NPS063- SG 1 PEN ATTACHVENT FOR PROCESSI NG CODED DATA FI ELD OF | NVENTI ON
The present invention relates generally to a sensing device for capturing
interactions with and novenent relative to a surface, and nore
particularly, to a sensing device attachable to a stylus or marking

i npl ement such as a pen, pencil or eraser. CO PENDI NG APPLI CATI ONS Vari ous
nmet hOdS’d\?Pg%tﬁ»-%ﬁB and apparatus rel ati n%; to the present invention are

di sclosed ' irn"the follow ng co-pending applications filed by the applicant
or assignee of the present invention sinmultaneously with the present

i nvention: PCT/ AUOO/ 0l 442, PCT/ AUOQ 01444, PCT/ AU00/ 01446, PCT/ AU0O0/ 01445,
PCT/ AU00/ 01450, PCT/ AU0O0/ 01453, PCT/ AU00/ 01448, PCT/ AU00/ 01447,

PCT/ AUO0/ 01459, PPENNATTACHMENTEORRROCHISING BUODEDIMATAAS2,
PCT/ AU00/ 01443, PCT/ AU00/ 01455, PCT/ AUOQ 01456, PCT/ AU00/ 01457,

PCT/ AUOO/ AUCO 01449. The di scl osures of these co-pending
appl i cati%%"iééfwﬁﬁorat ed herein by cross-reference. Various nethods,

systens and app@lrcarass:t nedntidni relgfest gonerdile topr s deviiae Ve naptwing aactnseiticeéd i n

the ol L QWiig: fREREEY REBPRE IR pLRGI1AY, 1Y sind B&iBRRIhHRND UyndIS! gNee
of the present invention on 20 Cctober 2000: PCT/ AU00O/ 01273,

PCT/ AUOOQ /" 1ksegupleseny suelye 2 pepppescil pertsenuU00/ 01282, PCT/ AU00/ 01276,
PCT/ AUOQ 01280, PCT/ AUOQ 01274, PCT/ AU00/ 01289, PCT/ AUOCQ 01275,

PCT/ AUOO/ 7 286, PCT/ AU0O/ 01281, PCT/ AUCQO 01278,

PCT/ A 'ééﬂ?"fgﬁ%ﬁitgﬂéﬁées, PCT/ AUCQY 01284 and PCT/ AU00/ 01283. The
di scl osures of Vahieseecthodspasicnsigd appplaiue etatigs thepesinnioenporaat ddlofrd irether by
Cross-r effﬁfo%% eco-p\e/ﬁfidgogli%li&ﬁ&ﬁ OflSy b5 Y@l %B?icﬁﬁ' O BRAGEAL Y Snd Bledthi BediOn t hE

present invention are disclosed in"the follow ng co-pending applications
filed by strbanggysly wilathe preentfyentigliee of the present invention on 15

Sept ember 20907, 06T A0/ 040RBRTLALLO/41AR0 AN PCTHAAORAAL. The
of t i ng appl t e

di scl osures ese cd-pen ppli‘cations are | ncorporate rei n by

cr oss-r ef er eREFANRP146s TETHENE01457.st ens PRRAVAYPHFaL uSCEAURIPHYt 0 t he
present invemtirawoatessi sclpesadoboidshe frelriAwobooss0- peadisusoenph,i cati ons

L ned by L0 pBRRYGEs, O BERAMEF13L, * "SRIREBEash "V WA RB30, June

2000: NPS063%
PCT/AU00/01458 and PCT/AU00/01449.

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 20

October 2000:

PCT/AU00/01273, PCT/AU00/01279, PCT/AU00/01288, PCT/AU00/01282, PCT/AU00/01276,
PCT/AU00/01280, PCT/AU00/01274, PCT/AU00/01289, PCT/AU00/01275, PCT/AU00/01277,
PCT/AU00/01286, PCT/AU00/01281, PCT/AU00/01278, PCT/AU00/01287, PCT/AU00/01285,
PCT/AU00/01284 and PCT/AU00/01283.

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 15

September 2000:
PCT/AU00/01108, PCT/AU00/01110 and PCT/AU00/01111.
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 30 June

2000:



PCT/ AUOCQ 00762, PCT/ AU0O0/ 00763, PCT/ AU0O0/ 00761, PCT/ AUO0/ 00760,

PCT/ AUOCQ 00759, PCT/ AUOCO 00758, PCT/ AUOO 00764, PCT/ AUOO/ 00765,

PCT/ AU00/ 00766, PCT/ AUOCO 00767, PCT/ AUOO/ 00768, PCT/ AUOQ 00773,

PCT/ AUOCQ 00774, PCT/ AUOCO 00775, PCT/ AUCO 00776, PCT/ AUOCO 00777,

PCT/ AU00/ 00770, PCT/ AUOCO 00769, PCT/ AU0O0/ 00771, PCT/ AUOCO 00772,

PCT/ AU00/ 00754, PCT/ AU0O0/ 00755, PCT/ AUQQ 00756 and PCT/ AUOCO 00757. The

di scl osur ¥$%6r% hese co- pendi ng appli citions are i ncor por at ed herein by
cross-reference. Various nethods, systens and apparatus relating to the
present invention are disclosed inthe follow ng co-pendi ng applications
filed by the EPpAU@T620PCTHASIONDRE, PET/AHE/(OF &S RCE/AUGNIRAGO0, RET/SH00DA7I0hy

Bt AUeS 00598 PRt ibo7 B AR e S AR O RER o Tie T B RRR.
Eg ; QUUSS)/’ 8822163T/R®W/06t@0‘b @1@5{2&)/007B§ﬁ'¢m/@@ﬂ%ﬁcwmm//ka)ﬁms/oom,

PCT/ AUOO/ oo5§‘?ﬁw @%@%@@’ OO%%%O%@E%G?C %‘8@@@@7 00772,
PCT/ AUOQI 005 38T/ 03Ua0 QD30 0PI} AIUSIH0005550nd PEITAMOO T0541

PCT/ AUOO/ 00542, PCT/ AUOO/ 00543, PCT/ AUOCO 00544, .PCT/ AUOQ 00545,
PCT/ AU00/ Bis sifeosussy ef thepgseypensisig goplicaipns are e g e be i TORIS 1R 556

PCT/ AUOG! 0561, Bk Rl BRSSOy B s sl x50 ] e i e

PCT/ AU0O/ foméms, copeina apmitaionseted b applicmyt onasesnee esehe Daspd FuEeson 24 May
PCT/ AUCO 96569, PCT/ AUOO/ 00570, PCT/ AUOO/ 00571, PCT/ AUOO/ 00572,
PCT/ AUOQ 00573, PCT/ AUOQI 00574, PCT/ AU00/ 00575, PCT/ AUOQI 00576,
PCT/ AUOQY 005 PET/AROP/0ATIS OF QIBATE/ 00pET PET/ATP W95 7% PCT/AEG)/ 005010 POH%E/§0/00522,

Egﬁ ﬁ% 882%‘92}T/§%§0&MAW<%8,§%§)/00%GT#M%@&5&7 pCPATOAHIEY, BODRBB00/00527,
PCT/ AU00/ 005G L T/A ‘&é‘?f’%@o‘%ﬁ%‘%@ﬁ"’”ﬁc{# X@&%’%’@HCFW gggg@o’oom
PCT/ AUOQ! 005 ST/ ARDD/00336 0F CIS900,005 ROTC TAADR)/ @859 8CT/RUTY/ G0 PODBLB(/00537,
PCT/ AU0G/ 005 %ﬁt%o}’%%/sﬁl&%@&@%}sgl @@Aﬁibo?&)lsﬂ)s YERAURT0dshE SETAOURRR.NG

appl i cations are 1 ncor porat ed Cross-r ef er ence.
Sel f - cont ai né’@Tb"éWQ’IOP%é W%W@O%V%C%EW/QP&SC PEHAHORA ¢ PﬁyﬁQO%O%@q face
whi l e . si nul traymequsloysss AETUATOO@OEIBEPCT/ AUED/008YE PETYAUI®003SS, YET/AT0d/dssg ur f ace.

e S e RS Oy, IV BEPRAEE T pRcpb e or s
machi ne- r ead AODAAOTHS.PAIVATAID0SGr PCIRZAU0N 9567 PET/AHPY/@056& BEBHHPY/0056Be f or

exanpl e US PMPHUOO/%S’% ), A?t[voo}d%ﬁ ap @A USRI, ﬂéﬁA@WooE’ﬁT P@’P/Rbb@@isbzpn
W99/ 50787. Si nce ese devi ces u an_i

mar ki ng nmeang CT{%/OWE)&P SIH{ATHR(0Q7, P @W/W@Oté%}??e? CHXU%WT%BC%HB%OOS% 'styl es.

PCT/AU00/00581, PCT/AU00/00580, PCT/AU00/00582, PCT/AU00/00587, PCT/AU00/00588,
PCT/AU00/00589, PCT/AU00/00583, PCT/AU00/00593, PCT/AU00/00590, PCT/AU00/00591,
PCT/AU00/00592, PCT/AU00/00594, PCT/AU00/00595, PCT/AU00/00596, PCT/AU00/00597, ,
PCT/AU00/00598, PCT/AU00/00516, PCT/AU00/00517 and PCT/AU00/00511.

The disclosures of these co-pending applications are incorporated herein by cross-reference.

BACKGROUND

Self-contained pen-like devices have been described which mark a surface while
simultaneously capturing their own movement relative to the surface. Some such devices sense their own
movement using embedded accelerometers. Others sense their own movement by detecting information
which is machine-readably encoded on the surface. In this latter category, see for example US Patent

5,477,012, US Patent 5,652,412 and PCT application W099/50787.

Since these pen-like devices typically include an integral marking means, they support only a

limited set of marking modes or styles.



NPS063- SG 3 SUMVARY OF I NVENTION I n accordance with a first aspect of the
present invention, there is provided a device for processing coded data
‘tdi sposed on or in a substrate, the coded data being indicative of an
identity of a description associated with the substrate and of positions
on the substrate, the device conprising: a sensor for sensing the coded
dat a; processing neans for generating, using the sensed coded data, first

i ndi cati AjSW¥&P% i ndicative of the idehtity of the description and of a
position of the device relative to the substrate; a transmtter for
transmtting, to a conputer system the first indicating data or second

i ndi cat i yMARY beaReENTtiONeast partially on the first indicating data; and

attachment meang {8kl LWk Q' filel agﬁl@c_ Sshaid ﬁ@scﬁth@ntt&ﬁﬁﬂerp & Howdel tal d’éﬁcd: fpl enent .
In a related aspect, there is provided sensin

) i ed a gt&?de\.n ce f ogaé‘uge wth a
surface WEOFSHEE eodefedatadlispesed on iba sstEs: thp soded daaheme MAeae SHEJIFLY & hei ng
i ndi cat i \gesc@ftioRfksdcARD Wit Yhe SbstAte LRATHS PotitdAESACeaieEhtaptht Hevicheompsising ace, t he
devi ce conprising detection nmeans arranged to detect the coded data and to
gener at e regi on sensatdditsénbiyg tlateled dadj cati ve of the identity of the region
usi ng the coded data, and attachment nmeans for facilitating attachment of
the device to ardvessioe meselfoneinerating. ysin thevensed, codad dlatay firgt jindigatingrgpte ipgittive when
not  att aeRefleti® J e iS&HabI A §8Moifon Rle IvRE rlafivie theabitlai¢; hel d in the hand
of an average human and used independently of the sensing device.
Preferably, the @hindtheniasBiaing bSa adgpeesstn, fhadirt iiidbingatataagmend and
det achnent, of the evice to.a iting. inplenent. Preferably, the
attachneﬂ?mﬂgﬁﬁgaP?gﬁf%ﬁgﬁﬁ@n¥?§%§%% VA g%?a e device includes means for
ensuring correck, Qrl eREAL kP NaOfingd diGiecA&Mb & BuntiBE writnB Gnpléulehd NG 1 NPl enent i s

hel d by a user during use. The means for ensuring correct orientation of

the device Mayp,QeiReddigeR, (RE & boideaREisBE I8 de FRuRWith O sERdehesRendd ik h a
portion of a user'’ ensin evice inclu €S the

s hand. Preferably, the ,
cal i br at i98pPssfenibe fugfpeectly F‘}S’F‘i?ﬂ%‘@emﬁ H‘édlcaté‘(?i"ién %‘ﬂ%’% R LEEn W8 ral T on
i ndi cat i ¥@faed, i Mevidicahmiing dhetivwesadanscananged forigteq dretcpdsa du4 and egopgrite fegign
i npl enent., and .t he .. i .S: NG r i hedd et dentity
data. Pr&Fe 3%16?%/ ,mdltcﬂlgé gf@ggﬁﬁtgﬁtgp %%lg%gh ngéglgﬁﬁgq%% r%%géti%apigr{eat e attachnent
of the déapiliating astaghmes of the deyicr & 2 bspd pridiwiting implespeat dp Piting ipplewedh Sherohevi ce
i ncl udes ,REdIQH 1R QBRing devidd 28BSO fle GLKiIP Helll G @& RQKIAK @n 2R EChiRh atlhibsad
i ndi cative of angpgnt,of t.he sensing device relative to the region.
Pr ef er abl3fePepqraty ¥l %g neans is configured to generate the novement

data using the #Ef(?sraubq?,’_thse%ttﬁchment means is adapted to facilitate attachment and detachment of the

device to a writing implement.
Preferably, the attachment means is a clamp.

Preferably also, the device includes means for ensuring correct orientation of the device when
the writing implement is held by a user during use. The means for ensuring correct orientation of the

device may be a grip portion configured so as to correspond with a portion of a user’s hand.

Preferably, the sensing device includes calibration means for calibrating the device such that
information indicative of the distance between a writing portion of the writing implement and the

detection means is incorporated into the region identity data.

Preferably, the attachment means is adapted to facilitate attachment of the device to a pen,

marker or pencil.

Preferably, the sensing device includes motion sensing means configured to generate

movement data indicative of movement of the sensing device relative to the region.

Preferably, the motion sensing means is configured to generate the movement data using the



coded data. In an alternative enbodi nent, the notion sensing neans includes
at | east one acceleration sensing neans, the accel eration sensing neans
‘bei ng configured to sense acceleration of the sensing device as the
sensi ng device noves relative to the region, the notion sensing neans being
configured to generate the novenent data by periodically sanpling the
accel eration. Preferably, the acceleration sensing neans is configured to
sense at "P¥4%3C two substantially ortHogonal conponents of accel eration.
Preferably, the coded data includes tags, each tag being indicative of an
identity of a region wthin which the tag lies. In accordance with a
second aspredaHf the present invention, there is provided a system for
capturing information applied freehand, the system conprising a sensing
devi ce as descrihheditealatreembadiders thesmotioacesingweang includredt Kest oncaaseplseation ed wit h
the surf e | , - ] h 9PmWsdnkindecome
appar ent g%‘r%gmﬁ'? %Eéq?eo%f%%maqlﬁgge\ﬁggés@%?%# %%néogﬁgu%ﬁngigﬁreeﬁt%s{&?%e?eof, byéJV\/ay of
exanpl e deiop as (i eensineaderipeapryes relBtivelid the regigriterytipmysensie AN Y gBEEd 1sG S
BRI EF DESGRLE e MNvéenddBAVY NeSuibgiah i drabdleptiier enbodi ments of the
invention will now be described, by way of non- limting exanple only, with
_.reference to treef@sy)mpanyictfordscasvgneans is Ronfigirghto siisgairleastltwp sutatagslenat i c
of a ftheoreolgoat'C%Irrllsok;liergsotgggc\e/}grgtp a sanple printed netpage and its online page
descri ption, |gu‘r’e 'S a schematic view of a interaction between a pen
with an att aCthGfQ%}Qﬂg%O&QQQa ineladts Sgs, @Qch%mghdicﬁvagﬁﬁ%ﬁtitpbf de@bn A
net page page server, and a netpage application server; Figure 3 is a
schemat i ithip ehichhe a2 ¥S-gh- | evel structure of a printed netpage and its
online page description, Figure 4a i.s a plan vi.ew.show n cture of a
net page t ag; Fiei@ ﬁ?cgrla%’ﬁe ik %Seg?“gr?s@?teovaﬁ“s‘? Wée\%ﬁnﬁléw%i l?néfhgrteilso?{gﬂ?eg a%’;ésge\%e%ﬁ a set
of the t egpsrisdiofsmation 4ppligt frechdrdl, thagystermcduipa$ink apfnsipg davicops dgscrikadgbrye askhsi ng
devi ce; Edrgwhgvi@acoheﬁd%agg&ﬁtegiwmgmeng an alternative structure of a
net page tag; Figure 5b 1s a plan view showing a relationship between a set
of the tags shQWiurkdanfia@idhieze8r théPrsedt ihettich vall bitoRWaphredt foel PAGHOERNSI NY
device; Figure 5¢c is. a rESI ¢ gre(\)/tj’ ew shoyvlexn plgno yr rahgenent ooghe nine _of. gt he tags

shown i nd‘fﬁi’r&ﬂ?‘b ofsembedime y way o ) erenice t accomipanyin:

drawings.




targets are shared between adjacent tags; Figure 5d is a plan view show ng
the interleaving and rotation of the synbols of the four codewords of the
tag shown in Figure 5a; Figure 6 is a schematic view of a tag inmage
processi ng and decoding algorithm Figure 7 is a perspective view of a

net page code sensor attachnment according to the present invention,
attached to a pen; Figure 8 is a perspective view of the netpage code
sensor atNPEEh¥ent attached to a capped pen; Figure 9 is a perspective view
of the netpage code sensor attachment; Figure 10 is a perspective view of
t he undersi de of the netpage code sensor attachment; Figure 11 is an

expl oded view of the netpage code sensor attachnent; Figure 12 is a cross
secti on @RIEMBESCRIPTON CPORAMANG®I attachnent; Figure 13 is a perspective

view of the PCB.ahdyobf ks eBL&ﬁll&n@ of HRENRRIR IGE SO BEISEBED by waj bRGRTENt ;
NPS063-SG 6 Figuire 14 1s a schematic bl ock diagramof a controller for the

net page é@éi@gsfréﬁ@é?ron]é(t‘flﬁ‘é?f?f@ﬁf‘O‘hePFCQE‘Paé‘YIT%d’F‘?n% B¥hdhati c view of a net page

code sensor attachrrent o tica re 16 is.a f| r troke
capture al gori tFHH® IF‘FQW afig o * E’E‘?{‘éﬂgﬁ twee{l/?éwp%)fprate(?é&wpq%até’??za 'nk cl ass

di agr am phde@escptidt 1S a perspective view of the netpage code sensor
attachnment housed in a base according to the present invention; Fi gure 19
is a plan vi ewFidiretZhie andepatiyerievode internsionr byveen e RRBEID Hofade! 1P ¥ D ase:

Fi gure 2Qqi3 afcfithdd€a zqﬁgéaﬂdngpagétpa%@ﬁ NRERGA 26apRe HRRGMN satdrachment housed
in the base; Figure Z1is a front eFevatl on of the netpage code sensor

attachment hous@dreisns & RBendas Giew bf LHightlev@DstrhGura ofta ipiged segebd a itpdulidimenet page
code sensor attachrrent and base, with the attachable sensing device housed
in the b&¥6%P¥Bgure 23 is a schematic view of the calibration of point nib

geonetry; and ligm%%% %ﬁn@%%o% e R o¥d g\F}Cﬁt he calibration of

spherical nib geonetry DESCRI PTI PREFERRED AND OTHER

EMBODI MENTS  Notegy Mg £51dh Vléwsshé\nrlgg’ ARRARIKD Btwedh b v bhhonls sResdaFighe By Ltd,
Australia. In the preferred enb ment, the invention is configured to wor k

wi th t he 2pka 5kt vie plgoreieass s Heer system a summary of which is given

bel ow and a detail ed. de cr.i pt.ion of ¥ £k co- pendi ng
appl i cati ons, tF 3 53 VIC‘BShOWnéu?almg%g t%u?:tglrtgloonsth%Tk%AUOC)’ 0000565,

PCT/ AUOO/ 00561 ’Flgu.P % L@Q[ \9&5&9@.@? P QKéALPQJc@eQﬁZ&t of the Msl shovi@n aigue 8¢l at ed
t hat not every inp ation wl
and a ﬁeld of v1ew of a netpage sensing device;

Figure 5¢ 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 code sensor attachment according to the present

invention, attached to a pen;
Figure 8 is a perspective view of the netpage code sensor attachment attached to a capped pen;
Figure 9 is a perspective view of the netpage code sensor attachment;
Figure 10 is a perspective view of the underside of the netpage code sensor attachment;
Figure 11 is an exploded view of the netpage code sensor attachment;
Figure i2 is a cross section of the netpage code sensor attachment;

Figure 13 is a perspective view of the PCB and optics block of the netpage code sensor

attachment;



necessarily enbody all or even nost of the specific details and extensions
described in these applications in relation to the basic system However,
the systemis described in its nost conplete formto assist in

under standing the context in which the preferred enbodi ments and aspects of
the present invention operate. In brief summary, the preferred formof the
net page system enpl oys a conputer interface in the formof a mapped
surface, \P¥6¥SG s, a physical surface which contains references to a map of
the surface mintained in a conputer system The nmap references can be
gueried by an appropriate sensing device. Depending upon the specific

i npl ement at i on gl e1 4B KBRS BRIRE BB AHYE aR6ntRIE G @R nbtpazt Qldy seror atnachingatl y,

and defined in such a way that a | ocal query on the mapped surface yields
an unanbi guous rigaR 15 8faedhendie vied of Anewhdelbde strve atpnanaticheatly di f f er ent nmaps.
The conputer system can contain information about features on the mapped
surface, and swFihreilffsafinwthoof acarke btredigoriped based on nmap ref erences
suppl i ed NPS063-SG 7 by a sensing device used with the mapped surface. The
i nf or mati on t hifgured isiaeshewatic aisw ofdkrew tigital ol lass g8 ct | ons which are
initiated by the conputer systemon behalf of the oageliﬂ%tnzrh ind response to
the operator' s Figust 8riaetpesproficrpevt oeths Beae e0df SEPU B, ¥ Brieter r ed
form thgchbRinpags: re&k Bknti@l i es on the production of, and human interaction
wi th, netpages. These are pages of text, graphics and i mages printed on
ordi nary paper Figuread Bemplameieh af the lopbgewbdectnsapttdchrhdniiouied indhedasei ve web pages.

I nformation is encoded on each page using ink which is substantially
invisible to tKewusddisdeide Hemntnn obrenetprgreofifrusonfgipent boussdd P48 % by t he coded
data, can be sensed by an optically imagin pen and.tra .sgj %&Sgd to the

net page syst emFighi§ 2 Hé&ﬁ?tékéﬂ“P’é%fﬂfeﬁFﬁﬁ‘]ge&%ffe\%’ BIReESALORRY™ AV B8P i nks on
each page can be cljcked with the.pen to requ | i fr he
network or to STEYNat? PHriefer SrEes of g" Cat evﬁé’?g Seg%?\% m{ng%dngdg%n&lb%gl %rent,

t ext w i hitaehbloyenbiagidtviorhoasedettizdbge; i S aut omatically recogni zed and converted
to conputer text in the netpage system allowng forns to be filled in. In
ot her enbodi e figre 23 isgneematic yiey e elibration otporbip BBeate aut omat i cal |y
verified, allow ng e-comerce transactions_to b ecurely authorized. As

i | lustrated inFEpgafis 2 echematigyieyebhe 6 lirfﬂi’@@fsf’heé‘&aﬁ@ PreSant a interactive
formwhich can be filled in by the user both physically, on the printed

page, and ' t i " I U6 £R pRNTShe pen and the

net page g&%?h‘%\% %@@%I%’z g‘ﬁ%m%ﬂ{a,gwgég%st ﬁ“g?\fq& GO tjs%{ ni ng nane and
address fi el ds MafMsmisti fiadrafimpr RS RE o RPHEGE YIdh & EPE of graphic data 2
printed using visible ink nd oded.data 3 [ oo of
tags 4 using i rf{};ﬁ’fipf??eére%ﬁ?f’ & & tgeo'fl‘?egéoﬁ)lésnc Pﬁng&g%:%%&gggitp%ﬁ ?%elnIES, stored
on the netmmgesysetwonkmarg efwriibiiesven eow pdiadediledidessrintinp At SiBfs 7R 8t page.
In particyl Aliips topREsiGhs! R8Sdingd Rpatking BpitaRaPCBHUBKNE0B0SS ( PEmeyoombs@aach

interactive elénent (1.e. text field or button [n the examle).. .
PCT/AU00/00569and PCT/AU00/00578. It will% q at not every 1mp emex)tdtlorg gwll

necessarily embody all or even most of the specific details and extensions described in these applications

e appreciate

in relation to the basic system. However, the system is described in its most complete form to assist in

understanding the context in which the preferred embodiments and aspects of the present invention

operate.

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



al l ow the netpage systemto correctly interpret input via the netpage. The
submt button 6, for exanple, has a zone 7 which corresponds to the
‘spati‘al extent of the corresponding graphic 8. As illustrated in Figure 2,

t he net page pen 101, a preferred formof which is described in our

co- pendi ng application PCT/ AUO0O/ 00565, works in conjunction with a netpage
printer 601, an Internet- connected printing appliance for hone, office or
mobi | e uIESOSTRR pen is wireless and cognunicates securely with the netpage
printer via a short-range radio link 9. The netpage printer 601, preferred

forms of which are described in our co-pending applications PCT/AUOO 00561
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As illustrated in Figure 2, the netpage pen 101, a preferred form of which is described in our
co-pending application PCT/AU00/00565, works in conjunction with a netpage printer 601, an Internet-
connected printing appliance for home, office or mobile use. The pen is wireless and communicates

securely with the netpage printer via a short-range radio link 9.

The netpage printer 601, preferred forms of which are described in our co-pending
applications PCT/AU00/00561 and PCT/AU00/01281, is able to deliver, periodically or on demand,
personalized newspapers, magazines, catalogs, brochures and other publications, all printed at high
quality as interactive netpages. Unlike a personal computer, the netpage printer is an appliance which can
be, for example, wall-mounted adjacent to an area where the morning news is first consumed, suchasina
user’s kitchen, near a breakfast table, or near the household’s point of departure for the day. It also comes

in tabletop, desktop, portable and miniature versions.



point of view, In other enbodinents, the netpage systemis hosted on a
private intranet. In still other enbodinents, the netpage systemis hosted
‘on a single conputer or conputer-enabl ed device, such as a printer
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Netpage publication servers 14 on the netpage network are configured to deliver print-quality
publications to netpage printers. Periodical publications are delivered automatically to subscribing
netpage printers via pointcasting and multicasting Internet protocols. Personalized publications are

filtered and formatted according to individual user profiles.

A netpage printer can be configured to support any number of pens, and a pen can work with
any number of netpage printers. In the preferred implementation, each netpage pen has a unique
identifier. A household may have a collection of colored netpage pens, one assigned to each member of
the family. This allows each user to maintain a distinct profile with respect to a netpage publication server

or application server.

A netpage pen can also be registered with a netpage registration server 11 and linked to one or

more payment card accounts. This allows e-commerce payments to be securely authorized using the



attribute list by a horizontal line. In the class diagrans which follow,
however, operations are never nodelled. An association is drawn as a line
joining two classes, optionally labelled at either end with the
multiplicity of the association. The default rruI tiplicity is one. An
asterisk (*) indicates a nultiplicity of "many", i.e. zero or nore. Each
association is optionally labelled with its name, and is also optionally

| abel | ed Mit%%Pfher end with the role of, the corresponding class. An open
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which is duplicated is shown with a dashed outline in all but the main diagram which defines it. It is
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Netpages are the foundation on which a netpage network is built. They provide a paper-based
user interface to published information and interactive services. A netpage consists of a printed page (or
other surface region) invisibly tagged with references to an online description of the page. The online
page description is maintained persistently by a netpage page server. The page 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.



Tags are error-correctably encoded to make them partially tolerant to
surface damage. The net page page server nmintains a unique page instance
for each printed netpage, allowing it to maintain a distinct set of
user-supplied values for input fields in the page description for each
printed netpage. The relationship between the page description, the page

i nstance, and the printed netpage is shown in Figure 3. The printed

net page m&y*Be°part of a printed netpagg document 45. The page instance is
associated with both the netpage printer which printed it and, if known,
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i nt 0 t he shioag ir Igure 3. The printed netpage may be part of a printed netpage document 45. The page instance

is associated with both the netpage printer which printed it and, if known, the netpage user who requested
it.

In a preferred form, each tag identifies the region in which it appears, and the location of that
tag within the region. A tag may also contain flags which relate to the region as a whole or to the tag. One
or more flag bits may, for example, signal a tag sensing device to provide feedback indicative of a
function associated with the immediate area of the tag, without the sensing device having to refer to a
description of the region. A netpage pen may, for example, illuminate an “active area” LED when in the

zone of a hyperlink.

In a preferred embodiment, each tag contains an easily recognized invariant structure which
aids initial detection, and which assists in minimizing the effect of any warp induced by the surface or by
the sensing process. The tags preferably tile the entire page, and 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 recognize the page ID and position on every interaction with the page, since the interaction is
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overall and a minimum number of symbols in any one codeword, thus maximising the likelihood that the

burst error can be fully corrected.

Any suitable error-correcting code code can be used in place of a (15, 5) Reed-Solomon code,
for example a Reed-Solomon code with more or less redundancy, with the same or different symbol and
codeword sizes; another block code; or a different kind of code, such as a convolutional code (see, for
example, Stephen B. Wicker, Error Control Systems for Digital Communication and Storage, Prentice-

Hall 1995, the contents of which a herein incorporated by cross-reference).

One embodiment of the physical representation of the tag, shown in Figure 4a and described
in our co-pending application PCT/AU00/00569, includes fixed target structures 15, 16, 17 and variable
data areas 18. The fixed target structures allow a sensing device such as the netpage pen to detect the tag

and infer its three-dimensional orientation relative to the sensor. The data areas contain representations of



sensing device nust be able to see at |east one entire tag in its field of
view no matter where in the region or at what orientation it is
positioned. The required dianeter of the field of view of the sensing
device is therefore a function of the size and spacing of the tags.
Assum ng a circul ar tag shape, the m ninum dianmeter of the sensor field of
view 193 is obtained when the tags are tiled on a equilateral triangular
grid, as MR®HECin Figure 4b. The tag ipage processi ng and decodi ng
performed by a sensing device such as the netpage pen is shown in Figure
6- Wiile a captured image is being acquired fromthe i mage sensor, the
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ring, andenrbi@ of Qtishipe® aB6 cdnfperedXi s. Mat ching proceeds by applying the
ring's normalizations to each shape's nonents. Once their second-order
nmonent s are norBiwdry shew rhdnents 2§ gngltizen computed (at 24) for each shape, and these provide the

basis for subsequently locating target structures. Central shape moments are by their nature invariant of

position, and can be easily made invariant of scale, aspect ratio and rotation.

The ring target structure 15 is the first to be located (at 26). A ring has the advantage of being
very well behaved when perspective-distorted. Matching proceeds by aspect-normalizing and rotation-
normalizing each shape’s moments. Once its second-order moments are normalized the ring is easy to
recognize even if the perspective distortion was significant. The ring’s original aspect and rotation 27

together provide a useful approximation of the perspective transform.

The axis target structure 16 is the next to be located (at 28). Matching proceeds by applying
the ring’s normalizations to each shape’s moments, and rotation-normalizing the resulting moments. Once
its second-order moments are normalized the axis target is easily recognized. Note that one third order
moment is required to disambiguate the two possible orientations of the axis. The shape is deliberately

skewed to one side to make this possible. Note also that it is only possible to rotation-normalize the axis



perspective targets are easy to recogni ze, 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 coners
31 of a square of known size in tag space, and an ei ght-degree-of-freedom
perspective transform 33 is inferred (at 32) based on solving the

wel | -under st ood equations relating the four tag-space and i nage-space

poi nt palNP¥eIHee Heckbert, P., Fundangptals of Texture Mappi ng and | nage
Warpi ng, Masters Thesis, Dept. of E@, U. of California at Berkeley,
Techni cal Report No. UCB/ CSD 89/516, June 1989, the contents of which are
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the sampling process.

The ring target 15 is only sought in a subarea of the image whose relationship to §he image
guarantees that the ring, if found, is part of a complete tag. If a complete tag is not found and successfully
decoded, then no pen position is recorded for the current frame. Given adequate processing power and
ideally a non-minimal field of view 193, an alternative strategy involves seeking another tag in the current

image.

The obtained tag data indicates the identity of the region containing the tag and the position of
the tag within the region. An accurate position 35 of the pen nib in the region, as well as the overall
orientation 35 of the pen, is then inferred (at 34) from the perspective transform 33 observed on the tag

and the known spatial relationship between the pen’s physical axis and the pen’s optical axis.

The tag structure just described is designed to allow both regular tilings of planar surfaces and

irregular tilings of non-planar surfaces. Regular tilings are not, in general, possible on non-planar



US Patent 5,051, 746. The tag represents sixty 4-bit Reed-Sol onon synbol s
47, for a total of 240 bits. The tag represents each one bit as a dot 48,
and each zero bit by the absence of the corresponding dot. The perspective
targets are designed to be shared between adjacent tags, as shown in
Figures 5b and Sc. Figure 5b shows a square tiling of 16 tags and the
corresponding mninumfield of view 193, which nust span the diagonals of
two tags.\PEI%gEFe 5c shows a square tikipng of nine tags, containing all one
bits for illustration purposes. Using a (15, 7) Reed-Sol onon code, 112
bits of tag data are redundantly encoded to produce 240 encoded bits. The
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then consists of decoding one codeword at each orientation. Each codeword can either contain a single bit
indicating whether it is the first codeword, or two bits indicating which codeword it is. The latter
approach has the advantage that if, say, the data content of only one codeword is required, then at most
two codewords need to be decoded to obtain the desired data. This may be the case if the region ID is not
expected to change within a stroke and is thus only decoded at the start of a stroke. Within a stroke only
the codeword containing the tag ID is then desired. Furthermore, since the rotation of the sensing device

changes slowly and predictably within a stroke, only one codeword typically needs to be decoded per

frame.

It is possible to dispense with perspective targets altogether and instead rely on the data
representation being self-registering. In this case each bit value (or multi-bit value) is typically

represented by an explicit glyph, i.e. no bit value is represented by the absence of a glyph. This ensures



reliable detection. The overhead of such marker patterns is simlar to the
overhead of explicit perspective targets. One such schene uses dots
‘positioned a various points relative to grid vertices to represent

di fferent glyphs and hence different nulti-bit values (see Anoto Technol ogy
Description, Anoto April 2000). Decoding a tag results in a region ID, a
tag ID, and a tag-relative pen transform Before the tag ID and the
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(or equivalently, a function). Al the tags in the zone of the user
interface el enefwo distiosttsinffage tcoriingusshsmes pre eof fiierest, dPB Ak rithich b GetSHEH I |

NPS063- S@eséx@oed earlier in this section. The preferred coding scheme uses “location-indicating” tags as already

discussed. An alternative coding scheme uses “object-indicating” (or “function-indicating”) tags.

A location-indicating tag contains a tag ID which, when translated through the tag map
associated with the tagged region, yields a unique tag location within the region. The tag-relative location
of the pen is added to this tag location to yield the location of the pen within the region. This in turn is
used to determine the location of the pen relative to a user interface element in the page description
associated with the region. Not only is the user interface element itself identified, but a location relative
to the user interface element is identified. Location-indicating tags therefore trivially support the capture

of an absolute pen path in the zone of a particular user interface element.

An object-indicating (or function-indicating) tag contains a tag ID which directly identifies a
user interface element in the page description associated with the region (or equivalently, a function). All

the tags in the zone of the user interface element identify the user interface element, making them all



identical and therefore indistinguishable. Object-indicating tags do not,
therefore, support the capture of an absolute pen path. They do, however,
support the capture of a relative pen path. So long as the position
sanpling frequency exceeds twi ce the encountered tag frequency, the

di spl acenent fromone sanpled pen position to the next within a stroke can
be unanmbi guously determ ned. As an alternative, the netpage pen 101 can
contai n &"p¥PPCor notion-sensing accekgroneters, as described in our

co- pendi ng application PCT/ AUOO/ 00565. An enbodi nent of the present
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~netpage base station. A first enbodi ment of the present invention will now
be descri bed wi Adenitefie® ot de prosehtiiguantios, i the f@m 0®a sching detice HPcoderichutd®es, The
code sens Itagh t 10,

i ncl udes %1 oug?asgﬁbg% ggggéﬁ$&¥gg§§%gag &%ngf%gﬁg&ﬁnﬁgbggﬁﬁgﬁh3%?.nes an
i nteri or atasheble *@rng rdoviest is rigreingfise eefarsth 4o ps EG??ﬁosﬁ@ﬂ‘t atachpige g 5ol W§Po1026 al so
has proj ggldpgkedri p areas 1018 which allow a user to confortably grip the
code sensor. The housing 1026 receives a chassis nmolding 1032 which in turn
receives, Vi a oppafaaml se!ﬁl;o@taﬁachlﬁenPGBleﬂ.QBdbhedAtoCﬂlvm‘pleih&ﬁ&ucthSaSSiE@tulluedr pan, t he end
of the hOH, i 1ve %orms ;L C %r\llteuI;t ;‘96%% s%yh% ?Peno{'he @Aqugormcﬂ;ﬁr;\énpénseﬂﬂ

formed from nStrans ar mat er i ar alfow the user to VIGM/StatUS
LEDs 116 fcn'mm@r@dl omthe m@ceéwmheompl@rh@t P@B smzthe meyemeEbef e impjopengielaiest dyi des
an aper t Ygbaof Ocodell BEra@Pink GdnshltOfdedhBing MPMNIRE QB pdeB Basbéltiod 034. A metal clip
1020 is secured to the housing 1026 at the opposite end to the cover 1028.
The clip is heA ghsi stbplib@Eofthe presik RvetidnRvdls 8l el deciitid witktefrengertorFig@a4, whi ch
engages l.ot. .0 der i de of p 1020
f1 exi bl y%tﬁ i gsl 1 a% Inﬁ%i} & sens?]r attacthment gyﬁ?eya%y qgslgillfggdavy Alt:_grg%:g%ﬁxﬂéralgbfolo?)o i s
at t ached inclydds fadnoysing é@%onn ﬂmfplﬁmf @ P@Fthwnrgewbli:h ‘é,elﬁtlf’é an pgegior spice fr Hioﬁtﬁm& hi ghl y

fricti On%deél&gors:gxm Th&l%m{geﬁﬁé HiSo ﬁa@%kjefct@fg thb%rekkello@ls AR arBRnRtuser the met al
clip 1020 accomopdates a ran

i A&% (ﬁber of
al t er nat PYROTBY A SbN®Ye ﬁés"ﬂggﬁ hf"(‘:?mﬁtlf)%lécﬁ"et“f‘?%ac?gﬁsés g‘%ﬁ‘% er’t‘ & "I enent .
For exanmpkéyesafia @ba;sd §16ts, \WPEBEL 034. Aafovani1078 i/gogeddto filesheoff trghousngpiod®Thag or

Separ at €. Cl aerBS B a? of TOGI‘&H E)E.%Hc an&/ 1|s ?onﬁed% Q{ﬂpmpl afent%%egmé Mlow%e[@érrto of

pi voting “ARd s ee cl |2p arrangerrent secur abl e
via a ti gﬂqwgtp‘mﬁgi@d,l@mpumed at the end of the PCB 034 The cover 1028 a

the optics block 135 mounted on the PCB 1034.

Iso provides an aperture for

A metal clip 1020 is secured to the housing 1026 at the opposite end to the cover 1028. The
clip is held in place by a pre-stressed flexing metal arm 1024 which engages a slot on the underside of the
housing 1026. The metal clip 1020 flexibly grips an implement such as a stylus or pen. A rubber pad
1030 is attached to the interior surface of the metal clip 1020, providing a highly frictional and somewhat
compressive seat for the held implement. The metal clip 1020 accommodates a range of implement

diameters.

Any number of alternative methods may be used to attach the code sensor to the implement.
For example, an elastic weave strap with Velcro fastening; a pivoting or separate clamp plate securable
via a nut and bolt assembly; a pair of pivoting and sprung clamp plates; or a jubilee clip arrangement

securable via a tightening screw.



NPS063- SG 17 When the code sensor attachnent is attached to an inpl enent,
the user grips the code sensor by the grip areas 1018, i.e. typically

bet ween thunmb and forefinger. The projecting grip areas 1018 of the

housi ng 1026 define an interior space |arge enough to accommobdate the

i npl ement w thout contact. The inplenent, which is held by the netal clip
1020, is allowed to pivot slightly with respect to the housing 1026 when
its nib iNgSEPESsed against a surface, by virtue of the flexibility of the
flexing netal arm 1024 of the netal clip 1020. A finger 1022 projecting
fromthe netal clip thereby noves relative to the end of the PCB 1034,
where an LED 14 ndn! thd W3 \RhsB8Sattadhm@i Gs aacadaa% Qﬂ”n@dﬁneﬂt%e @& @Sccibigndont ensi ty
of the lig it reflects. i’et"e{é ¢ r fin er ssurq(ﬁgnﬁt}]
cavity hé’§ tqe(gW’ preas (18 oy Ppigplly peiweep l'ﬁﬁ e %re &84t €6 P15 mlgrﬁ'lzpeareats %

di f f usel yhouiseik |1 @5tde i .an Thkedior spice Mugde teyougt to|acoginmodae:ftheampbtdenbylﬂtow@omcng"éer gi ves
an indi Catl On {‘? f hltcl?les helgI {,35 B!e %‘ét%mt"gtmz%fls Bﬁb%ei {OEP%%{ 1@1919 V&Iltb?ers;%mo gl's Hcﬁéméin

i ndi cati on OI? orce exert e % has a
t ri angul dP26pyhef ity néb is presseragainshesurfade) twr@eloﬂ tilf-*gt}wbihwwé §ﬂ%xy1g\¢§sal we 192 qkar | y

W th di spleateimBiptiooc R ik i@h %@Jeaﬁgﬁ%%e nmum)a@reeﬁmwaerems 1d@8d ophiOVi des
infrared illum nation o

t
sensor 13%B 1984 ¥hsp ety lﬁdll‘t‘ﬂ%’teﬁ’éé“‘gi’ Hlﬁ’éfg?g? H% %%Pﬁg X tﬁeﬁy\@m&' N lfggg g ency
(RP) chi pefd3,wiglifedinterian gf &fagdrd gurRimdingangiyaiay b reftpapdnein ngerandoaed to
control | er G Efngl]:lycéﬂ”usz\ﬁ I&:ﬂec%%‘] tfﬁ%lle eﬁsE§3 tgigﬁtr ?‘fg&t&ﬂa&% ﬁn@é? gglgsdﬁ uﬁﬁ&%g bfth@l € al so

mount ed ON ? optics from nol cl ear

pl ast i cs displaceprens of tel fipgsr wiéhqn@Bgty?ﬁ angpdication; of ghe s eered 9ny ‘l‘f‘ufﬁ’? ¢ figss LED 131
and the i15B0U8s a SERAMprokidRo thil thd e R-@Ckght intedsiyariad lineuity vitodpldd@nehED 131 ont o
the surface and projects inmages of the surface onto the inmage sensor 132.
A repl aceabl e 3h hﬁmcemo 10 3moingd s &k @ABAN34, hreviREMfragkd filluadhtioreriostyeage 47

cont ai nin troller soft t (e T N g O on, and
2 DR 198 §F B el O i Bl Erenlo 6, ko mBEa SN gl PR 0N, B
code sensfﬁzgcnueasmyt(}sllarvhnuarh33 o gning an@hz &F arapserifcneamporsats e 2 icppiralier ki 134sfor

speci fi cbdupiiay §RAGRGE tht Codd RhE lareGREBBunEA bR hE BCRIARRFH® Block ISH|FSraedidnDr  USe

in sending instructions to a co tin uch da |ncludes
| ocat i on™P¥gEeIfF Pl FFL“%Sd‘SB’t‘?“‘l“’r‘?é’nélﬁ}EEé’ét W?“ P’S&rﬁd i Ligp pgﬁ\%el | (:i’l *TESCth
printed kasat3nn projesy iliumzhtivd gomeindEPd] rreghosigant irojytsdatgs affficatrface

i dentifi ‘gao a0 ﬁ%@ @eh&o& ¥320A rgplarcgagfe% 1ol fass %;tap&, thd POM ok fnliford 8, 1S

printed sheet of paper this data pay

i dentify CQI#*P@H@h@E‘fOHQT SOFS‘&"(S‘Er“}ean awhcqnﬁ@sanplbwf%aﬁﬂan’uaa% ﬁthf‘W ht o W%’t i on of
the tag Widkh dpdciCart 8Y Mdinted thd AL i on tags al so include target
structures which allow their detection and enabl e cal cul ati on of the

t hr ee- di nensi orek c@ik st attacimen0f01a $fehis pebndimerdt af the/igventdontidwpecifigelivagengeh whi ch
the tag isS.pri Ah&%ak Seclla dta amcg By RSP S6ilind BsthuBfonS 1l BEEKing L6 ARG, MAY

al so COI’lt aln varl ous con CO sensor attachnent 1010 is

ar r anged ceded dpsg lé‘rhrﬁehlecatlﬁefa@@ﬂtﬁq riheurfzep & infiasgebwmEoik. Egepprinteglqeafiofar e py

t Ee pOS:c 'Eah%lu@efs efﬁ,}a@ed%gh)n 1&)&1‘:& Hﬁég*vlﬂ@h iddnfifids h@ldbﬂ’ﬂﬁyr(ﬂig &Qloﬁ pe &k Edifade ifivhich eaf of

t he sur ce int vicinit, ecards 1t ta from
t he near g‘§t‘agl 1Rt 56 e iy @ %8“’1“’3 oﬁﬁf%ﬁt Oéaapte roé”cg Bpv ity AL 83818

and location data identifying a location of the tag thhm the region. The location tags also include target

structures which allow their detection and enable calculation of the three-dimensional orientation of the
pen relative to the surface on which the tag is printed (e.g. tilt with respect to the surface). The tag may

also contain various control data.

The code sensor attachment 1010 is arranged to determine the position of the image sensor
132, and thereby the position of the nib, by imaging, in the infrared spectrum, an area of the surface in the
vicinity of the nib. It records the location data from the nearest location tag, and is arranged to calculate
the distance of the image sensor 132, and thereby the distance of the nib, from an imaged location tag.

The controller chip 134 calculates the orientation of the pen and the nib-to-tag distance from the



the di stance of the inmage sensor 132, and thereby the distance of the nib,
froman imged |location tag. The controller chip 134 cal cul ates the
orientation of the pen and the nib-to-tag distance fromthe NPS063-SG 18
perspective distortion observed on the inaged tag. Control data fromthe

| ocation tag may include control bits instructing the code sensor to
activate its "active area" LED (one of the status LEDs 116). Thus, a region
on the suUft¥dE®whi ch corresponds to the active area of a button or
hyperlink may be encoded to activate tlhl s LED, giving the wuser of the code
sensor visual feedback that the button or hyperlink is active when the nib
passes OMRfspdclive dVRMRABHESdRER ihaRbdkd. ve to a surface with an inplenent

whi ch has an _attached code sensor are typically captured as a series of
strokes. A str okentrobdusi fins theflocatios eqgueayciechgit contnaebis tisrpgiok fhe nodepesérttb ons on
the Surfa%t?Vatell% Iaétf% gga ’bIYEIﬁéchg%f erug\i%ﬂg I%ddﬁgng)l'e &)I?gnb&é sﬁrf&:y%ﬁguent
pen-up e he 'pen force can be interpreted relative to a threshold to
i ndi cat e ophespdndy totﬂh’éwtp/éﬁreil of a'ygon gshypegliplmay begncadethto afivatp fhisdiEhy eiviagthgs a
cont i NUOYSer¥Bhdi@de fefor BATRERMAR fhe bik®n BERprEnk ARV hOhnitSpagiaadvdi€. The
sequence of captured strokes is hereinafter referred to as "digital ink".
Digital ink caan&mdﬁeﬂlaerémwatmnmté iwiilj) an isdpBinefwhioh fias anmattathed bds segsof or t he

di gi tal eXC!}&Q&e Sl AW 0OS gfngm? ﬂ%gée'c%gsasts o {%@;ehaem%ut&%mg% qi .gn of

handwrltlng and Forofi-1 fne Veriticatl Izl the RF
chi p 133 rasidbnaert thawefact, lifitidtddeby @ peredozm n‘semanémmpiereahxﬁf“?seﬂ%étpd@ o et Thek dat a

(whi ch i 5,.£REE YRR GidREteSBINEIS ¥ m%ldﬂ@-ﬁl&@@@ﬂlefh@xrth@;feﬁ isClue Tk “dolv@N &daB S ON)
to the corrputl ng. system Wen t de sensor. i s i.n rang?er%olj%a recei.ver,

t he digi tél‘“tel“ﬁ?%edtfétaéo’}“%“"t‘%/‘ﬁi“& aﬁ"l eﬁia“? PEs FRMvjite 2 sfeg FTRSh ¢ he
code sensajtureiDitekes Guiberefafidratreesd tol lagi‘ch@hl inkk Dipitdlank @n fbeifufed rvattl avdotnpriting t he
code senso . g,ﬁ%n an hold
di gi tal i Slliem t? ?O%%rggﬁs%ﬁfﬁ}tﬁﬁa&g%&gﬁg%@@g%&mJEP(S?| on. %‘4% 0{1/:1511{1? rg%os opeo?atl ons
of the c@é@@@r&s@ﬁf%mww fieptionofiiengiies now be described in nmore detail in
the follow ng sections. As discussed above, the controlle ‘F‘ @E" 2#34 IS
mount ed on t he B&E"gSAF chipddt ardpptepna 132 e Gk sengr S8 ST % $in nore
det ai | t hehiarichicdyged for ecudify ahdy@clagdtfsralfcent taimpsidd 4 thddogputieg d4teral so shows
representations of the RF chip 133, the image sensor 132, the status LEDs
116, the IR il |Whinniztcbdpryens@ED in t@de of b brecifep tisaligialitkinta iSEDictl3rangmgedehie f or ce

sensor photadi qgfenlh%%ode-gggo esQBmferJgJ: %{gltﬁ kaatl%uffé}&{ WeGSthécaORhop! | 1 Ng
processor 145. Bus 146 enab exch ang dat a_bet ween co?ggonents of

t he cont e Faérbec‘ﬁPﬁ;‘}“‘fMaterFTléfs]HWrﬂﬂ?’y‘ff (e %"%i‘?’“‘kB‘k PrRANPEE %12 al so
i ncl uded mies'amati@g-t o-di gital converter 149 is arranged to convert the

anal og signal fromthe force sensor photodiode 144 to a digital signal.
: The various operations of the code sensor attachment 1010 will now be described in more

detail in the following sections.

As discussed above, the controller chip 134 is mounted on the PCB 1034. Figure 14 is a block
diagram illustrating in more detail the architecture of the controller chip 134. Figure 14 also shows
representations of the RF chip 133, the image sensor 132, the status LEDs 116, the IR illumination LED
131, the 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 baseband 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.



An i mage sensor interface 152 interfaces with the i mage sensor 132. A
transcei ver controller 153 and baseband 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. NPS063- SG 19
The controlling processor 145 captures and decodes |ocation data fromtags
fromthe surface via the imge sensor 132, nonitors the force sensor

phot odi od¥S8%%C controls the LEDs 11639131 and 143, and handl es
short-range radi o communi cation via the radio transceiver 153. It is
typically a nmedium performance (-40MHz) general - purpose RI SC processor.
The pr SC ES sor 13& coﬁu'oginﬁ §4|ocefsd’oa n&&@pt&&%l’ an@ QdEPARE RBAtiSn gzitd’ fRAcaSI ﬁtb&ll’ theCstfice ol | er
153 an aseban clr e se er e 1 nor
Tay and STORBIBEARTTE AR s bHE St fRasogh ME EREGE s TEp AT 0T
Anal og RB48.anpondestskor{hiige cadroccunmunic‘é@nandhd?ﬂlcr @@@nxatrdﬁs Itdrigbidalchrotdons 15 6)
are provugﬁgmhgeAﬂéwﬁgggkgiﬁmgﬁﬂﬁgéBméggr The image sensor is typically a

CCD wi th ‘an approxi mat'e resolution of 215x215 pi xels (such a sensor is
produced by Mat $mcksaorﬁh§q§gﬁtgma§scm B&Hipdhdn® MtrandtBiferi contBBG Q53 BRAGadebund paper

by Itakura, K T . Nobusada enya, Oz aki "A 1mm
 50k- Pi xel Ut lé@D‘“raﬁ“aﬁés"S%‘ﬁ’éf%fF g(%?laShMeﬁ‘P‘A’tlgl? gﬂaﬂéﬁ@ B@&&“ e intgepgiad in
Tr ansact isogl cofrolidr @SIC 033 AndDVRIC esypondats t(RE dipcuin Uiffber RE, resdsatuaind iRB8Gs whi ch

is incor pl%ﬁ}%epgovﬂﬂﬁ'ﬂﬂ %Xra{c%ft?%ﬁx pee) with an IR filter. Alternatively, it

may be a sor may be integrated with the controller ASIC

134. The contr O'hle%aga‘gngr 1348y LESD Fikla H56RRke fbdhitRn 811601 8piRey bRel Of
inactivity when the code sensor attachnent gqg%‘ﬁh det ect cq chﬁ%ﬁnth a
surface. 4%2Pris BPsrdhyddatsyshife Blegpie FompPrim ¢ £ 79on 2 PRE B force
sensor phwbeadapNeOKhébAyaa RANAgBMoES, adgh M Deaks O'At Ined bekrPikeB4l CCR Inkge Somaefor manager
151 on nen- down . I S t

uni i cons SRR, SNEAL e Frb Rt oh pRBRGE OlFkes AR R T sahid 206

al t er nat iwhishys ingproppeed (heriein g ﬁsfererlcz) withga Ierd*e% Pltpragtively df Bathery Mahémagedi cal
(I'SM  baggor, @@Qam%egidgea%gaﬁyoanAm @nd collision detection to provide
interference-free comruni cation. As di scussed above, the optics are

i mpl ement ed by Enercodudig Aspt n:{ASenta}sQodmeacBﬁ statbhufterietiabof ibaatlite Wbei telcddy t he
optics bl ock 135 ar trate tically in Fi ics

bl ook oo ang feepio MRty BhGE A8 HSURLL Teiolollls s e i 13 REE

i nf r ar ed njoERrs]tBe forcgsepgor Ph\)tod@@fslﬁ“ andb’el&?ﬁup o kontrplier 13059 thepewerimapige] Wd °1Il ens 160
and a seq@ifidalenl6l for focusing an image onto the image sensor 132
Axial rays 162 illustrate the optical path. The optical path is designed to
del i ver a shar pre rrage trmcetvlalecdnnﬁ@meseiﬂsm udldehsaf 9dolt: Hamd hormblly dske by maged

f;;};gge V#Idlcg tél?%c?nress %P glfsematlv%lyfull %e unllcensed ? W}I—? gu’strlvy1 gcﬂ:‘n’t 1cra?1 W (Elcaij (Igﬂ/d t

band, and uses frequency hopping and COlllSlOI’l detection to prov1de interference-free communication.

As discussed above, the optics are implemented by a molded optics block 135. The optics
implemented by the optics block 135 are illustrated schematically in Figure 15. The optics block
comprises a first lens 157 for focusing illumination from the infrared LED 131, a mirror 158, a beam
splitter 159, an objective lens 160 and a second lens 161 for focusing an image onto the image sensor

132. Axial rays 162 illustrate the optical path.

The optical path is designed to deliver a sharp image to the image sensor 132 of that part of
the imaged surface which intersects the field of view cone, within required tilt ranges. The primary
focusing 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 refocusing at the image sensor 132 and

the IR LED 131 respectively. This also allows different apertures to be imposed on the two paths.



focusing elenent is the objective lens 160. This is also used in reverse to
project illumnation fromthe IR illum nation LED 131 onto the surface
within the field of view Since it is inpractical to place both the inmage
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 |enses 157 and
161 in each path provides refocusing at the inage sensor 132 and the IR
LED 131 r’\@§??g'§?i vely. This also allowggdifferent apertures to be inposed on
the two paths. NPS063-SG 20 Alternatively, separate optical paths nay be
provided for illumnation and i nmage capture. The edges of the inmage sensor
132 act agteinhi@elly] sejathtebial fahs miye pajatd oaldnirkich ana mthed apreapt ure path i s
designed so that the resulting object space angular field of viewis as
required (i.e. Thestigesnthds imdgk sefsor 132 he aatbpFi¢ld stop Onthofapulyifeldeard ddicetme - see
| ater). J 1 Lum | N i I : g€t space
el d of Pal et R B R et BT R B

obj ect spercks applishtign of thiy prafedimgptt- lscerdaist). TaHlpevasen Ratids drsieted frRredpce thafams R LED
131 is Sto[)ﬁa%ﬂicé el BV 29 thy céMquafh[ @Rt G PlukhinGtion TiNEthe SecOpade GEld SLew
illumnation allows baoth_a short exposure tinme and a small aperture. The
short expo H’ia’ém’(“i“ﬁ‘éweb?"g\?%’mtynoti on blur, thus allow ng position tag data
capture during pe nt. . The_s I LCi depth of
rold for the f NI FaAge Brrstif samny sARELA G MR P LG EhGPE o

pat h i nclaliefedotire sborptxpesine timeend uismall agars. Tie shdrbexpesie $imp prepps acti@eblduse t he
i mage SeRgQhiohad phathh &2 ldhtY cdp@se Rris fe® BOvInRRPTHISAall HErOANOW sutfidient dtpti bl e and
near - infrare% arii of the sﬁﬁgg&?r,u it ‘1;15 recedegﬂb an infrared filter
163 in t REDYHBE tif &l saenolsytey ipdvgedy el e R HEGE “H I REag dat a
on the sutop d0efor this @epoke om i nt erf erence from ot her graphics on the surface
whi ch may be printed using inks which are transparent in the near-infrared.
When the nib i sBecawsecthmimagstsensprtlA2 mpisally has@etrens aeseanerairgighans the igible pidings it s
posi ti on @Ry pf dreRtRbd ) it i @bded By dnGnial@ &N 6AG SredEprukAindE HaQt ApthrOWV
accurate handwiting recognition gsee the article b Ta ertt C,.CY Suen
and T ARSI Fpage-of e tag dafacon ghe gupiase. Apep fiPTy AT ere P tibe™ 6RPP VS 70 s BEhi ti on”
| EEE Tr am&rk inhyohepriared dsag tnky whichnel iysspsenamdheMbaiifaed] nt el | i gence, Vol 12,
nunber 8, August 1990, the disclosure of which is incorporated herein by
ref erence). TheWhertbenisdngoronphovitdda getcd fy dode sepjof idoterplinepits gesttier mide,

rel ative Lol €8RRkAmY &LHE at W@j@fzI&?Jllo%vQ@cuﬂ%ﬁmﬂd@i‘i&ﬂ_éﬁ&o&ﬁtidﬁ@l@m& artid&gy f orce

may al so_be captured as a continuous val ue, as dl.scus(ied_ above, tg allow
the ful | Terprat: &Y Srengnd T ghakeharee g Siats of deidrt B PLingHang Waig Becospiig™ code
sensor dJdeiEE Trhm&Sords be PResi AdaBsis alddMehinehiteligeoe) Vol 11, hentri & Amgust 19905y f ace by

| magi ng, dj glcps rte QF wfngg i %Ic’:edoraﬁgieh%;e{n%mr féirgncgrfl% tgrfce ; ns%r 'd{oﬁiggeemh i u&iﬁ%d \llol cinity
of the niD It ‘décodes the nearest tfag dat'a and conputes the position of
t he nib fedraing.ydativetottinesheldvadie] whetherdly per i fivpt’ e dows eFhyg dxicepeay slprdetcpnpuaed

di storti @y continuous value, as discussed above, to allow the full dynamics of a signature to be verified, for

example.

The code sensor determines the position and orientation of its nib on the surface by imaging,
in the infrared spectrum, an area of the surface in the vicinity of the nib. It decodes the nearest tag data
and computes the position of the nib relative to the location tag from the observed perspective distortion
on the imaged tag and the calibrated and known geometry of the implement, the attached code sensor, and
the code sensor’s optical path. Although 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).

As an alternative to locating and decoding tags at the required motion tracking rate (e.g. 100
Hz), it is possible to locate and decode tags at a significantly lower rate (e.g. 10 Hz), and instead use

inter-frame correlation techniques to track motion. In this approach, pairs of successively captured frames



on the imged tag and the calibrated and known geonetry of the inplenent,

t he attached code sensor, and the code sensor's optical path. Al though the
position resolution of t he tag may be low, the adjusted position
resolution is quite high, and easily exceeds the 200 dpi resolution
required for accurate handwiting recognition (see above reference). As an
alternative to |ocating and decoding tags at the required notion tracking
rate (e.d"S488° Hz), it is possible tg,locate and decode tags at a
significantly |l ower rate (e.g. 10 Hz); land instead use inter-frame
correlation techniques to track notion. In this approach, pairs of
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smal | er c%tub ur e mages. As nmentioned above, novenents nade relative to a
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captured as series strokes. A stroke consists of a sequence_of time-
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region ID of the eneve ther I at the
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tag lies. Figure 16 is a diagramillustrating |location tag and stroke

processi rfb"f‘tc?tw’tﬂwéw‘t%@d’?%géﬁ%or The pen controller 134 starts W|th an enpty
stroke (at 164).. cont at 165 gnce via
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another empty stroke (at 164).

Assuming a reasonably fast 8 bit multiply (3 cycles), the processing algorithm uses about 80%

of the processor’s time when the pen is active.

If the code sensor is out of range of a computing system to transmit to, then it buffers digital
ink in its internal memory. It transmits any buffered digital ink when it is next within range of a
computing system. When the pen’s internal memory is full the pen ceases to capture digital ink and
instead flashes its error LED 116 whenever the user attempts to write with the implement which has the

code sensor attached.

Figure 17 is a diagram illustrating the structure of the raw digital ink transmitted from the
code sensor to the computing system. Digital ink which is buffered in the code sensor when it is working

offline is stored in the same form as digital ink which is transmitted to the system.
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may be constant for the entire stroke if the stroke |s s 8
are implicitly clocked at 100 Hz and do not need an explicit timestamp. If the code sensor fails to

compute a pen position, e.g. because it fails to decode a tag, it must still record a pen position to preserve
the implicit clocking. It therefore records the position as unknown, in the form of an unknown pen
position 179, allowing the computing system to later interpolate the position from adjacent samples if

necessary.

Since the 32-bit time offset of a stroke has a finite range (i.e. 49.7 days), the code sensor
optionally records an absolute time for a stroke, in the form of a time change 176. This becomes the

absolute time relative to which later strokes’ time offsets are measured.

Since the region ID is constant for many consecutive strokes, the pen only records the region
ID when it changes, in the form of a region change 180. This becomes the region ID implicitly associated

with later pen positions.

Since a user may change the nib between one stroke and the next, the code sensor optionally
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i mpl erent, t.o ic t is attache constr e

requi r emS5EEPIER Eoé5’oaﬂ}f"?"ﬁ%.%e - B?'nﬁ%’%leg?\cl)\% A R RSYEP 1???(5ﬂ a“%f'tc’)@f &8 in the
form of all9asiBuskdtddin Wigeresi8sd 22ul t aneously recei ves t he code sensor
attachnment 1010 and the inplenent 1012, allowing the former to be attached

to the latter iThekasegsrsiop] ebpsranidise 111Pha nisikpivot shaft 1114, an paired levers each
consisting of a grip 1116 and an arm 1118. The paired levers wrap around the pivot shaft 1114 with the

arms 1116 projecting inwards to form a guide which marries with the longitudinal slot in the code sensor
attachment’ s metal clamp 1020. The base molding is arranged to receive the code sensor attachment

1010 vertically, guided by the lever arms 1116.

Once the code sensor attachment is seated in the base, application of force to the lever grips
1118 forces the lever arms 1116 apart, thus opening the metal clamp 1020 and readying it for receiving
the implement 1012. When the implement is inserted vertically through the open clamp 1020, it decends
until its nib rests on the internal floor of the base molding. The base molding holds the code sensor
attachment in a slightly elevated position with respect to the floor, ensuring an ideal distance from the

code sensor attachment’s optics 135 and the implement’s nib.

Releasing the lever grips 1118 allows the clamp 1020 to close, firmly attaching the code

sensor attachment 1010 to the implement 1012. The implement can then be removed from the base, with



1110 is illustrated in Figures 18 to 22. The base consists of a base
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shaft 1114 with the arnms 1116 projecting inwards to forma gui de which
marries with the longitudinal slot in the code sensor attachnment' s netal
clanp 1020. The base nolding is arranged to receive the code sensor

at t achmeNtSO1¥10 vertical ly, guided by the Iever arms 1116. Once the code
sensor attachnent is seated in the base, application of force to the |ever
grips 1118 forces the lever arnms 1116 apart, thus opening the netal clanp
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t he nib. omsgmmg’fth@shmeﬂibp pointiofiatersechien ine pUnPf sty and the nib lie in a
known pitch plane, calibration involves sensing the surface. at t

di fferent pitcHhisymsi2dehows sropos Firenyifghe irappiptfed ﬂ%’if"“g'i“ﬁ‘fde‘ ROt Pighy 1R xo\%een t he

pitch pl (@my, ke IﬁxU&iE&fé@mgthsﬁa&eSﬂ ik the kisaig e, thealitdo thaeqted et tiar firkdni ng t he
point of_intersection. ql these lines. The point of intersection is the
poi nt of°§Wﬁ§WW ‘”ﬁﬁ?ﬁﬁ?e 23 shows sensor space with the viewpoint Eat the

origin and thepoi.nt Of &.?Sdlcat Euthce t%e % p(ltg‘l an%):se WhET Seshiclidlyt he Vi ewi ng
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different pitch ang 0, respectively. Once the surface has been
i mged a@lst@cmbmﬁermdﬁm%mam@raém%@uabwm angl e 0 and vi ew ng

Lines L; and L, are then defined by:

z=-ytan 6, +1;

z=-ytan 0, +1;

Solving for y and z gives the intersection point of the two lines, i.e. the point of the nib:
S=y=(;-1)/(tan 6, — tan 6;)

D=2z=(I tan 6, I, tan 0,) / (tan 6, — tan ;)

The radius R of a spherical nib can be determined by sensing the surface at three pitch angles

rather than two, as described below.

Figure 24 shows three lines Ly, L, and L; indicating the surface at three different pitch angles.
L, and L, intersect at P,, while L, and L; intersect at Pg. Line L, starts at P, and has a direction given by
the average of the vectors N; and N, normal to L; and L, respectively. Similarly, line Ly starts at Pg and

has a direction given by the average of the vectors N, and Nj normal to L, and L respectively. Lines L,



di stance | can be inferred fromthe imaged tag in the usual way. Lines Lt
and L2 are then defined by: z = -y tan 0,4, z = -y tan 02+l 2 Sol ving for
y and z gives the intersection point of the two lines, i.e. the point of
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0,-tan02) The radius R of a spherical nib can be determ ned by sensing the
surface at three pitch angles rather than two, as described bel ow Figure
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different pitch angles. Li and L2 intersect at PA, while L2 and L3
intersect at PB. Line LA starts at PA and has a direction given by the
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After attaching the code sensor attachment, the user calibrates the resulting geometry in

conjunction with a special netpage which informs the system that calibration is taking place.
We turn now to alternative embodiments of the coded data and the code sensor attachment.

In a first alternative embodiment, the coded data is indicative of an identity which is data
identifying the substrate. This enables the code sensor 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 with this embodiment the tags are indicative of the characteristics of the surface and not the
location of the tags relative to the surface, separate means are required for sensing movement of the

apparatus relative to the surface.

In a second alternative embodiment, the coded data is indicative of an identity which is data
indicative of the tag type. The code sensor can then identify whether the tag represents an object of
interest rather than a position on the surface. For example, if the tag represents an object and corresponds
to a user interface input element (e.g. a command button), then the tag can directly identify the input

element.

A suitable separate movement sensing means for use with the alternative embodiments
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identifying the substrate. This enables the code sensor to identify the
substrate, such as whether the substrate is a particular type of docunent
or whet h&PS¥BESsubstrate forms part of another object. OfF course, since
with this enbodi nent the tags are indi®ative of the characteristics of the
surface and not the |location of the tags relative to the surface, separate
Means ar @nduaéhl pa et d‘r@dsgoﬁae ASEEGMARY SRuntaf in b bRne dppdfoalictsdersalsatakiv.aht 0 t he
surface. In a sec &H‘ gtern t|v npodlgent the coded data is indicative
it ﬁ

of an |d€ﬁ°te¥e‘f°§7'eﬁﬁ? OVH‘a{? lgure HPEIPIVE™Sf the tag type. The code sensor

can then |dent!fy 08 &%qgce}e e{eg%ﬁﬁes@Lssen?dadﬁ%%@&he%de Il 188k T at her
than a position oﬁ)% e sur ace exanp the tag represents an

obj ect amtierowithew prbuehse to pusfage %@#IOWIH& tbe ‘P@é‘ébei SPFBQl?d 3kt @W@ﬁ%‘e ( e. g a conmand
button), then the tag can directly |dent|f t he |n$ % A suitable
separ at e noveneht SsekstionmasyRd ?é‘fe %ﬁ%eée‘%i‘ o Prachaph ?ﬁ(aﬂd E?Fﬁ?iﬁllfmnt s
NPS063- S@itatedivits ket 3o @ndrapiod@é ardinddaagomaldlodgaad gsidoret ers 190 nmounted in a
pl ane nornal to the code sensor axis. The acceleroneters 190 are shown in
Figure 14 in ghtist teutttngpositidihef the swksi oot kedwnt brdy mitiesl nosidme wiskina sirolid| es

this enmbodi ROk téaf Atuﬂalgf; O;Sjo§m§1? nﬁtggm of sarmtes NQfokOBn Whd Nedta ra@cfe@fa%ce to
surface tags allow n pe sarrFe at a | ower rate,

ags
accel er apfsromgas @P@ﬂl?wv? kigh é??%‘é‘l“’é‘ Ayration of agfrokey, 8"65(‘”&'1316 e’V’rs
di r ect i OR&ukSlate sBorgr ated with respect to tine to produce an instantaneous
velocity and position. Since the starting position of the stroke is not
known, only rellatdad ef pposiidgiacBrowetiitserse stimkdativatodhecaiize labtratve mjtiphough
posi tion énEEL%?QIEa%E Qe lakﬁ 's%&ﬁaeaﬁ& {n%ée thdtiok Ela%s@eﬂéﬁsdwﬁapﬁélﬁem BPhoal

accel eroneters typica ave resolution, and the tinpe duration of a
stroke, esrear wiish eqqpeéatqs G‘f“é the a‘e'@ﬁf‘n‘ﬂ Eepeatesignaipsfiqativeof mpvemept of thegPHRA PTG

acc e! er opgdied & tﬁe@urfa@é\ %tldﬁ%(&jdsgg mEﬁlE a.rhlbh/ Rclhdas 4t h’t@st Sty Joﬁﬁkﬂs anaﬂlgbefo Raftdckte MOt i ON
sensi ng neans rovi de means incl sens ns

whi ch ?né‘f*%&eeas’ %Sed‘i’?t PRy in °e°ﬁ'§?§9nal iFeCHns So PP %{ res§1 WI nsen %ang{:%?‘t 0
gener at e sgsignademénndlagatie yerfeke. novenent of the opti cal sensor relative to
the surface, notion sensing neans which includes at |east two cont acts

arranged to corfagreswhinvengen haceeradrsoribehyith rfvarfeltt? PRI BPHiReR) dith
di recti ofgmbeP Bf SBN1OL1BREVE léint,@meats MA&WeRE, 5 QIS bé ghpPeials b CHose KRBE mnge

nmovenent rela e to a surf ent _i nventior s, be descri bed
WL h T of BN pREPT e et R A o o r el e R, S

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.



nunber of specific alternative enbodi nents. However, it wll be appreciated
by those skilled in the relevant fields that a nunber of other

enbodi nents, differing fromthose specifically described, will also fall
within the spirit and scope of the present invention. Accordingly, it wll
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1. A device for processing coded data di sposed on or in a substrate, the
coded data being indicative of an ide#HAIM§ of a description associated

Wi th the substrate andkviod fop @sicéssiig)Sodanddiadispssst oh oA iney subduete, lewddededata being
conprising:.5.a sensor. for sensing the.c s Pr ' r
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of the i dewreicenyriging:t he description and of a position of the device
relatjve to the substrate; a transmitter for transmitting, to a conputer
syst&m the fir &eeopasdr eeatinerdly 9ddda®r second indicating data based at | east

partially on the first indicating data;, 10 attachnment . neans for .attachin
~the device to aPREFESEPY s ’f‘?‘r‘iﬁt@erfé’ﬁfd?‘”é‘ﬁdia,tﬁﬁ?%f“g’gat’r‘f‘égaﬁasm‘?‘%?i‘veeqﬁgﬁr igng
correct oldesint @lttiedesciiption dae ofkeposiden ofithe Hevich elaivd to thagpbstnae] enent is held by a
user during use. 2. A device as clained in claim1l1l, wherein the attachnent
means i s adapt ed twmitalot wansmitiing 4s alo¢reputst systerthyrteafirstdidicating ddte @i seeond dndicpiing
writing i gRleoRRteasdparidiy o e mBicASg &kAtl NBd in claim| or claim2, wherein
the attachment neans is a clanp. 4. A sensing device as clainmed in claiml,
wheri@i n t he hol dibigneiBaas fdrattRhigg hddes biaGihd ha@WiilifglmhReneanards t 0 correspond
with a portion of a user's hand. 5. A sensing device as clained in claiml,
further conpri shsldingcadahdibradhsuting coeran sridnationod khie devirk iwhep the ritingl anplegrent saheld by hat
informatig eli({\.!l.qj]é:l.@&i ve of the distance between a witing portion of the
witing inplenmen 20 and the detection neans is incorporated into the
indicating datap 6. APucS£N8{ BGinHEVA CRInAS, Fherid BE altihbdn@imddnd is WREES td) edablE
witing inplement is a (gen pencjl or_a marker. 7. A sensing device as

.. a or
cl ai med i fFeeebip pfaqhmeptgf e device Qs lpHFPISBon sensi ng neans configured to

gengrat e novenept data.indicati.ve .of v.e t of. the sensing. deyice
rel g?l ve to the_g'r eg?‘gﬁ‘flc_ef%d%fne,&nglgﬁslioggh_ ggvplclf’éemaﬂs’eac cgfn?%%e?n%lsg g’f‘% 7,
wherein the not 4on ﬁes@l%lngglemaﬁsclihﬁedcﬁr&dﬂg Li'; %ﬂerén? the holding means is a grip portion

configured so as to correspond with a portion of a user’s hand.

5. A sensing device as claimed in claim 1, further comprising calibration means for calibrating

the device such that information indicative of the distance between a writing portion of the writing implement

20 and the detection means is incorporated into the indicating data.
6. A sensing device as claimed in claim 1, wherein the writing implement is a pen, a pencil or a
marker.
7. A sensing device as claimed in claim 1, further comprising motion sensing means configured

to generate movement data indicative of movement of the sensing device relative to the region.

25 8. A sensing device as claimed in claim 7, wherein the motion sensing means is configured to

generate the movement data using the coded data.

9. A sensing device as claimed in claim 7, wherein the imotion sensing means includes at least
one acceleration sensing means, the acceleration sensing means being configured to sense acceleration of the
sensing device as the sensing device moves relative to the region, the motion sensing means being configured

30 to generate the movement data by periodically sampling the acceleration.

10. A sensing device as claimed in claim 9, wherein the acceleration sensing means is

configured to sense at least two substantially orthogonal components of acceleration.



generate the novenent data using the coded data. 9. A sensing device as
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