NPS056- SG -1 CODED SURFACE FI ELD OF | NVENTI ON The present invention rel ates
generally to a sensing device for capturing interactions wth and novenent
relative to a surface, and nore particularly, such interactions with and
novenment relative to an electronic ink surface. CO PENDI NG APPLI CATI ONS
Vari ous net hods, systens and apparatus relating to the present invention
are disclosed in the follow ng co-pending applications filed by the

appl i cantNRA05@$Gi gnee of the present invention sinultaneously with the
present invention: PCT/AUOO 01273, PCIT-AUCO 01279, PCT/ AUOO 01288,
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PCT/ AUCO' 01281, PCT/ AUOQ 01278, PCT/ AUCO 01287, PCT/ AU0O/ 01285,

PCT/ AUCO TEEBPTINYNESEIMUOD 01283. The disclosures of these co-pending
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syst ens  ansle@@Palatdts a k@fadd hldGnd-OpdtRBad) AR MerabbAEREH A8 ndlEncHirSgheged i n
the foll oW ding applications filed by the applicant or assignee

CO- pe
of the pragsee%micﬁ\l/(é‘ﬁﬁf’e()n on 15 Septenber 2000: PCT/ AU0O/ 01108,
PCT/ AUCO 1%’11*33})@@‘3%'3(:1—/ AUOOY 01111. The di sclosures of these co-pending

applicati e ‘8%‘#86?‘5?%% herein by cross-reference. Various nethods,

systens and appifrigpiiaetiods. ststemyandgprarpgs plaiggeln theipryahinyeatipnarealiselpssé fngkeed i n
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PCT/ AUCO 0077 00777, P 0770,
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PCT/ AUCO 007 @D endd@ FPpAO0NQG 158 parmidd IRET AU e@?E?. The di scl osures of these
co-pendi ng appl ygRhd AR 5B NSRALRRRAL RfhhEE B Prel¥t iTV-ARA w85 ENHGhe Vari ous

nmet hods, stens and apparatu elating to the present invention are
di scl os eot%]%("ﬁmighc@'pe B’Flag%cﬁlﬁnsc%@{)@hgf ﬁb"% PBpPi BEeH A5 Pregegt BYeniRemalipl i cant
or assi grieetergfer £408: prRETEYI000 VB MATNU00/61 104 abhhBCT/R0@M1 1 RCTVhAUX @85 413,

PCT/ AUOT {35 Shen ;rglgépﬁlms%%%%o&@fﬁeé R eenECT/ AUCDY 00522,
PCT/ AUCO/ 00523, PCT/ AUOQ 00524, PCT/ AUOQY 00525, PCT/ AUOQl 00526,

PCT/ AUCQI 0052 72O BEFIaBRp sy 2pistets ity ok asenpenyenplotorry diosdiest in the
PCT/ AUCO f0IB5 3% co-R@Tih A 06S BR( by RECAPpAIB0r B6i3:3 of R ésMIGOERODI0 June
PCT/ AUOCQO 4gp35, PCT/ AUOCD 00536, PCT/ AUCO 00537,
PCT/AU0G0/00762, PCT/AU00/00763, PCT/AU00/00761, PCT/AUN0/00760, PCT/AU00/00759,
PCT/AUQ0/00758, PCT/AU00/00764, PCT/AU00/00765, PCT/AUQ0/00766, PCT/ATI00/00767,
PCT/AU00/00768, PCT/AU00/00773, PCT/AU00/00774, PCT/AU00/00775,PCT/AUG0/00776,
PCT/AU00/00777, PCT/AU00/00770, PCT/AU00/00769, PCT/AU0G/00771, PCT/AU00/00772,
PCT/AU00/00754, PCT/AUQ0/00755, PCT/AU00/00756 and PCT/AU0G/00757
The disclosures of these co-pending applications are incorporated herein by cross-reference.
Various methods, systems and apparatus relating to the present invention are disclosed in the
following co-pending applications filed by the applicant or assignee of the present invention on 24 May
2000:
PCT/AU00/00518, PCT/AU00/00519, PCT/AU00/00520, PCT/AU00/00521, PCT/AUQ0/00522,
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PCT/AU00/00554, PCT/AU00/00556, PCT/AUI00/00557, PCT/AU00/00558, PCT/AU00/00559,




PCT/ AUOCO 00538, PCT/ AUOCO 00539, PCT/ AUOCO 00540, PCT/ AUOCQO 00541,

PCT/ AUCO' 00542, PCT/ AUD0100543, PCT/ AUOO/ 00544, PCT/ AUCO 00545,
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PCT/ AUOCO 00560, PCT/ AUO0O/ 00561, PCT/ AUOO 00562, PCT/ AUOCO 00563,

PCT/ AUCO' 00564, PCT/ AUOCO 00565, PCT/ AUOCO 00566, PCT/ AUCO 00567,
PCT/ AUOO Wsa68sG PCT/ AUOO' 00569,  PCT/ AUOCQO' 00570, PCT/ AUCO 00571,
PCT/ AUOCQ 00572, PCT/ AUOCQ 00573, PCT/ AUD0O/ 00574, PCT/ AUOQ 00575,
PCT/ AU00/ 00576, PCTI AUO0O/ 00577, PCT/ AUOCO 00578, PCT/ AUOCO 00579,
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si mul t aneous| BFTEHMOPISRgPCTHETG0/ 08, FrovaPRMPSP PG AV 00t el /AUR00e8H, Sone
such devi ces mnn&moxohﬂiz;P@MUMUMEMT/AMOMS9531?&19&@{@@03&5;:5@&1&1@00&11)@75

Qhers sense Jdol s RASIRIhoAY HSHGRbHAG, LAeE B Whi ch |5 machi ne-

readably enco on the sur hi's er category, see for exanple
US Pat ent Ths digciopuigs of thetssopaid@aepphfan%zﬁ ZDSE‘ZP%WH‘ hP@Fbaﬁfpﬁsﬁfﬁﬁ%n W99/ 50787.
Since these pen-like devices typically utilize conventional marking neans
such as iPG¢KQGROEBNBs, the surface nedia being marked are not generally
re-usabl e. SUMVARYikORevichiaMTbe@iNddseribaC elochdaamic @ sumatehwidln eimakpently ofptutife

present i pMERkd ABverkRELBvE So ra{e s\ﬁ}fQQdSoﬁ'lessﬁ&s eogesds%e/s.laq il S ,H&@ﬁenwusl&

surface having coded data and el ectronic 1 nk di sposed on the surface, the
coded dat eé“bB@F‘}]ﬁCE]‘ir‘?ﬁ‘H feEsaPsresene ek OV‘H@?l‘F’inffg‘%bbqete&tmlg é’@?”@ﬁ‘oag’%‘bis a’ﬁ@ﬁlew th the
surface, rtdiebls@nskden thesifee. Th thisllael cggora sde @@ ieimplediSHatetit)s, AgEOIRS 188 Pitent

confi gur 9655912%%@?%%@11%@0%‘%9?59%“ ty data indicative of the identity of

the region using t data; and a transmtter configured to transmt

the region i denghdeyind@ba-itke davic® MRl NutiB%ShoRThtioRd Gl-aiathins JubEasSEASI NY
devi ce furth T includes. notio configured to generate

movenent Tt A TP 85 ?W¥@8P*W§V%%£%%Q%3"?ﬁ%a%en5|ng device relative to the

region. The notion sensin nmeans i s preferably configured to generate the
movenent YHIHA BE‘HBNXFNF_ t some of the coded data. The coded data is

preferably i ndi Bagejoidancs itk ons|agped of e present iryprisip e iHBpided 2 singfisvieedtgi on, t he
noti on sensiviga E[Elaﬂﬁhahﬁé @gemafah@a&ﬁ&u& ﬁkgﬁplﬁd%&hetsﬁ%cémhé%w&tdatd@&ﬁg as the

sensi ng de at ive 0 e reference points. The
coded dat a&l (I;'?Ig Vg}a I EI!'IHC! elﬂltté 0 %mn Cijssoma (fg wnl.teh r‘%l%e surﬁ?atc rt]he senf;ngo ev1ce including:

a region 1dent1ty generator configured to generate region identity data indicative of the

identity of the region using the coded data; and
a transmitter configured to transmit the region identity data to a computer system.

Preferably, the sensing device further includes motion sensing means configured to generate
movement data indicative of movement of the sensing device relative to the region. The motion sensing

means is preferably configured to generate the movement data using at least some of the coded data.

The coded data is preferably indicative of a plurality of reference points of the region, the
motion sensing means being configured to generate the movement data as the sensing device moves
relative to at least one of the reference points. The coded data may include periodic elements, the motion
sensing means being configured to generate the movement data as the sensing device moves relative to at

least one of the periodic elements.

Preferably, the motion sensing means is configured to sample the position of the sensing

device



sensi ng neans being configured to generate the novenent data as the sensing
device noves relative to at |east one of the periodic el enents.

Preferably, the notion sensing neans is configured to sanple the position
of the sensing device NPS056-SG -3 relative to the at | east one reference
point, thereby to generate the novenent data. Alternatively, or in
addition, the notion sensing neans is configured to sanple the position of
t he sensi NpsdesGece relative to the at | east one periodic el enment, thereby
to generate the novenent data. Preferably, the notion sensing neans

i ncludes at | east one accel eration sensing neans, the acceleration sensing
nmeans bei rticonth guksdonk cfgens pinabedbe taganamne of ntoemesighs] Agmdbelyce ias t he
sensing gawhe %1& %M&Ssel{sﬁlg Hedn¥ & cbRigh B EHARe potmn@q SRk Q5 &E&QF% Eﬁu\?ﬁ@“ S

bei ng confi to.generate the "novenent data perio y sanpling
the accel &F %Fﬁaﬁﬁ“ ‘cél?@@}té}r‘e&ﬂ’i’f?ﬁe‘?fé‘f?éli‘eﬁb""ﬁ%"ﬁ?@mnay be configured to
sense at | east o Su % %nttmlnas!elsﬁ %@%n@orgf)d ¢ £9 ggonen{s of accel eration. The
coded data can be Fecorded T SUF face”epar At afceera?onvﬂ%'ésﬂlgt“ﬁ%nss fface is
bei ng  natradiewiouredne M ol Perdigurertly stee @Pﬁer%m ﬁ%bﬁesensmgldadderagﬂpa@@ing

p![ ast I(;S @@icamﬁ()v@tr@@tfve 50 likere VB, ke Abtion R ing Sﬁgaﬁsa&%lg%ﬂﬁéaﬁed R@- Bneﬁ{e @hot her
item For_ exa

it ca a of furniture, part of art of
any obj e'é’?‘fem%él?% PEOF lc?lﬁ' Sa@ﬂlﬁfg %e acicger%{“’[ﬁa@@,acfﬂ i %?Bfil'gg Iaeaﬂ%@éy paper ,
and nmay benfigred tcrﬁﬁnsaatdif@amrssnltstanﬁlﬂﬁorﬁmgmalmgnmwsméacmnwmot actually be in
contact with the surface. It may be in contact with the surface, but it
may al SO remai n IBusOdEF dasnsin be tredgidechon e seties spwateln@r Whancthy suslaeesis being t he
surface. haifatioed. TRsufite AL bOAS birfa@MndMRE pada@plsgﬂleg‘@@@ dafer foh@mapparad us i s

preferably &ran t ansmtteré{g ter syste re it can
be i nter pr et e%a??%pa%t%fjang erater}l FrOI‘ ex&mp]e 1t cou 9&3 arrtlo Onl u&e ?}l’l.s awamfpal‘b%ﬁg on

whi ch t heomfe@@afe@%lr,éheﬁgfaﬁ@e@)pacgeareferahbfra@#aw‘épapqrmd warhsnreef adgaymenty can
interpret the pﬁéel ti %ﬁﬁ i nformation provided by the device so that data
i ndi cative of t e e "y @ctalty Pty opttpct Wi tl’:eo“H‘ﬁflf‘E -diymay b i <pRiEst Bilfuced as,
f or exanphesurfece o inthaychisp &gein ol of @ntaa ity ek yyrfatehred pody pasodvad thd saff@e.mat | on may
be used to control the conputer system The preferred enbodi nent which
utilizes the seR&mgioneyhe gositien @onfhanerfaort thayppiate i pripable ranspigedman | | be

descri bedirdnati®s to Fotprdr aaledn, wlﬁehﬂt &lﬁ»‘Hé iﬁ@rpfetéﬁtlh:?ﬁers'olmﬁ hﬂdﬂ@gsa @avﬁﬁﬁn% s&angi ng
devi ce for chan t he ectronic ink

surface cam ey anvhlcg RY 53¢l %zka d re8?rde T g‘(ﬁf% Erd 1P ORI Syéﬁmr?ﬁlrlﬂtgrp{f’htﬁ ‘Ef’é’}l‘%"tags ed by
changi ng mﬁenag@natr@ub«ﬂ b}t thedelce et thay dite infidtivas thehiavdm\opces sioadeass the edrpiieve t 0

the surf aggrepB B&E(ﬁz{sa@l éﬁamﬂlah@ p]%ﬁ@tp@ ecﬂl@eﬂﬂhﬁgr ﬁl@fﬁfdsfﬁ@nal §1foﬁ§dttlbﬁ/1ﬁ$ya£ l&qand
deact i vat abl evi ce Br ef er i.nc es. a force sensor

€
adapt ed tG" téifhfvoé?pgter oL d ‘f!?fef%ﬁe e‘i“ oéhmegtt‘gt‘@“@ﬁéﬂ § Y ngAeEd AN e force
bet ween tWigh agempute ssatad vilhte dswrifed&erexceeds a predet ernined val ue.
Preferably, the device further includes means responsive to a marker
associ at ed wi t hPefEbly.dhf fedeetirtisr rlugss @ sgie chingiahiiaice fe chopgineahetiginefitrey devi ce
i N responsirdn® ifle rafk wath® furthddQal®I Ws@ily marked or previously applied marks can be erased

by changing the state of the electronic ink as the device moves relative to the surface.
Preferably, the state changing device is activatable and deactivatable.

The device preferably further includes a force sensor adapted to activate or deactivate the

state changing device when the force between the device and the surface exceeds a predetermined value.

Preferably, the device further includes means responsive to a marker associated with the

surface to enable or disable the state changing device in response to detection of the marker.
Preferably, the state changing device includes an electric field generator.

Preferably, the state changing device includes a first state changing device for changing the
state of the electronic ink to a first state, and a second state changing device for changing the state of the

electronic ink to a second state,




Preferably, the state changing device includes an electric field generator.
Preferably, the state changing device includes a first state changi ng
device for changing the state of the electronic ink to a first state, and
a second state changi ng device for changing the state of the electronic
ink to a second state. NPS056-SG -4 Preferably, the device is elongate, the
first state changing device is disposed adjacent a first |[|ongitudinal end
of the seNBjongS@evi ce and the second state changing device is disposed

adj acent a second opposite longitudinad end of the sensing device.
Preferably, the coded data includes a plurality of tags, each tag being

i ndi cative of afreferbit the devicols elngaggiho firstatdribmeinkidekre isiispbagyadidcas » fimnd each
tag bei nglohé\gdlmﬂd\ﬁﬁthé)ﬁcens%grd@\flc% LRIEE R fMte Bfingtnd 8evic® FiaRPosed Afcent L8N DeI NG
associ ated wi and the reference point being 1ndicative of

the posi t?pBPF‘t%{‘]’“gt“f\‘gna??"ﬁﬁ?tﬁ‘éﬁeﬁst‘qg\%mteo the region. Alternatively, or in
addi tion, each %%ﬂra'b@ thpc%he%%gta n%lat%s aﬁluraildeﬂt glste\c(ichqf b%‘m%gllglc&w? otya\l'in u{] ntity R whi ch

the tag Iles i nc one peri C

accor danc® feion Within afhcbaﬂlﬁ alg figreand §35b g beine 1t1<h@tl\tyroés@fﬁten¢erp9@mfutf@megmhber e is
provi ded Iagl&yl&tr@ Wsodiddd \ﬁﬁpmewufaag ahﬁﬂa@fe%be‘}dﬁmﬁ&lﬂlgh&ﬁtatﬁv@ %e!naa&moﬁ Bansyst em

I ncl udi ngta reﬁa toﬂgre 1eo\r/1 E]?e ati velact():ror dé?iqce \Mhtth ? ts \}CF t % of. L he
present inven TEEERL 8 1 ACThIAG 4 s lfaééeo KRG &1 &P oni ¢ i nk
associ at e‘@lthlwltlcﬁtheh@ Isuplfda@e@ mmiuéﬁdbldama@ aeﬂa@sﬂmeatt ed with the surface.
Preferably, the surface is provided with el ectronic ink and col or visible
ink which is nof® aca“@ﬁﬁer“6th@%alfeﬁlﬁﬂvem’éct§B°3%Prﬁsalﬂténviﬂ§%rﬂ§feéf BBYifed gapdam A

regi on mefyr dapredingdeformatipnpiibd freghadd, teagfem iAcludeg ia SdRsiigBdevitein adobtianx@iliRhe, a

singl e pageg oot 08 g@&htfﬂw%mgn &1 Lbshard el AGEs ngcggsnnab;.axﬁons rﬁ(h ss%&atéche tags

inaregionis region data Fes t Fegl o
Wher e the“"FhébeisﬁlﬁacF@da"dﬁé@éﬁ“i"ﬁ@?‘b‘f‘@ﬂ@S“fé'f’a?:h one of a plurality of tags on

that page is djicati p05|t|on ata identif t he absol ute position
of the rdentifi gﬁﬁ%“’%ﬁ‘yfﬁ%ﬁ“ Kge Pewigedy ‘gbd?“ggﬁ“ ‘H}‘ %03’9 BEHM BBHR PrPbs ¢ he

page. Preflenaiy iy Thetvebstiae iepteicobly ppans of the device is arranged to capture
the region data and may be passed on to a conputer system This enabl es,

for exanple, a AdFgAIEY tolide eaply of @enfirfgpnanay dg dorsmmpiat sinflopageranpl e, a
conput er spyesiceirsa ok racmsace tPREer@Xaedch domel Eﬁ@d’lin AWBdighhis indicRBE BPregi¥ Bdid RMcHOr  dr awn

on. As di 15&-{" §e§ ?h% I Vafherg Exgregieor\ll 1&%?@@ qﬁereﬁ%re eacp o?e o?a % urgllty otI 1a, WI { tE}at\tR{l]e surface.

Where it 1S 1ea
surf ace, lﬂ%@tlﬁéﬁ P‘é,séw’l'rﬁ%tﬁ identifying ehe gbsplyte pesitipp néfbfr 1d¢17@ﬁer$)e ﬁisll m@ an@ hleo l?gmce of

t he devi cRtaaphii®atiffeOtht be. Sidé’férﬁﬂ;)e the REt@kig! Abhyof thRviElaY bR e'd@&&aflgl%sthea force
dat a produ0| C|n forc rovides 1 nformation

o e f b o B R Be biRica B UG S Rb Ty ?aﬁlﬁm’ﬂ?’iﬁ'f‘ﬁ%8&“’?‘?’1“%’"9“?’%ﬁ’st t wo
ways. Fi ridentify a gage sogthatofer ft;@eme,ta@ome'tt@rsmene‘kmhtht rectdopinget widchfis batg appl i ed
to the suyfidcs saRdovhen it | eaves the surface, with notion between force
application and renoval being defined as a "stroke' in

As discussed above, the device need not be in contact with the surface. Where it is intended to

be used at least sometimes in contact with a surface, the device may include a force sensor for sensing
the force of the device applied to the surface. Preferably, the device includes a force data producing
means for producing force data which provides information on the force. The information can preferably

be utilized in at least two ways.

Firstly, it can be used to determine when the device is first applied to the surface and when it
leaves the surface, with motion between force application and removal being defined as a ‘stroke’ in

freehand. The force data information can be time stamped.

Secondly, it can be used to detect, on a substantially continuous basis, force vatiations when
the device is applied to the surface. This information may be utilized to characterize a signature of a user,

for example, or may be used for a further control for a computing system.

The device is preferably a separate implement containing the appropriate means as discussed




freehand. The force data information can be tinme stanped. Secondly, it can
be used to detect, on a substantially continuous basis, force variations
when the device is applied to the surface. This information nay be
utilized to characterize a signature of a user, for exanple, or may be
used for a further control for a conmputing system The device is preferably
a separate inplenent containing the appropriate neans as di scussed

NPS056- SGNPBs@bGve. |t may be any shape but it is preferably in the form of
a stylus or pen. The device is preferably intended for interaction with a
conputer systemthat can be controlled and can interpret the freehand

i nf or mat i tave Wmey brary dipppbitigs peferaily ithedrmappitiledripp. a user via the device.
Preferably, the device is arranged to provide device identification

i nformati on whi AR AfvicgUPplerablydiended &8 iptpractigio Vit @, computerc ypfptittet <&y 83 em may
t her ef or ecous@led fidsart idterpdens frdelantl Rerd@oh OhethdrRiraddg OF G Lapplict By aukinid her
alternati nr- i Nt i.on,. . re. 1s.pravided a. substrate
i ncl udi ngf\ﬁgdf%%g? ge?:eéa% ét%/?%é&reﬁ%tq éeghci%\éc% Igg/édse é%%{%g%gam\f/?np\?aﬁo? ‘%‘elg'suﬂirq\"e}ce and
coded dat HemiEgdheidatiedlhe gprmyer fyaems ppf thereiore pis dhisde Henibabg deviei ng i ndi cati ve of
an identity of ﬁbre I on aasoci ated wth the tgurface. Feat ures and

advant ages of t acbqg@g‘ﬁn ith;a frist Fsmatlye piped AL BrresspdRERe: theommPinEed bl | owi ng
descri pt i @bstra inglvtiagh swefire $avingelegwhic inbyssa@aredofithebeanmbkceand nddyd dand dsdocititef er ence
to the acggimany | : W erred and
ot her enb‘gdi rnentéscg’gt%e C?‘ﬁgw%t%glﬁﬁ%%%%ﬁ%%‘gﬁﬁ Se ,Hﬁﬁe J\E/apfii(jcfe'of non-
limting exanpl @ci@ids ind Mivinthods@lr e @REH InPentid}Owid GERNP 3sPdteR Jrod BMONGRng | N

whi ch: Fi gure. 1 0ifse %od[?rr(l:eblg etréo? bof a tfhe rel a ioﬂﬁh%.g{) bet ween a sa %e
printed netpage and its online page * GESEF Por AT "Frglr & U° PEoBPe et i ¢
vi ew of adrgwirgsr acti on between a net page pen, a netpage printer, a netpage
page server, and a netpage application server; Figure 3 is a schematic
vi ew of apRIFghESEeRSEITIONOFAIRAVING/S a printed netpage and its online page

description; FhOtd @ ohs Abflifds'or W iSRANE NG Aovd bd HELHEL b0 vaRofiRhPagE
tag; Figure 4b is | an view showi ng a relationship between a set of the

: a , . .

t ags shomﬂn‘f“??eﬁrﬁ’iﬁoégA%thd?’fﬁf"%eF’iﬂi‘?laﬁc"mﬁ"‘l“yW@Wlbﬂs’ B whigk page sensing device in
the formg ne e .pepn; Figure. 53 js a plap vie how an.al ternative
structur Ere L A RRGRAPEE. e liloRaBhotRals BBl sel SR s M F iR | onshi p
bet ween adeg@ptionf the tags shown in Figure 5a and a field of view of a
net page sensi n% device in the formof a netpage pen; Figure 5¢c is a plan
vi ew showi #F A 28 Panyeird il 2 Jrersiionebepeen hrstrrasen QHERIES PHIGE yiffPaseasher e
targets aereer, alanaghebebivedn sady;acent tags; Figure 5d is a plan view show ng
the interleaving and rotation of the synbols of the four codewords of

Figure 3 is a schematic view of a high-level structure of a printed netpage and its online page description;

Figure 4a is a plan view showing a structure of a netpage tag;

Figure 4b is a plan view showing a relationship between a set of the tags shown in Figure 4a and a field

of view of a netpage sensing device in the form of a netpage pen;
Figure 5a is a plan view showing an alternative structure of a netpage tag;

Figure 5b is a plan view showing a relationship between a set of the tags shown in Figure 5a and a field

of view of a netpage sensing device in the form of a netpage pen;

Figure 5c is a plan view showing an arrangement of nine of the tags shown in Figure 5a where targets are

shared between adjacent tags;

Figure 5d is a plan view showing the interleaving and rotation of the symbols of the four codewords of

the tag shown in Figure 5a;
Figure 6 is a schematic view of a tag image processing and decoding algorithm;

Figure 7 is a perspective view of a netpage pen and its associated tag-sensing ficld-of-view cone;




the tag shown in Figure 5a; Figure 6 is a schematic view of a tag inage
processi ng and decoding algorithm Figure 7 is a perspective view of a

net page pen and its associated tag-sensing field-of-view cone; NPS056-SG
-6- Figure 8 is a perspective expl oded view of the netpage pen shown in
Figure 7; Figure 9 is a schematic bl ock diagramof a pen controller for the
net page pen shown in Figures 7 and 8; Figure 10 is a schematic view of a
pen opti capsopasdr; Figure 11 is a flowhart of a stroke capture algorithm
Figure 12 is a schematic view of a raw-digital ink class diagram and
Figure 13 is a schematic view of an electric field between an el ectrode and
a sheet niEgiredvs a BEPALIVERPIBESCRY PThQrae pRREFERRERDAND OTHER EMBODI MENTS

Not e: etTMis a trademark of Silverbrook Research Pty Ltd, Australia.
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net page ut er stem summary of which is given below and a

det ai I ed d%u§e 1:0 ubatsid?) atb?V‘%qfﬁﬂ% ogmé R¥&n in our earlier applications,

i ncl udi ngg;k. R, AL ASHAAT CT/ AUCO 00569, PCT/ AUCO/ 00565,
PCT/ AUCQ' 00570, FK‘:H%la 51 an%gl% AUOO/ 00578. It will be appreciated

that not @ues it is 4 ORmarEMakh AR dMitlinkR6LSSAM d enbody all or even nost of
the specific details and extensions described in these applications in -

rel ati on Rigurd 13as dal®maticSNest of iR clddbioave betwdeh e ed¢Bdde Bdiashddasaiimbed in its nost
conplete formto assist in understanding the context in which the preferred
embodi W%ﬁrﬁﬂﬂn%’iﬂéﬁiﬁx@& OF BREFRRRESND GHEER i«:ﬂﬂ;o‘ﬂﬁ%ﬁ‘rg In brief

summary, the pr ormqf the.netpa a conputer
interface in ﬁotefl\gmgﬁt Mg atra emarko Sllveeroogﬁese rr_lal}eyrﬂtc?% ?hy5| cal surface

whi ch cont ai ns fnqﬁeepegé}&@%goeln@mrmp.n%&lh@con@dfeﬁ BGRrTiH heePE nbifofedL OMPUL €T

system The map references can be queried an appropri ate sensing
devi ce. DEPBRIFRE upYRmERSL whjghc ?‘V‘E‘ bl R idesriptiphef whigh isgdeiddiices may
be encodedrlivi sippications m¢lmmgsnrblpyzrtlcmdambﬁcfanmdPa:ﬂAHmoS@ VI A Uomtoo s6s) ocal

query on sciedmne. surABg kAN UIRIDOHONS 1 TRLELCRETRE AR

vmthlntherra and anon erent maps stemcan C
i nf or mat i BH el&%ﬂ?ﬂ WIB&%C&%S@%Y Bvotd Frﬁ’ﬁ’b@ﬁﬁt eflipersaget cd@EﬁH f§nsi9af ¢pled on can
be retri ewedsdaphdtian mpnonr wf thy B agstehll pplvived tRysyfens @NGbdrgeddia ils GRstus ed
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of actions are 1nit € conput er” system on
oper at or therPfeSPféglpi@H@@PffGethe operator's interaction with the surface

features. In it referredform t he stem.relies on the
production of, i‘ﬁ’g‘ SRR i REFREE f5R 09% Fﬂ?ggerfé IHRGEL0YS § fugBehpiEriisades of

text, gr aphioos obn dchappedgreBeep thatns, edphgsicabsudihaa arhych papans refereabhiera mapdéfahe  but
whi ch mrsksrfacz: K,%naaﬂaécﬁﬁ ACimhphRr Wekn PRORS, releRhQE PR %rlédsbyleag gl%d(ﬁqatg)&n&?gch page

using ink which substantially invisible to the una uman eye. The
ink, h O\Né{?v@?e Dé}??adlrﬂa]lg)f)lé HS? sPEﬁgic d@]&]@)&?n@%&n the &3p reg‘eéences may be encoded visibly or

invisibly, and defined in such a way that a local query on the mapped surface yields an unambiguous
map reference both within the map and ameng different maps. The computer system can contain
information about features on the mapped surface, and such information can be retrieved based on map
references supplied by a sensing device used with the mapped surface. The information thus retrieved
can take the form of actions which are initiated by the computer system on behalf of the operator in

response to the operator’s interaction with the surface features.

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 or other media,
but which work like interactive web pages. Information is encoded on each page using ink which is
substantiatly invisible to the unaided human eye. The ink, however, and thereby the coded data, can be

sensed by an optically imaging pen and transmitted to the netpage system.

In the preferred form, active buttons and hyperlinks on each page can be clicked with the pen

to request information from the network or to signal preferences to a network server. In one embodiment,



sensed by an optically inmaging pen and transmtted to the netpage system
In the preferred form active buttons and hyperlinks on each page can be
clicked with the pen to request information fromthe network or to signal
preferences to a network server. In one enbodi ment, NPS056-SG -7 text
witten by hand on a netpage is automatically recognized and converted to
conputer text in the netpage system allowng forns to be filled in. In
ot her enbseHOs®REGS, Signatures recorded on a netpage are automatically
verified, allowi ng e-commerce transactions to be securely authorized. As
illustrated in Figure 1, a printed netpage | can represent a interactive
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1 and connunlcates Via a S e ra e |nterac fon to a
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t he page server sends a correspondi ng nessage to application conputer
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As shown in Figure 2, the netpage pen 101 interacts with the coded data on a printed netpage
1 and communicates, via a short-range radio link 9, the interaction to a netpage printer. The printer 601
sends the interaction to the relevant netpage page server 10 for interpretation. In appropriate
circumstances, the page server sends a corresponding message to application computer software running
on a netpage application server 13. The application server may in turn send a response which is printed

on the originating printer.

The netpage system is made considerably more convenient in the preferred embodiment by
being used in conjunction with high-speed microelectromechanical system (MEMS) based inkjet
(Memjet™) printers, for example as described in our earlier application PCT/AU00/00578 (docket no.



on the originating printer. The netpage systemis made considerably nore
convenient in the preferred enbodi nent by being used in conjunction with
hi gh- speed m croel ectronmechani cal system (MEMS) based inkjet (MenjetTM
printers, for exanple as described in our earlier application
PCT/ AUOO 00578 (docket no. NPS056-SG -8 1J52). In the preferred form of
this technol ogy, relatively high-speed and high-quality printing is nade
nore aff onpsBt-8Gt 0o consumers. In its preferred form a netpage publication
has the physical characteristics of astraditional newsnmagazi ne, such as a
set of letter-size glossy pages printed in full color on both sides, bound
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netpage printer can also operate w t

del i very thiafadtiopaldeyeiigsring. rﬁh‘ﬁés aﬁhf&ﬂfiﬁ?@ﬁlze ey Prsps il i@ ydicalor f&f'amthaw@s@ be
enabl ed usduntyogiiesti éag neOgaseiad cdniidtjallt hatithel aser printers, although the
systen1mﬁ|| operate nore slowy and will therefore be | ess acceptable from
a consuner's pdhneetgage piingay, expleits gheh growipaiawdahition to§ brosdhendnistepetpecessy Shem i s

host ed onne@pagyﬂnm@t &n mwog)@a@m :Jld%eﬁct.ohlllel:tlo% Iaﬁrwuh %H&Q@h@?&ﬁes atdGwd Blpage
ab evi ce, Such as a

systen1|s h d on a SI @ng qﬁuter-en

printer. Q’é ’ﬁ?ﬁelsﬁsé 8 &P efﬁ‘fs%e B2 Ry kb inddpsR RIS

confi gur edthbugh the|sysiar wi ropmte upwalslotvy andwhil thaeibre baBsstaccepratip@gea pumsuntees s.

Peri odi ca)yiRublib¢ah bms}sem%&mggl ehy Rlde QbR TBLLERN ¥ privie SHRRE T RiNGer NET Page

printers via pointcasting mul t1casting Internet protocols. Personalized
publ i cat i BFPeLigFs. the petpagy a/ateIaMOftﬁirm%‘a SRR EI“CH@P“E% eyapied deviag Atch aser

profil es.pritenet page printer can be configured to support any nunber of

pens, and a pen can work with any nunber of netpage printers. In the
preferred i npl efenteapibgeationathrs hbepbgretrpesmetvor a comigeradto diltepintfquaity. A
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server 11 and linked to one or nore paynent card accounts. This allows
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t he user’ ommer ce rics can al so be
used to V&7 famly. |7a‘§r?ﬂlP‘t’%/eaCfA“S(7"eﬁ°s’i‘a@Fﬁ‘fbﬁf dlﬁtﬁ*ét Hﬁ‘é'tli)‘é{@breﬁ@ﬁ t¢ mesppge sublicatierer pri nt
scanni ng, sed@fdr igpeetibnemersi M | ar way by the netpage registration server.

Al t hough a netpage printer may deliver periodicals such as the norning
newspaper W t hodtnetpags gen dambler hegeisteond, with ta netpage reisonf segyar Bdndibiker tobee del i ver
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from subscri bed or otherw_ se_ authorized sources. In thi's respect,
net page pt}eprﬁeé)Fn The netpage registration server compares the signature captured by the netpage pen w1th a

previously registered signature, allowing it to authenticate the user’s identity to an e~commerce server.
Other biometrics can also be used to verify identity. A version of the netpage pen includes fingerprint

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

Although a netpage printer may deliver periodicals such as the morning newspaper without
user intervention, it can be configured never to deliver unsolicited junk mail. In its preferred form, it only
delivers periodicals from subscribed or otherwise authorized sources. In this respect, the netpage printer
is unlike a fax machine or e-mail account which is visible to any junk mailer who knows the telephone

number or e~-mail address.

Fach object model in the system is described using a Unified Modeling Language (UML)
class diagram. A class diagram consists of a set of object classes connected by relationships, and two

kinds of relationships are of interest here: associations and generalizations. An association represents
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identifies its own position on the page. Characteristics of the tags are described in more detail below.

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

solid-state image sensor with an appropriate filter.

A tag is sensed by an area image sensor in the netpage pen, and the tag data is transmitted to
the netpage system via the nearest netpage printer. The pen is wireless and communicates with the
netpage printer via a short-range radio link. Tags are sufficiently small and densely arranged that the pen

can reliably image at least one tag even on a single click on the page. It is important that the pen




Tags are printed in infrared-absorptive ink on any substrate which is
infrared-reflective, such as ordinary paper. Near-infrared wavel engths are
invisible to the human eye but are easily sensed by a solid-state inage
sensor with an appropriate filter. Atag is sensed by an area i mage sensor
in the netpage pen, and the tag data is transmtted to the netpage system
via the nearest netpage printer. The pen is wireless and conmunicates with
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NPS056- SQecok@ize theprghlly @d tbritiop ay evety[Interadiopwith thé page, eincegheeinigragtion ersagtesson Wi t h
the page, rk 06 &rdr-B&rebdMiPinadatd 0 BateShedt RSy QSIS ant 1o kBUSe B! I OF - cOrrectably
encoded to make them partially tolerant to surface damage. The net page page
server mai nt ai NThanctpadeGue: spad enaintusk ankeue hape A 1@ kich badediehpagdowiad | ow ng
it to mai I . ST f I < l.ied yal ues for. input fields in
the page Haaiel b BEbr il burBheo VAR o HBR oo B0 KR ey Bl AR Y e

t he page #&%&x i ption, the page instance, and the printed netpage is shown
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reters calf'fe P arbier &1y 'SHRRYBAT BF kY Y hestitors e Pirpton,
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case the region ID can directl X identify the interactive el enent.
In a preferred embodiment, the region to which a tag refers coincides with an entire page, and

the region D encoded in the tag is therefore synonymous with the page 1D 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 1D can directly identify the interactive element.

Each tag contains typically contains 16 bits of tag ID, at least 90 bits of region ID, and a
number of flag bits. Assuming a maximum tag density of 64 per square inch, a 16-bit tag ID supporis a
region size of up to 1024 square inches. Larger regions can be mapped continuously without increasing
the tag ID precision simply by using abutting regions and maps. The distinction between a region 1D and
a tag ID is mostly one of convenience. For most purposes the concatenation of the two can be considered
as a globally unique tag ID. Conversely, it may also be convenient to introduce structure into the tag ID,
for example to define the x and y coordinates of the tag. A 90-bit region ID allows 2°° (~10% or a

thousand trillion trillion) different regions to be uniquely identified. Tags may also contain type
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mterleaved fashion. Symbols are allocated alternately in circular progression around the tag. The
interleaving is designed to maximise the average spatial distance between any two symbols of the same

codeword.

In order to support “single-click™ interaction with a tagged region via a sensing device, the
sensing device must be able to see at least one entire tag in its field of view no matter where in the region
or at what orientation it is positioned. The required diameter of the field of view of the sensing device is
therefore a function of the size and spacing of the tags. Assuming a circular tag shape, the minimum
diameter of the sensor field of view 193 is obtained when the tags are tiled on a equilateral triangular

grid, as shown in Figure 4b.
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targets, thdirepositions are computed based on their known spatial relationships to the ring and axis targets, the

aspect and rotation of the ring, and the rotation of the axis. Matching proceeds by applying the ring’s
normalizations to each shape’s moments. Once their second-order moments are normalized the circular
perspective targets are easy to recognize, and the target closest to each estimated position is taken as a
match, The original centroids of the four perspective targets are then taken to be the perspective-distorted
corners 31 of a square of known size in tag space, and an eight-degree-of-freedom perspective transform
33 is inferred (at 32) based on solving the well-understood equations relating the four tag-space and
image-space point pairs (see Heckbert, P., Fundamentals of Texture Mapping and Image Warping,
Masters Thesis, Dept. of EECS, U. of California at Berkeley, Technical Report No. UCB/CSD 89/516,

June 1989, the contents of which are herein incorporated by cross-reference).

The inferred tag-space to image-space perspective transform is used to project (at 36) each

known data bit position in tag space into image space where the real-valued position is used to bilinearly
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The perspective targets are designed to be shared between adjacent tags, as shown in Figures 5b and 5c.
Figure 5b shows a square tiling of 16 tags and the corresponding minimum field of view 193, which must
span the diagonals of two tags. Figure 5¢ shows a square tiling of nine tags, containing ali one bits for

illustration purposes.

Using a (15, 7) Reed-Solomon code, 112 bits of tag data are redundantly encoded to produce
240 encoded bits. The four codewords are interleaved spatially within the tag to maximize resilience to
burst errors. Assuming a 16-bit tag ID as before, this allows a region ID of up to 92 bits. The data-
bearing dots 48 of the tag are designed to not overlap their neighbors, so that groups of tags cannot
produce structures which resemble targets. This also saves ink. The perspective targets therefore allow

detection of the tag, so further targets are not required. Tag image processing proceeds as described
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tag ID and the tag-relative pen location can be translated into an absolute location within the tagged
region, the location of the tag within the region must be known. This is given by a tag map, a function
which maps each tag ID in a tagged region to a corresponding location. A tag map reflects the scheme
used to tile the surface region with tags, and this can vary according to surface type. When multiple
tagged regions share the same tiling scheme and the same tag numbering scheme, they can also share the
same tag map. The tag map for a region must be retrievable via the region ID, Thus, given a region I}, a
tag ID and a pen transform, the tag map can be retrieved, the tag ID can be translated into an absolute tag
location within the region, and the tag-relative pen location can be added to the tag location to yield an

absolute pen location within the region.

The tag ID may have a structure which assists translation through the tag map. It may, for




targets. One such schene uses dots positioned a various points relative to
.grid vertices to represent different glyphs and hence different nmulti-bit
val ues (see Anoto Technol ogy Description, Anoto April 2000). Decoding a
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Electronic ink typically takes the form of substantially bistable monochrome or colored dots
which can be addressed externally to selectively change the state of the dots. The state of an individual
dot is typically changed by applying an electric field of appropriate polarity. Although some electronic
inks may be printed onto a surface, other electronic inks are essentially manufactured into a substrate,
producing something more akin to “electronic paper”. Both kinds are considered within the scope of the

present invention.

Electronic ink is mutable in two ways: it may be “printed” any number of times by a printer
which incorporates appropriate dot-addressing electrodes, and it may be written (and/or erased) by a

writing (and/or erasing) implement which incorporates appropriate electrodes.




sanpl ed pen position to the next wthin a stroke can be unanbi guously
determ ned. As an alternative, the netpage pen 101 can contain a pair or
not i on-sensi ng accel eroneters, as described in our earlier application
PCT/ AU0O0O/ 00565. An enbodi nent of the present invention, in the formof a
pen-1i ke sensing device for coded electronic ink surfaces will now be
descri bed. The sensing device is hereinafter sinply referred to as a "pen".
El ect roni BP§néSEypi cal |y takes the form of substantially bistable
nmonochrome or colored dots which canrbe addressed externally to

sel ectively change the state of the dots. The state of an individual dot
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can be d' spl aceg gk tolimtRer ik H’egnttng}é@foﬁ] S i1HowDeRYscried Mt Qﬁrence to Figures

7, 8,9 and 10. The pen, generally designated by reference numeral 101, includes a housing 102 in the

form of a plastics molding having walls 103 defining an interior space 104 for mounting the pen
components. The pen top 105 is in operation rotatably mounted at one end 106 of the housing 102. A
semi-transparent cover 107 is secured to the opposite end 108 of the housing 102. The cover 107 is also
of molded plastics, and is formed from semi-transparent material in order to enable the user to view the
status of the LED mounted within the housing 102 (sce later), The cover 107 includes a main part 109
which substantially surrounds the end 108 of the housing 102 and a projecting portion 110 which
projects back from the main part 109 and fits within a corresponding slot 111 formed in the walls 103 of
the housing 102. A radio antenna 112 is mounted behind the projecting portion 110, within the housing
102. Screw threads 113 surrounding an aperture 113A on the cover 107 are arranged to receive a metal
end piece 114, including corresponding screw threads 115. The metal end piece 114 is removable to

enable ink cartridge replacement.

Also mounted within the cover 107 is a tri-color status LED 116 on a flex PCB 117. The




surface to provide a display. Colored displays are provided by using

el ectrostatically graded particles of different colors, and nore conpl ex
electric field control. A first enbodi nent of the present invention wll
now be described with reference to Figures 7, 8, 9 and 10. The pen,
general ly designated by reference nuneral 101, includes a housing 102 in
the formof a plastics nolding having walls 103 defining an interior space
104 for nNRRILé-BG t he pen conponents. The pen top 105 is in operation
rotatably nounted at one end 106 of tH&-housing 102. A seni-transparent
cover 107 is secured to the opposite end 108 of the housing 102. The cover
107 is al @&pmadl2 jgiselmaunisd &8 the dlex PG 7| BhefiontleP floonmeei atttiredersyf sheaet
materi al i f@peRnaILQuRRARIS,. t he user to view the status of the LED nounted
wi thin the housing 102 (see later). The cover 107 includes a main part 109
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si de by housi ng 102. Either the ink cartridge nib 119 or

sj de
t he stle@mﬁ fﬁ?sgﬁﬂmﬁé 8 BUght forward through open end 122 of the
metal end pieceg, 1) on of the pen top 105. Respective slider
bl ocks 123 and &%é§m%rgn%g%ﬁ%%d to the ink cartridge 118 and stylus 120,

respectively. Aoypkat@iblea:sammans el 125 is secured to the pen top 105 in
operation and arranged to rotate therewith. The cam barrel 125 includes a

cam 126 i n t he(3) Seiterosk cartrgigot18Wwibt1ng dut fida eywai2b sib 1Blouof t he cam barrel. Cam
followers 127 and 128 projecting from slider blocks 123 and 124 fit within
the cam sl ot 126.sec0nd flext BER 39, bfmauhted emm Peatrrmés ch@5s 13thehidi ditdevithibltecks 123

or 124 ”Qi(’)@snfgq bAtrhYRcdn@ 18R Y Bhintd A 1¥HRh E6H 181 ﬁ)ﬂﬁ(ﬁﬂ&ﬂ@%ﬂ%ﬁ:ﬁ rddlaBonlsdr® Or
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nib 121 out. £ i's mounted on an el ectronics chassis
130 whi ¢ I,fogtfo ge s\wﬁﬂl{q (toﬂtéo Img operatlon of the pen 101. An optics block 135 (formed from molded

clear plastics) sits within the cover 107 and projects an infrared beam onto the surface and receives
images onto the image sensor 132. Power supply wires 136 connect the components on the second flex
PCB 129 to battery contacts 137 which are mounted within the cam barrel 125. A terminal 138 connects
to the battery contacts 137 and the cam barrel 125. A three volt rechargeable battery 139 sits within the
cam barrel 125 in contact with the battery contacts. An induction charging coil 140 is mounted about the
second flex PCB 129 to enable recharging of the battery 139 via induction. The second flex PCB 129
also mounts an infrared LED 143 and infrared photodiode 144 for detecting displacement in the cam
barrel 125 when either the stylus 120 or the ink cartridge 118 is used for writing, in order to enable a
determination of the force being applied to the surface by the pen nib 119 or stylus nib 121. The IR
photodiode 144 detects light from the IR LED 143 via reflectors (not shown) mounted on the slider
blocks 123 and 124,

Rubber grip pads 141 and 142 are provided towards the end 108 of the housing 102 to assist




housi ng 102. The second flex PCB 129 nounts an infrared LED 131 for
providing infrared radiation for projection onto |location tags printed in
infrared ink (see later). An image sensor 132 is provided nounted on the
second flex PCB 129 for receiving reflected radiation fromthe surface. The
second flex PCB 129 also nmounts a radio frequency chip 133, which includes
a RF transmtter and RF receiver, and a controller chip 134 for

control | i NgswpeGati on of the pen 101. An optics block 135 (forned from
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sequence of time-stamped pen 101 positions on the surface, initiated by pen-down event and completed
by a subsequent pen-up event. Note that pen force can be interpreted relative to a threshold to indicate
whether the pen is “up” or “down”, as well as being interpreted as a continuous value, for example when
the pen is capturing a signature. The sequence of captured strokes will be referred to hereinafter ag
“digital ink”. Digital ink can be used with a computing system to form the basis for the digital exchange
of drawings and handwriting, for on-line recognition of handwriting, and for on-line verification of

signatures,

Utilizing the RF chip 133 and antenna 112 the pen 101 can transmit the digital ink data

(which is encrypted for security and packaged for efficient transmission) to the computing system.



Control data fromthe location tag may include control bits instructing the
pen 101 to activate its "active area” LED (this is in fact one node of the
tri-color LED 116, which beconmes yell ow when the pen determ nes, fromthe
control data, that the area that is being imaged is an "active area").
Thus, a region on the surface which corresponds to the active area of a
button or hyperlink may be encoded to activate this LED, giving the user
of the peNP¥s&t@l feedback that the button or hyperlink is active when the
pen 101 passes over it. Control data 8y also instruct the pen 101 to
capture continuous pen force readings. Thus a region on the surface which
corresponds to st Gnee ifrierangyia reeriverathe digitabiek datdothanitial as ¢t afftrmed Whemt i nuous
pen 101 f@ées. mP&BvelQat oa%geomgﬁa@tnﬁfdhty% bhﬁerm%th-%uhéﬁ&%ﬂ@% }ﬁﬁ)ﬁmrdu% series
of stroke]'.;:lclu st rﬂo e _consis ng guence of % pen 1
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subsequenturfprerand gandy wansmitidddater. t hat pen force can be |nterpret ed relative to
a threshold to indicate whether the pen is "up" or "down", as well as

bei ng i nt er pr et &tF 258 1Y dyritcfudesGutateshgngiae devige ing & aplesiric fokkgeprariori s
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verificat dt@é’bhﬁﬁgmgﬂév@;@@&dﬂ h&Secublby :Ln'y%tht'ﬂﬂe §eh§ng%a&hfoxpexme RNdordde0Ngnl12 the
pen 101 c%rr}:egers%pgg‘lt a;tmn ({it ? i.tal |dn th g }gﬁg e% tgt ed for security
and packaged &% EiPETER O PP TR PRI WSﬁ SR %fﬂ‘i’jﬁ?r 6‘}/ PR ORPS056- SG
-19 Wen lteh’@erptéﬁappgawsranqi thn gefaggfexcgeds ee@ﬂeveenmedtvwee dhgletcatenionkaydatte sinse

transm t t 8dr @parhtb tol the SpREREsor WP 8AectifeRn BE Eha 10T ddMRVE it BhY anr haigke ofli gi tal
ink data is bu t he Q‘?ﬁrl}fégfgﬂéﬁ‘%t he pen 101 circuitry “includes a

buffer ar %ﬁ@’@&edtm&%iu ?Cégmhﬁ?sfréf for approximately 12 minutes of
the pen motion Blpabfexlﬂ&t 0 Hl%fe%gtﬁg 99 %en%l%{'c')r gﬁ%er agr ol z;b?%ﬁlglgli[lgggriabl;rrge% Qr 101

al so includes a state c eV|ce I'n ireld
gener at ordisablmgst markgrsgo @ﬁa‘f'i th ogflet/forcthe desirigifipld sengratehia hgeaklétior diszbted, thsf

el ect r oni dectria Kelﬂ)éen&rﬁlﬁr xﬁldf bfeaﬁﬁat&ls Tﬂieh@rklaﬁ ﬂlaﬂ-Qe]dete&W@%e gboaibd ﬁa’&ngcﬁth% Bt%
surface, 8};? seg 0 e%&b e 0? d1sab elthe ce E ?]3 gen?rat Iy Ena emen %tgmz}tig%gh g Cé)ﬁtfoéled change of

state of Iec ecanln r
deact i vat %COW@E éﬁsﬁma“@h*émgéhe@?ﬂ i eemmounfpgting hpad may bt hased lom pgésrripticesfitee  does

not occursurfiy, oﬁﬂ:ﬁmﬁ b thedeR e, SBM Sdhﬁﬂ thﬂﬁ@f@ mtefa@tfngﬁﬁé\md %ogyhe@egl&rlﬁ(%en%&in sor.
The forcbe sens |vate or deactjvate the electric

field gendrsPot % ‘faE%n t?géIo'é{?lg%fa‘feg?&gmm%fa\ﬁgé"ﬁhefﬁ'@p“é'ﬁ%ﬁ?ﬁ?us and the
surf ace exceedsyaPLade & B TR0 RSy TD QL 8430901 DG gy same s

or separate to the op tical sensor etecting

condi t i orfgmfé‘?l?i’/%"r“{f%é anderppredisaled, the gleqte %Hrﬂefieé"éi’r tSGOttaH‘@Wé LPrqh%ﬂS%thbs?}atf ofe user
as di scusketbnizbhoveintedsnatd serteeit of the electric field generator may be
control |l ed by applying enabl enent or disablenment nmarkers to the surface.
I n order for théeghedmeitand diedbdmge merkats aray the ilserpeniabinedhcolocadistagl d, t he

series of bits, with the bits representing a map of the area occupied by the tag and each bit indicating
whether an area or sub-area is available for modification or not. Alternatively, the enablement and
disablement markers may be separate to the location tags. Alternatively also, as alluded to above,
enablement and disablement information may be part of a surface description (e.g. a page description)

maintained by the computing system.

In this way, specific regions on the surface may be marked so as to designate markable, non-

markable, erasable or non-erasable regions of the surface.

The electric field generator may be located at one longitudinal end of the pen and may be
arranged to have two operational modes, i.e. one mode to change the state of the electronic ink to a first

state (i.e. “marked”), and a second mode of the electric field generator serves for example to change the




electric field generator nust be activated. The markers nmay be detected by
the detection neans of the pen and used to enable or disable the electric
field generator. Enablenment nay alternatively be controlled by the
conputing systemw th which the pen is comruni cating, and nay be based on a
description of the surface, or region of the surface, with which the pen
is interacting, identified fromthe region ID sensed by the pen fromthe

| ocati on NB¥$6-8G t he surface and conmuni cated to the conputing system Wen
enabl ed, the electric field generator-20s all owed to change the state of
electronic ink printed on the surface and when disabled, the electric
field gengtatidghee F%‘foﬂ’éfnkéﬂ51%%@St%tﬁlﬁﬁ'aﬁﬂj’éort“ﬁése@’ﬂ ate of electronic ink
printed on the g rface The enabl enent, and di sabl enent markers nay be
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shown in encinte
conduct i v@cﬁe@/@fﬂheﬁ@m of the surface medi um 504 to produce an electric field
506 oriented substantially at ght angles to the surface. The field

serves to al i gn&IBEPRR G1iYE 2rprisd tﬁﬁﬁetg‘i‘r@Fee@ Pripfing ;0B the i fage gt electranie inkpsy 508
Wi t h the ¥higinghy ot thaysio0e irtvisibleltd thghuirageye mdenglrinad ek saitee aaf petnfageneihedis oni ¢

i nk and hs%a]cfs‘ pggn@nt%ygeé HMidted 1lﬂpdotsnﬁrd§é drfmgc?otst {iﬁl\e}ﬁ s?h%tefegtgo%lcﬁlm &o(r:s Cgl‘g bet 0 one

polarity relative to the conductivé substrate I'n eras t he
el ect r ode™34s medifiablersedesqriged aeye ghpnsenapeat gl fosyPpan u“r'”f*PdIfﬁblalTﬂ””é Pli?&”@ P’*@fémgs
conf i gur ahideiy aekech tiedesacoby copgasiht sap o ak icttirbic ko de hadgesk Wihokie pen

to gener a&f@ctﬂé;mﬁﬂn&ﬁﬁaﬁﬂe rephﬁle £ penetrates into the surface, and whose
intensity I's stronger esited direction than in the opposite

direction. An elRClFiQLepdR¥ndE hd s WP het 8 adstHved tnhBor& AdailPh 8&Croldking t he
cover 107, or the stylus nib 121. In an alternative enbodi nent, marki ng and

erasing eF8&¥ic field generators may be located at opposite Iongl t udi nal

ends of the pe nA ﬂc&%edt P$v§ &rclt’)%ge% ”i?{)‘ﬁ% 1501]:1011%9&" onstge’ seconc} ﬁeg\ Pég q?é)l;’l th\elz\gelilll d be

required at
101. Flgure 9 is a block dlagram ﬂlustratmg in more detail the architecture of the controller chip 134.

Figure 9 also shows representations of the RT chip 133, the image sensor 132, the tri-color status LED
116, the IR illumination LED 131, the IR force sensor LED 143, and the force sensor photodiode 144.

The pen controller chip 134 includes a controlling processor 145. Bus 146 enables the
exchange of data between components of the controller chip 134, Flash memory 147 and a 512 KB
DRAM 148 are also included. An analog-to-digital converter 149 is arranged to convert the analog signal
from the force sensor photodiode 144 to a digital signal.

An image sensor interface 152 interfaces with the image sensor 132. A transceiver controller
153 and basc band circuit 154 are also included to interface with the RF chip 133 which includes an RF

circuit 155 and RF resonators and inductors 156 connected to the antenna 112.




I nformation can be applied to the surface by printing on the surface both
el ectronic ink dots, which nmay or may not be invisible to the human eye
when printed on the surface, and permanent ink dots such as pignent-based
colored ink dots or dye-based ink dots. Wereas the electronic ink dots can
be made nodifiable as descri bed above, the permanent ink dots remain
un-nodi fiable. This allows markings nade by a user on the surface by
changi ng Nh¥WSeP@te of the electronic ink to be nodifiable wthout

affecting un-nodifiable pre-printed it#lornation. The various operations of
the pen will now be described in nore detail in the follow ng sections. As
di scussed above ™t Weriariogisice H45chitysesiad dicedeprisentiereditadiont thes fiowdonorfdt ex PCB
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st at us L Bprforpge (’t4HMH§)FSemerali quaalﬁ]isﬁnmmi@r 131, the IR force sensor LED 143,
and the force sensor photodiode 144. The pen controller chip 134 includes a
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conponent sredf 158} émage singod Inketfice A b, Plash Ikmoryl 185 MhdrereE };bRA}dﬂmaﬁ}é ifeghted B DRAM

148 are agﬁg% cbﬂﬁ%g&%@ﬂj ﬁ’(f] gal?@gﬁ%t Fln(?s rc‘ilf’%l 5504 l\ﬁe{e%_lo%%tors an duc_{(ﬂsl;’ fS?{] aged to
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noni t or s # dFER Téaé'ﬁ’ﬁ‘ﬂf‘ﬂ‘s ShdtsamEdRevicgs Valot minker tin EaED§001’16’h1°‘1:‘P1 and
143, and ihandtaed hstiovitrefe@mgerithad ifofieonmuni cation via the radi o transcei ver
153. It is a nmedium performance (-40MHz) general - purpose RI SC processor.
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an are I nte n controller nal og

RE comporBRtae et o it 1 e ToE bbhar Bratn o SF oot i) are

provided i'n thergepar %Iar?saemér gmrﬁ)ﬂmcg-gsem' twfﬁlc?{ﬁ&s%MlH§ %g:)normally uaeu

approxi mate_ resol ution 15X p1 xel su a sensor beyd by
Mat sushi t9raepsdelergnss o Gﬁf“ﬁ%‘febft‘ll 8ﬁ ““%‘Pﬁ‘ﬂ‘eq 3G Esipdusthelgsciertifig aﬁh’p}é?lcab@'SM)t akur a,

K T NobusagatihandNses Ghusen f@pindinilag iyonSbectiow GrodMdaRMidrence-fee LommaRkbori xel | T
CCD I mage Sensor for Mniature Canmera Systent, |EEE Transactions on
El ect roni ¢ Devi éediscusges] abovg7the prortBepptits is dephurmntyd B0OOBouldat bias bedly 135nTi@r por at ed
herei n byspi@fut %%ﬁéme\%e@l By @B oﬂtBs I‘Jdd;/ 485 is ihBfced 9&?1@15?9&4]1? ﬁéjrg’l 01%66 &alers a
qui escent_state 9 3 Qerl of Inactivit
ompnses a Tirst ens 157 for focussmg radiation from the 1nfrared LED 131 a mlITOl‘ 158 a beam
splitter 159, an objective lens 160 and a second lens 161 for focusing an image onto image sensor 132.

Axial rays 162 iilustrate the optical path.

The optical path is designed to deliver a sharp image to the image sensor 132 of that part 193
of the imaged surface which intersects the field of view cone 192, within required tilt ranges. The
primary focussing element is the objective lens 160. This is also used in reverse to project illumination
from the IR illumination LED 131 onto the surface within the field of view. Since it is impractical to
place both the image sensor 132 and the IR LED 131 at the focus of the objective, a beam splitter 159 is
used to split the path and separate relay lenses 157 and 161 in each path provides refocussing at the
image sensor 132 and the IR LED 131 respectively. This also allows different apertures to be imposed on
the two paths,

The edges of the image sensor 132 act as the field stop for the capture field, and the capture

path is designed so that the resulting object space angular field of view is as required (i.e. just under




is not in contact with a surface. It incorporates a dedicated circuit 150
whi ch nonitors the force sensor photodi ode 144 and wakes up the controller
134 via the power manager 151 on a pen-down event. The radi o transceiver
comuni cates in the unlicensed 900MHz band normally used by cordless

tel ephones, or alternatively in the unlicensed 2.4GHz industrial,
scientific and nedical (I1SM band, and uses frequency hoppi ng and

col I'i si onNB¥@8%i on to provide interference-free communication. As

di scussed above, the pen 101 optics i<2rnplemented by a noul ded optics body
135. The optics that is inplenented by the optics body 135 is illustrated
schemat i c™Pythe ippitagepy o€ thisembydimeny peep doéen). Ersrifpmiingian rathfis degignell emmrodugezhd or

f O|C USSi NQsamadbjat ipade fi f‘EHle&vhiﬁ tllierbﬁpiugéo Buth, E.i(Etht 3 ]-Ihunglatlmnrmlé)iil?% %br}%t spﬁ’cfe tﬁ@l@m
splitter ective S and a secon ens or focusing an

i mge ontég?ﬁ%ggmggﬁlgﬁﬂ @Em mﬁ??al rays 162 illustrate the optical path.
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obj ect spXPHEI5HE LEs Fhidya “S‘FSPW‘?”éW}I%'eaég‘ Peduired (i.e. just under
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range of surf

ace smdq&tej tilt. %ture i ncl udes an
explicit apeft °|’”8 ?8‘6‘3 PO SOHF &P 6?)%%’““1%8‘56‘{ astdrﬁséusﬁer‘}&b%’e deHeBthe132 has
a strong fkspuriselt igoughotstvetfivd vi si bl e and near infrared part of the
spectrum it is_preceded by an infrared filter 163 in the capture path so
that it captur eSheger | Uastermiippgdfs Rofitintiad priggtatimtod ito pibtIhS 13Lipf the eurfadertae from
interfer em@@lgfmﬂmnfﬁtaheﬁpegmape{m&s ofdRe sufiRe sllﬂ{efv&ﬁﬁy wmm mayi21. beiefudseed using

i nks whi CIQ Qs[% Egn%p(%;nﬁq% n_the n the stylus nib 121 or
U N T Y
ink cartridge Ri “he pen 1011 in confe§8¥e R %%q‘

observed perspective distortion on the imaged tag and the known geometry of the pen optics 135.

Alihough the position resolution of the tag may be low, the adjusted position resolution is quite high, and

easily exceeds the 200 dpi resolution required for accurate handwriting recognition (see above reference).

Pen 101 actions relative to a surface are captured as a series of strokes. A stroke consists of a
sequence of time-stamped pen positions on the surface, initiated by a pen-down event and completed by
the subsequent pen-up event. A stroke is also tagged with the region id of the surface whenever the
region id changes, i.e. just at the start of the stroke under normal circumstances. As discussed above,
each location tag includes data indicative of its position on the surface and also region data indicative of

the region of the surface within which the tag lies.

The pen also senses and decodes any markers which may be present on the surface and in

response to sensing the makers causes the electric field generator to enable marking of the surface or




the pen 101 determnes its position and orientation relative to the surface
at 100 Hz to allow accurate handwiting recognition (see the article by
Tappert, C, CY Suen and T Wakahara, "The State of the Art in On-Line Hand
Witing Recognition" | EEE Transactions on Pattern Analysis and Machi ne
Intelligence, Vol 12, nunber 8, August 1990, the disclosure of which is

i ncorporated herein by reference). The force sensor photodiode 144 is
utilized N8St5p@cate rel ative threshold whether the pen is "up" or "down".
The force may al so be captured as a cd#ti nuous val ue, as di scussed above,
to allow the full dynamcs of a signature to be verified. The pen 101
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generator to enable marking of the surface or NPS056- SG -23 erasi ng of
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for a penﬁSGGWLE@OﬁmeUffrém uges atteppty ®4ite Whthithegert W@ pen is in a pen-down state,
the pen control]ler 134 continuously captures 165, 166 and decodes 167 tag
data from | ocat f8Fe {5ig8 dirsramillugyating fig s ushies of fhp feadisitelfnk yeesmited Fopdsipen on and
ori ent at i o totbd @inputidg bytetigigillink avbieh is boifrandihappandsheh AR pRORI bd vAingdat a t o

the curr EtinSik £t8%@1n%gﬂle(f$rﬂl%L ('ﬁ%lapﬂk& 6 i éaglsrgl%dq ?I’ld oLher information such

as force, If It Is being contrnuously noni “a pen-up event the

pen control | er Whdh tﬁ'ﬁﬁféﬁ Y@tcgnnlczgogh@@on%ﬁ@i%?steqa{h@c@lggler f3|;1"i}5}§'@g thSsy dditof N
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ot o ¢ har e read A Ryt Bstis HAD Creomt B bbbt oM B PR et ner
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cycl es), rocessin orithmuses
e accurate real-time c ck of ¢ system. The pen 1d allows the computing system to identify the pen

when there is more than one pen being operated with the computing system. Pen id may be important in
systems which use the pen to identify an owner of the pen, for example, and interact with that owner in a
particular directed manner. In other embodiments this may not be required. The nib id allows the
computing system to identify which nib, stylus nib 121 or ink cartridge nib 119, is presently being used.
The computing system can vary its operation depending upon which nib is being used. For example, if
the ink cartridge nib 119 is being used the computing system may defer producing feedback output
because immediate feedback is provided by the ink markings made on the surface. Where the stylus nib

121 is being used, the computing system may produce immediate feedback output,

At the start of a stroke the pen controller 134 records the elapsed time since the last absolute




80% of the processor's tine when the pen is active. If the pen is out of
range of a conputing systemto transmt to, then it buffers digital ink in
its internal nenory. It transmts any buffered digital ink when it is next
wi thin range of a conputing system Wen the pen's internal menory is full
the pen ceases to capture digital ink and instead flashes its error LED
whenever the user attenpts to wite with the pen 101. Figure 12 is a

di agram i NP¥9§¢-P@ti ng the structure of the rawdigital ink transmtted from
the pen 101 to the conputing system-Z2Brgital ink which is buffered in the
pen 101 when the pen 101 is working offline is stored in the same formas
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conput e afisfudey ¥ sigki a{lth’émp'@nth@’l ¢ opikel pastfion sappkinigitfequespniythe @i igiit @hstannfer
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system toy tgx?{stle!tggnt\gﬂ'la? emost}t’lon%;[ %ﬁlagacen -sa p}em ngclzass.'!.l pk cartridge nib 119, is
present|y bel ng use e ¢ e can Vary its operation
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control | er 134 Pigesdhedseientie isepnsaatider manyreonsscyiivestiohgs. thepsn onlh solrdstthe MBRS056- SG
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stroke the controller 134 records the x and y offset of the pen nib 119,

121 from t he cuBir@m ustraggy dhinge xhe mb HAAIZZ be@t@tdno Birdié atdie ) ﬂibQﬂ:n 1@and t he
nib for Ceoptlémtall)pfg!:&‘ds aelﬁlpfddlﬁrh& il #8, 'h’QS Ztﬁne@ %tnﬁa qut%‘gl%cltl %&s@ atéda\git Qgat i on)

if it has changed Since the tag frequency Is sign y sna er than
t he typléﬁPeb05|t|on sanpllng frequency, the tag |d is constant for many
consecutive pen

OSI d be c r the enfire stroke if
the stroke is sﬁorgt nce ?ﬁ Okﬁgiﬁs {ntrg%?’nﬁgﬁgspr? Eﬁ"’t f“iﬁ’hes‘)}aLde”“
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cl ocki ng.pef’s SIKEAETOM €8 e dorls: Hohevpdd mmutanofa:smmummlml ink 78 belgiouanmg t he
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i f necessa(rlg Si nce ti ITEfO a strok Ini'te range
(I e. 49 g{;grem?rheadaglﬁnaimnpressmn of pen 101 positions can reduce transmission speed and

buffer memory requirements further.

Each raw stroke is encrypted using the Triple-DES algorithm (sece Schneier, B, Applied
Cryptography, Second Edition, Wiley 1996, the disclosure of which is incorporated herein by reference)
before being transmitted to the computing system. The pen and computing system exchange session keys
for this purpose on a regular basis. Based on a conservative estimate of 50 cycles per encrypted bit, the

encryption of a one-second 5500 bit stroke conswnes (.7% of the processor’s 45 time.

In a first alternative embodiment, the coded data is indicative of an identity which is data
identifying the substrate. This enables the pen 101 to identify the substrate, such as whether the substrate

is a particular type of document or whether the substrate forms part of another object. Of course, since




optionally records an absolute tinme 176 for a stroke. This becones the
absolute tinme relative to which later strokes' tine offsets are neasured.
Since the region id is constant for many consecutive strokes, the pen only
records the region id when it changes 180. This becones the region id
inplicitly associated with |ater pen positions. Since a user may change the
nib 119, 121 between one stroke and the next, the pen 101 optionally
records aNP$0B6-f@ for a stroke 175. This becones the nib id inplicitly
associated with later strokes. Each @dnponent of a stroke has an
entropy-coded prefix. A 10mm stroke of 1 second duration spans two or
t hr ee t ag¥ith tis spbadimentithyoiags g indicating of hprphagnsterisiiescpt th syriapecing nef shs legatipn 28 of
about 550fbe tdad tetutiveQ | thendrigsd,epdidtOmSansl g irdqaired BKscBRpL hdvBmdnh 6 @& QfpRratfu& Ju ires
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an i dent i wishowtréfetnct 18 stateaags,al@nhd thybiigo tehansddhass lbadreate. Thi s enabl es t he pen
101 to identify the substrate, such as whether the substrate is a
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indicative of the characteristics of the surface and not the | ocation of
the tags rel ati Sifeettie stahirg pobitfoRothe SRPAIE Ast&nIBARSy REGvepBARbnY ®ithif Ditroiensi Ng

novenent pp S_ I iLve. to the surface. In a secon lLternative
enbodi nena?J, C%%gat%bdg%%fgt glosl{ugll' ﬁ%ta%r clgﬁi ?ftém%"fa an” dent it{']ey “Whi c AT %rgta’ﬁ’t a

i ndi cat i vcebfomelse wriglx Yye higrhesolyigy. a@1the e tiration jofl e itrdifeyovghetitheerrorshe t ag
repr esentsci@nlalysegt of interest rather than a position on the surface.
For exanple, if the tag represents an object and corresponds to a user

i nt erface i nput ingtadwEproviding ageeleevmeemiesatie butidnedidtive tolte Rurtabe alteagtive antich r ect | y

identify &hg,l P Rded, I @ 1 n;@ni? . i eans for
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accel er orfE®® SRPPHB T B dPeistTage 1P BRfate Nighalpdtdicptye o hrovsaent afghe ogiqaksensyh e
accel er onelttor ® tHO0rfae, eoshowming Mmedni ghikleiRclddds A Rdst Bvol cBnt@RASEng@itb bnfes.the
surface and sense movement in two orthogonal directions, or any other suitable motion sensing means

for sensing movement relative to a surface.

The present invention has been described with reference to a preferred embodiment and
number of specific alternative embodiments, However, it will be appreciated by those skilled in the
relevant fields that a number of other embodiments, differing from those specifically described, will also
fall within the spirit and scope of the present invention. Accordingly, it will be understood that the
invention is not intended to be limited to the specific embodiments described in the present specification,
including documents incorporated by cross-reference as appropriate. The scope of the invention is only

limited by the attached claims.




The provision of the accel eroneters enables this enbodi nent of the pen 101
to sense notion wthout reference to surface tags, allowng the tags to be
sanpled at a lower rate. . The accel eration neasured by the accel eroneters
in each of the X and Y directions is integrated with respect to tine to
produce an instantaneous velocity and position. Since the starting position
of the stroke is not known, only relative positions within a stroke are
cal cul at etlPS0A$-bBough position integration accunulates errors in the sensed
accel eration, acceleroneters typicali®-have high resolution, and the tine
duration of a stroke, over which errors accunulate is short. Instead of
provi di ng<e2¥st eroneters to sense notion relative to the surface,
alternatiye no iqg S%Esiﬂg.neans nma ,be,grovided. Such neans i ncl ude

moti on sefsi ng™ rPekASURRT PRI TiEas havingYithie dite and spded) datgpiinid thsspebat es

wi t h t he @dedf daadeing regdsblebateensingdaics, thenmiladalia beingdirativiesfentgiaf astobietedpt i cal
sensor r@uabd M8ack0 the surface, notion sensing neans which includes at

| east two contacts arranged to contact the surface and sense novenent in
two orthogonal directions, or any other suitable notion sensing neans for
sensi ng nbvenekite co@H atrfaveoftotring | Swherkia e . codeh @atp iscisdidative ofl d @RitaliQof hdsenbeen
descri be 1 . ] i nu of ecific
a1 T or nat | e R S ) SRR S S S SRR o B s AL s 80T el
inthe ré®ant fields that a nunber of other enbodi nents, differing from
t hose specifically described, wll also fall within the spirit and scope
of the pregsentj tJ.on cordi.ngl it wll be understoo hat .t he

i nventi onffi S ng{[erbllé%tﬁ é%??g%oégmrﬁg ‘iv}}e%i t%{ée@d?doé{%ahlgcms ﬁse%efl?(ﬁ%aee%léﬁ%%eﬂ?%g

descri beddevige fefpg cpifigwedie sens@isinfoveneni doig,as the prasinpdderier ioyeumatiMe do dthgopor at ed
by cr oss-sféfeperpoigelemstsappropri ate. The scope of the invention is only
limted by the attached clai ns. NPS056-SG CLAIMS: -26 1. A coded surface

i ncluding a surface having visible data and coded data printed thereon, the
coded dath bei Ty codedetafiveet daimd vwhemig iths goddé datacincludedreplwdited tada tah he beigg

i ndi cat i viedi@fivedf EBiGngH oPSSQ6H vAthCyvhichite Mg tiBEand Uich B¢ Grcluding alfis0ded surface
of claiml wherein the coded data is indicative of a plurality of reference
poi nts of the region such that a sensing device can determ ne novenent of

t he sensifg delhecaledariess of ddire 4 wheagjn eph ta8eonflinetag Wy asdrediacigenddy. cl ai m 2
where the coded data includes periodic elenents, the sensing device being
configurqg to enerfte nng&nent data as the sensing device noves relative
to at |east ong® “YFPHESSLFBRerar @ et o esontapia PG Ygbftace of claim |
wherein the coded data includes a plurality of tags, each tag being

i ndicati Ve of e cj)cg@ Qltriiat.teyof Qlfamlas Grﬁegéirpﬂe %Ec{gﬁtﬂy X}ff&iﬂ%*}eéﬂ%e'ﬁﬁt‘} aJeirgd%mdaaR/d each

tag including a marker,
encodéd.

3. The coded surface of claim I wherein the coded data is encoded in a target structure including

one or more fixed target structures and one or more variable data areas.
9. The coded surface of claim 1 wherein at least one fixed target structure is a ring.

10. The coded surface of claim ¢ wherein at least one fixed target structure is an axis structure

disposed at the center of the ring.

11. The coded surface of claim 10 wherein axis structure contains an orientation element extending

to one side of the axis structure.

12. The coded surface of claim 9 wherein at least one variable data area is a wedge disposed

radially within the ring.




5. The coded surface of claim4 wherein each tag contains tag identity and
region identity. 6. The coded surface of claim5 wherein at | east one tag
contains a plurality of flag bits. 7. The coded surface of claim5 wherein
the tag identity and the region identity are redundantly encoded. 8. The
coded surface of claiml| wherein the coded data is encoded in a target
structure including one or nore fixed target structures and one or nore
vari abl e HB¥0a6-86eas. 9. The coded surface of claim| wherein at |east one
fixed target structure is a ring. 10.-2The coded surface of claim9 wherein
at | east one fixed target structure is an axis structure disposed at the
center of 1% he Fhenfgdedsyriacy REclaimdd whastin plalesst efe vetidklerdatereatie p eiedseadtipgsed

st r uct ur eradislBtoRisidSofaR riag.i ent ati on el enent extending to one side of the
axis structure. 12. The coded surface of claim9 wherein at |east one

vari able data area is a wedge disposed radially wthin the ring. NPS056-SG
-27 13. THe coledoddpresef eifimd] vdicrvinghaghdad ditmis atintbdda et inbmeisivia in thdtigbldat a
area i s agpedge di sposed radially outside of the ring. 14. The coded
surface of claim1 wherein the coded data is printed in an ink invisible in
the visible spectrum '




