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orientation of the sensi ng deV| ce relative'to the surface, the surface
havi ng cod’éé’[@a%ogodl sposed upon it, the coded 15 data being indicative,
when sensed the senS|n device, of the orientation, the sensing device
i ncl ucRngN% Usi n% tatmwoéb‘ﬁm AROIHS. c oNPA o tgg%@ﬂgﬁsat e the
ori ent at i APAKBHSUSi NRAWIUS e a NPAHRESof 1268ed NBAGI6USnd 017US
comuni catNRAN8HEan NRAMPU§ur PAROBIS nuNPARLE St heNBADIOHSat | BPAGRSUS. t 0 a
conput er SYRAMEUS| n MPATSUS: r SIPRIGBUSI neNPBAORYSor | NRKEA2USn (NPROG3YS,
i ndi cat i véNRKO04HE, y NFK@WSUSH RV USp| | NRWIOG2ES, hoNBMAGRUSs | aNPMBO04US, t he
surfackh INENGOIES| y NRROO1YSnsi NeP0aUS.ce INPROOGUSs nSPRAHOUSensNPROOTHSNS f or
generati nd‘TRHﬂO&H&nt IEPUI6US, WHEPPALTAES,s e nNPROG8USY i cNPSA1IHS) e dNPRIO3UBYe t 0
t he surf adESO0ROES,coMNRIFNOGHS, onSPTAOAHS, beNPEPOSUAS i gNPERDAS, c ONREIOOIEES, e t he
novermrent ARX00BUSE heNBX008USer NEXABSPr eNEXGI4US, al NBX016US, scl$2UR) devi ce
i ncl udes rIRGH2IGS, derMitOISsensi MPLIESans cMifAUpir ed M3 se, MIBWUSY, he
sensi N30 deMI 58S, s padiidUsned oviJ4miSed r eM338US: t o MJ62XI8,on oMI63WS, sur f ace,
and usi ng PAKO4EIS;t  SPAROSESS, t hePAKOBELS, dat PAKOAIS, on PAKOSUS,y JPEEOLUSHI cati ve
of an i derBHQORUS| t PEQO3YISOon, the 30 conmuni cations nmeans being configured
to cormmunicate the region identity data to the conputer system

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

35 reference. Each application is temporarily identified by its docket number. This will be replaced by
the corresponding USSN when available.



WO 02/ 42993 -4 PCT/ AU01/ 01531 The orientation sensing neans preferably
detects the orientation of the housing relative to the surface dynam cally
as the howg (%2003 Noved. The housing may have an el ongat e pghadg idsgh can
be held by a user. In one enbodiment, the housing has the shape of a pen.
The housing may be provided with a markiBg nib for marking the surface, but
this is not essential. 5 By sinmultaneously capturing orientation and
novenment data the systemmay be used to verify a person's signature.
Al ternati VBA&KG]lwlmpcal | y-measured orientation signals can enabl e the
housing to be us For L ck cou
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may be cal gg,ﬁkvalteed by detecting perspective distortion and rotation of the
coded data. 15 Firstly, it can be used to determ ne when the apparatus is
first applied to the surface and when it | eaves. the surface, with notion
bet ween fogpgeewp! i cati on and renoval being defined as a "stroke' in
freehand. The fogc e apparatus.is
br of or abi y & sepliach Tt Sh i BRIt VAT e e ias AT, O B Reptt B

di scus$@d ainpueersystemsny be any shape but it is preferably in the formof a
stylus or pen. 20 Preferably, the apparatus incorporates a marking nib for
mar ki ng the surface wth hand drawn information, bat this is not essential.
The appar aSUBIMARY) OFF INVENTIONNt ended for interaction with a conputer system
that can be cont 'rﬁé bﬁéename&% felateR 16 & GbnshR ML VAE R geh LA gg&%enan of Mtﬁ%@ﬁ
drawing or witin by a user via the device. Preferably,
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enbodi ment g %géeof by way of exanple only, with reference to the
acconpanyi ng w ngs. 30 WO 02/ 42993 -5 BRI EF DESCRI PTI ON OF DRAW NGS
PCT/ AU01/ 01531 Pr, %él(fr ed and ot her enbodi nents of the invention will now be
descri bed, by vvay on Iim'ti ng exarrple only, with reference to the

acconpanyi ng dr aw, Qxﬂﬁion i enat i
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of the coded data; and

20 communications means configured to communicate the orientation data to a computer

system.

In a preferred embodiment the orientation data is indicative of the yaw, pitch and/or roll

of the housing relative to the surface.

Preferably, the sensing device includes motion sensing means for generating movement
25 data when the sensing device is moved relative to the surface, the communications means being

configured to communicate the movement data to the computer system.

Preferably also, the sensing device includes region identity sensing means configured to
sense, when the sensing device is positioned or moved relative to a region of the surface, and using
at least some of the coded data, region identity data indicative of an identity of the region, the

30 communications means being configured to communicate the region identity data to the computer

system.



5 description; Figure 2 is a schematic view of a interaction between a

net page pen, a netpage printer, a netpage page server, and a netpage

appli cat i opgloy£r: Figure 3 i |lustrates a col | ection of PET/RBOFISHT Vers
and printers i1nterconnected via a network; Figure 4 is a schematic view of
a high-Level structure of a printed net-pﬁge and its online page 10
description; Figure 5a is a plan view showing a structure of a netpage tag;

Figure 5b is a phﬁrbn\éhﬁ&brﬁmym ﬁleﬁlsrp%éfarams) AEHRbP tHREIrR@orPofSBS hétsink PGathRyS
shown in Flgure 5a and a field of view of”a netpage sensing device in_the

form of atnibe perfree gxnamiqully ay the Bensing ismpyed.Theihewsing o haye anelenseteshape whech

structure t ﬂR’il @ v,
rel ati ons hIBIp tﬁiét We)gn rgﬁeltgneo%mb%ﬁieﬂe?gh% h??sﬂ\:l%hﬁ g% flofs gﬁ?ﬁl\g‘hﬂﬁﬁeqnaar of
vi ew of apmiqsdgmhs@mhngwémmhnmﬂmhmfmgmwslanotesSpIagb pen; Figure 6¢C is

. a plan view showi ng an arrangenent of nine of the tags shown in Figure 6a
wher e tar gets arBy sinaltedoisbt mtunngdpexrmimn andigmverﬁé,ng date tlﬁdsyistemanqyllmms&d oW

showi ng the.interleavin rotat t he f.our cade rds
30 0 ¢ he Ypiy AR S HieRnB AR e p SRR ofetich Hiphig o GRAS IR,
processi ng,\oamg td &e astdag a joystivki Fdimkaxfplg stch ajoyssiclaceudd bepeed witleﬂwaeeiunafsmaal
net page n,and its assogiated,tag-sensi, fi.el d- of ,view,cone; gure9|s
a per specf?@‘@”&%ﬁl’(ﬁﬂf&‘s ot thye it iR °tn%$f"ﬁ'§ of g cispiaion SRS einsdo Sesg thee 10
i's a schemsgithtatidal dIQHe Rhuslig anal kthrée GiGRnGERT It(ﬂldyﬂfe shfficient® deRcPads theqikcS40Wn
in Figl(uﬂes 8 25 a 9: Figure 11.is a perspective V|ew of, a 'l - rount ed
net page’ priPTe é‘i’phcﬁ‘%r’@a}i of ge @Eé'tdi‘%% oRFisRtafinR ipfarmptign. ofor; ¢xample; ey e
printer ofoluifghsy HehisedtoliHeflyledtrblanBpeR bfal dieide,AEH 4sQhe Miensily®i b Bightdor the
showi ng a section of the duplexed print engines and gl ue wheel assenbly;

WO 02| 42998lums obeinudspeaken by yarymg ghernitch Between:0°aad 89% ed vi ew of the ink
cartridge, ink, air and glue paths, and print engi nes of the netpage
printer of Fi gur'HSHQ}L Ritaky amawﬂn@lhe@alm]aﬁeé badetestiagperspectivestistortioreand sotatidn a
printer c%@h{ec&ue%rda{&or t he netpage printer shown in Figures 11 and 12; 5
Figure 15 1s a schenmatic bl ock di agram of dupl exed print engine cont roI |l ers
and et TM pri SR t I r

Fi gu?/g‘mm Fi guré}spg%?gmgﬁscﬁd%@%%% &ﬂ%eggéag&rtnﬁs{)l? (ﬁ?%?lé‘g plreéll gbtthgﬂ%ee
controll erwlahou\lnawentlﬁsgda@swmﬂ,mnoh lefwedni fonge epplication and pencypktefrigudefivedoay aof a

single Me N e f rrpl e, the netpage
printer oﬂtf‘—(’ gurgme%bd?lg' ? %EFW“O%fg"!Jé;t%e pergpéctl ve view of a snall
part of an array etTM i el enme ure 19 |s a.series of
et spect | ve. vi otk JAVABRE A PRI deres TR Bkps Puipe e SRPoRf s M i ng
el ement shﬁsmssemauawgwlﬁaylt& anj slgpé butdfis preferabbeintipeiotn ufa seylesor@én.a short

segnent of a pagewi dth Menj et TM pri nt head;
20 Preferably, the apparatus incorporates a marking nib for marking the surface with hand-

drawn information, but this is not essential.

The apparatus is preferably intended for interaction with a computer system that can be
controlled and can interpret hand~drawn information (whether drawing or writing) applied by a user
via the device. Preferably, the sensing device is arranged to provide device identification

25 information which uniquely identifies the device. The computer system may therefore use this to
identify the device.

Features and advantages of the present invention will become apparent from the
following description of embodiments thereof, by way of example only, with reference to the

accompanying drawings.

30



Figure 21 is a schematic view of a user class diagram 15 Figure 22 is a
schematic view of a printer class diagram Figure 23 is a schematic view of
a pen cl agg ogiypgs am Figure 24 is a schematic view of an ppplaivedbisen cl ass
diagram Figure 25 is a schematic view of a docunent and page descri ption
class diagram Figure 26 is a schematic-§rew of a document and page
ownership class diagram 20 Figure 27 is a schematic view of a term nal

el enent specialization class diagram Figure 28 is a schematic view of a

static el SMEF PESCRETIONIOPDRAVANGS!I agram Figure 29 is a schematic view

of a hyperlink n | ass dj agra fgure 30 . e 1.G V] f a
. hyperlink el emﬁé‘gfé%%%@;&loﬁféf ’in%)oﬁ(ﬂ??ng;s%ﬁg‘igg&?ng “’I’—"?Gu“r’ §g g?glﬁ‘gsedgbysvg%\é%r@toflb
vi ew of a limyifisg éxamislednly; withhrefdrars takheagucampanymgldrayings, davhich: a schemati c vi ew
of a formclass diagram Figure 33 is a schematic view of a digital ink
. cl ass di adfigure 1k gschemait dfa the eidtenship tetwden w sarhpla ptinted detpagenmdiits online page
speci al J Z?ciei on .class diagram Figure 35 is a schematic view of a checkbox
field c?as€sgPYFam WD 02142993 7_ Figure 36 is a schematic view of a
text field,class diagram ,Figure 37 |s _a schematic view of a signature
field cl adlel 2df &AEMALLYIEN 36 & (WSACoR FREVRSP A TERAERPePr b RTIPASE SEREG Afgipeee
al gorithmpagégwegaﬁ@ﬁln&gﬁ%a%g{cgﬁdn@@wy;omhart of one step of the flowchart
of Figure 33; PCT/AU01/ 31 5 Figure 39 is a schematic view of a page

server congpie3ahenRea Qllmn@fﬁ’éiﬁa@@%qrﬁr&ﬁﬂ?ﬁﬂ@ré ifteRofeb@I R la hetwiofldy Of a
resource description class diagram Figure 41 is a schematic view of a

favorites fipft 40k aSRhéthadid AW of b RihBevd? sinfctide SF B Gifted el fitsPorling tpRge/
list class diagram Figure 43 is a schematic view of a subscription

del i ve?@1 pqeé?‘tpg‘%; 10 Figure 44 is a schematic view of a hyperlink request
class diagram Figure 45 is a schematic view of a hyperlink activation

prot ocol ; Figyepeisaplanyiey shewingstructyre 62 Bytragetagi m subni ssi on prot ocol ;
Figure 47 is a schematic view of a conm ssion paynent protocol; Figure 48

i s a schenfigwe Shiseaples vigw shawipg a relationshinetivess apalafibye tags showy ipfdpure dxand yur e

49 | P ' A | pcat i h ; Fi
191 2 SCHAB ity Al Pl B ALpBRRAL ) o Schorer 7 gure
Fi gure 51 fuou 6RENYIRLGy oiiheth olerifii Behcklel B Endifile Rgsyrbol al | ocati on

schene; Figlre I'S a schematic view of a triang ag packing; Figure

53 i Dk v . . ‘ _ : . e
i ew of Sanr PR o i Epil} Al oty b EARRRERE Atvecth ot Sl Capihelin AR BFEM 47
vi ew of a fdldfdew obapetprge sensing @évipgriwths dorimofa netphgerpeni ¢ vi ew of a mi ni num
tag spaci ng which avoids overlap; Figure 57 is a schematic view of a first
t ag i nser tFigwedadea plangaeve sikfving amasangement iof nine of/thef tags shewo i Figuxg Garnslere i on
case; 25 F{a%%{se“°5ﬁ%§ﬁ§¥’awg&hﬁ%%%¢%§w ew of a third tag insertion case;

Figure 60 1sa sc I'c Vvie fourth tag insertion case; Figure 61 is

%4 R, gl B0 A0 AL SRl R R

Fi gur e203 ofthatag stivemeh FipuseiGayy of a pen roll geonetry; Figure 64 is a
schematic view of a pen coordi nate space show ng physical and optical axes
of a pen; Figoeer7ds HHowchart of a haghmigeprocesingand decoding algorithin; geonet ry;

Figure 8 is a perspective view of a netpage pen and its associated tag-sensing field-of-view cone;
Figure 9 is a perspective exploded view of the netpage pen shown in Figure 8;

Figure 10 is a schematic block diagram of a pen controller for the netpage pen shown in Figures 8
25 and9;

Figure 11 is a perspective view of a wall-mounted netpage printer;
Figure 12 is a section through the length of the netpage printer of Figure 11;

Figure 12a is an enlarged portion of Figure 12 showing a section of the duplexed print engines and

glue wheel assembly;



5 Figure 66 is a schematic view of an interaction between sanpling
frequency and tag frequency; Figure 67 is a schematic view of a pen opti cal
path; Fi quhg./8He3s @ flowchart of a stroke capture al gori pEplydighssi gure 69
is a schematic view of a raw digital ink class diagram Figure 70 is a

tabl e contai ning equations nunbered 1 td610; 10 Figure 71 is a table

cont ai ni ng equations nunbered 11 to 20; Figure 72 is a table containing

equations £ BQ delailed® vRW: of think Rarfridge SinR, diPdHdeglSOpiR| Hid 'ee?%sés@me
nunbered 27 to 34, Ffia%ure 74 is _a tabl eglecont ai ni ﬁgg equat i o@nnu ered 35 to
41; Fi gur @etpagejpsintsr obffigwecHrandildi ng equati ons numbered 42 to 44; 15 Figure
76 is a table containing equations nunbered 45 to 47; Figure 77 is a table

cont ai ni n&igEu 3 isohschematirebleck diggraw of 2 printey poptralleg forsthe netpage rinten shawn ing

equati ons pégﬁgggqggﬁh to 54; Figure 79 is a table containing equations
nunbered 55 to ; Figure 80 is a table cont ai ni ng equations nunbered 58 to

59; 20 i . 10l e .0l 0] r t - Flgure
82 s @t o d3,ih & Ak no okl B SobiEly i R ohl e oWl 2
cont ai ni ngristhemls aaodatediwitk the rivter contr8ier showpin&igde 145 a t abl e cont ai ni ng
equations nunbered 87 to 99; Figure 85 is a table containing equations
nunber ed KFigurd 16 id 4 icheMbtidbloek diaghin oftheprim bhgincdntrolian showndn Bigutes 14 amlidber ed
112 to 120; Figure 87 is a table containing equations nunbered 121 to 129;
Fi gur e 88 Higiral1 isalperspeetiveiiswof a single Madijettie prmpe @leehtp A Medn, foff dRiniphs) $heb 4
to 71, WO 02/42993__g.. PCT/ AU01/01531 Figure 89 is a first part of a
tabl e conttsiPRgsRgintesALFigweH0t9dd special handling for zero pitch and zero .
roll; d Figure 90 is the second part of the table of Figure 89. 5 WO
02/ 429 IFEBFFN&HEB%EPE“M‘GG\DM@%MDEEWPWthMBﬁm OTHER
EMBCDI MENTS Note: MenjetTMis a trade mark of Silverbrook Research Pty Ltd,
Aust r al i a.Figuse tShis asedigsef perspestivrovie Willustrating theoperatingrycleof gherviermigt™ arintingnor k

with the %mﬁﬁsﬁ°ﬂﬁ“vﬁ gqs.computer system a detailed overview of which
follows. It w e appreciated that not 5 every inplenentation will

necessari l%%:?%ngp?Jg]}eg@{;e ‘ﬁg‘%fﬁéhﬁ%%pgf?gﬁiﬁﬂﬁﬁﬁéﬁ l)l?tﬁ@egg ext ensi ons

di scussed ow 1 n Ionto e systemis

described 4.n_its.. mst ¢ | et ormta.reduce the need for external
reference B eénh:l'ff‘é%r?{nfaﬁéﬁ%oﬁﬁgsétf%?sg(r%&gf% context in which the preferred

thepr o el 1o A RaEmEiCvink SEa BEEFRLIRERR oys o computer interface 10 |
rof er enced e TR SEheRafic, 850 or BAHRFRBAPALG | n & computer system  The map
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fo the opdiGsf i s segaE B ot AFars MO e atesPRbtaslRS 1 o' D, Cferrod.
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L i e RS
' data, can %%“’ESﬁissé‘c?c 3?1“8&‘1?8%?1&?@39%&&5@ \‘/gg‘r'?ﬂ“iransm tted %/o t he
i L
wavel engt HEBWE %@swg&ﬁgyieg/@%gp%ﬁti@&ﬁ?ﬁswt her than optical sensing;
one alter n1§itgl|1r\ég4 lssé s%l?exﬁja%gv{er?vgo g%iefi eilerxllléit s%ggallszgtli]osnoc:rlztss.é diagram;

Figure 35 is a schematic view of a checkbox field class diagram;



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
pref er enGeg ob/@ed; NEt WOrk server. In one 30 enbodi nent, tegérMigbidR% by hand
on a netpage is automatically recognized and converted to conputer text in
t he netpage system allowing forns to be7filled in. In other enbodinents,
signatures recorded on a netpage are automatically verified, allow ng

e‘Com'rerC?i%&@ﬂﬁé‘ﬁ[séh@ﬂﬁﬁ&ﬁexp‘éféﬁ%ﬁe‘ﬂMas@ﬂia@ﬁﬁi;Z_ed- WO 02142993 -11
PCT/ AU01/ 01531 As illustrated in Figure 1, "a printed netpage 1 can

represent f@gu&é%ﬁ&ﬂ%ﬂeiﬁﬁtiéﬁé%%&i art}ﬁé‘ﬁelﬁ@laﬁédiig?ﬁn;i n by the user both

physically,” on the printed page, el ectronmcally", via conmunication

bet t ; I h "R t" f
cont ai ni ng Baes RGO aR il UL A BB D P on The netpage
i st : ' ' i ! <] .and coded data 3
it od_ s A £doRicR sowpnabl drhe s 5 e b o0 0SS pondt ng

q Lo ) ri the individual
Ol oments. G e 2pesRrBeiel e b it B AGRAR] Mikion HEMIARES |10 (0L
ext ent (Z%@%‘fq%\%@'ﬁﬁfﬂa&éﬁ%@éﬁ%@%@%ﬁ%ﬁi&ﬂclgssdfa field or button in the

exanple)) 't € ne correct I Nterpret input via the

net page. The spbnit butto [ ex | : 1 zone 7 which corresponds
to the 10@%5?%&?“5% ,ﬁlc‘gi?‘@tbﬁgepaé'%lﬁfsglér%glgs idﬁ B‘(jf?}aphi c 8 As illustrated in
Figure 2, ne. n .101 refernred.formof which is shown in

Fi gures Sﬁ1 d gﬁgﬁgﬂ%gjg@ |6 ‘ggf?ﬁisﬁgﬁésgggﬁ%gﬁgp él ow, works in conjunction

with a net e, Pri 0 ap_|nternet-connected,printing appliance for
hone, offiP? %?301%g‘%q%gnag%é?w?ﬁ%s“%gﬁmﬂgn%qﬁvgﬁyé’g&sfo‘%}id comuni cat es securely

W th th? rﬁ%@é‘ﬂﬁs rs‘i: gﬁg{iﬁﬁiigvggggﬁ@%"‘"ﬂr r‘llgsl% {asasdd'io |ink 9. If desired the 15

pen may be Tohnectée ﬁg W8S “or an infrared
transmtter, although both al fernatives.|imt usgbility. The netpage

or i nter ooieud e apapmafe i of ERRmER LGBt Fi glres 11 to 19 and
descri bed [.n e detail. bhelo S le.to deli,ver, periodically or on
denand, pfﬂ%ggéﬁsfé§?°w§tg}5‘88é’f§,f°wa _ﬂ%‘%‘,’rm@&?la! ogs, brochures and ot her
i koo apiee L «0iBuRc e oh e oSSR bMPRAERoFd an appl | ance. whi ch can
be) for e le . wal | -mount ed _adjacgent to. an area where the norning news is
first con?ﬁlg?gﬁ?g’éﬂéfpeé’?ufﬁ‘eg%gé '°gr \a{\‘fﬁ’@ﬁs,mﬁﬂ%“pa“g@ﬁ(f ast table, or
near t usehol d' oi.nt, of .departure for the day..lt also cones in

t abl ett%, }%@E&{ﬂ% ,aséﬁ&”hﬁ?"@“’é’ﬁﬁn&ﬁiaaflgrsgmf?gl‘gf"i?ﬁg‘?/s"k@‘ﬁages printed at
their point of consunpti.on conbi.ne .the ease-of use of er with the 25
timelines lgﬁﬁﬂfﬁ?é&}f oYY °ggf'§ﬁn}‘$§§?cg§tsy9 °lﬁﬁ?ﬁaﬂ?ﬂ %S‘gg%ovm in Figure Z,
and commriiels Sk nspbemate Aot srged sies 854 D st afReS el e i on Lo n
and conmu : = ; etion to a

net page prjintec., The printer Ol_sgl;]ds the jnteraction to the rel evant

net page pagef&ar Fésc 6 view of 8 trigngylan tpgpacking 4nor opri at e ci rcunst ances,

t he page rveﬁ%sends a correspondi ng nessage to application conputer 30

sof tware ruHi? lsc'ﬁ‘r?e‘iép‘ﬁ‘é‘f’?)‘é‘ﬁﬂ°_ sjoty ?dF?S‘m server 13. The application server
TRy | oS B L LSS G CL LLS be el 0 i ner
1 o oel e FBHBan i HogiAmat vou i NG BATRK] ot (Nor et TM printers. In
Bgle 4258265%3&3 fsg {sngt];entxaﬁic %ie%veo QCL?&%% tagr s%lagi}né yvﬁllc\h/ a\t]oiic%rgvg a%?d and hi gh Vo

Figure 57 is a schematic view of a first tag insertion case;
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Figure 58 is a schematic view of a second tag insertion case;
25 Figure 59 is a schematic view of a third tag insertion case;
Figure 60 is a schematic view of a fourth tag insertion case;

Figure 61 is a schematic view of a pen orientation relative to a surface;



. delivery

PCT/ AU01/ 01531 quality printing is nade nore affordable to consuners. In
its preferred form a netpage publication has the physical characteristics
of a tradibippidbs Newsmagazi ne, such as a set of |etter-si per@dluossisspages
printed in full color on both sides, bound together for easy navigation and
confortable handling. 5 The netpage prifn8er exploits the grow ng
availability of broadband Internet access. Cable service is available to

95% of hoyREROES a sbhehdific HEN LES perl e Beonffty; Cabl e modem service of fering
br oadband Inter ne%l agcesgs IS aIIr,e y ?/Oai I&gbl e to 20% of these. The net page

printer c%@sgga{eﬁﬁgc%&,lgﬁt%@?%%cti ons, but either with |onger

or lower 1 mage q oth. Indeed, the netpage system

can be enalaglod s Ahelulictib O £ BRBRInale'Y 'cgkggvgﬂ%ﬂjo@gi%{uﬁﬂ& bpcB dies dilh pen;

al t hough t systemw operate nore slo erefore be |less

accept 20 go£OF 8, SOMIEGeD FRLBbufll Yl 1 O Per erbodirencs, the
T e
net vk o AUl U5k (Bl GibApadP 9011y PUBL cat fons (0 netpage
Subser o gL S BB T T oAt ng et

Lot v Sl 5 b S ) BB gl o, o' Qo o suppor
. P S A TR S SR BRpRRLERGoE e 1S 2 20 move

assign t.o each. er of .the fam|ly.. Thi Ows each user to nmaintain a
di sti ni@i plﬁﬁlfrf ?Q‘S\Iﬁ% ?oé’gaﬁnelﬁ equations ﬂ%’fﬂf)eé%eﬁptﬁg{)’i cation server or
applicati seryer, sum.ng that the Aassi pen is only used by the
respecti vgﬁ?‘g%s?!i?ar{‘%bﬁ%%?n.tmﬂg%\%%lgwnsg‘ém%){%%quﬁgg’ bel ow, ot her nmeans may be
used to identify.a user. 25 A netpage pen n.al so be registered with a
net page r F‘é‘?%{Sia&ft\ﬁ%%%aé‘?‘naiq“&%@“ﬂm%é%df’?°8 ‘e or nore paynent card
accounts. This,.allo e-conmmer ce,. paynent s ' securely authorized using
t he net pa gﬁgﬁ?‘*ﬁ%ﬁﬁ&?"ﬁ%@gf@ﬁ? %&TF%?‘F%‘%P@ET conpares the signature
O o s et DAY oy b e Pl o7 oL o o0 st amature)
et pagd pcHErR s i FebiF FGURRF FATE SR AURAE | e n a of mi | ar vy by the
net page regi stration .server.. Al though n age printer may deliver
peri odi cal %g'é'ﬁéﬁlszfsta 1ﬁ8°%?‘ﬁ$ﬁ‘§’aﬁ‘é‘\ﬁgb‘8 eé?‘?‘\iléj‘f’%gm user intervention, it can
be configuged never to del:iiver upsolicited junk mail. In its preferred
form it oﬁl‘ﬂ’z’eggfsiavtélgcm%%?%“s%h‘?r?ﬂ%@%bed or otherwise authorized
sources. Ip this. 02/ 42993 -13 PCT/ A 01531 respect, the netpage
printer isi}‘EWFﬂEés%ta 8 SONURIAE FErafipns QY ?r#ﬁ)é%@%aht which is visible to any
junk mail e{q, vvh% kno t he .t el ephgne nu e{)‘?é)r mai | address. Alternatively
the entiretigyedA s aiable gentaping equationsmumpyed 3f 0S4e ysers or each user may be
provid with the abjlity to expgse their inters) to outside users. This
may beggy Rgpredt 15t P?‘ﬁﬂmﬁét’%‘}aﬂﬁnsmsgre%%ﬂﬁéd too send junk 5 nail. 1.
NETPAGE SY?,TEM ARCHI TECTURE, Each ,obj ec n;?g‘gl f n the systemis described
using a Un ‘ﬁP@@ZRﬁfd@PIFﬁ@“tﬂﬁﬁéﬁ‘&lj‘E°‘(sjﬂféﬁ‘g’°r8 ©%i agram A cl ass di agram
consists of, a sst of . obj ect, cl asses copne d by relationships, and two
ki nds of rE8UE; gﬁ%‘h@%c unpe equatiensaum ?f&‘iz?etc’dgsoci ations and
.generalizatjons.  An association 10 re es&%sa@pm& ki nd of relationship
bet ween obfi§EEeS4 1§ a ablegantpining eqyationgpumbersd 8¢i005es. A general i zati on
rel ates actual cl asses, and can he understiod in the following way: if a
class is tFeuEo b3 tahle copfaining equspions mumbered L0Qtodd Ly ot ¢l ass, and class Ais
a generalization of class B, then B is_si r’rrl)i#/toeiﬁ@ubset of A Each class is
t

dr awn aFieare89/ig? Bble spuipiate gayatorsiwmberrd class. It contains a |ist
of

Figure 87 is a table containing equations numbered 121 to 129;

Figure 88 is a table containing a set of degenerate forms of equations 64 to 71;



15 the attributes of the class, separated fromthe nanme by a horizontal
line, and a |ist of the operations of the class, separated fromthe
attribut gud hHlwby @ horizontal line. In the class di agranpcihipefoiksl | ow,
however, operations are never nodel ed. An association is drawn as a |line
joining two classes, optionally |labeledtt either end with the nultiplicity
of the association. The default nmultiplicity is one. An asterisk (*)

i ndi cat es FaurRomyh fitsPpdrEotlatalilé confiliivg conlditi®ns #hsPecil hd_iﬂaﬁﬁ!% fOE 26D pREHSAA zebi .ON
is optionally |abeled with its name, and is also optionally Iageled at

ei ther en®ll#®h the role of the correspondi ng class. An open di anond

i ndi cates_an -aggregation association ("is-part-of'), and is drawn at the
aggr egat oFigarP0as the pecopd pastofk table piFfigure R).gener al i zati on rel ati onshi p
("is-a") is drawn as a solid line joining two classes) with an 25 arrow (in
the formof an open triangle) at the generalization end. Wen a class
diagramis broken up into nultiple diagrans, any class which is duplicated
is shodn with a dashed outline in all but the main diagram whi ch defines
it. It is shown with attributes only where it is defined. 1.1 NETPAGES 30
Net pages are the foundation on which a netpage network is built. They
provi de 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 WO 02/ 42993 - 14 PCT/ AU01/ 01531
references to an online description of the page. The tags may be printed on
or into the surface of the page, may be in or on a sub-layer of the page or
may be otherw se incorporated into the page. The online page description is
mai nt ai ned persistently by a netpage page server. The page description
descri bes the visible |ayout and content of the page, including text,
graphics and images. It also 5 describes the input elenents on the page,

i ncludi ng buttons, hyperlinks, and intput fields. The page descriptions of
di fferent netpages may share conponents, such as an inage, although the

net pages (and the associ ated page descriptions) are visibly different. The
page description for each netpage may include references to these common
conponents. A netpage allows markings nade with a netpage pen on its
surface to be sinultaneously captured and processed by the netpage system
10 Multiple netpages can share the sane page description. However, to allow
i nput through otherw se identical pages to be distinguished, each netpage
is assigned a unique page identifier. This page |ID has sufficient precision
to di stinguish between all netpages envi saged to be used in the environnment
of use. If the environnment is small then the precision need not be as great
as where the environnent is |arge. 15 Each reference to the page
description is encoded in a printed tag. The tag identifies the unique page
on which it appears, and thereby indirectly identifies the page
description. In the preferred enbodinents the tag also identifies its own
position on the page. Characteristics of the tags are described in nore
detail below. Tags are printed in infrared-absorptive ink on any substrate
which is infrared-reflective, 20 such as ordinary paper. Near-infrared
wavel engths are invisible to the human eye but are easily sensed by a
solid-state i mage sensor with an appropriate filter. A sensor sensitive to
the rel ative wavel ength or wavel engths may be used, in which case no
filters are required. O her wavel engths may be used, with appropriate
substrates and sensors. A tag is sensed by an area i mage sensor in the

net page pen, decoded and the data 25 encoded by the tag is transmtted to

. the netpage system preferably via the nearest netpage printer. The pen is
wi rel ess and conmuni cates with the netpage printer via a short-range radio
link. Tags are sufficiently small and densely arranged that the pen can
.reliably image at | east one tag even on a single click on the page. It is

i nportant that the pen recognize the tag and extract the page 1D and
position on every interaction with the page, since the interaction is
stateless. Tags are error 30 correctably encoded to nake thempartially

tol erant to surface damage.



The net page page server maintains a uni que page instance for each printed
netpage, allowing it to naintain a distinct set of user-supplied values for

i nput i elyd2lsbvoshe page description for each printed net pageiuoro¥6h
02/ 42993 -15 PCT/ AU01/ 01531 The rel ati onshi p between the page descri ption,

the page instance, and the printed netpdeis shown in Figure 4. In the

preferred enbodi nent the page instance is associated with both the netpage
printer which printed it and, if known, the netpage user who requested it.
It is not BERAIDEDAESCRIFRONOKPREFERREDANDOTHERENBODIMENTS! ¢ f orm t hat
the page instancguRa@asRas; ﬁﬁe%a&l@oﬁifv%fook%sémﬂ QFA&%

af er whi ch
. printed the correspondi’hg physical page or the netpadge user 0 requested
it or for whomthe | 4 el : t
Content In a pre etrhfggggf?}g@rsnemé%c'ﬁml’atglf;ilévenE|[ﬁ§§§° e (rlé%i%%%k;cﬁﬂl |c1%tp|a¥e
. appears, aetworked computer systemf a Uerailddadvetviny of which fdllows.rTegilbbe aphreciagedrtbat nad so
contain: fl ags wmhich | ate.to the.regi,on ag a whole or to the.taq. One or
mor e 1 1Bag DY stmgeenior o0 lecssiruy Sheplh, 3§ SR oo ofcBe Bt Bl o
f eedback ieathsiadsidiseusséd beldw irCiciation Rsthe basid Seteiyi Howdver thesyiteinas esaritead idfs t he
tag, without the sensing device haying to refer to.a descrjption of the
egi on. A TRt FSIERISIE dpvmn g rediies fhe agad st et grfiTrRce YhgR aispuRtin o Hpdesptand dhe
when i n t hentéie which thelitdferidd ditboditRn® Snd\hspbetd ST thapresefid ifvntivn Spedhedi ned

below, in a preferred enbodi ment, each tag contains an easily recognized

i nvariant struct mielintharithtSpréfeiréd fokm dE{he abtpaHa sysidifl eMPlogda cohipuiet fterface
mnimzing the effect of any warp .induced by the surface or by the sensing
procest) Th&eTons oht BppRedisiface; that is.pophypica! sirfacs gebich-gontains aeferghaes 19 2rep of
smal | and feqasfte/mAinfaflRd 8 Sdiftutel Bt The Riap ketbrbmBl Yan %@ﬁ@ﬁe’ﬂtbylaﬁag%'oﬁﬁh?e tag
even on a single click on the page. |t is inportant that the pen

recogni ze sewsingfleyise. Bepgpding,eponithespegific dmplementation, the map mefogendes mian bp gngeded
since the | i L I g sERY [1801.0N
Lo whi ch a*?%@g_"?ﬁ*?%?’?’ e R O A
encoded im guong nap reflareneef nthewithin slemapandwaintong difterentimpeps. Dheéontpiuter pytpen on
whi ch e eqk L odi nen i Leh.a tag
refers{%an&@geéogtﬁﬂar gl r‘!éar]]y ?g%%g%r%o#g@eggsggé%? o‘?ﬁ{é(% %Ar 2 o]?e
exanpl e, irctriceed basedronimip refeteincds iseppliod by o fensing identicerwsed witk thel reappent surface. The ch

case the r.egion. | ) can .di r.ect l.dentify the interactil el enent . Each tag
typically %%HP@'IOH@“T@&B Yed cgy %B‘e%ﬁm ?ﬁlacfl‘énéswhl‘gw%f‘l’téa\{egfbyrtg‘bfmufbf’ysm a
nunber of doltehalbofitbe opbeatariii fegponseBXhaBPetator it@actionwithithshrfacy fegaear e i nch,
a 16 bit tag 1D supports a region size of up to 1024 square inches. Larger
regi ons can be nhpfiegprefandd fomn) they nespdgh Gybted OreliciC o alid Ppdidtion t &fY andl human
preci sh,Qn .sj mpl.y by usin utting regions and mans. The .distingtion

bt weeR0 s iHetPish Yoty B2iraebs Thite schaees AR goie’ B Hongro Brifted b ool Tomer
pur poses tﬁw\sﬁnnmﬂelil@tifnﬁﬂc@\fe de@aﬁ?&@lnf@ﬁb afitsh i€ Sﬁbféﬂéﬁifnﬁaﬂclﬂpagaughg)ﬁﬁlvdlﬁbh is
uni que tag . Conversely, it | al so be_convenient to_ introduce structure
"t o e rlRngaly et e Iod B mane e e Sk B % B RN B Q9P 48 PG,
A 90 VO KA B an bfti Ipedl antiltrddsihitie® 8 RO ndthhglshstil. S2BMrates b thed @
t housand trilli onﬁl?tr‘i I%ﬁl—%fl’g&ent regi ons tonb@gﬁé@uel y . ai glentliyf I ed.

Tags may HaBeF mayrhedised Theencpdpddnfopmation in the greferred gmbpdient inen infrared abspiptive a

m xt ur 25 ofink 88k §o/REMfrale@ %erRiAERbcal fenkGThA be Ta¥d. 1 ddsREDEMerivRleRRRs R8Y bOf
t ags encodi n‘g X coordi nates and anot her set, interleaved with the fir’st

encodi ng yUsed et ¥nFiag teshniques piher thaw optical wasing: cne alimativg iste e magnetic inks and
preci si on JXRsdPe nore or | ess than just described depending on the

environnent in which the systemw || be used. 1.2.2 Tag Data Encoding In
.one enbodi nent egffe b i NS: ' b i H‘Iﬁ . i. f
tag data are redund%ht ?ei&gﬁ‘i‘g{aé%“’%g’%’ghg&}%" 55 Igre%tc:ﬁg%fsgrmn %é%g%@hstlhg
yi el ds 360pearte aefiest linformatiom fiogt theygetwork or to signal preferences to a network server. In one

30 embodiment, text written by hand on a netpage is automatically recognized and converted to

bod

computer text in the netpage system, allowing forms to be filled in. In other embodiments,
signatures recorded on a netpage are automatically verified, allowing e-commerce transactions to

be securely authorized.



10 of 6 codewords of 15 4-bit synbols each. The (15, 5) code allows up to 5
synbol errors to be.-corrected per codeword, i.e. it is tolerant of a synbol
error rakgo@iialeps; to 33% per codeword. Each 4 bit synbol ipgcrapigsgsted in a
spatially coherent way in the tag, and the synbols of the six codewords are
interl eaved spatially within the tag. THils ensures that a burst error (an
error affecting multiple spatially adjacent bits) damages a m ni mrum nunber
OL synbol's over aAslhilladlﬁi_:ilt(erin ﬁ‘igﬁgenl', agrinted filpdge Qfcass yopharft aiimaa]yvefﬁlsm Witk va" d,OI

t hus nmaxinm z t i kel i hood that the burst error can ke fully corrected.
Any suital?Peh@"%rH?ﬁﬁ’ofheeEWnﬁo% sigatlle OB afhe pRrinied P2gs Pacele X‘ﬁa 15 Vias)
Reed- Sol orpinffiefion Hetwedl IMPpén dhd R Rkt gg@éln CrHdCexinplB shEWELa OReduBst™ form
redundancy, with the sanme or different synbol and codeword sizes; another
bl ock cod&ontgining name fapd addressi figifs and @ sybmit Sugep. The getpegeccontiss of punpkis dafade
(see, fgr o visibRARE ' A~ I L g t
Commrun iséatP ?%%mg%]lgg ‘él'?% r age’t}n P(rx()ad\ré\%i i %tgﬁ IPIQ %%éaﬂ%‘&% ocl:c (%?? gﬁl{@g E‘?{s\}% g‘h 13{6

her ei n i ncongspondingrpagy descuiption/Sestored ou thie netbage Rtvrnk.glescaibestthe ingividvat elementshe

physi cal r e tio 0 .04 El ' fi .
target st rogc euﬁggg§5RIW%g? nﬁ ‘}ésancf S\S}gbr %%Iagd 3%‘?‘3{ g’%tgnatts(kﬁﬁ Hﬂﬁ%hfl#‘e)égdgme

t arget st rleoteor @s. tektlfizhd or tmosinrthe ckewmple), to slidw the netpagersystemde coresatly mtegietect
the tag and | i ts thhee-dimensional qrientation relative to the sensor.
The data hob e, hoeosk P RO Brlor Srarfl, 3o, A R0h HuicheplrSoppiit 5 B8
encodetD t apatidbéxtent dhthecdriespending @ephicB8ag reproduction, the tag is rendered
at a resolution of 256x256 dots. When printed at 1600 dots per inch this
yields a tag w tAs HlusrasteincFigaé 20the wktpdgergen 101, 4 preferdd forasefl whittDid shévén inag

i's design to pe rrounded hy a "guiet area” of radius 16 dots. Since the
ui et - ar od s i Lo iAot ppredhaiieii. s o cpiaprtyn 3 neage Pty

t he ef f ectgoycandinRfRt-Ednnedted Préntihd @pplith® foPBomd) 6ffitd @F nidbile Lt PRI pehlik Wirklesses .

A detection_ ring 15 allows the sensing device tq WO 02/_4%315(93 - 17

PCT/ AUO1/ RS SPMIBHRIFAtEn Jeurei Wt the RetpRsg Printer ¥iarg shorirangg Jagjo gk del detiref dieause
it s 19! geh QR be/ conpbctéd &) thedysteRORMIME WArds! dFnCinEi@rct Qfahbmifte:O falthdugh BdleECt
rati o renoves nost of the effects of perspective distortion. An orientation
axis 16 alallté%n‘tehbmsté'ﬁ%hﬂﬁ& device to determ ne the approxi mate planar
orientation of the tag due to the yaw of the sensor. The orientation axis

i s skewed to yi eTkp vetpage gribten fQle 9t maefeimed form pf whighdis shewn in/Bigeras 4btos13 gnd

al l ow t he ' oI\ ' - G ' 4 lve
Fr anof or mesr PR i 0 Wl bk S AL REGHIRY etitBefih TR b) Whnd Hephiilad 0
ori ent at i oewsapersemagaginese cathliogse braghyrgseandegthey publidationsaaly ptinted aUkigh qusditynase
redun tl. : ' LI i SE.y 5 . hape
ol o et el R BARES, Jeloh: bl b phifagd il 1« Mo BRE Syt B8 207
an i r r egulfar examplenyell-mounged adjacsoitcth an area svheredbs monkingmews fiscfirstnconsumietly sucly as
non- pl anar, > h ot f. any
pol ygon nabiaecy heh fedt A%l bl UEUGE e REuREART G, B achilfn RE R TR 1)
conbi nat i catsowiombs inlabletop, dedktop, phetable tmdminiaturg vérSions hi s nmakes a circul ar
arrangenent of data bits within the tag optimal. As shown in Figure 48, to
maxi m ze its si zNetpagesprinied at theit poirt of egusmsptivhedmbine thercast-aftusensfchgper with then
the fogpmn o

)f gn_area. bounded two 15 radial lines 512, a radially inner

arc 51 gﬂantane mFsﬁﬂF‘gPP?acgﬂ?’é?tb%%e%%gf’mééwﬂ“ wedge 510 has a mi ni num
di rension of 8 dqts, at 1600 dpi ,and is desjgned so that its base (i.e. jts
fner arc S1), s shfvy Bobgu d e Teiag.pa 1o RS ot ctea Gitcon & irfsgd
B_ei ggt of ﬂeﬁnggelv\edabcomni@tealv\éwb@o@mb radid lggtg,ﬂi?lﬁizté‘fgmoditmﬁ&ﬂédfgpnﬂ%' 'Ehe4

it data s ol i s represente narra of 2x2 wedges 510, as st
. Shown 1 n FHRERC0) grendibi tatematon 1 B qabwR, prieie gt seaaeh bfor REytston. To
codewor ds ghpfopahte @RainRthntd, thb PageQuiverCRAdRI dokreSpohiiP flesshietd pplid@tidnCcokPiter
shown ég Floa%re 5, .in interleaved fashion asgﬁlgom,ln Igures 49 to 51.

i

- Synbol 80 of Softiwaze; rupRing PR 2netRsak pRAligasion serven . e agplication weaven mag ik Hre sgnd; oy
circular peg@hesekies pfiftedan thB 8rikisling printer.

The netpage system is made considerably more convenient in the preferred embodiment
by being used in conjunction with high-speed microelectromechanical system (MEMS) based inkjet
(Memijet™) printers. In the preferred form of this technology, relatively high-speed and high-



The interleaving is designed to maxim ze the average spatial distance

bet ween any two 25 synbols of the sanme codeword. Ot her arrangenents of the
codemrds\ﬁer‘nhmgr data synbols may be utilized. The physipggjadogi¥dy of the
tags or the shape and/or arrangenent of data synmbols within each tag are
nor essential to the working of the inrél@ion. It is nerely necessary that
each tag encode sufficient information for the intended use. The use of

r edundancmtuhmy Bftidedid nade MRS dfofdable 30 cdtidhimerailin itk Hrefm®H $orm, &Yi@tpage pablichiat Y
essential to the working of the invention. As such other tag arrangements

may be ut ifap ecphysical phpraceristicypi fraditiopal, pewrmageziis. BHCB 23 <€t Phleterisize glpssy

- Patents 5 ﬁéeré#;n?ﬂd A fifilcorFn Bot §ies) bul theeth&Sfor 3¢ nadipdt G Ande Stibitdbld ON
PCT/ US98/ 20597, the contents of each of which are incorporated herein by

r ef er ence.handling 02/ 42993 -18 PCT/ AU01/ 01531 In order to support

- "single-click" interaction with a tagged regi on via a sensing device, the
sensi ngddevi ce niika netpage ptimer axploie the gravdrgavailahility of broadband)Internet acsessi €dble of
view no natter .wheke.in | r, | e Lon t Si .

devi co i 5 i BRuab 50 of Aol bidH in R bt Sltet W Uabhogdd B3 g
sensi ng debroadbariddnteinet s=tess és areddyravailable to 20% lo€ thesez Eheamethagpprdritergaroilsd dperatengs .
5 Assum ng_. ircular t.a ha t m ni oum di aneter,of the sensor field
of i ow 1 vl esrngrti o i il Rert R RS Y token e PR g ot
grid, as <shdesd, the retpgpe @ystem tar? bé edbled tshgpeexfiting consungr akjet Dad dasen ridiem, t ag
I mage ocessing.and decoging of a tag of figure 5 perforned b sgnsi ng
devi ce?éuc‘ﬁtia'ég%t% W@F‘Ej‘a\j’g{B atp &%ﬁégw%r ﬁnézg-g[]rtger#c))r ?Il%ssa?c‘&e?éffﬁfr i %age
I S being adwftiniefd pbinOA vidly. I Gthér BAGOIISRMNS Ahe ndtfue chsteadls Bostéd Bia fRfvate trahétRge
is determ ned _(at 20)._ The center of the ran%e I s, then chosen as the hipary
t hr eshol d Jpatill ofher ?rﬁ%‘mz*is: th?wetp?wgemgs hasted on ﬁﬁ@smpaeﬂefaqw%@gme‘éeﬁ

i nto connedeviRE, sitn‘@la gria@r.ons (i.e. shapes 23) (at 22). Shapes which are too
smal|l to represent tag target structures are discarded. The size and

centroi d of eachnsRaReodbficdtion Rerv@STH bR Ghe Migfh3s NethdAPGe t6 BelfVef pridieN

conputed (at 24) for each shape, and these provide 15 the basis for
subseqli®nt quplityopublivatigns 4o getpagst printers; Resiodicd mublicationsapre delivesed autamaticaly thei r
nature i nvagi.a . . . il ' -

napect r ot ouchting YeuR® phinf) e onk AR dBlieoll oufi Hpbl HrSbilel |
| ocat ed ( apubliGitionsare fillgredhansl fommattediaceondingdo inflivisluplmgenpsefjlesrel | behaved when
perspective-di storted. Matchi ng proceeds by aspect-normalizing and
rotation-normal i A netpagaptintertrapde sonfigned te supgirt enyi nunbseofpeds, endie pemnamwerls

G st ort | on i ot Aot pbbabe pBASY, Bk BRAGRSholRkallatln, £15 RERIPBE bt

t oget h@0 pumgtieddentifiers Afhohsehpld moay ihavet d colieasion ofieolgred peipage pens, tneassigned m eadlne

axis target structure 16.4s the next to be |pcated (at..28 Mat chin

o oceeds oottt i Gt ThR AoEs 5 et o mim R el mE Wy PR B bmnee 4
rotati on npibiledtionisetyet loe applivalidn Segvenpassiihing thitCthe iassigned pends onlgteusedrbyahd S
are normalized.th Xi S target is easi recogni zed. Note 25 that .one_third
o er _romelibertve B mkpteh Saelidyfrralatned BEOT R metns ey 37 meeil SR 1
the axis. dde shape is deliberately skewed to one side to make this
possible. Note also that it is only possible to rotation-normalize the axis
target 28fter it [Aagetiugd perheanralsodeTegdiaersdiivith atneage BEiRtdtOn serdéri¢ and lifked to
perspective distortion can_hide t[}ﬁﬁa |s target's axis. TPLE axiei tg{“?et' S
ori gi nal rBeQ% B PRFAnY eard goqounts. sa% 8 2r eEsf PEYmENtLtobe sectrely putherizad e
to pen yawyshe th%QerBa%eo bai Prhﬂ%ﬁaﬁg’&idg}éﬁadoﬁ_rs@%r SohphedsUhé SighaturecBpthie@ byahé to

be located (at 30). Good estimates of their positions are conputed based on
“thei r knowhetR48aPFhVith a pravioysl Fegistered signature, pligyving i tqaythenticate the user’s identity to

an e-commerce server. Other biometrics can also be used to verify identity. A version of the

<

30 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



targets, the aspect and rotation of the ring, and the rotation of the axis.
Mat chi ng proceeds by applying the ring's norralizations to each shape's
monent s. WaqR4b4gi I second-order nonments are WO 02/ 4299%c1iso1/01531

PCT/ AU01/ 01531 nornmalized the circul ar perspective targets are easy to
recogni ze, and the target closest to each esti mat ed position is taken as a
mat ch. The original centroids of the four perspective targets are then

taken to bespetifthd AEHRRGHrinke ivlintik®h FACnABINBRE 8-nil Rtovdt VHR iLvidble k@ jusi ze
in tag space, and_an ei ght-degree-of freedaom perspective transform33 js

inferred (Hiilesyho knowsthe telephons niepberer epal address, Adematively the galire system Bawmbe ng

- the four tageSARRIR tBHhtdidERERrsSHP&Rh RidérHnaP Bk pRovidACwire Beb&Yility t5-expose their
Fundanmental s of Texture l\/apﬂaigg and | mage Warpi ng, Masters Thesis, Dept. of
B

J 1 ng, 1 P,
EECS, U. drintes(s) tooouigide wpers &y pe by srayrafsglectingytsidengsers atipyeddpe sandguek
- June 1989, ,4ie contents of which are herein incorporated by
cross-reference). The inferred tag-space to i nmage-space perspective
transformis used to project (at 36) 10 each known data. bit position in
tag space 4nto i

ﬁeA E cﬁ!']rtEEflJﬁéaal -val ued position is used to
bilinearl interpolate (at the 1qur, rel evant i t, pixels in
Unput i mage. TheBMJ%gﬁpif et I fRsaea B A Did SAdehng ! Grysuaes (OME)
threshol d &1 diagfail. 1A &16ss/HidaEhae Gonkis® of bRal ofUbjec@lhssd corinected ©9 rethtionstfifs, diad a

bits 37 have heen obtained in this way, each of the six 60-bit Reed Sal onon
codewor ds % uds pfaglatiopshipg pre; of ipteresigherey ajsacistiers #id; seneyalizations) Ap agocigtieny

bits im0t OfegresendsOsobil RinkiNé¥t reldtiBnhilf B¥RVeth DHEBIR] Pe.abwSARL@ALel bf CPEASHO A
order, so that codewords are inplicitly de-interl|eaved during the sanpling
process. Agenpraliation edlatesoafenl clapses.ymd g e understged incth felleyring Wepdif Acrlasy 4t em
s not eSSEBlghRbt os tue d3For sMBEels QP UANaR! A cIoRIN Y £ nerdlifaBBHGITERL B, thEn BECN
tag may be used. It wll be Understood that' the process for recogni zing
and decodi $igplylasubsaipfidrage to retrieve the data encoded depends on the 20
physi cal structure of the tag and the systemused for redundantly encodi ng
the data. The ri Bachclasyistdravin asa reethnglesls witinthe ngmé off theicless. It hentainseylist whose

rel ati @ashj i Nt i e i Lt a
Corpl e S 5 ahifuhed S LTS, SRR 65 b Wi bl il fle, s of B B} 2
no pen posefttherlass sepacaveddfromfthbe atisditatec listrbynd hénizanal lid. e theaclasy didgeams which
processi ng -HS rowand idegll{lfy & on- nﬁpﬁi mal field of view 193, an
alternativ% Sty tS&‘i}’?Pﬁf?P e eI IRk g another tag in the current inage.
The obtained tag,data indicates the.ddentity of the reqian,containing the
{g and t he. poor APcHebstatph & dein o7 R ik S0hink Yuf lshess dpfchl iR 3 Bt ahd'5
of the penwith theimultiglizgity efjthe associstione The dcfadlhwulcpkditylis onel Aanktediskqh) idbicatés 4 he
pen, igathen .inferred (gt.34) fromthe perspective.transform 33.observed on
Phe. t ag0hnttiRBHiR At a1 2005 Flre. BRE TP PRREPTAED TAORed Wit Pt A5 <
and the BOgsma'ogﬁmlly gab(l?lleui ﬁtbex? end. vgtlﬂlhé ecmlsl of ihg eoﬁ;e'sgonilhrgu@dsu pala;sopm aia]ylaﬂd
structure jyst described is designed to allow hoth regular tilings.o

pl anar sur%g'fétﬁs AN 32gTPEabgh |asgociaiign E&P%?&l%ﬁnﬁllﬁﬁwns‘gr‘*‘%@%?gaﬁégﬁf‘aﬂf the
tilings argsétddtionlife.general, possible on W O 02/ 42993 -20 PCT/ AU01/ 01531
non- pl anar surfaces. In the nore usual case of planar surfaces where

regul ar tilings ofgdnadfizaBb®reli@idfshty Cis-a") 18 draWhi'ak 4G BidGHnAS tWEHARNsSs, ith BRPEr
and the_like, nore efficient tag structures can be used whrich exploit the

r egul a”OnatTeve(ntheferm ofjap jopgp triangle) at the generalization end.

When a class diagram is broken up into multiple diagrams, any class which is duplicated
is shown with a dashed outline in all but the main diagram which defines it. It is shown with
attributes only where it is defined.

1.1 NETPAGES
30 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



An alternative tag structure nore suited to a regular tiling is shown in
Figure 6a. The 5 alternative tag 4 is square and has four perspective
targets Xyeodliagos Simlar in structure to tags described pyrReo)eiss; et al .
in US Patent 5051746. The tag represents sixty 4-bit Reed- Sol onon synbol s
47, for a total of 24.0 bits. The tag r‘éﬂr'esents each one bit as a dot 48,
and each zero bit by the absence of the correspondi ng dot. The perspective
targets arefedaces granconline dedcription efithb pagecThe tagh raaytistprinied sn opistoghostfacaof the
Fi gures 6b and 6&._Figure gl? shows a square tiling of 16 tags apd the 10
cor r espond@P8fe MY BE HLOK 98 &ul-layer of; thepags or may be qtherwise lncomporaterlnty the paeg) Thef
. two tags. oﬁhﬁl#]? e 6scEPIRISIs PaffldifddepeksistdnAY b9fa ral ServérO Thépdpe WescAptiorone
bits for illus a?at isspﬁ pur poses. 827 ng a ?fg 7§Iﬁ_g€ee%a§-gSol onon i(,:%ge, 112 bits
of tag datasEbe BeyHRRYIY %66 comen of gheage jedudiag teah ZREISs Bid 02t & s
codevworgls qaipibdthe [n?ﬁﬁﬂ&ﬁen&%t th@kig)é, i%lh&!hDE bhithns, (1 Perlifks gl iﬂl}u% FieldE Sth [pRE ©
to burst errors. Assuming a 16 bit tag |D as before, this allows a region
TD of up tdescoiptians of differeny hetpagas mapehare gogpauants, aghags an jreagecalthoysh thrordtppgesd t o
not overl [ L r . : .
St uct ar o QDL hleodBLOBRGeriprh i, AIRY e, 1R Sed MRNPUAL OF UEE semage
targets t heaychcnde mfdransesitet theseicommoh commponeaty, Asnetfage allews markipgs snade avithax

bove, - w CROUE T uEPRERE PSR RRGRIY QRS SR Eited By SERURR Mg ¢ e

t ag contain orientation feature to al.low dis i Lon of -t f,our
possi b % orient a@%’l‘?{s@' rgﬁ) a?ﬁé’ 5}81'3?%? SPPR R 8est%ﬂ%u° éﬁgg?‘ggﬁé Ll|?°sw 1E'P‘étotﬂ%ugh
possi bl e totheewise ilentidab piges kobe distispuished, leach weypagea isassipned 2wwgeel gage ideatifiaur
codewords .can be_arranged so that each tag .orientation contain ne .
Codevor d_pyense 1 b sitficien! erreisiann cieguenish Reimeen o tgihess eavisigRd foubeused in
synmbol i s th@&Rirb@tkentiof ke B the RevirunfieaYis Shall then 5O grRA8I0A néell-1d) beodd Grdabid where
position 3& the synbol within the codeword (A-O . Tag decodi ng then
consi sts dhe VEORIPEHIsdMEe-codewor d at each orientati on. Each codeword can
either,contain a_single bit indicating, whether jt is the first ¢odewrd, or
t wo bi'{é i ndi cat F4f) THRTCREP 0 ShecRAF HescrpYaw is qargdedinarintef they Thhiag entifics the
advant age unlifeb page of Whicht i epptatsdakdileRBy ivfirety ideftitRes AR BIMRI ddsdriptibi Ol ithed,
t hen at nost two codewords need to be decoded to obtain the desired data.
30 This neifefpaed erebodimentsi the tag alyoddangifies it pun pesition.qndbe peger Ghasreiprigics pfitht n a
stroke andgd %:é&g&ib@@wm&eaaﬁ?ﬁela&. the start of a stroke. Wthin a stroke

r

only the codewo containing the tag mis then desired. Furthernore, since

the rotation of i i I: : N a
stroke, only one*%éeﬁgré@%ﬁg&@&g@ggs t%hgigg' g“ebg%'g%gli]%grl ?%lr%.réﬂe%twe’s
possi b2@ tsuchipspuinery papeth Nowrrinfered iwaxelengthyeare inyisiteyter the umpr eyenkst aeedeasidy y

t he dat - : i i
Fogi ster; riue 8. (6 4 iagd fo Rt Yokt 1P ERERNA b 1S iOhRBYG |
r epr esent evavislength oe wpVelenigths ghay bl uséd, & which base no filtexs aresrequiredcQthet wabvelppgthhe

absence of I AN ata grid is well-popul ated, and
t hus all Ov\rgfy[l%e\%g&;iw F@B@Lﬁg{ulgﬁ%#eg%’%éeeﬁﬁrgl ed and its perspective

di stortion detecte ent. | r i ||

allowtag 5 boun%‘a@gggq‘%ﬂ%&ﬁgﬁg& ect %%ﬂ?gesé%ﬁ} ﬁgéhq&gekﬂ%ge ngg{’adggoﬁlaggialr‘\&]gmngr er
patter25 aendodetidydhertagis ttaasmictelditoctherhdtpage sysiobe Ppreferably viavthe ndaresiodetpage prixdéri on.
The overhead of .such marker patterns.is simlar.to the overhead..of. licit
por spect i i aeh 4o Rlefh o Sfpofi Rl aie e i SfpheeObrsh @ via E Rl ey dpais iuk ok o
relative tae gifficiedtBrsiiall@fd Hehsélg piraxped thatithk ped cuntreliblintmgestdeabitsie €aglivei 61 ent
multi-bit val yes, (see Anot ,Technolé)tgg/ﬁg)escri ti,on Anotg qurilL 2000). . 3.0
.1.2.8 Tag ke pase-dis imporiaptihat the pen teqognizq e tag apd gxtfag) the, page 1D an
tag-rel ati pgitief Mon! EveRS intsrabtioBeiRN G tfage, tshibe [the diléladtoR il Aaheleas. aldgy Qrdd Bifor-
Ioc_at|88 can be translated into au absolute | ocatjon within the tagged

regi onvvt

heoregiably prrqdest tomske them paptially tolarsnt 19 Wefach f2pAZS: be known. This is
given by a tag map, a function which maps each tag min _a tagged region to
a correspondi ng FB%&F‘PBE?. Pege senvelymaiglging o MGUE; PRge JRstanss ifar caph printed, DEiPass: o
22, as par jlic¥ing PR MAMERRIEiRnkI Vbt fsbratpplitd dakhadHor MphtHkId¥ER the PhpdesSiptibe
schene used to tile the surface region wth tags, and this can vary
accor di ng foseachprintednetpage. \When nultipl e tagged regi ons share the same
tiling scheme and the sanme tag nunbering scheme, they can al so share the
sanme tag map. The tag map for a region nust be retrievable via the region
m Thus, given a region m a




20 tag >D 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-rel atjygypRY; | 0cation can be added to the tag | ocati opctRuyi/®lssh an
absol ute pen location within the region. 1.2.7 Tagging Schenmes Two di stinct
surface codi ng schenes are of interest 1t h of which use the tag structure
25 described earlier in this section. The preferred codi ng schene uses

"l ocation-i ndi callenglatidnalgp betweed the pape ddicriptiar e pagyinsthrice and thie\pein®0 detpage

schenme usegs "obj.ect-indicating’ tags, A location-indicating,t contains a
Ce0" m wh; ShehoRRR M Bt Rrt Gbedoet e P AR A Oy PR g g
regi on, ymnelpsife pinted whith prid@d itQGAF Ribwi, the mBphddtisérafioGBquesbi®it TR nbedsadntixe

| ocation of the pen is added to this tag |location to yield the | ocatiagn of
the pen wit® tevorking efdhs yention inyiy basic form tha ﬂilesvaa%@ata?@ybaéeseﬁlﬁﬁeﬁwqﬁ%her the

| ocati @ Qbtphdtprinl whith3titié@ teQoftedpdiding Q{gﬁ&il%ﬁg% G RYagd fket Who RGEMted it
description associated with the region. t only is the user interface

el ement i tos Earwhpedha pepe was printed- a | ocation relative to the user interface
elenment is identified. Location-indicating tags therefore trivially support
the capture of an absolute pen path in the zone of a particular user

i nterface1.2 W0 OMEPAGETAGS2 el emrent. PCTI AU0O1101531 An obj ect-i ndi cati ng
tag contains a tag mwhich directly identifies a user interface elenent in
t he page dextri pTagbDatasGonteated with the region. Al the tags in the zone
of the user int Chiodfirefl Rhlealtf 18R idebiick afe 6N il S %sm@,l BEH ocallBKbNT

themall identical "and therefore I ndi st1 ngul sha ect-indicating

tags dtf ndhat tagrwithin the aegion, ppiag tay Rlso eentin flagsovhiehrelptestolthe fegige As pahole omigey
do, howevgpd ta?y@ﬂeo?rt mbrd §1a§ BRL Wa§ 10F efnipR, & é{%et%ﬂthﬁ% ?%Véé?gldﬁ) e¥aedohidk

posi tion sanpfing frequency exceeds twcé the oun requency,
t he di spl dndicativ¢ of a fimctiorcasserintddewitlpthe ipoedinte areatof therteg, vdshiontthe bansing deticeok e

can be ungnbi guously, det.erm ned.. Wth.either tagaing sehe he 1@

Funct s on TRVREADESteR ok CERe TR B8 v A B o b Sttty o o o
as user i raeaiveateaVEED lwhsititi the zone bhahyperlisker can interact with the printed
page using an appropriate sensing device in order for tag data to be read

by thel&ensi ng dayiwilebandre cléarigexplpiped pélow i@ arprefprdisembodinient, @acheta@ Ecitaing

t he netpage system 1.3 DOCUVENT AND PA SCRI.PTI A preferred .

enbodi rrent%no? sy Jgeasfrize ‘Q’ﬁﬂ%aﬁ'@‘cﬁ&é‘fhi‘(%t 55?1 ‘%‘F‘%\lsgeggl‘i%ﬁ&r g’r‘ﬂe i"g‘mé‘hmtsi s

IFi gulr es i&mﬂzﬂ@ thel éffdchef aBt paganduced Gnthe slefatdBNby il @asing pless.alhet tagee
evels. At t

e, nost abstract |evel t docunent 836 has a hierarchical
Rl 1 e A AR N s A e A gt Wy W
840 such aelidbBXimagbjaf fdast onk GXg evehYdnCa SR Clisk oh MROFagE. M & fnfport@itGhat GRS ferd e

docune is printed on_a printer wth a particul ar page size and accordi ng
to a t jTe¢nenize theepagg IDcand positien gp eyery jnteragtion,with thepage; sieadhy infegaction is
pagi nat ed @pdeQt herwi se formatted. Formatted term nal elements 83S will in

some cases be associated with content objects which are different from
those associ at edyy %Qfeﬁt@élﬁbo‘aﬁﬁéhﬁmﬁlbﬁ% wiBéHd tﬂ%kef&é Ediidides witﬁ%%ﬁtﬁb‘#;@ggl y

where the content objects are style-related. Each printed instance o

docunent o#vd %g@iqnsﬁ)&ns@de_éés ¢hei togds Biefsfaresemopymaus Vifly thoppgeplit ofctip pagecen
through a paed g ‘di%aﬁ B€8n bitef SRGRIRRE, IR Bhol ROPEEEH tag GEREE by al L@fakyPUL
captured through o ﬁgr 25 instances of the Sane page description. The
presend® ofubrepion vb 8 pagebertathes surfhse-JFas ekarople Gt ¢ap cpivpide with e 7ome of areinterqctive
allows a Ugghert §n Gvgﬂﬂ b ¢ ,rSQWWJaPiirgﬁg‘i&E%ﬂ%y %ﬁ&%ﬁv@&éﬁ&gf orced to

0 S specific rmat. e user may

accept the sour'’ce docunen e requesting a
copy through a pgLiRt 1 L T f.ar i I8, ly,
£he”presence of - ERD b pilch Sofide SR8 or 8RB, A16R00 s FHATRID: nif NP
al | ows t heofplegebitS8 OAssamingra toaximiiin tag dexisity of 64 perrqedre iwhy a 46-bit dapsIDosupports a
particul ar_printed pagf. format.t ed dqocunent 834 g,onsi stdS of. a sFt 1%;%‘3{
formatted rﬁ’ gsg‘gs(gr'fppol% Sguarg % EF 8 F8T OF JnAppec, COLpUIPlYs ¥ tted
term n80 einesensiigthSap ID precisich cintphy byedkigy abuwing rdgivms andapaps. Fhe 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 into the tag ID, for example to define the X and y coordinates of the tag. A 90-



extent or zone 58 on the page. This defines the active area of input

el ements such as hyperlinks and WO 021 42993 -23 input fields.

PCT/ AU01I\WéDs8da90s document instance 831 corresponds to a fegfRalibgtisgpcunment

834. It consists of a set of page instances 830, each of which corresponds

to a page description 5 of the f or mat t ed@ocunent. Each page i nstance 830

descri bes a single unique printed netpage 1, and records the page I D 50 of

5 the net [bitgegiod IDae(f]bwis 25t @102 ora ﬂﬂtclisamahﬂliaf trillich) alifferert regiodsaote udiquiely .
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An el enent instance does not exist, however, for static elenments such as

t ext f | ows. Whichthe syistemy willlbegedt can be a static el enent 843, a hyperlink

el ement 844, a field elenment 845 or a page server comand el enent 846, as

shown in Figure 27. A static elenent 843 can be a style elenent 847 with an

associ at edl-8Ry| eTagPata Enending t ext f| ow el enent 848 with an associated 15
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el enent 853 with an associated script object 860, as shown in Figure 28. A
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associ at edofhd Bix @88dWdrRORe ildsieaCsphtalig! vithih 84Sz, TRis! ASuBAME: 4 BurliCerror (an
translated into | ocations on the pagﬁ 1.4 THE NETPAGE NETWORK In a

pref er r ed @iopaidectingmultiplerspatially adjaeantpitshk damages aminingym gugbes of sybols overall angk
net pages 25, RSk f oY WY-Y2Y 41,

servergsl% net pgggﬁg%%f%@ﬁo%%}gﬁ%?gé%@%dgt page pggﬁ%il%élﬁogﬁ@gggg@ 14,
and net paguropedniedully @bectebnnect ed via a network 19 such as the Internet,
as shown in Figure 3. The netpage registration server 11 is a server which
records rel ati ondhy peitableteywercprrestingscodp eode capbé wied insplacepyflai (351tS) Basd-Soleinon
publicatio r i i i MY :

Ut hent i cora BESabElseita iodghi e uliPlt 3 10E RN bk e e ok bty
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of WO 02/ 4299%?- 24 PCT/ AU01/ 01531 page instances. Since a page server

al so mai nt YPHSTSHERS®) nput val ues for each page instance, clients

123 Physical Tag Structure
The physical representation of the tag, shown in Figure 5, includes fixed target structures

25 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 the individual bits of the encoded tag data.

To achieve proper tag reproduction, the tag is rendered at a resolution of 256x256 dots.

When printed at 1600 dots per inch this yields a tag with a diameter of about 4 mm. At this

30 resolution the tag is designed to be surrounded by a “quiet area” of radius 16 dots. Since the quiet
area is also contributed by adjacent tags, it only adds 16 dots to the effective diameter of the tag.

The tag inclndes six target structures. A detection ring 15 allows the sensing device to
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servers. beéd\Gho@h #RiIGBe 48.25 PCT/ AU01/ 01531 The net page publication server

optim zes the segnentation of docunent content into pointcasts and

mul ti c80ts. Aftelhe dded-bik nigtat #)mbpbi oft eash tof dhe sixdendewends 'ase pliagated g dhet fourt he

printer kno Q ldste Q. th ri, r _has
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odd and even es m% t aneously on both sides of the sheet. It contains
dupl exed p?ro = ¥ ol lers 760 and print engines utilizing MenjetTM

printheads 350 f (ﬁw errfeapmg 5 éemgned to maximize the average spatial distance between any two

25 symbols of the same codeword. Other arrangements of the codewords or their data symbols may be
utilized.

The physical layout of the tags or the shape and/or arrangement of data symbols within
each tag are nor essential to the working of the invention. It is merely necessary that each tag
encode sufficient information for the intended use. The use of redundancy in the tag is preferred

30 bat, at its basic level, not truly essential to the working of the invention. As such other tag
arrangements may be utilized. Examples of other tag structures are described in US Patents
5,625,412, 5,661,506, 5,477,012 and 5,852,434, and PCT application PCT/US98/20597, the

contents of each of which are incorporated herein by reference.
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substrate 301 t ha I'ncor
drive ci r capplying(theofing3émoomplizations 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
25 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 target after it has had the ring’s normalizations applied, since the
perspective distortion can hide the axis target’s axis. The axis target’s original rotation provides a

useful approximation of the tag’s rotation due to pen yaw 29.

30 The four perspective target structures 17 are the last to be located (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
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In a netpage printer, the length of the printhead is the full width of the
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t he pr2&t heeekinganvther aag én BO turréivimagach nozzle 302 there is a correspondl ng
nozzl e guard hole 331 through which the ink droplets are fired. To prevent
t he nozzl e guar d Thelobtaind® tag dafDirdarwe He3ideBBy PCTHe tdBibh CoB@Bibing 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
30 pen’s optical axis.

1.2.5 Alternative Tag Structures
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
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et 1 ned (RdRROMCH 5 e Jer BorEh has, e dcntage i 3 wise b et cheAR: OF OBy e
i nstance. bdde®BrISk Sdqhirdd) tith at BRstTRS lcodedcRdiinebd & berdecoddl t& btk SheCbRirddr Bith.
througB the pen relative to the background area of the page. It is

i nt er pPEt edhis muagrbedPprase i the Freiqd) isinet erpacied totharge; within 2 Stekeiapd dutbpnoRll
appl i cati ofedblidy # (REHEE bf 2 BrdRePWithin W stRfkb 'oiﬂ?%h@ébdeﬁ@:ﬁ%ﬂﬁﬁinﬁ%ﬁe fag GB'i€ Aidh
nib 824. This is the nib last notified by the pen to the system “In_the
case of t hdesired.JArthermorg, fince o rotion raftshel sensipg cleviee changes: Hewlypaodi predictatly ni b
ox the nonyfim ﬁl&ls&gkégn@wgmcﬁéﬁwgﬁfﬁéﬁpﬁ.beﬁweﬁﬁ?%@&l 0 has a current

nib style 825. This is the nib s ast associ at th the pen by an
application, €. 9. jsRhofsfiP R Hsehdd WifhCpelpeltive Elrfid dlfddetRer G0 Bisteld RIY éh dELRLT ©-
The default nib st;{i’g s'i S theﬁﬁi b stfﬁ&eﬁasgoci at ed&\g\ftﬁ theStgurrg)nt ni b.
Strokes captured through a pen are




tagged wth the current nib style. Wen the strokes are subsequently
reproduced, they are reproduced in the nib style with which they are
tagged. 28,8 E@ger the pen is within range of a printer wchinotjogddit can
communi cat e, e pen slowy flashes its "online" LED. When the pen faI|S to
decode a stroke relative to the page, it2honentarily activates its "error"
LED. When the pen succeeds in decoding a stroke relative to the page. it

nonent ar | |r¥pr8§ehﬂaﬁéﬂ séing Ee‘;f-regilsteniagEEm this TRRPUADE Bit Galus IR MEIEChis Vs 86 typfeally
referred to as glta i nk. gital ink fornms the basis for 25the |,igh1tal

exchange dFPfE%KRﬂ g@&ﬁﬂ%ﬂm i egbit yalye i5TeRrasenied 03 dhe absense of a glyph
- handwri t gouratat R dsBYrdie witlobulfiad, bRIG! alfohd R4S be AP RN hd B eSS
and transmts digital ink to the netpage printer via a short-range radio
link. The Rerspeaive wistartion detected andisubsequentlyyqoriseted dnring: dad sympling. Seallewtiye and
. packetige a [ t e

vont 15 aruffe®] b o Mookl PRI R, mil cohies A e JHARE Il ke BERY U6,
range of aeqlmdanthrrenche@m zflbwsrehhbg: deteictipm Ahe averlead phsvch marker Bqttemh lmnimgo a
capacity [ n Y dwr {
once agai (r}L?Mg eﬁh cad SPexré] wlp#’ %Pe&we% éts r&’t% crha%gl erﬁs&ga%’qs %o\é*}&éerdeg‘? a('i-'B
I nk. The hulafiestogey vaumsltdmpr&cmddferdnegypmmﬁd henceduﬂ‘nmntmulﬂ-bﬂ\ﬁﬁlu@s’%sd&&&ﬁo 30
PCT/ AU01/ Q1531 . A be regqi d with any nunber of printers, but
because al g?oé?%q% ngfg?rﬁtz_ﬁﬁ(ﬁet pages both on paper and on the
network, it is Iargely |rrmaterial which printer a pen is comunicating with
at any {g%ul at M,Ltuh A preferred enbodi nent of the pen is described in
greate ag, on 6 below, with 5 reference to Figures 8 to 10. 1.7
NETPAGE | I\I'I'ERACTDGNleIS@ tagresulisan prregions D, @ag Fd@adl ¢ dag-iglative pea|teanstamn. Befare
stroke fr EIgpa‘i
The coded at% P ﬂ%%ég;%;g@ezﬁﬂ&g%bgdég%%ﬁgh%% éﬁ%?wfesl%aggg%m%e
execut e a tagsedmegion, the deshationsofthetag wiithin thregivamanstibd kmpwynt This is given by ¢ tagfmaphe
particul ary, e nd
B i i cart B lot B S0 GALEE o L EEEACHELR o CTbolhe 156021 HP Baf
to be ®Bt aclmdlagfﬁmas shodmamFlgng Radspait ©f the actpagetpriotdr Classtdingrapy. i nt er V\/ner e it
resolves, via the DNS, the page ID 50 of the stroke into the net wor k
address of the nAttpggnpmﬂgetsmrsvmmemd/\ﬂoimdwthnﬁrfmatagmm\ﬁmtayumpismhvmyy

Page wns. r BEEHRYP Plae ST MNP AR st gt BeoHEn E R L o

al r eady 15ta§&ttnﬁbehh@séhéﬁié&ﬁ@daﬁalwﬁmfﬁhemttamaﬁ server inits cache Each
net page consi sts of a conpact page | ayout nuaintained persistently by a

net page page serwﬁetagsﬁgf&ei:egvbnmﬁkte,epaﬂarablawwhefegi‘oam Thus,@ijeR @ rsgici IDNa as

netvor B0 VRENDIHE fecesiiye G et e P IDIHE BB il b 0°

retrieves i&&luﬁ&@ldﬂ&ﬁﬁfﬁﬂﬁﬂ em fegom/mna lhet thg-raaﬂvelpen &féﬁﬁdn&!in baradddai&b ehgMages
whi ch el enent, of the page descri ption_the stroke 20 intersects. It is then

able to in E?t’ﬁPé‘?y‘?lﬁéné solMepen Jocation Within thedegign- 1 he type of the rel evant
elenment. A "click" is typ| cally a stroke where the distance and tine
between th n ition and the subsequent pen up position are both
| ess than i@?i &5995 hﬁﬂ'ﬁ An obj ect which is activated by a click
typi cal |y requir &svodistinctcdurface dodingschewms asg, of dntekesiclonth df wijtly usethd tag gructure
strokesis . i a N "Gl ck)
o rogres el PR, i oHich, The BreREiba 35lng denshid e oclinBinBRine” T S
LED. Howevdreadywissussed. Aeslipagtive cudingdelen® usest pbjacteindiciting'ktagscan be regi st ered
when both the pen down and pen up positions are both within the area of the
.button. There ar eAIoomOhhmti&tmg tagrontaing lagage D which, whenetapsigedﬂmgxghthe tag map

d f field hr f
ol S0 {11 ooBPoRHar ik M ef st el ibioue B ity Rt B MR
- A hyperli nl@catﬁon&fmm mﬁddee eslihixtaf lodmichag §icldtha lwoeﬁmaftaaopdm\cmm fh&)regiﬂd

typi ca its d res se.n heneta.
yp |30y ?‘Lilscl;ntum fas termine r1o<:atlon of the pen refati e to user 1nterface 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



WO 02/ 42993 -31 PCT/ AU01/ 01531 A hyperlink element 844 identifies the
application 71 which handles activation of the hyperlink, a link 1D 54

whi ch i degpighymeszt he hyperlink to the application, an "al pgs/ateguissed” flag
whi ch asks the systemto include the user's application alias ID 65 in the
hyperlink activation, and a descripti o &l ch i s used when the hyperlink is
recorded as a favorite or appears in the user's 5 history. The hyperlink

el ement cleka®ndi agramis shown in Figure 29. Wien a hyperlink is activated,
t he page server sends a request to an application sonewhere on the network,
The application As objterinditating tay caitaiappl tag D1 wihichl Biréofly idemified e vagrpinteefade on

. IDis resolved jn_the normal, way vja.th S. .There are three typ of

hyper | i nk<lemsoh i, the PAge deserintion aé’é’%‘,atefi leﬁ\ ‘%\lﬁ%ﬁ’?’ﬁ‘ the dags in fhe @B?@E%eo‘ﬁer
hyper | i nksn@fitee eMindnb GaAtifyNthel Wel Mite?fice Sleménty SRARMA| thdhy RRlénfkal Cadd thérdfopdTENt
- a request for_a |inked docunent, o ignal a preference to a

document, or may SInply S
server .9 A indistingpighsble; Ohlectsndieating tagsslocio thasgiertasupgort Hiefaptarerqh an aBlu BES on.
A sel ecti QRu¥RG1dol AdweIt0BlipbSrt i Raptiiteof A tel e Bt pofd] SB(Ponth@th%?QJiﬁ&asrah@fhg I 'f
the current selection contalins a single-word piece of text, for exanple,
t he appl i deagnensy gxseedsetwigerthe endonpfered feg Beqyencyntha disglagemeyt frae ape sempledrpethi ng
within the, G ' m.iﬁ ' lon into a different
15 Ianguag’eo?la@a%ﬁﬁ%@%ter |nEs‘fr§’/k6:°Q{|?§ cEarb c?‘gs#}ircge ng‘tl'what information is
subnmtted to theygRPlineAtd e C 00 js '
records a transacti oér%&w%h‘laggﬂ&ﬁl&gg%neégé\er Eagpgd&ggﬁg}rg ﬁ&lta l@g&g%%ﬁ%ﬁgﬁgé%n
whi ch 10e digmentsionbe netpegaasoseripiesativ. elethentstin thabauser ean int@dact avithithpeprintedypage

pendi ng. pulli a8 Bk saiy b B o el G o B Py AR M P b

user. 20 Tdppropsiste sesponseiothd @enedrited inale metpape system. sel ection 826 in a sel ection
hyperlink activation. The systemincludes the content of the associ ated
forminstance 868 in a formhyperlink activation, although if the hyperlink
has its "sudmt DeCUmMENBAND PAGE DESERIPTIONS Yy | nput since the last form

subm ssion is inglgigiefed didodsiieht B us&ﬁe&%dgag@éefs&fﬁﬁbﬂ BlaksSdidPrdin RAhbwh i al |
hyperlink activations. A hyperlinked group 866 is a group el enent 838 which
has anl@ssewat Band@ber | i nk, as 25 shown in Figure 31. Wen input occurs
through any field elenment in the group, the hyperlink 844 associated with
the group is act fnthe aefpaga shisiera pldopnment trdssppibedat thyee lexely Atdhemass absirpet level

hyper | i nk Vi-ar. WA d E! gls 20X S in
conj uncti Oﬁ@\?\lﬂﬂ th t hgéét' Ealfgamﬂl% e @g&ﬁgﬁﬁ ?’B{%{ag&?@% e%%ﬁre Irlrt1g %3%?& é&ﬁfﬁt&(&é@ﬂl
provi de cocuntentahjestsi 840 wochtas texhobieqtd, textistylo nbjedts, image objeets.ctm Oncdrhe docyrhentds

support a bl ackboar.d" i r | d |y re i ' nd
horef or o EIUEESE By bAAR AGSRR gaRTflhe wip oot RS o rifblin el RGN kP
col | ecB0onpreferened, shecdbcimngnitis pagidatksl and ethetwisecfophatted. Bormathedt temhinad elements 833t s
t hrough one.,or nore printed netpages. far | ows r .t _.one or
mor o par andL PR GaltR sSelENBARSSmeh SR MhicR 4 SRR ok gRp HebeiiEF
runni ng onwith geir¢arrespbdidgAbiidind) 2lemintd, faticniaflP Whers the cpntentpbietis averstyl@ihtedn

t he docunept .hi.erarchy. | | timte cont.ai ps et of .termnal field

ol erent s catEh PSR i ot Asbips shdfped SRl SRerbed Fepplles, Al mprs pilieg,
It i ncl udegwréugh &lpartitular pagél insfanideo830as bEredordid seharaelyrfampinpdt captuict ehrbughl other

el erre\r/:hg 845 of t form Each,5 field instance has an associ ated val ue
871, s e!DFGIPRES iR HENS T3FF ¢ RPBe of the corresponding field el enent.
Each field value records ipput through a partjcul ar &rinted form.i nst ance,

i .e. through one THe Presguce pf the moge abstraghdocument des the BaggiseRyFr APV 2 B

in Figure g2request a copy of a document without being forced to accept the source document’s specific

format. The user may be requesting a copy through a printer with a different page size, for example.
Conversely, the presence of the formatted document description on the page server allows the page

30 server to efficiently interpret user actions on a particular printed page.

A formatted document 834 consists of a set of formatted page descriptions 5, each of
which consists of a set of formatted terminal elements 835. Each formatted element has a spatial

extent or zone 58 on the page. This defines the active area of input elements such as hyperlinks and



Each forminstance has a status 872 which indicates whether the formis
active, frozen, submtted, void or expired. Aformis active when first
printed.aﬁoﬁgmﬂ@pecones frozen once it is 10 signed. A foper/REGHEBS
submtted once one of its subm ssion hyEerIinks has been activated) unless
the hyperlink has its "submt delta" ar Bibute set. A form becomes void
when the user invokes a void form reset formor duplicate form page
command. Anpubfieldexpires when the time the form has been active exceeds the
forms specified lifetime. Wiile the formis active, forminput is allowed.
| nput through a A aédtimehi istarce 83D¢onReiondsto iaForndgédtdudument 884, &ctohdistd &fea set of
background field 833 of th b.rel evant page instance en the formis
DLt ve of PRRRERCST SO0 AR PR GBI R0tk JKGRPPIT SRS FERihg fREUEE or m
when the fRaEHpdgs iddRhceP830 déseribks 4 §iRFAE tnilpfe pritedGlegdge BRAAd tedsids the padd IO S050f2
. formstatus report. Each forminstance is prefera%L _associateg (at 59)
with ar§ fthsr RAtRage t4 RRassingtanice Jeapt AR of Ardocyment insfangs i itrgprasents _R<ophoht Bigsr y .

This al | ousnRlild Ribiatipg | atest version of a formin a particular 20 tinme
peri od towﬁ% exc‘Pﬁe?ﬂl roma search. Al input is captured as digital ink:

Digital ink 873 I : k1B : rﬁ%@éﬂ ch
of whi ch consi stlggg%l‘ggt?g? E% 1s§$|a§§%?ﬁ%§ég@@@%%%§gtsgo e coeﬁg?igttag&of a
set of ti realysexistpfdit pesordroinstanasrspeciitsinfosmatioro fThuk i & hyperling instarice paistspion a

35, 25 Tk ot picafe it Afondl el 5 Bt JEAATR o ROHRalh, G 2
dr awi ntP f iacfiedd BR@nceexise foi yfield elemeitibetaysedi8 Gecorlih phi specifietoshepage c'uisalsee. An
2075 SR ke B polRe o Bl SRR 5, 2, L0 e zone

S an associ at ed Bool ean

val ue 881, as shown in, Ei gure . Al ar k Lck... ros a 8 a
fill zigzag, et c%““%'fi %E}F'ggmicﬁns}ge %%q%éfgg%nﬁ‘ é‘@r %h%pegg%eefeggas%%, aaﬁ%IP gfég\%ﬁ ue
30I to be &Simﬁsgetsewbmmaﬁ' kldlememeﬂM&; sHO\fne?ﬂFiﬁtireWi A aatioslernans 843 cundd at ext
val ue 882, as sho in,Figure 36. A i gi ink captured _in.a text,

(Rl oz i plamen a4 h it 3 AsSpoiatn P01 el B4 & tealiow, SImers s v e
recogmsg i Gfylecidft dtjeet 86X anl ﬁmﬁﬁs HeRR4DOyitgn his6dislted invixk WRmef8560@ graphic

handwiting recognition is we under st 00 see) .. WD 02/42993 -33 .

PCT/ A1/ CPlesagnt gﬂ}w ahgpageiated gappic object %, Sz.wd_s%gshp slegpent. 855&%3&?@%
State of tyioAllip dbjecB5S: iah Audid REP/eicheRBSBORGA hdsbitated Afdid-cly GHj6cR 859, % ON
Pattern Analysis and Machine Intelli (F:;ence Vol.1 . 8, August 1990, the

. . ntelligen 2, No g
contents oFrdislementR53 wityagjapsoriated sosipt ehiest S6) axthows in Bigwe 2hce) .
Speci al i zations of text fields include date and nunber fields. 5 A
signature fiel d fAResainstancsmaybavep background field 33 which i¢ used éo rpeoyd apydigital dik i n
Fi gur 7. b e i I Y keld s zone is
autong%?;caﬁaﬁ@%\(}g??ﬁ%%eVMHF%&%EEF)@? yttga%bﬁglﬁlg e&ﬁlt&?/én%f t he owner of the
pen, and a di gi t{l 43I ROBLL forfdl oft HE wveRticRNh 1B rlapB11 GE ThsBiattlliwith dabF phiee! d
is part is generated and assigned to the fiel d' s value. The digital
si gnat ur e instange freallowdags enithegpaghite bodnanslated-into lpgationston thei nget ure key specific
to the application which owns the form Online signature 10 verification is
wel | -under stood (see, for exanple, Planondon, R and G Lorette, "Automatic
Si gnature Wri fi TE NEFPAGRNEWQRK | dentification - The State of the Art",
Patt ern Recogni t nod prefieied Zmhbobimert, 3 BSPge! ewark rbasitssofdd distibaled asteof metpagen
incorpgéat ed by cr s-referen%?éﬁ A fiﬁ{.d el eﬁnt i s Jgi dden if . it.s "hidden"
attri bite Page sqyers 10: petpage fegisafion sarveptly Deipaee T S7VHA I newags ARRical o eSS o
page and dr3;fetpigt palsieidn sefVetil14, dnd néipapepaiRrs601 abmRetbd Vi@ d nbtwetkl Owath @ thi ch
15 is included in the formdata when the formcontaining the field is
. subnmi t t ed. Infenet. @5 shown R KigleFs) such as strike-throughs indicating deletion,

can al so be reco%ni zed in formfields. Because the handw.iting_ recognition
al gorit hm wor ks LBnRtpage registration gepysr blis @serverowhiphrecords relationships between users,

pens, printers, applications and publications, and thereby authorizes various network activities. It
30 authenticates users and acts as a signing proxy on behalf of authenticated users in application
transactions. It also provides handwriting recognition services if desired. As described above, a
netpage page server 10 maintains persistent information about page descriptions and page

instances. The netpage network includes any number of page servers, each handling a subset of



dynam cs of the pen novenent), rather than "offline"” (i.e. wth access only
to a bitmap of pen 20 markings), it can recognize run-on discretely-witten
char act engo\hliddos €l ati vely high accuracy, without a witepcfaRenesst

trai ning phase. A witer-dependent nodel of handwiting is automatically
generated over tinme, however, and can b@4g'enerat ed up-front if necessary,
Digital ink, as already stated, consists of a sequence of strokes. Any
stroke whipagde ifstaicess Sinde a ppgy sefvetiAley maihtaiie Dier tnpuovedues Sorapgtepuge thstance! blidnts
element’'s digital ink stream read f(i)r é)fSﬁi terpretation. An)f, st roke not
appended ¥ nefpjee printersfiend petpagp fiputqirectiy,fojthe apprapRAE RageservRk TRy SEFd
field s dipgérpats anf kuchtifigiefslativk & thédiestritfios 3Phe t@fbspdhdinBPageackground field is
interpreted as a selection gesture. Circunscription of one or nore objects
i's generally intgrgipie WD asrver 32 /afl6dated MoLlmdnd GDE i51 CoNEhianB S shdOpYoRiaésS 10ad-

- although the actual interpretation is application-specific. 30 Table 2
sunmar i% e dalepcingof\pags sgTReTSydHits I allogation sehemgi t h a net page. Table 2 - Summary

of pen Interactions with a | Object | Type | Pen_Input | Action | WO
02/ 42993 - 34 PCT Aetpag ponser pges dhe mnﬁmb@eﬂ MNamehHysteny PN, of gimilar, to
appl i cat | ; . . . . . O

sel ecti onqﬁgﬁggﬁ#@g?@fﬂ ?ﬁ%l‘%&%ﬁ%gﬁﬁﬁﬁf@gg%%f%g}é?gﬁdhng the

fi el dText amespeidingpa@oinstande. di gital ink to text; assign text to

fieldDrawi ngbhigital inkAssign digital ink to fieldSignatureSignatureVerify
di gital ink signhmnetpage application serviir 48 tissd sesve whichrhests intdraptivg netpage gpplisatignsal
si gnat4g e el j T ripLi j LQidkal r

el oot o Afeblel SEDRGREh sEEREY islh PRGRLT R HeSCH plbi Sefel Rlyponts o
sel ect i on netpage Binters Thyyt are ddsctitied ind4il inSeaion 2st r oke captured in the
background field. The selection is cleared after an inactivity tinmeout to
ensure predi ct abNetpdpehservers .cab Behdostadvodi g)i vasibtyi ok netsyotlursenten platfomusy ffoe| d

is retained on the netpage.t erver and_ i S, opt.i |1y transmtted with
the for m ARPRUGHER Aht Ao RN SheTEP Rl e Poid” nRRRte demsed et G Bl
the appl i cahduaentlyoon aniiﬁglﬁ hm,taﬁaﬁtahﬁxgre&etvdi @hma:cdisﬁmuéeﬂh;peﬂ wlmixﬁbesolsmx_?ﬁ; Sdnkee
originagl conyersiqn, .such as t conversion of handwjtten text. This.can,
£ or e o A o i e SRR, STOHIe RRERAgh sextert e Bggricular e doncBonation BpVAEE
whi ch fai IbyGRe IDBdefver Rl the PigeABrvEr) Bl all Sobe HEIVEded UREWY i€ A Rdtlidpe apiliandt shbh as a
extension to this, the entire background area of a form can be designated
as a dr awili§tpags reinger, v compuier workstationox gu e freal 1¢8¥9ke, on the basis of the

presence of digital ink outside the explicit fields of the form to route
the formto_a human operator, on the assunption that the user may have

i ndi cat ed BPendnBif NETRAGERRINTER cd-in fiel ds outside of those fields.
Fi gure 38 shows T&he netpagh privteindOltihan gpplianes svhich ihwegoiteradgvighethe netpage systérand/ e

to a nghp The | consi f i wing 4 sk okernfhom
the pett iR Rof oRbRREaEoc o wid e Seskih LRl HE s it s
i n the st rankds coaficeted;to thetneipege negwdrk via@dBiwarhsuch agthe drearact] idedllyrviag broadband

i dentifyi nc%mgea{i 887) a formatted el enent 839 whose zone 58 the stroke

i nt er sect SOUHEERY i ni ng (at 888) whether the formatted el enment corresponds
to a field el enept nd if so appendjng (at.892 received stroke.to the
g tal Cink of ¢ AR BB idcaty o08 SRy Hund) i’ Ribqale BESShy A erarnfe.
digital Z%ebdllhof)i:oﬂtﬁg dnly Epefbistenn Gt .efmfai ag a(wtr B9¢égncerhed, h‘ﬂge ﬁdﬁ\eorkiieltﬁe is
part of_.a erljnke roup 866 and if so activatjng (a 95) the. . .

D001 85 crtper Neipaeed]thum Sicray g BAFe A (e WD e JEBLORGHe isbuted
formatted @iREPHge Stidrs 30, @RI periiont’y of yirBédlirhkipRdetiimitis. and i f so activating
(at 895) the corresponding hyperlink; alternatively, in the absence of an

~input field or hyrehbtpige prakRaostiveg sitatritda Qbtpakte dscam@ity Bbnd hdtplgs publidalien
digital ink of the baéclfground field 833; and copyin

\a 11 ¢ 3 ? (at 891(%7ethe 25
recei ved s¥FRel% Gaghdoctmentds disibmicd in Sio part Hhe Rage lybyth.cnd Rrepptual gext and
- mai nt ai nedipfye bhiecté Mbicht fophlaRthe pages. Because of personalization, page layouts are typically

30 specific to a particular subscriber and so are pointcast to the subscriber’s printer via the appropriate

-

OO

page server. Text and image objects, on the other hand, are typically shared with other subscribers,

and so are multicast to all subscribers’ printers and the appropriate page servers.



server. Figure 38a shows a detailed flowhart of step 893 in the process
shown in Figure 38, . WD 02142993 - 35 PCT/AU01/ 01531 where the

accunul at ggh @igddzal ink of a field is interpreted accordi pgdQudieessiype of
the field. The process consists of determning (at 896) whether the field
is a checkbox and (at 897) whether the 'cﬁ%i'tal i nk represents a checknmark,
and if so assigning (at 898) a true value to the field value; alternatively
?et e r9 gio ;li nﬁ (gt d@ﬁ@hetlpkget ﬂskublicattib@ séivedl optinfized th@?éégﬁfehﬁﬁﬁhhafldo&u?neﬁﬂﬁcdiﬁw@{t&i ng
at t he igital .in conputer text, wiith the help of the )

appr opr i at@’mﬁ‘ﬁﬁsﬁﬁl é‘f‘ﬁhéﬁ‘}s%ééﬂ%éﬁ?"@ s the Beigicash Of @ docusepny's PE@ Iayptse the gginter
conput er tigwivs Which Rfiddags 9f 309 W Bstetd ernatively determ ning (at 902)
whether the field is a signature field and if so verifying (at 903) the
digital ink as tbgce tH3Nfintrhal reckived RRNcongINE Phee Ml b€ objEdtP At dLfR the
appropriate registration server, creating (at 9%4) a digital signature of

t he con® erdosument fohe privtedeit pannrinhthe fogumental so with the hel p of the

regi stration server and using the 10 pen owner's private signature ke
relating to the &be pinteronsierizgs endrintsendd@nd evendagessimpianepuglson both)sides of the
digital si tyr t Leld v el r.ver mands  A.Dage,
server cortiedath niss IO oo Bate cdadyedy RO Tur B Lot BES SubBEM ||
oper at es dprinttehdsy350 fiorfthis purppsege and docunent i nstances. 15 A page server
command 907 can be a void formcomand 908, a duplicate form command 909, a

reset form comufiibe fddingprapeds chnxists cftted deconpladratagbs Frdderizatich il pagodetcripsigns,

commang,912.. a reset page,.co nd, 913 et page status nd 914, a
dupl 1 oi0e 8 HrirRBR anfl R reoToRRes, ipaedh, Tha Seeranice it OGS corpfts o snp B
docunent sinedeUgandadTIDSRE P 7runsisg S @uralleln The duplexed Prin Engdine/ Odrtofl€rs FossivToANd
voi ds the correspondi ng, forminpstance, A dupl|cate formco nd voi ds the
corres pono‘f"ﬁ@“’fﬁgﬁﬁ% ﬁlﬁlngpgﬂ‘g df‘ﬁ@ﬁ“ﬁpﬂ’éﬂﬂ? g Images;inrea) Lms, %&Hﬁ“‘?gﬁvt €t he
current f osgetatios bARE Printhdalls fnithd fhinY BAgi@s. preserved. The copy contains the
sanme hyperlink transaction IDs as the original, and so is indistinguishable
fromthe origi nabrikt@rsaibt JRFYILC Rk liBAsiblé\ mgﬁﬂﬁné BAVE GO PR to/ Bifl SadsNRing IR-
correspondi ng forminstance and then produces an active printed cop%/ of the
25 for hPi ndEemmtive blagknink, athquehothisestits tags netherpise empy argasrRfthe, pagenAlthongh
hyperlink §1i&ﬁﬂ§%%§hi&']ndr9§m§§d hﬂ&ida&ﬁt?'tﬁbﬁ%viﬁblsﬁ-pﬁﬁkwb@%@&ﬁ@ afe Nt Mdsed as
produces a printed report on the status of the corresponding form i nstance,
i ncl udi ng WRREPRubl i shed it, when it was printed, for whomit was printed,
and the formstatus of the forminstance. Since a form hyperlink instance
contai ns a transécedreal natpage printahprints netpages o sheets Afpapy. Mevospecialized netpage

duci . ' _ , : : . o
Pher ef oo P ReAan? bihe i MG pe U spllods iiE B dihs B it of el Sl it
produc@8 asuppértstat deastoqmne suffaceltypec and suppwtscit tegstpmg dag tiling ackemenandrhendectag map,

backgroundgf i I [vedy qf,.1.h e.contain form.or | art of
2 Form 1 nihefndutlsbeb LRy il B RE pR 0 BB Fordme 8 asesn RENS '
i nt er pr et edocasent tto@héscasseidtalr witlc thahdochmest se gt theadpeumenisatagt qn dedeasctly

printed CODY, rf el he correspondi ng page i nstance with the background field
val ue di scarged i the page contains a formor is part of a form then the

reset page conma I S.interpre as. a reset. form co nd. A get e .
tat s’ conmmnd PR3 SR B Bhffhe hnlte CSE Hppr Bt FRE Friyeryefita R Raton
cor r es @5ndmantaired by i fepistation server Lish thegnetbage petobikshed it, when it was
printed) for whomit was printed, and the status of any fornms it contains

or is parEI of . hThB%ﬁﬁfrPﬁgﬁbédﬁgﬁhtWﬁFﬁhe@Wﬁﬁe_ ﬁ@md@bi?:rea iﬂlg&_ﬁt&g&l tdilSin \§8¢tRnl6y f
associ ate th, ica age elenment in the preferred inplenentation o
_the invent P"gﬂﬂ"."’ %ﬁ’e‘ﬁggenﬁ%@ﬁﬁﬁg‘jﬁ%é&i s duplicated with field val ues
preserved, field values are printed in 10 their native form i.e. a
checkmar k qRppar illearﬁle?mslsr?ﬁ ar scheckmark graphic, and text appears as

The netpage system can operate using printers made with a wide range of digital printing

30 technologies, including thermal inkjet, piezoelectric inkjet, laser electrophotographic, and others.
However, for wide consumer acceptance, it is desirable that a netpage printer have the following

characteristics:



typeset text. Only drawi ngs and signatures appear in their original form
with a signature preferably acconpani ed by, or alternatively replaced by, a
st andar d \gpPpiMges | Ndi cating successful signature verificaprpRyuofodep! i cate
docunent command produces a printed copy of the correspondi ng docunent 15
instance wi th background field val ues pﬁﬁ%érved. | f the docunment contains
any forns, then the duplicate docunent comrand duplicates the forns in the
same way a dupli<cat ehbogrpkio guaiecolte@sintiny r eset docunment command produces a
printed copy of the correspondi ng docunment instance with background field
val ues di scardede | fhighgualgcastpiitingont ai ns any forns, then the reset

. docunent command resets the fornms in the sane way a reset form command
does. A get docuaenthigikeBibtalitys command produces a printed report on the
status of the correspondi ng docunent instance, including who published it,

- Wwhen it was printedow@fintéheoit it was printed, and the status of any forns
it contains. If the page server conmand's "on sélected" attribute is set,

t hen thg command. opgpatiQAsS.ox the page identified by the pen's current
selection rather than on the page containing the 25 conmand. This allows a
menu of page seryer 168 dsstto be printed. If the target page doesn't
contain a page server nd el enent for the designated page server

§
command, then thg cqg i.S:d.gnored. An application can provide
application-specific ﬁ@ﬁgv?%gbby enbeddi ng the rel evant page server comand

element in a hypgrli . HHR. he page server activates the hyperlink
associated 30 with t%gﬂﬂ?%ér H%%d group rather than executing the page

server command. A pqﬁ%dé,gﬁmgglieg@mmnd el enent is hidden if its "hidden"

attribute is set. A nd el enent does not have an input zone on a

page afg so cannpt Q&mﬂﬁ&&&ﬂ%ggﬂg£ﬁﬁgﬁ%§ﬂgy a user. It can, however, be

activated via a page server comran ed in a different page, if that
WO 02/ 42993 -37 page, ser C nd has its "on selected" attribute set.
PCT/ AU01/ 01531 1.8 SCPMWRES OF NETPACES In the preferred form
each netpage is priqﬁed wi th the .netpage logo at the bottomto indicate
that it is a net page°gr?8wﬂ1°é)?'%qn§’|"8nhas interactive properties. The | ogo
also acts as a cgpy 5 bhutton. |n nost..cases "clicking" the lo roduces a
copy of & he pageN ey cofBercilly Batupie pising imeioey i sheinest SeBigRORT o
entire form And.in the case. of a secure cunment) such as a tjcket or
coupon,  the. but ¢ 3h BFYLE PRESGOR St reey ity RGP Sopeteiiiey ¢fesphgh, Sppeant hee
def aul 15si ingneedpa ey Geifty tebiiioldgly Orfened ha as vkanjeti™ éhhatodyy MelgetPe isey dfvp-on-

net page page server.. Special co functions are ndl ed, by i nking, the | ogo
but oot b Shmath f9Gst, Bmolpey 5 T | SRR SPETEOR Pthgals o bappled | using
enbodi ment mickddRchGthdbhfifical kystend (MEMS Ptectindbigp. Mpuiré QM shawded 6ifigle pahtidig. cléfikan

pressed it_elicits a _single page of information, including: K status of
brinter colRataWrmeatartiont The petpage walauniprBrseoriss 168360 prinying clemeps gy

docunent fneih QNeDT Api pdeewRidtieilex R inkR OPhid PHneF KnflithRE4sBS Printd) ByalEnBgeRNU
provi des a hierarchical manual on how to usée the netpage system The

docuneR? fYsew; Wecknend infrared inksas wellas paner eqpiditignerand inkdixative.

The printing element 300 is approximately 110 microns long by 32 microns wide. Arrays

of these printing elements are formed on a silicon substrate 301 that incorporates CMOS logic, data
transfer, timing, and drive circuits (not shown).

Major elements of the printing element 300 are the nozzle 302, the nozzle rim 303, the
25 nozzle chamber 304, the fluidic seal 305, the ink channel rim 306, the lever arm 307, the active
actuator beam pair 308, the passive actuator beam pair 309, the active actuator anchor 310, the

passive actuator anchor 311, and the ink inlet 312.

The active actuator beam pair 308 is mechanically joined to the passive actuator beam
pair 309 at the join 319. Both beams pairs are anchored at their respective anchor points 310 and
30 311. The combination of elements 308, 309, 310, 311, and 319 form a cantilevered electrothermal



20 print a copy of a docunent print a clean copy of a form print the

status of a docunent A docunent function is initiated by sinply pressing

the buttgoRoardadeen touchi ng any page of the docunent. ThecgiaiowsiRi a

docunent i ndicates who published it and en, to whomit 25 was delivered,

and to whom and when it was subsequent I'y? submtted as a form The net page

network directory allows the user to navigate the hierarchy of publications

and servi desd ammatdr82et wor k. As an alternative, the user can call the

net page network "900" nunber "yell ow pages” and speak to a human operator.

The oper at or canFigmeal8eshbive ackdfallrpadt of af i tof priftingoslérgents 3000 incdh@ingSe tross

. printer. Dependi on.the docu t_type, the Jisher or the user s the
50 ol | SR IS P BuntRg slepet 0, Ehe Bosheshom FbSis shovsiibiont B 8 BROAE v e

hel p page th&ink MlétBUS that phesky dirbudh kiR silfcoh hefepsot er is unable to print. In

- this case the "error" light is lit and the user can request renote

di agnoss s over tFRiguiee19@), 19(bPandISRSShYM: (g BporiuRLdyEle BF NI plistink fment

foll owi ng description, news Is used as a canonical publication exanple to

i | | ustrat 08 personal i zati on nechani sns in the netpage system Although

news is often used in the limted sense of newspaper and newsnmagazi ne news,

the intended scoligued¢a)shoysthespieseentpasition pkthe inkaneniscys 1A ariprdp pantingap dake m

the edit orgigletCRR iEREaiRAh B B2\ cRhdbe bY SurbLE tRSbn & th&ink FMRisBI16 GRS AQRe ar e
personal i zed using different nechanisns. The editorial content is

per sonal i Zbwidie saab?Qfi fagnad detween the aoasle ohanshes B4 nd the igk ghasgel si3Q6npl i cit 1y
captured interest profile. The advertising 10 content is personalized
accordi@g to t heWhiladwinting, | the atinthgad EMOSesirsgitmypdistibutes data[fiomCOke Airint engine
PERSONALI ' o i.nds  of " e
hat del | vopole do OSSP Shnfl kAl Ay fhe ol Bnf iuREE IS B G vt QST
news publ iedeetriodass318raf thy getingatchdton bdam dair 398 HThis feausps) bh ielehieical cuoent tot pagsins
are aggre i | J challized

agar ogat or o e bOfh pRY ot B BB 85 bRHSLeoRl Mg S AL The ltliure
newspaper sinanahe nasubing fom Joake, heatinglceusaeths bedm painB0&@arexpmd nAnthe padive actuatdr a

"raw' feed. fraoma ne service, a cartoan stri Jreelance iter's

colum’S a et 105 it At dErRs bines ot pomie ~eie in & Bt Fiteichre Sopreen bt pie

gg bl i ﬁat i beaﬁﬁfaltﬁrrhistsﬁﬁ@rdﬁﬁer?ﬂ@eislﬁidhially fds610¢d @fmewnﬁmerwﬁﬂqgrﬁﬂdaﬁ?‘thaaﬁl as
we as, the aqgr tign o tiple ne reans. andl,i t he

aggr egat i o‘??na ﬁ&‘“‘ﬂg‘r@%%é% tth%g‘k’ﬁa%ﬁs i.é‘? ﬁ&%ﬂﬁms& bagsgyfs gﬂ? Beyqment),,

the readerio théfosRS MRAMbESIEP The 1hozR HambadIRN fbvek ABoWR twh ARIEBNE WEthe \Yobifibh | t

ot herwi se has no_editorial control. The subscriber builds a daily newspaper

by sel ect i TgWBAFigrrerigk. Tonincrenise redninerpsuisuforsinpink AL outoh theciogale PRy 2pd
per songpi Z&ﬂsiﬂ?h%'iﬁﬁnﬁﬁis&ﬁ@% td Blgd. erhe InbkADrife303 Yprévdhis iRk MeRisélls! 316 SFbne S
and bound together into a single newspaper. The various nmenbers of a
househol d Pyqsding perpssdherusiace afheinozgle ehamber304 nt er est s and tastes by
selecting different daily publications and then custom zing them For each

publ i cation, theAsdhgfempesprec she Seamaaise 368 and 0P paualizescthp @etatorsPRaetyeg ¢ ons
appear dai its\’or%éiml b@sitﬁinhﬂ?i;? 2iRPRSRY brWEESEE Ut the A€ dﬁﬁ)%#t ¥1PR6h 18k 813h hRllogad rom
I mes 30 on ude "Page One Plus”

The New Yor k nline, for exanple, incll _Plus™,
"Nat i onal "chamber; e shewnoindfigure '18§s). (ibgmozzle phpmbarisgefilled iy e aftionpf the surface

" Techngkogy, . "ﬂiﬁ@g 21¢ T1he set of available sections is specific to a
publ i catsi O%PSI%@?ISG t ecgs;lghl t subset. WO 02/ 42993 -39

Figure 20 shows a segment of a printhead 350. In a netpage printer, the length of the
printhead is the full width of the paper (typically 210 mm) in the direction 351. The segment shown

is 0.4 mm long (about 0.2% of a complete printhead). When printing, the paper is moved past the
fixed printhead in the direction 352. The printhead has 6 rows of interdigitated printing elements
30 300, printing the six colors or types of ink supplied by the ink inlets 312.

To protect the fragile surface of the printhead during operation, a nozzle guard wafer 330
is attached to the printhead substrate 301. For each nozzle 302 there is a corresponding nozzle

guard hole 331 through which the ink droplets are fired. To prevent the nozzle guard holes 331



PCT/ AU01/ 01531 The reader can extend the daily newspaper by creating custom
sections, each one drawi ng on any nunber of news streanms. Custom sections

m ght bewégggﬂ%for e-mail and friends' announcenents ("P@f/gmﬁbl"sh or for
nonitoring news feeds for specific topi %%f( Alerts” or "Cippings"). 5 For
each section, the reader optionally spé les its size, either
qualitatively (e.g. short, nmedium or long), or nunerically (i.e. as a

limt on iffom becsrhiag blotkeddyeaper fibad of hhe:dhbhs’ tﬁ]teqad aip & untpad dirougpt Wier i inletsg,

either quglitative e.q. hi non uneri cal

as a per cglﬁ% ﬁ?“\{ °¥Tﬁ\§(‘\°€zged§‘fmgﬁ‘§?? g’ﬁ% B’H’é R?}P'?é ;@@2&% hg ﬁ‘(’zﬁ}e a

. | arge nunigird @fseflDWhitd thépiintédieRledr 10 a small nunber of Ionger artlcl es.
Each article is ideally witten (or edited) in both short and long forns to

support tHie pPreftyRéepagePenarticle nay also be witten (or edited) in
- different versions tq match t he expected sophisticatjon of the reader, for

exanpl € to pr ovi HhE aCHYs sepsing geVg:ﬁd)fg}m}efpgge Pstem Ig fypicaliya P%l‘bbqloﬁ’lh}c WgdfSsi on

is select gpaies E&Hu‘%ﬂett B4 138bl Q6 effiurs aftDfecodd B PRIHGHE fagh ﬁemsaqﬁge w afti image
"readi ng age" which 15 t akes precedence over their biol ogical

articl es welselh Theldmage seaserhis s?eaqhd@wtead@l@epretlé@b with dnRppropriste ;férer Eg/PQl‘ﬁ@t

editors, Eﬁimg%f ing eﬁ%ﬁﬂ' aV@leH%ﬂ lAs dl&éci'xﬁéd H%or@&etﬂﬁgé%w tthetb m3{ &ble to

del i vered t0 evant subscribers, I n priority order, Ject to space

const r ai nisense when thegulnisgn cbwact withdhe susface, and tl@am iisoable totsense thgs af 8 sufficient

ThY <O {ie d kR B AfhL B 2o T ol w RO KP sl el

Each arti chpunefiby thepe isfaneypted mnd elidekkady aansmtddl lbttba’ Pﬂ@en @r basemtwdn)mtheh

rating butto t he.end, of e,anticl btt 0. y
choi ce (e {é’: Pﬁ?@ﬁ sw%%ndmte&’rgéng@%ld‘}ta % resl?ﬁc H‘ ﬁ] Z pg 8%?6&:
will bot hembbdméﬁtt fearisinitting the Mif@rmatisr to @ netpagel shheﬁogintqmremioml es and short
lifetimes are therefore effectively considered 25 essential reading by the

editors and are T ﬂruﬁfraﬂerh&dmt off the Ratpape penbpetatesieXitas alfigking kagen and as

optionglly s C|f|es ren | ctor, either qualitativel do or
Gon o B e Sty Mo amrtils pepect e Bty joriine e tesaes Pt
threshol d azdSaeﬁlro %@ﬁt@lﬂ' §eh A rvHRE i€ Ll Qdsadnl eerdet |1ﬁt&ifdc89anﬁ Mge et or
makes it nore I|ke that the correspondjng section w ||l _ be led to the

reader' s JpRiHFRd ¥ é‘afpmasef sysigmypndrhas & pique peh i Bl djeure 2} 8}0‘”&&‘?? Pstpage pen
speci fied difE di Qr |, rbfRicBRY pélaéfted’ infoRRatiASKainthiABd b A0REis@ItRA seivbd P13k lide
speci fies topics parti cuI ar interest within a section, and this nodifies
the pri or.qerpeser&s\sqrbﬂed by the editors. WD 02142993 - 40 PCT/ AU0O1/ 01531

The speed of the reader's Internet connection affects the quantity and
qual i t40at whi chWhes githercnib ipdn entactevithy a nepage. cthe en determiney ity PQ?S%Q!! mdes a

pr ef er enc &y feRinidEBlivd ﬂme @e%r Tﬁﬂﬁhh@ httdcABORS ﬁ{'cet%gﬂser, ahd ﬂ%h&ﬁrc@ SRR nilis

si ze of |rrages I's not redu I mages mnma del i vere | ower
qual ity (iinterpreted felafise to 2 deshiokddn ingticap whetgqré mn isoupT orsowny., This allows a

Al t t ] i '
del 1 ver eq ethelie elirint i B pigd b SUABN folpreing S ) drdl pd A e,
guanti t i esipfodmation from MWerhothnmwm yhe\faica éscapturedlap g adritinvehs vilue to dliowosayes

speci fy&n t i me
£ or mat 25 e ke £ afind GRE elicaDnd b ol e By Binch ffect A\ EooBiiled |
situ tr ansﬂomblvdmhas gaeatenthan th@moxiﬁﬂbsappbctbwmmatg To Eclitk’t the @ser fapplies & fiace

reader's | o

101eni {0 vaeqﬁ %l ’i‘his may provide more desirable feedback to the user compared to that

provided by a non-moving nib.

The pen determines the position and orientation of its nib on the netpage by imaging, in

30 the infrared spectrum, an area 193 of the page in the vicinity of the nib. It decodes the nearest tag
and computes the position of the nib relative to the tag from the observed perspective distortion on

the imaged tag and the known geometry of the pen optics. Although the position resolution of the

tag may be low, because the tag density on the page is inversely proportional to the tag size, the

adjusted position resolution is quite high, exceeding the minimum resolution required for accurate



10 To reduce reading difficulties caused by poor eyesight, the reader
optional Iy specifies a global preference for a larger presentation. Both
text and WB?QE?%@W scal ed accordingly, and |ess infornmatipgf/dthi/o1531
accommodat ed on each page. The | anguage in which a news publication is
publ i shed, and its correspondi ng text eﬁﬁbdlng, is a property of the
publication and not a preference expressed by the user. However, the 15
net page s\ahdwritihghedagnitief i gured to provide automatic translation services
in various guises. 2.2 ADVERTI SI NQ LOCALI ZATI ON AND TARGETI NG The

personal i zati on Pdn dctiéns@élatie/tb anetpaidtaedaphilkddes b lsatied of aedkes. Weroksbonsibts 6f 19
content, because advertising is ,typically plaged to exploit the editaorial

cont ext . TPaRrEfe of dime-staspped pappositions pa theglage, initiated byt ¢ Pesysipwmreven 2nd eompleted
section t hﬁ,r”th@'sﬁ@éﬁtﬁhﬁpenﬂ}?e%t ug s&Bket Bealé%dtaggbﬂ' With aRNSREUDL 5D 8N the Chetpage

. advertiser (and théerefore to the publisher fes inits ability to attract
| arge rRinmiyEeEesE thP@asPeDsclwgeﬁ whigh, ppder po ey is githegommepcemepeefithesi ng
i's placed @ggid he basis of locality and denographics. Locality determ nes
proximty to particular services, retailers etc., and particular interests
and concerns assfigihdld ' [

Denogr aphi cs det er malﬁ]?15%%$g+sr?%%r%§g§%1§ﬁ§gﬂg§]g%o§§%%;Wl}léal% fhgg?m dhe uief to

li kel'y spepedorgcopatandpast: operationssstqyTbé seddetion is timssstamped fa allatyl the sgystgmm@dlscmsd
adverti si e n o)

a1 cat i areet §3eed e Blub, 1l SRS} QIRorthisobs § Bt ThR plgepudtl g consits

r eader $i p)fdlmrmqst mnént d:gitabmkl sttdke cﬂmyed thragh shegieh adidtive tothe aahkgfohnckaragof then

Ul 130 R SNIPIe/8 PR DHPLei BAe” G S PRI P & SPGREATA on

a per - sectseleatidudgpalink adtivatipni Nt 0 account the publication's geographic
coverage, the section's readership, the size of each reader's section
edition, each reBathrpes hasly edirtentnib@24hr THIO!s theorib laatubtifiad by hRaee to the system. In

dermgraphl 42993 -41 PCT/ /015 ar th ot her
modi a, thd ﬁ&tSﬁmE@e%% Rétade 36 Do AURYer R (7 aduRs 1ok Bifcorerinimiing

gr eat e15 dedtglid nib &'¢hridht. Biéh pefiRisb Bhs PERERAENID btyle!8250THSis T b s@aélﬁs%@béiated t

therefore allows it to be sold at closer to its true value. For exanple

the sanme aWijtheinep by an gpplication, 6.8y epnsq 1o the psFr fejeqting 3ok Sivm ¢ paletey They 5
adverti sergpuliniistyieN the Hivatyld RI6I8Ra witR@e %u&et@%néﬁ‘oké@&%wmoh Pa pen are

advertisenent of one advertiser or another, overall presérvin

pr opor t i onfagged sysitle ahes gnent grite atyle. Whe thestrokesT e prbsqaERely s TepR meé4 thezare
advertising Joﬁuéé@:dih@hﬁqgé‘?i‘ﬁ?&rh}éh{lx@ glgtt%gtdad pr oduct information and
re

online pur c?ta5| ng Ore raises t Intrinsic value of the

advertpgi ng spac Wheﬁ&ﬁ?ﬂé‘%eﬂ?{ ﬁflﬁiﬁ (%rngg @P@ﬁg with ‘iﬁhdhé{ﬂ:dno&nﬁﬁlﬁ’ucgén&ls Sagnta or

automatically by net page 0 pu er an advertising aggre

can provi ddovwyflashesrits| nbneb’deﬁll;dvmge pon fajlstth dg@tdgrﬂamwe zelative dorther paghi it s .
e 205 ARABER 0y 8§06 0P BESUAEH e LT iy 102

makes it nore cos Ive Tor pu I'sin
aggr egat or page.fiamomentatily aativatgs itfjoktiEBDadverti si ng. Even t hough the
advertising aggregator is taking a proportion of advertising revenue,

publis her s may f iAnsiqucnee oﬂcaptggd ptraﬂtes is-referred talas Higitd dde Digital ink fayme tie dasis for

ef fi CI i at. as,. an

Tt er o 2P St @8RinER 3L R angd 454 RS T B B el e o
adverti senmﬂhewenﬁmhmanlstgnanﬂabl cations. It is worth noting that ad

pl acenent in a netpage publication can be nore conplex than ad placenent in

the publication' The paistwielead andmmnﬁtsmgital mh&ﬂhelﬂapdghpnmﬂbha Eattdrta'an@ radio

negot i at i oftl BBt Gl g € Sacsipid B pESY o s g apck R o ot

publ i sher stradshésiph,SueisaBrhys flishedén 4 Peh-ipvoR §Cerfin® tigi#lyHabMNingd 66 the Piibter.

30 When the pen is out of range of a printer it buffers digital ink in internal memory, which
has a capacity of over ten minutes of continuous handwriting. When the pen is once again within
range of a printer, it transfers any buffered digital ink. The buffer may provide more or less buffer
capacity.



aut omat ed support for these negotiations, including support for autonated
auctions of advertising space. Automation is particularly desirable for the
pl acenentygfy ,qu\éﬁrtisements whi ch generate snmall anounts @pridiePdss1 such as
smal | or h|g ocal i zed advertisenents. Once placenment has been

negoti at ed, the aggregat or captures and i ts the advertisement 25 and
records it on a netpage ad server. Correspondingly, the publisher records
the ad placenentAgen tdiﬂaerreglamammmehpﬁgﬂ:eﬁuhﬂ)ﬁmi ibarbeasusy all statéldeta résides in .

net page publicatian server |lays out ea se per sona Ilcatlon
D ks B b o8 BAIGCRES b i btV it BriBredet FRAGReT ) G, Bittert 3eR gtk
. PROFI LES Zoogunbnichtina! wigH d¢ @l feirtiduiir tifg. 30 The personal I zation of news and
ot her publications relies on an assortnent of user specific profile
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which is activated by a click typically requires a click to be activated, and accordingly, a longer
stroke is ignored. The failure of a pen action, such as a “sloppy” click, to register is indicated by the

25 lack of response from the pen’s “ok” LED. However, where a netpage includes a button a “click”
can be registered when both the pen down and pen up positions are both within the area of the
button.

There are two kinds of input elements in a netpage page description: hyperlinks and form
fields. Input through a form field can also trigger the activation of an associated hyperlink.

30 1.7.1 Hyperlinks
A hyperlink is a means of sending a message to a remote application, and typically elicits

a printed response in the netpage system.
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1.7.2 Forms
A form defines a collection of related input fields used to capture a related set of inputs

through one or more printed netpages. A form allows a user to submit one or more parameters to
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page, page instance, docunent, and docunent instance.
All input is captured as digital ink. Digital ink 873 consists of a set of time-stamped

stroke groups 874, each of which consists of a set of styled strokes 875. Each stroke consists of a

set of time-stamped pen positions 876, each of which also includes pen orientation and nib force.

The digital ink class diagram is shown in Figure 33.

25 A field element 845 can be a checkbox field 877, a text field 878, a drawing field 879, or
a signature field 880. The field element class diagram is shown in Figure 34. Any digital ink
captured in a field’s zone 58 is assigned to the field.

A checkbox field has an associated Boolean value 881, as shown in Figure 35. Any mark
(a tick, a cross, a stroke, a fill zigzag, etc.) captured in a checkbox field’s zone causes a true value
30 tobe assigned to the field’s value.

A text field has an associated text value 882, as shown in Figure 36. Any digital ink
captured in a text field’s zone is automatically converted to text via online handwriting recognition,
and the text is assigned to the field’s value. Online handwriting recognition is well-understood (see,
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30 Table 2 summarizes these various pen interactions with a netpage.

Table 2 - Summary of pen interactions with a netpage
| Object | Type | Penlnput | Action ]
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Figure 38a shows a detailed flowchart of step 893 in the process shown in Figure 38,
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pr it er s WORERCIOn: ARREGHNE 1t O et ie Gelna cheakbrt G Aoy bBeher 4 or
. 1f the | Dsgigib Gk rei[:)iesetn&em clidcRiftdeR SardNE 58 Iagsigiung @E899)"d S PuleOidl 1 ﬂhlﬁ@alu@e

printer's public ID and public signature key, and stores the certificate in

the regi stqltatnﬁ%wlmatm (apBP9r bethes thefeld rl%fgteﬁtt figld pghif s ponverting (ag 990) the
- certifigat foiaifRQpicbt ?Jtafteﬂewﬁ% Helfpl SR Spp r&ﬂnaﬁ%eg&mhaé S&G&,%a ass@gslﬁrg%ﬁt
user subscri bes

i nformati on aIIovmn t to verif nt er |dent|t

to a publi¥i ﬂ)gﬁon\&rwctewwtqr seXttOeth@ feld jvalue;aitemative tqr@gm (ntaRQwah@berr\rhq

dat abase r t

def aul t p?{?&é‘feérdé gnés?)iglgl e%&ggnﬁlg% %Eﬁgrégglgggﬁeh%tgégign&n% ‘a &ed]y

vi a a pageowser,wdth the help of dwsamropmtarqgatrauonmemr. wesating2(at 90+ aldgml ggredlr@pf t he

DAL P el B RLERBARE S B 8 RS ok Rl BRBPaRER 0
to del Iﬁ)erpehlwmﬂtmlbnvatetslgmtuteakewrrdamac tHel cedespsmd’mg éﬁpﬁcqmag,eamamgatng\(argo& es
the signatur I n sher’s public key, obtained fromthe

publ i sher" @ g‘é@ Eﬂ 3 Q’ng‘fjéld’ Y t he registration database. The netpage
regi stration server accepts requests to add printing authorizations to the
30 databas so as those re yests are initiated via a pen registered
to the pr| égggﬁg'ﬁi& CURI TY Each net page pen is assigned a
uni que | dent i f i eA page server mﬁmammm@dm@hwﬂ@n@@«bmdly byvhe pagedseoeR It 49
PCT/ AUO1/ O%p'«_!?ﬁles'dﬂe&l?gﬂf& § M&%‘ﬂn&t}%& &n and in the netpage

ba 8

registration server "data uni quely identifies the pen on

the nejgage net W?Jb% \A};V%a W%’f@& b 2OWid Forth! UBiGnad 9@&eta°ﬁ&>%ﬁ££'f8&?rs

and a printer can A pen communi cat és
printer vi gpxmnamdcﬂoe. ] rr@quéqnmycomngmél910maagei\®rmwtamssc®nmd t9lh, a2 dwplisatefpaghe

rinter. r th [ | ar,| . han

Cessi on ke SF, i Bbbeoimalh 815 B btk Sy oDfpmbESHA, Rl cE A8l
digital i néommndl%@,memdoqumemamang 916) er agetrdopurhant etathe saxiimdky, asShapi al
ink is never tra:;’bsmtted in the clear. A pen stores a session key for every
printer it mEENE3T | hdexed by printer ID, and a printer stores a session key
for evgry pen it kno i ndexed b | D. Both have a |ar byt ..fini
storaggblo capacft %onge%"é‘?%”r‘?dk@@, H’ﬁn‘&P“{R/F!M“‘r‘L‘P% B ’ﬁ“%"é"g oﬁ unligase Jtﬂm%\

| east-rec efdnimhnd%ﬂs l&&saos:esﬁonmg Gsimdhstancy\ied1then poducee Iﬁﬁ&cmetphihﬁd o6t thé a

ot khou RO Riehen VI Ackh s e} L gy ROUTF0F MG IDpIfak Cigpstion 1

to know t hiDsparthe &Iiglﬁalmrﬂmo ib endistigguigBle ot the efigingltot dAeappRaatibie /0 fgé fben a
user who is registered to usethg rinter. (Lf t he rlnter i s meant to now
t he pen buf°"HE"’g'Qﬁ"°’cds thecogresponding fqrizy ipstance, an G’FBH‘&’E‘ ces 8 agfive prigfed copyQf; thé,

procedpge. forh insBRcPWith Figld valass discaRied IThe %Wﬂtaida EhelX@hie h&ﬁbﬂihk' thanSfiGADs ik t h
the pen to ignore it until the pen is placed in a charging cup, at which

time it inthejeriginalt Aegetofrm: status ¢ Pmdduees 3 printedi reperh qnothet gatys,19f jthe | D,
the pen copdpak tak&@Y

recorded in th@%e%?ﬁ%&ﬁ%egl s%n?gltgilﬁg eéﬁ%eﬁheggfggg%g%@%a h?xvhlo& s
_manuf act urermtqcbalwh?fqgmrs@@ss)fﬂmf¢rmmstme pen transnits its pen IDto the

printer, and the printer transmts the pen |ID
Since a form hyperlink instance contains a transaction ID, the application has to be

;..

30 involved in producing a new form instance. A button requesting a new form instance is therefore

typically implemented as a hyperlink.

A duplicate page command produces a printed copy of the corresponding page instance

with the background field value preserved. If the page contains a form or is part of a form, then the



to the netpage registration server. The server generates a session key for
the printer and pen to use, and securely transmts the session key to the
printer. wh.o28499 transmits a copy of the session key encpgpiag@diissh t he
pen' s key-exchange key. The printer stores the session key internally,

I ndexed by the pen 1D, and transmts tﬁe?é'ncrypt ed session key to the pen.
The pen stores the session key 25 internally, indexed by the printer 1D.

Al t hough alupbidate pegr commandrjie iapated aa gduplicate tfomn pemmarel) iAs rasett page cpmoknd ol |
only a real pen can decrypt .the sessiqn key transmt.te t he prd nfer.
Wen o pr QRSEG: § Minl obl or S s nhe ke pRGREY liGite Hhoeing et Fus
use until didcaidsd.| If nheepage coftains & ford dreigipaitedfed fdal, thennthe wesedpagp RIBmInBNA 1is Y
al l owed tq be uscﬁb}(js to rf uest and fill in netpa e 30 user and Hen

regi st r at i BIFPFEEHE 2 Tt FRE; Omgen ma%pageew%%ﬁwﬁ Ce§ & ATBIEH TyRort on the

© aut omats Cakduys ofl thk Qbkrespénding PEel ikt iiRGiingOWRS pEBlishéd MOWhERSIE wad PAnBE Yok S €S
secret-key rather than public-key encryption because of hardware

per f or mancEhouih ¥ prinieds and the statg,efiany forippitontaing ords parholocT/ AUO1/ 01531 3. 4
SECURE DOCUMENTS The net &age system supports the delivery of secure
docunents such a%he pespage bogg yehi RASSON VEEY RRRage iscuspallyrpstociated avithpeduplicate
facility t ' iége[ﬂé | 50 on request from

publ i shers&\%ﬁ%bg%net%??a y&amﬁ}?ﬁ%?d!mztg_h?ﬂ%hgnvgﬁﬁﬁi sher indicates its _
authority to pri@fhen a BagdaHeRhbPis pticRtell With Gield ValubS AeSorvell Hictivatld® afdiphittelin | S
able to authenticate. The "Wat er nar k" printing cgrocess uses an alternative
di t her 10ratth¢ix nitive S ii-i 2 checkynark appeatsas aesindprd cheéckmark graphic, amhteit apedss ek

pages contai LT O | ' Whi G L ned -gm;} ' .
The dither Jg%tgiué'e(gth{lgeg |:gﬁ\£€&d§é ang&g'gﬁ}%%%\mé\%tlg%aﬂﬂ?g |ongB{ae?é££bq§]
desi gned tascompadied dyaor alternatifely aepdased by,ox standarshgraphic indigatings sugeessful signatire

t oget her, \ae(ﬁlﬁb Aégd by 10 | ooki ng-through the printed sheet. The effect is
simlar toa watermark in that it is not visible when | ooking at only one
side of the page, and is.|lost when the page is.copied nor nal,. ns.
Pages of secur o ol docuBinSPmRatd imRRH s bl Rk or ¥ cOH P R0 nens
mechaniSm siaaee i viddbickeroael fi€ld valus plesereed. Hhthe deliingeiel Soritding ayViofias, tehphges
on net page: apare .phot ocopi ers.. 15 Secure docupents are typj.cal ener at ed
o5 par b o Bl RS DS aoficates et B abe SRS » Bl ofmdSHER <
_ph]s)t ogr apMdbﬁl!ﬁCi‘bsWﬁEClm&ﬂi ¢on@thndipesdutdia prined cbggdf&h@éoztgsﬂmhm%a%w' fhent instance _
informati on wi.th the age registratjgn server, as, descrjbe n Section
2" nen. pr e eckgraid (el S8uer SRcBleia e R RGN coBos, Y, i (o ERE 1y
i ts aut henddcinki cOMmARTKEES thé orink n thé SdnbtSwaya febisd fotilbdimmARd doel & gbtHioBistfient D
of a sgéure docunent. is only valid for the 20 |lifetime of the docupent, and

secur e2focti#fiheonmand preduges HpERitTeRRH OB St Stafloisthy cerpsponding focyrpeaf fnstance,
predicti Oninbhidiﬂgmhbtﬂﬁﬂﬁs‘ﬁled &, WREDR Was pAntR@CHdf @h@ﬁ_‘i{l%{'ﬁﬁﬁ{&f, lnhd @B1staRi dfGly can
be devel oped wiTh built-in t eedbac n verification failure, to support
easy poi ntfogns ise@uaing at i on docunent verification. Cearly neither the
watermark nor the user's photograph are secure in a cryptographic 25 sense.
They sinply provliile pagsisgrver ¢qaamandsh'on selpcted” Rtteibute i sep,éfqgetgg,gon@qqnidmerates
docunent Ve i Gk i iakhAREbY | ié! lpai’k Youttdile RleBrighCFabtfek G6Hn! G tRSPhge REMYinFRSHEN
added Ievefﬁ of g%%dri tyl V\/mgre 1 |lssc nee:}g& %utaltqes s.tiﬁ] ngﬁggnti red%

i une2bo ¢asrpand; Bhis aliows avosmReiape Aervaniqommandsciobetppiatd. ¥ yhertanget mage fdeesn't
submitted yelsqr ﬁe‘;@r rvil chfbiit efeftleht? Rl Ynd ‘aeJiél{a{Eﬁ. ;2&9 ‘i-le%;? cotinatiad ﬂ?e’hetg
persi stentl'y archtved on netpage page servers.” It is-therefore I npossible
for recipi commandads igegredli at e del i very. E-commerce paynents nade through the
system as described in Section 4, are also inpossible for the payee to
.repudi at e. An application can provide application-specific handling by embedding the relevant page

server command element in a hyperlinked group. The page server activates the hyperlink associated
30 with the hyperlinked group rather than executing the page server command.

A page server command element is hidden if its “hidden” attribute is set. A hidden
command element does not have an input zone on a page and so cannot be activated directly by a

user. It can, however, be activated via a page server command embedded in a different page, if that



WD 02/ 42993 -51 4. ELECTRONI C COWERCE MODEL PCTI AUO1 /01531 4.1 SECURE

ELECTRONI C TRANSACTI ON ( SET) The net page system uses the Secure El ectronic

Transact i\g og/ 293 sSystem as one of its paynent systens. SkEpAtRyoid: been

devel oped by MasterCard and Visa, is organi zed around 5 paynent cards, and

this is reflected in the term nol ogy. ver, much of the systemis

i ndependent of the type of accounts being used. O her paynent systens nay

al so be ugagk sehvier Smimand dadlito ol eélect@dtdutiBitefsdnt s regi ster with a certificate

authority and are issued with certificates containing their public

signature keys. The certificate authority verifies a cardhol der's

. registratid detSrANDARDIFEATUINESGF NETFAGESI as appropriate, and verifies a
merchant's 10 regi ' ' | . " ' '

Car dnol ders and. et RRFR M5 e aleled 1) BRNGA Wit B0 nliboge IBRPATRL bilhd 1o

- secur el y drdicateethat it g netpags andeherafore hheintezactingr propertiese The laghelbse acteps afcopyat es

are us t t V. t. | &at e t r.dhol d

aut hent%lj cabtﬂi?ltetg%'| k%%logtoﬁa%%t ‘gﬁ‘%ﬂg g%eylr?g%pﬁ’ é‘g‘{ég%acﬁw %E@gﬁ’g% %nott% ;(/:aes? rbg%e nr%é%ept ed
wi del y, péawttbryprodirasiseopyaf tHeentherfommn iAntl énthn case of a keeyrs daciaineht, swobrat a tickstbes
is considered b rgﬁp 0 rimsolutions which maintain cardhol der keys

S | nt
and certi fPERYe ogeggl}wrex L5y De PRAVEIS B B8fer access via a password
have net with soq ccess., 4.2 SET_PAYMENTS .he_net page, systemt he
net page registr aﬁ%&#@'&r gJogle-prge copy fupetign iy a‘?‘%‘% ‘%IFFéﬂ%EY B’&g@lﬁ bpetpage pagg e
car dhol dergerver) Sficial Bepy Taittiohy RéBadlel 8% Enkin®thd Ndgo BeiddA6 @n SpplitAishUS €S
bi onmetrics to authenticate the user and authorize SET paynents. Because the

systemis pen-based, the bionetric used is the user's on-line signature,
consi stO ngl.of tiUBSER/HEM SysTE®N position and pressure. A fingerprint

bi onetric can al lﬁlﬁing [Wal gl : | 4N ’ n,
al t hough at a hi glﬁd gggfgn e 111?/, ﬂ%ﬁ%‘%&%g%@g‘g bgﬁhilgéﬂéfd e%ltglg Pﬁg&e
capt ur e ofpreshes ibélisitea single pagstof ilfernmtioth inclwdingt on aspects of the system 25
The first step to being able to nake SET paynents is to register the user's
bi onetric with the rstatysaggrintegeonnectibn on server. This is done in a
controll ed environnent, for exanple a bank, where the bionetric can be
captured at the sanestdtasof paintet fonsusgbless i dentity is verified. The bionetric
is captured and stored in the registration database, |inked to the user's
recordiThe userss phbplevehielpméma al so optionally captured and |linked to the
record. The SET cardhol der registration process is 30 conpleted, and the
resulting private sidpoahert @udéyn@eth certificate are stored in the database.
The user's paynment card information is also stored, giving the netpage

regi stration server tepdsveimetpagoietork dlitedtéryact as the user's proxy in any
SET paynent transaction. Wen the user eventually supplies the bionetric to
conpl ete a paynmeThe helmemipovide aliferarchiéd] Sadihdel 89 Bow todusP(REMAIPREE/sPsténd1 Si gni ng
a netpage order form the printer securely transmts the order information,
the pen 1D and t {fRe ducameitfitioidnami iBcluds thectbdevitg fadticat:r at i on server. The
server verifies the bionetric with respect to the user identified by the
pen 1020and from t hegin®h co®idF adscdnk@t USer' s proxy in conpleting the SET
paynent transaction. 5 4.3 M CRO PAYMENTS The net page system i ncludes a
mechani sm for m €ro gy aReRhScopy©f afdr@w t he user to be conveniently charged
for printing | owcost docunents on demand and for copying copyri ght
docunents, and peossifny tdlsktsioPa dbdutiéhd he user to be reimbursed for
expenses incurred in printing

A document function is initiated by simply pressing the button and then touching any

page of the document. The status of a document indicates who published it and when, to whom it

25 was delivered, and to whom and when it was subsequently submitted as a form.

The netpage network directory allows the user to navigate the hierarchy of publications
and services on the network. As an alternative, the user can call the netpage network “900” number
“yellow pages” and speak to a human operator. The operator can locate the desired docﬁment and
route it to the user’s printer. Depending on the document type, the publisher or the user pays the

30 small “yellow pages” service fee.



advertising material. The latter depends on the |evel of subsidy already
provided to the user. 10 Wien the user registers for e-commerce, a network
account iwo@skadeki shed whi ch aggregates micro-paynents. TherhiRinis8gei ves a
statenent on a regular basis, and can s;;%:atle any outstandi ng debit bal ance
usi ng the standard paynent mechani sm Th hetwork account can be extended
to aggregate subscription fees for periodicals, which wuld al so otherw se
be presented to Thaehalpngeimob\hmslymmvaﬂhblbliﬂhvpdntaﬂ 1ssmaiﬂetrepﬂm In 1his 4asé the
TRANSACTI QNS uest S a net rti cuI ar application
cont ext , tﬁgorg\glﬁﬁtﬂ%gtﬁngﬁh”ge Teapest RS s?vegﬁ 8?‘1” "transaction ID 55
. in the page, Subsequent input through the page is tagged with the
transacti hereby able to establish an
appropri at contgggsqhg\i'z?ﬁgub@g}mgn . .20 When input occurs through a
- page which is nokn thesfellowing description; nemsiie nsed ahecanppical pablicationfxemply seillusizate
user's gni | e t | S
adii ng 1 COMRERE bkekfnft i dh 18 pup, ARG Moaninkhl SEbnd G E s

" shoppi ng sevsetof newispapesr mdamtwsmmZimse«:wasthpnntu'deQ/scopmmheamsenﬁintumiqwtdeuser m
60 known to the netpage systemis preferably not divulged to applications.
This is to preveht ﬂdiﬂdpagemystmnpﬂxbcedttdnmh cpntonti dﬂr&efﬂdmmsingicbqtemdrzehaw ng

25 i ndepen accunul beha T r | t|

sorver | notipliatifn A e A (B MIGER, or bl B NELBRI AN, oAby
applicati oatcotdmao the irepder’ siéxplieitly Iaaﬁﬂ)andmnlﬂimlgrcapmreﬂugunea padfile. Whemdvaﬁsm@e
user agtivates .a hyperlink t re tered’. attribute, the

net pagib pa‘ij’@tegtéf Beé%/ nﬁéﬁ?g af%f?ﬁ?éﬁd&“ﬁ’é@ﬁ&%‘%ﬁdﬁm&@? $ to translate the
associ ated application m64, together with the pen m30 61, into an alias
>D 65. The,ali as ' m d to the hyperlink's application. The
applicati o%i'(il mai nFéPﬂéi’%ﬁgoﬁﬁ‘?%ﬁT i on indexed by alias 1D, and is able to
retrieve user-spAchytiseriber ome draw oenmtve drindsi efhaews iepuseise degse dhatt deliven abws

| dent 1y uliifiohSGha o BPBUARIShs SReRCTVRHD BN Bbias BSIBiloths Gy

mai ntains an in ependent certificate an I vat e signature eac
a user's agslited bythe pnldisheronesis|styeanist arg cggsﬂggtnd eighst bxanam@ﬁM@mpwﬂmd

behal f {gf '

tho syt HoRtets AesRlpibigRRas Sl SRl o7 kAR Mhuspel®hd

syst em r ecvwdmagazines; ovhile eneavp Bireanast ¢anrbeanmiyemllvhnerf at‘frew’Uaews feed fimnya member

f duct t . . t t

or ovi der . SR hEaon ey HeroHP Wt ool A, eentyt Uk ey Sk R 30mast | on
provi der, iailallow it to credit and debit the provider for click through

fees etc. An application provider can be a publisher of periodical
subscri bed cont elhe nethage Ppblicativnl ferve Gappdfts tHeepublication of\edifed IﬁgﬁﬁﬁﬁblibmdhEQei ve

pub | 080, GHEI 25 BerieaioEpton HomeP B TIeEREeHN- Burvee iy SEPEROM B0 BERsS et

of a resoufopRatiRSemeRt FiedAns kaledtediiRBIYHY thé readu\Whe defvelisGibileqo fldce ddérising on
docunent and cont e&g’g h@Ct may be descri bed by one or nore resource 15

descri pti oPRECHIYSI W ’é"‘EFe‘éaEP? plitogialeoptreds er abl y use the Dublin Core
nmet adat a el enent Fl'g whi ch | des gned to faci I i tate di scovery  of
el ectronic resourb®subserhsr bH‘l Qa‘ ?%Bﬁpﬁr BAFleAting qpg or more cortributing news

publications, and creating a personalized version of each. The resulting daily editions are printed

25 and bound together into a single newspaper. The various members of a household typically express
their different interests and tastes by selecting different daily publications and then customizing

them.,

For each publication, the reader optionally selects specific sections. Some sections

appear daily, while others appear weekly. The daily sections available from The New York Times

30 online, for example, include “Page One Plus”, “National”, “International”, ““Opinion”, “Business”,

“Arts/Living”, “Technology”, and “Sports”. The set of available sections is specific to a
publication, as is the default subset.



the Wrld Wde Wb Consortium (WBC) Resource Description Framework (RDF).
O her netadata el enment sets nmay be used. A resource description may
identifyw@f)gnggpol ders 920. The netpage system 20 aut omapigalpbyoisspnst ers
copyright fees fromusers to rights hol_§§r_s when users print copyright
content. 5. COMMUNI CATI ONS PROTOCCLS A &8nmuni cati ons protocol defines an
ordered exchange of nessages between entities. In the netpage system
entities such asthoemader van rextend the)daitye newspapenthiyl ¢reafing enstomofectierfsi aaalh one

Syt om EadrcyRaRg of s Ak ULk MpebRgh bOR ol BebabulEhingly

. the hori zamioahcegients NEPersonak’), usre flort monigyping sems  fewdss foy espbéifiov tapick (‘AdersBron cal

di mensi on,.'lgg use to represent tine. Each entity is represented by a
rectangl e cOfR et ng the nane of the entity and a vertical col um

- representing the,lifeline of the entit Dur.i.ng the tinme an entity exists,
Che Tl | ne i o oh gogh seeion, s redef ionly oG e s T Ve (e bl
active, t hedud 6f lofi®), bruslativdily e, as 8l Bhahlof its niGber BEfRes panidiRe dekieddqEepoition
consi dered_here.do no creite_ or éest[&%g entities, lifelines are generally
cut short Chdussising either gyalitatiyely (@ go dighe, ngEPaly loW, H10Be), Pr DyegeEallyolle: a8 \ip
02/ 42993 perted?fefy.AU01101531 5.1 SUBSCRI PTI ON DELI VERY PROTOCOL A preferred
enbodi ment of a subscription delivery protocol is shown in Figure 43. A

| arge nunmber of TResRe R0 @ﬁ@&ﬁl&!e@?ﬁreis@s rBRfehQof AlarddUiRbeRdfisRiter H&ERs or
user's edition may be laid out different ut. many users' editions wll

, but, Ser s
shar e 1 mprmall bt Snerk ardclese Becheprtal isdesl Nt 70t di bah shgseand long
subscri pt igghsGeld i‘&‘[%ﬁgﬁ&&l@ﬁ&l therefore delivers docunent structures to
i ndi vidual printers via pointcast, but delivers shared content objects via

mul ticast. The %Phhﬁﬁt&%ﬂalé& e wrﬂuﬁ’g&%aﬁé&) ih lafffren® RERIORS 1 PmateR HBXbedidd 51
for each docunent froman ID server 12. It 'then sends each document

st r uct ur e, sophigtication of thetreader, foxwxample © raeriderhijdrenfs sud adylts’ yarsions. The pprepyigte
10 bl & ' ..t L nel 10
Ser ver, 10 ERRAIP TR Jelpa o HAOHRPS o Pl LACARS) i b G

set of 18multakes pretederva omexithaichielegicdliagsi gns t he nmessage using its private

signature key. The page server uses the application ID and alias IDto
obtai n from t he Thegiridlesawhicinmaler wpeeach beeticroare aalpaatiandgpriositizedrby@he editoss, agler ' s

selected printer .ID,62 I,Gh. may, be e lcitly.sel ect f.or th . .
Sppl s cati Gt i ssigpd e ugelil RispE B erill e sl deied 50, ft arihent Bbecribere i
certifi catpriorifyordensubjpgtito spaté ensttaimteintthd substiibers’| ddivivas.t he page server to
verify the nessage signature. The page server's request to the registration

server fails if Inhectgsl whaé ii0is hpprépiidtea theafeaddd ®on optidnalle tehable colbbiafive a

subscripti .808§,. Th age, server. t | | ocat.es docunept. a age, i nstance
s a1 b nisd eR 3ied Earhiied viieh Bive 3R Rmc R RIS iinR Ot R A e

pri n{ er. t |ciu|at!iﬁbtﬁ ledtecslabdls}tem:eﬁﬁwagtis %ﬁﬁte?ﬁvimewﬂgcaﬁfolw Bﬁ?ﬁ édnd%@ mblasgsﬁatef ’!Jltieht he
printer tqQ listen to, en returns the new ocat ed page 0 e
appl i cat i JHteRScaRn prayide ap gasy chpiss (e.gonlikedt pnd éﬁ#@@hﬂabﬁg Kaorg fikaly fhatgeadersy) |

of the doGyiMdthesSthdtethdafld 0 t he subscri bers’

Articles with high priorities and short lifetimes are therefore effectively considered

25 essential reading by the editors and are delivered to most relevant subscribers.

The reader optionally specifies a serendipity factor, either qualitatively (e.g. do or don’t
surprise me), or numerically. A high serendipity factor lowers the threshold used for matching
during collaborative filtering. A high factor makes it more likely that the corresponding section will
be filled to the reader’s specified capacity. A different serendipity factor can be specified for

30 different days of the week. "

The reader also optionally specifies topics of particular interest within a section, and this

modifies the priorities assigned by the editors.



selected printers via the relevant page servers, it nmulticasts the various
subsets of the shared objects on the previously selected multicast

channel s.\wBQbideqge servers and printers nonitor the 25 appiQRiol/aiss
mul ti cast channels and receive their regu red content objects. They are
then able to popul ate the previously poiitcast docunent structures. This
all ows the page servers to add conpl ete docunents to their databases, and
it allows the prThetspessl ofothpréader’ &h@@bmiog.afféctiwmm M@ty whizh

PROTOCOL A ref er nent a rl.ink Lvat i r own
R gur o B s R Geneel Sl Rac ol RBEGOA S AEIofR! 1P oo BAAEO0r duiR)

) PS” co ][munm%k es béthelfalae mhalnliee of Eiae ahmageﬁt is met nadlg{?_(rl{nhémhmged&ﬁﬂy beraawezbd atk
identifieg the page, and, a | ocati.on on,the e nt er r OWS
Lhe'T b 63 TorehamBRa e A toer RORER woRi BErBr Copietaont AlingyefonfEes of el

+ PCT/ AUEL/ (Glbriity, §i2€ anll qualiyTof 88Ages dBlivered miy Be ddited@NS, the network address of

t he page server 10a handling the particular pagé 1D 50. The address nay

already be in itat @%l% &l 1evVel,!thé@ retideR spdtifies hw Qintifies, @aRs arﬁeednmﬂohetarberaﬁwe
page. The prlnter then forwards the pen 1D) 1ts own prlnter 62, the age

| D and cl i%adoralizeh This ipyp Yqﬁépifgﬁ’éng grumtgarpﬁglp Bl OF Tetriges | °F ABRe 30R%
descri pti QfinedfoHfNAddf A ?&:aph’urféﬂ@y Qﬁ@ YhbiRerofhe 16181 AKITA BEfisMIT & sik eatislation or

element's zone 58, if any, the click lies in. Assumng the relevant input
el ement i sPnEOt#}PpeTllthRfe@F@ﬁ@rﬂfe @Med frora thegepderielogality bydefaulipt ai ns t he
associated application ID 64 and link ID 54, and determ nes, via the DNS,

the nel@ork addrEeredate reading giffiqulsies consedsly poor eypsight, ithe reader empnﬂb'aappeﬁesm
10 The pa t D
50 11 om i Ao RLYEIenl 3 8 tkch il o R Gl b F SRS RERRK, UiPlest
hyper | i nk lnf@mnlﬂacc@mnmdMWMnge hyperlink request 934. The hyperlink
request class diagramis shown in Figure 44. The hyperlink request records
the I Ds of the rEapubogiagy inswehichandieps ipyblinatiom isdpitdishead; and its tcheresppudinge text

hyper | i nk n r kY

(b hyper 1 BRLTE B s6ery b uflARafS Kol il sR(HEE Brpkds et e s Bowier i
appl i ctbi artpagosysternsambe enfigmed togwovideeantomatic trardlatign seyviegs[ih varmus guises.peci fi ¢
| ogic) and obtains a document m51 froman ID server 12. It then sends the
docunent to the page server 10b responsible for the docurrent' S newmy

al | ocat ed 212 t ogADVERTISING hOCAHZAWON AND TARGETINGE Server's | D and the

hyper L1 nk requesinel perociliiz fﬁﬁnsﬁctﬁ@@dﬁﬁﬁf B lireB B Affeded e YRBikin leoBHICSt

| D and application first pa server to ‘obtain the corréspond |ng
user | D anktcpse advertisnp istypicalliepleced &q evﬁplxgtetheedimeal qopierlc Traveliads, fercpyample,afe t he

hyperl i nk L68&si 1835pea R 4 favePbectisn ik eﬁev&iei‘é( qhe %lué‘BPlHe%ﬁ&érﬁi‘ conldlff t@g,pond

page server alloCates docunent |nstance and page O, returns the newy

al | oca@d gsiuertiser Ganditherefhee ta thy publishen) dies adt;sabﬂimetmt brge nymbersrefieadess withs

own dat ab 25 sends the page descriptions to the requesting
printer. %ﬁgnﬁﬁperﬁ[%‘% %stance may i nclude a neani ngful transaction 1D 55,

i n which case th t | 0§ lgd t
nmessage sent to F edtﬂa'%pdlg%g Qn%% ié%Fiﬁds al#'ogéms E‘Z %@gtqe%%g{a@“%%tﬂggﬁtysh a
transacti odetemmes proa;mtmtoepartwm aetvg:eh)ﬂptaﬂdzrs elc. amdlpaaicubn intérpsts huﬂ bonoems i nk
requires a_user a 1{s. aI| t he
first 30 p%y ssocla eedr\y/l(tal} Ea’g.el%c c%m?lﬁmp e ﬁg‘rﬁ m Bg 0 h%hl% djenc ning E eral 1xtiter%sﬂs

appl i cabi omdlp&obéxphﬁbmhewekk@]ﬂtelyspendingqmtw 11 to obt al n not jUSt t he user
m corresponding to the pen ID but also the alias ID 65 corresponding to the
application ID andnewsqmbﬁmer 4 Bost| grofitalsié pﬂﬂactﬁhmdmﬂismg “?.pacé’h atnh\m—dmsagal

ueer - speci TI0 iskbied OF e PRkt EnRhRcove e b o Rltiriip s radersip

demographics, and the page area available for advertising.

C

In the netpage system, the netpage publication server computes the approximate multi-
30 dimensional size of a publication’s saleable advertising space on a per-section basis, taking into
account the publication’s geographic coverage, the section’s readership, the size of each reader’s

section edition, each reader’s advertising proportion, and each reader’s demographic.



WD 02/ 42993 -56 PCT/ AU01/ 01531 5.3 HANDWRI TI NG RECOGNI TI ON PROTOCOL When a
user draws a stroke on a netpage with a netpage pen, the pen communi cates

t he strokgoelg9sbdds nearest netpage printer. The stroke idepcirfiiR$nidde pPage
and a path on the page. The printer forv&rds the pen ID 61, its own printer
I D 62, the page 1D 50 and stroke path 5%'o the page server 10 in the usual
way. The page server | oads the page description 5 identified by the page ID
and det er m nes whi comparigpntwith ethermedin, themetpBgs systenmallpws tthecadyertising space to be

"2 S D e R g Bt e

. period of tobesdld aticloger to itk brae vahwee of the text field, the page server sends
the pen ID 10 and the pending strokes to the registration server 11 for
i nterpretation. Héteximplesthe 3ihe adverising slotfesah ibk iseld ih Werying@opoetivhs &s gevad] ng

- to the pen, and uses..the yser's accunulated handwiting nodel,K 822 to,

i nterprt ATy &u@gmﬁguﬁvriﬁmfﬁt%ﬁ SRR s e e Afesppe pyertiser
st rokes t corlafidther, dveRIIPRGESIng Md PEpobtiin\6 Epac€ oM fdeatiNAivé@i¥dr. t 0 the requesting
page server. The page server appends the text to the text value of the text

field. 15 5.4 S| EhARbIpEgeVEiRtdm GidWNMdTEREIACE- bAS EnltedNdirdchle tb NdbkHile€ | 2601

whose zone the stroke intersects is a signature field 880, the_page server

10 appendsinfoffratiop agd enling ppichasing i therefcre raises the dnteinsis yalye of e adyeriising sacse j og

of inactivity in_the zone of the sliaignature field) the page server sends the
3

pen m 61 and t heBff@h mgrsonalization Ir e,

tlpealization s pte o pnglieds @ptpmptioplly £ by netpage
verifi¢gtinm 'cakihn %Eﬁ&s?ﬁﬁ‘qgvéﬁﬁhgzggg?&gdof Cad ip?d?/ide::)zlu‘@ﬂmﬁﬁ}'s%h@%@ﬂr bt Bk

form of which the slﬂ%nature_ field s part, as well as the form1D 56 and
t he curr engeography andflemngrapiiics: The suhsequentifisaggregation is ¢fBpienichecanse it deptomatiss

the user %%ﬂ&“ﬂ |4 eté[aﬁtt-etfﬁctﬂg Neor is:ff%? %o 28 WRE &h&@%@:&%ﬁ%ﬂ%wﬁ td

bi onetric to verity e strokes as e user's signa ) ce it has
verified tdirecdy gapsure radyertising. riEngn shough ithe advertising aggeegatohis taling iacpropastion b 64

and user | . ' tify ' i Welals LfJ I .
signature é’yr.gs‘%) mgg[ﬁ‘.ahéeljnbnﬁ&se%s he dktgeya]?gée eﬁtzﬂ?{agp %ﬁ%g‘%lhzge; cffé% |agér§§ -
t he f ol deft aggregatibn: Kher advettising ciggiepadr aits)astanr mtermedidry bebwese stdvertisepsa gad
server. The e server .assigns the digital sl.gnatuyre.to the signature
field and BbpEes, é%%’&’é?&?*b‘%a‘f‘%?‘ﬁﬁ" serpeny fhangltible pydficaions, "o, gi tal
signhature includes the aljas.| D.65 of the caorrespondi.ng user. This.allows a
St g e or m to et yPah RpfE e lasfioent ' Rp{eP SRBTE el Yapory ol
EROTOCG_%AaT;plaéemenﬁﬁx_ thebyublication’ s afaditioh? rc]pmelbﬁ't,swcme Ellicoplﬂj_liodﬁoh’s zﬁlbﬁﬁﬁnl gh n
i gure . Form subm ssi on._qccurs, via or yvperlink,activation. It thus
ol ows. € a1 EEe POl WS e Bermiat 1l oI LBS, OB O bopvec s rPristtn

f orm soci ddvertisielgl laggregasors Eedl pubLcHers) efefted FEmCESHe étpazef 9iteth Pydvadek istikie

the hyperlink activation message sent, .the pa server (10 to the .
appl i cat i offtomated Wgperh far fhese negqHiations. g NS SuphQrY for SUomAled Apctiony %th aduerising  of

the form idacd Dednddiich GO PhribililyPdesirS1&) A tthe glafzér@én@ of advefiRehdits Whidh igerdt®N
verifies each one by extracting the alias ID 5 65 associated with the
cor r espondsmalt anognts af ingpmg spchyas smplbordighly lagakiged aduertispnpedpondi ng certificate
fromthe registration server 11. . . .

Once placement has been negotiated, the aggregator captures and edits the advertisement

25 and records it on a netpage ad server. Correspondingly, the publisher records the ad placement on
the relevant netpage publication server. When the netpage publication server lays out each user’s

personalized publication, it picks the relevant advertisements from the netpage ad server.

23 USER PROFILES

23.1 Information Filtering
30 The personalization of news and other publications relies on an assortment of user-

specific profile information, including:

. publication customizations



5.6 COW SSI ON PAYMENT PROTOCOL A preferred enbodi nent of a conmm ssion
paynment protocol is shown in Figure 47. In an e-comerce environnent, fees
and comriyegipdiesay be payable froman 10 application propifRief@iss

publ i sher on click-throughs, transactions and sal es. Comm ssions on fees
and comm ssi ons on conm ssions nmay al so4Be payabl e fromthe publisher to
the provider of the printer. The hyperlink request ID 52 is used to route a
fee or conmm ssi on crceliliborativeofiering véctdrget application provider 70a (e.g.
merchant) to the source application provider 70b (i.e, publisher), and 15
from the source sapplcomadtiderilgr ovi der 70b to the printer provider 72. The

. target application receives the hyperlink request ID fromthe page server
10 when the hypear| i Rieskrtationpidferafcbé vat ed, as described in Section 5.2. Wen
the target application needs to credit the source application provider, it

- sends the appli CpHel @iktdthiitiodCf & petilication isheypRiailpi pidlicabiestSpetificy Qhd t o0 &eher
with the hyperlink request |ID,  The page server uses the hyperlink request
ID to &0 ictomizatipninfermasion iscnaipipined by thesslevant getpagepublication seB6Tt on to t he
rel evant registration server 11 together with the source application m 64,
its own server |4celipborative filkasing yerten qopgisty elihe yser’s patingsof & pumbsr ofaews Atems v er
credits the.c i : i i9 i ' ']ﬁakﬁ]%7

notifies ?ﬁles %%%ﬁ?%gﬁ%ﬂ%gdﬁ?%{%t(}g%% mlﬁée)i{dégﬁ‘f ipglgtafég?fpr oVl e(r:clnr?]rgégxlgiﬁb[n(s).
credit thelthought there preobenclits to maintainingsa single pellaherativexfiitesing veaterrindependentlyt of t he

iseS the ROR ERRELNpuRREh Ghe ld Bl Ml W o S BUESL D ol 0 RRaER 7

on to the vegbefornerchpelicstion thereris tikaly Brbetmye viezlap hetwhen the vestarnefsnbsciiberTtoe

registratipn servet credits the corr ngi [eh UL L B OV 814.
The sour cégeasﬁﬁeipgglﬁa ik %’? %@?tgﬁelp tﬁ%segg?@gcrfgﬂe T@;q/o no %‘8’?18 9 g{“li ggﬁ@lﬁ%mof

t he t ar getis Bkelyfapdane et presantitsamérsl eollabarativé fikerpugivatters ap pavofitbe vahie dffis brand,
identity of the sour,ce appli jon.proyider. WO 02/ 42993 58 6. . NETPAGE
PEN DESCRIBH IR B 058 TR <GashSre B R preSrr-diistos mlrormmmpgi B o o
9, the penelegmbpdipzt puiliRai@naivad by reference nuneral 101, includes a
housing 102 in the formof a plastics noulding having walls 103 defining an

interifg 5 spaceCdfiset fdefailsiOMaLdiNG nbhine, HRB SANGENEIM Sode] Rete) @Burit§p teléphotes i N
operation rotatably mpunted at one end 106 of the hpusing 102. A

semi - t r andpyEbetE(are glphal by patureand are mpaipfaiped ?W%ﬁ%gqg{sga@‘ig”f% of. the

housi ng 102. The_cover, 107 is al so_of npul ded plastics, and is formed from

semi - t r anspar ent Piegangtipm preferenspsy dpcludingothasn for aeantities, dates, and gmes, g Lkeyrises of

the LED noysdapshdihdifthifed iMend\ame wagl 102. The cover 107 includes a main part
109 which substantially surrounds” the end 108 of the housing 10 102 and a
projecting portioRe lokRtixhbt Bf RAVRIAFSreRACHn iHeORLAlE imtidaldPRmI the L’ sadttald t S
within a corresponding slot 111 formed_in the walls 103 of the housing 102.
A r adi €0 arfletailpawhileothe Jargefingt of pdpertisipg) relige op pejsenal jinfgrmation jsuch asidpte of bithy,
the housi ng,dddZmarRal &hd, McBRE Sprdfbstionl EduRMRA BOqATitaBREAVARed hidh 203ad hifge
cover 107 are arranged to receive a netal end piece 114, including

cor r esponditddncome eange-hr eads 115. The nmetal end piece 114 is renovable to
enabl e ink cartridge 15 replacenent. Also nounted within the cover 107 is a
tri-color statusForthosexgerswhg choas toreral personghiafomation far advertising purpesesdbnt ed

on the fle, . 11.7. . “ﬁ% h p.

101 for go%%%@;jrgoﬂa%% %H’Fﬁ' #"EQ e t%‘g% %c)%%“gg‘é?%?éer &)?‘ﬁ %bgéngé %rsﬁgxf‘
mar ki ng5i niefomeaticanaivadtising wambentargkied gn the\basis of thedagographicseseciated withdlpouser] 8
with nib | 901'%%14%8 ylus 120 with stylus nib 121 are nounted side by side
wi thin the houSing " Either the ink cartridge nib 119 or the stylus nib

. 121 can be brougE&chuser

pen, printer, application provider and application is assigned its own unique
identifier, and the netpage registration server maintains the relationships between them, as shown in
Figures 21, 22, 23 and 24. For registration purposes, a publisher is a special kind of application
30 provider, and a publication is a special kind of application.

Each user 800 may be authorized to use any number of printers 802, and each printer

may allow any number of users to use it. Each user has a single default printer (at 66), to which



forward t hrough open end 122 of the nmetal end piece 114, by rotation of the
pen top 105. Respective slider blocks 123 and 12A. are nounted to the ink
cartri dggyd 84Rb§ stylus 120, respectively. A rotatable cpsrR@oi/@ls3l25 is
secured to the pen top 105 in operation and arranged to 25 rotate
therewith. The cam barrel 125 includes-43cam 126 in the formof a sl ot
within the walls 181 of the cambarrel. Camfollowers 12? and 128

proj ect i ng?ﬁdd}?m putilidgtiond htmieﬁl ZV&&B%ﬁﬂﬁ?ﬂg‘ﬁvtﬁlg'ltpa‘gbstﬂiﬂngaéltdiﬁdeﬁaﬂdz ﬂe@eliﬁéii&l toONn
rotation of the cam barr. 125),t.he sli ocks 1 or ve rel ative
o each ofiriies TEpigRatchIAE NSk i TREraEing. |heSeTYES kepps SRGh O HRnpubspers grsr
through t iags AhdRizdR % %ﬂihtttbehe{@eﬁb defaelt prifee A pablisidraiops Rotiedord @ IDbL &y
states of operation. .turning the top 105 through 90 steps, 30 the three
st at es ar @articalprpripter, pmpingtead resofves the.ID whep itdggegpiredge 118 nib 119 out; and
Neither_ink cartridge 118 nib 119 out nor stylus 120 nib 121 out. WD

02/ 42993 5g.. P¥irmaymsercebsiibes 808ctors peblisatin897; e publishep §0ft E- eppligation

el ectroni RS i s it hd : i ex
PCE 120 Rl aavPin;ulhlabe b hAtoph shoiidd it A0 ol selft pAGEY e

pr oj ect i onutbenizgtiotheanchgrreyaked at/any itimedhy thensed Eagis aser may hawei sgeagal ponmitidby t he
second fl f Or I A _ J.at.l The
Second f1 & Beeote f knfig St Bede, il Ll gl Bify Gl B

i ncl udes aeroREzesmanefithe vser'spend. RF recei ver, and a controller chip 134 for
control ling operation of the pen. An optics block 135 (formed from noul ded
cl ear 1 asti cs) HietmenDtikiusedt thdomatevthe cdrfespandihgpusey profile mmintainéd by & gartieulan
onto the surface.and recei i es,onto.the i mage sensor 132. Power

suppl y wi PERegefaRistiinan server, ia the DNSIR MUl Wak o' S o0 na 11 ex POB 129 o

bat t t act whi. d wthinth b | 125, .
DT SNt i St 08 B S S oSSR bRl B i
125. A t hrweéb papbd andarfaps dedahentd ahdotiityred Abricgd Wb \bedwhing tb be comvghiently grintdd? 5

in contact wth the battery contacts. An induction charging coil 140 is
mount ed atPBite 1eAESI PRSP Lx PCB 129 to enable recharging of the battery

139 vig.inductiqp. The second fl PCB 2& | sQ nount, infrared LED 143
and | 118 ar et photisiiiags SAmm<an collsee (8 PoIgT of & BRUBCHBYIer T Hhd cOREBEPs
| 25 when @hdofiRreatndd tl&bl)ﬁhUﬁﬁ.lbli&ﬁoﬁH prifi@l o theGROViddr@dRintedsd Shch thbormts &M héltide
witing, in order_ to enable a determ nation of the force being applied.to
the surf acd@vestisingfsesygickrthnouai fges e-commerce commissions, andfransaction fgesy Hithspintey is

detects |igaka by @O udeR Shdnthd ek it R prinfar pldagct ors (not shown) mounted an the
slider blocks 123 and 124. Rubber "grip pads 141 and 142 are provi ded

towards the end BQR vRlr Add%hal) @ Usthala al Ot S20APRER s vedd BREREIACMRENdebR gnd OP
142" f 20 6. 2 PEN

105 also includes a clip of clipping the pen to a pocket.

CONTRZQ Erererite (Sefhasithase; deseribed: ingthel preseding earsaranh)itcontagi sistails 819, dncluding nape,
(stylus ni 1 i r Lrodae ) i i i j N d

spect rum ag‘ri\é.gsr _ggJ otfb leﬁogasﬁn:‘l%%é éll?lﬁg %g%feg?er? i tgga o#ﬁ?ltuglgg nllsrkl}’.sc}:'t &iligcé:tgr 8 the
| ocat i on degalization settings; a1y number of biomefripreeands 813 nepntaining thepsge s encodedsignatuma e

the dista ' 2 9‘2933'3‘1 m& Y=Y o PR T A R i £S
135 and cgﬁ??%%eggﬁgﬁ}%e 3 h Pﬁ%fngoggl%l?ﬁugr c %15 féﬁ lggégtlthzét%gmt ﬂgﬁd:
ori ent at i d¥ETofaymbns cand accouuts 8RAkwith Which etcagumdice paymentsfcambe mide. per spect i ve

di stortion observed on the inmaged tag. Control data fromthe | ocation tag
may include control bits instructing the pen to activate its "active area"
LED (t®5s 2.8.2i n Fawarltesblstode of the tri-color LED 116, which becomes

yel l ow when the pRelipigd @entanShsinthih QMst Y22 FORdvortes dalinks td Wieful AdtAmBALS 8tc! Gt
is being imaged is an "active 30 area"). Thus, a region on the surface

_whi ch cor rB Bepags netyork, d be ligtjis maintained by the sysiemon the useypsbplf. Jkis,paganized as a
encoded t Chi@dchy &t fBldbRI924 . diirefelibd/éribdiriat HERRicR{s shb\eh MGHe hsS digrabfiR ¢

(=
that the button ox hyperl .L“E‘E Is active when the pen 101 passes over it.
. Control datla may al so instruct the pen to capture continuous pen force
readi ngs. Thus a region on the surface which corresponds to a signature
i nput area can be encoded to capture continuous pen force. WO 02/ 42993
30 233 History List

The system preferably maintains a history list 929 on each user’s behalf, containing links

to documents etc. accessed by the user through the netpage system. It is organized as a date-ordered



-60 PCT/ AU01/ 01531 Pen action relative to the surface may conprise a series
of strokes. A stroke consists of a sequence of tine-stanped pen positions

on the supbRBAedsNi tiated by pen-down event and conpl et ed p¥/ ot pagauent
pen-up event. Note that pen force can be interpreted relative to a

threshold to indicate whether the pen isgqup” or "down", as well as being
interpreted as a continuous value, for 5 exanple when the pen is capturing
a signature. The sequencge of .c ured strokes constituytes called "digital
kD gi ki R HPORETS O NPT SouB e Fe SRRTLIREEN S m t he basi o 1 or
the digital exchange of draw ngs and handwiting, for on-line recognition
. of handwiting, d for | rification of signatures. Uilizing the
RF chip 1é4and ﬁﬁFbHﬁ%\NTiﬁllﬁa%ﬂéoéﬁn 101 can transmt the digital ink data
10 (which is encThpinetpage publicetion tservem dutpmeticalle daysooutetlfei pagemtof each user’s
- transm ssi ?Ez . i K . §Sd .
recei ver, ené}ﬁaﬁi {J\%hﬁ@.ﬁg %é 3‘?’ %m?é—%ﬁy—?%@%gﬁ?sf& égﬂgesﬁ:&t@ a«livsért#s%ﬁm{] . gw:({é%ﬁflﬁ gt pen
noves obit mré-formand reclamgiecsahey ank pldedianitiee dagé before thewditdriad cdritent.pen (t he pen

circuitry includes a buffer arranged to store digital ink data for
approxi mat el y 12The advegising fratiolfer peetiontande aclieved evith wildiyce)yingallverising eatios

transmitted Jater. 15 The.cqntroller i 34 i unted.on.t econd .fl ex
bCR 120 1+ GV PagserimiS 5 sheion. T e e ko i P, e SpGHRE i
det ai | t heconfiglied @ciktehpt to toddeate eR6dly tiéd &fitofifiliand ddBAstisiniz @oritent,lsticlpdslaciizads
representations, of the RF chipn 133, the i e sensor 132, the tri-col or
GEnt e L Eron Teng useife Speciefly ot Herpuiaition gt of & Petchabre Sofotas
and t heof oyufseF esbH@f rdpaied. adi ode 144. The pen controller chip 134 includes a
controlling processor 145. Bus 146 enables the 20 exchange of data between

conponents of thenseditdral kéitert ReBctdBfor the asd, ﬁi@l’ii@ih%’ ot And Akodiated dmgs RiAM

t
148 are al so included. An analog-to-digital converter 149 is arranged to
convert t heraphigs) is gheailaid ant accosdng toarioys @gsthetis §8es. phot odi ode 144 to a digital
signal. An image sensor interface 152 interfaces with the inage sensor 132.
A transcei ver cofhe entireprosess. inpluding e ssleptéipncafiadeiand the selegtion af editoriplqonigrtel t o

interface Mm&geit&%mﬁiﬁn&hh@la%&ﬁ hmoﬁtbrgeﬁf {0 HELMPIRS nidhe dbse iauﬁ%tméés‘éféaﬁkfﬁg

resonators and I nductors 156 connected to the antenna 112. e contro
procesddr sqtioncsizs preferengs Thd sedsivnssizereferenee eric bowevennbe apiched omnavdragesenet ace

via the i 1 dt ' orce sensor photodi ode 144)
controls ?ﬁgglﬂ%gﬁg%léﬁg?iﬁﬂg d%ggaﬁalgﬁ "handl es short-range radio

comuni cation via the radio transceiver 153. It is a nmedi um performance
(~40M+z) gsgger al m@gﬁ Bhmkr Pr ocessor. 30 The processor 145, digital
transcei ver conpgnents r ranscei ver cqontroller f153 nd giat%ﬁband ircuyit
154), immge sensOmes Hecqqcnment i& daid ot dt,1s ‘f‘}? o1 giligiopt A WM@WWe
i nt egr at edgtbiigPonth® Adtpage adtwosX. | er ASI C. Anal og RF conponents (RF circuit
155 and RF resonators and inductors 156) are provided in the separate RF

chip. 20W0 021 42988 [priﬁn_iry Pfiditrd\YiddcBariindd isTthe sdpafaien SEmfddinatich specilidrood sigglé h
an approxi mate resol utiaon of 215x215 pixels (such a sensor is praqduced by
Mat sushi t aBF g ediFiemard wherpation fhgred behitpen & PseBe qditipnss The prepifis jnfprmation o,

K T Nobus agssistsl of ke page/1ayoul The SidyétSiformaite cbhsisisrdfithe obfects T whidk tid pagd 1ayole CCD

| mmge Sensor for Mniature Canmera Systent, |EEE Transactions on El ectronic
Devi ces, \esfars, ancludingipagesiigraphicyeand plegesafer®t- whi ch i s i ncorporated herein by
reference) with an IRfilter. The caontroller ASIC 134 enters a gui escent

state after a pert &ut objertnerntaing fully-fpreattech texp peforshlyi rspragsnted rin dhn Exfensiblp t h
a surf age. MalupIeREALE BHAE) Aifletle BRlefGole Styldihdet Eaffudid| (RBLIRRL LRbvdds hieclser ce

control over text formatting independently of the region into which the text is being set, which in

this case is being provided by the layout. The text object contains embedded language codes to
enable automatic translation, and embedded hyphenation hints to aid with paragraph formatting.

.An image object encodes an image, preferably in the JPEG 2000 wavelet-based
30 compressed image format. A graphic object encodes a 2D graphic, preferably in Scalable Vector
Graphics (SVG) format. Other formats may be used for text, images and graphics.

The layout itself consists of a series of placed image and graphic objects, linked textflow.



sensor phot odi ode 144 and wakes up the controller 134 via the power manager
151 on a pen-down event. 10 The radi o transceiver comrunicates in the

unl i censegp 8090 band normal |y used by cordl ess tel ephonggr/a®b1/01531
alternatively in the unlicensed 2.4GHz industrial, scientific and nedical
(ISM band, and uses frequency hopping- 4hd col lision detection to provide
|nterference free comunication. 6.3 PEN OPTICS 15 As di scussed above, the
pen opticgy dﬁét@ thrBPéheWﬁi&Ia Q&tmbje%tswmvdeﬂbpmsc &ncpﬁﬂﬂt ﬁaﬁs ad faescﬁeéd Stove, and

i npl enent e he optics body are illustrated schematical ly in Figure
67. The op\tareaaﬂrkémqsgéhe&e 114ypvsttobne@ﬁsarqsmm§rzeql #cliahlen 3. Theqlayaut gpesiar eompedie

. infrared %@éﬁablgf&fﬁcﬁﬁt&hﬁbu@ngmﬁgltter 159, an objective |lens 1b0
and a second lens 161 for focusing an I mage onto i mage sensor 132. Axi al
rays 162 illustrate the optical path. 20 The optical path is designed to
deliver a sharp image to the image sensor 132 of that part 193 of the

i maged g5 Uraffe 1 bnéfd:lﬁ%ﬁg%téhe field of view cone 192, within required
tilt rangc - AT ) AgtH I'TTTECY ehenent is the obj ective |lens
160. This Al sedlﬁtgv rse t( ﬁuf:iggl LlumnatlonfromtheIR

illum nat e P11l —ont-o—the—surfade £ e¢ field of view. Since it is

i npracti cArI“ag% pl adfosiign, ¢ g_i_n:a.g-e_.se.ns.gr_;&L.?nd the IR LED 131 at the
focus of {he 25 objimageobjectiDyoan, splPEG@ 2000 59 jIs used to split the path

and separ §3raphig| ay | RositioRs 157 and 161 in each pdth provides refocusing at
the i magelsensor 143raphig objestIDR | FDISVG respectijvel y. This al so al | ows
di f f er ent [Teytlowur eTextfiowdlD nposed oif the two patlhs. The edges of the inmage
sensor 132 act as t4omefield stop forr the capturdg field, and the capture
path is d«Esi ghed s Optioagl iekicobjest UD t iKRILASLect sgace angul ar field of view
is as reqiHyperinki . gTyp80 j ust under 20 for the agplication of this
enbodi nen{). The i lzgmg nat1 on path Ifs desi gned tjo produce the sanme object
space field of vielapphication IDaBkcUr € fath, so Thafj the illumnation fills the
obj ect sprgdrl e [fiypeV! EW W th maxigrum power arld uniformty. The IR LED

ob

o

131 is st ed in RPNy wth—frqme capture. |The use of focussed WO

02/ 42993 {62 PCT/ A OT53T 1—rrunr| qrTomattows|bot h a short exposure tine

o |

and a snal aféﬂ' Lh nemew.rm t—expgsure—tirme—prievents notion blur, thus
al | owi ng t g tata—capture—aur+rAg—per—ovenent . The smal | aperture
al | ows suff|C| ent depth of field for the full range of surface depths

i nduced by tilt. The capture path includes an explicit aperture stop 191
for this pos nmage sensor 132 has a strong response
throughou \?Pg?mg?ﬂé@ﬁo+nfrared art of the spectrum it is
preceded by an i &% deserdhedrabpyee for pympoes of tefficient disiributicn sndpersistent storage apther es
a cl ean i nRag, eqet\ﬁ{?ﬁe Surs?@&ﬁc %e ia &t?ﬂeﬁﬁ'ﬁt@d ﬁf)ﬁl?% silérQ&Tb\SJEEté v%cfﬁgﬁx%feﬂ om

ot her graphlcs on ace e print usi ng I nk are
transpggent in t{feds&lbst &hf&mﬁxiﬂead aRefbot S
nib 121 or ink car%r?dges r?ﬁe P ?anf ﬁe ggdr\\bgios I'n ?O%a%e%awmhgﬂgﬂ?%ﬁg%ﬂé
t he pen dellesatgsnwith itheshelp of themtmmﬂb sereert 1% 2 omigue [ tfor/each pagen pageuinstanse, at

100 Hz to t;]ﬁx%@%gltlng recognltlon (see the article by
Tappert, ,L;m?eg’%tﬁjen angn ahara, "The State of the Art in On-Line Hand

Witi R i t4 [ |
1119 Recoun il £l 36 bOBRAREALRI of B2/ gied B0 MR,
i ncor por atmultidastr ehanneb for keacle subse - andfthﬂetageéachﬁm-sp&crﬁndamnm thﬂmﬂmadloﬁtthe 144

[ t i ndi cat I t t h
- Soun 1857868 el Sl B Yt B S8k MBS, BE1 o Bl i e o
above, t 0 mointensts telich dsex’s lagiguraite that usér’ saprﬁle@] vid the epﬁr(iprh& pagé sdrveetand Wien gen

by | gl oo BRae Pt or st B e eplor ot sbeledeenighs, Ay i "

vi ci nity qfoirtdast, Bach phgdserves hnd bﬁnt&osudmeebeﬁ thd\Rlbiedt Sisinndl gpedified irtthe page
. conmput es the f)ltIOB_FOf the nib, 119, 121 relative to helocatlontgmfrom
t he obser vl@ﬁ’“ge Vinlticastspeach BRgeITTYER and REIEXagSs Sqm the analtcashsire

geonet2y Ghosk BBJeét@ fef@Rudite B%ﬁﬁfagé B96uts, ThE pdge s@vérb petsiftedtlyrddieithd @eived page

resolution of the ta the adjusted position resolution is quite
hi gh, and layputsjapd stemh@thmecb&}ﬂuesffeséﬂplubms thedatn paycberused. accur at e
handwriting recognition (see above reference). 25 Pen actions relative to a
surface are capt 8%“&}‘ printgr hag receivedall the phjrasto whicly itsgage layeus tefes, the printer re-
sequence of tinme-stanped pen positions on the surface, initiated by a
pen-down event and conpl eted by the subsequent pen-up event. A stroke is

al so tagged with the region I D of the surface

o




whenever the region ID changes, i.e. just at the start of the stroke under
normal circunstances. As discussed above, each location tag includes data
i ndi cat i %@ @3/4dobs position on the surface and al so 30 regpOAUSL/FI1531
i ndicative of the region of the surface within which the tag lies. Figure
68 is a diagramillustrating |ocation t48-and stroke processing in the pen.
The pen controller 134 starts with an enpty stroke (at 164). It then

Ca. | Chech *emli%éﬁfﬁi&;t 5 h&%l‘éff %%?ﬂdvl%f?“s the pen isina Two o 0%
| 02/ 42993 - 63 PC‘E/M& 3q Ioc t}%%efgst&q%{&[ﬁ} 9{? 1§'e3cfkh9&9& ures

(at 167) an image of sur captured
i mge) dedssiesng zaqualtelgt)f etaahgp@tlacdvemmmthsmﬁg, the afmge p@g has aGjzetdf éesp ¢han

osition ent.at t to . the and pend 171) the
- hosition AR e Biitet 8 bRl iy borktS of 10 GEF pacl y ARRRIP aiNh by,
i g. o% g&ltl;ﬁﬁhg €or térﬁ[borﬂr?ﬂ:)lﬂblfs efc. [Tha prifites piite aﬁi trté oﬂoﬁepagd(pm séilcmid athés i8S
[ [ t t t t 3
oner vnt o pavelengsd FATSLEF afom SR o Hbe VaRrer Seopy Wb o BRAALE, tok bighett
via the Rexgebled@raledst pageiiatd defiteti ovek 3 brda@banb @etéofput i ng system It then

starts with another enpty stroke (at 164). Assum ng a reasonably fast 8 bit

mul tiply (3 cyclmed unddaeabﬂfr@nﬁleﬁﬁmﬂﬂaﬂeg%cﬂ hmwﬁaxem Ipgh®f Yunkd DRE o PPes, 5% Of
t he processor s tine pen i s active. the pen is_out of range

of a conplksihiatthe P%%“tﬂé be P'?}ﬁé‘?ﬁePle‘Plé‘“hFH%R?r F‘tPPB'Lh“f‘%‘F ghearlgﬁef 5,100 prge Frterpal
i nterngy gﬁfgggyapaél{},lgéﬂam@s any buffered di gltal ink when it is next
wi thin range of "a Conputing system Wen the pen's internal nmenory is full

the pen ceases tgyeddt Hife SHidkrisdhteindim 'dH@stfﬁﬁﬁb kled SERESYirdr Wile BE QﬁableEtQ

whenever the user atterrptsto wite with Table 4 |ists

conponent $ake ugehef & anyltinaghi whan it fiestt acawrs. nThet @Q!palgp @nbhqqéorpeqwqrdhqrpferq allows
conmput i ng r at he
aw di gi ¢ BTE Pt Yo f-ufih AR Wieh o AT Al d Mookl WbiVRAR o)
wor ki ng  oftifdepwtocduss, ﬂleoclafek rpﬂmllﬁvastsmormpmdm sbired Qlwct& nk which is
transmtted to the system Table 4. Raw digital ink conponents 20 raw

di gi tdl5 i nk conpancent decinnentds pgited ¥ biinter) caarmyedven an efact deplicath at any time by

of 1 sot maa it i i BCTRINtgS Aol i s TRERBEABERSR, "L ot 20 unso s -1 o

rotation (pitch) degreeS7+/ 90y rotation (roll)degreeS7+/-90z rotation
(yaw) degr<32e7S736(b ?WH 794 PCT/ AU01/ 01531 | z force | - | 8 1 255 |

When the pén 101 connec e conputing system the controller 134

notifies the sysWBeAa pe{pagsdosusent @Fe%!eﬁt%d/@%#egq%m Gan be persenstizedand deliverede
pen | D, Niypyhth the Wiy ASHRIidEiRall HiReveR Bilcd Mre iR shafd Qbﬂ&tﬁ deliV¥&y id made

obtained fromthe system prior to going offline. This al ows t he systemto
5 comﬁﬁed&ﬁ%ﬂYd‘PWF@%@E@"@'@W@Q%@ERS@&ﬂ@‘ﬁWﬁﬁsh|ft any digital ink
received fromthe pen accordingly. The pen then synchrom zes its real-tine
clock with the aWhen pen-petpage dperinest isapquested prodemand digis nop persenalized, and) ibigs

the conputdefpebreiii ﬁ’ﬁbstlé%aieg @BiphdeYfolndftipSRrvah G Rlick Fh%rﬁ:ais%t £§0i ﬁ‘etﬁa 8 BocditientP AN
bei ng operated with the conputing system Pen |Ds nmay be inportant in

syst ens wietphgeufrsmatting semen 1 4 dpasial finstanee ofvacnetpsge wnbhcpm sqryar. haimpipege and
I nteract ‘%xrnﬂﬂfng U@ W3S fmdvﬁcd%e B Vdrlob¥ Inférnet document formats, including Adobe’s Portable

25 Document Format (PDF), and Hypertext Markup Language (HTML). In the case of HTML, it can
make use of the higher resolution of the printed page to present Web pages in a multi-column

format, with a table of contents. It can automatically include all Web pages directly linked to the

requested page. The user can tune this behavior via a preference.

The netpage formatting server makes standard netpage behavior, including interactivity
30 and persistence, available on any Internet document, no matter what its origin and format. It hides
knowledge of different document formats from both the netpage printer and the netpage page

server, and hides knowledge of the netpage system from Web servers.



10 directed manner. In other enbodinents this may not be required. The nib
ID allows the conputing systemto identify which nib, stylus nib 121 or ink

cartri dgqy@oahdP, is presently being used. The conputingpeyausinGen vary
its operatlon dependi ng upon which nib is being used. Fox exanple, if the

ink cartridge nib 119 is being used the4donputi ng system may defer

produci ng feedback output because i mredi ate feedback is provided by the ink

mar ki ngs gade oggcppngur face. Wiere the stylus 15 nib 121 is being used,

the computing system nmay produce i medi ate feedback output. At the start of
a stroke 134 records) in a raw stroke header 183, the

. el apsed t%ﬁg W?hém!@{ absolute tine notified to the system For each

pen position i n Gryiptographykia useddo profect ssmpitive infumaticng poth in $twazq1@df1@> frARsis and g
pen posit ohsflibs Shefe ard Rfo 888 gutfegﬁpl&‘@f tn MiRBBrEdaSy

- current t?&?‘lﬂ}e&ﬁc&t&f)&n rglgtrrg)talt?oneof tﬁ% ene th eprl;llgb forcé seonly

recor d$ Z(Sedrdtdtel a:gpto@raphm ashpubliekey cnyp@glaphyag"hwhpmm ngtwarkyjuses) borty claqseSh@fs

changed, B’to he,formof a tag change 178. Since the tag frequency is
signifi caﬁ B I er than the typical position sanmpling frequency, the tag

IDis constant f nsecut j,ve 0 for
the entire. ot okEUTROYEIRpRGRY: 1 RTHA RO e Aiodhy, s G3IRHRYy
posi ti ons taastrypt mehdeatyipomn messagde) Fwbipartipe wishimgitd exvhange messagésrmusefidbarzange to

implicitly cl cke at 100 and do not need an explicit tinmestanmp. If the
pen fallss'fcé‘re gqngeldhe EHetX6%i tion, e.g. because it fails to decode a tag,

It musi,still a pen tio gserye t he | I|C|t c ocklng

therefOte recor gg“%p ypd:?fpﬁo 3 a@?l E?\% Pnt ﬁ%yr?% Bilen SWA Bven

position ébﬁ&yptiﬂﬂ KEey.NThd Itwo qeyqol aiei igheyisicalty 'm%tédaﬁle rsuohna Ewayoihm ényt hessage
osition from adjacent es. i ecess t

DT set “of RRMRDRESE gt B tam oy b AGEVRRd il B pOheR ey Oy oA TSHR Raben 1 y

records anyugihed, While ke Gher i Tkdph Srifat. Th@f’u‘rﬂlctkbﬁl% RBEPRGAcrptan ﬁfnﬁﬁsage fitehadE -

This becomes the absolute tinme relative to |chlater stro time

of f set s arfer thedelderef theimsivatetkgr Oregicaprypied jusing dhespublie keyra masieee3noBbubs ve
strokefg tda&%@nge ﬁler #eor v, 'h?'.\s twi\Paftidh éﬁ%me@%x% eb‘mgs/a&l%ﬁloﬁteﬂ'spn

| D when it a region change’1 hi s becones
regi on | Dhavipg tqﬁmha}ig% sqmt keye dowhsure thatithe private ke &g swum 4t is svmbfoathséeldeﬁay

change theof%%&t?keyll%%e& ERey stroke and the next, the pen optionally

records a n or- a stroke, | eformof anb change 175. This

becomes the nib %@gggbﬂggpgiﬁ} R‘P{ ?ﬁlsgglug%g% é%arté"ald?élﬁf s%&d’tﬁ'gefh e halddd of theT

conponent of a s opy-cC prefix, sted 1n Table
Tabl e 5. Ruinatskepéan creatpokuawn lpshaOﬁ m&smwnétheomcrﬂmmcmemw@ privatekeyen

Change T 10ONEE oo 4 Hh e LSt SORNERS - SRAAT of 6 folghe e

duration qma{m Keyvwithr resiecie > thmgmmmﬂnntmassuge ]J@(demypmngl thus:namptpi bash wing the

therefore e 500 cont i nuous t

oot ur o ¢ AP Byl Sefying d6e Spsth et e st e SRR AR dall B mediee
of fl i ne canéd mumﬁplehtguﬁﬂa-l méssdge @ap vexife bothodhatrthe maisagd is 48mifinyind thafit hasfrber
menory per en's 512KB DRAM 48 can therefore 15 hold over 12

e
m nut es ofbeﬁ‘bﬁf?‘ﬁ’dﬁﬁnsdfgi tal ink. Time; regi on and ni b changes happen so

|nfre ntI thag, t a negliqgjbl e eff et nther I .
t ransq si o% speiﬁ "ﬁ‘ﬁép{g@P%@V Re L Y Xgtk fhe ﬁgf QB P8y z? gﬁmg‘%e pabfic keys
posi tions wiith protHECinipeRbiution. smmxs&memyamde et evitifivated ayd cepfivateciithotities.

further. Each raw stroke.is encr ed us the Tripl e-DES .al gorithm
(gchnel er, Bemﬁfﬂvg\(F puthority 1s|a trusted tXlr partyuwl'lu gauthentlcatespt)he connection getwéen a public

key and someone’s identity. The certificate authority verifies the person’s identity by examining

identity documents, and then creates and signs a digital certificate containing the person’s identity
30 details and public key. Anyone who trusts the certificate authority can use the public key in the

certificate with a high degree of certainty that it is genuine. They just have to verify that the

certificate has indeed been signed by the certificate authority, whose public key is well-known.

In most transaction environments, public-key cryptography is only used to create digital



20 Cryptography, Second Edition, WIley 1996, the disclosure of which is

i ncorporated herein by ° cross-reference) before being transmitted to the
conmput i NOweYsjssds The pen and conputing system exchange seggiAafnijpgs for
this purpose on a regular basis. Based on a conservative estimte of 50
cycles per encrypted bit, the encryptlorﬂﬂﬁ a one-second 5500 bit stroke
consunes 0. 7% of the processor s 45 time. 25 6.5 OTHER PEN EMBODI MENTS I n
an altern NALE BedBr-leyf §Pused for all
Aasoci at | aPiTE e BRUl SR deel A0S SRk G aphF i used for ol
short - r angheg pwposss.cat i on with a base station or netpage printer. In a

, further enbodi nent, the pen 101 includes a pair of orthogonal

accel eronet er s nbutheeillpwing iscnesionn whpa mefershcet Isempdentoathie ssecah dransmission of
accel eronms

- provision %ﬁ’@%@g%@%&?g l[s}mgllnagi' Iaggrv ha'ﬂeﬁ #ﬁanﬁ ngéb% s Stﬂ#hﬂe pggtr?r ?%tggsgnse
nmot i on & tthesdrversfeertificate, Megunatmatawitbmrem to &tgs:ertzﬁcatg\nuthgntUh@es theqtublin

tags to b Iedatalo : c n.then itdentify
an-ob] ect S SRatpisedRy o e RERRAE I ercliRar s sSSP ALY B IE B .
I f the objthekedre sassitmekeyl tot ehedypiC the | meastige dhmnAntes(ien Bey, dy alefiniiod datithheenan
then the t m,of e | ocation tag within the area of the input el enent
can di rect‘}?ﬁ F‘Eil@ﬁli“frf eiM& i nput el ement. 10 The accel eration neasured by
t he accel erorreters |n each of the x and y directions is integrated with
respect tq E&JCE an.i nst ant aneous velocity and position. Since
t he startl é pos ¥ is not known, only relative positions
wi t hi n1@ stroke BEach nstpageprintesds asgigned@upgiy op uridue léwtliﬁmsegm plomanyfacura whiche s
errors in r h
Q@t %ﬁ'}%?&d%ﬁ Pth cﬂ‘% ixp@le Sﬁﬁtglehﬂ 19%1%8@5& ¥e%ﬁ ?t#nyseﬂglv &t%&. The

resol ution, I on stroke errors
accunul at eﬁxsu B 6hisrmublic andEmiguely HdeprifipsTER pHmSOR 1F nelgage, IetwRk NItEResBIRNS CS

The verti C%He%’anﬁ?é%tegq/h &4 Sﬁervi?ﬁal F{ gﬂ%%g og%leﬂ ﬁv&gown fully assenbled in

Figure 11 prints ne pag s on Si-zed i a using dupl exed 81/2"

uses o st ai ght - SasaRe e EORS f of hoRe Vot i Bl (M L

print ®Bgidresescsigmtute ﬁibkc/pﬁmdnqurpam It lrahsiniis ititbesecref IDpardlikeepublic kel steemdym:l Y,

in full color and with f An integral bindjing assenbly 60S a I es
2Stri p of BEmERR TREEHAD st TBY SeeE FOBPRERY Bt SSRLdD HaPRa FEpiFse Poeblthe o
to the pr eﬁéb&ﬂéii ﬁhsaiammnanar@e@mha@gis&sﬁoni if the TiDs Snatohe Rtk deakdsnad sllgﬁwd
25 docunent 8 which, ca ran Eé{ 41 fromo sheet to sev

hundr ed sh‘”é"é‘t‘ ateRatajning RN public P@%@s’@%ﬂrﬁ Bt wreﬁl%ﬁeg 3tem
coupl ed W B rdgiBraibitlatbedd. Pri nt engines, has bl adders or chanbers for
storing fixative, adhesive, and cyan, nmagenta, yellow, black and infrared

i nks. 3be cartri quenahape ré@iaBb erar mtﬂsq o%ttfﬁc&tb latit@6rith forthetpagesprintrd] ki€h it The
mcro air filter |nterfaces with an air 638 inside the printer via a

hose 639. hﬁﬁlaﬁccﬁ"rfa\ﬂ"iﬂﬁ‘éénff’m@EP“&?&“EOO"EEEYRWIH“FWheads to prevent

I ngress of mcrowﬁiirtlcles into the MenjetTM printheads 350 which m ght
ot herwi se cl og t YBen s wenaherribes o ”e%“bhESmPﬂ%E?P%rl&P‘ieﬁ@d e getpage; rP%“@f'a“m
W thin thegrak b6l authblEidpRBE piveRR o Thl‘nitEihé)f)ubthtiﬁmfm'tJ) HRrusdrSs &Huﬁcﬂn‘nté? bia

linked to the life of the cartridge. e ink cartridge is a 42993
PCT/ AUO1/ 0spsgified printer. Every document sent to a printer via a page server is addressed to a parncular user

25 and is signed by the publisher using the publisher’s private signature key. The page server verifies,
via the registration database, that the publisher is authorized to deliver the publication to the
specified user. The page server verifies the signature using the publisher’s public key, obtained

from the publisher’s certificate stored in the registration database.

The netpage registration server accepts requests to add printing authorizations to the

30 database, so long as those requests are initiated via a pen registered to the printer.

33 NETPAGE PEN SECURITY
Each netpage pen is assigned a unique identifier at time of manufacture which is stored



fully recyclable product with a capacity for printing and gl uing 3000 pages
(1500 sheets) Referring to Figure 12, the notorized nedia pick-up roller
assenbly & gpies the top sheet di rectly fromthe medi apchpyoRdtdsa paper
sensor on the irst print engine 602 into the dupl exed MenjetTM printhead
assenbly. The two Menj et TM print engi nes#®%92 and 603 are nounted in an 5
opposing in line sequential configuration along the strai ght paper path.

The paper i gwgtr,l,l t i j red
pick up r olﬁ?gard &%’d%l elﬂgges%tl gﬁ %ﬁ%e &%Eé ag%%r%%gﬁ%gﬂggé] O%Yﬁd
full bl eedmppuelytidentifiessherpancodhe rétpege nepworks pr i nt ed sinultaneously to aid
.drying in the shortest possible tinme. The paper exits the first MemetTM
print engine 602Atﬂetpaggpelacme‘ﬂmq\fi” pmumbercbfmctpagaspixﬂ(es,mdmmts chm [“kupwélch
al ong the str ath ct. al ns rubberi.ze

- These spi k[e gﬁh%e gcfﬁtpa% %ﬂwa\{\h ‘ﬂh 9 H?tgd“% ar" acgregueac%glﬁ?aq%lgnetvg ‘ttésed
.the s Iﬁetwﬂﬁﬂrange of thé printer Onck 4/pen aﬁ]‘Mn&r anetreﬁﬂg‘edlehe@%gulmfﬁchmggsetsaon

Figures 1 2a er . bQ4 fromt | ex rlnt en i nes
503 and 6089 YREnEyeE B Prb B s F0cE e e % e ki B BBty PRl
power ed Spmt;@ppfdiiﬁﬂiesééma&bﬁ]ﬁgmlmt&heaerfttabmuedﬁwat rol I er and anot her
novabl e axle with spi ke wheels and a nonentary action glue wheel. The

novabl e axl| e/ gl ua pafi 50 laession keySfoleveny ﬂﬂ\tér(i’t oW, tilexsd 4Rinter D, 264 & prised i t

is transported forward to interface wt powered axle 670 via gears by

action of Yoreshiession CYAO%%'B‘a{rP&PE“HB‘E’%F“dﬁW§°’EH?sB%‘éh"é’ﬁ&fltfge“-\‘H@ntj? ﬂeraemea

assembygy %ﬁa&tﬁ@&‘sé&ﬁn%y@aﬂ&%ﬂw&k&)ﬁ sBsdloh R¥Y &id Bashfetentyluiedbdsh §Betdishry. 20
coupling for the glue supply hose 641 fromthe ink cartridge 627. This axle

679 connects to fyigh 'd%e%&ﬁé& wiﬁﬁﬁ %g@@ﬁ@@h&e@dﬂ%ﬂﬁd Pantaadatcbt@&memeﬁmew
t hrough radi al holes. A nol ded housin 2 surrounds W't h

an openi ngkuaw aaptotherglftheymoy s kngyyeach o T’M@Wt@ﬂﬁe@ﬁ%d@eﬂm ibis syppased ar e
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assenbl y 6 ust f ct1on exposes rough
the front wk theprintas| Hdabe printesiinmess 2o kipay the pen byt dopsn! ththen etl initiates the aatsmembl y

and ef fect u §l I

heet 654 bk Testufiith bioFedie f ol ither e Bt BB, (U Ak Vi B 1oy
one verti cighoredgentdnthe lpen fls phtedsinde chaxging tcugs,ram rwhithe tifoe ris inigdtescthe oégistration
docunent) as it is transported dowmn ' into the binding assenbly 605. 7.2
PRI NTER Cd\rﬁﬁﬂf'i_ER ARCHI TECTURE 30 The net page pri nter controller consists
of a controlling.processor. 750... st al field-installed
network i nt erfacgpﬁg‘gﬁ? %ggpgg‘cr diatﬁ %ﬁg@@f‘%gr‘% fr&‘??"%‘@*”&%? rl]‘%ﬁllfltgglfe‘?"er
753, basebéaiehange keylistalséaécorddd in ittfemetﬁaga fegistrativdl skifver dBabaset @ nitneasT dnantfdctateor S
756) , al _raster, im rocessor (R P) DSPs 757 exed print engin
Cont F of or DR TREARORHb PR RSP D §5 e Pininstsb i P65is: Bratitie 94 P
-68 and 64iyBhOhetpagéMpfibdtionasrved. ITHS Seik @éhetafesfal sgdsion ki for Tiecprimesh tiddehnitd Gse,
processor handl es COITmJanC]atI on with the netvvork 19 and Wlth%fe‘ﬁ')lc W reI ess

net page pethd seerrely dapsnuts the, sespion 5°3bt?t & Briptery It glso,transpits pcapy, afthe sospign Key e
LEDs 61 3- G&fé%ﬁadw&ﬁmd Pe§ %ﬁ%ﬁd&g@ RéyZ The bﬁﬁeﬂt&ems’seszlaﬂ ke itedalltindred Ne

controllers It consists of medi um per f or mance general purpose

ni cr opr oce®5He e R eemapwtslthrgerwa@éssgtﬁwn#sbtoc@m. b Perstoges ﬁletSPﬁéwBrkPm

engi ne260NinkhdlIg] ifidekPby thd pAntl W)- speed serial bus 659. The RI P DSPs
rasterize and conpress page descriptions to the netpage printer's

conpressed page fAMhBESh: a fRE Perdah Hup&ithiQ e i 1Rl ek kegiotR@G IS otoldl! &Y & rand
prlnts page images to its associ ated Menj et TM pri'nt head 350 in real” tine

(i.e. at opavcadequynyés spisionkenigansiitted hitheppnresed 10 print engine

. cont rollers print both sides of a sheet simultaneously. The nmaster print

engi ne control | em@@rwwwwgmnwdmawrﬁrstrrm& it isofdimitediuseountil it igdinked

to a user. A registered but “un-owned” pen is only allowed to be used to request and fill in netpage

30  user and pen registration forms, to register a new user to which the new pen is automatically linked,

or to add a new pen to an existing user.

The pen uses secret-key rather than public-key encryption because of hardware

performance constraints in the pen.



usage in conjunction with the master QA chip 665 and the ink cartridge QA
chip 761. The printer controller's flash nenory 658 holds the software for
both the \Qb%@f‘ﬁ?r 750 and the DSPs 757, as well as confi gegqalioppisdat a.
This is copied to main nmenory 657 at boot tinme. 15 The processor 750, DSPs
757, and digital transceiver conponents803+Tansceiver controller 753 and
baseband circuit 754) are integrated in a single controller ASIC 656.

Anal og RF gpnponggdyreddeuilengyi t 755 and RF resonators and inductors 756)

are provided in separate RF chip 762., The network.interface nodul e 625 is
separpat e, since ﬁ&tB%E)a@epﬁyfstﬂ?eﬁ“gp%sltg%dfh‘éenhé’?\%w o l‘lsisé}ﬁ‘ f‘soggl;ﬁs i
: 12 gz }vg ; y-2 3 e:loep‘d'&ed“éle Ihgti)hgb: ¥in&e Hem‘d?h faﬁ$ﬁ&b pARNWAtMTARAHS, tun eill hﬂ}lr lad Qﬁ&i;ﬂggﬁcst

is also off-chi . ri nt._.engine, controllers are
provi ded i%@ﬂgﬁ%?ré why @t syitably, P‘g{‘?‘zﬁ‘ﬁ ﬁ& \RBWH ningicpigs. ds ARROMDS to; PENG o
- provi degl) Wwadthaiké MvitsbeRBicate VHifiABS piRéMPite toudeAtRER. 751 and optionally a
| ocal conputer or network interface 752. Netpage network | nternet
interfaces incl ugig PRISrARE® Phnting) Prdceks Fhde  aCaRemativEFdithef Hin®x 1B dpadified SDN
nodens, DSL nodens, satellite transceivers, current and next-generation
cel lul ar t‘®atepnuke regipns of 18e prare Back-igrhack,pages ceufain Jrigior-iraage W k regions
transceiv I : | Gl E S : B@,ﬁ@-T
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emer gi ng heserdesigneduter pepdnge iam inderfesiense effect when thetregionstare viawed togetheri arhigyed bbbl e
on theul)oclg&d‘%eﬁlm%}&h*agg&gd%gt_l ocal network interface can be used as the

Intertace.

net page networ e radi o transceiver 753 comunicates in the
unl i censed 900 Pafor e gggg .
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(1 SM bandof termge sadisfoseyhartby pdge pyriopigd bndorowl pans.on det ection to provide
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the appropriate, RIP software on the DSPs 757., The DSPs 757 rasterize each
page descr ipnyith theRetpage eestrtiqn server, psdescribed i SepON2 The main processor

stores each conpressed page inmage in nmenoyy. The sinp)] est way to |oad, .

bal ance mul ti pl o NHepEreseietvifiny steue petpgs dobirpest. hrecibientoan yexly 8 gubenicity
DSPs can abynaysestfy ilsapituslif) thalifiial Shafy CEheAdhidhe IDlof @ katureitb@tentis dnBStatia ifarale
pages n, gn general, be stored i.n nenory. Tarj' S .strate only | eads t.o
pot ent 24 | Yreme pt thesodyimert gu fegHre AReimeRDE aFq iOFﬁ PO eOnREOTR fuRgevent their
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negl i gi bl ebuit-ie fegdbackhionn verification, failuref tq HEPROH SRS Peit-phRresenigtione dogumepf o
infrared ({fpchpuer of the printed page contains coded netpage tags at a
density of about six per inch. Each tag encodes the page 1D, tag ID, and

control bits, angydie nder tieORiterMarlChorGRE gse}’@%hi)ﬁgﬂﬁp%_%tﬁﬁﬁe HUJ EfyPrographic

rasterization and stored 1 n the conpressed page | fage. e mal n processor

750 pagBessapse Theyosimplyproyidsen signifieast ebstacledo gasprldowgerypPnline dopnon verification,
control | er ﬁarﬁéi@ng'ﬁi!%g gﬁfehﬁéaﬁsﬂ Obe) Proviidl bR hdded 100 rIbREBSwhAIE it GORTRAGS Bhtcds

page image i n 1t
still not entirely immune to forgeries.

X

3.5 NON-REPUDIATION
In the netpage system, forms submitted by users are delivered reliably to forms handlers

30 and are persistently archived on netpage page servers. It is therefore impossible for recipients to

repudiate delivery.

E-commerce payments made through the system, as described in Section 4, are also

impossible for the payee to repudiate.
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20 menory, and starts the page expansion and printing pipeline. Page
expansi on and printing is pipelined because it is inpractical to store an
entire 134y@ Mool evel CWYK+I R page inmage in nmenory. 7.2. 2pPiafe1/H3d NE
CONTROLLER The page expansion and printing pipeline of the print engine
controller 760 consists of a 25 high spddd | EEE 1394 serial interface 659,
a standard JPEG decoder 763, a standard Group 4 Fax decoder 764, a custom

hal f t oner /g onposgitgdrroRiciCoiERcE MUSEOM t ag encoder 766, a |ine
| oader/formatter unit 767, and a custominterface 768 to the MenjetTM

Ut £ LPiz‘drféﬁnerTé%ﬁéﬂ%ﬁiﬂﬁﬁgin?\@%ﬁ%ﬁﬁ? o DRaM 765 via the high speed
serial interfaceTlEoptpagn sysimeyses thet Secnis diestropig Jeansection 43EDsystems 145 DIGART 1569
and passe ?ﬂ%l ngﬁeﬁ:{l%ﬂi’( 'hQ\trmg rr R:g&f By 'hﬁa(ste?diﬁ‘ﬁ V&'t]n&e\hsaalg ﬁ%ﬁ‘i‘edoﬁtgﬁ'nd“as

rint I | e anot her page 1s
| oaded.5 Tipeyhent stardst agd thxs rshsﬂgntqﬂe in the @xrpmnbsy (Howéres) mudheof the system is
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defined in section ara e secon ers 65)
t he cont omﬁﬂﬂﬁﬁbmgsecomﬂng atrm)spubh;s s(gaﬂturEGEe)yst be tcbmlfieatelauﬂlbatyk vérifieera
over the res he resul t ant CMYK+1 dot
Gata | bArOPHEF SR i etier 6 ok fodfes o oplobitte, e EHEes EpaobRy

pri nt htd réfibtration dRtafietwit the auires be I’aﬁproﬁﬁﬁé Odrdlidldzgs ahd eerdduits tdie ahedr

stored in the off chip, DRAM. The f| ri nt.s Ihe si X channel s of bi
| evel dot GSPECHYE PR dlepgjureikeyt fwf Yt%* ﬂé wﬁm he PRYEREISRPESS thefte

printhead denffRatb9&e udddGo nifi@illy a6hexititbte Larmaéhaﬂmmerdﬁaaérr #Md B hbthéfiiRad ilenyised
in unison, such as in a duplexed configuration, they are synchronized via a
shared ||r@%tyﬁhem?r§|sat?w Only one print engine 760, 10 selected via the

external master/slave pin 771, generates the |line sync sigpnal 770 onto the
shared line. The %?mﬁn%mbﬁwéeweﬁ‘mekvrpmb@wwaw %Frmsw%@s& kevsaud sor

772 T o5 SYRRAHMRE 7 BohsideRdPRNGnSIMANRERR diche W ﬂnﬂmﬁinoﬁirﬂﬂlﬁ‘der keys and
configuring the printhead 350 via a | ow speed serial bus 773) and

control | i regrificatesenpsaver st givesthe gdhobieg acce vian napevosd have mepwith e suecesshe
net page printer, the two print endgines each prints 30 Letter pages per

m nute al on the | ong di nension of the page (11")) giving a line rate of
8.8 kHz at4g600 S8BT PAYMENFR® 12" versions of the netpage printer, the two
gri nt engi nes eanhhamtpdga sﬁdiemﬂietnetpamgglsumﬁ séi‘i/e’tlat:b? aalé ptéag)l; fdilﬁléﬁr?que \ilser
i mensi on ng.a line rate of 1 Hz. These line
rates are W @ﬂ%ﬁﬂgﬁéﬁﬁﬁf@r‘%@f‘ﬁﬂ“&%’&hency of the Menj et TM pri nt head,
WhiCthQ the current design cee t§ NETPA ﬂ'll'AGS 1 TAG
TILINGFS. 1. 1 Pl andt Re§RRee Sekmls P‘i’“’r‘tﬁtjS tPﬁ“ F‘H’éi‘tef‘l?“é‘ifﬁﬂ Pt W@Fﬁﬁ?@@quesk-'
i nt er act i OBecahdetheasysRE0e @eﬁ-agmrthybﬁmmeﬂai 9 GheChies’ sen-ha&mgﬁaaua Qﬂﬁdidﬁﬂg of

devi ce nust be abl'e to see at, | east e entire ta inits fi of .view
no matter WRSYEYRS PF‘hB°S|“§ﬁ‘| B BGSSUEE- ‘&A%’&S%‘P‘? thppmg ‘E)FP“i sq ke ‘b‘&% SY %8%@’6!?8 The

requi red dfiRigRhat sedbortins thd gindaltoup &% Bfhek B6kt.SEHRIYPROfHoMeS: dsed bR9hEEQAs e a

N
function of the size and spacing %ﬁt he tags 4. In the case where ?he t ag
shape is cthpewmrae °f'§ﬁblﬁm8%“°t?%‘-bﬁr“§¢‘eﬂ"§ﬂ“1‘535°t§1°fdh“s%'F'FBed earlier, the
m ni rum_di ameter _m of the sepsor field of viewis obtained when the tags

S00, ofSdi anet er The fisbsten to beingabledpmalke S pavEERE i to FoBiston i user sgiireptrigyt
shown in Fpgyg g@%eﬁéﬂh&’tﬁel’@? Gk‘h'isrls Eodedn a I&Hu%llé@en@ﬁmrﬂ*ﬁ? q’or"gﬂﬂﬁ?(lé Qﬁa where

center-to-cent tag spaclng 1S he same as the ta |arrete a ag
di anet er ktheﬂnozsgmdméae(capm%aathe BSe0Otigpjay therpserds lslﬁmtlexso«eeﬁsls Zhe| bxogae(ncas 8

captured and stored in the registration database, linked to the user’s record. The user’s photograph

3

is also optionally captured and linked to the record. The SET cardholder registration process is
30 completed, and the resulting private signature key and certificate are stored in the database. The
user’s payment card information is also stored, giving the netpage registratioi server enough

information to act as the user’s proxy in any SET payment transaction.

When the user eventually supplies the biometric to complete a payment, for example by



WO 02/42993 -71 PCT/AUO /O 531 nm. Wth a quiet area of 16 dots, i.e. an
effective tag di aneter k of 272 dots (~4.3 mm, m. increases to 587 dots
(~9.3 mMm fAPogshe tags 4 are noved a distance s apart, Wﬁ]ﬁmilgglat

| east as ‘fvarge as k, then the mnimumfield of viewis given by EQ 2. 5
When no overlap is desired in the hori zd#al direction between successive
| ines of tags 500, for exanple to make tag rendering easier, the tags nust

be nmoved 8@%&1{ g Detph g8 oflieN Toi AND PihteDiev@sly Rbanéhtsdhe bder af&édndﬁpme@bﬁm&m
tag, uis refore 40 dots {~0.6 mm at 1600 dpi). Since this exceeds the

qui et ar edths Bigmetric datadp thewémfgreglﬁwoaawﬁr Eht’ear‘@anerffes therhionaedriq With ggpact nes
are rendert%@hé&%eﬁﬁ&ntﬁ}éﬁrﬂy%& pen ﬂﬁaﬁ?i‘r&hﬁﬂenson-acksabﬂiehdér ERroxy @ ¥sapidagthe For
a 256-dot dianmeter tag, S is therefore 296 dots (~4.7 nmat 1600 dpl)g

mis 598 cﬁﬂTsP%’antmtmlB 1.2 Spherical Surface Tag Tiling A regul ar

- 1 cosahedron is often used as the basis for generating an al nost regul ar
triangular tiling of a sphere. A regular icosahedron, such as icosahedron
526 in ¥ ghBe 53MIGRO-PEYMENTSosed of twenty equal -si zed equi | at eral

triangul ar faceSTﬁaﬂetpdgarsyst@nﬁduddwa algeaism3or aido-payilers, 102dllowaBS used?o baM t h
five of the e a I‘S’FSO gﬁgti ng at each of the vertjces 53(§ To achi eve géhe
required t?qnvwgen { 1f2arg 'Bﬁ lgwgostdocuenty OB flepand, apd, foro¢opyinR Sopyrigh,

each tri angcménts afd pdshibly ASt3ABEW W Wébtol bR r&ﬁibdtsdd fbeéxpeﬂﬁda @ananmaﬁmﬁbgr‘o

of equal -sized equilateral subdivision tri ang es to yi e desired total
nunber of #dveriipigs materigls Thelatter depsadsongheylevel of subgidy @&ﬁm&v@ﬁﬂ todhediseh ded i nt o
v equal .intervals, defining a set of v-1 points anng each e and each
pai r of 0 correspomehgth%dlsﬁt registes forapryoramerce, 8 Agtwork aegpunt lsse%’l

line paral zlg?leg&t@s ho ﬁiy}ﬂﬁﬁtss'bﬁé ﬁ'ﬂr ?ééb@&%&at@ﬁt% ontﬁﬁgﬁlmlss&ddéaﬁ%le any
intersect a he verti ces of desi red equal -si zed"and equi | ateral

subdi vi si owtstmdalsglpbgbalmsuﬁma thgstmdudmympmmephﬁmsm v2 triangles per
triangul ar face 528 of the icosahedron 526, or 20v2 triangles in all. O

t he resul ting 10¥he netyotk pacpus Fan ﬁp\ﬁetmdqdawmatgeubsanmnrfe@t fop perieditalsof
the twel veyprh QExEl&‘hlsX ﬁfh&#ﬁ%soe% fesbrté tb HRSRNSH I Fornd ’mcﬂ«pﬂuaﬁ keftenbe@noul ar
faces neet at t remal ning verti ces. ve ori gi nal
vertices 532 already lie on the sphere while the remaining vertices lie

i nsi deqgheggpher gnaféddhdNgcat ed vertex is therefore central I y projected

ontothe sp'here IVIin ede5|red tiling. here a mat ed, by,
regul ar pol yhedrBﬂ“’Pﬁ “g‘ﬁlr %@apgtparggpbapaégcqlqga icati EE awiw%ﬂﬂaﬂfﬂé
paramet er 4 dnfbed Eﬁﬁ%ﬁ&élﬁc%&ﬁéﬁcﬁcﬁiﬂﬁSﬁﬁWge sﬁbs‘ehengaaﬁe&bﬁgh thel éf&t ed
shows an icosahedral geodesic 534 wt 180 faces

cl oser a sWithitheteapspstion 1D, 3ad gleuagplecaﬂ%e tbfé?hyabledp eaablab an @ppropyiate; “@aeahfear on
526, the fgeyuf@hidguti s fromthe surface of the sphere, and hence the |arger
it is when projected onto the WO 02/ 42993 -72 PCT/ AU01/ 01531 sphere. To

i ni m 96 Var i at | Qhhingud Socthe frcheh Bk e i Mth Yhatispdchf, howeRl ikSapplication
subdi vi son vertices can syst emat | Catqbg % di sp aced prior to pr oj eécti on
$thbep

(Tegnar k) WSt userthe uges's amighe identity sees nfext. AiyRietliezanple inyelveseddingiitams

Sph «“ +

oo or eat o magr fied chfos o 4 AP irkih -chSlie cat. 16 g BRsdHR pifhdy, oS
remai ns 60howeyesy thy @m&a@ agr 1B ﬂb\lmm t0 tithee nespage cyetenicp ipreferably noh éwlula@é to
triangul ar? eifon §”’I‘Bﬂ”§'ﬁd t@gPl%%iJ? eﬁhpazlapﬂc%{i{n?é%rgﬁﬁé}geﬁoﬁnn8&3?35

flat, and e vertex angle of each trian converges on

360 | 25. dependeafly accymulated hehayioral date. for atag tiling of a sphere. In a 72
i sosceles triangle the base length is 1.18 tinmes the length of the two

si des. The maxi rrmluatnatgagepaglisinglos séroer inst@dpnmxptusesn atfonmbusubb.mimlg}ptbhuvesmmsor

field of view. hlerefﬁre closetoal #B tslﬂata di a e2‘_ﬁ6 dot s
and a qui ePseéraB‘i pRiFation” yia, & unique, aliag 1D 63, as shown i, ¥figgre, VS It
dots (~4. 3adtivhtes mh@emhkrtsg‘ged avith4the dodgistered” 1ddtribue]jhe aetpapel |pag $epveE@sB. thdhe

‘ gn ?lcﬁnzgﬂ g?rg%ggb ﬂfaggx? gce \?%ﬁiqf@z?%@' ngs%(}:}ggé ggphacgnc}n% &e rt]gggtlhcrox]:'lth er pen ID

30 61, into an alias ID 65. The alias ID is then submitted to the hyperlink’s application.

The application maintains state information indexed by alias ID, and is able to retrieve

user-specific state information without knowledge of the global identity of the user.



For a sphere of radius r the arc length of each centrally projected edge is
ro9. Gven a tag 15 dianeter of Kin the sane units as r, the nunber of tags
n requiregolgssyer the sphere is given by EQ 6. For a gi ypeAbo1/1938
limted by EQ 7. If nis limted to 216, to allow the use of a 16 bit tag

| D without requiring nultiple regions t®&Xover the sphere, and K is taken
to be 4.3 mm as above, thenr is limted to 310 mm 20 A typical globe has

a radius of 160 KB syktei alNoQhAkthis aindepeftiait Berficate ahd priviee kighdiuré kef ¥ Rhoh
spaced tags with negligible additional spacing. Such a gl obe uses 16812

tags in tdfauseris applicaions; toraflpy ilQsign gpulispiondeansastions;onjbghalfofithe useysingAakh
- can appr oxj,dRtafofspebifit MGmiafio" i trary topography and topol ogy wi thout

i ntroduci ng discontinuities or singularities, with the local scale of the
mesh bei ng dicta : SYlb Rk Aol
- bound. Assum ng ?ﬁ%ﬁ&?%ﬁ%@ %‘?@%‘f?@ﬁg‘f‘?ﬁg Y édc?rt)alh rti cS’Pg‘ﬁaﬁgﬁs‘r’eftgége,
an ef f e2t i Systemageords g favaritetapplicatiorndn hehgE oftheserfop anydwoder of praduetdynss each
mesh triangle respects a mninumvertex angle and a m ni mrum edge |l ength. A
tiling i s consi dBachapplichtion iswesoviateth witbap epplicatdonzpronider; and |ther system siairgaivkean ce
if the fi e&lcgou% 0 Vﬁeﬁ&f 8f ea’ti:ﬁ' gg?%gﬂfbhr} vﬂﬁ}{,'tcf a%(JnW'Slt %utg'éd?t%lﬁggbl{ e br@gild%k%r a}ck-
| east one conplete tag a y position’o e sensing device on the
surface. 33broupiefeesdie.ng procedure starts by placing a tag at each vertex of
the nesh, so the mi ninumedge length is the sane as the tag dianeter k. The
tiling procedur eApmpplicetim frpvidersen be aguldishagf atriddivel substpibeddonteht. Thy systbge
whose ngt h exgeeds,a Xl mum tag .separat.i o . .l lustrated.in Fiqure
o o Fepsi e e oA b B I AP, ipatiom ¥ ot 5 e canpelilt e
so that i ffrdquencqdf publidtionags 4a and 4b are a distance s + s apart, then
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vertex angle between two edges of length s + Eis |ess than 60, then the
inserted t4&§s w RESOURCE DESCRIPTIONSAND/CORYRIGISIEr t ed tags from overl apping, a
m ni mum tag sepal;

angl e a then beco%éweﬁmh{éggqﬁﬁ%e M%ﬁi&l cfastdia %ﬁisrghmmi Agx

s a function and t, ‘as shown EQ 9. Jearly, when
t =k, [31is con a'P‘ﬁlq]e_ i t S Bagl opst rai ne 0
equi l ateral . But Eé{'rsh !d us‘?{rjgit?‘g(f% ?tﬁnﬂFf’@acrteH'E}éTﬁmgghﬁ?eﬁﬁi)&?eér}r glo%aﬁégg“ew ess
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remai ni ng two edges_are |l ess.than 2s in lLength. r i the m ni num
vertex angle is %yﬁ?sc?gfcfyg‘gfmfué’gsfmﬁﬂdgﬁﬁt ﬁéﬁfi#ési?e?%g%har P%Pagﬁﬁr éyr%eﬂ no
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triangl e 55W*8%ceeds s in length. A 20 tag 552 is inserted at the mi dpoint
of the edge S48 to conplete the tagging of the triangle 550. In the third
scenario (Eigure WO 56 of a triangle 558 exceed s in

| engt h. Tag‘s 560)6%3@9&%?9%%?&95§§b§ the mdpoint of each of the two long
edges 554, 556 addcanmnuniqatignscraatordl defines an ordsrrdregchange plemessigonbitwespsytities.
Centers of yf RendiyiRe sARG biitlicl ARE aohlhs, prfiterd AESLVGE utbhze'd st defined protocols to

25 cooperatively handle user interaction with the netpage system.

Each protocol is illustrated by way of a sequence diagram in which the horizontal

dimension is used to represent message flow and the vertical dimension is used to represent time.

Each entity is represented by a rectangle containing the name of the entity and a vertical column
representing the lifeline of the entity. During the time an entity exists, the lifeline is shown as a

30 dashed line. During the time an entity is active, the lifeline is shown as a double line. Because the
protocols considered here do not create or destroy entities, lifelines are generally cut short as soon

as an entity ceases to participate in a protocol.



two vertices 564, 566 of the short edge 568 of the original triangle 5S8
forma trapezoid. |If either 25 diagonal of the trapezoid exceeds s in

I engt h t Rpg oFuddogal tag 570 is inserted at the center of ppgAlppR3PI d to
conplete the tagging of the triangle. In the fourth scenario (Figure 60)

all three edges 572 of a triangle 573 ebdeed s in length. A tagged vertex
574 is inserted at the m dpoint of each edge 572 and the three new vertices
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pen's tilt affeclihen aewly aliprated page1Ps tothe appligation for future peferance, ¢

different points_in WO 02/ 42993
Once the application has distributed all of the document structures to the subscribers’

- selected printers via the relevant page servers, it multicasts the various subsets of the shared objects
on the previously selected multicast channels. Both page servers and printers monitor the
25 appropriate multicast channels and receive their required content objects. They are then able to
populate the previously pointcast document structures. This allows the page servers to add

complete documents to their databases, and it allows the printers to print the documents.

5.2 HYPERLINK ACTIVATION PROTOCOL
A preferred embodiment of a hyperlink activation protocol is shown in Figure 45.

30 When a user clicks on a netpage with a netpage pen, the pen communicates the click to
the nearest netpage printer 601. The click identifies the page and a location on the page. The printer
already knows the ID 61 of the pen from the pen connection protocol.
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application to establish a transac on-spec1ﬁc context for the hyperlink activation.

ues

If the hyperlink requires a user alias, i.e. its “alias required” attribute is set, then the first

30 page server sends both the pen ID 61 and the hyperlink’s application ID 64 to the registration server
11 to obtain not just the user ID corresponding to the pen ID but also the alias ID 65 corresponding

to the application ID and the user ID. It includes the alias ID in the message sent to the application,

allowing the application to establish a user-specific context for the hyperlink activation.
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The digital signature includes the alias ID 65 of the corresponding user, This allows a

single form to capture multiple users’ signatures.

30 5.5 FORM SuUBMISSION PROTOCOL
A preferred embodiment of a form submission protocol is shown in Figure 46.

Form submission occurs via a form hyperlink activation. It thus follows the protocol
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The overall pen tilt is thus confined to an elliptical cone whose major
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space. %ensor space is illustrated in Figure 64. The |abelling of points in
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registration server credits the corresponding application provider’s account 827. It also notifies the

'n‘_‘{

application provider.

If the application provider needs to credit the printer provider, it sends the printer

25 provider credit to the original page server together with the hyperlink request ID. The page server
uses the hyperlink request ID to identify the printer, and sends the credit on to the relevant
registration server together with the printer ID. The registration server credits the corresponding

printer provider account 814.

The source application provider is optionally notified of the identity of the target

30 application provider, and the printer provider of the identity of the source application provider.



vertical. KAis defined to be parallel to the optical axis. Wen the pen is
tilted, however, contact is at point L, as shown in Figure 65. Gven the
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rotate.(by ta aw
Zé yrotate erew)th. The cam barrel 125 includes a cam 126 in the form of a slot within the walls 181

of the cam barrel. Cam followers 127 and 128 projecting from slider blocks 123 and 124 fit within

the cam slot 126. On rotation of the cam barrel 125, the slider blocks 123 or 124 move relative to

each other to project either the pen nib 119 or stylus nib 121 out through the hole 122 in the metal

end piece 114. The pen 101 has three states of operation. By turning the top 105 through 90° steps,
30 the three states are:

. Stylus 120 nib 121 out;
. Ink cartridge 118 nib 119 out; and

. Neither ink cartridge 118 nib 119 out nor stylus 120 nib 121 out.
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Coeffid e r\’ﬁeéi fpwrlma 1y erder3e epshlnag detgmingtion githe f%?eehﬁng apwlécty the swfatca by the
coefficienps mmﬁquﬁﬁym@ﬁw 1A, The BOpRGkobiBAEAY deteddCligl i fhe TRLED 188 Kia

equations in 11 unknowns. 5 These equatlons are augnented as required y
t he tri gomefiaetors (gotishewn)imapnted jop therslidarblocks 13 anhdi24 0si ne of an angle (i.

t he sine and cosi ne of any one of Iaw pitch and roll), as shown in EQ 73
Rubber grip pads 141 and 142 are provided towards the end 108 of the housing 102 to

assist gripping the pen, and top 105 also includes a clip 142 for clipping the pen to a pocket.

20 62 PEN CONTROLLER
The pen 101 is arranged to determine the position of its nib (stylus nib 121 or ink

cartridge nib 119) by imaging, in the infrared spectrum, an area of the surface in the vicinity of the
nib. It records the location data from the mearest location tag, and is arranged to calculate the
distance of the nib 121 or 119 from the location tab utilising optics 135 and controller chip 134.
25 The controller chip 134 calculates the orientation of the pen and the nib-to-tag distance from the

perspective distortion observed on the imaged tag.

Control data from the location tag may include control bits instructing the pen to activate
its “active area” LED (this is in fact one mode of the tri-color LED 116, which becomes yellow
when the pen determines, from the control data, that the area that is being imaged is an “active

30 area”). Thus, a region on the surface which corresponds to the active area of a button or hyperlink
may be encoded to activate this LED, giving the user of the pen visual feedback that the button or
hyperlink is active when the pen 101 passes over it. Control data may also instruct the pen to
capture continuous pen force readings. Thus a region on the surface which corresponds to a

signature input area can be encoded to capture continuous pen force.



G ven the sine and cosine of an angle, the corresponding angle is obtained
using a two argunent arctan as shown in EQ 74. 10 8.4.3.2 Solving for X-Y

O f set E%é@zﬁ%sbe sinplified using EQ 64 and EQ 65 to gpy¢aA@/éfxssand then
EQ 76. EQ 69 can be sinplified using EQ67 and EQ 68 to give EQ 77 and then
EQ 78. EQ 72 can be sinplified using EQ and EQ 71 to give EQ 79 and then
EQ 80. 15 EQ 76 can be re-written as EQ 81, and EQ 78 can be re-witten as
EQ 82. Equati ng HFef adtiorpmelitibe Yo8Re sunfilcesmayéontprikeoa sefiey ofesirdkes BQsiBEke tchnsiatgdf aEQ

85 and finally EQ .86, which defjnes B, Supsti.t.uti t he, value for B into EQ
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From EQ 95; | Q- Fr a : Lned.
VO 02/ 4293*‘3g‘{§3%’%§?§f?%§?ﬂ8‘%§%&§%8%ﬁ%§5% E e%%f %%&g%aggggﬁegﬁﬁ%gﬁn EQ
98 and EQlye verfatigpofsiggatureen EQ 103 can be obtai ned. From EQ 100 and EQ
101, EQ 104 and then EQ 105 can be obtai ned. From EQ 103 and EQ | 05) EQ 106
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as described in Section 6.7.3.9. Gven E and F, the pitch is then obtained,
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The pen controller chip 134 includes a controlling processor 145. Bus 146 enables the

20 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
confroller 153 and base band circuit 154 are also included to interface with the RF chip 133 which

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

The controlling processor 145 captures and decodes location data from tags from the
surface via the image sensor 132, monitors the force sensor photodiode 144, controls the LEDs 116,
131 and 143, and handles short-range radio communication via the radio transceiver 153. It is a

medium-performance (~40MHz) general-purpose RISC processor.

30 The processor 145, digital transceiver components (transceiver controller 153 and
baseband circuit 154), image sensor interface 152, flash memory 147 and 512KB DRAM 148 are
integrated in a single controller ASIC. Analog RF components (RF circuit 155 and RF resonators
and inductors 156) are provided in the separate RF chip.



means) as described in Section 6.7.3.9. Gven Gand H, the roll is then
obt ai ned according to EQ 114. 8.4.3.5 Solving for Yaw From EQ 73, EQ 92 and

EQ 93, EQudhasadgd then EQ 116 can be obtained. 25 From EQp@#/sqfadoEey 116, EQ
117 and then EQ 118 can be obtained. From EQ 92 and EQ 116, EQ 119 and then

EQ 120 can be obtained. In EQ 116, and-Bdnce EQ 118 and EQ 120, the sign of
the square root is determned by the sign of i, which can be determ ned
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of the pifegdpt.and roII S gl ven by EQ 103, as shown in EQ 126. The sign can
be assigned arbitrarily to F, since the sign of J is known a priori. If gi
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then fromEQ 71, EQ 128 can be obtai ned practice, the chaice ¥)et weeéen

using EQ £ legth plaptipnies,cor; altepatively mqtbmnbwnmd @ﬁtGIawdn#mﬂagcmﬁ@c lapd dgeefical

magni t ude.rsMhebdndY 8 Bsds 0&&;'@@ %nh Sind VSN deftecﬁbn e@gr&me%&rfeﬁh&e F&' O,
i.e. if the pitch and roll "are”bo zero. 20 8.4 ving for Z Ofset

Once the icammpsigatiogcal | ength (J) is known, the z offset (n is obtained
from EQ 80, according to EQ 129. Again, the z offset (1) is unknown if the
i nverse focal length {J) is unknown, i.e. if the pitch and roll are both
zero. 25 &.3. 3. PEEORTIGSNing Direction of Pitch and Roll The sign of the

products (FH) of Ah&is@ism&b&fe, ﬂhq;e@bpﬁda aaeniixpmhehteds)ygl madedboans;b&@&% Sice
-rl4 <t~ < ~/4)_ a roll adjust of +(err)/4 c ntr ducgﬂ 0 ensure
the rol | (oPtgy Pigd iby itRcoPiGs upslaFR/ ustEptgd %?Se r#\el%ﬂgs

Once the r@mbrich fiei RRO1ST r foehditiaaRfon E&mlﬁeﬁmﬁhfé@i.ED 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.

20 The optical path is designed to deliver a sharp image to the image sensor 132 of that part
193 of the imaged surface which intersects the field of view cone 192, within required tilt ranges
(see later). 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

25 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.

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.

30  just under 20° for the application of this embodiment). The illumination path is designed to produce
the same object space field of view as the capture path, so that the illumination fills the object

space field of view with maximum power and uniformity.

The IR LED 131 is strobed in synchrony with frame capture. The use of focussed



the sign of the sine (F) of the pitch alone. 30 The roll adjustnent is

I ntroduced as follows. The viewport scale (S), inverse focal |ength WO
02/ 42993 wo2RAseb3AU01101531 (J), and z offset (1) are all peqyRiheek3as
described. A 3D transformmatrix is created fromthe 2D . perspective
transformmatrix. The inverses of the vi@wort scale, focal length
projection and z translation are applied to the 3D matrix in reverse order.

The rol | afivimhtiganillows Boftea sheelekfduietiniy 8xtih tsmpll \ipéiehrd. NEhenghbrt iexpdadredtithd 4 Y
rotation matrix. The roll, pitch and yaw are conputed as 5 descrlbed Si nce

the rol| (R5eY§BE;mqtipa blyry, @uﬁlalle‘hmalppeew t38 data qrptIre Aing Perrmovementy The prgal]
adj ust mentgy, Eﬂ?uxfa la6Wd YorfidiErt rd@gmﬂ feldOf8} tHaSrull %Jge Top sEHaE dbtss Adicdd byt ‘The

When the roll and pitch are th zero, the focal length and z of fSet are
bot h unknmmﬂlmades@ﬁd%ememvépemwl fonthis pirgos¢ase there is no need to
adj ust the roll since the pitch and roll are already known. 10 8.4.3.t0
Handl i n® Zer o Pi Bedsusenthe Rohge stheor 132 thasp sttheg prespapise Bwougbput the visiblepand: iear

gener al I

shows the%&é&)gener ag sg#n&%&%fpré% 8 3 ﬁ{r%{u &gﬁe%@v{ﬁ?%h& ﬁk@%ﬁaﬁ?he
yaw i s vardaptuessy cieen imggeof (hertag)qm onlthe (lmfacaq’lec fr)aml)t;erfamte rﬁumm@;aphmdon he
pitch and oII are r|o ro a on-zero, h of Flgures 86 and
87 sets ou fW@c?"el(lqlﬁl g?%%'}t%de‘fsmlgugwt ec |aﬁegtr egmht |1r1115r cgses wher e
the pitch and/or roll are zero, with each case notivated by zeros appearing
in the ta of B he cases in the table of Figure 85 are | abelled
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resolution is quite high, and easily exceeds the 200 dpi resolution required for accurate handwriting

recognition (see above reference).

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

30 region data indicative of the region of the surface within which the tag lies.

Figure 68 is a diagram illustrating location tag and stroke processing in the pen. The pen
controller 134 starts with an empty stroke (at 164). It then continuously samples (at 165) the nib

force via the force sensor photodiode 144, checking for a pen-down state (at 166). If the penisin a



3. A sensing device according to claim1, further including notion sensing
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and infrared inks. The cartridge also contains a micro air filter in a base molding. The micro air
filter interfaces with an air pump 638 inside the printer via a hose 639. This provides filtered air to
30  the printheads to prevent ingress of micro particles into the Memjet™ printheads 350 which might
otherwise clog the printhead nozzles. By incorporating the air filter within the cartridge, the
operational life of the filter is effectively linked to the life of the cartridge. The ink cartridge is a



10% & ()- 10%& ()-sl 10% & ()-pX=&10% 10% & ()- 10% & ()- 10%& ()-
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n 1o§/( &'(% 0 0"2‘"&15%32 & 8 "flowfez (§ ) dD=/ K<7""" 10%?&' (§ )] 1%%%%{‘)31
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ST SRy M S i 0
P 10% & () - gef "&iﬁg/%%iﬁg&re 1932 ‘motohfef fheiih pick-up Yoflefalskibly 626 pushes the top
sheet directly from the media tray past a paper sensor on the first print engine 602 into the duplexed
Memjet™ printhead assembly. The two Memjet™ print engines 602 and 603 are mounted in an
5 opposing in-line sequential configuration along the straight paper path. The paper 604 is drawn into
the first print engine 602 by integral, powered pick-up rollers 626. The position and size of the
paper 604 is sensed and full bleed printing commences. Fixative is printed simultaneously to aid

drying in the shortest possible time.

The paper exits the first Memjet™ print engine 602 through a set of powered exit spike
10 wheels (aligned along the straight paper path), which act against a rubberized roller. These spike
wheels contact the ‘wet’ printed surface and-continue to feed .the sheet 604 into the second

Memjet™ print engine 603.

Referring to Figures 12 and 12a, the paper 604 passes from the duplexed print engines

602 and 603 into the binder assembly 605. The printed page passes between a powered spike wheel

15 axle 670 with a fibrous support roller and another movable axle with spike wheels and a
momentary action glue wheel. The movable axle/glue assembly 673 is mounted to a metal support
bracket and it is transported forward to interface with the powered axle 670 via gears by action of a

camshaft. A separate motor powers this camshaft.

The glue wheel assembly 673 consists of a partially hollow axle 679 with a rotating.

20 , coupling for the glue supply hose 641 from the ink cartridge 627. This axle 679 connects to a glue
wheel, which absorbs adhesive by capillary action through radial holes. A molded housing 682
surrounds the glue wheel, with an opening at the front. Pivoting side moldings and sprung outer
doors are attached to the metal bracket and hinge out sideways when the rest of the assembly 673 is
thrust forward. This action exposes the glue wheel through the front of the molded housing 682.

25 Tension springs close the assembly and effectively cap the glue wheel during periods of inactivity.

As the sheet 604 passes into the glue wheel assembly 673, adhesive is applied to one
vertical edge on the front side (apart from the first sheet of a document) as it is transported down

into the binding assembly 605.
7.2 PRINTER CONTROLLER ARCHITECTURE
30 The netpage printer controller consists of a controlling processor 750, a factory-installed

or field-installed network interface module 625, a radio transceiver (transceiver controller 753,
baseband circuit 754, RF circuit 755, and RF resonators and inductors 756), dual raster image
processor (RIP) DSPs 757, duplexed print engine controllers 760a and 760b, flash memory 658,
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wireless netpage pens 101, senses the help button 617, controls the user interface LEDs 613-616,
and feeds and synchronizes the RIP DSPs 757 and print engine controllers 760. It consists of a
medium-performance  general-purpose  microprocessor. The controlling processor 750

communicates with the print engine controllers 760 via a high-speed serial bus 659.

The RIP DSPs rasterize and compress page descriptions to the netpage printer’s
compressed page format. Each print engine controller expands, dithers and prints page images to its
associated Memjet™ printhead 350 in real time (i.e. at over 30 pages per minute). The duplexed

print engine controllers print both sides of a sheet simultaneously.

The master print engine controller 760a controls the paper transport and monitors ink

usage in conjunction with the master QA chip 665 and the ink cartridge QA chip 761.

The printer controller’s flash memory 658 holds the software for both the processor 750
and the DSPs 757, as well as configuration data. This is copied to main memory 657 at boot time.

The processor 750, DSPs 757, and digital transceiver components (transceiver controller
753 and baseband circuit 754) are integrated in a single controller ASIC 656. Analog RF

components (RE circuit 755 and RF resonators and inductors 756) are provided in a separate RF

chip 762. The network interface module 625 is separate, since netpage printers allow the network .

" connection to be factory-selected or field-selected. Flash memory 658 and the 2x256Mbit (64MB)

20

25

30

DRAM 657 is also off-chip. The print engine controllers 760 are provided in separate ASICs.

A variety of network interface modules 625 are provided, each providing a netpage
network interface 751 and optionally a local computer or network interface 752. Netpage network
Internet interfaces include POTS modems, Hybrid Fiber-Coax ‘(HFC) cable modems, ISDN
modems, DSL modems, satellite transceivers, current and next-generation cellular telephone
transceivers, and wireless local loop (WLL) transceivers. Local interfaces include IEEE 1284
(parallel port), 10Base-T and 100Base-T Ethernet, USB and USB 2.0, IEEE 1394 (Firewire), and
various emerging home networking interfaces. If an Intemet connection is available on the local

network, then the local network interface can be used as the netpage network interface.

The radio transceiver 753 communicates in the unlicensed 900MHz band normally used
by cordless telephones, or alternatively in the unlicensed 2.4GHz industrial, scientific and medical
(ISM) band, and uses frequency hopping and collision detection to provide interference-free

communication.

The printer controller optionally incorporates an Infrared Data Association (IrDA)

()-
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8 () he %th engine controller 360 operates in a double buffered manner. While one page is

loaded into DRAM 769 via the high speed serial interface 659, the previously loaded page is read
30 from DRAM 769 and passed through the print engine controller pipeline. Once the page has
finished printing, the page just loaded is printed while another page is loaded.

The first stage of the pipeline expands (at 763) the JPEG-compressed contone CMYK
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8.1 TAG TILING

8.1.1 Planar Surface Tag Tiling
In order to support “single-click” interaction with a tagged region via a sensing device,

25 the sensing device must be able to see at least one entire tag 4 in its field of view no matter where
in the region or at what orientation it is positioned. The required diameter of the field of view of the

sensing device is therefore a function of the size and spacing of the tags 4.

In the case where the tag shape is circular, such as the preferred tag 4 described earlier,
the minimum diameter m of the sensor field of view is obtained when the tags 500, of diameter £,
30 are tiled on an equilateral triangular grid, as shown in Figure 52 and defined in EQ 1. This is

achieved when the center-to-center tag spacing is the same as the tag diameter k.

With a tag diameter k of 256 dots (~4 mm at 1600 dpi), m is therefore 552 dots (~8.8
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meet at the each of the remaining vertices. The twelve original vertices 532 already lie on the

sphere, while the remaining vertices lie inside the sphere. Each created vertex is therefore centrally

projected onto the sphere, giving the desired tiling.

A sphere approximated by a regular polyhedron in this way is referred to as a geodesic,
30 and the parameter v is referred to as the frequency of the geodesic. Figure 54 shows an icosahedral
geodesic 534 with v=3, i.e. with 180 faces 528.

The closer a subdivision triangle is to the center of a face of the icosahedron 526, the

further it is from the surface of the sphere, and hence the larger it is when projected onto the
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For a given n, ris limited by EQ 7.

If  is limited to 2", to allow the use of a 16-bit tag ID without requiring multiple regions

to cover the sphere, and K is taken to be 4.3 mm as above, then r is limited to ~310 mm.

20 A typical globe has a radius of 160 mm. Its projected arc length of ~177 mm fits 41
evenly spaced tags with negligible additional spacing. Such a globe uses 16812 tags in total.

8.1.3  Arbitrary Curved Surface Tag Tiling .
A triangle mesh can approximate a surface of arbitrary topography and topology without

introducing discontinuities or singularities, with the local scale of the mesh being dictated by the
25 local curvature of the surface and an error bound. Assuming the existence of a triangle mesh for a
particular surface, an effective non-regular tiling of tags can be produced as long as each mesh
triangle respects a minimum vertex angle and a minimum edge length. A tiling is considered
effective with respect to a particular sensing device if the field of view of the sensing device is

guaranteed to include at least one complete tag at any position of the sensing device on the surface.

30 The tiling procedure starts by placing a tag at each vertex of the mesh, so the minimum
edge length is the same as the tag diameter k. The tiling procedure proceeds by inserting a tag at the

midpoint of any edge whose length exceeds a maximum tag separation s. As illustrated in Figure 9,
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remaining two edges are less than 2s in length. In practice the tmmmum vertex angle is typically at

least 45°,

In the first scenario (Figure 57) no edges of a triangle 546 exceed s in length, so the
tagging of the triangle is already complete.

In the second scenario (Figure 58) one edge 548 of a triangle 550 exceeds s in length. A
20 tag 552 is inserted at the midpoint of the edge 548 to complete the tagging of the triangle 550.

In the third scenario (Figure 59) two edges 554, 556 of a triangle 558 exceed s in length.

Tags 560, 562 are inserted at the midpoint of each of the two long edges 554, 556 and this may

complete the tagging of the triangle 558. Centers of the two inserted tags 560, 562 together with the

two vertices 564, 566 of the short edge 568 of the original triangle 558 form a trapezoid. If either

25 diagonal of the trapezoid exceeds s in length then a final tag 570 is inserted at the center of the
trapezoid to complete the tagging of the triangle.

In the fourth scenario (Figure 60) all three edges 572 of a triangle 573 exceed s in length.

A tagged vertex 574 is inserted at the midpoint of each edge 572 and the three new vertices 574 are

joined by edges 576. The tagging procedure is then recursively applied to each of the four resultant

30 triangles 577, 578, 579 and 580. Note that the new triangles respect the minimum vertex angle
because they have the same shape as the original triangle 573.

The tag tiling variables are summarized in Table 4.
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T1098& () - Pitch and roll are conventionally defined as y and x rotations, respectively. Here they are

20 defined as x and y rotations, respectively, because they are defined with respect to the x-y
coordinate system of the surface, where the y axis is the natural longitudinal axis and the x axis is
the natural lateral axis when viewed by a user. In a right-handed 3D coordinate system, roll is
conventionally defined as positive when anticlockwise, while pitch and yaw are conventionally

defined as positive when clockwise. Here all rotations are defined as positive when anticlockwise.

25 The pen’s overall tilt (0) is related to its pitch (¢) and the roll () in accordance with EQ
11.

The pen’s tilt affects the scale at which surface features are imaged at different points in
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When the pen is not tilted, the window diameter (i.e. |BD I ) is given by EQ 12.

If, when the pen is not tilted, the distance from the pib to edge of the window (i.e. | AB | )
is T, then the distance S from the nib to the center of the window (i.e. ' AC I ) is given by EQ 13.

20 When the pen is tilted by ©, the distance from the viewpoint to the surface along the
optical axis is reduced to d (i.e. |GE|), given by EQ 14.

The width of the window (i.e. | FH|) is then given by EQ 15.

D and o must be chosen so that an adequately large area is imaged throughout the
supported tilt range. The required minimum diameter m of the area is given by EQ 4, while the
25  width of the actual imaged area is given by EQ 15. This then gives EQ 16.

Once D and o are determined, an image sensor resolution must be chosen so that the

imaged area is adequately sampled, i.e. that the maximum feature frequency is sampled at its

Nyquist rate or higher.

When imaged, the scale of the surface decreases with increasing distance from the
30 viewpoint and with increasing inclination relative to the viewing ray. Both factors have maximum

effect at point F for positive tilt and point H for negative tilt, i.e. at the point in the window furthest
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9" 109&3&& () - lﬁfm tﬁé image plane tilt to the object plane tilt therefore yields a smaller required
image sensor size than when the image sensor tilt is fixed at zero, and eliminates perspective
distortion from the captured image. Variable image sensor tilt is, however, a relatively cotly option

25  in practice, and also requires greater depth of field.

Figure 63 illustrates the geometric relationship, for a given roll-related tilt © of the pen’s
optical axis, between the pen’s nib (point A), the pen’s optical axis (CE), and the field of view
window (FH). The tilt is again defined to be clockwise positive from the vertical. With the
exception of EQ 13, the preceding equations apply equally to roll-induced tilt. For roll-induced tilt

30 the distance S from the nib to the center of the window (i.e. |AC |) is zero rather than as defined by
EQ 13.
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reasonable target pitch range is therefore —10° to +50°, and a reasonable roll range ~30° to +30°,
16 bearing in mind greater limitations on combined pitch and roll as given by EQ 11.

The highly compact (1.5 mm?’) Matsushita CCD image sensor (Matsushita Electronic

Corporation, and is described in a paper by Itakura, K T Nobusada, N Okusenya, R Nagayoshi, and

M Ozaki, “A 1mm 50k-Pixel IT CCD Image Sensor for Miniature Camera System”, IEEE
Transactions on Electronic Devices, Volt 47, number 1, January 2000) is suitable for use in a

20 compact device such as a pen. It has an available resolution of approximately 215x215 pixels.
Assuming equal image and object space angular fields of view, no image plane tilt, and a nib-to-
window distance T of 4 mm, optimizing the. geometry using EQ 16 and EQ 24 to achieve the
desired pitch and roll ranges stated above yields a pitch range of —16° to +48° (64°) and a roll range

of —28° to +28° (56°) with a viewing distance D of 30 mm and an angular field of view of 18.8° (0.

25 = 9.4°. The available pitch range is actually —21° to +43°, and this is mapped to close to the
desired range by pitching the optical axis at —5° relative to the physical axis. Note that the tilt range

can be expanded slightly by optimizing a non-zero tilt of the image plane.

The overall pen tilt is thus confined to an elliptical cone whose major angle is 64° in the

pitch plane and whose minor angle is 56° in the roll plane.
30 The image sensing variables are summarized in Table 5.

Table 5. Image sensing variables

| variable | meaning
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o. Object space field of view half-angle
Image space fisld of view half-angle
v Pen yaw

e Object plane tilt (i.e. overall pen tilt)
o Image plane tilt

Pen pitch

Pen roll

Angular frequency in field of view
Normal viewing distance

Tilted viewing distance

Surface feature frequency

Sampling rate

Image sensor resolution

Distance from nib to center of field of view on
surface (when 6 = 0)

W |Qls|walTje s e

Distance from nib to edge of field of view on
surface (when 0 = Q)

8.3 TAG DECODING

8.3.1 Tag Image Processing and Decoding
Tag image processing is described earlier in Section 1.2.4. It culminates in knowledge of

5 the 2D perspective transform on the tag, as well as the decoded tag data.

8.3.2 Inferring the Pen Transform
Once the 2D perspective transform is obtained which accounts for the perspective

distortion of the tag in the captured image, as described earlier, the corresponding discrete 3D tag

transform with respect to the pen’s optical axis can be inferred, as described below in Section 8.4.

10 Once the discrete 3D tag transform is known, the corresponding 3D pen transform can be
inferred, i.e. the transform of the pen’s physical axis with respect to the surface. The pen’s physical
axis is the axis which is embodied in the pen’s shape and which is experienced by the pen’s user. It

passes through the nib. The relationship between the physical axis and the optical axis is illustrated
in Figure 64.
15 It is convenient to define three coordinate spaces. In sensor space the optical axis

coincides with the z axis and the the viewpoint is at the origin. In pen space the physical axis
coincides with the z axis and the nib is at the origin. In tag space the tag 4 lies in the x-y plane with
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from the surface, e. g at A orL, is always R.

The discrete tag transform includes the translation of the tag center from the sensed

15  point, the 3D tag rotation, and the translation of the sensed point from the viewpoint.

Given the translation d of the sensed point from the viewpoint in the discrete tag

transform, and according to EQ 14, the sensed point is given by EQ 27.

Since the physical axis only differs from the optical axis by a y translation and x rotation
(i.e. pitch), the physical axis lies in the y-z plane. With reference to Figure 64, where lac] =
20 and|EC| =D (just as in Figure 62), it is clear that in sensor space the position of the pivot point is
given by EQ 28.

The vector from the sensed point to the pivot point is therefore given by EQ 29.

The vector from the pivot point to the contact point is by definition a surface normal of
length R. It is constructed by applying the 3D tag rotation M to a tag space surface normal,
25 normalizing the result, and scaling by R, as shown in EQ 30 and EQ 31.

The vector from the sensed point to the contact point is then obtained in accordance with
EQ 32.

This is transformed into tag space by applying the inverse of the tag transform 3D
rotation, and is then added to the vector from the tag center to the sensed point, to yield the vector
30 from the tag center to the contact point in tag space, i.e. on the surface, in accordance with EQ 33.

This is finally added to the tag’s absolute location, as implied by its tag ID, to yield the

nib’s desired absolute location in the tagged region: see EQ 34.
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. y rotate (by tag roll)
. z translate (by tag-to-viewpoint offset)
. perspective project (with specified focal length)
. x-y scale (to viewport size)
25 These are concatenated symbolically to produce a single transform matrix which effects

the tag transform. Table 7 summarizes the discrete transform variables used in the following

sections, together with the range of each variable.

Table 7. Discrete transform variables and their ranges
30

Variable | Abbrev. Meaning Unit Range
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Transform a 2D point according to EQ 62, giving EQ 63.
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10
8.4.3.2 Solving for X-Y Offset
' EQ 66 can be simplified using EQ 64 and EQ 65 to give EQ 75 and then EQ 76.
EQ 69 can be simplified using EQ 67 and EQ 68 to give EQ 77 and then EQ 78.
EQ 72 can be simplified using EQ 70 and EQ 71 to give EQ 79 and then EQ 80.
15 EQ 76 can be re-written as EQ 81, and EQ 78 can be re-written as EQ 82.
Equating EQ 81 and EQ 82 and solving for B yields EQ 83 through EQ 85 and finally EQ
86, which defines B.
Substituting the value for B into EQ 82 and simplifying yields EQ 87 through EQ 90 and
finally EQ 91, which defines A.
20 This therefore gives the x-y offset of the tag 4 from the viewpoint, since A=t, and B=t,.
8.4.3.3 Solving for Pitch
From EQ 68, EQ 92 can be obtained.
From EQ 67, EQ 93 can be obtained.
From EQ 64, EQ 92 and EQ 93, EQ 94 can be obtained.
25 From EQ 65, EQ 92 and EQ 93, EQ 95 can be obtained.

From EQ 70, EQ 92 and EQ 93, EQ 96 can be obtained.
From EQ 71, EQ 92 and EQ 93, EQ 97 can be obtained.
From EQ 94, EQ 98 can be obtained.
From EQ 95, EQ 99 can be obtained.

30 From EQ 96, EQ 100 can be obtained.
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when taking the square root. The sign of the sine (F), however, must be determined by other means,

as described in Section 6.7.3.9.

Given E and F, the pitch is then obtained, according to EQ 109.

8.4.3.4 Solving for Roll
15 From EQ 103, EQ 110 can be obtained.

From EQ 73, EQ 111 and then EQ 112 can be obtained.

This therefore gives the magnitude of the sine of the roll, since H=sin(\y), and hence the
cosine (G) of the roll by EQ 73, according to EQ 113.

Since |y| < 14, the cosine (G) of the roll is always positive, so there is no ambiguity
20 when taking the square root. The sign of the sine (H), however, must be determined by other

means, as described in Section 6.7.3.9.

Given G and H, the roll is then obtained according to EQ 114.

8.4.3.5 Solving for Yaw
From EQ 73, EQ 92 and EQ 93, EQ 115 and then EQ 116 can be obtained.

25 From EQ 92 and EQ 116, EQ 117 and then EQ 118 can be obtained.
From EQ 92 and EQ 116, EQ 119 and then EQ 120 can be obtained.

In EQ 116, and hence EQ 118 and EQ 120, the sign of the square root is determined by
the sign of i, which can be determined from EQ 80, giving EQ 121.

Since I (t,) is negative, J (1/A) is positive, and IJ < ~1 (because |t,| > X), then EQ 122
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The sxgn can be assigned arbitrarily to F, since the sign of J is known a priori. If gi is
15 non-zero, then from EQ 70, EQ 127 can be obtained.

If hi is non-zero, then from EQ 71, EQ 128 can be obtained.

In practice, the choice between using EQ 127 and EQ 128 is based on which of gi and hi
has the larger magnitude. The inverse focal length is unknown if gi and hi are both zero, i.e. if the
pitch and roll are both zero.

20 8.4.3.8 Solving for Z Offset
Once the inverse focal length (J) is known, the z offset (I) is obtained from EQ 80,

according to EQ 129.

Again, the z offset () is unknown if the inverse focal length (J) is unknown, i.e. if the
pitch and roll are both zero.

25 8.4.3.9 Determining Direction of Pitch and Roll
The sign of the product (FH) of the sines of the pitch and roll is given by EQ 126. Since

-T/4 <\ < /4, a roll adjustment of +1/4 can be introduced to ensure the roll is always positive,
without invalidating any other assumptions. Once the roll adjustment is introduced, EQ 126 gives
the sign of the sine (F) of the pitch alone.

30 The roll adjustment is imroduéed as follows. The viewport scale (S), inverse focal length
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When the roll and pitch are both zero, the focal length and z offset are both unknown as

described above. However, in this case there is no need to adjust the roll since the pitch and roll are
already known.

10 8.4.3.10 Handling Zero Pltch and Roll
When either the pitch or roll is zero, the general solution based on EQ 107 becomes

invalid. The table of Figure 85 shows the 12 degenerate forms of EQ 64 through EQ 71 which
result when the yaw is variously zero (or 1), /2 (or 3n/2), and non-zero, and the pitch and roll are
variously zero and non-zero. The table of Figures 86 and 87 sets out the required logic for detecting

15 and handling cases where the pitch and/or roll are zero, with each case motivated by zeros
appearing in the table of Figure 85. The cases in the table of Figure 85 are labelled with the case
numbers from the table of Figures 86 and 87.

CONCLUSION
_The present invention has been described with reference to a preferred embodiment and

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

25 invention is only limited by the attached claims.
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30 6. A sensing device according to claim 5, wherein the coded data is also indicative of a

plurality of reference points of the region, the motion sensing means being configured to generate
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10. A sensing device according to claim 9, wherein the communications means is configured
to communicate distance data to the computer system, the distance data being indicative of the

distance.

20 11 A sensing device according to claim 9, wherein the motion sensing means is configured to
use the distance estimated by the distance estimation means to resolve a more accurate position of

the sensing device than indicated by the at least one reference point or periodic element alone.

12. A sensing device according to claim 5, further including orientation sensing means

25 configured to sense an orientation of the sensing device relative to at least some of the coded data.

13. A sensing device according to claim 12, wherein the communications means is configured
to communicate orientation data to the computer system, the orientation data being indicative of the

orientation.

30
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30 22 A sensing device according to claims 4, 5 or 14, further including a marking nib for
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marking the surface.

23. A sensing device according to claim 22, wherein the sensing device is in the form of a

stylus or pen.

24, A sensing device according to claims 1, wherein the coded data is substantially invisible

to the unaided human eye.

25. A sensing device according to claim 24, wherein the coded data is printed using infrared

ink, the sensing device being responsive in the infrared spectrum.

26. A sensing device according to claim 6, wherein the coded data includes a plurality of
tags, each of which is indicative of an identity of a region within which the tag lies, and of a
reference point of the region, the region being associated with the surface, the reference point being

indicative of the position of the tag within the region.

27. A sensing device according to claim 7, wherein the coded data includes a plurality of
tags, each of which is indicative of an identity of a region within which the tag lies, and each of
which includes at least one periodic element of the coded data.

28. A sensing device according to claim 1, wherein the orientation sensing means is

configured to infer the orientation from perspective distortion of at least some of the coded data.



