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BACKGROUND
Presently, a user wishing to interact with a computer system usually does so using a display device
35 such as a computer monitor and an input device such as a keyboard or a computer mouse. Whilst such
interfaces are useful, they are relatively bulky and non-portable, and can lack the immediacy and
expressiveness afforded by a pen applied to paper. Moreover, in many situations, paper is a more comfortable
and convenient recording medium, due to its superior visual characteristics and its portability. Nevertheless,

information recorded on paper is generally not as accessible and malleable as information recorded on a
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conputer system Furthernore, unlike a conputer interface, a pen applied to
paper generally lacks the ability to control conputer software. OBJECT It
is an object of the present invention to conbi ne advantages of paper-based
recordal of information and conputer i@terfacing. SUVMARY OF | NVENTION In
a first aspect of the invention, there is provided a nethod of enabling
user interaction with conputer software running in a conputer systemvia:
an interface sturf?cchgnt aining informatjion relating to the conputer.

sof tware anderncl*Gdi ng %H%?I‘kgéf°§’pl’tf’fd’i‘t % RS BP0 paRE geeRly lesks thepkility

i nterface wyefralcempiedsoffarat | east one reference point of the interface
surface; and a sensing device which, wheggpi@ced in an operative position

i rface, . senses indicati n% data i ndicative of:

relative to the interface ) ) [
the identity of %thl% 7§ Rvet Pgé RGP Jation joqcoqint a1eitst U Papeibesdeiseriyoldevi ce

rel ativé® t forhpgon and @mpae éntesfanifeace, using at | east some of the coded data;
the nmethod including the steps of, in the conputer system (a) receiving
the indicating data fromthe sensing device: (h) using the indicating data
to identify at | east one inter agﬁm%l%r@x?”{@}“ati ng to the conputer

sof tware; and ( cln ofretragtertrvd the lrerertiomieteas provdeti waneghod bf atiny Waritt&achbit Kith

i nstructi oRsp@sSIR2R Bt b brbhl& s@femlvast one interactive element. In a
second 1%_spect of the_invention, there is ]gr ovi ded a nmet hod of enabling user

i nteracti on wi t h®™ BERFUTEe SorRa Pe PR e tnthscomptis siferre atfdrcaring s

met hod i ncéataddivgtive bin Skwinof e inteffacosurfabic agl o lehsn bre ki@ poidt of e RtefRO AR NQY:
informatioggrelating to the conputer software; and coded data indicative
of an identity of the interface surface and of at | east one reference point
of the interface® &ifEteace Wi M Resd db A Reratve yution felativeytp theaipignfagy sigface,

i ndi cat i ngsedkat iadidatingrinta indienis¢ ofgthdidantigef the Merfice lirfe@y andh g padisidreof i@ isédgng dadéecat i ve

of . thasi dgnfietdthe iRt WErrd LGIHAGE: SN REGucddide @ Position of the sensing
device relative to the interface surface, the indicative data bei ng sensed

when the sensi ng®@BYY&-idngiheseptphitheqmpHE pysefve position relative to the
i nterface &urf aceceivingitht indjcagivg date &ish ths @nEngdévikehe coded data; (b) using the

i ndi catingpglat a Qe 'thqqaﬁc'ating ah «d RSl QNG dﬁ%%e@a%&\leve?ém%{t %f%ig tof ablg to
the conputer software; and (c) operating the conputer software In

accor dance’®fFh* st ructi ons associated with the at |east one interactive
el enen0 Peef er adpbryting itha corytef foftgidre ANdcogiBRo Milh ASPEDhSassotitel Wikt tRY A Gehdt Y@

el ement isassecial.egd Wwth a zone of the interface surface, and step (b)

i ncl udes using the position of the sensing device to identify the zone and

thereby the i ntBrePrAsPes) o His ftventipn theie isfrspvidede B8 F erating userinterpeionf Withst  and
second aspeebssr sdfivere s@iisd imgcothPinér GyBted aftatictb@mchiting &irers o\NPT013- SG

providing an interface surface containing: information relating to the computer software; and coded
25  data indicative of an identity of the interface surface and of at least one reference point of the interface surface;
and
in the computer system:
(a) receiving indicating data from a sensing device, the indicating data being indicative of: the identity
of the interface surface; and a position of the sensing device relative to the interface surface, the indicative
30 data being sensed when the sensing device is placed in an operative position relative to the interface surface,
using at least some of the coded data;
(b) using the indicating data to identify at least one interactive element relating to the computer
software; and
(©) operating the computer software in accordance with instructions associated with the at least one
35 interactive element.
Preferably, in the first and second aspects, the interactive element is associated with a zone of the
interface surface, and step (b) includes using the position of the sensing device to identify the zone and thereby

the interactive element.

In preferred embodiments of the first and second aspects, the sensing device generates movement
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3 data indicative of its novenent relative to the interface surface, using
at | east sone of the coded data. The nethod then includes the step of
receiving, in the conputer system the novenent data, wherein step (b)

i ncludes using the novenent data to idedtify the zone and thereby the
interactive elenment. In a third aspect of the invention, there is provided
a systemfor enabling user interaction with conputer software running in a
o The. compit rebis?l (Pt RhGor RERUB s PEontt- aat s Hnaredl Py griatn e |-
identity ofetpddehep nclids sheetes of feeebiingain dheghmper hemst thomeenef e Moeeipoipr®) of

the interf ﬁ&ﬁ’de&i&fn& ﬁ@ﬁovem@aﬂ&ita@o 18&9@%390@%&&%1}% 1&&:10&%%91&9' aced in an
oper ative pOS| ti P tE“ﬁ ativ erfac&e‘dsur ace, senses i nd| cati ng

data indicative oOf asl’eﬁ }fe ‘S'/Vﬂb'f"“’tt%é iF RPUfe A el [P Behlneyer imerEe Yilton  of
t he sen$i nepmgeierisefiware punhipg i y eompuertsyyemiviat er f ace surface, using at |east sone

(()f ) the coded dat & intbritGe SRt EMRE] ngarrﬁzfﬁm ﬂeﬁl'd{g%gthé &mpﬂt&' sdtlBre Qﬂmﬂ\hﬁ% codsiSt €M
a) receiv

t.h a ensi ng devi use the
i ndi cat i nggao?a?decatfv(% °£aaaa|t%’ft‘tyq’f9’ Y’teﬁﬁéi"?‘f’%ﬁ‘@ ?‘ﬁfeéstt ‘é‘%f‘iﬁ‘v“é‘:@é’f"é W‘E“‘F@"%&“Ff?f& to
t he corrput@\d sof t war e; and (c) operate the conputer software in accordance

W th instr UCt i ong séisﬁl%o&'vx@et @chh%ien ptat%@ ifln J)p%i%t%;e pgﬂ%n réldﬁgﬁ{oqget 1ht¥1%c@£u9‘££§nt In
a fourgp e ct .of t re is provid stem for enabling

user inter% Stes igicatine; & "@8?%&? © ‘g%’??'\%trh‘émfe{f‘i‘fﬁf‘ﬁf ”?fi 3ap°&1 it the penginesdedisty t he
system i nctelamerffghelanfapqwxéqcé,amaslenstfsmmeﬁdmng information relating to

the conmputer sof ;hg\@gtgngemgcénﬂgjr&dd nghe%l{;{ﬁfirs gat.a indicative of an identity
of the mtgtf ace sur{hac and | east. one reference point of the

interface $urfacd&"°YHaE W%gtdétﬁﬁ%?hﬁﬁn%ﬁ?‘i“’@’ur ed to, in the conputer system
(a) recei v® i ndiuwathé ingjcathatdata foridentifp atde@s sierigergéwei cement tehtngitontle @abitagpfthat;a

bei ng iBdi gative of the identity of the interface surface and a position
of the senéilng devi gﬁ‘ relative to the interface surface, wherein the

sensing d&Vi ce, PHARNSPEREL STHUEM HHUTAEI Ve Hoehes atiociaierl 3¢t s o lsat s

interface istgmtaeéemestenses the indicating data using at |east sonme of the

coded dat a; ( b) ﬁirhq"oxh'ﬁ%sp%&‘ ef t'h@ﬁ“/e(ﬁ@t;nl e Q?’;o@ldéd% J(Qe%‘pttml Jnyb uerqf?térgctlS‘}xn\%ﬁ

interactive ele relating to the conput er sof t war e; c operate

comput er sBFPURES ia‘}‘i“‘é{?:‘%%l RREerFYSER ‘P%ﬁ%’?ﬁl"f‘%s associated with the at
| east 8Re i nt er acttirfies siferentininPnefericttiyting iathd di@pitdnbdntara i ifcnting Rded

aspects, the idhie @i‘%ﬂ:) ldylﬁty%k‘ BRI ack SRS %%}‘ aﬂegsgon\éwelfepen& pg‘lﬁ A FthQ &te J?!? surfac

i nt erface surfacg he system bei ng confi gured use t position o? t he
sensi ng device t ?yﬁ%‘fef“ﬁﬁ‘mfﬁ‘éedi"oﬂ eé?f’&P“te’tSPisé‘i"bby the interactive el ement.
I n preferr@d formsivoinditahes defaifrprd a sendngfdowdes the 1aﬁqaﬁ1gtdsta bdigendS&1ve by idhanty ere

gener at es mpma&@;uﬁst@;@ apbmh Gthd s\é&mgﬁevica r% ‘553‘% 8 uﬂ% kr%%er&% Deﬁsm
e coO

i nt erL?rp)e %ur ace §S| ng | east. sone. of he co
syste SRt Mae Efdf‘banr"geé"é‘i‘"i/‘é’s"r‘%éelﬁ’ﬁ?/'@ﬁ‘ﬁﬁ?e%ts‘a‘fw‘mﬁéﬁe%‘?‘%‘n‘{‘ﬁ‘)mgi ‘éP%R&es
usi ng t he arvesesvantf tibabded date; | dentify the zone and thereby the interactive

el ement. ) use the indicating data to identify at least one interactive element relating to the computer software;

and
©) operate the computer software in accordance with instructions associated with the at least one
30 interactive element.

Preferably, in the third and fourth aspects, the interactive element is associated with a zone of the
interface surface, the system being configured to use the position of the sensing device to identify the zone and
thereby the interactive element.

In preferred forms of the third and fourth aspects, the sensing device generates movement data

35 indicative of its movement relative to the interface surface using at least some of the coded data. The computer
system is configured to receive the movement data, wherein (b) includes using the movement data to identify
the zone and thereby the interactive element.

Preferably, the coded data takes the form of tags disposed on the interface surface. In a

particularly preferred form, the tags are printed onto a surface in the form of a piece of paper, and are
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Preferably, the coded data takes the form of tags di sposed on the interface
surface. In a particularly preferred form the tags are printed onto a
surface in the formof a piece of paper, and are NPTO13-SG 4 configured to
be read by a sensing device in the formfof an optical sensing stylus. The
tags are preferably printed using an ink that absorbs near infrared |ight
but is substantially invisible to a human vi ewer under normal |ighting
condi ti ons, brings sensi.n nd of the stylus close to the
surface, 0?103 1%1red toabe reag fby a tseﬁsn%t dev1ce 15 y f(ingrﬁgglcfptuialrﬁﬂgpﬁ th%/ N drh%_ﬁ%f a&Fé’é"é“d*’é’H to
provi de anrinsd |“%@t=1notﬂ< theft alpspris veere'ni’mre@ylglofouttlhelbstaagpllm mvisiblem avlimghvitwre utdarg Was

i maged angbraal ﬂghﬁhgtcbﬂﬂloﬁ?sf whée u&@ﬂﬁgﬁe&eﬂﬁé’b@%f thd st 'cI@Je'tcpcﬁ'e stn@acé B& sMEL gee.
Thi s infor {T‘Bllal on .

S teractive ,. and software
in an assocl ated lm‘g &J X rrettegﬁlédt%?ﬁg?d fo %/rﬁ"é% aBH’ﬂ‘F"é‘P‘é‘lf“Bhde’ftW fﬂ’éé“lg?“ 8‘?“‘ which
i nstructi oﬁstaa%emﬁge@s @d appsitian ofithe s¢nsingdericd in ykti@|tethesntface. Flhistifgmatas pest ® of

t he i nvent id&iﬂfy\% InferaBR6 QBRnQFHA S cRAHe irf aﬁlg&cfa%agdnﬁgelts%m 1%&%&&&& ofigL %lggfd
description Er ef erre b&nd ot her enbodi nents of the invention. BRI E

DESCRI PTI dQlS BPEPHRECGIE ot her embodi ments of the i nventl on
wi Il now be des cFl}ﬂb@oh,speEiy ofutly infentionrwll berpihd prgarere @niplealing rthey follavitighderaddder ence

tolthe acﬁ&ﬁaﬁgtwl)%fé%@meﬁi&cmtdanﬁm&&ﬂmmEénngre 1di s a SClherthi c of a the
rel atigpshi p between a sanp t e and its online page

descri gt'al on; Figure 2 is a §%'EE#§%§§'P3°£5 PRAWINGSer act i on bet ween a
net page pen, a nedpadendptient@dpdimeantsvéthp agedipagl neebedeseribed o thapofimed-Rage

applicati O&axﬁﬁédﬁﬁxfmthlzéfé}%@to%e hdedrbbatyind bEwingd, 19%1&190“ on of netpage servers
and print ers Int er{?onne net wor K; ure 4 is a schematic view of

a high-leve St R o ?t%%\reb?‘inﬂ’fpé’atwﬁeéta [33313@’ & nFtpage Y ft§ gpine pagg description;
descri pt i oFigure s geph@nabic Yiev ¢f 2 pritegagtionibgiwees h oatpagpen aSttpageiiriitee a odipage agtspage t ag;

Fi gure16 |§1danaqjagequc§m§ngw ng a relationship between a set of the tags
shown in Fﬁ q]ﬁ‘i el[d of view of a netpage sensi g device in the
1 rl-w g

ure
formof a ng’tr 5‘8“%681%"" “&‘tﬁféetpf‘g"l sgrvegs o pREF ARt proogected iagpe e processing
and decodi Ihglreaﬂ iggoschemitiv vieRiofailrigh-18 ¢l sgucaurepés i9ped hetpag: avd ie\wnldE page atipge pen and

its assomag@asls@gan%%ﬁmg;gﬁt&e%nvtbfgwagone Fi Lgure 9is a perspecti ve
expl oded v% t he n %F‘gge? gen shown 1 n Fi ure 10 is

u ;
schemati c 8?13’9‘?9‘5" BREBATY SR ¥t "f%l‘il‘agi ﬁ‘%w‘h‘é 'ﬁ‘ﬁ@%a“ﬁéﬁeléw in
Fi gur ed08 @ndet@ge serfsing)davige it the ifem af apetpgpeot | ve vi ew of a wal | - nount ed net page

printer; FFlgHerﬁsé—i?oﬂcl%ﬂ@faﬁ?gqﬁqhgggmgem&%tﬁeéo& g[zh %h Of the netpage printer

of Figure l;].1 8Fl ure l12a is_an enl arged ion of gure 12 showi ng a
section of g fS%%?té"d VISP PitetRseg Patd "a?faw@}eﬁ@g %f’i%‘@lﬁel -S54y Figure 13
i s a det ai Figuk A enerspeietive leladekvieg/af the negbege peni shden irgliigureand gl ue pat hs, and print

engi nes ofg Hk%ts&@lgﬁlc 1Bk oY o et do or i es a
schem?gc}%og gr ambo kdagtgﬁrhl %tpellr:d Ec%?%%?oq}% gepjegg'h ‘gl %gl paééndp9?| nt er

shown 2Py péﬁ’de V‘i"?"fal"—’f‘ GiuBted sstpage prntere hematl c bl ock diagram of
dupl exed priguet12éngéchien toosh tholehgtr o thandbapdpnitetol ibyse i1nt heads associated wi th

t he print efigeons QA énﬁfgeésgn)mﬁ@ of #@5‘19 'sﬂé)ﬁmgl Ssectloh e u&e@&ed &nt%ﬁél?ép %ﬂ?%& Snell OCK

di agram of the prl nt engi ne control hown 1 n Flgures

Figure 13 is a detailed view of the ink cartridge, ink, air and glue paths, and print engines of the netpage
30  printer of Figures 11 and 12;

Figure 14 is a schematic block diagram of a printer controller for the netpage printer shown in Figures 11 and
12;
Figure 15 is a schematic block diagram of duplexed print engine controllers and Memjet™ printheads
associated with the printer controller shown in Figure 14;

35  Figure 16 is a schematic block diagram of the print engine controller shown in Figures 14 and 15;

Figure 17 is a perspective view of a single Memjet™ printing element, as used in, for example, the netpage

printer of Figures 10 to 12;
Figure 18 is a perspective view of a small part of an array of Memjet™ printing elements;

Figure 19 is a series of perspective views illustrating the operating cycle of the Memjet™ printing element
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Figure 17 is a perspective view of a single MenjetTM printing el ement, as
used in, for exanple, the netpage printer of Figures 10 to 12; Figure 18
is a perspective view of a small part of an array of MenjetTM printing
el enents; Figure 19 is a series of perspective views illustrating the
operating cycle of the MenjetTM printing el enent NPT013-SG 5 shown in
Figure 13; Figure 20 is a perspective view of a short segnent of a
pagew dt h Sl\é%miglt?ﬂ\{lep}r_i nt head; Figure 21 is a schematic view of a user
cl ass diagranm Ffgureé 22 is a schematic view of a printer class diagram
Fi gure 23 Figure20dedremeettive viow efwsioft sgmpe pf apb@withMeagrmapantteddgur e 24 is a
schemat i ¢ ¥p@¥s10f s BRmARRk 6ALkLBask bifiSan; di agram Figure 25 is a schematic
view of a &ocaﬁent and, pir%rge descr i §t|,on class diagram Figure 26 is a
schematic dt? g T AL PHNE BgeB%ner ship class diagram Figure 27
i s a scRenfigire23vsi evhenfticaiet efapemadss ddgement speci al i zation cl ass di agram
Figure 28 Fi?ur@-%simﬁsdcgiewbﬁWa@fiqaﬁon%}a?stdﬁagraﬁ;l ement SPeCI al'i zation class
di agram FI ure 29 is a schematic view of a hyperlink element class

Fliglis & Tsgene

di agr am atig Vi i fatument grd@age deser RS ESAREAR el ement
speci al i zaFigweR6ad sasiemdic aigw afw docubbrg brd@agd bwiesshia clsss hiegraat; i ¢ vi ew of a

hyper | i nkeﬂglgé’ﬁ'lﬁ)d EHleARR vgévgﬂrté‘mnalaelgéﬁf s%ec:f?’a%zaitié)c ss%ﬁ%?&?“ ¢ Yi ew of a form
am_Figure 33 is_a schematic view of a digital ink class

cl ass di,agr. - 33, > .

di agr aﬂ{o Ff‘&ﬁ?@‘%‘azfclle?atﬁvﬂfﬂ%‘ﬁﬁ?‘i LMt RfFigieatign flasefizgragy eent  speci al i zati on
c! ass di agkigumg 29 if4 sgwmaicSEWb@hapesmhemhdctass\dia@vm;of a checkbox fi _eI d cl ass
di agram ﬁi%ﬁi@a@cﬂe&aﬂ_@ viely Bﬁm?ﬁerﬁlﬁk A WY s?{cial@zatgoﬁl;yﬂgs's glhggeing class di agram

Fi gure 37 %s a schematjc view of a signature e ass diagram Figure
38 s a f|OREHErT? O™ View pLaRsHiBed S flpsiag®™i t hm Figure 38a is a
det ai | ed f Figweildy d scofhatio miew stagpmofassidagrarhl owchart of Figure 38; Figure 39 is

a schenBt i figid AW QbheRatRIYE oSNt CONTBNL, 6! enent class di agram Figure 40
is a schemgtic view of a resource description class diagram Figure 41 is a

schemati c VEEWAdT2 sghemalig gy pladield elementperializaionelppsdiseramri gure 42 is a schematic
vi ew of a Figsd Priga skliemitic gle@ st chlickbgs Buig clasddiguame 43 is a schematic view of a

subscr! ptiﬂglréjﬁlié-avsg{e%atﬁnng\;r%%xiﬁelchiagsl‘hlfa aé;4 i.s a SChenHtip vi ew of a
hyperlink request class diagram Figure 45 is a schematic view of a

hyper | i nk HE¥S Va3 0KmEF Sipw elgisignatyes figldclessAper® a schenatic view of a form
submi s&DonFipraABacadlowchkit gfan @pulFrodesingalgdit@inat i ¢ vi ew of a commi ssi on paynent
protocol ; ]FE' e 48 ai'l§diﬂ>w§lﬁ@§1;m§. Vi f radi al wedges naking up
a synbol ; 1 it%ur_les 4eéli_s a sc enagtte'((:) v?@%%?gfaﬁ%eﬁg’ A and B synbol

al | ocat i onFI8EHE e schepytig yipw ofz@age server coppaifstement dlpsedir®™ a first ring C and D
synbol al | Bged400vn sshel@iagipw of a resource description class diagram;

Figure 41 is a schematic view of a favorites list class diagram;

25  Figure 42 is a schematic view of a history list class diagram;
Figure 43 is a schematic view of a subscription delivery protocol;
Figure 44 is a schematic view of a hyperlink request class diagram;
Figure 45 is a schematic view of a hyperlink activation protocol;
Figure 46 is a schematic view of a form submission protocol;
30  Figure 47 is a schematic view of a commission payment protocol;
Figure 48 is a schematic view of a set of radial wedges making up a symbol;
Figure 49 is a schematic view of a ring A and B symbol allocation scheme;
Figure 50 is a schematic view of a first ring C and D symbol allocation scheme;
Figure 51 is a schematic view of a second ring C and D symbol allocation scheme;
35  Figure 52 is a schematic view of a triangular tag packing;
Figure 53 is a perspective view of an icosahedron;
Figure 54 is a perspective view of an icosahedral geodesic with frequency 3;
Figure 55 is a schematic view of a minimum tag spacing; '

Figure 56 is a schematic view of a minimum tag spacing which avoids overlap;
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Figure 51 is a schematic view of a second ring C and D synbol allocation
scheme; Figure 52 is a schematic view of a triangular tag packing; Figure
53 is a perspective view of an icosahedron; Figure 54 is a perspective view
of an icosahedral geodesic with frequenéy 3; Figure 55 is a schematic view
of a minimumtag spacing; Figure 56 is a schematic view of a mnimmtag
spaci ng whi ch avoi ds overl ap; NPT013 SG 6 Figure 57 is a schematic view of
a first tag |n§ert|hon Lase: . rFit is a schematic view of a second tag
insertion ¢ SGuT 6 Y |aslrsa lé’heg‘r%‘fafc view of a third tag insertion
case; Fi gE!E‘ée5605=1Ssheaatsch‘en@tsmndlﬁgewrmncwf ourth tag insertion case; Figure
61 is a schgmmixs:asvﬂeﬁwcoféwafapﬁmt@ms@ﬁun@;séon relative to a surface; Figure
62 is a sc{gl eonetry; Figure 63 is a schematic
view of a pen f%%a schematic view of a pen _
coor di n&t eFlsLE%@es@H@mﬁtﬁglewhgﬂﬁmemamdrebmtocaabrfaeg(es of a pen; Figure 65 is

a schematlﬁgaﬂ@w&theﬁatﬁ%‘veﬂpm&dg@%ry Figure 66 is a schematic view of
an inter aclgl r663tgseats\c/igmﬂwvwnga ﬁlﬁ) L2guency and tag frequency; Figure 67 is
a tabl e containing equattons PRURDE? ‘iﬁry’l to 10; Figure 68 is a table

cont ai ni ngFiewrdts &fﬁ@m?’m rigw plagber] chordigat2Pace shbwigehgsic@dind eptical 4xeddlf @peg;ont ai ni ng
equat i ons ngm&mnmc}g&atfcqe@@gacﬁédgwg@m%gyl s a table containing equations
nunberqg 24 L fl cont ai.ni ng equati ons nunbered 35 to

41; gur egu?‘?6 6 lsaséhe?’ ‘6V1§W8§H{néefaﬁtf°ﬂ et‘ée(ﬁ‘ﬂﬁi‘[“i’lﬁ‘ﬁg"qﬁ fByT#¥ Y 44; Figure
73 is a taﬁg@e(t?m@ierwm@meqmatanewbﬂwribewed 45 to 47; Figure 74 is a table

cont ai Ni NOFiQAARY 2% HUHRRQR I ASndBerailiil to ol QUre 75 is a table containing
equati ons punbere 76 1s a table containing equations

nunber ed 55810 qab?erfmﬁq.‘f?’ge?“?t“ingn %‘fr%f‘l}l 1 & %6ont ai ni ng equat i ons numbered 58
to 59; Fifenre/07a tibls contdiniriglequatamsituaberédr?d tosguat i ons nunbered 60 to 63;

Fi gur e 189 ngneant;saabibﬁcmlgleaiamsﬁﬂyé}&ﬂsemlnunber ed 64 to 74; Figure 80 is
a table copt ai pi. Nt b?e%uatl ons nunbere to 86; Figure 81 is a table

cont ai ni ng" BHUALTORS “RANE S BT M er@ém"“ﬁ gure 82 is a table containing
equati ons Flznlﬂﬂénseidabk@@ltaurmlgm&nonsﬁmgwdew&&’i; s a table containing equations

nunber ed_1igud 0 ickaBie cofiniitcfuifs hitndedighl s, containing equat i ons nunber ed
121 to 129;. Fi abl e containing a set of degenerate fornms of

equat i ons A" et%‘Sfiab%ﬁ?wrge%“‘i“%““&“’?‘?drj%P Mart of a table containing
condi t PBnsFigmal 6 sypddleabntdéngdiniatings fupber&isss @ 5pi t ch and zero roll; and Figure

87 is a t hBgselNabRAbdtaiftg biliont ABb&d0E b gur e 86.

Figure 78 is a table containing equations numbered 60 to 63;

ém”eaéo lﬁ a] sc};ema iC v1tew afaq’ﬁxrth ng glseg 4?9

Figure 79 is a table containing equations numbered 64 to 74;
Figure 80 is a table containing equations numbered 75 to 86;
25  Figure 81 is a table containing equations numbered 87 to 99;
Figure 82 is a table containing equations numbered 100 to 111;
Figure 83 is a table containing equations numbered 112 to 120;
Figure 84 is a table containing equations numbered 121 to 129;
Figure 85 is a table containing a set of degenerate forms of equations 64 to 71;
30  Figure 86 is a first part of a table containing conditions and special handling for zero pitch and zero roll; and
Figure 87 is a the second part of the table of Figure 86.
DETAILED DESCRIPTION OF PREFERRED AND OTHER EMBODIMENTS
Note: Memjet™ is a trade mark of Silverbrook Research Pty Ltd, Australia.
In the preferred embodiment, the invention is configured to work with the netpage networked
35  computer system, a detailed overview of which follows. It will be appreciated that not every implementation
will necessarily embody all or even most of the specific details and extensions discussed below in relation to
the basic system. However, the system is described in its most complete form to reduce the need for external
reference when attempting to understand the context in which the preferred embodiments and aspects of the

present invention operate.
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DETAI LED DESCRI PTI ON OF PREFERRED AND OTHER EMBODI MENTS Note: MenmjetTMi s
a trade mark of Silverbrook Research Pty Ltd, Australia. In the preferred
enbodi ment, the invention is configured to work with the netpage networked
conputer system a detailed overview of 7which follows. It will be

appreci ated that not every inplenentation wll necessarily enbody all or
even nost of the speci fic det ails and extensions discussed below in
relation to thelnbbas %/ £ (¥\§ver the systemis described in its nost
conplete formto requcs ihe erPéeée&re P et Rase Sys?"‘@f"@?@ﬁ6@0‘9%%‘“*5‘?1"%%% ng to
under st andformef ¢ opedk turfhon, tiic h phivieal prréfewriddossipodimmeet 8 aamg cagpecte of

the presentinthifdant |c&ﬂpuﬁp §stekh. e}"he VBT QckBencs® cdn BeMubtel %;r gf: ?Hgﬁﬁaye ser‘isﬂ? gggr%gfoe rred

formof the net S a conputer i1nter
mapped sur PEEE. Q tﬁé’sgecei{é‘ ‘Bﬂ%‘?f’%‘é’f‘ BUPIP LR 0 PR BHedsd HEbly gt gy ad (o a
map of 15hed°§ mdfuaeleh 2 wayi that ajlae@ dudnnoncthecroappad tsefacesyyedds @ munathbiguonsamp rédr@cetvtes can

be queri edwin tﬁcﬂm@@m AHhd (@ﬁ'e?enﬁ%§ RGeS Yek §8em capg&ﬁ{ﬂ%f&gatfdp %uttfégﬁre§(91%l fic
|nplenentat|on e ‘encoded vi si bl invisihbly, and

defined in spﬁcdhsméac?/\éf Fcllié‘i%"%faq%&a&l © &E‘y¥€§bad?? 6P FEe RS ?dfhdéée“?’i‘?eqeﬂge an
unanbi guousedreifh thegfapped mefacehBie fnformitiomfhs retheyedxaptakertok formfi getichis fvhielr eaibitin@ips .
The conput Wth@ hﬁéﬂsﬁ;@ﬂl da@Rtaofind weﬂ{omtrés%seatp%topefrﬁg’g tkeBRti R Vich BE su-iBPPEd
surfaceI such information can be retrieved based on nap references
suppl i eg Td%%ensing device used with the mapped surface. The infornmation
thus retri eved c burits prfewed form, fhe nqtpagr sysant rel@m sn thdproductian ef, and ihtrhaatigghctidaywithhe
conput er Sf{eﬁiaggn THEse Q%h;ﬁgefs o@iextt thQ%ﬁdang% 'pﬁhté.d%rbgélﬁg' Jaf)-)er tdﬂ?wﬁ& & Qe S

interaction Wwth the s eat ur es ferred form e net page
syst em r el {"68°6h W?bnpégeﬁ tf‘ind%enfﬂded BFEFn F?Eﬁ‘?ﬁﬂ“% ‘Pﬁ @P‘éd% %“B*ﬁ‘“%i“’( H"‘S‘blﬁ@tﬂﬁages
These are m@@@u@fn ey Xhe, inkghawpter, s thortly iherepge@isiatp rcanrte 6dhse0 By @rogticalgriviagp@pear , but

whi ch war kanhltrlﬁﬁmmédl]&ﬁg&%ge\éﬁte}{lﬁb pages. Information is encoded on each page
using ink which nt1 al g invisible to the wunaided human eye. The

S
i nk, however, an!ﬁ‘ ?eﬁ’é eé’b’ foprp &etyd Bgrs gt typeriinkongachgagrcatbersiickshwigighs Remiel y

[ magi ng penqueamﬂonnatlamgm the edwdriportth ggnalgirgfagress so/Sieernk seifler! In engdbddtidhe éxtf or m
active but{ens sARgd m( REEDIgh KSR RAG DS &ﬁ'}m%te&‘ ld %%%Qer‘%x‘& b hdReBEN LO

request |nforma|Qn romthe _network or to signal preferences to a network
server. | nY3Ha LRBYFENP, 5% Blef invipj othel A BB Fretiphge 2 ingage are

aut orrat200a¢ut0y1atrcelb'cvgrﬁe¢embmd -ooumwe rinsdtidnoto bowpiyenthéread i Nt he net page
system al | owi Ngaf AfiRedif Flglﬁ'ei 'alpkﬁgi e age h @anqu?eggnt flﬂ@rﬁfjﬂv%m Stich ShrHARHLY €S

recorded on. a net automatical |y veri d oW N - comer ce
transacti ot&Y %8 “38 g‘é’&ﬂ"@‘l"y"“eﬂlﬁﬂﬁ‘&?‘? BAET 20d Aglectrpnicglhf y vigt cé’é}m?‘?Fa‘PPQEIW@“ the peg

print ed neinpdgeaectpage aystemePreesamte showsnt ‘Bequest’| forgn doﬁmmmmne hnd aldre3 eieldé hddad in
by the us egubﬁ%uﬁo@*ﬂ%%t?%t: Léﬁmstp& gxtaﬂﬁ: 2 I2 rﬂ}xrﬁg ug@\gmbleaiﬁ'lg and hc%g Elart 0{:%%%!1 !\s , via

cormun atl 8n bet we ﬁ nd the net page system e exanpl 6 shows a
"Reque RS REsH: Hirhig iRk éfhﬂmaermne@%pasfi ‘E‘FCBE“"& PrftoEpd o tippefpeeedEfetbn.  The

net page codrs¥ibs the ollivignagéments diztbeaneBagp mi pittiedlar irSiesatpeythStyidlagd dpitigl ex@n Gompered

data 3 pri &l&lﬁﬁerﬂéw@cl&%d €& ttéxpﬂel(pér bl S fe Bé}n[%]ﬂ ’Jo%ﬂlvﬁt'hpheﬁoaée%st Frkt]a %org:ctl

correspond Sf‘fg p; ‘%é description 5, stored e net page netwo escri bes
the i ndi vi GGEI™ BP9 ¥ fedesiee e S‘f‘?@ttﬁa‘&’é 6, PhepERle ihgsA 29pe T t"’hlﬁfb%"EFsP??é%“’tﬂﬁe type
and spat i afpatebexenbf theonepondihis erpaich i nteractive el ement (i.e. text field or

buttongpn the exmllsﬁe)ted irh ﬁgu?éé ﬁl%etqﬂg pElﬁt()P@g%feﬁé’d%rﬁJ&& chq %&v@ﬁ& ll’lélres% erpret

i nput via 5?}3 Edag The subm t 6, as a whi ch
corr esponds 8“?}? TR5rE) Peloy vt ‘%@“JPW%O“C’HPFé@@éﬁiﬂ?‘ﬁ@obﬁ&mt‘%mecm

printing appliance for home, office or mobile use. The pen is wireless and communicates securely with the

-]

netpage printer via a short-range radio link 9.
The netpage printer 601, a preferred form of which is shown in Figures 11 to 13 and described in
35 more detail below, is able to deliver, periodically or on demand, personalized newspapers, magazines,
catalogs, brochures and other publications, all printed at high quality as interactive netpages. Unlike a personal
computer, the netpage printer is an appliance which can be, for example, wall-mounted adjacent to an area
where the morning news is first consumed, such as in a user’s kitchen, near a breakfast table, or near the

household’s point of departure for the day. It also comes in tabletop, desktop, portable and miniature versions.
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As illustrated in Figure 2, the netpage pen 101, a preferred form of which
is showmn in Figures 8 and 9 and described in nore detail below, works in
conjunction with a netpage printer 601, an Internet-connected printing
appliance for hone, office or nobile us& The pen is wreless and

communi cates securely with the netpage printer via a short-range radio
link 9. The netpage printer 601, a preferred formof which is shown in
Figures 11 to 13 and descgl bed nore detail below, is able to deliver,
periodical Iy or ORPEERIREC abg‘f“%(li?\‘&t P ZCY AR (Sphine he Ff‘é"g‘gi‘?en‘eemper iff deogs
brochures mn@imemtepetbitx@atlht@mVeraddiumpr| nted at high quality as

| nteracti ve net pAGESy ik 12 ARESRAY imEQIRH B couliifa &%tpqﬁtgﬁeggge LAl is

an appliance which ¢ exampl e | - mount e acent an area
where the %W‘?‘?&S’H@\ﬁsgh‘?”sm‘ﬁ faglf’ I‘E‘b%étl‘ir‘ﬁe?ﬂ““%%ﬁ“%gﬁ REintr- ’%eé’F‘“tér Rl tehdl, near
a br eakPasintetativh &, thaelevaataetpagh age ks Ehiot titeprepoinnin apdropdier aifctrustadeet, Olie phdee  day .
It al so CogRg: delis taabhrSioRding g&s%%etlggpph%r)ﬁ ﬁymtpﬁerasgﬂvam I{Hnﬂ% YhG n tﬁa%% Llpgipéthﬁl

NPTO13- SG 8 159@ i r nt ed their consu Ion co

ease- of - us&"8f °p gg’l‘” FPRETTeHB2Y i fsind ﬁ@%nséﬁ’ﬁlcli ‘srﬁ“é‘ie‘é‘(’f‘tﬂi‘e\Pi“%‘S}a“b%‘p“atﬁf
interactive medi Umnetpmge sysowis narte dshdfiarally Bore béreenRattipaggrefpen edbblimeibe bagt S
with the C&g@gl Qﬁtﬁetlmwﬁ) B%ﬂ Jﬂ&e@%&@é&@&%chlaméﬂ@ste&qm 68 édeﬁké Vd\/%%e ™ rinter

short- nge radlfl interaction to a net E)I‘Int

601 ser] s PRET H‘Pé‘iﬂ%‘&“tduf?iﬁ of tB‘S ferfmelpsy ety Ry highstpprd gud hﬁgge iy @FiRjiag is peremge

i nter pr et atffosiable forpo@ppar0 Pr itsgirafered FogrlMEiedAR @Bblicitine hid AGhEREIBiracRBdREkSor A

cor r espondiRGoAER SN azin®) s@cﬂ Rid &%f’l&’t@r &0 Q%} Sarges%gﬁtgmlhﬁ cglmlbgtg alg b%ux{aet page

application server 13. The arﬁp i cati on server turn send a response
which is pPERECE B naiop PG el Endent er . The net page systemis nmade
consi der abl y nor Eeaegpageprinendéxplbirs tichewing efadbilieoh endanad Memkt ahbysshﬁblﬂgarvwhl&ed in
conj ungsi oaalmﬂg b mehw&agl &me!d%@arte@ oaﬁ@&%fgmfo&eﬁl seﬁ%éesrﬁemg(d}@g *aer%

inkjet (Me l\/é printers. preferre ormo Iste

relativel yacfﬁssg‘ﬁal IR eg Il de ’rﬁ"/‘g‘ﬁ thﬁ‘iﬁaThF Piwagernnﬁtei AYRlse SPIREHEh 9 Y& copdetigng] m e to
consuner s. withorigérgleljyere figesramtlowed infige qualitg ldesg ahaidipiek 6y8tkh adn bb amblédSingdxiisrigC al
characteri &Béuﬁlé' ngéet &hd l&sér"i)q}xtgrg th\‘%llghr}ﬁe\l@%@g\%ﬁl ger eoﬁ&%g%\ﬂf an% ﬁ?gher%ore be,less

letter- S|zegoss pages printe
t oget her f%f° té%{%?"“h%\‘i?f‘sg‘ﬁfr SEAMLR YO ShTsT eraufimentathieimerragy SYS*F’ﬂeS *}?@deageﬂ‘mel nt er
expl oi 8 tinengriowilngheausodiabis| iné yetpage shutavic hawdon 1k RetpuREE R6fputcCaktia
service i Sgeyigy @kl ABL&d0 95% of households in the United States, and cable
modem servi ce offering broadband Internet access is already available to
20% of these. Theehiat Bﬁ&é“%rSFfmee}“ ot B BPwrkarreconfigured 49 dfisr PEBHYAERL | ons,
but  with publivgidns dektbage pynterd R@Bdicn fubli@Wes ate el Eredjhthnbiicylly th E\fﬂ&ﬁdng fepBge

net page Syﬁfnﬁfp\gaa upc%stﬁggxgil ﬁgtlclz{§+x gnte% lto Lok, Pgrg)Q?]ﬁllzlc%e rublliaf:?r:tk S J an%

pri nt eég al t hough the system w operate nore slo erefore
be | es§° atEB é’t‘ﬂ’rémﬁ"d}ﬂ"é‘“aébsﬁré‘{ﬂ‘ﬁ?? s point of view In ot her errbodl nent s,
t he net page syst &mitpage fiosi @albeoianfBupd fo\ah@t dnf hun®BaF pend, BndSd peh tan QoI Sith any

enbodi ment mimbdr Q? né&ﬁ&epﬁ'ﬁgrs SH sﬂ]ie%;@fén%d %%e&ngrqmgp %e %etgagl Sen%g{rp Ut eue 1<P ntifier, A

conput er-enabl ed device, such as a print I cation servers 14
on the netSEE¥'HEVIBER cqllegsiop giologs Perdig% Efnﬁeweuaéserwdp? Paﬁlt mejebsy qf thp family. This

publ i cat i odiswst @ctnetrpa geinpiniantseiics profle mith ehspealto pupake pibiiins sake@ ofl piicdemed

aut omaBpcalyy. to subscribing netpage printers via pointcasting and

mul ticasting Internet protocols. Personalized publications are filtered and
formatted accor di AYPELPT 5oF AP A Eeistered Witly Rsippge gegistration sraljend ket roneetn be
conf i gur edmdr@pasug@perd acamys. MinHvs OfompredSpayadi tabeReiirely AhoNRIdKisikg thd”‘ne@ﬁ@é

ngbﬁ;s Ofa ;{}ﬁ ;[’Ig)lﬁ‘g&;ia ﬂe%ﬁtr%t[oﬁ ser\Le[:I cJ‘anresDtB .L&Qt[lrg gaphlrrggl rr‘lct:t}?a%el: r())eg w1t§ a prevxousltypage
registered signature, allowing it to authentlcate the user’s identity to an e-commerce server. Other biometrics

35  can also be used to verify identity. A version of the netpage pen includes fingerprint scanning, verified in a
similar way by the netpage registration server.

Although a netpage printer may deliver periodicals such as the morning newspaper without user

intervention, it can be configured never to deliver unsolicited junk mail. In its preferred form, it only delivers

periodicals from subscribed or otherwise authorized sources. In this respect, the netpage printer is unlike a fax
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househol d may have a coll ection of col ored netpage pens, one assigned to
each nenber of the famly. This allows each user to maintain a distinct
profile with respect to a netpage publication server or application
server. A netpage pen can also be regisPered with a netpage registration
server 11 and linked to one or nore paynment card accounts. This allows
e-commerce paynents to be securely authorized using the netpage pen. The
net page reg ?tratlo server conpares the S|qnature captured by the netpage
pen with a™fPEYP ST \Pecop st S rvistrleds grdimmatter dhe kRoivh e tederhope mPHOhemat e
the user' sadddentity to an e-conmerce server. Qther bionetrics can also be

used to vejify 'ﬂ@ﬂﬂkéetéﬁrsmﬁ,&k%ﬁﬁéc%rhs()f t he net page pen includes fingerprint
scanning, verified in a simlar way by the netpage registration server.

Al t hough a net pab®" g¥chPede! iy sereem ’?/@?scr‘B@r‘iS’B%ii‘ gified Merebpe dangpage (fp isletig
news papér Yirgrdno At class@agrami q@bsisrswE A tsét @ pbjdct clB@E cdasecedbyf feBtibhnehihs, ey &o Kinas eel 1 ver
unsolicit eglaﬁddﬁlhas g@'ok‘ mtelegl Heltesasgglﬁfoﬁsr zfn@ Eentrglgzmoné ;anm)cy gxeljeﬂré/sgﬁs som«p %ﬁch}dl cal s

from subscrj bed or otherw se authorized sources. afn S respect

net page pr’ieﬁ?"é?h‘pi DEIWERR|OPIREES: Lp- PeteeNprianeEs ofstasses- ﬁé@ﬁ?lﬂéﬁ%fela@s ‘JCIaﬁésc%Pdﬁ*tﬂ whi ch
is visibl ebetmdeaswyd iin tha Kollnwing eay: i daskin wghttons tie@dt el @hects bl il @Tasshd @ABA |s

addr ess. NG hé%:g—;l H;:yﬁ;! mis
descri hed ?J%F%ﬁ a U§|¥f§|;ge|%(\j/l Nbdel'i ng H@%ﬁ‘ggh‘g}%%‘“ ngl?édbjdﬁu %%P%C&Xi}d%l as

di agra coﬁ%"ie]g'fgs Brlasgesobtlastst obj ect cl asses connect ed by relationships, and
two kinds of reE®bclenshirps aakeecaiigld ickddobth thRanas ofaBsS@Rd. Atco@is aaRCof the

general iz a&tﬂn&@eﬁ of lﬁ@clé§ §é2>91%t@tl: f‘ro(?rpthé Sk g??ﬂ)&x?onéﬁﬂg am plgsh\gtfthe eerjltaztls 0?{}]16 rc]asg)

bet ween objects, 1.e. between I nstances o f%

rel ates actRrAcddpndieatibut iy by a forizgyel ‘Efﬁdéfhéﬁlé%dlawst‘%@h Bt BWGP‘F@ "m%?lonslf a
class is thoughtodfledas the set of all objects of that class and class Ais
a geneﬁgl i zati OnAIQtisso%Jaﬁu%%s ?aer %e‘irhng glg%%lm:ls%s,%f)t?ogggg%belpé at elthe]{ ened wli{l}\x/lmedoes

not dlrectly support secon cl asses.

Each cl ass™& lagaﬁmheaaés°%iatlﬁ’é§ﬂ’aﬁﬁ%“é npuliiglisity esdorw Amasierigk (Haipdicast @ pHiEPlsinagfs. | t
cont ai ns a“nlahyti.eofrotohrBore. Ehdh histristi@Ss @floﬁallryeawlheas,&h 1ts3@ﬁ@.ﬁrﬂﬁﬁ(io B}ftl&ml}t BRendanme by
from the oty s yiePgrR or bEbolobiaf 0 ST WiboRind ity £ @G BERRAG 1
fol | ow, hoﬂA}éV%‘i’“)rﬁ‘ﬁ@FQf“f’Wﬁ@e aggiegaton end efthepsigestivrlipe: An associ at i on is drawn as
a line2Poini ng tMgenehiasie slatiaptip Cial) isyiralva Bl sbiidin@foinB; tWaRTass@Whthwh brfowte

mul tipli Cllli]%/fo é%@%ﬂﬁ&%g)l ?t?-éé%ﬂirahla'{i?ne%f auI t rrul tiplicity is one. An

asterisk (* i.e. zero or nore. Each
associ ation is opbyarass| dyigqalanf@qu@ddpm ‘ﬁ““i‘l’l!f‘sdlaﬁ’a% anyzghaes vihish ig|daricatnd s sharvanl | y

| abel | ed  ith a@iathbrbdutliedial alvbu: hhe bbi dibg@dnewiadh ddhes 1C(Itfid’§ﬂ&vﬁ10ﬂﬁlaﬂﬂ@ut6§ AFSwherdiisOpen
di amond i ngdikcates an aggregation association ("is-part-of"), and is drawn
at the_aggregator end of the association line. A generalization

rel ati 3%sh1 ("iNETBAGES| s drawn as a solid line joining two classes, with an
arrow (in the f Détpaped fire Bia f@p@Tontoh BB Ripagd hetkdiis GAR S gri AL hguaermdd usdhen a

class di a%ﬂ@@c&@p&h&&?ﬁfo tldngﬁdol LT nt)es r|\11§esdI agrans, any class which is

duplicated 1's shown wt 'The in all but the main diagram
whi ch defines i t#nqRagg @“%ﬁ@%?“ﬁﬁe‘i Mgf’a(f’ltqﬂieltfuf?éﬁsfe@?ﬂ) ipvigibli fageedl with referengesfi¢ aned.

1. 1 NETPAGHSne description of the page. The online page description is maintained persistently by a netpage page server.

30  The page description describes the visible layout and content of the page, including text, graphics and images.
It also describes the input elements on the page, including buttons, hyperlinks, and input fields. A netpage
allows markings made with a netpage pen on its surface to be simultaneously captured and processed by the
netpage system.

Multiple netpages can share the same page description. However, to allow input through otherwise

35  identical pages to be distinguished, each netpage is assigned a unique page identifier. This page ID has
sufficient precision to distinguish between a very large number of netpages.

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. The tag also identifies its own

position on the page. Characteristics of the tags are described in more detail below.
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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 ré&ferences to an online description
of the page. The online page description is nmaintained persistently by a
net page page server. The page description describes the visible |ayout and
content of the page, includi text, graphics and images. It al so describes
the input el enen?gg S 8 PR lbé{’g’gred -PREIGIR g BSOS th‘fi}b*éilffafeﬁ@ec“é%é}m]i‘ Hput
fields. A srdibqpgpeer. Nehrtigfimed wavelengtig 8re ingidiéle wi thethumanregd Hoegreeagiie sen@i by 4 sslidsstakel ace

to be si rru{n{agé}g{g&%tyane‘g@gﬂﬁg@ghe@nd processed by the netpage system
Mul ti pl e net pageaécan sh he, same grége description. However, to allow

i nput t hrough ot Adtaf E&° yd‘ér‘ﬁﬁ’i‘ age sty the Bringer paR &1 thigfip Chdtfransmitien okt page
i s assi §netktragesysieque tizaereesi M@t pfiterThe e iissvigplag endlcPuhagatessiith fie 6ét@ gt printer
preci sion t'lQa ﬂxbx%;ahéagddloshgk b?és%gﬂﬁc?cnt\}sﬁ\sﬁlyll Jn@ﬁ&&ly%ﬁg&rthapttxe f?gag%?o‘j?' 1mf§gth

reference F % description is encoded I'n a printe
i dentifies e?Sh‘é‘e t?ﬁ G 2 SPEG EICh A iR fsmRepFnb st dhe p%vﬁ%foeﬁe%we Drad ?"é‘&?"i y
i denti fi esor dvery preagetiaiesid rtheppgepsince THadntér@gonaib selésel @ngsiafel c@Br-dofr&tablyvancods®@®i t i ON

on the pag{gakeg;lgl%g@d'g] folenhiiFSreRl ¢ dife. t 2ags are described in nore detail
bel ow. ,NPT013-SG 10 Tags are printed in infrared-absorptive ink on any

subst 1 d0e whi ch T TRIER B CTEARE PR SERC T4 F5ReH Rl Tpietlowing 1
Near - i nf r amggainadigihe segbdfluser-supgicd valtestblihpet fiels e plpe ARG pBYy dor bath prénfe@ n@RASd. | Y
sensed by a sol i grSlidbfnip bé@&#th§§i§§8%@cn\%o§ﬂhe%ge%&ﬁc@%dtﬁé;ﬁmfe& L s sﬁb&nag I's

sensed by an_area_inmage sensor 1 n_the netpa
transmi t t elf T hEe PHE{ALR S Syeia™h Btk hen éggli’g’gir wiisk priatge grd H”mm tl'F"ne pen
IS W rel esstragedisecoimrempesedites Wit h the netpage printer via a short-range
radi o I1|5nk1 2TagsN§1rPgGEsm3§| ciently small and densely arranged that the pen
can reliabl ¥ e at |east one tag even on a single click on the page. It
is |rrporta?r 1tha ag bata Gentent ecogni ze the page ID and position on every
interaction wt hIntahﬁefqﬁangnn, $dch &g ideMifies the redi@GA widdh if @peSIE aﬁe&lers&nonToagﬁt t@r e
error-corr Qlﬁltllﬂpé rygo%n& Bg 91&1’ 3589 con%i?ﬁ SR’JHI%H]’GB%EO ti'leq’kgl(){l a§ awho{e Olnt%t te% ne rmore
damage. The netpage page ‘server % Ins a uni age 1ns afice for each
printed nef3s&iEmaygpy %Wpﬁgﬁgnﬁl a(iag sengipg ‘i‘ﬂ"&ﬁ tp PrgVig fi ‘i’aﬁi:lﬁd@@te opf fupesierrasseeippst i ed
¥ ﬁl ues I2‘f)§)r wtmpajmmlgjxafd 283 of the httaéj &t@&gg: SEHRIBE deivipd ta@iy tﬁt Ebfer ©Q@bbcripEibilUf €4 re@iGA. ép.atgﬁ

e rel ati gpshi a nce, an e
printed net g’aéglep&l s%%nﬁ%%p E'ER&Q%H gt%%'\]ﬁ?t]‘tﬁ%en ¥ getzgrﬁ%ga g|l}ger§§1nssom ated with
both the net page”pVilie é‘Pfe\Rh?rBW"ﬁb‘"’r“ieﬁP%‘th’ rtalaﬁared PrRboRimenmtachitageontssap 8l user
who r equeslte@n@mxeﬁ invdriaid siNChFRAGEh Til3hitial Metectidn, IaQvhidn bhaistCankifMizing e arrdar @k r ed
form each,tagi ttﬂ r and the |acation
of t hat2 t ang&rElWld © © sﬁrﬁ?ee& :g %‘rll1£ %%m%%mgs i t? SBre%roaﬁl? gllg%lef ximm S ER Sl%fel ate
to the?PegioHy gl a*dvéﬁmbéana?gﬂi faatffﬁeentcageh Bnagfrat logst Qe tag pvggyonsisingle pigkyon theor
exanpl e, spagnalis itipdrag tRemSien Goddfivd thepagedD pRAPSLAR oh SRFNAGK iInHEh @B bigieinef a
function agsgelabed tmlgsp the i medi ate area of the tag, w thout the sensing
device having to ref er a description of the region. A netpage pen may,
for example, il B PFFéel“éd %{"l‘?m'l"a‘?f‘f ithy éegigp toavhich ER itfRaTroingides Fish ancpiise prge, gnd the
hyper | i nk. reAsn Wehdodddén hDtBLis Gke@relsyhoBxiplsadith ed pigetmw thelpﬁlgean phied 84 tifpears.
enbodi ANt p, BACHLBRRNE ARl ' ogni zed | nvari ant et ure
whi ch ai ds |0n?rt P‘a(f ﬁ%gtt ect Q%lgnﬁ)ﬁﬂggf\%g}el%ﬁcansbggns S rnoment m afa‘(f'?or?{llers effect of
any For example, it can coincide with the zone of an interactive element, in which case the region ID can directly

identify the interactive element.

Table 1. Tag data

Field Precision (bits)
Region ID 100
Tag ID 16
Flags 4
Total 120
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war p i nduced by the surface or by the sensing process. The tags preferably
tile the entire page, and are suffi ciently small and densely arranged that
the pen can reliably image at |east one tag even on a single click on the
page. It is inmportant that the pen recoyni ze the page ID and position on
every interaction with the page, since the interaction is stateless. In a
preferred enbodi rrent the region to which a Lag refers (r:]oi n](c:i des with an
entire page, and_t ion ID encoded in the tag is therefore synonynous
Wi th thg Sage | D°% ta? ﬁ‘@‘“g‘éé%? B olerR hritly lleprd 4t $ovm Talg hessuminga®
enbodi ment saxinumdagrdegitor 64 Br witkrcinchaa 1660y tag € @p®ricanagidesiza st up ol 014rsamy imsiebr egi on

of a page Qd'rgeplreélﬁ{s canlbb t‘n@ﬁ)@d coEthBou@i‘ Mhﬁncréaglng(tﬂ%gqg Q:Qikl%es u.% e of
an interactive ere|0n can reC nt|fy

the interacPty é"dé’T B‘rrjta,]?‘?tl 00 bf‘arﬁ‘é‘ "?L a”"’f”é@ oodl'a]f’a‘”l‘—ﬁi “@tl‘a‘ljﬂlé‘ﬁ'i wiipm diffesey ??‘Orﬁétﬁeon
| D100 T&g Wity Fntifiyd. Tot al 120 NPT013-SG 11 Each tag contains 120 bits of

informati onzztypf&aégtyEﬁgohmgat ed as shown in Tabl e 1. Assuming a maxinum
tag density of per. .squar a 16-bit tag | D supports a region size

of up to 1024 sqti%trlé" §ity 8?1%%‘13‘3 aﬁé?d@'é%a“ﬂ?/éwtﬁﬁ §S“t§ér€15b@ Regpisarotoft Thdld y
W t hout | n¥0essdet bitstebristing gf d dodeppECHIF Obit s/tnrmd ¢ichD¥he (IS 5)goda Bllokwt bptgS symB@i ONS

d : 5 ek R2all, <QF JoLi Lillion
T T G Ter et b anat 3 A LR orthe adrilopliad Btk Sl 2
Encodi ﬂ@ The 1209k {-Bit §bql fgergstnigd H‘raép"‘r“élilfﬂtﬂ‘aﬁt"‘laymé‘ﬁé@d@élthaWﬁ@s %f the s 5)

Reed- Sol on@revwodisl@e infeHéagedyspasihiigsvithid 6O tag G desdredrhit § be@RGor $dnieRe) aliécti ne@gRWOT dS

of 15 4-bi gpa‘éﬁ{m_m:eﬁt bﬁé}(a!ﬁnagt;gqgmr(ﬂtlnﬁn nuﬁl})er%pﬁgﬁbo?sl ob%?an&lpm%ﬁ%ug n&rngpo? symbqr fors to

be corrected per. codewor error e of up
to 33% per®¥FYSHGTASL thE%f&*meHS”lﬁlﬂt"' 1‘§"§‘h‘l?6fhatlth§ by SrE swdE é’HY fofrecids pat | aI I y
coherent wh23i n Physichiapg Stmackuthe synbol s of the six codewor ds are

interl qgved spat Tt@lph%chrépQgegtaﬁon%f ﬁ&né’ig% ého% % ngl ¥ Sslu%gl 9 xed %r et s[ruci‘meg Iig ?g (an

error affectln mul t'i atla | acent a mni mim’nunber
of synbols o%?aaf**tle ‘Bﬁdr‘%ﬁ 13 ‘e tﬁ%ﬁ‘rﬁ%‘?“é‘fa“g‘yﬁﬁ‘ﬁt@ deyice seﬁhys Briestegscheior d,
t hus maxi ndegttnge tafiend inkels heedinkihal bh@tabanr Shiiverts ee sest. Die datdl drads ERamect ed.

1.2.3 Physﬂeﬁ@skma—f §B w ltsmgle%ydgat%mr epresentation of the tag, shown

in Figure 5, |nc target str ures 15, 16, 17 and variable data
areas 18. The fl%é%fhlﬁ‘ﬁrpgétf tagy reRiRdngiion dhedty igyondgred éh%tewgltldmfl2é@2§ui9h Wkent he

net page0pepiintedat 18@t @G tperd il thiagel@ndag \ﬁfh&trdldnieﬁr sthb®es BnBRNSL E&E’tﬁlnorpﬂhé ﬁ@kat ion

i vi dual SEPEEF Rl 8% GE e’ SRS R Biped PEET SRR P S i
r epr oduct i Wit itoaly a‘i‘*é“r"@ﬁ@éheéﬁwate digmeterpbtheteg.on of 256x256 dots. Wien

printed at 1600 TRl iRGMesisiAGdiget &t\ﬂu&urbﬁi ﬁ!jeds&loﬁ rih@ 6F; W@rﬁntﬁmﬁﬁ%&e@ﬁé,@ﬂd @QQUt 4
nm At th'r’%g{;e%f?vghﬁgetaw the tag is designed to be surrounded by a "qui et

area" ots. Since the quiet area is also contributed by
adj aceﬁt5 tags, iThedpipofioningds plpwydesensios detiee tofifitéaly flojest t asrbtTae rigfis tavetot ag.

detect because it is rotationally invariant and because a simple correction of its aspect ratio removes most of
the effects of perspective distortion. The orientation axis 16 allows the sensing device to determine the
approximate planar orientation of the tag due to the yaw of the sensor. The orientation axis is skewed to yield
a unique orientation. The four perspective targets 17 allow the sensing device to infer an accurate two-
30  dimensional perspective transform of the tag and hence an accurate three-dimensional position and orientation
of the tag relative to the sensor.
All target structures are redundantly large to improve their immunity to noise.
The overall tag shape is circular. This supports, amongst other things, optimal tag packing on an
irregular triangular grid. In combination with the circular detection ring 15, this makes a circular arrangement
35  of data bits within the tag optimal. To maximise its size, each data bit is represented by a radial wedge 510 in
the form of an area bounded by two radial lines 512, a radially inner arc 514 and a radially outer arc 516. Each
wedge 510 has a minimum dimension of 8 dots at 1600 dpi and is designed so that its base (i.e. its inner arc
514), is at least equal to this minimum dimension. The radial height of the wedge 510 is always equal to the

minimum dimension. Each 4-bit data symbol is represented by an array 518 of 2x2 wedges 510, as best shown
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The tag includes six target structures: a detection ring 15; an orientation
axis target 16; and four perspective targets 17. The detection ring 15
allows the sensing device to initially detect the tag 4. The ring is easy
to detect because it is rotationally itvariant and because a sinple
correction of its aspect ratio renoves nost of the effects of perspective
di stortion. The orientation axis 16 allows the sensing device to determ ne
t he apprOX| t e planar orientation of the tag due to the yaw of the
sensor. The 6fféfitation axis is skewed to yield a unique orientation. The
four perspecti veThedp gét datdsymiepls| opeactt di e sie palbwrgls dhe wlloc@edtiothd fodresncanic yedulr at e

two di nensiiQpada tdQ B SASLh ViBurd 5 s ReV Qaghlgntlgsht)@ngm @@Qesh@ REA. Qhoae &‘Hrs@%oe

t hr ee- dlrren lon an rientatio e tag relative to the
sensor . 3 3 ew0{d9§2[% rS%J ?W%‘é‘teﬁgtém?taﬂ‘aﬁ‘é“élﬁ’tﬂr‘iﬁ“’f*sé"r‘@‘@“"@g‘ °f%&prove their

i nmuni t§ to nor s@he ifi¢rlsaving érdadigned ta gdhisephe dverage ispatal Histance Belwesn agyip eyirtbsls of
anongst otmegamgmdm optl mal tag packing on an irregular triangular grid.
I n conbi nation d circul ar, detection ring 15, this rmakes a circul ar
arrangement  of af §r tBiS‘ipg"r\/\f‘FﬁJﬁ HeK Feeraetng “?)‘b't‘fa%?ﬁ? reg‘“l*b"‘ar?asﬁrlsm degicg, the segginge

each data fivice inst rcable dserrt Bebt by eatirg taghn &b fiaved giew Dd Batienwitelean thorgonodk atawhatar ea
bounded byoﬁe)ﬂﬁﬁhoﬁ adi ?Jsmeﬂe@ a8 r d Barhet bthd Yeid HNRL ARG s§1g14g A0t Qakagial 1y
out er a&c gﬁ‘ V‘f % 511 has a m ni mum di mension of 8 dots at 1600
dpi 4 e deBT Pre oftd*shase (i.e. its inner arc 514), is at |east
equal to t hi s m Asswuing akindan Sig shape, fﬁhemmadrdah:etbrefghiensof fieldve vieve il g@aifed hdnS

al ways equ@é tadsQretiR@on J@qﬁlla@i‘dﬂhgkﬁ@ Qghowﬁ- 4cbit data symbol is

repr esent eg Q array 518 of 2x ges 510, as best shown NPT013-SG 12
in Figure #8% Th aglg'aﬂ BT°P°§T5‘[9§"§§’ﬁ‘fRﬂ"§ of each of the six codewords are

al located to theTedagrimee poessngiag! dyotipoperforfriedigysa stlifg ticd fich as ﬂia@wshgé sa ki gure
5, in Bt efbeANe rg @Wﬂ@ﬁ'caﬁ@re& mws ﬁeﬁg la:(!qgi'éﬁ ﬁ'§m 1n;age s@rrlsor Y i rad I. offtller st to

si xt h codewor ds are allocated alternate 'n ci rcu({;;p gr eSSI on
around t he™P&d° d"'ﬁﬁ‘@“"rd rﬁ"rt &Pt Bagimisgofite repess &ﬁ%ﬂwsrebamw%esbwmar :

spati al dr Eeamee lsbmamemlcamyndtmeswﬁbﬁlcmafed pixél@eg®adIBe. GRES\BY (@ 22). Bha@ésder to
support S@v}ﬁ@hl afe t&)l sh&lk to répfagegtrt%qfatr epgauéMr{) Qre%lséaﬂigcg %ge s{zgg'ldg&trylh gf egch%?]f:] % .
device, the sensing device nus le to see at ast one en ag in
its field W %w no matter where in the region or at what orlentation it

i s posifi oned. Thigary hepginomehtsctis anrpitiedompiftedt(dl @4)fiir edchl shade, anil Bitde PovideiR bST&ET NQ
device is &&@Ju@:ftl?ﬁo%atﬁg taf’gur&ﬁ‘&d'u% (Qﬁtrar !ﬂ%e%{oﬁ& egbgscﬁ’eﬂ% ] osﬁgq, and

Assum ng a cjrcuylar tag shape, the mninum ter o e sensd Ield of
view is ob‘iaﬁPerféﬂyWFFéera‘laﬂé“ﬁ%{@?p%ﬁ’é“"[af“f’éﬁ“%‘n a equil at er al triangular grid,
as shown in Fi guTlenﬁgtar];etZtruﬁm‘EaglslmarﬁgaoE’arle@esaatngAamghdaeewhme dibend @g | mage
Pr OCeSST NOydiehAAGAE REpBRE LOLARMRNinE pBEOR b hollE il fif G B0l falSi P 20E

pen is,.shown in Figure 7. Wiile a cap e 1S ng acq urreém}’grom
the i n8e B&iLwF Sm?fPFétS d%r'ﬁedrﬁS%Smrdaﬁ*gféma’Pm% Fenormajiged the fing ipasyde ﬁroa% eyeaif Q) .
The cent erpespectivaglistogiog @as senifitean ThhagB Rrigitel bhet Ridradktyn Lhfogsiko pravideqs ustthe

i mge 21. apﬂ}laﬁmrtﬂﬁ&%e Sspe i8N -gshol ded and segmented into connected pi xel
regions (i. shapes 5 at 22). Shapes which are too small to represent

tag target st r ucT}l?raélé t“‘%Ftes rﬂ?”?clér‘ﬂ'@?j“e’“'l"ﬁée lorated (24 A% Murhing pioeredstoy appbipedlisape i s
al so conpingi comBiizationy tosdacksBaps’® MeNENS, 210 réviten-hdiR#izad Mp uds@thg(rimemd} onfeOits €ach

shape, 3en dseéoh@@r@er Rﬁﬁéﬁksqg ngxglgthc?t% Ris ta%let is easily recognized. Note that one third order moment is

required to disambiguate the two possible orientations of the axis. The shape is deliberately skewed to one side

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

35 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 normalized the circular perspective targets are

easy to recognize, and the target closest to each estimated position is taken as a match. The original centroids
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subsequently |l ocating target structures. Central shape nonments are by their
nature invariant of position, and can be easily made invariant of scale,
aspect ratio and rotation. The ring target structure 15 is the first to be
| ocated (at 26). A ring has the advantate of being very well behaved when
perspective-distorted. Mtching proceeds by aspect-normalizing and

rotati on-normalizing each shape's nonents. Once its second-order nonents
are normall ed the r|n iS easy to recognize even if the perspective
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to the image guarantees t e ring
tag. If a %skfﬁelﬂevean?‘a@sh?rethﬁem%mm and successfully decoded then no pen
position is recorded nfaplforhk’egloﬁhwsf EHTEtnévﬁb@d’RBa th@egi&nDadﬁggﬁ&rﬂa x’égi&QESa&hgiD power

and ideal | hd enncgﬁlsfolpn rH1e § cgn be r eve e ta ??éan% n"ansléteedrm ((')3' Eu{ a solu e tag oc 9()41

i nvol ves seeki ng anot’her hevcur't én
within the region, and the tag-relative pen location can be added to the tag location to yield an absolute pen

35  location within the region.
1.2.6 Tagging Schemes
Two distinct surface coding schemes are of interest, both of which use the tag structure described
earlier in this section. The preferred coding scheme uses “location-indicating” tags as already discussed. An

alternative coding scheme uses object-indicating tags.
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The obtained tag data indicates the identity of the region containing the
tag and the position of the tag within the region. An accurate position 35
of the pen nib in the region, as well as the overall orientation 35 of the
pen, is then inferred (at 34) fromthe perspective transform 33 observed on
the tag and the known spatial relationship between the pen's physical axis
and the pen's optical axis. 1.2.5 Tag Map Decoding a tag results in a
region ID, atag D,  and a tag-relative pen transform Before the tag ID
and the tag-rel af*ﬂ?f%“"b@‘ﬂ‘%“&%‘é% FoeANTHRE Behiharer Epdardtpugh *é?]ta%l'ﬂ%?dfssﬁ‘i“’éed

| ocat i on wwiththatagehdregiang gjeds argcong lodatie w1ﬂhm6}&tr¢gﬁbﬁ Tok tap-Felrtitea@ativh bhthdpeh e

regi on musiqakeo lﬁﬁ%@rfocat;[)n 'tosyxélcfsthgl'oéé%}x e Penlvidll %E’egxof'fl Thid Hl%l‘l’) %leem &l IRPS

each tag |Din a ta |ontoacorreso | ocat i on ag map

cl ass di aglalffye %‘fl‘f’ﬁ%ﬁ‘ rf’]ﬁ“v? ‘Wace%m""‘bﬁrﬂl‘a B dfsﬁé’“ﬂ’eaﬁsﬁ%ﬁj‘é‘ PR thﬁt"‘é}"“cl ass
di agr am® ANotagy il usceﬁdt@acteslemhmeltsslt Riemiged, B d 1dcoiod felave tdtBe Betidtane clegit 3N W t h
tags and fdmtﬁedc%atf\é@fn)ﬁca@ﬂ’é:@é’sq{e@gre t1t1\9all§ yt{p{) fe cta%ﬂgof a}{%am rp!lﬂ?ln%he zﬁxgged
regi ons sh ar e he sane til1ng scheme ahd the same tag nunmbering sc

t hey can afé Barg?‘l‘lif‘ﬁert“ﬁeéfaﬁﬁﬁ’éenf ag map. The tag map for a region nmust be
retrievabl e via Ahebjeceigdi@tingtdd.confdings tagdD waidh direttly Gdefiified dser antdrfadg elektnt AMKE a pen

transform parg@&scrn fn g@&lafé@%ﬂpﬁe {eSBJ Aﬁ%@gags i Itﬁhg z&nggfdlﬁ\s&%rtgc% %&glpﬁénﬁé%hd into
an absghut e ta%faéocatl on he r e(gl on, ative

| ocati dn cHff BERdRY 'aakfnﬁ éhefna“{j 1466&‘%&3? ﬁerﬁfereyﬂdémawﬁﬁbl%lg@ewﬁanpéﬁgs do
| ocati on wedt,terfoteh@proe gic capturelof 2h bsolLage f2g. 'ﬁémmev-&{\ﬂlpﬁh% iciphike o bifefat@e
codi ng sc h&%&h aioelo&f as tﬁkt ;%Elgélt sam&ﬁl& ti’retﬁlgnc ? S Hﬁc tﬁe € coturflatg'edS {gl% c;[ué'ln'éye the

descrlbed earlier in this section erre
"| ocat i on- FREFEEHTAY '“’“ets%{’é’é‘“’d 3% patitios 5’d‘§F ngfit %%%%séfd‘e c%ér‘i’e “@P’P‘é}‘)\*ﬁh‘tdﬁwf\f}‘b di ng
schene uses obj esisumendhm@ihg Wgeltrgy S xsmTﬁingﬁ&nM of%,] ahatdMBnship 66 el AY t AQ

cont ai g ag F(Lrlgvm_]acerhtpomPcfmp{es andq’t eorfeo Ocagkggoﬁﬂﬂﬁp associ fat ed

with the tagged region the region. The
tag-rel ative | océ%sim@wét@ﬁ equaiéonphof lfraésto @!@I@B@bﬂ&l@ defriegin€Qf1] ocation to yield

the |l ocation of tihe HEem Wnﬁﬂllcﬂ (88, rtlﬁgzls%ptlo;[hﬂasbdtmEb% MNind EQ%%ldthlst be

det er m ne goprgct aodqgechmcels }fwJre ne pen ru(-gl at |tve to a user interface elenment in
t he page descrl ion assocl ated wafi ‘taﬁ%aerEQl on. Not only is the user

interface el emsnThel ifustedtipn inchdgqutej 60j shalys o taga 500t iowrlimegdiaubli streke tof sik lsenples er

interf20e gkigsenBE2 Which éaﬁls@qEQf?»Beﬂ)smﬂ}é)Qﬁgeé @@1‘ el éﬁé\ﬁl& ?&mt)@ga?e hieh&iOERm
tr|V|aIIysu ort. the capture of an ab oueaﬁ he zone of a

parti cul armﬁ ?n’ e g?ﬁa‘%‘fﬁ OnR P18 ATRIC POSKIE™ ifedEt Is (’fle?:ﬁf fisfeges g B eRcfdna tag
| D whi ch dictheelas yf thedlomtample pwition wieds Al nt er f ace el ement i n the page

descri ption aSSOﬁ'ﬂéRa@%y‘M Lgh %Thse4 '}.[ﬁlg a@ﬁi‘scués‘LJ 1n%a@l? gﬁme amplin wave eng?h? mut

user interface el enent | fl e user intert ace er'e Preﬁ fhe

al | identiRedss g2 %%@Pelff&eéempwah sarnling fipasmapis 400 hjsaequirddrfeli ae%.‘taieﬁgndtﬂa@fg do
not, t R6r ek@pstionshyn e pén sﬁebﬁnﬁeu@nwtaanois rﬁﬂsﬁb&ﬁﬂr BOB88.pen pat h. They do,
however support WEt S h%s@he%g 3 ¢ seilmﬂa 1on Vg e?agorp w1ttha oc1a% Vi ualgele ents on?he

posi tion sanpling frequ exceed: FRE e COUAT & e tag Trequency,

the displ ‘&@éﬂﬁé‘ﬁt‘seT ’F‘B’H‘ftﬂ?\ gleracaityin @fi ap’é‘ﬁ ij’o‘QfFIW it the Pt“h@ Hﬁ@(‘tsm&viﬂlt $vprapriatest r oke
can be unawisingdeits inyordhe o fapliaied.be ASSbRe @nsidIPlide G WRMEbRABGEE reond & RN @

tag wavel e ggr;gedqghggg Whh a relationship as defined in EQ 38. For two
adj aceaé p%m ti ont sa T JS% and P; +1, one of EQ 39 and EQ 40 will hol d.

Assumi th qu%&UP“E'T'TsA"HB{*?FQEé%%T'QNB the relationship defined in EQ 41.

A preferred embodiment of a document and page description class diagram is shown in Figures 25

and 26.
In the netpage system a document is described at three levels. At the most abstract level the
document 836 has a hierarchical structure whose terminal elements 839 are associated with content objects
35 840 such as text objects, text style objects, image objects, etc. Once the document is printed on a printer with a
particular page size and according to a particular user’s scale factor preference, the document is paginated and
otherwise formatted. Formatted terminal elements 835 will in some cases be associated with content objects
which are different from those associated with their corresponding terminal elements, particularly where the

content objects are style-related. Each printed instance of a document and page is also described separately, to
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Since EQ 41 contradicts EQ 38, the assunption that both EQ 39 and EQ 40
hol d nmust be incorrect, and the choice is therefore unanbi guous, as
stated. The illustration in Figure 60 shows four tags 500 and a

one-di nmensi onal stroke of six sanple p®sitions 582 which satisfy EQ 38.
Possi bl e aliases 584 of the sanple positions are al so shown. From

i nspection, if the distance fromone sanple position to the next is Xs,

then the distance fro anple position to the alias of the next sanple
posi tion e%@géﬁﬁt Rigure m? é‘?ﬂ@mﬁ@@%Wﬁﬂﬁfﬁ“&ﬁb?§“ﬂk?“ﬁﬁﬂdé§“HP§¥ﬁ§§@ﬂ in
earlier, tthonshtoher isame df fhigsmmyab ésgblvnas must  be | ess than 2.35 mm If the

t enpor al sarrpl i NGhe pFe%&%@@ymbs§ab;tgg dblZm@s ad &P ﬁ‘ﬁleg gse%%&v@faﬁseh@&qlmt' ting
recognltlo to sati sf Q

hf n t he ﬁfg‘ nust be Iess t han

55N th of AU ORI BTSRRI S PE GO BB ot A
associ aﬁedreWGSIua# copy trvegit asprivter Vitker diffeehiyagresizagoriesa@iplel Cinedraips the@esekedfirt S i n
that a US Eforntaidd dodtbnEH: @&Enfpmnton t}IeIB e RéteP LIS s APk gét%érr?(gef%'enﬁ’)g%r&g{ dsé?ta&ions
sensing device in order for tag data to be read by the sensing device and
for an appPopPFrgteErEdpshse to be generated in the netpage system 1.3
DOCUMENT AND PAGE DBESERIIRTNENS3 4 copdisef & rar setdof gorthardi papa tdesodiptions b0 eadirenyhicand
page descr idnlidQia & @fRmAtb AR el ¥¥MBadn @onﬁaﬁmmm%% amﬂal %@i%,t dr QonL E\geon

net pagg system a docunent is described at three | eve

abstradf | Bereee: (higdelings e arivrerea efgnpHeploments et sipeinksAnd wpyt ﬁ%‘isur e whose

ter m nal el enent 8 d83Bemaingtares 80 Codds@tdswd & Fortapat @bimen3p€ at ®nsB4 Bf smclsfpa@ t ext
obj ect s, t Qddnce tSYd €ach Qf @fﬁ&ﬁcorrles%gsetoquagec&e§:nptg¥l (3 ‘of 93 Lt&? d&l éﬂ pldg%

printed on a printer wt particular page size and according to a

parti cul armfﬁ@éer“g desEipse Sf“ﬁ&f“B‘#“e BrEtIarteage & 2nd weordg e nige R 59 ‘gthﬁé@?aﬁ%t‘\é’élgeand
ot her wi se hgmpes toeghrt ofeotoemideit atatdceif rep@dentd @ppiTh ag83fuewddlid isdldios OMe cases be
associ gbed wi th gont elnORh&klP, sewi*te&t}naﬂeﬁ&eﬂlnfs&&&%@ Am] \Ai]l;g&ﬁc% Y BR Gl ated

with their _correspondi ng term nal el enent t cu% ere cont ent
obj ects ar ’é‘téetcgf?sénsfaé‘le lfeé‘ac m@ﬁ‘?ﬁ"ﬂ"“pﬁ“ﬁtaéﬂ’eﬁ“ﬂ%‘f‘%?ﬂ‘ifé’“ﬁ? foaa ﬁ%‘&ﬁélﬁt‘enhti‘?ﬁ‘“ﬁﬁéfge i's
al so descr telyald a sgpaticatiR b3 whidhos spleifio bIke Phge Ifstarat, kM field pistincE &pits dr @ eld ddnbtgh a
parti cul ar,page: bRt ARk SpebifiOlo iR pRE ik ERO meémé,?ﬂ%@J &b {]fo;ma“@&éytfor GRRL U € ed
t hrough ot her instances of the same page description. "The presence o

nost abst r AECETERATENO%escri pti on on the page server allows a user to
reques@0 a copy @ftersind eletkmedat bav aioeltmebiesi3) g hipailisiedhnicn 384 6 6 cléniter 33DbHaC e
docunent’ s a%epgf%rf morﬁm;ng lgﬁgnt 84-gha§ s]%@ﬁgn ]f@% ZPeA st{n% gfé@%‘ &ﬁganatieca%g% eH%n?kIAQ h a

printer Wit feren e size, anmpl e Y, presence
of the forWft¥a °°&86 ﬁﬂ%?ﬂecf&g‘éef?ﬁﬂw 6ﬁneatr¥4§ W@aﬂ&ﬁ@la§éft¥}%‘rte"é?bﬂeﬁﬁl§é5 thi@agsage
server to ednfehtCU@RH ap abshitiaeed gt eleise@t 856 GlgtapliiSelenfi 880 Pift dnia@biiaddd gRpliddbRet page.
A formatt e?sv dp&a&%ﬁﬁ el sSPRR §1ta§s08£teda\m%(§%lﬁg)gje&ggm 184 RAG %egles%%hygt | ONs

5, eacg consists of a set termnal’ el ement s
Each f Prra%Sf"élate‘b?“é*ﬁéP& objfeic85% o8  axiptglement B withn asspgipedsgiphobicct 168 apgigwn inThi s
defines thBgectBi ve area of input el enents such as hyperlinks and input

fields. A docu maﬂtpaée ﬂl§t!1r@9ﬁ:a§a §a%lggro(a9<f ﬁeﬁ%@?@ﬁ& 1$ edq Iec\?o\ﬁl{%%ﬁiggl 1919&1 cp(;n t}%34 It

consists of a set of % I nstances 830, eac orresponds to a
page descr PPt YiHh 9% By e & FBFHSIPEERBE uent | Each page instance 830
descri bes a si ngineheprefegreiforpraf tht Reknti@] {xepeap R11 iaRccihtedwthdsch pdpe ingageto bildwS0 of

the newbagky: dfwPRIS, ol ARLARGE: baufiOb Rakk. Of @ document instance if it
repr esent S1 g cop ¥HENETPAGEN%TWORKqueSt e I sol ati on.

In a preferred embodiment, a netpage network consists of a distributed set of netpage page servers
10, netpage registration servers 11, netpage ID servers 12, netpage application servers 13, netpage publication
servers 14, and netpage printers 601 connected via a network 19 such as the Internet, as shown in Figure 3.

35 The netpage registration server 11 is a server which records relationships between users, pens,
printers, applications and publications, and thereby authorizes various network activities. It authenticates users
and acts as a signing proxy on behalf of authenticated users in application transactions. It also provides
handwriting recognition services. 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
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A page instance consists of a set of termnal elenment instances 832. An
el emrent instance only exists if it records instance-specific information.
Thus, a hyperlink instance exists for a hyperlink el ement because it
records a transaction ID 55 which is specific. to the page instance, and a
field instance exists for a field elenent because it records input
specific to the page instance. An el enent instance does not exist, however,
for static elenents such as textflows. A terminal elenment can be a static
el ement 84%™erg ot pfline A R A pish instEyst; Singe § pags WrvEalsBHttaiBAST Bput wihiefargachser ver
comrand el pgeinttan848ientasichs 6aagd inteds gd fetpdge. inpft Erbdll toGhe@b@spEIRt pa3d@re@mebe a
style ele i . L X j textfl ow el enent
M50Y seR4 fnterfibied A1y tﬁ;;!/l-f @gﬁt%gt’)i(v?%g jdg%%{ﬂtlg%@?k g%}eslpgnxgﬁ% pade.

848 with an associated s .eel ement 849 with
an associ at ed i nBg&Pase EhEner Boiocatss dacumsni 1Ds 8] ehdsmpndgm0 piavides Idrbaieiatefat ed
gr aphi ¢ Sobpagcskrver867its IR allbicaiensciehnep el enment 851 with an associ ated video clip

obj ect 858, an aWqdi.9..6lLR 892\ n_ a ci d audio.clip qbject
859, or a script eetgar%ergt %?ée%vq\ﬁﬁ '[]Ihtean éﬁ%@?g"gﬁ%@?#@%ﬁbﬁ érréftar’ éOGIfSS,OVglsa shown
in  Fi gur e*raee pAZ IR inte e apfwesk pldeessof g orGree nied siryeehaidiBg g wpreginding pagsed t o
record anyingingd tal ink captured on the page which does not apply to a
specific input ehe . r.ef er formof the invention ;gpa map
811 is ﬁssoci_ at eJa é\;m{ﬁ? %]apgg% RL %gvgegwﬁ{lassf ‘3%@_3‘“@3’@51“{6%‘\%"6 ?egpa S t#cag%ﬂé’ %g gg% to be
t r ans| dPedPePlifpiipn Bt 14 iR SPRYFRLpTREVs 1lih Publishes ToHEENBTUMARGEL MNEPRRNDRICT. [T hey are
preferred esbbdimeni inSacticet. page network consists of a distributed set of
net page page Serl‘é%aﬁe ser%%s caggé R&&%n b ¢k E){ altwlor(lm r\§ererla\1lc§)¥mss frlr::li ma %Eter%}g guclllell:s)
servers 12, netpage application servers 13, net pa‘@e publ'i cation "Servers
14, and neBYafevigiriarper @d Sgn Melgpinedreesdenyiracan vn sqnpreRly pDa gagethog.ang fengle

| nt er-ne\t{e},;1 _ ﬁger&hmmiéiﬁmtdaiogaaeunﬁﬁr_ o'fhkets.rsfebp&gmofrt&giuﬁﬁdhaw ;ﬁdwid&a_ry\ﬁ{aﬁag&ékrviers, a
server qwhi gh.r af i. etween users ens inters,.
applicati o_nsmggﬁal?)auglr ﬁ%éﬁa\gﬁ?@ geﬁéy ?Fledrl\% ?aléut? 3%91 Sgréesr’ c%ng}s?é&hpgovh%?%?tw

acti vi ti esiaPePagqAPHianee Puchis@ getRperiater, i domgpeiewodkstatipnr enfilerg ngedey on behal f
of aut henti.sat edTheNErsaceRrR®fRI | cation transactions. It al so provides
handwiting recognition servjces. descri.bed above, a nhetpage e server
10 mai ntai ns per gl?sntmg%f P gltrzlrsma on - a Visl)hﬁ ‘pa 'Seter%e“gtgrt?ep’ietlp%ﬁéfysgﬁd‘ E)‘(;f)l%‘gmes

i nst ances. "PAgs dprameEge demspdine Kia ubsstiniigie Sachmyntey bt epique Prinse o 6P 588G d1 6
server 20 el ndhapeindf va aatGEiuctk th Bthel, RENANLLSoadbahdOedioRagde server al so
mai nt ai ns user igﬁgt val u f.or tance, clie

S ach. page in C lients. such as
netpage printers Send et tg%la"é‘ *“hp fegla%sr’%g%nlvfl]a@eom?ﬁg > B8 BT ET I AP Op A
server. Thessisigggeerager fefr phe espriecaiceanrd. Shechetiorkpigtthe edmputpr.eNetragss Hanction
descri pt i Ofte@dtivilRrospace SraGine WAthPRGELS thd diEEURA G8pabd DLk NS 10] RdBbduaapses
docunent | ic‘?almg}pa g%glgrrgd, and provi des | oad-bal ancing of page servers via
its 1D all'ocation §chems. A net page printer uses the Internet Distributed
Nane S¢¥Stem ( DNSThe ngfpagg prniter gecives ybseree psmagsadocymsttp epengragrerubioats savatsd4.t he
net wor k adehcies@utdht & I‘clﬁtri}il_ﬁédpﬁlg@ RAG e @@gengegt@ @kuCkhd ﬁ&alttgkem;@Qﬁxﬁgﬁ%mm page
i nstance. e application server i S server Wi c st .
i nteracti é’pﬂ%{ %‘g esa%% ulsec% R 3173? ' Ret %aé{‘éués areg‘?}%ﬁalycsg?cfﬁﬁ i SR {?‘cé}?r S?Lbﬁmlb%r an
appl i cat i o9 seaspemtcghiodhs spstsibir's Rdnser Me the ergropdptanageeeTyes. Texs arldmapa gldectsr dnriteer s .
They are @Rskhd, Be@pichilyGRtcaivth dthtr 98%HIeRindso ANBLURRGE o HCHNBHHSrs Gk EndiRST €d

on a vap e}p}{ro}g)rfaterﬂgg%\slprvrerlg server platforns from manufacturers such as

The netpage publication server optimizes the segmentation of document content into pointcasts and
multicasts. After receiving the pointcast of a document’s page layouts, the printer knows which multicasts, if
any, to listen to.

Once the printer has received the complete page layouts and objects that define the document to be

35 printed, it can print the document.

The printer rasterizes and prints odd and even pages simultaneously on both sides of the sheet. It
contains duplexed print engine controllers 760 and print engines utilizing Memjet™ printheads 350 for this
purpose.

The printing process consists of two decoupled stages: rasterization of page descriptions, and
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| BM Hew ett-Packard, and Sun. Miltiple netpage servers can run
concurrently on a single host, and a single server can be distributed over
a nunber of hosts. Sone or all of the functionality provided by netpage
servers, and in particular the functionality provided by the ID server and
t he page server, can also be provided directly in a netpage appliance such
as a netpage printer, in a conputer workstation, or on a local network. 1.5
THE NETPACGE PRI NTER The net page printer 601 is an appliance which is

regi st er ed™WEPP T ETHEY A3 EEst dHS BN Tper RegssoB{E) sEstef e ites date nand
and vi a suBSRsI7sptunong inbpaiiel. Pk dipdaxednait engilé) bapti@le rebmiistedt chddnbptoceddtel whigh
connect ed o484 4Rk DELRRMEe LA tﬂeasyﬁchBﬁ%eWﬂkthé Qno?r%fth nth&ﬁs‘?r( ﬂgé/n’nt
ideally via a broadband connécti on rom i d ntity secur |

settings i f#¥A%n-vol atile nmenory, the netpage printer cont a| ns no

per si st ént St or aPrintersAwt dngtledd® IR pHERE hive the ODE @it tagstubify mabmﬁée blask nkye
conput er’ r W th the
el pof ¢ el AR e et SRR Glie 1t oA A5 AR Rl b i
particul ar Wé?‘ﬁ‘&é@a"dﬁpﬁ‘l‘%‘rpéges’ ‘?‘r‘gflﬁ‘és@f‘é afieiPpicer recei ves subscri bed

net page document s nérmametpeet PAGEprat Rétpagabh MeetsoB papeT Mord épecialibed EdtpagtQEibiei® by | S

di stribut eﬂ’m{ Eht(; We Q}%El!&ﬁed s];.lgﬁesp Q0 a Bﬁ%gytﬁ%h ?&9 SB grt aﬁ?ﬁegsqlone s%é‘e}ce 9 {u{mge
obj ect g whi ch populate pages. Because J personal i zat ayout s
are tyapc a’f“P%?“%?ﬁé??ftPPf‘ct"‘% 6““& seherPe pRAUTERE tag (1R PT Spdrsurfaghgpes Ehedﬁgem‘t?cﬁ W@&St to
t he subscr delugibes Shepagi tifibgedchewnie actialtusaddio e ral daduderd 8@ Eme QdsdoRiked witk bt dadudherdt BRGE

obj ect s, Otlﬂatl‘thg chggnpsetggs@aqrg?con tl%n{e%geke(d‘al |y shared with other subscribers,
and so are nulticast to Scribers' printers and the appropriate page
servers. The net [J&fe? Po thegPies Ak Figss F‘a@ﬁf ripiasprintierelgiediniormataninsintaed
docunent Cmtr@tratlbmsteﬁerpﬂ)brnﬁltcr&ﬁoh@naﬂdk multicasts. After receivi ng t he

p0| nt Cargt of a dQ%{-éEﬁght enﬁo&?rﬁ& ofltﬁeylg ruIE_qus (Regcnpe%qx eﬁ\(li\’%axlvmg nr@'jbéI casts,
if any, to listen to. epr| IP as recel ved ecorrp ‘ete page

| ayout s anﬁ“hdfffr%‘ttgﬁbgﬁ%st“&elﬁ ne the docurrent to be printed, it can print
the docunens.a ThMepjet'mPantheasst eri zes and prints odd and even pages

si nul taneously Othe brg%)% > ca(B]c rgg uﬁr%ggénte{s ade mtpta'\)glge agéljelﬁ)ﬁfecf( %ug

engi ne controllers prin Izin nnm&s 350
for this PUHPHWEe inclpdiae ﬁ?@ﬁtl% W%@é@%lﬂbﬁd@%ﬁt@w‘ftowwlaémlwrSeﬂoweages

r ast er 2Bat foowidabnspag SccRB@ Y it 1pads1€hals thataetpdNPF Rk BraRhelfdilommp aasL@Rticand printing
of page i npges. rocessor (RIP) consists of one or nore
standard rTIIIi)SPs %gggrmrp%au%ﬁtycom mm allel. The dupl exed print engi ne
controllers cons*?@tq“aé}b"eémt’@m pr ocessors whi ch expand, dither and print
page images in ridkeitting, synchronized with the operation of the printheads
in the print engine f Printers not enabled for IR printing have the option
to print tags u5|n hcabsorptlve bl ack ink, although this restricts tags
to ot héPwise enpeyinkeostas of the page. Although such pages have nore linmited
functionality thanpbdteqatinted pages, they are still classed as netpages. A
nor mal net page plm etoggrangrl nts net pages on sheets of paper. Mre specialised
net page prlnters nt onto nore specialised surfaces, such as gl obes.
Each print®er supﬁ%ﬁb’ﬂ?m&’ﬂnﬂn@ast one surface type, and supports at |east one
tag tiling. schemmnpaitidg heace tag map, for each surface type. The tag map
811 whizgh |

simultaneous double sided printing
. compact form factor
. low power consumption
No commercially available printing technology has all of these characteristics.
To enable to production of printers with these characteristics, the present applicant has invented a
35  new print technology, referred to as Memjet™ technology. Memjet™ is a drop-on-demand inkjet technology
that incorporates pagewidth printheads fabricated using microelectromechanical systems (MEMS) technology.
Figure 17 shows a single printing element 300 of a Memjet™ printhead. The netpage wallprinter incorporates
168960 printing elements 300 to form a 1600 dpi pagewidth duplex printer. This printer simultaneously prints

cyan, magenta, yellow, black, and infrared inks as well as paper conditioner and ink fixative.
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describes the tag tiling scheme actually used to print a docunent becones
associated with that docunent so that the docunent's tags can be correctly
interpreted. Figure 2 shows the netpage printer class diagram reflecting
printer-related information maintained 1%y a registration server 11 on the
net page network. A preferred enbodi nent of the netpage printer is described
in greater detail in Section 6 below, wth reference to Figures 11 to 16.
1.5.1 Menj et TM Prj nt heads The net page system can operate using printers
Tade i th & wi do IHGEEGEN P CAPRTID il eBUMIGR ST THCRT HeeEher el
i nkj et, pieroel deoents ge forviefl et ¢ silicas @bstret 8¢t thao ph@pocits EMIOS dogicadad taisRe tising,
However, {RuriAQiCRASUNEr acceptance, it is desirable that a netpage
printer have the foll ow ng characteristics: phot Oﬁ%l»a phic quality col or
printin hi gh YT 7'¥s5mt B5che Bpiingtslemgnt 3P e @W‘&B fh pozzle F‘Bv?l%rﬂ?eﬁ‘%le cost

| ow i nk Oc ogambe} 3k thafhédic €0 3$05, the lnkplhaqunesm thoRver MBOT, yhe aétivestuatpr Hearl pairg

hi gh pri nt 3B SRERH s AL RPRAES ofl QUD Leutb s Q.mpsﬁb f&fe e acERRRAG: 31 06

factor oW pover consunpti on No commer cl al y avai | abl e printing t échnol ogy
has al | oft fﬁ]é’é’]é t3dfaracteristics. To enable to production of printers with
t hese char act eri $teiactye adiater ipare s B08 @ pipdhhrt@y joi@So thepaedive @duatdr beld Yai{A0H Art

t echnol Ogy‘uhe foﬁ%@ E@cﬂbetaﬂs }ﬁ§s thrtea- Mht:?f:&g;@& L/epﬁ)ﬂmr %@3ﬁ)taIMII (Sjrh combl,natlo

dr op- 0 et tec I'ncor por at es _pagewi PP heads
fabri cgpedelﬂ%"f‘tﬁéogr#o%%‘b?lécﬁ“?‘ Blr?g‘%fﬁémnﬁlé‘fereéﬁlg"fréth“gm*(‘ refsaeeRhnol ogy.  Fi gure
17 shows a si ngl Bigye 18nhiweg sedliaesftan 30O offrinting Mengne BTVingidint keadecticises sret page
wal | pr i nteg pﬁnﬂﬁ\goéfléﬂ‘Qﬁt%b@ The Jr@sg ge@{pong'ii Qtsflo% W%Fo%mtté c1€599 shtOQ tﬁ‘eq{]ﬂ}ﬂg 34‘? 919( dpi
pagewi dt h dupl ex printer. This printer sinultanéously prints cyan,

magent a, y@Fﬁg “gg h§8k°,°n5?f‘él3plnfrar ed inks as wel | as paper conditioner and
ink fixative. NPHi@ut@. 186, 1®) dddePrshavt thevgeringevein bf 230khjd™s pafipg dotleiivabel y 110

m crongsl ong by lgigurmﬁﬂ—%%§s M &%sceﬁ%%ﬁlx§of9ﬁe il N5 Eeus D %r}%ntﬁlg gﬁﬁ'&r&le@" €

formed on a silicon strat I ncor por at es
transfer, PFHirfiyred mhynogry pambes potfrstersip et téqf%ﬁﬁmsc‘ﬁ/é}ftﬁ“d é‘lt@nﬂé‘ﬁ‘t‘@e"b?“t he
printing efomrexwea@e @rae dhindenrdozanl e 30 2hanrehren 396221 € ri m 303, the nozzle

chamber 304, 't hewhhdiihidb, rﬁ@ﬁ%th%@%iwds'lﬁ%&s{%ﬁ%ﬁ&rh% o %}9& ‘en 'inQ%onugﬁé‘?{o ar m

307, the active actuator beam pair assi ve ac
309, the alf FYFE BEApRPGIAlAIHE the 43 and ylfery the éaﬂv@ dé\‘f’ttl}Faﬁt“‘GF"dairfdﬁe?th%%ﬂve and
t he i nROi ndcabtor3kan palthi®s.cithtsiceiBes At tlod@icair culd@aid ppd ittrougOfe beam FRE BBTorCaBouk Ynej Oi Ned

to the pasﬂc%&cﬁ&,tﬂa&gﬁi%’ in qmeg%kr’l‘hg’@e%pggmre increase resulting from Joule heating causes the

beam pair 308 to expand. As the passive actuator beam pair 309 is not heated, it does not expand, resulting in

a stress difference between the two beam pairs. This stress difference is partially resolved by the cantilevered
end of the electrothermal bend actuator 320 bending towards the substrate 301. The lever arm 307 transmits
25  this movement to the nozzle chamber 304. The nozzle chamber 304 moves about two microns to the position
shown in Figure 19(b). This increases the ink pressure, forcing ink 321 out of the nozzle 302, and causing the
ink meniscus 316 to bulge. The nozzle rim 303 prevents the ink meniscus 316 from spreading across the
surface of the nozzle chamber 304.
As the temperature of the beam pairs 308 and 309 equalizes, the actuator 320 returns to its original
30 position. This aids in the break-off of the ink droplet 317 from the ink 321 in the nozzle chamber, as shown in
Figure 19(c). The nozzle chamber is refilled by the action of the surface tension at the meniscus 316.
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
35 352. The printhead has 6 rows of interdigitated printing elements 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 from becoming blocked by
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the join 319. Both beans pairs are anchored at their respective anchor
points 310 and 311. The conbi nation of elenents 308, 309, 310, 311, and
319 forma cantilevered el ectrothermal bend actuator 320. Figure 18 shows a
smal|l part of an array of printing elenents 300, including a cross section
315 of a printing elenent 300. The cross section 315 is shown w t hout ink,
to clearly show the ink inlet 312 that passes through the silicon wafer
301. Figures 19(a), 19(b) and 19(c) show the operating cycle of a MenjetTM
printing ePRFrdRTs 3aHer dﬁ“@ﬁﬁltﬁedl"g(‘%ﬂ“mg?‘?dwglf fieaigipeddae °“b‘t§§let“i’261ﬁ gy hf’lﬁ% i nk
neni scus  3dingyrintng. To@refdnt inkt 32 Gorautrying) ke Biz@piuid is sealed WohileShelp@it@iisi@d in t he

nozzl e chagper b ension at the ink nmeniscus 316 and at the
fluidic seglg SOSYh%%gQ’BEt ween the nozzl e chanber 304 and the ink channel
rim306. Wile pFieAtivhgfrsinedevissef the 10ags senS B1iebLA rer P1dvhichrysiBaitseabeddada from
the pri bt engilae3¢arublead tapturetadd debdde IRCpusiki@Othgs [Bioin Atphdd Giach @RARA §ensof. aheclhege t he
data, and Qhktnf K" Ssoltlchs%xted&tn I)rgvug[i LYt altl Qﬁ) (ﬁkagec%lfep e;?em%tl s8ens‘i)f Eorﬁy gg}-m

act uat or beam palr EQ I'S causes an ectrical curre {aFII’ ough
t he beam p%i'f eng@% Af Befmaﬁdworeﬁféaﬂmlew JearErés blp eemswlwgth‘r b @WP‘éach‘@%Hﬁheng
The t enper atfate,@nd heped able FeSnsk tagsfa §1ifﬂbf§ht\}ﬁélﬂoeaphﬁﬂﬁﬂnﬁlglaﬁﬁb16@5(1 d f1eo0 Heam pai r

308 to ex pﬁ&@r arﬁsl 0(} Itilzeorrl’ﬁéﬁ | YGrn@h Lé?pgﬁ)e:;i fbg ngsa ncé %eggand F_?Dessky transa%t%(ij fo the I t does

not ex% resul ti ng a stress ween eam pairs.
Thi s stiPesRinHr fof bAse 'en>| e pripter Plah’aﬁwstqneselevealgﬁge qaﬁew@achq tevherlegwvn) @eag of
the el ectrotwtesmal bend actuator 320 bending tovvar ds the substrate 301 The

chanber 304 noves m crons ovvn I n ure a19(b)
Thi s i ncr eX8&&kng eylilSnTéw ﬁ}aréeé BPEL hevsresiitigt @eﬁﬁisalsﬁ uemthe@ﬁtpqgh Fsterp zszl bewew and
causi ng t hgstent, Bkh ssBhESCis Sse(Bélsﬁn In@rbiiht@Rice. FdoEnepaE HbiSs fegmrﬁﬁ&hlﬂfeﬂ&lﬁ@& @stelnhe i nk

meni scyg 316k L Gle g%%s | M,B91 858, tﬁemgta %gefngﬁsgggozm td ecugoze%.ref o m%n{]a%o 304.

As the tenperat m pairs equa i Zes uat or
320 retur n@a“lt%“ePP%aréﬁ‘ﬁtr@IOHW“BGQIhPP%geWP% aids in the break-off of the
i nk dropl et 317 Wharitiehb is mlcontadilwitha nétfage, fh@ﬂeﬁld&erﬁﬁém@ﬂfsmoraeﬁd &féﬁwﬂ'én l'eﬁtlveF| gure

19(c). Th €0 gé@e erf%mggggacheh §02a r]:: I slerlsgrdan(tl) Xxe orce m?t%é 1'*1191!3] m?ell;prett rela%\é‘s tg g%\te l%n sion

at the mems oOWs’ a segnen

net page priPidisye Whether ﬂ}eé’Pfg‘ﬁ frrotr ‘iOI"Yé - pHis ﬂlpma’eierﬁcgve etehlelt pthq page tebehy Cleked’[bae

paper ( ng piressihd With2AAOpetidb, inforde® rdjué’sﬁ@ziyl ﬁfgmﬁﬁ&n ﬁomne%gmﬁi{herﬁlﬁ[@% foge . 4 MM

| ong (abou 0 r ntin tepaperls
éaF Qd %a/%&l &1598 I'%J) gléw, SE) { gyn r)ucs srglgngfgri géd

noved past prin rectio he pfi nt head has 6
r ows of inter d| ngtea’F’edetW??t‘h%@S‘é‘P"eﬁéﬁfl@tas‘@(})f “pr"lbrﬂnltthnefPP@ byjigaging| ipiths or
types of i infaredSpHofaind, @Carday191 ére@heiphdé i Aé 6$1ﬁty3ﬂ42e mﬂ-@t cﬁd’o@és %tneatelgtaagf aﬁ@—@*ﬂpﬁes

surface of ri duri.n er.at

attach g thé %L%g&porf %'?ﬁggﬁw%tﬁ NS ?a i %t[()’m g Servﬁdop ers%eétévﬁ dlrslt82 i e %Fd?agte%ta% i the
corr esg ndfoaty srepgD @f Yepan@rtrs| Adthaigh the pesitieryrgieluiign of Fhe tag anay Pﬁdomleﬁp%tt@ taar e
fired. To @hsyemthe pize 1sﬁ&@ﬁé1epxgpbaroﬁhl Rohegg 32 1hé bQRDpLAM RGOS kEd niY,

NPT013- SG R £ e debri fi I ter ed al r is punped through
the air %geﬁs&g%fna}ﬁ%ﬁ%%%u% e f?lrgczc%r teﬁalmlijar agrﬁcofg%s during printing. To

prevent | nk 321 ?eflewpwwwoaﬂ%@gerﬁbezcznﬁeedgemedeswésﬁslea%eeommnsles qf mesaysnient er
is idle. lofGimd-RempdleppagsioResh tfr&}egeaﬁﬁtfatvcebﬁeﬁﬁum CkaVing Gonleteli Iasetheaibmgﬁ

syste S I ded .contrql 134,
s ablmgbt O;;e}cf—gﬂ {gxﬁxl;te)( gnép SQIs&Qégeii \ﬁ%ﬂﬁ ﬁxe I pirA ?ofl tBe xfer?p O%anwnever the \?Iagd Ilg I’(I:L I %Te]sige
sensor. Th‘é‘“‘ihn‘ﬁéf‘émr@*éﬁ%‘ﬁstqn%es’ag %@? ¢°Gmsltcmeet 0@@9?@'@ provi ded with an

appropriate filtekhicpag2eedial 2 SEBH kdGtiond B260MoMatddBAh it MNEWiAY 8 kuser to perform copy
and paste operations etc. The selection is timestamped to allow the system to discard it after a defined time
period. The current selection describes a region of a page instance. It consists of the most recent digital ink
35  stroke captured through the pen relative to the background area of the page. It is interpreted in an application-
specific manner once it is submitted to an application via a selection hyperlink activation.
Each pen has a current nib 824. This is the nib last notified by the pen to the system. In the case of
the default netpage pen described above, either the marking black ink nib or the non-marking stylus nib is

current. Each pen also has a current nib style 825. This is the nib style last associated with the pen by an
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wavel engt hs. As described in nore detail below, the systemis able to sense
when the nib is in contact with the surface, and the pen is able to sense
tags at a sufficient rate to capture human handwiting (i.e. at 200 dpi or
greater and 100 Hz or faster). Infornmat2on captured by the pen is encrypted
and wirelessly transmtted to the printer (or base station), the printer or
base station interpreting the data with respect to the (known) page
structure. The preferred enbodi ment of the netpage pen operates both as a
nor mal nar PPHEITrfE: PETiPearde Xe usyr seiRiSiag Hreplk frprpy 2 841SHE- (e defie nikglyIk it nibspyisct |
however, i ssoniattd wigGless@nyhitl StfokésSipAged t@gneticp g Reddy SHARA carSentnit yRVWW hdAGhe
system su n et page pen
is regist egrzl}ealggé\ne %&&hfg&ﬁégﬁm&Q@ﬁlsﬂ & rg;%dgéé%ﬁﬁﬂgﬁto S&]ﬁ%ﬁ\t&%%%g% ({I Figure 23
shows t he net pag® {jeys &f a@s\s mt}&’gfaa%ﬁOfP@f‘W@c"f“ihr‘@wbér?anr @F‘a‘t“é‘ét% e earrsietivon

mai nt ai dedfldshes s “oage SEDaWheNheei Mitvto dtodar sﬁdkereﬁﬁ&emﬂigepa@@&\ﬂlaﬁlkltanm&ﬂatﬁl t her
nibis in QSO‘QI];&C]EEM& tgeﬂg gu@é&i@ in (,l%mé)ae %gla%r to rllesal tls gn% I1 actlvates 1%
orientation relative epae EnibD s attached to 5 force sensor,
and the forrke“h the n|b |s interpreted relative to a threshold to

i ndi cat e whet her Atsbgenpest chiBurédUiiokeOls ref€HRAUML' as d@hﬂlSnk&bing&orﬂnﬂﬁléBaiﬁtfdr\ﬂﬁ

oL ement Onabile oRAGS bCuRfhes hd iRm0V oPLERS Al br LAGLRER I o GO der

to rquﬁs I nf ormatlon roma er nor e
capt ur a‘éer‘%“a Hif SEWESs val ue to al l ow, say, the full dynamcs of a
Si gnature to be wemkdis @iihless-rdﬁﬁtr@&ﬁ]ts di@iaefnmom&&etbd@eprﬂﬁﬁ\hiaisﬁcﬂt—raﬂ‘géra@% LgnTRt i on

of its ni btraggl]mt]ieﬁ %1g'n§ rﬁqsge%cr?&ed fg%g%agg?i dlsencur{i)t;;l gﬁdtpgc%ft{zez%i or eff?:{';:er%(%'ransm{”rllona‘tr)1 t 1 ar ea

193 of the page in the vicinit nearest ag and
comput es TWS%@FP?W“'HTGV%@eWP‘B“‘i‘l@Y@P‘ﬂW@nEhGPWWé tag fromthe observed
perspective di St Whini tped B @h@-rangage%ﬁtagtmdsﬁlgﬁl lﬁlaﬂlvmergﬂaiamry ywheh nishe pen

optics 1 5AI éapagw f_clepgn 8191§t’33 o'f Qriduiz %nifvtvrlm%? Vﬂ1fen {h cpenls og%e aga%/rhmt%in range’ of ggncn?us e the

tag densi té g ge IS 1nverse propor nal The
adj usted pb nff?rb‘ﬁYP‘é i digiebrk-i s quite high, exceeding the m ni mum
resol ut i on requi Aeeh chiObe repBettl aitieank amehar Jf blhrﬁ% B@B&@m dis@ie dath@ﬂe@-ﬁB&%&
relative t thaon %}ep%g%n ﬁlr g?\go%pgtlilsrlgr e{liylmmgtena?wfnqx rmt r Ster'; 8 coe S 1catm%w1%1 a% any

consists o equence en posi ns " on

initiated W‘c‘éarﬁ@ﬁ down event and corrpl eted by the subsequent pen-up
event. 20 stroke Agreh&RmbRAGSRGS b peh istdberite@ @ @rehtld 481 iRbeclida® bR, RAGRIWAGNEvVer
the page I D %Q?s ﬁ whi ch, under normal circunstances, is at the
comencenent o e stroke. Each netpage pen has a current selection 826
associ ated!hi th N‘ET"ACEE'!‘T&M%QW he user to performcopy and paste operations

gt ](c: Tge sel ect i DR nitpagé privRE40A ARG Lo raéting)watstg&e saﬁﬁl@mm vﬂbrﬁs@;{e&ils luJed @f t er a
efined ti, curr |l ectign de
i nst ance. tracéoﬁt{slfélgga Per[h cmeg(?a% r eé}g'nt?gs i"gli° ds then‘??n w?? k! u?:egfﬁ ‘a‘?%%ta

t hr ougﬁ5 t hBovpast sush 4% # ¢k dhg dite aB%Iéiy?r iganftel Oéﬁleaamlalt iee pdgeociaed itgactive

i nt Ie_r pr et edenieft tabe (&féﬂﬂnhee akd @Endlc&p,%f 1&& Eé]aﬂ%%@ﬁ’onﬁ@@ﬁhd ;Ien kefatieUb B b&ged) g0 an
applicatio ction r activati.on. rent
nib 824. fa}éle(fasT B i ﬁ(?ca? Bt 1asstrtalysﬁngt (“TOI BT YIRS resow?s O tﬁ‘% ssyg} © B H? EJ the
case of tthestgkf 19&9 [the npferer adfeespeihedhenise |P1!£e deregb &/Ehlchenaem the lyerreprandicigrpgeebl ack
ink nib Ol’mitdﬂ& QN thAAtshshds B YrokiSo Mk bagb Servefs Wtﬁeﬁﬁﬁe- waE?‘é@éﬂtl)pi@é?m@st@anmera

g;l’ ;ﬁn?lg rgl?e éine% 8p2r1§1te1 J%Ia realdyS hagleht%e (fdress o:_f éxg reéer\]rasng;[)atgg sseltsv(ﬁ)rgm ttlscé? ev%tr:lbrgfppge?gp:n
color fr orﬁoaﬂsﬁe?lf étc?”@?act Pies 14:!@1‘ a’alh@m?ﬁll HSTSIQWIV éy P getpapepagd d9rvert (e delovas Bworgt ed
wth the ClalolitrExtrs B dBject StuctD ksBHiaged Rntd aRCpidcbly UGN tyBicdl§ Biodd BselvA@ & ndMetpRet hE
current nib style. Wien the strokes are subsequently reproduced, they are
repr oduced ' t he nib style with which they are tagged. Wenever the pen is
wi t hin range of Whesrtherprgersernydr rdqeivehihe biroke frasmathe peorimatipvsathepagt drecripion tsviaaM y

35 the stroke applies, and determines which element of the page description the stroke intersects. It is then able to

interpret the stroke in the context of the type of the relevant element.
A “click” is a stroke where the distance and time between the pen down position and the
subsequent pen up position are both less than some small maximum. An object 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

NPT013-SG



flashes its "online" LED. Wen the pen fails to decode a stroke relative to
the page, it nonentarily activates its "error" LED. Wen the pen succeeds
in decoding a stroke relative to the page, it nonentarily activates its
"ok" LED. A sequence of captured stroked is referred to as digital ink.
Digital ink forms the basis for the digital exchange of draw ngs and
handw i ting, for onI ine recognition of handwiting, and for online
verification of si tures. The pen is wireless and transnmits digital ink
to the net{4Ye B A t pPYy fligk. £0 fg%%ens‘ﬁdvaﬁ@‘é’y 15 BPkf resnquee framyie pep’s 29K t ed
digital ink is efiereapttedkifdsrof ppit viaoets andnegegipaget dysciption: pepedisis iagiefoknf f@Ids.
efficient f, @Mhsa%rﬁrﬁeldQHBIS&tﬁggeiatlmé’m\ﬁtlot'llo%lgsg&la%ﬁ'hﬁerﬁ n-up event to ensure
timely han glng printer.” Wen the pen Is out-of-range of a printer
it buffers |g|t‘él¥pef'ﬁ‘g in internal menory, which has a capacity of over
ten mindtes of cohpretiviosismbrasdvandibg avgpssajphedreisi@appi@ation InOHE@Iaéiis A pivitddhi N
range of are&%ﬁs@ﬂx%netpakés ;ternansfers any buffered digital ink. A pen can be
registered with any nters, but because all state data resides
i n netpages botfi H’Hth%ﬁﬂeéWeméﬁ‘U‘dﬁ’ﬂﬁecsH@aWéfWﬂ which handlesjagfivgfiop ¢f therppettiak.jaa|

whi ch pri ntimiD &4 pigeh idestifeomerbyperiaite hejapplicationin “aidyrequpair flgOubich skt thé®stenfto

preferred ﬁé’fm me gRAL ap;gnccat;oh1 Qmpl%rlﬁ 1r§thgg'§e91{nk Qc%gan!%rp ﬁ% f%%@(x?%gk glelfi gg{%%%t ion 6

bel ow, Wth reference to Figures 8 to 10

net pagd Opr PREEK i5eeprded s VoEtE an iprearsdp B piegs bivr The wewknkielement lae diggm 501
when the peowiisFigged. to interact with a netpage 1. The coded data 3 of the
tags 4 is read bWhénQ%yﬁﬁfﬂk m&Qaté thé é&gé‘%?l%g séngsa cﬁngsytto%n %)phC%%%?%gﬁe’re o%lﬂl%h as a

stroke. The data all ows Icula age and associ at ed
i nteracti v’é’“’@[“eﬁ‘iﬁﬁ?thaB"rHé‘dH’éﬁeé‘rbﬁi“‘rf'é?:llc%iﬁ%ll% %‘a‘f walicption ‘Ffeﬁ‘ﬁ‘@d indeaemele
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data igstr é%fééml B%Qrﬁnl& Qedl NEHRL lﬁ‘%ﬁ&e 36/“19 '1 %‘?ylem e 8 rdolG NS dane

or k. ad r ess 0 e né'

page I D 50 of e stroke 1 nto the netw page page
server 10 AR ?fa}am"alﬂhggnelﬁé’fe@ﬁn?eé%wwaﬁ ﬁ&ﬂﬁ hyperlink sphanits fhe eorigpepding forg Ren
transmts thhgplihtiopkaesetettioh hgpefialg@bnER ke @lirrentIsélectidh@o P gHPliARE. If @€ aﬁkﬂtyelecnon
lave .t he

i denti fi ed kﬂ%n@suﬁ@w&d%eces&rt&k Bor e{aﬂl&@ tﬁehaﬁglggt oph C—,{ retE'th ﬁm#}e g Xoc ent dgrl_lvmgS ts of

address of the rel'evant page server In |

a conpact Payedr BGBEe VikiP RE sriedn phiclsit arpesy PR ‘bayS‘aé“’fh@tOrj‘afbfémﬂ‘a.‘g‘@“@é Bdr (see
bel ow) 20Thppiageype is ehpattrizeddl hs inffoanddily ieabsitalce fplicktges, fonts and pi eces
of text, t yp' cal Jﬂﬁ é%egﬂ’rogrﬁng%%piﬁ \Qﬁ‘%{]ﬁce%z };epo%sg?rgr[gggon ID@? ;[N rc%n bge\é\g]egl ic gohhe page

server receives t rreves t scrlptlon
to which REengfepavhich de P@grhm‘aﬂﬁﬁn%fép@ﬁrmTﬁ@@anﬁeﬁﬁoe ID ednddrptify vsgFspeciie dpaige
descri pti othe ippkiratih) foke@anpht S iReEigScart] df péning fedhasithaitdirdd by Nfubshin@ bpplida@onSt I oke
in the confextQfnde type of the relevant elenent. A "click” is a stroke
wher e ég distance and time between the pen down position and the

subseq@@nt pen upreEEMLIcHes i eenisrTeny seecon R i asedvsondierlink setiverionFhe syismobj ect
whi ch i s aetlidvathedonly @ tel ds@kiatcd W Gdthrcy 36366 Wi ﬂsmyaermdaaioaﬁoa Anﬁbugtctfltnéat ed,
and accor dﬁygglllrﬁ’has‘?ts S! Slta Et(n%ht]? selc gnﬂ' ﬂﬁl?gnggthe I];Q?o gllbrlml'slsr enlsoi]c cl% (ﬁ S)rz_lsF 1013- SG

21 action, 'such as a orelsterlsm el ack
of respons’éd‘l‘dFWfifq‘i'é"efféﬁ‘T‘@h'"bﬁk‘hyﬂfﬂté‘a““’mé‘?e are two Ki nds of |nput el ement s
in a netpage page hghesialed poaptras ishysp@p biembsss3adicH 105 A dsdoghtélShyperlink, as shown in

30  Figure 31. When input occurs through any field element in the group, the hyperlink 844 associated with the

group is activated. A hyperlinked group can be used to associate hyperlink behavior with a field such as a
checkbox. It can also be used, in conjunction with the “submit delta” attribute of a form hyperlink, to provide
continuous input to an application. It can therefore be used to support a “blackboard” interaction model, i.e.
where input is captured and therefore shared as soon as it occurs.
35 1.7.2 Forms

A form defines a collection of related input fields used to capture a related set of inputs through a
printed netpage. A form allows a user to submit one or more parameters to an application software program
Tunning on a server.

A form 867 is a group element 838 in the document hierarchy. It ultimately contains a set of
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| nput through a formfield can also trigger the activation of an associ ated
hyperlink. 1.7.1 Hyperlinks A hyperlink is a nmeans of sending a nessage to
a renote application, and typically elicits a printed response in the

net page system A hyperlink el enment 84422 dentifies the application 71 which
handl es activation of the hyperli nk, a |link ID 54 which identifies the
hyperlink to the applicati on, an “alias required” flag which asks the
systemto include the user's application alias ID 65 in the hyperlink

act i vat i on® 4Rl cfperyFhih o | Wﬁ‘f‘%ﬁéq TEPTRiEnESd Piipeinstaprs oA ey It pasisty o€ 2 pebfor ded
as a favor fideingince 3@ avhigh tanedpbid toisherfied densit0845. of THadorthy pLt Ifitla kns@hce mandn cl ass
di agram i SasoSitkeyhik @71Flavg&§5 @pg&aenm%eafyﬁ%pﬁg Ldr@%oﬂdﬁgﬁ&& ngﬁegtte gach E‘lgﬁ aﬁt%ge

server sends a request to_an application somewh

appl i cat i offr% MPYlHeuet ¢ RAFHSr PHACLp Psaste; igntiiopshene or g9 Pk natpﬁgtsr Eforgn 1 D
IS reseﬁvedasidiagtahessh@mnanlgurw\Hy Vi a the DNS. There are three types of
hyperl I nks: geneﬁeﬁh fom{ﬂggnlcé lﬁg§st§§%72 \Ifh(?z!hnﬂdnyt&%h& &Eﬂ?f ?’act (?roz%g lsv?o tleﬁ) n

hyperlinks 864, as shown in Figure ) genera ‘can i npl enment a
request f oroiPr PPRed fory aeﬁ%ﬁ*ten ﬁrétrpn%fv*éqrnﬁtcyme ifrgn%ttncat figpd Adormdecpmesa
server. A fubniredvy@end df itksubimilivh hypertilie has béeh esipmadiniag th Byptiikas its@bmit delta”

appl i cati Ofyinft S€a86H1 RBonldy A& {ileh 'ﬁle%kép EB'v&és 1 0% t%h’r[ é?é’t‘tf n%%l ﬁs%!a&% '}on%(ez, f.he

appl i cahi on. If the current selection contalns Sl ng kl)fp

t ext, ORFS & forp faires yRMithedimp B orales best ki eéfe%dt thgfoan’ iﬁﬁ@é“e@i etm?eWtﬂegu vi ng
t he word' Sthesreamns Agiveifdri iinputtih@loedd Nin@iX through ANbrirClhidh tis ramaaarmsnste@cr captued ANl at i on
into a diffarend Aeﬁr@%ﬂrﬁe reﬁéaﬁt*}agemés&%e' Wi tﬂeV@ﬁn it %u&%‘%%&% eﬁmg%n"‘hat

information i's submt corresp on i nk
i nst ance 8%2W‘ide%‘t¥raﬂ§“pat°ts‘fba’ﬁ§£ﬁ§‘f‘ PVB“ﬁ t}Ielﬁ’“}}ss Wﬁ%‘ﬁ "{:f&ﬁenb%f%%@cqnﬁ Inéteaflehctth@ page
i nst ance ofermvdming kepérhie hyperlink i nstance appears. The transaction |ID can

i denti g user - spggj, I"o mgﬁ'&éals Lsgoma{e&]&t %5) gltﬂ &19%0'111? E}lﬁancég rdenvez?fﬁf) i€ s r';r§vbcp I%B.I ng

cart".of pending purchases mai ntal he pur chasin cat1on
behal f of YeFln figiery- Thipilovs olk bushe atqet I"?E%I‘é‘s)f ? f?en ﬁéﬁa@u’cé{}ﬁlteé?ﬁ“@éteé’&“?@rﬁoBZG in
a sel ecti ossedwghper | | nk activation. The system i ncI udes the content of the

the hyperlink haS|ts ta at Si*nce the
| ast f or m YRS VB ?°§S‘SFSn’€P t?ﬁ%le*tftyle‘f ﬁ‘e’k%sﬂii @Pﬁh Si“t‘fe qua%%ofanet ef tff@et?m?épqnet urn
pat h i &0al ﬂosﬁgﬁpe’rd kdak ofMeitidh\aBb iindlides pdd dhiysfaibd dnid kibCkorgd. QDA GADInk Slaskt dPErhI R
el ement 838 whi & pﬁs an associ ated hyperlink, as shown in Figure 31. Wen
i nput occurs t ro%g field element in the g roueﬁik t he hyperlink 844
associ ated with fHed e&f"ﬁ‘lﬁﬁ“ﬁ @n he ¢ ichegibet fielh8Hy p & feltldad, apdraing feelind7Berrised to
associ at e digpes fididigo b Ald ddmemicladd dlagr:fnlt eklﬁwﬁﬁ@igurasat Any @GR redlida @R al so
be used, |£nec5§rgagg%dft9ﬁemkth the "submt delta" attribute of a form
hyper| i g to provi continuous input to an application. It can therefore
be used®to suppof chegkbonfieldirer assepiated feokspmyelur 8H. stwkpen in Kigues 35. Aphiapts @ st i s
capt ured adnds,blekehdn eigafaegcthpied BAORSK fidd PohSes a frue/valle fo®F BEBigndd fo@em
defl nes a g ﬂisl"%‘f]l on of related input fields used to capture a related set

i nputs throug PI’I nted netpage. A formallows a user to submt one or
m)r e paraneters f‘(‘?"’aff‘? dhaprniatseriqted texisaie Farae siore grfigie 36 Uyin figig! Bhcapuséinger . A
form 867 i sxtdelds ouis elt@impdnlly B38rddio th @ia doteRmdvritih eogitohYind thd tedd istabsigadael y

contaiBg &, %tﬁeﬂfs VHEGT%I%]E %%d%gting recognition is well-understood see, for example, Tappert, C., C.Y.

Suen and T. Wakahara, “The State of the Art in On-Line Handwriting Recognition”, IEEE Transactions on

Pattern Analysis and Machine Intelligence, Vol.12, No.8, August 1990, the contents of which are herein
incorporated by cross-reference).

A signature field has an associated digital signature value 883, as shown in Figure 37. Any digital

35  ink captured in a signature field’s zone is automatically verified with respect to the identity of the owner of the

pen, and a digital signature of the content of the form of which the field is part is generated and assigned to the

field’s value. The digital signature is generated using the pen user’s private signature key specific to the

application which owns the form. Online signature verification is well-understood (see, for example,

Plamondon, R. and G. Lorette, “Automatic Signature Verification and Writer Identification — The State of the
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termnal field elements 839. A forminstance 868 represents a printed
instance of a form It consists of a set of field instances 870 which
correspond to the field elenents 845 of the form Each field instance has
an associ ated value 871, whose type deffends on the type of the
corresponding field element. Each field value records input through a
particul ar pri nted forminstance, i.e. through one or nmore printed

net pages. Ihg cl.ass_di zgram is shown in Figure 32. Each forminstance
has a statis’ “’\r/@f“’@f‘i‘“?“néﬁ’l& 1 &3> VRE: HE ot R °f6”|"ﬁ5‘ P hefeip jinperporgted By eross:

subm tted, refevmebl or expired. Aformis active when first printed. A form
becores frozen OﬂQi@d lelkmén&s &'a&ﬂ%% “fudeR H?;t}a{%‘}@s&eﬁ h1d§eHlﬁEﬂ1 bik ‘{Ht &%Qﬁt r%eanOf Its
In

subm ssi on, erI i nks een activated, unless
T aobm 1 GePPE R o st Bt e P e B e A e PHE SN bes o

voi d f oPm fomedatwhénglerformrcontiinpigitte ditlé iskminepage command. A form expires V\,hen
the tinme the forpfigs HReRAGH ¥SRIGREHS mhlt;a%ng &fegan caft 9@& rgcgglﬁu a;?

Wi | e thef{ldormls active, forminput is allowed. |nput rou orm
which is n6t®active is instead captured in the background fleld 833 of the
rel evant page i nBicamctbe hahtivaitingt rivegrition alpdrigimadiks Yali@r (if.rvowE eddess fo(ﬂfemyr&miamfssi on

is all O\I\B@]e peﬁ‘ﬂ%veﬂl%ﬂt)efmgr tiaR < (ffﬂflml(lte V@ithfaQJegpo}ﬁpgq bmﬁ ot‘ ma}ki%gsr)](?t carﬂ%o%hz%
frozen,jS ted instead elicits an "formstatus report
i nst anég é&‘@%’é’ e%t“@&"*“ °5¥a°§§)mwec‘ﬂ‘iveéﬁyghf36ﬁ“ﬁf¥r W@P‘&ﬁd@?"él@?ﬁd%ﬁa‘ff‘%@msf t,

t hus pr ovi dwrigr-d&pendeerngidd of Handstitugyis autbbtisal lgénemrsd @b timoibwdvkreant &h&sgsneVMSI on
of a form ik ifRbtshgul ar time period to be excluded from a search. All
input is captured as digital ink. qultal ink 873 consists of a set of
timest anped st r oRE] P Liready; sfatede sQupiSiPf apfseire Ob Fiokest Anystroks vish stgfs B ey | ed
strokes 87@rticEackmat’s Okes Goagidsé Satelemat sd@gitalfk srbarp®idg Mg @thridefio Ak trbdNS
876, eash pf apw;\lléalfb aﬂloﬁg:t é&&éaﬁﬁ&%ea&%&p%heﬁ%t ﬁetbh& ol Hetdl B%nfalgﬂ%g The di gl tal

ink class diagramis, “sh ure freld el emen can

checkbox field g% ’ékfa@&‘fed 15t ‘tickgfm“d figld iy afipraiga 15i aéFl‘éf“?i’?gssmr?)lC“%m%‘P@ﬁat ure
field 880. of piweor fbre bigjeceslicynenily Bleass:d di DgE@ of She Siammriben objéctLultBougdihe 20l

di gi t al |rylgte,F1@Qﬂddrsqigphlcﬁogspg&fgl d's zone 58 is assigned to the field. A
checkbox fi has an associ ated bool ean val ue 881, as shown in Figure 35.
Any mark (a tick!ePl2 syopmgses these wpipusRe integactiqns pithangpagy et c.) captured in a
checkb@® field s zone causes a true value to be assigned to the field's
val ue. A t-pg(,‘ie{ 5@,1,,93@%? aﬁh?&%ﬂ\%ﬁ?ak&?&g val ue 882, as shown in Figure
36. Any digital mn ure a_t fld's zone is automatical l'y
convert ed too‘TJ%SEt vi YRl i|ne PRAIBRYt tilng recogni AR and the tlext is

assi gned [fywpetific Tic&lethi s alcke. Onli neslrbarn%dohftd anoaﬁmgm TTom|is

wel | - under|st ood sge—for—gxaprpte—FapHert Y—Suen—ahd—- Wakahar a,
"The Statgq of the FAd[rf in aﬁ'l" i ne Hand S{Ubﬂ'trﬁcﬁmlffé?:o@&% ?’\ on", | EER
Transactidns on Healeciem ABligkysi s and &MlSﬁechbmtO@bmllcqence Vol|.
August 199€bmtiBie dORCkIdkS |Rly mvdm cn ar ARRF&Ldko AEIFC OT poT at et by
cross-refgrence). P A—st+gratigre—ield

val ue 883, as shofi™fn Fi JUFSwaig A Any ‘g?"agrf%;'gﬂ'i?the(’;‘hB#ﬁlé‘a‘tPn
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The system maintains a current selection for each pen. The selection consists simply of the most

recent stroke captured in the background field. The selection is cleared after an inactivity timeout to ensure

25  predictable behavior.

The raw digital ink captured in every field is retained on the netpage page server and is optionally

transmitted with the form data when the form is submitted to the application. This allows the application to
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NPT013-SG 23 Art", Pattern Recognition, Vol.22, No.2, 1989, the contents of
whi ch are herein incorporated by cross- reference). Afield elenent is
hidden if its "hidden" attribute is set. A hidden field el enent does not
have an input zone on a page and does #ot accept input. It can have an
associated field value which is included in the formdata when the form
containing the field is submtted. "Editing" conmands, sucg as f ol g
strike-throughs |ndlcat|n del etion, can also be recognized in formfields.
Because t hB©HAE P i ! B Sty it oot thA 58Pe! COMTIRr weh 2 B ponyfesion of handwrifigny h
access t o tHeThbyoahiir gsmple, involve hypen inkoveine mtthe, appliadtinelevet foaformsodhich fan @értafni

\é\/i th at(‘,:cles Q‘Q&to){ sﬁe@lﬁ@comlsrteﬂaghé&s p@eﬂ e%{ml&ll Qg}ﬁg the %&tlre%&g%&lﬁ %5‘5&% légll bgn
I scretely-w

% ers with reIatweCtPé g: accuracy
witer- dep%eﬂ%ﬁ %% ‘%F‘ﬂ’i‘gn I hofsagplicatian Gn; thep decifle, oy {Bpchdtis ?F[Sl?fé’lresﬁfe A éﬁm}vﬂ‘}kt i ng
i s aut ofat sutsak khy explicieelit eftthediurex totrdurehe firowey Biman atitot anthbssugpiive tiat tBchser

up- front '%ayﬂ%%§§t&yameﬂnghstt§'lhe Fiin R (ﬁals{dggiq%sesﬁeﬁg ed, consists of a
sequence of strokes. stroke which starts 1n a particular elenment's

zone is appended #6° %8%‘%/”5@?%"\%%& of the ppegss pandlipgpey t“?‘éé?n‘i‘f“’er“éaa‘&?aﬂe&he process
I nt er pr et atonsgss. of Awapvingt (AGRD a skt frayp he paheidertiying Kut 843) mepagslndanga Bako whitk tist r eam
is appendepa ¢ B 30N tRAKOIR &Lnfi,mun@ & s%sﬂﬁe%geadescgmsn $Lib %‘é Y Porn]afd

capt ur @ t he backgroun is interpreted as a se est ure.
gyt B ELCNC R T A RN A A

sel ect i on ofrespéngs to aficid pigraani, reldf so bppereiing (at 842} thotecHived i@keac thelaikital inhbfakefiedt at i on
i's applicafie @71Sﬂi%ﬁ>}emgqat 8332% §cc%m§ak92m§ﬁd1%ﬁ%f&@&?dean\i%&én%ﬁ%l%%d ‘Wetﬂ& dgtions

with a net en I nteract

Obj ect Ty pe%é is P‘?ﬂo‘iﬁamefhﬁ]ﬁd PP aPﬂ(‘éé"n"éP‘éP‘@l (Pt SRS rseCispd tyRSHing: Glt"&}ﬁb‘ieiyc ation
For nCl i ck Stelzrmiting (atr3f9) twbetipipd fosattddelmet @etsp@aGh b BjpStitkElener @ld@Gb hobvhtiigQat

appl ' 045' 0@5’%@5 %E@ﬁldﬂg%}%%&ogﬁm%Q uktfﬁé ng&kcet dr %m f? ﬁzlh 91] }g'%erhnk aapendlng (at

Text Handwr | t 1 ngConvert q assi ?

Dr awi ngDi giPat 1A pegke @ity disifp! wkné ﬂtﬂd’aw@vﬂd figd 8 3F9“doﬁ°@’|m§é‘lt 8P Rhe Secgiiedt ur e;
gener at e Sitgkvad the @Sengseitiion 8iofthd @trenspeg RAhAlitEned by thokdrads sangn di gi t al
signature to fi ehgnm@%m & HOBEd ﬁmﬁa%?&ép%f slum JT&LSF L3l h%&é%%ﬂ% the

sel ection The s em nmal ntains a current or each

sel ecti on %98%‘%& digigy jppof,a Bld s fpterpreieck accwd@@éﬁfhe §w pfidee féeéip?hfrweSF FPngisigof
backgr @dnddefeinghiny (2T ko) Sbdtiec the Gitld iiSa clleB@s-eghd Ahitt 397) BHathérNBCHigitdi iny rdptepeBOUL t O
ensure pr&@c‘kﬁgrﬁball-l@ if Q? Qs@ﬂéﬁn%r (at 815539 &L@Walgé 8 é]]ieat{eidl \mﬁe,%ﬂ&? Negldde!e%irgn\é%gt%ﬁ)l eld

is retained on the netp ag age server an
whether the field is a text Tield and if so converting (at 900) the dlgltal ink to computer text, with the help of

the appropriate registration server, and assigning (at 901) the converted computer text to the field value;
alternatively determining (at 902) whether the field is a signature field and if so verifying (at 903) the digital
25  ink as the signature of the pen’s owner, with the help of the appropriate registration server, creating (at 904) a
digital signature of the contents of the corresponding form, also with the help of the registration server and
using the pen owner’s private signature key relating to the corresponding application, and assigning (at 905)
the digital signature to the field value.
1.7.3 Page Server Commands
30 A page server command is a command which is handled locally by the page server. It operates
directly on form, page and document instances.

A page server command 907 can be a void form command 908, a duplicate form command 909, a
reset form command 910, a get form status command 911, a duplicate page command 912, a reset page
command 913, a get page status command 914, a duplicate document command 915, a reset document

35 command 916, or a get document status command 917, as shown in Figure 39.

A void form command voids the corresponding form instance. A duplicate form command voids
the corresponding form instance and then produces an active printed copy of the current form instance with
field values preserved. The copy contains the same hyperlink transaction IDs as the original, and so is

indistinguishable from the original to an application. A reset form command voids the corresponding form
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transmtted with the formdata when the formis submtted to the
application. This allows the application to NPTO13-SG 24 interrogate the
raw digital ink should it suspect the original conversion, such as the
conversion of handwitten text. This c#n, for exanple, involve human
intervention at the application level for forns which fail certain
application-specific consist ency checks. As an extension to this, the
entire back rounéi are m can be designated as a drawing field. The
appl i cat i o"E&H"! HEP g&ﬁ‘ﬁ ﬂéCt‘V?)?f‘“feﬁé°pb&f§'i‘e§°"6’f‘“s Pre Vit Relderive diserdgd gugfté?rmi nk
out si de t heatexphhapd profuces|adsinted repdnteonftigrstapus bthe @utspontiing fofnd nsrank© inludingwena
operator, QBishdg, @&ﬂﬂm EQQJ foh@ﬂom i H%%ﬁ an(ﬂﬁeyfoﬁn@ééﬁs df%k?ﬁ‘n@t&kc@mndmm s to

the filled-in fi soutS| t hose fi el ds gure ows a flowchart
of the process o lnﬁﬁérf?ﬂ“lhi’ibe B’éH‘StP'ﬁf)Eﬁma‘rn%F 5?"?*\‘7@%‘8 tEF melicpin & rprinyPetEs s
consi st 9 offrodue ngWw fogm {nettnc@ Bh)tton regbestink @ ndw form ibshagee pretreforad gidailyf iyiplevgentedds  885)
t he page i afke 830 to which the page ID 50 in the stroke refers;
retrieving (at 8 @the geage description 5; identifying (at 887) a
formatted el emen § e E 2P @ R T HREnET rpk el PafrerRBttaneBtErititig (at
888) whet hierkgtolvel fielirvaiat preseives] Brhebge codins@SPored s phid ofe foin€ kien &t eupbdate pagand i f
so appendi (Q)glmgrﬁtlSI J)ete& he dﬁﬁﬁz@% %ﬁgco%grgkﬁregepp %gp%mg;brg p&oﬁ'{xceg snﬁmtg(; co%y;ﬂ(g“ t}{el el d

val ue Qé i nter 52 t he accunul a ita ield,
and det 8r nfoHFRGY %‘fag%’é ‘)“ce\/??ﬁtétﬂﬁé’?‘:k?ﬁ‘@d figld g dis‘é‘fdﬁtht‘hecﬁfge SOTFID & FF AR gr oup
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appendi ng (at 89@)netpize lage edicl atheass dnOk@y h@papd® uelialgyi ds@biatbdkittod dipli@te page
backgr @gndedi.gtl d 833; and copying (at 891) the received stroke to the
current selection 826 of the current pen, as naintai ned by the registration
server. Figure 3%5°dr3snspnesdt diplicigd f"lﬂbﬁ\%%‘é%“f’s Refserstlelfsldpatycsaf nrifed Pristess
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determnlng her the Is ac box an
the digital ‘?an@SPcé?ﬁ?ﬁéélérﬁf“?Vé“f’(Sﬁ’é‘ékrrark and if so assigning (at 898) a true

val ue 26 t he fi ehduplicatetioqumart b@inmad prodatey a gexited lcofy RF thgcofrasbond B Jocundidhshede t he
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conputer text, Wt I'p o opriate regrstrati ol , and
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omer,z)gn ppr 0 riate registration server, (at
904) a<%di f@ﬁﬂt &ﬂmng‘?dg?f’&i ot &t d‘Pc SEERh cepread 6’1°d‘l°‘ﬁea eted é@ﬁ%ﬂduﬂwgst%rqfntheal o)
with the helrgpafing dveunteagisgibdedibdiaing $B¢ Mblishaiiclwhed Siwagprin3@, fteio WS pristel | Vat e

si gnature key. LRk dnSerhsQ: bitfnsCOr r espondi ng appl | cation, and assigning (at
905) the digital signature to the field val ue. 7.3 Page Server Conmands

A page s e rver cofiPaPRge o8 onmata it sikfqted | peyityte Fﬁfﬁdl“‘é&‘e |copeaAng gpefgips Qnike ppeEsge
server. | tidop@day @spentictretstiycti@nathed mag onpikgageatithitlgeheBibant Ml ANGE S merh page

Server 3go m&g se%QI? co%ﬁhdpﬁ b@‘%ﬁﬁ%h qf ttlé)tgll?é ?%&q cgnQaﬁf a Cpo%_?%‘agrg%l %%%gd gl mén C onmmand

909, a reset form conmand orm st at us ‘i cat e
page commh%de%?tedp&gersér§eéf°“ﬁ‘3§©‘bthe‘b‘89rﬁ‘?ﬁﬁﬂ1d@1%‘°m‘é get page status commnd 914,
a duplicate doc umremlloatamrxdovﬁré5pphaanme$e;tﬁcdﬁﬂmmgafembea@ﬁgmmﬁle&i@age%wa get
documnent SJO%HT% e(lje% ?geﬁmkeﬂsgrcﬁpom p'a% sgxll\jgl“!i';:t at§s fh? 'ﬁ‘ er?llnlgI asfsc%{a a w1 end

voi ds the correspondi orm I nstance. |'icate m conmmand vol ds
hyperlinked group rather than executing the page server comman

35 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 page server command has its “on

selected” attribute set.
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t he corresponding forminstance and then produces an active printed copy of
the current forminstance with field values preserved. The copy contains
the sane hyperlink transaction IDs as the original, and so is

i ndi stinguishable fromthe original to & application. A reset form conmand
voi ds the correspondi ng form NPTO13-SG 25 i nstance and then produces an
active printed copy of the forminstance with field val ues discarded. A get
form statyg Wgroduces %Prl nted report on the status of the
correspondifig f oP H TSt AHCR,” IMEMIGFhg who published it, when it was
printed, for whohnthetprefiersd form, erclewtipagrischrintadewifholiemetgdgalogsat thé batthretofiraifcars ihmst ance.
Since a fogm @erahd m&efbrm;sam%mc@ﬁmm@é The TS ARIAEE appcobgbuu%mn AbRLisgat i on

has to be invo 1 cpro ucing a new form i nstance ton requesting a
new form .H%Sf‘%ﬁf °%°spf‘tdhésr BBr ¥ }gyiﬁe CRfF §Ps7 hIf e bten groduces atonyeof 1hf Fiire A
dupl i cabe fragdnciothrame ofprseuindesment, puch at ttka oyupod, the hetot Oikcitses poRahagopage
i nst ance \Aq,rtahpeltngggpagackgr ound field value preserved. If the page contains a

formor is part then the duplicate pa is interpreted
as a duplicate fglferﬂa @E‘Jhﬂ&”)ﬁ?ageﬁ°?ye@%‘f‘°"p‘é&@d56% %YﬁPeord‘GYf‘éts“e'aagﬁrpi‘%%tS%Frcopy
of the cor ¥resp omdingiopagsaidhébydinkias th lode butve tohaedoradmnd fi el d val ue

di scarded. 1§f thgsRafer §QAAI NS a formor is part of a form then t he
reset q@ge command is interpreted as a reset formcommand. A page

st at us 'Comand rad’éﬁ.fFEé%e“&""g 5oh e depagprsinter kema sipgle byitordaigled fHetph Vhen pressed
correspondntﬂgltspagsePaesdfamleanom,nﬂhdmg: ng who published it, when it was
printed, for V\hqmuggfpm§rcmnécgg and the status of any forms it contains
or is part of. The netpage 0 whi ch appears on every netpage is usually
associated with Sé?méi&fp?f‘{“&‘é?‘é““ﬁg]@% el ement. \When a page instance is

dupl i cat ed> Wi t h thp-letethelpaleties preserved, field values are printed in their
nativeqborm i. e, .d2RAGKIRLK appears as a standard checkmark graphic, and
text appears as typeset text. Only drawi ngs and signatures appear in their
original form WPRRHC®REGAYRIE Eregforé onpani ed by a standard graphi ¢

i ndi cating succesghelp meiughaitiak Biedelfital hamad boHdw tAiscitiPleipgatygedocument command
produces a printgg 4o %gmR‘Lctlgmengﬁglﬁﬁ%%ggp@mﬁ%mn%cumnt instance wth
background field values preserve cument cont ai ns any forns, then
the duplicate d PEpRePRY of t49rRsHd dupl i cates the forns in the same way a
dupl i ca0e § or m geiREERREh IBLSa forn reset docunment command produces a printed
copy of thge cor rpﬁﬁt&?@ﬁh@&aﬁoc i nstance with background field val ues
di scarded. |If document con al ns any forms, then the reset docunent
command resets tfH&ompeiiingtipn i I“Pé‘a‘s‘éﬂeﬂw@ypfﬁswgéhee&uﬁ@@nﬁﬂ@d?mﬁmnldme<.>f th get
docunent Sdoainés. THRRERNEF aplo@eE Qﬁlcﬂesmhb Bﬁbﬁdned’ iﬁﬁﬁrv\Iheer(l B8 it WaddeU®eredf and fae

correspondi;ng , ﬂgg t anc i ng who published it, when it was
printe for omléllm.?{;’éss‘!lbs%uentl 0 ttegasa “the status of any forms it contains.

I f t hegﬁage ser vEE TEBMaTaAOE mr?ff?%él"é@:thed’sef & tavigheithe hiegarob pf publivatipns prad
comrand Opeiviés@s the Retldile AP@GRematiCEeiRE disbr c@taiDie ﬁeﬁﬁgema@orﬁ %Nf&ﬁm “y§1@>lw%§§e§ 0N

rather th aflq %gakt&?hu%%gogxcrgtgp%%lopc%ra?g cafglaqoc?te 816 defmeg documeg? ang routfe \1Itv§o tf’li uger’s prmte(r)f page

server commm cont ar P8 page
server conrfRfnephredacumers type, the publide] Ogﬁemse@abségen@ewl}@r pagesvRiiselfee-t hen t he
command i s i gnorBd helfphgaid phvicta dnBAilBR ¥ tlibrpﬂytbrdsan@&p.!) priaB 0 (R caSIRCEFd Qight

handl I Qg byllt%ﬁmﬁquér I'é ne%trgrr?oltee(}/an(;[sm \(3 ne r\{(er Commnd el erTent I na
hyper | | nked er activates the hyperlink associated with

the hyper?i nkedgﬁjﬁﬁ'\!ﬁb'zﬁ%\'? é‘FAﬂWeMPDékecutl ng the page server command.

In the following description, news is used as a canonical publication example to illustrate

personalization mechanisms in the netpage system. Although news is often used in the limited sense of
newspaper and newsmagazine news, the intended scope in the present context is wider.

35 In the netpage system, the editorial content and the advertising content of a news publication are
personalized using different mechanisms. The editorial content is personalized according to the reader’s

explicitly stated and implicitly captured interest profile. The advertising content is personalized according to

the reader’s locality and demographic.
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A page server command elenment is hidden if its "hidden" attribute is set. A
hi dden command el ement 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 conmand enbedded in a different Page, if that page server command
has its "on selected" attribute set. NPTO013-SG 26 1.8 STANDARD FEATURES OF
NETPACGES In the preferred form each netpage is print eddwi Lh tpe ne';]page

| ogo at thg,bott te that it is a netpage and therefore has
|n?er actlve pr opga]fc%RgAé‘lpg%ﬁﬁﬂfun% al so acts as a copy button. In nost cases
pressi ng the | og6 sprolacesdey ey kofls dfhevspages: those thitdelvasewsofublgatfony md t he

but t on pr ogleke @t RIivePitYs @cf'earﬁsh @/ hd HelvE ﬁxbfl&ﬁm ar@‘gé%rek&dtap@edﬁcﬁlsc@ tt%fpul?ns&p Qi€
docunent, fYUCh as a t or e button elicits an_expl anatory

u
note or a G%H?Stafesﬁgﬁggatﬁg geer b?‘ﬁé’e‘ﬁse‘f gllﬂ’et‘ °§?ynag?p&°‘“ﬂ03%?§ée"(fd‘é%?egftﬁfn@?%d’ﬂb“ic%“’ﬁandI ed
directly biprieHe C@@#P@\ﬁatﬂﬁradﬁ@p@ag@pqvagendsrewsnegazmesSplebinews soepy cinlrobanpng ar e
handl ed bYVahkmkirBog nExka‘eéd%ﬁaQéﬂsE&ﬂcet Leafiddn QHPLlhge@ame%ter LeoRmb SER niE b detr YSTEM
In a pref err %or mbodi, m Jihe net page printer has a single button [abelled
"Hel p". Whén presSed “f" &cits a single page of information, including:
status of pri nt efhepgpagepibli@tipn sgveasupsorte fhe publiqati@rof elmﬂstlﬂwﬂbbl&snons & opit dsevel

hel p nmenu Q@l@é&ﬂ&ﬂif mbik @ﬁe'w@ﬁre%n]k& hahd®iRs Jh@yggegag&tagmﬁce%'[f&ﬁﬁgﬁlg(ﬁ LSCLRLY The
nual how t o use the net page SySt em

hel u e i erarchi cal
Thepdg‘g meﬁ{eg 8“?‘?’ g"n HEHER tﬁ%ﬁ?’f"ffd%@i CpRiac 6‘?"F'8Wgr?§1p‘1gffr?<‘f°tr "Bkt othenyiteies g copy
of a docun@mﬂalqsntwht a clean copy of a form print the status of a docunent

A docunent funct T}Qréuﬂséhbér m)lntdk atad nMpa dr %PLe)éctﬂE %S* B&e EJB%bQH& LQR pl%ﬁgn(;np en
st at us of docunent | cat e

t hi ng an e of
publ 1 Shed T “EREE L RER e RO T B < HEIE B et SRS SRR W | &
was subseqtfetsmbwspaperb e tvarious nesibas §f @ honsehdlh epicadly pages tive tdiffered inthraste dd@istys kgl | ows

the uses tQleaﬁyﬁlﬂ@én@dah)hﬁblnhtﬁ)ﬁ@aﬂ@dﬂ%csttonmlﬂ{eﬁat' ons and services O'r'] th?
network. As an ter ser. can call the netpage network "900

nunber "yel | ow ggg bll‘ﬁ‘ﬂ"“ [%9%53&&{ wrigraiirisris Bpdicaegens SFH‘% se5inas 2T dadan
| ocate t hewldlegihpreebp@owmnfhealmd/ seaitisevdilbbld foni fie NesEYorlsTiped silief for elRfIeNdi Ng
on the doclumet‘Palgé/Q& Plﬁsh@NQfd&i”' ﬁﬁ&ﬁau&{al L RRinFe FBRARS, IAH%/H%H?J e }Xﬁkéyl o ar

pages Servi ¢ % eis obvi OUS| unavai |

i s unabl e ¥ Bt Sl'stﬁ’(?'l’vlai‘ia Lle §E51400S if tpecificdy ?%’Pl"catr"f”gj‘h‘ts the fefault F‘-'tbsehnd the user can
reques€0r enot e dTtegnds ke egwdrthetdrity naepaper ty cre@inPERG@NAlid Eioh BhdBkaw@EATh &) MODEL

In the fol I{uQM‘érrlg &'@ss QtFehﬁ?st IQom @&ms 'n'fighlr'%@dcregéd E?orceat%ni aA1erB§" an}\o%Q(:rélhte
em

exanple to, IIu ersonal i zati on mechani sms I n e netpage sys
Al t Lrgugh n‘evﬁés‘”fa ) 8‘f ?Té’?‘?" LRI ET ProHictarys (s‘é‘ﬁ'?e"‘of:l‘l’l’mgs)

For each section, the reader optionally specifies its size, either qualitatively (e.g. short, medium, or

long), or numerically (i.e. as a limit on its number of pages), and the desired proportion of advertising, either
25  qualitatively (e.g. high, normal, low, none), or numerically (i.e. as a percentage).

The reader also optionally expresses a preference for a large number of shorter articles or a small
number of longer articles. Each article is ideally written (or edited) in both short and long forms to support this
preference.

An article may also be written (or edited) in different versions to match the expected sophistication

30  of the reader, for example to provide children’s and adults’ versions. The appropriate version is selected
according to the reader’s age. The reader can specify a “reading age” which takes precedence over their
biological age.

The articles which make up each section are selected and prioritized by the editors, and each is
assigned a useful lifetime. By default they are delivered to all relevant subscribers, in priority order, subject to

35  space constraints in the subscribers’ editions.

In sections where it is appropriate, the reader may optionally enable collaborative filtering. This is
then applied to articles which have a sufficiently long lifetime. Each article which qualifies for collaborative
filtering is printed with rating buttons at the end of the article. The buttons can provide an easy choice (e.g.

“liked” and “disliked”), making it more likely that readers will bother to rate the article.

NPT013-SG



newspaper and newsnmagazi ne news, the intended scope in the present context
is wder. In the netpage system the editorial content and the advertising
content of a news publication are personalized using different mechani sns.
The editorial content is personalized a&ording to the reader's explicitly
stated and inplicitly captured interest profile. The advertising content is
personal i zed according to the reader's |ocality and denographic. NPT013-SG
27 2.1 EDITORI AL ,PER C]t\H]_ ZATI.ON A subscri ber can draw on two ki nds of news
sources: those tASEdEl F&l Piralie BUSIoM ATimenYe hewlre dREE eRsterd speiidr news
streans. Wekding bnéowlitpreidyd pre delivamido meserelagyreégaibed and edited by the

publ i sher, news TRAERE oAl s@alsseag@fgr@gmefaa&e&m@xua@mn@p@ ggggl;aedgmgn %Oby a

speci al i zed )nevvs a %lr egg &lg g) F i cations i cal
traditional"™n&EP g r's ‘ﬁlaseﬁeé breftyior foyers the {gshold ‘ﬁ?éiv%r Bt ‘é&ﬂ’ﬁ‘“&fﬁqa%@“%ny
and vapi efiterigg. Arlaalv faqtre ke dtedoré filgin that ntewsrraswndmgcxeqnmawmaretfmmtosmerneqd;er sa

freel ance wWedifie®bapstitf: Al dibftRnt s@eridﬁﬂtﬁ% SanBUE Sl Bor dlﬁ&éﬁ (glys o?{he g reader’s own
e-mail. The net p@%é%agmllflc at i rver. supports the ication of edited

news publication q oP4ena ykf@“‘ ‘5%&9‘“@@5‘%*‘6%“6\‘“%‘??‘[3IS"é“‘Fi‘e%% thisimodifists . By
handl i ng t therradis esgated briheeditbrience the formatti ng of news streans sel ected

directly by the mape% oftﬁebédé’gfn\/e%t doshe @B ﬁfe&&h&{uaﬁ&at @M% t&)geﬂaﬁge &f've}%é‘ges
over s no. editorial control he subscri b | ds a

t
Gai 1y " HBe B B Re o PORE LY (ot ft PAAS oRe oHetle B BIRESt Tns
and cr eat i ¢fgmagespenotredveddi te dmagemsy @riclptredablver qidiey (e s liwei resglutita iof with@athtér ons
are print ea,mgilag,o}gound together into a single newspaper. The various
menbers of a hou eho ically express their different interests and
tastes by selec °'Eﬁ1 ﬁ%g’r Bhe élsqe?ﬁ?ﬁdmvlqe*é‘t‘f“i‘eérf?‘e%ﬁ’ﬁle% PRErMQRERRY #fFes iRtig
them For leaisd. ﬁbb irwim prodifying Wethereaithare ioEtial onadidcya 8@l e@tde sa@ft foin@t, and

sections. 'ﬁ@&ﬁcuﬁ&l@} hrfa%etﬁepﬂ@ﬁgahga%nl ansmt A Ja?tragsrlalaﬁf o rﬁx&&%ﬂ&h%ﬁ&l&r&c shfe
daily sec'ltjgonﬁ %ﬁ 6@ {\'ié W York Times onfi ne, for exarrp? e,
| ncl ude feggr's loca P’i%f‘?‘& "International”, "Qpinion"

"Busi ness", "Art%d teiluee rﬁgd‘lr}g difﬁedrhmalu@gyy poor gyadight, B Geatis "optioddlg s@eﬁesczf global
avai |l abl e ﬁé&&ic@ﬂ)? a'l e§ Ex@&ﬁt;tfoﬁ; 5091 tékt QﬁﬁQRhééﬁgr!a Qted Q{:%orhﬁgl)t Qx% lgsgfmg‘noé %bset
The reader can ext en e daily newspaper by creating custom sections, each
one draw nt*GH° WEMBE of news streams. Custom sections night be
creat ed0f or e- natle lapded in wsidlds hews bR BlisBed, 4nd Recor@pakiing text@ficolifl, is a
noni t or i ngprgl)%l\fy,sofftlﬁ%gﬁlc;tl% amd Q@c%‘pﬁe‘fe@enée%%r& fi()y f%‘l% Qgért ﬁoweggr, theqe Eéglsﬂg% c)m be

each section he reader Optl onal specifies It

qual i tati v°é’P§F“'€%t0@r""‘g?ﬁB‘F"fna“cr‘i‘é‘BWﬂ?}serB‘fes ‘“I"?Sﬁlj")g“‘seér nurrerl caI ly (i.e. as a
limt on i22 nundwERTEINGIXgesATionmd TakeeTdiesi red proportion of adverti si ng,

ei t her qual i tat Th\é e%ox(aﬁzatgm Ji' Itﬁhedltm{ E@‘lem cllrgé{Yy aﬁ&:@et}ie a(R/Em r%n%{ltlen(t\’ at!e!:ax

as a pﬁécent ag he reader al so optionally expresses a er eénce Sfeor a
| arge ABNEAYeBRE SHEHEDLY Plagrq fosrpiat By edé{"“s“h%?P‘F’“ Hegods: fyfexampregae mate fdikedy fes .
Each art i cdppeat ig a iral@lodedtign thunl dlstveiare (The vae«(élomeiadlwml 6t tosdh @dvertign @nd WBdAgoré O Nt O

support t hth§publgﬁe%fli€§ 1§n§a%rhty%1aﬂ§a'éttlér§eln§mﬁﬁ f %ﬁw&e[he gt td%xﬁ(%rag]?g edited) in

different versions to match the expecte Istication t he reader, for
exanpl e to provi dEERRIETERS ’§ Paffd °ad}tilbta§s °f\}%ﬁa‘§¥ asdemygrhigs ooy Heirminger si on
i s sel ect edoxindycopaticrig st@icdshretaifeaatte pdardgiar intElegs fnd @6 EmsCiaddcigdaedth fity 1aal

"r eadi B0 a(g%uﬁ{@ ia&irkn‘;iﬁlﬁﬁeﬁt. BE&&%Q{'}‘JQ g&er&\ﬂg Eengr‘}ﬂ %ité’rests mldoplre%&iugaﬁéns gsgvseeﬂ as likely

spending patterns.

A news publisher’s most profitable product is advertising “space”, a multi-dimensional entity
determined by the publication’s geographic coverage, the size of its readership, its readership demographics,
and the page area available for advertising.

35 In the netpage system, the netpage publication server computes the approximate multi-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.

In comparison with other media, the netpage system allows the advertising space to be defined in
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The articles which nake up each section are selected and prioritized by the
editors, and each is assigned a useful |ifetine. By default they are
delivered to all relevant subscribers, in priority order, subject to space
constraints in the subscribers' edition® In sections where it is
appropriate, the reader nmay optionally enable collaborative filtering. This
is then applied to articles whi ch have a suffici ently long lifetinme. Each

article which al ]{3 gc.oll orative filtering printed with rating
buttons at ZtHe anda“%? Oi”ﬁséna 7 PEEr & eIl gy tdhsretop ‘x‘ﬁsd‘é" YriolggsirseERoi ce
(e.g. "likdwevad "disliked ), making it more likely that readers will

bother to rate thg e?afn le, GheQamd MRVERiLRz Sfer2sh ¥dlsbid ﬁlv%xné%r&brt@rlsgchse@[:a& ﬁ(fértliskrgs and

short lifetime erefore effectively considered essential reading by
the editor$ tha’ﬁ‘awglfal re%f& ] R7EF SHITY Wﬁeévfngréﬁaél\ﬁ&ﬁ’fmegiﬂf%‘*’r jdpstiser. or pppther @ueepdly
opt i onaPl yrrepwing thé meporiose smerdblpidteychéwetior., either qualitatively (e.g. do or

don't surprise m)netpe%@ sﬂféﬂ%ﬁdu@@hde&smﬁ% oftk g&eé@&eﬁ@d& E)étalilyd Jr?dﬁ&%fonh&%grﬁ the
threshold u | aborative” filtering I gh factor

makes it m)?%e H“i“%é‘r‘%;? f‘ﬁra{"fe?wés 5"de Sl ﬁ@adé’%?:sf“igé‘?‘}“w Il be filled to the
reader's speci f Bedisc@peasiizayon al lokalih@n erhandled @rohitighllypy hapggequblicaian ®evers,
speci fi ed In%v&ls&é @é’gl%ghkor %){ﬁovfag b6 co&ggge 5read ggogrgd@ Qndodglhé)g(x-)%ﬁksl Yhe

speC|f| pi CS of pa gl |nterest within a sec I's nodifies
the pril r i ? 8%““25&‘&%8%% I DTS B FS@utometie Tis mags ibpore pstofferiyrdpr rEblistisier net
connect i ontoadefl ewthsadydiising u&mgatyrs altan whidedhtly rapgesadeatisinDeEvee ovghr B adverfidig

reader opt Aggr@%tol' ¥ taRiRELIEoRiSh & a(p/ErgIn%r rcev@ﬁlg pfl]lQlEheifS %Wnd gﬁglggg% pf‘?)ﬁt-rﬁ&ﬁl el MROES

or both. If e nu\r;%;j or size of es .1 s not en | mages nay
be deli ver‘éf QE TGV HH atti 38gregefion Theaf "FWrawéggBT a%s ﬁna%wtewefilﬁyd’f’té’éﬁner
conpr essi oxyertisés ang pypllishiraland rey elage tlteheneraes&ﬂhmmerspemﬂtfple@sahbuﬁmquant ities,

dat es, 16i nes andy quﬁ'ﬁlarfoyngvtﬁdt ug %la&'fn@nt it QQ%Jgg 8\9)1103&1?1' Gn bl gJe V&m é(ptﬁfﬁll afdyI ng
mhether units are | ocal "ti mezone an format, and

a local cufFEREy™ t‘éﬁ%@ﬁﬁ@? FnE?d‘tt"PFé °?“6f6’afrr Pepysh e ephlieiars 361’6“&8%% §Rafews more
t ransl at i owmplex. Mrilomtirgoire. fullldo@slexitips & heyowii @ BetaieRadveakisers, udehtifitigaparéghers kdader ' s
| ocal it y b%bﬂﬁér@'fﬁls Erefe&-éa f&rﬁqwﬁ@n&pgéc!%%gn pqdvfdgsl sﬁrl‘i@ %‘o ﬁedcs ?x@ gr Qlyse 9 &{atlons

eyesi ght, € reader _opti onal specifies a erence for a’l arger
presentat | ‘8 uding SpPRoTt 9% futogiigd P“F?é‘ﬁ‘%%f dygisigg %a@dA‘a‘&'ﬁ*’B?'U’F ﬁ@“?&‘laﬂhﬁif‘élraf’lé& the

i nf or &P omackreent efcderisodat eticlogeneac kngilag@unts Tdf énchrid) iR gesniaN Whighli 108aliBAWS

publ i cati ofavdiSedd! | Shed, and its corresponding text encoding, is a
property of the publijcation and not a preference expressed by the user.
However, the net g%f@@ AP i heghnegetiated, d‘??f e eRet cpyreh P VAl e estisggng and

t ransl at i omcogieiitvon @@stpagt ad/grvero U@ regpandigly, th? puBlisAdDWEchidd thd NG1dcékaAd dnAky Treieihht AND
TARGETI NG BBl SA0ALLE AL lpakd\inReloh QA BB EL HLEGGLLIALLEE s the

advertllzs| nl? content, because vertising Is typica aced to exploit
the edPPor TR ByHicwpadverisarspp fromfhe nepage absewFfyl ¢, are nore |ikely to appear
in a trave23dsectVUsrPrOBAUESe| sewhere. The value of the editorial content to

an advertisgq (apfehnFiRhifiqt © the publisher) lies inits ability to
attract large nunbers of readers with the right demographics. Effective

advertising i s plaeEp dratione nergandotis publisatigns felies g aéFéW@‘r‘%iBW wecificpepfilg] ity
det er m nesinfopradon indiidipgt 0 particul ar services, retailers etc., and
particgpar. int erp%{cémmgoﬁ%ﬂ&gr ns associated with the local comuni ty and

envi ronnent . 9 hics term ne general interests and preoccupations as
well as | |1<el y col aboratlve filtering vectors

contact details
. presentation preferences
The customization of a publication is typically publication-specific, and so the customization
35  information is maintained by the relevant netpage publication server.
A collaborative filtering vector consists of the user’s ratings of a number of news items. It is used
to correlate different users’ interests for the purposes of making recommendations. Although there are benefits
to maintaining a single collaborative filtering vector independently of any particular publication, there are two

reasons 'why it is more practical to maintain a separate vector for each publication: there is likely to be more
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spendi ng patterns. A news publisher's nost profitable product is
advertising "space", a nulti-dinensional entity determ ned by the

publ i cation's geographic coverage, the size of its readership, its

reader shi p denographics, and the page 3 ea avail able for advertising. In

t he net page system the netpage publication server conputes the approxi mate
mul ti-di mensi onal si ze of a publication's sal eable advertising space on a
per-section hasis, Ki into account the publication's geographic
coverage, tY¥ apsb&’f‘i"?“ it ‘éectg‘@e?aé"rbgﬁ'i’eﬁ, to fhiesarg prbliggonghan fpetveen dhope of suhseripgry e

edi tion, ediGtren patketions andachusicttios is MEEls @O fotpresdnt itsavel” @Hdbbrative Ailkeing ®ctors as
denogr aphl Bart df he GRRPG ids %Bﬂd Wbt bRl Te1s R G aCollIablaﬁqulit%QQﬁﬁ%s‘l}eetmr&lré QWS t he

adverti si ng) tg g % g defined in NPTO13-SG 29 greater detail, and all ows
smal | er FRENGPY he eyt Petpagy PYIRER ST HFel y. It therefore allows it to be
sol d at 5c| oser t Gontdct Gtaily, weludiaa| ienge, stFeeraddsa Mt €qde.tshe, ®airp, tadier hindkmgre’ S| ot

can be sol goﬂafby\ﬁﬁﬁ&“aﬁligzr@ﬁa@ﬁg{e&ﬁﬂ%@?ggtgregiﬁl\éﬁdfn@éw gdvertisers, wth individual
readers' pages randoni recel vin he adverti senent of one advertiser or

anot her, overal |l rei??@”é?’(?fef‘?bce% H‘éI“‘B’i‘gotb‘tﬁ? for arntgies Sra crd esp dretlibevdsg glpbal and
adverti ser maifthiged irsbepargewagy st em al | ows advertising to be linked directly to
detai | ed product rhd\b&hiAfthloPRivaiche [GR &nrlﬁ‘e 1B G Ehﬂézhmn thk bseP IGRET RL8, GRS ES

the intrinsic value of the advertising space. Because persona |zat|on and
| ocal i 28t i BR™%FEE AZAYisHe Bl WSPI@HP‘PVMW Syl p5saig &f tthptepden FPiEH sidey ipeome,  an
adverti si nprofagign, edyadtion, oxmalitgdveaivicievesudi ab fga kangeyindin@merag@y er age of both
geography and depROLAPNALS who Qfoosestubéx%ﬁu&e?skmﬂ'n&&ﬂﬂif%fq(?rt Ad%;]tls*ng %%Eib{'tﬁm

because it_.is autonatic. This nakes it nobre cost-e shers
to deal wi PR FRSkig la’gtber BlggPigiewage Hegitratign srrver dt fhy aksepst efrsechdefomptionsi ng.
Even t houghivértising aahbe fatgited dnghe basy@f gyiiOraphis ass@isteM@ithahes @ DIPtot ZIP+4Gfode.
advertits 10 1 eVeRFueUbl hARELBIIR it bl RGO towp&%e,g Alnihgcause

of the greater efficiency of tion. vertising a gat or acts
as an i nt efheirgrage B@f‘%@ﬁmﬂa&*@l@?‘m %*‘efﬁ'éﬁoaﬁws présER @ﬁ%:ﬁ%sho‘gwa 1 BcB the
sanme adver ¢ndgémentgisraionplrbds) puplishdr iseapecieinnd of dpplicstionProtibier,n6d 4 ﬁghchﬂ'baﬁs aad

pl acenent g&lghm%g&l&ubl ication can be nore conplex than ad placenment
in the publicatign's traditjonal counterpart, because the publication's
advertising spacB*h &sehiP @ay beshprized to Wi apenumyer of prisigrstie a1d mgh pEgpRSIaE RN es of
negot i 20i oms nipehexve @sersacvse itt Basiewsa hasadhingle téfsuiit PEnt@ g bOOR vakiSpealbtibal fabRitiossher s,

t he pr ef er &?@h%%%} QJfauﬂ %)l&l %g&ﬁ)gﬁedsc)ﬁ%&g"a% Bg ?eY!/ege%% tﬁ rrﬂg?teﬁ%glﬁgah%qhesu%?prport

for these negotiations, 1Inc

adver ti si nffegpaedhe e kesrsiterk 9f é”hﬁ‘é\P‘tbF%?EfF a pey hag @ghorizad | tepin fo thehseris|dafewdtne nt
of advert i piarem gblshir dbes genebratie 15 Ry pati@tanpiited foutl ilkeadRsolvedGIDaBhes BBl | OF
hi ghl y Ioc;gjlljngded advertisenents. Once placenent has been negotiated, the
aggreggl;sor captures and edits the advertisenent and records it on a

net pagé€ad ser vel" eNEIEF SLHERARRGP § PubliciionS0h e splisher88¢ &£ @aplicdien nigridet 8¥enent
on t he r el swamtized nejripaige s;pt;tbém pEifittr 00 the S /@ fault pARH Thxhﬁlt}fc\ﬁiaﬂﬂxg:& RuUbbkegat i ON

server |ayg, qut b}etﬁ&ﬂeruﬁ%ﬁ usSr ?ﬁﬁ@ﬁk@&hé&g S(HUQJthﬁe@itlg sg&gic g% C%&gﬁlﬁgg 231

r el evant advertl senments from t he net page ad server
| nf or mat i oar\“hﬁ”ie‘ft@l“?"ﬁ@aﬁf‘f‘f@r%’é%@ﬁ&ﬁtQra‘fefﬁf?g’ﬁ%‘esﬂ’éﬁghedﬁﬂSmnﬁer publ i cati ons
relies on an assOeteIn isObedUs BateSPe@irbspending Gt prefile maintained by a particular netpage

30  registration server, via the DNS in the usual way.

A Web terminal 809 can be authorized to print on a particular netpage printer, allowing Web pages
and netpage documents encountered during Web browsing to be conveniently printed on the nearest netpage
printer.

The netpage system can collect, on behalf of a printer provider, fees and commissions on income

35 earned through publications printed on the provider’s printers. Such income can include advertising fees,
click-through fees, e-commerce commissions, and transaction fees. If the printer is owned by the user, then the
user is the printer provider.

‘Each user also has a netpage account 820 which is used to accumulate micro-debits and credits

(such as those described in the preceding paragraph); contact details 815, including name, address and
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i nformation, including: publication custom zations collaborative filtering
vectors contact details presentation preferences The custom zation of a
publication is typically publication-specific, and so the custom zation
information is maintained by the rel evadt net page publication server. A

col |l aborative filtering vector consists of the user's ratings of a nunber
of news itens. It is used to correlate different users' interests for the

purposes o t hough there are benefits

mai nt ai ni ngle% i gPeéS’ %gqqﬂ?%d?ﬁets si'nf’lA‘\%“tgé’FY AT B 9o Higipeivtiant al“i’/“"d’tb"rany
particul ar Ofmmem atcprésn8171 fretrigingthe uterpencedehisgargre Wiy finderpii® SMDEte apmaistiiigal t o
mai nt ai n amS&D@l@@BﬁmMi@&l&%amfaQEd @a{f,b }QHQI G E BRmedt! REE Socbshts! dzk%ﬁ{ whith De nore
NPT013- SG 30 over | a% ﬁf ({l the vectors of subscribers to the sane

publ i cat i ot TRAAPBRYREE T PH6se of subscribers to different pubI i cations;
and a p@bl 283t i oRavogitesiListl y to want to present its users' collaborative
filtering vector 5& nélpage tﬂéran xﬁ’aﬁntaﬁnhﬁlst\@@i ('ﬁefaawfmes”t $inkD foR0Hy add@bents Qe B md &H)ng

el sewhere. Col | rative filtering vectors are therefore also malntained
by the rel %At %?t tﬁﬁd@a@tﬁaﬁ%‘i’%ﬂ&e&wﬁ n e psiey behap e opsanizeft aierachy pffpligifihg
name, st r eepreferdeieegslimeg dPwiliddeshostiatheslascdagntniyFigiestl ephone nunbers, are

gl obal by paBur episgpglLier € mai ntained by a netpage registration server.

Pr esenhgtl on preferences, including those for quantities, dates and tines,
are |i K8 se gl ob%SYSERMANRAS ADSPORE 2Hon feh wetitdelpiyontaining linksco foument g of
adverti si ngcased byshe von thrdugh thaae@bge bypten 10s @ainizell ab NdatelvBletds B, 'a pre2Oditeabddindat ai | S,
whi |l e theoft“@{cggtsﬂo{;tgmgfecgsggﬁgr;rﬁls@@g[eaéal ies on personal information such as
date of bi 5 gender, marital status, inconme, profession, education, or
qual i tati v% deri tt'a*‘t%'eeg"é%'ﬁwa@ age range and i ncome range. For those users
who choose to reVigaletpgermoiaion is¢ifed nimataicny ¢ otmdhée;ragdssf R [k’ p@&eﬁahzetdhe

i nf or Mgk Oﬂlbflétld;(adnnz; é’e'c&l)%‘ﬂy-Qtho'h h)gy; %; e/ ﬂtggt a{i\%lttlpeﬂigtgs rggxlt §1% rfgﬁnl rc,§ % Yfeda:

t he absence of such i nformation, vertlsing can %e targete the baS| S
of the denByt8Fhi® @%@P&théer‘gwef%tt*erfélt%lé?met ZIP or ZIP+4 Code Each user,
pen, printer, apple dettison rqio oxtiatestionnd @ pplidvedivitORildlys vadi agtaming tafossnn
uni que ' deﬂ&l{fltida%ages wﬂﬂﬁjthE Ebgtloggagleg) 9% 151)?%&' %Lrl;t xgﬁlés tﬁg é’ge':’ algogthlrllttlsa c&gts?}trep E

rel ati onshi ps t ween ovvn I'n

registrati tStﬁmIﬁd‘f fPoe®s °1°Saelyr}tiﬁ Pitgpad pnd; advegising) e@teeﬂ suRl] 3plagine afip i ireofing roprial
provi dép, spexficalypithih ihe ptbii@tionibecade otﬁp}ﬁ&hlaéatu}éloﬁl65—10§ouﬁ¢1ﬂbdfﬁ§.§eba€t§l Each user
800 may be aut hofﬂezeg%nglc?:oﬁte%?seﬂayd Mﬂpﬁgr BIIE%" Ite% %ss?_cl;la?ed 1ma§es zm(1a ap rinter

may allow any users ef aul t
printer (a?‘e“é%ﬁ°“t1°6°’%ﬁ‘%ﬁnﬁ’é?ﬁ5‘6%@§? pubI i cati ons are delivered by

defaul t, whilst pagese poicn @dudng idamesich d@hes Mtk véces of amtuhteccﬁreﬁtnh@rbe
through wh t PScek! ch

publ i SE r s&egal%&sogcr% th%zlgyogéuﬁ girn?%gggfqtgtod&eq% tom?e é%ﬁ%’%‘lse\éerg s def g’%‘%ﬁ‘ﬁ Secnonr flzr?t er. A
publ i shar HYEecH e eiontizg PfeFFéenteBarbto“&w bb eﬁtﬁhefé;en apraggrov i tise, allgying stgw’éctaead
resol ves tdgtodywkigiond t is required. V\hen a user subscribes 808 to a

publ i cati 0515807, pbdimeltbdkingner 806 (i.e. application provi der 803) s
authorized to print to a specified prlnter or the user's default printer.

This aut hori zati 81’111:3 ths Aocprgent is {pidlontit igtencoded for efficient distribution and persistent storage on the
netpage network.

30 The primary efficiency mechanism is the separation of information specific to a single user’s
edition and information shared between multiple users’ editions. The specific information consists of the page
layout. The shared information consists of the objects to which the page layout refers, including images,
graphics, and pieces of text.

A text object contains fully-formatted text represented in the Extensible Markup Language (XML)

35 using the Extensible Stylesheet Language (XSL). XSL provides precise 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 in the JPEG 2000 wavelet-based compressed image format. A

NPT013-SG



any tinme by the user. Each user may have several pens 801, but a pen is
specific to a single user. If a user is authorized to use a particular
printer, then that printer recognizes any of the user's pens. The pen IDis
used to |l ocate the correspondi ng user p$ofile maintained by a particul ar
net page registration server, via the DNS in the usual way. A Wb term nal
809 can be aut hori zed to print on a particular netpage printer, allow ng
Vb pages and %P cunents encountered during Web browsing to be
conveni ent FEPI5P %‘80%85& IFEPHBE PElple NetpH ‘CSbSrVGPIf"é?at The netpage system
can collect, on E@Hafmﬁt itgpdf consigs e series pf dacedd@nge aficc@sphia nigecsOfikadsiflon shien

I ncome ea{hﬁ@éﬂl whidh RUG eo%%lv'@ﬁe&lln%ﬁd 19}gult R cQQ:rﬂBengoper Qa\ﬁ'\n?tgrénaﬁ reQ{oﬁsnf“h%{e

Such incong can. include a vert|5|ng ees, click-throu - comer ce
conmi ssi onYOUERICE FRHLRRTEFGR TRkt Theldyoyt pgs ?)‘f"imﬁ‘icb?’“ﬂa‘ssu efﬁﬁ}e“f fidribyldaay |

then thé md,etprages the printer provider. Each user al so has a netpage
account 820 which is used to accunulate mcro-debits and credits (such as
t hose desc n the precedi ng paragraph); contact details 815, including
nane, addrt%bg g#& !‘g‘ t8Pi*e'? { el ephone nunbers; gl obal preferences 816,

i ncl udi ng |pr Layeay, |del | vattgbwted | ocpl | Bainasf St ti ngs; any nunber  of

bi onetric fre 8§17, containing the; .S .encoded signature 818,
fingerprin %%gtzt 4. a handwriting '"‘3‘21%'@%3 gut omati cal | y mai ntai ned by

t he systenjmfd SETE4YHhent card accounts 821 Jith which e- commerce
paynent s can be madmagelebfeciDFavor 1 t BSEG G0 A ndt page user can nmintain a
list 922 "‘glvu. 'Po'ér" H-Aks—te—psefut—deeurdent s etc. on the netpage
net wor k. Tﬁ *IS'[ ils"mal ntai ned by the systemdgn the user's behalf. It is
organi zed |as a hi er%ﬁaefr@owt'ﬂol dersS9@4, a prdferrred enbodi nent of which
is shown iMexdid® Cl darextnev@gram in Fipgure 41, 2. 4.3 History List The system
mai ntai ns |a hi storys H-s+—929 on—each—user—s—beHal f, containing links to
docunents letc. acd®S%ed by the usef through the netpage system It is
organi zed |as a dat €PrdipehbiexicbblertdP, aXME&Berred gnbodi ment of which is shown
in the cl aagpeRh@dr dfpe M FI gure 42 P-4+ NTECEHGENT PAGE LAYOUT The net page

publicatign server %ux—omt—l-eal_lgul_ays_gul__t_he_{;ages of each user's
personal i Zed publi[®3fion on a sectjon-by-sectilon basis. Since nost

advertisenments are Anphdahrm lDoa'um of pre-formatted rectangles, they are

pl aced on [FgF page RpioTe the—edrt . The advertising ratio for
a section |[can be ag¢h i ddvertising ratios on

i ndi vi dual| pages wiff§#R9t he section[ and the ad | ayout aigorithmexploits
this. The (al gorithrgons conflgured tp attenpt flo co-locate closely tied
editorial Wé{ér gyettdstng—content—stch—as—ptadi ng ads for roofing naterial
specificallly within the publicationl because of la special feature on
do-it-yourself roofing repairs. The editorial content selected for the
user, inclzeli ng becumesnmisTR®8A6N at ed images and gr aphi cs i's then | ai d out
accordl to var tic rul es ire | udi n

sel ect | gg of ads}xsg&rléc%mgfﬁ1 tDOSV% flg RURSH O T ttd?)srtrll atfonc?gn ems et Storaéeto & ne%f%”
once the |%{ott2 HASPEHnRAET et is eryratge ff@ml)? shpred %Ffem@h’elsléie?machl eve the

user's stated sewhinQnuisirbal publication is ready to be distributed, the netpage publication server allocates,

r at ed

with the help of the netpage ID server 12, a unique ID for each page, page instance, document, and document
instance.

15 The server computes a set of optimized subsets of the shared content and creates a multicast
channel for each subset, and then tags each user-specific layout with the names of the multicast channels which
will carry the shared content used by that layout. The server then pointcasts each user’s layouts to that user’s
printer via the appropriate page server, and when the pointcasting is complete, multicasts the shared content on
the specified channels. After receiving its pointcast, each page server and printer subscribes to the multicast

20  channels specified in the page layouts. During the multicasts, each page server and printer extracts from the
multicast streams those objects referred to by its page layouts. The page servers persistently archive the
received page layouts and shared content.

Once a printer has received all the objects to which its page layouts refer, the printer re-creates the
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preference. The section size preference can, however, be matched on average
over time, allowi ng significant day-to-day variations. 2.5 DOCUMENT FORNMAT
Once the docunent is laid out, it is encoded for efficient distribution and
persi stent storage on the netpage netwsrk. The primary efficiency
mechanismis the separation of information specific to a single user's
edition and information shared between nultiple users' editions. The
specific ipformation consists of the page [layout. The shared information
consi sts o?‘“bfl??é“l%‘?ﬁ‘]aéf&‘l‘%“df'ﬁn’iﬂi‘i‘?“é??a‘fdd’émb‘ége | ayout refers, including imges,
graphi cs, and pi Eslesionfal direvatstancés, theprinteoiyjn@ @igeCastk aamseyfcanlbb yelibapad vastunirg at ext
represent egmateﬁloftem p@snsec@@;ebw f¥REds U a,géga@g P06 & SOk tesstih AbxB e E%&&&&%l bl'e

Styl esheet Lan XSL praovi recise control over text
formatti ngt erepy g ’ﬁd’écﬁfls Pg/l 08 fuch P?éesr“é’éﬁ ‘P}ﬁm}l AT Refroshaliopias fog eppqrasy ‘B‘éfF”ﬁﬁfc set,
whi ch i A t Meprigapents B a ko ofi gneprg\wirdbendndd Yhi & equivalyto tot400K BTdi @boinedmbit objagCdata
contai ns ﬁ&%@@ﬂc@@ OHADR ﬂgcagﬁeit et ﬂﬁb@&%@&zﬁ\t ovdrh %;&ﬁh &l 20 and

enbedded phenation hints to al paragrap ormatting. An

obj ect encodes aR°F Fdg&bIoRat freumsiogses: ?’6’0@“@%{\}@?&@5@%%‘8 %R?bl‘tésé%‘@ﬂthi‘tﬁbége
format. A NETWIL3e 3E BZregnilp fie @apebjuply befsre o @Bnt@’s AM-geajateingl stofagSepicaplse
Vector G apfigs (SVG format. The layout itself consists of a series of

pl aced,image and graphic objects, linked textflow objects through which
text oBPects fl olP™erspaki Atess prep! merpsy does @] wpsthopdhepamerrilbsrnabls gy make 435 d
wat er mar k ¢fegruicst whihie 816t ocduiyThd hety2by f@iblicstion Ee@veSttkidia@e AllbeChrintars Toadibn@t réquestihe

| ayout usei%n@nﬁf&%t@%heﬁ QEMI mﬁllf’)'ertoqg q%stg grr Qieti Imczl t%(lgut gtcﬁxys r}}fQ%ér 9e%1¥t%£§g
storage. Table 3. Netpage ayout objects ayout ttri ormat o

obj ect | i nk&ycogEpRdine b $ition | mage object | DPEG 2000 Graphi cPosition
G aphi ¢ obj ect | O\M&a T@xhdnt ©wingd] 4 griatat dabprd@useanCpict daplihte itamt tin2ldy efievihd XM/ XSL

Hyper | HBKTpAeZ a0 ARk £l hiolaRpa L6ver F € dTyPE Meaning Zone

2.7 ON-DEMAND DOCUMENTS

When a netpage document is requested on demand, it can be personalized and delivered in much
the same way as a periodical. However, since there is no shared content, delivery is made directly to the
requesting printer without the use of multicast.

20 When a non-netpage document is requested on demand, it is not personalized, and it is delivered
via a designated netpage formatting server which reformats it as a netpage document. A netpage formatting
server is a special instance of a netpage publication server. The netpage formatting server has knowledge of
various Internet document formats, including Adobe’s Portable 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

25  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 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

30  the netpage system from Web servers.

3 SECURITY
3.1 CRYPTOGRAPHY

Cryptography is used to protect sensitive information, both in storage and in transit, and to
authenticate parties to a transaction. There are two classes of cryptography in widespread use: secret-key

35  cryptography and public-key cryptography. The netpage network uses both classes of cryptography.

Secret-key cryptography, also referred to as symmetric cryptography, uses the same key to encrypt
and decrypt a message. Two parties wishing to exchange messages must first arrange to securely exchange the
secret key.

Public-key cryptography, also referred to as asymmetric cryptography, uses two encryption keys.
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Wat er mar kZone DOCUMENT DI STRI BUTI ON As descri bed above, for purposes of
efficient distribution and persistent storage on the netpage network, a
user-specific page layout is separated fromthe shared objects to which it
refers. Wien a subscribed publication i% ready to be distributed, the

net page publication server allocates, wth the help of the netpage ID
server 12, a unique ID for each page page i nstance, docunent, and docunent

i nst ance. erver optim zed subsets of the shared
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ci r cunst anbesgnatirh & appeidqd to the messree.ghep thg esipit of thr messagervart veefy balatat e ndwdge ser ed.
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etc. The p}i’rﬁvmtennppﬁqnmos s ia neratly dofic wine cpafreteped ceréfinata chuthoFitipss Aj @rtificate

equi vahent auth@mtﬁ@%st@c[ thﬁ&) thhty V&MQ |aﬁthegticat&319@0(§|§etztﬁm bgﬁéen 36601 ey M's&&oﬂe@
simlar to..t br oadband

e ect ed ata delivery over a
net wor k. deenntyunagel?rtlfs ﬁ(%?t e %@Fré‘?‘féé%gm%g" Ragaingfefv 98 BHE A% r uns
out of pap®eates jng signs a digiebteytifitdtrerbntiikigg theypsrean’sidehtity dewilsahd miblicteey. Aplosihs hustshe

paper s Upptlhé’ ekl ﬁxtﬂoﬂt? cﬁrds@%@ rpub':l\’lc ieQ/Qn %Qa'tlf' c@tt: %tﬁ'glmgﬁ Td&l}e@g@ ce@tﬁ%@ﬂatt i 1s| S
exhaust ed. nal nenor en the

printer wi %ef’u"ﬁ huw.%}“aé'e f°deqiwﬂqﬁ§?‘fs"6tf ‘“ﬂ‘i‘ﬂj PR siEnpd Wﬁ'&ﬁe‘f‘f[‘ca? F‘F}é"flgo‘i’f’t‘iii

The ne2Bageblipkey i eeltknom. server therefore allows printers to subnit requests

f or re- mul ticast §1 mom%ﬁacﬁon%hltohlﬁfﬁls pﬂ“ﬁjﬂ@r cr)?{ogrﬁ RONGRY §se&t§ c{eﬁgﬁ Mps%n
t1 meout occ caorre ar ed O%j ects.

rs FEerver mﬁl ticasts é‘h’p
Once a docil °r?%°“re PHEEE Seéf“’ﬁ PROEFEA VPP ERbERYs ‘eaﬂétﬁafr pEfB??FSr cate at any
time by retrievi hghq fokowing alipeustiany veh Sefaende &omtientts seauanrainessione bvamtatiqgpage
server. 2. %m@\lr Q&M@NQI Q@Q@N@ME&H%%@ h%w?s%t tﬂé)&luﬂa;eda{amg e LRGURSHRL.,ON

demand2 gﬂe}rl F p ivered ch same way as a
peri odPal ™ ?’i’é’v@e"\/g SR t“[tPFecf‘E 192 a‘l”ilff“?h‘ﬁ?sélﬁ Pl‘,b(')‘ﬁ’f"éﬁ’fcm“éee‘w pdyerifcatiigde
directly twochiee asecrgersigt fengitipthd satver anguhenhyens the telret sersien 10§ torutkypi theasdssage\ifren a
non- net pag&se@%mmytdeﬁrﬁloﬁ%QH@&%@beQXhlPs%mHlee't is not personalized, and it

is deliver ed net page formatting server which reformats it
as a netpa ‘gg doc@%’h‘iﬁe"sf*ﬁ&q?rg%ﬁ&%@ formatting

Each netpage printer is assigned a pair of unique identifiers at time of manufacture which are

30 stored in read-only memory in the printer and in the netpage registration server database. The first ID 62 is
public and uniquely identifies the printer on the netpage network. The second ID is secret and is used when the
printer is first registered on the network.

When the printer connects to the netpage network for the first time after installation, it creates a
signature public/private key pair. It transmits the secret ID and the public key securely to the netpage

35  registration server. The server compares the secret ID against the printer’s secret ID recorded in its database,
and accepts the registration if the IDs match. It then creates and signs a certificate containing the printer’s
public ID and public signature key, and stores the certificate in the registration database.

The netpage registration server acts as a certificate authority for netpage printers, since it has

access to secret information allowing it to verify printer identity.
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server is a special instance of a netpage publication server. The netpage
formatting server has know edge of various Internet docunent fornmats,

i ncl udi ng Adobe's Portabl e Docunent Format (PDF), and Hypertext Markup
Language (HTM.). In the case of HTM, i45 can make use of the higher
resolution of the printed page to present Wb pages in a multi-colum
format, with a table of contents. It can automatically include all Wb
pages directly linked to the requested page. The user can tune this
behavi or via a pWedner errcebscribbreto petipagien, faoraralt it rredse fy eetpagm kegisratidnasadar d

net page belavisOkuholidMe!iéhitiShet B ﬁﬁt%tphwc&nxn mﬂ usepeaéfauﬁ %ﬁ{?& Br 2 PUiHed emee on
any Internet docunent, no patter it It hid

know edge BFY UiFFYFEhi° et p?%&r*maef & PERDE Ha"i“’ﬁlé‘ ﬁ%&aﬁ%aélgbﬁd.bﬁf*@r and
t he net pageibipby sigahemblisher drivate digstukerion Tacigee Siver weiifes, vatipagiigips taatst,r om
Wb ser ger t'ﬁat the pm IYhongédlo WP%%B% tgh\é Eﬁegggdw yl"hlt ﬁ (%U &@\Qr TAnRNHat ect

sensitive informatio 0 in stora‘g in transit, aut henticate
parties to & T a%é%eﬁ“‘ﬂﬁ o Srwavcekwafa ‘?ﬂcf“’&‘l thegulishep copifi mS&?&Fé{b‘H@reﬁlﬁmn
Wi despr eaddatsb®e. secret-key cryptography and public-key cryptography. The

net page networK #36spR0hi«EliASSes ageﬁpt&emsqgsdwmm a%ﬁlsﬁz@&onwyhe%tw%eogr aphy,
also referred to as Sg/m’TEtI’I C.Cry uses t%e sane ey to encrypt

and decr ypPrets REE Sy arel'\%atﬁ’d’fatapé“sre geéel‘ilt‘ﬁ Jigelx change nessages must fir st
arr angd0t o03.8ecur BéTpacERENSRg®ITYhe  secret key. Public-key cryptography, also
referred to as aﬁa)éﬁfﬂe%a%é fen . %@Léaglrmmmen{m& tﬂl}é‘afr%h%éﬁ% MH& lkﬁé(éd in Nad- 013 SG

34 The two keys are mathematically related in such nessag

encrypt ed Ui ‘?F@”‘é’r’fbth‘k@? M iPgEe s TRiat Y riaehates Tl @e"tlﬁél b‘t‘%‘%‘?’ ‘dR’lé‘fleS Tone of
t hese keyspensnthdremagoubvarshed, while the other is kept private. The public
key is used to eRGEyRL & mﬁqgﬁnaepm@fg&gpﬁ&e&s 544G pRALAGH « kQJw L‘bﬁm@{ yvate

key. ﬁe encrypted u5|n t he pub , a nmessage can onl é decrypt ed

usi ng t'Re P§FY Pt ?{Ié'g}mwafmgth ta\)aﬂmﬁa"r‘at? @%10 éfawe%ewbv S dhis R FagcsY dhes

Wi t hout f i prister. [Oaw 1 gentand @oiredn arrgegigeraeteeiegulaly exchigeRSioh Geys.NElbenéviacth pdnv at e

key is S €Cth&mits hl%ltal 1%](‘3391{&: gﬁllter tﬂrdlétg%klsqmags%ﬁcrﬁfed Ls# 1% tHe Eﬂp}/oﬂltla?e s&%XraﬁeQ_Iﬂg%F\er ate

t he key pair. I'i c-key cryptography can be used to create a digita

si gnat ur e. PFRECVHEPHBIteHP e HEE pr f vat e key can create a known hash of a

nmessage and t henAeacroywst sddiva kbyabitevers pringr & ke wp lindead & pietyr. ID ARY O préntet Adtestahen

ver 1Y 2bNakssioh B5 1 BRAYRHPHoARR-GR)BID. Lﬁoﬁ,%aJeQﬁ pec S ANALILE pcsagtf(n@esml der

of the private % respect to ticul nmessag B ecrypting

t he encryp¥ eé%janﬁéi’g °%§Ff?@“°ﬂ’ﬁ%’°bﬁ|l§1’sf ’E?"eR'@V‘S‘?ﬁlr‘i’éF‘s\}féﬁe‘fefW ng the hash agai nst the

message. |f thewséngmat emes wihinappedtd @ftdrOhd faantiBiia giscovet Widket thg kﬁ(ﬁCdaq:h! ent

of the MESRRYG 5 fon t%a“t &ﬁchtb%%pthgﬂﬁr{( nmleqb{zaﬁ@g%mmt is G g&gd BnB\P e héa hhl t has
To ma r ere

not been altered’in transit e pu ey cr grap y WO

has to be HeH&S fr5*apletheaps the pisislores taaaie Wi is dgisters Té\?%@ﬁ’EesPnPtFFpEF}@ BT Son.
Thi s i 5non¢mltd lylodona@entbeudagn G e it ihiligatie autamtlc g Fdgistati@air@edtd! INME printeisn’t A
certificat ot i e
connect | on Eaipean ks Aol SEH: balit nRPE b HObE L AL GBI, 1
authority \Ylé‘fhlt‘anéémtia‘}ﬁi%th‘iféﬁ‘sg@}ﬁ“g“’?eﬂé?\t| ty by examining identity docunents,
and then creat ek aaditbn $d igpsblia I0)itigipbadon@ied 4 sedrét RQteRchR@EIketi Thi: ReY-ckdhghgPBly HFON' S

i dentity dﬁstoqgcl,raedqme 9&33%! Feidt¥on se%;ay&%asmm ;,Hﬁan.ﬁfacnwshrﬁxgl;e%{s&%&ﬂhs en

aut hori by can use th 4 he certificate degr ee of
certai APy FASHt ity pePéD t°glé=rmi“ﬁeand ﬁélgﬁtir gangmits fhp@en 1D 9/ p veﬂs@getrfsasfrat{oh@rver The
certifi catervbrgsnerares @ edsidhcey fos thg Pxder ayd fdeh @ BErahd detuteBit teandith O kdsdign, keydaree

printer. It also transmits a copy of the session key encrypted with the pen’s key-exchange key. The printer

stores the session key internally, indexed by the pen ID, and transmits the encrypted session key to the pen.
The pen stores the session key internally, indexed by the printer ID.
35 Although a fake pen can i}npersonate a pen in the pen registration protocol, only a real pen can
decrypt the session key transmitted by the printer.
When a previously unregistered pen is first registered, it is of limited use until it is linked to a user.
A registered but “un-owned” pen is only allowed to be used to request and fill in netpage 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
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public key is well-known. In nost transaction environnents, public-key
cryptography is only used to create digital signatures and to securely
exchange secret session keys. Secret-key cryptography is used for all other
purposes. In the follow ng di scussion, ashen reference is nade to the secure
transm ssion of information between a netpage printer and a server, what
actual ly happens is that the printer obtains the server's certificate,
authenticates it with reference to the certificate authority, uses the
publ i c key¥exenavige key in the certificate to exchange a secret session key
W th the server, Tian@n uReBeckbIRS ritRE hSL ULRE-ke§ RESYPASh KeBilsel & 1RRAGY Pdrfoinfafte
nmessage data, . A %pssion key, by definition, can have an arbitrarily short
lifetime. 3 3 REFPAEE PRI NTER SECURI TY Each net page printer is assigned a
pair of untfue i REHREPQWMENTSt time of manufacture which are stored in

read- onby NENMDI yTHefetbdd€ syBterh RipSdits @0 delivély bhBcuR@loR@gifs $uis SitKe@ bddQBupS RS MRT

dat abase. The first ID 62 is. public and uniquely identifies the printer on
he- not pagB PP lF ot g Rl i PP Bl s o Bl kP ol nt o1
is first regpblyrehasgdoie piplisherandigeiesits auifprt totoiat vateimatkein ite eerifieats whichdhetptinter

net page nekwWikadknesicddie first tinme after installation, it creates a
signature public/private key pair. It transmts the secret |D and the
public key secur{é Cy wf’teomf‘rﬁep%nél%gﬁcem PE"S t?’ﬁatn?’eo?f&“ére?% inspacilied; e‘?"a\tfg?ag(

conpar 89 tigions @f thetrageDBerlyi-tagkt pagdsecopsin mirenr-inges waermtrk [r@iope whishd@iciiq when s
daéab_ase, AhRdd, alf[-l?l@ Qi_ﬂfelsrglitlh@s ﬁs?fginscidﬁ @-xtdt ﬁ&l f;a%qst ?ﬁenlhgg re%ﬁslc?& de:si%ne& ocﬁégﬁaﬁt €s

and signs a certi e.cont ai ni n e printer .publ i .a ublic

si gnat ure lﬁté%ren?fﬁ ecg ahoeIrl g repiRns g Xie %"idf“igﬁtgete’éwhi’eﬁedtbﬁB’Olf“ggd}fjrg”fggg’f P‘B’ﬁeg %g'abase. The
net page regi st r athegfiectie sipdsr tag waerpark @ thpeit fisi nbi Glleewtgu tobidng at ynix o sidetfage
printers, skdeR ididst MRSthe AELICSPicd & nS@fTIEREnsi NfOrmation allowing i t to verify
printerl5identityP NP 013}§G 3§ Mheq)a user. §ﬁq§§tibes to a publi at%ﬁn, a
record s creat ed®Ps FRE REVBLYEPRY O F At Epr WA AFPe AR ASHEUHIRAEFi zi ng
t he publ i sih&gctiend YabivatThis krtengnibéopingnetpagestop ndtiage-ayge photocehéefsaul t printer or a
sggm fi eg F” Nt eSecure Eoé@helits kO SR LrenSBIAd astpBrt 8F RomMErE tralh@ioR. PROGN FEENR! 1S

addr essed ]

a _particular user and is sjgned by the. publisher usi t he
pubI | Shor * SF (5 3E® EISRERUTIEn QY Sor bR P I sy PP e omyog Y e
regi st r at i wpagd aeeatirticneserverira ties¢rivel iptegfiongher i s aut horized to deliver the
publicapi on to tWenSP&GkdIvEE USQe nebi® d3AERSHE Ye%iﬁieﬁf%ﬁri {drigSitst DBentiSlyGpat ur e
usi ng the gublt.i sher's B\lélm i]c k('f , _obt %ifﬁed fromthe rblli sher'% certificate
stored in THEPLEFETT AN SR ahr Apuee P serEt ‘%&‘5‘5“%‘%‘8‘ yaeiidtritsdicng o dy
accepts redppewits ado seqetel dpquingrtt | IRg agutllvoatdd zavbicatigiotsty tohpredatt thiapedictdo byl ong
as those rgguRsie ab&s. iANkdir@tuQindht Feri®cRENpdnCEh B¢ 8EvEEpel Quith HBieR keBdodk - on3- 3
NETPAGE PEN.SECURI.TY Each net@?lg_?fé) en is assingned a unique identifier at

time of malfHFREP R HRST Py SRS HcH®ory in the pen and in
t he neBpage regi Stalanditbe ths ertgmrrkaerttehias e phobmphpersedufd 164 crypriggphéd synsé. dbayt i f i es
the pen Oﬁnﬁl)t]ﬁod?&tap?ﬁica{ﬂﬁ_&m&(m cAsufl §4rRRAY0 O Mo&Rbht viROMon, BarfidINLsing fa

net page pri n};e.r.s, an ? prlcm'\[ﬂelr gafn "know' a.nunber th 4 PENS.. Aggg:-n o,
communi cat B FHP R PV IRERPISA BehoSEYTR ™ ?%ﬁ&éﬁ??§£§F ghsif! "Ry &t ) s
within rangeesf. the printer. Once a pen and printer are registered, they
regul arly gxchangsn-eeeshhfén keys. Whenever the pen transmts digital ink to

the pripter, the digital ink js al s. encrypted using the appropriate
ses SP Ohak ey Di g%ngtilgﬁletpage system, tJorms sub\rﬁu%d by users é{'g delivered reliably to forms ﬁ)agdler 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.
4 ELECTRONIC COMMERCE MODEL
35 41 SECURE ELECTRONIC TRANSACTION (SET)
The netpage system uses the Secure Electronic Transaction (SET) system as one of its payment
systems. SET, having been developed by MasterCard and Visa, is organized around payment cards, and this is
reflected in the terminology. However, much of the system is independent of the type of accounts being used.

In SET, cardholders and merchants register with a certificate authority and are issued with
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ink is never transmitted in the clear. A pen stores a session key for every
printer it knows, indexed by printer ID, and a printer stores a session
key for every pen it knows, indexed by pen ID. Both have a large but finite
storage capacity for session keys, andim || forget a session key on a

| east-recently-used basis if necessary. Wien a pen cones within range of a
printer, the pen and printer discover whether they know each other. If
they don't know each other, then the printer determ nes whether it is
supposed t @rtitirteacinhyming dyir publg signatyrp ket Theecertifi@fe agthaifypkrifies baciheldees retigrafyan

bel ongs t Odepild %@ tha lgsa‘er hEPhrSae.add tegﬁéssene;cnﬁt p&glﬁg&a denlﬂfs with e aﬁm; &/ is
meant to know t he i.nitiates aut orrxa1

regi strati SRBFSc g%@?"gers a?ddfnf:féha?)t? |Stﬁrteeﬁe”| Bipeqive ﬁ'ﬁ’é‘ﬁt“g{‘a&“k KB SEHEY 98 ﬁg)e‘rt hen
it agrees wwimplers. Baringake tapnenigmeese thege agrtifidales orh @sed @rmuingllyuthendichtei amechgiandgi ng

cup, ats V\@hﬁﬁhd&|aﬁmo&&heﬁtﬂ@dtéth@ﬂlﬁ&t&th@pa{ﬂﬁ‘&! ##t1on procedure. In addition to
its public ID, gﬁ_ en contains r et % ¥ xcha@gﬁ keay The fk% )échange
key is also recdrd& 1°h'¢ 8enna§?p;5°3g”8 P SPUY PeSt ORI SPIEASH 85 YR P i e
of manuf aceetifieates Bupisidged wgksemealnieon soltthe whgh maittria padiplie keys sndgertific® e t he
printer, a@g'eltah@glﬂrtﬂeQﬁr@rfoldErra@e@@maglﬁas;v&}aﬁ hRR thed vt kéhekiREesN €t page regi stration
server. ‘? servgé“?e%{n%rat es a session key for the printer and pen to use,
and secure § tra PUEVRe session key to the printer. It also transmts a
copy ofl0t he sessinoe rkipage exsiem yo mespheavictittratidnaerpee iitssis k epxyefcrangese key i.e. Tive

printer  sth8&oilE1S8mRhi@nskEns! Nt er nal Iy, |ndexed by the pen ID, and
transmts the encrypted session ke pen stores the session

key internally, F‘?‘Fd‘é‘?"é&l SYB PRI R f’““leES‘Cathh? 1‘?8‘&@‘}13“%‘8"‘1‘2& RET pReRents fppeause
i mper sonat &e systpets penrbasérie thp diometagussd is attei ugan’s pr-trie Gedtyre, Oebisting of ©eelvapy@n paan

decrypt thg«8&sSad agssdscex &é@ﬁﬁm&kﬁd calams& msaqrb¥ BsiBing 2SRk sgfs&\mt@tuégey
unregl %;ered regi stered, [Tmted use until it

l'i nked ﬂthi’]’glé P2 h‘ﬁ’ef é‘ﬁtr d Pee'iy%?d"fﬁ’t?f“e"’“& HseE‘)\RHédffecﬁBé‘}‘? FRUR Af o BPPSUHeaot ﬂB’ be

used t o r egthesttiaagbedisof the systenmet page user and pen registration forns, to

regi ster a new u{l\’l%rﬁrgtgte%’b) lﬁﬂg taﬁ@tor}% @l?lnpéyrﬁen@qg Qr}?gtts'tepﬁlle L%rgbl%&%’mfﬂrthet o add
a new pen to NPT0Q13-SG 36_an exi sting user, pen uses secret-key rather

than publ i ¥PREJESAEPY ST FoRYdeataac °%$F’HW@“ &F’faﬁ’f’lﬁﬁhaé‘é’ wherp e PiPESift s i n
t he pen. 3cad bShGURE BOSWNVENT S thchserls @kpiage vesifigit Brb®ugpois taptutet enddeted inaliey of

Secure ZQOCH%IRQ&O% d§thlﬁ§l l§1§edtt6 ﬁ"lé(l%tr% r@gxq ﬁgw%otoggaﬁls al@cec;pgaxgl%' cQJtdx&taﬁJ lnfkcglcI udes
a facility wat er mar ks, nly so on request from

publ i sher s‘°\)i??de°3‘fdeThessﬁT f’%’i‘ﬂ\"&‘?“é‘iﬂsﬁ%‘f”i‘ 12‘&‘635 ‘Sﬁ?é‘plﬁﬁfb F"}déll'fe‘f‘s“‘f‘?ﬁcﬁr‘t‘f%ﬁ daatprp key
aut hority #no cptifidate avestoesd rim i Slathbiase] Ti® uSe™ ayiried abre infarination istaive spred, fiving thel S
abl e to authentifaken seEQ%noug&ﬁhf%ﬁ%lfo act¥s 1D hseP\Gr Ry ﬁ%r%%T Bé?yﬁ%m fihsidnEr Nati ve

dither matrix in_specif wat er mar k" regi ons_ of Back-t o- back
pages contain mi Mgyt %ﬂ@@“’%ﬁ]&’/ SRS 1he Plagiise "‘Wﬁlet?ﬁ p@ﬁi"'ﬁcff’rcFéa‘Wfé?i Sighiigant ed.
The di 2ber nepagerordeeform) ghe griritan scogtely Gamehie vhe RrdpagfesationaliegenBx kd thebjbrons: dan &

desi gned t g REALYCEHN sehvdl Bl s%& Oé}fﬁes‘%ﬁefb%km@’@ﬁﬂeép&‘?torﬂ%%e? &&tlﬁéd%y\’ﬂe %X}Pd
t oget her, achi eved by | ooki ng throug {i)ll’l nted sheet. The efféct

simlar toIDaa"Ré‘f"@f%?%“F?fﬂieﬁﬁf ?r‘fxylmsc"ﬁﬂftm% & S| RYERSHTSAG®ki ng at onl y one
si de of th&3 pagMicresdvnestd ost when t he page is copied by normal neans.

Pages of secure @&%@%@Eﬁe&ﬁ&ﬁh‘%& e kP HlickdHhyMned, REnQM fseridbe RGN BRALE, COPY

mechani Bm descri bed
charged for printing low-cost documents on demand and for copying copyright documents, and possibly also

to allow the user to be reimbursed for expenses incurred in printing advertising material. The latter depends on
the level of subsidy already provided to the user.

When the user registers for e-commerce, a network account is established which aggregates micro-
payments. The user receives a statement on a regular basis, and can settle any outstanding debit balance using

35  the standard payment mechanism.

The network account can be extended to aggregate subscription fees for periodicals, which would
also otherwise be presented to the user in the form of individual statements.
44 TRANSACTIONS

When a user requests a netpage in a particular application context, the application is able to embed
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in Section 1.9 above. This extends to copyi ng netpages on netpage-aware
phot ocopi ers. Secure docunents are typically generated as part of

e-comer ce transactions. They can therefore include the user's photograph
whi ch was captured when the user registsred bionetric information with the
net page registration server, as described in Section 2. When presented with
a secure netpage docunent, the recipient can verify its authenticity by
requesting its status in the usual way. The unique ID of a secure docunent
i's only vatusd-shegific rangaction s inthe prige. Sthsequalbionuhtbratgh tha meke ssdazerdevithithe wawesption | Ds
are al | ocafpegd mesbpﬁ&mllgmﬁib)e td @tams}eaa%wmpm@éome@foe@le bt SQipudY

opportuni stic fogV devel oped

W Uh bui -1 T oRBaEk B STy RRT bR r iR trate ooy B Bp i Ba gy L 4E
poi nt - of - presanitet oty doclblishe contexi. A tgadal oamplOnedyet ydding iitensefromt hpre-prantedr mar k

nor t he5us@fiof pRhRLIRGERD it Qh@ggycras” Tl @m& kr¥ mepggr@&Plh@w@@rnﬁ@umqw@M si nply
provide a s ni ficant obstacle to.c

I Sk R A R R R R D (IR ALy L A
| evel of s@@vmellst‘rymmé'rcerrqlanng igdeppadedibyciccuipultted bghagiprlldhtanot entirely i mmune to

forgeries. 3.5 Nubh a&g&%&ko@%&enm&éa@mmﬁ&mggmm&semmﬁs% g&we%xuplﬁ'értaﬁﬁaq by
users are de]llvered rellla i‘?vé han%]e (ill are rsi stenrﬂ

ar chi ved ofPIEI°PYE8 HRGa S R Pupys °"Y"tm figurg ?Jé‘f'ﬂeét tﬁ? Bopgl aé%l pi ents
to repdfi avith thelrigiserey’ attrifte thrmepaeerapasveTHss tradpag: hng@uragm fehver tg yglamtheas

descri bed jscis f)l RiYiofHD @4]’ f%ge@rlels\ﬁthl %@5@ A 6o biPdiias 1DNS. MAMBEID iOmbLRkAt €. 4
ELECTRONI C SECU ELECTRONI C TRANSACTI ON (SET) The

net page sygf 1¢f—‘:2m§?acure El ectroni ¢ Transaction (SET) system as one
of its paynent @ysmémlon BEtzinheard infpripéenindtesdelyopedPbyndVhgtlerCeride and Vi sa,

is organi zgalf@@&um@m%ymmsm ﬁﬁ{}vﬂ&;e oﬁm!glgbklluﬁmmmé gkl ected in the
term ngLogy. Ho stem s rB/endent of the tg\ipe of

v
account bei ng \lljf}@d”fe’f“%}]‘gﬁafmangé}’ H‘ﬂ‘i‘i’g’ﬂ%‘f ‘ée“%?ﬁ‘ﬂe %P A& MHEEP&F €A ot FH Sa
certifi cataplzetiolrotojatiyw it fechiga rEplitat sUtedsagtiotsipn NAFIP 4f3heS&r 3sngomlytapiflirationt-perific

cont ai ni NginfhMglidn. PUbl i ¢ signature keys. The certificate authority verifies
a cardholder's registration details with the card jssuer as ’Jé)t ropri ate,

and verifies a nEFEIAlEHEeP E‘d?“&?grpé‘tdi‘%}‘ia‘&é’ﬁ SHCL et R taﬁté‘faté’ﬂsqlﬁ‘f’? é‘i&““s
appr opr i at®favo@armholicen sehalfief theesechieany sudtrof odihgpes. respective private

Si gnat goe keys S@a@]“ﬁpgilc\{tlogns Js@g!atgd mﬁlcﬁgpﬂ)ﬁl&{l&) pr(pl'églj 84 tﬂeuﬁteﬁ%mﬁg arpa(cgﬁﬁss
these certificates ar ate a nerchant and

car dhol der ™ PR L AT LA o PR BOTH SFe e TN C U BB SSET has
not yet been adofst @dlicaiod@loyiderpar tie| aypulisiga vfyeridail dibedritielr conrent. Thesystere ecads keys

and cer ti 4d ot QdgRes GORSI Bl G scRbld JBNSANEas whilhs R emeé&lfée&de&wpwcg@n
mai ntai n cardhol der keys and certificates on a server and give

car dhol der*accesRESPPRFEDERRITIRYT NOAPERHEt with sone success. 4. 2 SET
PAYMEN2S | n t he Aetfiagiemsoditeatnf 4 lheurmat-pagion dagdigtamdt shom isBgwet0. acts as a

proxy for the NeRRAGRuHRECInd Q&nteﬁt- ob}eHQnay %@'Eeg@igédqﬁ )Le ArQnogﬁ'&oQ@EYJggﬂﬁtlons 842.
transactions. The netp ?@%?@%St emuses bionetrics to authentjcate the user

and aut hor RV EeFerigiisn Bedsrawadndemeti stathich & J5igredys Satitaediieevsy Ymet ri ¢
used i s t hdecus@rrtsgurgn DublineCosd mpredtaicoaforne ande Wil yideWeb Comertian (W 30Y Rpeunce

Description Framework (RDF).
30 A resource description may identify rights holders 920. The netpage system automatically transfers
copyright fees from users to rights holders when users print copyright content.
5 COMMUNICATIONS PROTOCOLS
A communications protocol defines an ordered exchange of messages between entities. In the
netpage system, entities such as pens, printers and servers utilise a set of defined protocols to cooperatively
35  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 dashed line. During the time an entity is active, the
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position and pressure. A fingerprint bionetric can also be used by
designing a fingerprint sensor into the pen, although at a higher cost. The
type of bionmetric used only affects the capture of the bionetric, not the
aut hori zati on aspects of the system Th® first step to being able to nake
SET paynents is to register the user's bionetric with the netpage
registration server. This is done in a controlled environnent, for exanple
a bank, where the bionetric can be captured at the sane tinme as the user's
i dentity il4felipessishdvads a fpblehing Bedarse ¢he iprptocdpeonsidsegd Ayeldosnobereat dr destroyeentities,

regi strati gfinchatedBR&By cul shéHa® choh & ab Bty UGSk toSarki@Feith prdétel. USEr ' s phot ogr aph

is al so opgllonal é.)fas&%%o‘&ro%ﬂv&'}%ém%ked to the record. The SET cardhol der
regi stratin proCess 1s coO hd the resulti ng private signature key

and certificate éP@fGSQdGmwlmeﬂt_Of hrubsgriptierslalivery pkeeol issleowh & Figapridnt  car d
i nformakion is aJ\%Qge%ﬁ:ﬁH’eﬂﬁuseQ'm‘ﬁ ﬁgscﬁﬂaeoaﬂae&d&ag@oneﬁ&l 8ich adel sceam&ﬁﬁayes laRNough

i nfornation st e use in an ment tr nsa lon When
t he user e‘\’/“é%% ﬂe”I%Yy SUppITes’ 'thE “@[ g‘?%fwnf%’teﬁtosﬂ%‘laﬁéém i ff)t

exanpl e byThsisgpsiripgpn delivere potagpétherefore delifvay dppuniehfestrygiuren togpdiviiad mn@drg/th oiufrashi t S

t he order ﬁunjemega,ﬁgjr@@@m&neje@mnl,d;gc@snd the bionetric data to the netpage
regi stration ser

erv verifies the bio ric w hresect o the
user identified }§7 af‘ﬂléa“ﬁré %’Sheé)n st }"tﬁlfﬁ t H%Hmed}hﬁe%lt fl§r eé\éﬂ ‘{oﬁ‘gneﬁ r oxy
in corTﬂDet ferver 124 HetheSE?ﬁdm@rﬂewtnem Ftalprstaor!duexng its4lo@mivit TRO4 Pyity ABiNFR ST twehemgepage
syst em i ncleHeleR) BspsBil asH Mok @HentHl 1@&19 -REMBE. 3t 1n$llQesailtsl AW abihSatibiS 85 64 %ebe

convenlentl cha or. printin ocunents on demand a

copy ng. coBYFTBR A rant & 8 Dot Samd Gy o et B R PP e

r ei mbur sedsigngnre Bypenses incurred in printing advertising material. The
latter depends Ofhe paftSeiv@\iSts tHafapptibtsd B andlafi8 a0 Yo Mﬁvwfﬁ@le I;egstxa% & kme VWIEN

t he us isters fo mre ce net acc unt st ab whi ch
aggr eggg; es U BY6Te ﬁ%?ﬁ/?‘%%? ° Y Sﬁ@% gﬁ?/g% (gic t‘?f?é’ﬁé“’ icifly Seéf’CtFJgg’ﬁl ey
basi s, andappliatiog.er mhy@eanysem*@mlmdpmgnﬁkmmlw@aﬂ ewti6eatesi ng  the standard

payment mec ham ST apflRadR} Mﬂsataamy B psg%rserb& t@x&wmesgage APERIR Sage
subscription fees for %erl odi cal | d__al so atherw se rtc)ﬁgg{msent ed

to the use¥™ it BRE! FPIPHIcEIRIFVF 6‘1}\%’:,1('} they aﬁ?@ﬁ’@?}t‘% a“déf‘h?f P RRRISAEETF en a
user requesbsrpgiomd®gpage in a particular application context, the

applicapion is aﬁeeage@ereme%&éam&méﬁdﬁ%ag@ ,Aaéesm%%%rmra‘s e péga%@mpm@ I'D 55
in the page. Subse

uent |n:)ut
transacti ofi™ df“épag&ﬂ?f Prfa s B ?’étdW?“B% ﬂfe§el‘f"ﬁ‘£Fegﬁg}“‘ﬁﬁ?seg‘?‘ﬁeléé‘?eéﬁﬂr fhe Fl““éfﬁ“’
appropri attegont ext for the user's input. Wen input occurs through a page
which is not usertne&eﬁaniﬁ,&newgmm age&ﬂqoap%ﬁmhk&&ma&eme the user's

uni que identity a cont ext | e i nvol ves addi ng
items froma pr eg’fff RO 8‘3‘““8‘%1{‘3&‘185‘}“{5‘&16@ ‘lf(t}’et“%‘g“"ffg é‘f“°‘§re§r/r?’rﬂf‘%%ﬂ°scmb§‘ﬁ oPET g
cart". 2%o0 pingtse@tthetréierant page Sesversyii mateysts throwdonesupsets bishashirgibjeus@ithelpBvieBlyk nown

to the net RRO& MRhe @ﬂahn%ls Nn geve}vgeglndtpgm@,pmlfa%& Qdaepnamlﬁmas% chafhelR hfaV €Nt
different a El i cation roviders _from easi | é’ correl ati ngﬁ; ndependent | y

accurmul at e§*BEAKYITBFET QUL e EH AR el ROPYaLt 1o Aol @pinteastos gyt

mai nt ai ns @mctagroyinwless the ek isovrshic pdbetnpse Noameageto tieeidia@inses,appitiatatsiten vi a
a uni que aﬂ,dngguj n@ﬁed(,@@le@‘novm in Fi gure 24. \Wenever the user activates a
hyper | istered” attribute, the netpage page server

N My R
asks tR page Fé@'r'%”r VPN FREIRFEE to translate the associ at ed
application | D 64 prefeogetmhalimewof hhypdriénk peimatibipr@dcol is shben iafigat 45as | D 65. The

alias IDis the ”w%éhbﬂ?sér t:lﬁgs 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.

35 The printer determines, via the DNS, the network address of the page server 10a handling the
particular page ID 50. The address may already be in its cache if the user has recently interacted with the same
page. The printer then forwards the pen ID, its own printer ID 62, the page ID and click location to the page
Server.

The page server loads the page description 5 identified by the page ID and determines which input
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to the hyperlink's application. The application maintains state information
i ndexed by alias ID, and is able to retrieve user- specific state
i nformation wi thout know edge of the global identity of the user. The
system al so nai ntains an i ndependent ceidificate and private signature key
for each of a user's applications, to allowit to sign application
transactions on behalf of the user using only application-specific
information. To assist the systemin routing product bar code (UPC)
"hyper | i nkelemgptisizong 5%, dfrany; the Hisk Koy it Asyynpieetherreleyam inpu vigment iga ypqolink elamdnpid4.¢e
behal f of ﬁa@@seH@t&Benfo&ﬁmsﬂﬂé’as%bﬁﬁf&ﬂpp&flﬁoﬁ'iI@@U&htl EbRY/POR; anFAGHMARPYid GADNG el S

he system mai ntai ns an

associ at ed ovid

account on" \é%) ald(?ress? %Ca‘im SF“’%% S"Z%ﬁheﬁf’% t’&'éﬁ'tl to allowit to credit and
debit the provi dée pﬁ@rseredr |u%§kthc pandD§h tof @aim t@tcerresmndir&ppdr i a2 fronthpregstiagtar can
be a pUB| I &RET1104nd BRK hiREhkeS AloloSlP &G dut lﬂﬁ)@rh WSPID 5218 vidSt @B@rﬁrﬁ@&lﬁg@ﬁ he

expected f PEQHERED “Of=5T5 {api DAV f%ggd%@%‘*%%g FOTFCRE D PR G A
preferred wegHowod ‘mrmld mfntea apdddrpiifies the dekarhypstlinonstabalsa. ¢ page srmei thenséndvits | n

Fi gure 40. ovﬁa.,&berdﬁ@uﬂﬂﬁ%erﬁﬂ%q%nb%ﬂ&th@lhﬂ(ﬁ@{otﬂg'@ﬁf)hagondescr' bed by one or nore
resource descri p]i.l ons. 842. Resource ﬂescr tions use the Dtu lin go

met adat a el ement | SEPPICARAT REPUTES 2 SRS RS ‘f"ﬁ’iﬁg 9 PREopRERis /g potams
el ect r dRi ca dopgrsotIB & fronDuPiserveCt b theetead at docgion 1o fhrpagt eriehidb WohsibleMrde \\eb

Consor t i UnackdABREDs nRA Nekae8 Ilﬂ%%&ﬁek m medﬁssa%m dvel SiBRhd thAygm wqﬁ‘e@f ID.
description may g}%entl f

ri st
automatical Iy tralfsSfet s‘y %ecff)‘g? F%‘flﬁtgef l@’%‘?‘"f‘ rre(‘i?ﬁ“dgé‘?dsap‘fhﬁ??g%tf’gh ﬁ"fff e €™hen
users pri nteopapipe fagykspording tseriP and IHInGANNRINhOAT PSS RREFGEBLISuA i hetmpealikat | ons

pr ot ocol dﬁél{e@%eéﬂe&}ggﬁggff&&@m@&nOf messages between entities. In the
net pagq system sgnu ties suc rinters and servers utilise a set

of defiRed prot o l&?ls‘éco]?d@a%eﬁﬁrﬁeéFlg°€?t$§P‘§9mer55‘ﬁﬂ‘Feeanﬁga§F s 2P araest a5 he
net page symsees tEthe hrphisatitroedb the somplidtaudrtynahtge ith ywnideabapd, aad Srelipuent ehechegegr am
in which t&@nﬁgggtg@l@;e@lestgém{ggl on is wused to represent nessage flow and
the verti cal mg ﬁl g;ﬁ used to1 Rresent tinme. Each entity is

grt i

represented by (oIS (Y Fe e {apRcto I Freh i t’aﬁe Eﬁﬁﬁmd’age
vertical cstvemmnclydepthe s@spctiiondDtim e |mefsadei sere tothe ppbicagot Thiy allowbtie | apgicdtibretot | me

an ent ppy @.esmﬁﬁ&angaar%n-we&@clcbﬂ&tfoﬁhaggémkac%vaaoﬁashed line. During the time
an entity is act NPT013- SG feline shown _as a double |ine.

Because the pr ot &?Ihgpeglﬁilﬁ EAYES BEHEPe U s TRPRE atrBpte et ey the it prgces,
l'i felines sre sg@neatiathd gen di61 @ G hyradinisoapplicaton N6 the rogiscBias@sert10 to obtain

par ti ci pat@jul 1R uQa’f ﬁj &,s:rsgbondég b BBl QY al ke yﬁlaxesﬁ’dﬁ@lm a@sh%ai B ed
enbodi nent of a s W@?fg‘ on delivery pr otocol is shown gure

| ar ge nunb® %f“ea R AYRLIP; b e mgesege ST fo S appdeatigy B‘Il‘i“ﬁ%tﬂi‘ec?ﬁplmﬁ‘a’&f?
user' s28di ¢siaish mgr-streifit et fop the hyperfifkartomtohy, but many users' editions will

share com®f cConhApwrTNG RectunirRi Profek6Ct S and i mage objects. The
subscri ption delk¥ery rotocol therefore delivers docunent structures to

i ndi vi dual print ARBT HEEESR 2 POt Wit nepse s HEPB CORBHERTI BT et s vi a
nmul ti cast . théivareshppegepatteroiie ftiokeidentifiehthe slgem) a patragthepdgpai ns a docunent I D 51

for each documenihefpriReP@Raridthe pen ID 61, its own printer ID 62, the page ID 50 and stroke path to the

30  page server 10 in the usual way.

The page server loads the page description 5 identified by the page ID and determines which input
element’s zone 58, if any, the stroke intersects. Assuming the relevant input element is a text field 878, the
page server appends the stroke to the text field’s digital ink.

After a period of inactivity in the zone of the text field, the page server sends the pen ID and the

35 pending strokes to the registration server 11 for interpretation. The registration server identifies the user
corresponding to the pen, and uses the user’s accumulated handwriting model 822 to interpret the strokes as
handwritten text. Once it has converted the strokes to text, the registration server returns the text to the

requesting page server. The page server appends the text to the text value of the text field.
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server 12. It then sends each docunent structure, including its docunent 1D
and page descriptions, to the page server 10 responsible for the
docunent's newy allocated ID. It includes its own application ID 64, the
subscriber's alias I D 65, and the relevant set of nulticast channel nanes.
It signs the nessage using its private signature key. The page server uses
the application ID and alias IDto obtain fromthe registration server the
correspondi ng user I D 60, the user's selected printer ID 62 (which nay be
explicitly>4el ecPERUATPREVERFEATIGNAROTR®L| on, or nay be the user's defaul t

plr: nt er),h and t hessapf theapuit ele{n?n GRsd dohd GakiRke ihfdGecBRP gi@ﬁt%ﬂﬁ@i@lh%8@%tpﬁg%i cate
all ows the server_to veri t he .message si gnature. e page server's
request toseﬁ%gs?pgel}dsst ?ng’lfeéontﬁesm %“ér? Ee?%gi l%t%il "the application ID and alias ID
don't together i Qe pdigd of inagtiyliy mrtheprieohthgd@atuy fied. thegese sarey eendstiiseen IRIGlocat es
doc :J m; N6 asd tR3GRling ragakadm ehejlq@sn&&d sér@f \Mlarod seriﬁlthamp @cgﬁa descihé HpliQitn, ID 64f

i ncl udi ng page t e printer. Lt inc es the evant set o

it cast BRUGREIT Rt @ g B Einae g W el e hEe UK v ERUPRS ¢ he
newl y al | owaertdf thalgen [[Dsregigration gereep pkritifiesttheower faresppuging tethy geh.cnérreethe Bse t he
appl i cat i ofyndas sighale M'vidtdtie d18kd veRfy thd18rodQGY IR Nter's kbt D8R it BastvBfied the
subscri berg' sel inter i evan

ected . pr via the rel e, servers, it. .
il t1 cgst < PRES BB RibaLEE e LR et 86 BT e et
sel ect 88 nudificeryte sismmmiey- 4t theBotchthplryéo aseraerdizitel nidnapyrd ofithe fosm dawiind eturtshe
appropri at @e dipiat st gbAsd to G RGREGINS pRO rverd B Bho¥ @er\ter@slighs hE@Hal BHane OB e BEna@R] €Ct S.

They are t b to popul ate the previously polntcast docunent
struct ur esge?‘{lzﬁ‘?sselsgff%(ﬁgtegﬁgnSpsgagtuesmsfg’rg?}"ers to add conpl ete docunents to their

dat abases, and i Tthedlgftahvignatureancludgsithetakias &1 6500f the icomtespoiviing desc Thierilows a $ngl form

HYPERLI NK #CabluAuliplluRRQEXLLs. A preferred enbodi ment of a hyperlink

activaqgonsgrot o|(_:ol é’tus sho n Figure 45. Wen a user clicks on a netpage

|
wi th a netpage peonR,WI ﬁ“é's?)'%'\f'lf\p%oa?r?ﬁﬁ‘ni cates the click to the nearest netpage
printer 601. TheAeicferdd embaimentiof emt mianipayerotactis goviog digirofp- on t he page. The
printer already KRQWbmishsh dcbirs Bda Rfm hipeniReRiihfia M RSO te QrHRRE tabfd in

via the DNS, the network address of the

prot ocol . %’hte §5| nter get erI neg_.
page server RO ARSI AT TRET 34H e cul ar page I D 50. The address rmay
al ready be in itbthegshela Hrmtyeerlinkdire higdink @tiefidn messagetsex Bycthegdgantridn 19 feghesane

IIO%QG- OI?ble_ @Eicmogm I PhtdiRnNaadH 3D 5615d BE BurfeRddath Lofte@ WPt oin ir@e ) cfains by Page
an cli ¢

| 0 ign to the page_ server. The page server |oads the page
descri pti off"8Yf %g]?ﬁ ;a‘f”? ) awcaf‘ﬁbgeﬁgﬁeeaﬁhﬂnﬁhﬂe’@é?‘gﬁ ghe A TSP ARG gpith the
NPTO13- SG ®@espindinedigitalsigpatymeand htainirg tigmyrespoining cériifchte fronete egistrafimsanyt Hg t he
rel evant igput eteimssionFRymeNtPRETocbNK el enent 844, the page server then
i i i D 64 and link | D 54, and determ nes,

obtains the associ afed application |LC k 54,

via the DNS, the pﬁ%?%ﬁ?’E‘%ﬁrﬁﬂfr"g%‘é’mﬁ’fm?“Wéynﬁbtﬁf"f"&‘ﬁfsiSIE?N’“é"é;i‘%r“hosti ng the
appl i c&bi on 71. Tihe qageerseeyemmus.elestdné cpsnissioB B4y beopapddtearam trhepplication

clolr r esFond,sra@aleutE%Irprdn@leﬁal dibioRotne ltrﬁrﬁa%ﬁé& sﬁkalgn?o[%&%ix&rog lr%s anlagslmmﬁﬁvs on
al l ocates a gl gba upi qu rlink request .and builds a hyperlin
request 93%’fng"ssf?{’émﬂé‘ﬂfgpﬁ qq&le%’gg‘ég‘fbhﬁré‘é@e RIVEGoARE PR E hown i n Fi gure 44.
The hyperlink refubgerinlcegredd $2heustddsrogt a feher commigpioa stedinfprubanrgamuli@iidnnt er

anddi d_egt i ;trjn@ﬁr f’dﬂ?eg |n-le{="ckﬁg t(h)ﬁggcgulrcje r&gplii:dﬂc?ﬂ; Fb\eder %26.3. -ghﬁslgﬁ,gaﬁd $6th Y}@rsoﬁr&en
sends 5 S

application provider 70b to the printer provider 72.

The target application receives the hyperlink request ID from the page server 10 when the
hyperlink is first activated, as described in Section 5.2. When the target application needs to credit the source
application provider, it sends the application provider credit to the original page server together with the
hyperlink request ID. The page server uses the hyperlink request ID to identify the source application, and
35  sends the credit on to the relevant registration server 11 together with the source application ID 64, its own
server ID 53, and the hyperlink request ID. The registration server credits the corresponding application
provider’s account 827. It also notifies the application provider.

If the application provider needs to credit the printer provider, it sends the printer provider credit to

the original page server together with the hyperlink request ID. The page server uses the hyperlink request ID
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own server |ID 53, the hyperlink request ID, and the link IDto the
application. The application produces a response docunent according to
application-specific logic, and obtains a docunent ID 51 froman ID server
12. 1t then sends the docunent to the page server 10b responsible for the
docunent's newWy allocated ID, together with the requesting page server's

I D and the hyperlink request ID. The second page server sends the hyperlink
request I D and application IDto the first page server to obtain the

cor r espondiendgntifisiae priner, amicends fhptredit oh ® B relevBhtgredistration sepyarfegetherrwite the pritjtee 8-S t he
request i fTﬁelﬂ@tsﬁy&%ﬂv&@ﬁédmE@%@Bmdﬂ@%xﬁ%ﬁ&dac@fumiiim for a differ ent
application. The_secon nce

seryver. all ocat nt 1nst
| Ds 50, returns {%esouﬁ‘eevﬁp@w o7 BEREE S °pr51§r8@y %gedt co%ﬂtengengtﬁﬁf]%% o?‘t’p lcﬁ s the
conpl et e deevidee pnd theeritter groyjgan ofdletidehtits e the aquebe firich@tidnyprosidends t he page
descripsi ogs to nmAéEq&uggngﬁg.opri nter. The hyperlink instance may include
a neani ngfﬁi aﬁ a,@tl on I'D 55, in which case the first page server
i ncl udes t ransactioncI D in the nessage sent to the application. This
all ows the appl | Bed¢rringrio Figures@shdib|theghn, gentriynisagnbtedy-refpecs fumgraCightisletesfior  t he

hyperl i nk lﬂﬁ@lﬂg\ﬂ@i IR forknlof iﬂ%tugmﬁﬁlhé Iﬁkmg @aﬁlyid?»%@f nﬁg%ﬁ&n@-lsﬂaééslm for IﬂountllIIgS
"alias req |red attrlTﬁutel set, e fi r sends both

t he pen | [5 B SR THS RSB IOP e 0%%181”} ‘8%%“?‘36?%"“1‘“6‘ %&“etead 1% 8&}‘%6?%‘?#%& fon
server 101 teoi-wiparkm covaot)7 jsisetred traheLpppsitel ol HBrof e powinti 19g Thocdvird 0pienlsd @ but

al so the ahb@fd }LIQH(QQI]@@ ?o‘hﬁ‘e%@@rﬂgénﬁlganrsﬁreht%teﬁﬁ Qllohﬁﬁg !:nglne &leermwttm:%taﬂ§&r I D
It include nessage sen ggtllcatlon allo

t he appl i 03? %‘gﬁ mtot’)me%e‘g'tmétﬁi‘fi %Oﬁs"ﬁ & ele f)"érctqg ‘ECI“(?‘E?rﬁ ‘831? 17t P @‘P’I‘ltynk
act i vat i onsurr§n@ tidANDORbTheNIG1sIRECREM alfirdiidif2RGT@OOD. whWhenmoj&its bk frongthamen gertst r ok e

on a net pagg . ftmamqet&tagﬁdug@me i1l h%neq%nh&mmualoﬁﬁé ﬁ%ﬁsntgh@z ﬁtrJdQISﬁeJnQIIZt he
near es%lﬁnet page pri nt er. roke identifies the on the

page. THe Pr°HYS etf“&ﬁ’r%?@%“‘t‘%@’”b’éﬁﬂ (iR the ht’“ﬁ‘“%\mt B‘i“i“h‘t“é?ds IlB s@‘?"““‘t“??ea“page
I D 50 and @tsmle3fpatthe doger 1(Tere apage tereseive p mdtd endpidchi B4 Lisliding wergspondihgscpage

server | Oa@ll%acfs Iﬂﬁ ﬁ@g@tagﬁ(ﬁ&&é thlsqano%ble(ti@éﬂmlg M&‘Jm‘gix &ﬁ&exﬂﬂge I D and
det er m nes whi ch stroke intersects.

e
Assuming the rel é\? ‘ﬁ?“miehﬁﬂ’tm B °€Yﬁ§h‘t7 1§ %mé°]f’re3t?f“ H:‘% H"’S?§ex e 17 Jhgymtear ver
appends t hB2statsokeunted ot theflixd@<B 117. Bhedhtagis HERY i f6ad mduntkd at AR tog of the @ 11 dat goxdd

i nacti pot Yaldubd\&siviigpe of the text field, the page server sends the pen ID
and the pendi ng strokes to the registration server 11 for interpretation.
The registrati on SEPYBR opgtofbas rompg gagriog ik pernd agyRgRTge iust A "HheR, and
uses the useridgs 1 Rodtmikl 122 @d al@indi2p iwith sygusmibdiel ar8 2idunted silaiyesidp wigin thdi@ugrer okes

as handw 10t2 tefer i Xk carg?é‘eenbl lti 9 (Q@t% stglgé‘}l\i‘belrﬂ gaq vk Q&gﬁ%&&ﬁ@&m&@ oLte)élttdl 123 gﬁ"he
regi stration server returns text to th requesti ng %iglg?e server. The

page ser veP° SHifas! 1fPe et "ff}’ﬁ PEIHRP ]toe%FSp?/’&Yelede()?k"tkh@ £ #7¢ BPted RFP013- SG
41 5. 4285| GNAFDREe VERInE IstA5T 1 20NePROBOCOotAd & tam igret 128 if sagietl tehepentp Mhidpse

zone the S{LoKs aﬁ(f]arrrgx{gt?(ﬁgt'o%te'tl%re@vth? rah U£n%1 1f25 ﬁxkl%e??&m ﬁﬁﬁthl??ogﬁofa%ﬁ{ \Mﬁ-‘xfn 10
appends the st rok the signature field

e of
i nact i vi t y™§ HAEAR ‘ifc’i]?‘?epa‘Bt’a"Eeh ang Fﬂﬁ%ﬁw% and; 13? B“’Je‘t‘tﬂ%frﬁﬁde‘ersb@t”]?ép %Ha"sﬁtt he
pen | D 61 wigindhd dae slpelR6liOn gotRibr @kie Sant igrrtl 2S5, rhe glidsrtbrogitsil 28pr $2Hmvwee¢ relitive fogach

verificati ke tolptrOJe@J entfer %@Bgﬁnbt IHQO@S%L h19‘?-51' o‘a{tmk@h% ho]@@%@ﬁlé?g eﬁﬁ'p‘epe ltlh'e form

of whi B the si natur ield is part, as well as the formID 56 and the
d a’{lﬁ penl 1 has three states of operation. By turning the top 105 through 90° steps, the three states are:

curren
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.

A second flex PCB 129, is mounted on an electronics chassis 130 which sits within the housing

35  102. The second flex PCB 129 mounts an infrared LED 131 for providing infrared radiation for projection
onto the surface. An image sensor 132 is provided mounted on the second flex PCB 129 for receiving
reflected radiation from the surface. The second flex PCB 129 also mounts a radio frequency chip 133, which
includes an RF transmitter and RF receiver, and a controller chip 134 for controlling operation of the pen 101.

An optics block 135 (formed from moulded clear plastics) sits within the cover 107 and projects an infrared
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content of the form The registration server identifies the user
corresponding to the pen, and uses the user's dynam c signature bionetric
818 to verify the strokes as the user's signature. Once it has verified the
signature, the registration server usegsthe application ID 64 and user 1D
60 to identify the user's application specific private signature key. It
then uses the key to generate a digital signature of the formdata, and
returns the digital signature to the requesting page server. The page
server asshegmsnt¢ e sufpqgiatdatcestsgmegeume thaimedvgensir ditabawcesuply eied 1 ¥rrdnnseeths t he
associ at edcofngcrnmts%n% IS ﬂE;&P(,fBr 1Q§@mane;§fl@m@ﬂs 7t S LBRe s hin tRChH %@1 1&31 €

alias ID corres on|n user | o a single for
SRRy S AL AR e R S RN R RS S
pref erred Bftsisdvitrarite @ banell &5nin senpnti e terbaanotoatedd: An udgtioveharging fildét e 46.

For m sugm ﬁ&h@@ab@tﬁ il Ee%on\f h@( P@Bflggtgkﬁylpﬁma}gﬂgoﬂ%ﬁtbh%@tl k@sna indubtioh. Russedond Ac@Ws t he
sone form ddltlo s. In the

prot ocol defi
case of a Tgt ﬁ?ﬂ?ﬂ‘é"t“w? ﬁ?RnfrarteﬁEEqﬂ/“Bé?dl ‘i‘fﬁ’?d Bttt lith %P‘ﬁ?%t’éléé@ LB "B FhHe page
server 10 tageltla® whappher datsiymn 120]orghesiok canridgailmd istubed forowriting, D B@ergm enablhe

]? ur [ gnt ?ﬁ&e@nﬁﬁm&ﬁ&t thdd forcts mgng %f@d th finet diBact 9§ Eﬁk q,g{‘lﬁlﬁlll 0 o3 us m%' QI’I a’fﬂé MR
1 el ds en

=n 4(1? cat fles eac ) extragtltng &%k
65 associ at8GURHeL ' FRE ‘ghé’f’?’&b%hﬂ? hé“ﬁfe&?’f"ésl(“"éf gWHf“ﬁ‘f“ée ShES YT AP 3 the
correspOndinigpdcertificate fromthe registration server 11. 5.6 COW SSI ON

PAYMENT PROTOCO—RlﬁbJ?rgﬁE SJdE ‘?431 a%@@%r%de@ﬁou@rdgﬁlm&ﬁk QPmP ANSRN 02 RS aligcol i's
shown in Figure 4 envir es and conm ssi ons nay

be payabl eg“F’P‘B%ﬁ‘%Pﬁn H)ﬁ’paf“? t(?%l{qSGlFP m%‘fdf‘f\f"lca‘élr‘utf"écliﬂplbgfb‘] ‘ie’é H)él10 WRHEL i ck-t hr oughs,
transacti od® andP=etasroLG®NT ssions on fees and comm ssions on conmi ssions

may al so be payaﬁle%exf f(ﬁ)r'@ MethALtEmgﬁhetpgsﬂiopgf1anﬁ>v(kt§i€srmbof21 tohﬁk pa'i’th&% Gfb- The
Is used to route a fee or commssion credit from

hyper | | Kk r equest

the tar Set 3%?91 lfné%‘tgt Bﬁhe iRfFaEg iSFStFY Bk areacof dhe spRBFS 1R e oty of e mi J fegerds the

appl i cat i olcapengiuta Gem th fHarest locagion tag) diisirezyd to eatvdlatt ho Alstéro@of SO WIbAL! or Al9dieincat i on
pr ovi der 7@910&39011 tgi)%tlf?squfg DB&g 138", ﬁbvéogl%ﬁer Zl‘g'p 13Ihl%e Loﬂ&(gl@ttchlggw Jalglﬁ'rtés% olrle%ﬁ@dnves

the hyperlink request fromthe page server hyperlink is
first actidradandike presidisare from @%HSPEGHV"@S*?““’WE"W"? ﬂ@het“a?gg%tﬁg appl i cati on
needs to credit UtisingOrRE ehip B3P phd @ik OI2 iy 1OV I 1 @din, trahdmitSienithal idkelata pihich Gat i on
provi de Cén@r%&téd fgrgecmangﬁdcgigm& RRG& tr&%lys%) tI) ﬁ’lg&%ﬁfng Wstgxn the hy perl i nk

request gl ge server uses the nk request IDto identify the
sour ce appl i cat i R hePen s Brigge ?fﬁée"‘é}‘eéﬂletd‘gt’i% "‘i‘Sat% ‘ﬁEar‘Fré‘F?é‘\?éﬁts foraaggk ‘é’f‘?“é'iel on
server 11 peogethees oni df fangehdiginlivk ¢e iapiitbredwithinale peDl (6 4the peh 3010aMmuitnySaiivdesra | D
53, and thﬁlﬂgyaprgrrg%d ) gtor'é gﬁ S Tk dzltpf ;Ix-)px%m{ngtg& %&ﬂ'&t&s(\)}?th§ Jn\{rﬁ){’lonc n%'s&xﬁcé} grﬁ
corresponding application provider s account also notifies the
appl i cat i o‘?‘i‘ng‘?t@{)ﬁ%i“ate‘lf t he application provi der needs to credit the
print e25pr ovi der Thei cont®iandip 13396s ponad ed thpseoont der PA Biit thé pen 10hEigarilgisnal
page ser Veﬁloeﬁ(%&@’arﬂ %fumm T hn Kn}al% d@tleﬁlE lax'clﬁtlécnirggqﬁeséontl'oger c;[llaqyp e 36 L¥EhowtS €S

the hyperlink request rinter, and sends

t he credi treHFFe‘tt"t‘j‘mESWéthF@F é]%th? ﬁh%Eﬂa%"t Fo3en Idh t@é‘i‘%‘fr Stf“B ThE® ?‘H“‘t"l‘n‘@“‘ﬁ‘rl nt er
| D. The rEED st tatIR Gifce Setov BED 013 6ld thsfoichi@nsoqhstesq@ondi ng pri nter provi der
account 814. ThergQur &ﬁroﬂmﬂlb Pﬁtldcﬂ@esgl%&%ﬂ%'i)mbésopﬂg'15919?46 eYabof3hd &éh@%e & the

|dent|éﬁ of the target glcalon provid t he plnter rovi der of
the idé&Htifap "G‘f’Veﬁtnrfém@B‘iﬁ‘PS(? the, PR irqlleraehip d i+ 6?%‘\1‘?66‘%‘?’ 147 and a 512 KB D 148 are also

included. An analog-to-digital converter 149 is arranged to convert the analog signal from the force sensor

photodiode 144 to a digital signal.
An image sensor interface 152 interfaces with the image sensor 132. A transceiver controller 153
and base band circuit 154 are also included to interface with the RF chip 133 which includes an RF circuit 155
35  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.
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6. NETPAGE PEN DESCRI PTI ON 6. 1PEN MECHANI CS Referring to Figures 8 and 9,
the pen, generally designated by reference nuneral 101, includes a housing
102 in the formof a plastics noul ding having walls 103 defining an
interior space 104 for nmounting the pea conponents. The pen top 105 is in
operation rotatably nounted at one end 106 of the housing 102. A

sem -transparent cover 107 is secured to the opposite end 108 of the

housi ng 102. The cover 107 is also of noulded plastics, and is formed from
sem -t r anspar ent Themtoession]45, digitd treigeeiverzompradls éranfyeverigatrolierd 5¥/4né bas¢bird cgdut us of
the LED nosaj %@Lgyvgem &tetrf’ﬁt% 1|§23Lfﬁ§hr}9en$92147 yftﬁs@@ﬁ QfRA%Pﬁs'é%CinééQﬁé‘d @ a"EﬁJgQ part
109 whi ch sub?‘ %Lé%i Y surrounc{gl:C of the, housi n 102 ﬁ

proj ect i ng®PE Y BoadHi CHPBFj f‘?“‘b]zfé I?ndeTForﬁsi"?aF?g AP °‘f3r£§r1 arié@“%f d fits
within a cotheepponili ap- sl ot 111 forned in the walls 103 of the housing 102.

A radi osant enna Mgmzigg se!m'r'ﬁtaez(iS)@ﬁ#"ﬂlﬁdC@]ﬂ?su@ra%rﬁ&txi B&Iu&gl:b;' W@us&é%ecmhl n
t he housing 102. Screw thre sur roundi pertu 13A on the

n
cover 107 SYREPT Hgorts? P‘é‘é’é‘?e{/‘év e N°8’r‘f6‘gpN 8%8“131?1 Naﬁa}‘f’éfwa‘i Hgzk.
cor r espondfAngnns gdkeyel IT [ICBAahage BdrSor forMinipret Ghmeen¥Ystpn e TEE Tiadsattons e rfipetadnice t o

enabl e i Nkp&REL VdidgSuhsPl %ﬁdi‘ﬁ’@be wékﬁpln&%ame@ﬁmw ﬁymf&nzeb@mﬁqv@ﬁuew7 is a
tri-color status_LED 116 on fle he ant enna is also

nounted on the fT}&?Of}iz‘é@f 3% 134|'Ff56rssat Hietrent pietpyafies rqrigd ?Fd’ti‘ﬁt"@ﬁwﬁf‘ e RE 0B of
t he pe010dot frogongaodth aadutfacar io invetporites i aodekdicated. cirdilite1 5p erhick annippehatee Bttt as a

nor mal  mar k,Q8lode M4 RERKERY th@%onéolf@Pl@A @(hk‘%d&& b USt on%’i&ed Rk Ben, cartridge
118 with nib 119 and a st lus nib 121 are nounted side by

lus 120 w
side within the HEG¥HEnse 'Cf?c"“E?“P‘ﬁaéets i fieuitirfrseg APMHz bgd B vee! tyrcordiss
styl us ni btelgghdneg analtomativelpingiztunticorswcr4diHz indough sc@péia asnokditd ZASH) bahd) end wet al

end pi ece éé&éﬁmcﬁ)‘ppfn@Exﬁtcblgponqgtec;lmo P@ndetng@feé% fred TomREREdH e S!ider blocks 123
and 1243are nmount ed 't he i nk car and d%‘l us 120, respectively.

A rotat3ble cam B3P FIE’F“a'i"QSm'i’°§‘“§‘§ P reg mf‘ﬁp"faffé et ta fgagciption IgperaFSn and
arranged t for shot-atge cdnfx@nieatipit with 2 bise stgiamorbetpageprin®?5 | ncl udes a cam 126 in the

formof a slot V\fntamlx‘{ﬂer e]:nbcﬁm){é@tl &éﬁ)egrg(;‘l 1Mud$sQ%alpmmgngledtzcelegﬁ%rg 8&&632{‘4%%1% 127

and 128 projecting fromslid hin the cam sl ot
126. On r ot°4td B ghere! 0 &t B‘aeraFCé‘FmT%S 199 Fféshgw *a&gufﬁ% 9de<k’s° inghest §fling24 npve
rel ative to eachTheqdvsion bOthprafleateteds dnlibdas ttihenbpdimenn bbxhd i@ 10T tosdensk wstiani b 121

out th pgu g\bxth%ln QGfQQIICbetO ]sgﬂ?acé Qcatul)]leta%g‘hagll@%ng ng I(Jgéﬁgl? gigslt;]) 479 sam-gﬂg atpaefawéqugte m three

st at es of operatlon turnin hr oug steps, the three
states are! °at“§t‘§5I IH§*‘“1‘?(’3 iqeptily ap Je‘it)&ftm‘eres ‘i‘ﬂ?efé‘ﬁ?’E??‘Hi}j‘é’“i*fS‘“ﬁ?ebF"ii"@mﬂﬁf“heand
Nei t her i ndbjectay 4 usér thgpefack Iiutrieden ¢ Q. aaihmand buttsit)ythew she 1ag @ ofielph bedtionoey with# tisecond

flex PCB 1:%%’&‘ ﬂh&,slnﬁﬁpéfgﬁeEtQame@i?ldgltlﬁfQﬁe nﬂ)ﬂt‘eﬁ:&(ﬂﬁhasm s 130 which sits within
the housing 102. The second mounts an infrared LED 131 for

provi di ng i nf r ar 8% 3F5GRD APy HF ﬁcﬂ?f?‘?ef?ﬁ n g5k f Pheadyrdretiers isARefHEge
sensor 2532withgespregv iitketd prodiern@titanmedu elgigeongsifidnex PCB 129 for recei ving

reflected radiatgon o s{amn; E&S‘s‘ltl&%fft}%(‘sﬁoke Thl%t 6l G&L{ felof% pBitRnslifhin s'ﬁ&ce%“”t S a

radi o frequency chip 13 includes an RF transmtter an

recei ver, Sy c“&fh‘t“?‘b P?SE‘P“ emgﬁ“%safwrwei: Y 81 1S F@sesﬁ&ﬁﬁ??%nacaﬁler?%rspen
101. An otppi¢atighald lighkesdiBbn,@hdhdred dirtonvimudke @dr ghigtadroR hasiulagss skttt S Wi t hi n
the cover 4107 angeBisY srer BedckiPfididr €d NPTO13- SG 43 beam onto the surface
and ret%sl ves |ma es onto the inmage sensor 132. Power supply wires 136
connectt h&l MERMECHWICP he second flex PCB 129 to battery contacts 137
whi ch are ITDUH'[ eTheWeititulljymbuned aagipdediiptter §05s shown fully assembled in Figure 11. It prints

netpages on Letter/A4 sized media using duplexed 8'%” Memjet™ print engines 602 and 603, as shown in
Figures 12 and 12a. It uses a straight paper path with the paper 604 passing through the duplexed print engines
602 and 603 which print both sides of a sheet simultaneously, in full color and with full bleed.

35 An integral binding assembly 605 applies a strip of glue along one edge of each printed sheet,
allowing it to adhere to the previous sheet when pressed against it. This creates a final bound document 618
which can range in thickness from one sheet to several hundred sheets.

The replaceable ink cartridge 627, shown in Figure 13 coupled with the duplexed print engines, has

bladders or chambers for storing fixative, adhesive, and cyan, magenta, yellow, black and infrared inks. The
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A termnal 138 connects to the battery contacts 137 and the cam barrel 125.
A three volt rechargeable battery 139 sits within the cambarrel 125 in
contact with the battery contacts. An induction charging coil 140 is

nmount ed about the second flex PCB 129 tg enable recharging of the battery
139 via induction. The second flex PCB 129 also nounts an infrared LED 143
and infrared phot odi ode 144 for detecting displacenent in the cam barrel
125 when either the stylus 120 or the ink cartridge 118 is used for
writing, iertddgeldso cortpirgnaitogirdilterdhet tesemohiiki Theimiofo air fker fn@riges i nar rappéBed t o

the surf acﬁm&ythet ;t}ﬁtepﬁya 'ﬂbsp 63919h195r0§i56¥ lf‘}{§redunbto ll%lpnntﬂg& t!) %evéﬂhﬂérgg blor‘r.!i@ro 144
detects light fromthe via reflectors (not shown) nounted on the

sl i der bl oRgEley 3% thﬁnﬁerﬂlﬁw PrRPBYE 135G riibish g Oﬂ’&rfls&ri’l'j’g 1t Pfhead, PRFEIFSa &
t owar ds t hiacognatiik0i abffiltér Réhih Okl sdrtAdge i ptrarions Bie 81 the Mt ipgfetigely kedreme iO1, and

t 105gzal 6.2
PEN CONTRDL LES mﬁ&‘jE%ﬁﬁa%“”?z*éﬁ“%ﬁ%ye%“e BRRP I ARED A bR (ROEPSD, °7,

(styl us niKessfobbecishi cartridge nib 119) by imaging, in the infrared
spectrum an ar eRef@fingtth @igartini a&endtdhzédhﬁedwpﬁbkmp tdjaeroafesemMﬁml;hshed the fopeRétds t he

| ocation d(%xteal f{oﬁl%et IQC%‘BQT%%TS a paieggg %or cc))rl? thte% prfn d éilfles r1 rt(? Elg gl?ple?(ec()i I\ge%l 9‘“' ate

the distance of rom I'sing optics
135 and coprintheAd| assemighyjThe 1v@YMenfipt® prigh engived @E ah b3 ax%mowaﬁ d1u hra prpesing Hiline

gr i tent fml Oiéqugﬁifal Joh@uma al@ﬁ'gdhet A8 béibeﬁ;{amtﬂag %sdoa@qawﬁ rngnnetda&pms@ﬁemzl ve

i stortion_abserve

ant onna. 112 DR SRIETBE R A 1o S bt 0 e B e
encrypt ed heromgerses Fitajivedsmintoberkdieneolsly traidekfiriedi teyphortest aessilt &= on) to the
conmputing syst e”’rhe Pe;&tbﬁe ﬂ@ﬂM&n%etM}mB@éﬂgﬁ‘e @i t}@ouérﬁspél M%werédfk%t Sihkg 'thééls ' nk
datalstréprq giat or ned. b ben T ey

di gi t al e O“F Btfi"f @F‘@BPW ok a¢ ﬁ%‘“ﬁé‘ﬁ“ R?ﬁ‘i (t lﬁ‘é ?féerfp‘fﬁ)f €P F°(’9[?fttﬂlﬁy

i ncl udd$ a‘webprinfed surfage paivgeituettfesittigrsigzeth4ginto dle sdcork MmieaM friar engippio®dxi mat el y 12
m nutes of the pﬁé}erﬁﬁ%tté ﬁereQ'i‘z Jnﬁ' @ZaStHJJagega%st&g frorﬁ@l@d&a@xeh%%@é%}ngs%@gmh @(;3er

The control | er I s _mounted on the second pen
101. Fi gur gty dpnder asse"B}YéB% Terirsgrentes Ha?S‘ifé’ftW%ﬁ’ P RYVeTh S PRecate 4T Wik ﬁéibmus
ar chi t ect usugpoafrolitiied ohitrmoldbleaxie RitpspkdheclF g un@mdthnad i@ g8 @HsI. The movable

represent a&xll aQémbiyh’ﬁ3 l?Enoﬁrpe!on }gﬂéal s& @'t M@Q gnd% 1@ ﬁ'Q]E 0 e%QfOMSrE'% 1£t£11facec\91hor

status |.ED 1186, ['um nati on orce sensor LED 143,
and t h&Yf o%@wgré%lﬁﬁop‘f*@e@wya%n Mfamsinﬁef* &eﬁateeﬁ?rrpawﬁws @RBt-134 i ncl udes a
control ling procassgie whdd assdBiiy 61%&nesmaish estidinmliex aed19 @itiod rotatigtcauplhetiveen

conmponent Sth0 Eluet Qﬁ)l)ﬁlﬁ&téﬁ P kr!m? the EIF C'Rtnag%%fz’l E‘n?‘ 475 DR he¥ts ;104a7g_]l-1g %@e@‘ wlﬁl:lzlz ab@os DRAM

148 are al so 1 ncl An anal og-to-digital converter IS arranged to
convert t h@h%%ﬁar’wplgarwgwn ?“P%rﬁdﬁbh"lleér"c@"lgﬁ‘é hewine SBHBTYe G &lug wheek B‘t}han
digital signsbg atAR fiolrBRjetisEsi®aioldingt @idfsprog abbPddonstaeraft@aso W trlatal hiekdt Arge

sensor 23532hmg€‘ ol SRV ?Jvr}éﬂhe 9e9t’l>tf ‘EhQ' %{%’ib ﬁ]:é " tﬁ&?fo%ﬁier ﬁé&f?on%kﬂog‘s“thfe gﬂ:?éhe%r e

al so included to Interface wt h whi ch inc es an

circuit 15%moughiby figpt #@%8??3%"6‘?@“&% Teﬁ%‘tﬁ‘éfrﬁlﬁ%d"f@ée ??i?ﬁh‘éé‘tdége%l‘ﬁlyt%th‘aﬁ‘teenna
112. The comtidoingipaigdyf asgsgor 145 captures and decodes |ocation data from

tags fromthe Suhl@C&eybR pasEeQ %to! tﬁ@gﬂ% ﬁg‘eﬂé&ﬁlm}%% adHéQQé & g‘r;pﬁeﬁittb&e LQh&RageNSOr

phot odi ode 144, controls
shor t - r ang® thesfippigide &ﬁ?ﬁfrﬁnem fif%s ﬁhe?} .oaa ‘{°FH§“"F%%§ it tfavsaﬂ?e o e aning pssqrly
medi um3Per é5r rance (-40MHz) general - purpose RI SC processor. NPT013-SG 44

7.2 PRINTER CONTROLLER ARCHITECTURE
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
35  print engine controllers 760a and 760b, flash memory 658, and 64MB of DRAM 657, as illustrated in Figure
14.
The controlling processor handles communication with the network 19 and with local 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
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The processor 145, digital transceiver conponents (transceiver controller
153 and baseband circuit 154), inage sensor interface 152, flash nenory
147 and 512KB DRAM 148 are integrated in a single controller ASIC. Anal og
RF conponents (RF circuit 155 and RF regonators and inductors 156) are
provided in the separate RF chip. The inmage sensor is a 215x215 pixel CCD
(such a sensor is produced by Matsushita Electronic Corporation, and is
described in a paper by Itakura, K T Nobusada, N Ckusenya, R Nagayoshi, and
M Ozaki, geferal-pmposO knicRipsoedssof. TTHECGDNtoffmg eprdSesvs 3150 feommivicatpsavitlr ¢he Gaime piggine
Systent', | fhkndt A0sa¢hibRsd Ml esd roni c  Devices, Volt 47, nunber 1,
January 2000,

i nco or at ed herei reference a
The controller Wn@f%‘ Séaﬁ‘F §“daf°‘alii?s%%aé"e‘?‘i’f°“§%5%t% the fgtRege %Y‘“ﬁsresr"i"‘BHeSB‘*fi page
i nactivit yfomtae Bachpentpagincl @itraller exprods, ilithers auit @iots pedetiitagas © Ut fagiordnted [Memjet™
i ncor pogat Fhindad Gﬁﬂh peattﬁg (% & G4 3o plggp&mngt@) mraml&gdspnmﬁgsie%ﬁr%ueﬁsepﬂmgm
phot odi ode wakes up the control 134 via the power manager 151 on
a pen- dowf‘déWﬁfheetTﬁéltaPe&Eﬁlyo transcei ver com‘rum cates in the unlicensed
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objects, it runs the appropriate RIP software on the DSPs 757.

ter.

The DSPs 757 rasterize each page description and compress the rasterized page image. The main

35  processor stores each compressed page image in memory. The simplest way to load-balance multiple DSPs is

to let each DSP rasterize a separate page. The DSPs can always be kept busy since an arbitrary number of

rasterized pages can, in general, be stored in memory. This strategy only leads to potentially poor DSP
utilization when rasterizing short documents.

Watermark regions in the page description are rasterized to a contone-resolution bi-level bitmap
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NPTO13- SG 45 cartridge also contains a mcro air filter in a base nolding.
The mcro air filter interfaces with an air punp 638 inside the printer
via a hose 639. This provides filtered air to the printheads to prevent
ingress of mcro particles into the Mg et TM pri nt heads 350 whi ch m ght
otherwi se 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 fully
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the first 1prl nt engpne 6 hrough a set of powered exit spike
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(apart ofr om&p&n{hga@%eﬁge@t of a docurrent) as it istr ansported down into

t he bi ndi ng assen? ER CONTROLLER ARCH T C]' net page
printer controll & e“csf‘)vﬁﬁ‘l ‘E‘E“se“%i?"' °§m%5’ it POPF PHRYDPPHESELSE PSP Contratl

fact ory- i nétyard sebhromizefl ivig la @haref] et ssric| sigohl AWt Kby doe iprit engina ¢€), seivded wa B2&termal r adi 0

transcei Veﬁmasf&/é’lﬁ@ﬁ&ﬁlvg%ﬁera?e@{% i lsin€ GignfPrd0 onaﬁﬁe‘%mqiin&' r CU' t 754, RF circuit
755, and RF resopators and tﬁ}ﬂuct ors 756 r ast %7 r ocessor

(RIP) DSPs 757, OBy prrmedalrmemesint 38‘1“'1?8‘#’%"59% S e Pag
menory 36589)4})&151@11 6l MBndexrfing DRANAeS BoAfiguging fhe [pusherdaB®dvia @ 16W- gmdesetid busTH®, and
control | i NG ififg &S SPperARNREAlES sOMMUNI cation with the network 19 and with

| ocal wireless
In the 8% versions of the netpage printer, the two print engines each prints 30 Letter pages per

minute along the long dimension of the page (11”), giving a line rate of 8.8 kHz at 1600 dpi. In the 12”
versions of the netpage printer, the two print engines each prints 45 Letter pages per minute along the short
35 dimension of the page (8'4), giving a line rate of 10.2 kHz. These line rates are well within the operating

frequency of the Memjet™ printhead, which in the current design exceeds 30 kHz.
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net page 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 nedi um perfornance NPT013- SG 46

general - purpose m croprocessor. The conjgolling processor 750 conmuni cates
with the print engine controllers 760 via a high-speed serial bus 659. The
RIP DSPs rasterize and conpress page descriptions to the netpage printer's
conpressed page format. Each print engine controller expands, dithers and
prints pag® i magNePaeETiABS associ ated Menjet TM printhead 350 in real tine
(i.e. at oyer 307Ra@GE Per minute). The duplexed print engine controllers
print both sides of a sheet _sinultaneously. The naster print engine
control | er®¥d0a BRI SYrfaca 1?8 T¥er transport and nonitors ink usage in
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00
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cel lul ar t slieghens giviraneQel vers, and wirel ess |ocal |oop (WL)

transceivers. Lo [a ase-T
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used a%ot he u1rg& B{J‘ﬂee[a%nﬁxt UIQI{ area ca S%R/Eé?%%-l;gse arerrgqier qtg ga%l ver 753

conmuni cat es tcensed cordl ess

t el ephones, or aﬁ@tﬁ@ﬂnaww%ﬂ?ﬁvetsﬁe4u1h>rﬁ%Séﬁgteiamgemws'ihﬁﬁers?%idaﬁ<,~4-7mm
scientifi Catamddﬂgdﬂdopallssg(sh&w9bmgi and uses frequency hoppi ng and
collision gqtzect k%"tcasg %f"pt erference-free communi cation. The printer
control |l er "option

ate9 an Infrared Data Associ ation (I'rDA)
interface for r éé@iﬂvf lwgﬂh?ﬂ&@aﬁ ofterppyedrap thejbasip fopgpnetating amaknos rearddangider g ef
caner a®5 | psphéte. & teQild &bdaM@rof rmﬂadh [¥esatedrod bUB iPFikid 83, isuS@BSosedlon Bvehty BYalisiataer f ace

f h - f 7 2.1
oo SR AR SRt bl B 0L SR 8 BRSPS

verified tmestipisteraithe setisaipd2-| ayout s and page objects, it runs the
appropriate RIP goichirrnie r@iﬁlreﬁ hm]gDEBsoleéi?on sidie inbSRg m7a52rgd% @ﬁér@ﬁddé&h&ﬁﬁél’b page

descriptio ? 't(ge 1%(95%3 5rg" S536 1s su 1v1 edt u(?t{) Ianzeel(iia] Pumg ﬁﬁ%uag-312ed € uqatqgsubdlvx 1£nch§1 e
stores eac dn 1eSt e

| oad- b é;pan@gl%mq iiegreé tqygpggnhevsof tnangles If each edgc 530 of the 1cosahedron is dxvxded mto v equal
intervals, defining a set of v—1 points along each edge, and each pair of corresponding points along any two

adjacent edges is joined by a line parallel to the other shared adjacent edge, the lines so drawn intersect at the
vertices of the desired equal-sized and equilateral subdivision triangles, resulting in the creation of v* triangles
per triangular face 528 of the icosahedron 526, or 20+ triangles in all. Of the resulting 10v* + 2 vertices, five

35 triangular faces meet at each of the twelve original vertices of the icosahedron 526, and six triangular faces
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, and the
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to l et each DSP rasterize a separate page. The DSPs can al ways be kept busy
since an arbitrary nunber of rasterized pages can, in general, be stored
in menory. This strategy only leads to potentially poor DSP wutilization
when rasterizing short documents. Waterggark regions in the page description
are rasterized to a contone-resolution bi-level bitmap NPT013-SG 47 which
is losslessly conpressed to negligible size and which forns part of the
conpressed page imge. The infrared (IR) layer of the printed page contains
coded net pageettragsrefatredao @ardieduyncpf tighyeadtsicsFigurgd@rshowss Arciknsahkdnat beotiegig S38rvdtbde s
the page 1D; ;tagnhddmandscontrol bits, and the data content of each tag is
generated duri n_g}er asterization and stored in the conpressed Ea e
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| oaded is anot her
oo ol oaded. - M i n B Bodh WSommaron A Al "(“aafm%g i
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netpage tag |layer according to the tag format defined in section 1.2, all
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formatég at 767) for printing ‘g(amnt ead Vi a set of
li ne baPfe %Sph%%"f‘Kd?talieﬁ@%“?P’ﬁés %ﬁﬂef"éaf’élséméedé‘t GIEE n the of f-chip DRAM
The final stage pmiphilglobdtas Siadiusehboanel. Bs;mﬁectau ark Ry of d 017 ndaﬁtsAl(ewdﬁtylspndadng
fixati Ve) tra%g “Ltbﬁegm a%&ﬁ&ﬁhl@ﬁa‘aﬂé gﬁﬁggﬁgqgas YéSf’b tLglg'glt 5:1' nthead interface 768.

When several print engine contro are used in unison, such as in a
dupl exed cbhPi guf\ré’ttra&h‘:"rv%%waa?éa%vmw oni zed via a shared |ine sync
signal 770. Onl yAosiggerei cengipfem#bQ, sugek eﬁ:tae;d;am ﬁpaghﬁlyemﬂ a@dpalagy without

mast er b§| ax‘ﬂt?odmn@ d?sZJnumﬁl%PGJ Qﬁg t%eb%/é% tﬁé%cﬁﬂlﬁe 3t gP?Aesh %g{lﬁgd to;'ﬁle q&%r ed

line. The print "engine contro contal ns OW- spe processor 772
f or synchr GRE%IEAEhe Hecpagan er’@&‘f?&‘ﬁ‘s"‘s@ﬁm&ﬁlﬁ FIgePaR P Agnesi ‘??@1 fprfeartighTieser i ng
t he pri nt h@adedbDnovirquiar tlioy\efame edh 8 @rddakd BUsng A7 8ach @l triaglé tespadtd 4 fﬁij}mtuhe
stepper mo{ QLS4 B aéﬁ,@mﬁ 4 8k ¥ ShRIcRN Srdlve WiPrEk RAGE B Rhsfy, L
two print engines eac rint m nute a % ong
di nensi on ‘Eﬂ"wﬁt héefiglgef (’li"i“"} the ijf‘séf‘igﬁ‘@"“‘é ‘ﬂ $“Ffé“ “re%lf°e‘“‘6‘fde 8 lgestqns compleedBOt @i . I n

t he 1230 position of the sensing device on the surface.

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, the maximum tag spacing s is
calculated so that if two adjacent tags 4a and 4b are a distance s + € apart, then there is room for another tag 4c

35  betweenthem, i.c. EQS.

However, if the vertex angle between two edges of length s + € is less than 60°, then the inserted

tags will overlap.

To prevent inserted tags from overlapping, a minimum tag separation ¢ is introduced, where ¢ > k.
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versions of the netpage printer, the two print engines each prints 45
Letter pages per mnute along the short dinension of the page (8% ), giving
alinerate of 10.2 kHz. These line rates are well within the operating
frequency of the MenjetTM printhead, which in the current design exceeds 30
kHz. NPTO013-SG 48 8 NETPAGE TAGS 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, the sensing device nust be able to see at | east one
entire tagT}Aniurmdm@rte‘xia@lecbztﬁa‘nbbdoﬁWamﬁIctrmbﬁkaﬁdwgeroeninmqtsthe regi on or at what
orientation it i é :RLOSI tOf}CGEIS C(-)I;lrs]t?amre tgltl)l édg eqﬁe € 1segons ramed to € u%ateralcgut \iew of
t he sensi ng device Her'e unc 1’01 Of the SIze an paci ng of the
tags 4. nlllvsﬁéedc’a@&‘lr@/%e\r@n erBtcaa@e s$sHpedl’ ithoptigseriediags oxaferrings t he preferred
tag 4 descri bed eRMakiflim tab Baratidh NiniiE telle@ BBt Efew Mirfunt e HOARSAYin fde@bafceOf

Vi eW|s obt%[ﬂ?e V\/nen the tags 500, of dianeter k, are tiled on an

equi | at &ral” ahgul ar grid, as shown in Figure 52 and defined in EQ 1.
This is achi evedWiwnensiduing eemittieytar tmysh tgeele.aherd ag fogpditingt ¢pgiisertignescarive Bas t he
tag di amet g, thWtfaehmﬁmﬁlﬁgertd)l a’%@i@is% legs o 3(2’51@ ﬁgto§60€) ﬁlcam s@&wnltﬁaggheg@ér)a mis

t herefore 552 dots % quj et area of

ef fective ’[“%?b naligé?r]i’éstaélf’asié’“&?dg l9ss ﬂ’d‘b‘fr§qtl“1 “’ ﬂmf‘s"“ﬁlhﬂ’fremﬁ‘f“i“%‘ﬁ”f’ g%gsé'lge l‘isbth%‘é?mdot s
(-9.3 rm)Leng\Mh‘amratthethémgmuﬂvafemmweﬂlcalydtlse&taa‘ce s apart, where s is at
least ag large R s irk Q@Qn(%}(}l}%h BUIRs o b fhihieGhe éﬂe@&’% ih fnddl, V&R RYinERap.  Wien
no overlap is desire orlzontal direction between successive |lines
of tags 50Wmargkdyelreadycomplrte t o make tag rendering easier, the tags nust be
rmyed apart by aInﬁheBecmﬂm:eaﬂ‘lbla]FigurgﬂS)lﬁﬁeQVSEQf:&nangEGiO e&ce%@nﬂ@tgthdﬁmg’rster tag,
U i s ther ehong Afk g oﬁtéﬁhegdgt@ﬁm&Engééﬁlgtagg@l&gofth@mg@s;oh' s exceeds the quiet

area reqwre or t nored if tag lines are
rendered to not B‘\i‘%?rtl}‘réﬁcena;‘}éfFfﬂuﬁé o-edges $54, 53691 Heipngle g?s\f’é@edEQ‘ Igngthraes 390,
256- dot15di smreicedsert-ag theSmdpslnﬁdﬂeerceafomeewaQ@ cdgt $54( 556 dnd Fhidwhay caﬁpleieﬁﬁ)e(}agémg ), and

mis 598 dgt t%ar(gl'e s cCHs of Be IJWO%hchEEé 6 @e&é%h %9‘%&@1‘11&9%4%63

i cosahedron I's often used gener ati ng an al nbst reg ar
tri angul ar °%% 16 afhoising wégpped 8 form aﬁ’é@fﬁﬁ“hﬁf el%b@%ﬁ@&‘?fé*ﬁ raregihexggsdsiséniengiiedr on
526 in Fi gt fbd tagis ) iciowipasent ofter bivedtayezatoabmpderdageiagifide atagglaal tri angul ar

faces 528 sharin f, of
t he ed%s 530 rrglélﬁe:} %uEgLXceﬁQQ@%ué? 8 ﬁg%ge |5‘é%)sf¥§%¥l Cﬁoexg%ﬁf géﬂg&{ﬂﬁekg%ng red
tilingZYt hertpcgs SHeseresat thopidpont P?f@@‘rfidﬁ?eﬂz m*i the thregrngw erdgsh &f @re joiprd br adeps
triangl e 5B88refagdili@roccions aliealfeamsivbR @ppli&d t6 ehbtif the SbathesultinQriAaglessqU ats, smaatier of
equal - si ze ral | VISi I e ot al
manper of 0 R LA kel bl AR et B Sk R sBSLRER 401 O
equal int e?‘\ﬁH’Pléna“ﬂ%V?nl ng a set of v-1 points along each edge, and each

pai r of correspomngitRgiliRokibss & Dingara&lin TabR 4. adj acent edges is joined by a
line pagal Jrfdle{ﬁaé %q;ang,gleghar ed adj acent edge, the lines so drawn
intersect at the Ices of the desired equal -sized and equil at er al
subdivision triangles, resulting in the creation of v2 triangles per

tri angul ar| fvae®ie528 of the i cosahedron MGming@r 20v2 triangles in al. O

t he resul tirRg-10vad—+—2 Lices, e
B minimam! verte angie

k tag diameter

minimum diameter of sensor field of view on surface

m
s maximum center-to-center tag spacing
t

minimum center-to-center tag spacing

8.2 TAG SENSING
8.21 Pen Orientation

30 To allow a pen-like sensing device to be used as a comfortable writing instrument, a range of pen
orientations must be supported. Since the pen nib is constrained to be in contact with the surface, the

orientation of the pen can be characterized by the yaw (z rotation), pitch (x rotation) and roll (y rotation) of the
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triangul ar faces neet at each of the twelve original vertices of the

i cosahedron 526, and six triangular faces neet at the each of the

remai ning vertices. The twelve original vertices 532 already lie on the
sphere, while the remaining vertices |44 inside the sphere. Each created
vertex is therefore centrally projected onto the sphere, giving the
desired tiling. A sphere approximted by a regul ar pol yhedron in this way
is referred to as a geodesic, and the NPT013-SG 49 paraneter v is referred
to as the fenegiletreyd pffigth él. §édeibs . of fie gumest bdusdnswdied it is reeseirad raadtrain
geodesi C S5@dpith hdd rolViF e phrr &8 wellistifd o3B! itRE BS pen 2BultinkHOmGHle Q&Y inaRon e ¥aST ON
triangle is to the center of a face of the icosahedron 526, the further it
is fromt®R& surface of the sphere, and hence the larger it is when

proj ected ont o tMev spreengonallioapplierh piter gigch,\sachi tiat, if@rxaniplhs, ih e csk 2 @h dpicojtect ed
subdi vi 8i Ofould deBRA G absmﬂl p\ﬁysﬁcmxx%ﬁe; f5Sa a;f'u;hoﬁ yé&@&t@éaeq,ahé Yo pgm%ﬁ Rl aced
prior to pr oriﬂectl ]? § | cosahedr on- Based

Pi xel i zi ng™ T e PRy "S‘ﬁﬁ?f’sér s mﬁB\fd piEthe ajsof the pppapd ﬂffS‘e“ls ‘m&t*ﬂf}‘égrablﬁ
1996) . |f (and=hefeetinenpwnesivertiitves thereforecopadied uale tifehyen gsnigldealisastoteeiodigdasby a

triangul ar gf.ac8 bel@& Y@w Ys%ef-e% a'bﬁfg@f)e'ﬁy?e ;ﬁt@h all%%ng b R LEAadee to pb PUEN:E by rottalh}@
surface defined ive triangul ar faces surrounding each origi nal

vertex becYnes rei‘aﬂ%rt‘étﬁ%ﬁ“ﬁﬁf yhilefegping pihend R cpgtex angl e of each triangul ar
face cdAverges OPitcH and(rbll ¢ coBGADnAlly Bfined iy snddkebibtives rebkeivelp et tepseddiond a t ag
tiling of a xsamwﬁ;o@mm{s NesBectelyl l%gﬁ&%e?%retdgﬂnm &%&%%S@y clo&agamysténﬁoflhew

tlrresthelent he two he maxi mum spaci ngs fo

pur poses O Re&IMOEF SF ¥ A it e naia) bagitudizal axpsgndshe X% t]“‘s“a?‘ﬁb‘?térflé?“éw??f‘ 61§‘§edt 0
1.18k. Wthy auteaginch dghebapdedofD 26t sgstean dolaisGusneitiosdlle alefkd 16 p@ives whdn. €. an
ef f eCt ive gnﬁgoc%mlﬁ 1t4ﬁ aﬁ)({ ya%?a% c%&ﬁor{aﬂ)ﬂde%empommelwﬁe ch)@lgvsgsfe QiR a§4c§at1grgt S

(-10. grr) accord t EQ 2. 'The angl e subtended by each edge of
i cosahé oﬁe%’ff”‘nefiﬁsémﬁtévﬁf”g‘?na?f@°fkl’?@eC| rcunscri bing sphere is given by EQ 5
For a sphere of Tiagetsveralltinge)arrelattda i picha) BB rolL @) infadtbidyhcpwinjEertied edge i s

rg8. Gven at ag gﬂ %ﬁﬁgtﬁr ﬁ'ecgfthelgaie gt &hﬂg %@&% H%& :;r%m‘}ged gtéhftteglﬁ th{m 91% fi {ofi ags n

required to cover reis

by EQ 7. | Yienanddhereforg affé% thegesolyigpn °f %e lgwecswsqr rﬁemﬁééuwacacalltesemeﬁhetmagdweﬂy

Wi t hout 1 eddérntiierpgn it lifei p’ €Xilf £Qiafk tHe @isGAN E6m the A t& Bl &Ny of &8 Gndfed afeal BikEN T O
be 4.3 ahay Li0d e S a

r adi uszcﬁ)::n ?%61 nm etk}s“n‘gl? %J{nglgt% é’lcrfklarnﬁ:b F%gh(gitt%& (gn@g%m'%etp?ﬁﬂ[og@ﬁefg lée@gﬁ C‘% spaced
tags with #egligible additional spacing. Such a gl obe uses 16812 tags in
total. 8.18.232Ar blntagasyns@gved Surface Tag Tiling Atriangle rresh can

approximate a s u’li“f 3Ch oto view' calpbe mo@elé{i as glgcli] Xy ?dnha? %g{e%ngé an an u]ar ﬂe*d t he

i ntroduci ng di scontTna ties si ngu arl I'es,
mesh bei ngefdice pEAo@dndsy aiteh éelghtmf al abOVeth speftcel plen G omtiqaé aguip Yedtvd. Péﬂldlglame iewrgeor

bound. 28s sgem)m W@llﬁl‘écﬁﬁgﬁﬁc %nlpftheala;gagt PR ABs JrQfe BnaRAbdhdof W Rlevaatilef ace,
an effective -0 g ar ng_o S .can %u&: ql as long as each
ran eelné hata sufiicient 1 fh%%o t] é%(ISlg]ﬁ é'lsg 1 eﬁ’i

mesh triangfe respects a i rum edge I ength. A
tiling is consi d*éheecter@ﬁfoe@f thvéelwiof ‘he“r espeitt th eurface plefines audlpticaeindivrng thedevi ce

if the fi e:lu@ac@fThMbv%W)\xqgcntclﬂﬁwﬁ&ﬂl&'optﬂ:aﬂ%yfsQ&ldals guaranteed to include at
| east one conpl ete t%g at a sensi ng device on th

0
surface. The til 'R ‘E‘éﬁﬁ% g‘é"?’ﬁﬁ“f EelaB‘i}‘sTﬂ 3’6? ﬁ'{je“zi"t‘fha[‘d sttt fre 9eérst°8t}5alof t he
mesh, $6 t&e. wivaéntherpeesigeebierrgithe pe’ sotitubaxsA0E), ae the fied tfagw dindoveFa). The.tiltThe

tiling progedido BE Q5RGESholitve 605 Qletvbd1. dnd RBhidts Whidf rllwWRE W bofpo V¥ aRdge

negative tilt.

When the pen is not tilted, the window diameter (i.e. | BD|) is given by EQ 12.
If, when the pen is not tilted, the distance from the nib to edge of the window (i.e. |AB| )is T, then
35 the distance S from the nib to the center of the window (i.e. | AC|) is given by EQ 13.
When the pen is tilted by 0, 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.
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whose | ength exceeds a maxi numtag separation s. As illustrated in Figure
9, the maxinmumtag spacing s is calculated so that if two adjacent tags 4a
and 4b are a distance s + ¢ apart, then there is roomfor another tag 4c
between them i.e. EQ 8. However, if the vertex angl e between two edges of
length s + Eis less than 60, then the inserted tags will overlap. To
prevent inserted tags fromoverlapping, a mninumtag separationt is

i ntroduced, where t > k. NPT013-SG 50 The m ni num vertex angle a then
becones a funct i @randé mist dnchosen scatbat shalamyately ldgaRa is Ghagat thrgyghawhéasupporteddilt 0 | S

constr ai neQn,{eonQ?quQd nﬁnmﬁm &Jﬂﬁtem}ﬁhhé éea?@mﬂ Bﬁt@@%ﬁ@m@ﬁmﬁ%h& L8 %Rleq BUt
as illustrated in S‘H , can | ess than 60 w t hout

i nserted tﬁ@as‘s%‘(FéP’(E‘B Ei“hef‘ﬁé’esr@dﬁnumtag separ atl on s nust be based on
the new i ni num bag lBﬁ@@ﬁraﬁdteﬁﬁndd an iffhg QL 501 rebalitiod mustbd dhoskx(Jo 1Ha: the\Nagzad area is

conS! et 3L BH | 85l B b A e 0FE Bl O S B | 20

i nsertion scenarios assum ng t TUM VErt ex ang eis no |ess
than 30 (i.e. haI"“i‘hmbhma%é))‘he spafe of 41 sstacecdaeoRpes ithincripiag dAase from t‘i‘?e"éel"fp‘tl?ﬁa?i‘ngl e
has at | easith ntreasiegl Gelinht@s Seldiban vxaqngaday tBothSackdfs Ra@dGiximunt dﬂ‘ﬁct ra©pit IFi g t WO

edges are g%‘?% ththlﬁ(ppoé?H f([;l negﬁt% gft 1.L. a tﬂe }E%En@%ttﬂe%?nﬂgvp erﬂ[l&tgl!? dﬁn‘?)&oé eis

typically r'st scenario es o
triangl e 5@@“@‘5@&*@56“%@ fPlF?Wlnéﬁ’Q‘t“ﬁmn%lyt‘%’éwl‘eaﬁ\gflhgn‘@fm"? he tr| angl eis aI r eady
conpl et1®. In themeemn&os&emﬁdnah{\a@bm@0589F§p@gvaacﬂgm5148 of a triangle 550

exceeds s in len { t t he edge 548
to COITp| ete the Pr&i ue to%g n}cﬁnatlcin of the surfgcegegzg eq the vxﬁwm% ﬂ)lp tgrau th Fglg.lg govelz %'ggur e
59) two ed§@d48554, 556 of a trlangle 558 exceeds in length. Tags 560, 562
are inserted at e Hedpehdit ﬁ@‘Iuexeaebr Rt thehBgula¥Bhrh@ NG Rt RN 2kt F H2Bwiand

this may co Iet t.agqi n e558 Centers of the two
i nserted t’égg) %ée 5“?"%8‘5‘ ‘%be fwmeHS%W?&L% Nertices 564, 566 of the short
edge 588 of the Ohemghanab ndtobieetpigheailt iSSP £ Orts dcesapk@ 2. d. | f eit her di agonal

of the tr ape20| dTﬁ'eXlﬁ:lgg%ge%sélsllﬂ dl:fﬁxﬁg& H:qul;eﬁ'%r}m%e gt'léaﬁlthetn@l% aﬁ%ﬂr ﬁefti (Jf On%x@%ﬁn@ed at
t he center of the tra&ezm to conplete the ta?]% hgl(ng e triangle. In the

fourth scel&aPFDIPENGLPE™BEs) Sy fs “f“FPPB:é‘ Rfdee iy F F e BB 0t ®eeds
i n | engt h. Giert aaggpeldr fielder tiexin Srbde spsce biPow b igdgeatnsdr Rie (Laiidqpoplaie tinfwite asfectedge

572 and t hgle E}?lhaﬁ gmp(%vy \él?({ tga é%%lgz: of ?‘ é\ﬁaejegzi;EE‘ QCop¥ngQﬂg$a$nst s@l?e@r’em) g mﬁnm ng

procedure I's then recursive to eac our resultant
trianglds SﬂPBBSBIB‘YfSeS"lS“PQq&ﬁHen‘%Z@@21P\KS*tFé27t2hat the new triangl es respect the

M ni mum vertex ang &sbpaausmh hhikynuhaver e RaRRISHAPBe SnetrBiSonin@kd @t ba!
triangle 55733red'l;pelgtﬁ\egdemmma{;?, F/@ babl es are summari zed in Table 4. Table 4.
Tag tiling Vari abl'es varlapl enVeani ng (3m ni num vertex angl e ktag di aneter
mri ni mum di anet e Whef theseis soimageplahatiligfe. ¢l anhthsigpgeapaee apdrobidcrrpsee angular fields

cent er - t 0- ¢RRAGFe hdli.S RACh) NG LR dRGLEAREQRat O- CENter tag spacing
25 When there is no object plane tilt (i.e. ® = 0) this reduces further to EQ 25.

When the image plane tilt and the object plane tilt are equal (i.e. 0’ = 0), and the image space and
object space angular fields of view are equal (i.e. &’ = o), EQ 22 reduces to EQ 26.

Matching the 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

30  captured image. Variable image sensor tilt is, however, a relatively cotly option in practice, and also requires
greater depth of field.

Figure 63 illustrates the geometric relationship, for a given roll-related tilt 6 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

35 equations apply equally to roll-induced tilt. For roll-induced tilt the distance S from the nib to the center of the
window (i.e. | AC|) is zero rather than as defined by EQ 13.
For pitch-induced tilt, the magnitude of the tilt range is maximised by choosing a minimum

(negative) tilt and a maximum (positive) tilt which have the same image sensor requirement. Since, for pitch-
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8. 2TAG SENSI NG 8. 2. 1Pen Orientation To allow a pen-like sensing device to
be used as a confortable witing instrunent, a range of pen orientations
nmust be supported. Since the pen nib is constrained to be in contact with
the surface, the orientation of the pepa can be characterized by the yaw (z
rotation), pitch (x rotation) and roll (y rotation) of the NPT013-SG 51
pen, as illustrated in Figure 61. Wile the yaw of the pen nust be
unconstrained, it is reasonable to constrain the pitch and roll of the pen
as wel | asinduad tidty te alrfacetis fnpre gifstatitHfer egiver @isthdnt fomgsifivegiin df e sownbigniatid, a  of

pitch and b has\!%llbénagr@ﬂdé%h lh@l%é!:#n&‘n ﬁ&mllllﬁqce@flﬁ tﬁéy hQJethE 'é‘ame%la!&hud@ hat, for
exanple, in the ca ut the

W st
physi cal axis r a‘?%‘%?"“‘feﬂél??"‘gthﬁf'?ag?f ﬁe‘ﬁ‘ﬁes oﬂth‘f %4 @ﬁ‘r“‘? %cé”r?flwﬁﬁléemcldﬁth& af)"é’r"fs’vm th a
mar Ki ng ni dvd these e @ minintuipaliaaterpé 8 e Sioy givesa npxinvindehtuat ffequeivg febebat T pet e pen
and thesgpep'igoigage sensing ability (and hence its yaw sensing ability) is
t herefore constrai ned unless the pen is held al nost vertically
di scussed bel ow. AP aoppatingrip EQ 46?8?)‘131 BBy g dine o530 We?%tégsf ul |
yaw range vit loevsigeigifebredcckyyive bteadfitagg reqiitaea pigimun dikla bf weav diadovhigmsterroh gee

whi | e keepiig. HisbERaRholi@ls mtRN&haRt . Pitch and roll are conventionally
defined as y and x rotations, respectively. Here they are defined as x and

y rotations, resMetpieersdapachibes B @Whéf*‘bo"d‘é\‘ rprakingibelhofradalheait b dsthe x-y
coor di nat eefﬁcyisé @htad® bvith e surfiod byaGitboursBP ﬂtch he 49° okl the hoSizdnld): A@dsoHaBld target

onat U gl i3, AR %05, 950wk 3 IEIIHERL LoLsal g hgRaeres
def i ned ashnpm@,qn% ?f!\ﬁefnb»\ménltchaﬁmlkﬁls girday E@,ll Whl I e pi t ch and yaw are

conventional |y define c@rﬁ)ad@@sﬁi rﬁﬂlz)’ﬁatm% CED Qe NcSiBr (ME{@Jsﬁta@lel:troﬁi@t%&%ﬁ; are

defined as positiv (0]

related | SRR P R MR S0Pt I OHe B kSt ol Dk T 0
pen' s f1P| t Pigel FlceGs InpapreSensorafoeMantatugtiamtra §memééléEEfTea1§a9moesoneﬁi@trwnms@@des,a\folt

di ff Ier tent mhmbﬁr i, Narbdd 2d0b ek qmeaﬁxes foY @V ta@&qpawh%v&f s?&eds alf;{e@qt fos ) @vtalrl]abxe
resolution O e. sensor I Nce i 1S | rac 0.sense e area
i oct |y EREE AR SR e BT S 1 pBeckPi S K i h SIS {1 om
the nib t otilt ing apidnd-eindopfdistatre Tiofrugebptimieiag theldeorsetrgl itz AQCIE amLEN 24peackinewr t 0

al low a pr (t%gﬂ'ﬁ Etcﬁ] !n}a rmﬂgés sd ;Ibgvel?/gldgﬁ;; t'cﬁ/rlgx%e gt{ Q?t(; -DI% (Q@?&nh 5 Q)Iﬂ raqgeto?r%q’ Qed

fromt hs %e Sensin VI ew can as a
cone déPi ntd @Q)Wﬂ’sadlleiwd‘g isfprice Qﬁ@%o@naanemaawgﬁ%ﬁpfalﬁmﬁléﬁ (P‘l“é’}“d) Thspvailgblew of
2a), and agicRp J'lﬁﬂuﬂlbt-ﬂ@fto P39 bRMeEs i ReppsdiofcR&A0 we@xr&h&go@twtaﬁlg u@x»btssau S

o gest el PeptRL R BRare F BN bR LHRE B r bl DA > Rm Gt cei ng

that a sufiejogitefthd ipadealage part of the surface is imaged, as quantified

earlier. The inteLse&id RN Rk il %m;‘ﬁheqlt&l alpéulpmaﬁxxng@m@e ;Aajz;ranglbg 63Uk fmaq,ﬁch
deflne?Pan elliptical wndow on the surface. This window is circular when

the op ca’l’an&?(’ldé”hi’s%m{?érraf‘$l?:‘é?6°“ﬁi“‘g’ﬁ”‘é““&z illustrates the geonetric
rel ationshi p, foTheanagessesingpartamémreehxahaﬁzbdiﬂableE) of the pen's optical axis,

bet ween thga gl ,ﬁa sgn%,pé)h{; pbal, the pen's optical axis (CE), and the field

of view win e ti is defined to be clockw se positive fromthe
vertical . The equat| ons whi ch follow apply to both positive and negative
tilt. variable meaning

o Object space field of view half-angle

o Image space field of view half-angle

Y Pen yaw

0 Object plane tilt (i.e. overall pen tilt)

o Image plane tilt

o Pen pitch

s Pen roll

® Angular frequency in field of view
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When the pen is not tilted, the wi ndow dianeter (i.e. | BDI) is given by
EQ 12. If, when the pen is not tilted, the distance fromthe nib to edge of
the window (i.e. | AB1l) is T, then the distance S fromthe nib to the
center of the window (i.e. I ACI) is gven by EQ 13. Wen the pen is
tilted by 0, the distance fromthe viewoint to the surface al ong the
optical axis is reduced tod (i.e. | GEIl), given by EQ 14. The w dth of
the window (i.e. I FH 1) is then given by EQ 15. NPT013-SG 52 D and a nust
be chosen| so o hat t\a;ﬁnadequ@matmcel ar ge area |s |magec t hr oughout the
Supported -+ & Het—marom-dianete mof the area i s gl ven
by EQ 4, MtllLlc_]Le_.t.J:%MEV'e\f}t'h%?'ét? g actual imaged arealis given by EQ 15. This
then gives EQ 16.| Soffew iptuntlewensye det ermi ned, an irage sensor resol ution
nmust be chosen sd san@nngtrgte |rraged ar ea IS adequatelly sanpled, i.e. that
t he maxi np-Feat-t I;\a““% SREN IS safpted—at—ts—Nygyi st rate or higher.
When i maged, % he [SCEIEEOP teﬁ u'é’urface decreases with increasing distance
from the Vi ewpoi rtDisiande from dih td eeoteref Sl gf viewcdnisudaceon (rel ative to the view ng
ray. Bothf factorg Qiree S@Xi rrum effect at point F for] positive tilt and
point H fprnegati-ve tilt | at —the point—in-thew ndow furthest from
t he vi ewppi ntyz Ng tRstgngg from P'@Fce?déﬁefé@'dt"f)"'?’—”?’h t he fol|l owi ng di scussion apply
to H when the til tsurfa:er(w@atelw The d| stance of point F fromthe viewoint
(i.e. | ——ts—girven uy I:Q.LI Scatng—due—to—the inclination of the
surface relative to the viewing ray through F (EF) is given by EQ 18. If
t he surfac®3feat NSPECPR¥Miency is f then the angul ar surface feature
frequency #s.at Frddimage Motdssingaa@eedodiny the field of view) due to both
I ﬁICtS O:: Z d Iu i egl ;/gn’éa%){xﬂzggpn?ﬁssmig 1se escnlpeg reaerhelr in éggloﬁ lPJZ QC}# cuRmr?l esg ﬁtkhc:)Fv&ledée. of (t:ha 28 0),
i mge aP II@&Bﬁtcmteftféns@m9nrﬂl§t9§r1?@MFlh45ﬂ1Ff1‘i§P<t§dt9$da% ew. Since the pixel denS| ty
of the i nagg2senmetringsthé! Réd Dransfornt rmst image the entire field of vi ew at
gﬁX: rr:uagef ;gﬂgg?c%&ﬁe fh%lﬂs%apgﬁg\ﬁ%%gs% 18 OLtalPedlwf cIn ac\cltlfuﬁt\sl‘.vfolr E'le }éerspgf vesdp ? ﬁlon &j t}{e caI
axi s of 0'teginfhd captueed impaes. Agricseritea eagfer, ﬁﬂe Cutsepprding d&f@-”%&@ﬁ@“ﬁg"ﬂt esppemmest S
t2 georT ﬁn) Iteh’eomamtmaﬂbeiuﬂa@aaﬁ@t&ﬁ&ﬂb&@&ﬁb&adn@m q is given b]y EQ 21 and EQ
cos-squa t umer at or su ro
Feason 8 as  neOEe L Tl b Fal RS Rt SR ER it SR e r o
i's no i mage- [k Gensform) ¢ftthe(nen ephygcal axis(Wjith regpeet to msmmeemt@ymm@m Bexisspace
angul ar fi @highSs endbdidd iSWe §é’n€é sﬁ!ﬂ&lﬁh which £ exp%n‘e)i)ay tht PdnS ubeR MRS threngE@: A8 and

tEC? ég 2\5&]6 tre?a%{nﬁhlp §etween tgerﬂh}ésxcal a@szr ﬁle odlc%l ﬁ)SS i§i ustrzg?d in ﬁgé.lﬁegz![ IS| [ eg_?geZng_[ ther
(i.e. 0 =0), ald cptvemffnhagleﬁns Here cooadirgte sprogs e senspp spaes therpgiiskloaxis Foigsldgswithf  vi ew
are equsl iz &isaid thﬁhe&z)empﬁ@xs%&hé&@MQE&ntsﬂceE@ pmlcalmt &)htinﬁ@ wttmez'mg@tﬂel ane
tSL,‘:’ltSOJI[’ OS;[ grgb gb! the (\)ﬂ%g Iarga%egalce tﬁe t%g ;lée:g%lgre I et%le Wi ?scenter at teerorl %e {a%qansflt;g%g

el i m nat es“@e‘?@p@mﬁs‘b@owﬁﬁgﬂm@?@lswrﬁm@m t he capt ured i mage Varl abl e i mage
sensor tilt is, bBOVeMWRisiBush@ddal Fidied o4 CIRUdbMIIQRE hodiis ih Pightt 8Ok bdaSstentiich tidl SO

requires gbeﬁ%é %I‘Flgqnee[%E hl"he v1ewpogll g at E, the sensed point is at G, and the nib is at A. The intersection

20 point G between the optical axis and the surface is referred to as the sensed point. In contrast with the
geometry illustrated in Figure 62 where the nib is considered as a point, here the nib is considered as a small
sphere. If the nib is curved, then the tilt of the physical axis affects the offset between the sensed point and the
contact point between the nib and the surface. The center point K of the spherical nib, about which the
physical axis pivots, is referred to as the pivot point.

25 The nib makes nominal contact with the surface at point A when the optical axis is vertical. KA is
defined to be parallel to the optical axis. When the pen is tilted, however, contact is at point L, as shown in
Figure 65. Given the radius R of the nib, the distance of the pivot point K from the surface, e.g. at A or L, is
always R.

The discrete tag transform includes the translation of the tag center from the sensed point, the 3D

30 tagrotation, and the translation of the sensed point from the viewpoint.
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Figure 63 illustrates the geonetric relationship, for a given roll-rel ated
tilt O 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 s
again defined to be clockw se positive Zromthe vertical. Wth the
exception of EQ 13, the preceding equations apply equally to roll-induced
tilt. For roll-induced tilt the distance S fromthe nib to the center of
the wndow (i.e. | AC 1) is zero rather than as defined by EQ 13. For

pi t ch-induced ti Given tﬁehansnmgm bfubaserdéd dolaefrdni dhé vievapbigtin khS did@std @ s@corlyand
choosing a, qyﬂg a maxi mum (positive) tilt which
have t he sagﬂmprlg lég&%%%tre& Flvgnnéﬁa%& nce, for pitch NPT013-SG 53

i nduced tilt, th%ncs ifiefrhysisal jagis ﬁ*ﬁY differs Gom e optisel e gat ¥ Fanskiiqugand yetigngye.
positive tpldcﬁ) tﬂa‘phpm SR INE lmgmztpuﬁkewnh h@renmtm@mmmaseral/&ﬂmafdllmalgﬂbt ude
ég?grlt Bgd lgt as 1nrﬂgf1rﬁ8{) I{IS ?]ialété%t 1nfse rupace t1t16 _PSltEOﬁ tl.{?énvotzpomt 1S g1¥eﬁe}r’1ﬁ€r UE:;JSreeSAS
whi ch encode theTltsfa[@&)rmth?Sensa’fwlntqqésewﬁamélsaherPfqtﬂatmwlPY(ﬂ(h%?et er of 8 dots.

This gives a miXTH’éUE&off 86t 1 Sivd: A WaRCYntdct Rinte @bﬂiéfimt?ong sifdde nUinhl odlengGOR) dpi .

As cal cul at ed ac an equi | tera tri ili,ng of
256 cot i BRTPBRC R B, e SOET L £t B bRl PR R et g
requires aSCﬂmmbwﬂamSﬁq“ellrcEQﬁﬁavdww ndow di aneter on the surface of 598

dots, Qp about 91w vERB: Aém tii@&gge(dﬁlnt to M@S&nta&%@ﬁ}lxﬁheh@ll)tgnea1ﬂ%rd@ttce ﬁm32+30
pltch and O roll, .The inki effecti

D ontmce i Ch ¢ heltit Faasi e B o tyePbba R g 17 o8 T opT MEE. o
hor i zont al then added atrond®|femthgtagatnter ) thegknsydapigietoiyglditiveradr drowe the 19 centsr w@@, and

a reasonabload fide inftR e,léﬂ&th@sm#a%pmab&@adcmnﬂﬂbﬁ nd greater lirritati ons on
conmbi ned pitch a

dr a e hi
Vot Sushi t o CoD | Mitys Ny B Pt e T Bt FoRP RS b PO B ool v all o
descri B8d desired afpeipelocation if thetkagedregidd: ske B@Btisada, N Okusenya, R Nagayoshi, and
M Qzaki, "A 1l m}ﬁ%aﬂ stgﬂ 1§f%|1nfér1—hegg% m%tlmﬁe t&é;){ 3%11@1&@151“ frfe pgﬂm{cﬁte

Systenmt', | EEE Tr ansactions on El ect.roni c | V»'gﬁu of
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an avai | abthepitck @50 oftthcopticafaxi@#iBxShdst tpihx pin's axishassiefinedig EQF6,HQ I6radeQ 3hd obj ect
space angugar f'ﬁL&ﬁnnefrué‘l‘AEWRAﬂ},Q afmege plane tilt, and a nib-to-w ndow
dlstanésTof 4 optim zing ?1 geonetry usin EQ16 and EQ 24 to

achi evéYt he desTl?eé’E}agﬁPf @htaaﬁcfa%?dl byr“&d@% SHo8 CAHIna BEPEYT Efgongupietiich
range of - ddSitibnoind-éBnt{tiod )f tidridaga senot With respgeto OF tag. Rcetl: prRfdet(vb Bjgetwbittie tay axei ewi ng
di stance DfoQJd 11‘1?’%21&9&@@% e‘ff‘éﬂt &?rgy(}f%reedt)ﬁl ?érge&te chS?\Nn gfmfﬁéd §ase(d%n solﬁng@eweﬂ-he

available pitch range 1s ac 3, IS 1S mapped to close
to the desi“’ld‘?éﬁ""fiéﬁfﬁ‘é’“b?labﬁgﬂ%ﬂrﬁ”ﬁda&sﬁi’ée Hﬁt"i"%ﬁaﬂm‘“’dﬂ“&?a&f ThSd‘Fcéqtea*faf’i’f‘émtsﬁpst he
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Opt i m ésngeq@d 1&%r]s o&ﬁ(e uLth ox&etb%ndlrlgq%s 91' tﬁlp&nca;ghﬁ?ed%ﬁ\sl%o% lan(ptgpgetrslpécavel S

kb

t hus confi neé to an efi)b17 ({I cal cone whose ] or an Itch
pl ane and YR ?ﬁl‘ﬁ‘tﬁrtheé%ijll‘%“"iss}"e% tye ﬁl%fﬁ%ﬁ%ﬂ@fmﬂ $5P5 M Ich Tﬂléde “f?sf’@%‘e%@ﬁg
vari abl es fmethSuiyRB Fag Zo@on, amd'{?ﬁhiomt&fsetfriﬁatmbmrt&b | mage sensing vari abl es

vari abl eme ?Hng Pl@élﬁ&ihe%@%arisl‘o%d of view half-angle a'lnmage space field
of view ha

The transform of the tag 4 from tag space to image space can be modeled as a concatenation of the

30 following transform steps:

. x-y translate (by tag-to-viewpoint offset)
. z rotate (by tag yaw)
. x rotate (by tag pitch)
. y rotate (by tag roll)
35 z translate (by tag-to-viewpoint offset)
. perspective project (with specified focal length)
. x-y scale (to viewport size)

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
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7Pen yaw OQbject plane tilt (i.e.
pitch WPen roll

ov

erall

pen tilt) O Image plane tilt Pen
0) Angul ar frequency in field of view NPT013-SG 54 DNor nal

view ng distance dTilted view ng distance fSurface feature frequency
nSanpling rate gl mage sensor resol utiongSDi stance fromnib to center of
field of view on surface (when O = 0) TDi stance fromnib to edge of field
of view on surface (when O = 0) 8. 3TAG DECODI NG 8. 3. 1Tag | mage Processi ng

and Decodi ng Tag i mage processing is described earlier in Section 1.2.4.
cul m nat esthé tangk nizmdhedtgsle.of t he 2D perspective transformon the tag,

| t
as wel |

as the decoded tag data. 8.3.2Inferring the Pen Transform Once the 2D
perspective transformis_ obtained which accounts for the perspective

di st ort i on'ahle T Riscrelgtransfarmyagahies and dheinfaRees as described earlier, the
correspondi ng discrete 3D tag transformw th respect to the pen's optical

axis can | CV-riéi)E' ﬁb;?(re\ﬂb desct iﬂll’e%ﬁinl erow— 1S ‘-f' onT8: once—the di screte
3D tag trgnstormyj s novxln, t he corrgspondi ng g'Bhpen transtorm ¢an be
inferred, |i.e. the transformof the pen's phyastsm bxis with respect to the
surface. The pen § phAyST[cal axi Syaw (he axi|S v ch|TSgeRRkedied in the
pen' s shape—and—whi-ch—is i e (; ser—+t—passes t hrough
the nib. [The®relfati 6nshi p bet welli" t he phydi cal” axi b %?ﬁ@zopti cal axis
is illustrfateg 1 n Figure 64. It irdl conveni gnt to deflnestfpeee ¢oordi nate
SeRSOr—SpPaee he—apticat—ads—egtretges—mth—the—2 axi
Space_s. I ) ocx_ou SPgee—t ft_’ag.ffb"-knev&mt)?oﬁs%t €4 € €S t A ) aX! S and t he
the viewpdint is gt theloridgin. In pen spade the physical axis|coincides
with the z axfys and Bhe | nitdg-tp-giewpoint neffseti gin. A n thg space the tag 4 lies
in the X-y PE@HE W TE T[S CeNGadined ydw1€ Orifgin.q The[Tag I£aRsi grm
transf or ns_Lhe_Lag_A_LLgm_Lag_s,ga;e_Lghsensanﬂna;e_Sensm_s.pace IS
il lustrated WY Figur@ 64 The PYAMYng of |poifts ip FilgtPéleslis
consi stent| wedsp the El ablel 1 ngosing ofpiighir € 64. The vi pwpoidHE<ts at E, the
sensed poipt—s—a—6 a"rld the—ptb—ts—at—A—Fhe trtetseett-or—paint G
bet ween t he 8}9§i chl Exisl and tWE ABPace i 9 ref®rrefl to a5<the |sensed
point. In |comspasf WGt h |t he geosedofyoli | | ustjirated in|Fi guw@<62 where the nib
i s consi dereg—as poitt—here—the- i bt+sgonstgered—as—a-syatt sphere. |f
SO0 n ’ ~ sink"of rbl : 21 <H2 1
the nib is curved then fthe tilt of lhe physi cal axls a1f?e(<:ts tthe of f set
bet ween the sénsefd pdi nt| atad-toMewpandbaoifeet poi nt- bet yeen #t<d¥e nih and the
surface. The GETtET gornt Kihﬁers@%’c‘aﬂéﬁdﬂ‘:'ib F—rb—about ﬂb tirtlhe
S - viewport scale - §$>0
5
Translate in x-y plane by #, and #, according to EQ 42 (where A=t, and B=¢,).
Rotate about z by y according to EQ 43 (where C=cos(}) and D=sin(y)), giving EQ 44.
Rotate about x by ¢ according to EQ 45 (where E=cos(¢) and F=sin(9)), giving EQ 46.
Rotate about y by y according to EQ 47 (where G=cos(y) and H=sin(y)), giving EQ 48, where K
10  and L are defined by EQ 49 and EQ 50.
Translate in z by #, according to EQ 51 (where I=t,), giving EQ 52.
Perspective project with focal length A and projection plane at z=0 according to EQ 53 (where
J=1/A), giving EQ 54.
Scale to viewport by S according to EQ 55, giving EQ 56.
15 Transform a point in the x-y plane (z=0) according to EQ 57, giving EQ 58.
Finally, expand K and L, giving EQ 59.
8.4.2 2D Perspective Transform
Given an inferred eight-degree-of-freedom 2D perspective transform matrix as defined in EQ 60,
multiply by an unknown i to obtain the general nine-degree-of-freedom form of the matrix, as shown in EQ
20 o61.

Transform a 2D point according to EQ 62, giving EQ 63.
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physical axis pivots, is referred to as the pivot point. The nib nmakes

nom nal contact with the surface at point A when the optical axis is
vertical. KAis defined to be parallel to the optical axis. Wen the pen
is tilted, however, contact is at pointgL, as shown in Figure 65. G ven
the radius R of the nib, the distance of the pivot point Kfromthe
surface, e.g. at Aor L, is always R The discrete tag transformi ncl udes
the translation of the tag center fromthe sensed point, the 3D tag
rotation, @me thiefeirirgtsé Bdg Transdérnt he sensed point fromthe vi ewpoint.
NPTO13- SG 9234 VE a; cddi éltl on d of the sensed point fromthe viewpoint
in the discrete t ans and according to EQ 14, the sensed point is
gi ven by EQ 27. @uﬁ@éthf Wéfﬁfjﬁ’yss!? EQ P9 wighjthe ceﬁ%ﬁcgﬁntainwges‘fltmrﬁqﬁd@ Tpth de axis
by a y tr aislnad-linen eqmdnsin amedowan (i.e. pitch), the physical axis lies |n
the y-z plane | =
(j ust as in s eﬂg&s g ﬁgnkeﬁtef!mgr‘é{%ﬁedﬁéﬂnm% e%gngr?étrécégeg e of 1a§n%{§§ fq%lei %1% of

t he pivot @8?%??2"1%%1@@véﬁﬂwnwlwfanmw&mwh%"ﬁmlﬁ t‘srféo“@é"rﬁ%@ point to the
pi vot point s t&emaketine ag &R obyn dnkdk, 2R corld@ndiRChd is bty g apva@iump@i Nt t 0
the contact . n%lssl’}llg I1§E§¥ definition a surface normal of length R It is
constructe g the 3D tag rotation Mto a tag space surface

nor mal , normaI|2| ng the result, and scaling by R as shown in EQ 30 and EQ
31. Thaovess.op fsawng e xseosad point to the contact point is then obtained

i n accordance w 2. This i med ce by applying
the inverse of tﬁéﬁg%éets}mé)ﬁsl%ﬁl?ﬁ%“an@éggtogveé(g;sgné&%hﬁ added to the
vector fromthe EQE eebrsewlifig utiteLGEreER fod sire EQ Y pd bindQ e vector from
;fggoﬁ ggnggnt _e{ ht @ngﬁnb&wlmhﬁm@io ahm%mo gp@mw and @en “?“;LQ& sg;f ace, in
Wi u

| ocation, as i rrpﬁ?g Tk fvgﬁefégﬁ(#% a"f%:Q? g Eeﬁ@%%‘af)ﬁ@gz desired absol ute

| ocat i 8h | Faueting EQuyerd EtQa@ﬂ ad :solvip@ foEB)YBlgs EQIBE tifrpugh |[EQs8S5eand finally EQi8Aifva¥cht he
pen's 3D ogdipgtmtion fromthe tag's 3D orientation. The pen's discrete

tati h f. the taqg i t tati ith th
L o S BBt VSR Bl iy R B gt e
opti cal ax9kwhich ¢efinesghect to t he pen s axis, as defined in EQ 35, EQ 36 and

EQ 37. 8 4 INFERBLJ\J%J&@&EM%IM hﬁordtnea&%pmt sinBes afh gy, capt ured by
the i %g 1zor con?rgo gs erspective oFstortlon due to the p03|t|on and
i ofr*3f t RAViPgiRgE!

ori ent nsor wth respect to the tag. Once the
perspective tar gibs EQf6s tHQE92tcanpe abtenedf ound in i mage space, an

ei ght - degr ee- of - {;&,g@@qmmpgﬁgﬁ,%&é{gzdtransform is inferred based on sol ving
the wel |- understood equations relating the four tag-space and inage-space

poi nt pairs. TheFrG?‘gglﬁétE@%zra%ers‘?%ﬁﬁ?&f@bE“Wﬁ‘i’dch give rise to the inage of
the tag are concBbeRQt6eEQER2rhil@ LaEQYSs caabbbainget of sinmul t aneous non-|i near

equati @gs i s obt ﬁjmgggﬁm{agqgﬁ(?% Eegg&ggpggglngg terms in the concatenated
transform and t he pgbrs# ranstorm Solving these equations yields

the di screte trah8p FQAYend KR FPhear bt desired tag of fset from
the nib, 3D tag Foh&ZNIEQ Wrehbeowsimol nt of fset fromthe surface. 8.4.1

Model i ng t he Taggr'g&%@gqudgs;ggleoetogtmgf ormof the tag 4 fromtag space to

i mage space can concatenation of the follow ng transform
st eps: From EQ 96, EQ 100 can be obtained.

30 From EQ 97, EQ 101 can be obtained.
From EQ 98 and EQ 99, EQ 102 and then EQ 103 can be obtained.
From EQ 100 and EQ 101, EQ 104 and then EQ 105 can be obtained.
From EQ 103 and EQ 105, EQ 106 and then EQ 107 can be obtained.
EQ 107 only has a valid basis if G and H are both non-zero. Since |y| < w/2, the cosine (G) of the
35  roll is always positive and hence non-zéro. The sine of the roll (H) is only non-zero if the roll is non-zero.
Specific handling for zero pitch and roll is described in Section 6.7.3.10.
This therefore gives the magnitude of the sine of the pitch, since F=sin(¢), and hence the cosine (E)
of the pitch by EQ 73, according to EQ 108.

Since |¢| < 72, the cosine (E) of the pitch is always positive, so there is no ambiguity when taking
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x-y translate (by tag-to-viewpoint offset) z rotate (by tag yaw x
rotate (by tag pitch) y rotate (by tag roll) z translate (by
tag-to-viewoint offset) perspective project (with specified focal |ength)
X-y scale (to viewport size) These are goncatenated synbolically to produce
a single transformmatrix which effects the tag transform Table 7

summari zes the discrete transformvariables used in the foll ow ng sections,
toget her with NPT013-SG 56 the range of each variable. Table 7. Discrete

t r ansf or m tiadqhaddab@ Thadigh of thedite (F)adgesr, Mes bealbtk@MNodbyethedvizam) a9 gisimibdd ilRgerpe
transformyang0<- ,y<- 27t -pitchO-tr/2 < < 7d2 yr-roll10-7r/4 <yt < 7r/4

t XAt ag-to-viewpoi nt x offsetO- tyBtag-to-viewpoint y offset0- cosyCcosine
of yawl-1 C<- ‘§’|"?‘i‘d’:[9§?‘ﬁéhe@f‘°h%’%0°ﬁa"[9é 2coprdipgod 9% ne of pitchl0 < E<- 1
si noFsi ne mi3p| t sdilind fokRsll 1 cosyr Gcosine of roll 10 < G5 1 sinyrHsine of

roll0-1g< H< 1 %réhké%st Eg‘ﬁoe‘é%% Qtraure% of fset-/<0O 1/ ?Ji nverse focal
ra

| ength-J> O S-vie nslate in x-y plane by t,, and t,
according to EQ EFQmPﬁﬁérEé?IAL%ndthela%lgﬁﬁnbf"b*m?@ate about z by y according to

EQ 43 (where C=cosqfdefdd\@veDms i@t of tidisivié (ﬁ@leE@ éhite H=sRRO¥)ah@heade@dlosie iy O

according t ) and F=sin(O), giving EQ 46. Rotate
about y by’ fa]emgbé 9&%‘\%§°°§1ng1‘:’%%419¥(\/\here G=cos(ily) and H=sin(yt)), giving
EQ 48, where K 3imd M| <a&ftetha@biner(€hoflthe réiQs 4BayapuitiE(po5Tre linmigaW@hfmamgby tz

accor dqpg hOsqh rack. TG oBthd SHiteldhy, node et Bkt B detine Y AR Rdahs V8 dREBERR Secti¥nt D
focal Ieng h and projection plane at z=0 according to EQ 53 (where

JIU/A), gi %1% EQ 54.
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.
15 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.| > A), then EQ 122 holds.

20 Given C and D, the yaw is then obtained according to EQ 123.

8.4.3.6 Solving for Viewport Scale

The cosine (C) and sine (D) of the yaw are by definition never simultaneously zero. Since the
cosine (E) of the pitch is never zero, either EQ 67 or EQ 68 can therefore always be used to determine the
viewport scale (S).

25 If D is non-zero, then from EQ 67, EQ 124 can be obtained.

Otherwise, if C is non-zero, then from EQ 68, EQ 125 can be obtained.
8.4.3.7 Solving for Focal Length

Similarly, since the cosine (G) of the roll is never zero, either EQ 70 or EQ 71 can be used to
determine the inverse focal length (J), so long as either the pitch or roll is non-zero. However, the signs of the

30 sines (F and H) of the pitch and roll may not be known. However, the sign of the product (FH) of the sines of
the pitch and roll is given 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 is 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.

35 In practice, the choice between using EQ 127 and EQ 128 is based on which of gi and %i has the
larger magnitude. The inverse focal length is unknown if gi and Ai are both zero, i.e. if the pitch and roll are
both zero.
8.4.3.8 Solving for Z Offset

Once the inverse focal length (J) is known, the z offset (/) is obtained from EQ 80, according to
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Scale to viewport by S according to EQ 55, giving EQ 56. Transform a poi nt
in the x-y plane (z=0) according to EQ 57, giving EQ 58. Finally, expand K
and L, giving EQ 59. 8.4.2 2D Perspective Transform G ven an inferred

ei ght - degr ee- of -freedom 2D perspective Jyransformmatri x as defined in EQ
60, nmultiply by an unknown i to obtain the general nine-degree-of-freedom
formof the matrix, as shown in EQ 61. Transforma 2D point according to
EQ 62, giving EQ 63. NPT013-SG 57 8.4.3 Inferring the Tag Transform
8.4.3.1 Egoaiuisng Coefficients Equating the coefficients in EQ59 with the
coefficients in ' i i nen: ar
equations in 11 E%?nhtﬁ%ogéeg 122%%g§$é1?ﬁ%%%f§§3&%§3%% g;’lr?tng rngé{&gy t he
tri gononet?‘?‘t?ﬂﬁzéféntlty relating the sine and cosine of an angle (i.e. the
sine and casBoe Déter&ﬁ)in@DEedﬁBnySBMtchm\HRblland roll), as shown in EQ 73.

G ven t \h)e sine a'Phd Cogfjthe@fo uct g@h 9{11% sInes. otflﬂﬁbgzggﬁzi? Rséolgqgln gyglggpgl éance Sfdppﬁ,zaiYned

using a two-ar gumenllgn shown ng for
O fset EQ €64caril pistginpf 1774 @ulbaigiadgreEQ casre ghedoBERIBE s paitiy. wighoBOVEBlaad t hen

EQ 76. EQuf %th&q&umo@ AmRé tnf tRdabehdigis Rbddkd sl 106 @vE8nd Qm Gk e sikeryof 13N
then EQ 78. 72 can be sinplified using EQ 70 and EQ 71 to give EQ 79

and then E@C}S‘ﬁ" “ EQ 76 can be re-witten as EQ 81, and EQ 78 can be
re-written as EQ82cll agsiradni in girée@re8 is folivgs. EQ Bparhdals @), inveng fdcd len@h ¢/], erldds EQ
83 thr qgghong(ﬁgre Qmé%mgﬁt&lqg héécri'gg ﬁ@D tho%matﬁi)ﬁg LBES B t@@b%&rbﬂeéﬁbé Msf&rlﬂe

val ue for Blnto- and. s yi ng vi el 87 through a
finally EQaugq ™ "V\)HY C ‘Héqﬂlvﬁé’gggscalefﬁ?c?q‘f“ﬁ%PE’*W& R/téaé‘gat“ﬂ‘égr %Sif éhép 8of t he
tag 4 frommitivein wivewpeienThe rsli aifustméat isthea aghliddtly pre-muBipKinBthd mBot warrg4 fortid t ch

From EQ 68mat1'1:7(Q1" l%golféa{lh Qxﬁ W&r@&oﬁm@ged as EJS&@%dEQ)c@Xw roﬁQ pgs?’tugm 981 dﬂmléh' 1@&)@ From
EQ 64, EQ 92 and I)—_[ can t al ned § 92 and EQ

93, EQ 95 karm Bk %elhﬁdmem ‘SFﬁP%‘Vrf‘EECW)f“’“EG r912t°gwathm:§°“ EQ 96 can be
obt ai nd8. Fr om E@®nehkhe riQnd gitch tid btk kB3 the €1 Brlgticadz bBetaRtvath Dedown ab-desdtibddQ 94,

EQ 98 can Rgﬁ)ﬁkﬁt@g?ﬂm&f Equ&ggbgéedé‘%%i% go%r;m%%e Et %hcﬂglgare ahF Jd9ﬁ]o§x@ 96, EQ

100 can be al can al ned
8.4.3.10 Handling Zero Pitch 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
20  variously zero (or %), /2 (or 37/2), 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 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
25 The present invention has been described with reference to a preferred embodiment and number of
specific alternative embodiments. However, it will be appreciated by those skilled in the relevant fields that a
number of other embodiments, differing from those specifically described, will also fall within the spirit and
scope of the present invention. Accordingly, it will be understood that the invention is not intended to be
limited to the specific embodiments described in the present specification, including documents incorporated

30 by cross-reference as appropriate. The scope of the invention is only limited by the attached claims.
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From EQ 98 and EQ 99, EQ 102 and then EQ 103 can be obtained. From EQ 100
and EQ 101, EQ 104 and then EQ 105 can be obtained. From EQ 103 and EQ
105, EQ 106 and then EQ 107 can be obtained. EQ 107 only has a valid basis
if Gand H are both non-zero. Since lyrd, < 7r/2, the cosine (G of the

roll is always positive and hence non-zero. The sine of the roll (H) is
only non-zero if the roll is non-zero. Specific handling for zero pitch
and roll is described in Section 6.7.3.10. This therefore gives the

magni tude of the sine of the pitch, scoamsF=si n(O) and hence the cosine

( E) of t hF pl tc ‘bm Xod%%nzb‘%hg @qg:nperagllloqq'ltﬁ(% Eu%r ﬁnﬁﬁ; n g' Qognptﬁen%){s{exg ’v1at he

cosine (E) of the pitc ways positiv ‘here is no a I guity whe

taki ng NPTO13- S@nﬁ&rﬁa%u&wﬁﬁmﬁgaﬁfoma'mereﬁingEb t&fco&a@er SdnfGre ﬂrﬁ)inauhmg/@mr
nmust be de G ven

o E, R o o s T b s SRS ilenTorp i e pi ot e s i 1 o
f or Rol |5 Fl]h@mdma@(}gmprﬁ@ 4 plQralitapf Sy@tamlﬂPWé@rentﬁlC@)WTEQ@@M@E@“M 1o asstloft hen

EQ 112 canyhteie@hddiflt maldYositidnfigteef or e gi ves the magni tude of the sine of
the roll, since H=sin(V), and hence the cosine (G of the roll by EQ 73,

accordi ng to EQ alsBing Givire @hithy when glacéfl Infbn opdie@ivecroSiidneeld(iG) to Of irtekfece kofade, Usss
ol vy, POkl o OIS 6l 30 IR L 2k N0 (e square oot The

sign of the sine owever, eterm ned by ot her neans, as
described in Sectt,diagamyéft%naerﬁges@fav@quG 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 11518nd t hen dEps1 &6 ofpapsitive arghtmavamed of thdseiping EQcORlathn o tie@ k@ surla; 117 and
then EQ 118 can be obtained. From EQ 92 and EQ 116, EQ 119 and then EQ 120
can be obt %f Hekpd PHIRRCIORERS of. dHtF NEPHESEEN 118 and EQ 120, the sign of the
square roo{ is deter whi ch can be determ ned from

EQ 80, givithg ES cf’f‘fg]th%l n‘tczagx &a??rﬂthgéen%rgdie‘}["ie\/e J (1/A) is positive, and IJ
< -1 ( beca{%§e I tlglll ﬁle&dlcaﬁrgaﬂta EQldl’l%gy QQLaglsone HfRNER egn@xQQeIQn%tohﬁe utlals t hen

obt ai ned accor di ng .6 Solving for Viewport Scale The cosine
(O and sﬁ?&‘w(“ﬁ))"“dof the yaw are by def| nition never sinultaneously zero.

Si nce ng OSI nep T tg% th(%f ot A uter R)ﬁwgrp mI a%con 1\1/c§rw1t}% %gtpubtlo S assogi te(;E Qhe Q ea%%eGs can
t herefore B ed to determne € VI ewpor scal e g') af

non- zer o, Pﬁ@ﬁlv??lmﬁltEQ 67, EQ 124 can be obtained. O herwise, if Cis
non-zero, then fromEQ 68, EQ 125 can be obtained. 8.4.3.7 Solving for
Focal Length Simlarly, since the cosine (G of the roll is never zero,

ei ther EQ ZO or }?Qetﬁéu a%?oﬁiir&% Hﬁﬁq, gvf?erein the interactive element is associated with a zone of the

interface surface, and step (b) includes using at least one of the position and the movement of the sensing

20  device to identify the zone and thereby the interactive element.

3. A method according to claim 2, wherein the sensing device generates at least one of movement data
and position data using at least some of the coded data, the movement data being indicative of the movement
of the sensing device relative to the interface surface, the position data being indicative of the position of the

25  sensing device relative to the interface surface and the method including the step of:
receiving, in the computer system, at least one of the movement data and the position data;

wherein step (b) includes using at least one of the movement data and the position data to identify

the zone and thereby the interactive element.

30 4 A method of enabling user interaction with computer software running in a computer system, the

method including the steps of:
providing an interface surface containing:

information relating to the computer software; and
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determ ne the inverse focal length (J), so long as either the pitch or roll
is non-zero. However, the signs of the sines (F and H) of the pitch and
roll may not be known. However, the sign of the product (FH) of the sines
of the pitch and roll is given by EQ 133, as shown in EQ 126. The sign can
be assigned arbitrarily to F, since the sign of J is known a priori. If gi
is non-zero, then fromEQ 70, EQ 127 can be obtained. If hi is non-zero,
then fromEQ 71, EQ 128 can be obtained. In practice, the choice between
using EQ 127 and EQcd@8ditsindiasechf amidutiiycl tofintgiceanthchind b @ léakiene lefeger

mag ni tude. po-lx-lpgf th&“t@&a%éasut-r%g E{Le Jo@e'agititta" c&r&n%&@1& (If s&:'stafﬁ'lglg' thfféé‘nﬁatéa%atks Z er o,
i.e. if the are Solving f

Once the iR¥W C?“Ede‘elftt‘f&‘alaS?téti?éeflﬁe”(‘ll‘ﬁd’1°’§mﬂﬁ‘6%ﬁosmﬂ‘fea“2 of fset (1) |s obt al ned
from EQ 80, accorrltqeco to NPTO13- SG 59 EQ 129. Again, the z offset (1) is
unknown if the i'hvVerse oycalf1 | ength (J) is unknown, i.e. if the pitch and
roll ape (*3)0t h Z&&i0n 1§dlé’m‘% d%a%?i’eﬁgng Hd¥fde, geﬁrﬂﬁ&th@&m@fﬂ dﬁh&&hve%pd Rol | The
sign of the product (FH) of the sines of the pitch and roll is given by EQ
126. Since -1 r/ 4nesdeytity ofthe itéace@urfa@l dndadj ust ment of +it/4 can be introduced
to ensure the roll is always positive, without invalidating any other
assunpt i ons. Ongelesstrae pfgipbsitipd prdgmeearentiofthd sqesing deysewlat BQ thoigrericaedace. e si gn
of the singdgidak \)e doh vbileeendhtddClhedtng @&smgT&eicJ Qlplace@GH MSIHBBAL pbshioh RiafiRAb@RdD as
fol | ows. Thte Vi e ortd scalt ﬁ(f*%’ v e%%gtfocal | ength (J), and z offset
(1) are allf’e‘éac.c)?’rsﬁ ey AT HE 38 Pged. A 3DY% ansform matrix is created from

the 2D199r(i% ecti Ny ik HARLAE Whta ‘EUiltdEdniSr at 18 ohé]}ﬁ?e%tﬁé eféﬁlen"t be%n}{g BWROLmpr&al €,

focal length projection and z translation are applied the 3D matrix in
reverse oriﬂ@‘f’are’ﬂ*ﬂe rol | adj ustrrent is then applied by pre nul tiplying the
matrix by oHélratm% g‘tcom?ﬂq er so are m ‘a corqgncg O]ﬂl 1’ns I 'trfl% a&s%‘cl?a e o a?legsprggUt ed

as describ d S Ive, Irectron i s no

known. Theinferagtige glegient: adj ust rrent |s f| nal |y subtract ed fromthe roll to gi ve
the actual roll. Wen the roll and pitch are both zero, the focal |ength
and z offset are bot h unknown as described above. However, in this case

t here n ne ady
Ko, h§ g éj 3 hga{h(%%c'dﬁhl té(qu(ganéq eﬁln% Iér %v eténﬁﬁellt 8?“9‘{ t,thaa% z%neatL tl%r Y
is zero, t‘H’érf*’Q"eﬂ’éfi“‘é’l and 8%@’1 ’ﬁﬂ“dﬁ%\‘é“@é a‘o‘?i’StE@ ifG'F Poeidrrad the My of fipgensingap| e
of Fi gur e &YicsbowsifittiRaont2nddegdyie atactioddmntof EQ 64 t hrough EQ 71 which
result when the yawis variously zero (or tt), it/2 (or 37t/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 and handling
cases wher® the ’b’i“fﬂifﬂ APAPDY clafmoy Mhegidhe sgsine de\‘ief"‘t%‘?‘*“éaéﬁé?f“'éﬁg‘é? PEUEt B by
zer os appean pesgion dutatukiag 4t Hlt ®me bf thd @ded@at§ e mbhes dgeseing indichive bfalp n@vefent

Figure 85 é}*ﬂ% slerél &&elnﬁéiel\mvE R tﬂJ]ﬁterﬁéésﬁrfdw %Q%Ssﬁmﬁ &Mﬂeﬁ@ﬁd&a@iw &t}QEostQ&Hﬂ&%S 86
and 87. resent invention has been descri bed th reference

to a pref e?e?sé’é d?f?f)ffm“f"ré e‘&‘ﬁffcerfﬂ%‘é?ndB‘Fme‘E‘ﬁé‘l‘fl“F‘P%t iP&f nati ve enbodl ments.

m\gfvgr it owl lreclglvmgplﬂﬁe c%xlngge;g'stprx, at lpag)t ge o%lﬂa \%genlt &na ag(?thé ;)%ngc}ﬁ%% fields

wherein the step of identifying the at least one interactive element includes using at least one of the

25 movement data and the position data to identify the zone and thereby the interactive element.

7. A method according to claim 1 or claim 4, wherein each mark represents one of a plurality of coded
values.
30 8. A method according to claim 7, wherein the coded value represented by a mark is at least partially

determined by the position of the mark relative to the set of predetermined nominal mark positions.

9. A method according to claim 1 or claim 4, wherein the predetermined nominal mark positions are
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nunber of other enbodi nents, differing fromthose 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
limted to the specific enbodi ments desgribed in the present specification,
i ncl udi ng docunents incorporated by cross-reference as appropriate. The
scope of the invention is only [imted by the attached clains. NPTO13-SG 60
CLAIMS 1. A nethod of enabling user interaction with conputer software
runni ng i narangedueiptive @ra pByasity@fmowminallingn i nt er f ace surface contai ni ng
information relating to the conputer software and including coded data
indicative of an identity of the interface surface and of at | east one

ref erence point of rface t he coded data conpris

buratiy B subbabittaeiet i, 855 Pt Aot aricd ThdercraRet P SPTY8 (o a
set of pr@@@ﬁérm¢%e@Oﬁbﬂﬂnaumndmmmp®3|t|ons and a sensing device which
when plgced in an operative position relative to the interface surface,
uses | east some of the coded data to sense indicating data indicative

of : the i d ntit y[} O%t?]o% Qc%orldlj;}% %rc{aacleor §l%¥nf4a§1%{emahe n%aeks {wﬁlg éﬂegtter Qn %vheorem e lp %?vlet i on
and a anenent evice re Ive erfacé surface;

t he met hodsPranglo{ibl aafers ¢iet @ﬁtep@a@f’f,adiﬁqqnt!fhlés ig losrthan &M§1WF%m (a) receiving
the indicating data fromthe sensing device; (b) using the indicating data
to identify at |east one interactive element relating to the conputer

sof twar e; ?an ( C/Q gtR&ir %Eorcﬁ[%ht% Qﬁmg ‘P’Z(P[HS&U ?v‘ﬁlr&?(‘@icﬁ rr{al@( h%g ggﬂ Cdei{&' ;;ng'

i nstructions assoc! at east one interactive el enent

met hod 19c clPmuAgading 2nd whprein the lepgiiesf@imarkispmininym rafiupdt grepist BINR% of e lenedo§ B at ed
W th a zoneabfmixhem ridnker f ace surface, and step (b) includes using at | east
one of the position and the novenent of the sensing device to identify the
zone and thereby the interactive elenent. 3. A nethod according to claim 2,
wherein the sensing device generates at | east one of novenent data _and
position dbta ust Rghurcrwingfo Gind oot Aethega sy Yaiimete fiempgrEaehite Ydtla
bei ng 1 ndi ¢atindicative bf thdidentiy\we e terfaco furfhda énchdes suffivgpntd sforimaiéon teidatify we iftafadehe
interfgee gigface, the position data being indicative of the position of
the sensing device relative to the interface surface and the nethod
including the step of: receiving, in the conputer system at |east one of

t he novenent data and the position data; wherein step (b) includes using at
| east one B t heA netidrentding &t deirahdr dldire 4 posicin japnl 0challimetéraliameteraten bi/the ¢olid zone

and t her eby,.tilEeativa toe{hasttléameon@ieﬁigﬁaatpmn&f i iiBhR QG 08 in@RRLLFEG: W¥GHhation to
|nteract|o1r4a£%yﬁ5 nputer software running in a conputer system the

met hod i nc aVW@°§??B?“8PmmprOV|ding an interface surface containing:
informgpi on relating to the computer software; and NPTO13-SG 61 coded data
indicative of an identity of the interface surface and of at |east one

reference s, A method according to claim 1 or 4, wherein the interactive element is a checkbox field relating to
the computer software, the method including the steps of identifying, in the computer system, that the user has
entered a hand-drawn mark by means of the sensing device and effecting, in the computer system, an operation

associated with the checkbox field.
25

16. A method according to claim 15, including the step of associating, in the computer system, a true

value with the checkbox field.

17. A method according to claim 15, including the step of sending, in the computer system, data to the

30  computer software indicative of at least the checkbox field.

18. A method according to claim 1 or 4, wherein the interactive element is a text field relating to the

computer sofiware, the method including the steps of identifying, in the computer system, that the user has
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point of the interface surface, the coded data conprising a plurality of
substantially undifferentiated nmarks positioned relative to a set of
predet erm ned nom nal mark positions; and in the conputer system (a)
receiving indicating data froma sensing device, the indicating data being
indicative of the identity of the interface surface; and at |east one of a
position and a novenent of the sensing device relative to the interface
surface, the indicative data being generated when the sensing device is

pl aced i n arreopematitey @&xpasi Ky rodanst &|tigt deisidg tdevick hed effertingrif &e eospuref system,aand
senses at &@?&%aé&ﬂﬁd@&n&ﬂ@aﬁﬂﬂed data; (b) using the indicating data to
identify at ast one Interactive elenent relating to the conputer
software; and (c) operating the conputer software in accordance with
instructions associated wwth the at |east one interactive elenent. 5. A
met hod acctr di ngA methal| aagonding to vikimri@) incltdimg thersteg P ohvering, ab thereowiputerssys@s dei at ed
with a BongffintN&: st 8MbRG RxSUr face, and step (b) includes using at |east
one of the position and the novenent of the sensing device to identify the
zone and thereby the interactive elenent. 6. A nmethod according to claimb5,
wherein the sensing device generates at | east one of novenent data and
posi tion ddta ush mghattaciopiizsito deme9oficluding oot df deristingtin e nowreirenticond dra

bei ng |ndl&@@m&@xgﬁmngamﬁﬁmenent of the sensing device relative to the
interface surface, the position data being indicative of the position of
the sensing device relative to the interface surface and the nethod
including the step of: receiving, in the conputer system at |east one of

t he novVE8met dathmehrd 2echiding slaint Sningluding the\ifarefainding frethescpmpytepfystprpidift fofihgi ng
the at | eashp@&eofivak aliogivd ofe: IQkeeRificidncl udes using at | east one of the
novenent data and the position data to identify the zone and thereby the
interactive elenent. 7. A nethod according to claiml or claim4, wherein
each mark represents one of a plurality of coded values. 8. A nethod
accordi ng #o cl at methed agfpedingith °1ﬂ‘ﬁ’ezlc’<‘36‘é%“g\}% tre of ePrEet &9 cyPu K tes at

| east par t haddvriyten tekeda@rterdom@der Iyt vbiEanpoitik handWitied redopetioptokrari.el ati ve to t he set
of predeterm ned nom nal mark positions. 9. A nethod according to claim!]l
or clailfh 4, wherein the predeternined noninal mark positions are NPT013 SG
62 arranged relative to a plurality of nomnal lines. 10, A ne

accordi ng tho cl at FFeedRrrerEs i <4t | %‘as‘cheE?H‘éheﬁ“a‘F’?“‘?S"felef“ﬁ‘é 193 Srr&aé““’af?e& r%‘f:}‘a‘% 8d
apart fr omheoaeputanetwaerthdmethad dilsligtiestesiof degfying, lirathe bfutanbystbrn,nigt the werbas11. A

met hod ac Cgﬁe?la'd leargdq'nﬁ:eln %fgmmle Wmegll)sadf %e%ensﬂm\g @e,rvﬁé Qxdteﬁﬁtlﬁ‘girnktﬁe J&ﬁl}ﬁ@er Q%m'ae{ns and
wherein the relative spacin of the centers of at |east one pair of

adj acent n@PF‘[?%"na?"‘?aéeg?‘ﬂE‘ﬂ%ﬁ‘\g“i °f§'¢1i neters. 12. A method according to claim
1 or clbaim4, wherein each mark has a m ninumradius and a naxi mum radi us
and wherein the length of a mark's mnimumradius is greater than 40% of

the | engt hoof  t h@tnethod according to claim 23, including the step of verifying, in the computer system, that the
signature is that of the user.

25. A method according to claim 24, including the step of generating, in the computer system and using
25  asignature key of the user, a digital signature of at least data indicative of a name and/or value of at last one

field related to the computer software.

26. A method according to claim 25, including the step of associating, in the computer system, the

digital signature with the signature field.
30

27. A method according to claim 23, including the step of sending, in the computer system, data to the

computer software indicative of at least the signature field.
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mark' s maxi nrumradi us. 13. A nethod according to claim1 or claim4,

wherein any 10 mllinmeter dianmeter area of the coded data indicative of
the identity of the interface surface includes sufficient information to
identify the interface surface. 14. A gethod according to claim1l or claim
4, wherein any 10 mllineter dianeter area of the coded data indicative of
the at | east one reference point of the interface surface includes
sufficient information to identify the at |east one reference point. 15.
A met hod according to claim1 or 4, wherein the interactive elenent is a
checkbox field relating to the conput er software, the nethod including the
steps of i%enti f4/ineikpd ageprdipgie cleioniput-ehergly Se siopactivhelemeptien dipsving fipldsslatcdiothsr ed a

hand- dr awncodBiirds sEivaREBNSetl idchi@insan &&p@ gf ld@myﬁg ihel cofpliteGlstemQthatithd ubdd Bas
?fg?ﬁg:jerac zécl) ?&' rarllha?dndra d)lc% ynmeans ?fot d?! sensmF dev1ce an(; Qfﬁ:ftlnhgigétgoc)é ]:;uke? sygtem, at%G A
conmput eP s%@wss%ﬁlateﬁwéhthwilwfwm h the checkbox field. 17. A rret hod
according to claim15, including the step of sending, in the conputer
system data to the conputer software indicative of at |east the checkbox
fe: gmgnt 1|8S SQ {r‘ea;/b% ho%%%glrdg? %gzlagnQZSCJng}hcﬂgé lthe(s)tl;ﬁp é‘aen\g{'ﬂg Sn§ encoxliq ?er Eyg%]rﬁ" rd%g{ohﬁée

i ncl udi ng f%utgﬁ(eﬁygrewfiwe%ﬁﬁl?ayltmgramﬁﬂ%e conput er system that the user
has NPTO013-SG 63 entered handwitten text data by means of the sensing
device and effecting, in the conmputer system an operation associated with
the texp fi@l 0 AGuerbrolBhfiafhaShlotanin LAt Sunhih Uil AG 15 Al ep Of
converting, in the computer system the handwitten text data to conputer
text. ) 20_ A net I’Hﬂdnt@ﬁ&@ﬁlﬁb@@ntﬁlﬂmgfﬁinﬁhﬂiﬁh&ﬁelaﬂn@ﬁ)|thkddoﬂﬂltetr EkﬁthrEerﬂ ifdfuding coded
a.SSOCI at| ngdK 1ndn ctathve f an 1dnBlfly d)?[he in e%&cg%m‘face ar%gf zgf 93a i)'lnte?rferetncee)%lt%mt of Ehe 1n¥e1|} Ce gu%

field 21 accor I nc step o sengl ng,
in the confeeded @gﬂscp@msmslaplarah% of w@stan%w@tf%ﬁem@'@? rosifioner} elative v &t ofat

| east the predelernfiie@hdthinaPrdark Psitiddt;ad according to claim 21, including the
step of converting, in the conputer system the handwitten text data to
conput 85 t ext usd sagingdeven hirte wheamtlver int an oppratieeqrosjtivintrélasive 1o the dnteafne sur®, usgy

met hod accgngi ecgneto@thséoaedmaé m%nsélmdmegro% thafcdie éfnn@qaa, ioMee laler@eees_axtfacé 8ngl
signature field relatin uter software rret hod i ncl udi ng

the steps #fe geRtTROYIR “d"i‘?i’v‘f‘?fét °§8%ﬂﬂ“§?“§§l‘§i"8¥ﬁ‘° ‘P“n‘é‘f’ FHEGEer has
entered a handw it %g%b%ln &% ;egtobxthggmaercgistewe sensi ng devi ce and

effecting, in the stem an operation associated with the

signature el d.receg,éghe,ﬁd,m;,gtmgfra,gq,ggeqshdgge\;@, claim 23, including the step of
verifying, 1n the conputer system that the signature is that of the user.
20

(b) use the indicating data to identify at least one interactive element relating to the computer software;
and
© operate the computer software in accordance with instructions associated with the at least one

interactive element.

25 31 A system according to claim 30, wherein the interactive element is associated with a zone of the
interface surface, the system being configured to use at least one of the position and the movement of the

sensing device to identify the zone and thereby the interactive element.

32. A system according to claim 31, wherein the sensing device generates at least one of movement
30 data and position data using at least some of the coded data, the movement data being indicative of the
movement of the sensing device relative to the interface surface, the position data being indicative of the
position of the sensing device relative to the interface surface, the computer system being configured to
receive at least one of the movement data and the position data, wherein (b) includes using at least one of the

movement data and the position data to identify the zone and thereby the interactive element.
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25. A nethod according to claim24, including the step of generating, in
the conputer systemand using a signature key of the user, a digital
signature of at |east data indicative of a nane and/or value of at |ast one
field related to the conputer software.g26. A nethod according to claim 25,
including the step of associating, in the conputer system the digital
signature with the signature field. 27. A method according to claim 23,
including the step of sending, in the conputer system data to the
conput er software indicative of at |east the signature field. NPTO13-SG 64
28. A nethod according to claiml or 4, wherein the interactive elenent is
a drawi ng i el d 4 ebten scbrding t¢ Ham 3¢ Swipry inglpdingglfetsepsingdevitche met hod i ncl udi ng t he
steps of identifying, in the conputer system that the user has entered a
hand- dr awn picture by neans of the sensing device and effecting, in the
conput er system r awi I . A
nmet hod ac c%‘?dl ngA ys e Ifo(?gna&% uselr ‘ﬁ‘cfc"‘% ng ?O%gmesrtsgip‘)’}a%%"g’ 3%@12128{?&}6%@ %“é%%
comput ep swwemlud@ata to the conputer software indicative of at |east the
drawing field. 30. A systemfor en bI|n user jnteraction w
sof tware runni ng™i “ﬁe“féwc? elft%t?‘mg%/‘g BRI %{atm%lﬁ’ %n?'@?‘?eéé"gwﬁrﬁ?“ldé??é’ l%ntjl 4 ni ng
i nf or mat i odwtarielicattvie pigpn tdentitylvéthe ntayfase wirfacs erfdtofie iesst e cbferaneipoidti ofitye ivodedsufdat a
i ndi cati Veth@tod@d’]da{a(i:@ﬂ};ﬂsffné/ a Pllirafith 61 §u&ta§t§atlﬁ§rﬁlf§ﬂéﬁtﬁt@@ﬁarﬁs‘&m@fne(ﬁtelatkv@@&5 seD6re
reference point of the interface surface, the coded data conprising a
plurality Bf e@ﬂb"f?‘é\‘?ﬂ"]a’amﬂipmnﬂfffer entiated marks positioned relative to a
set of 4gpredeter| H@Jgs?eql@‘ﬁ?l g@ureg{%r thQQO?ﬂé)thr% S and a sensing device which,
ve

when pl aced i n an operat position'r ve to the interface surface,

uses at |@pst SseRRe gﬁlcilmaﬁ%ﬁdsaaﬁ@em tﬁ@lﬂcﬁ@tlﬂgmdth seﬁghngatdasfahd ingitgat | ve
of. the identit e |ntetrfaceasur a east

of .th ition
and & movelbee St SLaCERLREE s B PERG 8ottt PRbe AR Sl BIR ' The
syst em bei intyrfeso pifaqguhstdingths, sersing ﬁﬂ@e oberprizced in gy srteratiye po%ét&)l rqlatigecto he inteyiace
i ndi cat i Nngsuetdk GedefaREM BB USh PikedBY htCst sdnfd bf theSBdek BRa; | Ndi cating data to
identify at |east one interactive elenment relating to the conputer
sof twarl®; and ( cyse bpddictie: die idonfp eitl@st osOfittrvdrveelcnet abt@ndbn@epwsrsdftware;
instructiofg associated with the at |east one interactive element. 31. A
system according to claim30, wherein the interactive elenent is associated
Wi th a zong) of tderate iRtBhFuRE Sofisvake fird 8cordahddEwithYifistraidnd Qistihted Gch itigLat &alst o USE

at | east orﬁeracweglglneempom tion and the novenent of the sensing device to
identify the and thereby the interactive elenent. 32. A system

according to cI al m 31, wherein the sensing device generates at |east one of
novenent data and position data using at | east some of the coded data, the
novenerk0 dat a beh B@teinncto@ag iovdim B4, ivheeiimby arectve ebmdnhie asensi mih ademe cfohe

relative tg. fhe Fdrﬂ%,e{hg 86Em %aﬁgf Rfifured taewseoa $dadt IOQ&mtp@m&@laﬁwthé Rolcfat b Of

the position o e sensing device relative to the interface surface, the
conput er sﬁﬁgﬁl’@ﬂ?"ﬂi’éf%@n@bﬁfF"Q?J"r“éﬂ‘erFIU‘her“é‘if”éi“(?éle'a?mI east one of the novenent
data and the position data, wherein (b) includes using at | east one of the
novenent data and the position data to identify the zone and thereby the

interacti V&s. el er@@)tstem according to claim 35, wherein the sensing device generates at least one of movement
25 data and position data using at least some of the coded data, the movement data being indicative of the
movement of the sensing device relative to the interface surface, the position data being indicative of the

position of the sensing device relative to the interface surface, the computer system being configured to

receive at least one of the movement data and the position data, wherein (b) includes using at least one of the

movement data and the position data to identify the zone and thereby the interactive element.
30

37. A system according to claim 34, further including the sensing device.

38. A system according to claim 30 or 34, wherein each mark represents one of a plurality of coded
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NPT013- SG 65 33. A system according to claim 30, further including the
sensing device. 34. A systemfor enabling user interaction with conputer
software running in a conputer system the systemincluding: an interface
surface containing information relatingeto the conputer software and
including coded data indicative of an identity of the interface surface
and of at |east one reference point of the interface surface, the coded
data conprising a plurality of substantially undifferentiated marks

posi ti onedvatued ati ve to a set of predeterm ned nom nal mark positions; the
system being configured to, in the conputer system (a) receive indicating
data from a sensing device, the i ndi cating data being indicative of the

identity of the interface e and at t one ition and a
ovenent o t he AUHET T e braero e st ERE ePReu xR ebE R A e s e
t he sensi ndytedened bethe pekitan opthamakireiative grthespef mtdetmingbmminglomrkpeditzhi. ve t 0 t he
interfagce surface, generates the indicating data by sensing at | east sone
of the Coded dat a; (b) use the indicating data to identify at | east one
interacti Vﬁ) el enﬁ system accg;[d{nn glzgmt.?)geo glp ur:[ﬂlr?l; esp(r)e]:i;[te\,\rt@‘une noml rréagv\}01 egraet e the
conput er software i n accordance W thi T S i tH T Ae at

| east one mmﬂﬁéﬁh@FFV§m§W§ﬁéﬁ¥mm@$® A systenlaccordlng to claim34, wherein
the interactive elenent is associated with a zone of the interface
surface, the system being configured to use at | east one of the position
and the noyenent, ) vice ] eby

t he |nt8ra%t|ve eg&ﬂ%ﬁgmmaggck%gﬁgﬁgﬁﬁg%%%ﬁgg%§£?%¥€%§1ﬁ%%ggi&ﬂgﬁé?ﬁkthe
senS|né de¥PPies byfitangetobless fpn 108 adimegie of novenent data and position data
using at |east sonme of the coded data, the novenent data being indicative
of the nmovenent of the sensing device relative to the interface surface,

the positign 0at@sheh AokifilaCl YPaOh lfin RATNEHAR Blerd AEWAEASHIGARYI CO

relative to the interface surface, the nput er stem being configured to
receive atwW€§§fmﬁﬁ@“ﬁﬁh@ﬁ@°HﬁW€ﬂ%ﬂ**ﬁéF%sﬁﬁﬁ“?ﬁéxﬁﬁg??$on data, wherein
(b) includes using at | east one of the novenent data and the position data
to identify the zone and thereby the interactive elenent. 37. A system

accordigg §0 cl al gx3d acc&amg Ja%ram{ 0 g4l lwnegelﬁ hen 1%4%101%% R il S Bus a;,%ﬁa mdARinRHSt €M

according t 30 or [ei.n eac e ent s

plurality glwggggg%mm ‘é@“%%5Jﬂ?ﬂ§%”¢§§sg%?§9@T%ﬁ?%%%ﬂ?ﬁgﬂgm?§méia|m
38, wher ei maxiherrgibded val ue represented by a mark is at | east partially
determ ned by the position of the mark relative to the set of predeterm ned
nom nal mark positions. 40. A systemaccording to claim30 or 34 wherein

t he predetgrnlnqg nomn na %ﬁ“gi s.are  arra ? drelati e,

plurality of norfi HAf™ Iaccordlsg toﬁ iR L 58 PERTRAE OF BTGt S2efeh iR A g dgdr %ltan at

| east @Re ipdiFativeodl thehidentity rof ghe amgfamcf@d inglydes tsufﬁqwemn@n@non to identify the interface
surface.

45. A system according to claim 30 or 34, wherein any 10 millimeter diameter area of the coded data
indicative of the at least one reference point of the interface surface includes sufficient information to identify

25  the at least one reference point.

46. A system according to claim 30 or 34, wherein the interactive element is a checkbox field relating

to the computer software, the computer system being configured to:

identify that the user has entered a hand-drawn mark by means of the sensing device; and effect an operation

30 associated with the checkbox field.

47. A system according to claim 46, wherein the computer system is configured to associate a true
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anot her by a distance of less than 100 mllimeters. 42. A system according
to claim30 or 34, wherein the marks have centers and wherein the relative
spacing of the centers of at |east one pair of adjacent nmarks is | ess than
12 mllinmeters. 43. A system according ¢,0 claim30 or 34, wherein each nark
has a m ni nrum radi us and a maxi num radius and wherein the length of a
mark's mninmnumradius is greater than 40% of the length of that mark's

maxi mum radi us. 44. A system according to claim30 or 34, wherein any 10

m | |i met ervathe aifethahectifor@eldf t he coded data indicative of the identity of
the interface surface includes sufficient information to identify the
interface surface. 45. A systemaccording to clain130 or 34 wher ei n any
10 mllimeter dianeter area of the coded data %%gatlve e at | east
one refereffce pdt HEeRICYTRe P Ab BPyeitss “é’ﬁ‘?‘?eééyéte’?‘r'fcff’ SR a&t‘é § computer

i nf or mat i ownftvae ind@titeiof af least thecherkbdx&elét one ref erence point. 46. A system
according to claim30 or 34, wherein the interactive elenent is a checkbox
field rélating to the conputer software, the conputer systen1being
configured to: identif hat the user has entered

roansof e sers RGP VD MRG0 8 Fodi e e gpgiedts Bre RS LoL AR ¢ he
checkbox f ¢ombwer sofipare, Aresyrauisnyyscismg fonfiguted toc| ai m 46, wherei n t he conputer
systemis configured to associate a true NPTO13-SG 67 value with the
checkbox fH&fy thah‘ée ust hasyeatpred HanfaiBin dhgga Py meeps of i erdta ettt Hivp at BradYst em

I s confi gussedatdwiheirtxdtda to the conputer software indicative of at |east
the checkbox field. 49. A systemaccording to claim30 or 34, wherein the
interadPive elenment is a'text field relating to the conputer software, the
conputer s sten1be| configured to: identify that fhe user (ptered
O b S L AT e e A AR e e

oper ati on teagsooraipeterte-t h the text field. 50. A systemaccording to claim
49, the conputer system being configured to convert the handwitten text
data to conputer text. 51. A systen1according to cl ai m 50, the conputer
FYStm bel g conf L by RSRRE e RSB B cal i bt BB o
to send5da@H“vbm@héﬁd®nputer sof tware indicative of at Ieast t he text
field. 53. A systemaccording to claim50, the conputer system being
configured to convert the handwitten text data to conputer text using an
online handwiti ecoani Q 4 bA,S ccargdin or 34,
wherein t hgejz i nt e’?%'“te]flva(écggan ne%f b Qn S ?’181.? bel I%I&“ga B ngtdlgtﬁ t(gthé Qonﬁplte
conput er s%@W%ﬁW@%“WWéM6@ﬁﬁﬁﬁéﬁdéysten1belng conflgured to: |dent|fy t hat
the user has entered a handwitten signature by neans of the sensing

devi ce; and

20 s3. A system according to claim 50, the computer system being configured to convert the handwritten

text data to computer text using an online handwriting recognition program.

54. A system according to 30 or 34, wherein the interactive element is a signature field relating to the

computer soﬂware; the computer system being configured to:
25 identify that the user has entered a handwritten signature by means of the sensing device; and

effect an operation associated with the signature field.

55. A system according to claim 54, the computer system being configured to verify that the signature

is that of the user.
30

56. A system according to claim 55, the computer system being configured to use a signature key

associated with the user to generate a digital signature of at least data indicative of a name and/or value of at
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effect an operation associated with the signature field. 55. A system
according to claim54, the conputer system being configured to verify that
the signature is that of the user. 56. A systemaccording to claimb55,

t he conputer system being configured toguse a signature key associated
with the user to generate a digital signature of at |east data indicative
of a name and/or value of at NPTO1l3-SG 68 | ast one field related to the
conput er software. 57. A systemaccording to claimb56, the conputer system
bei ng confhgoteddd tedteasi@comuer ofvardi gi tal signature with the signature
field. 58. A systemaccording to claimb54, the conputer system being
configured to send, to the conputer software, data indicative of at |east
the signatyre fiel d. 59. A system accordin f claij nd 34,
wherei n t he" i nt €t SEFP \?‘é"’fé’ln%ﬁ’e‘ijf”‘c‘m g b ‘iﬂ’P’&W%ﬁ‘emf"F’ W“E%‘fegf%%fs"f‘&‘e t‘*ﬁé“gt‘%rrput er
sof twar e, didgnsure pithph senatgyBddem bei ng configured to: identify that the user
has entered a hand-drawn picture by neans of the sensing device; and effect
an oper ation associated with the draw ng field. 60. A system according to

cl ai m 59, ; e copput er syst en]é Pngx conftl surteed L0 csnl Ly oL H;rhe é:o%u ter
software, data i‘hdrERAUVE"HP© S0 “H«S Y DT s Al Nt (W e
software, data indicative of at least the signature field.
59. A system according to any one of claims 30 and 34, wherein the interactive element is a drawing
10 field related to the computer software, the computer system being configured to:
identify that the user has entered a hand-drawn picture by means of the sensing device; and
effect an operation associated with the drawing field.
60. A system according to claim 59, the computer system being configured to send, to the computer

15  software, data indicative of at least the drawing field.
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