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
met hods, gywéeEs and apparatus relating to the present invention are
disclosed in the follow ng co-pending applications filed by the applicant
or assignee of the present invention sinmultaneously with the present

i nvention: PCT/ AU00/ 01442, PCT/ AU0O0/ 01444, PCT/ AU00/ 01446, PCT/ AUO0/ 01445,
PCT/ AU00/ 01450, PCT/ AU00/01453 PCT/ AU0Q/ 01448, PCT/ AU0O0/ 01447,

PCT/ AU00/ 01459, PCHENAITACGHMENTF QBBROCIES S G /GRRBEPRATA,

PCT/ AUO0/ 01443, PCT/ AU00/ 01455, PCT/ AU00/ 01456, PCT/ AU0O0/ 01457, PCT/ AU00/ 0145
8 and PCTHAUD@FI&YERTIONhe di scl osures of these co-pending appl ications are
i ncor por at ed her ﬁ be Cross- éef er eiﬁ Vari ous gt hods,  systens and
apparat us rel at i RGP EET IR} syl & SepTpe gpace §%ﬂ“6‘§%‘6te‘iaﬁ‘°f‘%"€th 3| | owi ng
co- pendi ngoeppltirdatve ons sdrfatec ahdbyoré beticalppy,ite antnsiog dass iagrakblead atshyms pr esent

i nvention,, 0/ 01273, PCT/ AU00/ 01279,

PCT/ AUDO/ o%%%%gm lﬁ%%&u%s/a% gez“c‘ O%F%XOUOOI 01276, PCT/ AUOO/ 01280,

PCT/ AU00/ 01274, PCT/ AU00O/ 01289, PCT/ AU00/ 01275, PCT/ AU00/ 01277,

PCT/ AU00/ 6d3mDINEAPPLICAT@NS1, PCT/ AU00/ 01278, PCT/ AU00/ 01287,

PCT/ AU0OO/ 01285, . PCT/ %0/01284 and PCT/ AU0O/ 01283. The di scl osures of
these co- pendi ng"SPHPHeST PEHES 2 dPRES FAASPLI b PrRSFBIRTPRERR aps diglosed i 185 ence.
Var i ous nitlévots co-sapdine npplanidnsaflodrtat s apglicartti drgasbignet hé the peent invendent i on
are discl co-pending applications filed by the

appli cantQ%?ggg%}%‘ﬂgéheg%énﬁgéeg%gsent invention on 15 Septenber 2000:

PCT/ AU00/ 011 08;T/R@NoM0/ 0 1AcioA w0 AT/ AU Adibbisds The rdiTeaioosumgs of these
co- pendi ng appl ar at ed ro e. Various
cO: pending SPRLLGGKIARS o fot RERIREGS! oo, NRTB MBI OSRT SUBPENRS.

di scl osed in E%AUQO&IMQW ngPQ,Té‘ﬂﬁ@Nél‘mg apP@TVWJOMﬁ, f i IREA/ABPOOHE2,appl i cant

or assignee ofcthgoopifSENt BPAYRAN0IOPBsON IETIAMMR 02300  PCT/AU00/01457,
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.
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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:



NPS063- SG 2 PCT/ AUCO 00762, PCT/ AUCO 00763, PCT/ AU0O/ 00761, PCT/ AUCQO 00760,
PCT/ AUOCQ 00759, PCT/ AUOCO 00758, PCT/ AUOO 00764, PCT/ AUOO 00765,

PCT/ AUOCQ 00766, PCT/ AUOCO 00767, PCT/ AUOO 00768, PCT/ AUOO 00773,

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

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

PCT/ AUOO Qsb&%bc PCT/ AUOOD 00755, PCT/ AUQQDI 00756 and PCT/ AUOQ 00757. The

di scl osures of these co-pending applications are incorporated herein by
cross-reference. Various nethods, systens and appar at us relating to the
present invention are disclosed in the follown &endl ng applications
filed by the HpPRYUARTO2RCTALOGALE. BFT/AYNE/0pToaFER Aqu(O 49:iPER/ABR0/0U Sy
2000: PCT/ AUOBZ0AGMR)07 RPTUTAMRID/ 0013 12T/ R5H/061460CR R R0/00 766 PLALRBI 0B8R2 1,

PCT/ AUOCQ 00522, PCT/ AUOCO 00523, PCT/ AUOQ 00524, PCT/ AUOQ 00525,

PCT/ AUOCQ 005 2% T/43¢00/0RTSEF QTS 209/00 7 1B @ TARO0/00T 5,28 T/ ALOT N SUETE DB EH0776,
PCT/ AUCO' 005 38T/ RGH0/08¢40 Od @ 0aFbi00 PE HAIX000653 %CTfAW/bW(P&%@omn

PCT/ AUOQ 005 PCT/ AUOOY
A 00 e B R O o0 B A A B2 i P PﬁWAWﬁbog4i5
/ lm osure: 1ca /a rein 5
Eg/ QUOO’ gl%gff% P%%Tlg 0‘%%%%‘03‘ g%/ ‘ﬁ%%%%é’g Eg? /i%%“gosse

PCT/ AUOQ' 00557, V#7icily o, §6teb8and Rphrafik Rt b T3 presdmCGRveAtdleQBI68 in the

A SRR LN 00 TR o

PCT/ AUCO %5)@@569 PCT/ AUCO' 00570, PCT/ AU0O0/ 00571, PCT/ AUOO 00572,

T A oo B R o B AR e B A OE 8 o

PCT/ AUOCO OOSMT/W/OW@M/OOWWO@OSE /ECTRCIN0AVREY BU383)0/00527,

PCT/ AUCOY 005%T/B%WM&Q&%/GOW%&WO%@%3PCT?§TJ AP 1(@5‘9&)0/00532
PCT/ AUOQ 00591 PCT/ AUOQ 00592, PCT/ AUOQ 00594, PCT/ AUCO 00595

PCT/ AUCQY oo5%T’Wﬂﬁﬁé&%@@?m“3WTW%@§9%CT/WPN9@0WTM@/OOS37
PCT/ AUO0/ 005 IPCTasiaho QA AL @061, PiTeawdionos4o sraTesuonfoossh eser mopesudj ng

applications Fss

Sgiof cont ai ne p%%d&ﬁ)ﬁ{(@%ﬁ@%}g@@%g\/e @e%@/og%écéﬁﬁ@%&g&zwggr face
whi | e si mul t aGULI0POTFTARATIAYNG 003961 RCTHWPOMPOILE NRITYAWORI08TBARECTY AUOI9RS 8T f ace.
Some such devicagsu®BOse, KdTRAT000Ws1, mvmr@bsswmmia%@%ﬁm}o%&m ers.

R L A RS ML O
exanpl e US Par@rmuooB)ss, 2001 j000% 7ParEmUB/0662, RET2a1mndoPEPappbtooad7uon
W99/ 50787 . ?dﬁﬁxfo)ﬁ@s’sﬂé‘ F‘?ﬁ”Aﬁo'o}éﬁﬂg%ﬁﬁ%o}oX% SR MudoRGA A Mbdo b ST 2l

mar ki ng nmean
PCT/AUOO/O()581 PCT/AUOO/OOSSO 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.



limted set of marking nodes or styles. NPS063-SG 3 SUMVARY OF | NVENTION In
accordance with a first aspect of the present invention, there is provided
a device for processing coded data disposed 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

conpri si ngeso@-sgensor for sensing the coded data; processing neans for
generating, using the sensed coded data, first indicating data indicative
of the identity of the description and of a position of the device relative
to the substrate; a transmtter for transmtting, to a conputer system the
first i nd?gm"ﬁﬁﬁ%df“gﬂ”'og‘econd i ndi cating data based at |east partially
on the first inbiaserdary vdétaafisstaapbetaett i brmemtinweansthérois mevided bidageet e devi ce

to a handprb&ks@g%de@ Hzmgdlépmh S ENh a stUQtra?e e L@E@&Ltaab%ﬁg%lcatkpgf & 1&e§tltp BPVI ded a
sensi ng dgw ce for use with a surface having coded data di sposed on the

surface, {HEPLBaBeridRdah Berthgreietad Lapyures Grheabsiaretre fdevise epmpasingagi on
associated with th Smﬁg’&“ﬁ*&‘{]‘gj devi ce conprising detection means
0

arranged to detaesg?sortfﬂrse% and to generate region identity data

i ndi cative of t;t}gceésﬁlg %Ang yﬁr %gneltapx% &s nléed cog:d fdn:? ﬁcr:s? glglg:atlglgtd%d m%cagl

attachnment means for aci And hel d
witing |?Fmee¢?etﬁroftftewescwwwﬁgf4mp@wéﬁr@ devm@hnwm the aibtralehed to the sensing
device, adapted to be easily held in the hand of an average human and used
i ndependent | y of TFIYBIUEeRE F?ﬂjmﬁté\% Pe? e fyapythe fiFb indicating e iy stre%ths i s
adapt ed t difagind databb@bdat Bhd pectuilp o thafiret idehtag baeadd of the device to a witing
i npl enent. Preferably, the attachnment neans is a clanp. Preferably al so,
the device i ncl etideneptaers fir ottackimesthy devigp te ohanéidd writinginipiemeon of t he devi ce
when the witing inplenent is held by a user during use. The neans for
ensuring cor r ecttagplptedrereet Bere Provided 2 sehsipg deicpfayush witlha wrfhqs hpingcpdghdata

confi gur edispS@d as the Gura6d; Eh€$&ﬁﬂldat¥\b&ﬂg iddida@Velor Qpld&fnty%f W $&%onSsDANEE wild' S er abl y,
t he sensin e&/ldcelnclu e% callbratlonére for calibrating the device
: &

such t hat " iR orTaET ST RE et PR/B8T P §tf‘éf1h8§° P L WA FHY porti on
of the erid‘tntltygiata rplicetive rof tharidkntith of thdeetg@otusmmthem@h@ dits ahaacipentateed fmt o t he

region i dghfdd.y at@@lﬁlﬂmt o? 'Eh%fdgxﬁé% 4 Y nank R84 %t&%ﬁ%ﬁ@@ﬂt E{g @Ht’?ﬂgluﬁ I%%pgvﬁeq nb©

facilitate attachnent of evice to

Pr ef er abl §tachehi@ %ﬁ%gﬁﬂ"é’v Pdé‘éteq e rards beldin Bnbasd 198 Flhgvew%ﬂah@ate e‘n‘qugiur ed to
gener at e indepshedmensf tdadnsing Relic€cat i ve of novenent of the sensing device
relative to the region. Preferably, the notion sensing neans is configured
t o generat e t hePrbmbipeht atddinantunshmgs dagted 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



NPS063- SG 4 coded data. In an alternative enbodi nent, the notion sensing
nmeans i ncludes at | east one acceleration sensing neans, the acceleration
sensi ng neans being configured to sense accel eration of the sensing device
as the sensing device noves relative to the region, the notion sensing
means being configured to generate the novenent data by periodically

sanpl i ng {Hes:aecel eration. Preferably,, the acceleration sensing neans is
configured to sense at | east 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

accor danc®dfi%®® a second aspect of the present invention, there is provided
a systemfor capturing inforpmation applied freehand, the system conprising
a sensing devi c& %{ga“a‘agw PRRGSHo e motgicensing Lgpn dReldes 4 feayy oteqawsieratian a
associ at egnswigtrieaish the actebatm. sefsg g Deiag) onfightaind 3GRS adélerithe oPhe S@thg

went O RSEAE RRRRERL LM DLl QYo 1SS Ol o
acconpany#geagate He movicnens datappeBdical® saupim EracRESTGRI PTI ON OF DRAW NGS Preferred
and ot her enbodinments of the invention will now be described, by way of
non- limiting eXakpbe Bnpsyelergtiop fenpipg Bpaahssorfiguehie ssese angathiye meps@miali ngs, in
whi ch: Fi gthbgnal cdnspoiens chsertadtion. of a t he rel ati onship between a sanple
printed netpage and its online page description; Figure 2 is a schematic
vi ew of a i nt er Beferably, thetodaictatagnapdes tags,tehchauy @ing adhaithe nBinp&gtty oldhegiors ensor

at t achmeny;: ARGLRAYeLr i Nter, a netpage page server, and a netpage
application server; Figure 3 is a schematic view of a high-level structure
of a printed netpRGRIARAviilaSeRRd kPRt HABEprest kb, IHRR:is fibHA G séhnd Br @ Pl an
vi ew show nc.ahﬁtructuridglféﬁfﬁ (ﬁtﬁpa e tag,. Figure 4b is a _gl an vi ew show ng
a rel at i oRERTIS "DETGREB APPA° 2Bt U RETR SYRPTSAS IR g A EsoAd abgve 22l ¥ j el d of
vi ew of asurfet parge cslehditangodasd o theburfpe e 5a is a plan view show ng an
alternative structure of a netpage tag; Figure 5b is a plan view showi ng a
rel ationshi p beFeaeess apd slgntagds of ithe presgys ingdntenwill feeqoing aprerefdfromathel folovfinge| d  of
view of ajRebRAdR HB8ABhAE HBE QF: way of example only, with reference to the accompanying

drawings.




Figure 5c is a plan view showi ng an arrangenment 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 synbols of the
four codewords of the tag shown in Figure 5a; Figure 6 is a schematic view
of a tag inmage processing and decoding algorithm Figure 7 is a perspective
view of ane ge code sensor attachnent according to the present

invention, attached to a pen; Figure & 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 attachnent; Figure 11 is an
expl oded BRERDFSGRIETIGN OF N8E& sensor attachnent; Figure 12 is a cross
section of the Pefpaigadotceensdedigons &tthaipbumit will hbg b desdrbed, by avapef sqpect i ve

view of | BguRCR ANl ERLRhAGkn Lo hligNERANE, BB, sensor  at tachmen:;

NPS063-SG 6 Figuire I's a schenmati c ram of a controller for the
net page code sepg@t | altd AERIRNE a the FidhGip botwbe 2R\ IRE hépa¥d £Wi@buRe Nt page
code sensor attachment optical path; Figure 16 is a flowhart of a stroke
capture aP"éB%S‘i”ﬁ?ﬁn; Figure 17 is a schematic view of a raw digital ink class
diagram Figure_1l8 is a perspective. view of the netpage cqde sensor
attachment housed™§ ?1 = %g%mélgp‘géé“%r?ﬁnﬁrgathOB%fWEenﬁrp@% g‘]ﬂﬂ?‘g‘ﬁ‘ff‘e&‘?‘?e ©%ure 19
i's a pl ansewioraifadifnettpancinggk partre, ageidee s@n stover, atdaaethze aiplitaousederi n t he base;
Figure 20 is a side elevation of the netpage code sensor attachment housed
in the base; FFighp éis2pchenatiy viepofi¢ high-leyeh stivetare of 2 prisied punagaye ite endiee Behsor
at t achmengeshiptissed in the base; Figure 22 is a cross section of the netpage
code sensor attachment and base, with the attachable sensing device housed
in the base; Fi Bpuwe4addapla viewshdwaigatsineuvd Bwnadagdthee cal i bration of point nib
geonetry; and Figure 24 is a schematic view of the calibration of spherical
nib geonetry. DETW HED2 DESCRY Fip@Ehla GlatiPRER BRRED 2 ANDL G teEsRh&EVBODEWEMT S
Not e: menggﬁgmggigv&ggg&g@&&m.%ﬁevﬁg;l ver brook Research Pty Ltd, Australia.
In the preferred enbodinent, the invention is configured to work with the
net page networ KEgure SQ8M4nE ewSN iR kh alRmataRRICKreQf a Wipaghagt S gi ven bel ow and a
detail ed description of which is given in our

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;

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 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 12 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;



co-pendi ng applications, including in particular applications

PCT/ AUCO' 0000565, PCT/ AU00/ 00561, PCT/ AUCO 00569and PCT/ AUOQO 00578. It

wi |l be appreciated that not every inplenmentation will 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
descri bedyddjeildss nost conplete formto assist in understanding the context
in which the preferred enbodi nents andéaspects of the present invention
operate. In brief summary, the preferred formof the netpage system enploys
a conputer interface in the formof a mapped surface, that is, a physical
surface which cbaiiigilhis 2 pdsrertie Pletksliagmaf neppiradfr foriie nstogef axle sensppitiathaieried i n a
conputer system The map references can be queried by an appropriate

sensi ng devi ce. F‘g‘t‘féﬁéh‘tﬁcﬁ‘?@aifpvé‘?iv A RaetRepBRT eron affsfmere oot PR, the map
references may pl invisjbly, and defi ned in such a way

cod
that a | ocal qué {%ﬁs fﬁoé"c%gﬁt%%yﬁfﬁtggglg‘gﬂﬂg} ds an unambi guous nap
reference bot hg répf stcﬁkgxaMe\xﬁqggraw@ assedlaerg}n maps. The conput er

system can contalrn in ormation out ur'es “Bn 't he mapped surface, and

such i nf or mati opggans he, 5&@5&@@% Qa&@%g&e sl;r@&earu%ﬂﬁl&ﬁ hgﬁgpﬁln' aeﬁLse

NPS063- SG 7 by a sensing device used wt mapped surface.
i nf or mat | RO the BESepddEoBan t ake t he form of actl ons whi ch are

initiated byth m on behal f of the erator in response to
the operator's ﬁ?“ﬁ l“b‘fei né’hex’v‘ﬁ&?‘ﬁ“ettﬁ*?ée e PrEstye $§fdml B s preferred

form the net paﬁ%ﬁes%ﬁg £ile e@lzaltlgéofgg %tgg% ponQeHs%tz{ttgcrﬂmngt gouseqqnt TR i nteraction

with, netpages ese are I'CS an |mages printed on
ordi nary paper Bburoihes ﬁdif?éi’évﬁnon o%ne%@e%ghe\é@gdfatjtal:]hnentlhglgsgcf ﬁ%'bys@ web pages.
Information is encoded on each page using ink which is substantially
invisible to thegddal ded cRLNRMIRWE thel ihabdkode BOWR \WBAchmabD nd HRY el hhe coded
data, can b Vlc\éhanefdg‘%l caI |y imagi ng pen and transm tted to the

net page syt ablese’ilsmgq‘ﬁe pr ed™*Fform active buttons and hyperlinks on

each page can bﬁgugé %3%&6g?e%tﬁc@w%?th@@anibra{lo% of o%?%§%eomgtf ; anat ion fromthe

network or to signal preferences to a n one enbodi nent,

text witten byy‘@ﬁé‘ﬂ1%c&m%tvﬁ%%@mk§all%&&%%h&@ahk¥ Lgeegni zed and convert ed
to computer text in the netpage system allow ng Forms to be filled in. In

ot her enbodi nents, signatures recorded on a netpage are automatically
veri fi ed, DETAIDEY DESERIPTIONOE PREFERRED ANDOTHER EMBOBIMENTSY aut hori zed. As

illustrated in Ro@Widhidm if iRbiMhed sHRIRRER:L:GIY ERALGIRNt a interactive
form whi ch can be flflled in by the user both physically, on the printed

page, and "el eclotyrgatel ymbodﬂﬂeac GOMBARIG S dnfifired ROYNERIH thd R pRRhe@Bfiled he

net page s The e a . " Reques f.or m.cont ai n nane and
addr ess félée Ser Bha- & sum%&l f w%qilf BHl eg?ldeatdtﬁtﬁéeg dﬁsﬁ?f’élo'é?faw}‘b*‘lsggl’vﬁ’?)ﬂloﬁr data 2
printed uwsipaglingapplishtions, rkludiphéh pagiseledapgliaion PET/ANOEW0GESS.aPAIBAUWEDI6ON Of
tags 4 uspcgatddiobsoliliedkU00bBE s CRIiRHROPEILDLEINRE God&RS! dnBhQfbiitn win

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

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 in 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



stored on the netpage network, describes the individual elenents of the
netpage. In particular it describes the type and spatial extent (zone) of
each interactive elenment (i.e. text field or button in the exanple), to

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
spatial extgpts;of the corresponding graphic 8. As illustrated in Figure 2,
t he net page pen 101, a preferred formgf which is described in our
co-pendi ng application PCT/ AUOQ 00565, works in conjunction with a netpage
printer 601, an Internet- connected printing appliance for hone, office or .
mobi | e us®, 2 seaEng slevice]used\ifith dijearpsped fetfagw ihainforztiesthusgettieyedday takf thiy farhef net page
printer Vidom wﬁ:bl@:{r& mltABd8y th@inButdrisilemAn bdBI@ o IR PEGE: iR Fekdh o ROberaldp£f €1 1 ed
forms of which are described in our co-pending applications PCT/AU00/ 00561
and PCT/ A’L’ﬁfﬁftt?i%}ithe?“gacﬁtg @0 del i ver, periodically or on demand,

personal i zed ne Zi nes, ) e nd ot.h
publ i cati ons, 111%6’9 e%enied PR I RERES Sgea rle{m% b elpnoia%cflﬁrb?fsvg h%?‘ﬁ%@%cgon Unl i ke
a per sonavithg mmmse“ihesetalmaﬁaa@topagegrmmcnar@rlmms @inted pp bidmarg eapmqwthemdxa be, for

exanpl e, MRkhiciRuRURd u@edalc@&% th&s affoRes WRREL&4t H%aéﬂ%%y V%@uch s first
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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, such as in a
user’s kitchen, near a breakfast table, or near the household’s point of departure for the day. It also comes

in tabletop, desktop, portable and miniature versions.
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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
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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.
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i ncr easi r.Iﬁown in Figure 3. The prmted 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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ri ngs 18abutsperfloBrnierror affecting multiple spatially adjacent bits) damages a minimum number of symbols
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



interl eaved fashion. Synbols are allocated alternately in circular
progression around the tag. The interleaving is designed to naxi mse the
average spatial distance between any two synbols of the sane codeword. In
order to support "single-click™ interaction with a tagged region via a
sensing device, the sensing device nust be able to see at |east one entire
tag in |t&%m&%ld of view no matter where in the region or at what
orientation Tt is positioned. The reqaired 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 m ninum dianeter of the sensor
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Binary shape moments 25 are then 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



The four perspective target structures 17 are the last to be |ocated (at
30). Good estimates of their positions are conputed 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. Mtching proceeds by
applying the ring's nornalizations to each shape's nonents. Once their
second-order naments are normalized the circular perspective targets are
easy to recognize, and the target cloggst 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
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NPS063- SG, 14 surfaces. In the nore usual case of planar surfaces where

regul ar t1fFRBEE8PPhgs are possible, i.e. surfaces

The ring target 15 is only sought in a subarea of the image whose relationship to the 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



such as sheets of paper and the like, nore efficient tag structures can be
used which exploit the regular nature of the tiling. An alternative tag
structure nore suited to a regular tiling is shown in Figure 5a. The tag 4
is square and has four perspective targets 17. It is simlar in structure
to tags described by Bennett et al. in US Patent 5,051, 746. The tag
represent,spsé XLY 4-bit Reed- Sol onon synbols 47, for a total of 240 bits.
The tag represents each one bit as a dat 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 5¢c. Figure 5b
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pur poses. g dling15 7) Reed- Sol onon code, 112 bits of tag data are
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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



NPS063- SG 15 that the data grid is well-populated, and thus allows the grid
to be reliably identified and its perspective distortion detected and
subsequent|ly corrected during data sanpling. To allow tag boundaries to be
detected, each tag data nust contain a marker pattern, and these nust be
redundantly encoded to allow reliable detection. The overhead of such

mar ker pag}s% Y is simlar to the overhead of explicit perspective

targets e such schene uses dots poibtioned a various points relative to
grid vertices to represent different glyphs and hence different nulti-bit
val ues (see Anoto Technol ogy Description, Anoto April 2000). Decoding a
tag resul th therata gridgiveirpépBlated, apdidyusl allpwsethrderid td legreliably ddentified pdrits parpergivor m
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described 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



An object-indicating (or function-indicating) tag contains a tag | D which
directly identifies a wuser interface elenent in the page description
associated with the region (or equivalently, a function). All the tags in
the zone of the user interface elenent identify the user interface el enent,
maki ng them all NPS063-SG 16 identical and therefore indistinguishable.

hj ect - ngF; gé%tl ng tags do not, therefore, support the capture of an
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the optics block 135 mounted on the PCB 1034.

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.
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tag includes encoded region identity data which identifies an identity of a region on the surface in which

the tag is printed (e.g. if the tag is printed on a sheet of paper this data may identify the sheet of paper),
and location data identifying a location of the tag within 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
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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.
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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.
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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



determne, relative to threshold val ue, whether the pen is "up" or "down".
The force may al so be captured as a continuous val ue, as di scussed above,
to allow the full dynam cs of a signature to be verified, for exanple. The
code sensor determnes the position and orientation of its nib on the
surface by imaging, in the infrared spectrum an area of the surface in
the vicinjiyefc the nib. It decodes the nearest tag data and conputes the
position of the nib relative to the |ggation tag fromthe observed
perspective distortion on the imged tag and the calibrated and known
geonetry of the inplenment, the attached code sensor, and the code sensor's
opt i cal ~ p#E Kompajed i idetifit qemmem pitieiny pndy frere hair jinsar freype ditpiacemenyt, praytidievettonw, t he
adj usted Tﬂﬂﬁipfohdhréarf IQ&Q ikt i@t lraile%ﬂl? 1k BbrefoR REpoRAS tdl YodERERE S dlige 200 dpi
resol ution r§§H Eﬁf? ccurate andWW|t|n% reco nltlongésee above

ref er ence§t MAEE9YG &2t 8 3 BESPPHIE &7id AEREErhgRG Y P B 5% equi r ed
not i on t r ackmyatedavithin(ag inger-frd@corrbiagon sdhtmd i thpebiehbtiely ackofeaire seihds decode
tags at aub@BbhlrAkdYo lh9\é\§{ ”I‘B@Ecﬁ/an(tage O ind e borrcSh & teéﬂﬁl £ %8y 5 pairs

inter-frane correlation te ues t rack motro IS ap

of succes$emptciaEsiye dgn ft#laaﬁec@cq‘apso%@z By @sp byuged whwrerdsotu@oq ‘dém‘llef y
comon patdhefedsngld, fromtheir inter-frame di splacenment, a notion vector.
Thi s approach can break down if tilt varies rapidly. It is therefore

i nportant to npdemeitgedrabive npfverndhange: relivelid 4 furfadhith on npRALE waiidhadecode
tags at a,Gokf &%E&qu} ﬂgty%l@atllg t é{‘etii%’ 4! s%}iés\(/) teres rAas@rI %cgﬂsistts £ haqxgr? Cfa}lme—
accomuodat e in an i fef-trame correl ation schenms i the s

actively tiapekBenfregior esthe giefocaiitetad by ¢ panglers evertand enmplefed éw@eﬁ@smh@t next .
The advangeagp e@ht. ARkdE Isfa[s@-[EEgeGQ/ﬁtﬁ b &leloR M Eﬁﬁélﬂifﬂb‘%ﬁené@r thdRbiod MEYaBEe | €SS
conput e-i nt ensi ve thaﬁg\ decodi.ng. al so be used with

| ower - r esst P BT Sg?ke “B ebf‘i?ﬂnélomﬁc'fh%f{j‘é@ ‘%&s‘hsﬂﬁ’?ﬁi iPBHEF2LHBPE" Bovenent s
made r el ainflydes datr ipdistivefofl @epositidnhonaie smf@b enteizb reghih ¢dm ihdisitiavf thatdge betle code
sensor ar &4 YRkGRkLLY, fERIsced as a series of strokes. A stroke consists of
a sequence of tine- stanped pen positions on the surface, initiated by a

pen- down event @fgﬁl‘e Q@Hﬁldﬁéﬁlq 11&!&&1@0&%‘%%@ Rtoke ﬂ‘@&ssﬂx@ iEHENde sefsoP tI‘[lé) ke is

al so tagged vvltr Q’ﬁg he surtface whenever the relon

changes, P9 cgniro fiﬁ§f’4 %{?“St ag F‘EW St(ﬂke {ah L0%tT @F&’ecoﬁ’ﬁ‘ﬂ‘é’ﬁly PRI @t dpy é‘t?rﬂ%tt ances.
As di scusked vialieVege seaatphbtatialt il 6 clieeigng fd)rﬁ@laﬂ;l@lﬁ)ﬁ stdtataalasm df tﬁéﬂﬁeh %@n Hpend t S
position e re on of
the sur fgog'xelts@ml%t elgegga?llﬁolﬁpg4%lap%9es (% @Qm l%%%e of'tHd f ace ioczge I?aé 1%2{)3\ USt rating
| ocat i on teafred epes decotes %ﬂ@é@sﬁtméom ﬁlett%emf?@dé léférﬁ@men pGFhlen arﬁ@nﬂ?@@m roll er

134 st ar t glaWdetidheGurfRRhY ap‘;s&iag)dsel 76 Pehe Pofiftdn datato thd\GRere QR3kd RUOUSIecRARP] €S (at
165) the nib force via e_sensor photodi ode 144, checking for a

o down BE4D & Fats PBEF1PT (f RO SR PIEVR HCIehPRlGUR e 4t Bt oyl
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atagin f7|3f"the stroke data via the RF chip 133 and antenna 112, to the computing system. It then starts with

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.



captured i mage, decodes (at 169) tag data fromthe tag, infers (at 170) the
pen position and orientation relative to the surface, and appends (at 171)
the position data to the current stroke data. On detection of a pen-up
event, i.e. on detection (at 172) of a pen-up state after a pen-down state
as indicated by the presence of a non-enpty stroke, the pen controller 134
encrypts {(pdosalse3) the stroke data and transmts (at 174) the stroke data '
via the RF chip 133 and antenna 112, ta2 the conputing system It then
starts with another enpty stroke (at 164). Assuming a reasonably fast 8
bit multi pIy (3 cycles), the processing algorithmuses about 80% of the
processor’ s ti nmeVigmais Pffescpien cqrgeckiclp threcompyting [stemo the censnliorl34 gotifien thof range
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syst ens Whinfelia86ibhdi@uip@n to identify an owner of the pen, for exanple, and
interact with that owner in a particular directed manner. In other
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systemto
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operation dependi ng upon which nib is bei Ag” use a mar ki ng
nibis bei%ﬁeqﬂ?‘é‘d‘s pignilicaptly smefler fhep s/ arichpqsiion gerloe fr&tuwuéhmg Pdegbiask out put
because i formghy adneeciitive pa@6diions afmdy bel@ektdayrod theentire Bk MK ktRGSis BAe on t he
surface. Wien a stylus nib is being used, the conputing system may produce
i medi at e f eedbimée thj:[,ppq!n,sbnsor samples its position and orientation at 100 Hz, pen positions in a stroke

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



At the start of a stroke the pen controller 134 records the el apsed tine
since the last absolute tine notified to the system For each pen position
in the stroke, in the formof a raw pen position 177, the controller 134
records the x and y offset of the nib fromthe current tag, the x, y and z
rotation of the pen, and the nib force. It only records the tag IDif it
has changgd,..ida the formof a tag change 178. Since the tag frequency is
significantly smaller than the typical23position sanpling frequency, the tag
IDis constant for many consecutive pen positions, and may be constant for
the entire stroke if the stroke is short. Since the code sensor sanples its
posi ti on teridsox e P darjaoytroket in1BOTokR of paih st L T50Mkis bevomesgher Bk & ingpligitly

i mplicitl %sdelRekRa@lsrd@9 Hz and do not need an explicit tinmestanp. If the
code sensor fails to conpute a pen position, e.g. because it fails to
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of fline confinuous digital ink capture requires about 40 Kbyt es of buffer
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di scl osure of jch i s incarporat herein by reference
WtHle base consists of a%ase mo d(?ng 1112, a metal pivot 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



before being transmtted to the conputing system The pen and conputi ng
system exchange session keys for this purpose on a regular basis. Based on
a conservative estimte of 50 cycles per encrypted bit, the encryption of
a one-second 5500 bit stroke consunes 0.7% of the processor's 45 tine. The
conbi ned geonetry of the code sensor attachnent and the inplenent to which
it is atfsehed is somewhat constrained by the requirenments of the optics.
An alignnent tool is therefore provigigd in the formof a base 1110 which
si mul t aneously receives the code sensor attachnment 1010 and the inplenent
1012, allowing the former to be attached to the latter in a controlled
manner . THecqdgEasor atpahed, readsitp bapsed at ed in Figures 18 to 22. The base
consists of a b € nol d 1112, a netal pivot shaft 1114, an paired | evers
each consisti nﬁ %‘PaS%“d %Psfifi‘% Eé%acaéahfa%nr?f 5 §95e SRS OBjist Fiag HBPEISRr ap
around t h@erpibeoperfornall t as1 folldwsni Tha  fdoRetryllisTBs 1dbfi@d PiOpe Ctd-r@dingNwpliedion 0 f or m
a guide s with the longitudinal slot in the code sensor
attachne%ﬁgU%({0§1§8ecl anp 1020. The base nolding is arranged to receive the

code sensor att %@é@tﬂ&ry 0%9 cBE Ldt&x?ahéa}{y cagfaﬁatgrﬂgl dpt),(rmlirh% hl)\g Hl@ Een&ﬁ Wéw&lgl 16.

Once the code sensor attachnent 1s seated In base, application of force
to the | ef¥fogyFipsvithpanied pegpriepfationy Ehiy Cé%er%%ﬁﬂn’éwrﬂ%mamﬁ not Ky 2 BiffEini ng t he
met al ¢l asiph Q@ tRexdded sedohjattatBmdnt hak Rkt be@GRIcHddAan ikifl@nchiTpl ement 1012, When
the inplement is inserted vertically through the open clanp 1020, it
decends wuntil iAssmmgb prigidksrater thdneuiverd e, iglgednleopis défined Hyar thrassémensibhi ng. The
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| ever gri ﬁ&rsé&&%e%ek@%p1&hﬁa&|aﬂ@e K243 at 1Bes€ hiRB Engleh, lakidthah dekiAGky tRdpolnhe code
sensor attact e | npl enent can then be

t.1012.
removed fFom %eﬁtleont‘))étgeselmes Th %BE%& fﬁ%f’hsjﬂwé’gato-gg'éﬁ%or attached, ready to be
used. 24 The baggd 33 Goleli: SRSk : 194238 i Blal B @Ay B 6\%&%51&99@ ASgnsor

optics. Fine calibration can or ne geonetry is
as defi nelPi (3 Sdrvhers Dpéﬁ?j}“ﬁ‘t}n%‘biﬁnf‘ecaélﬁ ﬁ(}ﬂhe e InThOos B ahe e Oé@ﬁ)ﬁ‘éfi ry of a
pen can be vawtvammk bicab bychcal i brated by determ ning how the sensed vi ewi ng
di stance varies with sensed pen orientation. This can be useful when the
geonetry i s not TkimeLandL]iftfidate theSut€ibe A Siffnae Pitch Bkyles 0,dad S pBpativedl. t achnment
has just been attached to an inplenment. Assum ng a point-like rather than
curved nib, theOgechetifye hs beefinmed atiypagicilitrpaer AplaaRsiitinakle o\wad tiewind r om t he

Vi ewpoi ”tdl&&ciﬂ‘intﬁylﬁerr qu éeﬁ;glfeﬁ]ﬁgsu that the optical axis and the

nib lie in a known pitc "8 i nvol ves sensing the surface
at two differenfRitt mu%%§deﬁ%tb§.r m ning the |ines of

z=-ytan 0, +];

z=-ytan 6, + 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=z=(I, tan 6, — I, tan 0,) / (tan O, — tan 6,)

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 L, L, and L; indicating the surface at three different pitch angles.
L, and L, intersect at P, while L, and L; intersect at Pp. 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 Py and

has a direction given by the average of the vectors N, and N3 normal to L, and L; respectively. Lines L



i ntersection between the pitch plane and the surface at these pitch angl es,
and then determ ning the point of intersection of these |ines. The point
of intersection is the point of the nib. Figure 23 shows sensor space with
the viewpoint E at the origin and the point of the nib Aat point (S, D),
where Dis the view ng distance and Sis the distance fromthe nib to the
center of tdgdsdeld of view w ndow at zero pitch. Two lines LI and L2
indicate the surface at different pit@bs angles 01 and O 2 respectively.
Once the surface has been inaged at a particular pitch angle, the pitch
angle 0 and viewing distance | can be inferred fromthe inmaged tag in the
usual way?21dip féEseqt it Ka fhg cpger i tee phesierl aigf Tha éningyn distancefromK togpy @linaskn2z -y tan
02+1 2 Sol Midnggifedkhe Yestdidadus @i VeS the intersection point of the two |ines,
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inter SeCtH%V&Rﬁ&l%ﬁn@ﬁb&ﬁlytaH&t thﬁevsﬁ%equéﬁotmﬁﬁl%use the pitch and roll
ranges of the pen are limted, the shape of the nib can only be determ ned

within these r amﬁﬂﬁgh h@\d‘ﬂ“&@{ce oS B GRn E’E&@ﬁ)ﬁn %ﬁﬂ@@ﬁ)e@hﬁﬁe Q@Eénﬂﬁg biplcAREr ati ng
mned to the extent

ranges of allow the nib
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track the
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



notion of the nib, as well as to nodel the shape of the stroke produced by
the nib at various orientations. The calibration techni que does not allow

t he shape of a concave nib to be determ ned. However, cavities in a nib
only affect stroke shape, and not nib notion. Although the inference of the
pen transform as described in the co-pending application PCT/AU00/ 00568
only takeged,sitsy account a spherical nib, it can be extended trivially to
take into account an arbitrary nib s@gpe defined by an exact or

approxi mati ng pol ygon. After attaching the code sensor attachnent, the user
calibrates the resulting geonetry in conjunction with a special netpage
whi ch i nf Beladss ¢ prir of grhogavaltapegteromatiens B0anduoted ing plapdaiorngp! pl teecrede skigortaxis. Thow t 0
al t er nat i ¥ge1&6hest 9B R shoRh intFler-09988osdaiiRe and the code sensor attachnent.
In a first alternative enbodi nent, the coded data is indicative of an
identity which iTge ptatiGon dfdRNEckdldtbogirst dAgISE URS Ehtdtighent DRIt BMAIRAsBStotskee COde
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rel ative PESPREEVSPPHtie ims padatean REgcoat wloeiggnd pesidof. or  sensi ng novenent
of the apparat s I | ative to the surface. In a _second alternative

enbodi nent, t he BEFEUSHEELOFLD o B SEakT FaOJPOYh oy ety RPsHigss i & stk a

i ndi cat i vee odalctillred. t Ahotighp @ositibheinepditonS enantlatd adrdrhan thel eadsed \acoalaatidagr t he
tag repr e&@&&&ne@eps ?Rlza%? ?m\%fhighl x@goﬁllzigns tam{ %«L, ngxg d:tlrgt"ia‘n. oq' aps?r%ll(et on(ljep ng@h tert'l(gs
surface. For exanple, the tag represents an object and corresponds to a
user int etPERGingeRt el ement (e.g. a command button), then the tag can
directly identify the input elenent. A suitable separate novenent sensing
neans for use wil’gtﬁadt‘ﬂﬁBroﬁp?%?cﬁeéﬁr?‘?ﬁéerséﬁf?ﬁﬁi“f?ﬁ‘ﬁ’tr%]atNP udpoe, SBeAHY RS a pai r
of ort hogenslg meGabas be pRyiasds Skl Gheird UiRttu@dmbtidn Senfihginens @kiciihcliides dnhpti@pdde
Sens.or aXéIQES’OI‘ \Iﬁ}gl co(g)(é‘r%%i \g]%hot stu%&:g tol%g)era?ér&e a%ShHOI(le@ltl\I’ n frEllogeurrﬁotltﬂe | I?IC SQI’OIS%t

out | ine. e provision o e accel ero er's enabl es this enpodi nent of the
code senstktivede desace, mesion esnsing neyves yehich aflades pideastitve opftoarngedigsontat thowi ng
the tags fufade@ndSeiPheRmal ifwb SMBEniIAL & tiond HE 2§ CEE! Bl Rl EASYLEHs BY t he
accel eroneters in each of the X and Y directions is integrated with
respect tYEMYVTEPHBNLOE YRS nst ant aneous vel ocity and position. Since

the starting posjtion aof the . stroke i ot, known, only_re]ativye posjtions
within a str oke%hea LAl Oﬁthésd{.;ee %f ﬁ%bﬁ‘g Wﬂbéers}?r?nlcéoﬁo f H%égeﬁ? a?ni‘bc?%mgrgéﬁ | at es
errors i nurher ofspesifig abereatVeerabodiments. Hagoved, @rvolnbt eprsectate by dlobeyskilled/ @ thd gh

resol uti Ol@]zeya?g%lcfs 86t £ duliBer AB6RE: EQEdaRfen@ dﬁ‘i‘eﬁz%lﬁi%m tﬂ)\ééagpeéMUaMCﬁﬁﬂeg,rvﬁll also

accumnul atfe is short, . ) ) . o
all 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.



I nstead of providing acceleroneters to sense notion relative to the
surface, alternative notion sensing neans nay be provided. Such neans
i ncl ude notion sensing nmeans which includes an optical sensor which
cooperates with the surface to generate signals indicative of novenent of
the optical sensor relative to the surface, notion sensing nmeans which
includes gt least two contacts arranged to contact the surface and sense
novenent in two orthogonal directions,_or any other suitable nption sensing
means for sensing novenent relative 24 a surface. The present invention
has been described with reference to a preferred enbodi nent and nunber of
specific alternative enbodi nents. However, it wll be appreciated by those
skilled i GLAMS relevant fields that a number of other enbodi nents,
differing fromthose specifically described, will also fall within the
spirit and scope of the present invention. Accordingly, it wll be
under st ood- t hat At ¢esice jfan\peqeeshiog cddsd dayt dispesednuied it @ shisstrité, riet @dedt datat Hemg
speci fi ¢ gubad BRAlGnfS SEL a@&ﬂtldnas&aﬁemﬁmbgﬁg@m&s&%&% thel szl N9
docunent s i ncorporated by cross-reference as appropriate. The scope of the
|nvent|onﬂFQ“ﬁﬁFmePW%1ted by the attached clainms. NPS063-SG CLAINB 27 1. A
device for proceSS|n coded qm%gﬂdlsposed on or in a substrate, the coded

|

data being indf&A 0|rvese’8 el ¥ty of a descri ptl on associ ated wit h t he

S UbSt r at e and OLropegérktdlqug‘ rgé;l g’ ?lgg, %Hl?g &lg ggs%d COdL(JA| (%t FI' (Ecat(l;n r@ta delCI.';& (5

sensor for sensin e co dat a, processing For Gener I'ng, u3|ng

t he senseéf bgdetty Gétfl%desqnp‘i@tanq T pesition ?fghecﬂam f?lﬁt!h? @éltelswateof t he identity of
the description and of a position of the device relative to the substrate;
a transmtter f&rRYHIfEMH" t‘fal‘“ﬁb“mgt & & CHPHYT ey, et Bk indigping fafaser fepicat i ng
data or sedionig ddtaigsed atleasipatisityan haS8dinditatihgeRGianparti ally on the first

i ndicating data; and attachnment neans for attaching the device to a hand
hel d witing i nplamentmea forAttaflivg thedeaise to b bandbeld writing firapilemedt, wher ei n t he
attachment neans is adapted to enable releasable attachment of the device
to the witing Pnpl éniskee asFlaineddpglpigiel, adergin dherngiephinent gicanp i adaptsd t¢ Prablen 2,
wher ei n t kadblt atHRRAS I ANRe loShedriGhAPlemét. A device as clained in claiml,
further conprising holding nmeans for ensuring correct orientation of the
devi ce when the3w i AidagceeianbieEntlaing ohahith 2Dyhesein tBeiitaditién MGndS £clafp. A
sensing device as clained in claim4, wherein the holding neans is a grip
portion confi gér edAglevieesss tlaimedinrchbap bifdthwi conprising beldinomeans forensrsieg cogediand. 6.

A Sensi NGosiRfifir @8 a&aiHE thelufisy iblhcht s Af 18%er GHIPLLST g cal i bration
neans or

5. A sensing device as claimed in claim 4, wherein the holding means is a grip portion

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

6. 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 and the detection means is incorporated into the indicating data.

7. A sensing device as claimed in claim 1, wherein the writing implement is a pen, a

pencil or a marker.

8. 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.

9. A sensing device as claimed in claim 8, wherein the motion sensing means is

configured to generate the movement data using the coded data.

10. A sensing device as claimed in claim 8, wherein the motion sensing means includes at

least one acceleration sensing means, the acceleration sensing means being configured to sense



calibrating the device such that information indicative of the distance
between a witing portion of the witing inplenment and the detection neans
is incorporated into the indicating data. 7. A sensing device as clained in
claiml, wherein the witing inplenent is a pen, a pencil or a marker. 8.
A sensing device as clainmed in claim1, further conprising notion sensing
means copfd.gw.ed to generate noverment data indicative of nmovement of the
sensing device relative to the regiohg 9. A sensing device as clainmed in
claim8, wherein the notion sensing neans is configured to generate the
novenent data using the coded data. 10. A sensing device as clainmed in
claim 8, ethderetion of thesepringidericegeths bengingreripsmiverctlette & th regidng the mogmeensing

accel er at @R SbdhGur SRS PBeratt A6 mBEGEht 85tA%) RARERS Lng configured
to sense NPSO%%I?SG 8 ac%%l eration of theﬁseensi gé%\r}él@g&geé&%hg sensi ng
devi ce noves relnati X8edsg tdiRe € GhiBd int JMn NOLvHARiIn SRS Rt RADS R@ksNY
configured o% ner at n i

t he enent data b eriodically sanpling the
accel erat fone " T1° R %tgeﬁsstit“r’logs (f}eé‘\l}ﬁggﬁoﬁxggoé’?lé?rﬁ%‘ nfsﬁpa(?fegelmﬁf’ 0, wherein the

accel eration sepsin - ' f i gur. ns t. | eas WO
substantial ly Q% hoggﬁgl??%éfﬁ%%sﬁ%g%g "g#arnggt%}i%rg%a e"lcg%e.é di‘*’z‘.“a%}e%‘té‘ Ss?aﬁhgta%levi ce
as cl ai nebrieAndicptie A 2p idepiiteefdiedescipsion snd eer of e aositiawsiofidfesibiralgs, each tag
being indicative of an identity of the description and one of the positions
of the substrat&: 14 SERnIRrSIPENg Broraypr pked Gesha dh T bIP AT E2EHSiEE eehand,
t he syst edavicgapdldiBédrigani ot prgcedidLMAiNE andaSulBlad KR doBedalbty asSittited@ivith he
prgcedi ng,¢laiie, and a substrate having coded data associated with the
substrate.



