialiineekymbow resol ution printing technol ogy.
Mor eover, the resultant coding pattern, printed by a | owresol ution

printer, woul d Fash syebol greraslbecapiping aa-MiBMoeegiecalegistigion pymbed\deeetd dot s are
mer ged {509€bROPM horizontal registration symbol (HRS). These allow the orientation and

translation of the tag in the field of view to be determined. This is described in more detail
in Section 3.6.1.

Figure 5 shows the layout for a 2-6PPM or 3-6PPM data symbol 304.

Table 1 defines the mapping from 3-6PPM symbol values to Reed-Solomon

20 symbol values. Unused symbol values can be treated as erasures.

Table 1. 3-6PPM to Reed-Solomon symbol mapping

3-6PPM symbol Corresponding

value (ps-pg) Reed-Solomon

symbol value (base
16)

000111 unused

001011 unused

001101 0

001110 1

010011 2

010101 3




One approach to this problemwould be to provide a ubiquitous Netpage

codi ngpattern, which is suitable for printing by both | owresol ution and

hi gh-r esovotzoov3prsint ers. However, this is an unsati sf aeCorav28@/001G36n t o
the problem because the higher degree of functionality and resol ution of
Net pages printed by the Applicant's pagew dth inkjet printers would be | ost
unnecessarlly The present i nvention therefore provides two variants of the

Net page positi oCRFt g pattern,—both—of which are readable by the sane
Net page pen 4d®' Kfflrst posi tioncodi hg pattern (dubbed "Yarrow' by the
present Applic@nddiis quitable for printing by the Applicant's

hi gh-r esolution 11600 pi—pagewidthJ nkjet printers and has a hi gh degree
of functlonallqv Yhd resolutldh A second position-coding pattern (dubbed
"Saffron" [by Thg g €Sent Applicant) i suitable for printing by relatively
| ow resol ution (e.g. 300 dpi) printers and has a | ower degree of
functionallty HRALY esol|ut i on. &nportantly, both the first and second

posi ti on- ¢oth Mo {IJGT. tertis—are ld::auam €| by the Net page pen 400 by virtue of
features ¢common 10 each pattern. The Netpage pen 400 is able to determ ne
whet her it is rowath ng tthe first or second position-coding pattern by
decodi ng a—+registrationsynboel in-each tag 4, as wll be explained in nore
det ai | be|OMl Hﬂe%lthe pen 4od’has recogni zed the coding pattern it is
readi ng, decodijig;PT (40 data can progeed in accordance w th that

particul ar_coding pattgrn. 3 FIRST PQOSI TI ON- CODI NG PATTERN (" YARROW) 3.1
Background An EHA0Q er Version ®f the first position-coding pattern
("Yarrow'ywas 1‘6661“ bgd—n I-\pepl icant{s US Application Nos. 12/178,611 and
12/ 178, 619 (At%orney Dgcket Nos. NPTOB7US and NPTO92US). This earlier
versi on of thenmonst pc5|t|on ftodi ng pattern has been nodified for
conpati bi Hty—w-th-thesecondposition-coding pattern described herein in
Section 4, In H& ¥ cul dr, th@“@%blstration synbol s now nmap to translation
code synbol valyggy speqi i cajfu¥eq dent| fying the first position-coding
pattern, as described iln nore detail Iin Section 3.6.1. The conplete first

position-coding pattern wll
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15
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Targets and Macrodots

now be described in detai

bel ow.

The spacing of macrodots 302 in both dimensions, as shown in Figure 6, 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 304A in the pattern.

The outline of a symbol 304A is shown in, for example, Figures 3 and 4 merely to

elucidate more clearly the structure of the tag 4A.

A macrodot 302 is nominally square with a nominal size of (4/8)s. 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 (12/8)s. However, it

is allowed to vary in size by +10% according to the capabilities of the device used to

produce the pattern.

Each symbol group 303 has a width of 10s. Therefore, ecach tag 4A has a width of

30s and a length of 30s. However, it should be noted from Figure 3 that the tag 4A is

configured so that some data symbols 304A extend beyond the perimeter edge of the tag

4A by one macrodot unit (1s), and interlock with complementary data symbols from

adjacent tags. This arrangement provides a tessellated pattern of data symbols 304A within



3.2 Ceneral Tag Structure As described above in connection with Figure 1,

t he netpage surface coding generally consists of a dense planar tiling of
tags hi twe2biwesrispositi on-coding pattern ("Yarrow'), e&Ch/ARE0DLE3
represented by two kinds of elenents. Referring to Figures 3 and 4, the
first kind of elenent is a target elepgnt. Target elenents in the form of
target dots301 allow a tag 4 to be located in an inage of a coded surface,
and al |l ow t.h rs tive distortion of.the tag to be inferred. The second
ki nd-of el Sabetel 5o K Be b loh S hiint St § RE BT b Hsilee "R gur e
6). The naarkcadaet held3lectenbage ofaich tagalAugone Aacrdés anitbed in the Applicant's
earlier disclosuyres .g. US 6,832, 717), th resence or absence of a

e odot wes bal Trewt i PispRe SlE s gl B R Fe ptrefhn MGGt r ot ur e
of the fir &lvaposinhdean2BaddId 2p@h b&OAIIRNG @leEpaBilidal o thadeVRe WeliRg mul ti - pul se
position nodul ation, which is described in nore detail in Section 3.3. The
codi ng pat Percedhy patteraphcdsipden fem ths@ogiiak ssele isrpeosded fin gachisg (W2t o al | ow it
to be acquif&daQyi-ab AAl) Galiol IRHRGRFIBT p@RnisinR&! ti cul ar by an
optical systemw th a narrowband response in the near-infrared. The pattern
3 is typically Printoktnentts indepesigitiof eee angtherg Teeyrmeayrbevitfand witkar - i nfrar ed

i nk. Figur . ..a conplete tag 4A fromthe first
position-c%ﬁ%ﬁgggﬁ%ngﬁf3@##ﬁ£¥éﬁagpmblenents 301 shown. The tag 4A is
square and contains sixteen target el enments. Those target elenents 301

| ocated at the edges and corners of the tag (twelve in total) are shared by
adj acent tags and define the perineter of the tag. The hi gh nunber of
target el enents 301 advantageously facilitates accurate determ nation of a
perspective distortion of the tag 4 when it is inmaged by the sensing device
400. This inproves the accuracy of tag sensing and, ultimately, position
determ nation. The tag 4A consists of a square array of nine synbol groups
303. Synbol groups 303 are denmarcated by the target elenments 301 so that
each synbol group is contained within a square defined by four target

el enents. Adjacent synbol groups 303 are contiguous and share targets.
Since the target elenents 301 are all identical, they do not demarcate one
tag from



its adjacent tags. Viewed purely at the level of target elenents, only
synbol groups 303, which define cells of a target grid, can be

di st i nguiwbedio/o3tise t ags 4A thensel ves are indi stingui srabiaga2bgp/0e1088i ng
only the target elenents. Hence, tags 4A nust be aligned with the target
grid as part of tag decoding. The tag,4A is designed to allow all tag data,
with the exception of an enbedded data object (see Section 3.9.3), to be
recovered om a ng field of view substantially the size of the tag.
3.3 Synbolgfiou Ewkgqgkaan in Figure 4, each of the nine symbol groups 303
conpri ses twel veAdatadyeabalose, 3iidg 4A@dnssxgﬁetdao ajovbell tdgelatago parctovefeda

codeword. |I.n additi.on,. each. synbal r ou 03 conprises a pair of

egi Strai | SHmEreKSE ol W ajeby way B R ALGRE SYRLBI (NG 23Rl

hori zont al C(Brﬁl?hcﬁlts et bR nSANRPAppéar BIRR' Withinl EH R e Wabh@tdfitiRdodinican and/ or
translation of the tag 4A in tﬁe field of view to be determ ned.

Tr ansl atd offatp é%l?esrefqyelteﬁ &rofy afipePI {385 nA B datmeframon el 4/ eolyan PHEWsYfnbol

groups 303, E‘m%?@pﬂehﬁlv%e%thﬂ §WMag ! n19tdﬂ€é inWREERrizb M8 nh 8 9t M&E h@forsynbol s
enabl e al i gnnen invisib ﬁ tags with the target grid. Each data

synbol 304ﬂuelt@ raspaetively- Peweyer, presiat sy@rbommug@teetﬂ nfappr/ypsed e smeipratothis
Typically, gﬁg bW géstcﬁbe%iyﬂ%lre 0$4§n%8t? €56 & F%hﬂ@' &yﬁ%% cﬁgjg %0' Oim_D”_

synbol wusin macrodots in an ositions
using 3-6 p@hmmt@msnmnmnmmUthmﬂwm@—fﬁ%M@mekbmﬂM@m&ami wil | be appreC|ated

that other forns encodi hg are equ ossi bl PM has a
range of 20 codeéﬁmﬁgh4f%’HFNEISéﬁ@HP ‘@s%&e%8€ e -%%18%@8 alsymbol s
and Reed- S@in@fsions! mdpw@nsqedﬁwﬁ@@dgﬁlenﬁmhl Aot kagd rpALIP-padition rﬁ@ilﬁta&,ldns a
2-6PPNIverticaI r %ﬁb I gVRS and a 2- ?PPM h rlzonhg
registratid u%y% @Fﬁ@ OB <5 b BRI iead B A0° (VEAL) St i on of
the tag inophged ﬂquaﬁlapgyanoﬁsVﬁttoﬁchQe dateshaadd OTQle%])'s%c@QlﬁQE]l&@dra{Vn nor e
detail in Section 3.6.1. gure 5 shows the | ayout for 6PPM or 3- 6PPM

dat a symbobangtvalupg i ke cprrm@ﬁed wéBow fest heippravgalised rhhs-igpioy thaf thsdicldfl ues to

Reed- SOJ50MYRw 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 three macrodots (see Figure 3). Making the field of view at least as
large as the tag plus three macrodot units guarantees that pulse-position modulated values
can be coherently sampled.

20 The only exceptions are the translation codes described in the next section, which
are four macrodot units long. However, these are highly redundant and the loss of up to

four symbols at the edge of the field of view is not a problem.

3.6 Encoded Codes and Codewords
25 In this section (Section 3.6), each symbol in Figures 8 to 12 is shown with a unique
label. The label consists of an alphabetic prefix which identifies which codeword the
symbol is part of, and a numeric suffix which indicates the index of the symbol within the
codeword. For simplicity only data symbols 304A are shown, not registration symbols.
Although some symbol labels are shown rotated to indicate the symmetry of the
30 layout of certain codewords, the layout of each symbol is determined by its position within
a symbol group and not by the rotation of the symbol label (as described in, for example,

the Applicant’s US Publication No. 2006/146069).



synbol val ues. Unused synbol val ues can be treated as erasures. Table 1.
3-6PPM t o Reed- Sol onon synbol mappi ng3.4 Targets and Macrodots The spaci ng
of macr odw020B@B7i5M bot h di nensi ons, as shown in Fi gur ePET/ARI®MOUI3BI ed by
the paraneter s . It has a nom nal value of 127mm based on 8 dots printed
at a pitch of 1600 dots per inch. Onlysmacrodots 302 are part of the
representation of a synbol 304A in the pattern. The outline of a synbol
304A is shgwqiﬁk.&gﬂmgéanﬁhg, Figures 3 and 4 nerely to elucidate nore
clearly th Ogt r O U B PY PR tag 4A. A nmacrodot 302 is nom nally square

W th a nom nal Bdchecgidiratigh/ §nibol klewadet using 2-6bBPMI Figwed showy the Yayiotit & ze by
10@6according to the c%gﬁbilities of the device used to produce the
pattern. AMCAFIERIGYMOR! nominal Iy circular with a nomnal diameter of
(12/8)5. Howevexs stotvn iuf FigldeaWRd hbBzomal ¥nd RrtihZi8gibyatibP Wrehahel 4edro t he
capabilities of the device used to produce the pattern. Each synbol group
303 has °a ARGt Hithin 219mbolrgepp 307 e Theaksglitratioy Wmbpla of pnvgngfentagfty@emdlyand a
llength of JF0RatcHAWENRIal hid BOARBAE BESRALEDf R OMFHPUEEnS bR dGalt @9 4A i's
configured so that sone data symbol s 304A exten§ beyond” t he perineter edge
of the tagtranlagyn edes, petiho diaantatinn of the By by aerdng two erthegokalwiredtion oodsb.ement ar y
data synbols fr J: i genent Vi de Il at ed
pattern of dat a@@ﬁ%&ﬁ%ﬁgﬁt%ﬂlﬁﬁk gﬁ{o&l;@%e@@g)ﬁli Sa’&%@r%% ga%%#dgs(g%qui sition
st andpoi nt Sedties86l2).ati on of data synbols in this way increases the

effectiyve | engt f ch tag 4A by o radot. unit. . The magrodqt spacing,
and ¢ helEr or 6 ot TR B hEBapitheord A5 PR SRRal Bl Vi SREHE R0 o y

bet ween 12{iwaianebdd 2Rmnslecar diagnibol vdnes.capabilities of the device used to
produce the pattern. Any deviation fromthe nomnal scale is recorded in
each tag (via a nmacrodot size IDfield) to allow accurate generation of

posi tion sagple8s2-6FPASRgiltPARMAPMBE vAIRs o WIRRBAE AlkctRh cBlE€amnOt her . They nay
be refined with reference to particular printer characteristics.3.5 Field
of Vi ew Astigpslaticnfode sypehobmappiggt ag 4A i s designed to allow all tag data to

be recovered 2-6PPM symbol | translation code | direction code flag code
value {ps-po} symbol value symbol value | symbol value

001,001 0 0 unspecified
100,010 1
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

15

The first position-coding pattern (“Yarrow”) uses the first eight registration symbol



froman imaging field of view roughly the size of the tag. Any data common
to a set of contiguous tags only needs to appear once within each tag,

si nce fr ayoent3ofs7t he conmon data can be recovered fromCaee®mwiw3ags. Any
data common only to a colum or row of tags may appear twice within the tag
- i.e. once in each horizontal half ongvertical half of the tag
respectively. However, speC|aI symbol arrangenents may be used to

arrel I orate églhel Sl r”Fa%Feﬁ Oﬁe ﬁélsﬁéﬁlso(r:lrl m§91 \Ifaﬁ]uerSTDn[le lglgttal ltransla§ethcl) en 3.6.3.
Finally, any ata unlque t el appear BUF ¥ imeS W Thri t he tag -

i.e. once sﬁﬂ@ﬁ@Muquadramﬁz Aibmaugaddafaxmhg@mmmﬁsgmﬁMDmhmam@ssem of tags,

adi acent ¢ AGEhTS %{sra@%lt@?@%%ﬁ@ﬁmr%ﬁa%%é@o%%%sfn%§E?fefrré§8%e§a{a?dfaIsL?n”‘
spatial ly- qr@hﬁgt@a@u@adming@at(m @w;g BolWhRb &3 BYddhine @ cappesad to parti al
synbol s at opposite sides of the d of view), since this allows raw

sanpl e Al ues fgwb@d@éﬁﬁﬁﬁﬁﬁ”@PP%Edwmbﬂﬂ@hwb@ﬁnéa%b@ﬁﬁPW%éﬁTﬂﬁ%?§m|nplles

that the fi&ldeOfor thWclMShoshfon! c@(’jlgg p%%yg@affﬁ)nqod%@iﬂad LRGP ¢f e copies
of each such pul se-position nodul ated value. The tag is designed so that

t he maxi muihexifehg reghtratiopsiseol palyr mamwtommmﬁlatl@dcoolaswa salphplekoinhcr odot s
(see Fi gur g, § }he L]Jr}]{?llﬁbrpgodmlkgpattérﬁlﬁjidg %Mh%%eéoﬁ@?&sﬂf%ﬁ co%h?ﬁat?e% ﬁa@ﬁ&t ag plus

t hree macro 'S guarant ees pul se-position no es can be
coherently4$anmﬂgdmpﬂﬁécthymEn@mpmgéEgndnewwhdwUman&haiummohgde&mdescr|bed
in the xt secti rodot u However,, these are
W ahrs TR SR e g oo TR iRt Bkt SPchpStidowe' Mhe
field of vpsawrd Sub@iuént Rie@dingnof BN cE&ngﬁﬁlsQQd&:sdsaﬁlda@&daW@r\diﬂl the this
section (Section

n Fi gures 1 shown with a
uni que |abBPSItIO?FfégﬂnéB@Ter%ﬁgﬁgw‘“&F‘e%?ﬂmé%t?ﬁ%%{afl Fép@ which identifies
whi ch codeword tmhesnﬂblsﬂsnioﬁ caaﬁ%]p@ffem and r@w BﬂWHoFgr@ﬁHsfahd(eéMHb@l'ﬂninnd' cates
t he i ndex of the synbol hin the codeword. For sinplicity only data

symbol s 30@%5}@@@1 gf@@pmencnéﬁs a thriesymbeli DHY syeHisopasitioncodro (Bl AprHsadiinbol
| abel s A fdl@%sﬂl&% Ak a!‘reod%]&%eﬁ%%é hess ¥ EaTRLS ¥019%1tst bewhigy QU eh, certain

codewor | ayout of eac I s’ det er m ned Its position within
incorporated by reference). The code consists of the codeword (O 1, 2) and its cyclic

shifts. The code has a minimum distance of 3, allowing a single symbol error to be
corrected. For each of the two orthogonal translations, the three translation codes of an
entirc tag form a code with a minimum distance of 9, allowing 4 symbol errors to be

20 corrected. If additional symbols are visible within the field of view then they can be used
for additional 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
symbols at the ends of the codeword (i.e. 0 and 2) are each mapped to a set of 2-6PPM

25 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.

Furthermore, in the first postion-codinig pattern, each 2-6PPM symbol value and

30 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



a synbol group and not by the rotation of the synbol |abel (as described
in, for exanple, the Applicant's US Publication No. 2006/ 146069).3.6.1

Regi st r atworo®yasibsys Each regi stration synbol is encode@Cusiu2g09206BPM
Figure 7 shows the layout of the registration synbol. As shown in Figure 4,
the horizontal and vertical registratien synbols each appear once within a
symbol group 303. The registration symbols of an entire tag typically
ndioate RR YRGGRLGA0ENR" A00VEE o SARSL e T 8L cbig.ka% Biipglng Lo
or t hogonal ranstation” o ' &dnd P%e ricentatt on of the codi ng two

orthogonalsﬁﬂﬁﬁﬁh&Oﬂmﬁbd@ﬁmnEa@hkkbgfskmaﬂkmnh@ynhobennylaMSQManﬂde a

one-bit synbol flag code e.Se t| . Tabl e 2 defines the
e ny 11 BaseBeeny SRR e P Fadidionanicaials ot Pel | on code
and trans| ghindeeds; sy Magtctivalcu®s and aial: &crda. RgbRiMhE @ghsbhatdigiony mbol
values to flag code, direction code and transl ation code synbol mappi ng The

first pé%lPW@ﬁmgﬂﬂ@ﬁ@“%%ﬁ@%Pﬂh?“@%&b%%%ﬁm@%%s the first eight registration

synbol val ues '”HI%QJﬁﬂ%mhm%ﬂaﬁﬂ@ﬁﬁn&ﬁﬂgﬁﬁ&ﬁ&ﬁﬁ%y%%%ﬁ&hg%%b%%%m”ﬁpplng to a
transl ati on code synbol value of O, . her words, if

reglstratlﬁwwgy@bol val ue maps to a translatlon code synbol value of 0, 1

or 2. hen theuARskid 20 G0 NG. RLERLOhS, LASTRILLed as the first

position- co Ing pattern aV|ng gr oups contained in one tag 4A
The additional translation code synbol values (i.e. 3 and 4) shown in Table
2 are rgserved r the second position-coding pattern ("Saffron") descri bed
in Sectﬁgnggez ‘%8“?ﬁﬁ§f§PF ?f% registration synbol value maps to a

transl ation codenesigbahbol abngistsof o irof datataR@ R chitRcPdSbint ONthe oghicay pattern
is identified as tﬂe second B5|t|on codlnq gattern havi ng 4 synbol groups
303 cont ai PIFOEH ECHHFHAPEYMPRIS.28 SROWRAY Tallfe 1 egi stration symbol provi des

a means of di stTidlakSihigistiRué toasthe £RSE hbereQdbN@dRRAbAtBIiRcdchom t he second
position-coding pattern. Subsequent decoding of PPMdata synbols proceeds

i n accor dafeadraff ¢fiihe tag Spiss theiflag sehpl gnerded Breach ragirtatipn elepymbal.decodi ng t he
regi st I‘155t i glgye%{ ? 1&1%%]\7&11‘[1{1? 82%12ﬁua{dra{n%%asﬁﬁﬁﬂgtthg&nﬁﬁ(?éé@rag@ﬁ 5095 Qymb%ﬁ(:h row of

synbol groups and eac
participate in each quadrant, as usually supported by the minimum field of view). Four

symbols form a code with a minimum distance of 4, allowing 1 error to be corrected. If

additional symbols are visible within the field of view then they can be used for additional

redundancy. Any errors detected during decoding of translation and/or direction codes can
20 also be used to flag erasures during decoding of the flag code. Since the flag code encodes

the active area flag, it can meaningfully be interpreted as set even if ambiguous.

3.6.3  Coordinate Data
The tag 4A contains an x-coordinate codeword and a y-coordinate codeword used
25 to encode the x and y coordinates of the tag respectively. The codewords are of a shortened
2%ary (11, 3) or (11, 5) Reed-Solomon code. The tag therefore encodes either 12-bit or 20-
bit coordinates. An (11, 5) code is used if the <region has long coordinates> flag in the
region flags is set (see Table 5). An (11, 3) code is used otherwise.
Fach x coordinate codeword is replicated twice within the tag — in each
30 horizontal half (“north” and “south”), and is constant within the column of tags containing
the tag. Likewise, each y coordinate codeword is replicated twice within the tag — in each
vertical half (“east” and “west”), and is constant within the row of tags containing the tag.

This guarantees that an image of the tag pattern large enough to contain a complete tag is



of synbol groups encodes a three-synbol 3-ary cyclic position code. (The
Applicant's cyclic position codes are described in US 7,082,562, the

cont ent s WO 20dvsh157s herein i ncorporated by reference). PCHARODDOOBASI St S
of the codeword (0O, 1, 2) and its cyclic shifts. The code has a m ni num
di stance of 3, allowing a single synbgg error to be corrected. For each of
the two orthogonal transl ations, the three translation codes of an entire
tag forma codc%\ m nimum di.st anee of 9. nbol grrors to

be correct éléaranl efeWto cd)n ain d ¢ mmII terdr)lst Nnce o eacfl)coor 1 a%ec dteWQI% glﬁg}é?tlve é i f vi ew

I Ona S are VI Si
t hen t hey elkynnbet efstee mﬁage vﬁ(ﬂdhé ta@ rpaﬂterﬁ.éﬁmnMg/ of dither ¢doadisdtatddowordode

synbol in the m'ddlfg ﬁ 3& word (i.e. 1) is mapped to a set of 2-6PPM
symbol val {&%ceH4te ’faém@ﬁ% 18 Fenétag%verse while the two translation code

synbol s at the endsodd bkhRtedada@nWal the(firsteposRioadeding ﬁ@tfeﬂl,%@ﬁa@ JddBiaped to a set
of 2-6PPM synbol values that are the reverses of e 2-6PPM synbol val ues

in the ot h&fmbodstare 1ofepligatad prdyare plassdora B diyiding line hety%l@ 84 tysb2liegiees)

becomes a g t?%.‘_(i‘hl\é ia%@rl%ﬁléﬁasave‘é\@g sBac® sincé BRA HPRd 486 HMMetE RIFREMSaLorl. Thi's
allows translation to be determned independently of rotatl on. Furthernore,

in the firschpospidontecodiwirdgaplaactey-aoordazhcalogprRIvostyinpbin atpd Secad it s
reverse ma‘ﬁe]h%f Q%Rpﬁ'ali %ag 'tl'ir?é: Bl%(?gdoq ng?s ﬁyogp@hré Ml%lt%@egxg’lg & g)Sect P

vertical registration synb an ent Synbols. o

verti cal dBrle):ttheowoccbnhﬁee syhithiods Ibiwd a)nntlmldrvmmgilim dacieg cafw@;h hlrriaonmiwtg 4
synbol rors.to corr e 1on of an
ot re g iR bBamBeEHGrER e LM shel Houer 8 PlRLbEE T s )

m ni mum di sﬁr&B@:mllqiroﬁdes&l{elt@g/\roﬂa@ioﬁ synmbol errors to be corrected. |f

addi ti onal synbols are visible within the field of vi n th can be
used for additioh astéla&ﬁfE%erlAﬁﬁC%ggmlééhoa@tl@&%& %Jﬁi?ﬁ@f ? ing of a

transl ati op-c6aedRate dBdeMoRDis R WHSIR & ;14%”) Mcaf B Okh WSkt Ricogtdiedhit @EhbANx4£0de, and
Vi ce versa. Toget her the orthogonal direction codes allow the orientation

of the tagXfoXpeXteteandixhetic pipped in grentef colemp A& obthe g 4 Whiphativdest ag i s
i dent i f159dt1}%yea§!erﬁ¥1m?%k thgrt&uﬂ?%ﬂ{"‘a{%%@eq{empﬁﬂ Al QR SHIPRbRdiRe s ¥£ro and

whose direction synbols are zero
YS, Y6, Y7, Y8 and Y9 are placed in a central row 312 of the tag 4A, which divides the
northern half of the tag from the southern half.
The central column 310 and central row 312 each have a width g, which
corresponds to a width of 2s, where s is the macrodot spacing.
20
3.6.4 Common Data
The tag 4A contains four codewords A, B, C and D which encode information
common to a set of contiguous tags in a surface region. The A codeword is of a 2* -ary (15,
5) Reed-Solomon code. The B, C and D codewords are of a 2* -ary (15, 7) or (15, 9) Reed-
25 Solomon code. The tag therefore encodes either 112 or 136 bits of information common to
a set of contiguous tags. A (15, 9) code is used for the B, C and D codewords if the <region
has a long region ID> flag in the region flags is set (see Table 6). A (15, 7) code is used
otherwise.
The common codewords are replicated throughout a tagged region. This guarantees
30 that an image of the tag pattern large enough to contain a complete tag is guaranteed to
contain a complete instance of each common codeword, irrespective of the alignment of
the image with the tag pattern. The instance of each common codeword may consist of

fragments from different tags.



3.6.2 Active Area Flag Code The flag synbol consists of one bit of data,
and is encoded in sone of the vertical and horizontal registration synbols,
as shown wo20ali32152. The flag synbol is unique to a tagPamaAuzgosdeer3af ore
coded redundantly in each quadrant of the tag. Since the flag synbol is
encoded in each registration code synbgl, it appears four tines within each
quadrant (assum ng the central registration code synbols participate in

each quadrant, gs wstAldy SHRRALERL BY L Ae NN gl dhRloMl k.  Four
synbols forma coO W Th @ mni mum di stance’ of &, - al'l' ow ng 1°r¥'6r to be
correct ed. thefsaraddydut,ooaded 9§ tdodeselative tv ehlother. wi thin the field of view then
they can be used for additional redundancy. Any errors detected during
decodi ng of translation and/or direction codes can al so be used to flag
erasures dgiisng Opa&fh pgtaof the flag code. Since the flag code encodes the
active area flag, it can neaningfully be interpreted as set even jf

ambi guows. 3. 6. 3lda% eRtieatll coaleRs TRedear B Ahisshdayor may beused Brarefat e

codewor d aQ@e&etM(egg%ﬁthhﬁaéred ERGRMPLH M SRBedd0d ARG QURCL NBest RANEisdus&@or di nat es
of the tag respectively. The codewords are of a shortened 24-ary ( 1 1, 3)

or (11, 5) fuRberinSettonph6.6eubScclipel.D3gespevsrdf.die cedswouis okd 3 ey (132)bi t or
20- bit cog $‘o%1§<§rco (11, 5) code is used if the <region has |ong

roi
coor di nat esggff ag Inthe region flags is set (see Table 5). An (11, 3) code

i s used ot herw sé&he Isanhofxhaapopichl nakeoclogdewen ¢h Figureépl i cated twice within

t he tag}- in each horizontal half ("north" and "south"), and is constant

W thin One colum of tags containing the tag. Likew se, each y coordinate
codeword i 8.6l6epl $adtdceytSignaeurei thin the tag - in each vertical half ("east"
and "west"), and_is constﬂ&t Wi thin the row of ,t,aigs cont ai ni nq t he tag.
Thi's guarant ees THdf2 MOPHEFENBINS PhentrGirorsiak D elisiiel dPareroi P 8 Sdont ai n a

conpl et e t gPcdnBighAL Mk @LH shiPack Q. Mha sicRIMRt RbRiskNS R&R Blanedeibogoor di nat e
codeword, irrespective of the alignment of the inage with the tag pattern.

The i nst antie vmbel Eheip asepicdl- Mhe BE Ewererip pRioray @epish g togt bits afeeists from
differeff {@0Senalute poul d be noted that, in the first position-coding
pattern, sorfe coordi nate synbols are not replicated and are placed on the
di vi di ng |i ne betlwesgnatuneistreplichiad Yaeughput a tagged region. This guarantees that an

image of the tag pattern large enough to contain a complete tag is guaranteed to contain a
complete instance of the signature, irrespective of the alignment of the image with the tag
pattern. The instance of the signature may consist of fragments from different tags.

20 The signature, if present, is encoded in the E codeword described in Section
3.6.5.

Digital signatures are discussed further in Section 3.9.4.

3.6.7 Complete Tag
25 Figure 12 shows the layout of the data of a complete tag, with each symbol group
comprising ten data symbols. The vertical and horizontal registration symbols are not

shown in Figure 12.

3.7 Reed-Solomon Encoding
30 3.71  Reed-Solomon Codes
All data is encoded using a Reed-Solomon code defined over GF(2"). The code has
a natural length » of 15. The dimension & 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



the tag. This arrangenent saves tag space since there are not two conplete
replications of each x-coordi nate codeword and each y-coordi nate codeword
cont ai nedwpreos/w3ay7 Si nce the field of view is at | east PCliAdR0090010380t
units larger than the tag (as discussed in Section 3.10), the coordinate
synbol s placed on the dividing line (hgving a width 2 nmacrodot units) are

still captured when the surface is inmaged. Hence, each interaction with the
coded surfae%gecﬁtl |1 provides the tag location. The |ayout of the

x- coor di nat e coa%’(/\ord is showmn in Figure 8. The |layout of the y-coordinate
codeword i s shomir obdibﬁa}gw’lﬁn&uredlTby@@dibvb%}ﬁgleaﬁdérhafund@-ncpgfmﬂ)blﬂabe synbol s X4,
X5, X6, X7, X8 a 9X‘§}ar L? ﬁ cl entral col um lﬁ}e the tag 4A,

whi ch di vi 8'%%“‘?‘}?8 Y ré?‘i‘fe pgth gp ﬁeﬂ%@e HEP FPEPREPRYt B FOfP®Y  Li kewi se,
the y-coor dikfiad @D PySeplabing Hash-offer d¥td syntlhlawieh 2fosato@bflnacde with a centr al
row 312 of the tag 4A, which divides the northern hal f of the tag fromthe
sout her 1P hﬁdﬂcedm@h@éﬁfqdmedééqaamcm@Oﬁrpan%@mgraaﬂ shoggning endgetrdidve a wi dth
g, which CQEtE{ﬁ%QQJBi%tH Sar@ult HrhnQfrs Bor MR i€ prdfetrdd, m@re%%f‘t@éjgirncegtﬂﬁc' ng.
3.6.4 Common Data The tag 4A contains four codewords A, C and D which
encode i nf avawstthoreed tompwpre decadiset of conti guous tags in a surface region.
The A codeword | onon code. The B, C and D
codewords are o#ﬁcggﬁ %%fdﬁ)%ng(%&m@p(oﬁégg §PF{eed Sol onon code. The tag

t heref ore encodes either 112 or 136 bits of information common to a set of
contig s tags. A (15 che Jr used for the B, C and D codewords if the
<regi on has a | ong regl Z in the region flags is set (see Table
6). A (15, 7) code is used ot hervvl se. The common codewords are replicated

t hroughout a ta e Thi s uarant ees that an image of the tag
pattern | arge eﬂlﬁ ?Fliag Eﬁl foxying g ‘Er'ﬁ‘)’ﬁbﬂ’%)f“é?mt‘% is guaranteed to contain a
conpl ete instance of each common codeword, irrespective of the alignnment of
the image with the tag pattern. The i nstance of each common codewor d may
consi st of fragnments from di ﬁfkererbt tags. The | ayout of the commobn codewords

is showP in Figure 10. T%(é)ch{]éWcﬂds have
1

For a detailed description of Reed-Solomon codes, refer to Wicker, S.B. and V.K.
Bhargava, eds., Reed-Solomon Codes and Their Applications, IEEE Press, 1994,
20
3.7.2  Codeword Organization
As shown in Figure 13, redundancy coordinates r; and data coordinates d; of the
code are indexed from left to right according to the power of their corresponding
polynomial terms. The symbols X; of a complete codeword are indexed from right to left to
25 match the bit order of the data. The bit order within each symbol is the same as the overall

bit order.

3.7.3 Code Instances

Table 3 defines the parameters of the different codes used in the tag.
30

Table 3. Codeword instances



the sane |

These are di scussed further

ayout ,

rotated 90 degree relative to each other.
Data The tag optionally contains a codeword E. This codeword may be used to
encode a wWoon®H03ksy signature or a fragnent of an enbedaet/Adav@/obj3act .

3.6.5 Optional

in Sections 3.6.6 and Section 3.9.3
respectively. The codeword is of a 244gary (15, 9) Reed- Sol onon code.
| ayout of the optional

The

codemord is shown in Figure 11. 3.6. 6 Secret Key

Si gnaturerTheta uleuua gntaipsTap_entire secret=key digital
si gnature|c n {%{ %?ﬁﬂbts‘?%@%mrn a YiPfacelr dﬁ The
si gnat ure|consi st s of sr xt een 24 )y synbohs (i . ecorytiiol E&.@abﬁyaal o)
used). The tag therefore optionally encodes up|to 64 blts of secretkey
signature|data. The signature ils replilcated thiou§HAStY a §agd®tregi on.
Thi's guarantees tlhat an inmage gf the tlag patternn {s@nggisenough to contain a
conplete tag is dquaranteed to gontainla conplete instancelof the silgnature,
i rrespect i veXof tlieordinfignent of the |nage3mrth the‘%ag pdtteﬂﬁ The
instance of the gignalifgaay gonsist [of agments—fyomdirffer 6[1[ ttags. The
signature,| if preC P nge coded in the codewor d described 1Tn Section
3.6.5. Digital srghanmﬂdebare di scussed further in Section 3. 9 4. 3.6.7
Conpl et e Fag—Ftot 12 shows—thHetayout UI thetdataof—=a \,U|||J| te—tag, wth
each synbol ouq E%ﬁ%?@%?ng tgn dgta synbols The verti cal %g hor|i zont al
regi stration symjebswai®& not shown in|Figure 12. 3.7 Reed{Sol onon Encodi ng
3.7.1 Reed-Selomgn—Codes— Al data s encodedusing—aReedSeloppn—-<code
defined o e?”%ﬁ%24ﬂwrﬁmﬁeﬁbode had’a nat url Iength:% of 15. Fhe dinension
k of the code is |gh@aseRist 0 bal gnce the error 3 36
(see Section 3.6.4)
E optional codeword 15 9 3 36
(see Section 3.6.5)
a. shortened
3.74  Cyclic Redundancy Check
The region ID is protected by a 16-bit cyclic redundancy check (CRC). This
5 provides an added layer of error detection after Reed-Solomon error correction, in case a

10

15

20

codeword containing a part of the region ID is mis-corrected.

The CRC has the following generator polynomial:

glx) =x'°

12+x5+1

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

treated as the most significant coefficient of the data polynomial.

3.8

Tag Coordinate Space

The tag coordinate space has two orthogonal axes labelled x and y respectively.

When the positive x axis points to the right then the positive y axis points down.

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

on a 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



correcting capacity and data capacity of the code, which are (n - K)lIl and
k synbol srespectively. The code may be punctured, by renoving hi gh-order
redundancwo9mnslisy to obtain a code with reduced | engt rCad20@doosd error
correcting capacity. The code may al so be shortened, by replacing

hi gh-order data synbols with zeros, tgobtain a code with reduced | ength
and reduced data capacity. Both puncturing and shortening can be used to
obtain a code width parti.cul.ar pa ters., Shortening j.s preferred, where
possi bl o, Bie i SR pretuitn, 480 RS Tl oo e € Ml Y AR has the

fol | ow ng pubsejutitlyearoley rogvnjuattionpithhesudeer x + | The code has the

fol |l om ng generat or pol ynom nal : n-k X). = + D) .i=l_Faor etailed
description of RESHYSHE 5B m%%d@@%”ﬁ&%é?g?dm8?§§@gﬁméf%qegﬁgt%sRFeBhargava,
eds., Reedcéal QM t§PRR SardMArhEREikn AaRhitiedhi @8 Batterd iEhfrdfbre 8%, codtRO&F. 3. 7. 2
Codeword Organi zation As shown in Figure 13, redundancy coordinates rt and

dat a coé?dﬂﬁéﬂb@ﬁHFg%Pf$%@ggﬁﬂﬁwﬁ$§CWﬁ@@X%HmﬂpdﬁlIeft to right according to
the power of thﬁlersuff&rercgﬁﬁ’gﬂg}pﬂ&laﬁ?hi}éﬂ%@deﬁlon% i%‘s][r{sﬁnnan@sitﬁwm%% im0l a

conpl ete codeword are indexed fromright to left to match the bit order of
t he data. THé&chpy appoerntwetvidnireadie syabdP. This ehares gine thesutdlistionwéral | bi t

order. 3.7 . fi ] t . di fferent
codes usedp%%%? ed%§§5ﬁﬂﬁﬁﬁglg?k§%§g@§F%ﬂﬁﬁg@gﬁ%ﬁiéﬁﬁghﬁﬁfgﬁéﬁ%ggv_4 Cyclic
Redundancy oUheclrfiFheodiagisorgdtDe, lengr it dsblecknipyt of thé+dgidn deyawibedby ddundancy

%Qggi(sgmlﬁf%?h :,%Fh%% gl:s/ :, go%{s[ivgzre?aggee gg's@{ :srur acfe %gc{lr?g %t %tgﬁi%ge agtl ﬁlre

displacement is the region ID modulo the width of the tag in 1600dpi dots (i.c. 240). To
accommodate non-1600dpi printers the actual magnitude of the displacement may vary

from its nominal value by up to half the dot pitch of the printer.

15 3.9 Tag Information Content
3.9.1  Field Definitions
Table 4 defines the information fields embedded in the first position-coding

pattern.

20 Table 4. Field Definitions

field width description
(bits)

unique to tag

active area flag 1 A flag indicating whether the area® immediately

surrounding a tag intersects an active arca.

x coordinate 12 or | The unsigned x coordinate of the tagb.
20

y coordinate 12 or | The unsigned y coordinate of the tag”.
20

common to tagged

region

encoding format 2 The format of the encoding.

0: the present encoding. Other values are reserved




codeword containing a part of the region IDis ms-corrected. The CRC has
the foll owi ng generator polynomal: g(x) x16 + x12 + x5 + | The CRC is
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3.9 Tag Intormation nes the

i nf or mata oB.6hine(beked enrthe ddsichummadchelof dizesi 1 pibmictdne ardciddthargpdots per tag)

An active area is an area within which any captured input should be immediately
forwarded to the corresponding Netpage server 10 for interpretation. This also allows the
Netpage server 10 to signal to the user that the input has had an immediate effect. Since the

10

server has access to precise region definitions, any active area indication in the surface

coding can be imprecise so long as it is inclusive.

Table 5. Region flags

bit meaning

0 Region is interactive, i.e. x and y-coordinates are present.

1 Region is active, i.e. the entire region is an active area. Otherwise active areas are

identified by individual tags’ active arca flags.

2 | Region ID is not serialized®.

3 Region has secret-key signature (see Section 3.9.4)

4 Region has embedded data.

5 Embedded data is a public-key signature (see Sections 3.9.3 and 3.9.4).

6 | Region has long coordinates”.

7 Region has a long region ID°.




pattern. Table 4. Field Definitionsa. the dianeter of the area, centered on
the tag, is nomnally 2.5 tinmes the diagonal size of the tag; this is to
accomodawe 20tm3nsr st - case di st ance between the nib posPCravu2esvdotdse i maged
tag b. allows a coordinate value ranges of 14.8m and 3. 8km for the mninmm
tag size of 3.6mm (based on the m ni mgm macrodot size of 120 mi crons and 30
macr odot s per tag) An actlve ar ea |s an area W thin V\/m ch any captured
|nput shoyt-dbesitme forwarded—to—the—corr capuuw fng—Netpageserver
10 for int ergpretRS%lo%Hle‘f‘HFgcal so allows the Netpage server 10 to signal to
the user that tRegibnpuisphas doadiagtoregiedipat e ef fect. Since the server has
access to pr er\! se rng| on rlnf| n| t | ons; nn\]/ act | Ve area | nr|| cat | on | n the
surface codi ng can be inprecise so Iong as it is inclusive. Table 5. Region
fllags bit geaningaprke a@imbas il GF @&Jarﬁ{ﬁlbef is Bopla¥e@yd, MydaPRhHcNas es are
present. 1 Region is active, i.e. the entire region is an active area.

O her wi se alkaw Khépalkweagleasﬁ%ﬁdwliwfb@cttﬁdﬁlvlod@ralmet(é@éjs active area

flags. R S t-key signature (see
Section 3 go@%lg%g %%9 aezﬁenbegg%ﬁécflﬁn&q%&%n%%éﬁ dﬁq“ é@ta is a publi c-key
si gnat urde bsee I&metheﬁ(sanﬂ.YgR@da&own&ngodb)NorﬁhR@lcﬂsrd'dasdahqng coordi nates' . 7
Re on has a lo -85 R n.is displaced
accordi ng to rgjqncg?i%?%‘g’]’ad. aqé(]))rBR%f’ﬁ'%&&lotnﬁl (zewr?edanavetlﬁsa %f (gngyerl al nunber is

repl aced by a | ayout nunber, to allow the package design associated with a
product to_vary over, tinpe @ ee US 2007/0108285, the contents of which is
her ei n i ncdrpor a¥@arigg of Bields tCedewopds Loce the X and Y Reed- Sol onon

codewor ds have T8%&Ss, 'Tﬁﬁé”ﬂd@l"%le&%deﬁne how the information fields map to codewords

10 in the first position-coding pattern.

Table 6. Mapping of fields to coordinate codewords X and Y

codeword field XandY field width | field bits | codeword
codeword bits
data capacity
X x coordinate 12 all all
20
Y y coordinate 12 all all
20

Table 7. Mapping of fields to common codewords A, B, C and D

codeword field A, B,C and | field width | field bits | codeword
D codeword bits
data capacity
A encoding format any 2 all 1:0
region flags 10 all 11:2
macrodot size ID 4 all 15:12
region ID 28 4 71:68 19:16
36 95:92
B CRC any 16 all 15:0




c. Hence,

width field bits codemnrd data blts capaC|ty dat a fragnent 36 al

the B, C and D Reed- Sol onon codewords have | ess redundancy. 3.9.2
Mappi ng of Fields to Codewrds Table 6, Table 7 and Table 8 define how the
i nf or mat iwo 2biogi3ds7map to codewords in the first positi eaTaadioesyopsst er n.
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a

all

all

a.

Entire codeword (including 16™ symbol) is used for data i.e. there is no redundancy

As shown in Table 8, codeword E either contains a data fragment or a secret-key

signature. These are described in Section 3.9.3 and Section 3.9.4 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

tag does not already contain a secret-key signature.

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

codeword is not coded in the tag pattern, i.e. there are no macrodots representing the

codeword. This applies to the X, Y and E codewords i.e. the X and Y codewords are

present if the <region is interactive> flag in the region flags is set. The E codeword is

present if a secret-key signature or data fragment is present.

393

Embedded Data Object

If the <region has embedded data> flag in the region flags is set then the surface

coding contains embedded data. The embedded data is encoded in multiple contiguous

tags’ data fragments, and is replicated in the surface coding as many times as it will fit.



surface codi ng containing the enbedded data can be sufficient to retrieve
the entire data. The scanning systemreassenbles the data fromretrieved

f ragnment swoant/meserts to the user when sufficient fragmremalzbenooiizeen
retrieved without error. As shown in Table 9, each block has a data
capacity of 176-bits. The bl ock data i3y encoded in the data fragnents of a
conti guous group of Six tags arranged in a 3x2 rectangle The bl ock
paranmeters are in Tab 9, The E.c h t ag,.my encode
a fragnment of tf? &%gqgaﬁg?coe&éb?mhé“mﬁpggﬁrmb?%ﬁ% f?m()ﬂwE
codeword Ofsurﬁlc@addmg()dd)harmﬂgage dlﬁeaidétbcﬁata:cuﬂttﬂlsnffmeﬁf tagataa\te tbé eiithe daabedded
data, then_the pen 400 can di er this | icitly by the failure of the
Codevor d t SIEbaE SoPmAgmELR i e e emale AL ATBAC IS Dot & of
arbitrary SJihérEsuﬁﬁXenbﬁa?Mﬁ%dﬁ%Be@ﬁfétriév&drl\‘)ﬂ{dﬂ{é}fo‘ﬁ consisting of a Contl guous
set of bl ocks, typical arranagd in a rectangle. The size of

th
super bl otk may %Sh@w&éwﬁ@lq% cagicogk hge k datﬁrﬁ@agltypérlﬁﬁé& Thgbw@lpﬂtht ed in
the surface,oadi ngthésdafﬁaﬂygnﬁénﬁf‘éf @%oﬁﬂ: uds! frofid bf sixnabudi-RgePR hinbhl y al ong
t he edges of the surface coding. The é%ta encoded i n the superblock may
i ncl ude, fectagglanpl e, nore precise type information, nore precise size
information, a i e t data
0 TR on | 30T SAHIR e CRARE) ASKERY O IR POFLEETLO0,
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flag |nv§he region flags is set, then the region has a secret-key digital
signature. In an online enV|ronnent the secret-key signature can be

verified, mableOnBueIChirameitkd h the region 1D, by querying a server with
knO\M edge Ofthn cacrat Izn\l el nnafllrn or fhn hnrrncnnnrh nn cacrat key | f
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the region cqntBATAReERhddddaldata and the <erdfs&iiNdata is a public -key

si gnature> fl@ag in,tThe regiof TTagnk Ri®Ebs thd Bk, IntegsSUT T ace codipg contains
an enbedded ’

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
15 decode, or explicitly from the tag’s active arca flag.

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,

20 including partially along the edges of the surface coding.

The data encoded in the superblock may include, for example, more precise type

information, more precise size information, and more extensive error detection and/or

correction data.

25 394  Digital Signatures
As described in Section 3.6.6, a region may contain a digital signature.
If the <region has a secret-key signature> flag in the region flags is set, then the
region has a secret-key digital signature. In an online environment the secret-key signature

can be verified, in conjunction with the region ID, by querying a server with knowledge of



public -key digital signature of the region ID. In an online environment
any nunber of signature fragnents can be used, in conjunction with the
regi on | Dvardioaprisonal |y the secret-key signature, to vaCirdareosdeeospublic
-key signature by querying a server with know edge of the full public -key
signature or the corresponding privatgzkey. In an offline (or online)
environnent the entire public -key signature can be recovered by reading

multiplet )s?écr% d can thenthbe verified uﬂ(n t he correspondi ng public

si gnature he” AetUAT e%cgﬁnﬁSpaOH n%f/eﬁree o' the signature are determ ned

from the regi onif tho reliisn dogtaiis ginbdddededavednid dtaetdemded de datd i pipablid-eyf rom a

previ ous Ig. -retrhev.e diﬁ@lt | .si gn\?t u]{le %.ssoci.at ed with a scﬁgéjence of
regi on | Ds 'SBYFT 48 lgi%ﬁﬁ O e R Rahg BRSO S EPAR ROt Appl i cant ' s
US Publ i cabii-p dicgfQithR1QB285 regidd@Dcont ent s of which are herein

i ncorporated by reference. 3.10 Tag | magi.ng The m ni mum i macgi_ ng field of
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and translation of the surface coding’in the fiel'd of view. Notably, the
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of an entir - Jahgenment of the data symbols within each tag
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two tag di agRi@E sssodidleSRM & @Ghendd btheRbd @s. art tag designs, because it is
not essential to capture an entire tag 4Ain the field of view. The extra

three nacrodot igitdlsizasfuigverifiqatien ip disewssqd ds the iAppligepirul aPedictsnd®s can be
15 2007/0108285, the contents of which are herein incorporated by reference.

3.10 Tag Imaging

The minimum imaging field of view required to guarantee acquisition of data from

an entire tag 4A has a diameter of 46.7s (i.e. (3 x 10) + 3)\2s), allowing for arbitrary
20 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 (/ + 35) captures the requisite information in full, irrespective of whether a whole

tag is actually visible in the field-of-view. As used herein, / is defined as the length of a
25 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
(I+3s)V2 and less than two tag diameters. Importantly, the field-of-view is not required to
be at least two tag diameters, in contrast with prior art tag designs, because it is not

30 essential to capture an entire tag 4A in the field of view.

The extra three macrodot units ensure that pulse-position modulated values can be

decoded from spatially coherent samples. Furthermore, the extra three macrodot units

ensure that all requisite data symbols 304A can be read with each interaction. These



decoded fromspatially coherent sanples. Furthernore, the extra three

macr odot units ensure that all requisite data synbols 304A can be read with
each i nt ewacbiocn37isThesei ncl ude t he coordi nate synbol s f PomiAd20@0tE&B col unm
or row of a tag (see Section 3.6.3) having a width of 2s. In the present
context, a "tag dianeter"” is given tozgean the length of a tag di agonal .

G ven a maxi mum nmacrodot spacing of 127 microns, this gives a required
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posi tion-codingspatiern will now be described in detail below 4.2 General
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of the second position-coding pattern is represented by two kinds of
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values (3, 4) specifically identifying the second position-coding pattern, as described
15 earlier in Section 3.6.1. The complete second position-coding pattern will now be

described in detail below.

4.2  General Tag Structure
In common with the first position-coding pattern, each tag 4B of the second
20 position-coding pattern is represented by two kinds of elements. Referring to Figures 14
and 15, the first kind of element is a target element. Target elements in the form of target
dots 301 allow the tag 4B to be located in an image of a coded surface, and allow the
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
25 values.

Figure 14 shows the structure of a complete tag 4B from the second position-
coding pattern, with target elements 301 shown. The tag 4B is square and contains nine
target elements. Those target elements 301 located at the edges and corners of the tag
(eight in total) are shared by adjacent tags and define the perimeter of the tag 4B.

30 The tag 4B consists of a square array of four symbol groups 303. Symbol groups
303 are demarcated 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.



(eight in total) are shared by adjacent tags and define the perineter of
the tag 4B. The tag 4B consists of a square array of four synbol groups
303. SyntwbD 2groo3ps7303 are denmarcated by the target el ememial28@00833t hat
each synbol group is contained within a square defined by four target

el ements. Adjacent synbol groups 303 ape conti guous and share targets. Since
the target elenents 301 are all identical, they do not demarcate one tag
fromits adjac \fevve el enents, only
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hori zont al of dg subsantiadly theyimeef the gRS' ) . These al | ow the ori ent ation and/ or

translation of the tag 4B in the field of viewto be determ ned. Each data

synbol 304B is a multi-pul se position nodul ated (PPM data synbol.

Typ| cal Iy, 48ach Bhbd&rensynbol 304B encodes 5-bits using 2-9PPM encodi ng
crodot LN _an posi t.i,ons p 3 P4, Ps. 7, Ps}-

F| gure shows W(QWP d%‘fre?%re l@lgﬁ}\‘?l{sg@ﬁcg géci}lgr%%) BRI BRAHIMR bl gr oup

al so cont akyisbols B4BRRAM ¥ dyindal bengPhas bf @tddoRordylaaditi¢nyBh spnisbl groap 6 PPM

hori zontal _registration gl}/rrbolwéHRSt%? as des ribed in Se &/I ong and 3. 6.

pakre & andg

1 above. TaBi @mPHSESPp gt T3 G r@ﬁiﬁiﬁﬂt@wﬂﬁr dat a
synbol val Ygszonthvdsieehtisy Sstol yﬁkgqmﬁgmalm tﬁd’&ﬁ:hﬁﬁorﬂﬁldﬂ%‘fﬁ%faﬁ% offabl e 10.

2- 9PPM synbol to data_ symbol val ue mapping4.4 Targets and Macrodots
the tag 4B in the field of view to be determined.
15 Each data symbol 304B is a multi-pulse position modulated (PPM) data symbol.
Typically, each PPM data symbol 304B encodes 5-bits using 2-9PPM encoding. i.e. 2
macrodots in any of 9 positions {py, p1, P2, P3, P> P5. P6» P7, P8}
Figure 16 shows the layout for a 2-9PPM data symbol 304B.
Each symbol group also contains a 2-6PPM vertical registration symbol (VRS) and
20 a?2-6PPM horizontal registration symbol (HRS), as described in Sections 3.3 and 3.6.1
above.

Table 10 defines the mapping from 2-6PPM symbol values to data symbol values.

Unused symbol values can be treated as erasures.

25 Table 10. 2-9PPM symbol 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) (s-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
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Macrodots

The spacing of macrodots 302 in both dimensions, as shown in Figure 6, is

specified by the parameter s. In the second position-coding pattern, it has a nominal value

of 159um, based on 10 dots printed at a pitch of 1600 dots per inch.

A macrodot 302 is nominally square with a nominal size of (5/10)s. 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 (15/10)s. However, it

is allowed to vary in size by +10% according to the capabilities of the device used to

produce the pattern.

Each symbol group 303 has a width of 10s. Therefore, cach tag 4B has a width of

20s and a length of 20s. However, it should be noted from Figure 15 that the tag 4B is

configured so that some data symbols 304 extend beyond the perimeter edge of the tag 4B

by one macrodot unit (1s), and interlock with complementary data symbols from adjacent

tags. This arrangement provides a tessellated pattern of data symbols 304A within the

target grid. From a data acquisition standpoint, tessellation of data symbols in this way

increases the effective length of each tag 4B by one macrodot unit.

The macrodot spacing, and therefore the overall scale of the tag pattern, is allowed



opposed to partial synbols at opposite sides of the field of view), since
this allows raw sanple values to be conpared wi thout first being
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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.
20
4.6 Encoded Codes and Codewords
In this section (Section 4.6), each symbol in Figures 17 to 20 is shown with a
unique label. The label consists of an alphabetic prefix which identifies which codeword
the symbol is part of, and a numeric suffix which indicates the index of the symbol within
25 the codeword. For simplicity only data symbols 304B are shown in Figures 17 to 20, not
registration symbols.
Although some symbol labels are shown rotated to indicate the symmetry of the
layout of certain codewords, the layout of each symbol is determined by its position within
a symbol group and not by the rotation of the symbol label (as described in, for example,

30 the Applicant’s US Publication No. 2006/146069).

4.6.1 Registration Symbols

Each registration symbol of the second position-coding pattern is encoded using 2-



In the first position-coding pattern, each row of synmbol groups and each
col um of synbol groups encodes a two-synbol 2-ary cyclic position code.
(The Applwoanto/s75§cl i c position codes are described i nPOVATU20820882, t he
contents of which is herein incorporated by reference). The code consists
of the codeword (3, 4) and its cyclicgughifts. For each of the two

or t hogonal translations t he tmn transl ation codes of an entire tag forma
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woul d all e second
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

symbol values that are the reverses of the 2-6PPM symbol values in the other set. Thus a 3
20 read upside-down (i.e. rotated 180 degrees) becomes a 4, and vice versa. This allows
translation to be determined independently of rotation.

Furthermore, in the first position-codinig pattern, 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 4 symbols of a vertical direction code. This

25 has a minimum distance of 4, allowing 1 symbol error to be corrected. The horizontal
registration symbols of an entire tag encode 4 symbols of a horizontal direction code. This
has 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. Any erasures detected during decoding of a translation code can also be used

30  during decoding of a direction code, and vice versa. Together the orthogonal direction
codes allow the orientation of the tag to be determined.

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

translation



position-coding pattern to contain flag codes, if desired. In this case, 12
regi stration synbol values (3 x 2 x 2) would be used for the first

posi ti on-wodnrg3pestt ern and 8 registrati on synbol s val ueCftAuo®/001@3 woul d
be used for the second position-coding pattern. 4.6.2 Coordi nate Data The
tag 4B contains an x-coordi nate codewggd and a y-coordi nate codeword used
to encode the x and y coordinates of the tag respectively. The codewords

are of a shartene D-ary ( 2). Reed- Sol.ommn &ode. The tag therefore
§ are botlhi zeto dnd'w ¢ iregtion syim ol§ are both z

S mtio 0. . . .
encodes 102011 coordi nat es. % Coordi Rate’cddenord i s constant within
t he col um of tAgsuglontsabwi M ablee, thagd-6PPMkeyiitmeon gatbl Joeco@ndiwméige codeword

is constant within the row of tags containjng the tag. |t oul d be noted
Lhas O e et B s B peYisR e R Ry Pl b et A% 1 A 5BB0C : hate combol s
are repli cadReatidn$hBaGhapping 000K SlaBRIGMBY WRIRbSv @l EalRWaEERcona ei t her one
colum or one row of the tag. This arrangenent saves tag.space since it

obvi at e t ReSitBafling AEisE 1P GPntaiR g tudgs ifuletitset 1aitHs ¢aie 18 &ikaed repl i cati ons

of each x-copsiiNake; £0dewebtld B0t-8aG MG IRLiHNaldtheGaReNRik Since the
field of viewis at |east four macrodot units larger than the length of the

tag, the cowstthratsembyinirdues pl2achavaulil by uesl fomthe gacondawsitipmeodiiivi ng a wi dt h
of three ”ﬁ&t{eﬂfOt units are still captured when the surface is inaged.
Hence, each i1 nteraction with the coded surface still provides the tag

| ocation. The instance of either coordinate codeword nay consi st of

fragne framdiffere tags. Figure 17 shows the |ayout of an
x-coorgf@a#ggco(g‘b%?late%amrhe outline of the codeword X is shown in bold. It

shoul d be not edrichat 4B dvata@idtah k oddBM0 telichatdeant @gevbrlthaicsodNoariadd by dat a
synbols XO, X, X2 and X3 contaipned in a single colu 313 _of width v.

Li kewi se, aosengwﬁﬁlf ’iar?%l’—"icﬁﬁﬁd}é‘atf%?ﬂﬁ%‘ég éqﬁleqcr%ebﬂgwdaww t @eobHdwErdi s
encoded by >Uat a1, oY RRALSHI0%@n c¥lle. TNZta@Rdre¥Re 6ROIAI108M chdtdatsd. N9l € row 315 of

wi dth v. The columm of x-coordinate synbols and the row of y-coordinate
symbol s each  Eachxcoordinate codeword is constant within the column of tags containing the
15 tag. Likewise, each y coordinate codeword is constant within the row of tags containing
the tag.

It should be noted that, in the second position-coding pattern, none of the
coordinate symbols are replicated. Instead, all coordinate symbols are placed in either one
column or one row of the tag. This arrangement saves tag space since it obviates the

20 requirement for each tag to contain two complete replications of each x-coordinate
codeword and each y-coordinate codeword. Since the field of view is at least four
macrodot units larger than the length of the tag, the coordinate symbols placed in a column
or row line having a width of three macrodot units are still captured when the surface is
imaged. Hence, each interaction with the coded surface still provides the tag location. The

25 instance of either coordinate
codeword may consist of fragments from different tags.

Figure 17 shows the layout of an x-coordinate codeword X. The outline of the
codeword X is shown in bold. It should be noted that the entire x-coordinate codeword is
encoded by data symbols X0, X1, X2 and X3 contained in a single column 313 of width v.

30 Likewise, as shown in Figure 18, the entire y-coordinate codeword is encoded by data
symbols YO, Y1, Y2 and Y3 contained in a single row 315 of width v.

The column of x-coordinate symbols and the row of y-coordinate symbols each

have a width v, which corresponds to a width of 3s, where s is the macrodot spacing.



have a width v, which corresponds to a wwdth of 3s, where s is the macrodot
spaci ng. Provi ded that an inmaged portion of the second position-coding
pattern cwotaims7eg7square of length (/ + v), where / isPChaU2emwg0in3df the
tag, then the inmaged portion is guaranteed to contain the x-coordinate
codeword and the y-coordinate codewrds 4.6.3 Common Data The tag 4B

cont ai ns one codeword A which encodes information common to a set of

cont i guous pf 3854 [l A il 36 Gioh SBO Lecol N1 Ao £ BURNOLLh 30 lin, Gfi0L LENE
25-ary (24, 1 Eel-"SoF 0ron “¢ades “hE ag 1B refore encodes 80 bits of
i nf or mat i ofengtriiro), Whera/ iS @ic 1@igthcd el tay) digs tHeag sged phigios Grgmmanteg@dewor d i s

replicated throyghout a taggedH{ e%i on. Thj.s guar anaees that an i mage of the
tag patter 18 §& XERGACCBIRGHT A theay -0t @IeYdi s guaranteed to contain
a conplete instance of the common codeword, irrespective of the alignnent

of the image with the tag pattern. The instance of the commbn codeword may
consi st of #03agneMnmopDefa di fferent tags. The |ayout of the common codeword

i s shown in Fi gﬂfe@a%é% cohtafhs SnCONBYGUR RS SOk SrfthaBRPNBnkdigo h @Out of the
data of a conplete tag 4B, with each synbol group conprising eight data

symbol s. Thécoptguonetabs iandurfese regimt Bie 4 eiespidas ofarheyarsd? saraf2d. ot shown in
F gure 20 s sl 3L aMPR, BRGRALE dheoledsRgedr SRLATRA ORARS /&y dat @ of

t he second position-coding ern 1s enco using a onon code
defi ned ovefco@hg@bytags. The code has a natural |ength n of 31. The di nension

k of t code i.s chosen tp bal.anc error. correcting.capacity and data
Sannoi 11 of e nelesagmol sty Od repfeated By idhdi s ReES Rhn o eBRRMER oy, “Ghe
code nmay benapanitagy &die thypdiefais ghodgiglo-contaian co@pluid dRNcyuasdibotos, to obtain

a code with reduced |length a reduced error. correcting capacity. The code
may al so bECEHBR FUPRiciS! S?n“reé)gﬁ‘ﬁéf“ﬁﬁlow‘&ﬁw iigesnicit ' Oégb%ﬁmnglew Hhhczeros, to

obtain a cag@eWithhe tag pattern. The instance of the common codeword may consist of
fragments from different tags.

15 The layout of the common codeword is shown in Figure 19.

4.6.3 Complete Tag
Figure 20 shows the layout of the data of a complete tag 4B, with each symbol
group comprising eight data symbols. The vertical and horizontal registration symbols are

20 not shown in Figure 20.

4.7 Reed-Solomon Encoding
4.71  Reed-Solomon Codes
All data of the second position-coding pattern is encoded using a Reed-Solomon
25  code defined over GF(2°). The code has a natural length # of 31. 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
30 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.



reduced |l ength and reduced data capacity. Both puncturing and shortening
can be used to obtain a code with particular paraneters. Shortening is

pr ef er r edyowhymes7y50ssi bl e, since this avoids the need f@CTAR280/001033
decodi ng. The code has the followng primtive polynomnal: PCx) = x5 + x2 +
| The code has the foll ow ng generatonspolynomnal: n-k g(x) = p (c + D

i =l For a detailed description of Reed- Sol onon codes, refer to Wcker, S. B.

and V. K. Bhar gaya, S n des and Their Applications , |EEE
Press, 1994. 4. efo%%lsﬂwﬁﬁﬁfyn ]“n %yqﬁgmaﬂown in Figure 21, redundancy

coordinates rt and data coordlnates d, of the code are indexed fromleft to
ri ght according to the po 5ofzt eir correspondi ng polynom al terns. The
synbols X lof a conpleteﬁgﬁdémnﬁd' re indexed fromright to left to nmatch
the bit order of the data The bit order within each synbol is the sane as
the overall bit order. 3 Code Instances Table 11 defines the paraneters
of the differeﬁ¥6666395ﬁ@é@kWﬂmi%@m?@bmianmﬁble 11. Codeword instancesa.
shortened 4.7.4 Cyclic Redundancy Check The region IDis protected by a
16-bit cyclic redundancy check (CRC). This provides an added | ayer of error
detection after Reed-Sol onon#érror correction, in case a codeword
containing a part of thegweglldn+HD)is mis-corrected. The CRC has the
follow ng generator polynom &l g(. ) = JC16 + JC12 + 5 - The CRCis
initialjsed to Ox<FFFF. The nost significant bit of the region IDis treated
as the nost significant coefficient of the data pol ynom al .

For a detailed description of Reed-Solomon codes, refer to Wicker, S.B. and V.K.

Bhargava, eds., Reed-Solomon Codes and Their Applications, IEEE Press, 1994,

4.7.2  Codeword Organization

15 As shown in Figure 21, redundancy coordinates r; and data coordinates d; of the
code are indexed from left to right according to the power of their corresponding
polynomial terms. The symbols X; of a complete codeword are indexed from right to left to
match the bit order of the data. The bit order within each symbol is the same as the overall
bit order.

20
473  Code Instances

Table 11 defines the parameters of the different codes used in the tag 4B.

Table 11. Codeword instances



4.8 Tag Coordi nate Space The tags 4B of the second position-coding pattern
use a coordinate space corresponding to the first position-coding pattern

havi ng t wsoantonsgenal
di scussi on,

see Section 3.8 above.

axes | abelled x and y respecti vel yCTRaRo@/bu3s her
4.9 Tag Information Content 4.9.1 Field
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4.74

Cyclic Redundancy Check

The region ID is protected by a 16-bit cyclic redundancy check (CRC). This

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.

The CRC has the following generator polynomial:

g)=x+x"+x+1

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

treated as the most significant coefficient of the data polynomial.

4.8

Tag Coordinate Space

The tags 4B of the second position-coding pattern use a coordinate space

corresponding to the first position-coding pattern having two orthogonal axes labelled x

and y respectively. For a further discussion, see Section 3.8 above.

4.9
4.9.1

Field Definitions

Tag Information Content

Table 12 defines the information fields embedded in the second position-coding

pattern.

Table 12. Field Definitions
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allows a coordinate value ranges of 3.1m for the minimum tag size of 3.04mm

(based on the minimum macrodot size of 152 microns and 20 macrodots per tag)

Table 13. Region flags

bit

meaning

0

Region is interactive, i.e. x and y-coordinates are present.

1

Region is active, i.e. the entire region is an active area.

2

Region ID is serialized'

3

Region is displaced according to region ID

other

Reserved for future use.

10

4.9.2

Mapping of Fields to Codewords

Tables 14 and 15 define how the information fields map to codewords in the

second position-coding pattern.

Table 14, Mapping of fields to coordinate codewords X and Y

codeword

field

XandY field width | field bits | codeword
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Figure 22 shows a tag i mage processing and decodi ng process flow up to the
stage of sanpling registration synbols and decoding the translation
codewor dswoOBpres3iysy a raw i nage 802 of the tag pattern PETAAQNIYOI3Eat
800), for exanple via an image sensor such as a CCD i mage sensor, CMOS

i mage sensor, or a scanning |aser andgphotodi ode i mage sensor. The raw

i mage 802 is then typlcaIIy enhanced (at 804) to produce an enhanced i mage
806 W t h I Ilpl UVUU CU Il. r d.bl. d.llu T U UL I m pl )\UI i Il. UIIDI l.I rage
enhancenent may incl ude gl obal or % arjge expansi on, equalr?atron, and
the |ike. |The enhanced i mage 806 umnkhﬁnnyypically filtered (at 808) to

produce af+-tered-image—810—lnhge f-'ferdng ray—cphsi-st—aof—|ow-pass

filtering| witK the %ﬁ%ﬁ%@gefll1er kernel® size tuned # obscutk macrodots
302 but to preserve [ar@elisad0l. | The TiTtaying step| 80§ my ingjude
additional_filteringl{such as edge detection) to enhance target features
301. Encodi ng of data synbols 304 using pul se position nodul ati on (PPM

provi des a r Nps bi nary dot encodi ng
(as descriggglﬁsqﬂ:%$ xangiqg @@@%EQQE 9%@?‘ van ageously, this helps
separate fargaeso@0l (fromfitdd a ar edield wileh ¢bffeldbitow dcogewartdg ef f ecti ve

| ow- pass filtering off the PPM encoded data|conpared t blnary-coded dat a.
Fol I owi ng|l ow pass filltering, the|filtered|i nage 810 i 5t hen processed (at
812) tolocate the targels 301. Thi[s nmay consi sfj of |a gear ch for target
features whose spatiglinter relationship ils consigtent witlh the known
geonetry of the tag patieylp (i.e. taréets posi 8l oned @f:l@ hg corners of
square celll s). Candi T y rdenti fieddi ty from maxi ma in
the filtered i mage 8]%h%dh§ﬂ%ﬁﬁ; theq§Ub|ect %f furt %?gcharacterization
and mat chilng, such acrmy@mmmerr (bi narg or gra&hcale)?Sh@pe nonent s
(typically computed froempixet r—the—enhanced+mage-806hased on | ocal
maxi ma in|the filteredmrﬁﬂ éuﬁlB), as Ldescribe%1 7§%%5= 739, the
contents of which is herein incorporated by reference The |dentified
targets 301 are then assigned (at 816) to a target grid 818. Each cell of
the grid 818 coWhel s w2y et iGispthana, Pagichlas €9dsward yasent Herothss wi | | of

course e yiaibldeisify Tc&eduﬁ%etag@m&ﬂ' . $RDGre ﬂon&laerb&%arepregaﬁ%gm\én |1 not
be identifiable in the target grid 818, since the targets 301 do not

t hemsel ves caiswarde dhie applessttaghef Xomdahoehée X Pul ¥l dodewaracrodorsenidf thes to be
sanpl ed acclral &l et f%-REL FPREILYE hiansk or m of

4.10 Tag Imaging

10 The minimum imaging field of view required to guarantee acquisition of data from
an entire tag 4B has a diameter of 33.9s (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

15  length (/ + 4s) captures the requisite information in full, irrespective of whether a whole
tag is actually visible in the field-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

20  (I+4s)V2 and less than two tag diameters. Importantly, the field-of-view is not required to
be at least two tag diameters, in contrast with prior art tag designs, because it is not

essential to capture an entire tag 4B in the field of view.



the captured image nust be inferred. Four of the targets 301 are taken to
be the perspective-distorted corners of a square of known size in tag
space, amdothw/sight - degr eeof - freedom perspecti ve traneCoAt28@2013
inferred (at 820), based on solving the wellunderstood equations relating
the four tag-space and imge-space poiggt pairs. Cal culation of the 2D

perspective transformis described in detail in, for exanple, Applicant's
US 6,832, 717, the contents o mh@ch is.herein incor a4 by reference.

. . € eXtra Oulhl’l’laCI' ot uI%l S ens[ure tha é)u SC- %Sltlon mc{au a egl va HQS can pe .

Si nce each image of elther e Tirst or seco position-coding pattern wll

typi cal |y deotal fronagpalidBsohQerit sangidsSFatheidivge theieRtrafoaguadr&@logtnid, t he
accuracy of calculating the 2D, pe ective transformis.inproved conpared
ot ho. Apprriateal adcait s mpbS S RERy biGet B &N Heresish Dietorpl e U8

6, 832, 717. inldRIDE the cHRiBatdSEMIORI FRONPOEIErhiO8 rERloE4ta@lcOBetion4 8e) Ashigaved Wt h
the tag deskgg of the present invention. The inferred tag-space to

irmge-sﬁiacé’i P%ﬁective transform 822 is used to project each known

macr odot  posi tiQRhd Resk@GotPACE I ifndtiFPPESIRAAS ReanPhd e tRbia Bl tS i n the tags
are represented by PPM encodi ng, the presence or absence of each nacrodot

302 can bed@eeelnmi ned using a local intensity reference, rather than a

separat e i nt ensgly, Jlt%}]ﬁﬁlﬁfﬁ -croﬂ&‘égacnrfépd}’g%é‘&%%faﬁ,%k’r QU £ uiie@%@"o‘?d. dat a
sanpl i ng conpared w pure binary ercodi ng. e NExt st ge determnes a
type of posietviodn-7émoli ng pattern being i maged by the pen 400 from a

L anst o on Cosauer il A0 RS 3 SRS Bl ek,
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e T S T ek ey Sl dosodhng, of the
fl ag SynbpEitﬁé@{agQA@&ﬁgamHQ@rle@]%‘éﬂ@iﬂg of Hﬁ%@ﬂé@&%b%iﬁgﬁﬁ’@ﬂtﬁehﬁe deceded
regi stration synbols. Decoding of the orthogonal translation codewords (at
828) yi el dsecend preitionoqding ppiterpy. Thisgpdirdepm degtidowiing resplution of a paiptet r ans| at i on
ggggm;g’ |( g%idgog )enst tl%?%sgé&i'vé‘EosﬂBWcB&né:baﬂt‘éfn‘? 23, the (0, 1, 2) translation
4.11 Tag Decoding
Figure 22 shows a tag image processing and decoding process flow up to the stage
of sampling registration symbols and decoding the translation codewords. Firstly, a raw
20 image 802 of the tag pattern is acquired (at 800), for example via an image sensor such as a
CCD image sensor, CMOS image sensor, or a scanning laser and photodiode image sensor.
The raw image 802 is then typically enhanced (at 804) to produce an enhanced image 806
with improved contrast and more uniform pixel intensities. Image enhancement may
include global or local range expansion, equalization, and the like. The enhanced image
25 806 is then typically filtered (at 808) to produce a filtered image 810. Image filtering may
consist of low-pass filtering, with the low-pass filter kernel size tuned to obscure
macrodots 302 but to preserve targets 301. The filtering step 808 may include additional
filtering (such as edge detection) to enhance target features 301. Encoding of data symbols
304 using pulse position modulation (PPM) provides a more uniform coding pattern 3 than
30 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
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



synbol groups per tag, thereby identifying (at 832A) the inaged
position-coding pattern as being the first position-coding pattern

(" Yarr ow'wocomairrsing tags 4A. Alternatively, the (3, 4pCTraansisaniscs
codeword i ndicates four synbol groups per tag, thereby identifying (at
832B) the imaged position-coding pattepn as being the second
position-coding pattern ("Saffron") containing tags 4B. Once the

posi t I on- C?odgtngnep[at gtseg(r).'l %1% n? eecaniis(EJeof:I atl ISJ }cﬁqorat%r.gégtsfg% 2] wf%gsg B]ibatiasllulgt%re—quent
sanpl i ng and 8eco%f?ng pr oceéde Phadctrdance Weth the p03|tq on- codi ng
pattern thudatiodeiyt iif icedisteAC eathdihaghngwnt frendee adeitle aig pagomal.c.t napsl ati on

codewords are.used to determne t ransl ati on of, tags(s) .in.the field of
e el Pl e ot “yresehg et iRt Mkt meLoai R wrctut Pome ¢ hgs 4A
or 4B W t hpfaRigatiarigefiltgéd £haBd 810, o era@ ¥ tRd §uBWCNEF fuRklr \chatbadrizh@@(sl, Or

portions thereof, to be distinguished in the coding pattern 3 in the field
of view?® | Ratchidgcyebasgria theig (Gipang pr gﬁ@@?’etl%hapématsgtapbs@mﬁomméd frags 4A

(each cont ?fx@l%rﬂgtﬁéi ARy e B0OYRSN oR&2PMbAREdn tRLIBRGAMaY §1) e target
grid 818. In the case of the second position-coding pattern, the tags 4B

(each cont désatibeg if G&r7.08§.A%b thegpserpsdf vehieh iahérgin engorparated B4 Bfergpceh t he t ar get
grid 818. Sinc . i rt I ,stration
aymbol 5. mul €1 plE gPdn B 36 CUER AR AL I SR s L A
transl at i onf tleped Msrabtaiona syhsbotigsup 313ethdi saveBd symimh gro8pGvill oipahr.b6. 1, t he

of a2 conbR RL e G Bnpe LS el e Bl T

Thi s al | owgrid ®1®sihcedid @iodis Nat d®ibt Eembdiees abimgoareoie of fréragsotibA or 4B with the
target grid 818. The alignment needs to be bota&r bust and accurate since

there are many pb%&iey BaPGo NAETTS DorfamId ARy ROPTREHY MY & synbol

groups 303 theAbdpRitedt Mgk ARSI Rt inRire@f F&Y NET0Ihe RGP S0303¢ rleAtib ViR R tags 4A
or 4B has been determned, then at |east two orthogonal direction codes are

decoded (aPer8BeivealistgBERpEn opp sl knevibyizeintiay Pats. BYshe dehtgsgrr- As
descri beg 'oflfré%lfn';% ec?f'v@tﬁan&&ﬂ]l §2BisLinfeRe ¢4 é(j&o){%&éﬁcéd sc{lﬁﬂ%ﬂ%ﬁc{@&ﬂ-on

synbols in atag forma vertical direction codeewth mninmu i stanceN, the

vertical dindsestiodrqetides ickticaihalibves tagtspecsrand amigegpgaRiploint paiesr Caedatiothe
Bgr i’lgz:jorl\llt ﬁlo I‘O? izhroe%ja%)grg]pegt?v%etra{ﬁfo?nil Iilél ldeasérli‘%d GR %@8}1 an,offor g)%lﬁ{p%?wpglgcagt”\g JU%/ 2 errors
6,832,717, the contents of which is herein incorporated by reference.
Since each image of either the first or second position-coding pattern will
20 typically contain at least 9 targets arranged in a square grid, the accuracy of calculating the
2D perspective transform is improved compared to the Applicant’s previous tag designs
described in, for example, US 6,832,717. Hence, more accurate position calculation can be
achieved with the tag design of the present invention.
The inferred tag-space to image-space perspective transform 822 is used to
25 project each known macrodot position in tag space into image space. Since all bits in the
tags are represented by PPM-encoding, the presence or absence of each macrodot 302 can
be determined using a local intensity reference, rather than a separate intensity reference.
Thus, PPM-encoding provides improved data sampling compared with pure binary
encoding.
30 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 the first

position-coding pattern from the second position-coding pattern for subsequent sampling

and decoding.
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| ocat i on wbtihg theffestgrsi@on-codagt patterngf €arow™) containing tags 4A. Alternatively, the

(3, 4) translation codeword indicates four symbol groups per tag, thereby identifying (at
832B) the imaged position-coding pattern as being the second position-coding pattern
(“Saffron”) containing tags 4B.

Once the position-coding pattern has been identified at 832A or 832B,
subsequent sampling and decoding proceeds in accordance with the position-coding
pattern thus identified. Accordingly, the decoded orthogonal translation codewords are
used to determine the translation of tags(s) in the field of view relative to the target grid
818. This enables alignment of the tags 4A or 4B with the target grid 818, thereby allowing
individual tag(s), or portions thereof, to be distinguished in the coding pattern 3 in the field
of view. In the case of the first position-coding pattern, the tags 4A (each containing nine
symbol groups) are aligned (at 834A) with the target grid 818. In the case of the second
position-coding pattern, the tags 4B (each containing four symbol groups) are aligned (at
834B) with the target grid 818.

Since each symbol group 303 contains orthogonal registration symbols, multiple
translation codes can be decoded to provide robust translation determination. As described
in Sections 3.6.1 and 4.6.1, the translation code is a cyclic position code. Since each row
and each 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
determined, then at least two orthogonal direction codes are decoded (at 836A or 836B) to
provide the orientation 838A or 838B. As described in Sections 3.6.1 and 4.6.1, since N

vertical registration symbols in a tag form a vertical direction code with minimum distance



flag encode region ID, nib x-y location, and nib active area status in
digital ink ("interaction data")Decoding of data codewords in the second
posi ti on-wodnrg3pert ern ("Saffron") typically proceeds asTiaalbevwi1o3zsanpl e
and decode common Reed- Sol onon codeword (A) determ ne encoding format, and
rej ect unknown encoding on decode erer flag bad format sanple determ ne
regi on | D Reed- Sol onon codeword format fromregion flags verify CRC of

region ID decode error flag bad.region |ID sample determ ne region |ID
sampl o and HSoHETSE AT h SO & ARFRC AR Sae T8 IAn RotBlbr IS 1Lt vy
det er m ne tagtixn Yoll®datkindharlf rapabto déworretsing det Bf2ntim@s nisthg XA yhdriacaili on from

tag x-y location and perspective transformtaking into account macrodot
size (f ronf%%&g?tb"&oiynﬁﬁogeiﬁ%f}ﬁe’ OHRYYYE TETPBRIDSaREY APk 234 FHRREi Un i n

di gi tal i nkorfeciiktt @Ffods tépondittadmiahy ndnibePbBegitiion Widdlsdagped.ng a sequence of
imges of a tag pattern, it is useful to exploit inter-frame coherence to
obtai n gt eat er @tz imagingid deoding hRetsldad h? e yurtig thede ™l occur at

the same rafi&fAonRag it ARIARE 8 RY) rellh& Bkiclthi8d RN EOMmNJibwHBPLRCI at e that
t he decodi ng sequence descri bed above represents one enbodi nent of the

present i nthenbe gmpladtangl¢cpdeddft 8oy &A0BY 0 gl the adqaisitel dachdad codvardst er act i on
data sent fppmthegppen 400 to the netpage system nay include other data
e.g. digital si gna]?'ure (see Section 3.9.4), pen node (see US 2007/125860

i ncor por at ed heb&odinpyf daefedencd)in therfire pbatineredulgpatterd OlYerowlat a, pen | D,
nib IDﬁ)tc Anlexa | e (%f interpreting interaction data, received by the
net page sy%ytpécﬁwl?% efiﬁﬁg %(@Wﬁage pen 400, is discussed briefly above in
Section 1. A nore detangl€shddicsadRs¢dSol@hon codeword containing encoding format

etc. (A)
* determine encoding format, and reject unknown encoding
* on decode error flag bad region ID sample
15 * determine region ID Reed-Solomon codeword format from region flags
» sample and decode Reed-Solomon codeword containing region 1D (B, C
and D)
» verify CRC of region ID
* on decode error flag bad region ID sample
20 * determine region 1D
* determine x and y coordinate Reed-Solomon codeword format from region
flags
» sample and decode x and y coordinate Reed-Solomon codewords (X and
Y)
25 * determine tag x-y location from codewords
* determine nib x-y location from tag x-y location and perspective transform
taking into account macrodot size (from macrodot size 1D)
* decode four or more flag symbols to determine active area flag
* determine active area status of nib location with reference to active area
30 flag
» encode region ID, nib x-y location, and nib active area status in digital ink

(“interaction data’)



how t he net page systemmay interpret interaction data can be found in the
Applicant's previously-filed applications (see, for exanple, US 2007/1301
17 and USVRQ0WB0BG285, the contents of which are herei nPCharper@isd by
reference). 5. Netpage Pen 5.1 Functional Overview The active sensing
device (or "reader") of the netpage system nmay take the fornof a clicker
(for clicking on a specific position on a surface), a pointer having a

stylus (for poinQting or,gesturi n.a surface usin oi 0 trokes), or a
pen havi ng a’ neperige Bt PR R PR boRER I B R0l e o,
gesturing epically procegdson follessur f ace). For a description of various netpage
readers, reference is de to US Paten 7,105, 753: US Patent No.
7,015,901; US Pat ent 18l $2dgg90 Sﬁ?m%]ée%bs%iﬂ%f&nic{%%&“io N, 2006/ 0028459,

the contents of each jabrmWh ®bodiEfoRfit @hi rdiREMkpOvAtREdRY reference. It will
be appreciated that the present i1nvention nmay utilize any suitable optical
reader. However, theéoNEeRayErPaAe RIJORRIY 21K descri bed herein as one such

exanpl e. I n accor danQgeifdtesBeIPREINMorhdABIM PlForRt FHART rediberidds T St
position-coding pattern (as described in Section 3) or the second

posi tion-codi ng pat teeiy (6 desgailBed in Section 4) may be read using the
sane Net page pen 40005§%%&3%ﬂgﬂhggggag&pﬁﬁﬁi%%g and decodi ng steps

described in Section pen is a notion-sensing witing
i nstrunment whi ch worKseinmnecegipufizt i on wi th a tagged Net page surface

ncor polites a conventiils BhaE SRRt bR FrE R B R g he o

surface, an image sensor and processor for sinultaneously capturing the
absol ute path of the gen,on t he surface and i%entifying the surface, a
force sensor for si mdFPRHETRETY IORRURFIMEPIRYY or ce” exerted on the nib, and

a real -time clock foyetsinfiat diRRSsL iV MBRRYKLYGCHDE aRBRAPEEVOfradsfor®. Wi | e
in contact wwth a tagged surface, as indicated by the force sensor, the pen

conti nuously i ndesinforascant magsedor dgl GamaecederivzetlB) t he ni b, and decodes the
nearestqgag in its Liglde f%gio}{ i8%hd Qb ISUELMNE BNk P A&0h b of the

surface, its own instantanéous

In practice, when decoding a sequence of images 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.

20 The skilled person will appreciate that the decoding sequence described above
represents one embodiment of the present invention. It will, of course, be appreciated that
the interaction data sent from the pen 400 to the netpage system may include other data
e.g. digital signature (see Section 3.9.4), pen mode (see US 2007/125860 incorporated
herein by reference), orientation data, force data, pen ID, nib ID etc.

25 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 2007/10828S5, the
contents of which are herein incorporated by reference).

30
5. Netpage Pen
5.1  Functional Overview

The active sensing device (or “reader”) of the netpage system may take the form



position on the surface and the pose of the pen. The pen thus generates a
stream of tinestanped position sanples relative to a particular surface,
and transwDeiwdIirss7stream to t he Netpage server 10. ThePsamii2e09dnresam
describes a series of strokes, and is conventionally referred to as digital
ink (Dink). Each stroke is delimted By a pen dowmn and a pen up event, as
detected by the force sensor. Mdire generally, any data resulting froman

interacti ng V\/icﬁclﬂera(foly%fiac%%edn aa‘sndcificr S‘onls[%into%%d rtfapcet Q%oin e'% AUE Ss rll\llse forlp’ s
referred to herein as “imeraction’data® *The p)en gapl€s'5%'Y Posi'tion at a
suf fi ci ent byintiggbt gesttuéng oroasuréct ysidOPdiar ttokad),| @w FenMatipagenssidny eib t o

accurately reproduce hand-dr.awn strokes, recognise. handwitfen text, and
Ver ity handouPR i wraHan O B MR N GG RO Sres BB r  node | n
interacti vegesa ioh%@'fvhlfbl%net{;z&eb&‘d@’é,@@@n&éﬁ@nﬁ@@tdlﬁs P@EntiNG, 2008, 253t Ui th t he
paper and may bhe i stance above the surface of the %?er (or

sone smal| d fa
ot her subsPrE#taYo 7 $ .80k Uohent v B921.960p anbF/Sthyklig3Een Npndd00@PHYS9t s hei ght

and pose t g,cREnERPH AL wWHbhlaRE SRS Ric@ordBd bifeRi@etLi ve application the
hover node behavi our can be used to nove a cursor w thout marking the

paper, or the diEwalhbeappfeciated that the prepant inNention deyl uslinepaxwitelle briickle used for

t ool behavi . LI i pen incl udes
Bl uet oot A EE e Netoe RANED Mt Bl ot MR anIE 201 2

devi ce to a Net phgecsdange with Wifeemesopanantiony colic lthenfegstf posinmacddaigomgenser ver

th f . t d djgital i in. -vol atil . ti
ont i he 15 REFREIEN SR Gard BhuR sete™y phRuePUarRrh s TRERRSY ip e, P, The.
pen i s supp) medbirehdiusindBE kinftON & agel b 400 using the. imAFEprpeekiodm aledvsling

Bl uetooth to USB relay. The pod is connected via a USB cable to a conputer
whi ch pr ovPia<leds iSEHONGrd- support for 1ocal applications and access to

Net page ser Vi cesTheM&@pd3e Perl A0RONBL@M-R¥sid WiRGRanagAbk & hRAtERKkyin The battery
is not accessible to or replaceable by the user. Power to charge the pen

can be t akeeiynction videa wsEdsirecturiass ontamingeithes thexire o gcopbreitiondapt er
t hrou h > j ta socket to
g h1 5t @O(ﬁ%dpattg-ljﬂg Tﬂfpenaﬁi@ %CB@?g S QQWent?dﬁgl bgﬁ%i@{ﬁg@%dﬁgge 1%9

allowit to externalty conne and powere e.
marking the surface, an image sensor and processor for simultaneously capturing the

absolute path of the pen on the surface and identifying the surface, a force sensor for
simultaneously measuring the force exerted on the nib, and a real-time clock for
simultaneously measuring the passage of time.

20 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
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

25 the Netpage server 10. The sample stream describes a series of strokes, and is
conventionally referred to as digital ink (DInk). Each stroke is delimited by a pen down
and a pen up event, as detected by the force sensor. More generally, any data resulting
from an interaction with a Netpage, and transmitted to the Netpage server 10, is referred to
herein as “interaction data”.

30 The pen samples its position at a sufficiently high rate (nominally 100Hz) to
allow a Netpage server to accurately reproduce hand-drawn strokes, recognise handwritten
text, and verify hand-written signatures.

The Netpage pen also supports hover mode in interactive applications. In hover



The pen cap serves the dual purpose of protecting the nib and the inmaging
optics when the cap is fitted and signalling the pen to | eave a

power - pr esorzviog7srat e when uncapped. 5.2 Ergonom cs an®CLayeao/1gere 24
shows a rounded triangular profile giving the pen 400 an ergonom cal ly
confortabl e shape to grip and use thesgen in the correct functional
orientation. is also a practl cal shape for accommbdati ng the internal

conmponent s or el eI r nat ural | y conf or to a triangular shape
bet ween thun@ @656“ b ke %‘aﬁ?‘éghﬁ‘gﬂape” Ahyhesd esmaqﬁdl%%e 8% Boun 1 n
Fi gure 25, sﬂfabg/@ﬂtbtalbapu‘s(eﬂ’ othersﬁlﬁﬁatw ﬂﬂnstalﬁewmapébﬁl%naﬁft}ﬁ peQiiichaingpist ch of

about 30 degrees, fromthe rd the hand 408 when held (positive
2ol e) but TOBATHR B ST B N5 TR B D G GHEaBISE megat § ve
pi tch (awayeHationn dah8e tﬂs@w &) movEh&ufsangiehoaf m@fking heagdr &5 tiRV@tandkbahe t he pen
400 is able_to inmage the pattern on the p 1? has been optim sed for this
asymet M ¢ nipdigethe qoded syfpecaytd tteWéedpf@htOQ‘JdE HEqupsontgl, & icsiple Heripen
correctly bRt BBctbger' s hand 408 and to di scourage the user from using

t hepen "upsi de-down". The pen functions "upsi de-down" but the allowable
tilt angl e rangeThopenaiidech Bfﬂﬁeotbaqﬂlmtl@sqesveﬁ@sifgﬁ@dﬂm&dlgltaﬂ IHJS\wra the top

end of the t % LJPen is in
use. Ml ti r&%ﬂgﬂ?@@@&ét&# upe%lvelrrla}t@g%g))@{ﬁlﬁ ggfﬂ\%{eyn dow g%\Q’EE p edge (as
i n the apekufdrs ¢aperadcligideidk fricanglatikrmanrons sWsendpeafi)g ofling twmmpagdoo near
its topmend emai Ns un- obscured when the cap is

stowed. A @q%qrglepgﬂ?%pg °g8élfl%18r?aﬁ161flﬂded in the pen as a haptic feedback

system (descri beﬂhdp’énﬁhﬁ;hppliedb&th@\ﬂ))ckn&scrwm)ﬂ Ehgpwd&oat@mshhe grip portion
of the pen_has a hollo ChﬁF nDIdln 416 encgosed g nol di ng 528
ﬁ‘g@he

to house t R&<BPHdP USE r?émleﬁ‘ﬁ ¥izpShsg e&‘lﬂcq “Bal | point nib

(not  shownprofideSconmbunicatidny sigpbR fdr&aPdpBlicafiefd aﬁﬂ actcBQ t& th?i@%r@foescross
section, placing it consistently with the user’ his in turn

provi des space f bi€ ReRés noaticrrd PrBTesharesahletrgery eﬂterk@“%ﬁ’ 1Stfl@éac|§@ﬁﬁlbh>ﬁ@1 ofor the
bat t er yjst Zflepla@ea%ﬂ%yl?ﬁestﬁerpf%&fgeto Bffse tﬁé’pen can be taken from the USB connection or

from an external power adapter through the pod. The pen also has a power and USB-

compatible data socket to allow it to be externally connected and powered while in use.
The pen cap serves the dual purpose of protecting the nib and the imaging optics

when the cap is fitted and signalling the pen to leave a power-preserving state when

20  uncapped.

5.2  Ergonomics and Layout
Figure 24 shows a rounded triangular profile giving the pen 400 an ergonomically
comfortable shape to grip and use the pen in the correct functional orientation. It is also a
25 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
finger 406.
As shown in Figure 25, 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
30 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
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



referring to Figure 27A, it can be seen that this also naturally places the
tag-sensing optics 426 unobtrusively below the nib 4 18 (with respect to
nom nal pwoch)0/03Tise¢ ni b nol di ng 428 of the pen 400 is swepiAla@kobBBEOW t he
ink cartridge 414 to prevent contact between the nib nolding 428 and the
paper surface when the pen is operatedgat maxi numpitch. As best shown in
Figure 27B, the imaging field of view 430 energes through a centrally

positioned |R. fi.lter/w ndow 432 .bel.ow.the ni, 8.11.8 Mo near -j.nfrared
P nat B et 5" 28N RRg0%y AR R e B PR The "R
nmol di ng 428dudedch LED 434, 436 has a corresponding illumnation field 438,

440. As the pen is hand-held, it be hel d at. an | e t.hat causes
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By provi di gguiBrstovicdamilone pkdElRin tdae NulEDc6lausinTg illisin@é & endi Rodoef | ections
can be extingui shed. Specific details of the Pen nmechani cal design can be
found i P U$IPuBhe temedes fesiibthe seraef dezemdy! trippealag gigtsesietionbef thiee H0%r e herein
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| ongi tudi nal cross section through the centre-line if the pen 400 (with the

cap 410 st sikedonmotone abadnchfded nghqieen s a fipgic freaback exsrepudescaiedriedetathd gr een
LEDs 444 tBelk\in cate several states, using colours and intensity

nodul ati on. ‘ight pipe 448 on the LEDs 444 transmt the signal to the
st at us i ndi cat or Awshogdhon Big@rei2n, thdhgript poloeonrod tha ipeighad Béiollh esssismgidmk st at us

i nf or jon. to the user incl.udi ower-on. battery level,untransmtted
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det ecti on @jr tidrball @cihi M (rk @dwnf fitR@atudly Bed thofpeRB2@or thetbaatedrogat 2" 1 ag,
further data sanpli nﬁ to.r eciui [ ec{ﬁt 0 acquire enbedded, dat a, ach%ui sition of
enbedded d&¥H"b féﬁm SENSBEEY K FEPAT ISR b bio i UHPT D 8E° 1% Mhapt i cal 1y
convey i nf almBiAEMWLR the REntid R the o addTHIOKE Bitiery\Uel iif the Bdsk BNthE pACtByons duri ng
transactions. This systemis used for inportant interactive indications
that ni ght "$TIRg ©IeBreilie. flean brateeetiet tin albonatwally IEmyer haiagaenyng opes or hi gh
level s gf ﬁf@’ﬁrﬁﬂﬁusﬁdg%ﬂﬁelowﬂﬂgniﬂ apk WAtSYHEEM AdAhA3kES. TR dibRokiflaowhen:  The
pen wakes from standby node

of the pen 400 is swept back below the ink cartridge 414 to prevent contact between the

nib molding 428 and the paper surface when the pen is operated at maximum pitch.

As best shown in Figure 27B, the imaging field of view 430 emerges through a
centrally positioned IR filter/window 432 below the nib 418, and two near-infrared
20 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.
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.
25 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.

5.3  Pen Feedback Indications
Figure 28 is a longitudinal cross section through the centre-line if the pen 400
30  (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
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,



There is an error with an action To acknow edge a transaction 5.4 Pen
Optics The pen incorporates a fixed-focus narrowband infrared imagi ng
system |wouwnioi3zesg a canmera with a short exposure ti mePCTai2b09400€138Ur €,
and bright synchronised illum nation to capture sharp i mages unaffected by
defocus blur or notion blur. Table 16.570ptical SpecificationsAllow ng 70
m cron blur radius 2lllumnation and filter 3Pitch roII and yaw are

relative tg_the ax of the pen Cross secti showi n e Ren tlcs are
b ovi ded | fienSueL Tl ks BERHCRARSRECUERRT AR Bue Mg P e on'a

surface 548mad®ﬁﬁémh‘hanmh&wnﬁbg4&8mnﬁnh@@uSéﬂthaadﬂéhﬂmﬁ&&ﬂ&mkbmthe
active region_ of an i e sensor 490. A smal 94 ensu t he

Sval | abl o HURUAE 5 FAERAO AECORTBHHES M MaR i S beH GRESRBIY: anges of
the pen 40@c. First and second LEDs 434 and 436 brightly illum nate the
surface 549 wthin the field of view 430, The spectral em ssion peak of the
LEDs i s dmat ched fo/irpionsipeet #4491 is apdole hepticallp eeren fnferpationmporthe By {4k used to
print Net pagehA0R L iRAMISR GRRL" ABlaclifhs CARL Yy &Gn iIBQESoPimfRGR. The
brightness of the LEDs is matched to the small aperture size and short
exposur e tmﬁ@aqn@qmdmé@nﬁ @ahmrghhbes‘elsuéﬂ@%@snaétn@tlw tho h.EBY indicatons fHghgpass | R
filter 432 e 490 to any coloured
gr aphi cs or %ﬁ lﬁﬁ?hczﬁﬁgﬁg ﬁ%w&ﬂﬁ%&ﬁ%ﬁ%g@%&igs and any anbi ent
illum nation belom1bh§MQumw@k&1%@Wﬂﬂﬁhgnhd®f the filter 432. The
transniﬁflon of the fELter 432 i s. tched to the spectral absorption peak
of the I'nfrared ink t %%?Fﬂf%@“@gh P40 n captured i nages of tags. The
filter al so acts as .aToadkusklepdryssimadctiod ndow, preventing contam nants from
entering the optical assenbly 470. 5.5 Pen Inmagi ng System A ray trace of
the optic path is shown in Figure 30. The inage sensor 490 is a CMOS i mage
sensor withkg4an gatopiRsr €gi on of 140 pixels squared. Each pixel is | Om

The pen incorporates a fixed-focus narrowband infrared imaging system. It
15 utilizes a camera with a short exposure time, small aperture, and bright synchronised
illumination to capture sharp images unaffected by defocus blur or motion blur.

Table 16. 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




squared, with a fill factor of 93% Turning to Figure 31, the lens 488 is
shown in detail. The dinensions are: D=3 nMmR = 3.593 mR2 = 15.0 mm X =
0. 8246 mw¥ 2610103015fm Z = 0. 25 mm Thi s gives a focal | engChi/aaf20®/001B3mm and
transfers the image fromthe object plane (tagged surface 548) to the inmage
pl ane (image sensor 490) with the corrget sanpling frequency to
successfully decode all inmages over the specified pitch, roll and yaw
ranges. The lens 488 is biconvex, (with the nost |curved surface facing the

i mge sensor. The nj NEwEARes magi ng Oitep@ ¢ vi ew [430 required to guarantee
acqui sition of sufffeient—tag datawth—each—intjeraction is dependent on
the specific coding| Matimemsamnting ¢ égibPeli PR el d |of view for the coding
patterns of the presgpt invention|is.dgscribed iin Section 4. 10. The

requi red paraxial npgnification of the optical slystemis defined by the

m ni nrum spati al Sa”pMan%qu‘% uenc; ngm/ 25 pi xel|s per macrodot for the

fully specified tilt range o e|pen 400, for tlhe i mage sensor 490 of |
Omm pi xel s. Typi cal \]Qloontlne [ rragl nq system enpl oys a paraxial magnification
of 0.225, the ratio t he dia ...,w. of theinverted i mage at the imge

sensor to the di éﬂH?f"’éprg7 mignon bif B0WS of view at the obj ect plane, on an

i mage sensor 490219fmigdidhAHMiA#8 X 128 pixels. The inmage sensor 490 however
is 140 x 140 pixgls, in order to acconmodate manufacturing tolerances. This
allows up to +/ - P:EQ]GrWH?(nﬂzaﬁla%lﬂ@tl‘feﬁo@&@hlsélf‘ihémfi on in the plane of the

i mge sensor) of msalignnent between the optical axis and the inmage sensor
axis without losing any of the information in the field of view The |Iens
488 i s rhade frontCRed sectimms bowirgsthhpeoroplictaes {rehilg)in F'tgyws 8% hyd 39Bedhnf or

Ir 2{: reg::lt Ion Errr?a%le %F %e Rlp%pageatags pr1rqc)38 Ut tsusrface %d]acen &I nlt;| 4} 1Ss|fosctu§jl '& by aand has a

lens 488 onto the active region of an image sensor 490. A small aperture 494 ensures the
available depth of field accommodates the required pitch and roll ranges of the pen 400.
First and second LEDs 434 and 436 brightly illuminate the surface 549 within the
10 field of view 430. The spectral emission peak of the LEDs is matched to the spectral
absorption peak of the infrared ink used to print Netpage tags to maximise contrast in
captured images of tags. The brightness of the LEDs is matched to the small aperture size
and short exposure time required to minimise defocus and motion blur.
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
5.5  Pen Imaging System
A ray trace of the optic path is shown in Figure 30. 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 31, the lens 488 is shown in detail.
25 The dimensions are:
D=3 mm

R1=3.593 mm



index of 1.49, with 90% transm ssion at 810nm The lens is biconvex to

assi st noul ding precision and features a nounting surface to precisely mate
t he | ens wDt2h1ovdse1sopt i cal barrel nolding 492. A 0.8 nm e#Canarer/mpsst ur e
494 is used to provide the depth of field requirements of the design. The
specified tilt range of the pen is 1559 to 45.0 degree pitch, with a roll
range of 30.0 to 30.0 degrees. Tilting the pen through its specified range
noves the tilted objR%c:tlsgj&rﬁe up to 6.3 mmaway fromthe focal plane. The
specified aperture thus 'provides a correspondi ng depth of field of 6.5mm
W th an acceptabl e +u0824dhmis at the i mage sensorof 16nm Due to the
geonetry of the penng IO%EQ% the pen operates correctly over a pitch range
of 33.0 to 45.0 degrees. ferring to Figure 32, the optical axis 550 is

pi tched 0.8 degrees zaways qhmom the nib axis 552. The optical axis and the
nib axis converge toward the paper surface 548. Wth the nib axis 552

per pendi®ul ar t ol tih&Verfasal lenglh ofif-43 Birvand Aapsderivde fnigs droadBeosct t he fiel d of
vi ew 430 Ck&ﬁ@?&gg&@s&f@&_ ﬁBPto%iﬁlagégaﬁeg&aQé Ben@ti460)iviigehd cdrSctl- 2 Mm The

| ongpass IR filter 432 is nmade of -39, a |lightweight thernoset plastic
heavi |y r esingtliaafrequsneydp suscesnfubin decodreat images oxerdhe seecifigslatitomecll Bdcause of

t hese prop [ i . i ] ilter is 1.5mm
thi ok, "w | Fb g, AF b I SRR o PR e I LS 12 From
a | arge sheasoruFhaginm@O2nigrediclCeftviesr 4305e@irkd eghrentcsqbesogelf Tabl e 17.

(Li Poy Capaiion Bl G bERteo ol iibnfiingds dviar e B aEe: Y oni cs.
The el ect r esauesl fleBofyiewl F the bedipgstteds babegtc@hCundtidi ¥ desdfibad isect i ons.

These are: . the in ARM/ m croprocessor 574, the inmage sensor and inage
processor 556°"4fe Bl uet ooth conmuni cations nodul e 578,

The required paraxial magnification of the optical system is defined by the
minimum spatial sampling frequency of 2.25 pixels per macrodot for the fully specified tilt

15 range of the pen 400, for the image sensor 490 of 10um pixels. Typically, the imaging
system employs a paraxial magnification of 0.225, the ratio of the diameter of the inverted
image at the image sensor to the diameter of the field of view at the object plane, on an
image sensor 490 of minimum 128 x 128 pixels. The image sensor 490 however is 140 x
140 pixels, in order to accommodate manufacturing tolerances. This allows up to +/-

20 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
for injection moulded optical components. PMMA is scratch resistant, and has a refractive

25 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
requirements of the design.

30 The specified tilt range of the pen is 15.0 tq 45.0 degree pitch, with a roll range of
30.0 tg 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



t he power managenent unit IC (PMJ) 580 and the force sensor m croprocessor
582. 5.6.1 Mcroprocessor The pen uses an Atnel AT91FR40162 m croprocessor
(see At neWwQ 20i09B7&RM Thunb M crocontrol lers - AT91FRA01®2TRIRDGIMONBBY ,
http://ww. kei | . com dd/ docs/ dat ashts/ atmel / at 91fr 40162. pdf) runni ng at
80MHz. The AT91FR40162 i ncor porates aggARM/ m croprocessor, 256kBytes of
on-chip single wait state SRAM and 2MBytes of external flash nenory in a
stack chip oP kage. This m croprocessor 574 forns the core of the pen 400.
I'ts duties’include: setti ng up the Jupiter image sensor 584, decoding

i mages of Net pagBumd]iler@omat}tﬁmﬂbI(eﬁaes@embipanop@raie‘s)corrwﬂybveﬁxs@iteﬁ ance from
t he i nmage roce % tures of the inage sensor 584, for inclusion in the
digital i ng?? gl4 ﬁgegﬂfe@h force sensor data received fromthe force
sensor m cr opr ocg@fs@lﬁlgﬁﬁz ure SBd dpbcdl Pxit B P piEdEd 0B AageRaRhy frém (RMJ) 580,
conpressing_and sending digital ink via the Bluetooth conmmunications nodul e

578, and® Ppibsghashi Hy Opﬂféﬂ Py e el a¥is eANETehioyedioRrggpriact 3ds. ARMY

i cropr oCeBMthofif akit! B el RAUANa3OWER2R5 Gihd diddRE A HelweRTRUMCARIRS W th the
Jupi ter image sensor 576 using a Universal Synchronous Receiver Transmitter

( USRT) 586 figkd tohviaw 480 #kescst to 8k nibTaxes ankip niraisdsetiiidi’cames with the Bl uet oot h
nodul e 578 usi ng C Re (UART) 588
runni ng at 115. Zﬁ%gg@ﬁ%oﬁ%ht%@gﬁ%%@%? gﬁtﬁégm&égﬁaﬁﬁ&%ﬁgﬁhorce Sensor
m cr opr ocedswily ﬁ:SiE’t)antBBZDrml@l qnélclﬁamimdsucis:isrugetmeL@mﬁp@ddhe‘s}epﬂoaérti@us (LSS)
590. T npl enent ed t re 1 he

i cropr oce?&ﬁlwr ASREFE aﬁ’ﬂ?%ogvs;e “ﬁ' ﬂira rﬁ&%céléesglg?x %74 is

pr ogr amred 10 aEicdhSiltdTALy pasaiily ot @orﬂalaﬁmﬁe&&ﬂﬁg)dcﬁﬂhaserdm&hter' | mage Sensor
584 (see US Publication No. 2005/0024510, the

5.6  Electronics Design

Table 17. Electrical Specifications

Processor ARM?7 (Atmel AT91FR40162) running at
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.




contents of which are incorporated herein by reference) contains a

nmonochr one sensor array, an analogue to digital converter (ADC), a frane
st ore bufwer01033i5npl e | mage processor and a phase | ock PCOw20®i00)0331 n t he
pen, Jupiter uses the USRT' s clock line and its internal PLL to generate
all its clocking requirenents. |Inagesggaptured by the sensor array are
stored in the frane store buffer. These inages are decoded by the ARW

m croprocessor 574 with help fromthe 'Callisto' inmage processor contained
in Jupiter. The Cal | B#t®y i mage pr ocddbvah gt Torlddiun-kwp 8plyaes &iPo) gw- pass
filtering of captur @aljagi%ge}g)e(see Section 4.11 and US Publication No.

2005/ 00245 10) befofe nacrodot sanpling and decodi ng by the m cragprocessor
574. Jupiter controls the strobing of two infrared LEDs 434 and 436 at the

sane time as its_inmage .array i.s exposed. One or. other of these two infrared
LEDs rmay be ¢ ur nEUBET ik b gk fREram R §Re RSP x P SHGIPECHIESR AT specul ar
reflecti onuRfphn ksBscRARAAI iltdhaif FRLQRCHes@dre:CErtai n angles. 5.6.3 Bluetooth
Conmuni cati ons Mbdul e The pen uses a CSR Bl ueCor e4- External device (see
CSR, Bl ueCor e4- Ext ern8¥ npit ARMf aueropracesyor 56t Sep- 2004) as the Bl uet oot h
control lger 578. 1t regui I I | ash menory device 594 to
hol d i tssepr ogram code@%+%gg%§%8%ﬁi§%%w£g?g@%ﬁg%a uetooth vl.2 specification
and is conpliant to *vteBletoothwnEnnmaiowd nodelaSRat e (EDR) speci fication

whi ch al | ows conmuni cat.i on t \ chip antenna 486 is
used on the pen for t gp&vﬁrg}‘%agggeﬁlegtou%ﬁ%a ?%%Ogag’lg‘l_"ﬁe Bl ueCore4 i s capable
of formng a UART to tiSBorbe sedge micFbprecekssr 888ed t o al | ow USB conmuni cati ons
vi a data/ power socket 458 at the top of the pen 456. Alternatives to

Bl uet oot h include wreless LAN and PAN standards such as | EEE 802. 11

(W -Fi )10 se®.1l Bikroptodessbt Wrel ess Local Area Networks,

http://grouper.ieee.org/ groulgs/ 802/ 1.1 /i ndex. ht n12 , .| EEE 802. 15 (see | EEE,
802. 15Wor kil @p@u@ﬁ&p&lmw,l R40162 microprocessor (see Atmel, AT91 ARM Thumb

http://gr OmﬁbcdnﬁgﬁerQIQfﬂmmngwﬂi@%dex- htm), ZigBee (see ZigBee
Al liance, http://ww.zigbee.org), and Wrel essUSB Cypress (see Wrel essUSB
LR http://'www.keil.com/dd/docs/datashts/atmel/at91{r40162.pdf) running at 80MHz. The

AT91FR40162 incorporates an ARM7 microprocessor, 256kBytes of on-chip single wait
15 state SRAM and 2MBytes of external flash memory in a stack chip package.
This microprocessor 574 forms the core of the pen 400. Its duties include:
* setting up the Jupiter image sensor 584,
» decoding images of Netpage coding pattern (see Section 4.11), with
assistance from the image processing features of the image sensor 584,
20 for inclusion in the digital ink stream along with force sensor data
received from the force sensor microprocessor 582,
* setting up the power management IC (PMU) 580,
» compressing and sending digital ink via the Bluetooth communications
module 578, and

25 » programming the force sensor microprocessor 582.

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

30 module 578 using a Universal Asynchronous Receiver Transmitter (UART) 588 running at

115.2kbaud. Communications to the PMU 580 and the Force Sensor microProcessor



2. 4-GHz DSSS Radi o SoC,

http://www. cypress. com ' cfupl oads/i ng/ product s/ cywsb6935. pdf), as well as
nobi | e stwodarids7sach as GSM (see GSM Associ ati on, PCT/AU2009/001033
http://ww. gsmnOr | d. cont i ndex. shtnml ), GPRS/ EDGE, GPRS Pl atform

http://ww. gsmnor | d. coni t echnol ogy/ gpgs/ i ndex. shtm ), CDVA (see CDVA

Devel opment Group, httD//wwlcdglorg/, and Qual comm

http://w onm €0 and UM e 3rd i O artnershi p Project
(acppy e Lot AR B e L eSS (RIS R T T T The” pen uses an
Austri a M imgaysiteis sokSAGE3d BMJ bEOX thsaeropugtdsvids ddhatlqaysbelts, AS3603

Mul ti-Standard Powe nagenent Upnit. Data Sheet .v ). The PMU is used for
battery nanagene’ﬁlfe,‘&%%{?%%@rﬁ%pﬁﬂ Hléﬁr,ogf?ﬂw Vl?dtsﬁgégtpoﬁenerati on and

driving indicator LEDs and the vibrator notor. The PMJ 580 communi cates
with the ARM/ m croprocessor 574 via the LSS bus 590. 5.6.5 Force Sensor
Subsyst em T flgreeSevpsor subsyst em conprises a custom Hokuri ku force

sensor 500 (baseg 6K ok Bensliﬁ%zti%g USPuEBeaBMR02005/0024510, the
http: //w ww. hdk. co. | p/ pdf/ eng/ el 381AA. pdf), an anplifier and | ow pass

filter 600cénigiserfamicadraisionyrapt erpsbaniract)spgensemnsorchivineseppiocessor 582,
i cr opr oceddss “buslERe AR b e e R B B TR bt . sheer
rev 1.1). im_eesSZB%dFB]&@ fosk hnp 8051 Imithermprkupi&sslms tlwiIﬁSRTBmclod'ki lmefahdash
BRI IO Vs IR 7 T
force sensaiayaldOstbisd & tBd frifidiorp beZOI Thdss tnhages N¢ Udgd P9 MIROXRMAN opanp st age
o0 TPl {58 AL PAE, PR (e oLuES) Aters, e Lorse sencp outpu
Callisto image processor performs, inter alia, low-pass filtering of captured images (see
Section 4.11 and US Publication No. 2005/0024510) before macrodot sampling and
15  decoding by the microprocessor 574.
Jupiter controls the strobing of two infrared LEDs 434 and 436 at the same time
as its image array is exposed. One or other of these two infrared LEDs may be turned off
while the image array is exposed to prevent specular reflection off the paper that can occur
at certain angles.
20
5.6.3 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
8Mbit flash memory device 594 to hold its program code. The BlueCore4 meets the
25 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.
The BlueCore4 is capable of forming a UART to USB bridge. This is used to
30 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



Al ternatives to piezoresistive force sensing include capacitive and

i nductive force sensing (see Wacom "Vari abl e capacity condenser and

poi nt er" , wOSoRaBerst Appl i cati on20010038384, fil ed 8 Noverchau22@dio3and
Wacom Technol ogy, http://ww. waconconponents. conifenglish/tech.asp). The
force sensor mcroprocessor 582 perforggs further (digital) filtering of the
force signal and produces the force sensor values for the digital ink

stream A fra ne .Si romthe. Jupiter | .sensor. 576, s used to
i gger tnd B A Gk A Pl o IR SRR el o e
t enper at ur EigBsc AHAS, Bith: winaw zIgbed @§)C endSWheaas URB Cypiossase I8 edléssUSBLR on chi p

tenperature sens .this is used to conpensate for the tenperature
5 6 B etns

dependence or and anplifier. The offset of the force

signal is ﬁﬁ(@@m&fﬁ@&{)ﬂéss%@ﬂkf@hda@ﬁin@br&d%@@ky@ﬁsblim.pHi),Cd’sG)@ﬂQ‘s?ﬁ}‘éﬁiw' s DAC
output into the anplifier st%%& 600, The force sensor m croprocessor 582
conmuni Gat &andards suchipe GaNMFes Y dY3rastEes GHP P A MgsBWoHg cesadeyetBy.  Ther e

are two sepaRai@dr) RS YR ol Hed: AhR il 2658 cRRNISR epPIiRdQRABESSSOr 582
to the ARM/ nicropfocessogm574%§Cné%ﬁ% used o ?ﬁdi%%ﬁ% t hat é@?%rce sensor

sanpl e i s FOMY(storDMaBivelppamet Griep, btihewwigdi.agl. ead Qualtpatm.a pen down/ up
event has f I AL Cr QN . . IS
progrannedﬂﬁ%y%%géuﬁg lgcﬁﬁg%Kgﬁpﬁﬁﬁ%gg%ﬂ%%%%@@fﬁgé?%h$§§m¥§§§£¥%ensor

m cropr ocedsprwbBBzmb.gg).provi des the real tine clock functionality for the
pen 400_T The RTC function is perforned in one of the m croprocessor's
counter(%iners and runs fromthe external 32.768 kHz tuning fork. As a
resul t, the.¢fdorrsves dnm@genidng Chfy ocessor needs to renmamin on when the cap 472
is on and the ARVF 574 is powered down. nce the force sensor

i croprocessor 589 PGEEES & WIWWY%%@SQBW YOS OHETEMU 580 as its

power SOUF@ﬁmo%k@m&@ﬁ%6&%@@ﬁ%&&@%ﬂﬁ%ﬂ@ﬁM@m&%&&%L%ﬁ@h%ﬂ%@a@ﬂglnﬂﬁrrUpt_WhiCh
can be programmed to power up the ARM/ 574. The cap switch 602 is nonitored

by the for EMUsiensedronfiatien prasree s voSBeE SCUWRLPNT IPRVCE AbTesRl SEIREIign @72 i s t aken
of f (0rqg hgfiind RdRatbLBEDL APl itbLT rUpPt), the force sensor

The PMU 580 communicates with the ARM7 microprocessor 574 via the LSS
bus 590.

5.6.5 Force Sensor Subsystem
20 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.
The pen uses a Silicon Laboratories C8051F330 as the force sensor
25 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.
The Hokuriku force sensor 500 is a silicon piezoresistive bridge sensor. An op-
30 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



m croprocessor 582 starts up the ARM/ 572 by initiating a power on and
reset cycle in the PMJ 580. 5.7 Pen Software The Net page pen software
conpr i seswoOhato/sofstwar e runni ng on m croprocessors in tRreTMazp@Ego1q3en 400
and Net page pod. The pen contains a nunber of m croprocessors, as detailed
in Section 5.6. TheNetpage pen softwarg includes software running on the
Atnmel ARMZ CPU 574 (hereafter CPU), the Force Sensor m croprocessor 582,

and also s i in.t VM t he e Bl uet got h nodul e
578 (her ea? @61%%32%1 %Fe@eggorvgsnpergg% “of 't Oen}SeTCe:c§Z 7 o}g eﬁ(go/r hds %8R associ at ed
fl ash menocympdab@hcsi/argtish/tdéteaspy ocessor specific softvvar e, together with

Suppl 180 by t he. M SRTAPEEPar et e D RS Rt Bonsi der od a
part of therNalighansdpeiau&e iHewatEsenddi @alp@dociaOligidl kartaR Bifugeeye Bl uet oot h
nodul e hereafter od Bl ueCore). The Net&age pen software al so i ncludes

softwaré r iRl Agmt iuﬁléervmgsﬁeltsareﬂééﬁuseql ditgieethe sencfaan NeephpEepen 400

traverses g RAGE d¥g%919§1@sn%%f e fGatuR iSMERAT O 16O0FEL@L&d position and
force sanples are produced. This streamis referred to as D nk. Note that

Di nk may |ﬁmrw@ewh@5%?sonmhmerzearemm¢r@er ad ghicia bed do cqwe&atelﬁbrﬁke) produced
when the #'Eérl%@ﬁ]\r&? Ad%nde%fgate?%&h@ek%){wd an%%&iep%]egﬁ"gelﬁbﬂge fofecNEhRgge tagged

surface. onent page ‘pen software 1S responsible for
D nk capt udmantiagy comrgBeddiyonas sf thgmaneprabessods R C(outputioto) thrwiplibor wi t h t he
Jupi ter1d ma% Sgnsor 576), storage and of fl oad managenent, host

communi cat f user feedback and software upgrade. It includes an

operating syst enrlﬁm%hemdmmeblemm skaschwaimicats vt . ARM7 addi tion, it
provi des a nanufacturing ce node for calibrati

t :
conf i gur at MEFORSPCCHEE 214 Vé%lt?lf Hégg]flsl 535 Yhra e fw%l?eﬁﬁﬁ@éﬁt%rmpﬁ'ﬁ%ﬁl %3?1&%6 Sensor

M Cr opr 0CesHay seRBZmcAIRRBA0H 582t hB A RNET RREHriReNRSHU! BaE B uk&l tb aRIRaRs! bl e for
filtering and preparing force sanples for the main CPU. The pen BlueCore VM

sof t war e i &1t epEneIshl Bmplsrs 1spdydei eeflingrad dpothopiring g thafragiep dew/i USB when
the pemvd s . QpRefRLENG 4N tethered node. The pen Bl ueCore VM

The force sensor microprocessor flash memory is programmed in-circuit by the
ARMY7 microprocessor 574.
The force sensor microprocessor 582 also provides the real time clock
functionality for the pen 400. The RTC function is performed in one of the
20 microprocessor’s counter timers and runs from the external 32.768 kHz tuning fork. Asa
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
functionality includes an interrupt which can be programmed to power up the ARM7 574.
25 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.

30 5.7 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 5.6. The



software is not used when the pen is operating in Bluetooth node. The pod
Bl ueCore VM software i s responsi ble for sensing when the pod is charging a
pen 400, wornroaldrisng t he pod LEDs appropriately, and comgmmwedvoo3si t h t he
host PC via USB. For a detailed description of the software nodul es,
reference is made to US Publication Ngs 2006/ 0028459, the contents of which
are herein incorporated by reference. The present invention has been

described with reference. 1.0.a preferred enbadi t r of specific
o) tor nat 1 voelHEgR! SLRPEChEIS BREhFRh G PSS AR R0 F R0 4TF Bl Bl | e
i n the rel erantthdHoededbendoh aicréprovgssbes’2pindatsh esfivenbmadning it the VM dnftee i ng from

t hose specificall scriped, wl] also fal i t hi he spirit and scope of
the” pr osenC SRt e B gt it B B d g e e
i nvention h& aAQbsotinie® A dnBewhitiitb@diht frobdiorS PRIl bBwATROHIER B
described in theagresent speci fication, 1ncluding docunents i ncorporated by

cr oss- r ef eP@tes 2asothgs Persisientees. T%@ens%lbfi@r%fr78taﬂf@%w@mvﬁr6ﬁunpéle%lm y linited

by the attgehefdul nhiBetHeALNBNL firwadBSid 8lRidBRAY b PaH & th \Shage @i NG pattern
di sposed on a surface thereof, said first coding pattern conprising: a

plurality offtwaarget el enents defining a target grid, said target grid
O SN0 2 P VR ko flinC LR pitOST MR ARRR G EPhPaifAg, Lar ot

el enents; a plura 0 enent s cont al ne n eac d a
plurality @he Netgage peasitwasgldoenangleseftiwasduinyngan flier\&Yl os éte pofl Bbmfbieguous

cells, ch tag ¢o ising r ctive data encod by.a respective set
of sali dﬁgat a el e%@ﬁgi\f,ep eg[?egiﬁﬁé)gagfﬁescae]ﬁ%g%%%??agsé‘g acc?ﬁjg&o%mﬁ%? 8tsr egi stration
synbol s ene@eidedpsidion ﬁﬁig@lleé is@ﬂg)lésa_fef[ﬁ@dusai. d’_hg&tr&n??iseéfaﬁﬁdb S0 aBER. Of Sgi-d one
or nore regjstratiqn synbols identjfying sai e] |l as bejng contained in
said first Q@ttﬁ*’éﬂ?&“l‘tfﬁ@’r%ﬁ?deé@ﬁ?]ﬁ? w@lazqr%g%%?%P%l?JstHoefsrd?% >%5&dm‘ee|dn. 2 . The
substrate @hefthaNepdge pAribRxRiRUTRAN nRhaf@ld S NePMaldpedsirficsal d first set

identifies said first set and thereby said first codi‘n% pattern. 3. The
substrate of cl afa QU gvenosss obthie Neppeedan spfived is rospanpibls feniiplsl s i dentifies

the nunper cﬁﬁur&%é iﬁlag@ﬁ}B@eissrﬁ?gdanh 'aec%ﬁf-ng (i];liCBr?jﬁncﬁgﬁ with the Jupiter image sensor
576), storage and offload management, host communications, user feedback and software
upgrade. It includes an operating system (RTOS) and relevant hardware drivers. In
addition, it provides a manufacturing and maintenance mode for calibration, configuration
or detailed (non-field) fault diagnosis. The Force Sensor microprocessor 582 component
20 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.
The pod BlueCore VM software is responsible for sensing when the pod is
25 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.
The present invention has been described with reference to a preferred
30 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



4 . The substrate of claim1, wherein each registration synbol
di stingui shes said first coding pattern froma second coding pattern. 5 .
The substweteloB37s7ai m 4, wherein said first codi ng pat PrermEane/®aizd second
coding pattern are both readabl e and decodabl e by a sane optical reader. 6
The substrate of claim5, wherein sggd second coding pattern conprises: a
plurality of target el enents defining a target grid, said target grid
glogprr;]tslsngbe 11F11te { sgeocfﬁ' Cf;efnllt!oﬁirréevn%ﬁ egclnc ed i %hggersé:nrt] ecetjﬁa lon, I1nc[u%1 Lar get
plurality d&mhﬂg@Jmﬁamhnmagwbekmgkﬂﬁknme@mbmua:§Ee@a@e$éﬂmoﬁwmﬁmtmguous
cells, each t C isin ective tag data encoded by a respective set
of said danYgggﬁgﬁ?@e %wéiwg§ald second set contains a different nunber
of cells than said first set.7 . The substrate of claim®6, wherein each
cell of said first coding pattern and said second coding pattern conprises
one or nore registration synbols. 8. The substrate of claim7, wherein said
registration synbols in said first and second codi ng patterns are
configured and positioned identically relative to target el enents contai ned
by each cell. 9 . The substrate of claim6, wherein said second codi ng
pattern is adapted to be printed at a lower print resolution than said
first coding pattern. 10. The substrate of claim9, wherein said second set
contains a fewer nunber of cells than said first set. 11. The substrate of
claim1l, wherein each registration synbol identifies a translation of said
cell relative to a tag containing said cell. 12. The substrate of claim 11,
wherein each cell conprises a pair of orthogonal registration synbols, each
ort hogonal registration synbol identifying a respective orthogonal
translation of said cell relative to a tag containing said cell. 13. The
substrate of claim1l, wherein each tag is square and conprises M

contiguous square cells, wherein Mis an integer having a value of at |east
2.



14. The substrate of claim 13, wherein Mregistration synbols in a row of M
cells define a cyclic position code having m ni mum di stance M said code
bei ng defwoediong7e7first translati on codeword. 15. The ®abstizedswoof3zcl ai m
14, wherein Mregistration synbols in a colum ofMcells define a cyclic
positi on code having m ni num di stancegil said code being defined by a
second transl ati on codeword. 16. The substrate of claim 13, wherein each
tag conpri P?i%lgi cells, and at |east Nregistration synbols forma third
translatio gword Wi th mnimumdistance N, wherein Nis an integer
having a value of at least 4 . 17. The substrate of claim1, wherein each

registration sy | identifies an orientation of a_layout of said tag data
W onreapedr ¢ oA ke B Grcatg pre e natilef r @R HeEbs i BBt wnorel n
sai d data eb@KEtSmabEpiaef odots, and wherein a portion of data is
represented by mmacrodots, each of said nmacrodots. occupying a respective

positior from a pl urdlualiy efftaigpteisatcats 45 tHuee piawess BidesaibaigeiBids/ * withi n said

cell, the t&eRR&LIRIARS bEdANNhOEiInSRIHLIFRE CAAQNS. fLARE 888k N one of a
plurality of possible data values, wierein ms an integer of 2 or nore,

andp >2m 19. The sulbpbtaliy ef dafa cbdnghincaigainggheewhgelsasth cel | defines a synbol
group, each symbol qrauR COTRLI SERG AL HEAbA by Bk BEGToSRhOIRASY MOl S
encoded by a plurali tpy o#t)?sal%’ %gltpagefle r@s. a flist 8 © Péu ’
cach tag comprising respective tag data encoded by a respective set of said data elements,
10  wherein each cell comprises one or more registration symbols encoded by a respective set
of said data elements, each of said one or more registration symbols identifying said cell as

being contained in said first set and thereby contained in said first coding pattern.

2. The substrate of claim 1, wherein a number of cells contained in said first set

15 identifies said first set and thereby said first coding pattern.

3. The substrate of claim 2, wherein each of said registration symbols identifies the

number of cells contained in said first set.

20 4. The substrate of claim 1, wherein each registration symbol distinguishes said first

coding pattern from a second coding pattern.

5. The substrate of claim 4, wherein said first coding pattern and said second coding

pattern are both readable and decodable by a same optical reader.

25
6. The substrate of claim 5, wherein said second coding pattern comprises:
a plurality of target elements defining a target grid, said target grid
comprising a plurality of cells, wherein neighboring cells share target elements;
a plurality of data elements contained in each cell; and
30 a plurality of tags, each tag being defined by a second set of contiguous

cells, each tag comprising respective tag data encoded by a respective set of said data
clements,

wherein said second set contains a different number of cells than said first set.
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7. The substrate of claim 6, wherein each cell of said first coding pattern and said

second coding pattern comprises one or more registration symbols.

8. The substrate of claim 7, wherein said registration symbols in said first and second
coding patterns are configured and positioned identically relative to target elements

contained by each cell.

0. The substrate of claim 6, wherein said second coding pattern is adapted to be

printed at a lower print resolution than said first coding pattern.

10. The substrate of claim 9, wherein said second set contains a fewer number of cells

than said first set.

11.  The substrate of claim 1, wherein each registration symbol identifies a translation

of said cell relative to a tag containing said cell.

12.  The substrate of claim 11, wherein each cell comprises a pair of orthogonal
registration symbols, each orthogonal registration symbol identifying a respective

orthogonal translation of said cell relative to a tag containing said cell.

13.  The substrate of claim 1, wherein each tag is square and comprises M* contiguous

square cells, wherein M is an integer having a value of at least 2.

14.  The substrate of claim 13, wherein M registration symbols in a row of M cells
define a cyclic position code having minimum distance M, said code being defined by a

first translation codeword.
15.  The substrate of claim 14, wherein M registration symbols in a column of M cells
define a cyclic position code having minimum distance M, said code being defined by a

second translation codeword.

16.  The substrate of claim 13, wherein each tag comprises N cells, and at least N

PCT/AU2009/001033
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registration symbols form a third translation codeword with minimum distance N, wherein

N is an integer having a value of at least 4.

17.  The substrate of claim 1, wherein each registration symbol identifies an orientation

5 ofalayout of said tag data with respect to said target grid.

18. The substrate of claim 15, wherein said data elements are macrodots, and wherein a

portion of data is represented by m macrodots, each of said macrodots occupying a

respective position from a plurality of predetermined possible positions p within said cell,
10 the respective positions of said macrodots representing one of a plurality of possible data

values, wherein m is an integer of 2 or more, and p > 2m.

19.  The substrate of claim 19, wherein each cell defines a symbol group, each symbol
group comprising a plurality of Reed-Solomon symbols encoded by a plurality of said data

15 elements.



