COVPUTER SYSTEM CONTROL VI A | NTERFACE SURFACE AND SENSOR W TH | DENTI FI ER
CROSS REFERENCE TO RELATED APPLI CATI ON The present application is a
continuation of US Application Serial No. 09/575,189 filed on My 23,

2000, now issued as US Patent No. 6,957,768, all of which are herein
incorporated by reference. FIELD OF I NVENTI ON The present invention
relates to a nethod and system for enabling user interaction with conputer
software running in a conputer system The invention has been devel oped
primarily to provide the basis for a surface-based interface which allows
a user to interact wth networked information and to obtain interactive
printed matter on demand via hi gh-speed networked color printers. Although
t he i nvent i CCOMPUTER SYSKEM/CONTROEL VIAINDERFAGE SURFAGE AND 8ENSGR¥UTHO t hi s use,
it wll be appreciated that the i nNENTIFER i s not |imted to wuse in this
field. CO PENDI NG APPLI CATI ONS Vari ous net hods, systens and apparat us

rel ating j i isclosed in the follow ng
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6, 502, 614 6 69, 385, 6,549,935, 09/575,187, 6,727,996,

6, 591, 884?'@?@%‘?‘?’%@? 760, 119, 09/ 575,198, 6,290, 349, 6, 428, 155,

6, 785, 016, 6, 870tho@EsenigngoEnEgYes tg apmpthod g systqyofos y3bling Aser gigrastian Withg.

6, 830, 196 corfpuBdBdfiviake rubtMei DeokB@er sGIH 75, 162, 09/ 575, 172, 09/ 575, 170,
09/ 575,171, 09/575, 161, 6,428, 133, 6,526,658, 6,315,699, 6, 338, 548,

6, 540, 319, 6, 328;hd Fivention BRShedi? Bevelo@A primarllR g proGd3 88 b8B3for 6,5¢6uds-1332,

6, 390, 591, : : :

6. 318, 920 ™ Bgdhmy 3 BE Iy ok pmf ol iy nfralE i

matter on demand via high-speed networked color printers. Although the invention will largely be

described herein with reference to this use, it will be appreciated that the invention is not limited to

use in this field.

CO-PENDING APPLICATIONS
Various methods, systems and apparatus relating to the present invention are disclosed in the

following co-pending applications filed by the applicant or assignee of the present invention with the

present application:

09/575,197,  09/575,195,  09/575,159, 09/575,132, 09/575,123, 6,825,945,

09/575,130,  09/575,165, 6,813,039, 09/575,118, 09/575,131,  09/575,116,
6,816274, 09/575,139,  09/575,186, 6,681,045, 6,728,000, 09/575,145,
09/575,192,  09/575,181,  09/575,193, 09/575,183, 6,789,194, 09/575,150,
6,789,191, 6,644,642, 6,502,614, 6,622,999 6,669,385, 6,549,935,
09/575,187, 6,727,996, 6,591,884, 6,439,706, 6,760,119, 09/575,198,
6,290,349, 6,428,155, 6,785,016, 6,870,966, 6,822,639, 6,737,591,
09/575,154,  09/575,129, 6,830,196, 6,832,717 09/575,189,  09/575,162,
09/575,172,  09/575,170,  09/575,171, 09/575,161, 6,428,133, 6,526,658,
6,315,699, 6,338,548, 6,540,319, 6,328,431, 6,328,425, 09/575,127,
6,383,833, 6,464,332, 6,390,591, 09/575,152, 6,328,417, 6,409,323,
6,281,912, 6,604,810, 6,318,920, 6,488,422, 6,795,215, 09/575,109.

NPX029US 1 °




The di scl osures of these co-pending applications are incorporated herein by
cross-reference. BACKGROUND Presently, users wishing to interact with a
conputer systemtypically do so via a keyboard and/or nouse. Wil st such
interface systens are useful, they are relatively bulky, and |l ack the
tactile nature of using, say, a pen on paper. In ternms of legibility and
confort, information delivered on paper is nore physically confortable and
convenient, due to its visual characteristics and its portability conpared
to comput er keyboards and other conputer interface devices. However, unlike
nouse and keyboard input systens, pen and paper generally lack the ability
to control conputer software. SUVMMARY OF | NVENTI ON According to a first

as pect of tTﬂee di!cggu%g to{' R4 C(;#?&]E d ?l'cgt{ogél Arglgg!) ra'EE%QQ:Q \I?Q«irqsg-';@emnkgg a user to
instruct a conputer syste 05%3 form an operation via. an interface
surface including an interface, the interface including visible graphical

i nformati oM antially invisible coded data; and a sensing device
whi ch, when pl acdtesbyty,tusees wistdng tb mtecacawithapematar vetepagichlilyoloe sp ek akéyberd 0 t he
interface %ﬁ{f/(]cr %ﬁset@mﬂ&%& i e Q)Istelll@?é %Sﬁ%ﬁ) Wm?y &}E: reﬁalaeeb%ujﬂ@,mn@ ‘?aLk ﬁh@fa&ﬁémt I on,

senses indicating data 1ndicative of the operation using at |east sonme of
the coded d@gtraof UsiH® s3yed ieb an Parert drAYLTqgibilistapheondiqrt, infasmatiqpdedivgisd PP @FPES y st em
recei vi ng tidvgork prlisicall ichgfodledant rcofRedid€ dae RSitsNGhusl @MirgciistBNehd iReoftadility Ng t he

operation indicated b he indi cating data; erein the graphi cal

P ot 1 oS e ot g Bpeedndif PR B bR R e 1o

t he user, &éybbankinmpesterhs, pam.andyepaigetienlly b tize abibtyomaniad pegutepoftvdre i nvent i on,
there is provided an interface systemfor enabling a user to instruct a
conputer systemto performan operation via: an interface surface including
an interfa§yMM4ﬁ¥?£F@¢$HB¥“including vi si bl e graphical information and
substanti al | y i nvAcsardihgto @diche aspekadithe iavedtion, thans iprogideteametimd whénetling when pl aced

by the useqo&g%gaQQmQQQ%QQﬁ%?m@9§gﬂ&gﬁﬁ&ghgtive to the interface surface
to designate at [ east sonme of the graphical information, senses indicating

data indicative gfint/fRe QRBEALd-RBing Sh Nerfile, l1RABLerf&Q NMBcRiingt Vib1€ glpEcadat a; O

NPXO29US 2 L e R S RN iR SlaDPaaE 0, ' 9Ur ed to:

a sensing device which, when placed by the user into an operative position relative to the
interface surface to designate at least some of the graphical information, senses indicating data

indicative of the operation using at least some of the coded data;
the method including the steps of, in the computer system:
receiving the indicating data from the sensing device; and
performing the operation indicated by the indicating data;

wherein the graphical information designated by the user is at least partially indicative, to

the user, of the operation.

According to a second aspect of the invention, there is provided an interface system for

enabling a user to instruct a computer system to perform an operation via:

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

information and substantially invisible coded data; and

a sensing device which, when placed by the user into an operative position relative to the
interface surface to designate at least some of the graphical information, senses indicating data

indicative of the operation using at least some of the coded data;
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receive the indicating data fromthe sensing device; and performthe
operation indicated by the indicating data; wherein the graphical

i nformation designated by the user is at least partially indicative, to
the user, of the operation. In preferred enbodi nents of either aspect, the
graphical information designated by the wuser is adjacent, or substantially
coi ncident with, coded data upon which the indicating data is based.
Preferably, the graphical information takes the form of any conbination of
text; graphics; images; buttons; icons; and hypertext links. In a
particularly preferred form the coded data takes the formof tags printed
onto a piece of paper, the tags being,configured to be read by a sensing
device in the fortﬁ%%‘?}pﬂé‘?ﬁs}gﬁ?ﬁ%ﬁg coggugelgﬁog stylus. The tags are preferably

printed using a”r&@%e&@@ﬁk&ﬁ%&ﬁ nﬂﬁ%&wh@%&ﬁ%%ﬂd'ight but is substantially
nder

invisible to a human vi ewer normal ~I'ighting conditions. Wien a user

brings a sensing RBGmAe opdrifon HlikhtdtSoy HeQReafind dbehte surface, one or nore of
the tags are imaged, interpreted and decoded to provide an indication of

the operation. FuiHeRRIthedSPRicd Sfd@atioh Gesighat@ilyitiRrusanisl 2k lelpepaimy appaiend from
r eadi ng th§1f0|lﬁ§jqﬁ detailed description of preferred and ot her
enbodi ment £HFChE° PRt i on. BRI EF DESCRI PTI ON OF DRAW NGS Preferred and

ot her. embodi rent s, ofoch 0P o MNFIAL 9Pl dpaBOBe USRI ol iy NN

limting exanple only, _ Terence to conﬁanylng_ aw ngs, in
whi ch: Fi gusees adjgeentepr subpiantaltyiceingidentvithhredqdedats ppas idish he pdicatiaedrtas kel e
printed netpage and its online page description, Figure 2 is a schematic
view of a inter acdtieipPhh e greeticahinfaEnaoryakes thy forn ofany gopipinatign;ofytext; eraghifsat nage
page serVafiagesahfitod; indk;padepapalieat i on server; Figure 3 illustrates a
col l ection of netpage servers and printers interconnected via a network;
Figure 4 is a schenptrialady pefendd formhihg bodeddad talss theifotnupfgags priedpmiontpéde net page
and its On|o¥ &gerpﬁgﬁgs lgﬁ\l %&fﬁgﬁré(ptg be Féa(gw @seﬁsiﬂgsde@cqq}l% fM'!nQ)Wm? g@i\%l @leiﬁg )
structure o net page tTag; Flgure 6 1I's a plan view show ng a rel ationship
bet ween a §wis: ofhe tageare pigferatdnesiifed uinern i et Bpsosbrcneay inffiage Hebt Rybizsubyarsially 0 of
view of a RRisPRIEa SRR IvRYerdNdr @EmalTighti) cOitthO f Wikn A&l BYRs Pedsinddngure 7 is
a flowchar %he%gylusaclgs%go thensau%aece,e)glg (():remso%el or}gne ?a%gar(ej gn%ge I, iglgrpraékeg %cf Jechomad to provide

an indication of the operation.

Further aspects of the invention will become apparent from reading the following detailed

description of preferred and other embodiments of the invention.

BRIEF DESCRIPTION OF DRAWINGS
Preferred and other embodiments of the invention will now be described, by way of non-

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

Figure 1 is a schematic of a the relationship between a sample printed netpage and its online page

description;

Figure 2 is a schematic view of a interaction between a netpage pen, a netpage printer, a netpage page

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

Figure 4 is a schematic view of a high-level structure of a printed netpage and its online page

description;
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
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Figure 8 is a perspective view of a netpage pen and its associ ated
tag-sensing field-of-view cone; Figure 9 is a perspective expl oded vi ew of
t he net page pen shown in Figure 8; Figure 10 is a schenmatic bl ock diagram
of a pen controller for the netpage pen shown in Figures 8 and 9; 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 |2a
is an enlarged portion of Figure 12 showing a section of the dupl exed print
engi nes and gl ue wheel assenbly; Figure 13 is a detailed view of the ink
cartridge, ink, air and glue paths, and print engines of the netpage
printer of OF‘iligTur oS 1ale§enqn 1d%\'ﬁ eliingg{ogng# niesa% gn(;hemati c bl ock diagramof a
printer contro T EPCPEF TR 9Re pagé prin EP2ERBWN i n Fi gures 11 and 12;
Figure 15 i ' ' . f print engine controllers
and Menj et ?gﬁgﬁsﬁﬁwﬁgf%é;%g%%@%%@ﬁecgﬁgéag%gﬁﬁ]tnér controller shown in
Fi gure 14; plslnd¥hi& pbRpdefvedieHoPEMRhieHednd &K asticREH a.gaséazingtﬁeﬁ.d@fviemo@pgl ne
controller shown in EI gures 14 and 15; Figure 17 is a perspective view of
a singl e MeguebTM RfspddtiveRgpl@bEVIBNIS theastpass péh shéwn il Bigur€gganpl e, the net page
printer of Figures 10 to 12; Figure 18 is a perspective view of a small
part of anFanead§ isafschivpatjcdtodiMiggramifia pgp cohtediterforshe nkipge ped sidvniisFigirgdranes of
perspectivg. views illustrating the operating cycle of the MenjetTA4
printing elenment shown in Figure 13; Figure 20 is a perspective view of a
short segmeplreQf isa pRGBEWE Gt o VBRI Rount®i ephda@asler, Figure 21 is a schematic
view of a user class diagram Figure 22 is a schematic view of a printer

cl ass di agrate 12 Fiagéstiéh tBrdugh $he engik bR eipaee\priftey dbFiga@e pen cl ass di agram
Figure 24 is a schematic view of an application class diagram NPX029US 4
0 Fi gure 2%igis 12a & @hextagddponibrevd Rifureal 2dbaringeniectdn df padeleskeigeini gpbindnnd| ass

di agr am Fiugwﬂe%gés%mhg a schematic view of a docunent and page ownership

cl ass di aglgam lguré 27 is a schematic view of a term nal el enent

speci al i zatpjR 16/i@5 Getslle @AY the Tk LeirRied GnK, Sir amﬁg&emg,laﬁd i \bhees B @& ati €

el ement specialization class diagram Figure 29 is a schematic view of a
hyper | i nk &f®asepntes pifdgreyil hapd Az

Figure 14 is a schematic block diagram of a printer controller for the netpage printer shown in Figures

11 and 12;

Figure 15 is a schematic block diagram of duplexed print engine controllers and Memjet™ printheads

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

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

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

Figure 19 is a series of perspective views illustrating the operating cycle of the Memjet™ printing

element shown in Figure 13;

Figure 20 is a perspective 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;
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Figure 30 is a schematic view of a hyperlink el enent specialization class
diagram Figure 31 is a schematic view of a hyperlinked group cl ass
diagram Figure 32 is a schematic view of a formclass diagram Figure 33
is a schematic view of a digital ink class diagram Figure 34 is a
schematic view of a field elenment 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 Figure 38 is a flowhart of an

I nput processing algorithm Figure 38a is a detailed flowhart of one step

of the ro e Fi gur itic view of a page
server co 85gﬁéﬁ%ﬁ ggwgggéiogﬁF%ﬁ?gp d%“@?%fﬁ drl%séhenﬁtlc view of a

resource d%fgﬁxre'zg’ ag&eﬁétﬁ%w%’fﬁ%@&ht o E&m‘%&hnb aﬁsildé figmatic view of a

favorites I1'st class diagram Figure 42 Is a schematic view of a history
list class pgi;R8H BRkcheftd Ve offadtermtaPelcifet@pRIalifation B dferam; SUbsCTi ption

delivery protocol; Figure 44 is a schematic view of a hyperlink request
cl ass di agraage 28 Elagmeleatéslewgfaaswslehamt dpeciatikAidn Edss dagaysper | i nk activation
protocol; Figure 46 is a schematic view of a form subm ssion protocol; and

Fi gure 47 iFgua 2% thecmematic viewefa loperbnkement sigds diagrpay ment  prot ocol . NPX029US 5
0 DETAI LED DESCRI PTI ON OF PREFERRED AND OTHER EMBODI MENTS Note: Menj et TM
i's a trade FigaeR0 bk s&emafie Vs obkhyReknd glempnt Pregialization clagdiegraini a. I n t he
preferred enmbodi nent, the invention is configured to work with the netpage
net wor ked €$H‘ﬁé%éraSM%tEMewafﬁé(Peéﬁk@’cﬁrWé}aﬁﬂd@W’& which follows. It will be
appreC|ateg % ever§ qe %athn wi Il necessarily enbody all or
even nost “gﬁ EP3e L 8t HPTE a8 F ensi ons  di scussed bel ow in
relation t?é bas ﬁxsten}al%pp¥kdﬁs& systen1|s described in its nost

conpl ete gaﬁg duce the a1 nal reference when attenpting to

under st and g, 3£ RAt§¥hatle Qle%facﬂlééib%emﬁ e%Fafr‘{a{m‘r‘l(ilaS‘sfm%q{n”E nts and aspects of
t he present “'nventi on operate. In brief summary, e preferred formof the

net page sy$taBeRRkMYSatR vieR ¥PAhEkbdxHeRlcladG@Reral) the form of a mapped
surface, that is, a physical surface which contains references to a map of

t he Surfa@%mﬁaﬁﬁhaﬂﬁﬁdeRwafﬁﬁﬂﬁHﬂﬂ&mﬂMﬁhﬁﬁl The map references can be
gueried by an appropriate
Figure 37 is a schematic view of a signature field class diagram;
Figure 38 is a flowchart of an input processing algorithm;
Figure 38a is a detailed flowchart of one step of the flowchart of Figure 38;
Figure 39 is a schematic view of a page server command element 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 view of a history list class diagram;
Figure 43 is a schematic view of a subscription delivery protocol;
Figure 44 is a schematic view of a hyperlink request class diagram;
Figure 45 is a schematic view of a hyperlink activation protocol;

Figure 46 is a schematic view of a form submission protocol; and

Figure 47 is a schematic view of a commission payment protocol.
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sensi ng devi ce. Dependi ng upon the specific inplenentation, the map
references may be encoded visibly or invisibly, and defined in such a way
that a | ocal query on the nmapped surface yields an unanbi guous map
reference both within the map and anong di fferent maps. The conputer 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 formof actions which are initiated by the conputer system on
behal f of the operator in response to the operator S interaction with the
surface f egletafitn BebddiSriBNTLPRERAQEThNG BT R EAREAMRTST TeLT es on the
producti on Of, urman T nteraction w pages eSe are pages of

t ext, graphlcs and i mges printed on ordlnary paper, but which work |ike

interactive web S ormati o usi ng i nk which

is substantiall 3‘?‘19%346%‘4%%& attr(%(tietrﬂagk ﬁf’?&]’e& ﬁ\ﬁ%ﬁﬂ‘ %a]gtg ‘Q‘ﬁtga%fl however, and

thereby the code t n n ; w nd

transm tted totha RGpsel eniinafl BE tpyliBl, Phiny 28 %%r’eamﬁ%??evg%%

and hyper | mﬁwk@rm@aléﬁ swage ac,daﬁqﬂdd@vww b lvbi fOHOVtShE wilh b appescipted) thatsrot

|| nf or mat i orave?r B lehbHRatioe ik dessRiily Eﬁbo%%; BINGH cvnRhEIT BRGRSBifE Qetdlls BRE MRAstonsS € VEr .
n one

text witten b on_a net aut omati cally
| aconni zeq asee b Faior s hedab e TRER e ISP PR a BTG | i ng
forns to béorhitd dedde thtineed for oftdnet referha@dihaentspting fognderstané the L@ et iolabich thhr a
net page ar H&P g&&%ghxfyg&kgkﬁg &hnﬁﬁmgggﬁfgonnerce transactions to be

securely a T orlze Strat et a printed netpage | can

represent a int erlﬁgltléf\élﬁnnfl me\f/fyféﬁ@d ﬁ)ﬂﬁ‘of tpéeneiphée s?s@:ni é?nyw Y %phk@ﬁﬁter@l@é h

physically, on the printe "electronlcal y", via conmunjcation
bet ween t h& tbf'eﬁmaﬁfcf TpgRRed ﬁ%rfa}ﬁ%xg@“éfsﬂ’éﬁ‘fﬁ stfce WhidsontaingkisrRaces loammag kBt * f or m
cont ai ni ng smﬁemmmdnedNEXO&&b&r&yﬁemdm Qnp réf¢r&1lcd$caﬁroel qeerisdibyrat afpriptiad. The

net page conS|st hic data 2.printed. usi Vi Sl i nk n oded
dat a 3 pr | n e geswce ]%8?1‘8111% tu}m(r)l?\tﬁeo ?pe%lgcglénp} menta 1on { nl{lﬁpsrlcgierences mﬁy bQI_%C(%e(F

correspondWH@Wpagémmdeyéﬂk@wﬁ@nﬁshag@b@@dibwlmﬁe”nﬁmmmgm&h@mhnwkmSGEScr|bes

the indivi duabighbus FegieRreRle bt,mmﬂlﬁm andlamongaﬁfe;ehﬁﬁup@ﬁhe oSGy steRan t he
type and spatial _extent (zone) each interactjve el enent text field

or  but t on PR FETRALigRAlod) featugs %‘1 16 RepRse STt é‘ﬁ’esuéhyg’f"é‘mt‘f"b °3g’obferr%t8“f"F
i nterpret ibsplin vdpaeftrieessaipliedts.a sdibng ds/ith ided withthd @app&d suffee. Taxﬁnmphmpn has a
zone 7 whi t .

araphic 8. ?rﬂsl%g eﬁ% g{é%ﬁtf oE?célﬁrlgg;hkgLre ﬁ?‘t a%@%y Rl cofm Eter s%% f{ &}@%@‘é#@gr ed
f orm of whiopdttgrdn rsﬂmmwlﬂw OPFPtgrLﬁrie@a@lOaw@@e Saﬁ@e &é@@?l bed in nore detail
bel ow, works in conjunction with a netpﬁge printer 601 an

| nt er net - connect &8 1 %rmﬁ@ﬁﬁg%ﬁbﬁW?aﬁE§eﬁ emhsfigs, o fhej Reeduggion fpandhuman  The

pen i s W r eltegtonarifi, 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.

In the preferred form, active buttons and hyperlinks on each page can be clicked with the
pen to request information from the network or to signal preferences to a network server. In one
embodiment, text written by hand on a netpage is automatically recognized and converted to computer
text in the netpage system, allowing forms to be filled in. In other embodiments, signatures recorded

on a netpage are automatically verified, allowing e-commerce transactions to be securely authorized.

As illustrated in Figure 1, a printed netpage 1 can represent a interactive form which can
be filled in by the user both physically, on the printed page, and “electronically”, via communication

between the pen and the netpage system. The example shows a “Request” form containing name and
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comuni cates securely with the netpage printer via a short-range radio |ink
9. The netpage printer 601, a preferred formof which is shown in Figures

| to 13 and described in nore detail below, is able to deliver,
periodically or on demand, personalized newspapers, nmgazi nes, catal ogs,
brochures and other publications, all printed at high quality as

i nteractive netpages. Unli ke a personal conputer, the netpage printer is an
appl i ance which can be, for exanple, wall-nounted adjacent to an area
where the nmorning news is first consuned, such as in a wuser's kitchen,

near a breakfast table, or near the household's point of departure for the
et pages. G B APPSR 5 oo o e e Ae HLBh daBis 2 70
paper Wi t handeoded idate P iprinted asam dolieetion rof ¢dek elwryg glfVlSlah llﬂﬂtTéP aertesnoadivgepiigeim  As

shown in Fldggalrlﬁmzs JTA?& dﬁ%@ﬁ@ﬁgp%&p Jdegcme@&@%dmumt&nm@ of£ @6 8pd tna on a
printed netpa conmuni cat es, a short-range radio |lin t he

i nteracti oﬂ?a'f‘ %éi ‘trﬁléil%t&@)@e pPe 'f’ftdéPa“a}ﬁ’f@m (f‘ﬂni’)r?f gach g)@iacgvgﬁ}ygleqt K- 'ie’ﬁtﬁélfl&&t ion to
the rel evamtxttdﬂeﬁ pagamplay e Hew vternetihige k@temit®1tcreqly édt@prietCput Vil the a@jugo (The at e

ci rcunst anc 1t Eutt(oan %a ? e%gr{x hasS enc!)%e 6} v?lgghr? nﬁjds qg tﬁﬂa aﬁgee {eﬁl_l_nﬂfptm i cation
conput er ware running oh A % atlon server 13. e
applicati oNOISf’elrovélnggmpwi?;n turn send a response which is printed on the
originating printer. The netpage systemis nmade considerably nore

conveni ent in t heApilestand adisrb dhemsmpee PeY | Yer REgTTeb B A t’!’b‘ﬂ] §akwmdh with

hi g- speed mgafeﬁehrﬂcgtah@a@&iaamm%}e BB bW, @vME&\/Bh )c?lb@swl vith ldjn@page priieip@t TM) .
printers. referr orm of t nol o rel a spee
bra" i g B PSrERieRt P dhilitie Srdiole F S PamaRE b Tedme el O
preferred fcmnmnicatemum&gethplwbﬂeﬁpmtpmm Vhashorclfrelge phlyshnlcfal char acteristi cs of
a traditional newsmagazine, such as a set of letter-size gl ossy pages
printed in full Beingpagemritiert491ss prafsrrecionmel whitheis Horn fipFigwas ! Ravigat i on

and confor td@d@llﬂ%d hanshkd adail QeIO\NpPs(O%QaUl% deliveR EpeRiBdiRAY Gor i Mdnfid, Q%@J)r@hzfe& t he
grow ng avail abi | |t of bro

I nte er.vi
Oval ani o BE S PRt GBS SR AT GO SEOS o1 PR EoBPE G din
servi ce of fieeracige netpagon Ubkiked persdnelrcgputencipastpage griradr isea dgpliangaivhictidaebe, for 20% of
t hese. The a rat I but
with Iongerg‘%tepﬁ gglrmultm:g&ﬁg%ac 30 oa\%e%r‘agﬁa}?ee&m‘}g IH} ;B tﬁ Sns‘g%tnﬁ ghtdr?eﬁa e
syst em can UsE’s itraei é@r uBeHG SRS ©OF PRYT @%hf%‘ﬁ?hgii s PW&;Oéflepalﬁae for g FaprlaH? ers,
al t hough t Rem& yshddpMidsittop, fREFIALR MiMktae Sy and will therefore be |ess
acceptable froma consuner's point of view In other enbodinents, the
net page system i SNéuagds @tint@iat eheid pointadf @onsunipti@iw@inbind the sds¢-bilusObfipeper enibaeli ment s,
t he

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 netpage page server 10 for interpretation. In
appropriate circumstances, the page server sends a corresponding message to application computer
software running on a netpage application server 13. The application server may in turn send a

response which is printed on the originating printer.

The netpage system is made considerably more convenient in the preferred embodiment
by being used in conjunction with high-speed microelectromechanical system (MEMS) based inkjet
(Memjet™) printers. In the preferred form of this technology, relatively high-speed and high-quality
printing is made more affordable to consumers. In its preferred form, a netpage publication has the
physical characteristics of a traditional newsmagazine, such as a set of letter-size glossy pages printed

in full color on both sides, bound together for easy navigation and comfortable handling.

o]
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net page systemis hosted on a single conmputer or conputer-enabl ed device,
such as a printer. Netpage publication servers 14 on the netpage network
are configured to deliver print- quality publications to netpage printers.
Periodi cal publications are delivered automatically to subscribing netpage
printers via pointcasting and nulticasting Internet protocols. Personalized
publications are filtered and formatted accordi ng to individual user
profiles. A netpage printer can be configured to support any nunber of
pens, and a pen can work w th any nunber of netpage printers. In the
preferred i npl ementati on, each net page pen has a unique identifier.

22_3 ﬁ € PT’g lrrg e :_m‘y OP a;/ a?tga%%: lPl%l e;[r !T:ﬁ)rl]mts hle %%lw?n[geagallnbelﬁtg apoer?ag§ap1§ Inte?r[é? ac@é%? ggt;l% Id n E: ?
profil e w tsérviceis peatleble %Vwréthpvg@ldperbthp Eaitdd ditates sand peble mdelagmvm affdrias
server. A RELBAMCIRALN £RR iPAIRRyRGiRRSS0ar 2 thedt TH né’tpa@%ﬂﬁéil%ar{ £Qlopdrarat i on
server 11 and |inked to one or nore paynent card account E‘@S al | ows

e- conmer ce YWaREHCETEGosE %8&?@%“5%%?? Jdcowey imagqyauekifg Ipls 8PfEhH. The
net page r egysshn @h boBnabled iy eRBtfgabA8mériskjs |aghateu plcmt@.ﬁplthon@dhebyys&rh evilhet page
pen WI th a Pr rste tn rlélélo'xlyragcgw:ﬁ thege?o(tie §e lgsn%c%lpta%&ﬁo n&glell stpotnpofat}rg\&r' nc;tﬂ pate t he
user's identity Ionetrics can al so be used
to verify |e@b<rdtmetlgs thﬁ\nv@g% P‘)Gflqmoff hQSWé op &t priage ingenst. Ilil pidl eflpe smpqdirepatspthe nt
scanni ng, \\&pdeh kydEmishodedoh Akih@é co \Q?Mexk&/c&rﬂﬁteﬁﬁﬁmgl@vﬁeeﬂb}ﬁis'éﬁxtulté?n server.

Al t hough a netpage printer may deliver periodicals such as the norning
newspaper Wwit hOUtNet;kl@d-l‘ﬂSublld%ﬁ@lrééﬁ'a’é llmlan tHetnetpabd nbteroﬁk(hrbf dogﬁgh&d t@aliedr pkime- del i ver

?Pg?r: Isﬁlbtsgd %grdpubgcﬂ(t)?rﬁ % a;gin e{)srI %rleoglcal ulg}lca 1ons are flﬁjY]lvered au\{ mal 'He,[(lhgdl cals

net page prubstribing i rstpegal prk@rsavuﬁ arinwgstig pel mnltleasmal Hntemetcmgtntolwm@wah@d visible
to any junk iRidoer ik HAWRmbtRE acchBhERIYAEAUER SlorRd. emai | address. |
NETPAGE SYSTEM ARCHI TECTURE Each object nodel in the systemis described

using a Unified I\A)el@tag@ﬂuteawtbagalﬂ@tﬂ%&, suﬁ)b@&@/ Iﬁilnﬁ@roﬁﬁ&)s én@dmsaldw@gr am
consi sts of g ﬁ g ect cla 3159 (g F %/ c)?tlonshlglg and

ki nds of it ta'i‘yd}‘tg‘ §F G5neIpRgs REpters &5t emEAISL 4y "G E” Bfid™ a e

gener al i zatldeomf&r Afnusisgdeaydiyeocol@irnas eslored neldeX(RSUS e 8ss@nsigereack merbeof

rel atl onshicPnpEINE s GG usel 1o ArninBBLARER: LOHL ARCRGRTo SRR PRblicdlion
generalization relates actual ¢ asses, can be understood in the

fol |l ow ng myemtqppl&at@rla%&en s thought of as the set of all objects of that
class, and class Ais a generalization qof class B, then siply a
subset of A The Amagﬂﬁeg‘§a‘hﬂi° R PRE Sy IS R BREe ‘?@Eﬁﬁﬂsweaéfa‘ﬂdgg‘ldlt? ng -
i.e. classese af m@t agmes.catlacdoutd. J88 all@vstra@mmeras pgmeClodia geogrelyadutbtizedl wi t h

the name Ofusiﬁghtge I%Lpggsesp'en. L1'¥1e &%Qée‘%gﬁ's%rat%n lsc!n?e; coQ:Ipares 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.

1 NETPAGE SYSTEM ARCHITECTURE
Each object model in the system is described using a Unified Modeling Language (UML)

class diagram. A class diagram consists of a set of object classes connected by relationships, and two

kinds of relationships are of interest here: associations and generalizations. An association represents
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the attributes of the class, separated fromthe nane by a horizontal I|ine,
and a list of the operations of the class, separated fromthe attribute
list by a horizontal line. In the class diagrans which follow, however,
operations are never nodelled. An association is drawn as a |ine joining
two classes, optionally labelled at either end with the nultiplicity of
the association. The default nultiplicity is one. An asterisk (*) indicates
a nmultiplicity of "many", i.e. zero or nore. Each association is
optionally labelled with its name, and is also optionally |abelled at
either end wwth the role of the correspondi ng class. An open di anond

I ndl cat es an ro%? ttllor(l)SQl gt\%ge(f:l IOg'E!CItson etwee ms{ances (.Ef c}aése an erllersahdalilaryvr%l f’it the
aggregator he a8socr atron: i ne. generalza {SRTEraP Shshi ip
("is-a") i sct@hl alarsesamndgas by underdt¢od @n jhgfqﬂpwggmlfcal dessie Shoughi offas ¢he setf plbw (i n
the form of,an &%Pcl&s@'aﬁ&‘%s@)a ieh énQ%th@dﬂ%@i'aésZBa%hbeE 1sesﬁ}£’p1y YeR: & £ 1@ss
diagramis brokenu into nul ti F di agr.amns, class which is duplicated

is shown WMIndoss nehdirserly sprpert feﬁ‘é‘d1°ﬁierd?‘ldelﬂi’&& lte’rFéaS%‘?fﬁlaﬂfsagr am Whl ch defines
it. It is shown v%th attributes PAGES

T
et pages: ar -t he LA B o WHPER s R o s ik e Arsr piste S sty
provide a pepeributeaftbcklass esparatad feaf he mntedy p ibyizowH ik, indfadistrhithe operatipg of

i nteracti V &hetRbsY keggﬁted rﬂ%gﬁ%ﬁqu{w asﬁo%z?atal find? fn dd azgs Qiggﬁns(‘gﬁch%libw

surface region VI SI Og erences to an online descri ption
of the pag °WeFPfe°P6'i"}P‘?nﬁ€eb%Y§rén #¢ription is maintained persistently by a

net page page server. The page des tion d scribes the v out and
content of the pa‘b‘éassoc‘??f’(?llifg‘?“ﬁ‘gj‘s?g‘iﬁjg 1@“1”%?6!‘? Az, %mlanai“)hgb%g‘i at f”?’ereﬁnggy

descri bes tﬂaanmlmp:uilty ef deesbdation Tﬂaedefaalgmultipnﬁﬂyudlonng Anbastetisin@) indigges & i nks,
and i nput nﬁg”paeg?eroaclr m%ygsEe{Ig'{i g«ag§n 1m%nzmgiagellgd ﬂ‘?htlg%glﬁe Bgfls on Its

surface tO e SI t aneous captur rocess e net page syst em
Mul tiple néﬁ@&@f@galbdwequa# élﬂlph@dsvaﬁhéhﬂp@&eofd’ees@ﬂﬁﬁsmd@a claﬁom\?eqn diggngy| | ow

i nput t hr ougRateO bl @ MatRn | MRRLtoR kis-PAAES, bR RearflinS kil MY Uity eRAGMmAEt page
is assigned a uni ﬂﬁe page identifier. This page ID has sufficient

preci si on EE°HEE Mgui sh bet ween a very large nunber of net pages. NPX029US

9 0 Each referenc grl £n is. e ded. i n tag. The
tag identifies thggenﬁraﬁza{eon raglons 183 ? i aéaS(gg;ﬁrsle °an earsseegﬁ'gndl rectly

identifies atr%e(nptagéﬂmef%ppepmamie) afrfhﬁ@en%@mios@ld i dent i f| es its own position
on the page. Characteristics of the tags are described in nore detail
bel ow. Tags are pWVhetesiss dnsienfisupkstiunipie rfipledisermsc anyslagtrihich ipsuplicaledis whi ch

i s infrar edhdwafit @ldash& outline in all but the main diagram which defines it. It is shown with attributes

only where it is defined.

11 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 elements on the page, including
buttons, hyperlinks, and input fields. A netpage allows markings made with a netpage pen on its

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

Multiple netpages can share the same page description. However, to allow input through
otherwise identical pages to be distinguished, each netpage is assigned a unique page identifier. This

page ID has sufficient precision to distinguish between a very large number of netpages.
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such as ordinary paper. Near-infrared wavel engths are invisible to the
human eye but are easily sensed by a solid-state inage sensor with an
appropriate filter. Atag is sensed by an area i mage sensor in the netpage
pen, and the tag data is transmtted to the netpage systemvia the nearest
net page printer. The pen is wireless and comunicates with the netpage
printer via a short-range radio link. Tags are sufficiently small and
densely arranged that the pen can reliably inage at | east one tag even on
a single click on the page. It is inportant that the pen recognize the
page I D and position on every interaction with the page, since the
AR & et Ty T R
uni que pageniqurskge@evhidrit appeats, Jd thqrtebdmmapagfetlﬁes Hie|pegridpsgrintion.tThe Rkl ai N a

di Stinct SfendHes i pS4tRAbh HElp4eIHER ehiQlcs btUgs bk BLsEibed 1 rfoRGIcRRGTow.
description for each printed netpage. The relationship between the page

description, the pagae Ipfh&mﬂcﬁﬁ'r,areata&o@h@ 4 br{latnszdub@t&tepﬁg& is InfrarSdRMRiveN Fi gure
4. The page nstgnce i S SSO&I ad; h both %’B‘P“ nter which
printed it **AATTY BRGwc T'HE® SHEEYS 6“1’" Bl B P Y SURETPAGE
TAGS 1. 2. byél‘a;gd-ﬁ)altana@@sehsnwltuanalaprq@naéﬁltqr.ed form each tag identifies the
region in which it appears, and the location of that tag within the
region. A tag mayA tkscersghtyan aref imagpssenspr i Fhe peshage pent and thi tag detgyls ansaiited, whol e
or to the J@netfelsy@¥m VQ'EH% ngaLe@%e%hée§rﬂQYTheprﬁ is SRABR bif coinGiidles Ridk BY
sensing device to provid i ndi catjve of a function assochl)at ed

with the i RffRagF areréerafaéefh%?ra?aﬁéa@d - Nt oty seathar dgrstegraaed thulf ng t o
refer to apéeeatrdily imagead lehdn enert@@w@rbn aAinple tljxd ge thp @age.ITaly jmpondant txtahvpee,
illumnate_an ' in t ‘ wi ||
be more cl &art: i/zggliep ge 18 %‘%8?5%1011 olwr%segy bnrteé E‘?‘r‘éﬁ%n%%%ﬁi h@%ﬁ hd lélg%ﬁm{l ;}S

cont ai ns amnatelesisiagyare @mqnieztw dppged to aalke themy Rttty telera toshirfesk damapi ¢ i al
detection, and which assists in mnimzing the effect of any warp induced
by the surface orTHSyReiPRss Rogh &7Yeh MBS & Snidys page dstands fay %”F‘éBT‘%’edt‘i‘erég"t he
entire pagﬂbwu@ndo alaRtamUfdistifct @ndfluyer-supplied valing fodl @ipteadieMs ia e pag @ekciigtiai fot he pen
can reliabl Yoh m%‘giee% eI east one tag even on a single click on the page. It
is inportant fHat YThe&pen recogni ze the page I D and position on NPX029US
100 every inter a%ﬂeqaatms% bm@en%%% e &b Vﬁ@o the ag%&gr@&amﬂe lsrﬁueﬁhasa%é ess. In
a preferred embodi nent, e regio % h a r,g refers colncides wth an
entire pagés showmi Figye 4 qu R9ge Dy Gﬁ%fdf‘tqdr}“@Hi’éthtﬂ&g’e‘ipgetpﬁ%t?ré?héﬁhé’r@%’é nynous

wi th the pageirkiwaf thé Repa@ags wareydaiedt.

1.2 NETPAGE TAGS

1.21 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 example, 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 hyperlink.

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
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the tag appears. In other enbodi nents, the region to which a tag refers can
be an arbitrary subregion of a page or other surface. For exanple, it can
coincide with the zone of an interactive elenment, in which case the region
ID can directly identify the interactive elenent. Table 1 - Tag data Field
Precision (bits) Region ID 100 Tag ID 16 Flags 4 Total 120 Each tag
contains 120 bits of information, typically allocated as shown in Table 1.
Assum ng a maxi numtag density of 64 per square inch, a 16-bit tag ID
supports a region size of up to 1024 square inches. Larger regions can be
mapped continuously W thout increasing the tag ID precision sinply by

usi ng abuttln Le 0 egion ID allows 210D (-1030
or a nillioi gPHWEhﬁrwﬁffgﬁymﬁﬁ??éggﬁgm?gﬁlons to be uniquely

identified. 1. 2 ﬁ[ g QSI i t}c:r[é[ﬁ\grgl E?( %&eto er?f&&fe@( ghages%han Qﬁu%p

redundantly enco onbn co

encoded bi #ed thoisgipsi wgodecf inghetescieheyelaes syrnymuywity the Rage it ghe @%ee Hn W‘FFR% ( 15

5) code al liRws appharst e o@erse)ﬂﬁ&ﬁ&hen&r ﬁl@fe@oﬁ @ WhRh 6 Q% Eﬁ’&§ ed b@@ﬂ’ ar’@i@;ﬁr'SBWBII’egion I . it
is tolerant of a ¥gb or ra ‘ﬁ% th&ﬁ fco tmo 1 g -b|t
synbol is PEHPEEEHT Sﬁ“ﬁ‘“e gp eé?“ilpﬁ |‘t>f‘”“b‘6 RN e go1e e ih8 Fay; eﬁ“‘%‘ t'he

synbol s of whicheassthxregiod@vwan disecta/rldaentlfmhemtmmdlesxpatl ally within the tag.
This ensures that a burst error (an error affecting multiple spatially

adj acent bits) damages a m ni mum nunikabledf Tag il s overal | and a i ni mum
nunber of synbols in any one-caodeword, thus maximsing the |ikelihood that
the burst error can be ful Ly ddidectegPregisiondbits)ygi cal Tag Structure The
physi cal representation of 9! : ! 5, includes fixed
target structures 15, 16, as 18. The fixed target
structures allow a sensing Jage pen to detect the
tag and infer its three-dine ative to the sensor. The
NPX029US 11 O data areas contain representatlons of the individual bits of

e one0E0 120 B 085, B il 80,2 SHELL U b

Assuming a maximum tag density of 64 per square inch, a 16-bit tag ID supports a region size of up to

1024 square inches. Larger regions can be mapped continuously without increasing the tag ID
precision simply by using abutting regions and maps. The 100-bit region ID allows 2'® (~10* or a

million trillion trillion) different regions to be uniquely identified.

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

yields 360 encoded bits consisting of 6 codewords of 15 4-bit symbols each. The (15, 5) code allows
up to 5 symbol 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
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When printed at 1600 dots per inch this yields a tag wth a di aneter of
about 4 nm At this resolution the tag is designed to be surrounded by a
"quiet area" of radius 16 dots. Since the quiet area is also contributed
by adjacent tags, it only adds 16 dots to the effective dianmeter of the
tag. The tag includes six target structures. A detection ring 15 allows the
sensing device to initially detect the tag. The ring is easy to detect
because it is rotationally invariant and because a sinple correction of
its aspect ratio renoves nost of the effects of perspective distortion. An
orientation axis 16 allows the sensing device to determ ne the approxi mate

pl anar orientation of the ta ue .t w_of e .sensor. The

ori ent at i of*&%F% c‘?néamsrﬁpé?/?é‘ﬁat‘f’?f%);g‘éfnaw'guabjﬁgagtge or ?dg(rrll{;%fl ai%bn. Four perspective
targets 17 allow.the .sensing device.to.infer_an cur t WQz di i onal
perspective tr anfsof acc)}r"emve@f()pflﬁ%g ’ie%{ﬁ&ugtﬁoﬂ ’ tIl%ee{r% %r%n%erg%%tf ﬁgtst%%ﬁ?nhér%gseg%#geﬁ%%éi onal
posi ti on arVthenpringadtetit6POdptsafer inplethis siglds 7 ted withi avdéamesr eflabous &mmioft thiggesolutin get

structures garg it @digdagitd drbAIGGy aCqliTRIPVSR rdafiSh ¢ adudTRIR hy/ gl arB0k 880 The
overall tag shape I's circular. Tf){

g ) X IS suE)ports,_ anongst ot her things, optinal
tag packi ngontdped by adjareabfagself oy addniGipts o threffeetivg %m@??ﬁﬁ' Bedt& on with the
circular detectiop ring, this makes a cirgcular . a enent of data bits
within the tag opﬂ'ie 8 IQCI“FSS %%?f%%{( %@Ct\“fssAs elion Lag Ili]g glgot%ét SIS derwecﬁ?oesent ed
by a radi aditialie dget tha tagh®hefrog iy oy @nletast decalpo itrigwthtionplly inwareididbecdusnes and

t wo Concengf;ﬂ'g% d&h&é& B 1hHSe FRCAMoNEHIE Nan Grclts Nk MHiBediviRRRIRR &f 8 dots

at 1600 dpi and 1s designed so that its base (its inner arc), is_at |east
equal to tKrienEIPHPGRLhaHerERRsTeRNgG dvYies thdstcyRine i appRxinRteRjanay qriepttian PLIAS 4
direction i (%& \ébab(ssyawﬁﬂ thdlsenka?. Tﬂ&&)ri@ﬂtddﬂ‘ibmﬂiﬂ i6l E\H’éﬁﬂﬁﬁ)@l&ld dimdad e ériebiaﬂ;(%ldﬁiuﬁl fsyrrbol
IS represente an r of 2x2 es.. The 15 4-bit data of each
of the six pﬁrf)p&%twg Fad%etszaif;7eaql§wlt{‘>ec§flsén§m$’89€t S acﬁué%%g‘?'l '(%“in?:moréa;ﬁ%s cu:r%? ngs 18a
to 18d in iatsérh @éthe dagf @d Hiewn .an Syaubae] threadimensiohad pesitiod apd peantatianedfythe tag
circular progteISIQ-around the tag. The interleaving is designed to

maxi m se the average spatial distance between any two synbols of the sanme

COdQV\DI’ d_- I n or dez_ﬂll et SRR Bre'feﬁhﬂﬁﬂtgia?éeit&ikfbrob@&ﬁf aeduhi®No Wiskh a t agged
region via a sensing device, the sensing device nust be able to see at
| east one entire Tha@vdrdl thed shape liediulaf Thisl sepportOarimabd etherwkieys epiimal tah gackinggi on or

a.t V\Ihat or Iog gltl %Iel u?a@ trii t ua%gx‘?&)%ll EOI %{I]lgtgo wﬂnﬁerc?gxlljair ﬁ&gcngu g'inaﬁ)efs atcPc%l I‘ I el d Of
vi ew of the sens?ng aa%VI e |Is ther e]pore a _unct_l on o t.(_a Sl ze ancil Spacl ng
of the tagsrangersuhifdeye bitsovithio thedag optirepl Slaangeimise Hiesizei aa¢hyAatnb isappesseted 87 2 t he

sensor fi elghiDfedst B\helfSim oNRXRADERddIDy RvdHBdif 1iAER dnd A6 Bonk dhiclcR@Er #8sCEdch | ed on

a equilateral triangular grid, as shown in Figure 6. _ .
d wedge has a migimum din(i:]ension of 8 dots at 1600 dpi and isgdesigne(? so that its base (its inner arc),

is at least equal to this minimum dimension. The height of the wedge in the radial direction is always

equal to the minimum dimension. Each 4-bit data symbol is represented by an array of 2x2 wedges.

The 15 4-bit data symbols of each of the six codewords are allocated to the four concentric
symbol rings 18a to 18d in interleaved fashion. Symbols are allocated alternately in circular

progression around the tag.

The interleaving is designed to maximise the average spatial distance between any two

symbols of the same codeword.

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

device is therefore a function of the size and spacing of the tags.

Assuming a circular tag shape, the minimum diameter of the sensor field of view is
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1.2.4 Tag | mage Processing and Decoding The tag i mage processing and
decodi ng perforned by a sensing device such as the netpage pen is shown in
Figure 7. Wiile a captured inmage is being acquired fromthe inage sensor
the dynamc range of the image is determned (at 20). The center of the
"range is then chosen as the binary threshold for the imge 21. The i nmage
is then threshol ded and segnented into connected pixel regions (i.e.
shapes 23) (at 22). Shapes which are too small to represent tag target
structures are discarded. The size and centroid of each shape is al so
conput ed. Binary shape nonents 25 are then conputed (at 24) for each shape,
and t hese prOV|d basj s for uent ati.ng target structures.
Cent r al shéﬁbém‘?ﬁidﬁérh Stags At WY op A &I atﬂatt%l"%“lﬁrﬁ%da?ssg% 1nﬁ¥ p{;)5|t| on, and can
be easily made invariant of scale, aspect ratio and rotation. The ring

t t st ted t 26 A i h th
i i e i

proceeds by aspeeE |ng eac B
nonent s. Opeeisish@vnsie Fignet- o Vddle anpprend Snage & heing mlulrcziefcbnt the imdgn gensqrstheasy to

recogni ze % ic rg ﬁé mhe%gg[% ps%{exgréﬁd (aelt %)thte 'chlﬂar X\ﬁﬁe r§rlgg ﬂ'tﬁeh Glﬁ‘)@n -as t-ﬂQ ﬁnd’rj!/ ng's

original aspect a rota t ogether provide a useful approximation of
t he per spedirpsyadd for inigrags Th Therwags i ﬂsenlthéﬁs’@fé‘ied apdrsepmepintg gommestedpieliggiqns ¢ o pe

| ocat ed ( atq.e2&hhapes %t(ﬁtmzﬁ@hépemlﬁ@plﬁe LY smAIRP kdptebiit faf) Qrged sh@inSestdy dhid@at i ons
to each shape's ‘ffg H rotétlon n%rmallzmgthe resulting nonents.
Once its secHHf-d °8‘étT°‘ AP BS4T8PRESY zed the axis target is easily

recogni zed. NOU pd Dbl 5L Ohd lomRIRAA B GAUHAE S bk dlovRr guat e

the two possible orlen Btions of e ax ape’is erately
skewed to dads for stlesequentlprddeating Irrgst pPyefsted Centralghape memenss ari theit napuze ipygrignt

possi bl e t Qfpds@bRbldQR BRQETRIb & Enviiiat F¥dak, dspkOfto aad foftion. t has had the ring's
nornal i zati ons applied, since the perspectlve distortion can hide the axis

target's axis. Thﬂleamg ergwdhgeﬁre $5 Brihedirfl & berladail (2DD6)PA Eivg Ithe she advaniggefofil
appr oxi mat | &gx%’x]% ?eféyssveti@b d ShgnOtel'as't Ict?vré d(ljs o?teqt ol m%lgr{)gge£§>6 a@%g&ﬁﬂﬂzu&%& pective

target str oca estimates of
t heir p05|Umaweﬂaméuuewpmebmeba&edmbﬁmtNe&wmﬁﬁwhhmgﬁaﬁﬁﬁﬂwm@ﬁﬁﬂﬁ@ﬁ@hlps to
the ring aqgea% §ec$g%rzg@\;e§ if thet;m% &ﬁﬁ%&or@ﬂ%af Qélfi’ﬁchrﬁ Nrp@find’ h&lgﬁdamloec@dﬂﬂi t he
rotation of the axis. tchin proceeds %%Eagp élngﬁég ring's
nornal|zatﬂ6ﬁ§“?6méﬁﬁﬁmgﬁ§ﬁé@ | ARARRRAgion Qi BOTPRGRIVE Bhd- or der nonents are
normal i zed the «cjrcul ar perspec ve tar t SV 1,9..,E€CO and the
target closest to 'EdeH ¥ELs B’éd“b ﬁ%l ée Pfa?elg & % ﬁawhm{géﬂoce%lg

ori gi nal cepplyind s riggs xtohwlrfzamms tpeacbp@pe § ynem¢ngsy g@trsta@meomﬂqwgttbﬁ(@wltm be the

perspect | anoq{eﬁg ane I?L sg(g)g(? 2 brderdronihts re SGMATLA ﬁlfe O \ég@t S edkfly fe[‘:bgh@&l fpace, and

an ei ght-degree-o reedom perspective transform is inferred (at 32)
based on sdhaypueghindieelesjaempent intrapised ntipagpigrateitis o possible orientations of the axis. The

shape is deliberately skewed to one side to make this possible. Note also that it is only possible to
rotation-normalize the axis target after it has had the ring’s normalizations applied, since the
perspective distortion can hide the axis target’s axis. The axis target’s original rotation provides a

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

The four perspective target structures 17 are the last to be located (at 30). Good estimates
of their positions are computed based on their known spatial relationships to the ring and axis targets,
the aspect and rotation of the ring, and the rotation of the axis. Matching proceeds by applying the
ring’s normalizations to each shape’s moments. Once their second-order moments are normalized the
circular perspective targets are easy to recognize, and the target closest to each estimated position is
taken as a match. The original centroids 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
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NPX029US 130 relating the four tag-space and i nage-space point pairs (see
Heckbert, P., Fundanentals of Texture Mapping and | mage Warping, Masters
Thesis, Dept. of EECS, U of California at Berkel ey, Technical Report No.
UCB/ CSD 89/516, June 1989, the contents of which are herein incorporated by
cross-reference). The inferred tag-space to i nage-space perspective
transformis used to project (at 36) each known data bit position in tag
space into i nage space where the real -valued position is used to

bilinearly interpolate (at 36) the four relevant adjacent pixels in the

i nput image. The previously conputed inmage threshold 21 is used to
threshold the result to proquce the final. bit value 37. Once a 60 data
bi't 537 haVArieBn b PEAHEL R fe PRI BF PP s et et

Sol onbn coMepwnglsndi Bnage S\achirg, (Vaster8 Fhesisp Depte of] ERCS, dé cafdertifopiia ot Bekeleyr 120
decoded bi rSchhifal kg&oﬁlNo. M%SB %Qﬁ%, Wlﬁg%%ﬁgns%ywﬁ&la% 1éfetn i%ppfgllaf%ﬁib}‘ n
codeword order, so that codewords are inplicitly de- interleaved during the
sanpl i ng presasierencshe ring target 15 is only sought in a subarea of the

i mge whose rel at| onshié)l to the. i mage uar ant ees that the.riptg% i f. found,
is part of a conpll&iere [j.'sﬂa?et%m@é?’r%ﬁcl?tp SRegifye FrsiREt s Pt Ut e s st ul 1 y
decoded, t ksdwnniatapepopiiai initaspae inte ddugd esglack guhert lthe realivaled tpofiticante vse@itey en
adequat e B Cagg?nlée laIPe(r)]@ﬁ %6) %dfoﬁrqglglahtéadgaﬁ%? Efxéﬂ i tHéaiant 1rﬁ:lgg ﬁ;e pYév%Yiél}lgs’ an

[
alternative's ves seeki er tag 1n the current inage.
The obt ai neemmuted inehags refhaldi2e ftuesd tq thigsholddisrresplytogfodych e fipah PibYpluedit ai ni ng t he
tag and the position of the_tag within the region. An g{gcur {"ﬁ osition 35
of the pen nib iPrenal pQ0agbits A5 haye pren pbtained iy s, Wpyapach gt e ¥ OPHRSE of t he
pen, is thaeslomé @adwaels (salbcodel)(atl3B)aoy ikl 0 peb&p Bilt30 we 110rdacséditmin3dal. Bbser ved

on the tag,and the kno patial . rel ationshi e el siRhysi cal
axi s and tﬁhép%lgﬁo‘geworgﬁm?bé)zsl ar%iafngl.ed i ?dgwaf%é)rd%h% {Bexfcg%“lﬁggggt’glaﬁcﬁt sults in a
regi on | D, inereavgd dubing hnemplingapeese| at i ve pen transform Before the tag ID

and the tag-relative pen | ocation can be translated into an absol ute

| ocation within tHhering agedd isoalysenaht it Hbarescoh thp Breoyhopatelatonthinip fbRipret he

regi on NUustouddMitekd@i¥the kY, $ foshdJis \pard obY cBmplérg) taBIF 2 cBmplétel ARt ik @6t fadmdchd maps
each tag IDin t egion to a corres i | ocation...The map
class di agj‘t‘cé‘???f\?lg' %%%&ﬁ tf‘eﬁ‘ BRI lsarsecoﬁ%rgpg ro{ﬁgtc e ntn%?r%eagféveﬁrﬁd%l%%? cl ass
di agr am A ptoagsinmpowee hiidedeadly tahen-snitimatefields efdvigvo 1931 ke altehrativeustritagyeinyedyst on wi t h

tags, and ggkiﬁ%%‘%er\{g%hg?&gﬁrhggggg to surface type. Wen nultiple tagged
[

regi ons share e same tiling scheme and the sane
The obtained tag data indicates the identity of the region containing the tag and the

position of the tag within the region. An accurate position 35 of the pen nib in the region, as well as
the overall orientation 35 of the pen, is then inferred (at 34) from the perspective transform 33
observed on the tag and the known spatial relationship between the pen’s physical axis and the pen’s

optical axis.

1.2.5 Tag Map
Decoding a tag results in a region ID, a tag ID, and a tag-relative pen transform. Before

the tag ID and the tag-relative pen location can be translated into an absolute location within the
tagged region, the location of the tag within the region must be known. This is given by a tag map, a
function which maps each tag ID in a tagged region to a corresponding location. The tag map class

diagram is shown in Figure 22, as part of the netpage 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 multiple tagged regions share the same tiling scheme and the same

tag numbering scheme, they can also share the same tag map.
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tag nunbering schenme, they can also share the sane tag map. NPX029US 14 0O
The tag map for a region nust be retrievable via the region ID. Thus, given
aregion 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 |ocation can be added to the tag | ocation
to yield an absolute pen |ocation within the region. 1.2.6 Taggi nhg Schenes
Two distinct surface coding schenes are of interest, both of which use the
tag structure described earlier in this section. The preferred coding
schenme uses "location-indicating" tags as already discussed. An

alternative codi sche uses object-jndjcating.t A . .

| ocati on-i ndi cat inﬁ@t‘igé’&g‘g%ﬁf?ioﬂg‘“!ég? G e\X/f?iﬂI&eH?gIV‘ﬂgﬁrhﬁ” SR PEF Pt ough

t he tag namg IBssbxcpeatradfom, tha taghep tadpg etrierelgihotag ID/dar batsngatedrint ereabsege

| ocat lon Wtatgl’uwgnc;nhﬂthﬁletgé 1%%]0 ,g&ﬁ]ﬁéé feqaﬁl'e%eh\f&atioh Q&lat;elag&d% thb lﬂl@ 146tbn S | added
to this tag location to y_é1_ the Tocation of the pen within the region.
This in t vield 2n gbsplyie gentleratipaithinfhseesioRe | ocation of the pen relative to a
user interface elenent in the page description associated with the region.
Not only is t%e er_ig%grface element itself identified, but a |ocation
relative tdZhe ué@g'ﬂg_ @PP&¥e el enent is identified. Location-indicating
tags therefore trTwa dsting sufemending sehpraes cggptfipteresh footh 9f Whjehorse the BeHUGHHEE h i n
the zone ofjesdriRarchdislih akis sks@n. THY Srefddecoting B@Bhe ust “16daji@Chdidatifl Gas iang t ag
contains a &ag(&D m%igg directly I entifigs a(ysgrtigterface el ement in
the page d&%fY fiicry ALUETALF S MGSTRTE KE PEFTENK4e t he tags in the zone
of the user intefface i i i I maki ng
t hem al | identicd%kgﬁln?ﬁ%&%?%?égﬁgﬁﬁg%%?ﬁgﬂ?@ﬁ%g1%&g%%fgg?QVﬁﬂF%g??ng t ags
do not, t hessediagdevithstippeget regivn. idddst awnique agderatitysthint the seipn. Thatagrelaey do,

however, SyRRQK bf hbFenGARAIMATENMR tag Pochth @ Jidl@thP RButBRS ihe pSOWitHRATtGe RS0, IMEis
position sa tw ce the encountered t uency,

i ng requenc xceed a re
the displ adk “?efié‘hileé%m%é zgn ﬁéﬁe PHJEIREYE 62 PS5 PIRERRE ‘Pe'\}vig‘tth‘? %a%‘é stroke
can be unarbicgption sdsyciathdtveth mierregihn. Mttdalyds thiaeser tngecfape Rigment lirgifadentified, tuags
f unct I on | @00?&99&&%& {OQI[PC u\é\érmerfaﬁse%ﬁllerﬂtisqgen}{he%yﬁlcatiog-kngﬁ-Qfﬁé),Sd ﬁﬂerﬁf&% H%ﬁl?age as
user interactive €l ements in that a user can I nt eract W th the printed page
usi ng an apyPepihe eapbred prsibpplitehsy padieinithg zeye @& paftisklan sy intpafe% cleBee read by the
sensing device and for an. appropriate response to be generated in the
net page system 1A® opjestindienine ArropA a%&l@?b%tlﬁlﬁg%fﬁérar‘@ﬁ% Sl ment
of a docunermedns tRage: aLGIPlidnpdsiotitted Walk ShedAGH, AN theStagshidwie tone of-thgusees 25
and 26.

interface element identify the user interface element, making them all identical and therefore
indistinguishable. Object-indicating tags do not, therefore, support the capture of an absolute pen
path. They do, however, support the capture of a relative pen path. So long as the position sampling
frequency exceeds twice the encountered tag frequency, the displacement from one sampled pen

position to the next within a stroke can be unambiguously determined.

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

appropriate response to be generated in the netpage system.

1.3 DOCUMENT AND PAGE DESCRIPTIONS
A preferred embodiment of a document and page description class diagram is shown in

Figures 25 and 26.

In the netpage system a document is described at three levels. At the most abstract level

the document 836 has a hierarchical structure whose terminal elements 839 are associated with
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In the netpage system a docunent is described at three |l evels. At the nost
abstract level the docunent 836 has a hierarchical structure whose

term nal elenments 839 are associated with NPX029US 15 content objects 840
such as text objects, text style objects, inage objects, etc. Once the
docunent is printed on a printer with a particul ar page size and accordi ng
to a particular user's scale factor preference, the docunent is paginated
and otherwise formatted. Formatted termnal elements 835 will in some
cases be associated with content objects which are different fromthose
associated with thei r correspondi ng termnal elenents, particularly where
the content obj ) tyle-re i nt.ed tance, of docunent
and page i §°%" 'éssgé ?“ﬁlé?f t?‘éf)bé?cgt tg’gﬁtyle'ltg@e%ﬁ F’b PRt etc(:an%egl?eac%rr%ou h a
particul ar primtgbon o ptigtercweith33 particolahprge sigo Ardedcosdimatozt wlrt}pulfﬂr OGS sqilmfacvapt ur ed
through ot %E‘erén&s H&:ﬁrﬁen@ ] agtuﬂt%d %%em?orﬂﬁég HoRiattQtermindC1RREE835 Q1) €F

allows a user to res nce of the nost abstract docunent description on
request a dbjsype G#Sesé’e d&f@%ﬁ@ﬁf“h\ﬁmt‘r‘i’b%hlecﬁ &hich ap differspt fog these aspaciated Witk Ggit ce
docunent ' s sREohdihCted@a@dments, -Ehlﬂcﬂb‘il? Whétethe ERtehitBjd@SAré de-R1ak20. [I:ylchtphﬁted,lg h a

DrTLeT 4 e BRSSH % ol SEP AR o RIVELGhg ARy coeree

page *ser v e page
server to e@hdficuldr eapk lingtanca 82 tp betecandsd separately diow ipnt @ptprad thiooghl @her p?tanmse'ﬁ page.
A fornatteg.d scpdncOnsi sts of a set of formatted page descriptions
5, each of Ich consists of a set of formatted term nal el enents 835.

Each formatted el ’ﬁi@%ﬁgenm th@m%sﬂaﬁstréﬂ doc@dnddtcri onZ)Qﬂ\Qpa'T_gg se@ﬂr iliﬂ@s aﬂ&@&o Thi s
defines the active a

{] (? in el ege %s such, as %e nput
fields. A dSEThRIPY PhsTosHRea: ¥ i“%’&‘f’% EBDRFEP IS 501“8 ?"Eeé S&?f ¥HEt 834 1t
consi st s ofTha usetmapfoe rpmepeng nsd@Nbegh83 Printeadith ofliffwlentclagecorer Espramdd.-t 0 a
page descr IO%B\!egg?r ehe ugres%rng 01f e H;ﬂ'}x gggdo(J%eﬂ%%lptmngﬂ(‘h@ Qegs%rvkmgmﬁee §0

descri bes a sing nrque printed netpage records the page I'D 50 of
the net pag@’verﬂ?@fﬁfe\?geetbilhtslﬂoﬁhlé@aF%’“%R?taPHél?‘tlarB‘i‘nt%‘Pd%fcurrent instance if it
represents a copy of a page reguested I n |sgl ation

| e in
consists of a setAdtmptsf dosmentSP4 samits oha pet 9E fgmatisd pagﬂrﬁlgséﬁ? e‘i“’ﬁé’?ance
only exi st svhich cbrtsmif's%ﬁ@l’sd&‘of fmitammﬁmeteinéﬂtssasnﬁahmm elehbru dias @spayaber | i nk

I nst ance exg(tglg't %r zone 5? ?n t¥$ %ag% ITﬂIS det%esetﬂ‘eé%;lve a?e%aolfl ﬁlﬁcf e&ern?lﬁgi%Jpé h ehﬁlﬁsrbﬁé ct I on

I D 55 whicK 15 speci I nstance tance exi sts
for a fiel dnpm@irbnt because |t records i nput specific to the page instance.

An el enent instance does not exist, however, for static el enments such as
textfl owns. A document instance 831 corresponds to a formatted document 834. It consists of a set of

page instances 830, each of which corresponds to a page description 5 of the formatted document.
Each page instance 830 describes a single unique printed netpage 1, and records the page ID 50 of the
netpage. A page instance is not part of a document instance if it represents a copy of a page requested

in isolation.

A page instance consists of a set of terminal element instances 832. An element instance
only exists if it records instance-specific information. Thus, a hyperlink instance exists for a hyperlink
element because it records a transaction ID 55 which is specific to the page instance, and a field
instance exists for a field element because it records input specific to the page instance. An element

instance does not exist, however, for static elements such as textflows.

A terminal element can be a static element 843, a hyperlink element 844, a field element
845 or a page server command element 846, as shown in Figure 27. A static element 843 can be a
style element 847 with an associated style object 854, a textflow element 848 with an associated
styled text object 855, an image element 849 with an associated image element 856, a graphic element

850 with an associated graphic object 857, a video clip element 851 with an associated video clip
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A termnal element can be a static elenment 843, a hyperlink el enent 844, a
field element 845 or a page server conmand el enent 846, as shown in Figure
27. A static elenent 843 can be a style elenent 847 with an associ at ed
style object 854, a textflow elenent 848 with an associated styled text

obj ect 855, an inmage elenent 849 with an associ ated i mage el enent 856, a
graphic elenent 850 with an associ ated graphi c object 857, a video clip

el enent 851 with an associated video clip NPX029US 16 O .......... obj ect
858, an audio clip elenment 852 with an associated audio clip object 859, or
a script elenent 853 with an associ ated scri pt object 860, as shown in

Figure 28. li page I n e s a back which i.s U ed to
record any g’fcdlsé e %33% T g% ‘8‘&‘ t“ﬁ%s"%’égi 2T |°fc91°bclte cgés%%h%ta SARL e, 33
specific |mpUWMeMewgmmﬁSMWtMmsﬂﬁﬁe$énwemFﬁmmﬁﬁof the invention, a tag map

811 is associated with each page instance to allow tags on the page to be
transl ated into |4d@egeiiptrsceohsstahackgeayed field 333TpEchNETRGEE RIPH/PORIigA 1Bk

preferred epiaRsl di®epageHhREURABR appBL ¥R Ekciiansmt SénfenOf a di stributed set of
net page page servers 10, netpage registration servers 11, netpage ID

servers 12, net pagéne @fb&hhd?&fm OfftheSifveltdh,S tdednap SNE PG atdwith bacapaigomstw vers

14, and net ers C network 19 such as the
| nt er net, a‘gﬁgﬁmps %epﬁ%et enaﬁgﬁﬁ‘ﬁmm%c%mnson i 26% stration server | 1is a

server mhich records reIatlonshlps betmeen users, pens, printers,
applicati oqs4 and RiNerSREINEMori@Nd t her eby aut hori zes various network

activities. ut hent ate users and 1o - n ehal f
of aut henti cat edalus rgerrf’ér:tengm ceﬁnle T n? Fansact ?gfr?sdlsg{ﬂktecg ePJfQ@%(agé)ﬁS},ép
handwr i t i ngervees:mgmtmeregis@tm e‘ﬁe@rs 1Asnethagsclpi dorvers a%dw@agea@pﬁettwag@ve&a@e

server fﬁ&hd’g% JLUhSatiBE Vet AN tind RIpRYe PR R0 BBRAHLcteR AL ABRERE 1P RSth@nd page
|nstances e netpage  network includes any nunber of page servers, each

handling a @ﬂH§éf“%Wn$§§%mlnstances Since a page server also maintains
user input values_for each. e |ns ance ents t page rlnters
send netpage in p’{h Eﬂaargg &g}sgatt[%% setrﬁeé 16 6 rsérver w&’x ch recorgs relgtlons%t eps% t%?]g ep

opt I at e
server i nt erpr pingrsappplistiods dnd pultlicatioes| atdi tb%ebb'@uttmee&:lwem rptworkmcmfltlets He

cor r espondi é[l‘tgengé’agzg uSe'rAé Qﬁt aQ@gag d an%l%r &? hZochdit FCRkRDiCHAL RN & %]-%atléxl on

demand, and provides | oad- bal ancin page servers_via its | I ocati on
scheme. A rgespdiges Prbshperidgdendvriiee FHBEIHGEVERSAT BTPELREn nf’egﬁgt RAF (DNS)
or simlar set® 10 @S@iaMe perdstéhe Infragion APt pafd debbriptih® atdRgdiedanes krhadepagss of
the net page te/ai% cﬁlgers\{at%[ nmn%grdolf Ipap se[r\teres e%c [ (ﬁﬁg Q (sjubseg of page instances. Since a page

server also maintains user input values for each page instance, clients such as netpage printers send

netpage input directly to the appropriate page server. The page server interprets any such input

relative to the description of the corresponding page.

A netpage ID server 12 allocates document IDs 51 on demand, and provides load-

balancing of page servers via its ID allocation scheme.

A netpage printer uses the Internet Distributed Name System (DNS), or similar, to resolve
a netpage page ID 50 into the network address of the netpage page server handling the corresponding

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 documents to netpage

printers. They are described in detail in Section 2.

Netpage servers can be hosted on a variety of network server platforms from
manufacturers such as IBM, Hewlett-Packard, and Sun. Multiple netpage servers can run concurrently

on a single host, and a single server can be distributed over a number of hosts. Some or all of the
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page i nstance. 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. Netpage servers can be hosted on
a variety of network server platforns from manufacturers such as |BM

Hew ett - Packard, and Sun. Miltiple netpage servers can run concurrently on
a single host, and a single server can be distributed over a nunber of
hosts. Sone or all of the NPX029US 17 0 functionality provided by netpage
servers, and in particular the functionality provided by the ID server and
ggeapﬁg?nguenvt?o%?l} Carr(}wgedisbo netpa; (%ersgr\é:?rgfagxe\g Ir éa?r,? { {a%/ 1&1)1%;] r1:lunat10naﬁtrt?p %Ylgeggf})/ theapfe such
1.5 THE NEF@PAGEnNRY MEEFCrVEh@améioriEgeovmed direstly i @ Ineipage appliapsp lsichne @ ngpige h | s
regi st er ed Wi b REnRRE PREGHSY SEATRAGetwBiki Nt S net page docunments on demand
and vi a subscrlptlon Each printer has a unique printer ID 62, and is
connected to the netpage network via a network such as the Internet,

i deal |y via.s;a br opahanchce®ammact i on. Apart fromidentity and security

settings in non- Vﬁle%gtbzlgg pﬁﬁé}‘%b%s ah BFpHRRE RAGLIs ngisféﬁe@'%vlth%'?l&?dg@%sﬂﬁl and
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hel p of t hancdis sbrihedad tetle R@iapaGevdpiage a aave s&h 10the InteREe pledllsl @ fatal broadband
particul ar et page printers. The netpage printer receives subscribed

net page docunent's from net page publication servers 14. Each docunent is
distributed int S: i mge
obj ects which pogﬁﬁg?%%kﬁmh@gmﬂ%g%négﬁﬁg%%gnapg%%%ﬁg%?ég?%&Eﬁf%égggfayouts
are typi calcpijrinspe persitent figsags: Asdarrqs P 8T i conseprdc rthetﬁétworér&sdhf‘sﬁsma?tﬁ -PBiPAEtast to
the subscr lﬁb@tﬁonsntmduvﬁlﬁarcmvd spack AR BRPNIONR RIpf PagBtribRédMRIpage pdRX%trvanth, i mage
objects, on the. o are t%gically shared with other subscribers,

and so are dﬁﬁﬁ#ﬁ:asz?ﬁggkpm?ﬁﬂg ibers' printers and the appropriate page
servers. The netpggg, B&'% Odriﬁf%xt FR0veS &l ga{becf) Réqlagé é&:ﬁm%&{&eﬁ'&g A0t %Lﬂh@aﬂloﬁf

docunent content 1nto ntcasts an

poi nt cast @¢rvess HoBashdesument is gigeibyted,ip Gyasparty: Fe ppgeilaypuss andlé‘i’f‘(ﬂﬁ%‘al\hﬂf @H image

mul ticasts 1obje<fts Wk pofn@até th§1§a§& B&aus@ﬁ@rs&ﬂﬁﬁ’zaﬁkfn‘ ﬁh"g@faydﬁ@sarertﬂﬁﬁlly«/@éhﬂch@a_

conpl ete pag$ y@yt% ects % ne the gcunen to be printed,
RETIEYRE SEPSEhTent S -

it can pri & so ar pointcast to e su scr1 er’s printer via the appropriate page se

Text and image objects, on the other hand, are typically shared with other subscribers, and so are

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

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

knows which multicasts, if any, to listen to.

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

document to be printed, it can print the document.

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

printheads 350 for this purpose.

The printing process consists of two decoupled stages: rasterization of page descriptions,
and expansion and printing of page images. The raster image processor (RIP) consists of one or more
standard DSPs 757 running in parallel. The duplexed print engine controllers consist of custom
processors which expand, dither and print page images in real time, synchronized with the operation of

the printheads in the print engines.
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The printer rasterizes and prints odd and even pages sinmultaneously on both
sides of the sheet. It contains duplexed print engine controllers 760 and
print engines utilizing MenjetTM printheads 350 for this purpose. The
printing process consists of two decoupl ed stages: rasterization of page
descriptions, and expansion and printing of page inmages. The raster inage
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 print page inmages in real tineg,
synchroni zed with the operation of the printheads in the print engines.
NPX029US 18 0 Pri for | rln i ng, hav N 0 print
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correctly interpreted. Figure 2 he netpage printer class diagram
reflecting aﬁP?lﬁ?dé’t‘“hrt@F docwpeny Sﬁf*@?th“a‘foi“‘t‘}‘??m STHRES FANRP ﬁ‘%ﬁ“b’y“t‘%{pﬁ“@‘bl stration server
11 on the netpage nefwork. A eferre enbodi ment .of the netp rinter
is described in g?‘%‘ﬁ“t &rehoYS e IPCE?W REtet Fﬁsﬁ dé‘gra?}e’feg?ﬁtmwrfnﬁer' egafeg H’gﬁr@@?

Fi gures | Imatneink&by dreGstibtiduberyetl Tod tRy netphdeaardisrk The net page system can operat e
using printers made with a wide range of digital printing technologies,

i ncl udi ng t her mal Aiprekegred embofioenof the netpage prirkgr ét desdribesidn geshtercdeteid fphsetisg vaphi c,
and otherslmb@bm@yg&mmgg@nﬂhggig@psuner acceptance, it is desirable that a
net page printer have the followng characteristics: photographic quality
color printing high quality text printing high reliability | ow printer
cost | ow1i5Yk CoOmiémjet™ Printheads

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

. high reliability

. low printer cost

. low ink cost

. low paper cost

. simple operation

. nearly silent printing

J high printing speed

. simultaneous double sided printing
. compact form factor
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| ow paper cost sinple operation nearly silent printing hi gh printing
speed sinultaneous doubl e sided printing conpact form factor NPX029US 19
| ow power consunption No comrercially avail able 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

technol ogy, referred to as Menjet TM technol ogy. MenjetTMis a
drop-on-denmand inkjet technol ogy that incorporates pagew dth printheads
fabricated using m croel ectromechani cal systens (MEMS) technol ogy. Figure
17 shows a single printing el ement 300 of a MenjetTM printhead. The

net page wal | pri ng{f |nc%r er ates 168960 printing elenents 300 to forma
1600 dpi pagew vf“lpglup‘i r| nter. This printer simultaneously prints

cyan, magenta, y Ilch&}%neIQ aﬁ’}p%alla@lg grmti'ng{egh?iglgg' iasrgﬁ%f Mcte m%}attex‘fi’sﬁcsp aper

condi tioner and in xati've. rinting elenment 300 1s approxi mately 110

mcrons [ong by 3g &g Q)%?odﬁd:t@ﬁ of ﬁ‘i}ﬁéﬂé/ﬁlth fbse LRORBridAld BL F@en@h@ﬁ@mlﬁs are
formed on a silicon substrate 301 t i ncorgmate &%’g dat
1Qp-gemsp the

transfer, tVAISIG e REM Frimolaeye refeEsd tt°§s &- Ngpgr™ &P
printing elifkise fkchndBLy anﬁtemctohﬁrare@zazgeeldﬂo[ﬁmthbdnle fabaiart eising mics@Betranehanicabz z| e

chamber 30% ste¥nh k\/{é}]q cﬁno?o ?lF € ’17 sgogvglpgﬁébg‘%gﬁ% efejnggt%(ag’oft h@erl‘x@t\ﬁer arm

307, the ac |ve pair ve actuator beam pair
309, the acetibticad. ai@wetmp walmilhfetr m@pratqs HE8969) arnsing elepants PP &1 fosm @ HEP0 @11 and

the ink inlpgfewidth2duplbl Qrirked iTH® pﬁ%ﬂ%&fan&ﬁﬂ)wﬁﬂﬁd Byas Otfagkria, RAWA MGl by | Oi ned
to the passive act uatl?il beam pair ?{@,ﬁxaﬁ e join 319. Both beans pairs

are anchor S5 PfHsve Sé’§‘f‘fé&°t“ ‘{}‘@e%lar‘? Yf'nts 310 and 311. The
conbi nati on of el 9 form.a can vered
’Fh prmtln ént @éﬁappﬁsxﬁnﬁ? 11 jll%mlcﬁ)nsal by03 nrlTrons w1<{ Ax%

el ectrot hermal ben§ Yan array
of pri nti ngf ébsementing el@l@@lts arerfeltnadlplmg Slacoeﬁ'ds@te e that lowrr@n‘slfﬁs @MQiS lpgi¢, datd ng

el ement  30Qunsfh §méle 088 dRR S dutn@ tRwh Shown without ink, to clearly show
the ink inlet 312 that passes through the silicon wafer 301. Figures

19(a), 19(b) and MéCdentho¥t hhFrifBiReE1ahdnn0GYChenRile 302VREIn6LEVNPEG3Nhé NY
el ement 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 quiescent position of the ink meniscus 316 prior to printing an ink
droplet. Ink is retained in the nozzle chamber by surface tension at the ink meniscus 316 and at the

fluidic seal 305 formed between the nozzle chamber 304 and the ink channel rim 306.

While printing, the printhead CMOS circuitry distributes data from the print engine
controller to the correct printing element, latches the data, and buffers the data to drive the electrodes

318 of the active actuator beam pair 308. This causes an electrical current to pass through the beam
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300. Figure 19(a) shows the quiescent position of the ink neniscus 316
prior to printing an ink droplet. Ink is retained in the nozzle chanber by
surface tension at the ink neniscus 316 and at the fluidic seal 305 forned
bet ween the nozzl e chanber 304 and the ink channel rim 306. Wile printing,
the printhead CMOS circuitry distributes data fromthe print engine
controller to the correct printing elenment, |atches the data, and buffers
the data to drive the el ectrodes 318 of the active actuator beam pai r 308.
This causes an electrical current to pass through the beam NPX029US 20 0
pair 308 for about one nicrosecond resulting in Joule heating. The

o xpand. TS TS BRLRE Bndesfthy KOBL S TR ndiBh R GRERRR ol RRAPG © 500
not expand,fromgguit helatmg cwaesahesb@anew 398 fofeepaeduée thsepsave prtuaterbepmppaib @8 innoti r s.

Thi's stresgeadl { ti&s ﬁ&c‘e@pm rQaikihd al |s)fes§ @ﬂ@ﬂeﬁe@@et@yenttmw@ B paBY AhBdreNd Of
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equal i zes, e actuator 328 returns to its original position. This aids in
the break- 8FFeGRMOHEt-nk dropl et 317 fromthe ink 321 in the nozzle
chanmber, as shown, i ure The, noz e t he
action of the surf’ ad(;:leet ‘%ﬁagﬁreooﬁ%g%%a“i%és rrgnld?]gggq Y6 E’ﬁacmatorg?de dm lg;'
segment of orgip pesitien lthis368.in the beealneff pltye inpdioplee? 17 ftometh¢ @k gehinghe ItOhée

print head 'cﬁan;btl'eas fstwh V¥ 19&4.'19@:) Thb ﬁozB@gﬁﬁlbefr Esx'ailﬁ@-i)}l tHe aeftdh JFRL surfcetAGion
direction 351. The segment shown Is .4 mm | ong (about 0.2%of a conplete
prlnthead)?“VW@ﬁ“ﬁPP ing, the paper |s aned past the flxed printhead in
the direction 35 ri nt head h |nterd| ri |ng

ol oment 5 300, priHE o Pt SRt &l Syrbas Birsten i utinbt Fall BOME na i i
inlets 312 priﬂfmeaqbrsdteeidthﬂtheftﬁaflagérl(tepl@uy 11aaen)df th¢ diectpni3ft. FFMdgmtrshcwgl is
operation, 4a 00085 R ggﬁqﬁéybstrate
301. For egcﬁﬁﬁgééﬁm&gégg ﬁ@&ﬁﬁké%gm%%prggéﬁ) di tliln%atﬁ)z % ua.lgrf1 331

t hr ough whiptitthepdhé the Kirggtignni @t Shegpristhpqdrhay 6 rquﬁ B rl@v@ﬁ%atqdr%m%ﬁmém@é@r d hol es
331 from DbeaRRBGx BIQSHkeRdf iMRa@Phiedbl BRI idis Abher debris, filtered air is
punped through the air inlets 332 and out of the nozzle guard hol es during
printing. To prevBiiotéchitiie Badile Surfaaiotithy pringheadtdagngvpaatiod, ajidadeckuard 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, using 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 wirelessly transmitted to the printer (or base station), the printer or base
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sealed while the printer is idle. 1.6 The Net page Pen The active sensing
devi ce of the netpage systemis typically a pen 101, which, using its
enbedded controller 134, is able to capture and decode IR position tags
froma page via an image sensor. The inmage sensor is a solid-state device
provided with an appropriate filter to permit sensing at only

near-i nfrared wavel engths. As described in nore detail below, the systemis
able to sense when the nib is in contact wwth the surface, and the pen is
able to sense tags at a sufficient rate to capture human handwiting (i.e
at 200 dpi or greater and 100 Hz or faster). Information captured by the
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on the netpaggsk network. When either nib is in contact with a netpage, the
pen determines its position and orientation relative to the page. The nib
is attached to a \tfﬁbﬁcah@eﬂrs@sr in eonfdctt Wity ta&a@e Otﬂe tpaecraéramksslts bcrstuer RAEt ed
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infrared spREIrdMBnidof Aigaurt bheatrifele page in the vicinity of the nib. It
decodes the nearest tag and conputes the position of the nib relative to
the tag fromthe Thbgerdeeehipsnispesitionaed oiieatatant df @5 nid on theaetpigrag @dgibgdn and t he
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recogniti Orge low, because the tag density on the page is inversely proportional to the tag size, the adjusted

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

recognition.

Pen actions relative to a netpage are captured as a series of strokes. A stroke consists of a
sequence of time-stamped pen positions on the page, initiated by a pen-down event and completed by
the subsequent pen-up event. A stroke is also tagged with the page ID 50 of the netpage whenever the

page ID changes, which, under normal circumstances, is at the commencement of the stroke.

Each netpage pen has a current selection 826 associated with it, allowing the user to
perform copy and paste operations etc. The selection is timestamped to allow the system to discard it
after a defined time 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 system. In the

case of the default netpage pen described above, either the marking black ink nib or the non-marking
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Pen actions relative to a netpage are captured as a series of strokes. A
stroke consists of a sequence of tine-stanped pen positions on the page,
initiated by a pen-down event and conpleted by the subsequent pen-up
event. A stroke is also tagged with the page ID 50 of the netpage whenever
the page ID changes, which, under normal circunstances, is at the
commencenent of the stroke. Each netpage pen has a current selection 826
associated with it, allowing the user to performcopy and paste operations
etc. The selection is tinestanped to allow the systemto discard it after
a defined tine period. The current sel ection describes a region of a page
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in decoding a stroke relativé page noRentarily activates its
"ok" LED. ﬁé’lg‘éﬁﬁ.r’@?i’é‘@“tfﬁ‘g'é?&‘&tsured strokes is referred to as digital ink.
Digital ink for the basis for the digital exchange of draw ngs and
handwri ti ng, forTE%‘ﬁP?“d%w‘rree%%ﬂ’ﬁ B G ?ltaﬁ%ﬁﬁ P pg'ﬁ?fd ‘afaosport’@ r?‘iigo
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range of a printer, it transfers any buffered digital ink.

A pen can be registered with any number of printers, but because all state data resides in

netpages both on paper and on the network, it is largely immaterial which printer a pen is

communicating with at any particular time.

A preferred embodiment of the pen is described in greater detail in Section 6 below, with

reference to Figures 8 to 10.

1.7 NETPAGE INTERACTION
The netpage printer 601 receives data relating to a stroke from the pen 101 when the pen is

used to 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 stroke to the page server.
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A pen can be registered with any nunber of printers, but because all state
data resides in netpages both on paper and on the network, it is largely
immaterial which printer a pen is comunicating with at any particul ar
time. A preferred enbodi nent of the pen is described in greater detail in
Section 6 below, with reference to Figures 8 to 10. 1.7 NETPACE

| NTERACTI ON The net page printer 601 receives data relating to a stroke from
the pen 101 when the pen is wused 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
novenment, such as a stroke. The data allows the identity of the particular
page and i cation
of the rel g_t[s[jﬁe Vpcébea\gfoag Iq%cer{?lk ?Jef?tﬁ'te }(xeaﬁ %&!rﬁé?gt%ke t? nl?h% \})gﬁ%r%a pe%gy f?aQchQ Q%d!rers]sd

obt ai ned. TPhike renlﬁdané page sﬂgvedmtlta ciche. ﬁmmmaetce@stts of 2 tpappst P%F éﬂwout m’éia@eq t

resol ves, p¥identif8y PNoagd fige &%e(séegefég’) (Tf\e ﬁa@@la%uf KR td BYiQistsih a0 BhaBQ K

addr ess the mai nt aj ns the correspondi ng

et page
page i nst arﬁ‘lf‘@ %‘g*ﬁeceﬁ ‘?tef“ﬁté%caﬂl?{ %f?f%‘ﬁﬁlsteghef%‘g‘ ﬂé“t”f*‘@?@é DEETEhe page server.

NPX029US 23 0 |If e was re ifie r. stroke,
then the printer rmir} t}gel g%e s(ej'verlg]ecelves € st¥ok %Ignéshse pen. ?rettrhevesnhe pa%/e de%crx tlacE éo server

in its cachbich fgettrkneppagad d@mmﬁ@llthelealem@mbamge gagwtitrathotrokavnientcti ned
persi st ent s {3 aBle RELPBIELLAIR 1SHBE WifextbF BEyPEIrAWkeleviiiBeR@ge | ayout refers
to objects such as images, fonts and pieces of text, typically stored

el sewhere on the pedipages Mekeviele.thoWidicd He t@&ﬁ@w&@fh‘é@én do%@bs\k@ﬁ aﬂid’tﬂe st roke

fromthe pe retrieves t e description t

appl | e, A gpLiR RS G pS s o e e Syl ST gR BEBEE  oke

i nt er sect s clickltypichlly reduizes aabidkeo bemciivated rapd @bordMy,sﬂomykerkenls ighaged dhd fetre of t he
type of t hgf d ;%11 géﬁgxpgucﬁ Llsear@@ﬁpy” nl,hclét rgélété}lfs"mdlc%te@b%é’ 19(5(%1‘ M})%ﬁs% ﬁ%ﬁ%e‘ilkﬁ ance
and tine between t down p03| ion and subsequent pen up position
are both Ie@%LFHan sone srrall maxi mum An Obj ect which is activated by a
click typically requires ick to be activated, and accor | onger
stroke is ignor edﬁl R “f"é“‘?‘gPEmp%Fle‘ﬁenﬁe‘ﬂ a Belpagh et deseuptiopshyger ‘%ﬁsg'b%@m click,

t o regi st effielis Inpnchiraah thrrbfeld dae albacikgeothe dogigqpionsfen dsscoiated yperisln' s " ok" LED.
There are two kinds of input elenents in a netpage page description:
hyperlinks and form fields. Input through a formfield can also trigger

t he activatli7eh ofHymperliaksoci at ed hyperlink. 1.7.1 Hyperlinks A hyperlink is
a neans of sendi MghaeriBSsagent @ sadingaéseagapplréntst applicatioaradd tyyipdllg aliditya el i ci t s
a

printed response in the netpage system.

A hyperlink element 844 identifies the application 71 which handles activation of the
hyperlink, a link ID 54 which identifies the hyperlink to the application, an “alias required” flag which
asks the system to include the user’s application alias ID 65 in the hyperlink activation, and a
description which is used when the hyperlink is recorded as a favorite or appears in the user’s history.

The hyperlink element class diagram is shown in Figure 29.

When a hyperlink is activated, the page server sends a request to an application
somewhere on the network. The application is identified by an application ID 64, and the application
ID is resolved in the normal way via the DNS. There are three types of hyperlinks: general hyperlinks
863, form hyperlinks 865, and selection hyperlinks 864, as shown in Figure 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 corresponding form to the application. A selection hyperlink submits the current
selection to the application. If the current selection contains a single-word piece of text, for example,
the application may return a single-page document giving the word’s meaning within the context in

which it appears, or a translation into a different language. Each hyperlink type is characterized by
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printed response in the netpage system A hyperlink elenent 844 identifies
the application 71 which handl es activation of the hyperlink, a link ID 54
which identifies the hyperlink to the application, an "alias required" flag
whi ch asks the systemto include the user's application alias ID 65 in the
hyperlink activation, and a description which is used when the hyperlink
is recorded as a favorite or appears in the user's history. The hyperlink
el enent class diagramis shown in Figure 29. Wen a hyperlink is activated,
t he page server sends a request to an application sonmewhere on the
network. The application is identified by an application ID 64, and the

applicatio l. rmal way via the DNS. There are three
t ypes of h&mgﬁprh%mfﬁéﬁﬂﬁ t$ﬁ %Eﬁfﬁﬁks 863, form hyperlinks 865, and

sel ection hyper| 'ﬂléscogéﬂondﬁg h Hi‘ﬁ\lp ufst@ncE'Sgilrr&oépa n‘%m%@@'ﬂ?—lﬁ mﬁp;ﬁfchd pk can
i npl enent a request for a Iinked docunent, or

pr ef er ence Sesifig todhs RAgs instamies Qghich e hurerlinky %@Sté’lﬁﬁ?ﬁpf%* ?*ﬁ’ér a‘&sé"r“{”ég)p‘iﬁﬂ HemMd formto

t he appli calm@aclﬁdldﬁeetb @ tapyidatibny, i@ lekaniple aSWPpihigScatthef pending @lichases @laB@inbdn t O
t he app|IC%tI lmﬁn QNanolmﬂﬁ(§%cectlon contains a single-wrd piece of
text, for GXxARPIEnePpEaiendh Rt qtlRUELy return a singl e- page docunent

gi ving the word' Srﬂggﬁs?u{ﬂ;ﬂclmeg {ﬂk Eent’sh&lrrgtf?@él&ﬁ;%ﬁﬂ in élﬁﬁon‘ ﬁypé?ﬁﬁ%ﬁhonor a

translation into rent guage yper is characterized
by NPX029 (ke yaterp inghydes thergorpriaf theppsqciated a5 instapes 868 mt%fémafp'a?rll@e?ﬁwawn The
cor r espondiaf@udhyiP@é hyperkind 1S 2 Qbait 6" bebOE 6, oflylidpaiimacthd 124 fdnbsibmisvibd ch can

b f t whi Kk t

The ¢ ransactibied BRERoT auf f o arioge R T N
I h ’

exanple a "s Oppl&g?'p?éﬁm]%ed ofup 9@6”9' %ggfe&gﬁlem I}HEL]HQE Q{ ﬁg)glateg)){w@rlﬂwéghay ng

application on beh cl udes current
sel ection SEEmHmFawgéFéWhm@wthQE?ﬁmﬂﬂl@Uﬁk@&kﬂ@ﬁH1m¢ﬁ@msﬁ§ﬂéwﬂmhéﬁﬁdes t he

content of aisg@ateﬁsvsﬂpih@-tgﬁﬂp flé)icmateasAe}@E&lu&&ﬁgrbﬁb &n frverusadhy pesodised kypagihik vat i on,

| although if the rlink has deJta" attri ) nl

i nput si nc&PHE Vl”g’s’)t/ efdosrufh g ﬁﬁ‘f?f‘?g’f i an Igl§° l?ed‘é?du’aé&“]“n?tﬁ’& " ‘5?} eﬂ‘l%’imrtlgfflﬁde)s/ an

ef fective mreibutent phtthyperlieN, to phoy{de cdnfimicusioful wab apphiationAlt bapplerdfiraibesskdge oup 866
| S a group s‘%w %tlacﬁa%grdm{eﬁaiop ﬁ‘n%de"fl el %k?téf%pﬂ%é@ g{dltﬂe@hyre @red a%@goms In

Figure 31. Wien input occurs throu any el enent 1n the group, the
hyperlink &#4cursagssoci ated with the group is activated. A hyperlinked group
can be used to associate hyperlink behavior with a field such as a
checkbox. It can al so be used, in conjunction with the "subnmt delta”
attribute d"& f FFWMByperl i nk, rovi de continuous input to an
application. It Chy fform [dlafine§ bgq@lqugn p}grgl@;eq yput fields used to capture a related set of inputs

through a printed netpage. A form allows a user to submit one or more parameters to an application

software program running on a server.

A form 867 is a group element 838 in the document hierarchy. It ultimately contains a set
of terminal field elements 839. A form instance 868 represents a printed instance of a form. It consists
of a set of field instances 870 which correspond to the field elements 845 of the form. Each field
instance has an associated value 871, whose type depends on the type of the corresponding field
element. Each field value records input through a particular printed form instance, i.e. through one or

more printed netpages. The form class diagram is shown in Figure 32.

Each form instance has a status 872 which indicates whether the form is active, frozen,
submitted, void or expired. A form is active when first printed. A form becomes frozen once it is
signed. A form becomes submitted once one of its submission hyperlinks 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
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support a "bl ackboard"” interaction nodel, i.e. where input is captured and
therefore shared as soon as it occurs. 1.7.2 Forns A formdefines a
collection of related input fields used to capture a related set of inputs
through a printed netpage. A formallows a user to submt one or nore
paranmeters to an application software programrunning on a server. A form
867 is a group elenent 838 in the docunent hierarchy. It ultimtely
contains a set of termnal field elenents 839. A forminstance 868
represents a printed instance of a form It consists of a set of field

i nstances 870 which correspond to the field el ements 845 of the form Each
field 1ins SS I he type
of the cor rangexdre tRTBRIBEE ke iRe B LRSS, ckRTIERTANSS Al 17 CTED
a particul &royshp fmwhrrﬂms netiagiive iinstead captered ip e bagkgiouna el 33 ofiihe welepmnt nieed

net pages. mﬁnéeowmncth@ﬁ,ﬁn 6k RENe N bRn, smmmasl&l 19 Bilofved Any BR&IDt foQlsRi NSt ance

has a stat ch. i ndi cat es V\/net her t ctive, frozen,

submi tted, ?}’&W © tp%ﬁf‘b’is Pl getivorordiozen,ig rejecied; 4 é‘sﬂﬁﬁéﬂ‘]’“ﬁ £t §F“ iS‘F‘fsﬁ‘i‘:p&El A form
becones frozen 0 Si, econes bmtte ane of its
subm ssi on hyper In]fgn s ast e lgassocfatedé?t%gmv& Tnég'ssm lflsnanc‘ﬁ dem’e as its

"submi t delptoaidmatawmlmwéorséﬂns altowis @l bt e datavestsipn etk famein ammcm@m periobkes a
voi d formy, $.838tded REM Qhrcslupl | cate form page command. A form expires when
the time the formhas been NPX029US 25 O active exceeds the fornis

sEeci f ihed :c i feti n&i inMhiisl cptdrbteas R ftNink SDigRA ink 873 dofiishs df B BdY bf tinkst@hpe@WiREe | NpUt
through a form IS np t active is.li ured in the background
lerd 833 oot By salih of Ret Brade Vs SR poPatRet g P S84 §F
frozen, f otimesgauiped B8 positionss7alcharwéathichalsy imtutiesippt orlewatin lond rtib farce. flbe digishen t he

formis notmkqﬁgsldyagragl hoE Rl 3d € ected, and instead elicits an form
status report. Each orm I nstgance is associated (at 59) with any form

i nstances derived fiél@élhhgnt 845 laéixsne aareaabbﬂﬁ&gsva M ﬁa@gvsha &ivﬂﬁgyﬁeld-ﬁm sral | ows
in a partlcu to be

all but the late rm eri

excl uded f s assblihe A et ety S aPRsSeter ¥y ARl B Bupeoty ok
873 consi Siaﬁeld’fsz@eS&tsaﬁfgnetdltmsﬁe&iTped stroke groups 874, each of which
consists of a set of styled strokes 875. Each stroke consists of a set of

ti mestanped pen pbglietkbongelgirg an @Sa@hteéfooth edueB8E@s phowh inddgrpBnAwrhagnt at i on

and ni b f orL&u, ld&s, dis@biked fill ﬂlga ?&?uﬂhﬁﬁ&é&dd& £R1AQW0hel cRuséslaGE Gand3o A
field el errent 845 can_be a checkbox field 877, a text field 878, a draw ng

field 879, bppssigned iR figldyvalug.j g d 880. The field elenent class diagramis
shown in Figure 34 texfb\ P éid gasgantagslomatg tegta‘g rSgéj as rs'hown in Figure 36. Any digital ink

captured in a text field’s zone is automatically converted to text via online handwriting recognition,
and the text is assigned to the field’s value. Online handwriting recognition is well-understood (see,
for example, Tappert, C., C.Y. Suen and T. Wakahara, “The State of the Art in On-Line Handwriting
Recognition”, IEEE Transactions on Pattern Analysis and Machine Intelligence, Vol.12, No.§,

August 1990, the contents of which are herein incorporated by cross-reference).

A signature field has an associated digital signature value 883, as shown in Figure 37. Any
digital ink captured in a signature field’s zone is automatically verified with respect to the identity of
the owner of the pen, and a digital signature of the content of the form of which the field is part is
generated and assigned to the field’s value. The digital signature is generated using the pen user’s
private signature key specific to the application which owns the form. Online signature verification is
well-understood (see, for example, Plamondon, R. and G. Lorette, “Automatic Signature Verification
and Writer Identification — The State of the Art”, Pattern Recognition, Vol.22, No.2, 1989, the

contents of which are herein incorporated by cross-reference).

A field element is hidden if its “hidden” attribute is set. A hidden field element does not
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a field s zone 58 is assigned to the field. A checkbox field has an
associ at ed bool ean value 881, as shown in Figure 35. Any mark (a tick, a
cross, a stroke, a fill zigzag, etc.) captured in a checkbox field s zone
causes a true value to be assigned to the field s value. Atext field has
an associated text value 882, as shown in Figure 36. Any digital ink
captured in a text field s zone is automatically converted to text via
online handwiting recognition, and the text is assigned to the field's
value. Online handwiting recognition is well-understood (see, for
exanpl e, Tappert, C., CY. Suen and T wakahara "The State of the Art in
On- Li ne andmm Recogni t ctions on P rn aIyS|s
and Machi ne 10 epﬁgonéﬁ%%p?%@arfd @? nlo Cce lnlDuAu cﬁnariavelaﬁﬁf)gOCI%t%efa%gﬁl en 1csh of which
are here|nuwh@whp@cﬁMEdmbyw@mgﬁwnp@ﬂ@m@ﬁ@é$MHMWmm@wature field has an
associ ated digital signature value 883, as shown in Figure 37. Any digital
ink captured in aEdiipgsemmads push ep sgike grnughs disging Adkttion 471 aso heteropnigsd iy t h
respect to tirhaeldgdentity 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 fBedust te Wadusting a@grdiicgi dgatithaivgriat ailime’l @.egeitesates thsi ng t he
pen user's L I r G t owns
Phe form Gk L e RPRBIHLR Sk JRTCLALE 68 JHCwERELE T b S

exanpl e, Pmarkpgelohcan Reoggizeiru@on fisgresely-written sharagiem it reﬁl@bdtl&hraécw Wftil(t‘}ht i on

and Witer gl %Eltdef)én@eﬂi krBibing piﬁ%@ At Ri§- d@éen&eﬂlemeﬁei ‘of nERwkighd isReeR@Mally ON,
Vol .22, No.2, 1 the cont egegerﬁFJdﬂgﬁq herein incorporated by

cross- r ef eP¥KEE oveN“Fel Eq“ﬁveédaé efefss*‘ry” h| dden" attribute is
L T R
is incl udemamwlar kleméngis ponel ataapemadmo tlmerlefnem prdigitah indistn¢apng repdyeforf interprgtation.

subm tted. AnFdidyk rﬂ&"apﬁéﬁ@é@t@‘iﬁ ’Obﬁ&’g th%aﬁ i dledtf 1stéag&u&hl§ the LG Se1ge! etion,
can al so be recognized in formfields. Because the handwiting recognition
algorlthn1ﬂ6Fﬁ§**@ﬁW|ne: (i.e. wnth access to the dynanlcs of the pen

Tar ki ngs) | 1t carPPELdlnreerA - o viFer B SRR Sracuded iR
rel ativel y Gircwscriptousfaoy or mert kigerts is genemilyt ieterprbed e d eqidction ithei argunpéribse. A
writer- dep%&@%ﬁhm&ﬁﬂﬁkaaﬁﬂQéﬂﬂ%&bﬁk@&m&ﬁmﬁﬁ&ﬂﬁat'Ca"y generated over

time, however, and can be generated up-front 1f necessary, Digital ink, as
al ready stat ed, CRIBR b Sinfnafibes e RAMURDSR ifkrachdnt RHiESnetphity Stroke which starts
in a particular elenent's zone is appended to that elenent's digital ink
stream ready for interpretation.

Table 2 - Summary of pen interactions with a netpage

Object Type Pen input Action
Hyperlink General Click Submit action to application
Form Click Submit form to application
Selection Click Submit selection to application
Form field | Checkbox Any mark Assign true to field
Text Handwriting Convert digital ink to text; assign text to
field
Drawing Digital ink Assign digital ink to field
Signature Signature Verify digital ink signature; generate
digital signature of form; assign digital
signature to field
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.
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Any stroke not appended to an object's digital ink streamis appended to

t he background field' s digital ink stream D gital ink captured in the
background field is interpreted as a selection gesture. G rcunscription of
one or nore objects is generally interpreted as a selection of the
circunscri bed objects, although the actual interpretation is
application-specific. Table 2 summari ses these various pen interactions
with a netpage. Table 2 - Summary of pen interactions with a netpage
bject Ty e Pen in ut Action Hyperlink General Cick Submt action to
application Formdick Submt formto application Sel ection dick Submt

sel ection to appli catl Form fi edCh n Assi g, true 1o field
Text Handwiting eﬁ?/wergltal mgc%pufe R0 ™ f‘hs fetamggélln %‘%ﬁ’p Y arf d Dr awi ng
Di gi tal i nlertiwallyduansgittyd with thle fidemtdata fwhen thle @ngnaltbmit@d& fgﬂ@mlméonV@hlﬁ flpweli gi t al

i nk si gnat lfﬁe%rplﬂﬁﬂﬁfo%t@‘roggé G bR dngléagﬂé‘;hle@lt gspetﬁﬁe%ngﬁﬁ%bﬁ@rsi@ﬁ Qich @ the
signature to None - Circunscription gital ink to _current

sel ecti on TAWersion pflRRdREten; text- r{@ISé%quﬁwles@Yoéveg%w iftgrendofH s applicaif

sel ecti on q@BISHSbrEs Shiopfal c@ﬁ‘amtahﬂlcatmsﬁecnﬁmmen@tm&ke A6 apéxeeh€éh tb thist the
backgroundfle ction_li | eared after I nactivi out to
ensure predtet o BEaRE oEF Rrkiban BBl TSy DRCUpIGI cl WEEDC, 1T
every fi el dedids, enctheabpapie of thnprestrese pedigitabjiok puigide theeaxplisit ﬁelrkdoflﬂs? forgmp toj r@ﬁ@i‘lh‘k y
transmitt eq*mw ts la htntym Jpastm datR MaRich Rt O LD indy PO Hd&CanteRdntehS to the

appllcatlon the application to interrogate the raw digital
i nk shoul d ﬁll‘fd“§|§§lﬂ)§é’(‘:‘?‘d‘ﬁﬁféh°6?f%‘}snal conversion, such as the conversion of

handwritten text._.Thi for vol.ve hu interventi at the
o eat i on 1 ey o R ot s bR fﬁwpfm PSS o e be
consi st encyraérechssts Aseceving(at &8s sopketfiomitiwipsy; lctehtéwnanit&%)ehebvaykgptmﬁdo area of
a form can tml&ﬁﬁé ;ﬂgeaib%@ uﬂtﬁ e Grofl @y&smgmulg @ ssé)r*@h% pagmegcﬁﬁfoh end&la@mg fen

deci de, on basi S presence of outsi de the licit
fields of tSH’@ affwed te{sm% é?t9eWIt°PFeZ°n? S s %ﬂ@k%mﬁwnde&ﬁ@ﬁ% 6t 888bwhetth%t e
assunpt i on férdaaded kldBentl Soerespbmly tdafeld ¢ldhebhiC Ak €ho appRMEHFRM1892) ik rédaRed 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 hyperlinked group 866 and if so activating (at 895)
the associated hyperlink; alternatively determining (at 889) whether the formatted element
corresponds to a hyperlink element and if so activating (at 895) the corresponding hyperlink;
alternatively, in the absence of an input field or hyperlink, appending (at 890) the received stroke to
the digital ink of the background field 833; and copying (at 891) the received stroke to the current

selection 826 of the current pen, as maintained by the registration server.

| Figure 38a shows a detailed flowchart of step 893 in the process shown in Figure 38,
where the accumulated digital ink of a field is interpreted according to the type of the field. The
process consists of determining (at 896) whether the field is a checkbox and (at 897) whether the
digital ink represents a checkmark, and if so assigning (at 898) a true value to the ficld value;
alternatively determining (at 899) whether the field is a text field and if so converting (at 900) the
digital ink to computer text, with the help of the appropriate registration server, and assigning (at 901)
the converted computer text to the field value; alternatively determining (at 902) whether the field is a
signature field and if so verifying (at 903) the digital ink as the signature of the pen’s owner, with the
help of the appropriate registration server, creating (at 904) a digiﬁal signature of the contents of the
corresponding form, also with the help of the registration server and using the pen owner’s private
signature key relating to the corresponding application, and assigning (at 905) the digital signature to
the field value.
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filled-in fields outside of those fields. Figure 38 shows a fl owhart of
the process of handling pen input relative to a netpage. The process
consists of receiving (at 884) a stroke fromthe pen; identifying (at 885)
t he 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 el enent 839 whose zone 58 the stroke intersects; determ ning (at
888) whether the fornmatted el enment corresponds to a field elenment, and if
so appending (at 892) the received stroke to the digital ink of the field
value 871, interpreting (at 893) the accunulated digital ink of the field,

and deterq17r5 ngF(a Esgf%@ Wﬁﬁ'g %r the field is part of a hyperlinked group

866 and if 50 acti atl ng t he associated hyperlink; alternatively
det er ni ni ng (at %Wem ﬁ@’i‘“‘*’c“ﬁé* % enrpmspd whichejs et 1ocpllyr by dhsyesgg Tyeh 1
hyper | i nk @peeaiBirecayieh forin, fage adidoonmert mgafcad 895) t he correspondi ng
hyperlink; alternatively, in the absence of an input field or hyperlink,
appendi ng (at 890 ragherveroained®0%tan bkevdidiomt dvameido8, alduplipdte fofm ¢omeand
backgr ound 96d @Iré;ietQ%’co&ggxd@?(p)élg&gor(nasnang %Jr)iménbgl 1r gﬁ@llya?e%aget Jo%%nd: QZtehe

current seléction 826 of the current pen, as maintalned by t
regi strati &etPage,emmeand; 9dﬁrraege'38a§e §Ffb§/\fs°mamﬁie?lél ? é‘ﬂ’h‘faFed‘Rﬁ‘FfﬁPttc"BF‘a@ts’é& 893 in
t he proces sesg&leuament Bonfma@dio18, 038 get dvdiRErE stitkomMand I, ad s@6lvndh Bigdrabo.i nk of a
field is interpreted according to the type of the field. The process
consi sts of det erAvaid fagn c(oa]tnaﬁi%)ds Whia edrivgonditpeforin igdtaticd & deplicireiokb@xment ( at
897) wheth I gni ng
(at 808 a vt oafhdihgho MphERRFRGSul SRR ol she cBRaTISRL 00
899) whet héwtarchait ifigld qalhe Paes‘tréf’}ét Thej capsdcontais the sayep h}féﬁﬁ%rttam%@w(l s 50 the

digital i nkrlénﬁl ﬁﬂfﬂahglﬁdlst&gﬂ%hablevﬁ&hhé Seindab b Eﬁ)h(fahﬁ ﬁ%@ét%lc&hﬁanﬂﬁgﬂft r Iatjl on
1o the fle

server, assi gni.ng. (a the converted ¢

val ue; alt g\"ﬁ%ff?‘%’&‘%‘(}gg@é? E‘?t?ﬁc%i)“‘rqéhe(‘ By W"gtpﬁgtg’?"toﬂ%offﬂi‘eeg( P LA Wi gnature

field and ifiéld yaluey @liscdrderng gétafornOGd)s coinmardi moduers aipriktedaspdrhen e gatat ofitee of t he
en's owne ' t I at VE s

(F:)r eating (gqtrreggﬁ{x,n an “Et%c I%U&I%t ure %B%R{dhig Vglgllr;]t% gir]]a? ?M{%d Qﬁ m@o??vgs pondi ng

form al soPWt?dha“E‘H’éf%@lsﬁmb?ftheﬁ@nﬁlé@ll@t rati on server and u5| ng the pen

owner's prlvate nature key relating.to the c;orres ond tg)q{%g ation,
and assi gning (at "’Q &) for ypgffigs {osipncg i ﬂﬁ%‘lsd’r gangagtion; s tie; Pltfa 3 X029US
0 28 ~I' inlolved3n PadeinBearnée rformoinmtand 3\ Hhttpra tpquestiap \Aaiew dariniBadlcd is tlerefddmand

which is hgggggqngl&%@eé%atﬂipehnﬁ page server. It operates directly on form
u

page and d I nstanc

A duplicate page command produces a printed copy of the corresponding page instance
with the background field value preserved. If the page contains a form or is part of a form, then the
duplicate page command is interpreted as a duplicate form command. A reset page command
produces a printed copy of the corresponding page instance with the background field value
discarded. If the page contains a form or is part of a form, then the reset page command is interpreted
as a reset form command. A get page status command produces a printed report on the status of the
corresponding page instance, including who published it, when it was printed, for whom it was

printed, and the status of any forms it contains or is part of.

The netpage logo which appears on every netpage is usually associated with a duplicate

page element.

When a page instance is duplicated with field values preserved, field values are printed in
their native form, i.e. a checkmark appears as a standard checkmark graphic, and text appears as
typeset text. Only drawings and signatures appear in their original form, with a signature accompanied

by a standard graphic indicating successful signature verification.

o]
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A page server command 907 can be a void formcomuand 908, a duplicate form
command 909, a reset formconmmand 910, a get form status command 911, a
duplicate page command 912, a reset page command 913, a get page status
command 914, a duplicate docunent conmand 915, a reset docunent comrand
916, or a get docunent status conmand 917, as shown in Figure 39. A void
form comand voids the corresponding forminstance. A duplicate form
command voids the corresponding forminstance and then produces an active
printed copy of the current form instance with field val ues preserved. The
copy contains the same hyperlink transaction IDs as the original, and so
i's indistinguisha fro o] i rm
comrand voi ds th‘lgdlcl})(l)l?artee([syc%ltr}gL cg&m%&[})ﬁ]odlu%g pﬁxgegd %?ch&@% cotfs dﬁddggcgogﬁngfﬁpactl ve
printed copytaese Wlﬂ?ebaf:kgrqwd fidd aﬂuﬁe pogseryed. Hi the doowmnae@tams saéfalf@@ﬂ then theet f orm

status COMEYlcatdidREhnESmbhatdl dupticael tﬁeeﬂaﬁ{stm fBQ sdnld Qvap b @lplicitebrmtBBmand does.
correspondl n% for m i nstance, | ncludjn ubl i she when it S

printed, fdrFihdesrment Gounand,prodpces pr’&ﬁg c?‘ﬁé’f h(?rcﬁﬁ’eélfoa‘?”&?séo(S Phigsgs Wt

i nst ance. Sadngama ffetalrmu_kwme:midednkf thé 8dcamene camdids any) forrds, theateaesel druhdd, t he
D e 1 oRaia Reb e MY 3 HE VY PSR BN LR 0 LDRAARGE sl DU O
requesting a new forminstance 1s erefor e typl ca enent ed as a
hyper | i nk. cgnrepg piodecesea pringse rftp@tmam%stﬁv%&@@égﬂeapwﬁmm@%ﬁnee@pwﬁ inclyding

cor r espondivA@pBaded it, Wb prindd! Br Wide DA sakQuUnd tels@hiforda) fghs Riceiaisved. | f
the page contains a formor is part of a form then the duplicate page
command is inter pm& pade aaveacodmalhd’ﬁaﬁ Eblefcﬁd’mttﬁﬁmﬁ’ﬁaﬁd thef'thé em@ianPagates anmand
produces a, r|n t,he correspondi n |nsta

backgr ound “FiPéfd g“’““ e%% ﬂ%ﬁ LS FEEY Se‘f’“?‘ T Re*} %“‘5"“3@%‘?‘5"‘ ns “‘mﬁ\é“rerﬁmélf"g‘u%'s part
of a form Tblhelivws heleme@@egepagﬁecwm@ndw ymedtléﬁlptaaefe@ge Cbzs#nacm@geqpag@r m
command. A;G&t cRRBRd SLALUS: BRI PeOIMELImal hi RtonBRRS igRRedt he stat us
of the corresponding page instance, including who published it, when it

was printed, for A @Bl}ldaﬁon\b@rﬁpm\&felaﬂﬁlﬁdnon-@;ﬂ:&ﬁf: H@dl&@@SI blﬁbeﬂkfmg&ﬂ@/refe@ﬂhﬂj&gét

contains or is part of. The net rs, on _every netpage is
usual Iy as&8¢f 84”5‘&?“%6 PRens 0 F b eg“"ﬁng‘S P&t Sﬁ%ﬁta erhe p};’g(e%sioﬁlgtf’ (gnce i's
dupl i cat ed with thih hpeihigd g@bpreter rae secwieglthe pageted enamuesl. are print ed in their
native form i.e. a checkmark appears as a standard checkmark aphic, and
text appears as 4 ypasserver emmandpienentisaiddagdf iendidding aeiyicels seip éaﬁ‘deli n their

original f @érhanWeleRen® dSds At B iR AP b Bhbe am/soaea@bta&chamte@ HaRHY By a

i ndi cati ng successf ul nat ure. verlflcatlon
9 user. It can, ﬁ-xowever t)eg ac%vated via a page server command emb!:\cﬁéi in alg%erent page, if that

page server command has its “on selected” attribute set.

1.8 STANDARD FEATURES OF NETPAGES
In the preferred form, each netpage is printed with the netpage logo at the bottom to

indicate that it is a netpage and therefore has interactive properties. The logo also acts as a copy
button. In most cases pressing the logo produces a copy of the page. In the case of a form, the button
produces a copy of the entire form. And in the case of a secure document, such as a ticket or coupon,

the button elicits an explanatory note or advertising page.

The default single-page copy function is handled directly by the relevant netpage page
server. Special copy functions are handled by linking the logo button to an application.

1.9 USER HELP SYSTEM
In a preferred embodiment, the netpage printer has a single button labelled “Help”. When

pressed it elicits a single page of information, including:

NPX029US 30



A duplicate docunent command produces a printed copy of the correspondi ng
docunent instance with background field val ues preserved. |f 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 val ues discarded. |If the docunent contains any forns, then
the reset docunment command resets the fornms in the sane way a reset form
command does. A get docunent status comrand produces a printed report on

t he status of the corresponding docunent instance, including who published
it, when it was R faor whomit was prlnted and the status of any

forns it contalns{’alhl 1%fnplterconnecetmserver command's "on sel ected" attribute is
set, then the corg

Q‘%Rﬁﬁﬁﬁﬁﬁﬂﬂg the page identified by the pen's current
sel ection rather than'on the page containing the command. This allows a
menu of page servgilewOmpEREgs to be printed. If the target page doesn't
contain a page server conmand el enent for the designated page server
command, tRken theloaarREmGidmegnor ed. An application can provide
application-specific handl i ng by enbeddi ng the rel evant page server
command el enent itop-lavelnepegelnevinddirgropup. The page server activates the
hyperlink associated wth the hyperlinked group rather than executing the
page server conmaligheldmgugeovislerahisrarehisaimeanehl e homrdmuse thg népagiderienf i ts

"hi dden" attribute is set. A hidden command el enent does not have an input
zone on a page ade§6m@§ﬁﬁ@?mb@mﬁﬁ$WV§¥§ﬁmHWW§@Pﬂvmhy a user. It can,
however, be activated via g e server command enbedded in a different
page, i f that péB@a§89V6?‘8 nd has its "on selected" attribute set. 1.8
STANDARD FEATURESnnacNETPAG§S In the preferred form each netpage is

printed with the netpadﬁmpoggﬁgP the bottomto indicate that it is a

net page ang therQ%gzﬁmgﬁéoﬂﬂ%g$@&tlve properties. The logo also acts as a
copy ,i button n nbost cases pressing the | ogo produces a copy of the

page. In the casep @fcufledt %cmon s h}ﬁtlakeuﬁo; Qfﬁplp R@gmg @ bitof Q&Mhéafmumeg By¥iaes € form
And in the case of a secure docune as a.ticket aor cou

t he
button el i Of ths daRmexplherdiars of fspiens incipicrovs RphRgdoh e, Wk do AN
si ngl e- pageéelivepy, ahdib @héndind iwher iawd ke qakintleabhitedny a fdae. r el evant net page page
server. Special copy functions are handled by linking the |logo button to an
application. 1.9 USERpiERRWSYSTEMY alogs pxeelﬁeer«r@dig@ﬂﬁlediieMI of nublisatipms page
printer hag,fs;BObCmnbhtiiR0 Ak @pﬁ{ehﬁg’e"thgils can MQKE ne%&%%rk‘ boR hinkiet S a

singl e page of information, |nclud|n9
“yellow pages” and speak fo a human operafor. The operator can locate the desired document and

M—<

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

of newspaper and newsmagazine news, the intended scope in the present context is wider.

In the netpage system, the editorial content and the advertising content of a news
publication are personalized using different mechanisms. The editorial content is personalized
according to the reader’s explicitly stated and implicitly captured interest profile. The advertising

content is personalized according to the reader’s locality and demographic.
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status of printer connection status of printer consumables top-Ilevel help
menu docunent function nenu top-Ilevel netpage network directory The help
menu provi des a hierarchical manual on how to use the netpage system The
docunent function nenu includes the follow ng 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
touchi ng any page of the docunent. The status of a docunent indicates who
published it and when, to whomit was delivered, and to whom and when it
was subsequently submitted as a form The netpage network directory allows
the user tq navi of publications and services on the

net wor k. A21an al ernapls\Efggdﬁ %éﬁﬁéer can call the netg e network "900"
HrEospary

nunber  "yel | ow phiRevbs far deggeoniwe knds ORAYRSPUSe et A1t deFFRE nat BPNEAPSe an
| ocat e t he aftethbdeatht deibtmint sadaths. Whiltt ews putllicatibizeard) sgerdgdtedoand nilisad . byDapendi ng

on the docu t t t he publisher .or th e | ow
pages ser :Tlglgh bee e ‘fllzleamfﬁe © agﬁraeéate% e'ltgeorbb i %ug‘? Bubﬁsg%lgfnlt ngla S%Lallze%e in’I nt er
is unabl e tawfggﬁtptheWﬂ pubti¢atiens dypicellyt ¢perespondrtp G\ﬂdlthnﬁlgfwwsnaeer-‘i od ngwienagapigesuser can

request rermhienedt ALARTHSHANAY arfdh'@neaeat YP Iﬁews%eeﬁ) ERRONMs! sk, PhiRbdnletip] ON MODEL

In the follow ng descriptian, i s used as, a canoni.cal publication

exanpl e t o &eft T“ﬁ%‘f’rt‘t%ftsé?°1“‘ﬁ% F?&Fﬁ‘éf Plﬁlétf‘i bggds r?é@ﬁ%‘fﬁqeé?r%wri %M%he net page system
AI t hough News I S fetnetgagle ebqlC%loa SCI'VCI' stgapor%s%?ehpeugpcatlon (9 edlte%W%VQ u%ﬁcag‘orr]lg 35
I's W der

newsnagazi ne news, SCO con . In
t he net pagefelé)psttl@nqggltemomdf molrﬂplalnemmem Barhdﬂfﬂlh@ tladagellegatm py heasttent of a

news publ 'f&fﬁ&tlu%%f Hvhs sh&lms Qeﬂca:{eh %lﬁéitl&@}’ tﬂgregdei[ bRseN: 1%&h@ﬂbé%englb§on
editorial content is personalized according to the reader's explicitly

stat ed and PRSSHEVEICTighyt oghemptisg hesro editod?l 6drolyr of i | e, The adverti si ng cont ent

:\IISDXB g g agn g |1 ! g e(]j_ -?s%%%:rﬁg EE&S er%%%ram by sglg'cl‘u}lé Xnea(?rdmgee rg(%g-{bat%g news

publications, 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,
medium, or long), or numerically (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.e. as a percentage).

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

forms to support this preference.

An article may also be written (or edited) in different versions to match the expected
sophistication of the reader, for example to provide children’s and adults’ versions. The appropriate
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A subscriber can draw on two kinds of news sources: those that deliver news
publications, and those that deliver news streans. Wile news publications
are aggregated and edited by the publisher, news streans are aggregated
either by a news publisher or by a specialized news aggregator. News
publications typically correspond to traditional newspapers and

newsmagazi nes, while 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-nmail. The netpage
publ i cation server supports t he publication of edited news publications as
wel | as the _aqgre [.jon handl |

aggregati onvergllndlsIﬁlenceactc?lr&ng E):-)Hle 8 rsa € erﬁaed\’?vrscalé pemgryms red ge%,gf %I rect | y by
t he reader prepwencsevrevtéwbltﬂoamageto pI ace advertising on pages over which it
otherwi se has no editorial control. The subscriber builds a daily newspaper
by sel ecting one B aislee kithingse ypeich sechimee selseied d Rriprsised byé?ﬁfdﬁ?r%é’c‘q ng a
per sonal i zegth\iehksdneda @Emﬂ&am B@ R Shey dré Mfivedadi tb Y1 REVdni ABKSritRfsEin pridrit €d  and

bound togeth nto a sin e news ape e various nenbers of a household
typically é’&‘%‘i‘@‘@“ﬁ%@?"?co " Fﬁ‘[’eésrﬁ {%%and tastes by sel ecting
different daily pIHpéc{ %ggvheg{] is %q?pthgg Q}regééﬁérg%édcﬂ%illg Ql%ﬁ}e cqﬁ%oraﬂ@ecfﬁterm

publication, the rea I on cts € sectlions. Some sectlons
appear  daiThi s thehjapréiedyp h’élﬁlss \alp@élave apelBignily lomplifetiag Fagh ardele viehsauglifiss fombl e

from The NeWa¥&itke filkdRSis Qﬁﬁtbmth s but@XPIT e @nd dfielaHUR. Hg%ﬁtﬁmmﬁ pIBlnH@" ,
"National", "Internati on

" Technol ogy™ &Shffigice €goritked” andr O&)‘Jé Bt) rﬁaf“néggl"fedg%zs}?fer&‘ééﬁ’@ ti°gler tﬁgaée Pic to a

publ i cati onstices is the default subset. The reader can extend the daily
newspaper by creating custom sections, each one drawing on any nunber of
news streanms. CusArtislesswigt highn pripriitigh tandoehots rlidiimes afeotherefonpdffectiselyl cprsideredis’

annpuncen'e@;s@ntiﬁll}a@ﬁqé%ﬂﬁé edltors Qfd afeQElVIRMo bt 18 2R EWRcrbgeds for specific
topics Alerts" or ppi ngs") For each section, the reader optionally

specifies it S Si Z"ﬁw r&lidr I@Qﬂionﬁllyasbécltﬁ§ h YeRdn¥ipityefador, ﬁﬁﬂ&r(ﬁlahtatln&jd(elgnﬂo &@rdoh’ong) , or
nunerlcally i.red

proportion” fise 518)\/8 ‘t“i“%rfcﬁly E‘é’i’gﬁlﬁgfm%a {Tb?ré?vre\f F{altgr(e by “S‘*ﬁq‘“ ma%hm eéunf'
none), or rolisberatyalikeying. A igh fasor aakee ito@retldgeihat tﬂ'dverrcse‘aldeg seatllosovﬂbwfllleﬁal I y

expr esses qo R RERP ;egisggﬁefd%paaty' ﬁ@géremwt}ﬁrpnﬁaﬁmf; bede@eiicsr |d§§,reﬁ’crd s%fsmal I

nunber of |onger articles. article rs ideally witten (or edited) in
bot h short %M¥%-ong forms to support this pref erence An article may al so
be witten (or edi ted?l in di ffaslrent ver si ops to1 rratt ) tFe eerctrg g
sophi sti cation of " ABIY @sYERIongTY PP pcE ot s BV e SHPP 4 PEHs A adul t s
ver si ons. Thivdifiesaieerpoipritieadssigned 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 images is not reduced, then images 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 in situ translation or annotation.

These preferences are derived from the reader’s locality by default.

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 its corresponding text
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NPX029US O 32 version is selected according to the reader's age. The reader
can specify a "readi ng age" which takes precedence over their biological
age. The articles which make up each section are selected and prioritized
by the editors, and each is assigned a useful lifetine. By default they
are delivered to all relevant subscribers, in priority order, subject to
space constraints in the subscribers' editions. In sections where it is
appropriate, the reader may optionally enable collaborative filtering.

This is then applied to articles which have a sufficiently long lifetine.
Each article which qualifies for coll aborative fi Iteri ng is printed with
Lﬂf): Qg ?gt 51%93111% }(s eaé)ro %’ doq"ﬂ(lf puf)hc&tloa aﬁl(i not a pre erence ex resse € uFeD rl?\“ ?e?r eggerezsy
wi | | bot hemetpage systenecan heconfigurdddd Eov1d&rauqom¢tesrawati¢n smv’gfh prarl@ns gtijees and short
lifetimes are therefore effectively considered essential reading by the
editors and are delivered to nost rel evant subscribers. The reader

opti onal | y 2&€peci fAPYERTISINGIQCAHTATIONNP ZARGETING o t her qualitatively (e.g. do or
don't surprise riy persnakimgticer ofcthe |egitoril ¢vintght dimetbnafiegs the fdsertising ¢ooigrtr s t he

threshol d 'ﬂ@c%ie E&emm?gt i€ @tp{amyddwcem exfiéH h@ LRG3 Eohexd IrJaI,e@ Edsnﬂr ex%m Bl ga& factor
makes it nore ha he corresponding section wl ed to the

reader's spPEE lkolééP wfféé‘i f yravehsegtionsthan elspwheie, Shedyaye ©f the éﬁ‘:‘f"B?‘ cé’%fﬁ‘t fipan
speci fied hdwrtich faﬁcﬁﬂx&éfbredtﬁt&[éptﬁﬁsherﬁ f@umeiﬁhtyT&Wrablﬂﬁ@fum&l@ﬁ r@pdré wikhethd y
specifies tgtgldé:mso of cDartl cular interest within a section, and this
nodi fies th pri |es assigned by the editors. The speed of the reader’

| nternet connect 'E@ﬁthﬁg fa@\%‘tﬁ é hse plq&e@l dnt the %Lsmvw E)thh%ynﬁlg ed%m&tﬁgbhgg LOQQH ver ed

The reader optionally speci Tres’a pref erence ewer | mages or smaller

i mages or Betrpiney proximige toy prrtirdler aerviess.zistars Ptﬁa@@b pqr%cuhbtntefeéfa (e goncERen

i mages Nmay afde:iaha itk e QQalQme@H’b?ﬁndQHﬂJoh&léﬁt (Dem6uraplics deteMIRS gefid@s Midddsts@amd or Wi t h
greater cor’rpresstl on% .vﬁ@t lg(ﬁlgl Ob‘ﬁ‘@[ veI the reader specifies how

quant i ti es P YERES™ TS RISy al ues are | ocal i zed. This involves
speci fying whetheg \Jich S AL oloTREhBle RiaulBl LGt LOER! 2 hluFERRAG,AND L1 e
format, andalocaflcrrenc a Her t I| ation consist of in _
si tu transkgy diermgnredap rﬁlmpabllcetwn s gugEplEc paverpger B sizesof dp wadsshipsiBdeqpEiR t he
reader's |Qgﬁg}a}’,ﬁ{cstb}ﬁdgﬂ@ﬁ@g%aavl]ﬁbll’ee(du&/emglﬁ@dl ng difficulties caused by poor

eyesight, the reader optionally specifies a global preference for a |arger
present ati on. Botih theaxtpaga Rghtdni)BE @Stpate @uiR @lo derect caiptlie) Gk \approwidatd esls-

dimensional size of a publication’s saleable advertising space on a per-section basis, taking into
account the publication’s geographic coverage, the section’s readership, the size of each reader’s

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

In comparison with other media, the netpage system allows the advertising space to be
defined in 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 directly to detailed product

information and online purchasing, It 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.
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information is accommbdat ed on each page. The | anguage in which a news
publication is published, and its corresponding text NPX029US 33 0
encoding, is a property of the publication and not a preference expressed
by the user. However, the netpage system can be configured to provide
automatic translation services in various guises. 2.2 ADVERTI SI NG

LOCALI ZATI ON AND TARCETI NG The personalization of the editorial content
directly affects the advertising content, because advertising is typically
pl aced to exploit the editorial context. Travel ads, for exanple, are nore
likely to appear in a travel section than el sewhere. The val ue of the

editorial cont tlse and therefo to the publ. lies
inits abi e[n tﬁ’tu%h d;‘i'eértéstmgla%gfr eég%tornlﬁ r’r%()'g1 ' Onrloéiecl’dedéveémsmgtrﬁve?lﬁep thSheSrgrg&)

denogr aphi ésd tthCh@@t iprofit-redived bedasse rof) thesgrﬁﬁlt%ioé“dlew of egrézatiing Thyf advet@allla ty and
denogr aphi GsyreghOCRLS! dsVan ift&nEdiAF) B&ReeR Vel ¥ind SUbRAEL, | &8 InRY pHES Wk GESo
retailers etc., and particular interests and concerns associated with the
| ocal connﬂﬁpﬁfmﬁﬁP%WN@?%%H%WPS Denogr aphi cs deternlne general interests
and preoccupatiaqns i kel pendin tter i sher's
nost profitable F‘BH&@T“" ﬂéaaf‘/de‘?"icflgfin?;’@ a'ngtﬁaﬁﬁg"%h& ht em‘ﬁe ‘r”?énﬁ’g?g%a i entity
deterninedpbvm@helmmbmmaam1DmM3mgeggmapht@m@mw@ma@@wmmﬁembm28mn®NEU$

reader shi p mof*e c§m 1 %’i@ &hcgmg ql@ Woﬁ’lplmxﬁ:e% of @e@glaﬁ&ﬁg bHFRE a@@r%@ersaycﬁbxlt@@ e for
adverti sing. e net page sy steq} he net page publication sServer computes
P

the approx Psﬁﬁg@orﬁr@v% Pubhﬁ‘ie‘ﬁfefh% Prsfeapd &rm of ghe r&%&fbﬁﬁ%ﬂ%ﬁ%sw%w@am@

ad\t;ler tisi NELpPRAER e RegddBdtoHE Glcluing b@%bl‘s forl aﬂl&inﬁ@d laﬁHtlgns GECAUOHMingt dpece. f
publicatio cover sect.i qn'.s _reader p e si.ze o
each r eade?‘”gmgg’gcf ngrﬂcugaa esérﬁqggdéch P%%Hlé‘%t sy e|ntsslvﬁltjclh energe tsm%)nﬁ and
each readeam@mdeﬁmgmaphm@smmnmdmmpdmmswma@mmhmemher medi a, the net page
system al  ows the advertising space to be defined in greater detail, and
al lows smal | er piQeceplagment tlasg’eenb‘egoﬁﬁ%l the @gemeeatpredapiures and edis thefadyegisenbns | t
to be sol ghdatcofds @9£h ndtigd etd%erwr Ur¥sdbidhgly & plﬁﬁsﬁéfpéc&ds thbau @@&ﬁenaamrt i sing
"slot" can be sold in vary %ﬁ% ortions to v ral Pvertls Ser mnt

i ndi vi dual * ‘%ﬁH@FE%65385 OPé n&&m}gﬁdFW?ﬁbp “%HVS?& T

advert i ser p@sonalagiqiubleatjonGiadkatht repraseivatiirgettdfonphoppadeiadseref. space sold to
each advertiser. The netpage systemall ows advertising to be |inked
directly to detail ed product information and online purchasing. It

t heref ore R&i ses USKRBRPROAILESnsi ¢ val ue of the advertising space. Because
personal i zation and | ocalization are handl ed autonmatically by netpage

publ i cati o@.3.1 Information Filtering

The personalization of news and other publications relies on an assortment of user-specific

profile information, including:

. publication customizations

collaborative filtering vectors
. contact details
. presentation preferences

The customization of a publication is typically publication-specific, and 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
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servers, an advertising aggregator can provide arbitrarily broad coverage
of both geography and denographics. The subsequent di saggregation is
efficient because it is automatic. This nakes it nore cost-effective for
publishers to deal with advertising aggregators than to directly capture
advertising. NPX029US 34 0 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 intermedi ary between advertisers and
publ i shers, and may place the sane advertisenent in nultiple publications.
It is worth noting that a | ac nt .in. etnage publication. e nore
conplex th Hﬁ%?mng?%g%ﬁg%ﬁmgﬁ?uﬁ%“ﬁﬁﬂ??ggeﬂ HﬁggPF£8?€ﬂ8ﬁgﬁx%5ﬁ%9 fbart,
because t hevapub biessat itsontrs coltihantive Siterge sertoeseasipert ofhe valusoiyish biwnd, Yite e

[ gnori r‘g_ t I?&m(i HLelwh&Q @ile@)&laﬁvle GRerd V&%&Qﬁ'é tﬁéréf&@%s@ﬁéi%ﬁﬁeﬁ b?ﬁl\!?éietvjirﬁﬁ‘éiﬁage
advertising aggregators and 'publishers, the preferred formof the netpage

syst em pr oPFPESIORHERE" aut omat ed support for these negotiations, including

support for automated auctions. of advertisin ace. Automation .is
particul arly desi oé‘E?Ftegefag?’ "t‘%‘%mﬁl PRt %ﬁ’resg’dglg r {E?dg’eﬁ%?itcgun i t@ﬁphé”éener ate
smal | anowomigrsodre glpmbyatus roharasaisaindd by e metprggyirbistratiocsativerzed adverti senments.
Once pl acenent has been negotiated, the aggregator captures and edits the
adverti sement arRiesewsation asferenceg ningludingt these) dor sehangiigsy dates a0d rtimes Iesnidevigt y, t he
publ i sher LREALLSNdidMEnA tRs@SMENt on the relevant netpage publication
server. \Wen the netpage publication server |ays out each user's

per sonal i zed publTheadchl@ion bf adirtBkog rdlideonrtRd 1834RH indRekvEih the Hiefre Enfactfdetainy) t he

net page f"‘d w?i?er t}'{ee tr ; et%l' %f éd§eErB inPBglgsl (I)‘nE% szrial?)ih%)mlla%gnosﬁlc e;[s 'd8£] obeIiIJtht gewle?,% -IIQF
personal i zat1on O Hews and Gt her gublicati ons reltes on an-assortment of
user - speci s, inoerad, priofession,fedycativn oo nyalifatine|deridiatings suchpag lagei renge indrincomerR zat i ons
col l aborative filtering vectors contact details Presentation preferences
The cust oni zat i onFoBhoge Yserbvhaedpese e jereat RepPRah infaymasigh for adertisine RIROESSF T, and
so the cusi@Rhzatik Ghhidtdle® LIBhd Mevins nbPdgB tradishatbn Digrvih én KRl Meast ohatipage

PUDL [ cat 0 et e’ i BuSRlhABOLALLYS, ! bLELl BOaNSSLak: SODRLTLM BLLPe User 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 relationships between them, as shown in
Figures 21, 22, 23 and 24. For registration purposes, a publisher is a special kind of application

provider, and a publication is a special kind of application.

Each user 800 may be authorized to use any number of printers 802, and each printer may
allow any number of users to use it. Each user has a single default printer (at 66), to which periodical
publications are delivered by default, whilst pages printed on demand are delivered to the printer
through which the user is interacting. The server keeps track of which publishers a user has authorized
to print to the user’s default printer. A publisher does not record the ID of any particular printer, but

instead resolves the ID when it is required.

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
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is used to correlate different users' interests for the purposes of making
recomendati ons. Al though there are benefits to maintaining a single

col | aborative filtering vector independently of any particul ar

publication, there are two reasons why it is nore practical to maintain a
separate vector for each publication: there is likely to be nore overlap
bet ween the vectors of subscribers to the same NPX029US 35 0 publication
t han 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

el sewhere. Col | aborative fi & f)gﬁgltvect prs are therefore al so mai ntai ned by
the rel evaffPHeIBRGE" SUB Yl?: \f Reruuer ™ yCont act details, including narre

street address, 2l §2ng $etf e be%armtzrdym fiff of R Gar QUERE bver gl obal
nature, and are maintal ned by a ne I'stration server. Pres atlon
pr ef erenceéVeblm&eF@@rm@aaeH@@@eﬁtmﬂcﬂ‘atafﬁ fhtriné eb brerveing tq el cqnvenisatly pEpled P kewi se
gl obal and yrakddstrepasd phiftert e same way. The I ocal i zation of advertising
relies on the |ocali ty indicated in the user's contact details, while the
targeting of adverttern&pargg sy’sleﬂnlcﬁﬁcoﬂe'tt pebehalinell a prinfeOprowder, dees sudchmaissidate of
birth, gender nari.t [

qualitati ve ‘det rva |tv°esg'hsf’u ‘r%a s ?arm?e(a thepprgv%§§r?g%%re§'eér%§ﬁgﬁe(%n%%3? t ug_ese users
who choose afhrtisieg éeed, clp”érﬂs@!g]afeeﬂ, mc@nm‘tercelnmfsmns aeld Eamsdcgomiges plfi ip 89 1S t he

i nformat i oRwhe v) B iR kiR fle ¥ it MEpdeh p¥AML. Net page regi stration server. In
t he absence of Such ‘information, advertising can be targeted on the basis
of the denographi Ehclaﬁssloalxqoaraednwagéﬁacwmgt 826 ezma:rs is uéddRo @doundilRerAickoaidits aﬁgch
user, pen, printe cati.aon_provider an ti. S ned its
own uni que cgfhﬁfe(ﬁ‘icf‘ £ %BJ% dﬁ?‘igbefiﬁ‘ethgé’feﬁedmé PPAG LY ’ft?cgﬁetaégrg \llgél‘m Cﬁ i hs the
rel at i onshiagBeshatdueephortcmembersaglolshprefarenes 81I61 lgdmerg mlacyazﬁllveﬂan@h@h@ﬂon For

registrati géhn%yrQl9sru§1beraofpﬁalllétr§:h1%50rass8la %&%ﬁﬂu@l thl 186k s Qe RARP bibdafitel 913,
provi der, and a 881t9 Ication IS a special kind of app Ircatron Each user 800

may be aut ABSTRFBYS PRty Schandiyiting madsl 85} ayspmatigally @aee?ed by dhe swters grd P er may
al l ow any npeyReIcarabiccus®rsa] with Wis@ eldomméraGiayhisicali@snade. Si Ngl e default printer
(at 66), to which periodical publications are delivered by default, whilst
pages printed on demand are delivered to the printer through which the
user is inté&ctikayoritBadister ver keeps track of which publishers a user has
aut horized to pra ﬂ&tpalgeusfeh@n uﬁﬁifamSa ldeiﬁﬁwlft‘famfteﬁlt Elinks 8 updfib ldbcainents ctoes not
record the |D of an nst ea D when
it is requilitd§P? g\?\ﬁl%txmg uh§ eh x ﬂ%mg %ﬁ% 3" %he gechg ﬁglrsr\%gn#e%#

publ i sher 8B6uchy offoldappl4 e aefenred embodunent of Wthh is shown in the class diagram in Figure

41.

233 History List
The system maintains a history list 929 on each user’s behalf, containing links to

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

a preferred embodiment of which is shown in the class diagram in Figure 42.

2.4 INTELLIGENT PAGE LAYOUT
The netpage publication server automatically lays out the pages of each user’s

personalized publication on a section-by-section basis. Since most advertisements are in the form of

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

The advertising ratio for a section can be achieved with wildly varying advertising ratios
on individual pages within the section, and the ad layout algorithm exploits this. The algorithm is

configured to attempt to co-locate closely tied editorial and advertising content, such as placing ads

(o]
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provi der 803) is authorized to print to a specified printer or the user's
default printer. This authorization can be revoked at any tine by the
user. Each user nmay have several pens 801, but a pen is specific to a
single user. If a user is authorized to use a particular printer, then that
printer recognizes any of the user's pens. The pen IDis used to | ocate
the correspondi ng user profile nmaintained by a particular NPX029US 36 0
net page registration server, via the DNS in the usual way. A Wb term nal
809 can be authorized to print on a particular netpage printer, allow ng
Wb pages and net page docunents encountered during Wb browsing to be

conveni ent lfé{* rgorﬁln n;[netg ja, sQ)e i{'lcgﬁ erl artgg i[)ubﬁcea%c% gau erolf gtspeercihl df-el;lrf'u?e gnec}ogé}%grséy stem
can col | ect’ "on"HeRdl’ FEFA pri nt ef Pprovider, fees and conm ssions on

i ncone ear mefinglapagsugh publ i cati ons printed on the provider's printers. Such
incone can include advertising fees, click-through fees, e-commerce

commi ssi ons, and The gdicsiak ¢opientf seleged fof the fserpinglpding textsand gotpcdaednipegepand ser
then the ugRbhitssis hbifail bitREBFdin kM i6l8 bosthErRFlesUser al so has a net page account
820 which is used to accunulate mcro-debits and credits (such as those
descri bed in the Dresaeéebpioges aichdinamh yelec@nif ads and eieasele@ioB dfgditeriatonentng nane,
address an I e ers;. ol r s ook I | vacy,
el | vory. ants SmrL Sief e SR st BULE KIS R sk RE DR BEL VETY
cont ai ni ng sechen sir erefereneen Escheqiion sigprpaafaenee @n.groweves, hgjastphed pit avgegy Qverdimeg

handwr i t i ngndwaalgnifides: AWtOXRLdra@dnl.y mai ntai ned by the system and SET
paynment card accounts 821 wth which e-comrerce paynents can be nade. 2.3.2
Favorites List A netpage user can maintain a list 922 of "favorites"

links to ueful dooueentForeRT. on  the netpage network. The list is

mai nt ai ned by t heoRymt 85uR 1 N1 48 |lis el T efficichd disirbuh @RI YedsREnt dforage

hi erarchy of folders 924, a preferred enbodi nent of which is shown in the
cl ass di agPRlfPIPESHOVE: 41. 2.3.3 History List The system maintains a
history list 929 gn each er's hehal f., cont aini | inks to.. do ts etc.
accessed by the d@%?“?ﬁ?gﬁgﬁm?ﬁgxﬁ%?%é%%eg?%?éﬁfgﬁﬁxﬁg“%fﬁgﬁfg@%ya Qa

dat e- or der @sbr’b jedition and informfationr shated hivwrgh matiipleofsersthddigionsi $hesépesific infermatien ¢l ass
di agram i n Gigy Bptlhié'gage Byéht. TN Eelateli SEENRat ARSI T 0b] 8 I @hiRAGEpRY R dueat | ON

server automatically |ays out the pages of each user's

refers, including images, graphics, and pieces of text.

A text object contains fully-formatted text represented in the Extensible Markup Language
(XML) using the Extensible Stylesheet Language (XSL). XSL provides precise control over text
formatting independently of the region into which the text is being set, which in this case is being
provided by the layout. The text object contains embedded language codes to enable automatic

translation, and embedded hyphenation hints to aid with paragraph formatting.

An image object encodes an image in the JPEG 2000 wavelet-based compressed image

format. A graphic object encodes a 2D graphic in Scalable Vector Graphics (SVG) format.

The layout itself consists of a series of placed image and graphic objects, linked textflow
objects through which text objects flow, hyperlinks and input fields as described above, and
watermark regions. These layout objects are summarized in Table 3. The layout uses a compact

format suitable for efficient distribution and storage.

NPX029US 380



personal i zed publication on a section-by-section basis. Since nost
advertisenents are in the formof pre-formatted rectangles, they are

pl aced on the page before the editorial content. The advertising ratio for
a section can be achieved with wildly varying advertising ratios on

i ndi vi dual pages within the section, and the ad | ayout algorithmexploits
this. The algorithmis configured to attenpt to co-locate closely tied
editorial and advertising content, such as placing ads 0 NPX029US 37 for
roofing material specifically within the publication because of a speci al
feature on do-it-yourself roofing repairs. The editorial content selected
for the user, including text and associ ated i mages and graphics, is then

| ai d out according to various aesthetic rules. The entire process,
including the selection of a d t] f editorial content,

must be iterated once the |a3§B?%h£§H§8§@ ?@é@ﬁRFg attenpt to re closely
achi eve t he usgilayoutiohjesti | secAftrbutei ze pr ef Eowmat of linked objest | on | si ze

pref erence can{migswever, WRositiglched on average over -time  allaw ng
significant dapy-ta- Imege ebject ID g IVENT BRE®RRG00nce t heldocunent is
laid out, it iSahi€oded fPOSHiPR| cient diktribution and persisteft storage

on the net pagelLnetwork TP%E?EﬁﬁﬁﬂiﬂbLLLcLency_nesE%EisnLLs_Lhe-separation
of information[T€FERY fic tdfexfowidl e user's edition-and infornad

o s—ed A mafi i on shared
between multip|e users' ediYfons—TFhe ci-Hie—-nbargri--on—eonsgi sts of the
page |ayout. The—shared—i+ DR ePIeet Il ot & of +AMUBRE et s ¢ o i ch the
page | ayout rEYRFEK | nc| UHPRg—iwages—araphi-es—and—pieees—of—fext. A text
obj ect containg fully-for Lh%ﬁoé" Lol ep esefted—+trn—theExtensiil e Markup
Language (Xl\/LFie'hiPi frg—the ‘pée € Stylesheet—tanguage (XSt)j— XSL

tting—Tndependenttyof{t he regi on

provi des precise control Endext—forn
into which the|text is beiﬂygégt, which T thrs—ctasg Tsbei g rovi ded by

the layout. Thgyi&EFaObl €lFone0Tt al TS eMbEdded tanguage codes to|enabl e

automatic transtatromn, and enbedded nypnenation nints To aid with

paragraph formatting. An i mage object encodes an inmage in the JPEG 2000

wavel et - based conpressed image format. A graphic object encodes a 2D

graphi ¢ i n2%cal albeuMeeimsTriBuaphi cs (SVG format. The | ayout itself

consists of a serieRsPbeddpBREhr 'pﬁ@&?s @Qﬁicgﬁ@@%bﬁti&%@géﬁge& 'st’allﬁ?ffjont @xtflow
er [

obj ects through which text objects flow, hyp i nks and |n%ut_ el ds as
descri bed gﬁw%{xe% a user-specific page layout is separated from the shared objects to which it refers.

Q)

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

content.

Once a printer has received all the objects to which its page layouts refer, the printer re-

creates the fully-populated layout and then rasterizes and prints it.

Under normal circumstances, the printer prints pages faster than they can be delivered.
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wat ermark regi ons. These | ayout objects are sunmarized in Table 3. The

| ayout uses a conpact format suitable for efficient distribution and
storage. NPX029US 380 Table 3 - netpage | ayout objects Layout object
Attribute Format of |inked object |Inage Position - Inmage object ID JPEG
2000 Graphic Position - G aphic object ID SVG extflow extflow ID Zone -
Optional text object ID XM/ XSL Hyperlink e one - lication ID, etc. -
Field e Meanin - one - atermark Zone - 2.6 DOCUMENT DI STRI BUTI ON As
descri bed above, for purposes of efficient distribution and persistent
storage on the netpage netmork a user-specific page | ayout is separated

fromthe shared ob a_subscri.be i cation
i s ready tg‘ SHEE® s‘ﬂf’?ﬂle ?Jﬁteé“g’ pa?%‘é C(r’lvee{ed glvéttel m}%ﬁ fhfez §¥m§e Perver a qtl)e(?:%‘?;ens W th
t he hel p of00KBe Thepripteg ean| Brefae bald ml@cesaOﬁJWD qesh phgls ingts inseaedth 61@&@ @empge

i nstance, am%ln{em (9‘5}9 bQ't%%UHP e pﬂﬁtt:xaﬁﬁ:x@ at 18 §§5n\ée‘;fagecﬁwpé%ﬁ§ This $&t  of
optim zed subsets of the shared content and creat | ticast channel

for each sgBéalent KB Reshop YLt abrage drtadrrseyoad iwf“idbls F‘%}*Blfﬂ th@\k‘%‘?‘?StteFPéCtﬁlanes of
the multi e&sdfpabann@liserydvecdbroatidahd ey t he shared content used by that

| ayout. The server then pointcasts each user's layouts to that user's
printer via the dyprogeriabtosnapcdgensmresesnch aawhknwirerintérimes paiofipapersit is tikghi s

conplete, 4l GASER vl me 3 b%[] <fich tﬁp%@rrlﬁpp%e%hﬁhé&ﬁféf o§ 10%% A4 lst%ra%eAf ter

receiving its polntcast page servéer and printer subscribes to the
mul ti cast éﬁ’a%ti’i@leéhaﬁsﬁém fied in the page | ayouts. During the

However, if the printer’s internal memory does fill up, then the printer will be unable to
make use of a multicast when it first occurs. The netpage publication server therefore allows printers
to submit requests for re-multicasts. When a critical number of requests is received or a timeout

occurs, the server re-multicasts the corresponding shared objects.

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

retrieving its page layouts and contents from the relevant page server.

27 ON-DEMAND DOCUMENTS
When a netpage document is requested on demand, it can be personalized and delivered in

much the same way as a periodical. However, since there is no shared content, delivery is made

directly to the requesting printer without the use of multicast.

When a non-netpage document is requested on demand, it is not personalized, and it is
delivered via a designated rietpage 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 automatically include all Web pages directly linked to the requested page. The user

can tune this behavior via a preference.

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

and hides knowledge of the netpage system from Web servers.

3 SECURITY
NPX029US 40



mul ti casts, each page server and printer extracts fromthe nulticast
streans those objects referred to by its page |ayouts. The page servers
persistently archive the received page | ayouts and shared content. Once a
printer has received all the objects to which its page |ayouts refer, the
printer re- creates the fully-popul ated | ayout and then rasterizes and
prints it. Under normal circunstances, the printer prints pages faster than
they can be delivered. NPX029US 39 Assunming a quarter of each page is
covered with inmages, the average page has a size of |ess than 400KB. The
printer can therefore hold in excess of 100 such pages in its internal 64MB
nmenory, aIIovm ngcliygj; thﬁ[;ﬁorary buffers etc. The printer prints at a rate
of one page per sgvony. is is equivalent to 400KB or about 3Mdit of page
data per second, SRR ?F?ﬁolpﬂecﬁsﬁnsttlﬁemm&%P"%BF&@@E%%” in iapslh: B hage
data deli Vellitlyenﬁdael‘patﬁeshﬁ e agdbaia. TRtk tvo cianf tnderapibin otidepteat use:Gui@t ances,

h as whep t t t |
Wil bo anid EReRh TRl Piael thuPuaBR e o SnlofE e WFbEGH T

i nternal stoptagerhy.capacity i s exhausted. However, if the printer's internal
menory does fill up, then the printer will be unable to nmake use of a
nul ticast when i tSeFRlrksy crpRieeiaply alyrfaferiedip A umBeit rPLepl, Sy er™t K f%f or e

al l ows pri Bhceps andt &c@ptarméssageqwesaaﬁles‘ @fshific tondttian g6 Afeksages WG ITird afriirig kcal
number of re téestc éstgseegretl ved or a tinmeout occurs, the server
re-mul ticast ]?'ﬁ’é 8t PeEFESH ng shared objects. Once a document is printed,

a printer can pr e d [ a o [ ng, its
page | ayouts andofglgﬁﬁ(e rﬁ’?’gﬁ%}'t %Feg!)rrg J-ergdant 9;95 serve tg&aﬁ’h}% lgswd\l- DEMAND

DOCUVENTS Wremtien keest 5‘6&}%{ Kot arprevthernagically q%e;itle gl i Webethat @y, mesteecwRyRied

per sonal i zgghgadnd keletah Mxﬂ)‘ &diebr&btedrﬂdﬁ@ the hmera@mnus\@ymea@ke@s Pe&eh pmlshad whiowever
[ is no, shared del i ver

since there | IS made

T eGuest | g 5 PAR P re T Tk i S SATrbPeRLTe pafinds o pifes bl
document i srivmqqae Shhecknopptaiongthe pitic key, notssjgecamoniabe degptedwdhgitte prigate

del i vered g%i‘aﬁhs ﬁaﬁf&é‘éaﬁgecﬁ}%glégcﬂﬁuﬁa%&%%} WithGur Fit P{a%{ngwuxﬁﬂngreqfs&wﬁéﬁ it as

a net page server special I nstance of a
net page puBp Pealieﬂhﬁhthsem% key lTWé“rﬁé&lb&g@aI%@rtW{dFrr@ theeeva&eéiey Rsnegafoli edge of
various | nkgrgagt docunent formats, including Adobe's Portable Docunent
Format (PDF), and Hypertext Mar kup Language (HTM.). In the case of HTM, it
can nmake use of Public-key cryptography can be used to create a digital signature. The holder of the private

key can create a known hash of a message 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 authorities. 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 frusts the certificate authority can use the public key in the certificate with a
high degree of certainty that it is genuine. They just have to verify that the certificate has indeed been
signed by the certificate authority, whose public key is well-known.

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

signatures and to securely exchange secret session keys. Secret-key cryptography is used for all other
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t he higher resolution of the printed page to present Wb pages in a
multi-colum format, with a table of contents. It can automatically
include all Wb pages directly linked to the requested page. The user can
tune this behavior via a preference. The netpage formatting server makes
standard net page behavior, including interactivity and persistence,
avai l abl e on any Internet docunent, no matter what its origin and format.
It hides know edge of different docunent formats from both the netpage
printer and the netpage page server, and hides know edge of the netpage
system from Wb servers. 3 SECURITY 0 NPX029US 40 3.1 CRYPTOGRAPHY
Cryptography is used to protect sensitive information, both in storage and

in transit?xgﬁﬁ&to authenticate parties to a transaction. There are two

classes of Crypt%rﬁ@wlo&@%msagﬁ&f Sadh H&e%nceig%ﬁ%-t%gfeyhse {rymgﬁsaahxf and

publ i c-key cryptography. e netpage network uses h cl asses of
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asymet r i ¢ sgrey phdgriap lvyencrys ¢ niessage detacA yqationory, ke sfinitibheat e keyrsitraile

mat hemat i cg JMisdigkat €d in such a way that any nessage encrypted using one
key can only be decrypted using the other key. One of these keys is then
publ i shed, while the other is kept private. The public key is used to

encrypt ang.nessagaridiirRidedlsécuriTyhe hol der of the private key. Once
encrypted using tie, pibd Ginfey assfEnd 5@93111&%%5&5 RendeEhMRh&de WRENY t he

private Kkey. Thus two parties can securely exchange nessa%es wi t hout first
havi ng to @®eciEedgoea-alaemeryjipfe printpandriste etnagrdesimdonseryey dfidagelpe fist secur e,
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Publ i c-key ¢ g§%$§%$§g¥ﬁ%§%”§§“%§§%§§§%5&=%59 a digital signature. The

hol der of f#e c owh hash of a message and then
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signature IinS itsaﬁggz?sg%gd te"u:cc):epttsl‘]t(}:{e rrersgigtrsa?l’gnei’f thte I}Ssn mgtc ?Itrt e(r:llc Jat%p 'Endcggnst ah((:aertiﬁcate

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

registration database.

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

has access to secret information allowing it to verify printer identity.

When a user subscribes to a publication, a record is created in the netpage registration
server database authorizing the publisher to print the publication to the user’s default printer or a
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
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nmessage can verify both that the nessage is genuine and that it has not
been altered in transit. To nake public-key cryptography work, there has to
be a way to distribute public keys which prevents inpersonation. This is
normal |y done using certificates and certificate authorities. A

certificate authority is a trusted third party which authenticates the
connection between a public key and soneone's identity. The certificate
authority verifies the person's identity by exanmning identity docunents,
and then creates and signs a digital certificate containing the person's
identity details and public key. Anyone who trusts the certificate
authority ca se the. ic key in the etific ree of
certainty £ Qo}di/ frergy 8&% B and . enetpaﬁ rtegl(%ra{lons r5‘3rv%t(ralia 5 lfei?art Idyhlqpncl e(?‘Vtgi ficate
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public key-"exchange key in the certificate to exchange a secret session
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nmessage data. A session key, by definition, can
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t he net pagg,ReLupdiler. Iflthc% Hecend eitcp ofhdr ﬁ%ﬁ@ﬁrm&@ﬁ@emh§tes%@tﬂer%@§ﬁpﬁo§lﬁ frinter
is first registered on the network. Wen the printer connects tg t he

net page netiBY ke pBr Thisrishtb.4er exqmple. bepaussths Rya P%i?‘ig%tt"i agHET WpQ s regisigret sy
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Conpares 1 REREeR bYediBe 10 it FRESeshiplh R kg bR Rl vl BEpdE ke
dat abase, admwitilgeeepis Blateﬂiel arcegglsg qupta whitﬁnetthletht@@emﬁéﬁion preceiien creat es
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The net pagey BGilss trécatde®ih the mviPdge AepisatRdB sétve: Qatabakd et SULAMORdnIry. g Net page
printers,

reglstra%on, the pen transmits its pen ID to the printer, and the printer transmits the pen ID to the
netpage registration server. The server generates a session key for the printer and pen to use, and
securely transmits the session key to the printer. It also transmits a copy of the session key encrypted
with the pen’s key-exchange key. The printer stores the session key internally, indexed by the pen ID,
and transmits the encrypted session key to the pen. The pen stores the session key internally, indexed

by the printer ID.

Although a fake pen can impersonate a pen in the pen registration protocol, only a real pen

can decrypt the session key transmitted by the printer.

When a previously unregistered pen is first registered, it is of limited use until it is linked
to a user. A registered but “un-owned” pen is only allowed to be used to request and fill in netpage
user and pen registration forms, to register a new user to which the new pen is automatically linked, or

to add a new pen to an existing user.

The pen uses secret-key rather than public-key encryption because of hardware
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has access to secret information allowing it to verify printer identity.
When a user subscribes to a publication, a record is created in the netpage
regi stration server database 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 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 wuser. The page server verifies the signature usi ng the
publisher’s . &theam%% s Q&g%Qed fromthe publisher's certificate stored
in the regPs ratron ‘The net page registration server accepts
requests to add printing authorlzatlons to the database, so long as those
requests arng i ni tdRbRADYSMeRTSIEN T egl stered to the printer. 3.3 NETPAGE PEN
SECURI TY Each net.page, pen |.S assi uni gue id er .a
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a radio frequency si gn enever it is w an t he.printe Once
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pen it knowseugh heponfdd shygt. pen | D. Both have a |arge but finite storage
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When presented with a secure netpage document, the recipient can verify its authenticity
by requesting its status in the usual way. The unique ID of a secure document is only valid for the
lifetime of the document, and secure document IDs are allocated non-contiguously to prevent their
prediction by opportunistic forgers. A secure document verification pen can be developed with built-

in feedback on verification failure, to support easy point-of-presentation document verification.

Clearly neither the watermark nor the user’s photograph are secure in a cryptographic
sense. They simply provide a significant obstacle to casual forgery. Online document verification,
particularly using a verification pen, provides an added level of security where it is needed, but is still

not entirely immune to forgeries.

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
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key is also recorded in the netpage registration server database at tinme of
manuf acture. During registration, the pen transmts its pen ID to the
printer, and the printer transmts the pen IDto the netpage registration
server. The server generates a session key for the printer and pen to use,
and securely transmts the session key to the printer. 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 encrypted session key to the pen. The pen stores the session
key internally, indexed by the printer ID. Al though a fake pen can

i nper sonat e mg&ghln the pen registration protocol, only a real pen can

decrypt t hePSessi onr}i(ey transmtted by the printer. Wien a previously
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public-key “encry HEERON& CRHNERST M dwar e NPX029US 43 0 perf or mance
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al t er nat i vepeofabetintsming used.i N speci fied "watermark” regions of the page.
Back-t o-back pages contain mrror-inmage watermark regions which coincide
when printed. Thdn8ET,herhoivkts pidreschagedgister it d catifidate vuthvriyagéart isywed eithar k

regions ar @ertl&gt% &ﬂﬁﬁlm& Qheﬁ‘ qgiécs?gn%e 'k%ts efﬁe%r@iﬁ&ﬁ a‘:ﬁ{htn@& tefien chiiRideRgi Ons
are viewed together, ac |eved by | ooki'ng hrough the printed sheet. The

effect is &eifatigh datls yithge sprrispler ppPpIRRIFats; ?nd veriffy p mgrclanpt weisRten etk i ng at
only one siwie the@quirdtas @@g@natamldrthdelr%H nMﬁaﬂtstsh& tmgespbcswpmmdlgﬁymor mal

means. Pages of secu

nnot e co t he
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copyi ng ne@p&g@aw@nww@mﬁagemﬂmdmemphumwgupv%mgnmﬂSe@@pemm@@GWEmts are

typically generated as part of e-conmerce transactions. They can
SET has not yet been adopted widely, partly because cardholder maintenance of keys and

certificates is considered burdensome. Interim solutions which maintain cardholder keys and

certificates on a server and give the cardholder access via a password have met with some success.

4.2 SET PAYMENTS
In the netpage system the netpage registration server acts as a proxy for the netpage user

(i.e..the cardholder) in SET payment transactions.

The netpage system uses biometrics to authenticate the user and authorize SET payments.
Because the system is pen-based, the biometric used is the user’s on-line signature, consisting of time-
varying pen position and pressure. A fingerprint biometric can also be used by designing a fingerprint
sensor into the pen, although at a higher cost. The type of biometric used only affects the capture of

the biometric, not the authorization aspects of the system.

The first step to being able to make SET payments is to register the user’s biometric with
the netpage registration server. This is done in a controlled environment, for example a bank, where
the biometric can be captured at the same time as the user’s identity is verified. The biometric is

captured and stored in the registration database, linked to the user’s record. The user’s photograph is
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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. Wen 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 docunment IDs are all ocated

non-conti guously to prevent their prediction by opportunistic forgers. A
secure docunent verification pen can be devel oped with built- in feedback
on verification failure, to support easy point-of-presentation docunent
verificatl glgo Caoeeﬁlr lc\é ngcl Emt}le{inktecp ?o #trecop(ia rﬂg @8’[‘ cgrghe erS ?erglsf?atlgrr{I O'%o%&%ls’ E1a‘sph are
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systens. SkdmeR@disii@oleen devel oped by MasterCard and Visa, is organized
around paynent cards, and this is reflected in the term nol ogy. However,
much of the systemis independent of the type of accounts being used. In
SET, cardhdl3der s Miorb-PeMmERESNt S regi ster with a certificate authority and
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During the paynent process, ese certificates are used to nutually

authenticate a meyghand uadPdesdidh@! denmeRBda thowait ek Gatsavlishemviied h to
t he payrrent%gat e\/\% SET has not yet been adogt ed del anﬁ)artl},ﬁebecause

car dhol der rﬁé’é}’nﬁ’f‘ts k’]avsuscgﬁ eives a statement On a regular basis, can settle any

outstanding debit balance using the standard payment mechanism.

The network account can be extended to aggregate subscription fees for periodicals, which

would also otherwise be presented to the user in the form of individual statements.

44 TRANSACTIONS
When a user requests a netpage in a particular application context, the application is able

to embed a user-specific transaction ID 55 in the page. Subsequent input through the page is tagged
with the transaction ID, and the application is thereby able to establish an appropriate context for the

user’s input.

When input occurs through a page which is not user-specific, however, the application
must use the user’s unique identity to establish a context. A typical example involves adding items
from a pre-printed catalog page to the user’s virtual “shopping cart”. To protect the user’s privacy,
however, the unique user ID 60 known to the netpage system is not divulged to applications. This is to
prevent different application providers from easily correlating independently accumulated behavioral

data.

The netpage registration server instead maintains an anonymous relationship between a
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certificates is considered burdensonme. Interimsolutions which maintain
cardhol der keys and certificates on a server and give the cardhol der
access via a password have net with sone success. 4.2 SET PAYMENTS In the
net page systemthe netpage registration server acts as a proxy for the
net page user (i.e. the cardholder) in SET paynent transactions. The

net page systemuses bionetrics to authenticate the user and authorize 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 bi ometric can al so be used by designing a
fingerprint sor th e e of
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basi s, and can settle any

4.5 RESOURCE DESCRIPTIONS AND COPYRIGHT
A preferred embodiment of a resource description class diagram is shown in Figure 40.

Each document and content object may be described by one or more resource descriptions
842. Resource descriptions use the Dublin Core metadata element set, which is designed to facilitate
discovery of electronic resources. Dublin Core metadata conforms to the World Wide Web

Consortium (W3C) Resource Description Framework (RDF).

A resource description may identify rights holders 920. The netpage system automatically

transfers copyright fees from users to rights holders when users print copyright content.

5 COMMUNICATIONS PROTOCOLS
A communications protocol defines an ordered exchange of messages between entities. In

the netpage system, entities such as pens, printers and servers utilise a set of defined protocols to

cooperatively handle user interaction with the netpage system.

Each protocol is illustrated by way of a sequence diagram in which the horizontal
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out standi ng debit bal ance using the standard paynent mechani sm The network
account can be extended to aggregate subscription fees for periodicals,
which woul d al so otherwi se be presented to the user in the form of

i ndi vi dual statenents. 4.4 TRANSACTI ONS When a user requests a netpage in a
particul ar 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
must use the user identit stabl i sh a.caont

apl o 1 nOBIRE iy pst e el T R i A B st e
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regi strati @hsR@tdRfe dost @A oFBdsidyhiities, iftlifdd @RYBIRESY bt kidkt hORGisPn befypveen a
NPX029US 46 O itt user - and an 1appl ication via a unique alias ID 65, as shown
in Figure 5SS (RPBREDER "ERE¥er activates a hyperlink tagged with the

"registered” attribute, the netpage page server asks the netpage

registratign sergﬁgsc,;,prgNr IRk Brdrb&@ssoci at ed applicati on | D 64,
together with the bﬁ.g&n

T th
Cobm fred Lot he ADEEpe Odémeab"aﬁf@we)oﬁ%slﬁva%P&EO.S?I.ISS R B al bs ot at o
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debit the provider for click- throu fees
application ID 64, the subscriber’s alias I 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 ID 62 (which may be explicitly selected for

the application, or may be the user’s default printer), and the application’s certificate.

The application’s certificate allows the page server to verify the message signature. The
page server’s request to the registration server fails if the application ID and alias ID don’t together

identify a subscription 808.

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

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

Once the application has distributed all of the document structures to the subscribers’
selected printers via the relevant page servers, it multicasts the various subsets of the shared objects
on the previously selected multicast channels. Both page servers and printers monitor the appropriate

multicast channels and receive their required content objects. They are then able to populate the
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An application provider can be a publisher of periodical subscribed
content. The system records the user's willingness to receive the

subscri bed publication, as well as the expected frequency of publication.
4.5 RESOURCE DESCRI PTI ONS AND COPYRI GHT A preferred enbodi ment of a
resource description class diagramis shown in Figure 40. Each docunent
and content object nay be described by one or nore resource descriptions
842. Resource descriptions use the Dublin Core netadata el ement set, which
is designed to facilitate discovery of electronic resources. Dublin Core
nmet adata conforns to the Wrld Wde Wb Consortium (WBC) Resource
Description Franework (RDF). A resour descriptio Y i ights
ol der & 020™ PAY HBL% B oL rRbES THE ABrE P i Sriele R ah BB bbb L2
from user s thei datibgies, andnibdlides the puinters taryt the gacimgntscopyri ght content. 5

COMVUNI CATI ONS PROTOCOLS A conmuni cati ons protocol defines an ordered
exchange of nessages between entities. In the netpage system entities
such as per pri'%f"é?‘é"%‘%@?‘\‘@‘?%mﬁ?ﬁ lise a set of defined protocols to
cooper at i vel y hanibreferedesmbpdimet efe hingrinkpctivatiptherotaest is shyen anFiquee#d. Each
protocol is illustrated by way of a sequence diagramin which the
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represente a rectan containing the name of the entity and a vertica
columm  r epr@buievsiEe B oF o BiTRE NP e iPE S iour i ng the time an entity
exists, the 11T 1% SRR R RIS doondrk Mires B e lbclsler 8 Tondhfly ©N1 1 LY
is active, the lifeline 1s shdwn as a outT'e I'ne. Because the protocols
consi der ed tseprculps pres D EP.che addiss reryirpagdy besin ity gachesif th psephap rrerptipinisragieher al | y
cut short Qm &0 e %g@ﬂ%&%?ﬁtkrtt%n fRRAKE pePILD A SinGriRBLIS 62 Mheba@ DlACHEk 5. 1

SUBSCRI PTI ?\I DELI VI OCOL A preferred enbodi nent of a subscription
delivery protBROIMIRESKS®n in Figure 43. A large nunber of users may

GiTrorently. but et Berab i Besterth S b ficody Skl pl ekl 2.0 O
text obj ecwich it dlareats aohg 86 ifsmy, Theecliskbiescin.i Asumine e leleyant ipys relsment af a
therefore gglohivelismAOs4AMBbags tdridfhbl Bfiink he alsBiidll JfiRAioR I BY £ $inlViDBs4,

poi ntcast, but delivers shared content gbjects via nultjcast.

. s S . J .The
appl i cat i ofddetegnines, yia thedprdy jhe petyark addpsssnf e appligatien servphoftie &9 appliatidydn
docunent froman . I D server 12 h&n sg{;ds each docunent s&)r O(I:ntt%e,

|t é
including its docUNeRE SPHaKE PaB® Re¥ cPioREin s corresponding user 1D

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

the hyperlink request ID.

The second page server sends the hyperlink request ID and application ID to the first page
server to obtain the corresponding 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 document instance and page IDs 50, returns the newly

allocated page IDs to the application, adds the complete document to its own database, and finally
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to the page server 10 responsible for the docunent's newy allocated ID. It
includes its own application ID 64, the subscriber's alias ID 65, and the
rel evant set of nmulticast channel nanmes. It signs the nessage using its
private signature key. The page server uses the application ID and alias ID
to obtain fromthe registration server the corresponding user ID 60, the
user's selected printer 1D 62 (which nay be explicitly selected for the
application, or may be the user's default printer), and the application's
certificate. The application's certificate all ows the page server to verify
the nessage signature. The page server's request to the registration '
server falls if the a Sctr)lgllc i on IE%and alias ID don't together identify a

endsthepa tions to the reques
subscrlptron B %pg SErv &PERal | ocat es document and page i nstance

IDs and f OI‘ war dS mst cohl &éddgg Fanlnglfﬁf tl‘ﬁgéaagn B@gﬁ ird vgﬁchgge thk ﬁrs{ he
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appl i cat i onpdiiediiof tdleiitBish AR Q136 Epecifdéohtett RS thd pyetligiRictiafiohas di stributed al |
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pr evi ous! y yRQbA&RT D dRCHETERI 15 it g aisT 05 1 6 hOUEuc b PRGBpSANET S L0
add conpl ete docunents. to ei r dat ahases, it allows the printers to
print the AOTHFEH2EPIcRion toqqERER 3 WR-SAREFC R m actixaioPef er r ed

embodi ment of a hyperlink activation protocol is shown in Frgure 45. \Wen a

user clickg,on a %Rﬂ&ﬁeﬂz&{brﬁn%&qgﬁ%pen t he pen conmmuni cat es the cI i ck

to the nearest ne page pri click identifies the

| ocation on the pHHa.2 HENE A STAP o0 A PFRAHY Ttk hbiRees el ¢ F’e[?eéfor?ff‘“"‘s)ﬁtg tBen i r om
t he pen contgetol tlmmmsomeqmgnl prinféh Ehepiroketidentifdethepags and 8 patly prath¢ page. DNS, t he
networ k address of the page server | Oa handling the particular page ID
50. The address riky pebterderggrditbe pen IP 6% its awhesinief I ¢Pethg gage [ 4% and sleckn patly
|nteractedtot &hEr 193 B RAFGay. The printer then forwards the pen ID, its
own printer 2 t he page 1D and click location to the page server. The

page server | Oad STHe I}@geﬂs@xg@ 16415 @k ipRdel dé;&rlﬁloh dﬂﬂthfﬁddQﬂ tlkb}’paké‘lﬂ) fd Gletertideand
ig;ﬁ%mngets vawi; r@&kﬁ@m’ ﬁ%ggﬂi 1[1 ";[é‘ﬁ'él}ﬁzsg% 1rgeréects Assum%'ig the relevant 11(1:pl§1t ellelmeegt 1& A

text field 878, the page server appends the stroke to the text field’s digital ink.

After a period of inactivity in the zone of the text field, the page server sends the pen ID
and the pending strokes to the registration server 11 for interpretation. Thc 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.

54 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. It also sends the
application ID 64 associated with the form of which the signature field is part, as well as the form ID

56 and the current data content of the form. The registration server identifies the user corresponding
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hyperlink el ement 844, the page server then obtains the associ ated
application ID 64 and link ID 54, and determ nes, 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 fromthe
regi stration server 11, and then allocates a globally unique hyperlink
request 1D 52 and builds a hyperlink request 934. The hyperlink request
class diagramis shown in Figure 44. The hyperlink request records the |IDs
of the requesting user and printer, and identifies the clicked hyperlink

i nstance 862. The page server then sends its own server |ID 53, the

hyper| i nk re(ﬁueSt d Ul s(’%hedusérlged almri]cks t%m’inht%c S?SOBlJe ttﬁe s&)ke{l‘;ﬁeth QIJSJ cation
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| D to the fphgeSérvdpagigns theadigial signanwe lid @eé sigrbine field andesie drdssngatedsienm’s sBtua d
printer |Dﬁg2 The first page server rejects the request if the hyperlink
request has exp| red or is for a different application. The second page
server allocat es oGBS LGS RIS dR FResplihluls GIGRN Y

al located page IDs to the application, adds the conplete docunment to its
own databa§@ge@ﬁﬂwﬁﬂﬁﬁ?mVW*NPﬂﬁfgwgnﬁg 0 sends the page descriptions to the
requesting printer. The hyperlink instance may include a neani ngful

transacti 035' D Sﬁ: i reg vvhli clh ase t{le first page server includes the
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| D 61 and tdéfmediyiSextibr 1K 'with s lfdrmapdcifia addBiofisd t 0 t he regi stration server | 1
to obtain not just the user ID corresponding to the pen ID but also the
alias | D 65 corrdspweres nfja foon hypdinlg ths|hivredink eqtivation magase et bistee paspservet

i ncl udes t hgAhd hclchn'ﬁ' afs&'&)nﬁ'ﬁé ﬁl@%mﬁﬁ@@ ald@hel ientdipd dofidtioPRe formlif @M Ng t he
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acti vati onfosg C@tWWWRI eﬁphﬂ SERh SR e’éfraffl‘é BNOH stroke
on a net pag8odtddhvit tllﬂﬁbﬁag@diﬂg Rigitd] kignap@iand obobing that@&s;toh@ng sttificeefrdno t he
near est ne%P%%f %lg%er The stroke identifies the page and a path on the
page. The pri ?orwards the pen ID 61, its own printer ID 62, the page

| D 50 and stroke path

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

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

commissions on commissions may also be payable from the publisher to the provider of the printer.

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

from the source application provider 70b to the printer provider 72.

The target application receives the hyperlink request ID from the page server 10 when the
hyperlink is first activated, as described in Section 5.2. When the target application needs to credit the
source application provider, it sends the application provider credit to the original page server
together with the hyperlink request ID. The page server uses the hyperlink request ID to identify the

source application, and sends the credit on to the relevant registration server 11 together with the
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to the page server 10 in the usual way. The page server |oads the page
description 5 identified by the page ID and determ nes which input

el enent's zone 58, if any, the stroke intersects. Assum ng the rel evant
input elenent is a text field 878, the page server appends the stroke to
the text field s digital ink. After a period of inactivity in the zone of
the text field, the page server sends the pen ID and the pendi ng strokes
to the registration server 11 for interpretation. The registration server
identifies the user corresponding to the pen, and uses the user's

accunul ated handwiting nodel 822 to inter pret the strokes as handwitten
text. Once it ha con ted t he s 0 Lstratio erver
returns t h&®YERP Ifa(slo’f 4|’5 ?X@ssfwﬁéf’ﬁg’ dEh P 812r1(mk ;f?lueg Héle@e SEr IStrarhon sraI[')V[%Ians t he
text to theretigxie cmadsmdmgmbpltcbt@nuo@xrﬂerfsia@lodﬁ 8%, Yalg) I@%TEDEZEPWEF@IFWWT ON
PROTOCOL Assunming the input el enent whose zone the stroke intersects is a
signature field 88be appligationpreyidernspdy & crepliy thy priwserdeovidprelt sspdsdhedrinter proyider
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appl i cat i omogkther GAth ths printr #D. Gtle mgisthatibrhservéroreditsotic catndspdndingy@ingr grmadenacgounf el d i s
part, as wgl] as the formID 56 and the current data content of the form
The registration server identifies the user corresponding NPX029US 50 0 to
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Si gnature ?b t he @5%%55%#%89%R%g°”server The page server assigns the

di gi tal %nature to the signature field and sets the associated fornis
status to °frozel™ME'N'Gi tal signature includes the alias ID 65 of the
correspondi ng us ekeferringits Fighepfandsd, thg prgl eendrally ferignated py trfczensa pumers] Wlyser s
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the hyperl| Ihmgmg%f 'Yl%tcb\%p 10785 AR mo Rk pgé{ic;, Qrﬁl PR Foh éfi-transparent material

in order to enable the user to view the status of the LED mounted within the housing 102. The cover
107 includes a main part 109 which substantially surrounds the end 108 of the housing 102 and a
projecting portion 110 which projects back from the main part 109 and fits within a corresponding
slot 111 formed in the walls 103 of the housing 102. A radio antenna 112 is mounted behind the
projecting portion 110, within the housing 102. Screw threads 113 surrounding an aperture 113A on
the cover 107 are arranged to receive a metal end piece 114, including corresponding screw threads

115. The metal end piece 114 is removable to enable ink cartridge replacement.

Also mounted within the cover 107 is a tri-color status LED 116 on a flex PCB 117. The
antenna 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 a non-marking stylus. An ink
pen cartridge 118 with nib 119 and a stylus 120 with stylus nib 121 are mounted side by side within
the housing 102. Either the ink cartridge nib 119 or the stylus nib 121 can be brought forward through
open end 122 of the metal end piece 114, by rotation of the pen top 105. Respective slider blocks 123
and 124 are mounted to the ink cartridge 118 and stylus 120, respectively. A rotatable cam barrel 125
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10 to the application 71 also contains the formID 56 and the current data
content of the form If the formcontains any signature fields, then the
application verifies each one by extracting the alias ID 65 associ ated

wi th the corresponding digital signature and obtaining the correspondi ng
certificate from the registration server 11. 5.6 COVW SSI ON PAYMENT
PROTOCOL A preferred enbodi nent of a conm ssion paynent protocol is shown
in Figure 47. In an e-comerce environnent, fees and conmm ssions may be
payabl e froman application provider to a publisher on click-throughs,
transactions and sales. Commi ssions on fees and commi ssions on comm ssi ons

may al so be fromt ubli.sher to the der t he nLer. The
hyper | i nk t’e%ﬂ% “3’? t‘ipsl%gélgapefafionr ‘B’ﬂtaérmge(?g’ Ip%? - glghleon (l:)grl)rreeltljl %Sef rom
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own server |ID 53, and he hyperlink request |ID. The registration server
credits the corr egpRngik fgridRRld SR 0GR nBf HWisde niS12a6&0UNt 827. It al so

notifies the application provider. If the application provider needs to
credit the printex seladSIﬂ\ﬂeﬂGCB 129, issrasvesd bﬂnﬁn aéoitraherchqssmmbdmrch sicsr veithint the o t he

original p er h h t r

server useg&sﬁ%%%yper {FX%&(}%&&SPOT"% aflo | FB$31 S%H&?“ & are-mgdmg’ sends
the credit fa mromnqnmtortbd wfacat Ay imggessensalt 138 srewké rmoultt@g@tﬂkfeqecw figx RGe
printer | DlngﬂafereEe@\m %&ﬁe@t&d 12atRB FYA khe Gl triie {cbd @s;w@sm @Qé ﬁlgunﬂira' ridier

provi der account he source appli.cation provider
notified of qUH¥Y db‘% I‘ﬁ W‘db‘f“’l‘ﬂdl‘i%a"tRafrt&é?m“eéﬁ?ﬂ ]lkFc’g‘fel“’S’h arbiracf\‘}‘?t'iﬂ’ l‘lﬁﬁz‘] {"Ke

printer pr osindiifg qeratidneofiddeat 101yADsptitdtdock ABS @mapfpin tatlded meanrpdwmosl)e;nts 6.
NETPAGE PEN BE O\Ez:-rl-llg\landg»{oieép Eill\lmr £ L\J %toﬁ%g §ilrfade TL%%%Q@“F oS gssongo fﬁ@d 9,

the pen, generally desi erence nunera udes a housi ng
102 in theimnage panepk 132. Bp\mtsqpels' V\fmﬁém@e%mca@pmwlﬂmscoa‘éﬂwﬁ%l%ﬁo

interior SPaRE contacts 137 which are mounted within the cam barrel 125. A terminal 138 connects to the

battery contacts 137 and the cam barrel 125. A three volt rechargeable battery 139 sits within the cam
barrel 125 in contact with the battery contacts. An induction charging coil 140 is mounted about the
second flex PCB 129 to enable recharging of the battery 139 via induction. The second flex PCB 129
also mounts an infrared LED 143 and infrared photodiode 144 for detecting displacement in the cam
barrel 125 when either the stylus 120 or the ink cartridge 118 is used for writing, in order to enable a
determination of the force being applied to the surface by the pen nib 119 or stylus nib 121. The IR
photodiode 144 detects light from the IR LED 143 via reflectors (not shown) mounted on the slider
blocks 123 and 124.

Rubber grip pads 141 and 142 are provided towards the end 108 of the housing 102 to
assist 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
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104 for nmounting the pen conponents. The pen top 105 is in operation
rotatably nmounted at one end 106 of the housing 102. A sem -transparent
cover 107 is secured to the opposite end 108 of the housing 102. The cover
107 is also of noulded plastics, and is formed from sem -transparent
material in order to enable the user to view the status of the LED nounted
within the housing 102. The cover 107 includes a main part 109 which
substantially surrounds the end 108 of the housing 102 and a projecting
portion 110 which projects back fromthe main part 109 and fits within a

correspondi ng sI ot Il for rred in the walls 103 of the housi ng 102. A radio
antenna 112 is nted t he pro ecti ortion i thin. the
housi ng 102““%%?‘% at“ﬂ‘i‘ %“egrfﬁ‘ 1ogRiR aﬁ(j‘ng'g 'g Al 'fltF g‘ﬂ\ﬁ%ﬁnce f’ﬂée cover

107 are ar manigédr 116 fioecie lmetma tabeiibdingeptts P cmd cdhilréll)er ¢hipc13d.diba gongrolter éggpondi ng
screw thr quf alc‘]lﬂiés thllaﬁe Eﬁ&na(lf tl%ﬂ)gn grlde[ﬁe 11} go%agr]&stingmaﬁ@ms geerQcthQ &%‘ﬁoﬂ nk
cartridge repfacene RSO R e cover i's a tri-color

st at us LED°¥$@“UW¢5“¢N§QWPCB 117. The antenna 112 is also nounted on the
flex PCB 117- The status LED 116 is nounted at the top of the e 101 for
good al | -around VY&isBe fieRy chipié® pdrineatr 1&pBe e 0 ™, %mt he HFRRIE A3 ki ng

i nk pen andwidc ifena@pred1ar deturicy asd patkaged foRfficielt trapiltsiaA kdtthd cdgputihd Gstert h ni b 119
and a stylus 120 with stylus nib 121 are nounted side by side within the
housi ng 102. Ei t h&hentthepen iskin cage of ia diegeivani the didig)l ok dithie trgrsyittedsasrif b forpell. can be
brought foryaf dhe tpEH RH Hbve:QRES rﬁl@g d;lgi?tg i da%ah@bu'@xte@lvnlﬁrnﬁte Bénelqb@ (tﬂél-ﬁ‘en 18y

rotation of the pen top 105. Respective slider blocks 124 are
nmount ed t o HHEY] Wﬂk“dé%?rlt“ifff’rc?g@gi‘h% Sfaffdil%tewﬁ%atalfzrcﬁpp%@ﬁ@&ﬂ% pep Of/sberpa‘% at abl e
cam barr el mbdén onNRXQZ8Sndedn Bk thafsnfit@Weed 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 sl ofhewbrtdoilen chih BMisrhdusted B thefecdnt dexcROR 128 lirr thd pen(DalrrFigwb lower s
127 and 1 i i e E;g;ﬁ 4 i e cam
sl ot 126. é%b?%?gtg%% ﬁﬂ?m R I%Meg leat*r%!rag‘l%éSc t}ﬁ@g‘uﬁi?er Chfiﬂ 15’4 l?%@or 124
nmove rel at iskods fepregsatations phibe RE @lpplr3é1 thecimagsi spive 132 ks %éﬂorﬁraﬁs &&@ ll%Fhe S ylus
nib 121 outiniiHa@sgiEDt B HRaR Gordb2ehsdrMEDNS3, BRL (R foREEndot B6@didd444. The pen 101
has three states of operation. By turning the top 105 t hrough 90 steps,
the three states HEieaien cdirylletishig 21 1ﬂcihb1es12&onﬁblﬁng prédadsorcids t Busdge@ erbBlSs the b 119
out; and artri 21 out.
A second f1° exgnlg Jf%é’e 3 comﬁ%’?%sdo]fghr? ar%roé lr%?ur%gaéh %%ag}g&sﬂa%gﬁg%qf%h sits
Wi t hi n t he DRAdUS48re amzmclurihfb Ay apargcio-flisiiat cwwteaw ippreenzed tappnyesttheagnalde LED 131
for provi disgh iréth B FRA sbdsHpRddde 144k a diifal @l €Cti ON onto the surface. An
i mge sensor 132 is provided nounted on the second flex PCB

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

~—e

controller 153 and base band circuit 154 are also included to interface with the RF chip 133 which

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

The controlling processor 145 captures and decodes location data from tags from the
surface via the image sensor 132, monitors the force sensor photodiode 144, controls the LEDs 116,
131 and 143, and handles short-range radio communication via the radio transceiver 153. It is a

medium-performance (~40MHz) general-purpose RISC processor.

The processor 145, digital transceiver components (transceiver controller 153 and
baseband circuit 154), image sensor interface 152, flash memory 147 and 512KB DRAM 148 are
integrated in a single controller ASIC. Analog RF components (RF circuit 155 and RF resonators and
inductors 156) are provided in the separate RF chip.

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
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129 for receiving reflected radiation fromthe surface. The second flex PCB
129 also nounts a radio frequency chip 133, which includes an RE
transmtter and RF receiver, and a controller chip 134 for controlling
operation of the pen 101. An optics block 135 (forned from noul ded cl ear

pl astics) sits wthin the cover 107 and projects an infrared beamonto the
surface and receives inages onto the inmage sensor 132. Power supply wres
136 connect the conponents on the second flex PCB 129 to battery contacts
137 which are nounted within the cambarrel 125. A term nal 138 connects to
the battery contacts 137 and the cam barrel 125. A three volt rechargeabl e
battery 139 sit ca arrel 5 i t at,tery
contacts. AR} ’u?:’fdll\g fnﬂlgfno%g’ixfl Iﬁgsﬁi%?agﬁ%dﬁ?r 88@518@{ (?aﬁ’era Felond f1ex
PCB 129 to Ilwfabiamqtmshmrayacu@wdﬁevtchevuan eunybef] B Janphry 2D¢d whith i imcorfigratedsecond
flex PCB 1 frared LED 143 and infrared photodi ode 144
for detect ﬁﬁamg#%%feg%gﬂ%}?ﬁnq?ﬁh%he cam barrel 125 when either the stylus

120 or the ink cafyelchil@fer AL 138 eﬁi&?gqlflégéenﬁ%a'tetdﬁ% peh&l &ﬁrﬁ&fvﬁ Qheﬁ'fh%@krﬁ a
determ nation of the force being applied

(tl he . surf (P:@ﬁ/“ nn|b 119
or stylus APbis P2 copiagl iR a SPREE GdTBREtuH e&’é"f‘%’c"f%“‘ﬁ § ¢ B?H"ES ‘I’rﬁ’i LED 143
vi a refl ectass phaialiods hovam)l wakesing ehe cantrolidn @34svia die powed noks 110 aped-dddy

Rubber gri gve?pds 141 and 142 are provided towards the end 108 of the
housing 10210 assist gripping the pen 101, and top 105 al so includes a
clip 142 for clipRiRghid LRsdES c%%uﬂl&teémptﬂé:{frﬁlt:ensedﬁ)ogl\/lﬁg%nMBQ—ﬁsﬁRb The pen

101 is arranged to determne t position of its nib (stylus nib 121 or ink
cartridge © 8 s fejaghongsy or aﬁﬁ@ﬁt‘ﬁﬁymﬂﬁ uplfggnsed r4GHzdnflustiink seipnghs and pedicab @SMY ¢ he
surface i nbiddcand uses Mdghidncyiioppifteand tdlisioh HetechlinXO 2OLite ibidrflenc@f@Icotdminivationocat i on
data fromthe nearest location tag, and is arranged to calculate the

di stance of the Inialalfe@ibti@rembddmdnt, gt fei éncdrpagsi ao rinftaged Natai Asiosiatiy (BPA) cs 135
and cont Ol hcc Y Rorkithe cd iAKWk b Gke GltbPor ndeih fighsiul at es the

orientation o e pen an e nib-to-tag stance fromthe perspective

di stortion obseryedsahertdBodihdReark 5@9101%4111&5%rpgutoh%nﬂgoﬁhh@elar&aeta@d
antenna 112 the pen 101 can transm.t th ital {5:6 f‘ﬁ Igln 9 ‘}S
encrypt ed f‘BPnt%déEﬁ‘F repalpnge plataesy el aigy, T T’“Ic PR vadi 3"t he
conmput i ng 9y sitghes outlilben the pen is 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 Ths pouyisfor o thewideliometels @ngbisn thiOdmbodiment (pé the e 101ctorsenss t r y

i ncl udes anlauei \ﬁ{ho@rréfas}g@fé shiPrcSTokibh s Hib@hg B ocklRh Bed 9he ARPEON MWLl Y 12
m nutes of the notion on the surface) and can be transmtted | ater.

The controft% rE“g Arcpion s 1P Sar B featfy ahotskofdugeshigthe thap apesiiop o the frfatfe e

101. Fi gur @orldlample, if the object is a user interface input element (e.g. a command button), then the tag ID of

each location tag within the area of the input element can directly identify the input element.

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

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

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

accumulate, is short.

7. NETPAGE PRINTER DESCRIPTION

71 PRINTER MECHANICS
The vertically-mounted netpage wallprinter 601 is shown fully assembled in Figure 11. It

prints netpages on Letter/A4 sized media using duplexed 8',” Memjet™ print engines 602 and 603, as
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is a block diagramillustrating in nore detail the architecture of the
controller chip 134. Figure 10 also shows representations of the RF chip
133, the imge sensor 132, the tri-color status LED 116, the IR
illumnation LED 131, the IR force sensor LED 143, and the force sensor
phot odi ode 144. The pen controller chip 134 includes a controlling
processor 145. Bus 146 enables the exchange of data between conponents of
the controller chip 134. Flash nenory 147 and a 512 KB DRAM 148 are al so

i ncluded. An anal og-to-digital converter 149 is arranged to convert the
anal og signal fromthe force sensor photodiode 144 to a digital signal. An

i mage sensor |nt rfac terface vmth e S

transcei ver™"8dh Iﬁlﬂfsll r ‘%2\? Er‘i‘&f’sﬁégﬂ BIRE e r‘gﬁ‘ltga‘%g% 6§?835 Jﬁ?mu Alfeuded to
i nterface wigldxed print dREnGHDand 363 whichghint both cldesdE & shagt siRfltanpquelpiirt fullwralrdd RF
resonators ggﬂlb@gdjct ors 156 connected to the antenna 112. The controlling
processor 1 captures and decodes |ocation data fromtags fromthe
surface via the i Pge.AVIIRE askdrbly S03NPHIRY 5 stlif6r MRIfRg SRNILY ofRhliebaslicode 144,
controls the LEDs 116 131 and 143, and handl es shor -ran EIkf

conmuni cat PR FIOHE o pdberF & e BRYRUS ShpelWheesessqdagginst 5 tgshaféfé rance
(-40MHz) gebmmalt 6 BUhbs@ ritigSE tifcknese e one shehigo prad desiod sikdS, di git al
transcei ver conmponents (transceiver controller 153 and baseband circuit
154), inmage sensorheirgplagqabladn cafRige £27ashowminiigye 14@upled w1l DKBIPRIRANITIUS ar e

i nt egr at ed ¢ Jhed nsiphEdes of MR fofd ikat R, aRFeya AR Nk Fowl ek Ghd CUI t
155 and RFergr(gﬂseogqatborse aond |nd3ctt%irﬁ€k15“é arse ar o?/y?tged&?nq{ehg(s Ca_ar ate RF

chip. The infaye erdeFarrideccelsy Ponigine picseetr e ("éi‘ili?rf“%\ g fhopictodr g uced by
Mat sushi t a intdrfa&6 Wit Bi ﬁr ﬁmppmaﬁsldeme painek Visa Bes 6391 lreiel promda fxep@sir ythd t akur a,
K T Nobusada,, N, Ckuse ak ih{'A I mm

S0k- Pixel - PtRs 1 HEH disioof PR RRIenAt 20 Sty tpu R ¥

Transact i ortheroise klogcthe printizadavizicesBy Viedrporativig thvuarmétterlwuhiraﬂlg aayrid@0le  whi ch
I'S 1 ncor pOI‘ ?etrﬁgnal h@%ﬁh@ﬁl&yls %ﬁéc%e%ﬁﬁe)d t(WhE ne @ﬂhé J%’hfldgle t'ﬁl@ mkImdgeq{‘at ﬁl@ | er

ASI C 134 enters aogw escent state after a period i nactivity when the pen
101 i s not rcrrlablsme E"EWW%%P?’QI%@?H%E@ ang %1“111%1'«’(9891??6‘?5&5(9@ sheetiledi cat ed circuit

150 which nonitors the force_ _sensor (got odi, ?]1144 an lV@geshu%ﬁtt
control | er 134 viHTH8 HEREF ?ré‘PFa‘@‘é?“Z edgpi “Bé HHRT R RIS TR adi o
t ranscei venheetoiamaily ifodtthesnedia thnpastagapa aensee dn §O GivHzrinb engohe AP inta khe uplsed! by
cordless t hgn r, alter atlv iy i trial,
scientifi C%Jlem dmthea SF% two ﬁlle ei 3%1 %LE‘ S 6%§Q§<F 32%Ir %tehrﬂg%

and, requency hoppi ng
col |'i si on denosing indine tegueptiabydnfiguritian elprfgethfewtrelehtfpm@ep%fo Ehmﬂperép‘i tﬁﬁrawn mtO

the first print engine 602 by integral, powered pick-up rollers 626. The position and size of the paper

—

604 is sensed and full bleed printing commences. Fixative is printed simultaneously to aid drymg in

the shortest possible time.

The paper exits the first Memjet™ print engine 602 through a set of powered exit spike
wheels (aligned along the straight paper path), which act against a rubberized roller. These spike
wheels contact the ‘wet’ printed surface and continue to feed the sheet 604 into the second Memjet™

print engine 603.

Referring to Figures 12 and 12a, the paper 604 passes from the duplexed print engines 602
and 603 into the binder assembly 605. The printed page passes between a powered spike wheel axle
670 with a fibrous support roller and another movable axle with spike wheels and a momentary action
glue wheel. The movable axle/glue assembly 673 is mounted to a metal support bracket and it is
transported forward to interface with the powered axle 670 via gears by action of a camshaft. A

separate motor powers this camshaft.

The glue wheel assembly 673 consists of a partially hollow axle 679 with a rotating
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In an alternative enbodi nent, the pen incorporates an Infrared Data
Association (IrDA) interface for short-range comrunication with a base
station or netpage printer. In a further enbodi nent, the pen 101 includes a
pair of orthogonal acceleroneters nounted in the normal plane of the pen
101 axis. The accel eroneters 190 are shown in Figures 9 and 10 in ghost
outline. The provision of the accel eroneters enables this enbodi nent of the
pen 101 to sense notion without reference to surface |ocation tags,
allowing the location tags to be sanpled at a lower rate. Each | ocation
tag I D can then identify an obj ect of interest rather than a position on
AR 5 g et L L ok
area of t hevheabpwitichedbemtsrrdhesias byl |c=itpe1@t>i ytlo@mgﬁ spdiblteles. ndo urtolded ems,m 682The

accel erati QirJYRAMLRE Wi, WiCapCRloGE BURLE PRofil} sﬁé‘fﬁ@ldﬁés h8Srohe BRE d¥ors
directions i s inteqrated w th respect to time to produce an instantaneous

vel ocity arftf aerbsd tp g meta] tiecéettawiaheaeézilt ﬁnﬁgaywéqnttted?ft pff the aseembly 6kis trsst ot
known, onl Yortved afhisvRtiqQSpokds GRSglusl whidél ﬁhralgh g MoKef &k eokiad mulslag exd. Takibhough

p05|t|on|nter tion 85 err or n. t sense cC ration,
accel er omet®rs’ q?/sei casffim%yyﬁré%/%eftwelﬁ carp es 5 uﬁﬁh%eﬂgmué%tpcfn? (of acglg’dur ation of a

stroke, over whic 1 uevihe
DESCRI PTION 7. 1 %Rﬁ\igr}%%%%%%i%g rg(%s%ﬁgie vwzlréiq o blyy??r?ro%!ﬁ;r?%‘{ﬁdmgﬁg

wal | pri nt erer§eH edee orstho gt fidel (pnprt Fow dhethirse shest §f fogimeat gsqit is Frtnspotatﬁfr I8 ifat pages
on Letter/ A vhidageksddiicds. usi ng dupl exed 8' /2" MenjetTM print engi nes 602
and 603, as NPX029US 55 0 shown in Figures 12 and 12a. It uses a straight
paper path with the paper 604 passing through the duplexed print engines
602 and 603.20hi c HPRINTER Colorebi EgiABeITERTURE Sheet si nul t aneously, in full col or

alnd vml th fall blﬁedetpa@apim%regfnaherbiﬂaﬂis B &)ﬁﬁ&iﬁﬂ@'p%c@% 73(]?|a|fzic%8y idstBbd | phof
glue along O rint eet oW n 0 o the
O ovi ous " oRoSRa R nEaC R Mhie 5 it Yepad Al SRz
docunent 6b&eiwhd Gheutt 04, rRENgBuit 153, hink RAgsendaromdondactels 766). tal sateemake hundr ed
sheets. The, a)Eé%QJr AGBANRE 751 Bup&%gitsﬁrigfggiaﬁéﬁmiéﬁ Qﬁtﬁ ahd76ob, I Enehry%3sIRhed W th

t he duplex rint i nes ers or mbers for storing fixative,
adhesi ve, @f/%]nAMﬁﬁgésnthé“at%f’e’P Figtie b1 ack and infrared inks. The
cartridge also cotainsamcro SII’ filter {cro air

n
filter interfaceSeRPIHRIEHPLFFsp ?Psleegenmneiti% “t“Rahep‘ief‘Wf’e ida Wg Réte 639.
Thi s provi cdslessinttpage petls By sefises thdlelp button 617, controls the user interface LEDs 613-616, and

feeds and synchronizes the RIP DSPs 757 and print engine controllers 760. It consists of a medium-
performance general-purpose microprocessor. The controlling processor 750 communicates with the

print engine controllers 760 via a high-speed serial bus 659.

The RIP DSPs rasterize and compress page descriptions to the netpage printer’s
compressed page format. Each print engine controller expands, dithers and prints page images to its
associated Memjet™ printhead 350 in real time (i.e. at over 30 pages per minute). The duplexed print

engine controllers print both sides of a sheet simultaneously.

The master print engine controller 760a controls the paper transport and monitors ink

usage in conjunction with the master QA chip 665 and the ink cartridge QA chip 761.

The printer controller’s flash memory 658 holds the software for both the processor 750

and the DSPs 757, as well as configuration data. This is copied to main memory 657 at boot time.

The processor 750, DSPs 757, and digital transceiver components (transceiver controller
753 and baseband circuit 754) are integrated in a single controller ASIC 656. Analog RF components
(RF circuit 755 and RF resonators and inductors 756) are provided in a separate RF chip 762. The
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printheads to prevent ingress of mcro particles into the MenjetTM

print heads 350 which m ght otherw se clog the printhead nozzles. By
incorporating the air filter within the cartridge, the operational life of
the filter is effectively linked to the life of the cartridge. The ink
cartridge is a fully recyclable product with a capacity for printing and
gl uing 3000 pages (1500 sheets). Referring to Figure 12, the notorized
medi a pick-up roller assenbly 626 pushes the top sheet directly fromthe
media tray past a paper sensor on the first print engine 602 into the

dupl exed MenjetT"' printhead assenbly. The two Menj et TM print engines 602
and 603 are m)gnte |na] EOSIH%IH |ine sequ ?nt'al nfl uratlﬁn al ong
the strai gAfVIEFEFREFRRC $10e Ep)*a?fé‘i’ BerrePase YRR Mt e YO 1S

engi ne 602 fdiry-sak@giroa field-pedaard. thstin@korigs § rand dxezﬂsﬁmﬁt(ﬂﬂmmvsmmomlmd si ze

of the papef ,:604.1 s sensed rint commences. Fixative is
printed si rrﬁl {u O%l%ﬂmlteng?’%coélf“afgﬁﬁ gdjaregpro"ﬁ%g 2 b ojfs?%st possible tinme. The

paper exits the fir Eefy“me%ﬁé\/ln@rfac@tmo%ﬁaga 88 QQ%mwlhédouab pa,vmg oﬁetﬂagewer ed
exit spi ke wheels i gned al ong the straight paper h), whi ch

agai nst a PeMBYEAtsRer 154 2pdpptionply 3 docalfoRputer \pf By k e%ﬁﬁ%&tﬂt @ageveiéfwﬂﬁor. nt ed
surface anqht&ﬁwmteﬂptﬁs ih€ude @OUS trld@ents 19BEid BIB4-Joi @IFCH@bIS @oahs, IBhNhﬁtie-ﬁM print
dupl exed pPehred) ROUt A esd Phrotfu bl SRR S 208 e "
printed pagéelpadsddoopVipannseeippowercdditafacds ciiclEEE é3&4épara661®0w t0Basg-T | br ous

support rO'aJx@fooﬁ%Q T%&h@?ﬁjsﬁﬂa\ﬁéi@sﬁ P IEERM Jold (BiRiwS), meﬁh&s ahdefg AORENL ary
action glue whee he novabl e axl e/ gl ue assenbl is nmounted to a

et al suppaworblﬂaev@éfeceaﬂa ar} {ntepngt C"t“??&?‘%’p‘é ryadlaply ep Wﬁr‘?falt 5torkt dier edofl th t he
power ed axhaw&¥ bievtha@ cgaRised Bythakiph@net@brkantgeshaft . A separate notor
powers this canmshaft. The gl ue wheel assenbly 673 consists of a partially
hol I ow axl e 679 Wiht irad® traodceiter A5H coRXRBIS HhE wdicensed$H0DMYz bapd norimellygusere suppl y
hose 641 f%ﬁ Qar%ltﬁ t%égkoar}gﬁ&t :—{lferqgc e19:'[)n7thc LP{C&SM R}I—@Zﬁdu&ﬁ:ﬂ ns%ﬁrtltﬁ"lctaf?d ﬁecgclape

wheel , whic sor esive capi | action through radial holes. A
mol ded hou&iSMy besh ands wpes cf[‘.?ﬁ‘éf§°yt pige #ad \iplEEgn, defgetion ienpreideninfreferstceiRie front .
Pivoting sigamumb@dhngs and sprung outer doors are attached to the netal
bracket and hi nge out sideways when the rest of the assenbly 673 is thrust
forward. Thi s actTherpriapea@slid h@ug:hme inodip@dtest fr figled thae Assodidtionf(IrPAR nol ded
housi ng 68 en S d i t he

gl i wheel et R BEIL Rl oot WSiGASETR YooBE S b o Aol 1 e
gl ue wheel elab,@@mbﬂp thGHfslter aeiehs DA gﬁeefgypl fP’éélloﬂGanéﬁéomWFCﬁtioéa‘Wheﬂ’g@lbn t he
front sidec{@patdnefphpdshe first sheet of a docunent) as it is transported
down into

7.2.1 - RASTERIZATION AND PRINTING
" Once the main processor 750 has received and verified the document’s page layouts and

page objects, it runs the appropriate RIP software on the DSPs 757.

The DSPs 757 rasterize each page description and compress the rasterized page image.
The main processor stores each compressed page image in memory. The simplest way to load-balance
multiple DSPs is to let each DSP rasterize a separate page. The DSPs can always be kept busy since
an arbitrary number of rasterized pages can, in general, be stored in memory. This strategy only leads

to potentially poor DSP utilization when rasterizing short documents.

Watermark regions in the page description are rasterized to a contone-resolution bi-level
bitmap which is losslessly compressed to negligible size and which forms part of the compressed page

image.
The infrared (IR) layer of the printed page contains coded netpage tags at a density of
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t he binding 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 network 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, fl ash
menory 658, and 64MB of DRAM 657, as illustrated in Figure 14. The
controlling processor handl es conmunication with the network 19 and with

|l ocal wireless netpage pens 101, senses the help button 617, controls the
user interface LEDs 613-616, and_ feeds and s chr nlzem RI P DSPs 757
and print GRYT HEPE dpehy kach iag Snoodep the ppee dBrfas . sa}’/‘g?mgo R P %éarcl"ﬁt?’ﬁﬁ

gener al - purepubsag i gendtaqadrdoties serizatidibed gead in dlelcomgespd peee $sge. 750 communi cat es
with the print engine controllers 760 via a high-speed serial bus 659. The
RI P DSPs rast eri zBeamih powpredd ppagdadesback prgeomages t thchduplessdpaigiecnging nt er '

conpr essed pAQRer! FoMRbch FRE Ehgl% 'c&&roﬂ’epgb(ﬂ@toﬁp%rcgﬂ)@srsedeﬁﬁgﬁm o inClitst D&Y S and
pri nts page inmages to its associated MenjetTM pri nt hea in real tine

(i.e. at oV¥MORENsigEdhenage spaTitngnd printe r&nfblree&aéa%m“ﬁle and grinting I PRBITEY o | er s
pri nt bot h bsdathe & isdinpractisil @edtorSdnthtiré BHIABBLS leyel CIMK -+ Sdg€iinageiih mém@Ngi ne
controller 760a controls the paper transport and nonitors ink usage in
conjunction with the master QA chip 665 and the ink cartridge QA chip 761.
The pri nt el7-Zdnt rRANTENGNEFGonSROLOERTDry 658 hol ds the software for both the
processor 750 anthetphe eﬂ&?ﬁon?dﬁ& prir@ifig p¥dlihe GFSheCHat énginé ednir@llar Thatcansisislof & | S
copied to Y, i h 7 and
digital tr ga scpee%% 139;““% "fterPfet GSBhanSae"fla\l/re?Pé(:a{)%t%? 0 ﬂ’g’ra éa?lgﬁpél? %gszxeband
circuit 7541y00é€rre7€i4ntaeg¥8®tnedja1ﬁqnerézomm0ﬂg’|r eung OTASF Gl LestomASE GneBler. 7#ha? dige RF

conponent s 1, 4B, GideCiHict767 I A0HonteftRS P30 QE Ref {_}J@‘M Eﬂﬂﬁﬂé&iﬁbs 756) are
provided in a separate RF chip 762. The NPX029 7 0 network interface

rmdgl e ?25 i's Seplﬂfe%hﬁ}aenﬁhé"&ﬁtrdlﬂgbﬁ@-g&ra&@ g &fu@le BhiteR/ nfakifr. mxeﬁmmel@ageqmnect ion
to be act or se Se E‘C
2x256Mbi t %’?Bﬁ‘ Iﬂ%’ﬁyg@?‘”‘? g‘e e gpee SIC ?rﬁce %ﬁethiﬁ’reﬂ?“\ééﬁod?ﬁqé’a%e lﬁfera%l lers

760 are pr o‘mmde M69sap paseekl éhrddGlh B8 prinfengine c@tirgllep bipelmt. mrdthd papeirah Suichedrodul es
625 are prQy %g%e p%%gt'st BQ&Mlis%hﬂlgi vﬁmQﬁ{(oB@r%%%e @f%&dé@r k interface 751 and

optionally a uter net wo ace 752. Netpage network

Internet interfacgg ﬂrﬁ%ia%@j& tﬁ)ecgi§l Hﬁs (awg’f) itk JEE@-%JSm;QQM el Q)Chmtﬂ €

nodens, | SDN nodens satellite transceivers, %I 56eglth g
next - gener & PofiPEdt ey g 87°%ﬁ’6‘}’fé’°‘t’l?r&*ﬁ¢§cbéie\/“érbl§°k Izt and reriders (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 CMYK+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
data (including fixative) to the Memjet™ printhead 350 via the printhead interface 768.

When several print engine controllers 760 are used in unison, such as in a duplexed
configuration, they are synchronized via a shared line sync signal 770. Only one print engine 760,

selected via the external master/slave pin 771, generates the line sync signal 770 onto the shared line.

The print engine controller 760 contains a low-speed processor 772 for synchronizing the
page expansion and rendering pipeline, configuring the printhead 350 via a low-speed serial bus 773,

and controlling the stepper motors 675, 676.

In the 8%” versions of the netpage printer, the two print engines each prints 30 Letter

pages per minute along the long dimension of the page (117), giving a line rate of 8.8 kHz at 1600
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wireless local loop (WL) transceivers. Local interfaces include | EEE 1284
(parallel port), |IOBase-T and 100Base-T Ethernet, USB and USB 2.0, |EEE
1394 (Firewire), and various energing hone networking interfaces. If an

I nternet connection is available on the |ocal network, then the | ocal
network interface can be used as the netpage network interface. The radio
transcei ver 753 comrunicates in the unlicensed 900Hz band nornmally used
by cordl ess tel ephones, or alternatively in the unlicensed 2.4GHz
industrial, scientific and nedical (1SM band, and uses frequency hopping
and collision detection to provide interference-free communication. The
printer controléer opt.i on i ncorporates an Infrar soci ation

ed.
1 Day e Puttscl2r SF 8 bty Moo P A8t PUBEPETET GH Bib s LS L R 1Ee
net page canffugsalon} khe alvriadihasivradfitheepageg RIHOAdiviegd line trhieofdd 2 rkHerThess dise etee | r DA

pans. 7.2, Pepdrie it TR B R RN, R ke SO LBRORBE 707

recei ved awdwvbﬁ@Km@d t he docunent's page |ayouts and page objects, it
runs the appropriate RIP software on the DSPs 757. The DSPs 757 rasterize
each page deSCFIPtIOH and conpress the rasterized page image. The nmain
processor ONFSIW,ch conpressed page i mage in nenory. The sinplest way to
| oad-bal ance nultiple DSPs is to |let each DSP rasterize a separate page.
The DSPs can al walls ppsenk @pdntidnisy b dogibed mitlareferdneeate y predhmod pmipflimentander i zed
pages can, grginsggc%c’ altgﬁatl% Qﬁb%ﬁimkrﬂs PoWRVe it wﬁhbéapﬁe&ﬁ&?@yth&g Liineh % to

potentlally poo I zat1 on when rasterizing short docunent I
WVt er mar k  Fagpm Aiglds fatarempes goters sebadents flifrins PR e sty d%fcrlbed will
cont one-r esnb ﬂlll“ﬁ’tﬂmhﬂe sbﬁvaid scdpé bfrmdopr&gémelheﬂﬁsn I&s&a@g&}s litywilC By HpE@Ssadhat O

negligible size and resse The
infrared (IM9)MYBYPAS B¢t ‘?tﬁr@eﬁl‘ﬁ:r‘?‘ft@fat%é" &e é%eﬁ]tf |erﬁls°dcl§rbe g glega@gén I<tah etpgeéesm at a
density of spehlEp4D2® S1uBBg Gocaantstincoiprraiee by trasheleréiae b apagpr@wc&#@sopﬁ hethpage | D,
tag 1D, ang,cenf fsghly pﬁlﬂeﬁbby%@gttat:ﬁ%@clgiﬁlga content of each tag is generated
during rasterization and stored in the conpressed page image. The main
processor 750 passes back-to-back page inages to the dupl exed print engine
controllers 760. Each print engine controller 760 stores the conpressed
page image in its local nenory, and starts the page expansi on and printing
pi pel i ne. Page expansion and printing is pipelined because it is
inpractical to store an entire 114MB bi -l evel CWK+I R page inmage in nenory.
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7.2.2 PRINT ENG NE CONTROLLER The page expansion and printing pipeline of
the print engine controller 760 consists of a high speed | EEE 1394 seri al
interface 659, a standard JPEG decoder 763, a standard Group 4 Fax decoder
764, a custom hal ftoner/conpositor unit 765, a customtag encoder 766, a
line |oader/formatter unit 767, and a custominterface 768 to the Menmet"
printhead 350. The print engine controller 360 operates in a double
buffered nmanner. While one page is |oaded 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 printing, the page just |oaded is printed while another page is

| oaded. Th t stage of the pipeline expands (at 763) the
JPEG—conpre§§®@§contone CWK | ayer, expands (at 764) the Goup 4
Fax-conpressed bi-Ievel black |ayer, and renders (at 766) the bi- Ievel

net page tag layer according to the tag format defined in section 1.2, al

in parallell: The Asmethddof enabling usgi intpeaction( with CP@B‘}tertSh%W%@ﬁP@n%WPPtaryer and
conposi t es gs@l v265) the bi-level black layer over the resulting bi-leve
CWK | ayer. The resultant bi-level CWK+I R dot data is buffered and
formatted (at 76%) mfe&ﬁce pﬁfaeﬁdom@nﬂglmtohﬁanh{bmaﬁ}g”to s tdﬂtphl&&ﬂﬂ%@anﬂhﬁludin§ et of

l'i ne buffers t hese are stored [ Q DRAM
The fi nal d d Igbta md1c€t1ve a drawm%ﬁécg;{g code a colmgrls {{llra aq[f asub I nc udi ng

fixative) mnﬂlﬂfmtlav@n}aéis fMtpnqdmelhefa@ a@ﬁ@@etmneaeft Thatterpy lanCht head interface 768.
When several print engine controllers 760 are used in unison, such as in a
dupl exed conf i garssingdevieenidycha bensgfacech inomi operlivg ipasitiprSHATE d° e riaterfagan o

signal 770 surfd, ¥nRA 164 bdde 0BIMGLJAG dbBQNd, usipliRGESRE cvded dithte ext er nal
master/slave pin 771, generates the line sync signal 770 onto the shared

line. The print eg&giatkeindicdtihg dkd isdical@Of hodbwingBeldaldow speed processor 772
for synchronizing the page expansion and rendering pipeline, configuring
the printhead 35@engiaes at lestvorpefadovsment dita budspofiien datarik wewemend|dhth heing he

st epper no tuﬁfc%w@ 6Pthe @Zs@ng deﬂcet’ NRovBmént rehfiveth B Snttacet shﬁac@ Qﬁe%gﬁonméia Btigg . T he

two print engines each prints 30 Letter pages per mnute along the |ong
di mensi on Hﬁlcﬁtﬁéoﬁéﬁéns(“ﬂe")ceS@?S@loﬂﬁfla&"eltﬁ‘i‘é cHpesyfc 8 kHz at 1600

NPX029US 59 0 dpi 2" versi Qn of the netpage printer, the two
print engines eadlf E‘f’%‘f‘é dz]i'%t eesfeP%?f’f) §EWPHEY'H nute al ong the short

di nrensi on of the pa " \V n te of 10.2 kHz. These |line
rates ar e%{)vel I re%‘f %I ?ﬁgica)tm o éogghefsells{n gevg%f of the Menj et TM pri nt head,

which int laﬁ cur rr&&tnnga@ §e'a@ Bne oFthe ﬁl@%ﬁxer;iQatL(!ﬁgl 1he9@ﬂ9k % £ the sensing device;

© identifying the drawing field from the indicating data; and

(@D operating 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 drawing field.

2. A method according to claim 1, the method further including the steps of, in the computer

system, associating at least one of the movement data and the position data with the drawing field.

3. A method according to claim 1, including the step of sending, in the computer system, data

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

4. A method according to claim 2, wherein the drawing field is associated with a visible

drawing zone defined on the interface surface.
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The present invention has been described with reference to a preferred
enbodi nent and nunber of specific alternative enbodi nents. However, it

wi |l be appreciated by those skilled in the relevant fields that a nunber
of other enbodinents, differing fromthose specifically described, wll
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
specification, including docunents incorporated by cross-reference as
appropriate. The scope of the inventionis only [imted by the attached
clainms. NPX029US 60 CLAIMS 1. A nethod of enabling user interaction with
conput er software running in a conputer systemvia: an interface surface
containing.nformati.on relatjng.t h [ ft. {.ncl udi ng
coded datasindicgﬁw§898¥mgmﬁ%§%fﬁgv%ﬁé %ggﬁﬁgE%Sggﬁ&ﬁgﬁém%%%$¢$§ing a
plurality of substantially wundifferentiated marks positioned relative to a
predeterm ned pattern; and a sensing device which, when placed in an

operative ROSi ti QiindidladchbdRg to1dih 8, iR lifedsife of 8 WHafkalA least BREMS ddmin@RSt some
of the coded data a t he sensed coded data: generates indicating

K d, usin
data indic YWV@”HPrgﬁHeHF HYEf BF®Bnd generates at | east one of
novenent data and position data, the novenent data being indicative of the
sensing device's novenment relative to the interface surface, the position
dat a being, indi ¢aplayg a&:fmdgng‘%o 8RS, Q'gereqlr?t‘ﬁé Er@ée%nﬂf?e%l pta&éﬁpinglﬁde?-s bﬁﬁ‘glit& gr the
interface surface;, the nmethod 1 ncluding the steps of, in the conputer
system (&Sreceiving the indicating data fromthe sensing device; (b)
receiving at | east one of the novenent data and the position data fromthe
sensing device; (c) identifying the drawing field fromthe indicating
data; and (d) operat,i t he conputer software at .l.east partly in reliance
on at |eas t% “one Of" tﬂﬁ’ggcﬁ%r\glg%%’ ncgen rgjgfleéemat%%lmte%aée rﬁ’&)‘é‘f@?'on data, and in
accordance with instructions associated with the drawing field. 2. A nethod
according to claim1, the nmethod further including the steps of, in the

conputer systema AsKAGEBLENRo lhim €3Rdrei M6 nidfks hd¥e cHRYLINE Wheréld tha refick t he
position data with the draw n A nethqgggggordlng to claiml,

fiel d,. 3.
i ncl udi ng tRENsedls er%céﬁtdfaﬁ@%e PAT of prlircerb Bt RIS AR 0 12 2 to the
conputer software indicative of at |least the drawing field. 4. A nethod
according to claim2, wherein the drawing field is associated with a

visible 10. A method according to claim 1, wherein each mark has a minimum radius and a maximum

radius and wherein the length of a mark’s minimum radius is greater than 40% of the length of that

mark’s maximum radius.

11. A method according to claim 1, wherein any 10 millimetre diameter area of the coded data

indicative of an interactive element includes sufficient information to identify the drawing field.

12. A method of enabling user interaction with computer software running in a computer

system via:

an interface surface containing information relating to the computer software and including
coded data indicative an identity of the interface surface, the coded data comprising a plurality of

substantially undifferentiated marks positioned relative to a predetermined pattern; 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, using the sensed coded data:
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drawi ng zone defined on the interface surface. NPX02911S 61 0 5. A nethod
according to claim1l, wherein each mark has a plurality of possible val ues.
6. A nethod according to claim5, wherein the value of a mark is at | east
partially determned by its position relative to the predeterm ned
pattern. 7. A nethod according to claim1l1l, wherein the predeterm ned
pattern includes a plurality of Ilines. 8 A nmethod according to claim?7
wherein the lines are not visible. 9. A nmethod according to claim1,
wherein the marks have centers and wherein the relative spacing of the
centers of at |east one pair of adjacent marks is |ess than about 12mm 10.
A met hod according to cl.ai.m Wherei n, each K. a mnimumradius and a
maxi num radi us §%’§r%18?1§aluﬂg %aﬁénwcéthvﬁtoﬂth%@e 1ty$g{h&mge oA eﬁ?nrg;di us is
greater than 40% of h K'S. . Muthy | US. . met hod
according to cl aig%neﬁe?\%fg?s&%% %fﬁéov%‘g&ﬁnd??l%r?e?@lgg%?%ﬁet el?&grk‘%g dg%%%l_ﬁgg coded
data i ndi duicative obthe gepsingriiedpeiranqvgraenetelativerie the inigriaepesyrfase fiej pesiiantdate §eieg nat i on
to identifyndichie df BMeRBig lidvikd poskidn refdiiVeRd O GhieBficc@RAR), I N User interaction

Wi th conputer software running in a conputer systemvia: an interface
surface cont ai ni Mg niethbdineradingQie stepd dtin Mecdnputhgst@onput er sof t ware and
including coded data indicative an identity of the interface surface, the
coded dat a@onpr irstinige the ipdlicatiag datayfromfthe senstng tlexivt;i al | y undi fferenti ated nmarks
positioned relative to a predeterm ned pattern; and a sensing device which,
when pl acedi n arcceipieg 2 icasy encobth mpyspent dataand the pesifiop Hata from the fepsne deesi f ace,
senses at | east sone of the coded data_ and, using the sensed coded data: |If
NPX029US 6290 geREFHMBEWiiticH BSREC IR it PlAn fot fgt o5t he i dentity of the
interface surface; anc{ gener at.es at | east gne of novenent data and position
data, the novenent d8tSFHEPHY PEMTERITPGE"df t he sensing device's novenent
relative to the interface surtftace the..Rosi tion data being indicative of

. . 1 ppsiti .
t he sensi ng device’ satpl%aétls Ton TEPATVE s the interface surface; the nethod

! nC! udi ng hge St &P%he Qefvent ittht tah@ntﬁﬁ) k&E%s l%y(%gli% ope_(*d%_)ng 'E}@Cc%jn}ﬂté}gsygtg@ in
indicating data fromthe sensing device; (D) receiving at | east one of the

novement dateardansevitBstpciensiassarieterayith theraiten greiure anddherfpjeries fueiese-

13. A method according to claim 12, wherein the selection gesture includes at least one of

circumscribing and underlining at least some of the information.

14. A method according to claim 12, wherein position elements are disposed on the interface
surface, the sensing device being configured to periodically sense position elements as it is used to
draw the hand-drawn user input onto the surface, the method including the step of generating the
movement data in the form of a locus of the sensing device in relation to the surface by ascertaining

relative displacement of the sensing device over time with respect to at least one of the position

elements.
15. A method according to claim 12, wherein each mark has a plurality of possible values.
16. A method according to claim 15, wherein the value of a mark is at least partially

determined by its position relative to the predetermined pattern.
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(c) performng witten gesture recognition in relation to at |east one of:
at | east sone of the novenent data; and at |east sonme of the position
data; and (d) in the event that a witten gesture is recogni sed, operating
the conputer systemin accordance with instructions associated with the
witten gesture and the interface surface. 13. A nethod according to claim
12, wherein the selection gesture includes at |east one of circunscribing
and underlining at |east sone of the information. 14. A nethod according to
claim 12, wherein position elenments are di sposed on the interface surface,
the sensing device being configured to periodically sense position el ement s

t dt h d ut
method © nelidi ng ALY eiEa e LA AP £ D RHEHr AT ST APRREY Por m of a

| ocus of tHheessensing device in relation to the surface by ascertaining

rel ative di splacenent of the sensing device over tine with respect to at

| east one of the position elenents. 15. A nethod according to claim 12,
wherein each mark has a plurality of possible values. 16. A nethod

accordi ng t'® cl aifriethyd a?ﬁﬂé’lnéi"r‘flatnh@ ‘Y}’é‘lelﬁéhed’lnese?rerf’étr‘ks‘til% at |east partially
determ ned by its position relative to the predeterm ned pattern. NPX029US
63 0 17. A net hod according to claim12, wherein the predeterm ned pattern
includes a plural,t S, .1 net.hod .a r erein
the lines a?e not v%{hsolgbfcordmigo d%fn ﬁ%t“ﬁ’eraméhcec%arrk %g"% %L'te?%nﬁ ah&if%{hmvéglyéxn t he
mar ks havesm@ﬂ@cmsQﬁhfé?aetuonemahefad@hmmbslsbﬁmmutdﬁmmhe centers of at

| east one pair of adjacent marks is |ess than about 12nm 20. A net hod
accordi ng to claim 12, wherein each mark has a mninumradius and a

ﬁBXIﬁUﬁlra us and e|n the Ieng h of a rk's mninumradius is greater
x| ML ad) us A0Sy SL.Le Lenoll OF. 8 M s i 1L Lad S s

accordi ng mxmhraradiui&d wivkrein éiie fenginyf abfirkd thininmtradins thi geoatert tiem 48 @bthokndtthe coded
data indic f ctive element includes sufficient information
to |dent|f3h%¥§1 rg%%ﬁhg%ﬁg d. 22. A systemfor enabling user interaction
W th conputer software running in a conputer systemvia: an interface
surface containing information relating to the conputer software and

i ncl udi ng 2coded admdtiodi aﬂéﬂ)idigttb vigimOf2, dhdéawiyn® rhillidlests didntfer R4l etiheladdad

conpri si ng de%a Bdlcatlve of aX m%ractlve blemen 1nclucies Q{lfﬁc:lent information to identify the drawing field.

22. A system for enabling user interaction with computer software running in a computer

system via:

an interface surface containing information relating to the computer software and including
coded data indicative of a drawing field, the coded data comprising a plurality of substantially

undifferentiated marks positioned relative to a predetermined pattern; 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, using the sensed coded data:
generates indicating data indicative of the identity of the interface surface; and

generates 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;
the computer system being configured to:

(a) receive the indicating data from the sensing device;
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undi fferentiated nmarks positioned relative to a predeterm ned pattern; and
a sensi ng device which, when placed in an operative position relative to
the interface surface, senses at |east sonme of the coded data and, using

t he sensed coded data: generates indicating data indicative of the identity
of the interface surface; and generates at |east one of novenent data and
position data, the novenent data being indicative of the sensing device's
novenent relative to the interface surface, the position data being

i ndi cative of the sensing device's position relative to the interface
surface; the conputer systen1being configured to: (a) receive the
indicatingé%ata fronltpe sen 64 O cei ve at

9uU
| east one receive at s[t or(lfa?a an‘(lfmfrht ﬁeﬁa and t 052(10 § ta frcfm thé %)srl_lnéedevwe

t he novenen 03| a sensi ng

devi ce; (qb |deqkhhyﬂ&?§wg%§&hg hhﬁhgm$£ &Qe |nd|cat|ng data; and (d)

operate the conputer”so e at east part In reliance on at |east one

of the oV gaent o%&t@th@@dnﬁu&?sm&'eta! 1ed3t ﬁiﬁ%@n reﬁﬁﬁle bﬁat%&%ﬁd&ﬁﬁé@nd%xﬁéﬁt
instructions associated with t drawi n sten1§8ﬁord|ng to

claim22, tHB¥dhpaLen d%‘?%‘b‘ﬁﬁ‘f%‘i"'t“ﬁ%?“ Cé“"bs&?ff’?lﬁii’r“@ﬁ '%ld’r"%@ ate at

| east one of the novenent data and the position data with the draw ng
field. 24. A systemaccording to claim22, the conputer system being
configured£o se %?Eﬁ f east
the draw nggf i el é}\dsyQ% Qcﬂ&gm%gg;%nggjg@%?% uép%& hd ggﬁgcﬁdeg}ﬁg?%a%sﬂ%m%r awi ng
field is adgslesioasedhapavpmegt w@p%!hepose?xmmarvgthﬂeﬁeweef fifled on the interface
surface. 26. A systemaccording to claim 22, wherein each mark has a
plurality of possible values. 27. A systen1according to claim 26, mherein

t he val ue f a rk is at S |a | v, det erm.ned Siti

ol at fve t o't he Breniel sPHeRER K P s Bounte” SOE) BB Puielie it SRR\l 22,
wher ei n t heopgnedstemrerindiedivpeftat kastthe drovingdesl. a pIurallty of Ilnes 29. A
system according to claim 28 wherein the lines are not visible. 30. A
system according to claim 22, wherein the marks have centers and wherein

the relative spacing of the centers of at |east one pair aq{ nt marks
is |ess thdn abodt YiPmateoringNpRI§BHEIS Ve he dﬁﬁwé‘igsqe@rﬁs éﬁ&%”r“?ﬁil Y 2 85%F ai m 22,
wher ei n eacihwing dne Aa@medontha Thibitae suefileus and a maxi mum

26. A system according to claim 22, wherein each mark has a plurality of possible values.

27. A system according to claim 26, wherein the value of a mark is at least partially determined

by its position relative to the predetermined pattern.

28. A system according to claim 22, wherein the predetermined pattern includes a plurality of
lines.

29. A system according to claim 28 wherein the lines are not visible.

30. A system according to claim 22, wherein the marks have centers and wherein the relative

spacing of the centers of at least one pair of adjacent marks is less than about 12mm.
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radi us and wherein the length of a mark's mninumradius is greater than
40% of the length of that mark's maxi numradius. 32. A systemaccording to
claim 22, wherein any 10 millinmetre diameter area of the coded data

i ncludes sufficient information to identify the drawing field. 33. A system
of enabling user interaction with conputer software running in a conputer
systemvia: an interface surface containing infornmation relating to the
conput er software and including coded data indicative an identity of the
interface surface, the coded data conprising a plurality of substantially
undi fferentiated nmarks positioned relative to a predeterm ned pattern; and
a Sensing C;?.VI ce AV\'h Istgnr{' hccor %ntopc):lafa ¢ dwflerr] A hIRARE ats I V?nht?u%%sjljaé'lllsog gr%!lx%’\é,lmve t 0
the interface sdrrace. 'Senses at-Teast some of the coded dh?a and, using

t he sensed r&ldderi wherein thyleratly oftageark’ nyainiwm rediusdagreater fhan Qb pithe lofeth dighat dent ity
of the inteLhidGexsihdaG8; and generates at | east one of novenent data and
position data, the novenent data being indicative of the sensing device's
novenent relative to the interface surface, the position data being

i ndi cative of the sensing device's position relative to the interface
surface; th2 conpuiyaem sgetliegobrinZy, elendn gu i @dillingtre diapeter aceofitie cbdee data
indicatingnﬁﬂﬁ&s@ﬁ8ﬁh&Hﬁm&ﬁ?@hﬁ%ﬂ?$¥%8$m ﬁ{? receive at | east one of the
novenent data and the position data ront t he sensing device; (c) perform
witten gesture recognition in relation to at |east one of at |east sone of
t he novenent data; and at |east sonme of the position data;, and (d) in the
event that 33 Wi tA eRte@eStediving Gsel’ REAGHINSAM, coBp@Réradofwird Qnfiggpui esmpmef t war e
in accordance with instructions associated wwth the witten gesture and
the interf &€& sufface. 34. A systemaccording to claim 33, wherein the

sel ection gesture,_i : I b ; X L rlining
at | east sone of%?h%%%%ggﬁﬁ%%ﬁ%ﬁag%&%R%ﬁgmgﬁgﬁyggg%g |H§§F%e%%§F%@%§,

wher ei n posdefl gt Eldispfive ee idgyily ofjthepipisease gpfagdy he jcpded dfta canpriging ¢ pleelity vhe

sensi ng devivs@ntiad} ﬁgiﬂs@mfaiemMmogiaonp@feiamit&aﬁrk&teﬁﬁmﬁar@ﬂl,sinui on el ements as

it is used to draw the hand-drawn user input onto the surface, the system
t he conput er systesnsh@idagcecotiidh, Ghdneilackdin Gesperatnepobiti reltve e e ittafage | N t he

formof a LEHS Qles MGG BY eV LBSnd, Dl thAbd:sALohd dhdh® Surface by

generates indicating data indicative of the identity of the interface surface; and

generates 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;

the computer system being configured to:

(a) receive the indicating data from the sensing device;
(b) receive at least one of the movement data and the position data from the sensing device;
(c) perform written gesture recognition in relation to at least one of:

at least some of the movement data; and
at least some of the position data; and

() in the event that a written gesture is recognised, operate the computer software in

accordance with instructions associated with the written gesture and the interface surface.

34. A system according to claim 33, wherein the selection gesture includes circumscribing or
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ascertaining relative displacenent of the sensing device over time with
respect to at | east one of the position elenents. 36. A system according
to claim 33, wherein each mark has a plurality of possible values. 37. A
system according to claim36, wherein the value of a mark is at | east
partially determned by its position relative to the predeterm ned
pattern. 38. A system according to claim 33, wherein the predeterm ned
pattern includes a plurality of Ilines. 39. A systemaccording to claim 38
wherein the lines are not visible. 40. A systemaccording to claim 33,
wherein the marks have centers and wherein the relative spacing of the
centers ofuggﬂjgaaﬁa8g§e%§%£.gﬁmgdiacent marks is | ess than about 12nm 41.
A systen1accor%|%g Fo THa iy 33 ™WA&r ei n each mark has a nini num radi us and
a maxi mum radius and wherein the length of a mark's mninumradius is
greater than 40% of the length of that ill mark's maxi numradius. 42. A
syst em acc@s di ng at Gst&h Qdcgpdi;?t%to_ AL B8 iviherdi Yoskidn Blebrt Y Hi§osth IRl SltcrRELA Of
the coded data includes, sufficient |nfqr§a}|on to.ldeptlfy t.he draw ng
field NPXOW ijthe Fenging device being configured to periodically sense position elements as it is used to

draw the hand-drawn user input onto the surface, the system the computer system being configured to
generate the movement data in the form of a locus of the sensing device in relation to the surface by
ascertaining relative displacement of the sensing device over time with respect to at least one of the

~ position elements.
36. A system according to claim 33, wherein each mark has a plurality of possible values.

37. A system according to claim 36, wherein the value of a mark is at least partially determined

by its position relative to the predetermined pattern.

38. A system according to claim 33, wherein the predetermined pattern includes a plurality of
lines.

39. A system according to claim 38 wherein the lines are not visible.

40. A system according to claim 33, wherein the marks have centers and wherein the relative

spacing of the centers of at least one pair of adjacent marks is less than about 12mm.

41. A system according to claim 33, wherein each mark has a minimum radius and a maximum
radius and wherein the length of a mark’s minimum radius is greater than 40% of the length of that

mark’s maximum radius.

42. A system according to claim 33, wherein any 10 millimetre diameter area of the coded data

includes sufficient information to identify the drawing field.
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