CODI NG PATTERN COVPRI SI NG DI RECTI ON CODES FI ELD OF

I NVENTI ON The present invention relates to a
w@o®PNs@ee codi ng pattern on a surface. BACKGCRONDATH®S/001070

Appl i cant has previously described a nmethod of

enabl i ng users to access information froma conputer

systemvia a printed substratete.g. paper. The

substrate has a coding pattern printed thereon, which

is read by an optical sensing device when the user

interacts with the substrate using the sensi ng device.
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devi ce and uses this data to determ ne what action is

bei ng requested by the user. For exanple, a user may
malCeELRRE INMENIIONt en i nput onto a formor make a
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Interprete conpu erence
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substrate. It would desirable to inprove the coding
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20 SUMMARY OF INVENTION
In a first aspect the present invention provides a substrate having a coding pattern disposed
on a surface thereof, said coding pattern comprising:
a plurality of target elements defining a target grid, said target grid
comprising a plurality of cells, wherein neighboring cells share target elements;
25 a plurality of data elements contained in each cell; and
a plurality of tags, each tag being defined by at least one cell, each tag
comprising respective tag data encoded by data elements,
wherein each cell comprises a plurality of registration symbols encoded by a respective set
of said data elements, each registration symbol identifying a respective direction
30 component of an orientation such that said plurality of registration symbols in said cell
together identify said orientation, wherein said orientation is an orientation of a layout of

said tag data with respect to said target grid.



together identify said orientation, wherein said
orientation is an orientation of a |layout of said tag

W@l 2109/0%d48¢ respect to said target grid. Opti onaPCyAU2MEM01070
cell conmprises first and second orthogona
regi stration synbols, said first registration synbol
identifying a first direction zonponent of said
orientation, and said second registration synmbo
identifying a second direction conponent of said
orientation, such that said first and second
or G eiss cachegsil spmpiiseh firssapdisenoad ppaetereeisgeionsyHoadnpgd first
or i @N@fidnQYmbNGdnARAld a)/ﬁrsﬁfﬂleéilo% @bmAnchtaf Sai@bRNRALS ah@said
represented by mul t'i -pul se position nodul ati on.
Optseconditekijtration symlnd tdeptfy g p accenddieastion eomsiost of sl oprpntation,
aShARh S BRERL LIRS RIS ASHRAL N et i
posseitenposi tions p within sard cell, the respective
positions of said nmacrodots representing one of a
plurality of possible registration synbol val ues for
saiopticedi shidatt od dats Yiemelts is @prdsenal byymulthpuBe gos@ion Mk lation.
and p >m Optionally, mis 2 and pis 6 so as to
provi de 15 possible registration synbol val ues.
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val ues are map to a directi on code symbol val ue,
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said orientdation is one of four possible orientations,
saiofiperiblemtgatiatem symbolgaludetet iafid rhiseatiph aymbopai r  of
1-bit direction code synbol values. Optionally, said
each registration synbol value read in a first

1%r iOpriviadly omisi2sor newednded- mhen read in an opposite
second orientation. Optionally, each registration
synbol value maps to a "0" direction code synbol val ue
Whe@ptibRad, 74 B 2seat @ if 6 $osds toproaad 83 posible At traBPS yinBoldraluds’
di rection code synbol value when read in said second
orientation, such that determ nation of the
or icpRbiy Od"bh%fahtyc' af Quct @Qst@ﬁbﬁ‘ synfbol NARR @QQ%&QB a@fFection code
orientation in Wwhich said registration sy is

20 egpmigpvilenh aid dirccaarcepde sxynbol raed represspiineol diregtiantsemponent of said
'd%ﬂ&h&(ﬁs at | east one of: a translation of said cel
relative to a tag containing said cell; and

Optionally, said orientation is one of four possible orientations, said orientation being
identifiable via a pair of 1-bit direction code symbol values.

25
Optionally, said each registration symbol value read in a first orientation is reversed when

read in an opposite second orientation.

Optionally, each registration symbol value maps to a “0” direction code symbol value
30  when read in said first orientation, and maps to a “1” direction code symbol value when
read in said second orientation, such that determination of the orientation of said tag data is

independent of an orientation in which said registration symbol is read.



a flag. Optionally, each registration synbol value
maps to an identical flag code synbol val ue
WO e00esp@sd i ve of an orientation of reading saiBCT/AU2008/001070
regi stration synbol. Optionally, each tag is square
and conprises M2 contiguous square cells, wherein Mis
an integer having a value of at least 2. Optionally, M
regi stration synbols in a row of Mcells define a
CY ©phiGnalPSdatH QFisEAdL s ol AGthsHiBdniBER Micsdtanesr: M said
code being defined by a first translation codeword.
Optional |y, al\%@%ﬁl%‘t"%{%ﬂ‘i e relgtinsap & tag qoniaipige srdheedl ad
cells defln%jﬁ,cycllc position code having m ni mum
di stance M sald code being defined by a second
transl ati on codeword. Optionally, each tag conprises N
el ' S.
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Optionally, any tag-sized portion of said coding
pattern is guaranteed to contain at least N
r eQipsibiadiy j cach @y FhGhass ankl e piigs ©Apntiidig s@aiettelid iwhetein M is an
transl ation coFemgrq. gftionally, each tag conprises N
celteBer B4t VAUe 5 'R 4 r st regi stration synbols form
1@ first direction code with m nimum di stance N
wherein Nis an integer having a value of at |east 4 .
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wher el n I's an I nteger having a val ue of [ east 4.
Cptlonally, said cells are arranged such that any
t ags.Si of [
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substrate having a coding pattern di sposed on a
surface thereof, said coding pattern conprising: a
pl @pabhally, ath @t @Rrisel /e cartand detdsnV Rgistatid@sg@bolgforel a third
sai d target grid conprising a Iurallgy of , cells,

wh SRBI4IOR e?dgwsleslrvrlﬂlgme@ilqr%d@ﬁ%@év rarget i8 PR ipdagerhavige a value of
pl yrlst 4y of data el ements contained in each cell; and
20

Optionally, any tag-sized portion of said coding pattern is guaranteed to contain at least N

registration symbols, thereby capturing said third translation codeword.

Optionally, each tag comprises N cells, and at least N first registration symbols form a first

25  direction code with minimum distance N, wherein N is an integer having a value of at least

4.

Optionally, at least N second registration symbols form a second direction code with
minimum distance &, wherein N is an integer having a value of at least 4.

30
Optionally, said cells are arranged such that any tag-sized portion of said coding pattern is

guaranteed to contain said first and second direction codes.



a plurality of tags, each tag being defined by a
plurality of contiguous cells, each tag conpri sing

WO e@pesuBye tag data encoded by a respective seCT/aij2008/001070
said data el enents, wherein each cell conprises one or
nore regi stration synbols encoded by a respective set
of said data elenents, said oné or nore registration
synbol s identifying: a translation of said cel
r eli@i koéend BpRt thaPreG@NihddnfibRBroSAbch ®iBlthate AN @Boding pattern
orientation of a layout of said tag data with respect
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transl ati on codeword. Optionally, each tag conprises N

cells, and at least N registration synbols forma

t hioptloallgkaiddtrit adpistr@a@Me 8o Mildnkifiel afirkaulivectios tamg@eM,of said
wherein N is an integer having a val ue of at | east
4. O RIoR) ang said prpondygeistiasiay 53@%%0! jdshifist 2 segpyl digsetiqigomponent of

Pat}ig bhediiod UL QR (i@ afi0RERU BriBd goh@aSkstMion symbols together
regi stration synbols, thereby capturing said third
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one of four possible orientations identifiable via a
pair of 1- bit direction code synbol val ues.
Optionally, each tag is square and comprises M~ contiguous square cells, wherein A is an

integer having a value of at least 2.

25 Optionally, 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.

Optionally, 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.
30

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

translation codeword with minimum distance &, wherein N is an integer having a value of

at least 4.



Optionally, each tag conprises N cells, and at |least N
first registration synbols forma first direction code
W@Raob/osd4sé num di stance N, wherein N is an int eR&r/AU2008/001070
having a value of at least 4 . Optionally, at least N
second registration synbols forma second direction
code with m ninmum di stance N, herein N is an integer
having a value of at least 4. Optionally, said
orientation is identifiable fromsaid first and second
direction codes, Optionally, said cells are arranged
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direction codes. Optionally, said registration symbo
further |dent|f|es a flag for said tag. Cptlonally,

a
NG SRR 3L R ERP R Bl LRSS inaBle yigo ngrof 1
sabddnanmmdmhsymbﬂuyy%ng a respective position froma
plurality of predeterm ned possible positions p within
said cell, the respective positions of said nmacrodots

re [OIpesleiﬂlsr,l dach @ eongfrises ptdlls alni tuylea@f Npas Selgb’[raldﬂayrabols form a first

val ues. i qnal | id port f. data
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1®yabol group, each synbol group conprising a plurality

of Reed- Sol onon synbol s encoded by a plurality of said

data el enents. Optionally, mis an integer of 2 or
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| ocal Codeword conpri sed a set of sald Reed-
So Inomonmsistdnod &, whaneim Miharidteges pexang ¢ vedugmfeslent 4.
i nvention provides a nethod of imaging a coding
pattern di sposed on a surface of a substrate, said
157e t0poohadlppidiosicmapidnhieidsitgjpble Gbm sgid )fire apd econdgliraction atpe
of a portion of said coding pattern, said coding
pattern conprising: a plurality of target elenents

defOpabmdy Sald@Eigede Sfansed stiéet Wattady B81sizgd peHiGOSTRAIN SddIGL Fttern is

plurality of cells,_ wherein neighboring cells share
t alg@ggnt@démaén said first and second direction codes.

20 Optionally, said registration symbol further identifies a flag for said tag.
Optionally, said data elements are macrodots.

Optionally, a portion of data is represented by m macrodots, each of said macrodots
25 occupying a respective position from a plurality of predetermined possible positions p
within said cell, the respective positions of said macrodots representing one of a plurality

of possible data values.

Optionally, said portion of data is a Reed-Solomon symbol.
30
Optionally, each cell defines a symbol group, each symbol group comprising a plurality of

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



a plurality of data el enents contained in each cell

and a plurality of tags, each tag being defined by at
WO 2@s3@se cell, each tag conprising respecti VRCT/AG2008/001070

data encoded by a respective set of said data

el ements, wherein each cell conprises a plurality of

regi stration synbols encoded b§ a respective set of

said data el enments, each registration synbo

| d@jbhbﬁa‘}’lyr}@1s&nﬁrﬁ§géﬁ6ft2 dtendld, bRCH +om. conponent of an

orientation of a layout of said tag data with respect

to said target grid; and (b) sanpling and decoding a
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sai d i maged portion; (c) determ ning, fromthe decoded
reépbﬁmaﬁw@mﬂ%ynbols the orientation of the |ayout of
ghe tag data relative to the target grid; and (d)
using said determ ned orientation to sanple and decode
sailda thard adﬁttahe mntdm@hﬁgn, preadds amwltﬂod@ﬁmmlgingesocﬂihg pttern

t d first
i S et PR ety e B R e
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e istration synbol identifying a second direction
PIEMe of said orientation, such that said first
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identify sai orientation tion

s sai d
or |C@1ﬁlt>réﬁt“}gc?rphif§h% AEceds. vhetgin rﬁeﬁélhwgéelg%ﬁh@rﬁ faagqt eagents aj d
orientation alf)?drﬂg bﬂ(ﬁt@élénﬁ&glcgntglh@d i e%‘c@ll oaﬁld 1-bit

or t hogonal dlrectlon conponents. Optionally, each tag
is defi ned yplaalpgy of tagsi @ayh o beioptlefgudbgat least one cell, each tag

Celc!)x?‘%) res%leét%(r %%‘r{ta eﬁc%gé y aqlg%pgptlv%)é ? 211(5 '}Qgr%nents

tron o cel
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dl sbapmentNs anbreshetion N d 18yoanof shitl @gelatalvain re@eca tv@ldiergefgrid; and

at least 4 . Cptlonally at | east N seco

regi st ré&0 yEmwliay Mslecodinganlualis cbr! raglﬁteaélpv Snbobanigingdin said

wnnhﬁggkgh§ﬁance N, wherein Nis an integer having a

val u | east 4.
20 (c) determining, from the decoded registration symbols, the orientation of the

layout of the tag data relative to the target grid; and

(d) using said determined orientation to sample and decode said tag data.

Optionally, each cell comprises first and second orthogonal registration symbols, said first

25 registration symbol identifying a first direction component of said orientation, and said
second registration symbol identifying a second direction component of said orientation,
such that said first and second orthogonal registration symbols together identify said

orientation.

30  Optionally, said orientation is one of four possible orientations, said orientation being

identifiable via a pair of 1-bit orthogonal direction components.

Optionally, each tag is defined by a plurality of contiguous cells



Optionally, said cells are arranged such that any
tag-sized portion of said coding pattern is guaranteed

W@ 2000081486 N said first and second directi on coREEAU2008/001070
Optionally, each registration synbol further
identifies a flag for said tag. Optionally, the nethod
further conprising the step of7identifying a position
usi ng the decoded tag data. In a further aspect the
present invention provides a systemfor inmaging a
codi ng pattern disposed on a surface of a substrate,
salpieyAdly ¢icisaipiFatisn mgabol ytherdiantibebst rat e, wherein
sai d codi ng JRAhlIRIA of UPEISERvedo magrcahalhmg ofig tar get
el enents defining a target grid, sard target grid
conprising a plurality of cells, wherein neighboring

el rd [

4 SRR Gt AR SR, Sy B s ol iR oy forma i
t agsectiencéiletvath noeinmig dgfncaédwhareiatV ib eamtegarheviogh bglue of at least
eaglh tag conprising respective tag data encoded by a
respective set of said data el enents, wherein each
cell conprises a plurality of registration symbols
encoded by respective set of said data el enents
eaaﬁ’“i’@ﬂ?’s”tt feé%tﬁ 0o sbiratieePely f‘ﬁ‘@‘ 43608 B‘é?PPP%’de with

101 MBEuRN I GAHIPINeRY iR i ifeb@Mhdh dg hd DR ofat lkayput of
said tag data with respect to said target grid; and
(B) an optical reader conprising: an image sensor for
Ca@pﬂBﬁa‘ﬂg s% cbl‘fgaag@argafn & R t‘hétoctﬂ 91% s&@(!l gorﬁ(g}fjéf@ﬁd coding pattern is
pattern; a processor conf |gure for: (1) sanpling
an@u@@lﬁ@dltmgbnallrpﬂatd'ﬂxﬁtlan? sqgpndsdiiedtianengilest r at i on synbol s
contained in said inmged portion; (ii) determ ning,
fromthe decoded registration synbols, the orientation

19f Qpkienallpyeaci regiftratior syratg] tather idatifits afdagtfor shideag ar get
grid; and (iii) using said determ ned orientation to
sanpl e and decode said tag data. Optionally, each cell
COMpkibieds, thé msthoPMEh& 6@ thd@gsTadentif PigStpo@tidOiing the
synbols, said first registration synbol identifying a
fi ﬂ%@dﬁqtﬁ%@‘tt?on conponent of said orientation, and
sai d

20 In a further aspect the present invention provides a system for imaging a coding pattern
disposed on a surface of a substrate, said system comprising:
(A) said substrate, wherein said 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;
25 a plurality of data elements contained in each cell; and
a plurality of tags, each tag being defined by at least one cell, each tag
comprising respective tag data encoded by a respective set of said data elements,
wherein each cell comprises a plurality of registration symbols encoded by a respective set
of said data elements, each registration symbol identifying a respective direction
30 component of an orientation of a layout of said tag data with respect to said target grid; and
(B) an optical reader comprising;
an image sensor for capturing an image of a portion of said coding pattern; and

a processor configured for:



second registration synbol identifying a second
di recti on conponent of said orientation, such that

W@ 200d/08G486t and second orthogonal registrati onPGHAG2108/001070
together identify said orientation. Optionally, said
orientation is one of four possible orientations, said
orientation being identifiablesvia a pair of 1-bit
ort hogonal direction conponents. Optionally, each tag
i s defined QM s@nlﬂing il Jldcb(diﬁlg a ﬁl@ﬁtiﬂy%‘ﬂ M@re@ﬁiriﬁ?@n symbols contained
Optional ly, .each registration synbol further
i dent i fiedid igaged APt i on of said cell relative to a
tag contai nifjeihfirgedm tlgﬂ(eéda@@}e%i}(t’rat%ﬁ@%lﬁc@sg the orientation of
conprises Ncells, and at least NTirst registration
synbol sthe byentaf fhi tagtda@irelateritothe troghé eid: ahd mi ni num

i stance N, el n- N ' ]

%t onst 4 R AidNel R ARG o BHNE G Ak e R U v
regi stration synbols forma second direction code with

N S8 My A5 P oMb SRR 2 i
ar rangadonssymboltifatifyadpys firghsétoa dompoehti sadd orsatation, and said
codingigattern i%%gg@rﬁpteed to &ontain said first .and.
secHREC ERPEE SN wiityiag A sesrag fictianeomppigt dispidorighation,
16y RR® thdt Whid hRT adddeddhd biti@soml fdgRBatl sy ®Bdichob@Bbr identify said
Optionally, said processor is further configured

f otiF&EON; fyi ng a position using the decoded tag dat a.

In a fourth aspect the present invention provides a

met hod of imaging a coding pattern di sposed on a .

suUptiowllpfsaid osigigstianas @e of &iudpereibleodendmps,issil ngertdtion being

St eR%iflbic £ pARY U Mo ARl TRARN A mBuRALL On Of said

codi ng patter%, said cod ng pattern conprising: a
1plurality of target elenents defining a target grid,

said .target grid c risi a uralit f cells,

o PRI e RER by R oGy B Phfei s lement s a
plurality of data elenents contained in each cell; and
a plurality of tags, each tag .being defined by a

pl {PgPRally. 3¢h regiraighstbog Bythe identifies:

a translation of said cell relative to a tag containing said cell.
20
Optionally, each tag comprises N cells, and at least N first registration symbols form a first
direction code with minimum distance N, wherein N is an integer having a value of at least

4.

25 Optionally, at least N second registration symbols form a second direction code with

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

Optionally, said cells are arranged such that any tag-sized portion of said coding pattern is

guaranteed to contain said first and second direction codes.
30

Optionally, each registration symbol further identifies a flag for said tag.

Optionally, said processor is further configured for:



each tag conprising respective tag data encoded by a
respective set of said data el enents, wherein each
W@ 00b/03@spri ses one or nore registrati on synboPGI/AU2008/001070
encoded by a respective set of said data el enents,
said one or nore registration synbols identifying: a
translation of said cell relat¢ve to a tag containing
said cell; and an orientation of a |layout of said tag
data with regpesingaposiabusimfBelecdcdig datd) sanpling
and decoding a plurality of said registration synbols
c ot & f e 23PRct dhe rieSEHAYEBIPIrQvidsh 2 H{eg}vd QEMELIRE A cpne pattern
fr 9[5})&5'3@ _01g§ﬁQfA@éjoﬁa%%s%t%%id%t@ﬂ%ﬁlbﬁrsingstﬁé gep_s of: _
orientation and said translation; and (d) using said
or i ent afe) eantuaing ais mage ot apestiantdf exd ewlingaatitre, sadgodiag patiern
ai data. Optionally, each cell conprises a first
§n89%@%%ﬁ% regi stration synbols, said first
regi strati on phyatpbf tagetredniepisrigfimng 2 tagget grd Fadjerygal grid
transl ati on . of .sajd cell . .said secon egistratio
oy AoBsah T RLES St o EGaR EF ke BeinSil o
said cel |, anptursheofdan Sancdtsicomgiael ip@tdhicom aaont ai ns
both first and secopnd regjstration.s ol s. .. .
Optional |y, PRty PE%%S’ ?agb fagiorigg g%fwegggﬁBlluraihHeﬁfPWgé%“S cells,
10 bhdhSig ipBsihg REpCORANGRM cndbded BY & r@pdcaNt Rt bQRd d&Adlements,
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registration symbol identifying a first orthogonal translation of said cell, said second
registration symbol identifying a second orthogonal translation of said cell, and wherein
said imaged portion contains both first and second registration symbols.

25
Optionally, said first registration symbol identifies a first direction component of said
orientation, and said second registration symbol identifies a second direction component of
said orientation, such that said first and second orthogonal registration symbols together
identify said orientation via said first and second direction components.

30
Optionally, each tag is square and comprises M° contiguous square cells, wherein M is an

integer having a value of at least 2.



at least 4. Optionally, said inmged portion of said
coding pattern is guaranteed to contain at |east N

WO 2@oe8@86 | on synbol s, thereby capturing said REi/AU2008/001070
transl ati on codeword. Optionally, said orientation is
one of four possible orientations identifiable via a
pair of 1- bit direction conpagnents. Optionally, said
regi stration synbol further identifies a flag for said
t a@pticmdly SAirékisih@g symbsls 8ch b o3 ARIIEdANE 2 IR0 P68t dde having
tag data. In a further aspect the present 1nvention
pr SUligee dstage Metpid ende priagilsigedbicolitgnpaiaepdeword.
di sposed on a surface of a substrate, said system
conprising: (A) said substrate, wherein said coding
patGpdemilly ovfagisgreson sample e dofumngif M eplly definglagriddigtpgsition code
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target elenments; a plurality of data el enents
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C o ifphislBion gode@sladith nidinhagdidtaica \enbadady idyn atdgeSaeag b value of
set of said data el enments, wherein each cell conprises
a pls#hfity of registration symbols encoded by a

10 espective set of said data el enents, each
regi stration synbol identifying a respective direction
coips ey satd impeed ppisine af s2iskFoding patickyis graryrteed &0 epniagpt least N
dataidhidh &EBRNEGherdt cHtinthel sHadfitd Hnbifhion2RekvidR). an
optical reader conprising:” an I nage sensor for
capturing an i nmage of a portion of said coding
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1€ obttdirereidn comacds.i maged portion; (ii) determ ning,
fromthe decoded registration synbols, the orientation
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gr icghtio@Me, seidirégisttaEbGnHal firthleiRAfd adla® fir 841l Akl MA sdi0 flag is

sanpl e and decode sai d taq dat a.
used to sample and decode said tag data.

20 In a further aspect the present invention provides a system for imaging a coding pattern
disposed on a surface of a substrate, said system comprising:
(A) said substrate, wherein said 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;
25 a plurality of data elements contained in each cell; and
a plurality of tags, each tag being defined by at least one cell, each tag
comprising respective tag data encoded by a respective set of said data elements,
wherein each cell comprises a plurality of registration symbols encoded by a respective set
of said data elements, each registration symbol identifying a respective direction
30 component of an orientation of a layout of said tag data with respect to said target grid; and
(B) an optical reader comprising;
an image sensor for capturing an image of a portion of said coding pattern; and

a processor configured for:



Optionally, each cell conprises first and second
ort hogonal registration synbols, said first

WO 299886 | on synbol identifying a first direckCDAU2008/001070
conmponent of said orientation, and said second
regi stration synbol identifying a second direction
conponent of said orientation,f1such that said first
and second orthogonal registration synmbols together
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Optionally, each tag comprises N cells, and at least N first registration symbols form a first
direction code with minimum distance N, wherein N is an integer having a value of at least

4.

25 Optionally, at least N second registration symbols form a second direction code with

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

Optionally, said cells are arranged such that any tag-sized portion of said coding pattern is
guaranteed to contain said first and second direction codes.

30
Optionally, each registration symbol further identifies a flag for said tag.

Optionally, said processor is further configured for:



each tag conprising respective tag data encoded by
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said data elenents, said set of data el enents

identifying a translation of said cell relative to a

tag containing said cell, wheriein each set of data

el enents maps to a first translation code synbol val ue

when read i RdetifyideStpodifibieiiftithOfeco@ithgps to a second
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aligned in a row or colum, each row or col utm havi ng
20 first cell at one end and a second cell at an

Op%ﬁbﬁaﬂy,esgﬂ'setsb? bida BlchuSies Gbibts of m macrodots, each of said macrodots

occupying a respective position from a plurality of predetermined possible positions p
within said cell, the respective positions of said macrodots representing one of a plurality
of possible registration symbol values for said registration symbol.

25

Optionally, m is 2 or more and p > m.
Optionally, m is 2 and p is 6 so as to provide 15 possible registration symbol values.

30  Optionally, a plurality of said registration symbol values are mapped to each translation

code symbol value.

Optionally, said second orientation reverses each registration symbol value with respect to



containing a first registration synbol represented by
a first registration synbol value which nmaps to a
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orientation, said second cell containing a second
regi stration synbol represented by a second
regi stration synbol value which maps to a second
transl ati on code synbol value in said first
or kgnfat bigdtativherein said first transl ati on code
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val ue are interchanged in said second orientation.
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wherein Nis an integer having a value of at |east 4.

OptOpao@illy Yeacterdyistt2ign Syral fLﬂtﬁéﬁld@lﬂﬁ&fat feast@ne:@fdl ng
pattern S guaranteed to contain at

| eas
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encoded by one or nore Reed- Sol onon synbol's.

2Qpt i onat flggcodach cel | defines a synbol group, each
synbol group conprising a plurality of

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

25
Optionally, each tag is square and comprises M contiguous square cells, wherein M is an

integer having a value of at least 2.

Optionally, M registration symbols in a row of M cells define a cyclic position code having

30 minimum distance A, said code being defined by a first translation codeword.

Optionally, 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.



Reed- Sol onon synbol s encoded by a plurality of said

data el enents. Optionally, said tag data i s encoded as
wW@200003d48€ odewor d conpri sed of a set of said ReEHAU2008/001070

Sol onon synbols. In a sixth aspect the present

i nvention provides a nethod of imaging a coding

pattern di sposed on a surface 18f a substrate, said

nmet hod conprising the steps of: (a) capturing an inage

of a portion of said coding pattern, said coding

pattern_conpri sing: pluralit oftwg el enent s
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target elenments; a plurality of data el enents

contlatshéd in each cell; and a plurality of tags, each

g ag being defined by a plurality of contiguous cells,

each tag conprising respective tag data encoded by
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one_r stra enco espectiye set of
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identifying a translation of said cell relative to a
ta ai njn ai.d cell; nplin ne or
e&pg?rfaim B ¢ b gncadadioxio H%a%lr rpwegg?ﬂgsq “’gglﬁtu on;
1 ¢c) mappi ng each set of data elenments to a first

transl ati on code synbol val ue when read in a first
or iQPHeRly grchosell delise 8 AemBal gioyp. £RGhSHMBY RBHIIP copprsingA Rhwality of

V‘h%ec{ §AGmbis @b@@%&%ﬁe@w aeélﬁréﬁ ‘[y%f*salcf &la efﬂé?ﬁe%[sm ning the

transl ation om t he nmapped data el enents;
and(e) usi ng the translatlon to sanple and decode said
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oM sal i'rst orien
1$aﬁdbsﬁnspﬁmﬁata el ements is represented by
mul ti-pul se position nodul ation. Optionally, said set
of data el enents consists of m macrodots, each of said
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saidpessd Pn 2 fyslgcq %f:?ﬁé‘&*frﬁ?esaﬁd%‘iﬂiqdéﬁ@préﬁ‘m%tﬁ? Herr@ér odot s

repr esen tpeiriaPen Plag@ofd pi@nl de¥aid coding pattern, said coding pattern
20 comprising:
a plurality of target elements defining a target grid, said target grid
comprising a plurality of cells, wherein neighboring cells share target elements;
a plurality of data elements contained in each cell; and
a plurality of tags, each tag being defined by a plurality of contiguous cells,
25 cach tag comprising respective tag data encoded by data elements,
wherein each cell comprises at least one registration symbol encoded by a respective set of
said data elements, said set of data elements identifying a translation of said cell relative to
a tag containing said cell;
(b) sampling one or more registration symbols contained in said imaged portion;
30 (c) mapping each set of data elements to a first translation code symbol value when
read in a first orientation or a second translation symbol code value when read in a second
orientation;

(d) determining the translation from the mapped set of data elements; and



of possible registration synbol values for said
registration synbol. Optionally, mis 2 and pis 6 so
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Optionally, a plurality of said registration synbo
val ues are mapped to each transl ati on code val ue.
Optional ly, said second orienti&tion reverses each
regi stration synbol value with respect to said first
ori ent ate) Ming thPidORAb ¥ sarB5le nd R 91l Righiaaan odd
nunber of cells aligned in a row or colum, and
wherein a registration synbol contained in a centra
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regi stration synbol val ue which maps to a second
transl ati on code synbol value in said first
or 'O?)ﬂglﬁhfy O is 2%8%% @sosa%'t@prghﬁéb [Sorsﬁﬂl\g lre%ﬁs'tr%n%?ﬁ@ol Values
synbol 1'ue and sai d second transl ation code synb
val ue are i nterchanged in said second
or| i | . th r WSl .
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tag data with respect to said target grid; a direction
conponent of said orientation; and a flag code. In
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for a coding pattern disposed on a surface of
a §ﬂ6§ﬁ?@¥@m“§%ld system conprising: (A said
substrate, wherein said coding pattern conprises:

20 Optionally, each tag contains an odd number of cells aligned in a row or column, and
wherein a registration symbol contained in a central cell of said row or column is
represented by a registration symbol value which maps to identical first and second

translation code symbol values.

25 Optionally, each tag contains a plurality of cells aligned in a row or column, each row or
column having a first cell at one end and a second cell at an opposite end, said first cell
containing a first registration symbol represented by a first registration symbol value which
maps to a first translation symbol code value in said first orientation, said second cell
containing a second registration symbol represented by a second registration symbol value

30  which maps to a second translation code symbol value in said first orientation, wherein
said first translation code symbol value and said second translation code symbol value are

interchanged in said second orientation.



a plurality of target elenents defining a target grid,
said target grid conprising a plurality of cells,
wob@pes@shei ghboring cells share target el emeneGI/AE2008/001070
plurality of data elenents contained in each cell; and
a plurality of tags, each tag being defined by a
plurality of contiguous cells,16each tag conpri si ng
respective tag data encoded by data el enents, wherein
eagpticelly, thORPhoEREh@ ohfRilg BNEey Fdb@Una! fréd el fdp@tration
encoded a respective set of said data el enents,
saﬁﬂmgéﬁléﬁﬁﬁﬁi ‘el ements identifying a translation of
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(B) an optical reader conprising: an imge sensor for
capt ur i higireghon gpaenayf ofgaiderientywnodndsai d codi ng
attern; processor configured for: (i) sanpling
%ne or %%%g%gggistration synbol s contained in said
i maged portion; (ii) mapping each set of data el enents
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(B) an optical reader comprising;
an image sensor for capturing an image of a portion of said coding pattern; and
20 a processor configured for:
(i) sampling one or more registration symbols contained in said imaged
portion;
(i1) mapping each set of data elements to a first translation code symbol
value when read in a first orientation or a second translation code symbol value when read
25 in a second orientation;

(ii1) determining the translation from the mapped set of data elements; and

(iv) using the translation to sample and decode said tag data.
Optionally, second orientation is rotated 180 degrees from said first orientation.
30

Optionally, said set of data elements is represented by multi-pulse position modulation.

Optionally, said set of data elements consists of m macrodots, each of said macrodots



code value. Optionally, said second orientation
reverses each registration synbol value with respect
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orlentatlon said second cell containing a second

- ShRbbT SRR APUERGRH ol 26 bsasg gt remtaion
tra&&hambon code synbol value in said first
orientation, wherein said first translation code
synbol val ue and said second translati on code synbol
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decddfipgonamfaa.-each regi stration synbol, at |east one
of : an orientation of a |layout of said tag data with
respect to said target grid; a direction conponent of
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accompanyi n in which: Figure 1 is a
sc%@%ﬁ?pﬁc%gsﬁmﬁﬂggg@rat|onship bet ween a sanpl e
printed net page and its online page description;
F| 2 shows an enbodi nent —of basic net page

tl?l@é‘mﬁa@l % By Phal: Pt eflhaltengdia aprgy of column, each row or

column having a first cell at one end and a second cell at an opposite end, said first cell

20 containing a first registration symbol represented by a first registration symbol value which
maps to a first translation symbol code value in said first orientation, said second cell
containing a second registration symbol represented by a second registration symbol value
which maps to a second translation code symbol value in said first orientation, wherein
said first translation code symbol value and said second translation code symbol value are

25 interchanged in said second orientation.

Optionally, said processor is further configured for decoding, from each registration
symbol, at least one of:
an orientation of a layout of said tag data with respect to said target grid;
30 a direction component of said orientation; and

a flag code.



the relay device; Figure 3 shows the structure of a

tag; Figure 4 shows a group of twelve data synbols and
W0 owe/0s@sget s; Figure 5 shows the |ayout of a PEBRBMO08/001070

and 3-6PPM data synbol; Figure 6 shows the spacing of

macrodot positions; Figure 7 shows the |ayout of a

2-6PPM registration synbol; Filgure 8 shows a

sem -replicated x-coordi nate codeword X; Figure 9

shows a senmi-replicated y-coordi nate codeword Y;

Fi gure 10 shows common codewords A, B, Cand D, wth

codeword A shown in bold outline; Figure 11 shows an

OPHRIER DERXHPPION 6F DRAWINGS 2 Shows the |ayout of a
conplete tag; Figure 13 shows the | ayout of a
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surface; E‘Eﬁli urg1 17 is a lateral cross section through
th@n%?rPflg eg‘iﬂp °%8A is a bottomand nib end parti al

perspect shows @h emb&lifen of basgicgadS8Bchitc@rebaitt @ioandteftiatives for
end partial perspective with the fields of
i | therfrlARdsvés and field of view of the sensor w ndow

16 heWard Nshd@t e duRiird berag Fi gure 19 is a | ongi tudi nal
cross section of the pen; Fi gLure 20A is a parti al

| ofeguratibags a eon of tyelve demsigrbolsiiad Aluptaggss: bar r el

MOIeeh RGs shbl ) £hS . 6Bp halpphofg! yHghinal cross
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2 TFigus Gshpay the specmgof madredgppositeps;i cs adj acent a sketch
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18 h&idureed hoot a van@mepdicatthrecapdingatodsendof;; and
Figure 9 shows a semi-replicated y-coordinate codeword Y;
Figure 10 shows common codewords A, B, C and D, with codeword A shown in bold
outline;
Figure 11 shows an optional codeword E;

20 Figure 12 shows the layout of a complete tag;
Figure 13 shows the layout of a Reed-Solomon codeword,
Figure 14 is a flowchart of image processing;
Figure 15 shows a nib and elevation of the pen held by a user;
Figure 16 shows the pen held by a user at a typical incline to a writing surface;

25 Figure 17 is a lateral cross section through the pen;
Figure 18A is a bottom and nib end partial perspective of the pen;
Figure 18B 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 19 is a longitudinal cross section of the pen;

30  Figure 20A is a partial longitudinal cross section of the nib and barrel molding;
Figure 20B is a partial longitudinal cross section of the IR LED’s and the barrel molding;
Figure 21 is a ray trace of the pen optics adjacent a sketch of the ink cartridge;

Figure 22 is a side elevation of the lens;



Figure 24 is a block diagramof the pen el ectronics.
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preferred enbodi nent, the invention is configured to
work with the netpage networked conputer system a
detail ed overvi ew of which foltkows. It wll be
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i nteractive webpages. Information is encoded on eac
20 Dboth within the map and among different maps. The computer system can contain

information about features on the mapped surface, and such information can be retrieved

based on map references supplied by a sensing device used with the mapped surface. The

information thus retrieved can take the form of actions which are initiated by the computer

system on behalf of the operator in response to the operator’s interaction with the surface
25 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
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,

30 however, and thereby the coded data, can be sensed by an optically imaging sensing device
and transmitted to the netpage system. The sensing device may take the form of a clicker
(for clicking on a specific position on a surface), a pointer having a stylus (for pointing or

gesturing on a surface using pointer strokes), or a pen having a marking nib (for marking a



page using ink which is substantially invisible to the
unai ded human eye. The ink, however, and thereby the
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search based on keywords i ndicated by the user.
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20t trivghotenetpagal-t hough it will be appreciated that
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cotlrees@poduil nigmpeg ef tle sapdgptln partibylarsit dﬂsed)emhe thipe and spatial extent
net(?ong)eo e%(t:hV\glgelﬁctlve aemenkg% e. text field or button in the example), to allow the
netpage system to correctly interpret input via the netpage. The submit button 6, for
25 example, has a zone 7 which corresponds to the spatial extent of the corresponding graphic
8.

As illustrated in Figure 2, a netpage sensing device 400, such as the pen
described in Section 3, works in conjunction with a netpage relay device 601, which is an
Internet-connected device for home, office or mobile use. The pen 400 is wireless and

30 communicates securely with the netpage relay device 601 via a short-range radio link 9. In
an alternative embodiment, the netpage pen 400 utilises a wired connection, such as a USB
or other serial connection, to the relay device 601.

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



the individual elenments of the netpage. In particular

it describes the type and spatial extent (zone) of
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interpret input via the netpage. The submt button 6,
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As shown in Figure 2, the netpage sensing device 400 interacts with a portion of
the tag pattern on a printed netpage 1, or other printed substrate such as a label of a product
item 251, and communicates, via a short-range radio link 9, the interaction to the relay

25 device 601. The relay 601 sends corresponding interaction data to the relevant netpage
page server 10 for interpretation. Raw data received from the sensing device 400 may be
relayed directly to the page server 10 as interaction data. Alternatively, the interaction data
may be encoded in the form of an interaction URI and transmitted to the page server 10 via
a user’s web browser 601c. The web browser 601c may then receive a URI from the page

30 server 10 and access a webpage via a webserver 201. In some circumstances, the page
server 10 may access application computer software running on a netpage application
server 13.

The netpage relay device 601 can be configured to support any number of sensing
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a netpage printer 601b which prints netpages digitally

and on demand, the netpages may be printed by

traditional analog printing pr®@sses, using such

techni ques as offset |ithography, flexography, screen

Pr ideditdd Gand b 8érsRE dBViddtah RGriawith 419 thaAb&\VA h&pagd SeIWB! Th tiRSpreferred

by digital printing presses,.usin% t echni ques _such as

dr gﬁpl@ﬁ@tﬂ%ﬁﬁﬁcl} pkage §en§18g]fl¢wpﬁg(5lgg AyAcydque 1Qfg)gﬁer. This allows each

U7 Q08 i@ Main®ifla URGRE pREI kN ZspebiSio SNRWAe Packis@4Er80%r application

t he net page sensing device 4d% |nterac%s with a

poservei3of the tag pattern on a printed netpage 1, or

t her pr ok L . SUC I f C
Pt om 251 PG RARALICATEY I e TRy 19 e he nopae
| i pkintr 60He winthecgdoiisothet govvimg avelladlitygd enfi lweadb@id. InFérect access.

re 601 sends corresponding interaciion data he )

" onEaRt PLERE < SR TR0 Ot Pt B B s Bdted i, iFer prin:
Rawudliag publiegehy@detpig@printees. Bafudicaipudioatics aAOflingyd Hfomatically
rel ayed di.rect| to.the<ya e server 10 as. interaction

dat% SubkeH ?%&Fﬁp%@ DUInterR oVig g’P%‘FCé?WgoarP dBPSCIrgye Jatemnet protocols.

1@ N PRSI pubiRcafiets A0 lteRQ ahdEoRh@ et la@drdiffdl to &M¥hidual user profiles.
transmitted to the page server 10 via a user's web

browser GOEHASCTIME MRIDC R WEDa Betpagy reskenlionserpy/ aad linked
URL, §{0phdie Emﬁt S84 YRbunkD TARANBES E5SmMBeNEPRABRS Yo Be &curely

webserver 201." I'n some circunstances, the page server
10 anthyrizad oess thappiphgeapdnoBhecstpat egisgoionvarver compaich gheorgnature

a appl i [ on_ sepver Th a rela L
R A R e R A R D
1% ensthagiday the esgr’ sadutiey ts emscoagmdevicoer. Calerbnletrios tan dgaybe used

nunber. .of t e relays. In the preferred . : o

b SRS TP SR L T a5 B s R PR SRR o Wi, ygriied in

Unia@islat ety fh 8étpagt Rgktafidna¥se€ach user to maintain a

distinct profile with respect to a netpage page server

10 or application server 13. Digital, on-demand

deljiyver y Ngf dgekpages 1 may be perforned by the netpage

rinter 60f%, whi ch exploits the growing availability

2bf  br oadbaireech Atrcdhnidundatiereswhipies pepree peblorkciabuinThey provide a

: : | t
3 2 ﬁ;lé(@gr%a%cflus%? gb&é@f{kg RSAR RIS n 3 Pinfe i QUR R T O

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

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

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

30 share the same page description. However, to allow input through otherwise identical
pages to be distinguished, each netpage may be assigned a unique page identifier. This
page ID 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
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Each interaction with a netpage should also provide a region identity together

with the tag location. In a preferred embodiment, the region to which a tag refers coincides

25 with an entire page, and the region ID is therefore synonymous with the page ID of the

page on which the tag appears. In other embodiments, the region to which a tag refers can

be an arbitrary subregion of a page or other surface. For example, it can coincide with the

zone of an interactive element, in which case the region ID can directly identify the
interactive element.

30 As described in the Applicant’s previous applications (e.g. US 6,832,717), the

region identity may be encoded discretely in each tag 4. As will be described in more

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

way that every interaction with the substrate still identifies the region identity, even if a
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2.2 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 present invention, each tag 4 is
represented by a coding pattern which contains two kinds of elements. Referring to Figures
25 3 and 4, the first kind of element is a target element. Target elements in the form of target
dots 301 allow a tag 4 to be located in an image of a coded surface, and allow the
perspective distortion of the tag to be inferred. The second kind of element is a data
element in the form of a macrodot 302 (see Figure 6). The macrodots 302 encode data
values. As described in the Applicant’s earlier disclosures (e.g. US 6,832,717), the
30 presence or absence of a macrodot was be used to represent a binary bit. However, the tag
structure of the present invention encodes a data value using multi-pulse position

modulation, which is described in more detail in Section 2.3.

The coding pattern 3 is represented on the surface in such a way as to allow it to



zone of an interactive elenment, in which case the

region ID can directly identify the interactive
W@L@aesi486 As described in the Applicant's prevP@UaU2008/001070
applications (e.g. US 6,832,717), the region identity

may be encoded discretely in each tag 4. As will be
described in nore detail belows the region identity

may be encoded by a plurality of contiguous tags in

SUGH agquitdy by BRLPIRMEIAgIA L@@ tdn@Nn Phrtibulirhs MmuUbpsitdl @f@em with a
still 1dentifies the region identity, even if awhole

t adirevhaed respoRspdn ﬁlileeP?i‘f'gffra(ﬁder%Pa%% 3sis fepierly gaiptedeonto the

Eaclyrdcagsif ShthBadgienftyinkdentify an orientation
of the tag relative to the substrate on which the tag

i s prinFigge 3Chiverihattivefredde aomelad triomileiaraislerrals| 3@ shown.
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to an i.ndi vidual tag. . One.or re fl.ag bits far ..
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I Ndin@bdriof argef elamdnti BOL iadvinAgSQCly &ictidatsM abdurith getérmimad oab fa
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1 qmym,?]ﬁo%s HIRXRERAE of tak [séTInB @A uRihateRE bbRndkeReninktk). Wwhen
in the zone of a hyperlink. Atag 4 may al so encode a
di gi t al Th tagrheansists 6F a wlupre agmeeitnincrEmbelErourady’. Byietsd piegps 303
( p%fetdeﬁﬁhl)catgdl 9} V\Aﬁi]l@'tar@!t QQK’}EM ki3] s_@ﬁﬁt éé%ﬁ‘g)‘ﬁllbol oup is contained within a

applications ere it Is required to'verify a

pr ogact de§naiyHeurttargét elpmeBa ot apisiobdl igtongs HBare contiguous and
desgr. in, for exanple, US Publication No.
208%’%%%585, the contents of which is herein
15 ncor pofiateatle yger @érameridOe are B edediigil ttiady deingndetnarcete waytag from
be.encoded i n such a way that it c be retrieved fro
e ORRTGPRCY FBR e Y e e BE bR Bematry PhAm OLFy I 05
t hevhebhQ@lefid ceBd GMaairdét@ridRyin bediengodRd - the @ ECtham¥Bys are
that (it can be assenbled froma random or partial scan .
of RERENSHat!F By Bicwing oply|the teigpt ERFPSetlense 12gs et gredgned with
thate tgigaeggidhywsof@i debJg@fgmation (e.g. tag size etc)
may al so be encode§ into each tag or a plurality of
2Q ags, aShafpg 4 isiglesignep taliowchllitee datss with dreareeptien Gwn epbalded data
Ge%ﬁjre@tl(sezggctigh "2.@?35}15 Be recovered from an imaging field of view substantially the
size of the tag. This implies that any data unique to the tag 4 must appear four times within
the tag — i.e. once in each quadrant or quarter; any data unique to a column or row of tags

must appear twice within the tag — i.e. once in each horizontal half or vertical half of the

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

23 Symbol Groups
As shown in Figure 4, each of the nine symbol groups 303 comprises twelve data
symbols 304, each data symbol being part of a codeword. In addition, each symbol group
30 303 comprises a pair of registration symbols — a vertical registration symbol (‘VRS’) and a
horizontal registration symbol (‘HRS’). These allow the orientation and/or translation of
the tag in the field of view to be determined. Translation refers to the translation of tag(s)

relative to the symbol groups 303 in the field of view. In other words, the registration



As descri bed above in connection with Figure 1, the

net page surface coding generally consists of a dense
wW@k@nasedsd | i ng of tags. In the present inventiPCI/AB208/001070

tag 4 is represented by a coding pattern which

contains two kinds of elenents. Referring to Figures 3

and 4, the first kind of elen®dt is a target el enent.

Target elenents in the formof target dots 301 allow a

t agyrfibdiPenale higadeRb it ‘@RisibiRees afth thetagadrigur f ace,
and al | owthe persgectlve di stortion of the t

ag to be

i nf er r eiech#pfa syBRAH AY R Hpltbpults nopitnk mp@l%edo(g?%{gé%whol
| N Biealfyodh PPV RGOS 8b4 384 28R T IUBH e 0lofdE symbol using
macf odot's 302 encode data val ues. described in the
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typically printed onto the surface usi nq?a,ta nar r owband
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4 is square and contains sixteen target elenents.
Thegebdwtuget el enents 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. In
1£ oMabkest. MRPMttdeeép{Sdlomnh'&qnmoémampmg ag designs,

t he—high AL of —target—eteprents 301 advant ageously
fcl?l'ﬁpmts¥g1 Qgcﬁ%{? REBENG nhtion of a per spective
di| saRiet (pePo)of t{lReddBSotbn¥dien |t is imaged by the
sensi ng device |101. This inproves the accuracy of tag
sensi ng and, ul [tSYRRAMAlUeosition determi nation. The
tag 4 consists %aée‘i’ uare array of nine synbol groups
303. Synbol groups 303 are deharcated by the target
el emerﬁQ@O?bﬁ)l sg that each synbol group is contained
wirthi— groad def+ned—by—four target el enents.
Adj ace Q@ Qyn‘ool groups 303 are contiguous and share
t ar get®@0110 2

001001 3

001010 4

001100 5

010001 6

010010 7

010100 8

011000 9

100001 a

100010 b

100100 c




Since the target elenents 301 are all identical,

do not demarcate one tag fromits adjacent tags.
wOo/L@wesh4pur el y at the | evel of target el enent SPCAU008/001070

synbol groups 303, which define cells of a target

grid, can be distinguished - the tags 4 thenselves are

i ndi stingui shable by viewing @ily the target el enents.

t hey

Hence, tags 4 nust be aligned with the target grid as
part ofp1pag decjodi ng. gihe tag|4 is designed to allow
al | on of an enbedded data
obj ect b be recovered from an

imaging fiefd of viewsubstantially the size of the
tag. This inplies that any data unique to the tag 4
must appada?2 dadwes thé mepping frdm 6P P symbpl valuesgo Remie®olomon

ea adr r rter: ique to a colum
6 2Tt LA R GHBLT Alies AREABAG WA, LO & cOl UM
once in each horizontal half or vertical half of the

a spectdivel vy a ny data.common.to a set of tags
hodabed SRR Bepd Seloten AP TFPPIS & ool “ar oups
A3 3S6FPM symbbl JUE&rdspdiiiny Of | t he ni ne synbol groups
303 conprises twelve data synbols 304, each data
sy¥abie (BePrlg parReesk-Salogdeword. 1 n addition, each
symbol group 303 (o] a pair of registration
synmbols - a verjti'cal registration synbol ('VRS ) and a
hori zontal regi|dbage 1&n synbol ('HRS ). These all ow
t he—origntatton—andfor _ffanstation of the tag in the
filel d éFHUTeM/to bel§%§%¢n1nej. Transl ation refers to
the tr@ohati on of tumwésd rel ative to the synbol
greups—303—+n—thefieldof—wview In other words, the
registqgﬂp6nsynbols erfabl e al gnnent of the
"ifnvi spplen tags with fhe target grid. Each data
svnhbol 304 j s multi-pulse p sition nodul at ed (PPI\/D
data <9%0841. Typi cal I y2 each PPM data symbol 304
elcoues; Fo§! N9t e 4- bi t3 Reed=Spl onon synbol usi ng
eilt her or 3 nmcrodots in any of 6 positions
{po, piQ1PAN® h R4, Ps}, 4.e. using 2-6 or 3-6
pulse-qq%‘*EOﬂ nnuu.ai§0ﬁ (PPM . However, it will be
appreé?atgé that other“fornms of nmulti-PPMencoding are
equal Iy 1pessi bljle. 3-6RPM has a range of 20 codes, or
4.3 bits, gnd Hs—used-for Reed- Sol onon redundancy
synboﬂyﬁ19-6PPN1has a'4ange of 15 codes, or 3.9 bits,
and 1S04894 for| Reed- g

100101 9
100110 a
101001 b
101010 c
101100 d
110001 e
110010 f
110100 unused
111000 unused




Sol onon data synbols. 4-bit Reed- Sol onon data synbol s
are converted to base 15 prior to encoding to reduce
W@ b@smker of required codes per synbol to 15PCTFAGR008/001070
5 shows the layout for a 2-6PPM or 3-6PPM data synbol
304. Table 1 defines the mapping from 2- 6PPM synbol
val ues to Reed- Sol onon synbol &l ues. Table 1. 2-6PPM
t o Reed- Sol onon synbol mappi ngTabl e 2 defines the
mappi ng from 3- 6PPM synbol val ues to Reed- Sol onon
synbol val ues. Unused synbol val ues can be treated as
er 24ir es Taragtt andMagregdstf) t 0 Reed- Sol onon synbol

nappi ng?he%ga_&{ggtﬁftnﬁcﬁﬁgts Mcih @gRtEnchEensS Qsaﬁcl"lb&}g i Hgure 6, is

macrodots 302 1 n both dinensions, as shown in ure
6, spaesifigdby ibkiper@mpipr 1. Hélammamealefﬁlusof 12l7tlmhl@seda>n srigiinted at a

a f ed on 8 dots printed at a pitch of
%6%881 #g&%%%ﬁkrc%ﬁ Only nacrodots 302 are part of the

repr _es e@nlatmaomdcmﬁ 3 mypdmbf tl&(rdpresentnm@l q:f atsyrebcd 3041’ nghe pattern.
2170k B8 of R PP A0LRSlsin O R B ik £ TGy ppetucicare

stﬁmwéﬂﬁﬁwm%sauha@oﬂamé4nacrodot 302 is nomnally
square Wt However . it

m nal  size of
al | om&fl@cvz?v%?ﬁ nomingll bwuf@%@ee@rla%gzw Rl However, it

1¢aRARIddith V8§ ifizedye 108 \ab &Rl ks B ahd @padiARYERhE Mice used to produce
pattern. A target 301 is nomnally circular with a

noficratterdi amet er of (12/8)5. However, it is allowed to
vary i nA%Arée@ 3@%5 %Qrén@@f&f&ilaf‘ﬁnﬁ Qn&ﬂlﬁalcﬂm% bi (tlQ?@rzsbﬁEwever, it

the device used to produce e pattern.
g r augdlogoBtohvayy imsiag bit hl 06§ act@Bing Thide eefp@blétlesebédlh dt:‘ag: wed to
f 30s and a length of 305. However, it
%Jﬁ&ﬁﬁkgwﬁed fromFigure 3 that the tag 4 is
1 5: onf i guEed sgobd] baviip 30ihmas dahdih syrﬁ@ Ol lereBfid Aadhxb@ehbhs a width of 30s

ond. t et er d@g g ag..4 by one nagcr.
om0t e oS RS ool ey L G Rt ot heured
ar @l mat 304 Bath E@AB RN 038 &REend BYSnd ﬂiap@mwwr @m@eam&ttag 4 by one
provides a tessel|ated pattern of data synbols 304
Wi TREdetRaIt { L), @g({ interlock with complementary symbol groups 304B from adjacent
tags. This arrangement provides a tessellated pattern of data symbols 304 within the target
20 grid. From a data acquisition standpoint, tessellation of data symbols in this way increases
the effective length of each tag 4 by one macrodot unit.
The macrodot spacing, and therefore the overall scale of the tag pattern, is allowed
to vary by 127um and 120um according to the capabilities of the device used to produce
the pattern. Any deviation from the nominal scale is recorded in each tag (in a tag size ID
25 field) to allow accurate generation of position samples.

These tolerances are independent of one another. They may be refined with

reference to particular printer characteristics.

25 Field of View

30 As mentioned above, the tag 4 is designed to allow all tag data to be recovered
from an 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, since fragments of the common

data can be recovered from adjacent tags. Any data common only to a column or row of



grid. Froma data acquisition standpoint, tessellation
of data synbols in this way increases the effective

WO 209gbs48d each tag 4 by one nmacrodot unit. ThRCT/AU2008/001070
macr odot spacing, and therefore the overall scale of
the tag pattern, is allowed to vary by 127mm and 120nm
according to the capabilities 2f the device used to
produce the pattern. Any deviation fromthe nomn nal
S C g€ nust dppGefvllewitliin BREAY 1-aQ. §ricB irPeati@Borib#t@l Hald of L @ti€h) haif of
to allow accurate generation of position sanples.
Thésdag Brrsetiysbe éné RBY 3t epede ﬂhe % MBH ép%@H%vmeSméw the tag

may be oh&fihREH qohdrine ef erence to particular printer
characteristics. 2.5 Field of View As nenti oned above,

the tag Althanghediagmdightis commew tl b sehgf desain onber both" spatial
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r o 28yS iR e BRI Rl Bus R B Siion B el of view

a Ok BB 198 reavvichf toagstdi $ho aompRte topicd eofvtdchi duck palse-position
once in eagh horlzontg1 hal f or vertbcal

tag -, i.
a ol aliEabhcr B8 Fogryaper 30 Thth o IBUPER Gl Pulse-positon

10 hendd@gteVallic ARRRAMmabBMSts. NI the FBIIDE R 4ta&hst asilare as the tag
once in each quadrant. Al though data which is combpn

t o PHIS siBtecomagredps unjith gigeniges Het ulpResitian dogwlasd orslies can be
MaY.oREnHe! gy from fragments from adj acent tags,

pul se-position nodul ated val ues are best decoded from
spati al | ")Vhec@ﬂm)@mﬂosmrpﬂ@sran%atmeoctehd@cmbeldon\éle mepdysection, which

Sagpel dplljc?d?)hhﬁtsqﬁpﬁ eS%\{eE tarr]eogéhl ::riédgl%ldatﬁ? lnﬂigthe loss of up to

nor me VI ew m
1Pbefémsgﬁbo@mﬂghdg@falmﬁewcvfwammaramr@ilesn.copl es of each
such pul se-position nodul ated value. The tag is
desi gned so that the maxi num extent of a

pul2sge- poEhtb@E CBdsE @ dodawbrdd S three macrodots.
Making the field of view at | east as |large as the

ta
pl us. ¢ hireis falpobrectipn {36ciipc intish sy ppan Fizures ¥ o 1215 shown

pu'vv?n% apﬁﬁq_ﬁe‘ Qﬁeln@ﬁjé"laﬁéle&néﬁﬁé YE€3an %@)ﬂaﬂéﬁc SRIEQIRINEH Mlentifies which
he only exceptions are the transl ati on codes

2Qje§@delwl9gidthp ﬁymb@l ihext o5 aad jagrmeiigselfix which indicates the index of the

symbol within the codeword. For simplicity only data symbols 304 are shown, 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
25 asymbol group and not by the rotation of the symbol label (as described in, for example,
the Applicant’s US Publication No. 2006/146069).

2.6.1 Registration Symbols
Each registration symbol is encoded using 2-6PPM. Figure 7 shows the layout of
30 the registration symbol.
As shown in Figure 4, the horizontal and vertical registration symbols each appear
once within a symbol group. The registration symbols of an entire tag typically indicate the

vertical and horizontal translation of the tag by coding two orthogonal translation codes,



are four macrodot units |long. However, these are

hi ghly redundant and the loss of up to four synbols at

W@ b@esiges of the field of viewis not a probl ep€T/AUS08/001070
Encoded Codes and Codewords In this follow ng section
(Section 2.6), each synbol in Figures 8 to 12 is shown
with a unique | abel. The | abel30consi sts of an

al phabetic prefix which identifies which codeword the

Sy ah@the bSenibh oOthe ta@ By c@di MR ok tGogoud I dirsctivh c6des.
i ndicates the index of the synbol within the codeword

For si nfchésgiyraden Sym&altaésoseyw@ s it symbokef@flg cpds (see Section
reguﬁjratlon synbol s. Al though sonme synbol | abels are
shown rotated to indicate the synmetry of the |ayout

of cer t &iblr Tddewothes12ppinefroma it Motegistzatian symitsd valiigs to flag code,

e a synbol group and
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|n for exanpl e, theApllcant s US Publicationl\lo

20 PP fafofE sibRL e ol st soge and

ShmmStdmnIaw@lﬁynﬂfoltrMpp'@l stration synbol. As shown

in Fi gllra he horizontal and vertical registration

synbol $ ea%ﬁpgybear ontla0 6P n |a §Wﬁﬁ%?“gr3u%a“#WHP"
regi st 1 agyBolSw4TRo! (s s@‘f‘nlﬁﬁ vERie! 1| Ecd fsyniBbIC Akbdle symbol

i ndi cate the vertical "and horizontal translation of
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the orientgifgyy of fthet by cgding—fwo orthogogal
direction codes. Each registratijon synbol also encodes
a one- blt @yhﬁbﬂ of a flag code|(see Sectiop 2.6.2).

Tabl e 3—defipes—the—rapping—from2 U.PNPFeg- stration
synbol valdgkﬁﬂ% llag cod@ di réction'code and
transl ati omcogte synmbol val ues. |Table 3. 2-6PPM

registLaLLgn_srnboL_¥aLues_Lg_LLag code, direction
code and t9&h38Thtion codelsynbol| mappPng Each row of

synbol [grogRp1@nd each cojumm off symbol grolps encodes

a threesynbo
010,100 0 1

101,000
010,001
000,110
100,100
110,000
001,100 unused
010,010
100,001

Al o Al o —~

10 Each row of symbol groups and each column of symbol groups encodes a three-
symbol 3-ary cyclic position code. (The Applicant’s cyclic position codes are described in
US 7,082,562, the contents of which is herein incorporated by reference). The code
consists of the codeword (0, 1, 2) and its cyclic shifts. The code has a minimum distance of

3, allowing a single symbol error to be corrected. The codes of an entire tag form a code



3-ary cyclic position code. (The Applicant's cyclic
position codes are described in US 7,082,562, the

W@ w486 of which is herein incorporated by PCT/AU2008/001070
reference). The code consists of the codeword (0, 1,

2) and its cyclic shifts. The code has a m ni num

di stance of 3, allowing a singe synbol error to be
corrected. The codes of an entire tag forma codewith
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vi ew t hen .t hey .can, be edfor ad | dun

A 61t I RUFRR SEm T 1o NS S RO R14 oF PRRGRG thican be
codsedcRn a@lisabrRdusiettyd Uhy REsEecadichd difing dédodg tdf @ntranslation
code, and vice versa. Together the orthog onal

di £eder 528 31se badsedaguriggy deqeding of @ irggtion sod a%éw? 4gsa dogggher the
detoﬁﬁ(;‘goﬂﬁqlrecﬂaﬁ top | eft corner of an un-rotated tag

is identifi %/nbol group whose translation
20  codes allow the orlentatlon of the tag to be determined.

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

symbols are both zero and whose direction symbols are both zero.

25 2.6.2 Flag Code

The flag symbol consists of one bit of data, and is encoded in each vertical and
horizontal registration symbol, as shown in Table 3.

The flag symbol is unique to a tag and is therefore coded redundantly in each
quadrant of the tag. Since the flag symbol is encoded in each registration symbol, it
30 appears cight times within each quadrant. Eight symbols form a code with a minimum
distance of 8, allowing 3 errors to be corrected. If additional symbols are visible within the
field of view then they can be used for additional redundancy. Any erasures detected

during decoding of translation and/or direction codes can also be used during decoding of



synbol s are both zero and whose direction synbols are

both zero. 2.6.2 Flag Code The flag synbol consists of
wWoer®bsd4so©f data, and is encoded in each vertiREI/AERHS/001070

hori zontal registration synbol, as shown in Table 3.

The flag synmbol is unique to a tag and is therefore

coded redundantly in each quadant of the tag. Since

the flag synbol is encoded in each registration

sy mRalag chde, @fdpgRNers@l ght times within each quadrant.

Ei ght synbols forma code with a m ni nrum di stance of

8, allowing 3 errors to be corrected. |If additiona

SYyBIgs s ebdrdihsteRaWM thin the field of view then they

can be used for additional redundancy. Any erasures

det ect edThiutei aeptalescandki-engrdifata qodersdrd pilbmny apeifipate codeword used to

ir C S [ |
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ere p can vary from2 to 5. The tag therefore ,

encodes Bt aRUEMARGETOVHH S RIS iR g fBr gach in cuch
1 0QbSLonat Balf (Flirfh” bEAUGRE ") fd s Snb@ntldiht Bk ESuBA6Lags containing

base- 15 conversi on occurs. Each x coordi nate codeword

i s thedpd Ldgrvise @l eoofdingie ¢pdetierd dsigplicated theige fithin the tag — in cach

hor i,z half . (garskh; ’ A F S0 t
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Li Kéwimaanteachet yn goage dif Hattes mdmiedeiosgh mplohemtaegmplete tag is

nd itk onketf | Bhuse LR R ekl 0Bt FShcive of e
1§ ontigineinngf théémdgagrithTthe aagguaasrantlecsstitatof aithet bagdinaé codeword

the ta attern | arge enough to contain a conplete tag
isnﬁﬁé%gﬁf@gH%Fﬁmﬁgﬁng : ggg%plete i nstance of each

coor di nattgh&Oevidd, thdt Iih @RPpe&EatVSeRiont figreabbIMERRYMBdls are not
the image with the tag pattern. The instance of el|th

codttiret andce elesiomly dudias dine bevermreie Haproaf the Tag. This

di &SRRttt @88 tad kpSbRLd tRE RRtRH txtl@%mllal.bt@ rbfRations of cach x-
resent invention, sone coordinate synbo S are not
20 coordinate codeword and each y-coordinate codeword contained in a tag. Since the field of

view is at least three macrodot units larger than the tag (as discussed in Section 2.10), the
coordinate symbols placed on the dividing line (having a width 2 macrodot units) are still
captured when the surface is imaged. Hence, each interaction with the coded surface still
provides the tag location.
25 The layout of the x-coordinate codeword is shown in Figure 8. The layout of the
y-coordinate codeword is shown in Figure 9. It can be scen that x-coordinate symbols X4,
X5, X6, X7, X8 and X9 are placed in a central column 310 of the tag 4, which divides the
castern half of the tag from the western half. Likewise, the y-coordinate symbols Y4, Y35,
Y6, Y7, Y8 and Y9 are placed in a central row 312 of the tag 4, which divides the northern
30 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.



replicated and are placed on the dividing |ine between
the two hal ves of the tag. This arrangenent saves tag
W3 paee3@Eshce there are not two conpl ete repli cBET/aN2008001070
each xcoordi nate codeword and each y-coordi nate
codeword contained in a tag. Since the field of view
is at least three nmacrodot uni3Bs |arger than the tag
(as discussed in Section 2.10), the coordi nate synbols
pl aced on the dividing line (having a width 2 macrodot
units) are still captured when the surface is inmged.
HeRe®4 cGOMMeR Patction with the coded surface still
provi de?hettlélfcc]h@aglslfaﬁ @&de%rds Rhg b%ﬂ@ﬂtwhﬁfh eh&ﬁe information common
x-coordi nate codeword I's shown in Figure 8. The | ayout
of ta hieet gL aoniiguginniagsen e seéagpregionsThelsodawords ar gareag.(19,0) Reed-
a
3§ SqhioRE, e BaERR ALORL By BBl o Syl o asetor
t agourtiguovsitagh. Thissiediess tHH &0 bigsined tastrd Eonotrsibnecchiag from
the western half. Likew se ordi nate s l's
Vae Ve ipiehmn cogeniof Wed Sk O R RrABAGRGH B Gyprances
312haohn iinfage dfafe #g pmhinClhrgd endugdie® dohnemmcmbﬁquenagha lglﬁaramfteed to
the tag fromthe southern half. The centra
andOERE LD PG WS 8RS: GLSEH SHETEN aOWaidhlrﬁsp%\’e@E tnd Mgt of
1 OkcamPENFith thtag p¥tett. ThOTnsiEfoe MBRN BorimbiPcddBord Rl @B R%st of
spaci ng. 2. 6.4 Common Data The tag contains four
coé@ﬁm@ﬂ%ﬁ¢md@&“¥1%ﬁﬁ D whi ch encode i nformation
conmon 1. 13 3ebs JHQL 45t @GS wh th RedHid AKE codewords h
regi on. g%gwko emﬁ? S afe of 5 24- gfy %% % %ﬂjgwors e
SOMEW@me@0@9J0$hé9ﬁég¥ﬁheh@ﬂﬂbe%é@d@des up to 144 bits
of information comobn to a set of contiguous tags.
This reduces to 140 bits once base-15 conversion
1HCcB8.5. ObGOQMHmna codewords are replicated throughout
a tagged i on, I S _guar ant ees t an i e of the
a0 par s Shtk aniput Bl Sulhe E SSRGS ot Elsrotey Bt encode
guaragateed ddaeenod ﬁa@n@@wlaﬁteﬁlbbd&a QU@ bRkt em@&a, are dlscussed
common codeword, irrespective of the alignnent. of

i migEhenintSEetion 2 P 4gng Seden A 319?@eqtlﬁ§1t/ arfeeobvoehig Rt 2 . ary (15,9)
cosaoded may consi st of fragnments from
different tags. The | ayout of the common codewords is

2B hown i nTh lgyaueofithe opriaeal ceddewnskis shomaveFigure 11.



the sane |ayout, rotated 90 degree relative to each

other. 2.6.5 Optional Data The tag optionally contains
W@2@o6486 d E. This codeword nmay be used to ene@dauU2008/001070

secret-key signature or a fragnent of an enbedded data

obj ect. These are discussed further in Sections 2.9.4

and Section 2.9.3 respectivel 4 The codeword is of a

24-ary (15, 9) Reed-Sol onon code. The | ayout of the

opwigeal sg@.@@my@.gﬁatamm in Figure 11.2.6.6
Secret - Kegerté gnature The tag opti onaII contains an
g0

entire sé& Ryl s o P@ﬁ%\%ea% SIRFMIEC GQIRMEyY to a sct

CORY LEHRHSs tRAYSn hRuAas YEiGE arhk %%hﬁﬁ‘re c-gh’s‘?stssbigﬂﬁteéﬁr? ary symbols
consists of sixteen 24-ary synbol [ ol E15

- symb
al i epgely) E15Telse agpdi. Hbe @géheéef@rptopmﬂy 9nce<h?@ cle és64UptStOésecret-
4 cretkey signature data. The signature is

feg%& I%aglfre ﬁr oughout a tagged region. This guarantees

t hat an Trlmggnaofre ﬁshl@pliw"gd pattghownt 4 apgd regiou ghst gnarantees that an
cont ai n uar ant eed cont ai n
cobftsrts e BinE o P B SRR S8 P EE B Gl to comain
t heompletg mseinte 6Xfthd Hignahitd Geespéctitie dthe hlagmpatdf ﬂfeﬁmageh\@lth the tag
i nstance_of the z nat ure nmay con%g st of fra%fn?

f r SRR f1f1e patpoct 3% Sighpiare pay Geisit &f ragmepy Bempl orgnd tags.
1@encoded iRe tiBatEe, Cio $eBH: Ois dassed Bethel B cS&GHokd® Besrilf®din Section

D| ital signatures are di scussed further in Section

.06, 2.6.7 Conplete Tag Figure 12 shows the |ayout
Of the daj a&ﬁgn%&@%'a%%&ssé@ﬂﬁhé%&ékcﬁé}ﬁ‘?&ynbo' group
conprising ten data synbol s vertica
hori zontal registration synbols are not shown in

1 d- SoI omon Encoding 2.7.1
Reegggo aonﬁ’%oﬁgg data i s encoded using a
1Reed- Sol Bigomre 1¢ehkevsdhd iamml obiie datH aZebmpletelihg withdechhdmbol group

comprising ten data symbols. The vertical and horizontal registration symbols are not

shown in Figure 12.

2.7 Reed-Solomon Encoding
20 271 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
respectively.

25 The code may be punctured, by removing high-order redundancy symbols, to
obtain a code with reduced length and reduced error correcting capacity. The code may
also be shortened, by replacing high-order data symbols with zeros, to obtain a code with
reduced length and reduced data capacity. Both puncturing and shortening can be used to
obtain a code with particular parameters. Shortening is preferred, where possible, since this

30 avoids the need for erasure decoding.

The code has the following primitive polynominal:

p)=x'+x+1



a natural length n of 15. The di nension k of the code

is chosen to bal ance the error correcting capacity and
walaa0a/0d@paci ty of the code, which are (n - K)IPCEHAU2008/001070

synbol s respectively. The code may be punctured, by

renmovi ng hi gh-order redundancy synbols, to obtain a

code with reduced | ength and r3éduced error correcting
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For a detail ed description of Reed-Sol onon codes,

refer to Wcker, S.B. and V. K. Bhargava, eds.,
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2.7.3 Code Instances
Table 4 defines the parameters of the different codes used in the tag.
20

Table 4. Codeword instances
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2.8

shortened

Tag Coordinate Space

)conversion to base 15 to allow 2-6PPM

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

actual offset and orientation, and these can be used to normalise any digital ink

subsequently captured in conjunction with the surface.

The position encoded in a tag is defined in units of tags. By convention, the tag

position is taken to be the position of the top left target in each tag.




An active area is an area within which any captured
i nput shoul d be imedi ately forwarded to the

W@ ope3Eendi ng Net page server 10 for interprete€T/a62008/001070
This also all ows the Netpage server 10 to signal to
the user that the input has had an i medi ate effect.
Since the server has access t@7preci se region
definitions, any active area indication in the surface
co@igg CTag hﬁorm@ccaﬁteﬁ@ long as it is inclusive.
Table 6. _Region flags bit nmeaning O Region is
i n2et-het F\FégDPf'@'t'oﬁsand y-coordi nates are present. 1
Regi On b ACHdRAE thi imformbifh 1R iehBedd€inQh: guﬁa&%éﬁﬁg ive
area. Oherwse active areas are i1dentifi
i ndi vi dual tags' active area flags. 2 Reg| on ID IS not

e has secret-key signature (see
ecp,‘ritalﬁlcénggﬁﬂd%f e%%ﬂ has enbedded data. Enbedded data

s a publ fieldkey si gnaﬁndtha (see Secti ondegcriptdbmnd
2. 9.4). Page descri pt an ils associated with region is
public. O herw se pa §ks gcription is private. other

Resg,gqq@dtoftg? futureluse. Nust be zero. a . For an EPC
this neans that thelseriall nunber is replaced by a

| ay6live afaaflas, to all ol t hé fRadrRdigalingediegerdhasaicrat ed
wWith a product to vary oveimbiBidp &ﬁrddﬁd%gga7té§m§r%§ésan

the contents of whic¢h is herein I ncorporat
reference) 2.9.2 Mappi ng _@'rbtl\Fa@rBals to Codewords Tabl e

7 how—tthe—+nforgratH 5 oS
O T SR LD 5T 2 S P
comput ed |n bit ord(=r1@6 the data portions of the A

Aowwnr Ardaor

B,—E—an odewstrds + or-det exceluting—+he CRC
B i AN B I N T T B A

there i s no redundancy9_5

common to tagged

region
encoding format 4 The format of the encoding.
0: the present encoding. Other values are
reserved
region flags 12 Flags controlling the interpretation of region
data (see Table 6).
coordinate precision 2 A value (p) indicating the precision of x and y
coordinates according to the formula 8 + 4p.
macrodot size ID 4 The ID of the macrodot size.
coordinate width ID 2 The ID of the width (w) of the x and y
coordinates.
0: 7.8 bits
1: 11.7bits
2:15.6 bits
3: 19.5 bits

region ID space ID 6 The ID of the region ID space.




As shown in Table 7, codeword E either contains a data
fragnment or a secret-key signature. These are

waele®ensdaed in Section 2.9.3 and Section 2.9.4 PCT/AU2008/001070
respectively. The secretkey signhature is present in a
particular tag if the "regi on has secret-Kkey
signature"” flag in the region38lags is set, and the
tag's active area flag is set. The data fragnent is

prresent if the "regifon cortoaNg@aggbedded data™ flag In
the region flags is|set and the tag's active area flag
is not set. Wien the regi orl: FPQgs i ndicate that a

particul ar codeword|is abs @ﬁert\}g,ﬁjéstala@réég%m@quiu%ggg

caded in the tag paftern, here are no macrodots

reped@ie® i ng the codevith d. T'hﬁII@ Oémﬁl region contamigxXhe tags.
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embedde tais coded way. t hat random
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engegdasl siatcr th‘éllégbmlssgffcf h&dofitiodate thetwdrevdist lirtaizkibeBrveen
data. The scanni ng system reassenbl es the data from

r ethg AhegstienghbiPdmag@9eports to the user when
suff i ci gwsid &ﬂ)‘?@ﬁét@ vB@éQ‘arb@ée&‘ 856%'1 Gé(r@@ eWo&@pfé)? an A1 sheet)

error. As shown in 8, each has a
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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
15  Netpage server 10 to signal to the user that the input has had an immediate effect. Since the
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 6. 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 area flags.

2 | Region ID is not serialized®.

3 Region has secret-key signature (see Section 2.9.4)




decode, or explicitly fromthe tag's active area fl ag.
Data of arbitrary size nmay be encoded into a
wWaapenkd4eck consi sting of a contiguous set of PCDAKS008/001070
typically arranged in a rectangle. The size of the
super bl ock may be encoded in each bl ock. The
superblock is replicated in tis@ surface codi ng as nany
times as it will fit, including partially along the
edges dfRddh wérﬁg@jd@@@b@g The data encoded In t he
Su_p_e_Lb_L TE N ge a alnpo NDr e e NEe
i nf o mtﬁ%@ﬁddﬁeﬂét%ﬁ BBl Ky RonaierG heR %ﬁlonaﬁ@ e

exTegsi \Feag%rd'e%rlpﬁlﬁﬁ %éés%&a%%lf?{ re@%ﬁ@ﬁﬁﬂh@r‘oﬁﬁmse page
2./9.4 Digrt Si'gnatures As described 1n

2./6.6, edeﬁ@dﬁtl@ﬂ igvationt ai n a digital si gnat ure | f

th I atore>ftag i the
reéﬂgérq ﬁ%&géﬁgogg@%%‘%em%e?ggu on has a secret-key
digital si gnature. In an online environnent the

secret - ture ca ver.ifie i.n_cpnjiunction
o et i eahe el e el ey i reb bk A1BY b'idydut
Knewhedgeo alfovi the p&eka@t ddstyn ssgeiatied methar probigct to vary over time

cietin U0 BRREChe Bleplarod it Bordh BORTRL ke

55| géf@tdﬁb@? flag in the region flag is set, then the
surface coding contains an enbedded public-key digital
signature of the region ID. In an online environnent

any, wnbmapatngsamaﬁdgrts docRweRas s can be used, in
conjunction with t t%‘golonlDand optlonallythe

secr et - kabje ’Sd@m@@th@methe ripafiqndigtds ntah éo gdpverds. key

signature by querying a server with know edge of the

full public-key signature or the corresponding private
10<e)TabIen7 allamfuhg Dﬁﬁel@ertoambleweydsenw ronment the entire

P s Sedeneh ;'3;; e T T oL ndile | eiabis
caorrespondi ng| publ bigs si gnature key. The actual Iength
and—type of the signature are determned fromthe
X w=1:0 x coordinate w all
Y w-1:0 y coordinate w all
A 15:0 CRC? 16 all
34:16 region ID 19 18:0
B 3:0 encoding format 4 all
15:4 region flags 12 all
19:16 macrodot size ID 4 all
21:20 coordinate width ID 2 all
27:22 region ID space ID 6 all
34:28 region ID 7 25:19
C 34:0 region ID 35 60:26
D 34:0 region ID 35 95:61
E all data fragment 35 all
E all® secret-key signature 64 all

a. the CRC is computed in bit order on the data portions of the A, B, C and D



region ID during signature validation i.e. typically

froma previously-retrieved digital signature
wa®oos@ased with a sequence of region | Ds. D gP@EAU2008/001070

signature verification is discussed in the Applicant's

US Publication No. 2007/0108285, the contents of which

are herein incorporated by refderence. 2. 10 Tag | magi ng

and Decodi ng The minimumimaging field of view

I eGudéestds,an GaRbakRY,ecRAmYitsé CROYieM tadfa from an

entire tag has a diameter of 46.7s (i.e. x 10) +
3) i?zs) , e%ﬂg? B%?WFE bsrusgfjg?rtq%é? ye-rtB?r§§$ Bh r%?ﬁw‘i(zlgancy
translation of the surface coding in the field of
view. Notably, the imaging field of view does not have
to be |4t §eveablihe T GO%WardaEmlé@r ANy pdaigfraginens gt ¢ yeeret-key
4 agigﬁatﬁlja.el“lﬁgcr ﬁ@@a@ma iPdeclidl® d3ta §e¥{fi§h°if.§4 %sg&ﬁ% ﬁ%@secret—
tag ensures that a any square portion of |engt 8/ +
3s kexagtatress ptesent mequartsiitaetag mftoy ‘regiondres saeref-ley signature” flag in
¢ RSP NSy PORADBE S S TR s s
deflienegicasohthias tretegtidl dafa” dlag mghe degioh Augyds @f andrBgiagigactive area
the coding pattern, the imaging field-of-viewis
t ypreAI"PY L circle. Accordingly, the inaging
10 1 el d- ofvhvi @wrlvaulags ipaiediehatd partaMecdieRbRtiedbsait theh the
| east (/ + 3s)V2 and less than two tag di aneters. |
| mSeetvart i pot codrd in thetagnatieryiisvihers afsdi Npagkpdpts Exgreptipg the
at cbRABE. THR a;%)lﬁﬁs QiRIeLRIE bJiecQQirast with prior art
tag designs, because it is not essential in the
present invention to capture an entire tag in the
fi @3 of Evibedded Rata@bjegtt hr ee nacrodot units ensure
hat pul.se-position. l.ated. val cap 2CO
14 Fom Spatitanig gl TRt el By CAR R AN TFREREh e
exturdact beddey avaaine dobeddad daga. Elxsemteddddaiitaad dncoded i miltiple

dat a _synbol s, can. be read ,wi th. each j nteracti.on. These )
e st S 6y RbrlsTRT G TP ARE gl e as
or wilowt. of a tag (see Section 2.6.3) having a wi dth of
2s, and_data synbols 304A extending fromthe perineter

peri.
edges of MeARRIt gaipy Brrdcdic byt rendes anf artipfgcan of the
20P" §ERE c G @¥dainir thd @hefdAWBh @4n bd SSFRIHED rdtBc V¥R bntiRRlata.
I en%t h of a tag diagonal .
The scanning system reassembles the data from retrieved fragments, and reports to the user
when sufficient fragments have been retrieved without error.
As shown in Table 8, each block has a data capacity of 170-bits. The block data is
encoded in the data fragments of a contiguous group of six tags arranged in a 3x2
25 rectangle.
The block parameters are as defined in Table 8. The E codeword of each tag may

encode a fragment of the embedded data.

Table 8. Block parameters

parameter value description
w 3 The width of the block, in tags
h 2 The height of the block, in tags.
b 170 The data capacity of the block, in bits




G ven a maxi mum macr odot spacing of 127 mcrons, this
gives a required field of view of 5.93mm Figure 14

WG bwno3@s8¢ ag | mage processi ng and decodi ng pr oRE€EaUL108M01070
up to the stage of sanpling and decodi ng the data
codewords. Firstly, a raw imge 802 of the tag pattern
is acquired (at 800), for example via an i nage sensor
such as a CCD i mage sensor, CMOS i nmge sensor, or a
scanni ng | aser and phot odi ode i mage sensor. The raw

i mage 802 is then t¥pically enhanced (at 804) to
pr oducelf it Ferdatierd 4 § PREGRIAS e drpst 1ot FARpHbY Bepnieghifithpesgmbedded

and,@0h& HphnADILA dLbydr MiEmplitiigsy b TRRR FRRAVESTBIMo
may i nclude gl obal or | ocal range expansion,

eqyadode &t pxphcitly figmithetag’s keive Pyetlemhanced i mage 806 is
h tvai ] T
EI; en é]?%tgf @# %géllyfs%zﬁtqngg |b§1 %{coﬁe%%to taguﬂ%;b%% ¢ ns?s‘uﬁ(L éits aegoﬁgguous

| mage nmay consi'st o OW- pa

f i Is¢terf blackswiypiballyherahgedampasstafigld. ffoe sikeofiled supdrzleck maed encoded
to'ObSﬁ‘%FlrelT macrodots 302 but to preserve targets 301.

The" §7 PEF ‘'ng step 808 may i nclude additional

filterimng supatsibclais reptlgeedde the Gliifee fodig R Man dmed Argeill fit,
features 301 ﬁnco i ng of data codewords 304 using
pulEdRgdpEialna H‘%‘g? b PRSIt des a more

1uni for nrigQgian@c iRl In@hdksuperbld@idmay WBluge, RirRAAYp1E Hore precise type
encodi ng (as described in, for exanple, US 6, 832,p717).

AdViEprmageib (rerspregiysisize EpStian pi mete crtgpsgistegondpiectipnypd or
dat. g QLi6RFxa t hereby allowing nore effective | ow pass
filtering of the PPM encoded data conpared to

bi nary-coded data. Follow ng | ow pass filtering, the

filtegednt . i s then processed (at 812) to
I oczasfie t Ry?‘g‘réb‘ﬁfagu@%l. This may consi st of a search

15 or t ar getesérdtat] iir EstinhDE& €, aapgvn mhy cantadr 4 dbiadl sigmsdre.p i S
consistent with the kn eonetry of the.t attern.
Candi dat & &rge e ey bbey BRI g it s e Bt thekihe
MBXdgidh Hafa Edaeet-kéyl digik SlghaiiRgGn SulEhlin® EnviBYm&ER tHeREcret-key signature
subj ect of further characterization and natchi ngh such
as % B CHErG I privastipnsrthdreagaienlRe Py ghapas mriesidh knowledge of
(t YRl seabiliéy SiQmRE FthE EQRRInIRL Seckdd k1€ enhanced i mage
806 based on local maxima in the filtered i mage 810),

2Qs descHitlsaegiopmeonsing cpbgldgdduta anddhatpnibedred dep 1wriublic-kay
hergh kD98 RAEALE BY: i€ §& Sh&NHE fg&e b€ Orefih S embedded
t arsget 3 638‘% are t gerﬁ assi g’neé<31r}§atllr 160)O t g a tar ge?trn cade
gr ipdblB18y digitelvignetute of the region ID.

In an online environment any number of signature fragments can be used, in
conjunction with the region ID and optionally the secret-key signature, to validate the

25 public-key signature by querying a server with knowledge of the full public-key signature
or the corresponding private key.

In an offline (or online) environment the entire public-key signature can be
recovered by reading multiple tags, and can then be verified using the corresponding
public signature key. The actual length and type of the signature are determined from the

30 region ID during signature validation i.e. typically from a previously-retrieved digital
signature associated with a sequence of region IDs.

Digital signature verification is discussed in the Applicant’s US Publication No.

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



of the grid 818 contains a synbol group 303, and
several synbol groups wll of course be visible in the

WO pge3648¢ this stage, individual tags 4 will POI/AB2008/001070
identifiable in the target grid 818, since the targets
301 do not denmarcate one tag fromanother. To all ow
macr odot val ues to be sanpl ed4accurately, the
perspective transform of the captured i mage nust be
inferred. Four of the targets 301 are taken to be the

perspectlve di storted corpers of a square of known
2618 n 739 1mwaging andReqadingi ght - degr eeof - freedom

perspe CTlﬁeVrﬁm{nﬁlﬁﬁ‘ﬁ{ gfn@ﬁ%l%?of Liew! r&{u?rE([ %%uﬁﬁﬁte@a%gﬁlslt@@%m from

on solving t under st ood uat| ns relating the
f o@n cnthgytag b@sc@edlwerwﬁé@é& @ pdCex 131) 29 hipMayving for arbitrary rotation

§alaﬁ(y %Isfa&g}l & éhe slaﬁ?c% roﬂﬁ# ﬁlqﬁecﬁély & \Ilgv@}g)fta]%[ﬂhe ?m%gntgsﬁeld of

descr or ex anp
6, 88%, dbtmot hbhe te benlla@ﬂ Esough todvpahtee saphee &fi an entire tag — the

|ncor orate ref e each e wll .
t ) SRR G EE ek SRR En e g oGRS el TR s8bet poron of
SqUaigs (OF B captines tﬁé ﬁbtiﬁ@%ﬁnfbfmﬁﬁ»h grufuﬂl 1mag>e%the oE@nether a whole
perspective tr s. i.nproved conpared,_ t he
ApfSE sl ly Vﬁ}bgw ﬁ%@f—w@ g Hecddieset ?ﬁ éiaﬁrreﬁ o fhg jength of a
ﬂpxaﬁple US 6,832, 717. Hence, nore accurate position

cal cul ati on can be achieved with the t desi gn of the
pr esent Initerpes of imging fheecofling gatice theal@a@pﬂafg%d-@%wew is typically a

' MRG8s. S&@&%lﬂ@ﬁ/r P kn Q'lei —mgvp%%hl%%?efér%ly ﬁﬁlg dIa?heter of at least

proj ect each knhown ot position In tag space Into
i rrﬁlgle35§]f%p@1é lessihac tbvosthg dlbqn@tgrs ] Imppﬂmtly,agfsﬁ@d -ef-view is not required to

r e%r gtsl a@{ t%v% ta? o%m%gn dl rgg a& étii gﬁorp artet 5]6%1% %ec%?s%elp ? got

of eac macr can rmne
15 neengiat n thefrefeatrioentisratb hmturb haentac ag pﬁhaﬁﬂd bitiensi ty

o | DR R Oy SRR RO R G g conbe

st ag@d@lﬁﬁr@ﬁ Rpafigs; doh@eritk@nsiésaFirgirmaite 1ey dxeh hidei fdrodbt units
the tag or portlons thereof, in the field of

r e|e%ﬁlvlrevt attag rqqﬁlénq %artbsgfn @l‘s iR l@lrgad vqﬁ\t,{bea@)l} mF%afcgon Thes\é I1nclude the
or w&&%@kyrﬁt%w fadnk @&enean SN Fovk 0 Ff% (qémcudﬂ@% ) }ﬁ(u%g a

sanpl ed (at 824), to all ow decoding t he orthogonal
2Q r andth af Isomddenenwbds3Mhdxtanding frplmélqmame@r ¢dget ¢f@mch tag by one
codewondsn ngodlng of two or nore orthogona

trans atlon codewords (at 828) is used to determn ne
t he tr amshapriont @80Oxtof “te@djarhieyr” isgitdnago el the lohgtl bEavag
reh%%&%f to the target grid 818.
Given a maximum macrodot spacing of 127 microns, this gives a required field of
25 view of 5.93mm.

Figure 14 shows a tag image processing and decoding process flow up to the stage
of sampling and decoding the data codewords. Firstly, a raw 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

30 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, equalisation, and the like. The enhanced image 806 is then typically filtered (at

808) to produce a filtered image 810. Image filtering may consist of low-pass filtering,



This enabl es alignnment of the tags 4 with the target

grid 818, thereby allow ng individual tag(s), or
W@rowiamss t hereof , to be distinguished in the POHALN08/001070

pattern 3 in the field of view Since each synbol

group 303 contains orthogonal registration synbols,

mul tiple transl ati on codes cam3be decoded to provide

robust translation determ nation. As described in

SegithaRe Bwhads, fillhRerhd1 328 habd QLLEQBEmbGRECIR IbuCto preserve targets
position code. Since each row and each col um of

corPhiths ficapsbish S8% swpdnclyds addigenal filfering (§nohan cdge detec%on) to

di SLIRRGE Mt Mrurld381.aEAQURG VBT datd QRIS bradeloRr ﬁ@lﬂga{iﬁlg)en position
of the alignment of tags 4 with the target grid

Thanogdplai nerevidest  nipee poifdimy etdinst pagiers B¢l rsample binary dot
t
5 USyhISte EIAoIP Y BPSSRLe oL, 0000 MBSOt 4 ha

I eagtaratavargots 3Ab gomadlatadnreae chareby atlodieg narectiteteded- p@ﬂtﬁltering of

82 royide the orientatio As described in

Se?%elﬂgﬁmgr‘cé ?Cg%acﬂ@garﬁi K%’r”{afyc%ﬂ e‘f‘igﬁ stration synbol s

i n a tachfllewmgaoweastslfﬂtahngjn}reemteteerimegwkaom thbn piiobdskadut 812) to
it ance N, rtical t!‘PECtI on code |

@tﬂi‘%t@rgftﬁlgﬁ -T2 IRPSPBYSTPhe SHET 0TS © ﬂPﬁegl’YB?SBﬁpanal inter-

@OQ&atioﬁslﬁp i doddibtvnt GAMARE Rn&n géé)hfeﬁy?fo!f g thNptlehn2 CRR&@IS targets
using N horizontal registration sy nce,

or in@ibaideaiicdelirgsthyi frea marmpdn e fi iﬂef%@ﬂ?é? 8 Hhar Baphibihe subject of
of firtlef %H&réc@eglzgﬁ’oﬁloﬁrﬁl mgt%ﬁﬁgdéu'aﬂ RLNvid Mfein Eﬂ?pa%; 09fgrayscale) shape

regi stration synbols sanpléd. Once initial i1'naging
decwdicng (hasaly ebrpded fremmé]@ens@ecqnhwect rrmgsf&%rhasetdh@n local

o AL P04 IS 5RTPh R0 LAl LA
1Saﬂlm1emdn®md>ralif&idlydelﬁre(1m 836) to yield the requisite

304 typT BaryTF BiesBqn! &S TR iaag ol S5k SeggHTS Ko cen

ReedthSgli@ BB toaamhe Weyhlso] gfes 90k agisavdil siasg gﬁmb@mmrbf course be
codewor ds ver|f¥ conmon ta decode erro

f1 G105 tedgpem A ﬂalss%ﬁ%eu@lﬂg?ag%f%@aﬁgﬁc&% gﬁidﬁlﬁlf{a?]ﬁé“thﬁﬁaget
r €jofE §18 SHEONEERESEI BInotAShEEM: BR thEHHRBndheRIS
20 To allow macrodot values to be sampled accurately, the perspective transform of
the captured image must be inferred. Four of the targets 301 are taken to be the
perspective-distorted comers of a square of known size in tag space, and the cight-degree-
of-freedom perspective transform 822 is inferred (at 820), based on solving the well-
understood equations relating the four tag-space and image-space point pairs. Calculation
25 of the 2D perspective transform is described in detail in, for example, Applicant’s US
6,832,717, the contents of which is herein incorporated by reference.

Since each image will typically contain at least 16 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

30 accurate position calculation can be achieved with the tag design of the present invention.

The inferred tag-space to image-space perspective transform 822 is used to

project each known macrodot position in tag space into image space. Since all bits in the

tags are represented by PPM-encoding, the presence or absence of each macrodot 302 can



determine region ID determne x and y coordi nate

wi dths fromcoordinate wwdth ID sanple and decode x
warIP3@eor di nat e Reed- Sol onon codewor ds det ePEi/AB2108/§01070

Xx-y location fromcodewrds determne nib x-y

| ocation fromtag x-y |l ocation and perspective

transform taking into account 4acrodot size (from

macrodot size ID) sanple and decode four or nore flag

SY 15 @ktSrntiReddRIng laMb A€ indhk itV R feddn€@ rith@ghandedeBiriie Mensity reference.
active area status of nib location with reference to

actli¥e FANENoRg Praviesdaniresioffa Brmpling serparcgcyith gre binary
andygheactive area status in digital ink

("interaction data") route digital ink based on

regi on fFé@@mWﬁﬁxskwnme@tbe&%@#nwnanﬂoagﬁﬁ@epémeﬁgﬁaﬂﬂpoﬂwns
4 Nnepofll RY FAAANCE HERR LOGE ARR Vi ART FR6M G Drthogonal
enbo he present i nvent Tt ', of
come@seratlcbaesyaﬂ»plsétvlﬁﬁ egddt HRS’ )tal'ﬂesamptedr(atc&Mb ro db¢va ds@ding of the

fromthe 01 t en .ma ncl.ude
0 { REDS RERIA0R bl R HP AR ST HET RIS S 4
pen I’mg eDé&ﬁﬁlgUStﬁ@@?hlb?é&ﬁ&gonamra@[hhaﬁ t@rwdak dat 2€Nis used to
ni | etc a reting.interaction,
dald%tem?'“é"c F\fé‘%flawn tgﬁi tﬁ}é)@ %& h%g%‘ﬁ@ﬁl"‘fe}”dﬁl%ﬂ‘ﬁéo H@ttﬁgﬁtérld 818.
1(PeMhikQhabldsSali ?ﬂnﬁéhlﬂ Sp@d 436 Uefilnth@REE gridg IO iBreBE hiiwiREindividual
di scussi on of how the netpage system nay interpret

i ntagfacripertiopatharcefaty hsedisiggHther i thegodapbpatie@nt lnéhe field of view.

Pr &yjcousky i tedl %Fb%' 6@ i.8MSin{ Scﬁ"ﬁo JnQF @%@m&@ s H&ls, multiple
2007/ 1301 17 and “US' 2007/108285. the contents of which

ar ¢rairdatien podem cargoleetded tolpyovids l@b@ntre)slat@l dasempaten. Pedescribed
3. h E&lﬁgﬁ b%qalthte‘/a%ano%VXoI % a{}rt 1(% gosﬁf"o Sc'o@eg %gn%g Iegc% rgw and each

t he netpage system nay fa’c
15 column of a tag contains M symbol groups, the code has minimum dlstance M x M. This

allows very robust determination of the alignment of tags 4 with the target grid 818. The
alignment needs to be both robust and accurate since there are many possible alignments
when each tag 4 contains multiple symbol groups 303.
Likewise, at least two orthogonal direction codes are decoded (at 825) to provide
20 the orientation 826. As described in Section 2.6.1, since N vertical registration symbols in
a tag form a vertical direction code with minimum distance N, the vertical direction code is
capable of correcting (N-1)/2 errors. The horizontal direction code is similarly capable of
correcting (N-1)/2 errors using N horizontal registration symbols Hence, orientation
determination is very robust and capable of correcting errors, depending on the number of
25 registration symbols sampled.
Once initial imaging and decoding has yielded the 2D perspective transform, the
orientation, and the translation of tag(s) relative to the target grid, the data codewords 304
can then be sampled and decoded (at 836) to yield the requisite decoded codewords 838.
Decoding of the data codewords 304 typically proceeds as follows:
30 * sample common Reed-Solomon codewords
* decode common Reed-Solomon codewords
* verify common tag data CRC

* on decode error flag bad region ID sample



(for clicking on a specific position on a surface), a
poi nter having a stylus (for pointing or gesturing on
wW@2®u0s@sée usi ng poi nter strokes), or a pen haRG¢TgU2008/001070

marking nib (for marking a surface with ink when
poi nting, gesturing or witing on the surface). For a
description of various netpagebsensi ng devi ces,
reference is made to US Patent No. 7,105, 753; US
Pat ent No. 7,.QiGmARdencbndigh€Bid MRct uhkfliivh A6Qingand US
Publ i cati on No. 2006/0028459, the contents of each of
whi ch are héﬂ@?ﬂmp%@épbgﬁﬁted by reference. It will be
appr eci at ed .tjhatmihd@oBh gsent invention may utilize any
sui tabl e opti cal reaé However, the Netpage pen 400
will be descﬂp@@mnma@woagintmemétd}s:ﬁomamm@e witile ID

t page pen, nt
Wi hwor ks "1 Als e e BRI REL A M bR
surface (see dSeatinotag )y.lockhien fo@n codewordpor at es a

conventi onal bal l.poi.nt pen.cartrid or
surface, an 'Idﬁ];glélgﬁ)%lélﬁ éarﬂoc H(&ﬂ {5918 (t:aég(sgb{oc t18P anci( pers%ec‘uve transform
si mul t anakiay slyaccapt birogt tibe(fobsoddaddwt sﬁz’btlh)) of the pen

on the surface n e surf a force

sensor for si éfﬁfedgﬁ%‘f Lﬁ@é‘%‘ﬂ‘iﬁl}ﬁé Sif‘#é) tBId%t%mE?FeaFP‘éeoarea flag
1®n the nib, .aBEmaAnd KAl irba[@atﬁé RELOT 16&&10§WHN¥&@&@@E§ACMV6 area
nmeasuri ng the passage of tine. Wiile in contact with a

tagged 84 face, as indicated by the force sensor, the
pen conti nuQugloge tIRUED, fib'eyINfiGE Snd FOLARe %@h ?t&tﬁ@fn d‘ig?tal ink

the nib, and decodé€s the nearest tag in its fiel
vi ew t ol“éresting desabot h t he identity of the surface

its own inst, ?Q&@&‘%ﬁa‘i’?nk%%?edtoh%;lo%rh %be surface and the

pose of the pen genefrates a stream of
181 mest anped position sarrpl es relative to a particular
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ink (Dink). Each stroke is dellmtedb a pen down

a Perintgrctapdaie sensdropdherand gl the ?f'épa%%@ms%%a? udew&}eé dura

gela @t sigRiVre ARE SediiP 21b 14 PN MbQIS@NUS 2011 85H6b P Bridhdtadidn d
%r 5 Slgande?sr%ansr;lttedb ?o th(g%l\let page servef r110, ton data,

age,
2Qspf>léf lntbe@etffo herein as "interaction data". The pen

sanpl es ,ﬁ. ?ﬁt?‘gregﬂt‘% ﬁte?aléf1§\le&'tae mc&yedmyqye I{eg)tage system from

(nom na ow a age server

ac cﬂwrratpegeypen épr, addisesshdbrik{lg rabowe. Amm@y,ﬂed disognirsd@ how the
han dtpage sy&em may interpret interaction data can be found in the Applicant’s previously-
filed applications (see, for example, US 2007/130117 and US 2007/108285, the contents of

25 which are herein incorporated by reference).

3. Netpage Pen
3.1 Functional Overview
The active sensing device of the netpage system may take the form of a clicker
30  (for clicking on a specific position on a surface), a pointer having a stylus (for pointing or
gesturing on a surface using pointer strokes), or a pen having a marking nib (for marking a
surface with ink when pointing, gesturing or writing on the surface). For a description of

various netpage sensing devices, reference is made to US Patent No. 7,105,753; US Patent



text, and verify hand-witten signatures. The Netpage
pen al so supports hover node in interactive

wW@ppehiod@sé ons. 1 n hover node the pen is not i NnPCDATU28/001070
with the paper and may be sone snall distance above
the surface of the paper (or other substrate). This
allows the position of the pems including its height
and pose to be reported. In the case of an interactive
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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
25 mode the pen is not in contact with the paper and may be some small distance above the
surface of the paper (or other substrate). This allows the position of the pen, including its
height and pose to be reported. In the case of an interactive application the hover mode
behaviour can be used to move a cursor without marking the paper, or the distance of the
nib from the coded surface could be used for tool behaviour control, for example an air
30  brush function.
The pen includes a Bluetooth radio transceiver for transmitting digital ink via a
relay device to a Netpage server. When operating offline from a Netpage server the pen

buffers captured digital ink in non-volatile memory. When operating online to a Netpage



naturally conforns to a triangul ar shape between thunb
402, index finger 404 and m ddle finger 406. As shown

WO p0oPl0gp48e 16, a typical user wites with the PENATODS/001070
at a nomnal pitch of about 30 degrees fromthe nornal
toward the hand 408 when held (positive angle) but
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shown in Figure 17, the grip portion of the pen has a
holMp&RP¥hassi s nol di ng416 encl osed by a base nol di ng

528 to house the other conponents. The ink cartridge

414 for the ball point nib (not shown) fits naturally
i ni3e2 t hiergoporidoandlayews tri angul ar cross section,

pl aci ng sten r Th|
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nom nal gltch). The ni b nol ding 428 of the pen 400 is

weBger8ek bel ow the ink cartridge 414 to prevent

C ont act K&@EHM%%% FRGreNioha @Pikg'uﬁkg Wt vaidnd R 4@@5{%rnommal pitch
surface when the pen is oOperated at maxi mum pitch. As

2(he of abohbUcriseFrquhie nogR! tophil thagil AR Whesl heldgpositivewngle) but
43Q01851% 5&?&68':3'];69 H&Hor@ 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

25 pen “upside-down”. The pen functions “upside-down” but the allowable tilt angle range is
reduced.

The cap 410 is designed to fit over the top end of the pen 400, allowing it to be

securely stowed while the pen is in use. Multi colour LEDs illuminate a status window
412 in the top edge (as in the apex of the rounded triangular cross section) of the pen 400

30 near its top end. The status window 412 remains un-obscured when the cap is stowed. A
vibration motor is also included in the pen as a haptic feedback system (described in detail
below).

As shown in Figure 17, the grip portion of the pen has a hollow chassis molding



centrally positioned IR filter/w ndow 432 bel ow t he

nib 418, and two near-infrared illum nation LEDs 434,
wa3®esEsge fromthe two bottom corners of theP@ii/BU2008/001070

nol di ng 428. Each LED 434, 436 has a corresponding

illTumnation field 438, 440. As the pen is hand- held,

it may be held at an angle tha causes reflections

fromone of the LED s that are detrinental to the
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There is an error with an action To acknow edge a

transaction 3.4 Pen Optics
3.3 Pen Feedback Indications

20 Figure 19 is a longitudinal cross section through the centre-line if the pen 400
(with the cap 410 stowed on the end of the pen). The pen incorporates red and green LEDs
444 to indicate several states, using colours and intensity modulation. A light pipe 448 on
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,
25 untransmitted digital ink, network connection on-line, fault or error with an action,
detection of an “active area” flag, detection of an “embedded data” flag, further data
sampling to required to acquire embedded data, acquisition of embedded data completed
ete.
A vibration motor 446 is used to haptically convey information to the user for
30 important verification functions during transactions. This system is used for important
interactive indications that might be missed due to inattention to the LED indicators 444 or
high levels of ambient light. The haptic system indicates to the user when:

» The pen wakes from standby mode



The pen incorporates a fixed-focus narrowband infrared
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we@poesies ti me, small aperture, and bright synk¢iF/an2wedo1070

illumnation to capture sharp i nages unaffected by
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Pixel size 10 um
Pitch range 15 10,45 deg
Roll range ' 30 to, 30 deg
Yaw range 0 to 360 deg
Minimum sampling | 2.25 pixels per
rate macrodot
Maximum pen 0.5m/s
velocity
'Allowing 70 micron blur radius
2lllumination and filter
10 ®Pitch, roll and yaw are relative to the axis of the pen



The dinensions are: D=3 MR = 3.593 M R2 = 15.0
M X = 0.8246 MY = 1.0 nmm Z = 0.25 mm This gives a

wo owal3d4engt h of 6. 15 mm and transfers the i nBQGEADRW®A001070
the object plane (tagged surface 548) to the inage
pl ane (i mage sensor 490) with the correct sanpling
frequency to successfully decadde all inages over the
specified pitch, roll and yaw ranges. The lens 488 is

bi convexCros §cbtidnd €hdwasd the penvepe cssdid praci@ed ia Ciddges DOL and 20B. An
I mage sensor. The m ni mum i magi n/% field of view 430

r edfiitgeod the HNetpass asirsivted 08 4 SEfacr off Wiacelifs the piddd 8 isdprused by a

datgs Wed hiSas Betivl t&IAGE Lu@ﬁlnatig§ sAERAVFEREMAN aﬂeﬁ@re 494 ensures the
speci fic codi nfgegfatter n. Therequired field of view for
t

t hevatleble deptipefi fedd secgypmedates threaemured pitphand fodmargss of the pen 400.
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nma n(;fication of 0.225, the ratjo of ahe,di net er of
t hé? W@Fi‘@durieﬂﬁ’ﬁéeq&freqtﬁém’i“%sﬁéle ERLYF MOEOR MR- di anet er

1®f the firabghpek Iviiaw 8b éﬁb@es@mh%%sp&{sﬁﬂﬁhe Qi@ BenkdFAIY@ to any
sensor 490 of mninmum 128 x 128 Tgl xel s. The i mage

s e Agloyrod gupiHenes et snegally£oingidand ¢vithiimeged tagh andginy embiees
ac GARRARE Be1b® %fcﬂf;&fﬂlcvhwr@entgﬁllo? FRMEES432 T h Str&Hs i RYSn MRhe filter

to +/- 120mm (12 pixels in-each direction in the plane
of 48he matchgbtogkarpestipl diomiigaiclgeitbniniried wiaenmptimise contrast in

0Py B, L ATPBE, REREL o R 9500
1518 8ontsminmdefrém emergl the opeicdipisemblydder yl at e ( PMVA) ,
typically used
3.5 PenlImaging System
A ray trace of the optic path is shown in Figure 21. The image sensor 490 is a
CMOS image sensor with an active region of 140 pixels squared. Each pixel is 10um
20 squared, with a fill factor of 93%. Tuming to Figure 22, the lens 488 is shown in detail.
The dimensions are:
D=3 mm
R1=3.593 mm
R2 =15.0 mm
25 X =0.8246 mm
Y =1.0 mm
Z=0.25 mm
This gives a focal length of 6.15 mm and transfers the image from the object
plane (tagged surface 548) to the image plane (image sensor 490) with the correct
30 sampling frequency to successfully decode all images over the specified pitch, roll and
yaw ranges. The lens 488 is biconvex, with the most curved surface facing the image
sensor. The minimum imaging field of view 430 required to guarantee acquisition of

sufficient tag data with each interaction is dependent on the specific coding pattern. The



for injection noul ded optical conmponents. PMVA is

scratch resistant, and has a refractive i ndex of 1.49,
WORE0B/090386 t r ansm ssi on at 810nm The | ens i s bPCOAU2M08/001070

to assi st noul ding precision and features a nounti ng

surface to precisely mate the lens with the opti cal

barrel nolding 492. A 0.8 mm ditaneter aperture 494 is

used to provide the depth of field requirenents of the
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45. 0 _de%ree pitch, with a roll range of 30.0 to 30.0
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axis itself is 1.2 mm The | ongpass | ilter 432 1s
nmadetveen hRomgal axisjapgthe aigg henseesghert lptingsny of the fermgtion in
I egicSicpNis i@, abrasion and chem cal s such as acetone.
Because of these properties, the filter also serves as

a W ndowlherles 438 lig eadeifomil dyrmethii-oithaonilath (FVI¥aP. rtemeally @sed
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o1 e rbnrbERHEE ot e Riegi o BE R unin fepaea bure
mainblEacidgrons. These are: the main ARW
m cropr O%eo%sr%rrn d?'cl?rrfréter aperture 494 is used to provide the depth of field
requirements of the design.
20 The specified tilt range of the pen is 15.0 to 45.0 degree pitch, with a roll range of
730.0 to 30.0 degrees. Tilting the pen through its specified range moves the tilted object
plane up to 6.3 mm away from the focal plane. The specified aperture thus provides a
corresponding depth of field of /6.5mm, with an acceptable blur radius at the image sensor
of 16um.
25 Due to the geometry of the pen design, the pen operates correctly over a pitch
range of 33.0 to 45.0 degrees.
Referring to Figure 23, the optical axis 550 is pitched 0.8 degrees away from the
nib axis 552. The optical axis and the nib axis converge toward the paper surface 548.
With the nib axis 552 perpendicular to the paper, the distance A between the edge of the
30 field of view 430 closest to the nib axis and the nib axis itself'is 1.2 mm.
The longpass IR filter 432 is made of CR-39, a lightweight thermoset plastic

heavily resistant to abrasion and chemicals such as acetone. Because of these properties,

the filter also serves as a window. The filter is 1.5mm thick, with a refractive index of
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Figure 24 is a block diagram of the pen electronics.
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Battery writing

time

4 hours of cursive writing (81% pen down,

assuming easy offload of digital ink)

Battery charging

time

2 hours

Battery Life

Typically 300 charging cycles or 2 years
(whichever occurs first) to 80% of initial

capacity.

Battery
Capacity/Type

~340 mAh at 3.7V, Lithium-ion Polymer
(LiPo)

The electronics design for

the pen is based around five main sections. These are:

+ the main ARM7 microprocessor 574,

« the image sensor and image processor 576,
10 ¢ the Bluetooth communications module 578,

+ the power management unit IC (PMU) 580 and
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of f the paper @qs?émg@a%%@ Dage cqﬂ@}&p&ttﬂnéﬁqgﬁwon%@: gith

Bl uet oot h Conmupi, ?;@gdgr@ﬁlﬁlel}{?g% g%é%&g@%& X%%%enso 584,

Bl ueCor e4- Ext er na evi ce erna
Dat a Sheet r e\forcnch@;osglpﬂl@@@d?l iglsstitcre thglmtbiiIrche sensor data

controll er. 57%1):512[&{ frorﬂH}I gorgef nso mlc% rgces %N?é%t_hgl ash

menory devi ce pr ogr am co
18l ueCor e4 neetatiighg B pme@mhhagvmerQIG(IE\deS&Oatl on and

is conpliant to vg.9 of . th Enhac
Speci {1 cat | on WA EAEAMSYEIEE D &v?@ﬁ%ﬂoaﬁl ppihicaions

3Mops. A 2. 45GHaule h7R aNt €nna 486 is used on the pen
for the Bl uetooth comuni cations. The BlueCored is
capabl e of foPFASHEMENE MRTorecersgRmisFnRsEssoTiils i s used
to

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

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

The ARM7 microprocessor 574 is programmed via its JTAG port.

3.6.2 Image Sensor

30 The ‘Jupiter’ Image Sensor 584 (see US Publication No. 2005/0024510, the
contents of which are incorporated herein by reference) contains a monochrome sensor
array, an analogue to digital converter (ADC), a frame store buffer, a simple image

processor and a phase lock loop (PLL). In the pen, Jupiter uses the USRT’s clock line and



al l ow USB conmuni cati ons via data/ power socket 458 at
the top of the pen 456. Alternatives to Bl uetooth
W0 p@bsiass rel ess LAN and PAN st andards such aRCT/EEE08/001070
802.11 (W-Fi) (see IEEE, 802.11 Wreless Local Area
Net wor ks,
http://grouper.ieee.org/ groups4802/11/index. htm),
| EEE 802. 15 (see | EEE, 802.15 Worki ng G oupfor WPAN,

ht 9 irftdrd] PUD&F gdnB8R a0 ﬁ@é]@él@h@@éﬁ@ﬁfeﬂ@/ Infug@XcaPtiufeld by the sensor
Zi gBee (see Zi Bee Al'liance, http://ww.zi gbee. or

and'Tey #eptatsd UBe tryps Hets bple Thyse é?%%@séece dbyh
DS§§cr6i§lgée@so§9ﬁ with help from the ‘Callisto’ image processor contained in Jupiter. The
http://ww. cypress. coml cf upl oads/i ng/ product s/ cywusb69

35. Hlﬁtp image prgsiessorreriaui, [néer glianeiepas fidferany i sapGap wees (sce
ﬁ%ﬁ%@b%@:@?}b@c& o&ﬁﬁ%mbﬂ 650 Wab BEG X ariinBlaAd

ht tdpcoﬂinwby\/ﬂg&mvmpﬂochsmﬁﬂ echnol ogy/ gprs/index.shtm),

and Qual SO RETR T PRIy SR bEp LR R dae me

ﬁr ds &;I;I’tﬁgtﬂirra@ﬁs eR@l')steﬂ eosmrrbtﬂ%r of that t\(/(Sﬁf?Er):d LEI&S;' may b% turned off
tt WV, 3 Power enmen ip The
Nﬁ’ﬂlggﬁ “B?ge%ﬁ%f ggol%dctP BEySH &hppgul Ngﬁg ‘PW‘[@@S’@?"( thatean occur

@Augtdrehamlyhggsosystens AS3603 Mul ti - Standard Power
Managenent Unit Data Sheet v2. 0). The PMJ is used for
battery managenment, voltage generation, power up reset

ge%eﬁﬁ“B%t@d%H (ﬂ%%hﬂﬂ:ahﬂﬁémr LEDs and the vibrator

nmot or. The conmmuni cates with the ARW
m cropr OH@SEOHSGS?Esﬁlﬂuqq@ee4tmrm¢%@seeﬁsﬁ BluPQyre€ External

SenRel s

S b
i e e

15—|F[8Nﬂi>ﬁﬂla§fﬂnemor$émm594 to hold its program code. The BlueCore4 meets the
anpitaedr e bRl e ot ApRekdinedd now e o
0P s¥PRa@MAviACch DO & ScHBNGNatifl 4LPRS PagRSor 582. The pen
uses a Siljcon Laboratories C805 1F330 as the force
sensor A 2.45GHz chip antenna 486 1s used on the pen for the Bluetooth
communications.
20 The BlueCore4 is capable of forming a UART to USB bridge. This is used to
allow USB communications via data/power socket 458 at the top of the pen 456.
Alternatives to Bluetooth include wireless LAN and PAN standards such as IEEE
802.11 (Wi-F1) (see IEEE, 802.11 Wireless Local Area Networks,
http://grouper.iece.org/groups/802/11/index.html), IEEE 802.15 (see IEEE, 802.15
25 Working Group for WPAN, http://grouper.iece.org/groups/802/15/index.html), ZigBee (see
ZigBee Alliance, http://www.zigbee.org), and WirelessUSB Cypress (see WirelessUSB LR
2.4-GHz DSSS Radio SoC,
http://'www.cypress.com/cfuploads/img/products/cywusb6935.pdf), as well as mobile
standards such as GSM (see GSM Association, http://www.gsmworld.com/index.shtml),

30 GPRS/EDGE, GPRS Platform, http://www.gsmworld.com/technology/gprs/index.shtml),
CDMA (see CDMA Development Group, http://www.cdg.org/, and Qualcomm,

http://'www.qualcomm.com), and UMTS (see 3rd Generation Partnership Project (3GPP),

http:/fwww.3epp.org).




m croprocessor 582 (see Silicon Laboratories,
C8051F330/1 MCU Data Sheet, rev 1.1). The C8GB1F330 is
W@ 00803648611 cr opr ocessor with on chip flash menRCHAU2D8/001070
bit ADC and 10 bit DAC. It contains an internal
24. 5M#z oscillator and al so uses an external 32.768
kHz tuning fork. The Hokuri ku 8orce sensor 500 is a
silicon piezoresistive bridge sensor. An opanp stage
600 anplifies and | ow pass (anti-alias) filters the
force sensor output. This signal is then sanpl ed by
t he- q‘ﬂ)r%‘éwg'éM@B?g?ﬂ“%'F%h'Bcessor 582 at 5kHz.

Al t er nat tyes, [, Qs Rh REQ LSSy MEnd REFB3 PRSI0 sde U&%t‘rﬁge
capaci tive and inductive fofce sensing (see Waco

" vatiprapiseme ap e 60 Yul owidwaldtonandlapysienerd (Unit D9 ﬁvgetefﬁtO) The

ﬁggw %Elu'seqihr}blzk%o &y, %%ﬁ%%%éle?tf Mﬁ;\g V\%g%@ﬁt\éoo ogﬁeé ﬁ? pe%et g"é]&gatmn and

c ontieing indshtot BERDs aslpl)ewﬂi’mermonoce sensor m croprocessor

i gnal - ol PYbdihSE R p A el iy g5 R A8 Lss

di gud#o. i nk stream A frane sync signal fromthe
Jupiter image sensor 576 is used to trigger the
generation of each force sanple for the digital ink

1t RN FJ,I&@ gegggpsabyfseeeﬂns measured via the force
sensor microprocessor’s 582 on chip tenperature sensor

and t hi sThedforgs easargubsiigre pyarrisestaustpmdlakeigeiore senor 500
@Qﬁdh%lﬁgﬂkt; g Pdo%m%%%%? and anplifier. The

orce signal 1s ’dynamically controll ed
by httprﬁwwwcifdktchﬂ)/pﬁf/@mgéqdﬂ dbes pd),'ag aDpicn e plow passtittet 609
QLge sensor m crQpyocessor.

[ ]
ggpém%lementesc{ u%gl 0 WIp@ %n*a ahf{)rciﬁﬁ{}ﬁorrrﬁllgro%mceqsor

onmmuhi ca rocessor 574 via
13 he LSS ﬂihspeﬁgl@es a Nil&oe Lal’ﬂceatbr\'i\ﬂ (86330 & thafosse kenRbdr

AR BRF Qe o s Sabieeni<C DRI e it Weehi 1

a frae ceos esmas alsmmlnﬁcrbl&oée@@)elwltﬁ Of cliif ﬁﬁ’dhﬁ]ganﬂiﬂ}d 10 BR ADC and 10
other to indicate that own/ up event

oc®UMAd. ! tm&lqsapéée@véﬁéé&%0@9%9@@@%@%1&8% Prg@w%ﬁ%?@ kHz

|sugﬁl%qgg(m7ed in-circuit by the ARM/ m croprocessor

574.
20 The Hokuriku force sensor 500 is a silicon piezoresistive bridge sensor. An op-

amp stage 600 amplifies and low pass (anti-alias) filters the force sensor output. This
signal is then sampled by the force sensor microprocessor 582 at SkHz.

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

25 20010038384, filed 8 November 2001, and Wacom, Technology, http://www.wacom-
components.com/english/tech.asp).

The force sensor microprocessor 582 performs further (digital) filtering of the
force signal and produces the force sensor values for the digital ink stream. A frame sync
signal from the Jupiter image sensor 576 is used to trigger the generation of each force

30 sample for the digital ink stream. The temperature is measured via the force sensor
microprocessor’s 582 on chip temperature sensor and this is used to compensate for the
temperature dependence of the force sensor and amplifier. The offset of the force signal is

dynamically controlled by input of the microprocessor’s DAC output into the amplifier



The force sensor m croprocessor 582 al so provides the
real tinme clock functionality for the pen 400. The RTC
WO evens@se i s perforned in one of the m cropr ocCRGSEAD2®8/001070
counter tinmers and runs fromthe external 32.768 kHz

tuning fork. As a result, the force sensor

m croprocessor needs to remai r’6on when the cap 472 is
on and the ARM7 574 is powered down. Hence the force
SeR&es 60 Ccroprocessor 582 uses a | ow power LDO
separate fromthe PMJ 580 as its power source. The
real ti mBNCIOBERCPOHBICIOBISTSH Iy S? prMmBRates with theeh RY bt

wh 'nﬁ&oﬁ@&s@@ S APHRTRE Gud Hop ‘T‘ﬁ@ﬁ aldRwd OPardWherpffHinck BRm the
cap switch 602 is nonitored by the force sensor

i derepeows uBePreRIor Widn the RN Apicaensenntyby/S 747 Dnp & wsedde indicate
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orce sensor roc starts up
berﬂmh%atmm@da power on and reset cycle in the PMJ
580. 3.7 en.sof tware
comor 1 sodi e R o RSP E R R G Ligrezoyiy by the
thaﬂmelm&g@naemoAﬁ@ and Net page pod. The pen contains
a nunber nlcrogyocessors % detailed in Sect|0ﬂ
é ? loc

3.6. The  NetPFEGePaRCOBILHE T Ae? Rraudesdit i ©
10 URiicR&hafy t6NBe fnnmb. ARMTCRECRAs fdhRiRafih ehc &l . the

Force Sensor microprocessor 582, and al so software

r URHETARFOFSRSOF R EOURIT HPCH lad eRiTEN tecsicena i 2 Kb b fuvnsdotke As a
S7 $es(1ﬁ‘ eheBfck §ns &qﬂcgbl%&(;&fr Sdeds Eﬁ%ﬁalﬁ on tx\ﬁll@r?@le Qa{po@?@ S ad the

has an associ at ed mermry stores
pr dFdE oM is perdd wagoﬁpmrf@ fotce g@tscbremcmpltohessnﬁﬁii mgsa low

an%o&%rll%o B Qriéesf}o g,@]%JaSSO];p fts n}gogv%r ﬁoluyc%.ccl\ & re?ﬂﬁne%lc?c%

e sup t he ul e nanu urer, and
18 h |fm1cf1orratnmancéudes arrnnterruptrvmmhenetie progxamtned)fo folver igdethpABS17 574.

pen soft contains a

B et oot s gan B R aS ATy e S5y Y hen
peheSah Eé@@;ﬁlﬁy a1 510 takBC O A hefeaf & VAT @md 160N ifkgrri), tHa €ory@ensor
on the pod Bl ueCore. As the_Netpage pen 400 traverses a

Ne (THEIBRIOFestyg a%P Saismpdhe AFd7 S2 ot lmélaﬁﬁgcffpoavalf pregdresgt cycle in the
pophili 4p and force sanples are produced. This stream

Ois referred to as D nk.

3.7 Pen Software
The Netpage pen software comprises that software running on microprocessors in
the Netpage pen 400 and Netpage pod.
The pen contains a number of microprocessors, as detailed in Section 3.6. The
25 Netpage pen software includes software running on the Atmel ARM7 CPU 574 (hereafter
CPU), the Force Sensor microprocessor 582, and also software running in the VM on the
CSR BlueCore Bluetooth module 578 (hereafter pen BlueCore). Each of these processors
has an associated flash memory which stores the processor specific software, together with
settings and other persistent data. The pen BlueCore 578 also runs firmware supplied by
30 the module manufacturer, and this firmware is not considered a part of the Netpage pen
software.
The pod contains a CSR BlueCore Bluetooth module (hereafter pod BlueCore).

The Netpage pen software also includes software running in the VM on the pod BlueCore.



Note that Dink may include sanples with zero force (so
call ed "Hover Di nk") produced when the Netpage pen is

WO poopodMBeri ty to, but not marking, a Netpage tBQQHat2008/001070
surface. The CPU conponent of the Netpage pen software
I's responsible for Dink capture, tag inmage processing
and decoding (in conjunction Wth the Jupiter imge
sensor 576), storage and of fl oad managenment, host

comuni At tRMetpabiSih 406 atleaeks RogaBafdovBRiabUI8 Airearh of
i ncl udes_ an, operating system (RTOS) and rel evant

haCeirigisted ppsitign prgd forcg s (;staireomodqc?d F;l}hbs\ﬁtragg isgeferred to as DInk.
et ARt l}tﬁhl@ﬁa}alﬂglu&@éaﬂlfa%ﬁ‘@ﬁﬁ %Mg@e (ﬁ@éane@*p[&%ﬂbmm »produced
configuration or detailed (non-field) fault diagnosis.
Thevhpothe dcBegrsn i orwpibcessibrot BREkiD APGIPasr tagskd suiface.
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10#0Qr dGARY (1R lficn fdul QidgRckisL EPS FARPS @Brindt8hibecs@N 82 component

comuni cating with the host PC via USB. For a detail ed

de SEWE Pleipags 1sh sefiversisresips blofaniilicaiss apdgmrenaging Brqegamplerefor the
t 0 {45 b TlﬁeaHeh @'Ihe@@re \%QQ@E(VQ&Q@@ 4&8@nsfbﬁqotclﬁw(g§1%tﬂ§: @&U UART

which are herein incorporated by reference
pr é8&mterfagpte MiSBorheh dw foe eroperatieg in tlebradi nadiler EhependidecGore VM

a %f?wa? irs%gt u%%&%énqﬁﬁen%%oﬁﬂsgﬁ lg{tooﬁpni%&lfl ¢

al ter na Ive e
1@ppr eci aTdpddyBludinseV Slsbftivad is raspbimgble folr sanaing whé:rethdgod is
ifferi

th8ﬁaéglﬁ%%8?“r‘{°8aﬁ°rl PolEL s P%@@ BBt P FT iR withthe

t haogpCnid Usid scope of the present invention.
Accordingly, it will be understood that the invention

is not i htierlgBded Gsg@ipn pf thewlvgrerprlulepdefprenes 1s made to US

enpalichER90. 4655002RE0, B cdHGitsIF %féﬂtareﬁﬁ?eﬁi hEGAIh Oy reference.
|nclud|n%hdocunents i ncorporated by cross-reference as

2Qppr opr i Abe prepp Bwepien obast beeni deserhel owith srefrnge to a preferred
L rer}n{)&ﬁmg}{ éﬂenﬁﬁﬁe?cﬁe%eah@'mrn%l Q@oodlments. 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
25 Dbe limited to the specific embodiments described in the present specification, including
documents incorporated by cross-reference as appropriate. The scope of the invention is

only limited by the attached claims.



1. A substrate having a coding pattern di sposed on a

surface thereof, said coding pattern conprising: a
wWebkwoasdsss of target el ements defining a targeRCHAURN08/001070

said target grid conprising a plurality of cells,
wher ei n nei ghboring cells share target elenents; a
plurality of data elenents corf8ai ned in each cell; and
a plurality of tags, each tag being defined by at

| egyialMge cel |, each tag conprising respective tag
data encoded by data el enments, wherein each cel
conprises a plurality of registration synbols encoded
by 12 r egR{KthY ﬁa\%?%ta &)fdlné?ht%ngﬁglﬁ)séﬂ SMBRHSoe tRAGR said coding
regi stration synbol identifying a respective direction
coppineempsPingn ori entation such that said plurality

f registrati ' i - d [y
$ai d-ori ent aurann Fhel déha Pafif s ohRPEId a LR

or icemprasingarphotlita of @jig wtherin wightloringgeltftashare wirgdh clemsipe ct

to said targe rid .. The substrate.of claim1,
wher ol n each R ErtafdwbdRe iR LR Shuial
ort hogonal ragQirsiity af th@e3N EROkBg dSfiried b htr1&dst one cell, each tag
regi stration synbol identifyi first direction
conpBREE rEpedhp &?g&ﬁtﬁéﬁ‘{oﬂ‘fJ %r@gaﬁwegﬁi d second

10 e @ihSfemAabioR 1 SYRPXes 4 figRlilyf of kdpdtraihasRABsls Hcb&atby@Respective set
conponent of said orientation, such that said first
an @ wakdsirrlapantorich szisragnsymbelidsAt Bipe sr ety dirgsaen
| deihhdn¥ntSRhHontaG08 &kh Rt safl plurd i oBIBSES R Syro1Gh Jiftell
1, V\,h%r eriln 'sa?d sa'et %% datsél_ eq'uerms‘ﬁtos‘ S rep‘rgyes‘eont ed1 ye
multagethel identifjospic drigntaneyd whereinerd odentatiphes anwbisntatzmef efayout of
cl aj. a.nherein i d. of. . data el enents consists of
n1%%g%%é%?gﬁ&gg?ﬁ§g¥£§§%%dﬁggrodots occupyi ng a

15 espective position froma plurality of predeterm ned

possi bl ositjons/* within said cell, the respective
Podtt  onu S vl i ottt $aFuEERpi PERIRER bfogona
Pl Weddtiatioh s9MbHIOSEid B rde@@htSdnsfb&Rd oM RRla ftalduesioh @6mponent
said registration synbol. 5 . The substrate of claim,

4, ol Fientapen, andsaglsesryd éegésﬁatﬁpn§ﬁ{nbol identifying a second direction

component of said orientation, such that said first and second orthogonal registration

20 symbols together identify said orientation.

3. The substrate of claim 1, wherein said set of data elements is represented by multi-

pulse position modulation.

25 4, The substrate of claim 3, wherein said set of data elements consists of m macrodots,
each of said macrodots occupying a respective position from a plurality of predetermined
possible positions p within said cell, the respective positions of said macrodots
representing one of a plurality of possible registration symbol values for said registration
symbol.

30

5. The substrate of claim 4, wherein m is 2 or more and p > m.

6. The substrate of claim 4, wherein m is 2 and p is 6 so as to provide 15 possible



6 . The substrate of claim4, wherein mis 2 and is 6
so as to provide 15 possi bl eregistration synbol

W@ 2000036484 . The substrate of claim4, wherei nPGI/AU2008/001070
plurality of said registration synbol values are
mapped to a direction code synbol value, said
di rection code synbol value reépresenting a direction
conmponent of said orientation. 8. The substrate of
cl adgmtrdtionyebelivausal d orientation is one of four
possi bl e orientations, said orientation being
identifiable via a pair of 1-bit direction code synbol

vahues. T substRR oF iRt 4, E\'f&h%reﬁlfa ﬁlhr@ht‘_’snogﬂald’\@giﬁt?dtﬁn SAIDI values are

each registration synbol value read in a first

or iNeAPeAtth BAirgesoR eade peldl vHen saidditeerion eode empobyales representing a
559%9&‘{’10%6@%5% bP0iq JRntaddle Substrate of claimo,

wherein ea regi stration synbol value maps to a "0"

direction code synbol val ue when read in said first

orlent i on "1' directi.on c

value whist b fRER7.oheBinstid Be@RbLS Pt SR PRy

debaedmatival, st ofdntdtior beifig @aitdiablo RiaGfpaiaf t-bit dedtiah ode Symbol

i ndependent of an orientation in which said

redgf8trati on synbol is read. 11. The substrate of
1¢l ai m 4, wherein each registration synbol further

identifies at |east one of; a translation of said cel

rePat i vEqsgbsratepf claight. éﬁhﬁ{eﬂvgsaglaﬁa@l regiptration pembel yalyggead in a first

120 difgioR lx‘st}%%err?éh %vh@ﬁ re&!l Al doposit A6 R i REGIR.

regi stration synb val ue naps to an identical flag
code synbol value |rrespect|ve of an orientation of

r qul nng’?e ugstlrat%%lf %lta nﬁé Iv&% re?ny erlpﬁjlle stq’gffon yh?bo% 9291% Iglgjt ﬁ&g f‘O”

I'n eac 'S Sq TGRS conpri
1 5: o Id.tI‘B(QIUID uaiesyzmbm ealu@bvhem re:wha szad firshbricdtadion, lamd @eg@drto a “1” direction

havi a, val f at least 2. 14. The t e.of.

cr SpdrbB0s ST afn 64 agha bl el i ord T i i o e
cebolisntghion&idtag N4 isGndep&idéiit ONarCadBtalidVin Rricis it Ragtration
di stance M sai d code bei ng defined by afirst

t r SHaPoA#Si e codewor d.

20 11.  The substrate of claim 4, wherein each registration symbol further identifies at least
one of:
a translation of said cell relative to a tag containing said cell; and

a flag.

25 12.  The substrate of claim 11, wherein each registration symbol value maps to an
identical flag code symbol value irrespective of an orientation of reading said registration

symbol.

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

30 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



15. The substrate of claim 13, wherein Mregistration
synbols in a colum ofMcells define a cyclic position

W@ owe/0s@sé ng m ni mum di stance M said code bei PQI/AU2008/001070
defined by a second transl ati on codeword. 16. The
substrate of claim 13, wherein each tag conprises N
cells, and at |east N registra&bion synbols forma
third translation codeword with m ni num di stance N
whei irinsMtibS cBwbddt eger having a val ue of at |east 4 .
17. The substrate of claim 16, wherein any tag-sized
portion of said coding pattern is guaranteed to

contai nttsb&attor Nefnf i, $hEdhirg %gﬁ%ﬁmls%%&p%g%yrlﬁlg of M cells

capturing said third translation codeword. '
suldsfineatcgclefpositian ende Bavingemeium digleicetlagaid gpdsrbicwe defiped by a

el N first registration synbols form
%.F%%g?éﬂgpgé +§%ﬁ%gde wi th m ni mrum di stance N

wherein Nis an integer having a value of at |east 4.

19. . The_substrat e of aim .18 erein at, | east
sedfind FRgREURRT sfim bt irar Slisfa ssivaty Mdsest v
COa&istiatidh symBOIN LT (Bit Etfemelatidn dobev@d FithNmiimam distih&Q® rwherein
having a value of at |east 4. 20. The substrate of
cl & PR gteeqiHigyae A velus of 2L EPtE are arranged such that

1@ny tag-sized portion of said coding pattern is

guaranteed to contain said first and second direction
codés. The substrate of claim 16, wherein any tag-sized portion of said coding pattern is

guaranteed to contain at least N registration symbols, thereby capturing said third

translation codeword.

15 18.  The substrate of claim 13, wherein each tag comprises N cells, and at least N first
registration symbols form a first direction code with minimum distance N, wherein N is an

integer having a value of at least 4.

19.  The substrate of claim 18, wherein at least N second registration symbols form a
20 second direction code with minimum distance N, wherein N is an integer having a value of

at least 4.

20.  The substrate of claim 19, wherein said cells are arranged such that any tag-sized
portion of said coding pattern is guaranteed to contain said first and second direction

25  codes.



