r 1 SI GNATURE CAPTURE VI A | NTERFACE SURFACE AND SENSOR W TH | DENTI FI ER

FI ELD OF | NVENTI ON The present invention relates to a nethod and system for
enabli ng user, interaction with conputer software running in a conputer
system The invention has been devel oped primarily to all ow hand signing of
docunents in the context of a surface-based interface which allows a user
to interact with networked information in a conputer system Although the
invention will largely be described hejein with reference to this use, it
wi |l be appreciated that the invention is not limted to use in this field.
CO- PENDI NG APPLI CATI ONS Vari ous net hods, systens and apparatus relating to
the present invention are disclosed in the follow ng co-pending

appl i cat i on$IGNATAIRESARTUREMIA INTERFACESURFACEAND SENSORWIHIBENTIFIER/ ent i on
simul taneously with the present application: PCT/ AUOO 00518,

PCT/ AUCO' 00519, PCT/ AUOO 00520, PCT/ AU00/ 00521, PCT/ AUOO/ 00523,

" PCT/ AUOQY 00524, PCT/ AUD0100525, FIRER/QRINMENEIONS.  PCT/ AUCO 00527,

PCT/ AU00/ 00528, PReTfr&kI Gvaidh QulatdP el 4 ALBEY £0530m forelifIRGY 80233dn with
PCT/ AU00/ 0053 ﬁ%/eAUOO’ 00533, PCT/ AUOO/ 00534, PCT/ A 00535,
PCT/ AUOQY 05586 AR B9 BPHPRUOY 00538, PCT/ AUOO/ 00539,
PCT/ AUCO 00540, PEThyRE/ 180541 d-vBIGH AJODNLD B54By har GAALNOIOREAS in the

PCT/ AU 00554 bCH A0 O02La ™Sl A0 DB aL Bk A g m s

PCT/ AUOO/ (RSBBECT systetry Aldispehdisientiopeit) laeshepissahed herprwitMefeeha s B pse, it

PCT/ AUCQ' 0418 633ppie&ditdAbIDB: B0&G4 is REThiddQOLODHESRe1d. PCT/ AUO0/ 00567,
PCT/ AUOCQO' 00568, PCT/ AU00/ 00569, PCT/ AUCO 00570, PCT/ AUCO 00571,
PCT/ AUOCQ 00572, PCT/ AUOCQ 00573, PCT/ AU0O0/ 00574, PCT/ AUOO/ 00575,
PCT/ AU00/ 00576, PCT/ AUOQ 005 ER- PE@DW)GLKHHLIKUSITQNS PCT/ AUCQO 00579,

Eg; ﬁ% 8853 é v%%nﬁomé%/ é&%d Eg% g%ﬁ%pmseﬁg %glg% cgﬁgg) i the

PCT/ AUOO/ 2 S A&%OB’P’(B‘BS@& led by the)FOP!Es D assiepreTeLAlD Oresys Gwention
PCT/ AUOQ &ﬁﬁ&&eo@&'ﬁﬁtmﬂ@f%&%ﬁﬁmtﬂﬂl AUOCQ 00597, PCT/ AUOQ 00598,

PCTI A0/ 00516, Akt RTL AU Q05 oo T SRRl R W TP Bhgbies S0 BN 9

applications are i ncorporate Cr 0SSs- PX034- SG
PCT/AU00/00523 PCT/AU00/00524, PCT/AUOO/OOSZS,PCT/AU00/00526,

PCT/AUG0/60527, PCT/AU00/00528, PCT/AU00/00529, PCT/AU00/00530,
PCT/AU00/00531, PCT/AU00/00532, PCT/AU00/00533, PCT/AU0O0/00534,
PCT/AU00/00535, PCT/AU00/00536, PCT/AU00/00537, PCT/AU00/00538,
PCT/AU00/00539, PCT/AU00/00540, PCT/AU00/00541, PCT/AU00/00542,
PCT/AU00/00543, PCT/AU00/00544, PCT/AU00/00545, PCT/AU00/00547,
PCT/AU00/00546, PCT/AU00/00554, PCT/AU00/00556, PCT/AUD0/00557,
PCT/AU00/00558, PCT/AU00/00559, PCT/AU00/00560, PCT/AU00/00561,
PCT/AU00/00562, PCT/AU00/00563, PCT/AU00/00564, PCT/AU00/00566,
PCT/AUD0/00567, PCT/AU00/00568, PCT/AU00/00569, PCT/AU00/00570,
PCT/AUQ0/00571, PCT/AU00/00572, PCT/AU00}00573, PCT/AU00/00574,
PCT/AU00/00575, PCT/AUG0/00576, PCT/AU0C0/00577, PCT/AU00/00578,
PCT/AU00/00579, PCT/AU00/00581, PCT/AU00/00580, PCT/AU00/00582,
PCT/AU00/00587, PCT/AU00/00588, PCT/AU00/00589, PCT/AUO0/00583,
PCT/AU00/00593, PCT/AU00/00590, PCT/AU00/00591, PCT/AU00/00592,
PCT/AU00/00594, PCT/AU00/00595, PCT/AU00/00596, PCT/AU00/00597,
PCT/AUQ0/00598, PCT/AU00/00516, and PCT/AU00/00517.

The disclosures of these co-pending applications are incorporated herein by cross-reference.
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2 BACKGROUND Presently, there is concern over the security of transactions
conducted via conputer systens, such as credit card transactions via the
Internet. Irrespective of whether this concern is well- supported, many
users prefer the concept of manually signing their nane when authori zi ng
transactions, and particularly those involving noney. Part of this is based
on the physical nature of a signature conpared to, for exanple, entry of a
personal identification nunmber (PIN). bn particular, anyone who obtains
anot her person's PINin relation to, for exanple, a bank account can

i npersonate that person with respect to the bank account. However, it is
relatively difficult to successfully forge an average user's signature.

Not wi t hst andi ng thi s, paper-based recording of signature information |acks
many of the advantages of conpute@ﬂﬁggﬁﬂﬂﬂﬁgprding, such as online
verification of 5|gnature dynam cs U OF | NVENTI ON According to a
first aspect of CHENhER isoRIccmhere e gequrit\af degadionehbded slaanablie a user

to i nteragkten, tidh G ELL uasmﬁdf@wme Al Grespotfle GOMIRMESHs SYSEEIWHLT | 1 2i ng
a formprinted onto a surf t he fgrml cluding i nforgf%el on relating to

the conput EFPEET AT &1 BET Jpef SEEPhH EHASH Y DR rhYiE g
si gnature franeicmmﬁ,ehdanamgar!mhqmevcd‘ommmey Pgrobftthais bgsed dmehermydmmammdfudl ng the

steps of: sigha ﬁl\élcgﬁlﬁb%dttg' Gorl &&Eﬂlé gnéykb? aga &l 1ﬁ&ﬁﬁdaanqgmbér3P ﬁ QR a;%,ﬁre

syst em i ndi Catl ng data and ITDVEITEI’I'[ froma sensin
i ndi cat i ng2®iepe e %&%ﬁﬁﬁép%?nﬁﬁ%ﬁgr%m tesrfer erﬁamaqledab@heccmtﬁewrs@atpa
i ndi cat i Vethﬂfpersdiimdfﬂi’ﬂgﬁtbt t@fhe bAAR 2 GOMRE Hagevelemse@atm} attieMBo hRcdMBly kRgenh t he

sensi ng de eratjve atiye to. the si tu field,
gener at | ngwt r%%e’ Rdi |Slga1?"} A %a%e %{er]bésﬁ fc"oﬁé?gt ‘?%19“5?“%# g&"’i‘fg’i {ﬂ@“ | east
sone of theanyodebe @Iﬁb{@r&agmdf mgwmﬁeﬂadeSdWJ rgh tag nelow Stenfiogion euf afgningre t he
movenent d@hasicsand identifying, in the conputer systemand fromthe
indicating data, the signature field, and operating the conputer software
at least partially in reliance on the novenent data and on instructions
associ ated with the si gnature SUmM.dRYBFelﬁmNilbd)u, the fi rst aspect includes
the step of verifying i enent epr.ese ent s ndwri tten

. o 0 aft tas € nPti{ enti tﬁgralsr T %ori er,
signature of the User: Pret rp(bf) ©PRE" Y TS CRE e A P UOd@ thed? ep of
i denti fyi ﬂgte@ﬁéfltbgfemputem&@arpwmmbgznpbtyr sysign wtiizing e formp prémaE tito d atrface,

Al ternati Vel Yorm Moy dHnbtloR RelathB %o fhk loShpuRS BEEkrePIE ke R AP Nink @zgde(lﬂ dgs the

step of recei vin nput er system data indicative of the identity
of the usef€ caFYF g BQ’F?‘f%\ﬁﬁdéé‘it'i}g i?rﬂEf:%‘Pl?“é"BS"@WH&d]f“‘r’?FﬁPd inclpdipg thestegy ofaspect
i ncl udes t he st epowdfingrtiediennvb tagyset; N t he conput er system data from storage
means of the NPI%@:%};,SQ the computer system, indicating data and movement data from a sensing
device, the indicating data indicative of the signature field, the movement data indicative of
movement of the sensing device relative to the form, the sensing device, when placed operatively
relative to the signature field, generating the indicating data based at least partially on sensing at least
some of the coded data and substantially simultaneously generating the movement data; and

identifying, in the computer system and from the indicating data, the signature field, and

operating the compuier software at least partially in reliance on the movement data and on
instructions associated with the signature field.

Preferably, the first aspect includes the step of verifying that the movement data represents
a handwritten signature of the user.

Preferably, the first aspect includes the step of identifying the user, more- preferably by
using the movement data.

Alternatively, or in addition, the first aspect preferably includes the step of receiving, in the
computer system, data indicative of the identity of the user. In a particularly preferred embodiment,

the first aspect includes the step of receiving, in the computer system, data from storage means of the
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3 sensing device, the data being indicative of the identity of the user In
a preferred form the first aspect includes the step of generating, in the
conput er system and using a signature key of the user, a digital signature
of digital content related to the conputer software. Preferably, this

i ncludes the steps of generating a fixed | ength hash based on the digital
content and encrypting the hash in accordance with the signature key after
the signature has been verified, thergby generating the digital signature.
Preferably, the signature field is associated with a visible signature zone
defined on the interface surface. According to a second aspect of the

i nvention, there is provided a systemfor enabling a user to interact with
conput er sehtingaledcer thndaiarbging indieatigorfpu tidentitsgfstea@myx.ut i 1 i zing a form printed
onto a surface, Nt AR 00 BLAL TRYLOR ekl fagletscg%pﬁfge?s GgRpuUt er

software, the surface having coded data indicative field
rel ating t¥depiee &gty sbie tisk @ digitpsicaapae afdigiialsonint migjatedgo thsrpurvésr syst em
whi ch: recekwes PhRfit6a] thihciladahcakfs SRR a fifcdRndh BOADhRY oIBY igfa t he
indicating data .indicatjve of a sjignature field relating to the conputer
sof t war e aoﬁ%'te HOVe TP oot 18 oo ai%\‘?émgfther?@%t% K Bfr {l‘ﬁgg@%‘ﬁstlaﬁﬁeeﬂevi ce

rel ative trifitdethérehyigenetating thetigtlsgndtexi ce, when placed operatively relative
to the signaturepfkebs, mdGRBRAL 400 LR kA Hif It s(fgﬁ;tﬂe g&%% 3§ on lnEaSt
partially on sensing at |east sone of the coded data and substantially

si mul t aneo€IR/® S¥ater ati ng the movenent data; identifies, fromthe

i ndi cat i ngAdatiiag td heecaidgr@tistehe inehthn, aad iORERE QSyddRiof PN Qrus&Qé t War e at

| east parti . reliance on th venent ata.and instpuctions
associ at ed’Ll %a%tﬁmpﬁiﬁgfeg%a VT ™) o = F@,Z 0§ %Q’Fﬁ%mg‘f@é’a‘ﬂaﬂa%&% hi rd
aspects, thefeniptdiae idymatomrplating dn fhe gommitkr satweer ihe yurfapchisving heledrdsenent
data repr ea@atite ita RFRMW HAItr8RinS loHRALHEEr Qtwhed Sneldiin indRlagEET @bl y, the
conputer systemis configured to identify the user, nore preferably by
usi ng the noveneht™"B4Fs* }nﬁ"%ﬁp‘ef erred forns of the second aspect, the
conput er systemis ceafiegdietng dta @6 @iovenetidton a ichdligQiatitey Be @ilicithg ditdent i ty
of the user. MIgiRH&S & Abbd B SOIRELL e USHEN LSkl QUESG, L0, T eoCl Ve
data from storage neans o tﬂlé sensi ng” devi ce,P1he data bel ng i ndicative of
the identity of ‘riwtiveémovempnt gt ths sspsing devaasidativte the forof the saesing dobndvbes pect |
the conputer SySlife épsrabRBIkigie @bt Getfife feld, SRRl UALInKEYinDlad RGauser to
generate a digital, signature, of ditgsital ontent related to the conputer
1 Pecnet

Si | )
sof tware. Pref ergbi A PR Sesinh it b eps p bstagtially sigelesoste a fi xed
| engt h hash bas ednemting themowdingit dd; content and to encrypt the hash in

accordance with the iﬁé-ngﬁ@,tﬂ'&&%mcaﬂgtdgé, tﬁe@%nﬁﬁrgﬁéé, e has

operates the computer software at least partially based on reliance on the movement

data and instructions associated with the signature field.

Preferably, in the second and third aspects, the computer system is configured to verify
that the movement data represents a handwritten signature of the user.

Preferably, the computer systern is configured to identify the user, more preferably by
using the movement data.

In preferred forms of the second aspect, the computer system is configured to receive data
indicative of the identity of the user. More preferably, the computer system is configured to receive
data from storage means of the sensing device, the data being indicative of the identity of the user.

In preferred embodiments of the second aspect, the computer system is configured to use a
signature key of the user to generate a digital signature of digital content related to the computer
software. Preferably, the computer system is configured to generate a fixed Jength hash based on the
digital content and to encrypt the hash in accordance with the signature key after the signature has

been verified, thereby to generate the digital signature.
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been verified, thereby to generate the digital signature. NPX034-SG 4
Preferably, the signature field is associated with a visible signature zone
defined on the interface surface. In a particularly preferred form coded
data is provided in the formof tags printed onto a piece of paper, the
tags being configured to be read by a sensing device in the formof an
optical sensing stylus. The tags are preferably printed using an ink that
absorbs near infrared light but is supstantially 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 nore of the tags are inaged,
interpreted and decoded to provide an indication of the signature field
wi t hi n whi ch t he Pudwablyi fhe cipeiuat fiahl)is asbbuaatadonid remiblddgnaiue amnehlefiigé nemat ed i n
any of a nygher f..avays. In one form the coded data includes information
i ndi cative of positions of points within the region, and the novenent data
is based on codd¥? Ef‘éttcaa@éﬂ%f@ﬁdlﬁvmﬂ?éeds"éﬁ%ﬁHﬁ‘@j’ldégvlitheéma‘sof"fags prinierenied

relative t ﬂedbh)lep@urr haaRs Eéﬁkgt @ﬁﬂigﬁielé Vebeyread Hy%eﬁﬁ\é@mtm dlf@tﬁﬁm(b@-ﬁh Bricgener at ed
in ways notre t he coded data, suc use o rometers

wi thin the™S&n SSI%,IEIQ Ee?/fa e ?reig a{) ?adu iR %PF%PB%’F‘TT Koid %&%ﬂ §’§%’BC| at ed
with the sbstlisly igesiblcie.a Hemat Yiever alsipemal difhting eoniliiere.n tWhem a wiek brifgee one
appar ent f fom.raadt aﬁgsrﬁlhgecﬂsmd ﬂmmed&k% Lﬁ@ of B gh@%&%&%ﬁ%@ red and

ot her enbodi nents of e invention. . DESCR
Preferred Hfedomeidepypdisatonnf the 8$naF‘FFéieldﬁ‘9@ﬁf”PlﬁlhthWSF‘I is 9psiptitge descri bed, by
way of non- i mi t[‘hd’hgoxemaifrﬁdtﬁcaﬁ)ﬁé génerwdtlmmfyafEﬁmere)wat henaeaR) MRAcE NY

drane ngs. bl Mool B chole S AREISERILC.Bh o8 LS SPlabionallp, petween a

sanpl e pri nat et page a ne SCr1 s a
schematic W@wneﬁdeédqmp@ﬁﬁzytthe@mslbe@%ew ﬂas me«teqbagevepethe sugfaque B angpeively; | Nt er, a

net page page moS@feMCdata @R Be FeliRil-R 2D FaRAR! HGal 10 'ﬁle%%ﬁe\‘iq{am oW &y e of
illustrates col l ection of netpage servers and ﬁ inters iInterconnected via

a net wor k; ﬁﬁ%‘tﬁe&fswfhéﬂ te Sopmnetice ovPebbryrel plrbYR of sl svried vitethet a
printed neetemg@emd its online page description; Figure 5 is a plan view

show ng a str UC]EM& aé?)];ctsaof ﬁl%h‘?%ﬁ \;uﬁgecoxﬁé %ggrent go a&n&% ai@lo\\{v%ng\é{stalpg W ng a

rel ationship between "a tags shown 1n ifeld of
view of a Wpt&@é‘f@éfﬁfsqdﬁgd@I@V?@@dlmﬁﬁﬂf@eﬁmmref a netpage pen; Figure 7 is

a flowhart of a tag I mage BRIEFSESURIBTIONOIASRAWINGSG al gorithm Figure 8 is a

erspective vie n a n a its associ ated tag-sensin
]E) i el 8 of - Vi ew co ﬁrre?l (? otger%mbo%ements td the }nveng'onwﬂ now be descri ed by way of non-

limiting example only, with reference to the accompanying drawings, in which:

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 5 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;

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 5 and a field
of view of a netpage sensing device in the form of a netpage pen;

Figure 7 is a flowchart of a tag image processing and decoding algorithm;

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

Figure 10 is a schematic block diagram of a pen controller for the netpage pen shown in Figures 8 and
9;
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Figure 9 is a perspective expl oded view of the netpage pen shown in Figure
8; Figure 10 is a schematic block diagramof a pen controller for the

net page pen shown in Figures 8 and 9; NPX(4-SG 5 Figure 11 is a
perspective view of a wall-nounted netpage printer; Figure 12 is a section
through the length of the netpage printer of Figure 11; Figure 12a is an
enl arged portion of Figure 12 show ng a section of the dupl exed print

engi nes and gl ue wheel assenbly; Figuge 13 is a detailed view of the ink
cartridge, ink, air and glue paths, and print engines of the netpage
printer of Figures | 1 and 12; Figure 14 is a schematic bl ock diagramof a
printer controller for the netpage printer shown in Figures 11 and 12;

Fi gure 15 Figirallsehmrpictic vishof k wdl-agnadnagfgduipleexed print engi ne controllers
and Menj et t I controller shown in
Fi gure 14; B gﬁ*gé%ﬁﬁgg“ﬁgggpgﬁg??g”“%ﬂgi&@1H&fgﬁ%g the print engine
control | er lg*ﬁ?)Wr‘t if 3 sl eegtiop At Biggre 15showimg @Eﬂc@nﬂ" the guplexprbprighengingsaad vi ew of
a single N§ﬂ$ﬂ£ah&aﬂmntlng el ement, as used in, for exanple, the netpage

printer of..Fi es 40,10 Fi.gu 8 i ectlv Vi ew of smal |
part of an %lrérgg{/ leéed Vletw'l‘?\/lﬂ|%§"rllglﬁ %ge'lﬂlgr‘?gﬁ‘g gh‘% §ntie§g“§5§€'rh? es of

per specti v@tpaxeevisteqﬂlfﬁemsrlatanml@ t he operating cycle of the Menj et TM printing
el ement  shaye jaNs FlcBiafe thodi dbkh b kel B uRSS IRACHAcY Frintd F?%;{% ort
segnent of ga\ﬁlljggzgs ) tﬁ Mem) eté’FM prlp%?teealcli Flrgurg&)f Sr’m I&WWQ e Pc Vi ew
of a user Hi diagram Figure 22 is a schematic vi ew of a pr| nter class
di agr am lﬁglgeursas 2Bhdnfati@bl &k laﬁg-&h bﬂdu)z!lbﬁﬂ/pﬁﬁt ekinB €shirblleRiS8d KibASMEFntmEddguUr € 24
is a schena%golclgte ﬁm]of an at?oyﬁ gﬂatl ss diagram Figure 25 is a
schemati ¢ VW OF S eRT S e By Ee e crl ption class diagram Figure 26
i s a schenfgurelovs esphegihticeblatbdisgrant! tzpdntzage conmnbr stowp indliges 14kinagi;am  Figure
27 15 8 SCRERPH € o Bl vidhy bPY elAterBl g REEH L WEAN, B LBRSadl! agram
Figure 28 is a schematic view of a static e nt speC|a|zat| ass

di agram TePgeEnogf Figure eh@ati c vi ew of a hyperl i nk el enent cI ass

di agram Figh B8 idlbelsfeciveSRAIRInIal pii @Wh Hfay 8¢ MHREH phifkls BLEGERNT

speci ali zation class diagram Figure 31 | s a schematl c view of a

hyper | i nked®gr bup 2 srigs ef Il?f%*@?‘ﬁr’??e“’?—’lﬂb‘fffaén%@e preratinesy e Aaths MepicEWPdting f or m
cl ass di agil@mnt shown in Figure 13;

Figure 20 is a perspeciive view of a short segment of a pagewidth Memjet™ printhead;
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;
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;
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;

Figure 36 is a schematic view of a text field class diagrany;

Figure 37 is a schematic view of a signature field class diagram;
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Figure 33 is a schematic view of a digital ink class diagram Figure 34 is
a schematic view of a field elenent specialization class diagram Figure
35 is a schematic view of a checkbox field class diagram Figure 36 is a
schematic view of a text field class diagram Figure 37 is a schematic
view of a signature field class diagram N PX034-SG 6 Figure 38 is a
flowchart of an input processing algorithm Figure 38a is a detailed
flowchart of one step of the flowhartgof Figure 38; Figure 39 is a
schematic view of a page server conmand el enent class diagram Figure 40
is a schematic view of a resource description class diagram Figure 41 is a
schematic view of a favorites list class diagram Figure 42 is a schematic
vi ew of a FigwstWriya flavshariof assputhragssagplgorfingur e 43 is a schematic view of a
subscri pt Iﬂgugﬁms\s%xﬂeemca St one st g%@ﬂo%véhah%fﬁ sefematic view of a
hyperlink request class diagram gure 8 schematic view of a

hyper | i nk Ee¥s 3P4t 1 Shematicotascdp page W‘@U‘f"é‘“@ﬁieﬂ@e‘&“%ﬁéﬁfa@ c view of a form
submi ssi OnF@fr@iOGQaOAGIlenﬁﬁtdnedeflhb&@rcé]esbrﬁméh S EdERkd, C Vi ew of a conmmi ssion

paynent pratocql . LED PREFERRED AND OTHER EMBCDI MENTS
Not e: I\/la\rr]lg%“(r ﬂlsasDE g O?Egly‘i’(“t?ﬁs‘g\l’fs?g?rﬁ‘?’ook Research Pty Ltd,

Australi a. Flgql\e@heaS}gheeia@trme&dbfehlbrwﬂlstemsdmgm invention is configured to work

with the n@é@@gqsaggﬂnwmfggmgﬁ%déw%%c@ det ai |l ed overvi ew of which
follows. It be a Prem ated that not™ every inplenentation wll

necessar i | §EETHIdtR bampticoiover) & Bypaiia request tlpie diaa®i f i ¢ detai | s and ext ensi ons
di scussed mgir@wmef‘scﬁe&iataixllemxbfmyp&rhﬁcdamu&xp&y&b@m However, the systemis
descri bed | \,\ﬁ"“‘]’&‘ DSt tgcow o?a% rrsgm'gnorrtecglucci\1 the need for external

ref erence attenp 0% Un ermf Ad tHe  E6ntext in which the preferred
enbodi nentlégtmﬁl%ﬁﬁpl@elﬂt@w%h@npﬁn@@emmmp@mqlon operate. In brief sumary,

the preferred foemneb ﬁmmﬁum ﬁﬁéﬁmm@mnhw&bﬁmtuwterface in
the formaof a mapped surface, i a physical surface which contains

S,
refer encesN‘i"oN%m TMlsd‘fm?%‘é?rk%fﬁﬁeﬁ’é‘é’kﬁﬁﬁeﬁfhd’qh'éﬂPi“i"r'raga conputer system The
map references cmwthb@requed letbdbyen fheaip@hteRr ik abidigurs® RS iverg \dﬁvmcﬁetpa@ependl ng

upon 't he SrBR\%hJe& (c’\%n:\pqgll %ﬁgxg (;ekaqed v%rr\}l%w ”?%m%ﬂ ?ltl;\gs? ﬁte 1 lga¥12§)1'ecx|ate(51 ﬁlat 1:10%j

visibly or 1 nvisibly ined TN sSuch a wa guery on the
mapped surdve npgmeptation sl negssriyicgbsiy gl Waerrrecfsmfémseectﬁeﬂﬁmmdnxtqnsmne map and

among di f feemd bhBe & mlzﬁnﬁ toct@crnagié Sterd YRHED, 02 ste W HeR iRk d i M QloSRELAR. about
features on the m and such |nformat|on can be retrieved

based on rap PLFEF gkﬁ (?Eeél ﬁ’btf)rf‘ ELrse Wher HiFeptg topdEaad fhe sepie if Whifhike rapped

surface. Tingeried froodiatentoamd aspects of the present invention operate.

In brief summary, the preferred form of the netpage system employs a computer interface
in the form of a mapped surface, that is, a physical surface which contains references to a map of the
surface maintained in a computer system. The map references can be queried by an appropriate
sensing device. Depending upon the specific implementation, the map references may be encoded
visibly or invisibly, and defined in such a way that a local query on the mapped surface yields an
unambigucus map reference both within the map and among different maps. The computer system can
contain information about features on the mapped surface, and such information can be retrieved
based on map references supplied by a sensing device used with the mapped surface, The information
thus retrieved can take the form of actions which are initiated by the computer system on behalf of the
operator in response to the operator’s interaction with the surface features.

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

be sensed by an optically imaging pen and transmitted to the netpage system.
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e-comerce tra sag&g&qamm& Vﬁﬁéggﬁrely aut hor.i zed. Qs Wﬁ$ d |n Flgure
1, a print &d REtHaG el FaF G Ae S PP R AR R D et
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fields and E&V%‘Bﬁmﬂ apd, e pfpaserprich hpagerle d1Ys & theuysst” @fraﬁwa@’aafr% ad pr i nt ed
usi ng vi si zblldﬁsslﬂalds and&]’bdbnﬁiﬁidﬁﬁh B4 @ tp3gefuohsitsef gxalsnoadaféczl prieed heng vefoletiags 4

usi ng i nvi corre ndl age ription ed on t he
net page ne \%’? o tgsg'c mggsast heﬁﬁoﬁ r%.la l%mf“”' mn‘%sﬁl’e mf() t cmdnpeot“%ﬁgg
particul ar depqripighac stPisd on thh@efpggpeetaw& dopraibds dhe individuat el(nzeoin of thohetprge hn

i nt er act i VenRlis ekcribis tR- tyde@d sphtia®bibnOGonePHlbd MtdeReidd MerRX PR geldlep al | OW
t he net page gﬁ/stemto orrectd1 y interpret input via the netpage.

The
submit but TN 8 meegimplakdnioy thenstpags syt 7°‘Wﬁt?yc‘1’fe’E¥?P IF‘@’%?S‘BH’G&‘?"&E tTIl}"e spati al
extent of dubweit bowenrestordinglg, bisapbine Bwhilts cortebposdsr @t e sparial Rixghtr & B¢ t he
net page p &rr;sggndmgg&%h%ﬁe”ed formof which is shown in Figures 8 and 9 and
described 1 n nore bel ow, works in conjunction with a netpage printer
601, an | nter net>s dlrisd ielisye Rarthe Prépagepish i1 8 e orafasted Iome! wWhitl isckovrin mobi | e

use. The pBgurdsS Wl § SkiRSERN h mEOIHRI 'Bbl@@-tu%ﬁcs Sﬁc@hjﬁ&hdh Witz Rethd3€ pridedr @ﬁge

printer via ort-r eradlollfn e net eprlnter Ié

pref erred q‘uofltﬁﬁ‘]%?co%ﬁ‘it%ﬁ’g?‘é“ S i Pirli‘—gfﬂﬁu? € OII“ ‘f% Hrgen yeade ?Sb"é?:l in nore
detai | bel @wnuiistea ipogely gitictbd netpege, priperiaodheadigy rdio lioko.denand, personal i zed
newspaper s, rragaﬁ%&ageca&@l B pREQEDIER Sr 3Rtk @%ﬁb&% @E%Lﬂascﬁt o 93%ng al |

printed at h| qual it nferactive netpages persona

conput er, g‘?‘i“eflp‘a@fé ’F‘i‘ H’F’é}”’ 55 2bdn toq Adivera Reriedigily cti @atrised. prisenalizadanpl e,

wal | - munt:ﬁdspaﬁ&sa&ﬁghfzméspca@aﬂbg@ﬁﬁﬁhmeihE othaepdﬁmaﬁunslgmrrﬁsﬁi@d bShifH tﬁuﬁﬁty gonsuned,
eakf ast. t abI e

ﬁgﬁgeﬁgl Idnltsltgl'a%l:{!% ?etpa s g,lfen%ﬂgfar pﬁzl‘,scéna Ompl.ttfﬁ tﬁe Jstage 'pl['mtgl X albphance nh16}1 can bc for
example wall-mounted adjacent to an area where the morning news is first consumed, such as in a
user’s kitchen, near a breakfast table, or near the household’s point of departure for the da3./. It also
comes in tabletop, desktop, portable and miniature versions.

Netpages printed at their point of consumption combine the ease-of-use of paper with the
timeliness and interactivity of an interactive medium.

As shown in Figure 2, the netpage pen 101 interacts with the coded data on a printed
netpage 1 and communicates, via a short-range radio link 9, the interaction to a netpage printer. The
printer 601 sends the interaction to the relevant neipage 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.
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A netpage pen can also be registered with a netpage registration server 11 and linked to
one or more payment card accounts. This allows e-commerce payments to be securely authorized
using the netpage pen. The netpage registration server compares the signature captured by the netpage
pen with a previously registered signature, allowing it to authenticate the user’s identity to an e-
commerce server. Other biometrics can also be used to verify identity. A version of the netpage pen
includes fingerprint scanning, verified in a similar way by the netpage registration server.

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

telephone number or email address.
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only where it is defined.
1.1 NETPAGES

Netpages are the foundation on which a netpage network is built. They provide a paper-
based user interface to published information and interactive services.

A netpage consists of a printed page (or other surface region) invisibly tagged with
references to an online description of the page. The online page description is maintained persistently
by a netpage page server. The page description describes the visible layout and content of the page,
including text, graphics and images. It also describes the input elemenis on the page, including
buttons, hyperlinks, and input fields. A netpage allows markings made with a nelpage pen on its

| surface to be simultaneously captured and processed by the netpage system.

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

otherwise identical pages to be distinguished, each netpage is assigned a unique page identifier. This
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shown with a dashed outline in all but the main diagram which defines it.
It is shown with attributes only where it is defined. 1.1 NETPAGES

Net pages are the foundation on which a netpage network is built. They
provi de a paper- based user interface to published informtion and
interactive services. A netpage consists of a printed page (or other
surface region) invisibly tagged with references to an online description
of the page. The online page descriptig@n is maintained persistently by a
net page page server. The page description describes the visible |ayout and
content of the page, including text, graphics and imges. It also
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Ay ey
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the page deddiknptn banetpaispagercqwgtdince, and the printed netpage is shown
in Figure fdy Thenpadgetisstance is associated with both the netpage printer

whi ch prlnted it_ and, It known, the netpage user who requested it.
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 flag bits may, for cxample, signal a tag sensing device to provide feedback
indicative of a function associated with the immediate area of the tag, without the sensing device
having to refer to a description of the region. A netpage pen may, for example, illuminate an “active
area” LED when in the zone of a hiyperlink.

As will be more clearly explained below, in a preferred embodiment, each tag contains an
easily recognized invariant structure which aids initial detection, and which assists in minimizing the
effect of any warp induced by the surface or by the sensing process. The tags preferably tile the entire
page, and are sufficiently small and densely arranged that the pen can reliably image at least one tag
even on a single click on the page. It is important that the pen recognize the page ID and position on
every interaction with the page, since the interaction is stateless.

In a preferred embodiment, the region to which a tag refers coincides with an entire page,
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1.2 NETPAGE TAGS 1.2.1 Tag Data Content In a preferred form each tag
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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 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.

1.2.3 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.

To achieve proper tag reproduction, the tag is rendered at a resolution of 256x256 dots.
When printed at 1600 dots per inch this vields a tag with a diameter of about 4 mm. At this resolution

the tag is designed to be surrounded by a “quiet area” of radius 16 dots. Since the quiet area is also
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yi el ds 360 encoded bits consisting of 6 codewords of 15 4-bit synbols each.
The (15, 5) code allows wup to 5 synbol errors to be corrected per
codeword, i.e. it is tolerant of a synbol error rate of up to 33% per
codeword. Each 4-bit synmbol is represented in a spatially coherent way in
the tag, and the synbols of the six codewords are interleaved spatially
within the tag. This ensures that a burst error (an error affecting

mul tiple spatially adjacent bits) damages a m ni nrum nunber of synbols
overall and a m ni mum nunber of synbols in any one codeword, thus

maxi m sing the likelihood that the burst error can be fully corrected.
1.2.3 Physical Tag Structure The physical representation of the tag, shown
i n Fi gure &ntribyied hyddisceftitaged ohlgpdie 16 Stsrtaibt effeedre dikpoter bbthe thg and vari abl e dat a
areas 18. The fi &ﬁgm%a{cg&rs sﬁtt&g&w@ﬁ&se}iw&a FENS gn&vsf{ffavge %Igsdg&& @s the
net page pen to detec he tag and infer 1ts thrée-di nensional orientation
rel ative tBtplyedeteflsote T gng ig5esy toagaesishepayse inis rotptiopalls dwpriant And hesawst at he

i ndi vi dual silplé Sorektidhh® igNEseed:id adgloalaatnaost JOthAGIIBVE HefspB®k distBhion. An
reproductign, the t ; ?Qaﬂmsvs [henc%ser ] t;adFtr esol ution of 256x256 dotg When
printed at “fBOE ISt L HEFS IR EATRGTES P SFFD™E GoLgPHIPHE Bof FHBeEr obte about 4
mm At thiwgg ﬂl@%ﬂnwmnf the dyesot. de ereta@s iaginBdkdwad beyiddis urmqmde@tabgn Bout qui et
area" of rﬁe%gééﬁvelérggmlﬁ allow BRE @engl_&e degriéle % m?e[' gﬁ"‘ aécﬁrat@ltv%) d1m a? é r§)§ct1¥g

contri buted fy fJacent tags, it On%’u dots to th ective

di amet er ofiE Pidfy Baw Ry Mok %ﬁ%@e?%“ﬂé’f’s‘%‘tnrﬂ%toﬁ?‘%‘?n % tetiect i on
ring 15 alichiw td hesefs®nISi NQ deV| ceto initially detect the tag. The ring is
easy to detect b i nvariant and because a sinple
correction of i tgﬁgaggngéFchgs aIeore r eJrfa%tPg@srger%mfpmf’ f”ﬁimuf“fyg%f'oéseof per specti ve
distortion. An &hd eprbhteg shapcixfirsulan This dupnwgs, eengg ethei tiiges.cpimal @ pakidet er mi ne

the appr Oxémtneeggllaﬁﬂﬁ{gmﬁ}@n@ nh &mmn&fmﬁ;hﬁe oitb @8 dEtetBorf Gngl AR AR aQfrculh
d a unl que orientation. Four

sensor. The ori entfgt(}:i g isS. is skewe yi e

per spect i VETEPEE PR “Sa‘T“ eﬁ??e""&‘@ﬂs?"ﬁﬁ”"&%ﬂ? figgze g dr‘ﬁaél‘ isgepresented Pyt e

t wo- di rrgsnsnamﬂaiedg@e:rtsqakm ofaared Hoarisd Wrtwe alialtlie ahdigo adiﬂenhﬁlaﬁ@laaﬂcsammr ate
three-di %&Q@L mglﬂﬁﬁr;dng&s&p& SO@JO{S?iPI 6(“1 (?L}ldcl’ de% gn%d 50 t1ts base Etslu\lél% L t he
sensor. Ali arget structures are redundant { e

i muni ty tdatiespisaual s wipiaue dmepgey. Elwdlﬁ'ehnogth@wctgmnahe radm ﬂlsectsqnpqcﬁbwys
anongst Ot dygdl ol thd dgifum QfchsHa| EaEl@gb1p@a€a|§§'rﬁ'cg>l is %regéﬂte& Eyraﬁgﬁl;ly%b;zwe@gwul ar grid.
I n conbi nation 6°a156q’? circ tection |g his makes a circul ar

arrangement of d tgaig§ PIF]Ofte of ety ? S“eT@GWPWF?éWOﬂ@“@f ze, each
data bit |symbedpings et ®dl18dyinanterteaetii afhshivg dgyenbbln atehfliofasinlwdhatéy idkaalabounded
by two ra wo concentric circular arcs. Each wedge has a

m ni mum d:jﬂrr%lrr]esséil%n d?)'?&g g%ts at 1600 dpi and is designed so that its base
(its inner arc), Thqiglergavipgely stesignel gl maenise Hiesverasi spatish ditaveieivorm anfiteo hei ght

of the wedg@bdisbsfideanleacticabrddi rection is al ways

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 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. 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.
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equal to the m ni mum di mensi on. Each 4-bit data synbol is represented by an
array of 2x2 wedges. The 15 4-bit data synbols of each of the six codewords
are allocated to the four concentric synbol rings 18a to 18d in
interl eaved fashion. Synbols are allocated alternately in circular
progression around the tag. The interleaving is designed to maxi m se the
average spatial distance between any two synbols of the sane codeword. In
order to support "single-click” interagtion with a tagged region via a
sensi ng device, the sensing device nust be able to see at |east one entire
tag in its field of viewno matter where in the region or at what
orientation it is positioned. The required dianeter of the field of view of
t he sensi nhe sdeaidecentrbi of dagrsbipe iselsacdmpmed. i on of the size and spacing of the
tags. Assunmng agg t f th ensor
e d of v ew i o epraray bRz uERSe s baBe LD HLY QRS ARk 8
tri angul arbagF fag subsguashbiRprine ot gigHowres Ce&tfaQShAPeTwemwgéY ﬁ?lb@?é%ﬁslpwga!&nd
gecodl ng Tif@oﬁtag andl g Bc aﬁl%ﬁaesmﬂgmﬁmceﬂte&p&tﬂégo REFkMLTED by a SentSI ngd

evi ce such as t net pa en_i.s, shown 1 n Fi e a capture

i mage i s being agﬁﬂ %ggP%ﬁgfﬂélﬁﬁ% gt%3%§8Fd%Fﬁ§ AGW%EﬁFEaWﬁﬁﬁﬁcﬁf t he

i mage i s dedingrvadyvetl bftatred 2@¥n pelshetivaliterd. datdiing proandscbyi aspettheimalinpsad as t he
binary t hfo%&t?ﬁlogmﬁlgﬁ% éakhesh!iﬂg@%mgr;]ts OlRG:s] %Qleordeﬁm&ne%[g f%-hro hel %%qm%

segnmented I nto connec I'xel reglons | .
which are ¥6&%Y EOrFﬁ‘IOBm%ec?"‘?ﬂé the BeERECtiTadstorinn s swﬁoaléﬂhe@gg ammai ageglragéd.
NPX034- SG 1batich e tbiEe paide mmurag;;r&n@@fuo@m pSRPEe rfns@80 conput ed. Binary

shape nonents 25 qare .t 0 f ch and th se
provi de the basi'a ?’%r&§§b§s&5q en TB??%I‘% B gf‘r’ée?g@‘tzsitk}?% rPE¥eedE Bt 1 al
shape nnne%m@maﬂerb&SPﬂEmmmmaiMK@mwhmasnammm;@ﬁrpwamﬂmmmﬂmmgmﬁxeanmbe easily

made i nvar 151@5&1(8 O(Bnc§ ﬁ@ge@ond %@%ﬂ&meﬁt@tafe%oﬁrﬁﬁzeﬁ %%&1& et LI Q&gﬂ%}e&%mﬁeﬁr Rt
structure %5 is the first to be |ocated r|n as t vantage

of being V&rY it ‘F dep RAESREY e ‘%Bﬁa?b‘é‘@felt‘\‘FéWﬂP%%“é? ?r@eraﬁ%quaﬁg Tt oceeds
by aspect - shaterBdeligdrdigdy sinekd t6 Gleaide Gmike rtmalbdsszum Forakh t]ﬁhagang pblBmRRs s. Once
its secon s..are ng d,t r|n reco n|ze even
if the peﬁggggﬁfvgﬁ%P@%am?ﬁ“epﬁgglépﬁﬁf |ca g%mﬂgfﬁm‘ 5?igﬁﬁa aspect
and r ot atiespecE digyéontrar hide by pdetagetssaik. uTheaplp tasel’ Watgmelrrowﬁontphquma spective
transforn1%Jm%m@yﬁ&ﬁﬁwﬂmgmggﬁﬁmﬁg&go&th§%ihe next to be |located (at 28).
Mat chi ng proceediyb %%Eﬁé the ring"s normalizatiaons to each shape's
G0HP

nonents, and rot TgUeHe 1Y agdiedishig e hedht S0)- eondastinplss

second- or dérheirpesiiotsiranapnaibagd b @elr inben gxiabrehamgis td the R@Sihd HKistegagni zed.
Not e t hat TRt t yate the, t wo

possi bl e a%€§ﬁ?g?¥ont8£?€&%gpax §ML§ﬁ&EQHHh esn%ﬁgmggog?at ﬁ%d to one
side to ek snpmaliziinss forshel shargy s morpgnts Orop deir $eﬁ0nrl~§rdetmlcgmept® gs pcbmélzccbfhe

circular perspective targets are easy to recognize, and the target closest to each estimated position is

taken as a match. The original centroids of the four perspective targets are then taken to be the
perspective-distorted corners 31 of a square of known size in tag space, and an eight-degree-of-
freedom perspective transform 33 is inferred (at 32} based on solving the well-understood equations
relating the four tag-space and image-space point pairs (see Heckbert, P., Fundamentals of Texture
Mapping and Image Warping, Masters Thesis, Dept. of EECS, U. of California at Berkeley,
Technical Report No. UCB/CSD 89/516, June 1989, the contents of which are herein incorporated by
cross-reference).

The inferred tag-space to image-space perspective transform is used to project (at 36) each
known data bit position in tag space into image space where the real-valued position is used to
bilinearly 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.

Omnce all 360 data bits 37 have been obtained in this way, each of the six 60-bit Reed-
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rotation-normalize the axis target after it has had the ring's
normal i zations applied, since the perspective distortion can hide the axis
target's axis. The axis target's original rotation provides a useful
approximation of the tag's rotation due to pen yaw 29. The four perspective
target structures 17 are the last to be |located (at 30). Good estimtes of
their positions are conputed based on their known spatial relationships to
the ring and axis targets, the aspectiysand rotation of the ring, and the
rotation of the axis. Matching proceeds by applying the ring' s
normal i zati ons to each shape's nonents. Once their second-order nonents are
normal i zed the circular perspective targets are easy to recogni ze, and the
target cl oSdstontolewerdiis dsbdedtut 2R topdd 20idedudiddits 3%MEIN0 dsodad biaticital. Noe

ori gi nal CRRUADL SR o/ld6ls LU PGS FRERLLMEHA HaP ALl e [ 40 be the
per spective-distorted corners a square o nown size IHt pace,

and an ei ghtedeeydeanedesapnlisgRiensisper specti ve transform 33 is |nferred (at

32) based on sol Théwghgtdagt ik Jmi)lkjaﬁ@f ﬁ'& adaeLefalihgs %hosé @iaﬁ&ds]ﬁ&gto Ttﬁa@ndcgg ur

t ag- space and i pace ir see Hec Fundanent al s of
Tovt oo VAR B R RAE A0 Ry B I SR o 0 Sonbissghe o BRESR 1 of
Californla&H®%B@YMehé¥;ﬂwﬂecmnno@hmﬂepoxmdﬁbﬁrﬂEBﬁ@SDﬁ&@¢51ﬁmeﬂumse1989
the cont entrSeeQfng Wk hndlial}ef SbmibRGOERLLALIEH 15Y an G &Jﬁéﬁ@@ es Te
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(at 36) ea®HTeRAEA 2L oBFeti98%Si t i on in tag space into i mage space where
the real -val ued pasbitiiea t.ingaUSﬁﬂiczIte@ theb;déﬂuﬂecartheyreglai &fnﬁﬁﬁn@tt& f@tnd3@) t he

four relev e ixels in the i evi.ousl| conput ed
i mage thr e’geﬂ&?ndoqf%q?gs ttljnts%etﬁ( PR AP ESHET Hgn’#'ﬁe T esulptﬂn ?lg"g er&%i%’éast‘?{uegafl nal bit
val ue 37. @neerd| drieg8on darhthires i8hehateged e dd)dimaihn edsienive imsfowmay3 each of
S 3 ekt o osslana, corves e sranpd s Al
yi e ecoded bits or ecod its in tota e at the
codeword s?ﬂﬁ@?ﬁ are sanpled in codeword order, so that codewords are
inplicitlytae- imagmbﬁaved during the sanpling process, The ring target 15
I's only sought Bﬁ@%dlﬁ%p % ?e@lflt?f ff?g%é"iﬁosﬁa tag-rggt!v? g%anxa sform l%e?cg'e | mage

guar antees that t oun
conpl et e t#Yyae D et the @aﬁﬂaﬂamen lsqa@@e@sfawwatdcbmwbsotuwelncah@ \plélnl thosi tion

i s recor deggebdregibh e il et thd G2 WEhin & XE0n AGEHLALS. TR AGRSSHNGLayes and
ideally a non-m ninal of view 193, an alternative strategy |nvolves

seeki ng anOtH%} Wlf’ﬁ‘dnﬁpﬁeaf%@g [ ecipdesd fqafle 2 PRAESRBHAS Igeion At B (i cat es
t he i dent i diagrapfis shhren in Egive A2, eopattaf thé mgpagelpenteatpssaitgratche p05| tion of the tag

wi thin the regi OR-g pQ‘&féHgélL §eb Sl.b)édt?'ﬂle?ﬂ% sg\ffacég 1019 taés flerré"g [egion, as

well as the overall oOrientation f%t 34)
from the FEsadnece pirace tyRenYharmldl: agsplkegions dhaﬁfﬁhﬁt W@e tﬂa@ Sﬁﬁ@e eriddhelspromn

spati al r eh@duinbdimfiperRehvaenalioRBird8vase PHs. cal axis and the pen's

The tag map for a region must be retrievable via the region ID. Thus, given a region ID, a

tag ID and a pen transform, the tag map can be retrieved, the tag ID can be translated into an absolute
tag location within the region, and the tag-relative pen location can be added to the tag location to
yield an absolute pen location within the region.
1.2.6 Tagging Schemes

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

A location-indicating tag contains a tag ID which, when translated through the tag map
associated with the tagged region, yields a unique tag location within the region. The tag-relative
location of the pen is added to this tag location to yield the location of the pen within the region. This

in turn is used to determine the location of the pen relative to a user interface element in the page
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optical axis. 1.2.5 Tag Map Decoding a tag results in a region ID, a tag
ID, and a tag-relative pen transform Before the tag ID and the

tag-rel ative pen location can be translated into an absolute |ocation
within the tagged region, the location of the tag within the regi on nust
be known. This is given by a tag map, a function which maps each tag ID in
a tagged region to a corresponding location. The tag map class diagramis
shown in Figure 22, as part of the netgage printer class diagram A tag map
reflects the scheme used to tile the surface region with tags, and this can
vary according to surface type. When nmultiple tagged regions share the
sane tiling schene and the sane tag nunbering schene, they can al so share
t he sane t&seripty. asshtiged with theaggibro Novoniyeig ihe Rscitdfadaelcieit ikdiadalifedVbuda t he
region ID. I.ye .eq| - D_anc n transform. the tag
map oan beoraprratiey il Ao/ RO it Pl | AR RaRE Rl RADR BN o
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but a location relative to the user interface elenent 1s 1dentitred.
Locat i on- i 1itf EXIPPIEFang Heics fiofrder for fagidaip foybe read By the tontitgcderigiomg fas amf  an
absol ut e psprofrasteleshdnsd thBe geadi@edal thandiRgdshdtl ar user interface el enent. An
obj ect-indjgatin tal D which directly identifies a user
i nt erfacedi'gl eneﬁ?&ﬁ’%nfﬁﬁeb %ggg"e%:eé%%fq%ti on associated with the region. Al
the tags in the aoméerngd empdimgnienf a dpquinent famregeflessriptian dlagedidgrdoyis shem s er
interface gLRNNBNL26BKi ng themall identical and therefore
i ndi stingui shable. Object-indicating tags do not, therefore, support the
capture of an ab¥dPite@seytenhiqqumephis Jesgriped pdlies ayels- AUppiBest 2beast bt ur e of
a rel ati vehpérupat R36 56 a lgagctaal ithenpGmbdel tamiBBERhdnt $39 hicegeaney wixceeds
twice the gnco r I ncy, . the displacenment from one sanpl ed pen
posi 1 on tGERADnE 0 e bl SRR enl Ml SRR e b T R o

printed on a printer with a particular page size and according to a particular user’s scale factor

"

preference, the document is paginated and otherwise formatted, Formatted terminal elements 8§35 will
in some cases be associated with content objects which are different from those associated with their
corresponding terminal elements, particularly where the content objects are style-related. Each printed
instance of a document and page is also described separately, to allow input captured through a
particular page instance 830 to be recorded separately from input captured through other instances of
the same page description.

The presence of the most abstract document description on the page server allows a user to
request a copy of a document without being forced to accept the source document’s specific format.
The user may be requesting a copy through a printer with a different page size, for example.
Conversely, the presence of the formatted document description on the page server allows the page
server to efficiently interpret user actions on a particular printed page.

A formatted document 834 consists of a set of formatted page descriptions 5, each of

which consists of a set of formatied terminal elements 835. Each formatted element has a spatial
NPX034-5G



Wth either tagging schene, the tags function in cooperation with

associ ated visual elenents on the netpage as user interactive elenents 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 generated in the netpage system 1.3
DOCUVENT AND PAGE DESCRI PTI ONS A preferred enbodi nent of a docunent and
page description class diagramis showg in Figures 25 and 26. In the

net page system a docunent is described at three levels. At the nost
abstract |l evel the docunent 836 has a hierarchical structure whose
termnal elenments 839 are associated wth content objects 840 such as text
obj ects, tegent Glzylecs objheotes, Thisveles hbpeiet aca @hiput dbfeds fubttasG@@tliiRYnd | S
printed onm&ltggmsnt er with a particular page size and according to a
particul ar user's scale factor preference, the docunent is paginated and
ot herwi se for mat AelicuEp Al wapmridale sdpanted decupas 8ig It bonsipthofgret cases be
associ at edpagé hhktac@rse rbﬁchQJtBJ\aﬂﬁﬁ Sod%yoﬂda 1§ Bagldfst@ieNs of &9%&4&&5&&&%@“ at ed
vvlththelr orrespon ggﬁtermn elerrenﬁs galctlculrgr %E?g wher e the content
obj ects ar’@°SPat BSET S0 SRR WS PP RER Pl Ard oo e B8 page i s
al so descricvegt- 4 emaiatEk i notrort af 4 dwnenpustangait tapresntt vopyiefia paee rqaadsted cul ar
page instapee@a0 to be recorded separately frominput captured through

ot her instances of the sane g e description. The presence of the nost
abstract document* PAECETqREs OB d’gaf‘qﬁéf'ﬁ‘a‘g‘ﬁl dapepicipstanpes Sigs An clgment inptance equest
a copy of alydere [fﬁtﬂ&coﬁ&k inkidd- spb@iﬁd'lﬂ'oﬁxﬁﬁdhemuﬁ Qhﬂﬁﬂﬁphsﬁiﬁ@exﬁ@lﬂrﬁﬁyﬁﬂiﬁkmem S

speci fic f%em%‘xqt becaél?e 1?re t?s a tranyactx g Iﬁ%gcu’g)hb %)gia?f é}age}r o ecén zf}‘fg%‘er with

a differen
formatted ldﬂ%lmms f@elst‘@ldl ep?tnmt rbeo@we ttheogagput swmﬁeto thel fagevisstdntre Ap algreent Ser ver

to effici efdidnYe dobBl REsChowdsf fordfatid RARnPRcPasRAlbEc Ul ar prl nted page. A
formatted document 834 consists of a set of formatted ge descriptions 5,

each of which cOrigPRplelegent sanbera sigtic Tl‘a’i‘eﬁ‘agt"?eadly?%]l‘%eﬁ%mé ‘adrid gt Each
formatted @benepige bater eonspad tlathent MBXE3Kovh@ FlQure 21. enitatle kle@@0 843%8n 6d1a t he

page.  Thi s, AefiNEss NG ARLINEA &7 Gecd BAUL (Sharents, sHelues, nyperl | nks and
A oL 08 3 PR

i nput fiel ocument i NSt anc cor?esponds cument
834. It ¢ oﬁ%ﬁdéftxsobﬁt 845, g imagf elemynifdd WitsmassedateddBae eleta@hSSQfa ardphic Hergat r esponds

to a page #3esGh Ia@ads&meé gﬁfﬂn& Pgect 957@%&1&)00119 QRHGERE L WImEﬁQagkoﬂﬁgiew&eQ $f;ance 830
descri bes gtlﬁg; upi ﬁ 3 E’% % net page% and records the page 1D 50 of
the net pa%w’é3 FAGE Herk SVio 459fetedydlg cHRXETETY: IraStriphElEmSIE | ¢
r epr esent 5awilogpssofiatad spary ebjecetfes siedn iniRipute28l at i on. A page i nst ance
consists of a S€el p9£ ﬁ]&gngg H:fsll €a| &%ﬂc} ﬁél@%SSanﬁlgl?ls u%czd to reco n%lgltalllﬁgt ance:
captured on the page which does not apply to a specific input element,
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 disiributed set of netpage page
servers 10, netpage registration servers 11, netpage ID servers 12, netpage application servers 13,
netpage publication servers 14, and netpage printers 601 connected via a network 19 such as the
Internet, as shown in Figure 3,
The netpage registration server 11 is a server which records relationships between users,
pens, printers, applications and publications, and thereby authorizes various network activitics, Bt
authenticates users and acts as a signing proxy on behalf of authenticated users in application
transactions. It also provides handwriting recognition services. As described above, a netpage page
server 10 maintains persistent information about page descriptions and page instances. The netpage

network includes any number of page servers, each handling a subset of page instances. Since a page
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only exists if it records instance-specific information. Thus, a hyperlink"
i nstance exists for a hyperlink elenent because it records a transaction

I D 55 which is specific to the page instance, and a field instance exists
for a field elenent because it records input specific to the page instance.
An el enment instance does not exist, however, for static elements such as
textflows. Atermnal elenent can be a static el enment 843, a hyperlink

el enent 844, a field elenment 845 or aypage server conmmand el enent 846, as
shown in Figure 27. A static elenment 843 can be a style elenment 847 with
an associ ated style object 854, a textflow el enent 848 with an associ at ed
styled text object 855, an inage elenent 849 wth an associ ated i mage

el ement 8581vealyrepitins uekr @penklues§o(atki e iasnas sleots atcheeb gtpagiprictero Bjnéct 857,
a video cl o ed Vv o an
audio cli pﬁe{;bla%J %{E%eﬁ?% Wetagpﬁ@glgtg%géi%agtegg glﬁe ba it el [ p o QPLIS' &31 é%“

script el effifiteto ﬁs@swtlfr?°§ﬁe&§f§@e#da1g@esescrl pt obj ect 860 as shown in
Figure 28. A paga hdﬁﬁgean:c@erﬂasz aal&a@kgcrceﬂad 1hd &1 eh 82RnIMHa€ BrovResupgd t O
record any, digital ink ca Hﬁﬁp an the page whi ch does not apply to a
specific i e M T “t'; e prefe 3518 formof the invention, a tag nap
811 is aSSOC|atedimmmhpea@hﬁp&gémwmﬁbam@@mﬂﬁmméhkmwmﬁﬁgsnmmhthempage to be
transl at ed t Mﬁlwggg

preferred ae%l%% dr?%ﬁl? ﬁgﬂﬁ%?%a%%@ﬁg? %fm;%e%ﬁ%#g J\AEI?AQE st f egm get of
net page paﬁ%em§%?%ers 10, netpage registration servers 11, netpage ID
servers 12, net pageipsiepprlicaibi @R eSO r;w:ﬂaﬁerl&wh h@atnﬁa@avemd@igie e@héa@&lss,@r vers
14, and ne inters 1 conpe ted

| nt er net | ﬁcﬁ;@% ugl{catlmn ssifver ?.49 a%app[]‘.lch{; ser,EJer gvg é}ﬁPu gl?thgs[ ﬂf:g?%e gﬂcuglg} i/tg rnetPag?

server mhlEﬁmﬁéﬁﬁrasdﬁgmahpéﬁ@hnﬁ@ﬁﬁé%meen users, pens, printers,

applications andb@%ﬁ&'&ﬁk&Qﬁ§lmaﬂﬂw&hﬁr@hMmQMQ@Qkh%ﬁésa%&'ﬁ&%mﬂeﬁMﬁrk
activities, aut hentj cates users and acts as a signing proxy on behalf

of aut hentl?l%la g Seh & IPY- Hppitriederdomd St Myl potengeserves caraigoppaifiyes
handMW|t|ngmwa@mgmmtnﬁmjm@mwu033m1u&mgﬁmmarmbedmamQWthﬁ BeiicPAgR oPibge

e ocey ARGl M RE 81 BLERL RO bfaAP W0 BRGSSIERGRIN B0R, N7 PACe

|nstances he netpage any nu rvers, each
handl i ng a<Sered the ppeeane. (an ghabroravidedidisecdy @ aymipase amﬂm@@@s 4 Teterge ver al so
nalntalnsIu&%fuunﬁﬁhm%abﬂﬁﬁmLQFmﬁﬂ&ﬁhgag& i nstance, clients such as netpage

printers s net ut_directly to the appropriate page server. The
page servéfg nte?ﬁ%@%@‘gﬂp’gﬁﬁh input relative to the description of the

correspondi ng pagk nehageeripegi@] iSDnsepliaer whizh alrégm&tdeﬁthdmmumatsysieia&nél on
demand, a . ol ocation
WinR @Y ed 8Suh QA B3 ’Aﬁd H? su‘i;icnﬁ A% BEEAARY s ¥ d‘%ﬂ%

schenme. A’'notpage printer uses t nt er stehl(uwa
or siml ara.nd fsd:o?négfﬂ tgé'le 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 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 other hand, are typically shared with other subscribers, and so are
mmlticast 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
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a netpage page ID 50 into the network address of the netpage page server
handl i ng the correspondi ng page instance. 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
docunents to netpage printers. They are described in detail in Section 2.
Net page servers can be hosted on a variety of network server platforns from
manuf acturers such as IBM Hew ett-Pacigard, and Sun. Muiltiple netpage
servers can ran concurrently on a single host, and a single server can be
di stributed over a nunber of hosts. Some or all of the functionality

provi ded by netpage servers, and in particular the functionality provided
by the | D kwes vigeh natrgastshi€anyagbstaae.ver, can al so be provided directly in a
net page app! i anCen Ul pfiedhel EhAAY e Bl Gags ofoul SOTRMLLTREKSKAL T 0N, OF
on a local network. 1.5.T R NTER The netpage printer is an
appl i ance Q%WQWFWEe?Eﬁ?ST%ﬁEﬁFWW@ﬁmﬁﬁ% net page systemand prints netpage

docunent S on denmandpratel ravtbrzesSdal p6dtd ik iafNeverlEaGh sﬂ;[rﬁtﬂfe&iélyhﬁﬁot@sﬂdﬂ'oﬂm@ printer
| D 62,

connect to the net via a network such as the
| nt er net, gﬁ%aﬁ G gﬁﬁoﬁﬁbﬁﬁﬂm %%%ﬁ‘ ﬁ?@%mkﬂﬂﬁmT@?? T NEmY™ and
security smﬁﬂnn@%ﬁhﬂwmnmwmwlatlle nmenory, the netpage printer contains no
per3|stent St Or agf, pridfing e [ rne t he
conmput er” hbtpages %ﬁﬁ%ﬁfonm?ﬁﬁgfégf$%% %ﬁg%%oggeigggg E%%@?ﬁlhéﬁhth t he
hel p of t hedgraeesion gut stingef prsg nagargEhegwsioy iateee Prepessori(RRInBYICs phoyor gibre
parti cul arsiedP@ges Ps7i ﬂﬁr&{gsm pAfBel NEr: RAGIEkeR phiftt find EHBIINAScoSLPSE bdsliRd

net page docunents from ublication ervers 14. Each docunent is

st but el ot VB b EPrd SR g s sty & ooty SHEBEAh W REINY | mmge
obj ects mh@@hm@GQEMdﬁwnmh&mpages Because of personalization, page |ayouts
are typical | y S P8t Sot Ebid PR &gk@’e m%ld{%ﬁ&d A@ﬁ{tag%gng%ﬁ.a@sro&m%%aﬁcast to

the subscriber's printer via the appropriate server. Text and imge
obj ect s, o‘ﬁk’taw}é’“@tt]l‘}@f“tﬂ‘éﬁ'fegs tca?t@nﬂmﬁuafefﬁ of FP&P@?G Wﬁwhéltch 82eSHERYF ber s,

and so araumﬁmﬁmuﬁﬁ&hmm@nahhmﬁphﬁﬁﬂbbﬂéﬁmcpﬁmnkeaﬁg@nd t he approprlate page
servers. The netp qge q%lcq%hgnngggv%rso %&m z<§sathci/I gﬁe %;ion of
docunment cont ent CAE P APRREI P SRR 8 PRE M P G Fhe

poi nt cast myfnteg ﬂ@@@ﬂ#@m‘) n@fﬂoﬁmg@hwdy@;@m, sughive gjybésnifach printPXi@Betts 8FedsBoenoWs

whi ch nul t @28 e, and suﬁ:@ﬁfs at Ie%t brle $e @ifing! s@hem%@heh&@ag%ab H@hcnR@Bed GReteed the
conpl ete page Ia E gﬁFm@# ects_that define th docurment to be printed,

it can prif mf‘lhg 8 99 g srheme agogafly 2‘@& 9 REE gy l95teenh BRgOEsd even
pages si mudstoaimedwig that daudxat f et Wesc@fent 16y can be correctly interpreted.

Figure 2 shows the netpage printer class diagram, reflecting printer-related information

maintained by a registration server 11 on the netpage network.

A preferred embodiment of the netpage printer is described in greater detail in Section 6
below, with reference to Figures 11 to 16.
1.51 Memjet™ Printheads

The netpage system can operate using printers made with a wide range of di'gital printing
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 guality text printing

. high reliability

. low printer cost

. low ink cost

. low paper cost
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sheet. It contains duplexed print engine controllers 760 and print engi nes
utilizing Mernjet"''"" printheads 350 for this purpose. The printing
process consists of two decoupl ed stages: rasterization of page
descriptions, and expansion and printing of page inages. The raster inmage
processor (RIP) consists of one or nore standard DSPs 757 running in
paral l el . The dupl exed print engine controllers consist of custom
processors whi ch expand, dither and prjgnt page images in real tine,
synchroni zed with the operation of the printheads in the print engines.
Printers not enabled for IR printing have the option to print tags using

| R-absorptive black ink, although this restricts tags to otherw se enpty

areas of the pagempldbgehaetgh such pages have nore limted functionality
than JR printed p; mebgﬁx are still classed as netpages. A nornal netpage

printer prints netpages on %heets of paper. Mre specialised netpage
printers nhy prikighwinting spst e speci al i sed surfaces, such as gl obes. Each

printer support sgmbihSadoutM\&ied sitiihAce type, and supports at |east one tag
tiling schenme, and hence_tag map, for each surface type. The tag map 811

whi ch desctibes {9782¢ 8§ #f'P ng scheme actual |y used to print a docunent
becones associ abegowdr tdusintpdén docunent so that the docunent's tags can be

correct l y int er pﬁﬂ%tcg ¢ 1Allgg\lr‘aﬁ?b?erp%ﬂt%%lvg\§eclgngg rheat 9% s%rcfla?e:[cglristigsl. ass d! agram
reflecting printer-related i'nformatron n%ﬁnfalneavby a registration server
11 on the net pagd®sesblade Rrodystiqyy dfpeintere ohitls thowsdiharesteristiof, thelmeesent eppdigpet Isi nter i s
descri bed jnRn@é @ﬂéﬁ%{ﬁnﬂ@(ﬁﬁdldgy,l e 6d ds ARmPr™REhWey. WetnRtri @l QFRNG Qe Fi gures
11 to 16. 1_%.1 Nﬁg&etTM Pri nt heads. The nq}p%%Q %ystenxcan operate1u3|ng
printers niHE GPPHPR W BECPANEP BT I BTN FIT e P fOF s

i ncl udi ng tykrensT@NMEMS)Kieehhglogyi Eigarel 1@ chowsCa isinklp @tintink afeaented0e off raoplagiecgr aphi c,
and ot her sy ]Yeelietpa%?%afli}ﬂdﬂge? it ORGP a526 G fefiend J00'4d FE S 1%%?%9 that a
net page pri nter ave t_e ol I oW ng char ac eri tics: photograp | qual |ty
col or pri neagsrgdth dpgleghprgtes| Thisypringsk simyhaneruply gricth icyil, pegeptabiellew ylack, |asdy pri nt er
cost | OVinritkd iBI8 9§ welll :OPipRrRPRItiotd &ld inkMR¥A84- SG 19 a sinple operation O
nearly silent pr II‘Q‘;[ ;Imrrllgng clement 300 is approximately 110 microns long by 32 microns wide. Arrays
of these printing elements are formed on a silicon substrate 301 that incorporates CMOS logic, data
transfer, timing, and drive circuits (not shown).

Major elements of the printing element 300 are the nozzle 302, the nozzle rim 303, the
nozzle chamber 304, the fluidic seal 305, the ink channel rim 306, the lever arm 307, the active
actuator beam pair 308, the passive actuator beam pair 309, the active actuator anchor 310, the
passive actuator anchor 311, and the ink inlet 312.

The active actuator beam pair 308 is mechanically joined to the passive actuator beam pair
309 at the join 319, Both beams pairs are anchored at their respective anchor points 310 and 311, The
combination of elements 308, 309, 310, 311, and 319 form a cantilevered electrothermal bend
actuator 320.

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.

Figures 19(a), 19(b) and 19(c) show the operating cycle of a Memjet™ printing element
300,

Figure 19(a) shows the quisscent 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
NPX034-SG



O high printing speed a sinultaneous double sided printing O conpact form
factor O | ow power consunption No comrercially available printing

technol ogy has all of these characteristics. To enable to production of
printers with these characteristics, the present applicant has invented a
new print technology, referred to as Menjetrmtechnol ogy. MenmetTmis a
drop-on-denmand inkjet technology that incorporates pagew dth printheads
fabricated using m croetectromechani calg systens (MEMS) technol ogy. Figure
17 shows a single printing elenment 300 of a Merrjeff'14 printhead. The
net page wal | printer incorporates 168960 printing elements 300 to forma
1600 dpi pagew dth duplex printer. This printer sinultaneously prints
cyan, magesmtolleyie tHe gorectpiriairg ekmeht, latelky the dth, and losffessshanialalto diye ha pledtrodes

condi ti oneﬁls%@qlelaaﬂse Ldnt Bt b4 pail 568, PHid &Lgem e@cﬁ%@&mm{) zls§tm%9 [fdpRt el y 110
m crons | ong %/ 32 mcrons wde. Arrays of these prln{J enents are
i

formed on BfitsiOF ifrghowt prsspirrateerndosseitingin TPe batingr Qfeetgmlefa{as: W@ﬁs%resu&msa

transfer, témidiR hedingcaoiet Mebdﬁmrp@lblB(IS&() éﬂpaﬁ ﬁm\{ﬁh);sxvew&haﬂﬁ-b@h%ﬂﬁﬁs &k the
printing e S Itd%%00 are the nozz| %Ee t elh ozz‘:he ri.m 303 he nozzle

chamber 30 ot gpindg resylting gia SHHETS MoReapRatrsy i ¥ e ar m

307, the adifferense lsamﬂﬂuéx msol‘t?éebm t}mﬁmtﬂgﬁgd etlthef paskitngenpt at ertudye 30 pai r

309, the a%&ﬂ@to@&ﬁs%s%sﬂﬁgmofhe:ﬁ%g}mﬁm raRBRS I SroAAlHA BE nAEHbe3 11, and
the ink inlet _312. The active actuator beampair 3 08 is _nechanically

j oi ned to 1Hel5AeleRmbes 104 mgves Bhayhing Fiqrons fyee Basitiphkoyyin Fiegre SRR heans
pairs are ﬁﬁ@dﬁ@mﬁdn]ﬂi‘esilﬂ‘befofcmlga&petﬁut VBtheaoeA0102 26d SbigngIhelifk mdalcud 1f6.t0 The
conbi nat i 0 0,. 3 nd 319 forma cantilevered

el ect r ot hg'?ﬂ ln% (% E%eveé%%f)mﬁ ealﬁc?%}lfﬁ“hsgm & Shal esu%ac °lt ®an array
of printi nr@zéwﬁ%b?r%o‘*aoo including a cross section 315 of a pr| nting

el ement 300. T heAem@seg.p&a%bﬁﬁkb%a{épm3@Mm@b9\@h&amy&mla&1§mmr&hﬁ&rIny show

the ink inlet 3 .12 asses ough .t he |I|cnvvaer Fi gures
19(a), 19(‘8%“*&‘@&’*“&‘@(@ W‘Peh‘ge%ﬁﬁ g%ﬁ *gPitél Hathmlﬁ?’é{ wf‘pmzﬂf. ng

el ement 30chamiper, gtshewli® Fahre Ssk(c))vmhemhﬂleqhunﬁ&omﬁuepbﬁmé acfith d@the sltficd tesiofeNi SCUS
316 prior L@eRkktdNg an ink droplet. Ink is retained in the nozzle
chanber by surface tension at the ink neniscus 316 and at the fluidic seal
305 formed betweEHWERR shys A|seemepiaatiaringerd 3ahdn e wetriea erigtiathn éneth o806,

Whi | e pri ngrinthgad i el tridaitod @8 BapENEPRcAlly R Clkinhy il the dSdcidnDi. €8 @@t héwn t he

print engi (pé? mrﬁﬁ?%%zi&%%Q%oof a complete printhead). When printing, the paper is moved past the fixed
printhead in the direction 352. The printhead has 6 rows of interdigitated printing elements 300,
printing the six colors or types of ink supplied by the ink inlets 312,

To protect the fragile surface of the printhead during operation, a nozzle guard wafer 330 is
attached to the printhead substrate 301. For each nozzle 302 there is a corresponding nozzle guard
hole 331 through which the ink droplets are fired. To prevent the nozzle guard holes 331 from
becoming blocked by paper fibers or other debris, filtered air is pumped through the air inlets 332 and
out of the nozzle guard holes during printing. To prevent ink 321 from drying, the nozzle guard is
sealed while the printer is idle.

1.6 The Netpage Pen

The active sensing device of the netpage system is typically a pen 101, which, ysing its
embedded controller 134, is able to capture and decode IR position tags from a page via an image
sensor. The image sensor is a solid-state 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 at a sufficient rate to
capture human handwriting (i.e. at 200 dpi or greater and 100 Hz or faster). Information captured by

the pen is encrypted and wxrelessly transmitted to the printer (or base station), the printer or base
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controller to the correct printing elenment, |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 m crosecond, resulting in Joule heating. The tenperature increase
resulting fromJoule heating causes the beampair 308 to expand. As the
passi ve actuator beampair 309 is not heated, it does not expand,
resulting in a stress difference betwegn the two beampairs. This stress
difference is partially resolved by the cantil evered end of the

el ectrot hermal bend actuator 320 bending towards the substrate 301. The

| ever arm 307 transmts this novenent to the nozzle chanber 304. The

nozzl e chammmﬁm@ﬁﬂmﬂpﬁﬁﬁmﬁhﬁu&p&NMMﬁﬁMNm&mﬁ@éﬁm&he position shown in Figure
19(b). This inc he, 1.nk S orcing, i.nk 321 ut.of.the nozzl e
302, and cau5|ng&§ﬂ%8%ﬁé %%ﬁfgﬁﬁgﬁﬁf% ?ﬁpmﬁﬁﬁﬂwgb “aﬁg%% BrE nispg
prevents t#Hé 3 pronmpakiseeidus3 T8 farling aspick dovave aclpbl@seszaryefowmga@ewtpaget he

nozzl e chagh@k as3Pbrowsd shdken, LRARE HALUL 8 u.Q:ti ab RemRERMh PR Fa30R R Gers Q9
equal i zes, the actuator 320 returns to its_original position. This aids in

the break-BFTroT e weRtes PSRt b33 wiq 87 DAL Tighie 235009 He prigseriess sl
chanber, adiagsdnowledting bergreilpied iB{nbdtion Thintined By e reianide keries 11 ef itel Rgladay t he
action of fhgasurface tension at the meniscus 316. Figure 20 shows a
segnent of a printhead 350. In a netpage printer, the | ength of the
printhead is theWben pithgs gibhis ¢F cortpst ﬁa}pérﬂe(PﬁgprheaﬂlelP yletormipesrity ppsition Hied

dir et(:::]l 03)&@&“101*3@&@69}' B4 pacs MBYAIbI i§ attabhed 114! RordeQBEor( AR folde &Van0hinas COMPl et e
print hea

rinting, f p.a er is _noyed past .the fix rinthead in
the dir ect‘FtS'iRm?EéQat“r‘ﬁéo ?)8’!“’1%“2%5’ iy %he%'\/\% © BT § nterodi ‘é‘i“f‘atﬂ’ﬁ %f“i"%?i ng
el enents 3@@qctivpelpmni enghd fage ©ibk ‘dickedirbg pessing Witk she Ofn 1t kn Sdepplreqpebt,bay, t he i nk
(0l et s 31antodQubl AiPEherldie FLORMAS 1 WlAS Golon blLRELALGRA U, 18,
operation, a nozz e guard S e print Substrate
301. For ehcl! dganipseot aggnasds be vedfied cor r espondi ng nozzl e guard hol e 331

t hrough which t hHEhd pek deErBRbLhSpRitien fnld oBehtatidiDofi AR lihelnbiBagd 8% Zh@ing Wl d hol es

331 from cked er fibers.or e filtered air is
punped thrtp mﬁ a| P il a{% 8@ agthig e gt fmt%?fﬂfehm fgﬁcfigémﬁﬁﬁfeﬁt%&f‘ s during
printing. cvmptpfrseheemmnmf tt@zhjb flatdin tel thy itag domt theeobsrowed Iperspgesiae distbsion gethd ed whi | e

the print efaded tab tld@he &o‘ﬁl &ﬁeﬁl%%@@&g obtRl) Aiﬁb%g@fﬁé g,o\gﬁor&@sfaﬁh&%fﬂ% ﬁlsy of the
net page syst em | S té% ca 101, whi usin

cont rol | er®®1%% beqause by fas fleﬁmﬁfé’ﬁtﬂ&?ﬂ@g%ﬁdnvaré%bﬂépwnﬁg%fhf’|ta§r?lzf”é]§‘sadf“§t64n a page
via an i magetionsensiin.is qU€hipH)BgeedRe S @iinidnsn Rsofifib HquirtEfoactlyd Inadvpitioy | ded
with an aprgcrogr%rsl ate filter to permt sensing at only near-infrared

wavel engt hs described in nore detail below, the systemis able to sense
when the nib is P%a@@mra@tive\mHﬁtnatﬁeﬂrﬂsﬁptfua@:@aS&iﬁdOﬁShekepé\r‘ﬁtrb@cemiSEf:f@ sense

tags at a ssbdch 6f @its eh 5bs1t1€ﬁ%h%§ag@%dh@gg&£do% agm(ahd &,mp@&d %P0 dpi or
greater atg 1190 Hz or aster% I.nf o tion captured en is
encrypt ed BHYPHIFE PRSIy} A %‘ﬁlstaﬂsgéaggeg“fth@‘aﬁ?%ﬁﬂ?%q"f(h(ﬁf‘e%%@ 2F&tthon), the

pr i nt er orpagEdBehanges, 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 period. The current selection describes a region of a page instance. It consists of
the most recent digital ink stroke captured through the pen relative to the background area of the page.
It is interpreted in an application-specific manner once it is submitted to an application via a selection
hyperlink activation.

Each pen has a current nib 824. This is the nib last notified by the pen to the syster. In the
case of the default netpage pen described above, either the marking biack ink nib or the non-marking
stylus nib is current. Each pen also has a current nib style 825. This is the nib style last associated

with the pen by an application, e.g. in response to the user selecting a color from a palette. The defauit
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NPX034- SG 21 station interpreting the data wth respect to the (known) page
structure. The preferred enbodi nent of the netpage pen operates both as a
normal marking ink pen and as a non-narki.ng stylus. The nmarking aspect,
however, is not necessary for using the netpage systemas a browsing
system such as when it is used as an Internet interface. Each netpage pen
is registered wwth the netpage system and has a unique pen ID 61. Figure
23 shows the netpage pen class diagras reflecting pen-related information
mai ntai ned by a registration server 11 on the netpage network. Wen either
nib is in contact wwth a netpage, the pen determnes its position and
orientation relative to the page. The nib is attached to a force sensor,
and t he f onibetylers théyab siyle ais&iatddnﬁﬁﬂlmrcelﬁ'ﬁdmb Htrakes V@nireﬁ tirodgh ra@smaﬁé toded

i ndi cate ragtive

el enent on L@g%%%lg%tbgg’z}e A tyéoﬁgo%g 5 g]%%raléeélg)f% S dh&%are re]emé?w(% &f n order
to request’ll gl with Wighdheprare tageedf r om a network Furtherm)re the force is

captured as a COWHeﬁbU&U& péa lishitrirOr elo@me&@Mmth vthtte nf.stttonqmﬁmq& Rh a

si gnature tlo b? erifjed., g \%E eter%]] t|on an;ih orlentatlon
of its ni bIOHY ERS G Fi higyPeni tPH‘&" & P delie & begrEeal area
193 of t hempageariiyrctivites isl “eirer? LED.0WVhdnhie meh bucceeds idl éaodl@sa dtle: miedkesthet ag and

conputes the. E’c%h%ﬁt&f'yé&ﬁva&b% PiAr el ative to the tag fromthe observed
perspective distortion on the inmaged tag and the known %eorretry of the pen

optics. Al though#si&eyse sl epterd ?“@];‘Fél‘sdﬁff’ft?ﬁ toyfs digfied inkaljiitah pk fasms thebgsis Because

the tag demsuigial @Rchidde oP &@GRindsSandl AMAHSEI Y foP bHAO Fdedgllion of Rindvifing, 384 Fhrze, the
adj ust ed Qﬂ95| ti.on. res ol ut| on is quite high, exceeding the m ninum

e veri ca%onfo signatur fj L2 .
resolutionrequired for-accutrate handwiting recognition. Pen actions
relative to a neflThagse sariglesapd wmedisdgitd inkae the setmfe ginteokie s shoAraty vkie

CONSi St'S OfiniATHSHANERE Qighh ikl @%nc(sjtpewedpnpep ROk ORE pQRetk 0P 38 Gent
initiated by a pen-down event an b t he sequent pen-up

event. A s't“’r‘%’?&@“t‘?“’atf dyap Qﬁbf‘éidm\?\i’tnﬁlpte}‘%* th sywre %/“Bel%’@n@tﬂg e PBEHage whenever
the page | D chamgesthe mlm:dsut oﬂclrﬂ@ebf NErnfeR e bEfFeFCAIBILANG @ffernal Seridry, WiRh

Commnce %pagprofsotr eh. mmu ?con?mu%usgh aow%rénh%tel?m%ugﬂ’ieé%t esael eCtﬂIm?n 826
associ at e OWI ng he us %OI’ m CO}B) ancnlc és"te oper ations

etc. The s’@tlge@ﬁmtetﬁﬁtmfwetndwﬁeeﬂftl@tam ow the systemto di scard it after

a defined tine pﬁrﬂeﬁ)g}n bd RRiseidl RNiny SELRE b ﬁ?lﬂtelg.%plge'cggegallasta{e%%d&f a page
i nstance. |t coq)3|sts of the npost recent digital |nk stroke captured

t hr ough t HETRER P A PP 18 il BSEREr §uh dergle uunpperip! hebighagpiier a enig
i nter pr et eeminonicatingpihl at LR pardmlesipeci fi ¢ manner once | t is submitted to an

I
b Boa. Thi s st b Pmel kPR pfo B LA o PR ARG RS G f L2

case of thefgariUfisrnétpdge pen descri bed above elther the mar ki ng bl ack
ink nib or1fhe nRErrABE KirGcTION

The netpage printer 601 receives data relating. to a stroke from the pen 101 when the pen is
used to 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 instance 830. It then transmits the siroke to the page server.
If the page was recently identified in an eatlier 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.

When the page server receives the stroke from the pen, it retrieves the page description to
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stylus nib is current. Each pen also has a current nib style 825. This is
the nib style | ast associated wth the pen by an application, e.g. in
response to the user selecting a color froma palette. The default
NPX034-SG 22 nib style is the nib style associated with the current nib.
Strokes captured through a pen are tagged wth the current nib style. Wen
the strokes are subsequently reproduced, they are reproduced in the nib
style with which they are tagged. Wengver the pen is within range of a
printer with which it can communicate, the pen slowy flashes its "online"
LED. Wien the pen fails to decode a stroke relative to the page, it
nonmentarily activates its "error” LED. Wien the pen succeeds in decoding a
st roke r el whighthe diroket dpglies, [aag@;erzilihes rebioke Elemaeni dfytheggel deRtifion ite Stroke kaferskdD. A
seqguence d k. Digital ink
forns theo%ésg[?ggﬂfrf&G% ‘gtmé%é g’lﬂg‘%&% XE%%%F%?dthalj\?\n]géﬁa&?egﬁn handwiting, for
onl i ne recogniti énckk’ ﬁ&ﬁm’rﬁel“’é‘i’fﬁ@e dﬁwef‘%ﬁrﬂmed’lqwqﬁéh%n fAgvncgsitienrimd the

si gnat ur eSsubs-EHlfént@&{hplpSmHUnra&'bBﬁﬁess?tﬂﬁl s&lﬁ@sriﬁmnmnm %b@&a rvm& ib &umﬁ b @t page
printer vi k.. The.t smtt

encrypt ed ‘?[‘81?%’“? %58?‘%%%”& E’g’ﬁ ,ﬁﬂ"§}3£ﬂ1& apaing 1 gEeTeBree ésf‘?’i% iigfﬁf falure

t ransm ssi @ petngtion; sickedswésjappf | ctickhie tegRer iaingienedby the Vaeinsf résponertedarie: den’srel y
handl i ng iqutfyg printer. Wen the pen is out-of-range of a printer it
buffers digital ink in internal nenory, which has a capaci of over ten
M nutes of conti MEEuAe Ferkénds Piimnhelemppe i A s@ags efecidescrsiens hyngdinks apd R 0 r ange

of a pri ntgdids. Thput hfolghSef fefnSFieRityn did frfo@erad alivitioh 8f anlafbciatel HARAMEAN beE

regi stered ¥Vl1th E' erplr“(rrber of printers, but because all state data resides
in netpages bot A¥BN paper and on the netvvork it is largely immuateri al
which printer a pémpsaiak iseormsof sedigagenwpdeto atemtaﬂgpppcatidni ad byvaicallyictigits a A

preferred lﬁmg%ﬁg@gﬂ@g A& i s descrl bed in greater detail in Section 6
bel ow, wt ref'erence ?Eﬁpg%s ures 8 to 10. 1.7 NETPAGE | NTERACTI ON The

net page printer 60PiRkeslonsat %t“?fmr%f Sejaprjicstign 1 sich padiey esfyatip o 101
when t he Fl@[ierhxﬁ: ameanl54ﬂu¢maearﬂ&@ﬁ1e tipbrdinkao e bpd@Qonl an ¢ Illihereqafieohaga;hﬁh 3 of the

tags 4 is Js%ag t qo 119:? Méu af);ighcatm? aEﬁIBGS |cm er rgc):gvea nt such as a

stroke. The data allows t e par page 4R 93 soci at ed
i nt eract i vésseeptéomshich IS(‘)‘S@HéthiE‘ibeéWmfh@(($ reqodfiedas aifwdmtealtmpmrsmthetdae shistost | ve

posi ti oni Nehe@fpetiiiEel it clag@dla%;arn\qpshg\pm;,b%mpgge to be obtained. The indicating
datalstransmttg;idtothe printer, where it resolves, via the DNS, the

page 1D 50 of th&M&t pJRECTHH S hatehePobrae ST ¥8E cde hat geriertipage
server 10 somkileh orghe Etabi SThE Agplicatiod i@ &ipoifiel KyGn pErtjeatibr Gt ENme t}133§h11cdtlbn t hen

_t rans m t S dltl)klﬁre%trl]x}‘erg é%re ngnﬁah\gaPrRr%qge . Y‘Eer are t'l'r.ree %?eg 0 ﬁge?hxxy?a?cner 4§ netr

identifie ier then the pri "have t he
addr ess 863, form hyperiinks 8635, and selection hyperlinks 864, as shown in Flgure 30, A general hyperlink

can implement a request for a linked document, or may simply signal a preference to a server. A form
hyperlink submits the corrésponding 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 retn a single-page document giving 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 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
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of the relevant page server in its cache. Each netpage consists of a
conpact page | ayout maintained persistently by a netpage page server (see
bel ow). The page | ayout refers to objects such as inages, fonts and pieces
of text, typically stored el sewhere on the netpage network. Wen the page
server receives the stroke fromthe pen, it retrieves the page description
to NPX034-SG 23 which the stroke applies, and determ nes which el enent of

t he page description the stroke intersgcts. It is then able to interpret
the stroke in the context of the type of the relevant elenent. A "click" is
a stroke where the distance and tine between the pen down position and the
subsequent pen up position are both |l ess than sone snmall maxi num An obj ect
whi ch is aistickdddeThe bystem incinblésakeffeytpe eaird pachrieg)Ltiypeliinkactvhtioak to be acti vat ed,
and accordingly, %ﬁﬁ%%{ gr§$opré35?s Qlaie%eﬁ% Then Ia,»,%" ss%clateﬁ h&eﬂ ngaction,

such as a "slop register is in |cate response

fromthe p¥fvEin %‘Re 314 Bihen %P@“@@O‘Emﬂﬂ(ﬁ%ﬁemm ip r‘iplﬂouel teeymtrkink §44 g

][let Iogge PagecHes Gith el Qfip B%ARE. ?\kﬁyp@tﬂ?cecﬁ Qfollp odnl 18] lg,&dtolhda&bmtr th;}f(eﬁﬂ?h7alf orm
ield can r va an associ at.ed hyperlin

yper | | nkshRy b ARk s ki s o el & oL EHge Pl et

appl i cat i ontrib@nef atfyqpihggetling, teprogdetcsntiauoupinpun toad applisftion Sean tneréfdirebmémage

system A byparlinkn&le m%@;cﬁ&%d{ﬂﬁ%ﬂ&ﬁet i b BRoRRRk G Oadd G0 hand, es

activation of the hyperlin es th yper | i nk
to the app®PE¥tion, an "alias required" flag which asks the systen1to

i ncl ude thﬁ?ﬂserF&nﬁﬁplication alias ID 65 in the hyperlink activation, and
a description ic use e h ink is recorded as a favorite
or appears in tﬁg JHE# esﬁfq{W?§°fm$ﬁ8“ﬁ§6%hfPﬁQ“’%@W%ﬁfe%$%§§famg@ran],s
shown i n Fiugughe [28ted Yyage. & fhryadlowd avkser tg swhait iowadracre frheetpa gemspplivaion sends a
request 1t 05,8l @PBkhd Ahdi b 13QPEWer e on the network. The application is
identified by an pllcatlon ID 64, and the application IDis resolved in
the normal way v r‘\afp RS [SRETOUT PRt $38dn the dosument bigrarchyt It piymasly poniiss a éner al
hyper | i nksof t&#6i3al fitla relam&ysmeﬂi |AI foleSinRaL, Séﬁﬂ:ﬁre&ﬁtk egﬁmda Mastayt 6f d foidk B c&@hids as

shown in Flfquslé:teof:%iold u'f‘s‘ ces g{ \Tdn hycBrres%ﬂnQ to the %]d elnBen%r%O of 1%3 Eo%g Ul:e%ﬁ g\fltf orm

i nked docunent erence a server.
“hyperlink @%@ﬁi@@a%h%ﬂ@@ﬁﬂ@@@&ﬁdwhgehm¢¢W@wsphéwappkf@ammummmAmséﬂéct|on

hyper i nk spi Esh m@vmrréc@m mplﬁ gkRel 4 RRickir drifiea RRPInkGARL, §. Qrtamlgﬁ o&e*aﬁ current
sel ection contauQs a syﬂlge word_ piece of text, for exanple

appl i cat i JHP"RERP'SF BERRAerT- rﬁékﬁdﬁﬂﬁﬁ“ﬁﬁﬁﬁﬁ%ﬂﬁnﬁ$%lng t he word' s neanlng
Wi thint he cont eXichifttm idin@thas & stapqo@aru&;chmmcaestwmm&hmfoﬁﬂ;slaﬁttve feozéhl f f erent -

| anguage. dhxsa@a,{ éxg#edtmsmfga&beaw@éﬁtﬁ?“ Z 91 R%mvmgm RiQr ”x%% Lon is

subnitted 10 the appl | e correspo Instance 862
records a sllglgh ddemn] hgppmepsubmitigdh prst one 0 mb@bm]ssmn hyperlmks has been activated, unless

the hyperlink has its “submit delta” attribute set. A form becomes void when the user invokes a void
form, reset form or duplicate form page command, A form expires when the time the form has been
active exceeds the form’s specified lifetime. While the form is active, form input is allowed. Input
through a form which is not active 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 frozen is rejected, and instead elicits an form status report,

Each form instance is associated (at 59) with any form instances derived from it, thus
providing a version history. This aflows all but the latest version of a form in a particular time period
to be excluded from a search. '

All input is captured as digital ink. Digital ink 873 consists of a set of timestamped stroke
groups 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.
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specific to the page instance on which the hyperlink instance appears. The
transaction ID can identify user-specific data to the application, for
exanpl e a "shopping cart” of pending purchases namintained by a purchasing
application on behalf of the user. The systemincludes the pen's current
selection 826 in a selection hyperlink activation. The systemincludes the
content of the associated forminstance 868 in a form hyperlink activation,
al though if the hyperlink has its "subgit delta"” attribute set, only input
since the | ast form subm ssion NPX034-5G 24 is included. The system

i ncludes an effective return path in all hyperlink activations. A

hyperli nked group 866 is a group el enent 838 which has an associ at ed
hyperlink, as shdish clemedeB4fungebedlcheckive field amiteﬁ(ﬁelmsmﬁhtﬁ@ugﬁblcm‘ry oiviael d

el ement ing ' ke i h r

acti vat ednséngtﬁr;%g?w) Eﬁegﬁ lda%gl%{tg%%l&b%a ugé %‘?lgu%é seg%%l %p&ér ?mengp behavi or
with a fi a@%&rew%ssaam@ﬁglev%ﬁ@%d It can also be used, in conjunction with
f[he "submt delt chec%o'ﬁcrfblb'ﬂﬁs&m@isoﬁatefd%&baﬁ)@ﬁl@é’ é@lrlelﬁyshotwﬁ npﬂflﬁl\fé ﬂjeAﬁyojﬂirk nuous
input to a t.alggllc tg cantherefore tlF q 'E?

" bl ackboar §* % AFRERETPEH? HHHEPS °f°:) &2} & ﬂ‘g‘ﬂi‘t efs”8’§|d‘f‘ éadméﬁﬂ“ett?\eref ore
shared as masignalgo the ficlgeelies. 1.7.2 Forns A formdefines a collection of
retated input Tigl@ st LoaGRRkN I8 Al L dniilin Wenk BBULY aiblf QLN 3

printed netpage. Aformallows a user to subnmit pafaneters to
an appl i ca‘iaPtB‘ﬁd indopit WElf & 293 draeimrticafhiong rieshio éFx‘s‘éﬁr ?Pé'Pe hami‘rfr@me%mt@ns a group
el enent 838dita t&xhs ASRENE B fBIHS KL Dyline hindwhifidgFRb@inn GoRllahRetsd 66,  Of

termnal field e .868.re rinted
i nstance o reémf‘p ppF'% %d%ﬁ‘gls‘sl?nmg%%gcgﬁza% mlg‘f"s? gf‘é Rﬁ‘l 03’2[8%519%% Wi ch
cor r esponcReceeniting’, I drophaivenes P8RS sialishend dfaphincHachigdcel\#L12, Mdtsance has

an associ akekt Yah Uk Brltdnts MIRSIEard DeRE: iHSRBARE bPRosk REcduype of the
correspondi ng fi eld elenment. Each field value records input through a

particul ar print eREERGIHEE afsseciatd ‘Bg‘taltsl‘ﬁ“ﬁﬂfé Kes§83. at showipp Bigwe Phe'ey
net pages. difial filosapuel mlgdamg ra.ﬁn; k(ﬁle 3h®tWﬁaticd]lyFrh@dﬂ eqt}Bn'%spe(Eaﬁhb fHafifoF NSt ance

has a stat i di,.c er iV frozen
subm tted, tHfisl(())"l§1 Of\m (g?jfhg% f%ﬁa | s acH nten vbﬁ wa je ﬂ}eleﬁr?% ?jpm,&sfor m
becones f r@mﬁedmﬁéé‘isigﬁedlt% the dipldn evefue. Ahg @Blﬁ# b@l@t‘}ms gwm usunsdheamesedﬂe of its

submi ssi OrbrNM@ﬁédaﬂufé"{c%y Jaa&ﬁcb@&@ a@ﬁéahmm,owﬂd”&h@féﬁn om@ STIYARES dekifidoridlas 11

"subm t del X: attribu A form beconmes void when_the user invokes a
void forn{® r“&%e oo (5P °6Fmﬂ‘ﬁlﬁ’|12ll"(%?f"3’nf% G d GBI offremde Signagt Hardse? es when
the tine tdne WroernddnaBcati@en ThaBthie wé tlexaee BateinTecdgaition, S/os2e tloR] €89 thé et | nme.

Wil e the cfoﬁ)[glﬂgdfﬁfhl@l&:«‘;réNe?e’lnlilc%épg}a{egg)f&ms's§ e@AnLe wed. Input through a form

which is not active Is Inste ured he background field 833 of the
rel evant page i fAideldstement yudden ﬁets ﬂ%ﬂdPﬂ”laﬁﬂt&@tl? frk Adiddpry fgblemehiglops mtibni ssi on

i's al | owecthaveNaYnpad @I HAt phed asddd6d dot Rcept input. It can have an associated field value which is
included in the form data when the form containing the field is submitted.

“Editing” commands, such as strike-throughs indicating deletion, can alse be recognized in
form fields.

Because the handwriting recognition algorithm works “online” (i.e. with access to the
dynamics of the pen movement), rather than “offline” (i.e. with access only to a bitmap of pen
markings}, it can recognize run-on discretely-written characters with relatively high accuracy, without
a writer-dependent training phase. A writer-dependent model of handwriting is automatically
generated over time, however, and can be generated up-front if necessary,

Digital ink, as already stated, consists of a sequence of strokes. Any stroke which starts in
a particular element’s zone is appended to that element’s digital mk stream, ready for interpretation,
Any stroke not appended to an object’s digital ink stream is appended to the background field’s

digital ink stream.
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formwhen the formis not active or frozen is rejected, and instead elicits
an formstatus report. Each forminstance is associated (at 59) with any
forminstances derived fromit, thus providing a version history. This
allows all but the latest version of a formin a particular time period to
be excluded froma search. Al input is captured as digital ink. Digita

ink 873 consists of a set of tinestanped stroke groups 874, each of which
consists of a set of styled strokes 8%7§3. Each stroke consists of a set of

ti mestanped pen positions 876, each of which also includes pen orientation
and nib force. The digital 1ink class diagramis shown in Figure 33.
NPX034-SG 25 A field el enent 845 can be a checkbox field 877, a text field
878, a drawi ng f Dajitsl 8¥ Qaptoed @ ths i lgelkafotidefifld & thteBB8ed The stibddibdl gakwarent

cl ass di agtam i h i n. Figur 4. A Egi i.ital ink .captured in. field s
zone 58 | ol Whhe, P mop i henchl it o (P E Y Sl

bool ean vafbipsts.@8houghyhe aghiphimierpretation dppprlic@Bn-spagific. nar k. (a tick, a cross, a
stroke, a fill zirgiotumBhsedthdsRtibts éh ihtBradiosaE ksl i €l d' s zone causes a
true value to be assigned to the field s value. A text field has an

associ ated text value 882, as shown in Figure 36. Any digital ink captured
inatext field s zone is automatically converted to text via online
handwriting recognition, and the text is assigned to the field's val ue.
Online handwiting recognition is well-understood (see, for exanple,
Tappert, C., C Y. Suen and T. Wakahara, "The State of the Art in On-Line
Handwiting Recognition", |EEE Transactions on Pattern Analysis and
Machi ne Intelligence, Vol.12, No.8, August 1990, the contents of which are
herei n incorporated by cross-reference). A signature field has an

associ ated 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 formof which the field is part is generated and
assigned to the field' s value. The digital signature is generated using the
pen user's private signature key specific to the application which owns
the form Online signature verification is well-understood (see, for
exanpl e, Planondon, R and G Lorette, "Automatic Signature Verification
and Witer ldentification -- The State of the Art", Pattern Recognition,
Vol . 22, No.2, 1989, the contents of which are herein incorporated by
cross-reference). Afield elenment is hidden if its "hidden" attribute is
set. A hidden field el enent does not have an input zone on a page and does
not accept input. It can have an associated field value which is included
in the formdata when the formcontaining the field is submtted. "Editing"
commands, such as strike-throughs indicating deletion, can al so be

recogni zed in
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formfields. Because the handwiting recognition algorithmwrks "online"
(i.e. wwth access to the dynamcs of the pen novenent), rather than
"offline" (i.e. with access only to a bitmap of pen markings), it can
recogni ze run-on discretely-witten characters with relatively high
accuracy, wthout- a witer-dependent training phase. A witer-dependent
nodel of handwiting is automatically generated over tinme, however, and
can be generated up-front if necessary,; Digital ink, as already stated,
consists of a sequence of strokes. Any stroke which starts in a particular
el enent’'s zone is appended to that elenment's digital ink stream ready for
interpretation. Any stroke not appended to an object's digital ink stream
i s appended to the background field' s digital ink stream NPX034-S G 26
Digital i ”g&@?lgﬁrﬁ%aw‘of:@ﬁ nﬁé\%t%n%%%e“e‘?%%e' S interpreted as a sel ection
gesture. Criptio { or nore objects is generally interpreted
as a sel ect i @hieef t heTvrer cynscPeangeput obj ects, al t héetigin t he act ual

i nter pret afj déﬂlnks L at i@ SPecT 1T Sl!ll?th’i’é'ctléni lélﬁbmbﬁoh65 ttresevari ous
pen interactions wth a netljpage NPX(B4} Summary aof pen

interactigns wth ‘foﬁ'ét pagdClichj ect TypeP§Hbe"hf}9U‘B IQcatpP'&ﬁ"'on
Hyper |l i nkGQener al O [sele&idam tcﬁ@ztl on to agpgbm.egﬁ]dcmh tbgp[m;g,uoﬁkbubm fl formto

appl i cat i gg—el-eeti "“”icx& mt—seleetd -+-o—appli-cati-on—Form
fi el dCheckbBWARY i RE® "ﬁytﬁ'éa”fo fi el ASSINFUSIRERIY i t i ngconver t digital ink
to text; gssign tefextto f| giiahd®xitngi ngDi @Dﬁ]\ﬂel’tdlgﬂidMSm@nt aistpnttaditoi Nk to field
Verify didital ink|signaturle; generate ﬁ%kgnat ureSi gnaturedi gital |signature
of form 4gssign difgital signature to field NoneCGircunscriptionAss|gn
digital ink to cur [PEinge| dRigiabik The sylRewgn digipkrlaefieda current sel ection
for eacg pen. hThg sgjnelﬁﬁel grsfig@:ngé SEI‘?} Sl vpﬂ.fyd.gfai htag.gnamgtgeh@g@nt Sit r oke
captured ijn the backgroun i eld. e s tion IS eare ter fan
inactivityy tinmeouf to ensdre predict abﬁ'g%gs'ﬁnatwe Offgrm ass'gnoa taf

signature to field

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 ensure predictable behavior.

The raw digital ink captured in every field is retained on the netpage page server and is
optionally transmitted with the form data when the form is submitted to the application. This allows
the application to interrogate the raw digital ink should it suspect the original conversion, such as the
conversion of handwritten text. This can, for example, involve human intervention at the application
level for forms which fail certain application-specific consistency checks. As an extension to this, the
entire background area of a form can be designated as a drawing field. The application can then
decide, on the basis of the presence of digital ink outside the explicit fields of the form, to route the
form to a human operator, on the assumption that the user may have indicated amendments to the
filled-in fields outside of those fields.

Figure 38 shows a flowchart of the process of handling pen input relative to a netpage. The
process consists of receiving (at 884) a stroke from the pen; identifying (at 885) the page instance 830
to which the page ID 50 in the stroke refers; retrieving (at 886) the page description 5; identifying (at
887) a formatted element 839 whose zone 38 the stroke intersects; determining (at 888) whether the
formatted element corresponds to a field element, and if so appending (at 892) the received stroke to
the digital ink of the field value 871, interpreting (at 893) the accumulated digital ink of the field, and

determining (at 894) whether the field is part of a yperlinked group 866 and if so activating (at 895)
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The raw digital ink captured in every field is retained on the netpage page
server and is optionally transmtted with the formdata when the formis
submitted to the application. This allows the application to interrogate
the raw digital ink should it suspect the original conversion, such as the
conversion of handwitten text. This can, for exanple, involve human
intervention at the application Ilevel for forns which fail certain
application-specific consistency checkg. As an extension to this, the
entire background area of a formcan be designated as a drawing field. The
application can then decide, on the basis of the presence of digital ink
outside the explicit fields of the form to route the formto a human
oper at or, e ddogates SyuRPk;onitetthidkelyt heeruisivg (B Y89 avtethemn die Cineled penelrent s t o
t he f|IIe i f flowchart
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the page imstigint k3B bicRerMall Gitnd 8he aﬂﬁgﬁyﬂgféat@ul tBe febtBe$ tLdRKR theuBisS;
retrieving &%2%6% t he gt gne descrl BE’ tgn 5; identifying (at 887) a
formatted e 6 HIH P8 35 HBe SEHBHR SR er sect s; determining (at
888) whet her t heFighro3fathbeda détake fivwabat sfesp @At s the p@cdhs etbdn &l g3, and if
so appendi g, @l 1 39Rardi: ntﬁﬁ@tgfaeﬂ 1 Wk acct,gﬁgwaégpéoﬂ@&ﬁ@ Thpe field

val ue 871, i1nterpreting accurru the field,
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alternativ termnin tted ele
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t he background field 833;  and 5{?5{ 6? recei ved stroke to the
current  SEfERE lﬁt}ﬂ anghi o yprifyipg (ag hfgigkiRk aSé%e SigAtHEE ofithragn hy et with the
regi stratilep & Gi’e\ﬂﬁfraantb SHdisatidB RN OBing (2684 h Higich! ilﬁlﬁm&hﬂﬂ% c@nftenﬁtoﬁt[ﬁe 893 in

the procesg shown i.n FL,Qur, accu Iate al, ink of a
fieldis inter (f)nre e ac%orﬁltﬁ%qietpo% rengErqm of 't ﬁne Tie ape wners rn(‘)’ééféss

consi st s ofignglue Eexrilating dp f@atorfg@@)dmﬁhmlmpn, piifeassfigniap (it POS) the élbl@ékb@weamd (at
897) whet hgssdidvgmedi gital ink represents a checkmark, and if so assigning
(at 898) a JF%ue alue to the field val ue; alternatlvely determ ning (at
899) whet hbf=3t heP?9tvVerSoMPAE field and if so converting (at 900) the

di gi tal | nk to canagtt &éfveﬁ@)ﬂtn,andl\ils ta Rotuhénd Relcp isOandidicloappbdE pak et gt St rat i on

server, dug%gg r%‘%c}doc gtugs%c\grted conmputer text to the field

val ue; aIt rnat I'v nin whet her the field is a signhature
field and if so Mpaefswqﬁgon(na@pd%Sanbtelqémélfogtimtmaiuhﬁt@saasiuplheteénirrgmvw@ of the
pen’ s owneypy, a\/&iestehfohh&)mnﬁﬁti P0Of get Reon AR c@ﬂfninﬁt‘ﬁl fa%tﬁté b S84 YR
creating (at 904% %? tal signature of H: ten t he correspondl ng
form al sl ¥38° tHEALE 1S BECLPRES SRR PLPPae P o) oﬁ’r‘F&"nh%‘t’rFF@“‘t?tl

owner' s priesgadoeumesticgmaind OS5, keyperdobumtentRgug @Jmﬁﬂaﬁi A aras hsyoin digng 32ppl | catl on,

and assigning ( ak vglg @nntcglﬁmﬂ!i g(!u&s%llxe c%ﬁ&%hﬂé Srrﬁ Bstance. A duplicate form command
voids the corresponding form instance and then produces an active printed copy of the current form
instance with field values preserved. The copy contains the same hyperlink transaction IDs as the
original, and so is indistinguishable from the original to an application. A reset form command voids
the corresponding form instance and then produces an active printed copy of the form instance with
field values discarded. A get form status command produces a printed report on the status of the
corresponding form instance, including who published it, when it was printed, for whom it was
printed, and the form status of the form instance.
Since a form hyperlink instance contains a transaction ID, the application has to be

involved in producing a new form instance. A button requesting a new form instance is therefore
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the field value. 1.7.3 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 docunent instances. A page server comrand 907 can be a
void form command 908, a duplicate formcomand 909, a reset form conmmand
910, a get formstatus command 911, a duplicate page command 912, a reset
page conmand 913, a get page status command 914, a duplicate docunent
command 915, a reset docunment command,g916, or a get docunment status
command 917, as shown in Figure 39. A void form command voi ds the
corresponding forminstance. A duplicate formcomand voids the
correspondi ng forminstance and then produces an active printed copy of the
current fomfnm@imﬂaﬂmnﬂmmnﬂ@mﬁMeld val ues preserved The copy contains the

same hy per link tr at{&?l%gtg ?O‘Fee cgr%angﬁaelduc%s a g teglcnayl af e correspo'&dm%gag% mgtance
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printed, ’ bﬁ’(f contalins or is part of. The netpage
| ogo whi ch appeaﬁsiumated@myennempageprp@cqaswahtb%/coassbm @tresdonding Hocamabtipl i cat e
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preserved, field values are printed in their native form 1.e. a checkmark
appears asTI@E 4pR4TFY %&%ﬂﬁ]‘%‘%?‘&@ﬁ?‘%‘n ﬂ’ﬁﬁﬂ“"t“@'%f‘ duplieaiefprn commagddgess ot t ext .
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signature ﬁ&&%ﬁ?@ﬁék? galues 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.

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 cormmands 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 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 “hidden™ attribute is set. A hidden
command element does not have an input zone on a page and so cannot be activated directly by a
user. It can, however, be activated via a page server command embedded in a different page, if that

page server command has its “on selected” attribute set.
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by a standard graphic indicating successful signature verification. A
dupl i cate docunent command produces a printed copy of the correspondi ng
docunment instance with background field val ues preserved. |If the docunent
contains any forns, then the duplicate docunment conmand duplicates the
forms in the sane way a duplicate form conmand does. A reset docunent
command produces a printed copy of the correspondi ng docunent instance with
background field values discarded. |If §he document contains any forms, then
the reset document- command resets the fornms in the sane way a reset form
command does. A get docunent status comrmand produces a printed report on
the status of the correspondi ng docunent instance, including who published
it, when i18was prinobrFEAfURES OhNBIPAGESNAS Pri nt ed, and the status of any
forms it contain e e QN .Sel ect e ttribute is
set, then the coﬁlrranare%rrgdr%["g ea& g’f”els ré@?% |gilen? F?tpae{oﬁo % eebogtgrﬁts current
sel ect i on indigakrethat ithia ne‘nagl? Iyed qb%tgfefed’emmwammgrwwscmdlso adhissa @by ows a

menu of pagos ﬁfnY&fca&QB?@@ﬂQﬁm iogo d&és'aQBﬁfdyfthlaEagE he wk 84061 Hiadee AReSN' t
contain a;ﬁ seereTﬁEcommn ement for the designated page server
t

conmand, FRERS olatoiati Ry Nid "’aff)“ﬂifeld&%‘f”ie’ﬁrf“‘d’a?ﬁ BTGV erapon,
applicati ahemlpemllélts@nmaditomg)td&yaﬂﬁﬂmﬁghagsg the rel evant page server

command el ement m%fanw;ﬁ%é.%%g%ﬁ,y%g (BAPRAESS MOl LNBESR A e

hyperlink associ ate group an e

page ser veﬁer"efoﬁ?ﬁﬂdopyﬁmp‘my%ﬁf%@w byélelﬁ@aﬁhniog@lbemmamasphmnd@len if its

"hi dden" af§ri bngEﬂﬁELSQt(STEﬁ hi dden command el enent does not have an i nput
zone on a page apd sq cannot  be ctlvat ed djrectl ser. |t can,
however, be acti Pé?fﬁv?am@ dimsie %%%%%P%ﬁ%ﬁ&ﬂ%%ﬁ@d%‘@ Helo'yi%hemer ent
page, if tihated itphgea segiaege of ofiancn,atiding:s "on sel ected” attribute set.
NPX(84- SG 30 1. 8 ?IA%BP ERATYRES OF NETPAGES In the preferred form each
net page is prlnte he netpage |l ogo at the bottomto indicate that it
i s a netpage andtduiefriist wnmablesnt er acti ve properties. The | ogo al so acts
as a copy . buttqep-k{,dnhdgp@gnucases pressing the | ogo produces a copy of the
page. In the casg o form the button produces a copy of the entire
form And in thée Oﬁlgéegt HopmeBtur e document, such as a ticket or coupon,

t he buttorr eli citsleahnapepd retvatkoligctapt e or adverti sing page. The default

3109l e~ Page CODY kb LAl e AL Ok ALGREL] oo HEGRENAOL et Page page

server. Special copy functions are I'1 nki ng 0go button to an
application. 1.9T @Séz@’lﬂﬁlflpcquwes&h P’é’l’“’é}grﬁ@ﬂ“‘@ﬁbodl ment, the netpage
printer has a siggl&optdrhastubeel | ed " HeI p". Wien pressed it elicits a
singl e page of i rrllﬁnoarcrl’ren;]tul:o%)r)bfafnngl udi ng: status of printer connection
. print the status of a document
A document function is initiated by simply pressing the bution 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 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.
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
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status of printer consunables top-1evel help nenu docunent function nenu
top-1 evel netpage network directory The hel p menu provides a hierarchical
manual on how to use the netpage system The docunment function nenu
includes the following functions: print a copy of a docunent print a
clean copy of a form print the status of a docunent A docunent function is
initiated by sinply pressing the button and then touching any page of the
docunent. The status of a docunent indjycates who published it and when, to
whomit was delivered, and to whom and when it was subsequently submtted
as a form The netpage network directory allows the user to navigate the

hi erarchy of publications and services on the network. As an alternative,
t he user camevespdpkr ah&l&w&ﬁﬁgmgaevﬁeﬂw\lﬂfeiﬂed&%mmblﬁmﬁt conttelk Widwy. pages” and
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case the "error” it and the user can request renote diagnosis
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descripti an1 newEpircriLREds@ewLi2aTanoni cal publication exanple to illustrate

per sonal | zat 1 on eghaRLATRaLoLS ARIRAYEAXSL SN, A khoual e, s, of ten

used in the limted sense newspaper and 371 ne news,
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[
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PERSONAL| ZATI ON A scri can draw on tmo news sources: those
that deliver ne\AEhep't?H’Pged%}Pli‘cﬁtF%,SeW?iﬁB’PP%@%P%bH%POM@I qdijgdroeviepublictiona ats. Wi | e
news publ iwaat isoms a@[‘e@atﬁ@@f@@tﬁﬁ)ﬂdﬂ@%dtre@ﬂi tmdhahamgh& ag@ﬂd&llluj)xﬁ AR henf2EMS St reans
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newspaper spagas dven evmslmagmmeé:@s no editorial control.

The subscriber builds a daily newspaper by selecting one or more contributing news
pub]icétions, and creating 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 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.

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,
medinm, or long}, or mumerically (i.e. as a limit on its number of pages), and the desired proportion of
advertising, either qualitatively (e.g. high, normal, low, none), or numerically (i.c. 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
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whil e news streans can be nmany and varied: a "raw' news feed froma news
service, a cartoon strip, a freelance witer's colum, a friend' s bulletin
board, or the reader's own e-nmil. The netpage publication server supports
t he publication of edited news publications as well as the aggregation of
mul ti pl e news streans. By handling the aggregation and hence the
formatting of news streans selected directly by the reader, the server is
able to place advertising on pages ovgr which it otherw se has no
editorial control. The subscriber builds a daily newspaper by sel ecting one
or nore contributing news publications, and creating a personalized
version of each. The resulting daily editions are printed and bound

t oget her ifahﬁt@suﬁlbdﬂgmepréfmaaper The various nenbers of a household
typically express. t ffere St tastes b
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both short and, |l o PX034- S fornms to support this preference. An
article may ar alreac[;"%b%rlt\lhe "R dGar (%5 YEEH ™ Stmlsvagtlfo%brs‘énr? “versions to match the

expected sophi sfthzlatdemptlmfalist b@lﬁe@adecndlpﬁnfactgrxalmpd @alitgivgy (v deorcdent dren' s

and adul tSsmprE‘er xﬁé)%ﬁumelthﬁy @P}Hﬁl&%ﬁcﬂﬁ@ fact\éﬁ%@ér@:ﬁle mﬁash%i%'u@éatf&%a&ﬁlﬁgﬁﬂhgg to the
reader' reader can sp %-n r eadi ng whi ch takes
g

prec ede nce OHQPé‘ia“‘ferf%*F‘imgb'? B‘E‘b@?t&ré‘llak%% orerlfigly ha %tfoggsvwmné roffaRell bgfilledich

section are tizetaeetsegtciietkafcity Al differsfChedahdigit) rcReléah 0F $ecifd dor dFREH dags 0BSSI gned
a useful ljfetjme. By default they are delivered to all relevant

subscribers, "iI'n priority order, subject to space constraints in the
subscri bers' edi ffheonaaler also optionally spemﬁes topics of particular interest within a section, and this

modifies the priorities assigned by the editors.

The speed of the reader’s Internet connection affects the quality at which images can be
delivered, The reader optionally specifies a preference for fewer images or smaller images or both. If
the number or size of i;nages is not reduced, then imapes may be delivered at lower quality (i.e. at
lower resolution or with greater compression).

At a global level, the reader specifies how quantities, dates, times and monetary values are
localized. This involves specifying whether units are imperial or metric, a local timezone and time
format, and a local currency, and whether the localization consist of iz situ translation or annotation.
These preferences are derived from the reader’s locality by defanit.

To reduce reading difficulties caused by poor eyesight, the reader optionally specifies a
global preference for a larger presentation. Both text and images are scaled accordingly, and less
information is accommodated on each page.

The language in which a news publication is published, and iis corresponding text
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In sections where it is appropriate, the reader may optionally enable

col l aborative filtering. This is then applied to articles which have a
sufficiently long lifetinme. Each article which qualifies for collaborative
filtering is printed with rating buttons at the end of the article. The
buttons can provide an easy choice (e.g. "liked" and "disliked ), making
it nmore likely that readers will bother to rate the article. Articles with
high priorities and short lifetines arg therefore effectively considered
essential reading by the editors and are delivered to nost rel evant

subscri bers. The reader optionally specifies a serendipity factor, either
qualitatively (e.g. do or don't surprise ne), or nunerically. A high

ser endi pi tgmxfcﬁgti@la plopsngro$ thi peblitdine sk abich pefachcé edpressad B;hdhagseld HbWdVEr, the
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default. To reduce readin iculties caused by poor eyesight, the reader
optional |y speci f'%¥® aubllﬁlﬁb%fa?st prEny eRes! B ofvedisParyger’ predidiveseh. Bot h
text and i¢mEgAsteiiRd sy:ﬂat- ﬁd:hé'hﬁ&ﬁd’ gibg}gihy coifi@e, lRSEe of iR fr@BRRtp, B keddSrship
accom"mdatgd on %Q%Qd earea vaﬂab? gﬁ% in which a news publication is

publ i shed, And Tt “Correspondih et a't PR&34- SG 33 encodi ng, is a property
of the publ i cati Imthamlpaamystan,rﬁh%ﬁ@amhc@mrse@g@dmwestﬂlweapprsemate Holvever, the
net page SYcﬁﬁl&&bﬁa@E‘iz@@f &mﬁaaqwseglea@e mvaﬁ@%es 2t rzﬁ!.ek secﬁo&laaaéé @Jklng RS ervi ces
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context. Travel am I a, travel
Plnggnrﬁ%ejl va glbdl% fthet%%? € cﬁfstem zﬁlo%s con'? ?mg %)ace to be

section than el se tori
defined in greater detail, and allows smaller pieces of it to be sold separately. It therefore allows it to

be sold at closer to its true value.

For example, the same advertising “slot” can be sold in varying proportions to several
advertisers, with individual readers” pages randomly receiving the advertisement of one advertiser or
another, overall preserving the proportion of space sold to each advertiser.

The netpage system allows advertising to be linked direcily to detailed product
information and online purchasing. Tt therefore raises the intrinsic value of the advertising space.

Because personalization and localization are handled automatically by netpage publication
servers, an advertising aggregator can provide arbitrarily broad coverage of both geography and
demographics. The subsequent disaggregation is efficient because it is automatic. This makes it more
cost-effective for publishers to deal with advertising aggregators than to directly capture advertising,
Even though the advertising aggregator is taking a proportion of advertising revenue, publishers may
find the change profit-neutral because of the greater efficiency of aggregation. The advertising

aggregator acts as an intermediary between advertisers and publishers, and may place the same
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advertiser (and therefore to the publisher) lies inits ability to attract
| arge nunbers of readers with the right denographics. Effective
advertising is placed on the basis of locality and denographics. Locality
determ nes proximty to particular services, retailers etc., and particul ar
interests and concerns associated with the |ocal comunity and

envi ronnent. Denographics determ ne general interests and preoccupations
as well as likely spending patterns. Agnews publisher's nost profitable
product is advertising "space”, a multi-dinensional entity determ ned by

t he publication's geographic coverage, the size of its readership, its
readershi p denographics, and the page area avail able for advertising. In

t he net pageivsyshernin niukiplepetlipaigas. publ i cati on server conputes the approxinate
mul ti- di nensiongl. t. S I n ce on a
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advertisin aggre ator can provide arbitrarily broad coverage of both

geogr aphy &nd dH RPIFEs. The subsequent disaggregation is efficient
because it28s autrﬁdsmtatuﬁn Filletisg nakes it nore cost-effective for publishers
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Even though the a I'si ng aggregaot ki‘ng “a proporntl on

adverti si ngofil‘em@nmon polbdidssher s may f| nd the change profit-neutral because

of the greater efbh&hifReYoni®99regation. The advertising aggregator acts
as an internedi ar bet ween advertisers and publishers, and nay place the

same  NPX034- SG %SHabagtiefitering yeetprs i n nul ti ple publications. It is worth
noting that ad ploased®iik i n a netpage publication can be nore conpl ex than
ad pl acengnt in cation's traditional counterpart, because the
publication's ao‘?fése]?angy%reéemces is nore conplex. While ignoring the full
conpl exities of. iﬁhﬁg@ﬂoaﬁam#s obet pwbbisationd se tivicalbyr gublicatiorespedifei pgd so the

customization information is maintained by the relevant netpage publication server.

A collaborative filtering vector consists of the user’s ratings of a number of news items. It
is used to correlate different users’ interests for the purposes of making recommendations. Although
there are benefits to maintaining a single collaborative filtering vector independently of any particular
publication, there are two reasons why it is more practical to maintain a separate vector for each
publication: there is likely to be more overlap between the vectors of subscribers to the same
publication than between those of subscribers to different publications; and a publication is likely to
want to present its users’ collaborative filtering vectors as part of the value of its brand, not to be
found elsewhere. Collaborative filtering vectors are therefore also maintained by the relevant netpage
publication server.

Contact details, including name, street address, ZIP Code, state, couniry, telephone
numbers, are global by nature, and are maintained by a netpage registration server.

Presentation preferences, including those for quantities, dates and times, are likewise
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aggregators and publishers, the preferred formof the netpage system

provi des sonme automated support for these negotiations, including support
for autonmated auctions of advertising space. Automation is particularly
desirable for the placenent of advertisenments which generate small anounts
of income, such as small or highly localized advertisenents. Once pl acenent
has been negoti ated, the aggregator captures and edits the adverti senent
and records it on a netpage ad server.;;Correspondi ngly, the publisher
records the ad placenent on the relevant netpage publication server. Wen
t he net page publication server |ays out each user's personalized
publication, it picks the rel evant advertisenents fromthe netpage ad
server. 2. gobaSkRmbRekrdiicthe 2m3widy. | nf or mation Filtering The personalization
Of news and ot he[.[‘héalgcailzagantol gg\'fertlr el I‘IeeSDI(l)& %Call%fss ageclirglr%he user 8 con (fg?Cl f I C
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2=

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

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

credits (such as those described in the preceding paragraph); contact details 815, including name,
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while the targeting of advertising relies on personal information such as
date of birth, gender, marital status, incone, profession, education, or
gualitative derivatives such as age range and i ncone range. For those users
who choose to reveal personal information for advertising purposes, the
information is nmaintained by the rel evant netpage registration server. In

t he absence of such information, advertising can be targeted on the basis
of the denographic associated with thgguser's ZIP or ZIP+4 Code. Each
user, pen, printer, application provider and application is assigned its
own unique identifier, and the netpage registration server maintains the
rel ati onshi ps between them as shown in Figures 21, 22, 23 and 24. For
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provi der, s%m s? a&“&'rﬂb&a&' ngméﬁcngecgrﬁ)segi?alconl%a.inrlllg 811: gg’glelng %;[:d (s)1n 'atmI%ag user 800
maybe aut horized'to use any nunber o prln.ef% 8027 “and eac printér may

al | ow any fnaerprdnt 8bF etgsie hapdwrging enedl (819 Eejerppticalls majptpined; by, the ghstenil @b 8FE  pri nt er
(at 66), tnywhish BehkOSh 6ah whithddohGdild ADSendlcth Welaiyrer ed by defaul t, whil st

pages prin on_demand .are delivered to the printer through which the
user is irﬁ"ggact Fﬁ‘@rﬁ?"Fﬂé&server keeps track of which publishers a user has

authorized to pAinabag @set b npdliin Slistl efanf tavapires n links to Asail Bbduméiretdoes not
record th ticular ori t , resgl ves the | D when
£ s eqq b D HMEN BBl B B i on ol USSR 3P0 0GR Uy
publ i sher Bagchyiof fldexs 5. b @refarerd empdimenige whighy )shgvap i the kleysidiagrdm ioFigré nt to a
specified qarinter or the user's default printer. This authorization can be
revoked at % y thng)b¥,}he user. Each user may have several pens 801, but a
pen is spetPfic B e ngle user. If a user is authorized to use a
particul ar print €ke, sybthre nmdidieds 2 histatyelist 92% 00 givh 288 sanryald kortidiingUkids ''6& pens.
The pen || i el HIoLL e MRintai ned by a
par | cul ar S 6] obepig e BiougRAS ASRRINAD R GloaPlodl e GRAR, 20 X
Vb term ridirefgmd credinse ofwhichgs showin the class disgrams i Figuwisdet i cul ar  net page
printer, ai4ow ngrelYebnirgetardid net page docunents encountered during Wb
browsing to be cgavenientll. rinted on Lhﬁ qearest ne%$ag$ printer. The
net page system caly EBTELFFCICHG FENE] FUgRRieln At 8F Pt BUECHET e BE Yind
commi ssi onssenlizel pgdragorear neciot-hy-goin bpisbbin@atosiid sripemant @@ i0the fdne of
provi der’ S, DfES Sotangbl ey AGRITE: SRR phd b ARYALL | N9 Tees, click
t hrough fees, e-comerce conm ssions, and transaction fees. |f the printer
is owned by theThfsdyertising go fg5@ sertien cap Be yefigvep mith tvadly prving afesrtising s8es user
al so has eannadip@gepags caminttheSdBioyihe the ia® layisie dlpbrihn? G:HpLitIhal Brelfiehi@mdebi t s and
gre'?g: It : (Sicél?ii"gi.lﬁ;az fohag&%sﬁ;b toﬁ%ﬁé{a e%ﬁ%}gb%ﬂfe%%‘x%?g z?d%r@s%g%g{tgl ,rSI?CB QQ f)lac?n%r;i%sa(:t

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

2.5 DOCUMENT FORMAT

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

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
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address and tel ephone nunbers; gl obal preferences 816, including privacy,
delivery and |l ocalization settings; any nunber of bionetric records 817,
containing the user's encoded signature 818, fingerprint 819 etc; a
handwri ti ng nodel 819 automatically maintained by the system and SET
paynent card accounts 821 with which e-comerce paynents can be nade.
2.3.2 Favorites List A netpage user can maintain a list 922 of "favorites”
- links to useful docunents etc, on tf3e netpage network. The list is

mai nt ai ned by the systemon the user's behalf. It is organized as a

hi erarchy of folders 924, a preferrred enbodi nrent of which is shown in the
class diagramin Figure 41. 2.3.3 History List The system nmaintains a

hi story | i sfersQid@Guding iregedgrohes, asd fehal fext. contai ning links to docunents etc.
accessed by the : n 1t is.ongani zed as a
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publication q section-by-section basis ince nost advertisenents are in
t he forn1o?““%?gyﬂ%W%ﬂ?féggFﬁﬁﬁﬁﬁbﬁﬁfPsfﬁ@V‘QﬂggﬁﬁﬁégﬁsHhmFﬂ%aﬁﬁﬁﬁcbefore
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conf i gur edforest At araphip phitchenegslet grwhis roisalphje YocepCrepfiies 61 @Iforasid adverti si ng
content, such asTh Bl iGelaessistd @ s6RO Phded TRbRIahBbraphRR@6jodtd, Gilel ¥xttb hi n t he

publ i cation, becaus f .a special_ feature on do-it.-yoursel roofin
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associ at edwatimmerk segimsel These dpybut ebjects sre tsimamarikzeli id Toblé 3 atledrehntngest Ocongidt OUS
aestheti ¢ gl LSiabld 6 Bftichf ReBLOG 8RR ordg0C! Ui Ng the sel ection of ads and the
selection of editorial content, nmnust be iterated once the |ayout has
converged, to attenpt to nore closely achieve the user's stated section
size preference. The section size preference can, however, be matched on
average over tine, allowng significant day-to-day variations. 2.5
DOCUMENT FORMAT Once the document is laid out, it is encoded for efficient
di stribution and persistent storage on the netpage network. The primary
efficiency nmechanismis the separation of information specific to a single
user's edition and information shared between nultiple users' editions. The
specific information consists of the page |ayout. The shared infornmation
consists of the objects to which the page | ayout
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NPX034- SG 37 refers, including inmges, graphics, and pieces of text. A text
object contains fully-fornmatted text represented in the Extensible Markup
Language (XM.) using the Extensible Styl esheet Language (XSL). XSL

provi des precise control over text formatting independently of the region
into which the text is being set, which in this case is being provided by
the layout. The text object contains enbedded | anguage codes to enabl e
automatic translation, and enbedded hyphenation hints to aid with
paragraph formatting. An inmage object encodes an inmage in the JPEG 2000
wavel et - based conpressed inage format. A graphic object encodes a 2D
graphic in Scal abl e Vector Graphics (SVG format. The | ayout itself
consists of a series of placed i mage and graphi c objects, |inked textflow
objects t ,ects flow, hyperlinks and input fields as
descrlbedhg g%? mﬁ#%“’%ﬁ?%?ﬁ@?g regions. These |ayout objects are

summari zed i haybpaibl ¢ 3. ThHAtribgteout usles Beroatplact| format suitable for
efficient {di ghfekputfion and storage. NRRddo 8| Tabl e 3 - netpage | ayout
obj ects Layout” Attrli buteFormat of obj bj ect |1 magePosition | mage
obj ect | DFE@92000 dPesHNcPosi tion Grfaphi c obj ect| | DSVG Text 1 owTextflow | D

Zone Cpticnal t ext ARige ebjedtIBXVLT XSL b edoonK Type one Application ID, etc.

Fi el dType A GmpH'”U Qamyﬁternarkone -
Graphic object ID SVG

Textilow iTextflow ID -

Zone -

Optional text object ID XKML/XSL
Hyperlink Type -

Zone -

Application ID, etc. -

Field Type -

Meaning -

Zone -

Watermark [fone -

26 DOCUMENT DiSTRIBUTION

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.

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

by its page layouts. The page servers persistently archive the received page layouts and shared
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2.6 DOCUMENT DI STRI BUTI ON As descri bed above, for purposes of efficient

di stribution and persistent storage on the netpage network, a user-specific
page | ayout is separated fromthe shared objects to which it refers. Wen
a subscribed publication is ready to be distributed, the netpage
publication server allocates, with the help of the netpage ID server 12, a
unique I D for each page, page instance, docunent, and docunent instance.
The server conputes a set of optim zedgsubsets of the shared content and
creates a nulticast channel for each subset, and then tags each
user-specific layout with the nanmes of the nulticast channels which wll
carry the shared content used by that | ayout. The server then pointcasts
each user'@ntka@youts to that user's printer via the appropriate page server
and when the poi S I r nient on
the specified chgﬁﬁ%\%lpgﬁ&g?aﬁmel%gg&h\% ﬁmt%gﬂcglﬁ% ga {%%tﬁéa}%htﬁg%@%é server
and pr|nte@mﬁﬁﬁﬁéﬁVB@%hﬁéhﬂﬁﬁmﬁﬁﬁ¥ﬂ%ﬁ§%aﬁhaﬁﬁéls specified in the page
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and then rasterizes ‘an rints it norma circ ances, printer
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expected rate of page dat a dellvery over a broadband network. Even under
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server thereforepgall ePM\é%unQern{ RtLhed, atﬁmﬁsﬂpdmﬁmd[l&%ee%c% dlflﬁﬁ&ater 8 aH}'hﬁlé gfst s.
VWhen a critical nunb requests Is received or a tinmeout occurs, the

server re- Wﬁ??%%ﬁ§¥§iWﬂﬁaﬁﬁpﬁggﬁﬁﬁﬂ?ﬁﬁe?ﬂﬁ?@ﬁaaﬂjects Once a docunent is
printed, a2.printon-DEmANpDodmErRTsan exact duplicate at any tinme by

‘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.

‘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 to present Web pages in a multi-column format, with a table
of contents. It can automaticalily 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 the netpage system from Web servers.
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retrieving its page layouts and contents fromthe rel evant page server. 2.7
ON- DEMAND DOCUMENTS When a net page docunent is requested on demand, it can
be personalized and delivered in nmuch the same way as a periodical.
However, since there is no shared content, delivery is nade directly to
the requesting printer without the use of nmulticast. Wen a non-netpage
docunent is requested on demand, it is not personalized, and it is
delivered via a designated netpage forgatting server which reformats it as
a netpage docunent. A netpage formatting server is a special instance of a
net page publication server. The netpage formatting server has know edge of
various Internet docunent formats, including Adobe's Portabl e Docunent
Format (PC¥), an@eddroertext Markup Language (HTM.). In the case of HTM., it
can nmake ugg of the higher resolution of the printed page to present Wb
pages in a multi-colum tormat, with a table of contents. It can

aut omat i cal |y i nErvaderaphly fis v magésenﬁweééwwombmb@ﬁstqfﬁcmen raguasited page.
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in tranS|t%m@@Qﬂﬂgmxau@aﬂmhhcate parties to a transactlon There are two

cl asses of crypt in w read use:. secret- cr phX and
Dbl T o koy orypt BOVERY ORREG: PR R b R BeBLeo CHPErHDY e Bep

crypt ogr aphyryptise &eyet Thk exe keysyapt oagireaptivyt]ly ralhtscbmrsahemaedlatta@y wsa&y pvRbied C
cryptogra oHSES cAnGIy SR ARSRY udi) meURRE Me?to&%@'mgs% &E¥ Rlined pﬁﬁé}ﬁ:@gﬁmjz Two

parties wi shing to exchange ‘'nessages nust first arrange to secure
exchange t ‘l’%%“t%“é rkat PR T‘P@B‘?I‘i" Eodpyredlie FHOBHE PRY2e &’1“?‘%‘1 festthebpldey of ’3}“’ as

asy hrmet ri Cprfiff.ty péyoigﬁoa Bi(ijl:Yy_,pteﬂl SO tﬁe\lizﬁlbhcﬂdaﬁ Iﬁ)ﬂ@ﬁsb@ Rark&@¥Soe dJcla@teu u@aglwﬁ]d vilk €

mat hemat i c rel at in _suc t hat pt e u5|ng one
key can onf ’%b %%3ry%fglemmpﬁa%Pﬁg%mﬁﬁgs %m%ﬁﬂ%%mm%% ?ﬁe % Sg?g s t hen
publ i shed, Tmﬂwk®mmmw@nwmﬁevmwsmkapﬁnpmmv&t@emmhedthkw%ekeywmgmus@d to
encrypt any,pgssage intended for the holder of the private key. Once
encrypted u3|ng t he public key, a nessage can only be decrypted using the

private key. Thilip °B§P?W@§“@&ﬁ“?@@&ﬁ%??dﬁ%%ﬁﬁﬂﬂﬁ'ﬂﬁQQQEBQhHWWﬁ%ut first

havi ng to l&x@hﬂiﬂ@e adnS@CHag of K@;essage and then encrypt the hash using the private key, Anyone
can then verify that the encrypted hash constitutes the *“‘signature™ of the holder of the private key with

respect to that particular message by decrypting the encrypted hash using the public key and verifying
the hash against the message. If the signature is appended to the message, then the recipient of the
message can verify both that the message is genuine and that it has not been altered in transit.

To make public-key cryptography work, there has to be a way to distribute public keys
which prevents impersonation. This is normally done using certificates and certificate anthorities. A
certificate 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 public key is well-known.

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

signatures and to securely exchange secret session keys. Secret-key cryptography is used for all other

purposes.
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To ensure that the private key is secure, it is normal for the hol der of
the private key to generate the key pair. Public-key cryptography can be
used to create a digital signature. The holder of the private key can
create a known hash of a nessage and then encrypt the hash using the
private key. Anyone can then verify that the encrypted hash constitutes
the "signature" of the holder of the private key wwth respect to that
particul ar nmessage by decrypting the ggcrypted hash using the public key
and verifying the hash against the nessage. If the signature is appended
to the nessage, then the recipient of the nessage can verify both that the
nmessage is genuine and that it has not been altered in transit. To make
public-key crypt aghapbyowaRr kscussite ehel) aferti@e hlemadeV\ﬁythé Geclbe StahdntMsiboe opubl i C
keys  whi ch, S i rsonatio This.is n

certificat es%a'ﬁo el353ere H?IT% At aut gra i r?'eé’SWhatﬁcmgl&rh?ppfll}éésa ‘R?he fl?lterq}b%ams is a
trusted t hihy grvpdy despifigeitd, avtheptisatbranvitboraferenre taibe eetifieatecauibonity, M\Vbeerbhakfp'ubl ic key

and someo n&ch%nged@mnl th/certifidfle ©SkiHhdgh GALGr SHOLY bMh W Gdrfd: 88d IBEuRehmsON’ S
identity by exam nj ng‘bl dentity documents, and then creates and signs a

digital ceSF‘ErthSFSé’a’E &y ﬁ’t‘;a?trﬂ“%’ﬂesfaﬁ%d"&ef‘s’&‘ﬁ“’ékﬁyo‘?é’rf?fﬂi’“d‘é{‘ hpvp gn %fh‘éfa“*bubl ic
key. Anyonsombifetinier usts the certificate authority can use the public key in

the certi f%gate }WF'FPD\?%PRIH%% cdggree of certainty that it is genuine. They

j ust have to ver e certificate has indeed been signed by the
certificate aut hB?OhtﬂVPagmmlSp&%nﬁta ki pf imiquosktifipe ghiime of mamyfgiere phighsact i on

environ m%§stormm ke & orfPientoryiR (R GFAR NG ih the BpaYe x‘é@ﬁﬂh&n@e&ér%ﬁﬁlﬁsedhﬂ'ﬁ}s@'

signatures_a securel y exchange secr sessi on keys. ret-ke
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is that the printer al ns e serv certificate, authentlcates it
Wi t h ref er@tiises figrepireuidiiprial ewré lhropeisiteyeory Jrand i eu%‘e Istvisecutelyye thex change

key in theneﬁ:@g'etrd:gﬁshﬂﬁh Serdep Tﬁ%&ﬂ&%ﬁp@cg%@éo&i IEPR5i8dt B plRa swciehmtraﬁrds@r ver,
and t hen uses cret eSS|on k§_ englwtp%the nme dat

session kéy SW 8S§f Rk eé"éﬁ“ﬁ‘% 0 §Patey ?‘feétiﬁaﬁ% 3.2
NETPAGE PRIichfiER: SECHRTY pEacwm@tdpatybc pgnanlteekeyl sndastmsgthed:elaﬁq:m in ©¢ uni que
identifierg,atidldi®,.0f manufacture which are stored in read-only nenmory in
the pri nter and in the netpage registration server database. The first 1D
62 is public andTfriicHeasISiso{ion Feryef ads ElsHéefb@‘?tﬁta‘é]im&’rfo%ﬁ@a&?@f‘btg@ém%f wor k.

The seconchat Bcds&oS@EeEﬁfonnaﬁ&ﬂaﬂbﬁmglﬁﬁdreﬂfhﬁfﬂndrhﬁntwI nter is first registered

on the network. en th ri.nt cts to . t.he net. e network for the
first tinme after %ns? arl Sugscnbes th & p%ﬂcagmi’ 2 record S creat %u"?g‘g put%ﬁgf‘ & lﬁtrrﬁu\‘?%t e key
pair. |t tsoersdrabase @mnmﬁebubﬂ@elaﬁqdmnﬁée plbmah@ thelsc ws@ 6 uelilypringr phe

specified printer. Every document sent to a printer via a page server is addressed to a particular user
and is signed by the publisher using the publisher’s private signature key. The page server verifies, via
the registration database, that the publisher is authorized to deliver the publication to the specified
user. The page server verifies the signature using the publisher’s public key, obtained from the
publisher’s certificate stored in the registration database.

The netpage registration server accepts requests to add printing authorizations to the
database, so long as those requests are initiated via a pen registered to the printer,
3.3 NETPAGE PEN SECURITY

Each netpage pen is assigned a unique identifier at time of manufacture which is stored in
read-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 pens. A pen communicates with a printer via a radio frequency signal whenever it is within
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net page regi stration server. The server conpares the secret |ID against the
printer's secret IDrecorded in its database, and accepts the registration
if the IDs match. It then creates and signs a certificate containing the
printer's public I D and public signature key, and stores the certificate in
the registration database. The netpage registration server acts as a
certificate authority for netpage printers, since it has access to secret
information allowing it to verify pringer identity. Wien a user subscribes
to a publication, a record is created in the netpage registration server
dat abase authorizing the publisher to print the publication to the user's
default printer or a specified printer. Every docunent sent to a printer
via a pagerasgrof et prisiten Ol¢tcessadind pringer pﬂzrr&g'lmnédame)u&gﬂaﬂyamdaﬂgs satigniegs. by t he
publ i sher h SR i r8 & rver
verifies, ?/I;i% El%‘red;#ﬁ%sntl@g%%nm‘gat agptn%tels ﬂ%%?%t}dt S%ﬁlfs %’ép%%g]gm%ﬁt hori zed
to deli verawweﬂﬁfﬂﬁbﬂSP@W@iﬁtﬁtl@klsh@’ﬂs}ﬁé@wﬁﬂeﬁh@qng!ér The page server verifies
the signature usisgn {hi8s DefRloh RS eserpbili}ltdr & kY, inRRdadl BRHer 1500 § Rfter
publisher's certifi Eate stored in th gg)ﬂstr E???]Wn dat abag The net page
regi st rat i SHEAFVOP “HILSHTE p‘?néb[ﬁ‘g‘gst’? 6 613 g LR B IR T95%E to t he
dat abase, @pacitﬁ)fogsea&n kdyo amd wib Guiesd Sss@n feyion b lehdieechtlybsad basip Fnecedgy.St ered to

the printer. V\HEJF o Nmiﬁ%@u; Bfi‘rﬁé? tﬂeeﬁeﬂggfpr&%pdfs&véﬁktg&%%r uni que

identifier at t| manut act ur e IS store d- on y in
t he pen anfroFsachiebemithsndus’t ey %fhoﬂiera éﬁn the prjqr daam&%@@fhewwwﬁedi D 61
uni quely  kud@meiptd. &8s tnkgat u@efer &hngid) eecagé mag@ beleﬁgawéﬁ;seréma i%tr&%%d@@ﬂe can
"know' a n rrber net )a rlnters b8 PL an l&lg nunber of
pens. A pe a? %r 1o HopY HF’e?F“ iy eénf"gﬁl“b‘ PPEE aé‘&?“‘%?"g‘ﬁ&l
whenever iteglststuw Iirdrwdmre NP X084 1< EEmdft odngethofentthe iqppiesstvath the@maeigaorpen and

printer arf?m{u?ﬂééeﬁ:‘i‘srp%gedlﬁ?&){rgfng%| ﬂ%ﬂh%ﬂﬁﬂﬂ@st&%&%&%n Yenre, VIENEVEr the
pen transmts digital rinter, the digital I's al ways

encrypted using f'rf’édm%fﬁbrtﬂwPMPeﬂl%@gg?WsRéﬁg?reﬂewglr%lse lfeméfhﬁ E"Yﬁé“\?éqge
transmtt eﬂzylm alkd Rcdilic@aih the el BEidhemh BrvErCGRbAN ak@ye b0hanafQiry. Miringt er 1t
knows, |ndex b rinter .JD a rinter tores a ses i on for every
pon' 1 knoeifh ol fslmb % pB10 8RR ing §LERER SRR BAR RE R RS 0
capacity f@tpa@etsgﬁt@mnl@elyg Tlamdtvwgisﬁerate@rag@slorakeyé“ststh@mmr@eyndmn@ use, and

| east - r eceft)idly #aGslsRRISiod fey RAEESBRE Yt als Y BERmA LBPy SFUBSsiv EeE E&nﬁé@ge of a
printer, the pen and printer discover whether the know eac

they don't PR S EHeSthanse kevy Hhs printpyatopss thf pesgiondey @%Wf’lﬁ'e’é‘ degpiiieren 10: j o
supposed tad trkﬂmw thd@crPpat sestion Beyd GhpenbEhe pbrOstor@Xt@nphiy keh @ataBe iddbed pen

bel ongs tobr?,a[h rIW“O is registered to use the printer. If the printer is
nmeant to en but doesn't, then it initiates the automatic pen

regi stration pro gleafahemeﬁmmpﬁﬁsm@ﬂp@ﬂsmtht%pm%ﬁtraﬁ%mwwomherq@@w then it
agrees W t finiR8piaBdbedsion ke AsBitted by the printer.

When a previously unregistered pen is first registered, it is of limited use until it is linked

to a user. A registered but “un-owned” pen is only allowed to be used to request and fill in netpage
user and pen registration forms, to register a new user to which the new pen is automatically linked, or
to add a new pen to an existing user.

The pen uses sccret-key rather than public-key encryption because of hardware
performance constraints in the pen.
34 SECURE DOCUMENTS

The netpage system supports the delivery of secure documenis such as tickets and
coupons, The netpage printer includes a facility to print watermarks, but will only do so on request
from publishers who are suitably authorized. The publisher indicates its authority to print watermarks
in its certificate, which the printer is able to authenticate.

The “watermark” printing process uses an alternative dither matrix in specified
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it until the pen is placed in a charging cup, at which tinme 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
net page regi stration server database at tine of manufacture. During
registration, the pen transmts its pen IDto the printer, and the printer
transmts the pen IDto the netpage registration server. The server
generates a session key for the printes and pen to use, and securely
transmts the session key to the printer. It also transmts a copy of the
session key encrypted wth the pen's key-exchange key. The printer stores
the session key internally, indexed by the pen ID, and transmts the
encrypt ed ‘sesshat! régdys dfohetpag:. Pek-to-bhbiepapa Romsdirohi@s: -inag: v&&ﬁﬁdrmgi&ewhich
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to produce_g terferenc en t ons are Vi t her,
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page, and is |05blem%1tﬁepﬁle%g§ndﬂ§n&%|tgg sQ¥oBRi Bl MBRANS- 2 FRfesRl secure
docunents cannqgt be copied using the built-in netpage copy nechani sm

descri bed HSHEY FIEAY fmgldaﬁa%m%?bétafé&?éﬁﬁ@ fpraery, SNy o g tioEn
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3.5 NON-REPUDIATION

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.

4 ELECTRONIC COMMERCE MODEL
4.1 SECURE ELECTRONIC TRANSACTION (SET)

The netpage system uses the Secure Electronic Transaction (SET) system as one of its
payment systems. SET, having been developed by MasterCard and Visa, is organized around payment
cards, and this is reflected in the terminology. However, much of the system is independent of the
type of accounts being used.

In SET, cardholders and merchants register with a certificate authority and are issued with

certificates containing their public signature keys. The certificate authority verifies a cardholder’s
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therefore include the user's photograph which was captured when the user
regi stered bionetric information with the netpage registration server, as
described in Section 2. Wien presented with a secure netpage docunent, the
recipient can verify its authenticity by requesting its status in the
usual way. The unique ID of a secure docunent is only valid for the
lifetime of the docunent, and secure document IDs are all ocated
non-contiguously to prevent their pregdiction by opportunistic forgers. A
secure docunent verification pen can be developed with built- in feedback
on verification failure, to support easy point-of-presentation docunent
verification. Clearly neither the watermark nor the user's photograph are
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bur densome™® PRE-RS FARD8 SN SR %P‘Eerlt%‘fsﬁ'fea‘fsﬁ ScdoiP &Y YrBPedk Yrsigmyic is
certifi cat@puedad seed wethe @fichatginkatabale lidad dhiel Hets ra6:d s vith apiatopagsyvwor d have

met with Saﬁgpopﬁgn%ﬁﬁ %zﬁ;tured and linked to the record. The SET cardholder registration process is
completed, and the resuiting 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,

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

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
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4.2 SET PAYMENTS In the netpage systemthe netpage registration server acts
as a proxy for the netpage user (i.e. the cardholder) in SET paynent
transactions. The netpage system uses bionetrics to authenticate the user
and aut horize SET paynents. Because the systemis pen-based, the bionetric
used is the user's on-line signature, consisting of time- varying pen
position and pressure. A fingerprint bionetric can al so be used by
designing a fingerprint sensor into tjge pen, although at a higher cost.
The type of bionetric used only affects the capture of the bionetric, not
t he authorization aspects of the system The first step to being able to
make SET paynents is to register the user's bionetric with the netpage
regi st rat i gpresaes \nédro-palhikms. iTﬁe denecdives a s&&méﬂt(mhlaedgu&nvisrspm&aﬁ settfeQiny €xanpl e
a bank, wh h d.at the sane tinme as the user's
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is al so opduldidbinyrwietd prsGiekd e sk B bPo il iduAGRE ensThe SET car dhol der
regi stratl?n proiess is conmpleted, and the resulti ng private signature key
and certifiate AFANSETIME] in the database. The user's payment card
information i s alM&en sisereghests Mtp%ﬂhparﬁbﬁ]hmg]&aﬁcﬁgbﬁdxf &ie lapplicAied ¥ a@ble enough
informatio r. T ne t rans on. Wen
the user cuShETaITS B ec“‘ Dot B 0L pla? Ul LB e 0B O
exanpl e by"“ﬂ’stb‘tfﬁipﬁgﬁoa @P‘bt’&g@quﬁﬁ@rls theselry)able preestgblismaneappronsisty ceritext for faﬂsm ts
t he order ﬁsafs%pﬁﬁtl on, the pen ID and the bionetric data to the netpage
regi stration ser The server verlfle the bione Bl%rlc with respect to the
user identified el’c‘r‘f%“tﬁé‘i‘frsl"ﬁ“’“gaﬁd’%"r%*fﬁ i 30} 555 SR PWeYP, e gEnLipatgn proxy in
conpl et i ngmishee 8febserp ayineridentity ansablish e @ontedt. A thliGRAalPLY MNeS addde itamE page
systemin f y, to be
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conveniently c rinting | ow cost
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| atter dep ds on the level of subsidy already provided to the user. \Wen

t he user reglsters for e-conmerce, a network account is established which
NPX434- SG 45 aggilmgatres: miitripapaymemtesd miiheinugemoryaoei rvig®nshipstetteenent on a

regul ar bagiSnd mgpu%ﬂn S8k InJJf,erJe ARY D HUESHARGS AgurdeDWheRAL ROGE: aumaasa the
standard payment mechani sm. The network account can be extended

aggr egat e YHBLE Y Bh UereBasrat” Hericotr Bannas PAICER skidhsingoaer %‘S‘ﬁiﬂ%r wi se be
present ed s@erti) @anstste Fhe af3odidi@ apication D §4) ebigdthedl wath the bALIDHENAS an AiadID 65.

TRANSACT] N 1125 1D is then submitted to the hyperfink’s application,

The application maintains state information indexed by alias ID, and is able to retrieve
user-specific state information without knowledge of the global identity of the user.

The system also maintains an independent certificate and private signature key for each of
a user’s applications, to allow it to sign application transactions on behalf of the user using only
application-specific information.

To assist the system in routing product bar code (UPC) “hyperlink” activations, the system
records 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.
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When a user requests a netpage in a particular application context, the
application is able to enbed a user-specific transaction ID 55 in the
page. Subsequent input through the page is tagged wth the transaction |ID,
and the application is thereby able to establish an appropriate context for
the wuser's input. Wen input occurs through a page which is not
user-specific, however, the application nust use the user's unique
identity to establish a context. A typjcal exanple involves adding itens
froma pre-printed catal og page to the user's virtual "shopping cart”. To
protect the user's privacy, however, the unique user ID 60 knowmn to the
net page systemis not divulged to applications. This is to prevent

di fferent appli cat'smcpbaadRmbssmmopelasid y correl ating independently

accumul at ed beha\A‘ QBférederSHaEi nto eres%t?rt cf ngnongfassstd{a%g&i%ghser VPEI‘ flff{.bSt ead
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si gnature Key fotogacNicAons Bres®eHLsS applications, to allowit to sign
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resource description class diagramis shown in Figure 4 ocunent
and cont erfton ¥R & APt Ferlu SeTPhHEd By ifdie etz o é‘&?&&F gagn éFe%@Ftlf}pt i ons
842. ResoOWwemes tolpsidiaPld OQid@ocdse the Dublin Core netadata el enent set, which

I's desi gneg’l to f g&é-leLILﬂ&I?DELIVERY PROTOGOL

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 such as 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.

The application (i.e. publisher) first obtains a document ID 51 for each document from an
ID server 12. It then sends each document structure, including its document 1D and page descriptions,
to the page server 10 responsible for the document’s newly allocated ID. It includes its own
application ID 64, the subscriber’s alias ID 65, and the relevant set of multicast channel names. It
signs the message using its private signature key.

The page server uses the application ID and alias ID to obtain from the registration server
the corresponding user ID 60, the user’s selected printer 1D 62 (which may be explicitly selected for
the application, or may be the user’s defauli printer), and the application’s certificate.

The application’s certificate allows the page server to verify the message signature. The
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di scovery of electronic resources. Dublin Core netadata conforns to the
Wrld Wde Wb Consortium (WBC) Resource Description Franework (RDF). A
resource description may identify rights hol ders 920. The netpage system
automatically transfers copyright fees fromusers to rights hol ders when
users print copyright content. 5 COMMUNI CATI ONS PROTOCOLS A conmuni cati ons
prot ocol defines an ordered exchange of nessages between entities. In the
net page system entities such as pens, printers and servers utilise a set
of defined protocols to cooperatively handle user interaction with the
net page system Each protocol is illustrated by way of a sequence di agram
in which the horizontal dinension is used to represent nessage fl ow and
t he verti cpdge eireEnN@H@E 16 Be HgREhtibDscrePhiBSEnE afpiidaton IDEAC Hia€II ddnY tdgSther
represente : e containing the name of the entity and a verti cal
col um re%?lg ea?\sfﬂlgsnrg)g@ﬁ%kl ifeline of the entity. During the tinme an entity
exi sts, the |ifellhhpagk sereh@wmalipsates deepsiseaicnd pigp dnsta®g dPnepdtferwarty trepaen entity
is active, dddiRtidsh,figdidRe phed 1BHMY BS prdhted Ot REIBdEL 110 SelevBR CA WS BuilidQ RfuRfOCOl S
consi dered her§ tﬂo not G eate or destroy entities, lifelines are generally
cut short H°L8OH YRR "¥t'Pty ceases to participate in a protocol. 5.1
- SUBSCRI PTI ON DEL itiicRYetPRGEQSOY: alcpedabgDed te rfydickitinefot funfe réfersidbscr i pti on
. delivery protocol,.j.s N [ f .U y
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di ff er ent | Selectpd printeesrije thestslexant pags tervemsit Wiiqasts i pasiowscshehofdshered obipgie h as
text obj eCébihe RAEbubINBBR®PINBGEThanddkS BSH BHE bdrRtsl afdp:ARts iRt of (R Yk RFiRtE
t herefore dgllji vteés 500 ment i%ructures to jndiTyi dual r[)ri nters vi a
poi nt cast , "HHESIFBIPOL P 1E5HP ST CEHEERPEN cRiETY TP mitr FRlL 0 Porufyig the
appl i cat i oprevidusip poipgerst dogirent)strfchures t Thhtlaisnis: magedecasentd dobphbid dbomeneac h
docurment fﬁlamaaﬂasesl,Bdﬁgﬁae@&heé%muop- Y d5&RERs, each document structure,

including its docunent | D and page descriptions, to the page server 10
responsi bl 82f or HXBERYHK AREATION FRETASPLA| | ocated ID. It includes its own

application | D 64 prdihiRd sttd8kntded hyperitlkiagtiato p@col @RBLvnAEFifRd Avant set of
mul ti cast channel,.nanes. .. i

.t signs the message,using its private signature
key. The page selﬂ/hg?alﬁsgre%d(ts Re? Iée%ﬁﬁ“élatai“?)tﬁagf tﬁ%peﬁf‘?né'ém’ﬂcﬁgtﬂl)e Ggﬁﬁtgﬁlﬁ from
t he regi st¥eatki oeipae pyger 601-Hhe clinkridessiifisn dierrgzeumér 19cBicB@n thehyegaidbe printes el ect ed

printer | DS (i@l BY o8 pexdnl il fehYorm@li6Gh&skof OF  the application, or
may be the user's default printer and the application's certificate. The

) t he .
application's cerlhsAinieatelrraingsoixtnt BNS. thegatwerk agdssss pighe pags spryerd frohapdliag g e
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: 5[)‘4 g i ‘;O f‘: \l(?\)flﬁl tg%sgrsipgagg RB! G TR @RI EIH. 38 oborA 2P 62l QIGL R ana LAENT 1 TY @
location to the page server.

The page server loads the page description 5 identified by the page ID and determines
which input element’s zone 58, if any, the click lies in. Assuming the relevant input element is a
hyperlink element 844, the page server then obtains the associated application ID 64 and link 1D 54,
and determines, via the DNS, the network address of the application server hosting the application 71.

The page server uses the pen ID 61 to obtain the corresponding user ID 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 then sends its own server ID 53, the hyperlink request ID, and the link ID to the
application.

The application produces a response document according to application-specific logic, and
obtains a document ID 51 from an ID server 12. It then sends the document to the page server 10b

responsible for the document’s newly allocated ID, together with the requesting page server’s ID and
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The page server then all ocates docunent and page instance |IDs and forwards
the page descriptions, including page IDs 50, to the printer. It includes
the rel evant set of nulticast channel nanes for the printer to listen to.
It then returns the newy allocated page IDs to the application for- -future
reference. Once the application has distributed all of the docunent
structures to the subscribers' selected printers via the rel evant page
servers, it nmulticasts the various subgets of the shared objects on the
previ ously selected nulticast channels. Both page servers and printers
moni tor the appropriate multicast channels and receive their required
content objects. They are then able to populate the previously pointcast
documnent sthe eérlitkasquesiiit. s al | ows t he page servers to add conpl ete docunents

to their databa ' | he .printer 0_prjnt uments. 5.2
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hyperlink instanggen 86 arde RAIOSTEYHE ﬁtﬁ‘@ﬂet%@@ﬁe%, thd Son QAmRREYEHe | D 53,
the hyperlink request ID, and the link 1D to the ~application. The

appl i cat i oFFOsTOYERBESt getpage HEE d hesyekrridentifics the e g PR omPpI®E at | on- speci fi ¢
| ogi ¢, and obt aifSpriatetfotuinie ik pdnDDB, ifs b@ipm@iter D625 &k e 111 20 ankstrdkb path Sends

t he docunen rver lob responsible for the docunent's newy
al | ocat eﬁf&eg%gée%ﬁgfg%ﬁﬁ%alt“ﬁ% requesting page server's |ID and NPX034-SG

48 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 ficld 878, the page server appends the siroke to the text field’s digital ink.

After a period of inactivity in the zone of the text field, the page server sends the pen ID
and the pending strokes to the registration server 11 for interpretation. The registration server
identifies the user corresponding to the pen, and uses the user’s accumulated handwriting model 822
to interpret the strokes as handwritten text. Once it has converted the strokes to text, the registration
server returns the text to the requesting page server. The page server appends the text to the text value
of the text field.

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 signature field, the page server sends the pen

ID 61 and the pending strokes to the registration server 11 for verification, Tt also sends the
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the hyperlink request ID. The second page server sends the hyperlink
request I D and application IDto the first page server to obtain the
correspondi ng user ID and printer ID 62. The first page server rejects the
request if the hyperlink request has expired or is for a different
application. The second page server allocates docunent instance and page
I Ds 50, returns the newly allocated page IDs to the application, adds the
conpl ete docunent to its own database,ygand finally sends the page
descriptions to the requesting printer. The hyperlink instance may include
a meani ngful transaction ID 55, in which case the first page server
i ncludes the transaction IDin the nessage sent to the application. This
al | ows t heappliafidni 1D hoorided witb tha lidnn hwldch theasipaat fidhisppe as Fdllas doftrei®d for the
hyperlink gchl g@tclu%ﬂt da%fcmhéh?oﬂxeof%d 'rﬁé%eéié%ﬁﬁ'dnrs&%er%eh%ﬁ% 6B treshoring | T S
"alias require attribute 1s set page server sends both
t he pen | D76he repcpng Miss fy pese b dyiRmis sigpsirs bigmetdmS18 iy gl Be strpkicsrap diegparat i on
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on a netpage wth a netpage pen, the pen communicates t stroke to the
nearest netf{&ye printer. The stroke identifies the page and a path on the
page. The pri nt errhd Gipvwakigfmtenigc@enihd Biab ID 65 b the Wirefohdidgalser] Thibdlowt he page

| D 50 and sttiqkmtgcaggmd%l&geus st)a e server 10 in the usual way. The page

server |oads tn ol B dentified by the page I D and

det er m nesS5.5whi cﬁORmﬁmMIaﬂmo@Lzone 58, if any, the stroke intersects.

Assumi ng the rel %W?&TehQﬂi&ﬁm@ﬁt%f‘%ﬁn§u§m1§s1on53%olf1§sﬁ4vgm$171§ure$6he page server
appends the stroke to the text field's After a period of

inactivity in thSO%wémlaﬂront%H% ¥R e ff"F‘bPWf?%%’“ﬁ&@‘b Tistps Rflovedpiirrospd pen | D
and t he peﬂhﬁhdﬂgu&hﬂidﬁBQSm'lIQoﬁlé’lEm{@gdlﬁ:tal’ddiﬁdnﬁln server 11 for interpretation.
The regi stratlon S8l ver ide tlfl s, t.he corres ond| rgg to the pen, and

uses the user's acc%??ﬁﬁ (éftago g%edl tPe %er cilc'f ?fféness %% e Paegf *fHe strokes
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regi strati@hn coaBiny 8k si %&Mmtﬂ% tile GpllicdiOn &&ﬁesre%uﬁyﬁmfmt%faﬁﬁﬁlg% The
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page serve nds .the text to.the text val ue 5.4
ST CNATURE VEsRPf odlfrefors SIASIERHETR 37 RER G5 COBIRNEPE CHHEER Dne t he
st roke i nt#esg@atagonssrva 18 gnature field 880, the page server 10 appends the

stroke to ghe si &Bﬁhiéén&ﬁkﬁ:leﬂﬁnﬁgbta' ink. After a period of inactivity

in the zone of the sighature t he page server sends the pen 1D 61
and the pending &W@K’é@ﬂ%@dl{ﬂﬁéOfae“gin@tsi*l%lftﬁawnélé@tv@lfls?llmW#@rFIgw@Mf| cation. It

al so sends the Inane-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 targef
application provider 70a (e.g. merchant) to the source application provider 70b (i.e. publisher), and
from the source application provider 70b to the printer provider 72,

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

credits the corresponding application provider’s account 827. It also notifies the application provider.
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NPX034- SG 49 application I D 64 associated with the form of which the
signature field is part, as well as the formID 56 and the current data
-content of the form The registration server identifies the user
corresponding to the pen, and uses the user's dynam c signature bionetric
818 to verify the strokes as the user's signature. Once it has verified
the signature, the registration server uses the application ID 64 and user
ID 60 to identify the user's applicatign-specific private signature key. It
then uses the key to generate a digital signature of the formdata, and
returns the digital signature to the requesting page server. The page
server assigns the digital signature to the signature field and sets the
associ at ed fornl $f tetappliscstioh provifler azeaso créficthapripiet @bvidkr, gnaddtiheprinte prdd@s t he

alias ID 6 f r i T o]
capt ur e TP SR g pAERONE Al ue iR o P uk o RSP BT
preferred BRpod Pt “?)F’ l@mfﬁ thePEitTng sindsrihqpredtt o8 &1 the releghigowistrtpn Birgpnr e 46.

For m submi &gdiseiiwi@Oed frisiteMiDATIR rfd@rifioh YR drbditK the\ediedpildin Brintdrprob AbtSco@l | OWs t he
pr ot ocol fined in Section 5.2, with sone formspecific additions. In the

case of a torm hyperlink, the hyperl ink activation nessage sent by the page
server 10 to thé’hﬁaptpllrdecaapiicamnhitmddesds croingadly rmsnﬁeh@ffﬂmr ftentikyDotS the argkt t he

current daépah&%tp?o%eroindwasnﬁt& fdér for 08 Iy%ﬁ& %y L3 Pan&%,%agnat ure

fields, then the application verities each one ractlngthe alias ID
65 associ&ted mP'FTFAPFIBE'Y:B'FﬁcBE’HB'F\dl ng digital signature and obtaining the
corresponds.mng cepgmMEg&hQ;sfrom the registration server 11. 5.6 COVM SSI ON

PAYMENT PROTOCOL red £ di ment of ment otocol is
o oo o BRhe LSRRGS SRR TSR, ol GEeer SsSoafiY B D00 ome ey
be payabl einflrdoma mswmnﬂbptﬁommf aplagties derditgdiadingovlh 108 Mefiningran ikericdspdchir oughs,
transacti Ooft3 f&%ﬁé%peﬂ%%nﬂ Qﬁhspega)pfl@ﬁé H%Qaﬂoﬁ? by anHt d egiana e(BErm ssi ons

- may al so be payable fromthe publisher to t rovi Erlnter The
hyperlink M8qtdsthopyesd2i 4 sypisersearnt everel 03 leré@H@rto&srﬁm%wﬁ 10¢ efithe from
t he tar gethovag@pilo2.aat tver 107 BMiseleMmondad fitidg . and1® FohdalHon sbith-thaliParSf® HaGa1

application I’OVId 70b (i e a 0 he. source application
provi der 708 to f‘ﬁeethrelu?le £eorm[‘)}vrﬂ%e\?si 3‘ 3 °§$§f“gqﬁ‘8m?egr“§ mﬁ%pﬁsm%g i ?)]?? C?ggei ves
t he hyper| 1% kmitré@fwetsqm pdD Y0P okich lnebstyigley sympupdsy thel endvili® nf thhieousitgy [98rahd mk i s

first actiygteds pc%nci@@ %ubﬁq,eembaéeﬁ&ﬁ% nﬁm?pan\i%beﬁldtfu%mra%hesa&% cation
needs to credit th rce application £I’OVI der, it sends the}"ﬁ{/)‘g i cation
®

provi der ci¥dit f%TBEdt‘ﬁ@ed“falkg Rt s dgesing P4 éy radip ayfenom &12 mepptadihs rlink
request | Dprojddiee paipa 1$E Mitkin the hesing E. Byr@ehtebdk 17T Ruiadhy mpérﬁml denba fy the

source ap pl!hé go@egr 19’51 are %Q%ge%qp ge%el\;eqeme?al grg:ll ptecg fll4t lgchtlcﬂng CEI?&‘!SpeO\I/l ng scre gatdr ation

server 11 tog
115, The metal end piece 114 is removable to enable ink cartridge replacement.

Also mounted within the cover 107 is a tri~color status LED 116 on a flex PCB 117. The
antentia 112 is also mounted on the flex PCB 117. The status LED 116 is mounted at the top of the
pen 101} for good all-around visibility.

The pen can operate both as a normal marking ink pen and as & 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 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 stider blocks 123 and 124 fit within the cam slot 126. On rotation of the cam
barrel 123, the slider blocks 123 or 124 move relative to each other to project either the pen nib 119

or stylus nib 121 out through the hole 122 in the metal end piece 114. The pen 101 has three states of
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source application ID 64, its own server ID 53, and the hyperlink request

I D. The registration server credits the correspondi ng application

provi der's account 827. It also notifies the application provider.
NPX034-SG 50 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 IDto identify the printer, and sends the credit on to the rel evant
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
applicati oope@ﬁdnvlisctemmgala@puﬁﬁ&hrpﬁg'hnoﬁteppmeuhd@tﬁtem@:t he identity of the
source app]icati uS|olr2 ﬁjﬁéot . NETPAGE PEN DESCRI PTION 6.1 PEN MECHANI CS
Referring to Fi g and 87 the pen, generally designated by reference
numeral 101, i n@*%&@eaIMElpng 82 in the formof a plastics noul ding

having wald s 103Né;lﬁériumic£}91d 118 BH @19 B no? RAGEI 20 AiP421fRF mounting the pen
conponents. The pen to is in operation raotatabl ){%Om)unt ed at one end

106 of the housi g*ecfﬁfizge"ﬁ SeltP- it PO o Fletipwes chasgy 130svhih it wihin e t he
opposi t e ehokink(82.Ghe tehnrd ABORCH 179 nibOiEs an'ﬂff&reﬂwermlﬂ,?pmﬁdlag iBfaril radidivh ded

pl asti cs,  or J erlal oin order enabl e
Phe user |t gikdiod RAVEE SRR i L EAL BB ke L LR B e 0
cover  10712P frgeisng wilovisi! mdigtiontrongte sitfjoeThs sroend i P%ﬁ 139 abomowntrrdedia he end
f108 oI ht h%eﬁéﬁﬂ@'dﬁ?l%%évhﬁﬂ%cl?des&[ﬁf?ﬁﬁsﬂﬂ& aRORE fe@éwe;é.ﬁh I3hiEdNedd Jll%f?j;oﬁ bagk
romthe main_ par its Wthi ndi n orned in
the wal | s PHSUBE opoEonof iy B5g 19lp a2 opiicy ok 58 o o pasied l‘?ﬂd’tlﬂS‘éCEP $ehi nd t he
pr oj ect i ngwithr thé @mer 1D andyprd;britsnant itfgurdd (s mgo O RurfaBCane wectitnss exaess dodoSthe
surroundi ﬁﬂag%@exé&el"a& %@erjs RRs 13 BnubNR cohPobied & aﬁe{}ia@o?l@ﬁ& ﬁc% 85§ Ve a

nmetal end piece 4, includi'ng correspon |ng screw t hread e netal
end pi ece PRIy F%m?%h?t?\i‘ﬁmhé‘“’cwué‘ﬁ‘amﬂén Wﬁkﬂ;hﬁ”@ﬂ%g@ topreip 4 3% epaReets tothes o

mount ed wﬁamrﬁcotﬂaas mwanhe]cam,aﬂram 1 litiree GOk ﬁEhan%EaBIelBSﬁehzﬁ@ % 6itRR 18 odd €X PCB
117. The ant %ge a%% nount ed. an the e status LED

116 is nouRtr 139 C?rh b o gomag A“l'ﬁdiwt}o&c aé%r@ Ogﬁo 1%1?18%?33}??“ tbl lity.
The pen carcoppéxdCB 16Dkl r@;hmmmmnatem 139 vip piducpien Tlanccoadle PABNA29Tar Ki ng

stylus. Angd, %un@am&atﬁbq@ﬁmuﬁm}% hntaaiotae ﬂmor%a@lcuﬁg Sl dRntif Be Wief h STYI US
nib 121 are m)unted si de e Wt ousi ng 102. Either e ink

cartridge g 1319 Fitherfae %%wla%orﬁlileankloz@d@ahl%%usa %{J@F‘F’t‘l&f%?fﬁ%{ﬁ‘tﬂi"ﬂﬁr%ugh

open end 122modatibhe tivebrad beﬁ:@dpﬂhbtﬁﬁ&he]sﬂl‘ﬁace b,ythé ﬁbhatbl 109 o0y 1ds A 1parrh£up 105.
Respecti ve, sl i.der Kk 3 &nR he in rtridge 118
and styl usph?[t%(%rl#s)&%g §%th Om ngéﬁa Iv%recam tsg](fwniﬁlgum st seclﬁd;eed to the
pen top 1@6](&112%)?1@1&% on and arranged to rotate therewith. The cam barrel

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

assist gripping the pen 101, and top 105 also includes a clip 142 for clipping the pen 101 to a pocket.
6.2 PEN CONTROLLER

The pen 101 is arranged to determine the position of its nib {stylus nib 121 or ink cartridge
nib 119) by imaging, in the infrared spectrum, an area of the surface in the vicinity of the nib. It
records the location data from the nearest Jocation tag, and is arranged to calculate the distance of the
nib 121 or 119 from the location tab utilising optics 135 and controller chip 134. The controller chip
134 calculates the orientation of the pen and the nib-to-tag distance from the perspective distortion
observed on the imaged tag.

Utilising the RF chip 133 and antenna 112 the pen 101 can transmit the digital ink data
(which is encrypted for security and packaged for efficient transmission) to the computing system.

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
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includes a cam 126 in the formof a slot within the walls 181 of the cam
barrel. Camfollowers 127 and 128 projecting fromslider blocks 123 and
124 fit within the camslot 126. On rotation of the cam barrel 125, the
slider blocks 123 or 124 nove relative to each other to project either the
pen nib 119 or stylus nib 121 out through the hole 122 in the nmetal end
pi ece 114. The pen 101 has three states of NPX034-SG 51 operation. By
turning the top 105 through 90 steps, 4he 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 nounted
on an el ectronics chassis 130 which sits within the housing 102. The
second f | exrcHEBindIRG:s abuffet srraaged itnftoraigichl inkBhd B4 afparkimaeVE diimgs ofthe @h ed

radiation _f, EoPﬁlQL Qc&ﬁéﬁmts%@ds‘?*&f ace. An inmmge sensor 132 is provided

nmount ed on the seco receivi ng reflected radiation from
t he surface. TheTé?a??ﬁﬂﬁ@@#@@@%‘?@loalﬂgéecﬁ@d}%g B 1395¢ the penflp b digarad) chi p

1ﬁ3 \f/l; |4 Cplshﬂﬁ]:lékﬁ'&?ﬁmjalllhsﬂ%mé ﬁ}%&fﬂefafl @k ?ﬁ?ﬁcuﬁgoffﬂ%(é@ﬂﬁéﬂé} chift i, lﬁgtﬁégll@ta[sﬁl Ilg g
cni contro | e 0 e S oC
(forprred ¢+ BRVHERIF OBy Eﬁaﬁ%& %lg % 0 naagt %ﬂmme%‘% mt“ﬁ@ Sé%@éfﬁgib%ﬂ‘aﬁ%

proj ect s atflumindtionkBol 1 iehamRoivtosehshel BUrd aoéthafcte segephoediodan@ges onto the

i mge sensor 132 - o the
second f1ox PGB T30 aon BURRLY, 18 bERud oI fhehddf 1 SOBRONF Uy

cam bar r el Sxipgee OAd%PeIW%FOHEPS@Néahth@eﬂﬂ%’ollebchephlé“ Tk pempeyy éﬁrﬁpéeﬂ? Ii%? and
t he czgm ball)R,eM 138 2re alfo %nmn%e aﬁpdﬁmo%] @cdti)gaﬂqea}@h@ lhgti'%fa?ingedkg’gqﬁ%ﬂ @et: Watofi R the
cam barre ont ac : ry contacts. An induction charging
coi | 140 |S’§gn]r;lo%%m’tt€e °r§%58?,lsfr‘fh\é\%&l"d§éé%ﬁa§‘ﬁta2?% 129 to enabl e rechargi ng of
the battery 139 wnampgedwebi orerfacthid2 Seebod Withetke B@Be 2@8or 18R.5H tpueites an
nfrar ed LR 30 400 bl BrluP ROLAAIR0R ARG ASLEGH ol sBlagpent 1

the cam barrel 125 when either the stylus 120 or the ink cartridge 118 is
used for wiPredesds RE ofoudlodmd RE reé?P&BTsé‘nddnd“&é’tsé?Grﬁoﬁ’gft?ddﬁthBPm% 2orce being
applied to the suhd aaeolng ;irdsbees@em mndanaslaﬂid @Ecodds YdobSon Miald fbzhltags Tgh thiR

phot odi ode, etects | | fro R LED.14 refl ect t shown)
nmount ed on u{lﬂgwgl ders S%]ls %< "0y rs Orftésfnsoﬁtﬁuhbgéw‘ye . comm?%h %@ é{r;gg 142 are
provi ded t Bwandid4% bed kandes1hgt- @flgetrhtbo Prouginiagiion O theoradfagsnsgtvegkﬁ?’pblmg t he pen

101, and tQRickORrehaRe ﬂWHQ%&eﬁilﬁHerﬂi%plfo&rssopl i pping the pen 101 to a
pocket. 6.2 PEN CONTROLL Een 101 is arran(‘%ed to determ ne the

position of its P PREPYF U4 n‘ih%lta FISEVE] AROROBTRES  (TERgEeven Poptrelien) 15%ya0d agi ng,
in the i nflasubed cHPECHSHL iMagasendr Gserfade 16hdlagmdnaeel47nnd RIEKBITRAM 148 of t he

1D, 1Ly | Ol ORIk TR S8 (SRR R0 1,
tab utili sitdrglospie) es prsdedinthe sepsrete BY #dr chip 134. The controller chip
The image sensor is a 215x215 pixel CCD (such a sensor is produced by Matsushita
Electronic Corporation, and is described in a paper by Itakura, K T Nobusada, N Okusenya, R
Nagayoshi, and M Ozaki, “A Imm 50k-Pixel IT CCD Image Sensor for Miniature Camera System”,
TEEE Transactions on Electronic Devices, Volt 47, number 1, Jannary 2000, which is incorporated
herein by reference) with an IR filter,
The controller ASIC 134 enters a quiescent state after a period of inactivity when the pen
101 is not in contact with a surface. It incorporates a dedicated circuit 150 which monitors the force
sensor photodiode 144 and wakes up the controller 134 via the power manager 151 on a pen-down
event.
The radio transceiver communicates in the unlicensed 900MHz band normally used by
cordiess telephones, or alternatively in the unlicensed 2.4GlHz industrial, scientific and medical (ISM)
band, and uses frequency hopping and collision detection to provide interference-free communication.

In an alternative embodiment, the pen incorporates an Infrared Data Association (IrDA)
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134 cal culates the orientation of the pen and the nib-to-tag distance from
the perspective distortion observed on the imged tag. Uilising the RF
chip 133 and antenna 112 the pen 101 can transmt the digital ink data
(which is encrypted for security and packaged for efficient transm ssion)
to the conmputing system \Wen the penis in range of a receiver, the
digital ink data is transmtted as it is forned. Wien the pen 101 noves out
of range, digital ink data is bufferedswi thin the pen 101 (the pen 101
NPX034-SG 52 circuitry includes a buffer arranged to store digital ink data
for approximately 12 mnutes of the pen notion on the surface) and can be
transmtted later. The controller chip 134 is nounted on the second flex
PCB 129 i ninttige fpeshoft@hge demgumietidnOvithiadasa stitloo okneghhgegriaten i | | ustrating in nore
detail the archi{egtiine aﬁbom@mceagtp&pliéle{nclﬁ&gQ phia ot oEal HHaf o %Qle,@&ag}s shows
representations_of the RF chip 1 t he 1 mage sensor e tri-color
status LED"®E nthfgopR! Plﬁqewﬁﬁl?f Pr&tI%WSLTa‘B aqeglerpmeterpy é90|aR SFWG%F%WG‘F“‘ LED 143,
and the forcggmeansasic. phot odi ode 144 The pen controller chip 134 includes a
controlling processor .145. nabl es t.he = exchange of .data between
conponent's of thg‘ﬁc%ro 7ol fetr%acc ero % e ﬂﬁ” brrg‘mﬁm E ik glgfﬁnsf( B DRAM
148 are almgiop Mf@hqudleﬁrenqﬁ\m %ﬂf@@lﬂ@gat{omtadﬂ glowva:lg the dovation tagy to b4 Gumipkd grdareged t o
convert thgi.anal BehtioSh PRl thepmnmh&nfogec@@m&@f@s% e ARRLOLRH Sn aééurﬁa& a

digital signal. An_ inmage sensor interface 152 interfaces with the 1 mage
sensor 13210 RaiuplariGhE A = e F aRat denidng oporEes BHEncHondt 4 IDSH ar o

al 50 i ncl ugedodaton 4 véithinfiQesa o thdinguh@eniRht cabdifetl, 3R nwnihe hiputelBGdnydes an RF
circuit 155 and at or s i.nductors 156 cpnpect ed to t he antenna
112. The control F?nggcg%%%cessor ‘Tg%thc P fﬁ?oggtergr%ea }gcg%es PHLTET It a from
tags from Ph@ateds‘t{iﬁiffﬁe@tﬁometom@dvmgest@@n@@rvem@wanmﬂmrs the force sensor

phot odi ode 144, gppt#o Ltﬁ‘tzﬁghfomhg{ﬁ‘ tﬂelﬁnoke i1 3d: 180, Jeﬂl?mel?tﬂg p&ﬂﬂﬁg Fithin a
short-range radio cgngug |on vi.a the radllgatranscel ver 153. It is a

nmedi um persl“8]fenaé?‘18 cu é’Bﬁ’fé’r“d‘i‘mgﬁ"lﬁ‘P’b%@n (S ETRF G e sPed M995Erfittoces s or
145, di gi t@&beldm@rscedioatly h@@hipbﬂa@cﬂlitﬁn (abd tud Sime idretion ©O M ktFoké, logdr whiB eadiel
baseband C:ic&&zéla%e dad), inmage sensor interface 152, flash menory 147 and
512KB DRAM 148 are integrated in a single control ler ASIC. Anal og RF
conponent s7-( RF cNF%ﬁ%P&%R&EGCW'qusonat ors and inductors 156) are
provi ded |-n1the PQWRN@ng)hI p. The image sensor is a 215x215 pi xel CCD
(such a sensor cprod ced I\/atsu ita E tro i C pé)ratlon and is
described in a p e yﬂc’é‘fﬁ ngtragg WnGs LY rssmbisd mEiERdd A oshi |
and M QOzakprints't e&pagmﬁateffﬂ sieh mbdra ﬁ@@ddpmgﬁl/se/&&@imf)ﬁﬁeﬂ‘ginm@m maeso@aner a

Systent, ?ﬂdd%? It uQes ?rgl%lll‘ ?ﬁ)mep alane Cﬁg O(!OEI ss1h {ﬂﬁmet'i]

January 20 iIs | ncorpora P erenc 3' Wit & 7R

filter. duplexed pr1nt engines 602 and 603 which print both sides of a sheet simultaneously, in full color and
with full bleed.

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

The replaceable ink cartridge 627, shown in Figure 13 coupled with the duplexed print
engines, has bladders or chambers for storing fixative, adhesive, and cyan, magenta, yellow, black and
infrared inks. The cartridge also confains a micro air filter in a base molding. The micro air filter
interfaces with an air pump 638 inside the printer via a hose 639. This provides filtered air to the
printheads to prevent ingress of micro particles into the Memjet™ printheads 350 which might
otherwise clog the printhead nozzles. By incorporating the air filter within the cariridge, the
aperational life of the filter is effectively linked to the life of the cartridge. The ink cartridge is a fully
recyclable product with a capacity for printing and gluing 3000 pages (1500 sheets).

Referring to Figure 12, the motorized media pick-up roller assembly 626 pushes the top
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The controller ASIC 134 enters a quiescent state after a period of
inactivity when the pen 101 is not in contact with a surface. It

i ncorporates a dedicated circuit 150 which nonitors the force sensor

phot odi ode 144 and wakes up the controller 134 via the power manager 151 on
a pen-down event. The radi o transceiver conmunicates in the unlicensed
900MHz band normally used by cordless tel ephones, or alternatively in the
unlicensed 2.4GHz industrial, scientifdgqc and nmedical (1SM band, and uses
frequency hopping and collision detection to provide interference-free
communi cation. In an alternative enbodi nent, the pen incorporates an
Infrared Data Association (IrDA) NPX034-SG 53 interface for short-range
comuni cat shem didcthhfran tham@di&treatpm A paper saabrprag& fps't ipl‘ittt etigine 602 Atofiherdupleded

embodi ment MerL Q@w Bﬁﬂleﬁzp ;SF lIl et%vo %Qrgét'ﬁ“ 1p81f Qn)% nag(!l 6@_’:(: &€ l]Il%lEﬂ?eqent’l %{l S

nmounted in the nor ma the he  accel eroneters 190 are
shown in FYPgeRngdn- @cémeﬂtlmoﬁwm@s@ﬂb@? Brajght PafﬁwatbrTé)vp@Prtﬁ{?‘l dsfdravingnto

accel er omehefist penRkigssob by BieSAD QN Pleic-6 rolidAEs2B.CMe g&llmﬁ £dS8OSShe pARE 1 ON

wi t hout dgogrence %ﬂg ﬁlut?l ? e |l ocation hxg al | ow ng he | ocatjon tags to

be sanpl ed’’AeS SRFGIHE M blord grintipg eqmnepges, FRaye isprnichsipaliznsopdnio pidshiery an

obj ect of thedhentestgbssibittimer t han a position on the surface. For exarrpl e, if

the object is a M TR | ement rand m n) t hen
j R Sapde RIS el BLIBRAS 605 Gl 253 Pg,m G B

the tag ID of eac ocati on tag area msnt can
directly idedlt (digoed along tp araizghi payerrpath), Pivish actcediot atrubmmzwezaéqn rExdsetsyﬂce he

accel er omeliREIS cinfctAIRCRetOfrintch ?urPéceaaﬂcﬁjco\{nﬂb foatdiiuR @ﬁeef 694 ﬂ&g@sggoﬂcﬁ
reSpeCt to t| me to pr oduce an i nstantaneous vel oci ty posI tl On S| nce

the startiFg P88 ¢%on of the stroke is not known, only relative positions
within a strokeRaesngalFizukaiaad 124) thé’}ﬁpﬁgb%ﬁﬁ:&dsstﬁloﬂﬂheldﬂﬁl@@dﬁht aBin&eorinul at es

errors in cel (o} ccel erometers t a hi gh
resol uti onarnﬁ'%0 d‘ﬁ P%%%{_nﬂ & assatﬁl?hé{sqsoﬂhe@ g CF% FRRE Phiren Were ﬂx” Wq‘ \s{a’de
accunul at 870 wéh & flzspus support IfeT PRGEORRINRER 2EGORPRT FIENs an?i alﬁﬂﬁ@htWEROWECI-IANI CS

The verti cgadel Mmmtrﬁc@amﬁxmﬁ ARhb1p 6r N s GlouQilo] asmémwpmt bl ik aﬂﬁ%‘ol ed in

Fi 11. t Letter/Ad d I d 892"
Ver et TV FFPRE B RSP SUBed i aiaroied W v A Gre o2 Sz, |

uses a st rsapagitmqapeverybit ;lamghatth t he paper 604 paSS| ng thr ough the dupl exed
print engines 602rhé‘@19e @;Qé’él \fM?é"ﬁ)Pe i lsgootfqepgr ﬁs}bl nd%d shael.ys mtlllt%%meousl Y,

in full color and wt n int I'ng asse
appl i es a S¥lipgfopthe @1“&@1P31V(§?F§ 66#1@0%@@@kc9ﬁr“é‘af€:¢¥7pﬁlsrﬁx@cﬁ79 stagsts to agllﬂ@vvl ng it
t o adher e wi@el}! REcHERMbDABesHO B0 teapheN adabie Bisgh Agal Rk, A tmoldldhsust 884 €S a
final bou mlj).rrounds the glue wheel, with an opening at the front. Pivoting side moldings and sprung outer doors
arc attached to the metal bracket and hinge out sideways when the rest of the assembiy 673 is thrust
forward. This action exposes the glue wheel thropgh the front of the molded housing 682. Tension
springs close the assembly and effectively cap the élue 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 2 document} as it is transported down into
the binding assembly 605.
7.2 PRINTER CONTROLLER ARCHITECTURE
The netpage printer controller consists of a controlling processor 750, a factory-installed
or ficld-installed network interface module 625, a radio transceiver (transceiver controfler 753,
baseband circuit 754, RF circuit 755, and RF resonators and inductors 756), dual raster image
processor (RIP) DSPs 757, duplexed print engine controllers 760a and 760b, flash memory 658, and
64MB of DRAM 657, as illustrated in Figure 14.

The controlling processor handles communication with the network 19 and with local

wireless netpage pens 101, senses the help button 617, controls the user interface LEDs 613-616, and
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docunent 618 which can range in thickness fromone sheet to several hundred
sheets. The replaceable ink cartridge 627, shown in Figure 13 coupled with
t he dupl exed print engines, has bladders or chanbers for storing fixative,
adhesi ve, and cyan, magenta, yellow, black and infrared inks. The
cartridge also contains a mcro air filter in a base nolding. The mcro air
filter interfaces with an air punp 638 inside the printer via a hose 639.
This provides filtered air to the prigstheads to prevent ingress of mcro
particles into the MenjetTM print heads 350 which mi ght otherw se clog the
printhead nozzles. By incorporating the air filter within the cartridge,
the operational |ife of the filter is effectively linked to the |ife of
the cartri Heds andRiyechjonkesclarRIP DERre?SV sndeprifvtiingiye contedlyrs 76tbIt@orpisie diiChediint h
capaci ty f goRdahddlobddghs segwllo&gce?sgp%mgﬁalmg %%Qééso% bﬁ%ﬁl}ml&% Ees b9 to

Figure 12, the notorized nmedia pickup roller assenbly 626 pus e top
NPX034- SG %flf‘“?ﬁ‘é%‘f‘mﬁ‘?”ﬁ‘é&?q‘S}aar}i‘%‘rﬁ"%eﬁé@“ﬂé’aﬁ63 tray past a paper sensor on the

first print engi mee WDSB& Qastehie ahdpbompreh pz{gEme@hﬂEMh@rtd e NR@scafERMD| y. The

two Menj et ] 65502, and 60 an _opposing in-line
sequent i al OMB%SS(P aﬁgfl on afhopr?élt The” § %%?b i "”mpsétglcg,\hrerS SATIS PR BASEY 804 i s
dr awn i nt oassociaied Mlemst"”‘ pimihegd 3é9|gr|rwétn6@(26 leyyovir B @gcaber mpom)eifmdiupimkpmqn rollers

626. The PGl éioIRR Prid bdfsi@ of RecP@RRENoRR4 1S sensed and full bl eed
printing commences. Fixative is printed sinultaneously to aid drying in

the shortest posSfbMmEter P enspprecopnier 768y pauiols e prpcr Epuspasingnd mPRitgsY ikt engi ne
602 thrOughag%u%hjuﬁhomm&i{eeﬂst&ﬂzicmkﬁdm&@h&dé@d))xgﬁ@%la' ong the straight

paper path) . Whi i, Atl. BARURS! o LEROC KRN ol oflhie alSRon SR Ser b o

contact the “wet’ rface and ¢ontinué 4 into
t he secondaolErPERsT?ST, asmllaqponéagahned@@l%hls iRedpesd to mmrin thaoBi 6§ ptdsot tidde.and 12a,

the paper 604 pasﬁee&ocfegs&msﬁ hﬁpguﬂl £20Q6LitR ahtbeiRP BnfERn® QmscAP HRJL NT O the
bi nder ass,&qb# 668 The g&l fzage passes between a powered spl ke wheel
axle 670 bgsepof) Pige 724 ffﬁaﬁgra 8 o el ARG o> fredvles BF so@PeseDl t h spi ke
wheel s and(R# civeuireis ard)RFaestohaIms ang lindectond) 2ss) are'ﬁhﬂdém}iabéperaﬁm&h@?ﬂiﬁ Tassenbly
673 IS rm%}“%ﬁ( l}lfﬁ a%e %&u?el Fp%%,?%l‘[ C et gersbaﬁlow e.mtat\l;vgi'pstpnnec%mnqo grwar d tO

interface wt e povvere a canshaft. A
separ at e r@%tm-sq!f@\ﬁé?rsﬂetdl'ﬁplsct@aﬂ@h aﬁmowWﬁeang H@éX%ﬁTé@t (ﬁaMBbeAM 6678 abonsi st s

of a partig@tdnp. DRlLAW: |c§ntr@l?e?s%E@p@wﬁ&iﬁ@&bﬁgmﬁﬁ@ypl ing for the glue
supply hose 641 fromt ink cartridge This axle 679 connects to a

gl ue “wheel, whi €h"35H% 8?8@?{5 %@Ta?FemWIe& éfﬁ P FSY 5 tPBrPreYiiRsug RCP2gdi al
hol es. A melaedinkdus 7 $iigan0 S@tionslyrar 16dah elgnphitrcor Gktuerk wha ks 7581 Népadnddfaeini ng at

he fr o0t - Bl SR RS GR, AN SRELIG AIHCEL 130080 BER FULACNST L

t he net al racket an I nge out s e assehbly 673
i s thrust PYonrdspy satefifp §aﬂ&@tvpr®wu@%p@§@sxtﬁwamnueﬂwm@@bhomhrrmrghers hed f ront of

the nol dedwiRk@SbADGIHLLY @IASLONs. 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.

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 the I'DA interface for short-range communication with suitably

configured netpage pens.
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springs close the assenbly and effectively cap the glue wheel during
periods of inactivity. As the sheet 604 passes into the glue wheel assenbly
673, adhesive is applied to one vertical edge on the front side (apart
fromthe first sheet of a docunent) as it is transported down into the

bi ndi ng assenbly 605. 7.2 PRI NTER CONTROLLER ARCHI TECTURE The net page
printer controller consists of a controlling processor 750, a
factory-installed or field-installed ggetwork interface nodule 625, a radio
transcei ver (transceiver controller 753, baseband circuit 754, RF circuit

- 755, and RF resonators and inductors 756), dual raster image processor
(RIP) DSPs 757, duplexed print engine controllers 760a and 760b, flash
menory 6587-24nd RBWRzaMONIROAPRGBMRG as illustrated in Figure 14. The

control ling procegsofe Q%%&%opw&ﬁrgd 81'3 X\‘F]ée{i' e Qﬁcuﬁl% \é\g% la%’gutsaang Wi th

| ocal wireless netp a%g pens 101, senses button controls the
user i nt erPAEERICEATIE a@f@ﬂﬂ%ﬁb"%ﬁ%@%i’swf eeds and synchroni zes the

RI P DSPs 757 andTp¢ DSHs Bmgalslﬂﬂze(éaiﬂtplégﬁ deQ¥iptiof GEY c&xfpreﬁ‘sQﬂs’Siaﬁér&ed)ﬁag@mBEéﬂ um

per formancg, gener al - pur egesac Crglmcrresosg({ 0cessor.. The %%09 I lin Qcessor 750
conmuni cat €S W th the it Cengr ne contt ot ey F gy giﬂ BA%8d seri al
bus 659. Tmsnm PSSR gt s@h P metetin d seamip pas sThp BFBs dealgnyis pt kopnisisy dnet he

net page pranrawarysms&rmfa@&a%a&@% FQLRBE ve FAG 0 RELSY. 167 J&%é&ﬁﬂ&rd@ ler

expands, dithers andIP ints e inmages to Its assocCiate
printhead ‘9891 ra] SPl“HJéza?‘i““’ ““‘“%*Ltené‘%}%“rh"%@?c%@@s per minute). The dupl exed
print engine cOMalefhdietegioIii the pdpe ifortpiitiese &Eter&ecsfdae;bnt&demaébltx@ﬁwlé\%k y. The

master pri # a}? Qﬁkﬂ?logs?esstl O hr%gs d7tg3 Qeahq %E]%reo' dS whic q’orgla%& of El";r gor}%) and

monitors ink - usage in ti'on He ras *afE° t he ink
cartridge ‘@gechip 761. The printer controller's flash nenory 658 hol ds the

software for bot fnd ﬁﬁm&f@l@)ﬂ%@p& tgéﬁmte@rﬁggetchﬁam%d?é%age%swJie £

configuration dat a i S C%J[o X
processor 789 % t"‘ﬁr?a“’ Sdhecrgee 1Pr R J2ard e Sith aretit %ﬁt"(‘toi‘“ﬁﬁ%el ver
controll ereach‘/tigﬁs mndatba@eimneanmmdktm%&ﬁa)theamﬁpressﬁd@yearh;gei in a si ngl e

control ler ASIC 656, l@g]%&%) 6%% a&%@g’&&?{& 3¢ ok p(a%: imbidel fo- é?%’ e%ﬁ‘_japrl]l%t B> The

resonators and i nductors rovi epar a
net wor k i rie@follere &6hdaeh @’1362%‘11@500%*@ er 74P etores ithecrompressyaryes plltagmﬂentsslo‘all | ow t he

net wor K COoRA@et kdRtakdhdRee Ha@biod Md g&k@g‘,ﬁ@dﬂeopagtb heidio® Sla@RiBeis plpkided) menory

658 and the 2x256Nd f-chip.. The print engine
control | e:}’s SO0 B racucé@? S%B%ari eﬁmgilﬁl%alf‘ iev%éﬁ/%g( a@%‘r‘ﬂa%etl‘)’/mﬁtForﬁet wor k
i nterface mddul eBRI&‘QB\m‘fEquwmuLded each providing a netpage network

interface 751 an@hqugéé &B&L,&Vané phﬂﬁélﬂp&ﬁg}?ﬁ{hee}grg Oéﬁéﬂg Lo (glfér %‘Bt nsm%%lg_a 752.

Net page network Internet 1nterfaces Inc ens, Hy ri ber - Coax
( HFC) c abI}Eghrf'B?Té IH%EE ]Sgébp\?nﬁldef@'ﬁage 659, a standard JPEG decoder 763, a standard Group 4 Fax

decoder 764, a custom halftoner/compositor unit 765, a custom tag encoder 766, a line
loader/formatter unit 767, and a custom interface 768 to the Memjet™ printhead 350.

The print engine controller 360 operates in a double buffered manner. While one page is
loaded into DRAM 769 via the high speed serial interface 659, the previously loaded page is read
from DRAM 769 and passed through the print engine controller pipeline. Once the page has finished
printing, the page just loaded is printed while another page is loaded.

The first stage of the pipeline expands (at 763) the JPEG-compressed contone CMYK
layer, expands (at 764) the Group 4 Fax-compressed bi-level black layer, and renders (at 766) the bi-
level netpage 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 CMYKA+IR dot data is buffered and
formatted (at 767) for printing on the Memjet™ 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
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DSL nodens, satellite transceivers, current and next-generation cellular

t el ephone transceivers, and wreless |ocal |oop (WL) transceivers. Local
interfaces include | EEE 1284 (parallel port), 10Base-T and 100Base-T

Et hernet, USB and USB 2.0, |EEE 1394 (Firewire), and various energi ng hone
networking interfaces. If an Internet connection is available on the |ocal
network, then the |ocal network interface can be used as the netpage
network interface. The radio transceiwer 753 comunicates in the unlicensed
900MHz band normal |y used by cordless tel ephones, or alternatively in the
unlicensed 2.4GH industrial, scientific and nedical (1SM band, and uses
frequency hopping and collision detection to provide interference-free

comuni cat fagrimclyde fxptivaxte e Memict"bpringieadi5 vie ha priinghepdinterfaon?edt es an | nfrared

Dat a Associ at i onwiks Eral it @lzh@ ConrbREs TRCRI Yoo HAbR suchOliif b epicbd OM

devi ces such_as .netpage caneras.. In an alternative _enbodi pent, the printer
uses the | PRI PLEE SPOPRRRD V.2 biedne e L0 ORY ape s eibon 61ty

conf i gur edsehetdpdegbes ga@mal maMRAXOBApuSTE 1 Sencrated itk 1iRAGIcERghal AT ol tANR-ARKNTI NG Once
the main process ! ' i (i L ument ' .s. e
| ayouts and pag2&3%?5%?§f“%§ﬁ§tﬁ§g?ﬁ%9ggﬁ{%%??af%Q§{%9§3?¥ﬁ%wgm%%9the DSPs
757. The DRFsexpasyion ad fepfqripgpipslinh cqpigaing e prnthsed 150 vian dpveoerd seiskbus A,

rast eri zechnpageoliikRBSteppel RSB N6RRI OCESSOr stores each conpressed page
image in nennry.hjge8§J I.estf to Io§d§gglance multiple DSPs is to | et
each DSP rasteriZe a deparat & %géﬁggﬁ?ﬂ?qb SR RS S* BT REpY LSy si nce
an ar bi t r arges menrbieyte déngriasitmerdim@sdopegeagain]”).igvigarias ate, of BS kil or W00 i N

menory. Tmp§ 15tk 2 QANioRYE Yhe b o priIRéP, dROLE gf‘lﬂt %éu%s thkﬁlg i Q§E U Eal gsa[;[et on when
rasterizing short docunents. termark regions 1 n the page de érlp ion are
rast er i zed™ e goredhasBerbdimension o thoorren®Lesine 2 Herpnpt \RikER These ligsmleess| y
conpr essechrd GelN@@hih GicWperattb 7RG JttihCllerdjor M BrindRdd, wakh th@. cary &sised page

i mge. Th%:&%&@?k&? (I'R) layer of the printed page contains coded netpage
tags at a density of about six per inch. Each tag encodes the page ID, tag
| D, and cdANcHWsIgN ts, and the data content of each tag is generated during
rasteri zation anghshaif shyinlof € G MREARS Sl RARG. %%fmmgm it RhPCESSOT

750 passes back-to-back page inmages to the d exed print engine
cont r ol | er&™mig et specdfiqpligpatiye crahodimeuss dloeen it vl beygpregptest kyshashiillsd inghe s sed
page i mageelevanti flekls thatCahmberRNBHY cmBdddnesis afifcting fAdn PEQ SpeBNRAN Sds@bedRg Pri nting

pi peline. Page e sion and printing i.s pipelined. bec e it i
i npract i caaFSO ?a gl “éliﬁglf% B %n?clltsfo eoﬁt%ﬂf ti'%vle'g\?lglmaf}ﬁ%ﬁ’ ﬁ“%g%eunfl%ﬁg %t nenory.
7. 2.2 PRI NiE ENGidEs CONTREED BRbe limited to the specific embodiments described in the present

specification, including documents incorporated by cross-reference as appropriate. The scope of the

invention is only limited by the attached claims.
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The page expansion and printing pipeline of the print engine controller 760
consists of a high speed | EEE 1394 serial interface 659, a standard JPEG
decoder 763, a standard Group 4 Fax decoder 764, a custom

hal ft oner/conpositor unit 765, a customtag encoder 766, a |line

| oader/formatter unit 767, and a custominterface 768 to the MenjetTM
printhead 350. The print engine controller 360 operates in a double
buffered manner. While one page is | d&ded into DRAM 769 via the high speed
serial interface 659, the previously |oaded page is read from DRAM 769 and
passed t hrough the print engine controller pipeline. Once the page has
finished rinting, the page just |loaded is printed while another page is

| oaded. ThELMMSst stage of the pipeline expands (at 763) the

JPEG conpressed contone CMYK | ayer, expands (at 764) the Goup 4

Fax- conpressed bi-level black |ayer, and renders (at 766) the bi- |evel

net page tal | ayeh reettodrof emblifgouisérhatethaign fvk Retpude bified ridaing @€ b icompuler 2, al |
in parall el Ihg second stage dithers (at 765) the contone CMYK | ayer and
conposites "(at 765) the bi-level black |layer over the resulting bi-Ievel

CMWYK | ayer. The gsktukdftid ok intGMIGH lréﬁ;tig%&) b ApukeP sothE BlaGenafag
et T™M grlnthead 350 via a set of

formatted t, 767).. for printing on the Mem

line buff e‘lﬁ’o ed "l%é‘%’wﬁﬁ"e pfiemtt felbroliRefa e copUCTey a3dn the of f-chip DRAM
The final stage P&%qﬁs¢%ge“£%g‘vgannehs of bi-l|evel do%, NPX034-S G 57 data
(i ncl uding fixat]ve) & & Th& K et #cd 3 i ongieler PO Pt eHg dsr rifsead

i nterface SPE8:. saesnHt lsastsomadt tercpdetl danagi paetont rol | ers 760 are used in

uni son, such as in a duplexed configuration, they are synchronized via a
shared |ine syncibéfapedatappgativenf e sgqaup fieidandngi ne 760, sel ected via the
external master/slave pin 771, generates the |line sync signal 770 onto the
shared |ine. The®pPihAte oéFi'&Yeﬁlént(d,%‘?ﬁ“fi(Bf’ﬂﬂ@F dajy e eHImgRtate Bemedidiceeefitpr ocessor
772 for sysnohdaieismpvinvet relpbg @ Bxparfsk anian te pRNde HitAlgking iifaehive ef the
Conf'gur'QQm%%ﬁaﬂ%%B&ﬁS@%hﬁéQo%%@gﬁm%%%ﬁapeed serial bus 773, and

controlling e stepper notors fn the 8 /a" versions of the

net page printer, md A@hdd\WRIulihd B 06K NAS SRR RLipts 30 Letter pages per
m nute al ong the I ong dinension of the page (11"), giving a line rate of

8.8 kHz at(a)l600 re@dping tHeindichiing 33 frosChSicRitg deficel he net page printer, the two
print engines each prints 45 Letter pages per mnute along the short
di nensi on ®f t heepage a(188@h of thgimpvangntalath krleherpatigonabta kb e kdding dhi@se | i ne
rates are well within the operating frequency of the MenjetTM printhead,
which in tle curifemlyingbs signurcdicldeon ths bBH okthlyindi@aMGtaSInON  The present
i nvention has been described wth reference to a preferred enbodi nent and
nunber of @heci FIPEAlEhscRmRITSy ofwam aidrasiantly in reiisprs\ea pt legstongypfj the maverpgshr eci at ed
by those skialahdabl dositidnhigta, ah®inastardiinet it itkrudiidRtassacifeiia the Qlzn@lrd @4,
enbodi nents, differing fromthose specifically described, wll

wherein the sensing device is further adapted to store a sensing device identifier which is

adapted to distinguish the sensing device from other sensing devices of the same type.

2. The method according to claim 1, including the step of verifying that at least one of the

movement data and the position data represents a handwritten signature of the user,
3. The method according to claim 2, including the step of identifying the user.

4. The method according to claim 3, wherein the step of identifying the user includes using at

least one of the movement data and the position data.
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also fall within the spirit and scope of the present invention.

Accordingly, it wll be understood that the invention is not intended to
be limted to the specific enbodi nents described in the present

speci fication, including docunents incorporated by cross-reference as
appropriate. The scope of the inventionis only [imted by the attached
clainms. NPX033-SG 58 CLAIMS 1. A nethod of enabling user interaction with
conputer software running in a conpute’® systemvia: an interface surface
containing information relating to the conputer software and including
coded data indicative of a signature field relating to the conputer
software; and a sensing device which, when placed in an operative position
relative to the interface surface, senses at |east sone of the coded data
and generates-, jndicating data_indicative of the signature field; and at

| east one vf nnvt%ﬁﬁ#méﬁFgﬂﬁ%H”ﬁﬁg?f@ﬁﬁrﬂﬁ?ﬁ?t%ﬁﬁmﬁﬁvgﬁﬁﬁtméﬁﬁgmﬁ¥¥ng

i ndi cat i vesysgtm,tiizeensipedesichigertiBati ce' s novenent relative to the interface
surface, the position data being indicative of the sensing device's
position relative to the interface surface; the nmethod including the steps
of, in the conputer system (a) receiving the indicating data fromthe
sensi ng de¥i ce; fllﬁ)mefhé‘ééﬁc\‘;ai‘%é} viereindigsicp pivecetying ip te pempaiveyster dtegensingl t he

posi tion dawide fde@iiet RRpSENEIMEORY ebig de(iCd idbrlBaH s fa eRGplch Sensihgnalure fiel d
on the basja?gé the indicating data; and (d) operating the conputer

sof tware a? east partly in reliance on at |east one of the novenent data
and the position data, and in accordance with instructions associated with
the signature field, wherein the sensing device is further adapted to store
a sensing devi ceredRibbd b Bfm ¥WIncRin i enc?ﬂ)%@ts&gn% &l fldiRGW eit}yﬂtﬁl%s'ﬁgny ng.
device from other sensing devices of the sane type. 2. The net od accordi ng
to clai m P PHEFTHg the step of verifying that at |east one of the
novenent data and the position data represents a handwitten signature of
the user. 3. The nethod according to claim2, including the step of

i dentifyi t he J t. ' wherein the step
of identinLng fﬁg%ﬁggf?T%%fﬁ e%gggfgggg%gk e%é?mg%%bgbﬁ?ﬁghﬁ%&gﬁgﬁt dat a
and the pd&ieqtigrscunrrisgpsosvinedis ssing devip idenifieryéad redicimaeineygiznd ¢l ai m 1,
further including the step of receiving, in the conputer system the
sensing device identifier.

9, The method of claim 8, wherein the step of receiving, in the computer system, the sensing
device identifier comprises receiving the sensing device identifier via a relay device adapted to

receive the radio frequency signal.

10. The method of claim 8 or 9, wherein the radio frequency signal is a Bluetooth signal.

11. The method of claim 1, wherein the sensing device is adapted to store the sensing device

identifier in a non-volatile memory in the sensing device.

12, The method according to claim 1, including the step of generating, in the computer system

and using a signature key of the user, a digital signature of digital content related to the computer
software.

13. The method according to claim 12, wherein the digital content is provided by the user.
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6. The nethod of claim5, wherein the step of receiving, in the conputer
system the sensing device identifier conprises receiving the sensing
device identifier as an encrypted sensing device identifier. 7. The nethod
of claim®6, wherein the encrypted sensing device identifier is encrypted
using an encryption key. 8. The nmethod of claim5, wherein the step of
receiving, in the conputer system the sensing device identifier conprises
receiving the sensing device identifieso via a radio frequency signal. 9.
The nethod of claim8, wherein the step of receiving, in the conputer
system the sensing device identifier conprises receiving the sensing
device identifier via a relay device adapted to receive the radio
frequency signal. 10. The nethod of claim8 or 9, wherein the radio
frequency sjgnal _js | uetooth signal. 11. The nmethod of claim1, wherein
t he sensi n%{'devi e r’i‘egmgﬁcé?)”{h@%imtcmgo%g’rw deiplepmiet Y appdan dat BWOY BFer in a
non- vol at i kser vimghaoessing devich endsgarbaxgrfdevi ce. 12. The net hod according to
claim1, including the step of generating, in the conputer system and
using a signature key of the user, a digital signature of digital content
related to the conputer software. 13. The nethod according to claim 12,
wher ei n t hE- di gi Thl methad: asemrdings topdleim Gefirthy inggingshey steoNPixOS¥iaBG 80thd4. The
met hod acceangitergystem, tht aikiml ighatuid@h &k Bgdahie f@iagi t al content is based on data
i nput by the wuser via the sensing device and interface surface. 15. The
met hod according to claim 12, further including the step of associating, in
the conputer system the digital signature with the signature field. 16.
The net hod'%accor Bierepthod asprdingriolclzit hcihghaling ghetsive ofteadingoin teeqrabnig system, t he
conput er  Sy:&l@ikk confabdofird ifkBeabGRIPA G 18 GhiWRS Rid Ndi cative of at |east the
signature field. 17. The nethod according to claim1l, wherein the signature
field is associated with a visible signature zone defined on the interface
surface. 18. The nethod according to claim1l1l, wherein position elenents are
di sposed off. t he Thatuethbdewmordiggrofciede 1, Wieingensgnatgre dield iiscaesobisbdgittcondibigur ed to
peri odi cal digh.SeNSE aBRS it &k & BRs as it is used to draw onto the
surface, the nethod including the step of generating at |east one of the
novenent data and the position data by ascertaining relative displ acenent
of the sensing neans over time with respect to at |east one of the

posi tion el8enent e ntBod Aeqa§ing ©RMafnOr, waaah bisitign tlshts aRtdepaed dnQRk ikriBe COnput er

sof tware rsﬂﬁ%k,% ém%ing dgx%mg&f Eonﬁg.lye%ttg ggﬂo&ipa?ly %%get peos1 i(l)nne(l\'émléxcljtls Qs%ﬁ is used to
draw onto the surface, the method including the step of generating at least one of the movement data
and the position data by ascertaining relative displacement of the sensing means over time with

respect to at least one of the position elements.

19, A system for enabling user interaction with computer software running in a computer

system, the system including:

an interface surface containing information relating to the computer software and including

coded data indicative of a signature ficld relating to the computer software; and

a sensing device which, when placed in an operative position relative to the interface

surface, senses at least some of the coded data and generates:
indicating data indicative of the signature field; and

at least one of movement data and position data, the movement data being indicative of the
sensing device’s movement relative to the interface surface, the position data being indicative of the

sentsing device’s position relative to the interface surface;
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an interface surface containing information relating to the conputer
software and including coded data indicative of a signature field relating
to the conputer software; and a sensing device which, when placed in an
operative position relative to the interface surface, senses at |east sone
of the coded data and generates: indicating data indicative of the
signature field; and at |east one of novenent data and position data, the
novenent data being indicative of thesisensing device's novenent relative
to the interface surface, the position data being indicative of the

sensing device's position relative to the interface surface; NPX034-SG 61

t he system being configured to, in the conputer system (a) receive the

i ndi cating data P @ %ﬁﬁ@#@@mdev$eéqm%mwﬂ¢@celve at | east one of the
novenent data and the position data fromthe sensing device; (c) identify
the signat®te f|@Fﬂwgﬁ“Fﬁ@méﬁﬁﬁ@x%$eﬁﬁ%¥|ﬁﬂFcatlng data; and (d) operate

t he conput sof t war e .at art reliance o | east _aone of the
novenent @gt a and the leaSt(%? ‘?fl o oﬁéﬂea%at&ﬁlﬁl ﬂi'er?°%’ié°88?tﬁ§%@e§ﬁ"‘inﬁdleﬂ?t ructions
aSSOCI at ed CW t h ﬂi&%ﬁ&ﬁe&@ﬂz}tlﬂg Eelc{én%llleq)amsvmlﬁjﬁ e1cat1tnh§at% qSI ng deVI ce I S furt her

adapt ed to store a sensing device i r I's adapted to

di sti ngui s(@) the §RRRIMTL ARV Swale QM pﬂy if RS0 Bn HOULGHRS ofQfie hIYEmSRME LYPE.
20. The Séfaf 6%@ccord|£§ to claim 19, whéerein the conputer systemis
@ t

configure F popiyon 3t and &tacqo’élé%cf Wﬁlh’éma?“"flsrf'é”ﬂﬁ?fb‘ﬂ‘é‘r‘ﬂe sigaate 6l t he
position data re rese ts a handwritten signature of . 21. The
system accor di ng 1 ew‘il%ser e|cr PR tffcﬁ??{‘ﬁf’tsgtfsmg 9‘%"‘3"8 r’ﬂ%iltg-‘e’b‘?ﬁlﬁ‘fhi Bured to

identify &tdh?éedlj@@ﬂmg@@ the Fipeinsdesiceimnagicosediinggletias ol tlgisamdine. wher ei n t he
conputer systemis configured to identify the user by using at |east one
of the noverment data and the position data. 23. The system according to
claim 19, %perel the conputer systemis adapted to receive the sensing
devi ce identifi Fﬁ%ﬁﬁfng §H§Pﬁ§;HQV?%@G“?Emm?ﬁﬁmg?gF@WFHﬁ*@P%@ﬁf23
wher ei n t heelecsoompof b moysénedatd aad telppiietldatade@ame ahendivi@nSRitGird\J the@l@Y i Ce
identifier as an encrypted sensing device identifier. 25. The system of
claim 24, wherein the encrypted sensing device identifier is encrypted
using an encryption key. NPX(084-5G 62 26. The system of claim 23, wherein
the comput®r syst&msia aé@éiiﬁ’tgé%ldﬁlﬁ 20 cvhsreipgle JeEPYRTISTOTS cofigriradelo ideeiit i f i er
via a radiwedkerequency signal .

22, The system. according to claim 21, wherein the computer system is configured to identify

the user by using at least one of the movement data and the position data.

23, The system according to claim 19, wherein the computer system is adapted to receive the

sensing device identifier from the sensing device.

24. The system of claim 23, wherein the computer system is adapted to receive the sensing

device identifier as an encrypted sensing device identifier.

25. The system of claim 24, wherein the encrypted sensing device identifier is encrypted using

an encryption key.
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27. The system of claim 26, wherein the conputer systemis adapted to
receive the sensing device identifier via a relay device adapted to
receive the radio frequency signal. 28. The system of claim 26 or 27,
wherein the radio frequency signal is a Bluetooth signal. 29. The system of
claim19, wherein the sensing device is adapted to store the sensing device
identifier in a non-volatile nmenory in the sensing device. 30. The system
according to claim19, wherein the comauter systemis configured to use a
signature key of the user to generate a digital signature of digital

content related to the conputer software. 31. The system according to
claim 30, wherein the digital content is provided by the user. 32. The

syst em accth di ngT}Eeo“Y%f?nang‘iI@E 23, \erem the gomeutefi syyitaais adapisd éonveceivs tisagsis on dat a

i nput by t Meice W&ifierwiad ridbeirc§RASIsRgadevi ce and interface surface. 33. The
system according to claim30, wherein the conputer systemis configured to
associate the digital signature with the signature field. 34. The system
according to claim19, wherein the conputer systemis configured to send
data to tHe conputseversefdajimé whadinglet domputafsystem i edugted tohecesk gratwing fi el d.
35. The syst#m a&Easidividd at Qe AkMRelQdapilieleiledbiens Aat HE(E&JG!( eéi%xaf. S
associated with a visible NPX034-SG 83 signature zone defined on the
interface surface. 36. The system according to claim 19, wherein position
el ement s e di sposed on .t.he inferfac surface, the sepnsing device being
confi gur e?sf 0 pe?l}eg |631a(1?f1"§/1m§8 ﬁr'rsgé?’ R, |66ﬁ£°e‘irm§}‘r¢é‘f‘ﬁségn§és 5 “efogg‘ﬁ@’éaﬁ to sign
the signature onto the surface, at | east one of the novenent data and the
position data being generated by ascertaining relative displacenent of the
sensing NeaNS OVEe shstor Wk 197 RRRGLhe fohirldedi@BS1daptQNE At 1lRGsIROSIEL ON
elenents..§7” A.system for enabling user interaction wth conputer software
runni ng i nd&Hig Eyolatigpemopy in e defisinedevdse; | nel udi ng: an interface surface
containing information relating to the conputer software and incl uding
coded data indicative of a signature field relating to the conputer
software; the system being configured to, in the conputer system (a)
receive indicating data froma sensing device, the indicating data bei ng

i ndi cat i vesoof t hihe sguegnabdiify bichles 19, MRBEBTHR LRfue SRRLNY HRMiGew Wihen pl aced
in an operatuﬁgﬁgg%%%gon relative to the interface surface, senses at
0]

0 th el
| east some &Bf SHA TSRS Yerbiispne.of tigiel copnt ey Bacuerehd at
| east one softwvarmpvenent data and position data, the novenent data being
i ndi cative of the

31. The system according to claim 30, wherein the digital content is provided by the user.

32. The system according to claim 31, wherein the digital content is based on data input by the

user via the sensing device and interface surface.

33. The system according to claim 30, wherein the computer system is configured to associate

the digital signature with the signature field.

34, The system according to claim 19, wherein the computer system is configured to send data

to the computer software indicative of at least the signature field.

35. The system according to claim 19, wherein the signature field is associated with a visible
NPX034-SG




sensing device's novenent relative to the interface surface, the position
data being indicative of the sensing device's position relative to the
interface surface; (b) receive at |east one of the novenent data and the
position data fromthe sensing device; (c) identify the signature field on
the basis of the indicating data; and (d) operate the conputer software at

| east partly in reliance on at |east one of the novenent data and the
position data, and in accordance wth anstructi ons associated with the
signature field, wherein the sensing device is further adapted to store a
sensing device identifier which is adapted to distinguish the sensing
device from other sensing devices of the sane type. 38. The system
accor di ng figagregpndgfined giHbsieprpce fyefacgonput er systemis configured to verify
that at |east one of the novenent data and the position data represents a
handwitten signature of the user. N PX034-5G 64 39. The system accordi ng
to claim3g V\he{ﬂ%isnstt ha%co? mputer .System i S 20 fi ure(ﬂ to.i dtgn,ti f t he
user by using at HeSHem 5508 FAE oV SR I HROKL T Py B8t a. 40,
The syst eniudecsoheliengpet dovies tainenc@ifigurethie periodictllysersopeitivreslensyis emisivedacdapt ed to
recei ve thge SE08NG ARELEhAER 1ol iofd off FOMERG SANSINEL BEULCE e tdihs THE

system of claim40, wherein the conputer systemis adapted to recefve the
sensing d&U" 5 Y dsraedsiatiye disglacaningof Hie susiasprenyRyer gy ri ropredi i dt fepser . 42,
The syst emmebf tbd mhiderdlemembier ei N t he encrypted sensing device identifier is
encrypted using an encryption key. 43. The system of claim40, wherein the
conputer systemis adapted to receive the sensing device identifier via a
radi o frequency signal. 44. The system of claim 43, wherein the conputer
system i s Hdapt el sy Be eablingtuye inerppsiph gyith denpinier sdfivem trivhing rin v jcemmater el ay

devi ce adapitasl ieQyst-2GRIMBt he radi o frequency signal. 45. The system of
claim43 or 44, wherein the radio frequency signal is a Bluetooth signal.
46. The system ofnigtribauBate conating iinforinkien S@Hisgd 10 Ghe d@WuGLsoltGaragidc-Rding O Store
the sensi n&déﬁ%gﬂaﬁlﬁlca%gmtslgﬂa{ng ﬁéld1re]§t'9'ul;g(ta’oat éec%Pant}éers qey 1N the sensing device.

47. The system according to claim refn the computer systemis

configured t0 USEe GsterSheRbitieediE)n AL cdrlificll§iin: L © generate a digital
signature of digital content related to the conputer software. NPX034-SG

65 48. Theasyst efidede Afcatinf Gath Gof !a%iar@ihél zevic\é\,’f‘t@' iﬁc@li&tiﬁgt"ﬁtaq{éﬁg tHaRtive ¥SHhem i's
confi gur edsigtne?turg'%%ﬁ? 'Iw}%tre?n thE: I‘s]g"nsggl gtlsvgcg',l w];sek %Egetduu[l%nvgpetrgivé goesitiztll geTa%EféJ {oethg held.
interface surface, senses at least some of the coded data and generates:

the indicating data; and

at least one of movement data and position data, the movement data being indicative of the
sensing device’s movement relative to the interface surface, the position data being indicative of the

sensing device’s position relative to the interface surface;

(b) receive at least one of the movement data and the position data from the sensing device;
(c) identify the signature field on the basis of the indicating data; and
{(d operate the computer software at least partly in reliance on at least one of the movement

data and the position data, and in accordance with instructions associated with the signature field,

wherein the sensing device is further adapted to store a sensing device identifier which is

adapted to distinguish the sensing device from other sensing devices of the same type.

38. The system according to claim 37, wherein the computer system is configured to verify that

at least one of the movement data and the position data represents a handwritten signature of the user.
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49. The system according to claim 37, wherein the signature field is
associated with a visible signature zone defined on the interface surface.
50. The system according to claim 37, wherein position elenents are

di sposed on the interface surface, the sensing device being configured to
periodically sense position elenents as it is used to sign the signature
onto the surface, at |east one of the novenent data and the position data
being generated in the formof a |ocu® of the sensing neans in relation to
the surface by ascertaining relative displacenent of the sensing neans
wWith respect to at | east one of the position elenents. 51. The nethod of
claim1l, wherein the sensing device is adapted to store the sensing device
identifier in a read-only nmenory in the sensing device. 52. The systeg1of

cl aim 29, erein the sensi.ng device |s adapted to store the sensing device
Chontt 11 or e o P RIS 00N £l R BB B coN e AR

the user by using at least one of the movement data and the position data.

40, The system according to claim 37, wherein the computer system is adapted to receive the

sensing device identifier from the sensing device.

41. The system of claim 40, wherein the computer system is adapted to receive the sensing

device identifier as an encrypted sensing device identifier.

42, The system of claim 41, wherein the encrypted sensing device identifier is encrypted using
an encryption key.
43. The system of claim 40, wherein the computer system is adapted to receive the sensing

device identifier via a radio frequency signal.

44. The system of claim 43, wherein the computer system is adapted to receive the sensing

device identifier via a relay device adapted to receive the radio frequency signal.

45. The system of claim 43 or 44, wherein the radio frequency signal is a Bluetooth signal.

46. The system of claim 37, wherein the sensing device is adapted to store the sensing device

identifier in a read-only memory in the sensing device.

47. The system according to claim 37, wherein the computer system is configured to use a
signature key of the user to generate a digital signature of digital content related to the computer

software.
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48. The system according to claim 47, wherein the computer system is configured to associate

the digital signature with the signature field.

49. The system according to claim 37, wherein the signature field is associated with a visible

signature zone defined on the interface surface.

50. The system according to claim 37, wherein position elements are disposed on the interface
surface, the sensing device being configured to periodically sense position elements as it is used to
sign the signature onto the surface, at least one of the movement data and the position data being
generated in the form of a Jocus of the sensing means in relation to the surface by ascertaining relative

displacement of the sensing means with respect to at least one of the position elements.

51, The method of claim 11, wherein the sensing device is adapted to store the sensing device

identifier in a read-only memory in the sensing device.

52. The system of claim 29, wherein the sensing device is adapted to store the sensing device

identifier in a read-only memory in the sensing device.
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