1 COMPUTER SYSTEM CONTROL VIA INTERFACE SURFACE WITH CODED MARKS FIELD OF
INVENTION The present invention relates to a method and system for enabling user interaction with
computer 5 software running in a computer system. The invention has been developed primarily to
provide the basis for a surface-based interface which allows a user to interact with networked
information and to obtain interactive printed matter on demand via high-speed networked color
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Various methods, systems and apparatus relating to the present invention are disclosed in the
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PCT/AU00/00521, PCT/AUO0/00523, 15 PCT/AU00/00524, PCT/AU00/00525, PCT/AU00/00526,
PCT/AUD0/0U55% e BEAIANB6I8BEE S Y BET/AU00/00529, PCT/AU00/00530, PCT/AU00/00531,
PCT/AU00/00532, PCTYAVOUMM0ES DeeP ETERLAOMIDS BY [ PIIVIAUDO/B65 3G, POTimtbanionsdece
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PCT/AUOO/OOS4§U', PCT_/AUO_O)% 554, 20 PC T/AUO0/00556, PCT// 557, PC T/AU00/00558,
PCT/AU00/08EEECH Ao NI B BB &P P EEEANIIbHFIBSBUO PRV AT 58/6 056 se!PAU00/00563,
PCT/ALDO/00564, PCT/AU00/00566, PCTH/AE80/80567RIRCATIING0/00568, PCT/AU00/00569,

PCT/AU00/00570, REIIAKPNMORERs FCafiAdORIRNG (2inP bR IARIRN B Fiskidsel it WD RIQRAME4o-

PCT/AUOO/0QR4s, BEEHONANORD (8, afﬁ%IJMQQ( QéZJmE%EéﬁU&QAQ%M@&I&@VHP@Q Snt
PCT/AU00/00581 PCT/AUO0/00580, 25 PCT/AUG0/00582, PCT/AU00/00587, PCT/AU00/00588,

PCT/AU00/08588 "BCT/AU00/00583. PCT/AU00/00593, PCT/AU00/00590, PCT/AU00/00591,

PCT/AU00/00592, BTV B/E05d A VIETLR Gt R85/ AVIB6IEHs g6 B %% ef00/00597.
PCT/ALR0/00598, PETHBRIAS 0T 6 QAR EANIORIB 17X FNOUILAD EGTEVEY R28e co-pending
applications are inCO¥porREYFAB RSN AP EPOES- FETELEAYECSB (P BATKRIG RGN DA WSy, users wishing
to interact with a coropatensyste AT tyicabys Borsw/ Aty roarsamabiar, mouserciddhsist such interface
systems are useful pthesasgosstatiye AubskssoansIagl e 1asitanRIiblR 0b tiSKI@0/®8)s, @ PEN ON paper.
In terms of legibility,and GRmioH JRfNRaHRdRNRIBSHEL PBRERIBIBRS, PRYRIGAkssoMfortable and
convenjgnt, due to B?%/A%Bd%&é%é‘,f fi‘[ﬁ%&fi&s9{‘%4&8&%%%&',%’@%&]@%%?9&%9(%8&68’5 keyboards and

other computer interface devices. However, unlike mouse an IF’?Sp]il/Jt systems, pen and

paper generally IacE(‘tﬁéue%/ﬁﬂ??{OPEyﬁH%q/%)g?ﬁﬁﬁtTé?%%?fﬂ%ﬁ?e?%@m&ﬁﬁ( ARRVERFFION According to
a first aspect of thehV/AHIMP Bl 1eHIPEVRER 8 F e BEcH EMAMIAG e USSR WMt (et a computer

system to perform &AToRHEIMNET2AAET/AU00/00573, PCT/AU00/00574, PCT/AU00/00575, PCT/AU00/00576,
PCT/AU00/00577, PCT/AU00/00578, PCT/AU00/00579, PCT/AU00/00581, PCT/AUO00/00580,
25 PCT/AU00/00582, PCT/AU00/00587, PCT/AU00/00588, PCT/AU00/00589, PCT/AUO00/00583,
PCT/AU00/00593, PCT/AU00/00590, PCT/AU00/00591, PCT/AU00/00592, PCT/AUO00/00594,
PCT/AUO00/00595, PCT/AU00/00596, PCT/AU00/00597, PCT/AU00/00598, PCT/AU00/00516, and
PCT/AUO00/00517.
The disclosures of these co-pending applications are incorporated herein by cross-reference.

30 BACKGROUND

Presently, users wishing to interact with a computer system typically do so via a keyboard and/or

mouse. Whilst such interface systems are useful, they are relatively bulky, and lack the tactile nature of using,
say, a pen on paper. In terms of legibility and comfort, information delivered on paper is more physically
comfortable and convenient, due to its visual characteristics and its portability compared to computer
35 keyboards and other computer interface devices. However, unlike mouse and keyboard input systems, pen and
paper generally lack the ability to control computer software.
SUMMARY OF INVENTION
According to a first aspect of the invention, there is provided a method of enabling a user to
instruct a computer system to perform an operation via:
40 an interface surface including an interface, the interface including visible graphical information and

substantially invisible coded data; and
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40 an interface surface including an interface, the interface including visible graphical information and
substantially invisible coded data; and NPX025-SG 2 a sensing device which, when placed by the user
into an operative position relative to the interface surface to designate at least some of the graphical
information, senses indicating data indicative of the operation using at least some of the coded data;
the method including the steps of, in the computer system: 5 receiving the indicating data from the

sensing device; and perfonming (e, o ,err‘?‘etr‘Pﬁ‘aéQ&’LCéllﬁ%%st%B%A%die‘%%@@@o%‘%%an;r"Y*t‘.%E“r‘é'Heh%t taphical
information deagnate&_yt e User Is at leas partlg_ly indicative, t%tehe_ ser, 0 t?1e_o_er_at|on.
According to°d 8gcBnereigiEcioetflestnrerfitin, FreSAs HRIUMHRY SiTTrdificebney e iHsrAmbIAY a 10
user to instruptratioonsjy te leaytstem dohpenkpddagn operation via: an interface surface including an

interface, the interfacgei%[%mmjﬁ?lﬁeg{ hicalinRformatirgand substantially invisible coded data;

and a sensing deVicere\lvq\i/?rP’t\k{\éQEJ?cE[ ac é]tla Y thtﬁeust%r inégvgg_ gr%erative position relative to the interface
surface 1o designate SE1east Some of the graﬂhlcaﬁeln’lnc?rmaﬁdn, senses indicating data indicative of the

15 operation using atPREREDS6 fHvoperaiendeetedRtsietieicngater system being configured to: receive
the indicating data frameitie tsegraphgdl@viceandeperdednytihe Bpasatieasi pshenteddyiie tineéaatng
data; whereigfquoggagmpal information designated by the user is at least partially indicative, to the
user, 20 of the operation. In preferred embodiments of either aspect, theE?raphical information

designated by the usefi&48;Ra&HESt SRS ERATEN? WitH I 44es VTR Wittt
indicati{l) datseitrtinssed aPeefatelskpiethe gedpiticalcsfationaifon takes the form of any combination of.

text; graphics; images; iRbiftRBsuris@NssI@neh By paiieed tiekseRd haupmtiasibi i prefteiresniarsn atoe
coded data t%k?tﬁn%ﬁ form.?q(fe Eggg? Qgtig]taeng onto a piece of paper, the tags being configured to be read

by a sensing oFewce ih the form of an optical sensing stylus. The tags are preferably printed using an

ink that absorbs neardiffiteire deNRMHIT LRI IS HIAS IR BE REYR APP RN U FriBI e s FaSs
lighting conditidats. th\iesignataise fekrtingseacs ems grgpiairad ofdmentsiylusnedo selitattive dtarfiadieatonebthemore

of the tags agg.innaReshd AR SIRE AbHd dRePagM to provide an indication of the operation. 30 Further
aspects of the inventitﬂn will hecome &g{parer};{t fro(g‘n reading the following detailed description of
e

preferred and other eMBOANMENts of the Invention. BRIEF DESCRIPTION OF DRAWINGS Preferred

and other embodimef&iyt thanAcEREGHAHITMBASHEIES¥TBEAd by way of non-limiting example only,
with reference to the geanmpacsagod iasdagshyithwhidiatidbditigure 1 is a schematic of a the

relationship betwee“\ﬂé@ﬂ‘mleeg%%@ﬂnﬁ&#ﬁﬂ%ﬁ (ﬁgignhtl%oqu lerg LQQQ&QI%%@BM‘QIW indicative, to the user,

20  of the operation.

In preferred embodiments of either aspect, the graphical information designated by the user is
adjacent, or substantially coincident with, coded data upon which the indicating data is based.

Preferably, the graphical information takes the form of any combination of: text; graphics; images;
buttons; icons; and hypertext links.

25 In a particularly preferred form, the coded data takes the form of tags printed onto a piece of paper,
the tags being configured to be read by a sensing device in the form of an optical sensing stylus. The tags are
preferably printed using an ink that absorbs near infrared light but is substantially invisible to a human viewer
under normal lighting conditions. When a user brings a sensing end of the stylus close to the surface, one or
more of the tags are imaged, interpreted and decoded to provide an indication of the operation.

30 Further aspects of the invention will become apparent from reading the following detailed
description of preferred and other embodiments of the invention.

BRIEF DESCRIPTION OF DRAWINGS
Preferred and other embodiments of the invention will now be described, by way of non-limiting
example only, with reference to the accompanying drawings, in which:

35 Figure 1 is a schematic of a the relationship between a sample printed netpage and its online page description;
Figure 2 is a schematic view of a interaction between a netpage pen, a netpage printer, a netpage page server,
and a netpage application server;

Figure 3 illustrates a collection of netpage servers and printers interconnected via a network;

Figure 4 is a schematic view of a high-level structure of a printed netpage and its online page description;
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Figure 2 is a schematic view of a interaction between a netpage pen, a netpage printer, a netpage
page server, and a netpage application server; Figure 3 illustrates a collection of netpage servers and
printers interconnected via a network; Figure 4 is a schematic view of a high-level structure of a printed
netpage and its online page description; NPX025-SG 3 Figure 5 is a plan view showing a structure of a
netpage tag; Figure 6 is a plan view showing a relationship between a set of the tags shown in Figure
5and a fieldﬁéu\((ieesw of a newa}(?%iﬁgen éﬂg} device in th? form of a netpage pen; Figure 7 is a flowchart

. I ; . . .
of a tag image proc'é:-é1 |ﬁrg]gvélendS ecodin lﬂ;r(e)ﬁtﬁrnr?;pggleilé%re 8 is a perspective view of a netpage pen

and its assoCIAtEPtEG-RaMINYINDR-(RIBUPEBIRSS WG #Ee095!% Fet PRIV BYISIB ARtR I cHY e
netpage pencshosmgastriguy eeBictigiecsobd of enaplmemrtic block diagram of a pen controller for the

netpage pensghawnsiRfolgHERS B 3P gtHSidglahs RAIRPEsIMEYiew of a wall-mounted netpage

printer; Eigurlg 12 g';s_ a section thr_ou%p the length of the net age rinter of Fi(gure 11; 10 Figure 12ais
gure |safri§rs ecthi%leVI\‘I] a.netpage er{.and It% SOCIgte tal -S%SI%{eld- .-VIEWCOha,
an enlarged portion of Figure 12 showing a’section of the duplexed printengines and glue wheel

assembly; Figone 15 tesaeadeeinloass Gewns tsioeipreriaresh ik iafrigitibglue paths, and print engines of
the netpage Ajinier Rhkiganias biboaaddian biguee cbdtis e sehemapedbecknoiaghamuedsa prirster
controller forﬁgﬁmtggq,g@ggw\ﬁgpgyg RiEgres r]el‘p?dg%rigrérlz Figure 15 is a schematic block

£ t 1

diagram of duplexed print en%ine controllers and MemjetTM printheads associated with the printer

controller shEWHGAAIGIFE I FaGEeTE I 8 4P R P BISERT GidYParh of the print engine controller
shownlif Figftigers 12 &red arbar@idpadiohpiEigurels geviveasistpofidhsituplerdentjetTiiepamtoies eleaient, as
used in, for examye, the netpage 20 printer of Figures 10 to 12; Figure 18 is a perspective view of a

small part of an array of MemjetTM printing elements: Figure 19 is a series of perspectiye views

strating th e et el I o ST B AR 8 D S B RSN MO8,

perspective VB Of 5&tisrt s¥rrent of a pagewidth MemjetTM printhead; 25 Figure 21 is a schematic

view of a uséigolasg diagptamgtiEiig orie d2@risnaischrmaatimvotev fof heprmter plass diagrariiglregurerds is a

schemagc vigw of a pen class diagram; Figure 24 is a schematic view of an application class diagram;

Figure 25 is g schematic view of a document and e description class diagram; 30 Figure 26 is a
0 e o el

schematic vieW'8t & ddAUTHERPUHA BAGL 8RR ST SRR Giak & HRg LA Colipge Jféw of a
terminal elerprepriaigseitlizapidtiectassotitasiennin Flgied 28 is a schematic view of a static element
specializatiopiglass diagiamatifigidkeiaRas & sehamatiprvionofia Mypeiirlgelement elss diagram;
Figure 17 is a perspective view of a single Memjet[] printing element, as used in, for example, the netpage
20  printer of Figures 10 to 12;
Figure 18 is a perspective view of a small part of an array of Memjetd printing elements;
Figure 19 is a series of perspective views illustrating the operating cycle of the Memjet] printing element
shown in Figure 13;
Figure 20 is a perspective view of a short segment of a pagewidth Memjetd printhead;
25 Figure 21 is a schematic view of a user class diagram;
Figure 22 is a schematic view of a printer class diagram;
Figure 23 is a schematic view of a pen class diagram;
Figure 24 is a schematic view of an application class diagram;
Figure 25 is a schematic view of a document and page description class diagram;
30 Figure 26 is a schematic view of a document and page ownership class diagram;
Figure 27 is a schematic view of a terminal element specialization class diagram;
Figure 28 is a schematic view of a static element specialization class diagram;
Figure 29 is a schematic view of a hyperlink element class diagram;
Figure 30 is a schematic view of a hyperlink element specialization class diagram;
35 Figure 31 is a schematic view of a hyperlinked group class diagram;
Figure 32 is a schematic view of a form class diagram;
Figure 33 is a schematic view of a digital ink class diagram;
Figure 34 is a schematic view of a field element specialization class diagram;

Figure 35 is a schematic view of a checkbox field class diagram;
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Figure 30 is a schematic view of a hyperlink element specialization class diagram; 35 Figure 31is a
schematic view of a hyperlinked group class diagram; Figure 32 is a schematic view of a form class
diagram; Figure 33 is a schematic view of a digital ink class diagram; Figure 34 is a schematic view of
a field element specialization class diagram; Figure 35 is a schematic view of a checkbox field class
diagram; NPX025-SG 4 Figure 36 is a schematic view of a text field class diagram; Figure 37 is a

schematic v! ivvurcgf%%%igsncﬁtur% field class dia rqgédg%géa%e 38 is a flowchart of an input processing

algorithm; Figure 38a Is ae(ggtaci?/é%vf?m?véﬁart of_one step of the flowchart of Figure 38; 5 Figure 39 is a
schematic viEW'632 Hageseiirerothatine etdisle fesiaeddiagram; Figure 40 is a schematic view of a
resource desagiptigthicidbs/diagrtan jrpig piesddnsalysehrematic view of a favorites list class diagram;

Figure _42_ is ﬁig’iﬁ;@@éy%@%{kﬁ\é\d ﬂBﬁcEﬁﬁW&nQ%&E'&ﬁ%q’i&&H@Wé@f Figligg43 is a schematic view Of_ a
subscrlglgon ellv%gyspro%ocolti 10 Flg}ure 44 is a schemdat]lc view of(g hl)é%erllnk request class diagram;
Figure 45 is a Schematic vefg%vco\fl%whyf)g?ﬂenff%rtﬁ?a ioh perg?(ﬂeeo ;aslilg'j"i‘jlre 46 is a schematic view of a
form submisSieesfbiFesheantr iy pfe £7015Ca dertPRIAHBIABBMa commission payment protocol.
DETAILED DR&GERIRTRnGit R bFERRES 18R QiR R EMBODIMENTS 15 Note: MemjetTM is a

trade mark 0&@”8‘25%99&5%%%%?%&5 éPéEEQH%gJﬂnt,he preferred embodiment, the invention is

configured to work with the netpage networked computer system, a detailed overview of which

follows. It will BEeASItACFAEERHAE !Bt BVBH B ArHE &SR Wil necessarily embody all or even most
of the dfeciffoadetadiés andhemaiématnrns digptiigeddvedohsndiedation to the basic system. However, the

system is desgiRad il kenenast Gamplergtonnr ieivasiicrdbemneed for external 20 reference when
attempting tc&iﬁatrj\rg%sl %nsg?gn%t%ontex ir} which the $r<;g§0rqu %‘nbodiments and aspects of the present

. . VIEW O orm syomissi N
invention operate. In brief summary, the preferre orm of the netpage system employs a computer

interface in thEWOHAISSEPREPpEEN A BTN BY PSS surface which contains references to a
map of the surface maititained IPESCRIAPICS sy BRIERERRE DrisiDr ofeeErdeg BanIbEgUeried by an
appropriate sensing qeyiCheARBGPLRANSMPA TG RRRGECIRPIMeNaliandhe map references may
be encoded visibly or |nw5|b(le¥ agd %eflned |rLsuch a way th?t a Igcal ery. onhthe map ed surJace

. . In_the_preférred embodiment, the inveption is configyred to wi %-f@/lth the netpa gtworke
yields an unambiguous maop rererence oth W!E’[hln e map and among differen mappg. hié computer
system can EOeHiF BfSimabenlabersrfieattiresighfeHevsriappiels serfertdeddnd aueHemiopRaroiRtiean be
retrieved basenl ecesniaipy piss@naes supptied dhyha sensingtae\deeeusednyitisctbedpappedraaitace. The

information tug Jeiayed ﬁ@xﬂe\t@#%m?sfé?ﬁrﬂ G4 A5H97%% WhiGh A I RIGASAAY. e RompHigERystem

on beh%f of the operator in response to the operator's interaction with the surface features.
reference when attempting to understand the context in which the preferred embodiments and aspects of the

present invention operate.

In brief summary, the preferred form of the netpage system employs a computer interface in the
form of a mapped surface, that is, a physical surface which contains references to a map of the surface
maintained in a computer system. The map references can be queried by an appropriate sensing device.

25 Depending upon the specific implementation, the map references may be encoded visibly or invisibly, and
defined in such a way that a local query on the mapped surface yields an unambiguous map reference both
within the map and among different maps. The computer system can contain information about features on the
mapped surface, and such information can be retrieved based on map references supplied by a sensing device
used with the mapped surface. The information thus retrieved can take the form of actions which are initiated

30 by the computer system on behalf of the operator in response to the operator’s interaction with the surface
features.

In its preferred form, the netpage system relies on the production of, and human interaction with,
netpages. These are pages of text, graphics and images printed on ordinary paper, but which work like
interactive web pages. Information is encoded on each page using ink which is substantially invisible to the

35 unaided human eye. The ink, however, and thereby the coded data, can be sensed by an optically imaging pen
and transmitted to the netpage system.

In the preferred form, active buttons and hyperlinks on each page can be clicked with the pen to
request information from the network or to signal preferences to a network server. In one embodiment, text

written by hand on a netpage is automatically recognized and converted to computer text in the netpage
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In its preferred form, the netpage system relies on the production of, and human interaction with,
netpages. These are pages of text, graphics and images printed on ordinary paper, but which work like
interactive web pages. Information is encoded on each page using ink which is substantially invisible
to the 35 unaided human eye. The ink, however, and thereby the coded data, can be sensed by an
optically imaging pen and transmitted to the netpage system. In the preferred form, active buttons and
hyperlinks on etach Rage can betglrggeqlé/grth the Bgn to_reguest |nformat|on fr the network or to

m

é/ % orm In.”In" otfier embo nature re or on-a ne{)a e are
S|gnal prefer nces to a network server. In one e odlment text |tten on a netpage Is

automaticallj4eraifalyeqriise @W&Fe?ﬂ”fﬁ‘%‘?ﬁﬁﬁ&?éf'?&%olHet?‘?éuﬁétﬁ%‘e'ﬁi’bXOZS SG 5 system,
allowing forms to be #idgtuaratnl otifeuerbodineentspaghedurgseaeaar dhethaivafnetpage @nee filled

al_Jtomaticallyn\@rtﬁ@%eaunwmgseanmmﬁer sﬁntta@wﬁwsemt%&%urﬁtvcanmnr&m\ b%@@éH%ﬁE%lé?ﬂ in
igure apn ne age ca res n a|n eractive form which can be fi us r bo
F ]Fl’ d t 1 nh E t t %t Tr hich b fII J]es Iterlr both

e nef| stem. X SNOWS uest” form caontainin e an
physically, of' e pri (-,95 pyage and eafg%{sronlcal?y via communlcatroﬂ betweEn? e pen ANdthe
netpage systbitiyEcaxHI PR CHSIES' @@G%@ﬂﬁ%?rw iBSAtERIES RN, aﬁﬁjca@dr@é%%@!ﬂ@daﬂﬁd a
submit buttoeolittiemetpgge LpY Sistshaf igkapiti cotaipord P Pteel ddsingivis i@ itkorandnepagchaabak 3

printed as a LQURELIAR ARG h4/SIA0 IPHSHRIE Bl PR LAITRSREALIL: iﬁ%&%ﬁwmﬁza@f&d on

the netpage network, describes the mdrvrdual elements of the netpage. articular it describes the

type and spafid] %éﬁ‘t"&&'ﬁ’@?”&“ &t frrt&r%rctwe“er%mwa(r@%%ﬁlam%% t?tﬂt%sﬁt‘tﬁ‘et%%%%%) to
allow the netipaipeesisteviadheoeteasty THe hberip rettinputfeig iverlactpng @omEheveudinaitr issreods 6 fosr

example, ha&QiM@nYdMHM@b@amggﬂgrﬁ@éhe spatial extent of the corresponding graphic 8. As
lllustrated in Figure 2,1 m‘?%@%eﬁ’ure Otk ne%% ééﬁ ?L M, Qf W erhso?h%éq.s sr%%#fﬁi ,éngl 9 and
ctio

described in more detar elow, works in’conju etpage printer an Internet-
connected pAKtiRGEdFBRERER 'I’bFﬁ@n‘i%ta'bﬁfé‘éfvownﬁ'@b'ﬁec%@%vﬁ@r\a|§e\‘19ﬂ9%§3lé’§§t%{n€t?30(%rﬂ‘iﬁ'ﬁ‘Féates
securely 15 awitlactbe prietipgugen limmd donhiena, siffiird-samg@le ack oTihn k. i Weehet pape@pmment&Okewaely

preferreg forgyofwiighgis,ahew isfdgmese Adiddirkdand described in more detail below, is able to
deliver, periodically or.on demandt eﬁ%?onah ed Jlewspa ersisr‘rha%azl celxtlatl.p%sé br chLLreds and

e.N I rererrea. torm 1gUres escrl|
other publications, all prrn?@égaf)'n ua"iLP as interactive net ages. ﬁ € a personal "comp utér, the

netpage pr|n’t@r‘%dé?ﬁ"a?ﬁb?tﬁnéea%|@hd@b‘r‘?fb@e'?6ﬁ'e%l'dn€ib|@‘ Wmow‘ﬁeﬁa@é\ﬁtél@ran%@ét@@ where
the morning &eingsiditcatieonsisnedhuslicioas &n gribse Bshigicheity acakadive akfagistabléeapaeaathe

household's paiRkaf feRaEEINE FA¥plASAROMES 18, %PL% 1edﬁl§ﬁﬁﬂ&r&9r£@ﬁ£%n%daﬁfm@ture

versro%sg Netpages printed at thelr oint of consumption combine the ease-of-use of é)a per with the
S

timelin€Ss a tﬁt&ﬂa@ﬁmtgﬂdtﬁﬂﬁ NESE wmearmﬁwsrfswrrm@guw 3 AR dgs8lechar 1B
interacts witthaiseheldhaditlaizienararp firtbeldae tih algectngs i RBettondeaidpiceaaae/iadamsndvtergangentadio

link 9, the interaction teiaqetpages piintel: Jhe RISk GHLGEbsibiRe Haterreios torthgEeimnte
netpage pagtem%ﬁﬁge AUOIJgra&(ﬁllﬁp&egﬁ h%?ac R/ea\%)(rg%nate circumstances, the page server sends a

corresponding message to application computer sofiware runnln?&fn a netpage application server 13.

The application serversrﬁﬁi’)"?n“tﬁﬂﬁ'%éntﬂeé‘er@%?fcﬂ%é%rﬁt@ﬁ% it SR ARG GiPrAHT Y PPRYet 2ithe
netpagébsystemmisnivrad eveomsideraiyhy radorinsonieniemadiipthe prefegeptistnbotmerer bY1eidgthe

interaction to the relevant netpage page server 10 for interpretation. In appropriate circumstances, the page
server sends a corresponding message to application computer software running on a netpage application
server 13. The application server may in turn send a response which is printed on the originating printer.

The netpage system is made considerably more convenient in the preferred embodiment by being

30 used in conjunction with high-speed microelectromechanical system (MEMS) based inkjet (Memjet™)
printers. In the preferred form of this technology, relatively high-speed and high-quality printing is made more
affordable to consumers. In its preferred form, a netpage publication has the physical characteristics of a
traditional newsmagazine, such as a set of letter-size glossy pages printed in full color on both sides, bound
together for easy navigation and comfortable handling.

35 The netpage printer exploits the growing availability of broadband Internet access. Cable service is
available to 95% of households in the United States, and cable modem service offering broadband Internet
access is already available to 20% of these. The netpage printer can also operate with slower connections, but
with longer delivery times and lower image quality. Indeed, the netpage system can be enabled using existing

consumer inkjet and laser printers, although the system will operate more slowly and will therefore be less
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30 used in conjunction with high-speed microelectromechanical system (MEMS) based inkjet
(MemjetTM) printers. In the preferred form of this technology, relatively high-speed and high-quality
printing is made more affordable to consumers. In its referred form, a netpage publication has the
physical characteristics of a traditional newsmagazine, such as a set of letter-size glossy pages
printed in full color on both sides, bound together for easy navigation and comfortable handling. 35
The netpage int I0|ts the rowi.n valla ility of broad and Internet access, Ca le service is
available to 5% ar%ou”éé‘r% ds |%t e E?nlté' WS&téﬁerana c(?ab esn%&) e(?r%a%e Rice 0 eﬁn%ogﬁo%%and
Internet accl¥ang: éWré‘dW*ﬁV%f‘Pﬁ?ﬂ@‘?ﬁt%@%rﬁTpﬂ%%teT‘Hé ERTRYE PHBIETORRH KIS0 B St Rhtef slower
connections diuite \with dongémaelivery times and lower image quality. Indeed, the netpage system can

be enabled using exigfifgyCONHMET Bkigt andlagenap H%tv@él‘ib%%ﬁf@r%bﬁ%e&@l%“ RReLakaynore
slowly a,gnd will ﬁir]]erefore be less NPX025-SG 6 acce t arefromelr onsumers EEO vView. In other

ublications to netpa e rlnters eripdical I|c auto 1l ibin age
embodlmentg e ne pPag eps S em is'hos ecf rrlJ a prlva e In rane In st thél’ %n?éj, ﬂ'l

netpage systEiers NSO Bt RSIHYeneBifapinge it ed msinese Ratedlizek piedicaliodh a8 &!fshidtapd
Netpage pulticadien sesieigtd havidine usetpafesnetwork are configured to deliver print-quality 5

publications to netpageprietinBdpdicahRYbLiRt AR Atk eivered antomaticallvio SR Bipg

netpage printers via pointcasting and multicasting Internet protocols. Personalized publications are

filtered and ?BP?HeétPéd‘eé‘%?@f)r‘%ﬂHﬁrio'Fh@ﬁlﬂ:ﬁ?f&lr??slé‘?%%?ﬂ@’é"’h ‘?fi‘élfﬂliﬁ’égf)r‘?ﬁ?é}aiﬁrf%%uﬁd‘#ﬁamre(f‘to
support@ny musabed ohypbavs, acnatliegtipe nf calaredoritpaderpensyonsuasioesdd nedpagaberieftthesfamilih&his

preferred impigfmentatian, RachmneiRagaiReDBas aitnickeidentifiignag plilikausehald mapnave a
collection of cglgred netpage pens, one assigned to each member of the family. This allows each user

to maintain a distinct profile with respect to a netpage publication server or application server. A
netpage pen can alsd*BEPaiS68red fith0a Helfrage YabRsTFLRIeHh edsaion Feart tinkud itke8 e BF %hore
payment cardaecaurts.cdtiscallowsTeicolmws ercepayeensto esecusdhaabihizdzsdusngttiage

netpagesls ped- TheGeabRaEHaMR EalANSRRISE FRIBAES LIt rdnatMcecaRipes i therdkiRage pen

with a prewouslb){ gglstered S| nature all win |t to authenticate the user's identit Iy (5%61 e-commerce
BI ere nature, a It td authentic the uaer S en%\ y 10 an e- cor?rﬂg'rce Se ve |ome [C:
server. Other Bionetiies. carn also be udedto verity ient version of the netpage pen nelldes

fingerprint scahARIPEVERHI BRI A '@%H%M&V w%@eﬁﬁw@é%@%‘ﬂﬁaﬁBPQ%WEPCWI\EH%u’@ﬁf'adriéﬁ)age
printer may dedivenpesiodicatsageichiastibesenerning newspaper without user 20 intervention, it can be

configured never to dgliyerR50HG g%igr.m el#vr!er'tée%ﬁ@%f{ %&ﬁ%r%e'%m%@ﬁéws%ﬁﬁem%gﬂ?@éﬁ from

subsc:%ed or otherwise authorized sources. 1n this respect, the netpage printer is unlike a fax

machirfe or 4R SR RAHLH'L"GHIBYE €8 Sy efdf'?&"H‘f&?Hei“ﬂh{Bal%HB p{ﬁ@%‘iéﬁfﬂbﬁé%ﬂ‘iw
email addrepgiotiNETPAGECSYSTENMRCHITEET RE2B Bisdesrsiojebe nabeks nrnterd ssyditerh fg

described usiaghad biiiediMesRlin@Hicing vage: (b M) ¢lrswidiagiakiows elasagiage ameansistsnf a set
of object claﬁaﬁ gonnected by relationships, and two kinds of relationships are of interest here:

associations and generalizations. An association represents some kind of
1 NETPAGE SYSTEM ARCHITECTURE

25 Each object model in the system is described using a Unified Modeling Language (UML) class
diagram. A class diagram consists of a set of object classes connected by relationships, and two kinds of
relationships are of interest here: associations and generalizations. An association represents some kind of
relationship between objects, i.e. between instances of classes. A generalization relates actual classes, and can
be understood in the following way: if a class is thought of as the set of all objects of that class, and class A is

30 a generalization of class B, then B is simply a subset of A. The UML does not directly support second-order
modelling - i.e. classes of classes.

Each class is drawn as a rectangle labelled with the name of the class. It contains a list of the
attributes of the class, separated from the name by a horizontal line, and a list of the operations of the class,
separated from the attribute list by a horizontal line. In the class diagrams which follow, however, operations

35  are never modelled.

An association is drawn as a line joining two classes, optionally labelled at either end with the
multiplicity of the association. The default multiplicity is one. An asterisk (*) indicates a multiplicity of
“many”, i.e. zero or more. Each association is optionally labelled with its name, and is also optionally labelled

at either end with the role of the corresponding class. An open diamond indicates an aggregation association
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relationship between objects, i.e. between instances of classes. A generalization relates actual
classes, and can be understood in the following way: if a class is thought of as the set of all objects of
that class, and class A is 30 a generalization of class B, then B is simply a subset of A. The UML does
not directly support second-order modelling - i.e. classes of classes. Each class is drawn as a
rectangle labelled with the name of the class. It contains a list of the attributes of the class, separated
from the name b rizontal line, and a list of the gperations qf the class, separated from the
attribute Iistrg)llsﬁg%)r?ﬁbmgslﬁrﬁaevy ﬁtt ee.ag?é? sah(yig%drafr;\’rge W %%ﬁ“%ﬁ&?v‘, however, operations 35 are never
modelled. An associdigiE rRR AIeHHR (Girind fRYERISSARd RRIBIARMAsETSS Mt ARRTRN with
the multiplicity fofrolvé aaspeciatioie) ithiee defasiizanudtpdicity is one. An asterisk (*) indicates a multiplicity
of ‘many”, i.e. zero %ﬁ&@ﬁ‘%{a@dﬁ!{g@%@‘ﬁi@ﬁ&m '@@Hﬂﬂ@"yd@&sf“?,Qn\yms@%ﬁiéﬂ&eduﬁﬁ%b% %'%bvyn
optlonalgl Iabetlrlled ! aﬁ eﬁlth&_l’ end g/lth he roI%_o the €0 rgsfponglﬂq cpss. A{r‘l op ntdlarpo d indicates
an aggrégation dseacation NIBR02E-ESE 7K r%{PtYVof‘ﬁ anois diawn At the aggregator end of the
association Ifi§8"ed generalization relationship ("is-a") is drawn as a solid line joining two classes, with

an arrow (in 1the formnefra@pen triangle) at the generalization end. When a class diagram is broken

up into multple clagrags,anyeciass WIRH i GHBIGEHSELS RS A Ashsck g n ol put the

main diagram which defines it. It is shown with attributes only where it is d. 1.1 NETPAGES
Netpages ar&"88F0RYASEH BPIATOR XhBIHATe eI is built. They provide a paper-based user
interfad® to publishedhindtyagsaiosisiantiaiptioreiatige (Sestires:fal rAoivelaisé ydresistwidf rafpienste tb page (or
other jurfacearnﬂ@ies&ﬂmmibivg@qg@éi M&Tﬁ%ﬁfé@d@@%s@i@mnQ@M&%Qﬂ@&fﬁﬁg@@rﬂ@tgﬁﬁﬁ&%gg %@@nlige
page description ismaintajned persistently by .a neipage e server. The. scription describes
the visibls g 2 B e e e
input elemerl gt thEl9aL5ECTiBReI Ui B GLEBRYS ﬁ?ﬁ%‘?lﬁ’ﬁ%,'%ﬂ"ﬁﬁ’p‘l&’t‘tﬂ%ﬁd@{pﬂ"N‘étﬁ&‘{;é‘%ﬂ‘iéwgsnﬁarkings
made with amegtpagkiopemakings safadt tobg pultansousiyecapiunedtardupyoressecnd brizgstae
netpagessysi§ihe M%bglg,g@@ﬁpages can share the same page description. However, to allow input
through otherwise iden ic%I bages tob disﬁiensguished, each.ne %%geirstggﬁci)%ed a uni ue page

identifier. This page IR SRR 5r%r§i§|on i %ﬁ%?i%eﬁﬁrfgﬂoﬁ'etgveen avery Ié‘%&”ﬁrﬁu berd

netpages. EEREIBATE teetAElpsitdade SRIIPIREINGS Erictiensdl muaipi e 18Ry tiTe Tthig RaentRidssthe
uniqge ZQ'pagife;i@m wéﬁi@hrj'ty@mﬁmam&ha&dd&mere@ylhrgﬁ@myrideﬁtﬂ)ﬁﬁ.the page dgscription. The tag
also identifies its OWr\EaQF_?%}b‘PJMB%t% B?gg%e&?ﬁ‘&kf&cfse%ﬂ&éjgﬁ %iﬂ%%@}f%@%ﬁﬁ%ﬁﬁi@ {ﬁb%ﬁq‘a?ta”

below. Tags are printed in infrared-absorptive ink on any substrate which is infrared-reflective, such as
ordinafPpapteid B 4P AR LARREA A8 BHG M Aot A R R R e BE{S AR SN ER i by a
solid-state invagjensrisoreggthrancgipticpridietfitare 28cAbegniagedseditslpwn area image sensor in the
netpage pen, and thertgg fataiiedransmiti@shterthe ink on any substrate which is infrared-reflective, such as
ordinary paper. Near-infrared wavelengths are invisible to the human eye but are easily sensed by a solid-state
image sensor with an appropriate filter.
25 A tag is sensed by an area image sensor in the netpage pen, and the tag data is transmitted to the
netpage system via the nearest netpage printer. The pen is wireless and communicates with the netpage printer
via a short-range radio link. Tags are sufficiently small and densely arranged that the pen can reliably image at
least one tag even on a single click on the page. It is important that the pen recognize the page ID and position
on every interaction with the page, since the interaction is stateless. Tags are error-correctably encoded to
30  make them partially tolerant to surface damage.
The netpage page server maintains a unique page instance for each printed netpage, allowing it to
maintain a distinct set of user-supplied values for input fields in the page description for each printed netpage.
The relationship between the page description, the page instance, and the printed netpage is shown
in Figure 4. The page instance is associated with both the netpage printer which printed it and, if known, the
35 netpage user who requested it.
1.2 NETPAGE TAGS
1.2.1 Tag Data Content
In a preferred form, each tag identifies the region in which it appears, and the location of that tag

within the region. A tag may also contain flags which relate to the region as a whole or to the tag. One or more
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netpage system via the nearest netpage printer. The pen is wireless and communicates with the
netpage printer via a short-range radio link. Tags are sufficiently small and densely arranged that the
pen can reliably image at least one tag even on a single click on the page. It is important that the pen
recognize the page ID and position on every interaction with the page, since the interaction is
stateless. Tags are error-correctably encoded to 30 make them partially tolerant to surface damage.
The netpage,page seiver mainiaing,a unigus paae instance fer.eachprinied nefpages alliowing, i to
maintain a dls_t?nct se of_)user- tpplied values for mput%e_l sin the page c?escrlptl_on or eac_% printed
netpage. Th‘@'?@f&tiﬂﬁ@ﬂﬁie@éﬁ%\f@p e WHGH HeseipEchYitR83Re & IREHA oA Uhn Rt Rdtpage
is shown in Figpage genThe, fagenmdtaliceinstassGeintatewVitit b otiedletretpageapsippdinkvhich printed it
and, if known, the 3%9%9%%9@%%&9@%&%%& i%-@d%%ﬁ?d%ﬁ%ifﬁ@@ea@h%ﬁ JcﬁQiRaaWeg;Wt_en_t In
a preferged form eaé:h targautjetntlpes tp_ehre_ lon.in \Q/t{llcth it appears, anttll the location of tgattt%% within
the region. ATag Mhay A6 Comtain A0S WRich ralafto thé edich a8 A Whole DAY the thg" ORY or
more NPX02%8 @IS YIS SHiASE #6PYkaspid Sigeras ol badpeanisiegP balrdBetenirovighe s atic
indicative of asfiapchiam ;assecayacawidtikenipenegiataaaneianak theiaonsheoudh the segqsinigkdaviee
having to refigtlo A eREHRNAM B 6l And GIRIBSRYB Mo/ U ABRISol RRB I AN RE Ve
area" LED when in the zone of a hyperlink. As will be more clearly explained below, in a preferred
embodiment"& JEHHG OHEHE an easily 5 recognized invariant structure which aids initial detection,
and wHiBh assists in ininisizireg embodifesot, dfeapgiomiamhicivuitedefsys teinadesade ar dyirthegsesrsity
process. Thedags pratetebly theidhe epiierPaaenyaitsafit wltiagpiantywmalk andidensetigapaaged that
the pen can rﬁl!ﬁ?r%n%%‘rf@erﬁ& '(tfé‘?et PN RERUGE OReR a'lﬂgé%ncé'r%ﬁr W stl%‘?egf?c?}%‘?aga's IPRpIIaNEnat the
pen recognize the page ID an pO%It_IOI‘I on every interaction with the page, sinc %e Interaction is
stateless. 107 E35relfelred EBEEIMHBAE 898 LGOI B AM P aetad TR it SRR AthCahokEibe page,
and the regidentily ¢wduoetedive diaeetag is therefore synonymous with the page ID of the page on which
the tagigppears. In ofgge empgdigeents, the region to which a tag refers can be an arbitrary subregion
of a page orothersurface. For example it can coincide with the zone of an interactive element, in
which case tlhe rddfSh ID cad HFEAY Gihif) the interactive element, 15 Table 1 -Tag data
FieldPrecisigre@itslPRegiotP?D100 Tag ID16|Flags Total120 Each tag contains 120 bits of information,
typically allogag®as snow@ in Table IT. ASSyming a maximum tag density of 64 per square inch, a
16-bit tag IDﬁun“orts a+ gicn size-efupte-1024 square inches. Larger regions can be mapped

continuously wi incre@asing th ID precision simply by using abutting
Total 120

Each tag contains 120 bits of information, typically allocated as shown in Table 1. Assuming a
maximum tag density of 64 per square inch, a 16-bit tag ID supports a region size of up to 1024 square inches.
Larger regions can be mapped continuously without increasing the tag ID precision simply by using abutting

20  regions and maps. The 100-bit region 1D allows 2'° (~10* or a million trillion trillion) different regions to be
uniquely identified.
1.2.2 Tag Data Encoding

The 120 bits of tag data are redundantly encoded using a (15, 5) Reed-Solomon code. This yields

360 encoded bits consisting of 6 codewords of 15 4-bit symbols each. The (15, 5) code allows up to 5 symbol
25 errors to be corrected per codeword, i.e. it is tolerant of a symbol error rate of up to 33% per codeword.

Each 4-bit symbol is represented in a spatially coherent way in the tag, and the symbols of the six
codewords are interleaved spatially within the tag. This ensures that a burst error (an error affecting multiple
spatially adjacent bits) damages a minimum number of symbols overall and a minimum number of symbols in
any one codeword, thus maximising the likelihood that the burst error can be fully corrected.

30 123 Physical Tag Structure

The physical representation of the tag, shown in Figure 5, includes fixed target structures 15, 16,
17 and variable data areas 18. The fixed target structures allow a sensing device such as the netpage pen to
detect the tag and infer its three-dimensional orientation relative to the sensor. The data areas contain

representations of the individual bits of the encoded tag data.
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20 regions and maps. The 100-bit region ID allows 2100 (-1030 or a million trillion trillion) different
regions to be uniquely identified. 1.2.2 Tag Data Encoding The 120 bits of tag data are redundantly
encoded using a (15, 5) Reed-Solomon code. This yiglds 360 encoded bits consisting of 6 codewords
of 15 4-bit symbols each. The (15, 5) code allows up to 5 symbol 25 errors to be corrected per
codeword, i.e. it is tolerant of a symbol error rate of up to 33% per codeword. Each 4-bit symbol is
represented in a spatjallceicrent way In e (80. and e symbels of e, six cadewards arg. .,
interleaved spatially within the Tag. This ensures that aburs error?an error affecting multiple  spatially
adjacent bits) EmaigE800n M 1R Kilfniséls aflay MBI BMeiat PhfU MTinfthN iR (RSB BESYRIEDIS in
any one codessigiielj ths smaxiniésing dhquikeditioad thamisthe dotr i sty arecauneb@ctuityagorratidae30yl.2.3

Physical Ta%d?&&HﬁﬁH € iTHﬁyQB&’ﬁG%H&QEﬁéMQGiéﬂﬁ&@ﬁoF%’t%?OW” in Figure 5, includes fixed target

structures 15,16, 17 and variable data areas 18. The fixed target structures allow a sensing device
such asthe netpage pEh1A® LR S &G SHH FPe AL BIHRR | %nje5r1§|f8W%1fh§rf8?ﬂ59i8ﬁv\c§Ié&i{P '#he
sensor. The @hiael Aedats Bsriadns eegyresisisthfiesasso theotirdividiuayaiest efdiiecancadatlegraation of
NPX025-SGif Feeachie venpvenasstagiie predustienpt® tagistende@drienesoletinneisexino dots.

When p””teo‘é.\f”f‘ée%(gf?é?e R ek 'Q%M%%Y}(E‘Q@a%%ge‘i&g{gﬁfﬂp&%eﬁ{ﬁga ﬁatetm%n%ﬁ)ﬂ'ulﬁon

o this vi
the tag is designed to be surroéﬁ%%'%%ég "quiet area” of ots. Since | uiet area Is also
contributed BYS&RAEH 2089 i BRI H 604 tB°tFRE EreBIRRE dlAlMdheoeiRa% 'S Prs ey

includédsix target stradtueesonil detpetion mmgfd b afltwsghmdsensirg aevige toemiimdsiaetectihe tag.

The ring is easioiRfRRGrRRGAHSRILISIPradRRRlly invariant and because a simple correction of its
aspect ratio removes Am?st ?f thg effects of er§ﬁecti e.distorttion..An oriept%igen axis 16 allows the

. . arget structures are redundantly large to improve. their immunity to
sensing device to determime }he approximate planar origntation of the L);/\g duéto the yaw of the

sensor. The orientatidh® 8GE i kdaRsdste (il B SHEX D iBRPaANerBiop eRsiTBL gL g & 27 allow
the sensing dexice toaiiedr gridl O acabiratietwiokdimnernsionalepens pagtive trkesiairual thentageanet hence

an accyiate [preqdiMRRSIRNG BRAECR - AdiAreaianQlhe a0 fser'@ﬁié/s‘é‘n@dt SERSARAY tRTEet

structures are redundantly large to improve their immunity to noise. The overall ta shage is circular.
This support&‘{”ﬁr%fo%‘g"’é?"’o\?/ﬂ% iRGE O Bt G BaRGE BH SR A ALP AR JAge Animum
combination dyidhshe A idclatantdede ehiomdindesibiedrsraiReldtabaiediitarnar ratige ptsast efual B duganbiraumithin
the tag optimiahedsbMandMine: b6 tHizmdgaphnd ad@dptiisliepresanies by @ thadimimetgadritiestenm. of an
area boundepd lag twa radial lines a(g)d two cogpgat\;\ilc cjrcular arcs. Each wedge has a minimum

) : t b t C. L . ,
dimension o 'é 6ts at 1é50r8p£ﬁcs)?naen s rélae'rgj})éjned S0 that its base (its inner arc), is at least equal to this

minim&8 dimension T ABIGARtOMAR WetRgenPl thicsbaudiaairs traliosaisRvale Eyusanse Mum
dimension. Eaghl4a bitidaia symdaoddSaseipreSenbeld by dhardyloh2el weiges. RyEhed srdyitdata
symbols of e[gé;h of the six codewords are allocated to the four concentric symbol rings 18a to 18d in

interleaved fashion. bols are allocated alternately in circular progression around the t
%’Wenlnter eavEngalls 8eS|agne to ma{}m'fse\/he average spaﬁal (ﬁstance (l))etween any two syn%%ls of

the same codeword.

25 In order to support “single-click” interaction with a tagged region via a sensing device, the sensing
device must be able to see at least one entire tag in its field of view no matter where in the region or at what
orientation it is positioned. The required diameter of the field of view of the sensing device is therefore a
function of the size and spacing of the tags.

Assuming a circular tag shape, the minimum diameter of the sensor field of view is obtained when

30  the tags are tiled on a equilateral triangular grid, as shown in Figure 6.

1.2.4 Tag Image Processing and Decoding

The tag image processing and decoding performed by a sensing device such as the netpage pen is
shown in Figure 7. While a captured image is being acquired from the image sensor, the dynamic range of the
image is determined (at 20). The center of the range is then chosen as the binary threshold for the image 21.

35  The image is then thresholded and segmented into connected pixel regions (i.e. shapes 23) (at 22). Shapes
which are too small to represent tag target structures are discarded. The size and centroid of each shape is also
computed.

Binary shape moments 25 are then computed (at 24) for each shape, and these provide the basis for

subsequently locating target structures. Central shape moments are by their nature invariant of position, and
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The interleaving is designed to maximise the average spatial distance between any two symbols of
the same codeword. 25 In order to support "single-click" interaction with a tagged region via a sensing
device, the sensing device must be able to see at led$t one entire tag in its field of view no matter
where in the region or at what orientation it is positioned. The required diameter of the field of view of
the sensing device is therefore a function of the size and spacing of the tags. Assuming a circular tag
shape, the mlnlggum diameter of the s nsQr fltegg of view Is obtained when 30 the tags are tiled on a

asil elnva an Of sCa i0 and rotatio
equilateral trlangu? érl as shown In i ag rfmage Processing and Decoding The tag

image processing anarﬁé'é%ﬁﬁ’@t Efé‘f‘ﬁ%?ri‘édstﬁlﬂf Qrétéﬂgﬁfﬁcﬁé@fébz%&f 8% 3" AYMEGEe R REIBY ¥Bwn in
Figure 7. Whikd! debayptinbehipaapretisge bistnged. dgelice ob fpanedisen jrampege-semsirint e dchprgnniooranatigngf the

image is detefrnipge (At A bhts! BREERDIELR- TR MADSe IS I 8RAhRse RamNeRpaY %&B@’ﬁ%@% fPfhEhe

image 24, 3% The Image s ihenresholded and seqmentedinto connectsd pixelicaions (1e; shapes
23) (at 22). a%es W |é)lr1 are St repre%en 9a target s ruc (e AreHiealey® he Size and

centroid of egRgFPsHapen &f Hfs?ﬁf%@%rﬁ}fé@f%ary shape moments 25 are then computed (at 24) for
each shape, and thesagaayidedharasisifor wehsequenitydocaiirng)tangetisirpietdsashyCepinial siape
moments are, by (Reir natHees RVarRLAERIRHRR: 20d NEXRIRmSAR GRNQEHFSNMAdGiRyagant of

scale, aspect ratio and rotation. The ring target structure 15 is the first to be located (at 26). A ring has

the advantagj%c%%oé?ﬁw&l%?tw{eelPBé‘ﬁﬂ%ﬁ&d*\?\/ﬂ%ﬂ%@}éb@éﬁ%@%%&ﬂeﬁO‘R/fB?EPﬁFI5“'&8{%’8%8”&?@ 19
aspectlformealivirg arisaobigion-the tmalizisipe etotagbepd Heraindhesshande delibsestdnekeyeteto iersments
are normalizsaaie&bwka@hismémwmﬁyeﬂ%&bﬁoﬁ RAbHASKYAEIStaRt ARSI fiGa Hadl he
g o gRee ol AP ISP ioYa A nell, aRANTAON. LR ETeRRE g
transform. The axis target Structure 16 is the next to be located (at 2 atcﬂung proceeds by applying
the ring's ndﬁfﬁ‘?ilFéﬁﬁ&ﬁbr?@té)ﬁ&ﬁogﬂﬁﬁé’éemw&ﬁ@aﬁﬂb%%ﬁ@ﬁ rﬁ@?ﬁ%ﬁlﬁd}?ﬁé""%ltlng moments.
Once its second-ordeéhaomerisaire _aarlizecine axisetasgetlis leasity(xet) oPine dstiNets thakone

third orger nPamﬁng ne%gnnsﬁwr&@e&qntﬁaméatgnasﬁﬁtmeeiwn@nﬁsst@kneqn@ratntmsta@gewqh@&%ea hgsshape

is deliberate skew to.one fﬁie to mak thls sn%le Note oth t|t| possi ,e
anag t hzatc In el’lﬁé normaliz IOI’IS to

z’il the r|n er tatlopﬁ %I’OCEG S
rotation-normaliz e aXI targe eri e I’Ina norma IZ since

perspective ﬁ@glﬁdfﬁ%sda%iﬁfe PRee 2365 i%ﬁ@éf%dafx“@é?ﬁleﬁ@ HRiroraiyet éhé ﬁ@ﬁH‘ﬂl Péftfd’ﬁ@iwﬁm%gﬂ@ é¥a
useful approxspatietogiitheiags wajatinnestiue dapainay @RSitidihie tier persprblive takged sénucitses 17

are the last to-he 19¢aied,(ahs Wrtropd RSImAes &ftﬂa%ﬂrsﬂe%t%%t%ﬁe% PbM&9 m%@%&?éﬁﬁ%ﬁhe”

knowngs(gatlal relationships to the rin and axis targets, the aspect and rotation of the nn% and the

rotatio fthséz‘éiﬂéagl\ﬂ%?féh?ﬂ%aﬁr%%g By AN efﬁ%e‘iji'ﬁ&‘éa%‘?frﬂéﬁié%%@%méé)c*?‘?%ﬂ &ying
moments. O¢emtheindestenddeaiationsnieiptientseaierniegrsralie addtireagtrenatar noesprdietives tegjdrstaPe easy

to recognizeraaghitiRakasg ehelRS ORhEME AN ASIMARhRasiten miakanasd reatchy. theanrigina
centroids Oféﬁ'ﬁ%ef% TOSRRPRINGREIBES Ed@@fél%"gm E%é%eft h%‘olR FRPGSNG: e 1Rrea ?Fé‘?ﬁggegl of a

square of known 20 size in tag space, an an eight-degree-o ree om perspective trans
inferred (at S*Q')CEPé%E(Se{ﬁHC%Ivmg

25 The inferred tag-space to image-space perspective transform is used to project (at 36) each known
data bit position in tag space into image space where the real-valued position is used to bilinearly interpolate
(at 36) the four relevant adjacent pixels in the input image. The previously computed image threshold 21 is
used to threshold the result to produce the final bit value 37.
Once all 360 data bits 37 have been obtained in this way, each of the six 60-bit Reed-Solomon
30 codewords is decoded (at 38) to yield 20 decoded bits 39, or 120 decoded bits in total. Note that the codeword
symbols are sampled in codeword order, so that codewords are implicitly de-interleaved during the sampling
process.
The ring target 15 is only sought in a subarea of the image whose relationship to the image
guarantees that the ring, if found, is part of a complete tag. If a complete tag is not found and successfully
35 decoded, then no pen position is recorded for the current frame. Given adequate processing power and ideally
a non-minimal field of view 193, an alternative strategy involves seeking another tag in the current image.
The obtained tag data indicates the identity of the region containing the tag and the position of the
tag within the region. An accurate position 35 of the pen nib in the region, as well as the overall orientation 35

of the pen, is then inferred (at 34) from the perspective transform 33 observed on the tag and the known spatial
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the well-understood equations relating the four tag-space and image-space point pairs (see Heckbert,

P., Fundamentals of Texture Mapping and Image Warping, Masters Thesis, Dept. of SECS, U. of

California at Berkeley, Technical Report No. UCB/CSD 89/516, June 1989, the contents of which are

herein incorporated by cross-reference). 25 The inferred tag-space to image-space perspective

transform is used to project (at 36) each known data bit position in tag space into image space where

the real- valueijj Rosition is Used to b"h”%?ﬂ% interpolate. (at 36) the four relevant adjacent pixels in the
h

etween en’s XIS n’'s O tjcal’axis.
input image. The pr V|ousley cor%put% Image thres bid 218" Used to threshold the result to produce

the final bit vak 37. GAARII 360 data bits 37 have been obtained in this way, each of the six 60-bit
Reed-Solomon 30 codewinydstdg dedsdedr{gib38), totag el 20 degodatvdits B8storri Hfdectdegl IDits in

total. Note thay; the GRABMrheRYBRRRIS AreosarRIgdh G OHWREtORisH oﬁ%u‘iﬁiﬂﬁﬁ@%&%@r@&u&{ Che

implicitly. de-jnterleayed during. the sam ling process. The ring target 15 is only sough masubarea of
e imate iR ATBHEHIT e FAdB L T BOUE T TR e B DR B e e,

If a completdagalPi§ ﬁd@%mﬁ@p@ﬁdomewmiwﬂscaeaoﬁedmm HeshHERIFEItgPG B Eirdeadds the
current framegar(avannagagateepireassingpower and ideally a non-minimal field of view 193, an

alternative strategy "]&’%’ﬁ%psr%ﬁé‘c@%@&%% E@@t&’l Fé‘fﬂecédﬁfc@tré%%tﬂ 9@%@%%‘3@%(&8'03@5

the identity of the region containing th eta% and the position of the ta hin the region. An accurate

position 35 df tF& ?Séﬁyﬂ?bWP?Hé”Fgﬁ*'Sﬁagﬂg VRIS %ed%?an ‘t‘lgﬁté S’Heﬁdd?%ﬁ%”ﬁéﬁg e thferred
(at 34)¥bom shiepetspeetiwstrhrstbemad3amsmrved on the tag and the known spatial NPX025-SG 11

relationship betweenthewRens RhYsieRIwis apeinepRIVA tRticabaits Tl dvdragrdfial IDacegling a tag
results in a rer%Jon e!rpt,r a%stt"ﬁilﬁn %ea%nd a ta% releet Me QF’L”@ %o&m beBeans themtoagnlgg??qq% t%gcan lgorelatlve

pen location can 1 be translated into a ute T catlon in the tag e region, t on of the

tag within th&'¥BgibR ARy BY! [ifoaaettiie 1egRrratiPhyaa kagifsa Q?LﬁﬂdﬂEﬂH%FﬁéﬂFWﬁbéb%ﬁ&%fg ID in

a tagged regimatito aitdrrespgiading location. The tag map class diagram is shown in Figure 22, as

part of {ge ngtpage pﬁgﬁ@{ng%%g{e&ram A tag map reflects the scheme used to tile the surface region

with tags, and this can vary accor 0 surface t pe When multi ions share the same
fing scheme and thel A AR ScFHATRAGFIG 8 SEr e e, B 2040 Ehie e S PR T ne
tag map for aarigjidnimigsttioa Féﬁl@@&ﬂﬁé oedivaecherowsaD | oPwiies; ieiaeting fegfiehalDady thuUTedafd a pen
transform, thewdaginapirndenaisieusidstheidapd Rgsan be translated into an absolute tag location

within the region, and,the.tag-felalhy ‘aB&@om&iﬁst'é’[%gcﬁf‘v%?c@%@rﬁ%?&?ﬁﬂ%&%o\%ﬁﬁ'&ﬁ&%ﬂ%Lgoé\!-}ted

absolu%gpen location within the region, 15 1.2 Schemes Two distinct surface codin

schemY are"Bf ftFEE (I of' AtidHies {?Pe"t%?é'%’tm&ﬂr@edé%ﬁb% ta@a{ﬁﬁaékvﬁﬁfﬁ%%&ffﬁr?e‘rﬁe
preferred codidef $ctivntay Iesetdn|tscreid rér distating tha ge adtizir drdsodis disse durAis witbindtivaioading

scheme uses@ RGN IGAHRYERGSe to a user interface element in the page description associated with the region.
Not only is the user interface element itself identified, but a location relative to the user interface element is
identified. Location-indicating tags therefore trivially support the capture of an absolute pen path in the zone

25 of a particular user interface element.

An object-indicating tag contains a tag 1D which directly identifies a user interface element in the
page description associated with the region. All the tags in the zone of the user interface element identify the
user interface element, making them all identical and therefore indistinguishable. Object-indicating tags do
not, therefore, support the capture of an absolute pen path. They do, however, support the capture of a relative

30 pen path. So long as the position sampling frequency exceeds twice the encountered tag frequency, the
displacement from one sampled pen position to the next within a stroke can be unambiguously determined.

With either tagging scheme, the tags function in cooperation with associated visual elements on the
netpage as user interactive elements in that a user can interact with the printed page using an appropriate
sensing device in order for tag data to be read by the sensing device and for an appropriate response to be

35 generated in the netpage system.
1.3 DOCUMENT AND PAGE DESCRIPTIONS

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
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A location-indicating tag contains a tag ID which, when translated through the tag map associated 20
with the tagged region, yields a unique tag location within the region. The tag-relative location of the
pen is added to this tag location to yield the location &% the pen within the region. This in turn is used
to determine the location of the pen relative to a user interface element in the page description
associated with the region Not only is the user interface element itself identified, but a location

reative to the s tariace clementys, entiied. Locationdndicatina aas dherelore il suppor
the capture o an a solute pen pat e zone a particular user interface element.

object- |ndlcaitﬁ‘?@‘t‘%i‘ga%@ﬁt%%t%ttﬁébsﬁﬁﬁm‘?éﬁ HirgeapisaefiFicss iﬁ%@?‘iﬂf@'ﬁéﬁo‘e'@F@rﬁeh’fri'ﬁt?h\é"”b%ge
description gssitiateahsite the:acegidn B H paeidagsuser theaoiagop bttferanse thateriaeet & emenatddentify the

user inteffac&r@lﬁ%@ﬂtﬁ&?@&“ﬂ@%ﬁéﬂ @Mﬁ%ﬁ@i&ﬁé%@hﬁfﬁ%&ﬁ@@iﬂ% Wishahle MQPL%%WGH}QQH]Q

tags dogﬁot therefor rpqortt e ca ture bsolute pep ath. Th ey do, however syppo htt e
.are ere romt 0(:|ate elr. rres nain ter inal e men’ts artlc%larl wre Gi
capture of a relative pen path ong as e p05| amp requenc Xeed Ice

encountered°eas TreRjerT ey S%@fe&@ﬁ)lﬁé@ﬁ@ﬁf‘ﬁmﬁr@h@f s&pRpnea prPEBdstbA @@tﬁ@%ﬁﬁ@@ﬂﬁﬁﬁnﬁoa
stroke can belionanplaigappusytdaier minaduldl iy citheictogrifgeabanie) thantagy flomcipin baptured

cooperation yyith ﬁ%ﬁ%?lﬁét%ﬁicéé'ﬁl“ﬁ’tla 91?\%8@%&9 Hﬁgnnetpage as user interactive elements in that a user

can interact with the rinted page using an appropriate sensing device in order for tag data to be read

by the sensing devicd KEErRIaR4I5PEH ARE s uneE q%f%@“%‘?@&ﬁ@f’ﬁ‘féﬁ”ﬁr ﬁ”g"ﬁé‘tbsﬁbttg Estem. 1.3
DOCUMENTR A RAGENDE STRIPEIQNSA jsrafentabl epnise dbovenanisf spedidic dierreatt B dspaey be

description qleﬁssﬁtt@graﬂsyimb@mimaime BferRthaf- drethe eetﬁ@la:sm@m arewmmfi&e
descrlbed at B %ﬁe(]e(yels (;AE[(; %lt at%ﬁ r‘% l%é% Ehgw’élfhg(ga S§ ver &P&gnm)( Onb%)req usg?'zb ions

hierarchical structure whose terminal e are associa conten cts such as
text objects, W PENALB BB Pisage objects etc. Once the document is printed on a printer with a
particular page size andoacgerdiocuiea P tomats user'ssohlerferttor prefdegnptqrthe daturhemntcs

paginaigd anghpiherwisefamattachamatierhdess frh /RRAEARR Wl IAMRAGRSEHRSS on
associated wlg]th con]ie]nt op* ? tths 5 which are dlf‘f rent from th ?sksoc ted Iév h their corresponding
r SR

ctive aofln e nts sych as Inpu
terminal elemeﬁ?g par%cu a ere |ects areygfe Ospelatad, ' printed instance of a

document and page 8 é‘l’émﬂ@ts'@ﬂﬁi@ﬁl %‘ﬂpﬁé?@ﬁﬂ,dfdo élI@W?ﬁ%ﬁ%&ﬂ?ﬁﬂ?é&“thFGH’@W&%&WR&L@I@W%Qe
instance 830raahesresnreien sepeicataly dimidnput apdsedbtitirsughtetheninsiancaseof therspare page

description. Thg.pr %§§G&%rf%£$@%uﬁ@8%ﬁﬁ§¥%@@9& eNLALSELIRR RRNS RAGSSALREAMOMG.a user

to req $t 10 a copy of a document without being forced to accep?t the source document's specific

format“The %@P%ﬁ?%@af 8&%%%tfh‘§“é'*&%aﬁ§/et'ﬁtbrﬁ§ﬁs%l“ﬁﬁﬁ?8¥ RiRMAeARErET PGB e, for example.
Conversely, the presériegedfsthiee forsirttdd stoefuermainal gieseriptisinen dhie Ayaglemsetripstang ony exigspage

server to effigir RilyriRtRERARE-YREHaAGHoRELHON amatiwtamrmmmge 6k torﬁswmmm@u meakSis4
consists of g sl of @J&%ﬁiﬁ?ﬁﬁ%&gﬁjﬂ&@“%ﬁ Z)%gi‘u% ik, }ﬁe%"ﬂsﬂﬁ&? s% ?‘?ta‘? t%mee ‘Fd

terminal elements 835. Ea ment spatial extent or zone 5
defines the AtfHECArEEBISHYL BReHRIES IR Q?%%ét‘ﬁﬁ@%tﬁdﬁﬁb‘iﬁ%?d@t ex'St howe"er Torsatc

25 elements such as textflows.
A terminal element can be a static element 843, a hyperlink element 844, a field element 845 or a
page server command element 846, as shown in Figure 27. A static element 843 can be a style element 847
with an associated style object 854, a textflow element 848 with an associated styled text object 855, an image
element 849 with an associated image element 856, a graphic element 850 with an associated graphic object
30 857, a video clip element 851 with an associated video clip object 858, an audio clip element 852 with an
associated audio clip object 859, or a script element 853 with an associated script object 860, as shown in
Figure 28.
A page instance has a background field 833 which is used to record any digital ink captured on the
page which does not apply to a specific input element.
35 In the preferred form of the invention, a tag map 811 is associated with each page instance to allow
tags on the page to be translated into locations on the page.
1.4 THE NETPAGE NETWORK
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
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A document instance 831 corresponds to a formatted document 834. It consists of a set of page
instances 830, each of which corresponds to a page description 5 of the formatted document. Each
page instance 830 describes a single unique printed ¥etpage 1, and records the page ID 50 of the
netpage. A page 20 instance is not part of a document instance if it represents a copy of a page
requested in isolation A page instance consists of a set of terminal element instances 832. An
element instanes.qnly @XSiSaIl eRaisis NaRNEGsperils pformatiam T & fyperlink jasjance
exists for a hype 1( clement because it TEcords a transaction iS spec i to'the page
instance, and a field iIHSt&FERIB G EPRSHFY Héﬁ\%?ﬁrvﬁe‘ﬁ%f%ée?ﬂ@c'@l‘a@riﬁb?ﬂ RehueriesEs thehage
instance. Anpeleementpiinstancedoes catidine st tiromvesenpfiorsstatios ek mvantes Uchtostictdtiows. A

terminal elemygni&ars Qesi@rﬁﬁétb%ﬁ!ﬁm%ﬁﬁﬁ@f %tﬁéﬂ?ﬁ& %%@@W%ﬁ%o@tﬁﬁ@cﬁlﬁ@%l%&fd@s page
server cgmmanqd element 846, as show dFsgruF A statlc element 843 ca be a stg/le element 847

with an 2ssoGaen 0], I SHILON S S e St OR LIS aN BB Nl En AL SE e st I PERIEY 855,
an image elé\fﬁw'smgbmmaah dgSeshERIRCRIrAREg dnetRsRRE NS HEPRoR PAMITE BIARSTANBHEMAR PRPROe

associated grayicealnjeaidBy 85ubsat videR tlhiprelersrpnd 8xbavitheanassotiaiedyvidea eligobjeat858,
an audio cli %@m&&&%@%ﬁemt&mﬁ%%%F%‘PL@EEH&’ &%é%%&@ Sty hS SR FIREEE &R, Wi an

associated scrlpt object 860, as shown in Figure 2 age instance has a background field 833

which is useltf#6 Sfé}‘:%r’at%{'i’fflt?jfi‘atﬂicnwﬁ?p&éﬁfﬁeﬂootﬁetﬂeécrﬂ)éﬁ%%?c‘i‘fr&a%@%% ply to a specific input
elemed 35 In the préfeetededpseofetie ifliperieiodncanteny s plaidinersh aoiiapeideittoehibhapaageof
instance to gllgwsctaas\anithe NRegite Prti@nslated into locations on the page. 1.4 THE NETPAGE

NETWORK In a prefelfetbeimRrneat A GleRaesiNalk fensisia gl el buleaet olasipage

page servers 10, netpa istration servers 11, netpage ID servers 12, nétpage application servers
13, netpage 'ﬂﬁﬂ?ﬁ&&ﬂ@fﬂ' PSS e e keadisess P4 tr}ir{HtPf’éfp%?@% SﬁWﬁfé\%‘%’@ﬁ. BB RPECRIANAS Ri%5etwork

19 such as tietdmternet, as shown in Figure 3. The netpage registration server 11 is a server which

recordggelationships DR AHRGKDNRENS: Jreripg%a,eam&ﬁawe@fn@p@l puRlicatiaRstcarAstherabe

authorizes varjous. networ CthItIG? It authenti a gpe]rs and acts as a signing proxy QH]behaIf of
ication server IS an application server u psagg ocum nts%o et g pr|n S e¥
authenticate8'GS&rsin ap catlon ransactions. provide writing re ogn| ion setvices. As

described alﬁ@%‘,béﬁﬁe@ﬁa@é‘ peengerver 10 malntalns persistent mformatlon about page descriptions
and page instances. Tkgageipagecaebanrieinaludasegny mtwohetoépigemssfvansaetchulanding a

subset of pawnﬁgmcémcmm%w\é%mg gaa@érgt@mw%&{cmm &l‘d%éf&rhﬁﬁ%d%%le

mstan clients such as netpage printers send netpage input directly tOt € appropriate page server.

The p e sérVér ?ﬁ’ié’?ﬁi’é‘&b&tﬁ@"é’ﬁ%”ﬁ{%f ?Eib?ﬁves?@ S eoéé'ﬁfﬁﬂ%‘i‘i'%‘f"'me"'é?d %dsbvo??&i?ﬂj Qg€ 10 A
netpage 1D s@pvienaricaliothattigcieralimenwidds &y the mokervrintt hndaprvridesdoaleh balupddad decpage

servers via it dlR.glgealinrhechieme . AeRIPRTReRINUREHRRS HondntRmet JAistsfarieddName System

(DNS), or similar, to r. page ID 50 into the network address of the netpage page
iy A ‘?pa}\gﬂ%?ﬁ%%

server handling the corresponding page instance.
The netpage prlnter 601 is an appliance which is registered with the netpage system and prints

25 netpage documents on demand and via subscription. Each printer has a unique printer ID 62, and is connected
to the netpage network via a network such as the Internet, ideally via a broadband connection.

Apart from identity and security settings in non-volatile memory, the netpage printer contains no
persistent storage. As far as a user is concerned, “the network is the computer”. Netpages function
interactively across space and time with the help of the distributed netpage page servers 10, independently of

30  particular netpage printers.

The netpage printer receives subscribed netpage documents from netpage publication servers 14.
Each document is distributed in two parts: the page layouts, and the actual text and image objects which
populate the pages. Because of personalization, page layouts are typically specific to a particular subscriber
and so are pointcast to the subscriber’s printer via the appropriate page server. Text and image objects, on the

35 other hand, are typically shared with other subscribers, and so are multicast to all subscribers’ printers and the
appropriate page servers.

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.
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15 A netpage application server 13 is a server which hosts interactive netpage applications. A netpage
publication server 14 is an application server which publishes netpage documents to netpage printers.
They are described in detail in Section 2. Netpage sdrvers can be hosted on a variety of network
server platforms from manufacturers such as IBM, Hewlett-Packard, and Sun. Multiple netpage
servers can run concurrently on a single host, and a single 20 server can be distributed over a
number of hosts. So y %all of the function |It% I%)?Ylded % gtg) i ser %[%éfa dgartlc &ar the

nter has received e page ment to bé
functionality provided D Server and the page server,’can als be prowde dlrect In a netpage

appliance sutHE$ & FRHEbESSFtERin a computer workstation, or on a local network. 1 5 THE
NETPAGE PRINTERTihginetpagezesiate pGddos andapplipayee siwhichesisiggistere didsitbf theshetpage

system and pgjtss AR RULRHE: SRRSO ASMRNGiRNE e SRSAE IR B35 hRilaleshas diynique

printer ID 62, and is connected to the netpage network via a network such as the Internet, ideally via a
broadband cBiSEtion. Apart from identity and security settings in non-volatile memory, the netpage
printer contains no pETSIBERNGRIPERFE CASIfarchgvep Lisepuidedotirassnesdteridlabon gk idesbTediimnpider”.

Netpages fuam&anoriwaﬁﬂw@wﬁﬁ@sm@&mamtmﬁmimoﬁa@mw ofddeiisriatednisinageeage
servers 10, iRdgpenAanfly, r%,oe %QrB%ft'?ﬁéaéuBE%é‘gﬁMH% cJ] Sunr‘EtE’é‘hQ?t%"r”E SieGRNeS R URRG!bed

netpage documents from netpage publication servers 1 document Is distributed in two parts:
the page Iay@f?ﬁé‘daqiﬁefﬁ@da%tﬂféiaﬂéﬂ‘%ﬂ'Wff‘éb%b‘i\é‘EfE‘\WFﬁEW“BHﬁL?fE(é“ﬂﬁ‘é’fdﬁb%@t@%‘@dﬁg@ Hf”t

persontlizatemoinprage layouts are typically specific to a particular subscriber and so are pointcast to

the subscriber's printgfiyiasths aRPEARHAIR ﬂwﬁgsm%%%&ra@dpimagg% Qg Gt G Irathgr hand,
are typically sipar tWlth ther subscribers, and so are mttﬁleticasét %tﬁl” shubs ribers' rlnters Ialn(%le(tj e

appropriate page serverr?sS ”lchs e e tpé)étg%vl%lléna{)ttoﬁr%erver oB%ﬂn‘izes the g‘?grﬂ%’n?a%é%% document
content into PHRIRPALBSIEAAR RILGE A398S, Rper aEbRAFGAREPRABtEast of a document's page layouts, the
printer knows which mulicaststptyeamiyiictplistarttagds B0t G@aist. Oneettvaiprintephrdriecaived the

comples paQr‘ﬂleFﬁo?e“Qé%Qﬁ%@&SsEP@Ee@e&Eﬁ &E‘%l&’d%?uﬁgﬁ%r‘iﬁté?esuf?&ﬂ%eéi g PLRLb e HocHment.

The printer rasterizes an r%nnts odd and even pa%es simu taneous ﬁon both sides of the sheet. It

contains dup&R&E SR MR BN SRTLer 8% LAt DA SR IRER THILIRG Mm]Safi%AMAEEL'S50 for
this 5 purpogescritaetpritatitigjnoresbess asgalistecd tanontiadotypient kieages apestelei wilb thaifdoaigeent so
descriptions trande @ma@m@m@m&mgmmtgﬁm@‘g@timages The raster image processor (RIP) consists

of one or more Sta”déirgqj ] (‘r}l AHBLBJB@& iRePaElIghoRE SHR %ep‘ijuﬂé ILGRFIG %%P&M(?B?a‘ﬁ%‘sm of

custom_processors which expan er and print page images in real time, sync ronized with the

operatfoh of ?Mérﬁ?lﬁfﬁé’ﬁdgrYﬁrﬂJré)’bWﬁf‘e%géﬂﬂW%% Printers not enabled for JR printing have the option
to print tags using JRAatyserptiveireicleringd tlthetnagh timerésterctdea gs deattihétaide Santptycaréas, of the

page. Althougif siehrbages;haye msae limited
15.1 Memjet™ Printheads
The netpage system can operate using printers made with a wide range of digital printing
25  technologies, including thermal inkjet, piezoelectric inkjet, laser electrophotographic, and others. However,
for wide consumer acceptance, it is desirable that a netpage printer have the following characteristics:
photographic quality color printing
high quality text printing
high reliability
30 - low printer cost
low ink cost
low paper cost
simple operation
nearly silent printing
35 high printing speed
simultaneous double sided printing
compact form factor
low power consumption

No commercially available printing technology has all of these characteristics.
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functionality than JR-printed pages, they are still classed as netpages. A normal netpage printer prints
netpages on sheets of paper. More specialised netpage printers may 15 print onto more specialised
surfaces, such as globes. Each printer supports at ledst one surface type, and supports at least one
tag tiling scheme, and hence tag map, for each surface type. The tag map 811 which describes the
tag tiling scheme actually used to print a document becomes associated with that document so that

the documents tags san g caresliv pterpreled Flaie 2 shawsdte pethage Biinter dlass dlagram.

reflecting printer- related |n orm tIOI’] maint |ne Yy areg istration server n the netpag

network. A phetetadERpIsRnidptedrias Mg t'iﬁl?ﬂl?ﬁlfs'ﬂ%@éh%ﬁlﬁ@éﬁf@ﬁ‘ﬂé’tﬁmﬁﬁ @@B%W6
below, with tietenenpeaes igeweish bliribed®. fdhBeatdesmgetiddeRrintinezels cilhvgstre /Sy stenvlogn
operate US'ng|d?lrrlani‘?%ﬁoW@gﬁn\ﬁ{gBrﬁ\tWWeﬁﬁﬂ%@éf@gAWJQﬁmﬁmghe%§ ﬁ@magéeewaﬂpmpﬂua%%wal
Inkjet, pjezog %%%gc r'E'é#atéu'ase%{s%c%c”?&’rﬂ%%} pOiC, And ONCLS: Howeyer, Tor WG consym
acceptance, i1 dEN A e HhET R Rt page prin thv‘e tiie folfowi g Characteristics: pP] f’gr%p ic
quality color PyAmtiRgehigP letalitgtand [FfAsAdKhRg M Anbifit) cBdilenesnmtes bedve low ink cost low
paper cost simple opeiaiiditing eariynsdeni peptingady higmiprint nggsperdnisitnsliareatis douhie sided

printing  compRact IQEmLIRCH" M RAWSTIEANSHIRH A0 NA RNV GY HIR0 . RAHGY thGhgology

has all of these characteristics. NPX025-SG 15 To enable to production of printers with these
characteristif&! Y SPSUEH Y5 ANt has invented a new print technology, referred to as MemjetTM
technoléyy. MemjetTMeier &leirepsori-tie miatiobinkjeeteRrindoty noize BRgotroratds pagewviththnprittheads

fabricated usamemmmele@trmmmsahw&temémw& tecknelagysof; igutetld shrwisaasingle
printing ele Qt P"O Y ?é\%%)at M da% ’}cﬁ oAy a'E:uta?é}%ﬁa%la'éRB'%%rpé@s‘%?{Q‘?ﬂ%e%P 8369, printing

elements 3 p| pade up ex printer S printer simultaneous rlnts cyan,
magenta, yemﬁ\}@km}f&ﬁﬂand infrared inks as well as paper conditioner and ink fixative. The printing
element 300 is approximately atLexanberorsitdiog ioyndPaniéelipisnad dethA pasigeaf thesdeqoriptingpe e ments

are formed QRegoRiligensibelRIBaR0ddhah INGPIRARIES VIR IRgisindaia Hmfpm{érmgmaamodrive

cicuits (not shown), 40 MAIGy, elpMents 91, PURIG SISmenh 90 BLe, 1S9l 302, the nozzle rim

Figure 18 shows a small part of an array of printing elements 300, including a cross section 315 of
a printing element 300. The cross section 315 is shown without ink, to clearly show the ink inlet 312 that
passes through the silicon wafer 301.
20 Figures 19(a), 19(b) and 19(c) show the operating cycle of a Memjet™ printing element 300.
Figure 19(a) shows the quiescent position of the ink meniscus 316 prior to printing an ink droplet.
Ink is retained in the nozzle chamber by surface tension at the ink meniscus 316 and at the fluidic seal 305
formed between the nozzle chamber 304 and the ink channel rim 306.
While printing, the printhead CMOS circuitry distributes data from the print engine controller to
25  the correct printing element, latches the data, and buffers the data to drive the electrodes 318 of the active
actuator beam pair 308. This causes an electrical current to pass through the beam pair 308 for about one
microsecond, resulting in Joule heating. The temperature 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
30 end of the electrothermal bend actuator 320 bending towards the substrate 301. The lever arm 307 transmits
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.
35 As the temperature of the beam pairs 308 and 309 equalizes, the actuator 320 returns to its original
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
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chamber 304, the fluidic seal 305, the ink channel rim 306, the lever arm 307, the active actuator beam
pair 308, the passive actuator beam pair 309, the active actuator anchor 310, the passive actuator
anchor 311, and the ink inlet 312. The active actuatottbeam pair 308 is mechanically joined to the
passive actuator beam pair 309 at 15 the join 319. Both beams pairs are anchored at their respective
anchor points 310 and 311. The combination of elements 308, 309, 310, 311, and 319 form a
cantilevered trothermal bend act qure 18 shows a small part of of:Rrinting
clemento 308 - arouag Junfds A% el S et SNBSS R AL MU

shown withoganket8 EasiyaHoRVhe! iRl Hgdeted prithiag SRR3R AU shicslwardPset B0
Figures 19(ayprhB{bhandiddiddtstiaw the operating cycle of a MemjetTM printing element 300. Flgure

19(a) shows the qu'%&%t&@%f%%&fet@@rm% U?Qﬁlésﬁ‘f’rﬁh%dgﬁw BQe%Bﬁ'”eg rﬁs?zl@'@@?@%ﬁer
retained.in the nh%éz e cha er b surfa nsron att e%g( Fnenrscus 316 nd att e fluddlc sgﬁ 305
ttac the

to the ad 5 bstr ach nozzle re Is rresponding nozzle g
formed Betw&&h thenoz er A& InkERannel Tint° 306! W’nq ﬁrlntzn t’ﬁe printhéad
CMOS crrcuﬁt&@l&i@ﬂﬂbﬁte@ dﬁﬁﬂrt’ﬂb‘?ﬁ ffef ||r>6r<iintf erﬁ@irretétmtr@nlergt@rdZ@'ﬂﬁéftioﬁ%qumnﬂdol@réﬁdém,
latches the datry Ak bubiess ddvesataréo drivethpelecigdes s31iBl«af Iheadtivefaciuaine heanmdeair 308.

This causes&rﬁﬁlﬁgmg@l ;{Jﬂé%@%‘iﬂk%%ﬁém%% tF\?nPEf’e LRRITS SOR I APRLARE iR osecond,

resulting in Joule eatrng he temperature increase resulting from Joule heating causes the beam
pair 308 to ekfand. AL HECHHEGVE Actuator beam pair 309 is not heated, it does not expand, resulting
in a stiéss differencer bretviie senkirgtieridsed thepaipsocThits wticssi @iffereercEis yiashiaklipg és eveeddey the

cantilevered 3Ryané ei4he Slectrethernal Ia@c@deaﬂtyestqarsags b@ﬂﬁd%g@W@éﬂ%ﬂBﬁ sibstrate .arage The

lever arm 307 transmrts 5h|s m vementt ozzle cha b]elr BQ nozzle eharnber 304 moves
ensor 15 a solid-state .device provi e ure ip@ BI‘I ter 1o erm ensing at only near-i rared

about two microns 10 the position shown in l% is Incredses the in pressure, forcing ink
321 out of théMAFBIEs36DUeSHIPEHNSIPG FRaI1 REIth ERiSEls $138 td g VA R B2 2R T HRTBB ¥t &fents
the ink menisots<3 6 frerespraddingeaerogs diwesufiinitacato tthepnezzaleaandbeatigQie. 35206 dier

tem perp;u_re f&aﬁ@ﬁaﬁ?%@ @?Ursré@ﬁ aﬁmrﬁ%@%@r}rz&@ é@@@t&&ﬁ%ﬁ@%‘r%éﬂ/ Srerigab mgsrtron
This aids in the brz off of the ink droPIet 17 from th e ink 321 in the nqQzzle chambe hown in

Figure 19(c). PHRE O4FE AL behrel 8RNI yt ae'%]c on’ oef'ﬂqehseur BOUTLIEER & T krrﬁo%n?sgﬁg 316.
Figure 20 sh%SWéUaesegment of a printhead 350. In a netpage printer, the length of the printhead is the
full width of the papermbypigeaty 2H00onmepioftihe idipagiipsm 3hetatkhetsagamenhs hevkmdsiR. denm lgng

(about NPXQRp-RGitS0eorRf AH8 BLEE& %rrtb&ag)no\/\éb&&wr&"aa néh'ﬁe RARS&E SmRved paskihe

fixed p ﬁthead in the drrectlon 352, rinthead has 6 rows of interdigitated printing elements 300,

printing the SIREBISYE"SF W5BY B4R a%@fbﬁﬁ"é%&}‘tﬁ%ctnﬁaﬁqlEt@@iﬁe”r'é)rb%‘t%i‘:‘t YHa W%@tt@%?’fﬁ&@ of the
printhead dukiddasperetivncal Adzzogeardheasane3BDage Brattesdadrio. tiiéepiingthradlaessteatet®01. For

each nozzle @R dihareyis W@@mg}imgm@@g@y@r@mme 331 through which the ink droplets are
fired. To prevent the mzzl uard holes 331 frotm be omlnﬁ blockoegerb ne@aﬁer frpers 0 oth r.debris,

at)
filtered air is pumped throu ‘the air mlgtg%?gﬁnan% out of t 0zzle guard s durin OIrIerrntrr(')rng To

prevent ink S0 B %G, tﬁ%”f’?dii‘l‘éa‘@%r‘a%é%@ét’@aowmt’e”tﬁ&”ﬁ?rH"t‘éP‘té"mie'“terpfmd e to &

25  threshold to indicate whether the pen is “up” or “down”. This allows a interactive element on the page to be
‘clicked’ by pressing with the pen nib, in order to request, say, information from a network. Furthermore, the
force is captured as a continuous value to allow, say, the full dynamics of a signature to be verified.

The pen determines the position and orientation of its nib on the netpage by imaging, in the
infrared spectrum, an area 193 of the page in the vicinity of the nib. It decodes the nearest tag and computes

30 the position of the nib relative to the tag from the observed perspective distortion on the imaged tag and the
known geometry of the pen optics. Although the position resolution of the tag may be low, because the tag
density on the page is inversely proportional to the tag size, the adjusted position resolution is quite high,
exceeding the minimum resolution required for accurate handwriting recognition.

Pen actions relative to a netpage are captured as a series of strokes. A stroke consists of a sequence

35 of time-stamped pen positions on the page, initiated by a pen-down event and completed by the subsequent
pen-up event. A stroke is also tagged with the page ID 50 of the netpage whenever the page ID changes,
which, under normal circumstances, is at the commencement of the stroke.

Each netpage pen has a current selection 826 associated with it, allowing the user to perform copy

and paste operations etc. The selection is timestamped to allow the system to discard it after a defined time
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1.6 The Netpage Pen 10 The active sensing device of the netpage system is typically a pen 101,
which, using its embedded controller 134, is able to capture and decode JR position tags from a page
via an image sensor. The image sensor is a solid-staté device provided with an appropriate filter to
permit sensing at only near-infrared wavelengths. As described in more detail below, the system is
able to sense when the nib is in contact with the surface, and the pen is able to sense tags ata
sufficient rate to capture h haradwr[)tln d(eglr? at.200 d|c|)| r 15 greater apg 100 Hz or f {efr')nk

é) e curren se ection descri of.a page'instance. CONSISts 0 € most rece t
Information aptured by the pen'is encrypte wirélessly transmitted to the printer or Dase

station), the f:ﬁ'f‘i’l'ﬁfé?ﬁ%\ﬁr%@é’@ﬂ&ﬁlﬁrﬁ’?ﬁf@\aﬁ?’éﬁﬁ@%ﬁ%‘:'ﬁ?é‘fé\”ﬁﬁfﬁar‘géb%@gﬁo TR haEr tiiRture.
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non-marking stylus. Té&@q%%@&c@ﬁ@ﬁ%b BowveNss !f’%'ﬂﬂﬁﬁ%‘?ﬁ&ﬁ%w{% b@i@tﬁ@%ﬂ&@ﬁﬂﬁe%@t@m asa
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diagram, refletthg %h%ﬂ@d@ﬁféﬁﬁ%ﬁ'bﬁaﬁﬁéhé@'bjﬁ Aeatfistpari bt sesppited WEh tﬂ‘iep(ﬁe*fpé@e
network. Whapiriiner eii irsrispomatachsithr screippgeslthépen sheter mis @stits: pRsitnisandnirigytation

relative to the.page The AR sAHRERSEdR aagarg@tﬁfea&%mta e

relative to a 25 threshold to indicate whether the penis own". This allows a interactive

element on tHEY5AYE 1PB8Ef I&ﬁé’é"%%@%ﬁﬁ@f%fﬂﬁ‘%ﬁ& 'Bé'?‘? H'betYllF 8’;‘8‘(3’?”}'8“@%%%{5‘%9&9/ information
from adetwork. Furthéhenewes, thevefoiscwiibicsgbaretaassisias ovitinuiels ivato eqoradivsste sty ngneskoilly

dynamics of gugignateyiite hevenfiatind e Eﬁ@td@fe@d&ﬂéié‘@cﬁoﬂ@?eﬂﬂﬁéti@%@M@Eﬁﬂ&%iﬁ&h@faﬁﬁvﬁt@ on the
netpage by imaging. igthg, Infrar nﬁgn%b’%gt iﬁ dAIRERHIR ARG B Pa}atl el Iemt% @m A0e00,

decodes the hearest tag and co Utes 30 the position o the i Y% the t the o served
perspective dP&tdriBn on the imaged tag and the known geometry of the pen optics. Although the
position resolution of Ahedagcmefycheuledvstivkeais sefdhel tacps ditgisitino rbibiepak dorssrre ksabyfor the

proportignal igyithe dadagigCotNRaRMNSIAE RARINAIMEETH UHARISALIIRIRIOR: 1RXERAHNIaHaCHRIBHTHIM
resolution re Uerd for ccurate handwriting recognition. Pen actions relative to a netpage are captured

as a series of SUGKES A SHoKe consists of a sequence 35 of time-stamped pen positions on the page,

initiated by a pen-dovheegR tAistEE SR PRt thYiattid 8k FsBe IREMEE AR iR Y e - RNSR EKE i4kId6etagged
with the pageadinb@otidial netpagerypharieveiiog pageclbnchangeeasizahioheftitiele tragniabn, but is

cwcumstancgﬁ,w bg Atdhg &PJBEH%B%%H%‘E&LMW%%Iﬁgmr@%m{"ege pen has a current selection 826

associated with 1t, aIIowm% the user to perform co aste operations etc. The selection is

timestdmped to allow g 0 PP $ G i @P&e.PB&QF'%Eeaétfﬁﬁ’éfaf%Pﬂ% BB PP PRV e rrent
selection desapioitsoh regionofidepabringtenidendwdtis btenithemiostceageinwilititsnaelof stpokier,
captured thraughsthiepgrureladiviita e background area of the page. It is interpreted in an

application- specific mapher o n?%Eté?e&Hﬁg%%%@%%ﬁ?ﬂé%@?%%&&%?é afr ?‘EE'HMM?&E".ﬂ‘%éi‘;?a%\é?‘“on

Each pen has a curren nib 824. This is ¢ y the pen to the system. In the case of 5
the default nEtPRILHEHB SR HISSHIANEVE Srivel ﬂﬁ@‘?ﬁﬁﬁk‘ﬁ@%l%ﬂefn%pﬁib'so@fﬂﬁuﬂ'éﬁ'%&?ﬁlﬁ@a§¥ylus
nib is 2brrenarcathtppen also has a current nib style 825. This is the nib style last associated with the

pen by an A preferred embodiment of the pen is described in greater detail in Section 6 below, with reference
to Figures 8 to 10.

1.7 NETPAGE INTERACTION
The netpage printer 601 receives data relating to a stroke from the pen 101 when the pen is used to
30 interact with a netpage 1. The coded data 3 of the tags 4 is read by the pen when it is used to execute a
movement, such as a stroke. The data allows the identity of the particular page and associated interactive
element to be determined and an indication of the relative positioning of the pen relative to the page to be
obtained. The indicating data is transmitted to the printer, where it resolves, via the DNS, the page ID 50 of
the stroke into the network address of the netpage page server 10 which maintains the corresponding page
35 instance 830. It then transmits the stroke to the page server. If the page was recently identified in an earlier
stroke, then the printer may already have the address of the relevant page server in its cache. Each netpage
consists of a compact page layout maintained persistently by a netpage page server (see below). The page
layout refers to objects such as images, fonts and pieces of text, typically stored elsewhere on the netpage

network.
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application, e.g. in response to the user selecting a color from a palette. The default nib style is the nib
style associated with the current nib. Strokes captured through a pen are tagged with the current nib
style. When the strokes are subsequently reproduced8they are reproduced in the nib style with which
they are tagged. 10 Whenever the pen is within range of a printer with which it can communicate, the
pen slowly flashes its "online" LED. When the pen fails to decode a stroke relative to the page, it
momentarily activates its "error” LED. When the pen succeeds in decoding a stroke relative to the
page, t momentarly A AL S e T B e B
ink. Digital irfRefSIPKSRHeS 8 IFST THess 18ieh §leaeasRiiingec Spuraiangs srekeHafaReitihg, et Biaife
recognition oftb@redtheitirege artok fonextimevgrfidaitonabgighatures. The pen is wireless and transmits
digital ink to the n?tpﬁ‘g@cﬁﬁlimﬁr é’@r&@ﬂ@ﬂf{ anggisario _&Wﬁﬂ;@%eﬁﬁ@&ﬁ'{ﬂéﬂﬁ‘éﬂ digiabikids enerypted for
privacy and seeutity and packetized for eficient ransmigsion, bt i, always flushed.on g penaup event
to ensure time 35/6 lf’;mo*flng PR prin er.rblﬁ henthe pen is‘out-of-range of a printér it Buttets (ﬁlgital
ink in interndYpifeWapguihEBliRa Y de caihataty Bf Goey d8amINatey eF¢sEritifiens: HAn@MYER) 2RMen the
pen is once agait) sdbhiarange ofI Rk tiNtgsteitidnamsietnamy hckigiegaigitalninke ArpenicaEbe
registered with any numier of RrfferS¢ hLeGARRS Al Ripig.JalR (eSS NRIRAGSS: PO Rpaper

and on the network, it is lar el){gimmaterlal which printer a pen iS communicating with at any 25

ge | . . .
particular tinl&* ASPH88 A Ly e il SN AEh T 89THE® SEN UG QLY BEY Y PEBREP Setail in Section 6 below,
with retérencde’ fo FigdyesrBnics 10. 1.7 NETPAGE INTERACTION The netpage printer 601 receives

data relating to a strokeyfsemithe: Arand OlsavienathesRedbs weask g pRQdotesact Witn e netpagaidd The

coded data 3 of the.ta}ges 4 is reag by the pen when it is used to execute a movement, such as a
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page 35 inst nce. 30. It then transmits the stroke tc% therp e server. If tqe page was re .entlxI :
. e erlink'is re orcl(ed a favorite or aﬁgears in { F use s?ﬁstorg. L he hyperlin e% nt class diagram_is
identified in aft" earlier 'stroke, then the printer may already have the address of the relevarnt page

server in its &N E8¢R #fetpage consists of a compact page layout maintained persistently by a
netpage page server\{see dsiewhkihepage, tleyay selersetasehieois: suighapgitatiagesndomnis anglepieces

of text, typically, storag %ﬁ@é{%‘ﬁrﬁ BhdRE BGHH%B&CB}%PMBV&H%M%%%%&% YOG RIS SRRET

recei\r{r% the stroke from en, it retrieves the page description to which the stroke applies, an

. ! _ d
deternfies WRYCH IR I ik PageetiOfesiSliovPEHL S8 ThvReaS 6% THBMSINNS Shteffet the
stroke in thesebttiexhyfethiekiydoé of thewrele Fiantecie resene/l " o¥isktink @nstrplkenenheredtiaes Bistdintedand

time betweegduddeRray SRR RigHaIanekifience to a server. A form hyperlink submits the corresponding form to

the application. A selection hyperlink submits the current selection to the application. If the current selection

contains a single-word piece of text, for example, the application may return a single-page document giving

25  the word’s meaning within the context in which it appears, or a translation into a different language. Each
hyperlink type is characterized by what information is submitted to the application.

The corresponding hyperlink instance 862 records a transaction ID 55 which can be specific to the
page instance on which the hyperlink instance appears. The transaction ID can identify user-specific data to
the application, for example a “shopping cart” of pending purchases maintained by a purchasing application

30  on behalf of the user.

The system includes the pen’s current selection 826 in a selection hyperlink activation. The system
includes the content of the associated form instance 868 in a form hyperlink activation, although if the
hyperlink has its “submit delta” attribute set, only input since the last form submission is included. The system
includes an effective return path in all hyperlink activations.

35 A hyperlinked group 866 is a group element 838 which has an associated hyperlink, as shown in
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.
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5 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 action, such as a "sloppy" click, to register ig9ndicated by the lack of response from the pen's
"ok" LED. There are two kinds of input elements in a netpage page description: hyperlinks and form
fields. Input through a form field can also trigger the activation of an associated hyperlink. 10 1.7.1
Hyperlinks A leeerllqlfsl(?aa}urr@ggrpqsthere e ghnrg Adnessage to a remote application, and typically elicits a
printed response ih the etpage system. A hyperlin element 844 identifies the application 71 which
handles activatién of fREMyperlink, a link ID 54 which identifies the hyperlink to the application, an
"alias required” flag whicmalsis:thedigstenotoeldiedimpludieldh esetserispapphicalbiensatiefsniidt6hringine
hyperlink activaioneaRd. 2 da3cHRIRN WhiGh dsHreslupeR i vasinkisseratdrdoraae argite of

appearsﬁln the Hﬁegﬁam%ce)rry The hyperlink element class diagram is shown in Figure 29. When a
hyperlink is ACHVZEY? thE page server sends a request to an application somewhere on the network.

The application is idefitffiet] Y #naagipircaliBen [§384n drtddgsemepipiieaii: b ykimatbhveadmtetidfmal
20 way via theniSiclhereaisihragohpesatdnaeecinksigenetal hypedioksiGo3 tiamiskypesings 865,

and selection fy Replipks é@%ﬁ}&s&%‘éﬂo&% FégMéeng’nQ MASResR *&Yﬁﬁ‘er '#G%C%QCH’}B\‘&‘%?QM 'F%Q yest for

a linked document, or maé}/ simply signal a preference to a server. A ormlﬁ/ perlink submits the
f

correspondlr"i‘és?ffﬁtﬁdt&awﬁ &pWﬁEﬁtféﬂW RReafs ORI YRSETiifR SRR el rmesk B dIf thvas
applicatfdn. rethrsonpre rsetectiaticdonéing Rrsingierceord pioosh ohteximbor mitachpitpagbe Hppdtication
may return a:giaglepRAGEsARGUMELIEEINg 25 the Word s meaning within the context in which it

appears, or a translafig 8’?1 I B A‘F]fc%fﬁa@ta'at”@ Sl |nd|08¥ ﬁé%h%% efé%mc.ﬁ%é?&tef”zéﬁj Dyt
information is submitted to the application he cores yperli INK Instance 862 récords a

transaction P85\t cAfPBRISHEFIE Hhd PHRigk: %ﬁ%&oﬂi‘ﬁs\&?ﬁ%’h‘mé ThyBErRAIC R RAPREA P pears.
The transactiammiicamddentifjtsusemnispaecificedata lia Hive appiedtiolkssioe exaripiaaa itsoppingleart” of

pendlnggpurghﬁgiﬁ@ Maniginaddmna Q&IHC\K)I%'% ARPlicasieN, I8 PR ARl %rm%r%%ﬁcJ@%ﬁy%B@En
includes the Pen gurrgnt selectloFen %6 in ar;seetject on hé/rperllnk activ tlofrg The %YfSt(‘fﬂﬁth s the

content of th& RS8R AT HEHRTTHTSRAS BB BRI D AR SR ATD I R ARS 'mehypeﬁlnk

has its "subritit tReRds v iRENsEBUbRIY Imysat @N@Whé@f@rﬂ'ﬁ@ﬁrﬁ%ﬁf@@@ iﬁﬁPa@ié%P.tUW‘?e"S&hStem
includes an effggiivedraturspathtia @lbvyippidin knaeidyaiaasthd Jofmhy panin ke flogéa uprB 6obisigigraup

element 838 Which RASAIhBERGIARY IYRGHIKRAR ANRWR i IBUE.shtis YEDGR I BRHR QSR HERUIN
any fie &element in the group, the hyperlink 844 associated with the group is activated. A hyperlinked

group €an bdOUBEA D H D ciate hyperlink behavior with a field such as a checkbox. It can also be
used, in conjunction wéth thren"igeinesichsraiatzttiid & \whiaaforferhypritakdedvet dwiddt tuntiuding nput to

an applicatiosibeaRtReneiosdie usad te BPRRHieh ParharEpaliiaEREHR RRAE bd &R @#R-SG
19 where in%usteg%ﬁaptured and therefore shared as soon as it occurs. 1.7.2 Forms

All input is captured as digital ink. Digital ink 873 consists of a set of timestamped stroke groups
25 874, each of which consists of a set of styled strokes 875. Each stroke consists of a set of timestamped pen
positions 876, each of which also includes pen orientation and nib force. The digital ink class diagram is

shown in Figure 33.

A field element 845 can be a checkbox field 877, a text field 878, a drawing field 879, or a
signature field 880. The field element class diagram is shown in Figure 34. Any digital ink captured in a

30 field’s zone 58 is assigned to the field.

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

A text field has an associated text value 882, as shown in Figure 36. Any digital ink captured in a

35 text field’s zone is automatically converted to text via online handwriting recognition, and the text is assigned
to the field’s value. Online handwriting recognition is well-understood (see, 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).
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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 5 running on a server. A form 867 is a groupg®lement 838 in the document hierarchy. It
ultimately contains a set of terminal field elements 839. A form instance 868 represents a printed
instance of a form. It consists of a set of field instances 870 which correspond to the field elements
845 of the form. Each,field ins g has an .as value 8 hose t e S,Q0 type of
the corresponding fleblsdsgltgrt'ﬁrgtraeléacsﬁr}lesfgc\'/% 5@ gare ords in uﬁtgt rgsusghv\\llIP agt?(?uelg?prﬁté' orm
instance, i.e thFBRIYRIAME BIPHGT S RTRRE RSty Er Y aﬁgeﬁtléi)g‘?éh@{) MY inaneiglive 32.
Each form instanotahistd staiuse87 avhichtinidiedtes vihbitiehdlieldarnarissaetierecdrodessigut mitted,

void or expirgglqA JUR aaiive WeR S prinied: Aif ‘?rfﬁb becqmes JFiQZt@Qu&Q&ﬁe%? $i0Rd P uform
rli

becomeg submltted once one ofthtes Olerm S |%n h ture nvlég. Irg;;ltsorhelen etretc(i)b rzssgessf(t)hee hmoerllnk
has its submpP I}tn}g'uste set. Rorm bed MeS Vol € user invo a' void 1SF , reset

form or dupl|E'a'ﬁ@ffé?ﬁn%a@fe0cb?f?ﬁ?an‘iﬂ%mnfﬁFrﬁ'%b%b'it‘é‘é%‘féﬁpﬂ?@%\ﬁffé%éef@mﬁ%sH@eﬁtﬁi@:ﬂ(/@e
exceeds the Aarmisigpe Giétaghlifetimel. 2y hile 2thedgrim iscactiveoffomiah npu hise il Dioesbridtep Wy tbrasigh a
form which is, ROt tive is instead captured in the background field 833 of the relevant page instance.
When the form is active or frozen, form submission is allowed. Any attempt to submit a form when the
form is not active or fb2&f ‘f??&?é&@@d%[h'ﬁ hSPESE e ARHR IS 56 o )thdﬁ‘affﬁ'g PERGPE BRI R stance
is assofatednfat 89} withragsefididpesmotancesicutivedione i) tagsignd liding!e weiesiointiskorin thhis
allows all butdhiedd sty eESisHm @Jr@afmﬁmy{@fmpag@mm@dime period to be excluded from a search. All

input is captured as dilgatﬁll |nk Di r@'t&l Neiel 8@ §t% %stro f Gtém ﬁt%an aeg sirQ IgrgéJpsfoan;S 874,

each of which consists of & set 0 styfe stro es € consists of a et o tlmestamped pen
positions 8763 ch of which also includes pen orientation and nib force. The digital ink class diagram
is shown in Figure 3Beaufiettk: dkareitin@ABogaitiobelgodtheckivex fialide8 T2, witextchslt 8i¢8yadiawing
field 874, or fe BBNAWIRAG! LA SR @l@memseessenq;@fmmn&p %h@m&%&;ewec%e&amigital
ink captured |n a §0 field's zone 58 is assi d to the fleld A checkbox field n assoma

Iscretely-written aracters tﬁ ative | racy, without a writer-de en t_trainin se
boolean value 881,55 SHown ih ure A[ aw?a AK2Y &1oSs, &'SHroKe! p i zigza fl

captured in &dﬁé@%ﬁé%%@@%ﬁ@@%@@ﬁ%&@%mﬁam&www&w@ﬁe@aetdpqwe/enewgaoézwnﬂat@a field
has an assoojated iexicvahne 882, as shown in Figure 36. Any digital ink captured in a 35 text field's

zone is automaticallyGgay&Heds QlF(%E/‘é‘é‘téﬁ“QH&.H@%?W@&H?J%E%‘PQH&Q@ A@Q%Uﬁe %ﬁ%ﬁsﬁ?&'%?d to

the fie Egi’sjsvalue Online handwrltln recognltlon is well-understood (see, for exawpte Tappert, C., C.Y.
d

Suen &t T.RAAKER ST PTG SR tm%e'@herf_uh%'%ﬂﬁ%ﬁﬁﬁ% e Sy e eio F13’r%{F‘i’§§°smct|ons
on Pattern Antysisdethid aalikdtiedipitel licjestieam \ebreRdad ¢ 8reAerorot O shikg dd e iteanf which are

herein incorporated byyRips&-tafarensahe NRREARAIFE 20 interpreted as a selection gesture. Circumscription
of one or more objects is generally interpreted as a selection of the circumscribed objects, although the actual
interpretation is application-specific.

25 Table 2 summarises these various pen interactions with a netpage.

Table 2 - Summary of pen interactions with a netpage

Object Type Pen input Action
Hyperlink General Click Submit action to application
Form Click Submit form to application
Selection Click Submit selection to application
Form field |Checkbox  |Any mark IAssign true to field
Text Handwriting Convert digital ink to text; assign text to
field
Drawing Digital ink Assign digital ink to field
Signature  [Signature \Verify digital ink signature; generate
digital signature of form; assign digital
signature to field
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A signature field has an associated digital signature value 883, as shown in Figure 37. Any digital 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 ®f3rm 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 5 application which owns the form. Online signature verification is well-understood
(see, for ex mg!e, PlamendenR- ﬂpducé(':._noreotﬁe, - “utlcr}]". e Signature Verification-an

dentification - 1he Staté of the Artl", Pattern Recognition, @%Taﬂwl\f)oﬂ ?L@SQ’@ the contents of which
are herein incorporated by cross- reference). A field element is hidden if its "hidden" attribute is set. A
hidden field element tees/ ot havaiana thranpsdaanefonappae e detons RoisBeCRPPliNgfthe linean have
an associateg fisld yaluswhist indncludedhinifie frwidata whendhs-doum ceatipingshedisldis
submitted. "Editing" commands, such as strike-throughs indicating deletion, can also be recognized in
form fields. %egé{f%ée Hi&H8hdwriting recognition algorithm works "online” (i.e. with access to the
dynamics of 15 the pew ryodisiabint) caritirsrittraery Gtfliiere@iecdwitithaceess orus/seover Bithireqpishpbn
markings), itieasmiesogimzeertsnrondisase telyomiitenmhaaaers ailtdelativelyaingh Besspasionihout a
W“ter'depenﬂ%%égﬁ'WQ%\BG@S‘I'i i A ‘iﬁﬁé‘é%%@ﬁ%%ﬂi‘%?S‘An?,&fs‘.%‘ﬁ“!‘d‘éﬂ ﬁgﬁ%&%&%@@é@@%&g@#rmed

i
over time, however, and can be ge_nerglte front if hecessary, Digita as already stated,
consists of a'SEgUENEE dP'strakes. RNVE IR WHRA RS 1K é“pﬂéab%ﬂfé’ﬁié?ré%ﬁféﬂi'éxi‘é'héef?'”
appended toathbtagtermenifis digitadriakcstrbams aeadynéonimtenpreatadior. Rckgstrokeeadtadppecddd to an
object'sgligitalipkstreamdsarpaadethiothe-hrskaraHiditiald LAligitabinkstreanseRigiakinkicaptured

in the backaround field (s niefpretad as.a selection festure, Gicumserintion, of ong.or mpje objects s
generally intelrjp'reteﬁ a)_( & selection of the c_wcﬂ_mscri e _o%JéJc S, zf_ﬁhou’g the"actifa interpretation is
application-sPacHi¢ DY cHabh SRR dYlfrEskelda fdtidepenprdpiiEtions with a netpage. Table 2 -
Summary of pen .intepagmiom_ssmt\h aﬂq@magef @bjﬁ@Eypﬁﬁmﬁd@p@MﬁnﬁléﬂmrAi nﬂ(@@erﬁlﬁdnhaksubmit
action to ap@éﬁﬁ&i%f'?&%ﬁl)%‘?&i%b‘@@@tﬂ‘&(é‘i’r&ﬁ] ?ﬂ?ﬁéﬁ?‘%@ﬁh RICEHSRS ItkRybmikselessijaRRlication

Form fieldCheckboxAny markAssign true to field TextHandwritingConvert digital ink to text, ass(i]gn text
to fielc BrawiRGD BEaN HRASSHSh EeilF R 2 A O CHR PR RET I QAP R D« formate
SignatureSigiteaente8Rgitiosig reieur8 dfeforrkealsiigeridiglesrsiainat(ae3ts) fiuldtP KO G & glement

corresponds to a field element, and if so appending (at 892) the received stroke to the digital ink of the field

atir\ SinnnAatiirn \vlarifinﬁtinn anj erter

value 871, interpreting (at 893) the accumulated digital ink of the field, and determining (at 894) whether the
field is part of a hyperlinked group 866 and if so activating (at 895) the associated hyperlink; alternatively
20 determining (at 889) whether the formatted element corresponds to a hyperlink element and if so activating (at
895) the corresponding hyperlink; alternatively, in the absence of an input field or hyperlink, appending (at
890) the received stroke to the digital ink of the background field 833; and copying (at 891) the received
stroke to the current selection 826 of the current pen, as maintained by the registration server.
Figure 38a shows a detailed flowchart of step 893 in the process shown in Figure 38, where the
25 accumulated digital ink of a field is interpreted according to the type of the field. The process consists of
determining (at 896) whether the field is a checkbox and (at 897) whether the digital ink represents a
checkmark, and if so assigning (at 898) a true value to the field value; alternatively determining (at 899)
whether the field is a text field and if so converting (at 900) the digital ink to computer text, with the help of
the appropriate registration server, and assigning (at 901) the converted computer text to the field value;
30 alternatively determining (at 902) whether the field is a signature field and if so verifying (at 903) the digital
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.
35 173 Page Server Commands
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
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None Circumscription Assign digital ink to current selection 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 @asure predictable behavior. 5 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 interrogate the
raw digital |nk shpuld it suspe J;(}he 0 |gopaIS{:9nvansr|n%n ﬁk'fh ad%p e conversion oJ Qﬁndwrltgen fext.

rese commal m Status. co nd Icat al
This can, for examp e mvo urnan intervention at the app ication level for forms which tail Certain

application- s‘iﬁ’&‘?"ﬁﬁdc%;?s%t@hé?%h%k% conamapf Ath ris ARG NS C e AP BE KGrGU P A FeS BE S form
can be 10 designateel e geawngdietchiul hevappliestienstam th&iydeside, on the basis of the presence

of digital ink outside hh@o%ﬂﬁ%JMﬁMoﬁB@tﬁ@%rééMMﬂ& % IR0 A ARMAR RRFRIRMANVIRG
assumption t at the use I)Afhave mdg:%ted lrta%t)gaendments to. thg filled- gnhflelds 01t1t5|de of those fields.

€ corre Instance an an active .print e current rorm in.
Figure showeR owc rocesE oPRaNahiAg j5en mput re1Ri06"6 4 ne{page N process

consists of régiviHeyar %gét?da E’ﬂﬁoﬁé’h‘r@ﬂﬁaﬂﬁ% e rRTadEFig (arsesisy ths pade ipisiarcand3o & which
the 15 pageilishtyinting: siooked efiss retaexppocias B30 therpagemieseratientb; dcesbdying (ah887) a

formatted elgment 830WMNaSR.A0F 2F .ﬁg&&%ﬁ'ﬁﬁ??&tﬁ %SE%E'NHNHQJ%@@%)&%%&“% Herm

formatted element corresponds to a field elemen d if so appending (at 892) the recelved stroke to

the digital inR‘BFLRHEAY P/éiﬂTéeé?fr'ﬂI\‘igfﬁ?%ﬁﬁﬁ %%ﬁlﬁ)%@ &ﬁﬂ?ﬂ f@cfod?él'fg MR SIHEBNC and
determifling pab!80et)ivweethicwah erifieddiés yare divashwyipiediaikkitedeoupB66 i inaatvating (at 895)

the associated hyperkis: almrﬁaﬂ}y@hﬁﬁﬂmﬁa%&rmmimg a(@«faﬁsa&?owmth@faﬂﬁﬁcﬁﬂbm%w RISV in
corresponds 10 a hynerlink el E}%ﬁéeaﬂg I&Oso S n%efg%or%gﬁgt ne | %%rﬁgg(%p % Hpter YRR Ba to

alternatlvely, in the absence of an mput yp Gl appen Ing (at stro
the digital inR Wpﬁﬁ'é{"background field 833; and copying (at 891) the received stroke to the current
selection 826 of the o rhatitpe pagasamannthmetidey dhentelytstratiDihesnaspoteigu redd Sessimewdtatitetailed

flowchay of sieR @3 iﬁem@am&ﬁ%mhqwmei@aﬁm%ﬁ%mr& tbeardBraceHmated qiﬁit@d@'rﬂa@f a
field is mterprete anﬁccordln té)agha L)g)e of the field. Th Rrocess consists of determini ‘fc% éV 0f8t%e

whether the field i a'sc'ﬂter 0X an 0 ”\Vvhetﬁ‘er%he i glf’aiglnclc<mr]{=,'=1 jre (ra\or(%I §5°8H8¢E K, and if so

assigning (aF‘S%BOﬁdEﬂQ@%IW@W%H@W@WW@I@?WI{&%aﬁveWSEPé@éQ‘rﬂﬁﬁPﬁ@aQatcs@ws Wf?éﬂw‘é’r'ftlﬁér field is
a text field antaifso omweétimt (avOeMnihel digitabiedkdias cosspuben exinmithilhe hekpsafutherappiopriate

registration sgpoverand Ih (@t Q49 Jhﬁe%gHX&BF%%&B&E@HE%M@WMP&W}%'SUMRJHe%’.E3Qmen it
alternaéﬁely determlnm%J (at 902) whether the field is a S% nature field and If so verlfylng (at 903) the

digital 4k ad"#hE"Sigh LMLt WWW@ oWALE AT A MBS DE REUB ML registration server,
creating (at 904) a diitatetigrralence Wiith@nperisernts\shitnetregeresysor tiingpdeiper aidoanithlidate ihedp of the
registration s@eiiand using the pen owner's private signature key relating to the corresponding

application, and assigning (GL ORI CIBIAL BRI NI B8 AL PRAESSIVEL

Commands A page server co mand is a command which |s the page server. It
operates dlf‘@é‘ﬁf{ Bmdﬁﬁ" ﬁaﬁ@ghap&m@ﬁgqﬁg&%@gﬂark graphic, and text appears as typeset text. Only

25 drawings and signatures appear in their original form, with a signature accompanied by a standard graphic
indicating successful signature verification.

A duplicate document command produces a printed copy of the corresponding document instance
with background field values preserved. If the document contains any forms, then the duplicate document
command duplicates the forms in the same way a duplicate form command does. A reset document command

30 produces a printed copy of the corresponding document instance with background field values discarded. If
the document contains any forms, then the reset document command resets the forms in the same way a reset
form command does. A get document status command produces a printed report on the status of the
corresponding document instance, including who published it, when it was printed, for whom it was printed,
and the status of any forms it contains.

35 If the page server command’s “on selected” attribute is set, then the command operates on the page
identified by the pen’s current selection rather than on the page containing the command. This allows a menu
of page server commands to be printed. If the target page doesn’t contain a page server command element for
the designated page server command, then the command is ignored.

An application can provide application-specific handling by embedding the relevant page server
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A page server command 907 can be a void form command 908, a duplicate form command 909, a
NPX025-SG 22 reset form command 910, a get form status command 911, a duplicate page
command 912, a reset page command 913, a get pagfe status command 914, a duplicate document
command 915, a reset document 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 5 the corresponding form instance and then produces an active, printed. copy of the current form
tance witt B R B o s e S e B R
original, and YBeTENKRBERHRY e A3 XFOHNEHE dAgR AV °AR™Bplication. A reset form command voids
the corresponding fornpagestameecamohditeeleprnd isceigdam iddkiviigrentedtriopyiofdhe fhidaeinstanae with
field Vames_@l%@f@rﬁ;@s A aRtd (_aﬁ%p&t%H@o‘ﬁ%rBw@m 1% %H&eo% %W&EU@@ME@&R%E/ QUsEFQt%%,tlH&/@f/éhe
correspanding form instanoe, Indluding who 40 publiche I when fwas brinted, for whom it was
printed, and the form s_tafiups Orhe oM NStance. Since a?ornﬁ%/perllnlgl stance Contains a
transaction |B!effe @9phEEESN has to be involved in producing a new form instance. A button
requesting arnew formrinsiance:istheseforetypieally implemented as a hyperlink. A duplicate page
command produces 3 Rriniest s of (% RABGSRIRAIRGRAYE INEARGRYUING I bRdaound, field

value preserved. If the page contains a form or is part of a form uplicate page command is
interpreted S & SUBHEARE OFHEONTM TR T LB LG e EOMMAATRT BB AL SHHRBA'E S5 Sfifte
correspOndimeeping ¢hinstameeivoit ey chapanent fielchseadlie foliwctiedutionfiheugragacopnfaimsndform or

is part of a fRym, ARem thecreset PRELCREIMANAUE tetikatetape IBsaliarmisammanshadrgatipage
status command | Irsgrgu%eg, a printed report on the status of the corresponding page instance,
including who pub ished |?, when it 20 was printed, for whom it was printed, and the status of any
forms it contains or is' BaAeBHITIYIRERERGePYOlBE UM dhhapfheatieotl Velf Mty 858 Bk Sa¥8b iated
with a duplicatecipbgeyelenienta¥\Hagtied fydigkinp statvge lsttdupl wededioatitin. field values preserved, field
valuesaye prited in thek pavve fanm, i.e. a checkmark appears as a standard checkmark graphic,
and text appears as typesei text. Only 25 drawings and signatures appear in their original form, with a
Cionature atcompaniULP By GEAER Gk R BUHG S LAh i BRI ErincaBR, HEREblcate
document cdhahiiapipptsdaees’ BigrvriEd. deghiisethe corresponding document instance with
background field valyasresetvesntbdien document contains any forms, then the duplicate document
command dyplicates fhe B?Wﬁﬁeﬂ&ﬁﬁrﬁ?oﬁ@? way a duplicate form command does. A reset document
command 30 produces a printed copy of the corresponding document instance with background field
valuesdiscatded. If {ReYBLEIMERR tontains any forms, then the reset document command resets the
forms in the same waycamasénhd@mmepmmand does. A get document status command produces a
printed repott on the gtatye pfithe kekesRRBEIHg document instance, including who published it, when
it was printed, for thtﬂg te was ripc;[egés aﬁ"é*rér@ﬁ- ésaﬁanggns :ﬂfoﬁ%é{ f?orrrgg ti]te%(gptagnssétgrg If the page server
command's "on selected" atthbut 15 Se , then'the comman Vovpelfates ol the \f)agé identified by the
pen's current selectiot&fSePHAERTME P esiafflityitadueeititiand. This allows a menu

25 . print a copy of a document
. print a clean copy of a form
. print the status of a document

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

document. The status of a document indicates who published it and when, to whom it was delivered, and to
30  whom and when it was subsequently submitted as a form.

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

35 The help page is obviously unavailable if the printer is unable to print. In this case the “error” light
is lit and the user can request remote diagnosis over the network.
2 PERSONALIZED PUBLICATION MODEL
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
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of page server commands to be printed. If the target page doesn't contain a page server command
element for the designated page server command, then the command is ignored. An application can
provide application-specific handling by embedding tt#d relevant page server NPX025-SG 23
command element in a hyperlinked group. The page server activates the hyperlink associated with the
hyperlinked group rather than executing the page server command. A page server command element

is hidden if its h|%11dec?[dlndf;htet\;\llsbnqtgozllﬁ1 sr(]eetWA I ”genrae%omrg%ntg grleesm{ec% ges not have an input zone on a

page and so carfnot be activat wecg y a USGI’ can OWGVEI’ be actlvated via a page server

command embedded i BiffaseAciaY |F‘iﬁ‘§?b%‘§j‘ée’§éf\9éh%€ﬂ¥ﬁﬁé!ﬁ%l RAETS B AVENR R iRbute
set. 1.8 STANBMRDR:F ) UREEOfetientRA G ReSeditdiivd preteriepdorml|izdcivaetpage tis perted with

the netpage lgRiaj tebattomiriindicrirdhatis IS HRCPRAR ARG SRR PasinisactivrpiaRerties.

The Iog% als actge?% a COE% tton I most cases 10 pressing the logo produces a copy of the page.
ton

cali emo
In the c&se of & orm, (h pr uces a copy of the entire form. And in the case of a secure

document, sééh as aBRIKeR & REHEOAL TAEDULton elicits an explanatory note or advertising page. The
default single-page copyititnptionrdshandlesodiiestt hnthauietevanknripage-page seNetiospeaial

copy fU“Ct'O%s%r{%J?%QﬂJ&q]Q% UpKIRg Wﬁ.l@%@h{%‘ﬂ@aﬁ%r@%@ﬁ Eéatn'é%”anﬁedlrre% Uﬁﬁé\%‘%ﬁ&nﬁ Sels TEM

In a preferred embodiment, the netpage printer has a single button labelled "He ressed it

elicits a singfd eaaaéqufaq%ﬁaﬁaw.%mmwa pudf 5%%%%&%'8%%‘8%1%9%?8?{% S\QWﬁHPQPCa“O”S
consurh@blesyrial o pefesvedndefp tratitinnaldesyspapans fud copmageritestopile velva etigaecare tworkndirettory

The help mepdaravides RHeas sbisakheaiiaken BebiaHSS: RINRINAAE SYSIem. a Thadsasmeant
function menu naclu es the foIIowwrlT% unctions: 25 print a copy of a document print a clean copy of a

form print the status of a document A document function is initiated by simply pressing the button and

then touching any pag# 6#1H3ee AR E oh & BRATS Se PP HIGEEMOE ATTTRRITEAESS RAFRY BB BliYRE & ithand
when, to whegyripstias dedivaskcheansirtem8Bywaodiing itk wgepaifovas Sefzseiguiemibytisybfmitedtesna form.

The nefgage, ek ife%?ﬁ&ﬁ%{é’ ARV EREMPRIIR: ﬁ@ﬂ&@%@ﬁsﬂ%ﬁ%@% gl uhlisationsaachsepvices

on the networ(!g Sl an a native, the user can call the netpage network "900" number "yellow pages”
and speak S AAGEN operator The operator can locate the desired document and route it to the
user's printer. DeperidingyRser e e msaht fypPapReb) stitine oo thB AR eMBRYENthee sl ispEdesw

pages" servigei i@&iting a personalized version of each. The resulting daily editions are printed and bound together into a
single newspaper. The various members of a household typically express their different interests and tastes by

20  selecting different daily publications and then customizing them.

For each publication, the reader optionally selects specific sections. Some sections appear daily,
while others appear weekly. The daily sections available from The New York Times online, for example,
include “Page One Plus”, “National”, “International”, “Opinion”, “Business”, “Arts/Living”, “Technology”,
and “Sports”. The set of available sections is specific to a publication, as is the default subset.

25 The reader can extend the daily newspaper by creating custom sections, each one drawing on any
number of news streams. Custom sections might be created for e-mail and friends’ announcements
(“Personal”), or for monitoring news feeds for specific topics (“Alerts” or “Clippings”).

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

30 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

35 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
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35 The help page is obviously unavailable if the printer is unable to print. In this case the "error" light
is lit and the user can request remote diagnosis over the network. 2 PERSONALIZED PUBLICATION
MODEL In the following description, news is used as zbcanonical publication example to illustrate
personalization mechanisms in the netpage system. Although news is often used in the limited sense
of NPX025-SG 24 newspaper and newsmagazine news, the intended scope in the present context is
wider. In the netpage syst qplétsngs & |tror|ea(tljltr|:0%ntent and the advertising content of a news publication
are personaﬁ? ed usm ditferent mechanisms. The editorial content is personalized according to the
reader's explicitly staltb‘dcélﬂﬁ YHRRSfi iR AR B IA (s teret PR FEORRH capRliR Fak Ry atiumfligting. This is
personalizedtecepptien gotartiBthehicaitee's $offaliyahdoiEatiograptiert2ld viboh T@iRids for collaborative
PERSONA'—#M?HQ%%@H Rer i@@ﬁg%&ldﬂ%‘{"tr%rbrﬁw& 'ﬂi@gﬁué?@ %W&ﬁ%r%ﬁprm%%rm%clﬁy\é@@bews
publrcat?ns ﬁrua gnge(es ﬂq eli er ?ten%‘?’e arrr]ra% \é\ée ile news eppobrrca lons are aggregated and edited
by the publlsher news s rea Y y a News pu BiiShEMEF by a specialized news
aggregator. News puBﬁtféﬁ?oW%hlbny[@fwltjﬁ%émﬁewﬁn@wartlé%fﬂéwgﬁﬁp@%“ﬁﬁﬂpﬁé@vgﬁta@%zmes

while news sygiamsy e maayrandvsiadectha: rrvinnesrieed from a news service, a cartoon strip,

a freelance writer's coliimn,a fHRaEIR BHUIRH 03k R F&t‘?oFeéﬂ&f quaTIAENER @H &[ﬂﬁv RGP Erise

publication server supports the publication of edited news publications as well as the agh%é) gation of
a

multiple newStEME 8 hdifig TRy Féﬁ%{tr'(SWeé%@%‘QF?&@'ﬂtéS%rfﬁte{t‘ﬂt‘iﬁ'QS*f Henscathbsiye 15
selected dirdttyisy fbigedattr, thkesarveardsistiiether thacersshaadiisirsectmm palds Glest whiehaadatiserwise

has no editqrjai.mr&r@b@moﬁﬂ@a&rémrdmr@dmrctatlyersew&@aﬂ%mgelmegtmetqkr more contributing
news publications, angl creall ngo%p?%r% lized \er; 's‘%{f];%fn%%% it s Lilrlttlan%cq%]%neaq 19N A&

printed and bound together io a_'sin newspaper € various members o ouse typrca ly
express theif QiRfErE1E AStORSLRY gﬁddfé%ies by 20 selecting different daily publications and then
customizing them. Forheaadrdmilircetiden’s tinerneaencojidnoritatiy theleetsyspeoific isegtions bStthergections

appean dailyryhilg.PHhRsAPRRAKIWE Blikrehbrcl Al PRGNS SHAIRAHObIRCINRVIABEK of URES
online, for ex?fnple include,' quEEOne Plus" "Nabtrﬁnal" Internatr na " "0 atqrn ion", "Business'

"Arts/Uving", S oﬂOt 'E?duce At VA R A T AT A $specific t%sofj tporbﬂ:z\ivt'rlgn as

is the defaulﬂ@é‘@%‘étm%ssl"?fé reader can extend the daily newspaper by creating custom sections, each
one drawing on any Aumbebafiaelysnstreampéistonovegaiiaiissmighks hienereadedoiets, Vidikaad

friends’ a”“%%&ﬁ?é?ﬁ‘%t?.A/E\%E%H%%g%ﬁé?ﬁemﬂét%%Q%Wo? feads fSRARIIRIORIGRE BIRHS AT
"Clipp r%85 For each section, the reader optionall (pecrfres its size, either aIrtatrveI;(rﬁ%ﬂfgﬁs ort,

mediufr or T0PRG) CFRBNASR LAY B lggeliz PHHCSHS\?E HUIBE BT 195 8590 e R 8ition of
advertising, é¢thet I3 ¢heatizeriisdpgaldydyliitiltnormal, low, none), or numerically (i.e. as a percentage).

The reader also optionalyRxpeessgSigiaiaiernee oradasgeinunkasabshaisrngrisiesor g iamall

gﬂgnp%er[ torf ONgRLANFES FRS ARG, 'HEA WSS Sritedhin LRIk FPT ANGIQRG, IDS o
accommodated on each page.

25 The language in which a news publication is published, and its corresponding text encoding, is a
property of the publication and not a preference expressed by the user. However, the netpage system can be
configured to provide automatic translation services in various guises.

2.2 ADVERTISING LOCALIZATION AND TARGETING
The personalization of the editorial content directly affects the advertising content, because

30 advertising is typically placed to exploit the editorial context. Travel ads, for example, are more likely to
appear in a travel section than elsewhere. The value of the editorial content to an advertiser (and therefore to
the publisher) lies in its ability to attract large numbers of readers with the right demographics.

Effective advertising is placed on the basis of locality and demographics. Locality determines
proximity to particular services, retailers etc., and particular interests and concerns associated with the local

35 community and environment. Demographics determine general interests and preoccupations as well 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.
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preference. An article may also be written (or edited) in different versions to match the expected
sophistication 35 of the reader, for example to provide children's and adults' versions. The appropriate
version is selected according to the reader's age. The¢eader 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, |n ro itaé ordFe I %HebAECt to NDIII’I)%QZS -SG 25 %ogc%ggnstramfs |nI NG oL subscr aJlbers

€ Nne €S 10N server cam S roxim
editions. In sections where it gproprlate e reader may optiona y enable colla oratlver}slterlng

This is thenS#5PiePD SR SSAUTAGPRSTE B0 SBAC RAARPISAY IFEfH 2 12 AGEI IR AW RYGEIATES for
collaborativegefipaping mvprageemwmtraﬂngemﬂ’ems tit thieeesfoeatthedrrtickectibhestitittorescbamapecvide an

easy choice {gghishg ikgarisndndlistikesitriirkingafrpore likely that readers will bother to rate the
article. Articles with (}lnlgf] l%rlontles ahnd short IlfeHmes are theref?re effectivel sY conS|dered efs gntlal
arlso(r:] ] i | n ne

th d f th f t
reading by the edltors andare denVered oMbt AR ShP R BLerihers FHeast: ?Cgp%ona?ly specmes a

serendipity faEast, Eiatlerngadtatraleaitgedd biodsaldeamssdy. fidereipraheurddnye o Wigitiserdadipity
factor lowersithedh#rshold used for matching during collaborative 10 filtering. A high factor makes it

more likely that the cortespanding SGEUADWILRE; 6'["9%%4'38%( ﬁ'ﬁg ﬁBS& il GaRAGY e Atferent

serendipity factor can be specified for different days of the week. The reader also optionally specifies
topics of pari’i’é‘ﬂ|5}din{jé!Péé‘ia\${ﬁﬁ1|Hage§é%ﬂ‘i’8W'ya"r‘?&e't¥ﬁ§ FH%B?H&&S‘%W%”})P%?ﬂ?e?‘é?é%ﬁﬁn%aaWﬁﬁeoé&‘dﬁbrs
The spked ofrdservieatie Ponprtiémeltsoenaneldtioereiffdetsistre quality at which images can be delivered. 15

The reader optionallyrspeeiiigs @xﬁrﬂfar@m@ﬁaﬁim\y@f w]mg@& @resipall e dmagR s hadmdfisheraumber
orsize ofimages, hsrcﬂ%ﬁnreﬂl{ﬁeergb%‘%%eimﬁ%? o‘?fn' (594 a‘%r"é’ceerq“a“ty (i.e. at lower

resolution or wit greate compression 5 Ae reader specifies how quantities, dates,
times and monetary \BSR3&E BHEONE31 98NP 'ﬁ%@?ﬂ\?éesh%%?ﬂﬁ}mﬁ‘ MY GRS QF@"ﬁﬁﬁ’@ﬁ%{WF metric,

a local timezoneh\enditrgdegamstcaantdo20 arbicailycomahayeagedofvbeithwepdhghioaal idetimregoessiBieof in

situ tra:[@Iatieurbéaa@ﬂm;@@%atmess&fm&f@a&a&@% argudriivethfamdhe rerdesisteedlitoly.Arfaut. To
reduce readlng dIIfICU tleg caused b Q/ Qor eyes;j hd];Irect reader o tlonally peC|f|es a eobd;\a/enpreference

for a larger presentaﬂon éeotfﬂr{%)?? tIol’ﬁat %% tal’e sca tc%{:eo? Vert'F'ngandFiess information | Ssm

accommodaféel Qﬁﬁt%at%kﬁ}ﬁgé’r%fwwﬁ‘@ﬂég@ iWWPﬁdW%l'H\@W@wmﬁ’déﬁ@mW@ BIAHSPEd! kasersts
corresponding textyeaeedifigicisya opropeityial the: padbticiaiio nandnat apreferenaerexaessadday the

user. Howevgy, 1he DeiR3fiSYRIEM falRe: EEQ@JW&Q&&R%W&’m&ﬁ@mnﬁia%@s'a“on services in
vanouzgwses 2.2 ADVERTISING LOCpALIZATION AND TARGETING Thepg)ersonallzatlon of the

editori&icontent directy® AL LR iSRG ROR R, FERGL LRSI GHRS TEPTE E)PRIENY Bla¥ed to
exploit the editetizEntdntesxpuliirepiienadesdfidnmelxeniitenadreancetlik@lplication’s advertising space is more

complex. While ignoring the full complexities of negotiations between advertisers, advertising aggregators
and publishers, the preferred form of the netpage system provides some automated support for these
negotiations, including support for automated auctions of advertising space. Automation is particularly

25 desirable for the placement of advertisements which generate small amounts of income, such as small or
highly localized advertisements.

Once placement has been negotiated, the aggregator captures and edits the advertisement and
records it on a netpage ad server. Correspondingly, the publisher records the ad placement on the relevant
netpage publication server. When the netpage publication server lays out each user’s personalized publication,

30 it picks the relevant advertisements from the netpage ad server.
2.3 USER PROFILES
2.3.1 Information Filtering
The personalization of news and other publications relies on an assortment of user-specific profile

information, including:

35 . publication customizations
. collaborative filtering vectors
. contact details
. presentation preferences

The customization of a publication is typically publication-specific, and so the customization
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appear in a travel section than elsewhere. The value of the editorial content to an advertiser (and
therefore to the publisher) lies in its ability to attract large numbers of readers with the right
demographics. Effective advertising is placed on the Basis of locality and demographics. Locality
determines proximity to particular services, retailers etc., and particular interests and concerns
associated with the local 35 community and environment. Demographics determine general interests
and preoccuR%t;r%asmq;sé \r%ve”taar:]segléel%ﬁ %Qrgipequaett%ﬂcsaﬁg\ News publisher's most profitable product is
advertising "space ’, a multi- |mer¥_5|o_na entity (?et%rmmeg ?Jy tﬁ_e publication's geographic coverage,
the size of its reader<hf!#ORENeIEIEHRY YeRTTGPaisRitisne sl tHaH B sremPeniishia g ddeiiding.
NP X025-SGt totrelttradiffetpagersyistanis thetimgtpagespil bhkat onmenveiatom pltesothibea e dxipficte
multi-dimensipnahsiiag AEARURIGRSIANS FRIGRAIE BOMBLHSINAERAGR YRR RS IRRIAM RS iSartaking into

account,ghe Publicatripn's %eo%ra hi covera%e, the section'§ rea er%f?jp the size of each reader's
. ... Feasons it 1s,mqrepragtical.to maintam a S?Parate vegtor fof eac ] a‘aon: there Is |kelyéoI be more .
section edition, eachreader's ‘advertsing proportton, and each réader's demographic.’51n comparison

with other meyiartReRS T ki &/ esiasteth BePReth & Atk eaTisiPiel&jahere thenpkeMesmBdsolgiestapatetail, and
allows smalleiffpiee@sbutdiideshacopdiseprratalyellt theraforealiaws e balsoldiat alesiay tectis isue

value. For example, Ia, 3aies apyarising velRlnGandmeo e dhyA RHRERRPIEANS I SRYEEA aiso

advertisers, with individual readers' pages randomly receiving the advertisement of one advertiser or

another, ovelZIMAtFhPE I ARG HE BB RIGH B ¥p4ke sold to each advertiser. The netpage system
allows Halvertising to Bentikeaiiréwilying detailsitgrddget BifoGorstisaeanelnomlinenboreheshag. dte
therefore raigrsaAlg ialiinsic valuRifbithe BARisHeFPace Besause personalization and localization
are handled automaticall n ublicati ryer advertising.aggregator .can proyide
arbitrarily broad cove'ir? Set(g))%g]ot Pfg’gﬁcg%aﬁ‘ﬁ@%é”ﬁg “f?geﬁg Egyﬂﬁ@%’.&F%éﬁr%{@l?gsigl%%%ié\acl%%?r%ngation is
efficient becA34¥AIRGE A IROTHERIEThis makes it more cost-effective for publishers to deal with
advertising aggregatdits theatizoiohrd ctlyedipturdiedvettiesiong it welitdled iig the e sk tisingai egghadgator is

taking eepropRy ieR R RHNAIIRING ranehisrRrhlisRaramaYdind diefbrnag R R ERLDGamMse of
the greater effijienc of agggeogatiglrtléﬁ'l' ehgeadv.ertisiqgaéa regator acts as an intermediary between

. rogessi eguca u ryatives suc I e and Income range. . . .
advertisers dn pu?o TSPIGI’S, and%ay place the'Sane Advertisement m md ﬂple publications. 20 It is

worth noting that ad [FRIc&R$eritsiis a'metsagneepivb idatilo ReEaRE b & FB1Ei B Mp | eV RN B AU BRI rifENt in
the publicatiafitsrisachitio madicavaterpht rdeaaustthe py bttatica'seadyettisiRehapaceaidis moraatamplex.

While ignoring, the il complcaities, ok BRAAHMIONH AphvreRaMar RR1s. advertising pagrepators and

publis%[ s, the preferred form of the nert%a e system provides some automated support for these
negoti4tions, includingfSlpBoRfoPatith Q{g&&'aﬁBE?Bﬁgrﬁ%Wé'Fﬂg?ﬂdSsﬁB%\%E’&?J?&Vﬂw&rﬂ%% [€epilitieularly
25 desirabledut ttheqtiagsensstittivhagvertivetaontewditpngdndeiuees e aproomndrofimes e 28uch as
small or highiy lacelizegiadvarisemantsbines plasemianidas Hpeanpgaliadedathe AgaragatoR

captures ancé %rgéﬁ%%eg d%ﬁﬁ&ﬁ%mem and records it on a netpage ad server. Correspondingly, the

publisher reco acement on the relevant _ _
Each user 800 may be authorized to use any number of printers 802, and each printer may allow

25 any number of users to use it. Each user has a single default printer (at 66), to which periodical publications
are delivered by default, whilst pages printed on demand are delivered to the printer through which the user is
interacting. The server keeps track of which publishers a user has authorized to print to the user’s default
printer. A publisher does not record the ID of any particular printer, but instead resolves the ID when it is
required.

30 When a user subscribes 808 to a publication 807, the publisher 806 (i.e. application provider 803)
is authorized to print to a specified printer or the user’s default printer. This authorization can be revoked at
any time 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 ID is used to locate the corresponding user profile maintained by a particular netpage

35 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
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netpage publication server. When the netpage publication server lays out each user's personalized
publication, 30 it picks the relevant advertisements from the netpage ad server. 2.3 USER PROFILES
2.3.1 Information Filtering The personalization of new28and other publications relies on an assortment
of user-specific profile information, including: 35 publication customizations collaborative filtering
vectors contact details presentation preferences The customization of a publication is typically

publication-specific, & ﬂ sQgisusiomization NPXQan-5G 27 information is m%ratea"wgt@m he.,
relevant netpage pub ation server. ,& coﬁabor tive ?llte INg vector consists o+ Che user's ra ngs'of a
number of n&JFS TR fﬁe?sw&ﬁ“%eéﬁﬁ*&%ﬂé“ﬂ|Ff@r%?‘i15%§§8?§e?ﬁt5rt€‘“st3§"ﬁ‘if Wﬁ‘iﬁ’r@b@é&@’f WP&Rlﬁg

recommendatonisth@dtintuglothiere are benefits to maintaining a single collaborative filtering vector

independently of anyé&@ﬁﬂf%bﬂ%fs@‘ﬂ@igﬁ\@@ébet@&%r@@d‘@(ﬂu& [eASANS Wbl RS- RIRC A Feymaintain

a separ%te % r for each Ilcath]n ther s likel ﬂ be more oxferé be ween the vegtors of
ﬁ as_those described,.in t Fl éJre e para?ﬁ ). ?ntac deta ?E? ma n me a\ ress and
subscribers fhe same pu Ilcatlont n een é 0 S€hbers pub icat jons: and a

publication igelRREAPaBUTERSE: t@iqbﬁéé@f?ﬁt‘ﬁeﬁl§é§smébmi§@faﬁ% ‘fﬁt@?fﬁ@’\ﬁé@%@dr@%‘ iﬁﬁﬂ%faﬁh’é‘%ﬁ’@é of its
brand, not taobeidetid eleewrsere céoallafhptativerfiieringsghaiscagestirteipia ai9otnainiadinadngy the

relevant netpgge BUDIGRIRNCRY R 'BR! detallen B SbRg RAME PUSSI LB SR AR rde,

state, country, telephone numbers, are global by nature, and aré maintained by a netpage registration
server. PresEHTARES PETETS fEEE 'TﬁgTudmg those for quantities, dates and times, are likewise global
and mthtaid8Rin theagariteswés}. The localization of advertising relies on the locality indicated in the

user's contact detailsawdipge Lo aageingiafoagyerisingselinkon RetsanahieicenadinRsepas date
of birth, gender, marita) statlis, INGOME s, AL {fn%%hotﬂe gQucation. |F Ps‘n'%tz%{j"a’sea %ﬁ%f%"’?%o?&é Nyap age
range and |ncome range. F~or those users 0 choose to revea persona |nf0rmat|o¥1 or a vertlsmg

purposes, thePRiFSFAETBAETHANAIRE BYRE s firEpayedegKiration server. In the absence of

such informatian, addetisyngstan be targeted on the basis of the demographic associated with the

user's Zif or ZIP+4 Gogleysed, lﬁﬁﬂi&M?%uQ@r? IR 38N %EHH'&@F‘Q&Pﬁ@%ﬁ%u@@liﬂ%%@%elﬁs%ﬁ?'gned

its own unique |den |f| ang the n e rez?lstratlon server mai taln relationshi é)eggetween

them, as shdWR TR u?é@% roygh BB SRS urapeog "S‘ UBIREAETIE L SUEAl kind
of appl|catloﬁfp“f*ﬁmd@?h%ﬁd”dhpemmﬁﬂmﬂwél%‘ﬁé‘tﬁal kind of appllcatlon Each user 800 may be
authorized te yse anynaeimbeiof inters 302, and each printer may allow 25 any number of users to

use it. Each user hasg l@&!?g@%&%#i‘éﬁ%”&&(/&a%ﬁ%aﬁ&w|§§l REfigd! %%M“ga%nqea Afedelivgied by
default whllst E)ages printed on demand are delivered to the printer through which the user is
lication on a section-by-section basis. Since most advertisements are in the form of pre-formatted

rectangles, they are placed on the page before the editorial content.

The advertising ratio for a section can be achieved with wildly varying advertising ratios on
individual pages within the section, and the ad layout algorithm exploits this. The algorithm is configured to
attempt to co-locate closely tied editorial and advertising content, such as placing ads for roofing material

25  specifically within the publication because of a special feature on do-it-yourself roofing repairs.

The editorial content selected for the user, including text and associated images and graphics, is
then laid out according to various aesthetic rules.

The entire process, including the selection of ads and the selection of editorial content, must be
iterated once the layout has converged, to attempt to more closely achieve the user’s stated section size

30 preference. The section size preference can, however, be matched on average over time, allowing significant
day-to-day variations.

25 DOCUMENT FORMAT

Once the document is laid out, it is encoded for efficient distribution and persistent storage on the
netpage network.

35 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)
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interacting. The server keeps track of which publishers a user has authorized to print to the user's
default printer. A publisher does not record the ID of any particular printer, but instead resolves the ID
when itis required. 30 When a user subscribes 808 & a publication 807, the publisher 806 (i.e.
application provider 803) is authorized to print to a specified printer or the user's default printer. This
authorization can be revoked at any time by the user. Each user may have several pens 801, but a
pen s specifc,jp 5 sipgIG5eTs hAWSET IS AnAESd Jause o Rarielar RIS e N3l Rrflg!
recognizes any of the User's pens. e e% D d 10 Tocate the corres onding user profi i
maintained B %PEJHPHH&Pén”ﬁéﬁﬁﬁ@é‘t%ﬁwgg@%rté’ﬂdhbg@ﬂ\ﬁéiﬂ WS ITEUTINGESEI S BRLRYASHAY UK. yep
terminal 809T¢antde abjtorizeeito printidal dapguiieu @deaetpagebferintemailiowdndplivie bapd gedediad

netpage doChmeRigRRFRUPIRISRICMF RS WRRRIMYSINg to be conveniently printed on the nearest
netpage5 printer. The netr%%%ﬁ?géstem an collect an R%J(]; fI qtgr owder§ fees an p £ A
commisSions on income Ealiti (ej'{lhroug K |ore|s Ssnnt ed'on fﬁe'rﬁ?%ev e printers.
Such |ncome@@@lﬁclﬁmﬁﬁiw@dﬁﬁ@rﬁ@lﬁf@%@@,Sﬁi@ﬂletﬁ?éteg‘ﬁf@@@, EVCorfPBice commissions, and
transaction fees. If thenpniyter isctvwnedtbyftheisesr, ghaa ihagcusargiaphiedpjéote i pnamigeTod- agbctsser
also has a naipage,f Eﬁ%@&@&% W&‘vbchyb%rHﬁ%%&’ RS O G RIEE é%%@ét%r%%@.frﬁé?ﬂ?eg%@%sés

those described in the preceding para contact details 815 |nc uding name, address and
telephone nd?%%?@’eﬁi%%ﬂﬂ?@?é}zéﬂé @é) TREHHE S SR PR FUER) %WFW%E%H?E%‘H‘E% UAHHEL any
numbelOof biotststeigsrecords 817, containing the user's encoded signature 818, fingerprint 819 etc; a
handwriting model 819 automatically maintained by the system; and SET payment card accounts 821
with which eTc&mpenrct% D Eylmen S, an be made. 10 2.3.2 Favorites List A netpage user can maintain
a list 922 of "favorites” - fifks to usetul documents etc. on the ne page network. The list is maintained
by the system orf¥REtuser's behaﬂﬁflﬂg%rganized aSYUMAirchy of folders 924, a preferrred
embodiment of wds]mh is shown in the class diagfamnikefrignjeetd 1] 2.3.3 History List 15 The system
maintains a Hﬁé gLy ist 929 g each-tser'sbehayf, containingtinks to documents etc. accessed by the
user through the netpage system_ It is organized as a date-orderfed list, a preferred embodiment of
which is shown in the cld$&28R¥EM ' Figure 4PPZ3 IREPELLIGENT PAGE LAYOUT The netpage
publication sérap!nirautomﬂﬁsmﬂy lays out the pages of each user's personalized 20 publication on a
section-by-section basis. (STHF mﬁ&qﬁgvemse s are mthe fprm of pre-formatted rectangles, they
are placed op-the page annm the editorial content. The advertising ratio for a section can be achieved
with wildly varyltrirg adver |S|)r(1t'c OPNahos on_individual pages within the section, and the ad layout
algorithm exploits this. TE@®gorithm is configured to attempt to|co-locate closely tied editorial and

advertising gontent, such@siglace@afs oy roofogLmaierial
Hyperlink Type

Zone

Application ID, etc.

Field Type

Meaning

Zone

Watermark |Zone

2.6 DOCUMENT DISTRIBUTION
15 As described above, for purposes of efficient distribution and persistent storage on the netpage
network, a user-specific page layout is separated from the shared objects to which it refers.

When a subscribed publication is ready to be distributed, the netpage publication server allocates,
with the help of the netpage ID server 12, a unique ID for each page, page instance, document, and document
instance.

20 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
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25 specifically within the publication because of a special feature on do-it-yourself roofing repairs. The
editorial content selected for the user, including text and associated images and graphics, is then laid
out according to various aesthetic rules. The entire préfcess, including the selection of ads and the
selection of editorial content, must be iterated once the layout has converged, to attempt to more
closely achieve the user's stated section size 30 preference. The section size preference can,
however, be matched on average over time, allowing significant day-to-day variations. 2.5
DOCUMENT L KNI ot At L B e L e o
persistent stBIAYEHIREIREEHEERE PRI, 1351 B BiiEnER TR h CJChRIER SHHTEhTNE RABE&EStion of
information gpecifictolicsmyiansdrs aifitioreame infoytaton Ighare dHe ehyesnvenultipieeoenshaditions.
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fully-formatted text reprr"éesaew{g&rina?ﬁ% X enS|béI8 césrk(ﬂvﬁlﬁ'_car'léu%qgea(m IS N’ﬁ@?d’ﬁ'?,.eé 28 ﬁssmeg the
Extensible StylssnrdattcHAUERE RDBYeNEs aptaUIS precise control over text formatting
independently of the tegéonoin sitbichtihesiand s teinthsebgvsactr nahiscasmisibring pravitieg oy the
layout. The Eﬁ%‘?%ﬁ&%’d&%ﬂ%&?@%ﬂEﬁﬁa&@é}%%&aﬁ@ﬂé‘%ﬂ@ﬁ%@'@f oMl ERgIaHoRe e

embedded hyphenation hints to aid with paragraph formafting. 5 An image object encodes an image
in the JPEG DHO G R IBEXFAE LOMSoeet ialE ot A GIapleOBe & &HEEs W™SHS Yraphic

in Scalt®le VidetwnGrafphiscs {SNEG) foerprae PEheedaybdhitsetcunisiste HT0KBerignwBMbitetivhvratser and
graphic objegissdiokedifrxtRewinPie alshidheausPeviichietepdagieaige iy, dnanibalsaan@input fields as
described above, and.watermark i !%Pr_éunTsP‘ﬁée% JAYNLRRIGES Ale ?'u%rs"”l%rﬁzg%r'ﬂtw%‘?yﬁaamg layout
uses a compact format suitable for efficient distribution 10 and storage. Qlua L netpage layout
objects Layotit'AtH{bistaRieih EPlrishjoe thifee SUBl)ebii o dbfe PSS 1 A7rPagk 0B R SIPRIE EPeH0 s
GraphicPositidaugsaphic object IDSVG extflowTextflow ID Zone Optional text object ID<ML/XSL
HyperlipdType However, if the printer’s internal memory does fill up, then the printer will be unable to make use

of a multicast when it first occurs. The netpage publication server therefore allows printers to submit requests
for re-multicasts. When a critical number of requests is received or a timeout occurs, the server re-multicasts
the corresponding shared objects.

Once a document is printed, a printer can produce an exact duplicate at any time by retrieving its

20 page layouts and contents from the relevant page server.

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.

25 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

30  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

35  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
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Zone Application ID, etc. FieldType Meaning Zone atermarkZone 2.6 DOCUMENT DISTRIBUTION 15
As described above, for purposes of efficient distribution and persistent storage on the netpage
network, a user-specific page layout is separated frorilthe shared objects to which it refers. When a
subscribed publication is ready to be distributed, the netpage publication server allocates, with the
help of the netpage ID server 12, a unique ID for each page, page instance, document, and document
instance. 20 Th e server computes a se t %f ﬁpml%gd seub§v%§<9£ets Otﬁhpgseego optqh trgmd creates a
multicast chahinel foreach subs é‘[ ahd then tags each user- specific Iayout With" %rﬁ)a)('nes of the
multicast channels wiSfé# WNI%MrﬂHEVSﬂ%é‘ﬁeE%E%?ﬂSM%B%SIC(M%{PWBM“%@%@WM%ﬁ“ﬁ’éﬂﬂﬁtcasts
each user's layaiats/poathagsags SN jpartite iistanthe appnapnatsapagesdrserragotvshershegpongtabesting is
complete, mylticasts the shared NPX025-SG 30 content on the specified channels. After receiving its
pointca% each page s squ(r and print sy scgbeg to the multtlcast (t:hanﬂels sgecn‘led |q thg( page
layouts.During the multicas Cré’% Hraﬁ’aée SLIVET End Printerextract Hom thEmiicEoPSHRAMS those
objects referf&el e t5§yarpreiaerasiisety refied hugyehSerde RABySTARS N L R PIRACISHIEORE KBN\F8R PPaRe
layouts and sbaygedaeintené. othéd Ree @nptintetcnags lie ceivadialdh evialkjeststia wkiphplisapagee lspntts
refer, the priplerTeaarRalRs phe, HlRe HHriask: éﬁ%?%B%F%%ﬁ%&%&%&%ﬂﬂb&%&nb’fﬂg8&tﬂ9fma'

circumstances, the printer printS pages faster than they can be delivered. Assuming a quarter of each
page is covelBuATIETHELFRE 1R SRoamigE HayRe i @e%ié@% RAAFP AHORGE YA Rrapecsapes
therefck@ holditreuXizegwafa 0Cxhetspagesirkirs Taterswd B4AMB phigaitdrsy, blkewingtirienmbdeate
buffers etc. 1@|a'ehefmé@wa@mm%%@w@g@]@f@qﬁ"page per second. This is equivalent to 400KB or
about SMbit of page dajp. pe secandnBICh IRSIRL- e Hahesh eReqiadIaie. ol RaRsHata
delivery over a broadband nét 8 Ven under abnormal ¢ rcun?stances such as when the prlnter
runs out of pEFT AiK1eWER? A ArTPReRon ERt AN e b fRetepsayam S Wh‘@tbéﬁef\%bfﬁ'ﬁa%?@rtﬁéhﬁtr|nter s
100-page intdermatstorhoscapstiitysisheexhaatstechf 1 hodvevitheiptivegkenteits resbecnial thaepaoicplatoes fill
up, thepsthe prigigr wiuempun@mbeeﬁeryp@&%ams.@tﬁewm@eVM@éﬂ.@ Sk OGER EBaind O RERRAGE It

publication sgrver tf therefore a J rinters to submit re ue§t§ for re-multicasts. When a critical

ature 1S BC.Déle ﬁ to the, message, then the regipient o e messa can verl Oth that the mess e IS
number of reqUESta 1S redBNea Of A tiMeott OCCUTS, 1A Setver re-meiticasta the correspondmg shared
objects. Onceedigo#ritant haspantesd aefdmdieedin produce an exact duphcate at any time by retrieving

its 20 page layouts andrecatams tgnirthedeldyanirpageeServerbe a way to distribute public keys which

prevents impersonation. This is normally done using certificates and certificate authorities. A certificate

20 authority is a trusted third party which authenticates the connection between a public key and someone’s
identity. The certificate authority verifies the person’s identity by examining identity documents, and then
creates and signs a digital certificate containing the person’s identity details and public key. Anyone who
trusts the certificate authority can use the public key in the certificate with a high degree of certainty that it is
genuine. They just have to verify that the certificate has indeed been signed by the certificate authority, whose

25  public key is well-known.

In most transaction environments, 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 following discussion, when reference is made to the secure transmission of information
between a netpage printer and a server, what actually happens is that the printer obtains the server’s certificate,

30 authenticates it with reference to the certificate authority, uses the public key-exchange key in the certificate to
exchange a secret session key with the server, and then uses the secret session key to encrypt the message data.
A session key, by definition, can have an arbitrarily short lifetime.

3.2 NETPAGE PRINTER SECURITY
Each netpage printer is assigned a pair of unique identifiers at time of manufacture which are

35  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

NPX025-SG



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 paater without the use of multicast. 25 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
serverisas aI rnstanceﬁf a netpa u%llcatlo erver }'Xghe n%trpasgCre at(t)rr gjserv%

feg\/ ra.tron server e server CO € SecCre. |nst 8[) n Its ase
knowledge of “various Internet ocume rmats |nclu d orta ocument Format

(PDF), and HYpafesit tﬂﬂa?Rﬁ‘paL%{h'glﬁ%fg’Qs(WL}t ‘I*F?’tl‘fé%f%?s@%?'ﬂ‘?l@tﬁer 'é%{h ANRINgSBeY tHE Righer
resolution ofpbdiquireteth paigei@atie presentiviis thpagEcire & trukiisodton dafarasat, with a table of

contents. It can aUtOmﬁ’Jiﬁéﬂé{gm@E}iQ@tﬁm Web &@%Sadééﬁﬁﬂ)&é"aﬁﬁ@ht? thentsAyesiRe RagRe Theuyser

can tun%thls behavior via a preference. The ne p o mattrng server makes standard netpage
ccess to se ret info %atlon Z§OWIH O Vverl i a/
behavioF, incll Ing in fefactiv ity an Istenc avar n any Internet document, no matter what

its origin and format. W'Pﬁdéé*t@hévwéﬂ'@fé 19F acPRiiGaHeT GCBFABIE o rARSNTHBMNeRse tigeisatipa gRveFinter
and the netpag®doagenserivgrhapabiveke sokinpvwedgeliodtiGbdhe: neipagEacly pterer isoaspAteahSaivers. 3

SECURITY %&FB%BJP@&%P%%%W\HM st HRERdRsPIe Gt ?t'ilﬂHP’GséF‘fA%Hﬁé‘EtBﬁbdb&tmn

storage and in transit, and to authenticate parties to a transaction. There are two classes of

cryptography A RIRI&SRRehRH AYREEeT Py Ak Y HRSSCS- Sbs BAOTRONEESPH Ry A SHfajiey database
cryptodfphyhaT e pestiisheyesrrativgrriuseas| vortithe kubtiessiof oryistergrifishysSebretdoe pacygpiordiesshy, also

referred to agGUMERIAE HEYRINGARNYLHSRS tBRSRMRKENIPUBNRGRY Rttt AeatyRl i INSS§BEGRIoN WO
parties wrshrnag fo, gxchange messages must first arrange to securely exchange the secret key. 5

Public-key cryptography, also referred to as asymmetric cryptography, uses two encryption keys. The
two keys are mathemafi KR e SISt S S rEV A aRIS A S A S A B9 FAHANe &1 ikF JABOREY Can
only be decryptedthuserepthesethaitieey.v@neeofrdhigseddeyis igitiren published, while the other is kept
private;ghe pyblic kKQyis.Usede eyt any message intended for the holder of the private key.

Once encrypted usrng the gubllc key, a messa e ca be. decr usrn % prlvatg rg Thus
aI 8%%‘ en | ass ned a é;('?ntl?%/ jme 0 nu actyr store ad
two parties can securely &x ge mes ages aving f6exe ange a secret k ey. To

ensure that YRR Releipesaedieti nétmrﬁ?alsﬁ?ﬂ‘théBfYﬁBI@Péﬁbéietﬁéepﬁvé@eﬁkéS}*%PgeﬁéP&?é e key
pair. Public-key ®rypiegaphyaar be used to create a digital signature. The holder of the private key

can create a known Ragf, z%f ?Jﬁ‘@ﬁ%&nﬁ%@r%@r SPRORLEDARASRASING P DEVRISK S ABYORE can

then v (#fy that the encry hash constitutes_the "signature” of the holder of the IfE)rlvate ke with

respectto th&“t”ﬁrat?‘u%‘iﬁ‘lé?”i@“ﬁt@é?a“&&‘ B;PH%tE"r;thuﬁgﬁaﬂt‘éféeﬂﬁtgﬁatéarﬁbyé’ﬂeﬂﬁé’ttdttﬁe BI1EKey atta
verifying the it &eénstotheamd exsivtay erd frehidesidy ribey redd sl paridaat teesihen rkrySsylenetiee theheen

recipient of thenRRSsRER BRIL VR Hinke hdbaldhaKReRsIL sy BRNKINARRENIDM I basnKpesaltered
in transit. To, make public-key cryptagraphy work, there has to be a way to distribute public keys which
A pen stores a session key for every printer it knows, indexed by printer ID, and a printer stores a
25  session key for every pen it knows, indexed by pen ID. Both have a large but finite storage capacity for
session keys, and will forget a session key on a least-recently-used basis if necessary.
When a pen comes 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 determines whether it is supposed to know the pen. This
might be, for example, because the pen belongs to a user who is registered to use the printer. If the printer is
30 meant to know the pen but doesn’t, then it initiates the automatic pen registration procedure. If the printer isn’t
meant to know the pen, then it agrees with the pen to ignore it until the pen is placed in a charging cup, at
which time it initiates the registration procedure.
In addition to its public ID, the pen contains a secret key-exchange key. The key-exchange key is
also recorded in the netpage registration server database at time of manufacture. During registration, the pen
35  transmits its pen ID to the printer, and the printer transmits the pen 1D to the netpage registration server. The
server generates a session key for the printer and pen to use, and securely transmits the session key to the
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.
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prevents impersonation. This is normally done using certificates and certificate authorities. A certificate
20 authority is a trusted third party which authenticates the connection between a public key and
someone's identity. The certificate authority verifies tH# person's identity by examining identity
documents, and then creates and signs a digital certificate containing the person's identity details and
public key. Anyone who trusts the certificate authority can use the public key in the certificate with a
high degree of certainty that it ij§ genuine. They just have to verify that the certificate has indeed been
Signed by the coricat Sllhors Gohouue YA PR L gkl o I D e
environment<ehbife-1eeyoe Ky tegrae B BRRFITEe to create digital signatures and to securely
exchange secret sessithenkeysiGdgretdgeieredyptog fapmgiseteseid iaf Athiethee putidosdiskdan treeufellowing
discussion, whepideiergncaisomrge s ti'”s‘%rﬁ?%%@/é&at@%@ |01 QJqU'éE‘PHFEHaﬂFP'?n RepARERA HRtane

printer afpd a server, vyhat actuall hart];e)\[,\)lens IS tha tpe rinter obtains tqe q(rver‘s cer(tiificate 30
re stra{ on (%rms 10 reqis F]a %Iﬁ_ert which the new pen Is tomatl%allc\’/En ed, or to add a new pen {?‘
authentiCatesit with reterénce 10 the certiticate authority, uses the pu ey-exchange Key'in the

certificate to @@HGEeR secret session key with the server, and then uses the secret session key to
encrypt the messageTuhatpen AssesairRnrse tathyt defingiomn.-eanehayeianrathiteast yhslbastditetiinads?
NETPAGE Pﬁ&%ﬁtﬁﬁﬁ%%R'TY Each netpage printer is assigned a pair of unique identifiers at time
of manufacture which are 35 stored in read-only memory in the printer and in the netpage registration
server databade. TheRrSRPBSUEESdblic and uniquely identifies the printer on the netpage network.
The set@dnd ID is secfbt asiphis eustsch wnpertshbe gafimer 06 firesterdgpigtentsdush thackestwat kodvierTtiae
priglter/ CONN@EiiIe RPN RINRBETRINVG Bﬂhﬁb\ﬁté‘iﬁﬁdﬁ@mﬂt@ﬁgBriﬁlfﬁaﬁaﬁﬁquille&rﬁé\éﬁrﬁﬁisﬁmE&
public/private air. It transmits the secret ID and t ublic key securely to.the netpage .
P05 Sc iy e 8 PR S R 1 00 LS TR B2 MR e
recorded in it52A4(413458MI%SHd accepts the registration if the IDs match. It then creates and signs a
certificate containing the prasers<ppilind Dracdspukdiersipattive Keher andristarepdtite¢evfioateln the
registration dajahase t%%d@?%ﬂ%f&gﬁﬂ%@'@oﬁﬁw%ﬁGﬁn@aﬁe@WM&%ﬁ%g@dﬁU@%ﬁ fgineipage

printers, since. rl]ttefa.a%hS g,allu%cess to secrgti r|]ncf)8rma(}|on aIIowm% it to verlg_L J%rlnter |dent(|j1¥. When a user

. ri e_dither matrices yse eMen pages’ Watermark, regions are design roduce ..
subscribes t6'8 publication, arecora’is creaf’e?f‘ln s ?ugfpage registration gerverfatanase au%ﬁorlzmg

the publisheierisienteiiéep BRE ARG IRNTAE VISuPLipsTRANI APYRYEE P Ioakscbifer fheiptared Bgelry document
sent to a printer via aTpagrescikv@ilaracdiessedrioadnaiticiiar visee anehipsipaatobly the siaebfigher

using the pupiy hﬁﬁsﬂsﬁ&\f%rﬁmﬁl@ﬁ?%ﬁﬁéd ‘g'pﬁo%gﬁp%ﬁ{ver verifies, via the registration database, 10

that the publisher is authorized to deliver the publication to the specified user. The page server verifies
the si;'(?ature using th¥IhRHELBUBNE F?é@)?%t%?fé‘b“ﬂ!ﬂ%hﬁ%"BUBH&W@PSC?Pé(r'E?ﬁEﬁ&[ES@t%‘?%HWthe
registration tidtetberséd Tryenehayends disuriticcmeeruesoaoeepis awteestiodwiadd printing authorizations
to the database, so |lgRgragtipsay aduRRaIRREHialiasd e A PemirgisieirettotheHayibie thdksrope3

\'I\‘VE;E?ses'fofﬁ%'l\dll(r;]%r%gy_sﬁrq{hﬁgg‘%gp GIRATE L UL ARIINGY BV deREN e AL G REMaRYfRcture
netpage registration server, as described in Section 2.

25 When presented with a secure netpage document, the recipient can verify its authenticity by
requesting its status in the usual way. The unique ID of a secure document is only valid for the lifetime of the
document, and secure document IDs are allocated non-contiguously to prevent their prediction by
opportunistic forgers. A secure document verification pen can be developed with built-in feedback on
verification failure, to support easy point-of-presentation document verification.

30 Clearly neither the watermark nor the user’s photograph are secure in a cryptographic sense. They
simply provide a significant obstacle to casual forgery. Online document verification, particularly using a
verification pen, provides an added level of security where it is needed, but is still not entirely immune to
forgeries.

35 NON-REPUDIATION

35 In the netpage system, forms submitted by users are delivered reliably to forms handlers and are

persistently archived on netpage page servers. It is therefore impossible for recipients to repudiate delivery.

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

the payee to repudiate.
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only memory in the pen and in the netpage registration server database. The pen ID 61 uniquely
identifies the pen on the netpage network. A netpage pen can "know" a number of netpage printers,
and a printer can "know" a number of 20 pens. A perB€ommunicates with a printer via a radio
frequency signal whenever it is within range of the printer. Once a pen and printer are registered, they
regularly exchange session keys. Whenever the pen transmits digital ink to the printer, the digital ink
is always engrypted ngglgtNel gBBr%gat%essmn key. Digital ink is never transmitted in the clear. A
pen stores a session ey for every prln%er It Enows indexed by printer ID, and a printer stores a 25

session key fot everyS5erRft RHIROMERSEASY! %Fﬁﬁj) Both have a large but finite storage capacity for
session keys, and wilt fergetg sgssiomdapedra@rtcastireteMilysusied (SEJissiktaecassaryf. /bamatpen

comes withinangesefa iRt eLetie AGRARFVRERIELHRaAXE! WhgHBEIIRYNaWERER 1O/ they
don't know eafh other, then the@grlnter determlnes whether it is Sgﬁ?é osed to know the pen. Th|s might

be, for examIEELELIEETHENEY BRIEHYs AL DEIED 18 PLRLETEq oL Bl aFHRre e E brinter is
30 meant to know thémeRThGerderddatst aftdemeichaitinred teie vatitdntatidiqatenapthgidty a0 raisrdsseadundth If the
printer isn't BaRAIGALES dh@Nith@EsubiRenIbRgrRes THEtdhgRendhdanokeifetntdtheieer igiptagsed in a

charging cup,gj |s"6(ﬂ¥?[?1e“£9r% |EJEHF'9§%S1‘Q B‘&r 5%95%%%30&%?91‘45?5 IEL;BQQEB'.‘PE‘eF&?%ﬁu&“tﬂé‘%cHBrréh% pen

contains a secret key-exchan y-exchange key Is also recorded in the netpag
registration SBXA dfatdHEde! eﬁn‘?{g ﬂ%%ﬁﬁfﬁ@fﬁr@%d?ﬁﬂ@c%‘b|%rfP’§ﬁoﬂgriﬂlé”béWSB??CHréWsﬁ?lt@?fé pen
ID to tHé) prirvenpéersl theiprihtereiraans mitsshéhpe ndbfitatthernetphigenctgibtrativntisapvemelthansen/er

generates a sREIRE lgaytwu{mtggi@mnamhp@metga%gﬂ@mg,\g@curer transmits the session key to the
printer. It also transméii.__srahc Ry, &hgeses VHX?) hp\éR ecg) %ﬁ@etl‘ée ERelraesF lfnann e%gnﬂgrg, qikey The
dexe e

printer stores the session Key In {Ema, en nsmits the encry a3 &&ssion
key to the peftificRESIRFPtEPES HHE‘%%?OW%@W ﬁ{@f?ﬁll’i’}‘ fﬁmawrﬂh@%ﬁh%mw OR[P")GE)‘Q%O'SG 33
Although a fadeepan ganthimpetisddtatecespana patheopianvegisitiampsatesol, only a real pen can
decrypf ghe session keyrtrangritied 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" a%en iS 0 IR%
new

allowed to be used to TGRS I A BT PA%e SISLPUARISHER S GBIV AR HHARDS Hagidee
user to whicleafAo e e iRrgRBitieeidpsinked, or to add a new pen to an existing user. The pen

uses secret-key rathemthapdaublitekayce borygignoeetanaa©ihbaseswar euperntersaanagmat sidalnts in the
pen. 3.4 SEGY %&Q%QM@%T%QQME E‘%EQ@%‘%@&‘&@ O%WRB%Téﬁam% ‘l‘érl]'s\{&ﬁ}’ ot % ?%%L{f‘?%ﬂng%éﬂ‘ems

such as tickets and coupons. The netpage printer includes a facility to print wa ermarks will onl

do so Gt reqRASEPH 8} RSEFBW§rr%F%€FP6‘”é@°'§?EH&BW Ahorsady ?ﬁ@’b%u&ﬂﬁﬁﬂﬂué@?@% e YeiftBrity to
print watermath®igh iisaceidificacet, Wiridhpthes prantesricissadlenko adiatkethticapelrer biettevbitenetrarkiopthating

process useg aRralesnaivasdithriymatiix in specified "watermark”
The first step to being able to make SET payments is to register the user’s biometric with the
netpage registration server. This is done in a controlled environment, for example a bank, where the biometric

25 can be captured at the same time as the user’s identity is verified. The biometric is captured and stored in the
registration database, linked to the user’s record. The user’s photograph is also optionally captured and linked
to the record. The SET cardholder registration process is completed, and the resulting private signature key
and certificate are stored in the database. The user’s payment card information is also stored, giving the
netpage registration server enough information to act as the user’s proxy in any SET payment transaction.

30 When the user eventually supplies the biometric to complete a payment, for example by signing a
netpage order form, the printer securely transmits the order information, the pen ID and the biometric data to
the netpage registration server. The server verifies the biometric with respect to the user identified by the pen
ID, and from then on acts as the user’s proxy in completing the SET payment transaction.

4.3 MICRO-PAYMENTS

35 The netpage system includes a mechanism for micro-payments, to allow the user to be
conveniently 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-
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15 regions of the page. Back-to-back pages contain mirror-image watermark regions which coincide
when printed. The dither matrices used in odd and even pages' watermark regions are designed to
produce an interference effect when the regions are ¢%ewed together, achieved by looking through the
printed sheet. The effect is similar to a watermark in that it is not visible when looking at only one side
of the page, and is lost when the page is copied by normal means. 20 Pages of secure documents
cannot be copied ysing the hulltin Netpads sopy meshanism desaribed InaesHond 9 ahoye, Fhis
extends to copying netpages on netpage-aware BHotocoplerS. ecure documents are typically
generated ad' AT ELRBPRIhERER HShsactions. They can therefore include the user's photograph
which was captured Whemrthek serure gistier extepibne trggragbtr nobdidptinntieethier pretpig, nelgistration
server, as degeriRRaitk BEGHQN e MVURER PrESRRLethiLa ssacHErNetpage document, the recipient
can veri its&uthentiTcéthgé/%: reﬁgesting its status in the usual way. The unique ID of a secure
document is only valid for &'fifStime of the document, and secure document IDs are allocated
non-contiguously to plé&genteRayREHARHAIBYN ORATHIIaNIBELCIEPHEPEER SeanpicadrrUpEIstYeTRRetion
pen can be dexelopeiovithskuddt-in EadBrsensuesiiieaticytimibum, the SidPRashRasith the transaction
point-of-presgnialign JoaUment M@Féﬂ&?ﬁ_lé’{b é&bﬁéfﬁéﬂ %6}86%? MW HEIRE (R Ne user's

photograph are secure In a cryptographic sense. They simply provide a significant gbstacle to casual
forgery. Online docur&At VI Ea DR PRIt R IR oA S BT RTELS I R KaigR BEHEE Mvel of
securityQvhevesitsignime dédtityup issetilishot @nre Iy ityrivainextop koityehes a@IBINEN-REPUDEATIGN 35 In

the netpage systgphgtotne ssriited Binsipaisane. deliyatedreliabbptndgrmsbandiermand.aiap

persistently archived onNeIRage BAAS SRR I t%earefﬁ’c%‘?iéﬁé.p?r%?p"?J%Fere.%i%E%‘Qrt%ttg?rg%%%ir‘?‘te

.
delivery. B-commerce payrr]ng S ha e'%hr}%ugﬁut esys?gm, as described in Section also

impossible fOFOYHE HESrB et RIE REReREPIEY 3eeHBY et bitryiPRIINIC COMMERCE MODEL 4.1
SECURE ELECTROMETRANSACTIONYS Epadheinetpagersygtens wheisrthis SocesreHiectnonic

Transaggion (SEL)isYSIEMASRNROTHSNAYNEN iS¥RIGeS: %Jmm\(msg%ﬂvq@y@la{ﬁaﬂmagged

MasterCard and Visa, is orgagtilﬁg&it around gayment cards, and this is 5 reflected in the terminology.

However, mUich OF tHe?SyStent 8 iR GelPe nERIF SPARET/pe"Br ALCOUNE BERG INet 1 SE f‘scli:aé?dﬁeolders

and mercharieorEis eepNeiva Bettifiegsieenntichryean @ SFeingsiiedliaviih Secltifiekaed doHedipibg i taeir
public signatunackgyslifiheapartifioate authority verifies a cardholder's registration details with the card

issuer as appropriatergng yiefies A MERCNARE S HRHAURR AF B SIMIHNG AOMIEI AR RRPRRLAtE.

Cardh I§ers and merchants store their respective private signature keys securely on their 10

compufters. (RIFHG TAE BLURIERNT PIBRASLoH e L Fletddeail oY mutually authenticate a
merchant and cardhdlgeystamdlto aeittremntiodtdetitetenbethftateraduriaiesiorgire kenfoSECH blgsupros yet

been adopteghmitdadys RariivhrcauEe faldhpideiRaibie babarIPbkey ssandirgaiificaiacinraasisered
burdensome, Interim solutions which maintain cardholder keys and certificates on a
To assist the system in routing product bar code (UPC) “hyperlink” activations, the system records
25 a favorite application on behalf of the user for any number of product types.
Each application is associated with an application provider, and the system maintains an account
on behalf of each application provider, to allow it to credit and debit the provider for click-through fees etc.
An application provider can be a publisher of periodical subscribed content. The system records
the user’s willingness to receive the subscribed publication, as well as the expected frequency of publication.
30 45 RESOURCE DESCRIPTIONS AND COPYRIGHT
A preferred embodiment of a resource description class diagram is shown in Figure 40.
Each document and content object may be described by one or more resource descriptions 842.
Resource descriptions use the Dublin Core metadata element set, which is designed to facilitate discovery of
electronic resources. Dublin Core metadata conforms to the World Wide Web Consortium (W3C) Resource
35 Description Framework (RDF).
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
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server and give the cardholder access via a password have met with some success. 15 4.2 SET
PAYMENTS In the netpage system the netpage registration server acts as a proxy for the netpage
user (i.e. the cardholder) in SET payment transactior#. The netpage system uses biometrics to
authenticate the user and authorize SET payments. Because the system is pen-based, the biometric
used is the user's on-line signature, consisting of time-varying pen 20 position and pressure. A
fingerprint bigmaeiric,qan alke P ped By designing & MRASIAIDG SENSoLinL IS REDAlRuaR A 2
higher cost. The %ypye of biometric used o’nPy affects the capture of the |ome|%r|c, not the authorzation

aspects of tHEYrstes MR LB 18E8 % EBle to make SET payments is to register the user's
biometric with the nefpageategisiylicnagarvevayhitasedomesinigrennitralhid eaviecormmentinforsierample a

bank, where Qg BiRp&HtmeRa68MRa ARURE AL IReSEMelNER ASRGURRS Eddemity isyprifiaeh The

biometri,g IS %aptur?d zimd stor_edtkn the regi trattl?n ddatabe%sel, Iir|1ked to thetusetr'slrfelcordf u‘ghe utser's
photograph 12/ 4156 Bl oReAlRy iSRG S SR N 4 th & Tieeh gl S L S RS 2GR RSy
process is cotvipleteaitiahen thdtyexisiante pfliacdssiatene keledding BeriachaenganstiiadsitriiMe the
databas_e. Thi&m_ﬁeis'srparyfl”asem@mld |iiné03mtka_nrie3 s ata@sidgidmgréhwe mtp@gaeoregisﬂﬁﬂmm@erver
enough inforgaation 1o, a¢k 4% RNSRER SRR Btk ARG thankastian. 30 When the user

eventually supplies the biometric to complete a payment, for example by signing a netpage order

form, the printér securefy tRIASMIRE thEDrHRP IRfGmation, the pen ID and the biometric data to the
netpagklregistration fepredarrelleanismimentwéeifidhscting dvidetiestsiontittokisshevot ipFibeasSer identified by the
pen D, and from ther icakianaso e HIRISERNbei EpMPIRINA NN RE ERAYSBLIAtRASRG IR Nid 3
MICRO-PAYMENT 2o JQ%Qne(thae%e SR ddes 2 Mechansm, ol miche-RAYMESS, 19 Allgw the
user to be convenlentK/ charg for prlntln%‘low-cost ocuments on demand and for copying copyright

documents, ARTSUBEESINY KISG PRGN HhRECIRER AR B8 JRH BRI B EXIeMEEd mbtFFedriPPPBifAting
advertising mattegiisbrssheedatiaerdefendgaontitastevel of subsidy already provided to the user. When

the usamregisters forﬁ'&%ﬁmﬁf&ﬁ(i% %EWs‘HE% SRS £stablished ‘é&hﬁhqﬁg%gm IGh 1D
NPX025-SG 35 ep%%/mehnts. T(pe UF r receives a statq ent on a reqular basis éand.can settLe an
t then sends h C

L ser . each document structure, including its document 10 and pagé desgriptions, to.the pa
outstanding Gee\blt alance using the s andarcf payment r%ec anism. ﬁe Re‘{worﬁ gCCOUﬂt cth %e

extended to #fGreyatesranBBieriptidis feeTet paaEliclesaterhiBh Bviialerea do Wthapplistitse! Bréseiited to

the user in tkavtotivarafandivndspdrstakeiments sd ¢ AultiANGACTHORS \Aifir hamsehsegugrRipaaetpage

ina particulasrigqggllm jon context, the application is able to embed a user-specific transaction ID 55 in
Subsequent input through the page is tagged with the transaction ID, and the application is

the page.

thergb%(éxble to establi&h B pNFOHHARCHRIERI TR THEd 84S thist h EAM AL LU ¥t dRta page

which is not ersesspopdicificsen debfeithehiesea)p phtsatéd rorntest! Dse2 tiiehidrO roase s exnligitly iskaatéty fiey dstablish

a context. A fypicaloRxampjed malues aadingriiemsiiemagonteiprintedrieadalog page to the user's

virtual "shopping cartr, Tg BrOIGELING KRGS AEVATE NOWEVS: BSMHRIME MREG!Rignature. The page
server’s request to the registration server fails if the application ID and alias ID don’t together identify a

25  subscription 808.

The page server then allocates document and page instance IDs and forwards the page
descriptions, including page IDs 50, to the printer. It includes the relevant set of multicast channel names for
the printer to listen to.

It then returns the newly allocated page IDs to the application for future reference.

30 Once the application has distributed all of the document structures to the subscribers’ selected
printers via the relevant page servers, it multicasts the various subsets of the shared objects on the previously
selected multicast channels. Both page servers and printers monitor the appropriate multicast channels and
receive their required content objects. They are then able to populate the previously pointcast document
structures. This allows the page servers to add complete documents to their databases, and it allows the

35 printers to print the documents.

5.2 HYPERLINK ACTIVATION PROTOCOL
A preferred embodiment of a hyperlink activation protocol is shown in Figure 45.
When a user clicks on a netpage with a netpage pen, the pen communicates the click to the nearest

netpage printer 601. The click identifies the page and a location on the page. The printer already knows the 1D
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60 known to the netpage system is not divulged to applications. This is to prevent different application
providers from easily correlating independently accumulated behavioral data. The netpage registration
server instead maintains an anonymous relationship Bétween a user and an 15 application via a
unique alias ID 65, as shown in Figure 24. Whenever the user activates a hyperlink tagged with the
"registered"” attribute, the netpage page server asks the netpage registration server to translate the
associated aapgijﬁgioeﬂ {[[3 6tAhré tggggpr%rctygithrgpo%dﬁ)en ID 61, into an alias ID 65. The alias ID is then
submitted to the hyper |an_‘5 a% Ilca_tlon.nﬁwe application maintains state information indexed by alias
ID, and is able to retrie§ePiideT deiEajeTitie StateNAfOrTEiRkHAGE: Xribtmetios st the Jragunddentity of
the user. TheasysiemagtdO AIaimteddseamndepaiytent tecifiedf tharser prsvatentyanerturel kéy ferseach of a
user's é}pp”‘ﬁﬁé@"fﬁe }Qiﬁéﬁ%érﬂtfﬁ?v\ﬁig@tﬁ’e‘?@ﬁ%i%‘ %%ﬁ%ﬁ%%ﬂ%b&i&@'fﬁpgﬁ@@n%%éﬂ%m e |b/age_
appllcat?n-s e%‘/%lrflc Information. To assist the system in routing product bar code (UPC) "hyperlink"
activations, the system records 25 a favorite application on behalf of the user for any number of
product types. Each dPpResetrofyas!epss disiaeviopsrirHen apfsneab by protiae D artiogrngetamchiaptains
an account eeneehadbefsaaicanappdicatoiaspiondsenintaralieydbimgredihand oajpértine grosdersfere
click-through,fees. gl A ARRUGRIALAIRUIGSCAR PR 3 LU InaalPericdicalitbsaibed confent

The system records the user's willingness to receive the subscribed publication, as well as the

ling ( |
expected freBEHEYBITUDIREIRBHCEY Y RPEH K AR EESCRIPTIONS AND COPYRIGHT A
preferrdd embodimenfthefraoesstvar ceetibs oaptid B lclasstaiaigeantréspshrtingrvier Facadr&ADhE sagistioument

and content ghjgctmay bendsseiletRy AN MR IRROGS: S S0 At Q0SS 2y p BRSO 934.
descriptions yse the Dublin Core metadata element set, which is designed to facilitate disco of
R L e L e T A e RN,

. rli
electronic resources. Du ore me ata con

Resource 35HYEARHHEAE RE Ak RIS, e RSkt B HBAC HSRD By ettty sih e srIgT4020.
The netpageosyistersr HuSGnttatigadhirtkaerstertD copyredink 10as tfroapplistirs.to rights holders when users

print cagyright contentd,SpfMMILNHATd QNS BEd e Sbora Lo MRS AR FIPIQfe Cokdslings an

ordered exchapge of messages Seween sniijes. In e NoX025.56 36 nelpags syelem, eiies such
as pens, printers and servers utilise a set of defined protocols 10 coopoe atively "handle user interaction

with the netpREESYStApHYEHBHET B EWETRETINI T BRERUSY BRI TSaNSE § fe Attt Aeatink R the
horizontal dimension Tse s@eot itagje prieachbdnes sapel ifloveqead ithandamtiadtdimpnsioe fisisge stover

represent time. Fach SIS HERI PN ﬁi%r%%ﬁ?%ﬂ@#ﬁs? E@QU@Q@B&W&&E@H%@?&&@W a

vertica&aiolumn representéa?q;the ifeline of the entity. During the time an entity exists, the liteline is
shown’ab a FRREBRTRE BLHG the HTRE S PRI Ts active, the lifeline is shown as a double line.
Because the protocolnesrrsiderasd saees dlocniet deeatenbindanser gyl @raies, Stifediviastar aeybradiaatipccut

short as S00Pgs 188 RNHiLY6ERSESH IAREHEIRAAHR BopIRtACR).if.dnd dRBER AT HANIPEAVERYge
I:)ROTOCOI‘descriptions to the requesting printer.
The hyperlink instance may include a meaningful transaction ID 55, in which case the first page
25  server includes the transaction 1D in the message sent to the application. This allows the application to
establish a transaction-specific context for the hyperlink activation.

If the hyperlink requires a user alias, i.e. its “alias required” attribute is set, then the first page
server sends both the pen ID 61 and the hyperlink’s application ID 64 to the registration server 11 to obtain
not just the user ID corresponding to the pen ID but also the alias ID 65 corresponding to the application 1D

30 and the user ID. It includes the alias ID in the message sent to the application, allowing the application to
establish a user-specific context for the hyperlink activation.
5.3 HANDWRITING RECOGNITION PROTOCOL

When a user draws a stroke on a netpage with a netpage pen, the pen communicates the stroke to
the nearest netpage printer. The stroke identifies the page and a path on the page.

35 The printer forwards the pen ID 61, its own printer ID 62, the page ID 50 and stroke path to the
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.
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10 A preferred embodiment of a subscription delivery protocol is shown in Figure 43. A large number
of users may subscribe to a periodical publication. Each user's edition may be laid out differently, but
many users' editions will share common content suchsas text objects and image objects. The
subscription delivery protocol therefore delivers document structures to individual printers via
pointcast, but delivers shared content objects via multicast. 15 The application (i.e. publisher) first

obtains a document IR 1, gr RedRUMENE oM. a0 PSPV deplt iNENsends sagh dogument
structure, including its %eocdoment I.LJ) and page descriptions, to the pgg('_’e server ?)_regppnsﬂo e for the
document's REASHMEGKEHAY 1O PSS HE dhviPapATREIYAN D B4 ol dibEt i dis Hirad D es, and

the relevant setegfomiiryicagtglarime lusanhe ssdt’ signsnthretessagingy siog itz Drviateprsignaturiekey . 20

The page SERYRfHRED the apRligationdRAnd tﬁéi%_ﬁdl@stfb QQ&?“MJ%ME&%N%QJ%F %Eit%§%Vﬁktﬂ&?the
corresp%ndlr; user ID 60, the +|ﬁ¢,er's selected R?rlnher ID g)% e(whlct]urenap/ be e>§Bl|&:|tly selected for the

application, or Pﬁsaw %Féa%%ért\f%rer'se(?g?gﬁﬁfvﬁrrf’lﬁfjeer ,Sér?c}efﬁ(te ap[:tﬁf(cté' i0Nn's tg%}ﬁ)ﬂca €. The application's

certificate allots the PEETSRBRMERIOSIHY RRETR%Ssage signature. The page server's request to the
registration server fairsdfitig apphpatiosmbn: ancsalias b dotkt thgeideriidertiae 2blcgbsanppas 808.

The page serygey, &H&%@%ﬁo‘ﬂ?%&ﬂé%ﬂ% @@rggdiiqﬁgmge IDs and forwards the page descriptions,
he pri includ

including page IDs 50, to the printer. It includes the relevant set of multicast channel names for the

printer to listen to. It thEH FERIHCIHE MMy DAt PEgETHILE e SHBREAHST SBIPIRGRE T Retence.
30 Ondé&theaagp thicativimhasosistidbihecdoiir sibtheerdeclinfemntesificationels abalsenduths arbégasioselediéd

printers via thgoreiRY aith RRORHESY AFfsH P HiicaK Sitheivaious wibsets Riihe sharRdekiests amthe
previously sglgeteg mu éPrﬁ‘S}h%hra“.E{%'t?onBs‘@rtvth%&%f%%%eL%e‘?“é‘(? (DL, Qo t*&%%@e%%?ﬂé‘etres
multicast channels a_né receive t??elr required content ogjects. y aré’ then g?)q’e_ to populate the
previously pAMEEESEEBRHH ALt Sl & VaHis 1B SHrkhes phg aseeh iy ea € o tE s iRients to
their databasesatardtit adidwaitihee3Er psentoesiaiptiab D5 aatime Mts6ht@ itENERLINKs APTdAiAFION

PROTQEOLAdrefrradspmbrdigyentieh astyRe ip basiat aniprataglis SRAWR IR FiaUR 4auMYhen a
user clicks on a netp& e with negpa%e pen, the lpg?l[]wecommunlcates }I&e click to the nearest netpage

printer 601. TH¢' &R THEHHH8S tHEBREE Bt HISLatioR SR TS SRge> THe Biinte AHe S i the 1D

NPX025-SGBIH 8T &1t saqsinterhictiies glatisdefipkedtion protocol. The printer determines, via the DNS,
the network address ofidlagipagensetyecil@a fhaading Bef particrtacpageadd. 5ois TinsveddngsIomay

already be iq()i{tsa&g}g%|i[fpt||ggsgr§e5rigﬁ%r5§cently interacted with the same page. The printer then
forwar;%athe en ID, its own printer ID 62, the page ID and click location to the page 5 server. The

page setver foads thé PRYEGHSIBRCEAdRntified by the page ID and determines which input
element's zone 58, if Ansgfaine etivkdimeninf Aosumaimgstive pelovens imyutiefdgneritis a hyperlink element

844, the Form submission occurs via a form hyperlink activation. It thus follows the protocol defined in
Section 5.2, with some form-specific additions.
In the case of a form hyperlink, the hyperlink activation message sent by the page server 10 to the

25 application 71 also contains the form ID 56 and the current data content of the form. If the form contains any
signature fields, then the application verifies each one by extracting the alias ID 65 associated with the
corresponding digital signature and obtaining the corresponding certificate from the registration server 11.

5.6 COMMISSION PAYMENT PROTOCOL
A preferred embodiment of a commission payment protocol is shown in Figure 47.

30 In an e-commerce environment, fees and commissions may be payable from an application
provider to a publisher on click-throughs, transactions and sales. Commissions on fees and commissions on
commissions may also be payable from the publisher to the provider of the printer.

The hyperlink request ID 52 is used to route a fee or commission credit from the target application
provider 70a (e.g. merchant) to the source application provider 70b (i.e. publisher), and from the source

35 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 1D to identify the source application, and
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page server then obtains the associated application ID 64 and link ID 54, and determines, via the
DNS, the network address of the application server hosting the application 71. 10 The page server
uses the pen ID 61 to obtain the corresponding user B 60 from the registration server 11, and then
allocates a globally unique hyperlink request ID 52 and builds a hyperlink request 934. The hyperlink
request class diagram is shown in Figure 44. The hyperlink request records the IDs of the requesting
user and printer, and identifies the clicked.hyperlink instance 862. The page server t ends its own
server 1D 5348 T e B L e b B R oo o
response dotiYfielt a8cHItAg PP BT -Eb etifi IR iRti NGB SliFrds AN SETFFRAAEINS &PPHrdiNan 1D
server 12. It phenisardsitheszio owsrentifedie pagetseveriddb responsible for the document's newly
allocated ID, togetheﬁf"tﬂmébl‘{’ciﬁﬂwuﬁé&i@& P@Q@@%ﬁﬁﬁﬁe!Qiﬁ%%\ﬁdﬁ‘r}’ﬁ%ﬁ“ﬂi‘tﬁ@ﬂ#ﬁét dQvi]J?%ré(ﬁPO”d
page segver sends the, Iverink reqyest b aod applicaton |y @ he first page server, [o pblain the
corresponding st e printer DM Phe i page server reje@@?he reques iR hype?‘ﬁnf( 20
request has BXBireendly iSTripesifet SRS IREHioN. tWihe SiBPdegistRli s porprdnertatioy  dauprient
instance and page Hgistafior edvensrétie hevdireaioaakpstintage s tocther spplication, adds the complete

document to its own dafaliaze FHRHBR!YSRRAR WR RARS SARRE IRURDIRRD S %UﬁF?@PQpBﬁ@I%H The

hyperlink instance may include a meaningful transaction ID 55, in which case the first page 25 server
includes the IR B INFHE AL ol ! %,[}I\Wgttﬂ"esglﬂb‘iiE%'Bﬁloﬁ“ﬂfgvﬁ’ﬁbws the application to
establi$h a tfansactiovespresifis cBAsSRPIOPNhe hyperlink activation. If the hyperlink requires a user
alias, i.e. its gajias regdiiefEcatiiibsite is set, then the first page server sends both the pen ID 61 and

the hyperlink's applicagtion. ID 64.t0 the registration server 11 to obtain not just the ID
Corombonding o the AEEy i § ARSI SEME Bl B RIEARE ouces g,

user ID. It in€AYeas Wreimitsdars / %@%é@%ﬂ)‘ﬂ”ﬁé‘ﬁ‘fiﬂ@ W@@Séﬁﬁ)l‘?&@?i%?%i%%@o?ﬁ%l%fﬂfd&‘ﬁ@ﬂ”ﬂ)
establish a usepspecifimacn Ehtgkortthe dsyiperlipdaaotivatiany hdiitba ki DWEHT1066GRE GOGNITION

PROT@@O%QND%%%?E%W%%@%% i Bﬁmﬁ@n\ﬁ“%h%ﬂﬁé%%&@&tﬁ% PRRIGOTWRGRtes
the stroke to the nearest ne&pa%e pri ter. The stroke |dent1f|est e %ae%e Ia\nd a path on Thhe %a
D61, BECE “totH

1 ] [ .35
The printer (BRMGFA RIS, AT T o Lo AT C S 30 1B e R 1 Bebb o Bt e o

e page
server 10 in thelSualoWYsY. Tiinplhg daseingetddatls tneepdge nelydsiptionis pderiffierish tHespaiglyID and
determines wiiiciminHéterelepaeni's Faisiagad? dnanyrdfetisty pl@onieosasts pAgsuRaorhe theleMapitnput

element is a fext fiektl %ﬁnH‘&r@ﬁ%ﬁdﬁﬁ%&ﬁi‘??’o@ﬂ&?imfﬁe E&éﬁi‘ﬁﬁ%iﬂﬂ% FouidlEles AR ki 112

NPX025-SG 38 Atfter a period of inactivity in the zone of the text field, the page server sends the pen

ID andtfe JRAUHRES 86 PHUCFEBAStPARON S 8P ORI Etatibh! FHE iS4t L R
identifies theapsstare ¢bitexpbndlivey 167thre granged malremseys dmestalsend Piacsclivh inalteechdemdepnitifieg sasdel 822
to interpret th@caisakssrasmanawpiten iexrRAnee b anmonesahibr sitekes o text, the registration
32[;’: ro;ett#éntz ;?ﬁé%x_lu%% Rl SIS TS RAGE FEN T obl S RRIE ST AL HAR NG R La g text
112 is also mounted on the flex PCB 117. The status LED 116 is mounted at the top of the pen 101 for good
25  all-around visibility.
The pen can operate both as a normal marking ink pen and as a non-marking stylus. An ink pen
cartridge 118 with nib 119 and a stylus 120 with stylus nib 121 are mounted side by side within the housing
102. Either the ink cartridge nib 119 or the stylus nib 121 can be brought forward through open end 122 of the
metal end piece 114, by rotation of the pen top 105. Respective slider blocks 123 and 124 are mounted to the
30 ink cartridge 118 and stylus 120, respectively. A rotatable cam barrel 125 is secured to the pen top 105 in
operation and arranged to rotate therewith. The cam barrel 125 includes a cam 126 in the form of a slot within
the walls 181 of the cam barrel. Cam followers 127 and 128 projecting from slider blocks 123 and 124 fit
within the cam slot 126. On rotation of the cam barrel 125, the slider blocks 123 or 124 move relative to each
other to project either the pen nib 119 or stylus nib 121 out through the hole 122 in the metal end piece 114.
35  The pen 101 has three states of operation. By turning the top 105 through 90° steps, the three states are:
Stylus 120 nib 121 out;
Ink cartridge 118 nib 119 out; and
Neither ink cartridge 118 nib 119 out nor stylus 120 nib 121 out.

A second flex PCB 129, is mounted on an electronics chassis 130 which sits within the housing
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5.4 SIGNATURE VERIFICATION PROTOCOL Assuming the input element whose zone the stroke
intersects is a signature field 880, the page server 10 appends the stroke to the signature field's digital
ink. After a period of inactivity in the zone of the signatire field, the page server sends the pen ID 61
10 and the pending strokes to the registration server 11 for verification. It also sends the application ID
64 associated with the form of which the signature field is part, as well as the form ID 56 and the

current data , Gonfent of the fopus The fedistation ra Vrf1‘5 e o'f'er%v g Pared GaROn for §edhs pen.
and uses the USGI’S namic srgnature ometrlc tO verl e S'[I‘ es ast e USGI‘S Ighature.

Once it has V888 ECSidatliiee fRestedistiambry '%jr\,‘%‘i“ﬂ%é"ﬁrf@eaiﬁfﬂ[@aﬂ%ﬂ@@?%ﬁﬂ (RSEVITY 60 to
identify the ustitedplcati dorl speaikcThe vatadigRECBE Jaxisd hthers use thegleeyy thigedR rateha
digital S'Q”atHEﬁud%szﬂﬁkaFﬁﬂsHﬂﬁféraﬁJ‘ﬂFr RIS, dhe.digiishsion Fi@ﬁ%&%&h@ofﬁﬁ%mﬁ&ﬁﬁﬂl@p‘%ﬁrﬁr The
page s erﬁssﬁns ‘J?)c ﬁ' S0 el “r?néoréhdefg% quure, fieldand sets thegss Clr%ted form s siatus to
frozen. The d|g| S|gna ure Che'Rias B¢ ffli?e corresponarng asef TR AW single
form to captRfE PRIkIHRSUESPASGRFAINGPEE00 918 HORRISEIBIIS ONPREY COL A cpredd ied
embodimentcomhpofentoaulieicsio fdRmieanb s bhewrdnattgiaawvhizh Benfasiidmissian: ogoussaries form

hyperlink aCtAVéHRHal'HQH&rﬁ@él?\’&%hg‘&t@'rﬁ?%ﬁ&lh%@?% e RGO 223, Wi FPe§96ﬂ¢eEﬂ£F8e§t}?§Ed {Cry

additions. In the case of a form hyperlink; the hyperlink activation message sent e server 10

to the 25 appiicaiio™#f H\%B""E‘o‘i‘ﬁré‘fhézﬁw@ fORRCH ﬁ’%t'é\%a?ﬁ’é( EQIVPERt é&fﬁd&f&%ﬁtﬂa&'?ﬁé?g%o I¥ the
form caftainsanigd shynitharechieddisx Pt 129 cegppiie satbrroire ifidies baitshy dB® ViR nettmotif sheoraliiex ID 65

associated witis the ats@rrrraﬁﬂemd.irr&réémai signature A0 R aRIN1ie: aeEasp aBslgeartifisatenfrom
the regisratigh gepyer Al BR.COMMISSION BATMENTEROTOGOL A pisierred smppdimentof a

commission payment protoco an e-commerce environment, fees and

is shown 1n
comm|SS|oné’%%{?)rlﬁ%oﬁdﬂ‘;a\tmef?f%?%l?\ga"’rBB’I!%fgfbePer%erWdhé BRTNSNE o il t’HPol?dhg he IR
transactions g diale $4Cdemaiigho frsno thdgB9_BRd £ mmmdisians (on stom)missited omiby stitso heipayable
from tI@pub{rﬁ@,& tothe provider of the printer. The hyperlink request ID 52 is used to route a fee or

commission credit fro he target applicati rovide 70a er g % e source application
provider 70b (i.e. pubFIE|n )grﬁ)r?p ?o%)tﬁné} g&r%eep‘opg'ée AR |onhereon§| fo%etg] ﬁs'n%r}i:(r)r e(rp%sdgrder

72. The targé‘t‘@ﬁiﬂi‘é&ﬂ%%c@ﬂr@ﬁ et preiHee reﬂmé@% fI‘E)@Fb?‘rﬁ‘QH@ Bﬁéﬂd@%‘éﬂﬂéﬁ‘i@ when the
hyperlink is firgt activateds@gelgserbed in Section 5.2. When the target application needs to credit the

source application prayider qHﬁ?’&ﬁ%@&@B%ﬁﬁrﬂQ%PB%%’&%WOQ RARAIE ALIIPALPAAS SRR Hipgether

wrtht; hyperlink request ID. The page server uses the hyperlink request ID to |dent|f¥the source

applicdtfon, 4hd Rr’#ﬁ?éﬂz@s@%“g”gé% SR WP dit %IﬁathtW% %f&‘i?aﬁt%di@ﬂ?@ﬁBW@eeP\ie P Gettter with
the source ajpplicatibi fONGHE feasviPeStiondrd N8 B, el dolagiodalinkerdigfarstofne Tl 2 gidfration server

credits the cejyezRNARURRPHGEREIN L By avidBHhiR AGCRIINGLE 2 liatrmidieilasba arry eatiorR i der.
of the pen and the nib-to-tag distance from the perspective distortion observed on the imaged tag.
Utilising the RF chip 133 and antenna 112 the pen 101 can transmit the digital ink data (which is

25 encrypted for security and packaged for efficient transmission) to the computing system.

When the pen is in range of a receiver, the digital ink data is transmitted as it is formed. When the
pen 101 moves out of range, digital ink data is buffered within the pen 101 (the pen 101 circuitry includes a
buffer arranged to store digital ink data for approximately 12 minutes of the pen motion on the surface) and
can be transmitted later.

30 The controller chip 134 is mounted on the second flex PCB 129 in the pen 101. Figure 10 is a
block diagram illustrating in more detail the architecture of the controller chip 134. Figure 10 also shows
representations of the RF chip 133, the image sensor 132, the tri-color status LED 116, the IR illumination
LED 131, the IR force sensor LED 143, and the force sensor photodiode 144.

The pen controller chip 134 includes a controlling processor 145. Bus 146 enables the exchange of

35 data between components of the controller chip 134. Flash memory 147 and a 512 KB DRAM 148 are also
included. An analog-to-digital converter 149 is arranged to convert the analog signal from the force sensor
photodiode 144 to a digital signal.

An image sensor interface 152 interfaces with the image sensor 132. A transceiver controller 153

and base band circuit 154 are also included to interface with the RF chip 133 which includes an RF circuit 155
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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
51D to identify the printer, and sends the credit on to t#fe relevant registration server together with the
printer ID. The registration server credits the corresponding printer provider account 814. The source
application provider is optionally notified of the identity of the target application provider, and the
printer provide ’éthe identity of the squrce application provider. 106.NETPAGE PEN DESCRIPTION
6.1PEN MEéﬁE [ES'Re é‘Fﬁr'{é’%QOﬁ%é%“%e%%%?‘g‘F‘?ﬁéFé“S%%ene_ran designated by reference
numeral 101, include$"s FROBSIRY POSLHPEINAFSPATGE 3PISSHES MEURTINEhERThEIVERS 193 eshYity an
interior spaceelDeddosansoutiiingotiterpen oomgoste pteiolvdepidn, tmptbB3Hs LR RpHIGtich astatdbiyd
mount_ed at %\%I@@%@ﬂ-@aﬁ’&ﬁ%f&%&%rﬁ%oﬁ ke %W&ﬂi@%%@ﬁ;@l GeYeyy 197_ai$n§&GH¥€é?f$97H?m‘ée
opp03|t%eng|ja88 ﬁ; tr}e%ep _u&gn%qe (igcTrkg)e cover 107 is also of moulded plastics, and is formed from
semi-transp ren'Y'm&Perla?i Ordér s ehapia the user to view the status of the LED mounted within the
housing 102. The coVéf POTeH ithe digiirhBAserartr TOOPRISER (SRIsetbpitRANYORRI oL ATE Sajsbaathe 908 of

th_e housing 100 amg;aqah@cjemtim@@ommmﬁmwhm&ﬂ pojeets fzaek mmmth%maimwp@rattea% asidgiids _
within a correspaRding 8loA Liy Froaddnikevalis 1A3:0f e eusings 102 i A A eOp3 kg 20 is

mounted behind the pr%&ectlng portion 110, within the housing 102. Screw threads 113 surrounding an
aperture 113AHPRER¥07 are arranged to receive a metal end piece 114, including
correspOnding screwTthrieads stissr Fhe2ihedtl enel pleledsidvrissreamio\radslectd bl Eadiidie

replacementcéyseaiiarsntac dadshiiad i gane byl Rkisaad - olEataiI o hubhy d Fovagep dierxkdGBokdk . The
antenna 112?@'@%612.9&@@? 88&*?1%{%%&5?1%% Minkle Hatus ggst@ml,lﬁelfs W%H%E%Qngzsnﬁﬁe OB the

pen 101 for goo all-around visibi e pen can operate both as a normal marking ink pen and
as a non-manefg sty AHTRR peinEara00 e EBI I RRFES oA e FRIE YRR WAUS nib 121
are mounted side by Sideonitiiler g ddssengrs BORieithiettal efimkaqartvitgfenadovity Yien the styiod isib 121

can beqjrought fRerwake: tiieugRAREN RNRtdZeflsthematal endipiese ridy RyrRiatian efdthe.Ren top
105. Respect%?ogggeé ilglo%ks I}ezs?ﬂ a%gi 124 Ifflerrelggounted to the 30 i cartndg_golm antd stylus 120,

. 100€ and W { ntro via.the power mapager, onape nevent.
respectlvely.IO rotatanle Sam barrel i$°secured to the pen Po% 105 in c‘))peraWon and arranged to

rotate therewith. The BErRr#atra1stoBirelmadcaies dPtE2m lieetprs RIAMIdF brrdotormeiinussebwenrdless1 of
the cam barnelepbaies, falkmaressvaly handudiZ2Bnpso eating ifidstrislj daertfacks h2diandshdddid, withisethe

cam slot 126{Te%r{&tﬁt%9ﬂ&;nﬁ]&)lﬁ§m RALERILEPrdl16: SHERL-DIQSKS. LomhRhitab nove relative to each

other tg@roject either the {)en nib 119 or st¥lus nib 121 out through the hole 122 in the metal end piece
114. 359 he pen 101'A48 HFEE"LEABCLER P SRSA. B9 UMM HEH 288 ARG HBPEHRE three
states are: Btyhes-1P0esiNMRlicaiinn Wik adzer kifbienor Betitwel Ardtout; and Neither ink cartridge 118 nib
119 out nor stylus 12} aiarkdlepybdimaeaangkilex ReBidsZShas dnaatepkrRRRelRErONIGAEAIsS 130

which sits Wig;‘ma'i_ 0% ji@% h'f%%?ﬁ?aé‘c%%9%@??96%%%9%%‘%%5%%‘n’drﬂﬂHBB%s%hiﬁﬁE?‘red LED

131 for providing infrared radiation for pro,ectl n . _ _
The provision of the accelerometers enables this embodiment of the pen 101 to sense motion

25  without reference to surface location tags, allowing the location tags to be sampled at a lower rate. Each
location tag ID can then identify an object of interest rather than a position on the surface. For example, if the
object is a user interface input element (e.g. a command button), then the tag ID of each location tag within the
area of the input element can directly identify the input element.

The acceleration measured by the accelerometers in each of the x and y directions is integrated

30  with respect to time to produce an instantaneous velocity and position.

Since the starting position of the stroke is not known, only relative positions within a stroke are
calculated. Although position integration accumulates errors in the sensed acceleration, accelerometers
typically have high resolution, and the time duration of a stroke, over which errors accumulate, is short.

7. NETPAGE PRINTER DESCRIPTION

35 7.1 PRINTER MECHANICS

The vertically-mounted netpage wallprinter 601 is shown fully assembled in Figure 11. It prints
netpages on Letter/A4 sized media using duplexed 8%” MemjetO 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.
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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, add a controller chip 134 for controlling operation
of the pen 101. 5 An optics block 135 (formed from moulded clear plastics) sits within the cover 107
and projects an infrared beam onto the surface and receives images onto the image sensor 132.
Power supply wires 1'&%6 connect the co on the sec nlgje ex PCB (11102 gitery. conta ts 137

integral binding asse applies.a Stri ong one eac ri shee
which are mounted Wlthlnt e cam arreiﬂ 55 AFgrmlna} f3 onnec?s tot batte g/pcontacts

and the cama#teq 1 3%2dRefR fa G AIE HaEhHIGRYRAR MetRdrf9aSY s T8 iIvitpAsSth ATEhPRUBA AT & ontact
with the battehjctomtzris. idiokohscfiom okahgeny soirdl40nisetiGhresunted about the second flex PCB 129

to enable recharging ﬂfet?le%|Q§£Eﬁé¥nl?t%r%ﬁ§gér@b'c§%ﬂmWﬁugﬁﬁ&%‘@oﬂﬁﬁd R@ﬁhla%@pﬁ’é%&l %}WE\’@@E‘
thotodlode 144 for etectmg dlsplacementll rrel 125 when

mfrarEdgED 14 n‘?'s'erc g(ran%(e S rin tive, adhegspve, and,cyan, .mage and infrared. In
either the sty us or he Ink car n glt_[)gls USeﬁ tor Wntn){g in rdter%o eria a determination of

the force beihtf &8inse aﬂéotﬁ@@mﬁa@é@y'tﬁ@%w RAse TN e StfUR! et DHer THrsfares pHBESGibBIER 44
detects light ésannsibethRpkibe) 1id3 hige EHETHRY Srinidtshianen himoumni@antradtacsiidenbiagks ot mitd3 and

124. Rubber grip pags, 1 t‘h% fm g %Fﬁtﬁ!&b!'ds%g RBNY&“?#JH%%%QS Rh e hotsing 10219 a8 'St
gripping the pen 101, and 105 also includes a clip 1427tor clip ?che pen 101 to a pocket.

PEN CONTRURERFe ?J'éﬁ"be'iE'%%W&é&gfotﬁee?@’rﬁm@'tlﬂfé E)fdg K'df ﬁ@eﬁitﬂet%ﬁﬂ%?é’ Pﬂﬂ‘ﬁﬂff or ink
cartridd® nibof20e ka@idyy. ifhagdikgaririddessiaffiehe dspeirproduanvateacefatie sunfaaedrthelviaiiegoof the
nib. It records,{ae Kpeatier)data from the nearest location tag, and is arranged to calculate the distance

of the nib 121 or 119 from. the | cat| but| ising 0 tcsl 5ané{contro 34 T e controller
chip 134 calculates trée?one tatll?) flr%he pen arnz tﬂgdth esrtgnste:rgl)ﬁo&%tﬁe peértsrff)e |\?e el

distortion ob8EsHATER the TiethdyBey teagt URARSINGHeE R AN Hifst PEBt ardnaftenng the 2uplepreNengatiéan
transmit the ﬂiiit@édrﬁgsdmm/(whécm& vdjeinchyiteshineseonriiy aogl packaged feraefligiestg in-line

transmygsion). [0 the %8{{“%‘#%% §X§ﬂ ¢ st"lﬁgﬁ) R&ﬁer 5?}(‘ ﬁé%aﬁ”@&ﬁ’i g}a"v?nc% ‘%% e gl g lt% ik dgta is

transmitted as it Is forme € pen €s out of range, ital ink data i red within

the pen 101 PHEGSEh AYEEHLLGHHP RIS *BB%?%W&%‘%’E&?@ efgitatenTRIGARAULP I 8 imately
12 minutes ohghenpenceadiicat\ens thetsd stackgnemdy casdukying st HeddstierssBC the controller chip 134

is mounted on the seggngl flex, RCR.179 Wle%%tﬁeﬁ? ﬂt%éuﬁé%ﬁetﬁr&!ﬁ a siopkliareram: Wistatieg in

more detail the archltecture of the controller chip 134. Figure 10 also shows réﬁfresentatlons of the RF

chip 133, theAHXY &' L8/ 4%" preer Pty é?éﬂﬁ%aﬁaé‘?ﬁt 1 { PO IPFaE SN L 5179RHER force
sensorZIQED W8 panddtbisfionreed semiisoe PHestdiictieetitf4 infhibepesersovieralis ehnpet@deisfudes a
controlling pfOCGSSOfFﬂe‘ﬂe’ipil%l@%@m&@@zﬂﬁﬁ%m@@@eﬁ@rﬂm@wﬁﬁ%%rﬁ@ﬁ@ﬂ@i&@%@éd@e
controller Chlﬁt 1(%e bin ?5‘55@‘}3‘%@6 ]T%Z %m age2 atgsBesRelFt\)v'\?éM 14()8Wg'r'e %e Wlkpe%Laxle%mA‘ vrvllth a fibrous
analog-to- d|g|tal converter IS arran e co vert the analog sig n rom the force sensor
photodiode F4%%8 @'&Fgﬁf‘ﬁl@@??éﬂ%biﬁﬁ&e’%ﬁ%? THiestiee aleenm@waeewmﬁ WheenhayBasor
132. A transedi/gncasdnblie 67853 nandebase betalduppotibriddt ane ialsaranphrge dotovanteriacdaethithe RF

chip 133 whigh ingirdesiasy iR Gay iy leoh i XOARmS A separate motor powers this camshaft.

The glue wheel assembly 673 consists of a partially hollow axle 679 with a rotating coupling for
the glue supply hose 641 from the ink cartridge 627. This axle 679 connects to a glue wheel, which absorbs
adhesive by capillary action through radial holes. A molded housing 682 surrounds the glue wheel, with an
opening at the front. Pivoting side moldings and sprung outer doors are attached to the metal bracket and

30 hinge out sideways when the rest of the assembly 673 is thrust forward. This action exposes the glue wheel
through the front of the molded housing 682. Tension springs close the assembly and effectively cap the glue
wheel during periods of inactivity.

As the sheet 604 passes into the glue wheel assembly 673, adhesive is applied to one vertical edge
on the front side (apart from the first sheet of a document) as it is transported down into the binding assembly

35  605.
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
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41 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 1486, 131 and 143, and handles short-range radio
communication via the radio transceiver 153. It is a medium-performance 5 (-40MHz) general-purpose
RISC processor. The processor 145, digital transceiver components (transceiver controller 153 and
baseband circuit 154), | e sor interface 152 fl m ry, 14 2KB DRA 8 are
SR e e R R o T
inductors 158} are provided in the separate RF chip. 10 The image sensor is a 215x215 pixel CCD
(such a sensor is produrceshtin)ivagsustita eieletr comuGicatior afitb rtha nevisrkl @S crith edthn @ab apeledsy

ltakura, K T Nghysaea, fh OkHss m@ndh NagrySsh kARG sMOdaKinte AadMBR UiFixe | dTs Gled? dmaage
Sensor for Mlnl%ture CahmeRrﬁ %)é%te " IEEE. Transactions,on I;égc&omc De¥|ces Volt 47, number 1,
nc s the S .

January 2000, WhehSs Incorporated 71e"’1rr('e|rio B?/t e _'?%ﬁ%rétSO\l/!ﬁ{ﬁ an’l ﬁ?Péi(S.tsrﬂeaqgrél 'rlfm@r? r,&bgi@ T34
enters a quUiSSRBHPSTARES afisFORTPREFROE O &ERUANINY HEPCERRET p &P 1T INTRUMABISo R cHRtAETWHIgiAS
surface. It incatpoeatesoaidedigateeCisariblsgbavhich monitors the force sensor photodiode 144 and

wakes up the controllgl I8 Mg theRowal ?Ea"g@%e?&i&é&b%%%é’\(f@u%\j%lhn@?J&HH%sUe%%&@iver

communicates in the unlicensed 900MHz band normally used by cordless telephones, or alternatively

in the unlice¥BE 2EAEE 2 Th BRI 5P EeIh A3 o FHEE AT R8) Bah A4 L L51PEFSE A YBping

and collSionpdeteetiéhto prbtide(interf®re 3t pdEeconmur)nitatiople20 priraengilie roettitere pniboaitment,

the pen incokppéatasn iMaLeG gta Association (IrDA) interface for short-range communication with

a base station or netpage g)rinter. In afurth?rro ﬁem?é;bdimentﬁt#% )Eéjjg 01 inqluddegqo%i air. fortho.gonal
axis.

accelerometers mounted |n5tteﬁé) ”Hto?n 'gfp ane of heaﬁ:eorﬁtrfﬁ & accelerometers 190 dre shown

in Figures 9 &Rty amYhHAae BRHANSA THE §HRovis ibh Bt aii decAeiiiiélers enables this embodiment of
the pen 101 to sensemmqiioier 2bnindtlaoutlagference éessuiiace lotaticfdagsh atopwingsthedoaadion tags

to be spanplassal A jowGkiale RRERIAGAHOMIaR (hicRn REMidaalRsAq shigghof interest rather than a

position on the surface. For example, if the _object Is a user interface input element (e.g. a command
button), then the tag IB°dY %ﬁ?ﬂrla%at?éﬁstiy PR TaRSEGE SRRSO STAMEREL t&‘%%&?:?ﬁ? intify
the input elebagenend Hecdcceleratiorirmeh BLa shdh centsciecl Edivlerdng 4p Riaehnadrtnts Rarfd qitliidctions
is integrated30witheseBRREQ iHINQNO THE)AHCR RN FTARLIRERUS- RIDTHY anchpasikaerRiaeile

starting posion; ol e, BTGk [RPQLKPAKY ’aﬁ’é‘vlfytﬁc?h%&yo?kpc%ﬁﬁé%% YXiFéi%&oﬁﬁs%%t 6 GriGulAGeh

Although position integration accumulates errors in the sensed acceleration, accelerometers typically

have reSBRITSAOANEP RS RIPMRIH MBS P BRY! BR/et AR OF-EtorEha LU RGeSO it 60
7.NETPAGEae RiNiT&Rh Bips@RIRTION 357.1PRINTER MECHANICS The vertically-mounted netpage
wallprinter 601 is shoyRfully assempletiriombauld -BPLRtSARIRRISS Yok Rt A igedmeria

le J’)%ttll(l)\(lla rin nlgines 602 and 603 aacs%g\./rll\liert] aFei%ures 1%tan 12a, It uses a

using duplexed 81/2"
g p XlnterateZISM COIT]P etwork ernet Interfaces

straight paper path with the pape|y é‘(ﬁtapass rﬁjéertﬁfonﬁtg“ﬁ%'gt%{up?exed print engines
include POTS modems, Hybrid Fiber-Coax (HFC) cable modems, ISDN modems, DSL modems, satellite

25  transceivers, current and next-generation cellular telephone transceivers, and wireless local loop (WLL)
transceivers. Local interfaces include IEEE 1284 (parallel port), 10Base-T and 100Base-T Ethernet, USB and
USB 2.0, IEEE 1394 (Firewire), and various emerging home networking interfaces. If an Internet connection
is available on the local network, then the local network interface can be used as the netpage network
interface.

30 The radio transceiver 753 communicates in the unlicensed 900MHz band normally used by
cordless telephones, or alternatively in the unlicensed 2.4GHz industrial, scientific and medical (ISM) band,
and uses frequency hopping and collision detection to provide interference-free communication.

The printer controller optionally incorporates an Infrared Data Association (IrDA) interface for
receiving data “squirted” from devices such as netpage cameras. In an alternative embodiment, the printer uses

35  the IrDA interface for short-range communication with suitably configured netpage pens.

7.2.1 RASTERIZATION AND PRINTING
Once the main processor 750 has received and verified the document’s page layouts and page
objects, it runs the appropriate RIP software on the DSPs 757.

The DSPs 757 rasterize each page description and compress the rasterized page image. The main
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602 and 603 which print both sides of a sheet simultaneously, in full color and with full bleed.
NPX025-SG 42 An integral binding assembly 605 applies a strip of glue along one edge of each
printed sheet, allowing it to adhere to the previous shdet 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, 5 has
bladders or chamber‘t, for S ring fixative, adhesive and (fgev\ptafo)fga{ low black {ﬂ’\d Fared

CESSOr stores eac ressed page Image in rﬁem he si afance
inks. The caprtrl ge also contamga mlé)l’(gl alr?ﬂter N a ase mo the MmICro alr fnter interfaces with

an air pump 'S EBSHSIRSRISBIATE SAYE HEke Eﬁ@*ﬁ@b%ﬁ%@fhf@r@@hﬁ"ﬁ? MRESBIIREh 84D F ST
prevent ingressdaferees partitiesnertd thestvteimjetivnprynttéass@sH0oniiEadnigmbetiidiyvmerdsg the
printhead nogglesioBYnincRBSRAIINEGHE.alflter within the cartridge the operational life of the filter is
effectlveEl)y linked to the life 1 of the caLtndage The |tnk cartridge IS a fuIIX rec Cl@e RIQ uﬂ) with a
capacity for printing ana it umg §Bab'npagg e(fgﬁap Redts)’ %?é rring 10 Figuré 12 the otolzad
media pick- uﬁ‘t“é‘l!éP&%@éﬁﬂﬂ?%@@‘b@éﬁ@!ﬁ@ié%w%@@?hd@fé@ﬂ?rf%ﬁﬁet‘?@ﬁ%%pﬁwfwgt a paper
sensor on the first prinieani@gire GRdpiotlie plinxdexas diaane tddeqritptae adsassesndy oflbeutwioper
MemjetiM priptepgines 6Q0R08 031, BEHNGH BARIGRROF IR CIrmSALRRYA LoRfigkgtion

along the straight paper path. The p aper 604 is drawn into the first print engine 602 by integral,

powered picRYIpo/SieP&BIE A8 BOLIT6 S ARG SLBE iH8%aper 604 is sensed and full bleed print- ing
comméfikces. FixativeTis printeweshsoutshenstss Batk-taibkelrphog imathets Hedegersd SsiblenginseoMivderaper

exits the firstega’LatHwnpgi@ir@ngm@@p?etm@gégkhacsﬁtpﬁgga@\p@éeid]@gitrs@k&whﬁﬁhlﬁy (alipaed along the
straight Paper, ath an\éYQnCamaagrl Ia}'erquerlz Lroller Erﬁ“?%%g ikeheels g0 qt%c%:qngcé&g’ et

printed surfacé and continuie to e she |nto the'seco emjet print engine
Referring to ERRAREH" %Nﬁ?h'emb%ﬁ%T'%@@bﬁ%@é§%WEhe duplexed print engines 602 and 603
into the binderassentwywiGDE: INhegnrbed-page passes between a powered spike wheel axle 670 with

a fibrogs, support rolleﬁe%ge%}ggh@nmm/amﬁr@%aw@o'inﬂéepwh%ﬁd%@e&@ompaegr&ﬁ\%@%famgwe

wheel. The F%OV(? bEd%tE Hﬁ mter ge] 3 stan%an(] $ 108 %gtglstsélﬁl Estrct))ur agke ecodJer %}i‘
transported forward to |nte rnace Wlt he owere Vla gears y action acams

separate Mot NASEHIOBEeHEH ARl The gIEfétWhéa@I %S@ﬁhi‘ﬁ? @M%M%@fﬁﬁﬁepa’mdlw rﬁﬂﬁd\/.v axle
679 with a rajatbngiterebngsieiththa-aiue Sippadeese 641 from the ink cartridge 627 This axle 679

connects to a glue Wg‘ngr}’r\m Qn%'%éﬁ’t Qﬁer 5"8&4}’%?}{1 %%Blltlh BNt %Pg}()h ékgﬁ?% 163dplded

housngg 682 surrounds the wh ee Wlt pening at the ront Pivoting 5| ings an

sprun QuterMRBRAM agtt’é"tﬁ‘éa ) iPFéqﬁf'ét%il B‘Féfél?@e‘f@n@%eﬁiﬁﬁb( &ﬁ?eﬁcﬂ%‘iﬁléﬁ@%ﬁ@’ﬁ 'RﬁeAPég?%f the
assembly 678dyikradsthforgiahd .plihisrgotionrenpesasstine Giue thheade thsdinghethprifriont Gk thaeaicided

housing 682|0I@Q$g%r§wmg§ 51686 g asssuably and effectively cap the glue wheel during periods of

inactivity. As the she asses. into th lue Wheel 3 adhe5| eisa 0.0ne
vertical edge on the o "S de eaogr%?rg'r%e ﬁe?(lps{] ssng %3 o%)t%réne éegs?t |§°tr}taoﬂggoﬁrgad d6wn into

the binding £XR¥WIRY 7§"5) 6@5”?“2 @ﬁw%MW@E@E‘Rﬂ)&RW WE'GIT (3RED) the bi-level netpage

25  tag layer according to the tag format defined in section 1.2, all in parallel. The second stage dithers (at 765)
the contone CMYK layer and composites (at 765) the bi-level black layer over the resulting bi-level CMYK
layer. The resultant bi-level CMYK+IR dot data is buffered and formatted (at 767) for printing on the
Memijetd printhead 350 via a set of line buffers. Most of these line buffers are stored in the off-chip DRAM.
The final stage prints the six channels of bi-level dot data (including fixative) to the MemjetO printhead 350

30  viathe printhead interface 768.

When several print engine controllers 760 are used in unison, such as in a duplexed configuration,
they are synchronized via a shared line sync signal 770. Only one print engine 760, selected via the external
master/slave pin 771, generates the line sync signal 770 onto the shared line.

The print engine controller 760 contains a low-speed processor 772 for synchronizing the page

35 expansion and rendering pipeline, configuring the printhead 350 via a low-speed serial bus 773, and
controlling the stepper motors 675, 676.

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
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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 NPX025-SG 43 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 logal.wireless netpa 1 pses the heI bu fon 617, ¢ ntrols
the user e e LD LRI T T R e R M e
controllers 7Eéﬂuﬁ”%ﬁé@éﬂ@?ﬁ%éﬂimﬁ%wwwﬁémﬁ”%H%ﬁ'&l BGPpEsE lt"f‘%roprocessor The controlling
processor 7%tbgorosminicates with the print engine controllers 760 via a high-speed serial bus 659.

The RIP DSPS rasterize &E&@n‘?ﬂ%ﬂ{ B R B &’e@é%ﬁ‘i!ﬁtﬂ%e‘i@réh&% REIPRAG R IR EATR fS6S fage

format. rint engine controller expands, dithers and prints page ima es to its associated

Memijetl ﬁﬁ%ﬁ'é%’&%@’lﬁ%@ﬁ 0("’.%’6 ftd\’}lalP%éPB@&J%‘%dﬁ’éfrt?ﬁ%ﬁihg dFhRedeipraYdE it éngine
controllers prirretisott odieteembidimshieetiBenmalfeanethosstpoeT Hisaltyadseerilpenvidridinélt oritiollea sPE0andontrols
the paper traipgRost BRGERIENIIEIOK Lsageaiifly CRIUNELIoMMEbINBaMRSIRAIoN Gh iR GaRraRM e ink

cartridge QA gh'e% e signgcr'erﬁli&{?ﬁﬁ’{Woo'é‘?crﬁ) JiAR ‘?Q‘e% 3é %?ﬁcat% R0 IR R RO, S

processor 75 DSPs 757, as well as conf urati ata, This Is cople to main memory
657 at boot t’%%"s?‘lﬁ%eﬁ’lﬁ&é%%?f"?ﬂ@)‘e DEPEopss t%‘a"ﬁn{j%I%?ﬁ\bfé@éi%?yéa‘?ﬁﬁifﬁ@’rﬁ@(‘EFanscelver
controll€r 753 and baseband circuit 754) are integrated in a single controller ASIC 656. Analog RF
components (RF circuit 755 and RF resonators and inductors 756) are provided in a separate RF chip
762. The network interface module 625 is separate, since netpage printers allow the network
connection to be factory-selected or field-selected. 20 Flash memory 658 and the 2x256Mbit (64MB)
DRAM 657 is also off-chip. The print engine controllers 760 are provided in separate ASICs. A variety
of network interface modules 625 are provided, each providing a netpage network interface 751 and
optionally a local computer or network interface 752. Netpage network Internet interfaces include
POTS modems, Hybrid Fiber-Coax (HFC) cable modems, ISDN modems, DSL modems, satellite 25
transceivers, current and next-generation cellular telephone transceivers, and wireless local loop
(WLL) transceivers. Local interfaces include IEEE 1284 (parallel port), 10Base-T and 100Base-T
Ethernet, USB and USB 2.0, IEEE 1394 (Firewire), and various emerging home networking interfaces.
If an Internet connection is available on the local network, then the local network interface can be
used as the netpage network interface. 30 The radio transceiver 753 communicates in the unlicensed
900MHz band normally used by cordless telephones, or alternatively in the unlicensed 2.4GHz
industrial, scientific and medical (ISM) band, and uses frequency hopping and collision detection to
provide interference-free communication. The printer controller optionally incorporates an Infrared
Data Association (IrDA) interface for receiving data "squirted” from devices such as netpage cameras.
In an alternative embodiment, the printer uses
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35 the IrDA interface for short-range communication with suitably configured netpage pens. 7.2.1
RASTERIZATION AND PRINTING Once the main processor 750 has received and verified the
document's page layouts and page objects, it runs th¥$ appropriate RIP software on the DSPs 757.
The DSPs 757 rasterize each page description and compress the rasterized page image. The main
NPX025-SG 44 processor stores each compressed page image in memory. The simplest way to
load-balance multiple DSPs is to let each DSP ras&%ﬁée\ 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 onlyt{eads td*PsteastrAIR) Bt VS PO IRHZ S AR IPHIERSY SR AR ShE PREFE G ERts. 5 Watermark

regions in the page desgrplien ate. 'ASIRACH R A.confensalReolion PLisYEL AmaR MGl g
losslessly compressed to negligible size a d which forms part of the compre sed page image. The

infrared (IR) 456G N8V R EEAPRGE dBhteiRS BB RRTESAgR algs A r D dretial B Hes TRk kS inch.
Each ta§ enpogés ¢t elpageolDyrtdgelDinatphitomtaocd bits, and the data content of each tag is generated
during rasterization and stored in the compressed page image. 10 The main processor 750 passes
back-to-back page ifR&JEE%HE YT XEEN BRATENdT&EORIRATETR 886 PESHIN [5HHY e RdTRéNEGRAtfoller
760 stores thereompresgett pagesivvageithiglopbakndonoaiorangstads¢hee spegd txpadsioatamd
printing pipeling JRagRiexraasiaRRA OsNGdRRIRalingflesayssidl igdnpractical to store an entire
114MB bi-level CMYK+IR page image in memory. 7.2.2 PRINT ENGINE CONTROLLER 15 The page
expansion and printitig paieliriecofittysheaperigimbecontngtieyI80 consists of a high speed IEEE 1394
serial interface 659, a standard JPEG decoder 763, a standard Group 4 Tax decoder 764, a custom

halftomer/compositor Ef§IY P85 P UGHIAA g W8 S P88 V59id oader/formatter unit 767, and a
custom interface 76%&%*&%5/&1%@35%&&%9&%&1&?@ﬁéﬁ’ndTéaﬁn[j’[l)?m;engine controller 360 operates in a
fiee (

double buffered manner. While one page is loaded 20 into DRAM 769 via the high speed serial
interface 659, the prexiotislydaageidapagenstiveadsigomddRAME6S aakaigastdd ituictigh thadqukeat
engine contrgller 6}39@3?5}? Once the page has finished printing, the page just loaded is printed while
another page is loaded. The first stage of the pipeline expands (at 763) the JPEG-compressed
contone CMYK layer, expands (at 764) the Group 4 Fax-compressed bi-level black layer, and renders
(at 766) the bi-level netpage 25 tag layer according to the tag format defined in section 1.2, all in
parall SThe%second Hiagetbpthae taro7esyaie ontspe BNPaRNERIdPartpRisitied Pt ihsE5etHE
bi-level blackdayet, ovamnthetidiguttimibit leve cChiYika layenhicheheaslidtaing ditdevieds€@MYK+IR dot data is
buffered and formatted (at 767) for printing on the MemjetTM printhead 350 via a set of line buffers.
Most of these line buffers are stored in the off-chip DRAM. The final stage prints the six channels of
bi-level dot data (inclyding fsatve) Indne Wemis IMRINead 2R R dheduinteadinisiage 768.
When several print engine controllers 760 are used in unison, such as in a duplexed configuration,
they are synEWPBIR8E Fia a shared line sync signal 770. Only one print engine 760, selected via the

externay, text;

graphics;
images;
buttons;
icons; and

25 hypertext links.
4. The method according to claim 1, wherein each mark has a plurality of possible values.

5. The method according to claim 4, wherein the value of a mark is at least partially determined by its

30  position relative to the predetermined pattern.
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master/slave pin 771, generates the line sync signal 770 onto the shared line. The print engine
controller 760 contains a low-speed processor 772 for synchronizing the page 35 expansion and
rendering pipeline, configuring the printhead 350 via @1ow-speed serial bus 773, and controlling the
stepper motors 675, 676. In the 81/2" 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 twp print engines each prints. 45 Letter pages
per minie along the O b YOIEALs GBS L AR S P Ry 0
kHz. These line rates are well within the operating frequency of the MemjetIM printhead, which in the
current design exceeds 30 kHz. CONCLUSION The present invention has been described with
reference to & preferfidd resbdefienEingdnelaiu feredT I Kpsserficcisiiative 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.
Accordirgly, gt will bergnderstogehthial theiinyentiiis Mokinke AR deRRan i ISR dha.8RegH G
embodimentsf%escr{bedfir% }het gresentfsg.ecifitcati n, ilnclﬂ]din% dg)i:zuments incorporated by
cross-referercl)ceF':slc,'gnaeprsfo?oz’brieefi1 e, FRE'SCSpRBT the Thvention 18 8lﬁly fifited by the attached claims. 10
NPX025-SG 46 CLAIMS 1. A method of enabling a user to instruct a computer system to perform an
operation via: an interface surface including an interface, the interface including visible graphical
information @&d sub3$temieiby avvisiiie tcoded ldatarciheacoded thatangomyprisidigsangdlansikiyoh radius
substantiallyyindiffesis piiatagHops ksrieshasitioneshiz ativade MR receleringth e RYthaBRRSING
device1 hichr (yi\ﬁtgen placed by the user into an operative position relative to the interface surface to
designate at ’fleast some of the graphical information, senses at least some of the coded data and
generates indicating data indicative of the operation using the sensed coded data; the method
including the steps of, in the computer system: 10 receiving the indicating data from the sensing
device; and p@rformimig thetimdeactioimingiciisdlbyhkreitndic fling Iaeter Wihsetinabe driplviciall data
information designatedneyihiibsptisatsieastpamiaiindicaiive i@ thedsser, of the operation. 15 2.
The method according to claim 1, wherein the graphical information designated by the user is
adjacent, or substantially coincident with, coded data upon which the indicating data is based. 3. The

metho gccording to_claim 2, wherein the graphical informatjon takes the form of any combination of:
20 tex 11. The method according to claim'1, wherein the coded data identifies remotely stored information

defining a position of the coded data relative to the interface surface.

12. The method according to claim 1, wherein the coded data includes region identification information

that identifies the region within which the respective coded data is disposed.

20
13. The method according to claim 12, wherein the region encompasses substantially the entire surface.
14. The method according to claim 1, wherein the coded data includes data identification information
that identifies data associated with the region within which the respective coded data is disposed.

25
15. An interface system for enabling a user to instruct a computer system to perform an operation via:

an interface surface including an interface, the interface including visible graphical information and

substantially invisible coded data, the coded data comprising a plurality of substantially undifferentiated marks
positioned relative to a predetermined pattern; and

30 a sensing device which, when placed by the user into an operative position relative to the interface

surface to designate at least some of the graphical information, senses at least some of the coded data and

generates indicating data indicative of the operation using the sensed coded data;
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graphics; images; buttons; icons; and 25 hypertext links. 4. The method according to claim 1,
wherein each mark has a plurality of possible values. 5. The method according to claim 4, wherein the
value of a mark is at least partially determined by its 89 position relative to the predetermined pattern.
NPX025-SG 47 6. The method according to claim 1, wherein the predetermined pattern includes a
plurality of lines. 7. The method according to claim 6 wherein the lines are not visible. 5 8. The method
according to claim 1, wherein the marks havfe centers and wherein the relative spacing of the centers

. __'the computer system being configured - .
of at least one pair 01L aajagent arks is Tess than about 12mm. 9. The method according to claim 1,

wherein each mark hasiqenntiidiingaeis fandadmamgaavida; radius and wherein the length of a mark's
minimum radius is greater than 40% of the length of that mark's maximum 10 radius. 10. The method
according to claim 1 pevfesrehs enspt@ imdifiniedter i arieairatasa of the coded data indicative of the

operation includes sufficient information to iden i? the operation. 15 jt. The method accorqi%n to claim
P herein the coded AN HEATHB RSN S5H AR RIOH ARG BLSRR OF e Mol data
relative ¥ thef ihedrdaésurface. 12. The method according to claim 1, wherein the coded data includes
region identification information that identifies the region within which the respective coded data is
disposed. 20 13. The method according to claim 12, wherein the region encompasses substantially the

entire surfacg; 14. Thegirihad aseerdingdaciaimin whersintbe Gagesidai@iarHdesFaR by e
identification isgfosrgaaagié)q tr%a}tésitgetrmfi%g. oéa [ ass ogci)%gg(aa\t/gith thehré?1 '%n \éwcgw aQicpbgggj respective
coded data i$ di'spo%ed‘. PES R interface S% em tor enéJB%Vd & User 1o magtct & computer system
to perform an operation via: an interface surface including an interface, the interface including visible
graphical information and substantially invisible coded data, the coded data comprising a plurality of
substahflallylindifferémtintethenaritem posititned chiative vdeieprddatephiialddipaktérn faaesd BTarsehsing
device whichyyheniriasestby the user into an operative position relative to the interface surface to
designate at least some of the graphical information, senses at least some of the coded data and
generates indicating @édta indicative of the operation using the sensed coded data; NPX025-SG 48 the

computer system beigr;gpr(]:igsr_lfigured to: receive the indicating data from the sensing device; and

images;
15 buttons;
icons; and

hypertext links.

18. The interface system according to claim 15, wherein each mark has a plurality of possible values.
20

19. The interface system according to claim 18, wherein the value of a mark is at least partially

determined by its position relative to the predetermined pattern.

20. The interface system according to claim 15, wherein the predetermined pattern includes a plurality
25  oflines.

21. The method according to claim 20 wherein the lines are not visible.

22. The interface system according to claim 15, wherein the marks have centers and wherein the

30 relative spacing of the centers of at least one pair of adjacent marks is less than about 12mm.
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perform the operation indicated by the indicating data; wherein the graphical information designated by
the user is at least partially indicative, to the user, 5 of the operation. 16. The interface system
according to claim 15, wherein the graphical informati$n designated by the user is adjacent, or
substantially coincident with, coded data upon which the indicating data is based. 10 17. The interface
system according to claim 16, wherein the graphical information takes the form of any combination of:
text; graphics;, imaggs; 1 Eutton :_icons;.an pertext links. 1% The interface system according to
Gl 15, whitein cah H B aen ST AR ARSI AR o8 B8 S B e &g
to claim 18, WHETIA A0 8615 AR QF ARd SRty detis inisTediehPats* PO StibR IFasti/E the
predeterminedrpatterim@@radiog interface system according to claim 15, wherein the predetermined
pattern includes a plurality 25 of lines. 21. The method according to claim 20 wherein the lines are not
visible. 22. The interface system according to claim 15, wherein the marks have centers and wherein

the 30 gelatiye spacipg ghdh eCSE'Ee%K%c%&%Fn%Sﬂé?H%Q%e?&ﬁi%i?\‘liﬁ] i%&?dﬁ%ﬁ%ﬁéﬁ%ﬁ@f%oc%édzmm-

NPX025-SG 49 23. The interface system according to claim 15, wherein eac as a minimum
radius and %3N SHERROSHI WARMEHYHE REh G B LY s G PRFAUARdius is greater than 40%
of the length of that mark's maximum radius. 5 24. The interface system according to claim 15,
wherein any 10 millimeter diameter area of the coded data indicative of the operation includes
sufficient infeemationTte itlenkify the-mperation. B5cldha mnigitane By stesl aaeadingetoratatan knrattherein
the coded daif, HanHIERIAMOIRNAOGE AR uRAHARSH DR @-ROaROf the coded data relative to
the interface surface. 10 26. The interface system according to claim 15, wherein the coded data
includeregion identification information that identifies the region within which the respective coded
data is disposed. 27. The interface system according to claim 26, wherein the region encompasses
substantially?he entifd® 1HeEaid 8 8CCrEgifcTrBe Sy MeRN BT Eneath 6otd IBTAIFS 18I HERSHFAR coded
data include s thatatideniificatides trfeynatidhithatddentfiestat@agsatiatashusiih the region within which
the respective coded data is disposed. NPX025-SG

217. The interface system according to claim 26, wherein the region encompasses substantially the entire
15  surface.
28. The interface system according to claim 15, wherein the coded data includes data identification

information that identifies data associated with the region within which the respective coded data is disposed.

NPX025-SG



	COMPUTER SYSTEM CONTROL VIA INTERFACE SURFACE WITH CODED MARKS
	FIELD OF INVENTION
	CO-PENDING APPLICATIONS
	BACKGROUND
	SUMMARY OF INVENTION
	BRIEF DESCRIPTION OF DRAWINGS
	DETAILED DESCRIPTION OF PREFERRED AND OTHER EMBODIMENTS
	1	Netpage System Architecture
	1.1	Netpages
	1.2	Netpage Tags
	1.2.1	Tag Data Content
	1.2.2	Tag Data Encoding
	1.2.3	Physical Tag Structure
	1.2.4	Tag Image Processing and Decoding
	1.2.5	Tag Map
	1.2.6	Tagging Schemes

	1.3	Document and Page Descriptions
	1.4	The Netpage Network
	1.5	The Netpage Printer
	1.5.1	Memjet™ Printheads
	1.6	The Netpage Pen

	1.7	Netpage Interaction
	1.7.1	Hyperlinks
	1.7.2	Forms
	1.7.3	Page Server Commands

	1.8	Standard Features of Netpages
	1.9	User Help System

	2	Personalized Publication Model
	2.1	Editorial Personalization
	2.2	Advertising Localization and Targeting
	2.3	User Profiles
	2.3.1	Information Filtering
	2.3.2	Favorites List
	2.3.3	History List

	2.4	Intelligent Page Layout
	2.5	Document Format
	2.6	Document Distribution
	2.7	On-Demand Documents

	3	Security
	3.1	Cryptography
	3.2	Netpage Printer Security
	3.3	Netpage Pen Security
	3.4	Secure Documents
	3.5	Non-Repudiation
	4	Electronic Commerce Model
	4.1	Secure Electronic Transaction (SET)
	4.2	SET Payments
	4.3	Micro-Payments
	4.4	Transactions
	4.5	Resource Descriptions and Copyright

	5	Communications Protocols
	5.1	Subscription Delivery Protocol
	5.2	Hyperlink Activation Protocol
	5.3	Handwriting Recognition Protocol
	5.4	Signature Verification Protocol
	5.5	Form Submission Protocol
	5.6	Commission Payment Protocol

	6.	Netpage Pen Description
	6.1	Pen Mechanics
	6.2	Pen Controller

	7.	Netpage Printer Description
	7.1	Printer Mechanics
	7.2	Printer Controller Architecture
	7.2.1	Rasterization and Printing
	7.2.2	Print Engine Controller

	Conclusion
	CLAIMS
	ABSTRACT



