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Q hers sense their own nhovenent et ect I i nformation chi ne-

readabl y encd’&@él‘“&q/oﬁfr?épéﬂfpf@é@(’ﬂﬁrFCTH”i@WP ?@}dpé%f@é@@@"}ﬁ”see for exanple
US Pat entThd didolckureslo? theddSo-PatiBB pplidatidhd dre thtdpanel iRk bapatsirgatdicon W99/ 50787.
Since these pen-like devices typically utilize conventional marking neans
such as igddCRoUNDS, the surface nedia being marked are not generally
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present invention, there Is provi a sensing device r use Wt

surface Hilr A REHGBEN ddttiye %&eél“&f? r%?ﬁiecgu‘fhn‘{’@"’d?sssﬁﬁé SRPIrONY I HRVemEH USB®, t he
coded dateabdidédigeeletondies abtheresedt thaif ownth@seintry byodeteating forditiod SAK is alaétthewd t h t he
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novenent niibaﬂaw%m@uabmgmﬁrkmmmnerdl&nt eblsensi ng device relative to the
region. The notion sensing neans is preferably configured to generate the
novenent SUMMARE ORGNEENTEORSt sone of the coded data. The coded data is
preferably i ndizaactcbru@c@\fmteonphapeoabﬁtha/praém EREBOE AeR mﬁbw&eaae&lsﬁg@wemli on, the
rmtl on s Srtlis\gflﬂlgd m%ace %avllanmcn gtggldgelllerc (saprc])(saeléla(}% etsﬁl%ce egtdat%i%gn?' as the
sensi ng devi ce noves efative eas one ‘erence points. The
coded daindicpfiyy of m&emweofpéqgioedisecwéqde% the surfagd; the Fmtlilg(ﬂff"lce including:

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

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

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

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

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

least one of the periodic elements.

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

device



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

Preferably, the notion sensing neans is configured to sanple the position
of the sensing device NPS056-SG -3- relative to the at | east one reference
point, thereby to generate the novenent data. Alternatively, or in
addition, the notion sensing neans is configured to sanple the position of
t he sen3|$g39§ bce relative to the at |east one periodic elenent, thereby
to genera novenent data. Preferaply, the notion sensing neans

i ncludes at | east one accel eration sensing neans, the acceleration sensing
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sensing device noves relative region, the nption sensing means
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t he accel @ fldag Bne pthidicatmelt aficdbl @pespmshagovemandataray be configured to
sense at | east two substantially orthogonal conponents of acceleration. The
coded data can Beferablyothelmdticnrsensing nsans fimbdessie rast aneedcselentionkrasingt renssthe f ace i s
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interpret he positi onal orrmation provided by the device so that data
i ndi cative of tm&séﬁﬁ@ﬂ&@mﬂ&ﬂnﬁaa&ﬂ@beﬁcbmmﬁhﬂnﬁﬂﬁﬁﬂkﬂfmmamdumapnmﬂmced as,

for ex arrptLe surtfoe Ut i : a[%%l am opflo% con{g& twi::‘hl %ﬁfa&eﬂaﬁd P‘gﬂ%’ g%fg&%tthé Mc'e mation may

be used toO CORtFoO Sy stem odi ment whi ch

utilizes the Sefﬁ%nﬁalo%whssoénmn %w’arﬁm&ffdc@af tha/\apmatas ﬁgﬁﬂ%@rmemgey will be
described later. Preferably device furt i ncl u ? state f:ﬁngl ng

devi ce f JPREHIER i AFGURYRE iy ‘éhe&’f“ §oh b InEoEsedy o Pesr h‘r{“ﬂ Fae e W3t
surface ofpapeeonwibich e yodvt ddtei reosrdqul theréforshgcompyirisetnan e he beitevdsed by

changi ng lﬁéa&a &m@%FJ llﬂg“de%{c@ﬁ)ttﬁé? it mara&rw@ﬁftaéﬂeavq@@/eaﬁ Be HRVER ﬂreernagureye to
t he surface. era the state changl ng device IS _act] vata}ge e and

deact i vata&"bfeémd“Fﬁ’eaS’cf%r\ﬁx@’é’ % BPUTRgey AlTRITFD the Resfrigprl Sfarmitigp Ry Rediedp
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bet ween tvh@raQﬁ'}e{duP?\ygt% $1h°%dﬁ Irlgeg%ee exceeds a predeterm ned val ue.

Pref erably, urt I ncl udes means responsive to a marker

associ ated w t hPrEfQﬁbly,SﬁH’cfe@i@@ﬁiﬁ&r ﬁﬂaﬁ@s@ sRfe Hing@PU&ick & cBdngih@the Biad gf fhg devi ce
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by changing the state of the electronic ink as the device moves relative to the surface.
Preferably, the state changing device is activatable and deactivatable.

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

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

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

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

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

electronic ink to a second state.



Preferably, the state changing device includes an electric field generator.
Preferably, the state changing device includes a first state changi ng
device for changing the state of the electronic ink to a first state, and
a second state changi ng device for changing the state of the electronic
ink to a second state. NPS056-SG -4- Preferably, the device is el ongate,
the first state changing device is disposed adjacent a first | ongitudinal
end of t gl ng device and the second state changing device is disposed
adj acent ‘a 'second opposite |ongitudingl end of the sensing device.
Preferably, the coded data includes a plurality of tags, each tag being

i ndicative of aprefeﬂﬁyltﬂletééwc@lg eﬁngaﬁgﬂlé)ﬁst\"!tattﬂhﬂ}gﬁ’@'d@vhbeﬁMsszf%@adﬁc@ﬁa fmnd each
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associ at dereiipding! qn f ths Fesing devicg angl thejacopeiialy tg‘?f@@g E?)"l‘cﬁ? %B?Sﬁc&qlaﬁea 15K Me of
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in a regifionaipect pithk weseitynvensipn pregi sobstrearinpluding ctyrfade deving eﬁ“@%“"t'ﬁ‘aﬁ“"ﬁ'é‘g‘i on.

Wier et heyifh @Ris@Bicd Sd BodRBdBasshbhiféBliuR sw@dech one of a plurality of tags on
that page is indicative of position data identifying the absolute position

of the identifimBéefeatly, tthaduripage pravidedadisiceldcegiicoink athtodor wisibtehink @bioli isfioes t he
page. Pre eetr gglux( Theg@ostga% lﬁégger%lyégggns of the device is arranged to capture

the reqgi 6n data an ass on to a conputer system This enabl es,
for exanple, a ganRHuRY 111§M§et£[mn£]@y oicﬁlg,@n.t\lrégibnampag&or&@antﬂl@& sinflopage¥eapl €, a
-conput er Sys. tem knom% ﬁ) Zﬁg@ dtﬁgumsnl whi.c -h m%mlaatveo re \Avrlgtt en or dr awn
on. As diBCYE EY “HBSVES (HET v?aﬁl?e LHENHB B R TESH &8 A RES ur f ace.
Wher e it idestifienthenchipd. Wiere thercgigreid a pdze.|teeeddre, S@hpmeiorﬁ‘eslmlahty eﬁpﬁsa@that\msehs a

sur f ace, n&dﬂ@tl\g%i{ﬁogﬁoxpaﬁ NGy ME Bre @bstﬂ% %@m&:ﬁ Gﬁtﬁé 1dén@ﬁer$ﬁ h%d gagk anhl BEo fe@bLe of
t he dewceap to the surface. Prefera %/ Wﬂe device includes a force
P 4 e

data prod#e ‘dﬁ‘ﬁ'gFFsthef R Sresetet fhg dptestignom BPRVEYSR PRt i on
on t he f egve datdind miapboramsed ongma cnputpr sgfrer. dhis ynablee foy exahlplz,@domwtea'éysiieleast t wo
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to the surface | éaves t he surface with noti on between force
appl i cat |W(§1H°“ePﬁ8raW’é?ﬁnval be| ng defined as a “stroke' in

As discussed above, the device need not be in contact with the surface. Where it is intended to
be used at least sometimes in contact with a surface, the device may include a force sensor for sensing
the force of the device applied to the surface. Preferably, the device includes a force data producing
means for producing force data which provides information on the force. The information can preferably

be utilized in at least two ways.

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

freehand. The force data information can be time stamped.

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

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

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



freehand. The force data information can be tinme stanped. Secondly, it can
be used to detect, on a substantially continuous basis, force variations
when the device is applied to the surface. This information nay be
utilized to characterize a signature of a user, for exanple, or may be
used for a further control for a computing system The device is preferably
a separate inplenent containing the appropriate neans as di scussed
NPSOSG-SQ@gg- ove. It may be any shape but it is preferably in the form
of a styl 3%§%en. The device is preffjably intended for interaction with
a conputer systemthat can be controlled and can interpret the freehand.

nf or | 88, tHASE, dir2Yidi% Slelly hhARmaPRIISd iy @ user via the device.
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printed nRiAREE oRBEbIdInSn® Mhetddt bPaGe of Gemplei galyl oMth réfirgue & e iagompgyinemat i ¢
vi ew of aaréwri‘&g? action between a netpage pen, a netpage printer, a netpage
page server,” and a netpage application server; Figure 3 is a schematic

view of a high-level structure of a printed netpage and its online page
descri pt i BHEF DEPGRIPAIOR OF DRAWINGS vi ew showi ng a structure of a netpage

tag; Figure 4b Brefermd phdasthey icmbpdieotaiof e dnvertlon tiilb payh bpdes@ibode &y way sltonof t he
tags showWpiddd ekanigidoBly Ath 3 GerRe o litRlabomPnyiMd @uwiRds, idwhiel:page sensing device in
the formof a netpage pen; Figure 5a 1s a plan view showing an alternative
st ruct ur eigafe Risneichdgic bfagthe kélgiofiskip Hotwiedr @ sqpipRprivied vetsgowdniy @liveetagd | onshi p
bet ween %eé%ﬁétioﬁ’-f the tags shown in Figure 5a and a field of view of a

net page sensing device in the formof a netpage pen; Figure 5c is a plan

Vi ew Showidig 238 2 BdhbRdkE SRR F 2 Herddlidhe@leer 1R tphAG%n, SHOWEEe ipFintkr] PhiRedhRgaher e
targets are shared between %cg%acent tags; Figure 5d is a plan view show ng

the i nt erFERANYRAY PRIELIT °6f the synbol's of the four codewords of

Figure 3 is a schematic view of a high-level structure of a printed netpage and its online page description;
Figure 4a is a plan view showing a structure of a netpage tag;

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

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

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

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

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

shared between adjacent tags;

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

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

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



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

net page pen and its associ ated tag-sensing field-of-view cone; NPS056-SG
-6- Figure 8 is a perspective expl oded view of the netpage pen shown in
Figure 7, Figure 9 is a schematic bl ock diagramof a pen controller for the
net page pen shown in Figures 7 and 8; Figure 10 is a schematic view of a
pen opti cal Path; Figure 11 is a flowhart of a stroke capture algorithm

Fi gure 1238855 chemati ¢ view of a ray\é_di gital ink class diagram and
Figure 13 is a schematic view of an electric field between an el ectrode and

a sheet r’Eedi tl#;r}}s ?%e%g;[:ﬁ‘lfel_eE[Po ‘QE%%I?E%‘! I]%g%g: : O%Eﬁﬁgﬁ%@e AND OTHER EMBODI MENTS

Not e: Menjl%]f radenar k-0 s€arch Pty Ltd, Australi a.
I'n the prgfard e RITMRAIIR Hagrah 08 Jeh VARSIcPBr hSncGRR Db @fin FRuOT dedwd th t he
net page networ ked conputer system a summary of which is given below and a
detail ed m@&qmiigtsl;&ma&fviewli'f@peniogﬁogipwap in our earlier applications,
including 1n particular applications PCT/AU0O0/ 00569, PCT/ AU0O/ 00565,

PCTI AUOO/FifdE70 is AFTowEhaktoDd B0k k8ptandsdai@i; AUOCO' 00578. It will be appreci ated
that not every inplenentation will necessarily enbody all or even nost of
t he speciHigue |détasrhenatipyipwet e msiggpdnkglscdisesagand) n t hese applications in
relation to the basic system However, the stemjs described in its nost
conpl eteFf%HPn‘Pt‘So“SQ‘;"’E‘?@t“elWr?fi‘H‘Fﬂf‘é?'%F%{%‘i“ﬁ e sls PSS e h the preferred
enbodi ments and aspects of the present invention operate. In brief
sumary, DETAIPERDESCRIPTION GFFREFEBRRBIAND@TEYR EMBOIMIEONS a conput er
interface in thee:Mmnpefs Arat@pped Shudibtak Resedrdhety lits, Avastraphysi cal surface

whi ch contains references to a map of the surface maintained in a conputer
system The naphiefpefentasodianntithe igreatidnaceobigurd toarplr with thanepagsanisored

devi ce. Wkﬁ?m%ﬁ]ﬂmm%f SREGH fildn bR LS BRI AL d8Nriptoh 6 WHRR if @Jef hRACES May
be encoded visibly or  invisibly, and dﬁfl,ned t@ @H(}(ﬂ’é \A@(?T}r‘ @50 ?GSI ocal
query. orfafiffe 2PRUFATERS JRMMAIE o My PRTIEHAT A PPRUSRHRSI HLEHE %’re G RPN Bot h

wi t hi n t PeTaRPoANd0,aPaIMGUEN00S Br e t PATEIS00/0TIVE. B on Uk erpprsyigtdetintomh eeont ai n

| nfor rm‘t 'y V}gﬁa{f&n jlﬁﬂéc%éﬁ&y e?rmgcﬁﬂﬂ o BRP ikt §H:f1J Paic g aﬁd‘&t&néidﬁg @{séﬂ%&d on can

be retrie ased on, 1p ef eérences su%l ied by a se,nm(_g_g evi ce used
with t he Thigsemplisaions bierclatigngo; thy bsigysiesh ROWEET e PHEY dydes Pake®he form
of acti orempiit hn Braesist Mivhdedtadindte Ednexidowipict B¢ prefysddembaiimdoe hed fspeotk of he

oper at or tﬂe'}reanfﬁPe%‘o%?: . the operator's interaction with the surface
features. n1ts pre B T ed form the netpage systemrelies on the

production of, @RderRMRRy, HRtRFRCH kPR of Mk hdbagd iR SRS oys 10@BRteAMRIRAGLS Of
text, graphi cs%fand i E%{es PL nted. on prdinary paper rg{erercl)cteshgra_ Iglrgdcl,fame but
whi ch wortle P 3 meeRrRrissethildh 2gua SUFRE ST P OH™S § Ao O™ T eath page
usi ng i nisurfabd mdinthised s traipatat sysiénh. \The mor sfelshess tap be heerigdhlyi ad @pbropiipta penggge. The

i nk, hOW%é/ﬁJe., D@ﬂéﬂiﬂg%&ﬁﬁw sﬁe'@i%c W&ﬂnt@@&n@the GRp r8&ences 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 by a sensing device used with the mapped surface. The information thus retrieved
can take the form of actions which are initiated by the computer system on behalf of the operator in

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

In its preferred form, the netpage system relies on the production of, and human interaction
with, netpages. These are pages of text, graphics and images printed on ordinary paper or other media,
but which work like interactive web pages. Information is encoded on each page using ink which is
substantially invisible to the unaided human eye. The ink, however, and thereby the coded data, can be

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

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

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



sensed by an optically inmaging pen and transmtted to the netpage system
In the preferred form active buttons and hyperlinks on each page can be
clicked with the pen to request information fromthe network or to signal
preferences to a network server. In one enbodi ment, NPS056-SG -7- text
witten by hand on a netpage is automatically recognized and converted to
conputer text in the netpage system allowng forns to be filled in. In
ot her enq%% s, signatures recorded on a netpage are autonatically
verified OW ng e-conmerce transactions to be securely authorized. As
illustrated in Figure 1, a printed netpage 1 can represent a interactive

for m whi G, GaRle D6y nahd ln} F@l@z@e Eyau{onﬁuaaﬁ,e{ecog%éa a%‘)écﬁ!v&%h lt&/conﬂﬁ'texxtgﬁ iPfsk Nt ed

page, an el ectroni ca communi catl on between pen and t he

net page Sy@egesysterh é“%rf?ﬂ“é f%h?di)\%d i AT AEDPIIMENSy HERBE éﬁ"?ﬁi“ﬁ‘g’“ A&FR%aNd

addr ess fdr@du%ﬁlat&:ﬁﬂb Rrifdd b wing et dnditree Th@adials paigecae@auBdrkedf graphic data 2
printed using visible ink, and coded data 3 printed as a coll ection of
tags 4 using inﬂéSMQMQdmﬁkwmﬂhepmmﬂhewmyﬁdhmgm@ag@ﬁde@@W¢@mhehEE@nbstored
on the n eﬁ}i@@%eb,ﬂ ik Wed: Moot %ﬂ?s%ﬁ}b %ﬁ tlteh[ﬁ'm‘cee %gé' Ghipe Lele@&oﬁﬁ‘ﬁf}t’ SviP borfnlRicAlBh Page.

In particular 1t describ e and spati al exte@){%zone& of eq ch

i nt er act i RFEveRn BfpsRrangd fhe éetp*’tgéﬂmf"t "E‘J‘Ppli)ﬂ’f’t"bﬁ RHUEH OTBRRPME “a“lec?“ al | ow

t he net pagéres yisltisdmn b subirdtibnient The nethige ciet of giqphile dath A ptifwel usieg pisigle ink,.Tdné submi t

button 6’c0§ rdat?%?lrmédeas a J&l@émﬁ‘oﬁ? uZlg&‘%llgleqrﬁcr 'h%sch(? gcﬁdlké)%a%pgeség%lsal
ustrat

extent of ‘the cofrespond g ure 2, the

net page pred PO the nefpage @F‘@F}? %fcrfllﬁﬁlﬁ‘ infividpal elpmants ofjbe patnagRe I Hesticylay it desseles | of
appl i cat igytyRGid a‘ﬁhﬂ@éx@ﬁﬁ@&w) ORRicK sntdrmwummqtd. @Rt fibidtoR bittol BiURcgAnIM)itat er

601, an Internet- neted rinti ance f i bile
use. The gen¥| netKJMge sglsesso CaOF]r dRIE inte chQnéJaf \p ia Ehe ne aﬁe Q'er smgxﬁ? F]uttgllfg]g £51% ex:glgalerm

pri nt er ‘g anshyrichoprasepadste the epatigl WKGHQOffhPﬁeU%mﬂé‘a@@Rhlcﬁ‘nt er 601 pref erred
forms of which are described in our earljer %é cation ST A%}BO/ 00561 and
our co-filed apptTesirrin Fiaess2atperrgcnss 10k argired g Jehich sdesofesf iodf cal |y
or on desdierchpplietiod ATAYAUDOMOI6eWS@RPRI SnjuEgaritne Sptpgatpahtay®], drbehmer es and
other pull}.cald npq?lﬁncgoag%ﬁm%rﬂomo%{é Htice O1ABIEHR] Vool S WIUEL AR oK RuRElpages.

Unl i ke a persona uter net page grlnter i°s "an appl1ance which can
be, for é%ﬁﬁbl“@thﬁ%ﬁéﬁ?aﬁ%ﬁ'ﬁé‘aaé‘HFé%‘éﬁ‘[ad'P nkfh area where the norning news is

first consuned,.. such as in near .a, br eakf gst t.a
near the househ0l®dE2SHaTHE" 68? p&%ﬁ??ﬂ?’é ? 1%&1 fé %?fcnbw N aTS 83 a%%lﬁglgn
t abl et op PCARSIRDGES! polr duntst @ecapdlioation EATIAIE0PEI @ﬁ@e tﬂth‘GagEfsﬁdpfﬂlym el at

their pO'dl%aan eE&ﬂﬁz‘éﬁrH&#sﬁHﬂe& hAs, Eﬁﬁogﬂaﬁ&hﬁgs and %th&fpuﬂféﬂ%ﬁs Wl I)t"htédhte
tlrrellnez{s élnteractlwt an interactive .n _Figur
, the n gb

LB IFAFYE AR ?i‘ ‘%m‘\?\natpﬁrsi’l}? COTBYEY r%élftgag(? L r‘%fer ‘F |alh fREJ™Set page
1 and combichiandt.der,cxanpde, malbinamted pdimrge to @ciea where e Grorninlg @ewsrig ﬁiﬁtaeltswmd to a

net page RiLALAL useI@ﬁtceénl REE] bRt tDRNASedr IR hbRLBIIAG LIPS dbRridbfr e kLY ant
net page p e server 10 for interpretation. In appropriate circumstances,

t he page [2bp gazmes edihlstor Wr@%ﬂﬁ‘{j“%@?&{f@s to appli catl on corrput er
sof tware runni r}ﬂgeﬁpﬁges @nﬁedg atQh Pgtl cI:oCsaﬁt I t(laorrll c%rglr 1Ine Ehe (jﬁfz"igse—o -Use 099£> rI i %t thé) n

server nay in tu res OI’ISE
timeliness and interactivity of an interactive medlum

As shown in Figure 2, the netpage pen 101 interacts with the coded data on a printed netpage
1 and communicates, via a short-range radio link 9, the interaction to a netpage printer. The printer 601
sends the interaction to the relevant netpage page server 10 for interpretation. In appropriate
circumstances, the page server sends a corresponding message to application computer software running
on a netpage application server 13. The application server may in turn send a response which is printed

on the originating printer.

The netpage system is made considerably more convenient in the preferred embodiment by
being used in comjunction with high-speed microelectromechanical system (MEMS) based inkjet

(Memjet™) printers, for example as described in our earlier application PCT/AU00/60578 (docket no.



on the originating printer. The netpage systemis made considerably nore
convenient in the preferred enbodi nent by being used in conjunction with
hi gh- speed m croel ectronmechani cal system (MEMS) based inkjet (MenjetTM
printers, for exanple as described in our earlier application

PCT/ AUOQ' 00578 (docket no. NPS056-SG -8- 1J52). In the preferred form of
this technol ogy, relatively high-speed and high-quality printing is nade
nor e affgﬂgggég to consuners. Inits preferred form a netpage publication
has t he { characteristics of agtraditional newsmagazine, such as a
set of letter-size glossy pages printed in full color on both sides, bound

t oget her 1{1%2 ﬁ@g#ﬁ%& Ak Fﬂgﬁ fe@lﬁmfé an dh%n% il gJéﬂ‘? pﬁﬁﬁg?s%dpr Inter

exploits aval broa I 'nter access.

net page prémi dﬂblaﬁ' CEyISIBerD Bé?sate@ffvﬁ ﬁoﬁﬂ, 3 pesives Pretintrades tbff@ym‘lﬁu{har@ﬁt@t‘"ﬁ“’ls onger
delivery Jﬂaﬁﬁﬁtlcﬂﬂ(ﬂe\bsﬁié@&mé @ﬁﬁ@saﬁﬂﬂhdﬁ&}‘sme gy PapbsragRd myfel @It acththatds) be
enabl ed usi rzi exl s %g consune ?&Ja nld | aser printers, although the
system wi i”“ ?)gﬁtrh PR OTRA =R P M er ef ore be | ess acceptable from

a consuner’'s  pgjihnf. 9% ,\Pfaﬁe\gexdl{l Qﬁehg{)yﬁgtmhﬂmwo? brohddEndRlRBIR Y SheM | S

hosted on a private T nbodi nent's, the netpage
Syst em i SPeReEsPErieTGH! 200 PIRRST WmisLROBICHsRS: BY Tl loaser 4By ERSARPER MEich as a
printer. duattpalge nap&gh is@stebnl @R 256 bV @hdbled disif elidiey p@kynRg énkjee tniOnder pringers,

configure iver r|n | ' S.
Peri odi cal glbﬁ!‘e (S:ya%ellno“ﬁs B ﬂ&‘r f’%%%e%cp g@tdéergfégﬁ ggﬁ ; aneE&Qﬁl&@&g % rsfi P net page
printers mmaom“nﬁltethquemg’davmtsﬁm BqtRages YRty i hested phet P’ﬁ’ﬁ’ﬁt"ﬁ'@ﬁ dn Stﬁ’eq%%nal i zed

publ i cat i @Sdiaéne, thé hétﬂagd' s@ﬁerﬁ ROoftdroxatsingd camfer 6H BPpdtd-chabld Wdvide|atchuser

profiles. At net page printer can be configured to support any number of
pens, and"&%pen can work with any nunber of netpage printers. In the

preferred inpl ]g_%gd iﬁdgo mnes%gs ﬂ@&n thg%glettw& afd cglmgﬁ'c'@to dEIgf@ﬂMttduglfty A

househol d may h ec i on of col ored netpage pens gne ‘assi ned to
each. memEdions {on et prer. PRFacal POURHERCH faRed GUmRsH T SESeEPEE | not
profil e Weiphpe r;elsqaﬁaﬁa béintéustingt4ad gltioustihg OddirieO Protos@s. \Persoralizedppilicaiatsi o6

server. Qﬂteredgnlg H%Q%ng}gmgj $Qi ‘J%alugeg Skered with a netpage registration

server 11 an nore paynment card accounts. This allows

- e-commer ce paynRRliset fidk 586 wnﬁg.xedaymapm A9 bt} e mdap@tcaa@@k pem. The
net page re IstratpLon server co a(%% ure ha¥ the net page

are nature c
pen wi t h 28 YRRy b Bdrage P‘é’lj?”StIEE%dprgﬁsﬁﬁam'feg‘g"taé‘ﬂ’ SRR PE BB cat e
t he user 'ideniiftbe it hobsehdldmanhage Totiegpce cslerey astpage BNk ere dsjigradtorcich snepher o&l so be

used to \fﬁrfaﬂ;‘lﬂy el gﬂdvys%ach%sé{'QS $aBRinCf dilhe PElP I reRRH tb Q%Et%@%ulfhbﬁg@r print
scanning, verified in a simlar way by the netpage registration server.

Al t hough SW‘?H@T%&'&@‘%FWF{H may deliver periodicals such as the norning
newspaper Wt hOH nr%alglil?sge% I ntl%)rb\f/:?e%t Q’w1 %]p&?a% pe 1st?a?&f LefHf ﬁ%@ﬁﬂi{@é 10 oge del i ver

unsol i cited junk erre del 1vers periodicals
f r om substmpig@aymsnt condeqowits é"hlael!orvr@ EiCOBFHeresOy RS to P%f‘et"ﬁ?bé aytherzsd uping e

net page REthddt Bén. The netpage registration server compares the signature captured by the netpage pen with a
previously registered signature, allowing it to authenticate the user’s identity to an e-commerce server.
Other biometrics can also be used to verify identity. A version of the netpage pen includes fingerprint

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

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

number or e-mail address.

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

kinds of relationships are of interest here: associations and generalizations. An association represents



is unlike a fax machine or e-mail account which is visible to any junk
mai | er who knows the tel ephone nunber or e-nmail address. Each object nodel
in the systemis described using a Unified Mdeling Language (UML) cl ass
diagram A cl ass diagram consists of a set of object classes connected by
rel ati onshi ps, and two kinds of relationships are of interest here:

associ ations and generalizations. An association represents NPS056-SG - 9-
some ki ndypdps£.ghationship between objects, i.e. between instances of
classes. A generalization relates actgal classes, and can be understood in
the following way: if a class is thought of as the set of all objects of
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unique page on which it appears, and thereby indirectly identifies the page description. The tag also

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

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

solid-state image sensor with an appropriate filter.

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

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



Tags are printed in infrared-absorptive ink on any substrate which is
infrared-reflective, such as ordinary paper. Near-infrared wavel engths are
invisible to the human eye but are easily sensed by a solid-state inage
sensor with an appropriate filter. Atag is sensed by an area i mage sensor
in the netpage pen, and the tag data is transmtted to the netpage system
via the nearest net page printer. The pen is wireless and comruni cates with
t he net inter via a short-range radio link. Tags are sufficiently
smal | ense y arranged that the pgp. can reliably inmage at |east one

t ag even on a single click on the page. It is inportant that the pen
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the page odggeri ption, the page instance, and the printed netpage is shown
in Figure 3. The printed netpage may be part of a printed netpage docunent
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In a preferred embodiment, the region to which a tag refers coincides with an entire page, and

the region ID encoded in the tag is therefore synonymous with the page ID of the page on which the tag
appears. In other embodiments, the region to which a tag refers can be an arbitrary subregion of a page or
other surface. For example, it can coincide with the zone of an interactive element, in which case the

region I} can directly identify the interactive element.

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

thousand ftrillion trillion) different regions to be uniquely identified. Tags may also contain type
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data symbols of each of the six codewords are allocated to the four concentric symbol rings 18a to 18d in

interleaved fashion. Symbols are allocated alternately in circular progression around the tag. The
interleaving is designed to maximise the average spatial distance between any two symbols of the same

codeword.

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

grid, as shown in Figure 4b.
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tag's rotation due to pen yaw 29. The four perspective target structures 17

are the | ast t orhbeul geespéotick thradt sBures Goad the st e sat@if(at 30). Good estimates of
their positions are computed based on their known spatial relationships to the ring and axis targets, the
aspect and rotation of the ring, and the rotation of the axis. Matching proceeds by applying the ring’s
normalizations to each shape’s moments. Once their second-order moments are normalized the circular
perspective targets are easy to recognize, and the target closest to each estimated position is taken as a
match. The original centroids of the four perspective targets are then taken to be the perspective-distorted
corners 31 of a square of known size in tag space, and an eight-degree-of-freedom perspective transform
33 is inferred (at 32) based on solving the well-understood equations relating the four tag-space and
image-space point pairs (see Heckbert, P., Fundamentals of Texture Mapping and Image Warping,
Masters Thesis, Dept. of EECS, U. of California at Berkeley, Technical Report No. UCB/CSD 89/516,

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

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

known data bit position in tag space into image space where the real-valued position is used to bilinearly
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The tag represents each one bitas 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 5Sc.
Figure 5b shows a square tiling of 16 tags and the corresponding minimum field of view 193, which must
span the diagonals of two tags. Figure 5¢ shows a square tiling of nine tags, containing all one bits for

illustration purposes.

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

detection of the tag, so further targets are not required. Tag image processing proceeds as described
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tag 1D and the tag-relative pen location can be translated into an absolute location within the tagged
region, the location of the tag within the region must be known. This is given by a tag map, a function
which maps each tag ID in a tagged region to a corresponding location. A tag map reflects the scheme
used to tile the surface region with tags, and this can vary according to surface type. When multiple
tagged regions share the same tiling scheme and the same tag numbering scheme, they can also share the
same tag map. The tag map for a region must be retrievable via the region ID. Thus, given a region ID, a
tag ID and a pen transform, the tag map can be retrieved, the tag ID can be translated into an absolute tag
location within the region, and the tag-relative pen location can be added to the tag location to yield an

absolute pen location within the region.

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



reliable detection. The overhead of such marker patterns is simlar to the
overhead of explicit perspective targets. One such schene uses dots
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Electronic ink typically takes the form of substantially bistable monochrome or colored dots
which can be addressed externally to selectively change the state of the dots. The state of an individual
dot is typically changed by applying an electric field of appropriate polarity. Although some electronic
inks may be printed onto a surface, other electronic inks are essentially manufactured into a substrate,
producing something more akin to “electronic paper”. Both kinds are considered within the scope of the

present invention.

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

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




position sanpling frequency exceeds tw ce the encountered tag frequency,

t he di spl acenent fromone sanpled pen position to the next within a stroke
can be unanbi guously determ ned. As an alternative, the netpage pen 101
can contain a pair or notion-sensing accel eroneters, as described in our
earlier application PCT/AUOQ 00565. An enbodi nent of the present

invention, in the formof a pen-like sensing device for coded electronic

i nk surf Ssad | now be described. The sensing device is hereinafter
sinply referred to as a "pen". Electngonic ink typically takes the form of
substantially bistable nonochrome or colored dots which can be addressed

externally to Sﬁ'c@&:@l EN&bc MRIDA & Qﬁylﬁlﬁ%ﬁh %nté:ﬁ%otﬂ@ﬁrﬁutabﬂ't@s%aés&ﬂﬁﬁ an

i ndi vidual dot is typicall; chan in lectric

appr opr i ﬁ%ve’p‘i‘i’ldd‘ilqta(bﬂ? ‘*le,ﬁﬂ“l“ﬁ @?rélmef ?ll%i% g‘%P ‘i(gl% %/m‘bgmﬁerdl oﬁlko *83 onto a
surface, smmhemuehemtmﬂnmamlnks are essentlally manuf act ur ed |nto a
substrate, producing sonething nore akin to "electronic paper"”. Both kinds

are consi der ed Aicedsil lectriric isk pplecedis thiasvaniner basrit cap pr/aade InsFActivel a8 desPEEd ¢ i nk

i's nut abl gribNihioWeh MAMSOF a kdnsifiBIbviBEincopfolalbl apprepyiaid siideer of tinmes by a
printer which incorporates appropriate dot-addressing el ectrodes, and it
may be witten (lanrpinting”er ageltlectionicdnk ;wgeslwhe@ tifcavipihleqarapkic agiengpf apfrgphleyrent
whi ch i ng t QR A8 QEEhtion

el ectroni g&gg{ﬁ i eggfe)tr"}%g “’gﬂ%ﬁ%&%?%v\ﬁ gnég%g%?%%ng%t hgnlﬁm%ut abl'e tags, as
descrlbedTHHBBW@uménd mut abl e electronlc ink. It may also contain V|5|ble

graphic informatio ted. o i V.

coded electronlgmﬁﬁwpgtﬁ?ﬁﬁg ﬂégdﬁﬁ&wgﬂbgé?g Qlﬁggg ‘3ﬂme&5°fnﬁc are

i Nt er act iinerporasd bkescyi riference.clhe Hisdasgd dldgiraninghk itlﬂedeaselureﬁty of splecresi oagh rebde i ce

i ncor por g, Qﬁct?cﬁlta@cglw a‘ﬁﬁ) Bﬁt@&l@ aﬁﬁ(ﬂr%gl(: via E@ace EU’aiu{Es |08 caclPussea@@ diBin @ bwoni ¢ i nk

pages, where the vis Ic content of nunber
DO E e, T a0 b 4 oo e AHGBR o4 RAL O DR Pk G AT o

appl i cat ii®&corBm¥d MIDMLID 2B dstatiOagisdiropymoe gfovek eclisploy iincactandandeswithi thad @@l i n US
Patent 4, 1 §$b§§ the contents of which are incorporated herein by
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A first embodiment of the present invention will now be described with reference to Figures

7, 8, 9 and 10. The pen, generally designated by reference numeral 101, includes a housing 102 in the
form of a plastics molding having walls 103 defining an interior space 104 for mounting the pen
components. The pen top 105 is in operation rotatably mounted at one end 106 of the housing 102. A
semi-transparent cover 107 is secured to the opposite end 108 of the housing 102. The cover 107 is also
of molded plastics, and is formed from semi-transparent material in order to enable the user to view the
status of the LED mounted within the housing 102 (see later). The cover 107 includes a main part 109
which substantially surrounds the end 108 of the housing 102 and a projecting portion 110 which
projects back from the main part 109 and fits within a corresponding slot 111 formed in the walls 103 of
the housing 102. A radio antenna 112 is mounted behind the projecting portion 110, within the housing
102. Screw threads 113 surrounding an aperture 113A on the cover 107 are arranged to receive a metal
end piece 114, including corresponding screw threads 115. The metal end piece 114 is removable to

enable ink cariridge replacement.

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



of an external electric field, the particles can be displaced within the
fluid towards or away fromthe surface to provide a display. Colored

di spl ays are provided by using electrostatically graded particles of
different colors, and nore conplex electric field control. A first

enbodi nent of the present invention will now be described with reference to
Figures 7, 8, 9 and 10. The pen, generally designated by reference nuneral
101, i ncll\wggg%% housing 102 in the formof a plastics nmolding having walls
103 defining an interior space 104 farnyoounting the pen conponents. The
pen top 105 is in operation rotatably nounted at one end 106 of the housing

102. A 8@t (PR IRQMed 6PME HexliDB 119. T8 GRGELED 01 6tiiBoRP A Shett6p Rl ph08 of
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can operate both as nor mal mar Ink pen and as a non- nmark

ik BER R e irend YT G S PRIt OIS B GRAG ni b 121
ar e nounteehes pateteythsihtdestmestaki N t he housing 102. Either the ink cartridge
nib 119 or the stylus nib 121 can be brought forward through open end 122
of the metal end $lesde0di2logy rotati on of the pen top 105. Respective
slider blocks 123 and 124 are nounted to the ink cartridge 118 and styl us
120, respectlvéFV“k‘ﬁ(’W@Fé{Ba{’ﬂﬂ d9¢4m barr el 125 is secured to the pen top

105 in operatiq %i%qger? ed] gmb o%sr}or% WmE 1%1 pe cam barrel 125

i ncl udes a cam orm 0 he walls 181 of the cam

barrel. Cam f OlA Eéé’gx{dsﬂel%’leaﬂg 11'%%11)%(9&?% él&gorflgs%ssé llﬁdj@ﬁmhb&@%tﬁm]ﬂ?eg and

124 fit within the cam sl rotation of e cam.,barrel_ 125, the
slider bheging 1029 Bhe serondfex PﬁB\}%f’ m@}nﬁw {Plraed LER 11 f&&m‘@'ﬁdlwgdnﬂﬁfeaﬁé‘@{mﬂef’f’& her the
pen ni b acbBetih ofth Yhatin @dpriltad indrftaret nk Gaghated) Yer imRlsensd222 is protilrd mvedtad  end
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105 throug st eps, tes are: tyl nib 121 out.
(2) Ink &t mPidge raf!psfrqqpqacm@ bife whichyincjydes  BF fiaPﬁ@“Eeéra’Edr F’Ei@@e‘ﬂm“ﬁﬁb 119
out nor &inh‘bilféﬁ chlp2 (34 Forizonkdlin® biferation of the pen 101. An optics block 135 (formed from molded

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

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



A second flex PCB 129, is nmounted on an el ectronics chassis 130 which sits
within the housing 102. The second flex PCB 129 nounts an infrared LED 131
for providing infrared radiation for projection onto |ocation tags printed
ininfrared ink (see later). An image sensor 132 is provided nmounted on
the second flex PCB 129 for receiving reflected radiation fromthe surface.
The second flex PCB 129 also nmounts a radio frequency chip 133, which

i ncl udes RpddEs k& ansmitter and RF receiver, and a controller chip 134 for
controlling operatlon of the pen 101._4An optlcs bl ock 135 (forned from

nol ded clear plastics) sits within the cover 107 and projects an infrared
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The controller chip 134 calculates the orientation of the pen
Pen 101 action relative to the surface may comprise a series of strokes. A stroke consists of a

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

signatures.

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

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



and the nib-to-tag distance fromthe perspective distortion observed on the
i mged tag. Control data fromthe |ocation tag may include control bits
instructing the pen 101 to activate its "active area” LED (this is in fact
one node of the tri-color LED 116, which becones yell ow when the pen
determ nes, fromthe control data, that the area that is being imged is an
"active area"). Thus, a region on the surface which corresponds to the
active angaq.afs@ button or hyperlink may be encoded to activate this LED,
giving the user of the pen visual feedback that the button or hyperlink is
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series of bits, with the bits representing a map of the area occupied by the tag and each bit indicating

whether an area or sub-area is available for modification or not. Alternatively, the enablement and
disablement markers may be separate to the location tags. Alternatively alse, as alluded to above,
enablement and disablement information may be part of a surface description (e.g. a page description)

maintained by the computing system.

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

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

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

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



di sabl ement nmarkers to the surface. In order for the electric field
generator to be enabled or disabled, the electric field generator nust be
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confi guratdomy s$Roun in Figure 13, an electrode 500 within the pen
interacts V\A][;!:!h0 8conductl ve | ayer 502 of the surface nmedium 504 to produce
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surface. field serves n electronic.i rticle
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‘penetrates into the surface, and whose intensity is stronger in the
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i ncor por adchighsi Nt o the end piece 114, the cover 107, or the stylus nib 121.
In an alternative enbodi nent, marking and erasing eI ectric field generators
may be | ocat ed Atdiscoppawmive, the canrglier chg 134lis rewdtsd @f thet seenpBex PCRYIRhintheipgn

arr angenggyt Fig&fe 9GOMbB& dia%ratnqguﬁﬁﬂé H m¥2 H&tgl llﬁue a&lﬁﬂ&jlrE 88tm@tontrolier chip 134.
Figure 9 also shows representations of the RF chip 133, the image sensor 132, the tri-color status LED
116, the IR illumination LED 131, the IR force sensor LED 143, and the force sensor photodiode 144.

The pen controller chip 134 includes a confrolling 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 base band circuit 154 are also included to interface with the RF chip 133 which includes an RF

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



each end of the pen. Information can be applied to the surface by printing
on the surface both electronic ink dots, which may or nay not be invisible
to the hurman eye when printed on the surface, and permanent ink dots such
as pignment-based colored ink dots or dye-based ink dots. Wereas the
electronic ink dots can be made nodifiable as described above, the
permmanent ink dots remain un-nodifiable. This allows markings mnade by a
user on tpﬁyﬁ%ﬁﬁace by changing the state of the electronic ink to be

nodi fiabl e wrthout affecting un-nodifjjable pre-printed infornmation. The
vari ous operations of the pen will now be described in nore detail in the
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filter. optics that is implemented by the optics body 135 is illustrated schematlcally in Figure 10. The optlcs

comprises a first lens 157 for focussing radiation 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 image sensor 132.

Axial rays 162 illustrate the optical path.

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

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

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



The controller ASIC 134 enters a quiescent state after a period of
inactivity when the pen 101 is not in contact with a surface. It

i ncorporates a dedicated circuit 150 which nonitors the force sensor

phot odi ode 144 and wakes up the controller 134 via the power manager 151 on
a pen-down event. The radio transceiver comuni cates in the unlicensed
900MHz band normally used by cordless tel ephones, or alternatively in the
unli censelq%sgsél industrial, scientific and nedical (1SM band, and uses
frequency hopping and col |ision detecihon to provide interference-free
comuni cation. As di scussed above, the pen 101 optics is inplenmented by a
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a strong r onse throu € visible and near infrared part of the
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observed perspective distortion on the imaged tag and the known geometry of the pen optics 135.

Although the position resolution of the tag may be low, the adjusted position resolution is quite kigh, and

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

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

the region of the surface within which the tag lies.

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

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



When the stylus nib 121 or ink cartridge nib 119 of the pen 101 is in
contact with a surface, the pen 101 determnes its position and
orientation relative to the surface at 100 Hz to all ow accurate
handwriting recognition (see the article by Tappert, C, CY Suen and T
Wakahara, "The State of the Art in On-Line Hand Witing Recognition" |EEE
Transactions on Pattern Analysis and Machine Intelligence, Vol 12, nunber
8, AUQUStSIIJS%"gr% gthe disclosure of which is incorporated herein by
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pen contro cont I nuous moni tors the force sensor phot odi ode 144
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stroke i $heligduh@: Sdiamt 616cklof fhe system. The pen id allows the computing system to identify the pen

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

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

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



Assum ng a reasonably fast 8 bit multiply (3 cycles), the processing

al gorithmuses about 80% of the processor's tine when the pen is active.

If the pen is out of range of a conmputing systemto transmt to, then it
buffers digital ink inits internal nenory. It transmts any buffered
digital ink when it is next within range of a conputing system When the
pen's internal nmenory is full the pen ceases to capture digital ink and
instead f{gagbes; its error LED whenever the user attenpts to wite with the
pen 101. Figure 12 is a diagramillustpating the structure of the raw
digital ink transmtted fromthe pen 101 to the conputing system Digita

i nk whic nldleﬁloﬁﬁk;dft@tﬁ@g/stblﬂ P‘bh@cl’pﬁﬂ 180pbsMBYETY7 il Bhe Elﬂ)ﬂe ﬂa@&onh’&leym Kéc&@s thokfl 1 ne

is stored in the s tal ink |ch h
system ngﬁ#f??é"fﬁlﬁ’d’e’l’(‘jg {;Qoﬂyrleﬁ@f"s%‘i %"f%éagtgh e nzgmt§ msnt 2%‘ p%elé"% Fol | er

134 not i frile®rdehie ody stadn tipf tag NS ik idedtifying bg |1qs1atm17)5|f it desrobanged. Sverctheee ti me
176, and ﬂé&&en&;ﬁl %1gr§i%§r9rly]rl§1tnﬁle¥ niTBind ﬂpl@@k&ltﬁ@gmfpﬁr%rﬂeﬁﬁﬁcy,sﬁﬂ@ fa m‘ is QJnbta fok O goOi Ng

of fline. Thlsa stemt O conpute any dr Ensclock and
ti meshi f tmAM ISP PRI10T AR tons gt W@Yobeﬁ?*ﬁm&fﬂ@eﬁétﬁe ’fte *5‘8&8%? %Ps} The pen

101 then synchr n|z S |t ccu [
cl ock of the syg %aﬁnplea 1ts smons atnflf]émeél%ipon nSO 16-'[ >}) rtx }EOSP‘?néelr%]lEll fy the
pen V\herﬁubhearfelmphmtlrml@kqdharFDOdﬁeanQéﬂ H@éﬁﬂgﬁn@pléwmléaﬂampt W ﬂteh’»@ﬂ EGrfplitt? ng

system Rgfpitda ]'SEHYOI%sdldﬁpé)é Bé‘é@&se it '?Ells ﬁﬁ)ﬂ@éo@é’@taé"’ﬂ'ﬂﬁlgt shlﬁa%ccfrcl@peﬂ@@l ﬂoﬁhdnd@ ntify
an owner of th I nteract

en,

parti cul deEHYs %@@W“ﬁﬁ’ﬁlﬂ’%ﬁ k ﬂ]n%f%et rﬁ‘é’F éhr?t%scﬁoﬁ@ﬁ'f“\gmt“ﬁl QQ%VV‘%F CB@‘“F equi red.
The ni b isglstal fodas intehpelateci@ppution figmsyisteemarides ifheqséspry whi ch ni b, stylus nib
121 or ink cartridge nib 119, resently being used. The conputing
system can var ySlmesth)%)?el?lfatlmbﬁffsdbbfgfhéﬂqlig hagpio FniiRHERER (iff 697§ia¥§b|ﬂi‘?gpeﬂs‘8H For
exanpl e, dpfionall coh:@ lﬁn Qb%lﬁté klﬂlg@’/ﬁ'ﬂibba FbRe. iTSis beons thsHeblithene epptth n;glcsyst em
may defe ro U(;I ng ee eas AJ'[ put because imedi ate feedback is provided
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start of a stroke en controller 134 records time since the
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buffer memory requirements further.

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

encryption of a one-second 5500 bit stroke consumes 0.7% of the processor’s 45 time.

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

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



Since the 32-bit time offset of a stroke has a finite range (i.e. 49.7
days), the pen 101 optionally records an absolute tine 176 for a stroke.
This beconmes the absolute tinme relative to which |ater strokes' tinme

of fsets are neasured. Since the region id is constant for nany consecutive
strokes, the pen only records the region id when it changes 180. This
becones the region id inplicitly associated with |ater pen positions. Since
a user maypsghpage the nib 119, 121 between one stroke and the next, the pen
101 optionally records a nib id for _.@sstroke 175. This becones the nib id
inplicitly associated with |ater strokes. Each conponent of a stroke has
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surface and sense movement in two orthogonal directions, or any other suitable motion sensing means

for sensing movement relative to a surface.

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

limited by the attached claims.



accel eroneters 190 are shown in Figures 10 and 9 in ghost outline. The
provi sion of the accel eroneters enables this enbodi nent of the pen 101 to
sense nmotion wthout reference to surface tags, allowing the tags to be
sanpled at a |lower rate. The accel eration nmeasured by the accel eroneters in
each of the X and Y directions is integrated with respect to tinme to
produce an Nrspsd-@Nt aneous vel ocity and position. Since the starting position
of the stroke is not known, only relative positions within a stroke are
cal cul ated. Al though position integrati®n accumul ates errors in the sensed
accel eration, acceleroneters typically have high resolution, and the tine
dur ati on ofCLAIMX roke, over which errors accunulate is short. Instead of
provi di ng accel eroneters_to _sense notion _relative to the surface,

al t ernat i vé ot AGPfed LEpre inddingasi@eshaynayisitindat pdeped Stpprntstheren. thatadedye
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sensor relative to.the surface, I On sensi ng nmeans I nCl udes at
| east two &8t H‘H%%Wl’écﬁlr‘héﬁ@élﬁf %nseae%ﬁ*a‘éﬁmﬂsh@ﬂk@tﬁ?w&fée%@ RESHAPS ¥y enment i n
t wo ort hogaieaity acd egotidenitg, or any ot her suitable notion sensing neans for
sensi ng novenent relative to a surface. The present invention has been
described with reference to a preferred enbaqdi ment and nunber of specific

al ternati v& enbByicefehEgace phrlpm yherejnthe gpdeq dafpds ‘a‘ﬂiﬁf‘%"@f%ﬁhéﬂ“wmfeﬁ% Bty | | ed
in the rebfeheasyionbicieihals sénkigd deeiceramndoenine inoodag of dedsmsthis deive Srossdliefrdg@ni ng from

those specifically described, wll aI so faI I within the spirit and scope
of the present nven%sﬂ rf ccor di n be, under st ood that .t he
i nvention 7's no TRSE OB A et ef‘é’&“ "E‘B "t"'r‘i‘éesgii’éi’}i’ flytents 5 STTRERES

descri bed bemgrdnéeyprdécmnratepeendhi dats iornsing deavicerdovagrelatoe eremstsndofibor por at ed
by cross-rgligicenmenads appropriate. The scope of the invention is only
limted by the attached clains. NPS056-SG 26 CLAIMS: 1. A coded surface

i ncluding a surface having visible data and coded data printed thereon, the
coded dat4h beilhgcodeizoridot of clayn lavherein atilqagy onpdag comainstalplraipdfdz biat a bei ng

i ndicative of a region associ at ed vm'th the surface, wherein the coded data
i ncl udes plural i di cat.i ve of entity of a
Fogi on wi Chy - viIF eseet R GBS a9 M el AT R Ry R R o o
wher ei n eadtrdidag contains tag identity and region identity. 2 The coded
surface of claiml wherein the coded data is indicative of a plurality of
reference poin r n.such that a sensin ice can .determ ne
novenent 061? thérﬁ%cé’gr?leéilsur{% ef\‘?llg v e“r’“émecp datp ‘@6?“8%'1 "’% t”ﬁ%%mg%?f%ﬂ‘mﬁ?’?eace of
claim2 mmmﬁefﬁétatﬁs@wt%momeHwe@a‘ﬂ@ﬂta@G% el enents, the sensing device
bei ng configured to generate novenent data as the sensing device noves

relative t70 at TLeecao§etd st?rpace o?cla];:[nlg whcrpme gt icasgone fixed?argerI strudtuze is a ring.

8. The coded surface of claim 7 wherein at least one fixed target structure is an axis structere

disposed at the center of the ring.

9. The coded surface of claim 8 wherein axis structure contains an orientation element extending to

one side of the axis structure,

10. The coded surface of claim 7 wherein at least one variable data area is a wedge disposed radially
within the ring,
11. The coded surface of claim 7 wherein at least one variable data area is a wedge disposed radially

outside of the ring.



4. The coded surface of claim1l wherein at |east one tag contains a
plurality of flag bits. 5. The coded surface of.claim| wherein the tag
identity and the region identity are redundantly encoded. 6. The coded
surface of claiml wherein the coded data is encoded in a target structure
including one or nore fixed target structures and one or nore variable
dat a ar easnhrsgss-sThe coded surface of claim6 wherein at | east one fixed
target structure is a ring. 8 The coded surface of claim7 wherein at

| east one fixed target structure is an?axis structure disposed at the
center of the ring. 9. The coded surface of claim8 wherein axis structure
cont ai ns at? or i Brrwied sorfacedielrimk wheseinghg dodedydatads pritedin & ipkain'idible ifibe visiles
structure. spdqum The coded surface of claim?7 wherein at |east one variable
data area is a wedge disposed radially wthin the ring. 11. The coded
surface of claim7 wherein at | east one variable data area is a wedge

di sposed radially outside of the ring. NPS056-SG -27- 12. The coded
surface of claim1 wherein the coded data is printed in an ink invisible in
the visible spectrum



