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it it 2 BACKGROUND Presently, users wishing to input text into a conputer
systemtypically do so via a keyboard. Wilst such interface systens are
useful, they are relatively bulky, and lack the tactile nature of using a
pen to record informati on on paper. Mreover, in many situations, paper
used in conjunction with a pen is a nore physically confortable and
convenient information input tool, due to its visual characteristics and
its portability conpared to conputer keyboards and ot her conputer

interface devices. However, paper-based recording of information |acks nmany
of the advantages of conputer-based recording, such as searchability and
conpact archiving. Unlike keyboard input systens, pen and paper generally
| ack the alBAGKGROLNDONtrol conputer software SUMVARY OF | NVENTI ON
focording 10,2 11 baloBeREE LS, REQUASE UL iod Lo, cab e 8 user (o
forn1pr|nté@ﬂ@ﬁﬁthBGHdﬁG@ﬁwe%ﬁﬁmﬂmwmﬁﬁﬂﬂhwh@dﬂﬂgdyhﬂcwm@tmbﬁeM@Wat|ng to
the comput ehnSQkbiRhGen th REord Wik AsiSn m;ébém&aﬂﬁdm mlla'ﬂghsgﬁﬁérﬂ fapf a text

field relating to the conputer software, the method inclu the steps of
provi di ng tREICEIYhG Perhi 2 perg physipally é‘?“%fi’rf?ale apd popyqpierd B’FPﬁ‘mt’é’i‘ ingu} &30h fye to
|nd|cat|ng1@&@&1amda&nmsﬁﬁn&pdamﬁw%mgmkau&&ﬁ@magqmd@&mmﬁxmihﬁmmmdlcating

d ata I n d Ic %téryage Vlcéshﬁowev I't felr-gas d reco r}i‘leng anFonrm? I?it 1 1ac aax{yrc])ghi c{van aeesooff movement
of the sensing JEV| to thesfor e sensrng Gevice: en

pl aced opeﬂﬂ@ﬁWﬁ%%ﬁ¢@P@@mwewh@S%ﬂéﬂﬂéy@ﬂCﬁﬂ@ﬂdmmganéhﬁ@kﬂ©0¥h@mnnd|cating

dat a based sRends GRS hndRafel keddrhily 14210thS AT RYoMol dobBSbr sSRRR. Of the coded data
and substantially similtaneously generating the noverment data; and

identifying, in the conputer systemand fromthe indicating data, the text
field, andsuMMARYOFINVENTIONNpUter software at least partially in reliance

on t he nmovement dgCCOI'd gO a St aSE)ﬁC%ttﬂ’el%qSt II'(())Vn Cdafs'nlsg ((): atenea ea¥sepm mte{ahgee‘é{)ni)lutele?

Preferably, the inventr it eps o
system percPoputdr ﬁgftwa{eéwmz Beegmiuter eypfer ntﬂtzhle a mavart¢dtont9n surfes: the fpat ,  t her eby

to gener at g,GRHP u&&ﬁa&oﬁ&ﬁatmﬁs et @Jn@meysoﬁm@ tﬁe%esffacé naeihgicouéi AEMRChALEL W th a
vi si bl e text ﬁ ne defined on the interface surface. In a preferred

enbodi ment , 't HE! iekiRede (e Aomeyipgspibyars: ﬁﬁf“ﬁﬁ%‘%‘“?l‘f@g&eéﬁpsd‘f in the computer
system recogni si prgvidiehdferm blte ussgvenent data is indicative of an text

editng command draheOnt cobfif: SULL RN DG RS lenl BLECRLELELAD! V. 11

the event that an I'S recogni se ut er stemis
oper at ed i riceeche tdintias éﬁtatqafilqah@tor” tietextding, themeyement date quathOﬁ@O@aFQtpﬁg

command.  R¥atRnabdvice rdidie © i tdrh ghecs%ﬂ@ B8 ide SR EHIREA GRrativeBMRIANE tof iR W N
group: str If%( I%Og%gleratmg tdhe Md{czging gata based at Ieagt partially on sensing at least some of the coded data
and substantially simultaneously generating the movement data; and

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

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

Preferably, the invention further includes the steps of, in the computer system, performing
text recognition on the handwritten user input, thereby to generate computer text.

Preferably, the text field is associated with a visible text zone defined on the interface
surface.

In a preferred embodiment, the invention further includes the step of, in the computer
system, recognising whether the movement data is indicative of an text editing command drawn onto
the surface by the user. More preferably, in the event that an editing command is recognised, the
computer system is operated in accordance with instructions associated with the editing command.

Preferably, the editing command is selected from the following group: strikeout; underlining; cutting;

pasting; and relocation.
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pasting; and rel ocation. NPX024-SG 3 According to a second form of the
invention, there is provided a systemfor enabling a user to interact wth
conput er sof t war e running in a conputer systemutilizing a formprinted
onto a surface, the formincluding information relating to the conputer
software, the surface having coded data indicative of a text field
ralating to the conputer software, the systemincluding: a conputer system
whi ch: receives indicating data and novenent data from a sensing devi ce,
the indicating data indicative of a tekt field relating to the conputer
software and the novenent data indicative of novenent of the sensing
device relative to the form the sensing device, when placed operatively
relative to the tﬁ&%rd{u%% hecodEREE @ttﬂe%eﬁu%@ iteRd &@Me@gsﬂé&%r@@a%ﬁ{é adler | €asSt
partially on sensing at |east some he coded data and substantially

si mul t aneoudinFrageriBoRuisg sofiare Fpvesia ﬁfonalateasyst?w%w # foun pringed 401 e

i ndi cati ng sGkddcd theltdim lﬁc&\qing fooehdion laradnga@mé &in@ﬁteﬁshﬁwe@@ﬂ%bﬁrﬁée Haahd cogdde at

| east partiglly. base nce.on and instructions
associ at ed ‘%ﬁaf’ﬁwf‘tﬁ’% at?("tt ﬁ?l rea} g"g Rt fomrpatﬁﬁ P?'eSteglemccglﬁlag’f ormof the
i nvention, the conpuipeter ssyatwenchi s confi gur ed to performtext recognition

on the handwritten USelkiRibrinddG movt@eng&a@foﬁta%e&a Ic@ e tifitchting! N
preferred forns of the second formof the invention, the nputer systemis

confi gur ed dafddicalive gi 15 figlh esteriegto thp é"“ﬂ’ﬁ\%ﬁ‘?@?ﬁr w4 thg n}"%en}ePFd‘l’“t& 5‘91"?}’@!" ¢ " an
edi ting combxastnelsrasRending GevichRlatitiitd AERm, s stnkity desié, whidpleedupahideiabl y, in

the event trgahve %Qh etgxlt %eld %f' L HE{)C mdlctatm&n at?tgaseé zg ﬂ:‘a t t%(laa\}\lkfc ?rh e%‘ls%% rat le; %O]:)&IV\BI eis

operated i A accordance S assocCi a
command. Proffheraibd data and nbstantiillyisimyltancawsin adierpting the imovdmett dateom t he f oI I ovm ng

group in relation to j&skcs Mméﬂﬁmtmgdamﬁertutml@gnd cutting; pasting; and
relocation. In preferred embodi ments of the second formof the invention,

the text field is ass®EREt BycomRReroiva %‘eﬁf Rertiallyhased op Eelignst PRI SR Phe
interface sidfab@bifstrudionshsqoeisted ithliRitdxyfigd.ef erred form the coded data takes
the formof tags gnto confl gur ed
to be read by a sgrﬁ%fahél "(]:le{c/lsecmgf(P ﬁtge]’rnenu& ecomp‘tltges?' %1q§(§°§ﬁ styl us.
The tags armrfmﬁemaishlyomthﬂhe@mmnwgfr aputj thﬁkebb’lffe&enm@mb‘ﬁer r‘ifE‘ar [ nf rared

light but is substgitefh k¥ms dfnwse%bdalfamto@thammﬁwﬂlyb t'ér HAGEE chrapal
i ghting conditions. When a user brj ngazwa sensin t he Stuél us cl ose

to the surfFeenignEhegEr hepevenmt fapds ndifaliveefan pdiing gﬂmnﬁnﬂg‘é%?“é"t%etf #8 decoded
t o provi de byds ubendiicm bicferablyf in tha evehtabat arf ddizhglcomiami lmwgmeadt thel@mputeran be

generated i nftv@ar gg]gera%d Iﬁmu%po?éanc% M&c?éng as?&ﬁtefi Q/E i ﬁlﬁ g&ﬁlﬁaﬂd ﬁ@dﬂ@bﬂr n C l u des

i nformation In OSitions of points wt e region, and
nmovenent datbe@ditlsg cogpngadis W%@)@@@Jthd@ﬂ%"%@@dl Ilﬁ\f“‘tnh‘éte’steﬁﬁffe?\’@ “B‘E’(}?’E‘é as | t is

moved rel atdwige: bRtk Mmasslsbd@me. Al ternatively,

In preferred embodiments of the second form of the invention, the text field is associated

with a visible text zone defined on the interface surface.

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

The movement data can be generated in any of a number of ways. In one form, the coded
data includes information indicative of positions of points within the region, and the movement data is
based on coded data sensed by the sensing device as it is moved relative to the surface. Alternatively,
the movement data can be generated in ways not related to the coded data, such as by use of

accelerometers within the sensing device or by physical rollerballs or wheels associated with the
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t he novenent data can be generated in ways not related to the coded data,
such as by use of acceleroneters within the sensing device or by physical
rollerballs or wheels associated with the NPX024-SG 4 sensing device.

BRI EF DESCRI PTI ON OF DRAW NGS Preferred and ot her enbodi nents of the
invention will now be described, by way of non- limting exanple only, with
reference to the acconpanying drawi ngs, in which: Figure 1 is a schematic
of a the relationship between a sanple printed netpage and its online page
description; Figure 2 is a schematic view of a interaction between a

net page pen, a netpage printer, a netpage page server, and a netpage
application server; Figure 3 illustrates a collection of netpage servers
and printergpnpligfeonnected via a network; Figure 4 is a schematic view of
a high-level structure of a printed netpage and its online page

descri pti orPRIEF RESERPTIONORPBAWINGSy showi ng a structure of a netpage tag;
Figure 6 is a pl aPreftir@ing brbatieispdinehie bihd iowRston prilbetnbe 8¢scribed Y wafofhdve t ags

shown in Figure 5 and f.i.el of .view . sing device in the
formof a nle tbnéﬁémﬁ%ﬁ?ﬁyﬁnglﬁ?f%e elroéheggﬁofngi\%@ﬁ%@?&‘géggwﬁgg i mage processing
and decodi ntgusd lgor sohdwmfic ¢fiaghereati@nship betweraragayendstirigied yatnege aofl ityontietnggsge pen and
its associ afegdptoagd- sensing field-of-view cone; Figure 9 is a perspective
expl oded vi ew of the netpage pen shown in Figure 8; Figure 10 is a

schermat i ¢ Hi@EIC iF HGFRHT G o 2 FUTCEHFEF LIS P REeRiES DL * BUPFEEREN i n

Fi gures 8 aadler, i a héugge plchtidnSergerper specti ve view of a wal | - nrount ed net page

printer; Fi }%&E{;I ii]h%triltgs]z_i%ol?egt?othioP& ta%;sg}g%ganggﬁmér%ﬁl%tc{}mg&edt\){hea n%%sjbgcra]‘ge printer

of Figure 11 gure als an €en rtiron o gure : oW ng a
section of Higwe ddapicbsmatic Yiew efta highddveletuctrpf a glinid nojpage prdgls selippP3ge Fi gure 13
is a detailggriyiaw of the ink cartridge, ink, air and glue paths, and print

engi nes of the _net a‘ge Sg{ri,nter of Fti g]gres 11 and 12; Figure 14 is a
schemati c bql%‘éelélﬁl?%lg‘} OGPV HFPHIEP AIERIEFEHE er for the netpage printer
shown i n FiKiguraSis a plad viewsdiowliag a delagmustdp Bebrvebisa sat o« b egahpen dpFigole 5Sdndegficlim of

the. pr i nt or SenPr ot SaRh A et Mk b 16 TS s Schermti c. bl ock
di agr am of Figiee Toip ¢ Aewchatyif a &e Evnge protebne aadflsondioe plewittir es 14 and 15; the
print engi NBguedd Tk b MrdpBdtiveROVST anbtpdzt Blafbits hdoaddd tdSsensing field-of-view cone;

Figure 9 is a perspective exploded view of the netpage pen shown in Figure 8;

Figure 10 is a schematic block diagram of a pen controller for the netpage pen shown in Figures § and

9;

Figure 11 is a perspective view of a wall-mounted netpage printer;

Figure 12 is a section through the length of the netpage printer of Figure 11;

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

glue wheel assembly.

Figure 13 is a detailed view of the ink cartridge, ink, air and glue paths, and print engines of the

netpage printer of Figures 11 and 12;

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

11 and 12;

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

associated with the printer controller shown in Figure 14.

Figure 16 is a schematic block diagram of the print engine controller shown in Figures 14 and 15; 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;
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Figure 17 is a perspective view of a single MenjetTM printing el ement, as
used in, for exanple, the netpage printer of Figures 10 to 12; Figure 18
is a perspective view of a small part of an array of Menjetm printing

el enents; NPX024-SG 5 Figure 19 is a series of perspective views
illustrating the operating cycle of the MenjetTM printing’ el ement shown
in Figure 13; Figure 20 is a perspective view of a short segnent of a
pagewi dt h Menjef M printhead; Figure 21_is a schematic view of a user class
diagram Figure 22 is a schematic view df a printer class diagram Figure
23 is a schematic view of a pen class diagram Figure 24 is a schematic
view of an application class diagram Figure 25 is a schematic view of a

docunent amil%upe?%(?s AABHE b bRy S1eRS RSl R Therai Yo B BOMb o SElEIEL | © Vi ew

of a docu d page ovvnershl p class diagram Figure 27 is a schematic
view of a tmptikaved 3 speci alization class diagram Figure 28 is a
schematic \igie Mfis aapeﬁﬁeaﬁvealealoﬁmaﬁ seBRaR bl pagedtdtiMengti@SSintlé-agr am  Figure 29
is a sche icglew e%pﬁg rlin (%emant class diagram Figure 30 is a
schemati c £ aaSC}W%téchf A BNt 8 Peci al i zation class diagram Figure
31 is a scrfelgmﬂtzzcsa/spl&watafvneazolﬁypamrlcladsddgrgrn,oup class diagram Figure 32 is a
schematic w; cﬁe&ﬁtﬁ‘v&%ﬁp&x'cﬁ%ﬁa@} .Figure 33 is a schematic view of a
digital ink € ass Iagram Figure 3 a schematic view of a field el ement

speci al i zatHi®¥Fe %Il%?ssﬁhealﬁt&g’ﬁa’r?fan@P'&ﬂ‘i‘%chﬁ dfasrala’ schematic view of a checkbox
field cl aS$1gi1k@§H§d'Ebheﬁht@U/[eﬂr osﬁddc&nauaﬁlpagmésbﬁpuuma&smgman text field class

di agram ur a sch tlc Vi ew ature field class diagram
Figure 38 |Pl§gq‘é 2%I1So;\/\/f'i}f’?gl?’tfcVbe]"v gﬁ THBUt Pﬁgt?gg%el“%‘@%gfs §E8Phm Figure 38a is a
det ai | ed f|igwotPdrita sofemativeyiegto pteofindl Hemdnt pwidtization ddss Fpggore 38; Figure 39 is
a sChemal | Gth i solphRUfey 28 Ual: KAMTRNAuELBABAL sblAss di agram Figure 40

is a schematic view of a resoqurce description class diagram Figure 41 is a
schemat i ¢ Vil 281is asclemtisrvicped 2 hypedlinieqloment clppsfipey Fi gure 42 is a schematic
view of a IHigiteB0Ys d scifeinatielvatsiof lhypedialtdlemer spidiaBzadich claSs dlagihenat i ¢ vi ew of a

subscripti Q9 eejlllsvaerlyemgtgcogewO(Pa}rﬁperlﬁggggmép i"’é Soolns schematic view of a

hyper | i nk request Fass diagra " schematic view of a
hyper | i nk dtduradtly apphepriotvipwoif a forprlgydiped®; | s a schematic view of a form

submi ssi on ]Eri)éu?el TQ%)J s'cheﬁigtgz view of a digital ink class diagram;

Figure 34 is a schematic view of a field element specialization class diagram,;
Figure 35 is a schematic view of a checkbox field class diagram;

Figure 36 is a schematic view of a text field class diagram,;

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.

DETAILED DESCRIPTION OF PREFERRED AND OTHER EMBODIMENTS
Note: Memjet™ is a trade mark of Silverbrook Research Pty Ltd, Australia.

In the preferred embodiment, the invention is configured to work with the netpage
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Figure 47 is a schematic view of a conm ssion paynent protocol. DETAI LED
DESCRI PTI ON OF PREFERRED AND OTHER EMBODI MENTS Note: MenjetTMis a trade
mark of Silverbrook Research Pty Ltd, Australia. In the preferred

enbodi ment, the invention is configured to work with the netpage NPX024-SG
6 networked conmputer system a detailed overview of which follows. It wll
be appreciated that not every inplenentation will necessarily enbody al

or even nost of the specific details and extensions discussed below in
relation to the basic system However, % he systemis described in its nobst
conplete formto reduce the need for external reference when attenpting to
understand the context in which the preferred enbodi nents and aspects of

the pr esentne%%@&dm@ﬁe&%ﬂaa @etaﬂlacpovpr"vfe@fof whH TR oWs. IEVQ@b@Jp%@JtJdQﬁt &Qr m of the
net page system enploys a conputer interface in_the form of

surface, t ey jnplemgntaiion willnggessasily pralody glhr ¥en H’Bﬁfﬁ‘f“ﬁ%’e‘i‘fé‘fdé‘?‘é*ﬁ&%?@%mé map of
the surf aQﬁscﬁ’ﬁEddﬂbElaw aélation to&hd'lﬁﬁ@iﬁt&ﬁ Hoy8ilef; e sy'Etam inRprbaficksensesmpan be

? ll’ire) |r Iererg n'tjg t I Pet%{ﬁ 2 relngéd ?or Fxtema? regegencrzrea v%xe%e%femﬂtmg? n Crixlder}gang B% Icon egtre nw Isﬁ\gll}ct!‘g% 13|Cy 1
and defi ned)rqfweé amlbpdwedeta@actts Qithle@@ﬁlnt iggatiop opatat¢. he mapped surface yields
an unanbi guous nﬁﬁ)rl@fesfnﬁrﬁﬁp Gife pg@etlj@d M bl kb SRRmIARPoRARARbutt ifegignt maps.

The conputer system can contain information about features on t he mapped
surface, arf®ithetRen of 1RWPsharTash thalih 2 Bysical priaes MaFh copialns RIS TooTEL? ‘P@f"é&‘& nces
suppl i ed bysuﬂacSElﬂlﬁﬂallﬁQi ﬂew@aeusm umetxhhptréfaemppxaﬁ qﬁ&tfeiﬂﬂﬁaﬁappﬂipﬁatb nf or mati on
t hUS ret rl eVeSl(ill 6aVIPCCt Ce L hl? Ilglﬁ ec1 101m £C ?eﬁxoMe%Ql ?érfe%n!:es mta t t he
conput er syStem o beeﬁéjfi’flgoqp & era f) 0 1he operat or'

i nteracti orVISmlstchuché’lyswiﬁ%fmei ih eugh elwasﬂiathivcalusmmﬂéheelﬁat)@d S#@P%}lekisl% net page

systemrel 'Lﬁ%ﬂﬁ@.w&shﬁp BEQGHCE kOB the I@agqnd%umgwdlffer&t B5ACHHE Ml Hster@h PagES .
These are pages. of text, t3ra phics and i m rinted on or |na,r‘r>éi paper, but

whi ch wor k i inferpasion aoptfeaties gn he parped § 1‘°6’r e toretigt @R b el each page
usi ng i nk aiedbon i mSp reﬁuhxsﬁ apyliedbsl aysexisﬁhg Haichhed tvoh hbmappabiuded Theinfomaye. The

I nk, homv%ﬂs IC I’ ans L B%{ ft he %c?]ﬁgs ?tal%’uut?a%q b Rg co%rﬁqélesgst&y on ha%? al | y

i magi ng pen an epre erre form
active but tqpprstoalndesmmiﬂw@ﬂ@@toonm@aewnp@tg@emcetf@ﬂmsi cked with the pen to

request informati gishfeRitd B8, a@h&wggsygémLeﬂes%h@ia@}odml&f&raamﬁﬁﬁnto a networ k
server. In one enbodinment, text wiften b% and on a %rglt pﬁg’fﬁﬁ

aut omat i calP§TaFHOR Bk pIRAEesAHESAERIE PiErCEP G ARYRRes PRatsdon P 88ebPBage
system al |vehidhrgrlf like igerdotive loeb pagbsl Bfbrindtion i lancodeld e eagliipgchisivg ik shickisgnat ur es
recor ded Gbs?an{‘agl BISEIe A e &a&aahmanc gl; i¥e MPEI{)\LCLVS‘ ind fHed éw%e“&de% AT ce

transactions to securely authoriz lustrated in Figure 1, a

print ed netqgagveedryelawﬁpaélpm@%menanqtrﬁmw%ﬁéttq encrasa ¥ ch can be filled in

by the user both nhyéﬂr&@&ehyonnqal%h&towdnmh@drlmg@eac@me aﬁlbeafcﬁeamjuﬁ&kl y", via

comuni cati on  between the cgwg and the netp stenhvg( Ie shows a
S§“"f5

"Request " RSP M eBRY BOATIYER frohile aepek %fd?ﬁ"gélglé’r ei“‘é’lc ebut ton. The
net page cornsibsdisemftexgwidiphbchaddtren Rippeeiisriedhatiegliyvepogtiizmd dgonverked 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
address fields and a submit button. The netpage consists of graphic data 2 printed using visible ink,
and coded data 3 printed as a collection of tags 4 using invisible ink. The corresponding page
description 5, stored on the netpage network, describes the individual elements of the netpage. In
particular it describes the type and spatial extent (zone) of each interactive element (i.e. text field or
button in the example), to allow the netpage system to correctly interpret input via the netpage. The

submit button 6, for example, has a zone 7 which corresponds to the spatial extent of the
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and coded data 3 printed as a collection of tags 4 using invisible ink. The
correspondi ng page description 5, stored on the netpage network, describes
the individual elenments of the netpage. In particular it describes the
type and spatial extent (zone) of each interactive elenent (i.e. text field
or button in the exanple), to allow the netpage systemto correctly
interpret input via the netpage. The submt button 6, for exanple, has a
zone 7 which corresponds to the spatial7extent of the NPX024-SG 7
correspondi ng graphic 8. As illustrated in Figure 2, the netpage pen 101, a
preferred formof which is shown in Figures 8 and 9 and described in nore
detail below, works in conjunction with a netpage printer 601, an

| nt er net - CQBH@ﬁ&ﬁggEE@MEg ng appliance for home, office or nobile use. The

pen is wirel ess and ni cates secur el t nef page printer via a
short-range radi o®f 111 inFigare 1 eps e lase prl %tl’é’r 4 {‘@Wgr‘srs ™ Br m of
whi ch i s shoguesBandd agdm@ehbladﬂmtoa dii3il leivel, welesia conpackion withrdtiegagbetiated 60bel ow, | S

abl e to de'dn‘ﬁﬁé ot- E’&E&%Qg&ﬁm% a{nce rh(JﬁQ%ﬁQe Jbﬁ@&@'ﬁé&qrs d}}r%féé%%i)er S

nmagazi nes, cat a 0gs piicat i ons rinted at high
qual ity as COFIWPIE%%%WW@YW@M%@G@%@PUH‘PWWSé“b’@?@d?ﬂmhnéérrput er t he net page
printer is an app{l‘?}e@ﬁ@%ewﬁt&rﬁopapreﬁﬁ‘edff)ﬁfofwﬁ?é@-m&mnyﬁéﬁeﬁmfﬁﬁﬁ adj acent
to an area where.the [ irst. consu uch as in a wuser's
ki t chen, ne%g?cn edb?%%fﬁgeg"é@ {‘]’gblf %’\{Vst?)fie?‘ﬁeé’é’rm‘fdﬁé %?fﬁgg%f"gpﬁs"b%‘lz"ﬁlt of departure
for the daynewstphpe&l Bagaziggreislogsibrochiybsehdher dedikdtion, aliypointdd high quatity ai ni at ur e

versions. r?&lggéegﬂéels %ﬁﬂeteﬁa%rs&ﬁ?éo lRé?'tﬂénengg%ﬂﬂéHmt ﬁﬁn&m élﬁbé Inge

ease- of - use tlme I NeSss |nterac 1vit
interacti véxm wm-mmteé Adi%6R0t forpn Eiegywhees the merpias pras j5digrecopwimed grrh PSH{‘ gracts

with the caded kd@tnan@ﬂa BredRfabtMbR0or nEHe thip BeehiSehdld B P6intCod Bapbi k< £ai tRSday. Vi afbo &
short-range radio | t he {e nteraction to a netpage printer. The

printer 601°°§“ésr}’él§‘b]ftﬂ% KPR PILPIe 8 PBEPRE T @ evant net page page server 10
for interpretati oNetpdges priatedatdpir peittef @nsugptiaicambiesthe dalkeof-prgépapamitthesends a

cor respondltg&hﬁggssaﬁ@g&atctgmggpinllrgégclﬂ%qnegfmput er software running on a

net page application server . application server may in turn send a
response which i sAp¥HPYR ’é@‘gﬁﬁ 2t ‘H"e“e@l"%eg’r“*’fh@tl ipgacts iththscoded fig qrappaiele systemi s
made consi defpaéalmndmmuﬁmm ERdrt-fafipe kAR 1Ak thﬂlﬁtadctﬁﬂba(ﬂbtﬁugﬂﬁnntebyrhbm ng

used in conjunc d m croel ect rome ani c tem ( MEMS)
R e U S
t echnol ogy, appreprateiciraimptaivesg the sape eavenssulis laicgrtesipudihg hessagpip lam11:ang1 qoslpmde nor e

af f or dabl e &,Q£0RSFRLS net%a@e hdpReafdnQE:CL 1 8 Gnt &Hpiﬂauéh BRLRAAYR dtRhi gation has
the physical characteristics of a traditional newsmagazi ne, such as a set

of | ett er - SPPensgPlyeiyPriied o8 the PigiReliRg PUPE- f ul | col or on both sides, bound
toget her for easyTRadipgabysem imlc casifi@iblyahirecdnnidhtiinge pra'fheedlaﬁbqa&gﬁt printer

A T T
modem ser viemigf ‘f"h}fiﬂhg In the preferred form of this technology, relatively high-speed and hlgh—quallty

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.

The netpage printer exploits the growing availability of broadband Internet access. Cable
service is available to 95% of households in the United States, and cable modem service offering
broadband Internet access is already available to 20% of these. The netpage printer can also operate
with slower connections, but with longer delivery times and lower image quality. Indeed, the netpage
system can be enabled using existing consumer inkjet and laser printers, although the system will
operate more slowly and will therefore be less acceptable from a consumer’s point of view. In other

embodiments, the netpage system is hosted on a private intranet. In still other embodiments, the

netpage system is hosted on a single computer or computer-enabled device, such as a printer.
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broadband I nternet access is already available to 20% of these. The netpage
printer can al so operate wth slower connections, but with | onger delivery
times and | ower inage quality. |Indeed, the netpage system can be enabl ed
usi ng exi sting consuner inkjet and |l aser printers, although the systemw |
operate nore slowy and wll therefore be | ess acceptable froma consuner's
point of view. In other enbodinents, the netpage systemis hosted on a
private intranet. In still other enbodifrents, the netpage systemis hosted
on a single conputer or conputer-enabl ed device, such as a printer.
NPX024- SG 8 Net page publication servers 14 on the netpage network are
configured to deliver print quality publications to netpage printers.

Peri odi cal publi cm¢a@@§1bﬁéaaor¢%4vbryﬁf&dheal%&eastw&ahﬂe Yorkiguredbl 50 bRANg Net page
printers via poi nt cast;oglgtpand mul ti castllg% l.nt er netVSPr otocql 5. Personalized

publ i cat i orfSalhy ooy AT rlefis PRl PR s ! AAFAIA user
profiles. Aumeitiggepdge pirites vicpintdaging o hiunlicaseg Iitoms ppposlt. Pamyalizedrber  of
e 20 BB MRS and ol e ISR Bl RLARGRL T ML ST S, (1 e
preferred atron t pagé pen unique identifier. A
househol d may havénﬁpaéeme@d’ﬁC@f%@I%Wﬂmfp‘aﬁgoﬁmﬁ% andgrpen @8 3Pgned t o

each nmenberyim@hy dulBerloPdBiga¥e prikfdisSn @k bielE B RAFIBmMsE8En, b4h RYafd Rh Ras auﬂq&t i nct

profile with pect et pa ublication server Ilcat

server. A n‘get“b‘geééé‘ }Béﬁ‘?f“g%‘i‘ia&a?p ‘gﬁecg “é‘i;oé‘?délatp%ef’??s a?n‘ﬁ@flﬁnﬁgg’ e?cé‘&e cF’fatl on
server 11 affiche familiddistalbowsoad uer tonmmampai;smnproﬂlawdh @pe0 U stpagkipitdicaionh ows

e- conmer ce nggrgpg}%ﬁcaaoqlsprgersecurel y authorized using the netpage pen. The
net page registration server conpares the signature captured by the netpage
pen with a previ ofi8¢thase eRyicat Asoderegivigrhivitagncioagerragifiriign borver U aadititkehiti cat e the
user's i dengk Sr)fnotré:})aﬁﬂen%arcp@wfIﬁE q8is SIRFWY EEommid A BhynRhOIBE Edo8ly mn@eldso be used
to verify |den‘5h SI on of the neteﬁ Gqﬁ)&peg i ncl udes fbl tErl nt
scanni ng, VEPFYS aFerPe& IF PE28F oRRPBy ey Ih EORATL Ry e i At By

Al though a metijlegeeviusintegisterdsigeiete alewingietoiaatingecshauals idatity teen eror ni ng
newspaper WAl serott™Gther R EAE hO¥be ulch SRy AR A Volidh BEIn/IRI e ol dEl T ver

unsolicited Junk In 1ts preferred form 1t “only delivers perlodlcals
f r om subscripdhdes f@ﬁermnh@ﬁmevea ot Sipilsgway by the @etpage FreitFtien S®epect , t he

net page printer hBhousl d dé@ag pha&maéhwa@e&amasﬁmds ﬂamﬁm&mewpmhmmswvi sible

to any junk nmailer who kno hone er. or.

NETPAGE SvSHE R TE DR Bt T R S0l e e ot et PR | ped
using a Unidulyalelivivs derlodiogs ﬂmmqb&g@d@tmmse@htaweﬂoag%dmlus,&esmcaﬂs nefpage)r am
consi sts of riﬂtelslganhgé PS5 ke 6 %a?l%&oﬁr@@ﬂ@lﬁg GliblYo Jn?_luﬁlE ﬁlﬁﬁxs\ﬁloﬁcﬁows%d two
ki nds of reI ati1onshi ps are of interest here: associations and

gener al i zat'lephene nupbenaregiail addreshn represents  sone kind of rel ationship

bet ween objects, NewachSistEmArcHIECaUREES Of C| asses A generalization
relates actual c as es an u |f a
class is thought d"fc YR ‘Pegm%le S¥SP%1 &%scn%e uSIfl%a ’flﬁetd&??dehéllgg‘gtguaggﬁg c)l ass A
is a gener aﬂaisszcmgtagnA@Iasscsiiaa@sl cB}Slslts bErsetBf ptsecscrlarm‘b yongected bgwelatiqpfhips, and hrep

kinds of relationships are of interest here: associations and generalizations. An association represents

some kind of relationship between objects, i.e. between instances of classes. A generalization relates
actual classes, and can be understood in the following way: if a class is thought of as the set of all
objects of that class, and class A is a generalization of class B, then B is simply a subset of A. The
UML does not directly support second-order modelling - i.e. classes of classes.

Each class is drawn as a rectangle labelled with the name of the class. It contains a list of
the attributes of the class, separated from the name by a horizontal line, and a list of the operations of
the class, separated from the attribute list by a horizontal line. In the class diagrams which follow,
however, operations are never modelled..

An association is drawn as a line joining two classes, optionally labelled at either end with

the multiplicity of the association. The default multiplicity is one. An asterisk (*) indicates a
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UML does not directly support second-order nodelling - i.e. classes of

cl asses. Each class is drawn as a rectangle |labelled with the nane of the
class. It contains a list of the attributes of the class, separated from
the nanme by a horizontal line, and a |list of the operations of the class,
separated fromthe attribute list by a horizontal line. In the class

di agrans which follow, however, operations are never nodelled. An
association is drawn as a line joining two classes, optionally | abelled at
either end with the nmultiplicity of thé association. The default
multiplicity is one. An asterisk (*) indicates a NPX024-SG 9 multiplicity
of "many", i.e. zero or nore. Each association is optionally labelled with

its name, J;h&ty ofth nsaqfopet b RO rloe. t@h@dséceaqmﬁﬁ orﬁibﬁahﬁfabeﬁgﬁj\m‘ﬂd 1{3 Rahdndlis0l € of
the corresp ?

i ndi cates an a ation
associ ati orf S@@P@gﬁ%{ﬂa@ei{sﬁ at)eﬂhea%a‘ “i“g g gt “ﬁf"‘feﬁ%’né%%ﬁlaébéf‘ ngigont ¢ he
associ at i onindi¢aR@an abgregRti@r addotiztivh ( Dpatt©f g ahdindrdingat (he bgpregitdr endofdieawn as a
solid line %glabngntmo cl asses, with an arrow (in the formof an open
triangle) a e generallzatlon end. Wien a class diagramis broken up into
mul ti pl e di agr anmsA eenssplicatiensralatignghin(“is-6”) i dvivin etz whd MJOHSMWCWSQSWI&‘ agashed
outline in ﬁlolv(lbukfanh%fﬁ%éhu%gm@mbmb@ﬁkaaﬁfewes it. is shown with

attributes only where it is define PAGES Ne a

foundati on on whi &He% st %‘ﬁ&‘?%&”?(mf°sm%tﬂ’:‘%ldfag’a‘?ﬁév “ﬁﬂs%‘g‘l’%‘és ‘i\’plbc &s based
user |nterfﬁmmmﬁmhaﬂmﬁhﬁﬁﬂﬁdmmmﬁmMﬂakmangamdmmanMadﬁhwemmmwmhma$mmA net page
consi sts ofn%w%&%nggmggge (or other surface region) invisibly tagged with
references 10 an online description of the page. The online page
description!ls naNRPASEed persistently by a netpage page server. The page

des f r 11 ption descr N&g@ega&emé/ﬂo&ida off oh ANCHH neRR nGRBH RBLilOThel PBvilALRper-
i ncl udi ng t ex

hICS n al so describes the input elenents
on the page “?H?? §ii5g o By g@ﬁgqgﬁV$€P$?ﬁ?§WC§ﬁﬁm?nput fields. A netpage
al | ows mar ki ngs naaepage tdusists sfatppsigEpage(ar @l surfce rgionf iadebly Ggded with

si mul t aneousdy, EARLURH: @e@c@ip@orn%ffaéggg Y ol e R B Mididngy €

net pages can S are the sane pa crip [ ow | nput
t hrough ot'emgipage piee esrver- da¢ pag%v&ecslpw db?énws e viribla jaxorbend conmhoffispssge |

assijgned a lumaqig@expg@ﬁnds d&nﬁlhg‘eg @tralso dRirbes BAGHt LEhdABSn &blf,ange qicaiam% preci si on
to |st|ng n er of net S ach reference to

t he page de 8?‘158‘?"? \EI)YEWEﬁ %"ad 8 1? etpﬁgepaﬂ?‘ﬁstnéa&‘mfgéﬁ’a&fﬁ'g APAREF BBSP T i es the
uni que pagemdnewhnsmmemmﬂpeameﬂmahdxt$®ﬂﬂbynﬂmdcﬂs@hly identifies the page
description. The m&ﬁéha&ges cqlﬁgﬂye file Sifne iphe% LB SRR Ok blgutmﬁagh

Characteristics o e tags are descri b I'n nore eal bel ow, Tags are
printed in Shrigidgicatnses ﬁ?(qe\?émigﬁlkhe@r?a“é‘ﬂﬁlp% IS Stsieatde wRlapies identifier. This

i nf rar ed- r gfahSIOthad/Rfficies Peebisiab o @sGlighis BetvRBPEVery lN@ﬁ{umbé’ifofﬁ&ﬁgbswavd engths are
invisible to the Eacga?erege to laleg)ag%%gscr?pati%)gl !s ncogegmaprmted tag. The tag identifies the

unique page on which it appears, and thereby indirectly identifies the page description. The tag also

identifies its own position on the page. Characteristics of the tags are described in more detail below.

Tags are printed in infrared-absorptive ink on any substrate which is infrared-reflective,
such as ordinary paper. Near-infrared wavelengths are invisible to the human eye but are easily sensed
by a solid-state image sensor with an appropriate filter.

A tag is sensed by an area image sensor in the netpage pen, and the tag data is transmitted
to the netpage system via the nearest netpage printer. The pen is wireless and communicates with the
netpage printer via a short-range radio link. Tags are sufficiently small and densely arranged that the
pen can reliably image at least one tag even on a single click on the page. It is important that the pen
recognize the page ID and position on every interaction with the page, since the interaction is
stateless. Tags are error-correctably encoded to make them partially tolerant to surface damage.

The netpage page server maintains a unique page instance for each printed netpage,
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by a solid-state i nage sensor with an appropriate filter. Atag is sensed
by an area image sensor in the netpage pen, and the tag data is transmtted
to the netpage systemvia the nearest netpage printer. The pen is wirel ess
and comruni cates with the netpage printer via a short-range radio |ink.
Tags are sufficiently small and densely arranged that the pen can reliably
i mage at | east one tag even on a single click on the page. It is inportant
that the pen recognize the page ID and _position on every interaction with
the page, since the interaction is stateless. Tags are error-correctably
encoded to make them partially tolerant to surface damage. The netpage page
server maintains a unique page instance for each printed netpage,

NPX024- SG 1flowiad i \Waiehin Ldistit mfrage%%p@ed%@és Ifd Gout$iikis 1@ the E@g% ldesS4RiBh foed
values for input fields in the page description for each printed netpage.
The rel at i SAYPIPHEREen t he page description, the page instance, and the
printed netpage Tls raliowdhipiberwhdngherpegedlescription plgegeiintha@ e the grilmsisepigat ed wi t h

both the ne e age user
who r equest oao b o il PR W Glyldyi 308 o By AR REDE, 128
form each anddf knefemthe fitrage us¢ravhp eegiiesind itn  whi ch it appear s, and the location
of that ta;gzvx,ithiq@w;\e@me@,gi on. Atag may also contain flags which rel ate
to the region as or to the tag. One or nore flag bits may, for
exanpl e, sﬂg’nal TT%Batéé;ﬁE?eHb device to provide feedback indicative of a
functi on associ at mc prdfdriad fohs eacmddeaﬁfes 13 egloﬁhmialelth@@,rs widithedotiatidnlo€ Sensi ng
devi ce hayj fer.1q.3 desc h eqgion t en may,
for oxanpl o o PO B fiiol A 5 3L bl € R  LALRAEE o

hyper i nk. 5 Opg qrImotyélaa’msenanIf@axmlee%zwmtmalst}eﬂ@mp tojpppvide feedbpeky r ed

enbodi ment i, KAGR of AnGBNEsHARd Rt thERelidte LRE FMIIAEH b ViR iRk de?vfcé uct u r e
which aids initial detection, and which assists in mnimzin fect

of any war FeT PR EET gy Aeterion b heterionA - AEpasE RE T i TAPOIS '8&‘@%9 an g o ags
pr ef er abl y akdat EEID lBenémthé Zoge of paigeslinend are sufficiently small and densely

arranged that the DGR oCal. Eh] AR TBOR 2L ek GRS @0t Y B0 o1 N0l e

click on the page t hat pen recognil ze age D and
posi tion or?aSﬂéWé‘Pg}mZPqﬂltl‘@Flmt:%W@Wemhm@*h‘emﬁdg}@ms podrdich praistp mr@ma@wéﬁ is

stat el ess. ot 8 Ry Rhp iieda HRADIE Bl by dibhshE bR, TR tag@pr@ﬂaraay tiRGhelefrer s
coincides with |regaﬂ an the([tg%lonlDel:’:a%gGlilrl in tettagls
therefore éﬁ?gfoﬁaﬁffﬁ iGierfiy Stpgf @b densely apsanged thet the gep can 18 TR 2RS4y
appears. | rvetdesingaileklbmmbapage. Itihiepsregi thn the penwdvbgire the papg 1P efdepgtiaman be an
arbi trary Suby aakofe i of BR%GcOh AN SEIAGe. For example, it can

e zon

coincide wt nteractive elenent, in which case the region
I D can directly i Herprafgrgd fmmd@mtéh%fewwte w@r’ewfersmml@s yith aregife gage.a
and the region ID encoded in the tag is therefore synonymous with the page ID of the page on which

the tag appears. In other embodiments, the region to which a tag refers can be an arbitrary subregion
of a page or other surface. For example, it can coincide with the zone of an interactive element, in
which case the region ID can directly identify the interactive element.

Table 1 - Tag data

Field Precision (bits)
Region 1D 100

Tag ID 16

Flags 4

Total 120

Each tag contains 120 bits of information, typically allocated as shown in Table 1.
Assuming a maximum tag density of 64 per square inch, a 16-bit tag ID supports a region size of up to

1024 square inches. Larger regions can be mapped continuously without increasing the tag ID
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Field Precision (bits) Region ID 100 Tag ID 16 Flags 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 wi thout increasing the tag ID NPX024-SG 11 precision
sinply by using abutting regions and nmaps. The 100-bit region ID all ows
2100 (1030 or a mllion trillion trillfon) different regions to be
uniquely identified. 1.2.2 Tag Data Enc&ding The 120 bits of tag data are
redundantly encoded using a (15, 5) Reed-Sol onobn code. This vyields 360
encoded bits consisting of 6 codewords of 15 4-bit synbols each. The (15,

5) code al | pgion SiRiplyBy Bsist 4Bl r&loh O mhR. BR 10061 BE4AD NSHs 200deyty:d, i.e. it
is tolerant of rror rate of i33% per codeword. Each 4-bit

of a synbol e up tQ
synbol is r® ‘l"%g’él??f‘érﬂh‘inhgger%"b%??‘?‘glt‘??F“G’Gﬁe&@ﬁ’f‘ %y in the tag, and the
synbol s of 1.2.he sirag DaddEmsodiagare i nterl eaved spatially within the tag.
Thi s ensures that t I r i td pall
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adj acent bits) damagées a m Al num nunber” 0 over a a mninmm
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the burst ephos symeaRirb§ toftd kdrdbctcder &ALREY, i.d itds tieBR Y GRbol Id@ rard druglour € The
physical representation of the tag, shown in Figure 5, includes fixed

t ar get strd@ﬁﬂ?@%ﬂﬂﬁg? 16, 17 and variable data areas 18. The fixed target
structures al |l ow Bachangisynhotierepresentsdia h spasally hehereietap aigie tipemdtie sphdobof t he
tag and infer.jt - d] i I i ] ensor. The
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atag with a diagneter qof about 4 mm At this resolution the tag is

desi gned tdmbgﬂgﬁW?ﬁﬁﬁﬁed by a "quiet area" of radius 16 dots. Since the
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To achieve proper tag reproduction, the tag is rendered at a resolution of 256x256 dots.

When printed at 1600 dots per inch this yields a tag with a diameter of about 4 mm. At this resolution
the tag is designed to be surrounded by a “quiet area” of radius 16 dots. Since the quiet area is also
contributed by adjacent tags, it only adds 16 dots to the effective diameter of the tag.

The tag 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
simple correction of its aspect ratio removes most of the effects of perspective distortion. An
orientation axis 16 allows the sensing device to determine the approximate planar orientation of the
tag due to the yaw of the sensor. The orientation axis is skewed to yield a unique orientation. Four
perspective targets 17 allow the sensing device to infer an accurate two-dimensional perspective
transform of the tag and hence an accurate three-dimensional position and orientation of the tag
relative to the sensor.

All target structures are redundantly large to improve their immunity to noise.

The overall tag shape is circular. This supports, amongst other things, optimal tag packing
on an irregular triangular grid. In combination with the circular detection ring, this makes a circular
arrangement of data bits within the tag optimal. To maximise its size, each data bit is represented by a

radial wedge in the form of an area bounded by two radial lines and two concentric circular arcs. Each
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uni que orientation. Four perspective targets 17 allow the sensing device
to infer an accurate two-di mensi onal perspective transformof the tag and
hence an accurate three-di nensional position and orientation of the tag
relative to the sensor. Al target structures are redundantly large to
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supports, anongst other things, optinal tag packing on an irregular
triangular grid. In conbination with tHé circul ar detection ring, this
makes a circular arrangenent of data bits within the tag optimal. To
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the sensi ngegl&eo\‘ hiGfhatl oPierdtdSA ﬁfs%s@uoﬁe(f HRGEJuRY dnede @ 131528 oPRGy FRRGGE Of the
tags. Assu a ci rcul ar t\%ﬁ shape, the m ni num di aneter of the sensor

field of viBWsgtherggeaifmaten ’éﬁS‘Teﬁédipéﬁbgoﬁ?“etagsrled on a equil ateral
triangul ar grid, asusiguwircular thd YapeSshOminitund ddmdtagf thawger Relocassiing and

Decodi ng Tho%tah@&ﬁﬁeﬁﬁ%?a PLQE&?&J a%gulﬁ{éﬁom%}?l%l gES aE’ﬁ{ &g&'ﬁ?\@re%y a sensi ng

devi ce such as I'le a captured
i mage is belhf acﬁ%ﬂme mﬁswneanﬁﬁgeoch@sor the dynami ¢ range of the

i mage is determ neg tégﬁna&cﬂ}ocesgm@ang @&B(ﬁﬁg ﬂa;for;n&poyr 230E8e hisvick MBRNasGRQSBIEeaS t he

binary threshold for. the i : mage is hen t hr eshol ed and
segnent ed Mt 5 SteSRRREY - B\fh;]a gcap'éﬁp%e 18 %‘?mgé‘cq“ér WL hoiEEsgsoBg  Shapes

which are tdymnsdmabge of the iregriedentinédie zonTl@eentsbfmltang_eeshearcmosdiasthabldard The
size and CefLgl r?l uﬁaggg ?Q Bed lﬁm&h QSh&Ei’ enfal ﬂfi"or&ém%mﬂﬁxef@ ts 25
)3

are then conpute eac ese provi asis for
subsequent |G- Fhgeae Py 2arhyess whick erefoalseél o @emeptaqlg Ed pecHAtRticadee by their

nature i nvem; & and ea‘ntr@a)sitemh(gﬁhpe aRo EAube easily made invariant of scale,
aspect ratio and fzggr? tsllape moments 25 are then computed (at 24) for each shape, and these provide the

basis for subsequently locating target structures. Central shape moments are by their nature invariant

of position, and can be easily made invariant of scale, aspect ratio and rotation.

The ring target structure 15 is the first to be located (at 26). A ring has the advantage of
being very well behaved when perspective-distorted. Matching proceeds by aspect-normalizing and
rotation-normalizing each shape’s moments. Once its second-order moments are normalized the ring
is easy to recognize even if the perspective distortion was significant. The ring’s original aspect and
rotation 27 together provide a useful approximation of the perspective transform.

» The axis target structure 16 is the next to be located (at 28). Matching proceeds by
applying the ring’s normalizations to each shape’s moments, and rotation-normalizing the resulting
moments. Once its second-order moments are normalized the axis target is easily recognized. Note

that one third order moment is required to disambiguate the two possible orientations of the axis. The

shape is deliberately skewed to one side to make this possible. Note also that it is only possible to
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The ring target structure 15 is the first to be located (at 26). A ring has
t he advantage of being very well behaved when perspective-distorted.

Mat chi ng proceeds by aspect-nornmalizing and rotation-nornalizing each
shape's nonents. Once its second-order nonents are nornalized the ring is
easy to recogni ze even if the perspective distortion was significant. The
ring's original aspect and rotation 27 together provide a useful

approxi mati on of the perspective transn rm The axis target structure 16 is
the next to be located (at 28). Matching proceeds by applying the ring's
normal i zati ons to each shape's nonents, and rotation-normalizing the
resulting nonents. Once its second-order nonents are nornalized the axis
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equati ons fe%&kl'ﬂlgor@ﬁtﬁuﬁﬁ}ﬁsﬂ@mé RAE PosdNEL LABRET SRRE Se AL dEaked bf S€€
Heckbert, P., Fundanentals of Texture Mapping and | mage Wr ping, sters

Thesi s, Dep‘lfoss' erepeeS, U, of California at Berkeley, Technical Report No.
UCB/ CSD 89/ 516, Jmmenfaraaa%,g sﬁd&étoﬁﬂﬁkb@;ﬁhb&peﬁﬁec%itﬁﬁkfa&h& RaInepjett (€ &) pahat ed by
cross-reference ace to erspective
transform i 2° usgeat b{c Bosmon m%%gtsp?ce %n?c%gx)aé)e s%ac%whefe tll;ra %Ff VA &ostlt%n is’ e%E)OSI tion in
tag space mrlltnearlyrm'e@eﬂasedetéé) thgonrgelpvant adJefahtpvalbwéhtlmsmmaﬁhqpseVmFéd to

bilinearly doﬂ &Jdﬁﬂ!lg@hﬁesﬁcﬁﬁﬂ:‘}@se& tla%ésﬁ)dﬂthé ﬁiuﬁ\/@ﬂ%du@eq}l@ﬁﬁfmt BX®l s in the
i nput i mage. greV|ous y ed hreshold 21 is used to

t hreshol d the res P 2 66();5’?*68135(,35 h?‘ﬁé’e‘i“loh‘élfwdﬂ? ihls\)"é?’ Gehghthe g 00bitfepd-360 dat a
bits 37 havsaloheemdahirallsrteebdbm(atjxp&ywp d&a&b binf 39t dr8 2B dexododbibiit tothieNéle

Sol omon Codtﬁ\{\glle Wor qlmﬁédare s a‘g.imt deword r ST go dﬁgaq %g\%?rgseage gpﬁcﬁl %? or 120

decoded bits in tota e codewor S are sa ed in
codewor d orinfetteaved during g samplieamecdss- are inplicitly de- interleaved during the

sanpl i ng process. The ring target 15 is only sought in a subarea of the image whose relationship to the image

guarantees that the ring, if found, is part of a complete tag. If a complete tag is not found and
successfully decoded, then no pen position is recorded for the current frame. Given adequate
processing power and ideally a non-minimal field of view 193, an alternative strategy involves
seeking another tag in the current image.

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

optical axis.
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of the pen nib in the region, as well as the overall orientation 35 of the
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e
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surface codisidpnsblopsn lnsagorovitimbergst , both of which use the tag structure
described epjgi er ridhiddi$chenfest | ON- The preferred coding schene uses
"l ocation-indicating ags as already discussed. An alternative coding
scheme uses obj ecT¥? figfingtavfasgcoding schenxs prg ehipteisth-vothaf whith wsefhe ags'eeeai ns a

tag | D whi Cdescrivdaenlidriioihs bati@dTHe g cding sdha@ WRBRPlocaAsSRBitAihedagdhd h t he
t agged regqi ocatl n the region. The

tag-rel ati vagr ddﬁ%%fs ﬁn(%]?e 2 ecﬁ‘éﬁggs"ié mﬁ&cﬁ’% etc m{hﬁitmgtf‘%?g | ocation to yield
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det er m ne tRGLELA ¥ agdld £, 91@1@s 4 ﬂq@é !ag’ﬁcatn& Fithierd reél&t ?ﬁeftégclaa@ee”e“t in
t he page description associated wth th ion. Not only is the user

i nterface eP@huf thp pads qdd?dd%ﬁtsl&fgﬂ@auonmel%he oeatian 9t PF’b‘f"ﬁ‘H theesion THe user
i nterface aheaiERised 6 dételemik itHeil@ation bOGEpeh edlativé¥d b GRE infdack algitent N @e@hgr €
trivially

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

An dbj ect-indicating tag contains a tag ID which directly identifies a user interface
element in the page description associated with the region. All the tags in the zone of the user
interface element identify the user interface element, making them all identical and therefore
indistinguishable. Object-indicating tags do not, therefore, support the capture of an absolute pen
path. They do, however, support the capture of a relative 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
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support the capture of an absolute pen path in the zone of a particular
user interface elenent. An object-indicating tag contains a tag | D which
directly identifies a user interface elenent in the page description
associated with the region. All the tags in the zone of the user interface
el ement identify the user interface elenment, making themall 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 Iondsas t he position sanpling frequency
exceeds twi ce the encountered tag frequency, the displacenent from one
sanpl ed pen position to the next within a stroke can be unanbi guously

det er m ned. apy}(,lgﬁatee;ésg&,@gtog@&gér@gi@@Q%geStyggnt ags function in cooperation
W th associ a:%ed visual el emen on the netpage as user interactive

el enents in-t hat SOCHMENT ANRPACK Ef’%‘f“%sth the printed page using an
appropriate sensi A@rettervd @bolliherd btaiocin@nt shdihgeldebdiption chaes diagadt ibgiowrhie sensi ng
device and { ?gnandygxom SG 15 appropriate response to be generated in

t he net page 1. 3 DOCUMENT AND PAGE DESCRI PTI ONS A preferred

“enbodi nent of a dbcdhareegearsimpalgamde dsdesepbad githies lavels. Afithegroatirbstagctddyelwn i n

Figures 25 tﬁeﬂﬂ»m@&nt%@h&@%eﬁ%ﬁ@ﬁ%céﬁé%@@t@mﬁlﬂ%ﬁ&ﬁtsw S flesflciad at three
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e
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cases be asoaﬁssh@hﬁgtemmﬁdile@@aa{sqﬂﬁw@my%% tﬁ@iabxﬁéat Mietts £t b1 repida. facophntdose
associ ated wit cor.respondi.n rmn el ements, particularly where

t he contentméaﬁfeé’éf‘ OCW%’tQ’FWgé‘Sr P4 ﬁﬁ%ﬂgﬁt‘i"}l}f"éa‘p“tcﬁé“f &'8f a docunent
and page | saakdo peedGtande &8 tse@acoadeélseparatbky fran lirpws chpypeit throwgh othersiastanbes oligh  a
particul ar pagse. 830 to be recorded separately frominput captured
t hr ough ot htgr m%gg{lleg% ﬁ%f t he sanme page description. The presence of the
most abstract docUbfgrserdeefieinystiabiag docupent feseriptianen s pagg|seresRalloars g 8%F tog o

(r]I equest a Goq¥st Qf:opﬁoﬂﬂﬁblﬂ@ﬂttwﬂiblft Begtiorba th g cdpOth€ &8kt @cataeipedittGorm@ir ce
ocunent's

Teu uesti.ng.a co t hrough a
e nter (Rt SO AGe ot <t S B Bk B LR PG e br econce
of the for némtedlydbepresent ofiissiomiagididorrmen deshdptipageheaegasercralidvowe pegre  page
server t0 &bl Slidnty lalhfh Robhidd$ 6o ARkl Sn@lpd par L cul ar printed page.
A formatted docunent B34 consists of a set of forratted age descriptions
5, each of whi chAé‘ti’WétFeéti%C“’Bf“t Bsensisyrf 7 sraffrraigd page ﬁ‘ﬁ“‘r’i’a{) iong f-cAdrPf s 835.
Each for matwies c&{sﬁﬁﬁfﬁsem&nﬁaﬁSd)@ﬁﬂnﬁl elen@Xis 835 &R fof0dWed Séinedihat Natge. Thi s

defines t hee ? gttolr ¥o%e on e page ’Ptpsu eﬁnes © ac%és argauo(t; mpl% eleerQs su(!hlag Eyper%ﬁ(s and

input fields.

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
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with an assdisFt#bsdn alsitowlledemeek&ﬂ Wby@cassoaggi augdin clippkiget 889, onaesatipt8genii t h an
associ at ed g5mg§a@3&g§msc§§§bje@8@rgmlﬁbl t 850 with an associ at ed
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| nt er net, dste@ﬁoamhq\mnﬁlgm% 3. The netpage registration server 11 is a

server which rec omle%e{pegeaégts@aﬁmea@r D& YRABr WEdIr&ords RRAMshiRbtibe users,
applications and publjcations, and ther e%{(?ﬂghorl zes various. ne wor k

activiti es. PRy P PRGN pdpublicaions. gy dhe gzey VPP GRBFEET On behal f
of aut hent i anttmichtesseptssand mtsappligningipiogyion tichaf s aglichirasd usbr mablslmtpn ovi des

handue ¢! NG LEAANGIORSEL K6 A RSELIARS A0RONEea oNCLRRMR R0°

server 10 maintal ns pe ng‘atl on abou escrl ns and page
i nst ances. SENer lﬁé@m@éperqmﬂmﬁowanwwwe é%wmm@rpa@rm%a@é é‘%?%g“s each

handl i ng a rstkd&ahchAEs ARBLbEADS hRAEEBRrs, cabH Hafdlidg PRGB!t 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
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server al so 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 correspondi ng page. A netpage ID server 12 allocates
docunent IDs 51 on demand, and provides | oad- bal ancing of page servers via
its ID allocation schene. A netpage printer uses the Internet Distributed
Nane System (DNS), or simlar, to resolg a netpage page 1D 50 into the
networ k address of the'netpage page serVer handl i ng the correspondi ng page
i nstance. A netpage application server 13 is a server which hosts
interactive netpage applications. A netpage publication server 14 is an

<1':1_Epl icati grbn%%%x@gosmcicahmglu l&'ﬁeﬁ&%ﬁe ?%&&G@v@@%ﬁ@ﬁﬁfﬁos@s%oﬂ%%pﬁﬁﬁme pL i n: e & S.
ey are described in ail in Section ervers,ca osted on
a variety oqm"H‘&PWSPﬂ?“geé‘refvé?tpaﬁ? ﬁf"F‘B’raﬁ‘%mﬁ’?lﬂﬂﬁlawﬁﬁﬁﬂ%%"j‘ﬁ'rpé?véde%?c F%s 1BM

Hewl et t - Packmerdnd tamhg&;tn/er B lalso 1pd peovivied Qiggy is efietagcappliancersebh acoR@uger ent | y
NPX024- SG , e server can be distributed over
a nunber ofLﬁggga%o Qb%&ﬁ&%bor Eﬂﬁ%h%h%nctlonallty provi ded by net page
servers, ar@®in phiegNETEAGE PRINERT unctional ity provided by the ID server and

the page server, ¢Rhe@hPriR& obI QHAQsﬁ%n&l\ih?cﬁﬁsrygléte%d&mtﬁ%%tﬁa%e@&&hh@nce such
as a net page, prlnt uter workstation, g | ocal t wor k.

1.5 THE NETEAGESRIEF i?fﬁ??n‘f*ﬁéd?ﬂ?{‘ g &2 SYPPoRP G- T Printer ba aél’ﬂ}fa‘}eupa?{&réD ichis
regi st er ed and ishorhbgednethpsgegesysibdviaandwoisich hsthatcmalg ey cia Abwiddandn demand
and vi a SUb%&{%BLIOﬂ Each printer has a unique printer ID 62, and is
connected t e netpage network via a network such as the Internet,
ideally via a broéﬁﬁ@%ﬁnéﬁﬂﬁﬁ@bWWBWSﬂmﬁammm$w%ﬂﬁqmﬂﬁﬂﬁ@%mqm%§P§Q@Ur|ty

settings i ot néQbdibtbrt StofBIRY s as b BRr 2 6nPAYA, ‘B nbHvEHKk is (RQBkBURS NBYPages
per Si st ent stqra

far as a user ncern he network 1s the
P ommuter - BTy frRet Gl Bl R Brg o B ibuieh Aeai TR O (1 t he
hel p of themﬂmaﬂmﬂbuhemmmeh@agempmge servers 10, independently of
particular net pag %ggegmer réEQi@ ’;11%' &%&&eﬁﬁge%c%e&?&&ﬁ %ﬁ%@‘dﬂ%&kh bed

net page docunents cati on - servers ocument is
di st ri but edeives l%%é?@@emtsn@mb&gbmrvmm e paga lpyeuteand dhegapal tegherd iIpAge | mage

obj ects V\/hl&jécthmbﬂ @)bﬁaté mep@ags&ausmglz@ﬁongaga@m& hx%%icﬂ&spepﬁg% al ayouts
ar e typl cal | crib so.are pointcast to

the subscr imFaE Sprmterap i PRk S rre Hagea B Fep P Pt T hage
obj ect's, orilekived dtabeobjdaarrd the ather laydpare arbikally steed eviih wherlubstrhes, aglsbser i ber s,
and so are . jithd ko%ﬁ%&bs&ﬁ))ex@’lpl*mtgrgQﬁ%e'apﬁgﬁate?gée S and the appropriate page

servers. The netpage publication server optimzes the segnentation of
document cont ent FEpngtpage 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.

Printers not enabled for IR printing have the option to print tags using IR-absorptive black

ink, although this restricts tags to otherwise empty areas of the page. Although such pages have more
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poi ntcasts and nmulticasts. After receiving the pointcast of a docunent's
page |l ayouts, the printer knows which nmulticasts, if any, to listen to.
Once the printer has received the conpl ete page | ayouts and objects that
define the docunent to be printed, it can print the docunent. 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 stagé rasterization of page
descriptions, and expansion and printing of page inmages. The raster inmage
processor (RIP) consists of one or nore standard DSPs 757 running in
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functi onal |t9%ﬁnqpr$éhwhlﬂ-q§$cr¢ﬂséﬁ t%sa’é}wChetnh esfualy eedipiptint adpmer beca@esnet pages. A

nor mal net PAGEiaEY wifktiek ddRirhddt S e ihPaLeSendaShRERIS oRlcaPiBRRleedMor € speci al i sed

net page printers_m onto npre s C|aI| ed surfaces uch. as gl obes.
Each printer supp](:)‘?‘f‘g g‘t’w‘? GEPagRunte °Llﬁs a%cun te%ﬁ'%%?’? PR | a5t one

t ag t|I|ngxﬁmmenebyamgmhem09w&agommpmmhgﬁwaeah surface type. The tag map
811 which describ Tl docunent
becones aSSOC|atggwkngﬁ&%ammah0ﬂgnﬁﬁggg§m%ﬁ%¥§% thgﬁﬁﬁgﬁ?ﬁgsggagscan be
correct |y ihslowrpithaefergnee mifigyres 1btodhows t he net page printer class di agram
reflecting 8.4 nt epemplt@tmhthddagr mati on nmai ntained by a registration server
11 on the netpage_network. A preferred enbodi ment of the net printer is
described in greal EmeHEE §Y5Iom AR BEREPE RENteRs Bads “P‘?'Fr?méf’%f gﬁggrﬂgtg Fi gures
11 to 16. hmﬁmmgwempmnﬁ@mammhmheadsmmhecnebpmgeday@@mmgmﬁm:mpememe usi ng

printers %VCWr tfgl' vﬁz}(e%rggmé‘rq é lt% (Qéutaal: nntér% '3 lf&lg!mﬁg .
i ncl udi ng thernzl i'ezoel 8ctric |n el ect rophot ogr aphi c,
and ot her s.charpiéspgiieer | f or mnde consuner acceptance is desirable that a

net page priater hﬁyﬁghm@cﬁthQMhpgnmgharacterlstlcs photographlc quality

color printing h@ﬁ%&ﬂ %ghngltext printing high reliability low printer

cost
. high reliability
. low printer cost
. low ink cost
. low paper cost
. simple operation
. nearly silent printing
. high printing speed
. simultaneous double sided printing
. compact form factor
. low power consumption

No commercially available printing technology has all of these characteristics.

To enable to production of printers with these characteristics, the present applicant has
invented a new print technology, referred to as Memjet™ technology. Memjet™ is a drop-on-demand
inkjet technology that incorporates pagewidth printheads fabricated using microelectromechanical
systems (MEMS) technology. Figure 17 shows a single printing element 300 of a Memjet™
printhead. The netpage wallprinter incorporates 168960 printing elements 300 to form a 1600 dpi

pagewidth duplex printer. This printer simultaneously prints cyan, magenta, yellow, black, and
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| ow i nk cost |ow paper cost sinple operation nearly silent printing

hi gh printing speed simnultaneous double sided printing conpact form
factor | ow power consunption No comrercially avail able printing technol ogy
has all of these characteristics. To enable to production of printers with
t hese 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 ectronechani cal™™ systens (MEMS) technol ogy. Figure
17 shows a single printing elenment 300 of a MempetTM printhead. The

net page wal | printer incorporates 168960 printing elenments 300 to forma

1600 dpi  pagew et b wHRL SXerRbAdMofd and M fadRe] Nt er sinul taneously prints
cyan, magenta, yellow, black, and NPX024- SG 19 infrared ink as wel | as

paper condltlonerT%HHmWﬁﬁbpﬁﬁéWV%@m“Wﬂ%w%ﬂ Grpieion lnedMenpiceghviis Amrays

appr oxi mat edfyhestbOntiik €le0ens ateCButhedyn akicoi DBsEAS 30U thhincobpof s CMOSflodid) @82
printing elenments .are .formed.o silicon substrate 301 that incorporates
CMOS | ogi c, ffr tlm"fgf%lnﬁgf“éercmfmm’?s}mwn&nd drive circuits (not shown). Mjor
el ements of the pwhntﬂ%gméb%mEWWMMHﬁEm&méOQ@@mﬁﬁzé¢%nsbammﬂﬁ@nﬁ82%¢e rim
303, the nEzAl GaRpitaGke fﬁ%@ seh136s, t&%QEhéﬁﬂbO@&élevér%ioﬁ Kh@ia%nel rim

306, the lever armSO?b the active actuator beam pai r } passive
act uat or beXMRFArt™ BTG V8 r@asgt spalonier BTG - A @R a%%r a‘t°h°é 3pHssive

act uat or an@hnémﬁm&;mﬂmd3nhammMmummwm2312 The active actuator beam pair
308 i s mechani cal t he
join 319. Both beg%¥k£%f§%m§§%&lgn ore ?g%%ﬁa&%res P%%g&gﬁﬁg IQIT0|nts
310 and 311309 Fike joig éWbB%hbqa@ﬁpm areh@h%?dtaéﬂigo@spewgand@leomtsm andgiidl T:’919 form
a canti | eveshpbinRbR6elcRbhes0dB00 3803 11, k340 ol a Sdevelel GléRhdGathRps a smal |
part of an arrgy of printing el ement's 300, including a cross section 315
of a prlnt|W %frent 300. The cross section 315 is shown without ink, to
clearly show the Figmk1d shbweda 3R pdrtvéitn paseiesnting elements 300 dnciding covsswaf er 301.
Fi gures 19( s@gtl’on g‘l%(og%)%-ﬁﬂ% e]te?r(egt) 3](_)2 %Vcrg%gl gec@o?l%?}?its Isﬂ?)gm QIXE(JUP nl? fto c@ea%srﬂ)ve Mt]:

printing el emen gure e qui escent position of the ink

meni scus 31igk ilej 32 thetpagses ﬂﬁ?‘igh@}ie ksicanﬁéfer 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
pair 308 for about one microsecond, resulting in Joule heating. The temperature increase resulting
from Joule heating causes the beam pair 308 to expand. As the passive actuator beam pair 309 is not
heated, it does not expand, resulting in a stress difference between the two beam pairs. This stress
difference is partially resolved by the cantilevered end of the electrothermal bend actuator 320
bending towards the substrate 301. The lever arm 307 transmits this movement to the nozzle chamber
304. The nozzle chamber 304 moves about two microns to the position shown in Figure 19(b). This
increases the ink pressure, forcing ink 321 out of the nozzle 302, and causing the ink meniscus 316 to
bulge. The nozzle rim 303 prevents the ink meniscus 316 from spreading across the surface of the
nozzle chamber 304.

As the temperature of the beam pairs 308 and 309 equalizes, the actuator 320 returns to its

original position. This aids in the break-off of the ink droplet 317 from the ink 321 in the nozzle
NPX024-SG



droplet. Ink is retained in the nozzle chanber by surface tension at the

i nk nmeni scus 316 and at the fluidic seal 305 forned between the nozzle
chanber 304 and the ink channel rim 306. Wiile printing, the printhead CMOS
circuitry distributes data fromthe print engine controller to the correct
printing element, |atches the data, and buffers the data to drive the
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The in ge senso
Wi Ch an apRPGRY TEPEIE < Be Fh RGBT e L e Swts

The preferred embodiment of the netpage pen operates both as a normal marking ink pen
and as a non-marking stylus. The marking aspect, however, is not necessary for using the netpage
system as a browsing system, such as when it is used as an Internet interface. Each netpage pen is
registered with the netpage system and has a unique pen ID 61. Figure 23 shows the netpage pen class
diagram, reflecting pen-related information maintained by a registration server 11 on the netpage
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 force sensor, and the force on the nib is
interpreted relative to a threshold to indicate whether the pen is “up” or “down”. This allows a
interactive element on the page to be ‘clicked’ by pressing with the pen nib, in order to request, say,
information from a network. Furthermore, the force is captured as a continuous value to allow, say,

the full dynamics of a signature to be verified.
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at only near-infrared 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 hunman
handwiting (i.e. at 200 dpi or greater and 100 Hz or faster). Information
captured by the pen is encrypted and wirelessly transmtted to the printer
(or base station), the printer or base station interpreting the data with
respect to the (known) page structure. The preferred enbodi ment of the

net page pen operates both as a nornal rking ink pen and as a non-marKki ng
stylus. The marking aspect, however, is not necessary for using the netpage
systemas a browsing system such as when it is used as an Internet
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net page V\hé&%{)é‘#aft’ﬁ%tm‘page | D changes, which, under normal circunstances,
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paste operations etc. € selection is timestanped to allow the systemto
discard it SW&‘FP’@F“&“%FP‘W@E“W’%SW‘F“&E}bS‘Ufiﬁ§25cﬂf‘srléﬁﬁm§étl”]ééa€‘iaésﬁclﬁ cribes a
regi on of amm@g@wmﬁﬁhaﬂﬂﬁmmﬂEgG@R&b&k&amémmkh&umﬂ&bhfﬁﬁﬁﬂﬁﬂdkgm&aﬁmmnk
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- Whenever the pen is within range of a printer with which it can communicate, the pen
slowly flashes its “online” LED. When the pen fails to decode a stroke relative to the page, it
momentarily activates its “error” LED. When the pen succeeds in decoding a stroke relative to the
page, it momentarily activates its “ok’” LED.

A sequence of captured strokes is referred to as digital ink. Digital ink forms the basis for
the digital exchange of drawings and handwriting, for online recognition of handwriting, and for
online verification of signatures.

The pen is wireless and transmits digital ink to the netpage printer via a short-range radio
link. The transmitted digital ink is encrypted for privacy and security and packetized for efficient

transmission, but is always flushed on a pen-up event to ensure timely handling in the printer.
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hyperlink activation. Each pen has a current nib 824. This is the nib | ast
notified by the pen to the system In the case of the default netpage pen
descri bed above, either the marking black ink nib or the non-marking
stylus nib is current. Each pen also has a current nib style 825. This is
the nib style |last associated wth the pen by an application, e.g. in
response to the user selecting a color froma palette. The default nib
style is the nib style associated with the current nib. Strokes captured

t hrough a pen are tagged wth the currént nib style. Wien the strokes are
subsequently reproduced, they are reproduced in the nib style with which
they are tagged. Wienever the pen is within range of a printer with which

it can comuni cat Qmed EpeR Rdut-ctrAYY Of a (iR MSaerdrd BeitaOM ih RESmalElhor)/ B8y t he pen
fails to decode a_stroke relative to the page, it rmmsntarlléractlvates

i ts "error "h{ EEPc{HARVE fa MRl gﬁ&‘&’é’éﬂ%*“i“ﬁ‘”‘ﬁ‘é&éﬁeﬁﬁ‘e Bends ¢6%as2P 81MR i ve to the
page, it nuamRebAdrinyr, a&hﬂsﬁﬁta@&ufﬁrsadlgﬁﬂmu_ED A sequence of captured strokes
is referred to as d| ital di gi tal
exchange of draw n g %alrllger %Sr?%ed “ﬂhqrf?’ n“m%)er Oi(%rm e|mhn%1t %eg%ép%fsta% stQ;efS ke
handwr i t i ngpetpagssibditorn pagen kridige thy aetivdrk, efai Taxgely @rimaserlglrvémhp@ﬁer aPeres pen i s

wirel ess angdmbh@0aH +ifh oflis ?bgr@gulamge to the netpage printer via a short-range
radio link. The transmtied digital ink is encrilgéftaq for pri vacy .a

security and packé&®rEgd rerdigri et s deyid m gt b‘tﬁec?°§6§Pl§7\%’9’§ fI ushed
On a pen- upefeiiato Rigurelsanoe timely handling in the printer. NPX024-SG 22
When t he pe1n7|s O%Tpg% ﬁm |8r£ a printer it buffers digital ink in

i nternal nerory as a capacity of over ten mnutes of continuous
handwri ti ng. V\henThfhetppmmmt@ 6B hcesivagreianelating by astroke dggdheppn K1 phenrihegien isj ¢
transfers apy it aol adkgiet IThé Med PdtaBRhE BBs DS reh LB tﬁé&ﬁ @ﬂknwlgdaecaay nunber
of printers, but because all state data resi th on paper

and on t he FEPIRAMEYericht ugh s 3 siepke-yFhe dairealans thy i %‘iyé’ﬂth aftf‘f{‘)lér%a%e aﬁ‘gn i's
comuni cat i agcivted inteAttiva Blymdaeto bé ddengihed andrgn indicapioraif e er@pmocdmﬁme oh t he

pen is descri L [ o8 it Eed nce to
Figures 8 toathgg yg@$%&@%?@m% %%Qa'llhgéknng%t Qﬁj) i rr%%n %‘r %S{Laﬁegcel ves
dat a rel at i vgfhe %N& thetpagsld 5¢ pichp srpke ipethe &eG&OfWﬂéWSStoﬁ b‘éﬁgﬁ} rgge sggerdOt o

interact wi \Mﬁbh@naﬂ@iuﬁ @Q%orilespo;ﬁlﬁ‘g ;ﬁg&jﬁ‘ééangﬁi@@ 13h&ftradshfs ha@Skeko ths pzfge @dﬂveby t he
pen when it _is used to dat a

ch as a st
al l ows t he ' eREF 58 e 'Bi%?ma&a? ngaéheaﬁiu g SBE R e st ve
el enent to diéhecddvedt pagaediveaindts eaahd Eazth oagagocongds df b eontpadt adge lagoupmsinteingini ng  of
the pen r E;Jei?s%{e%{t btyg nér%%e ﬁgﬁﬂjeto(ség%elgxp)t ﬁ&e@;@& layl-\n?eférglglo&%g Ak ag fla Qe i's

transmtted t I'ves, Vi t he page |1 D 50
of the strch’éSMP@CG{SHQC%&W%‘M@&&RMF@@@CGM‘PH@Paﬁ@ﬂeﬁ’&’g‘é page server 10

When the page server receives the stroke from the pen, it retrieves the page description to

which the stroke applies, and determines which element of the page description the stroke intersects.
It is then able to interpret the stroke in the context of the type of the relevant element.

A “click” is a stroke where the distance and time between the pen down position and the
subsequent pen up position are both less than some small maximum. An object which is activated by a
click typically requires a click to be activated, and accordingly, a longer stroke is ignored. The failure
of a pen action, such as a “sloppy” click, to register is indicated by the lack of response from the pen’s
“ok” LED.

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

1.71 Hyperlinks

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

printed response in the netpage system.

A hyperlink element 844 identifies the application 71 which handles activation of the
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whi ch mai ntai ns the correspondi ng page instance 830. It then transmts the
stroke to the page server. |If the page was recently identified in an
earlier stroke, then the printer nmay already have the address of the

rel evant page server in its cache. Each netpage consists of a conpact page
| ayout mai ntained persistently by a netpage page server (see below). The
page | ayout refers to objects such as inmages, fonts and pieces of text,
typically stored el sewhere on the netpgge net wor k. \When the page server
receives the stroke fromthe pen, it rieves the page description to

whi ch the stroke applies, and determ nes which el enent of the page
description the stroke intersects. It is then able to interpret the stroke

:/\E t he ﬁon&@fferrllrﬂfalm%sﬂ\ﬂﬁch(?jben&ftb@thé ﬁ)lpﬁx’ﬁﬁﬂE) ek ba, af¥ ah&lréqﬁlkeai” ﬂa% vicgt I oke
ere the distance and tinme between t ition and.the
subsequent PEPSHFIR PEPdHhcE A ‘FFt‘P‘éag‘ésplﬁﬁgﬁ“ ‘Eﬂlﬁg g‘ﬂ‘e?ftfvatt’f’ﬁﬂn%m An obj ect
whi ch i s ackicpiior /hiolyis 8sed @héntke Hypqﬂmkalrécyrde@a(qwfavaﬁe ar appeaiG ko thegnsdp'® hiatotyi vat ed,
and accordi The failure 1!, of a pen
action, suc%%%’m&il%%ass%{gp lsghtg‘gﬁ]?g ster is indicated by the |ack of
response fromt heWﬂiW@Perhnkei@m‘@Eﬁ)the'Ph@ﬁ@’V%ﬁ@dﬁtW“Wmamlcaiﬂ?fput el ement s

i N a net pagempRALR ofl &S adtkétk TR appRURGE iadHiBedd dn ip@ﬁd’ihonf D&k dﬁd thd a{ibphbbtlc{nh rough a

formfield canas ~trigger the a ion of an a Cl erlink.
1.7.1 Hyper Pu‘%fﬁ%‘"’ 81%1 L‘W Ve ﬂ&%aﬁ?feﬁe EHRARN Wé‘g% iK% ot e
appl i cat i orgé3,dech htynelﬂirxksa%ls,;anekdlecmm&ymrlmrsmtaesliomﬁméo Wgetnmhn@ﬂlpkage

t A handl
St vat i on it BoRaEis (4 ol i ahilP PP B 00 et DL G PANC oS
t he hyper | i ByRerlink sybmits @pmqe@a@wrfmawhe anplicgtiony e qtlecrienforerlink bR BhUTE ks t he

systemto Iseledtfdﬁif% thePBpldSRh. TBthauRtd Q@Jctl&mo@élﬁsa%mg@w% pheBe df e, by peinple, Nk
activation, a deSCI’I:)tIOR: which is use en the %8,,,,]”'”‘% |s recor ded

as a favor |q‘e o foation e petir 3 Singgepagrddgpument giving Word STHE™ Ry 2f Enent

cl ass di agremhiispsheyna irmslkiogunea @dcreitaagnags. Ewy@bpbﬂuﬂdmess chotcevigeddy, t he

page server lﬁﬁ%&naﬁoﬂ&?gﬂ d%qbq&h@é}g}ll cation sonewhere on the network.
e

The application 1s 1denti an application ID 64, and the application
IDis resolved i nTberfé“??B?Iﬁﬁghmar AngeRE2 [RGSs atrEseetion IRSY Wi& B pes of

Ey per: [ nts sp@ﬁﬁ%ﬁépa@b’ﬁ@iﬂcé Mﬁuch&@&ypeﬁﬂk fﬁbt]ﬁl&@@fpbdrd’lkﬁe tR6hctioAMlcas Rllex&ﬁ;lt 1 on
yperl i nks 864 ener al can | ement a
request for*%g* F(ic‘% gﬂa ta\éﬁc]ﬁﬂ‘gﬁ?“oglo%?r %%*ylesa. FHSPRIPESHY nog\églgm%?ur%%ases Aee? r’gg a

server. A florpurchyipesblicakorsubehalf of thdxeercor r espondi ng formto the

application. A Selrﬁ'ecsk,gt&ommd@g%aaé bk MBS0l §8 uwgerean,h hyp%mlﬂe&a\»a% to the

application. If the Current selection contains a single-wrd piece of text,
for exanpl elhe sysiie inghdpsiteesonteny offenasiotier frunynpricd @'@”HB‘E‘H’F?@WF“’QP’W ng the
wor d' S nmeanlthghghf the hypedlifiehas a§rtsebatit delfa” attAbul Bet,| chlyafppesdkSthe 1adt fobm submalgibmt | on

o oS e R R S BRR ARURE Fa ol of B S GRRARL LT | 260 BY - vhat

A hyperlinked group 866 is a group element 838 which has an associated hyperlink, as

shown in Figure 31. When input occurs through any field element in the group, the hyperlink 844
associated with the group is activated. A hyperlinked group can be used to associate hyperlink
behavior with a field such as a checkbox. It can also be used, in conjunction with the “submit delta”
attribute of a form hyperlink, to provide continuous input to an application. It can therefore be used to
support a “blackboard” interaction model, i.e. where input is captured and therefore shared as soon as
it occurs.
1.7.2 Forms

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

A form 867 is a group element 838 in the document hierarchy. It ultimately contains a set
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The correspondi ng hyperlink instance 862 records a transaction I D 55 which
can be specific to the page instance on which the hyperlink instance
appears. The transaction ID can identify wuser-specific data to the
application, for exanple a "shopping cart” of pending purchases naintained
by a purchasing application on behalf of the user. The systemincl udes the
pen's current selection 826 in a selection hyperlink activation. The
system i ncl udes the content of the assoﬁiated forminstance 868 in a form
hyperlink activation, although if thefyperlink has its "submt delta"
attribute set, only input since the last formsubm ssion is included. The
systemincludes an effective return path in all hyperlink activations. A

hyper | i nkedof%lﬂiﬁﬁ ﬁé@gerhe%ts%?ag [AonrQl @ta%&%@% reﬁ@éntwbﬁﬁdrﬁﬁﬁnc@@f ﬂ%&pmc@ﬁﬁtﬁl
hyper I'i nk, as shown in 7% put occurs throug Ef‘%ﬁhfleld

el ement i n A& grisligostepse S Ryhish r?rrrkpoadzrathe &%‘g gepspfssd %t‘n@fr"hﬁac pis
acti vat ed. lﬁstdnyqoﬁrdmmlsadecgramumloﬁtibsdor@eus;eddstoot}ﬁg@oﬁmmcerréapthg fiskk behavi or

with a fiel ege SCUC a,pﬁltselc?\{a?ue putlhro]p I‘arﬁ 1cu arrpfu% ctk%n%} stgnpe &0 oﬂ Ct Egln wi th

the "subm t de provi ont I NUoUS
i nput to arrnqpprfméaﬁpaow Thetfor@a?hSStdrPera@fl@h@MbeFG@eéP to support a

"blackboard” int eﬁaﬁ?dngrhsaa@%s,asratu@sn\mﬁﬁ adrcm%ema {He 3 REhe e, her ef or e
shared as soon as it occurs. 1.7. A form defines_ a collection of

rel ated i nplPmiftydeyodtsor gepirgd- tA‘ofo%“a}p?cE}Ye Whén ?rétrpart&% Adrm bggomeq fretenct hf ough a
printed netsmgeA fhmfbedoneedubmingl dcdtaes it aibmision Hyp@hks iis berd aeival @it ers t o

an ap p| I cat tile ?rﬁxﬁ)( Wf'i':‘subg{ gﬁl ee??nfn}i! Agc%rgl%rc%mlgse\roedﬁ};hen fﬁ‘e Ilsgl! @oﬁe@l vo1§ a group

el enent 838 | mat cont al ns
NPX024- SG 2fdrm, gshet forn oy dyplicate ifqsin ghags Icomé & fg@oexpires Wb?nrﬁlei tipettherfera }‘8568

represents a%tl\Qrekda&ﬁ the i35 & 3R BiePlifetie! ‘Wﬁlmﬂlelf&mﬁpﬁﬁbesfoﬁn inPHt 1sa111&ﬁgd Bt field

i nstances 870 which correspond to the frg %\7(%5 fglgg %tj ge form Each
field inst3meeafora whichoeeivgidppiaghiaparcgrite "é’gndtﬂ‘? YUPEAHEYR¥%he t ype
of the cor riespendihaghd ford id actied @@, forfneselmidsioe isthllvsedd Uenyragapt dsutimiput  t hr ough
3 part | Ul SRR b o QL ARLRRGE: s by, LA RUAN R o SBL Ryl | €0

net pages. orm cl ass a ramis s ormi nst ance
has a status 872 W&mrnﬁ@il@aﬂtaé@mmﬁtﬁ&mﬂlﬁéyﬁ’m inptangesglenived Gom f s o

subm tted, ﬁr&hdingcarve@mmgtagi Thfd allGWs 1 bk 1R GidsphRrsib 61 i i b pidfidula @6 pefod OF M _
becones froz§n on signed. A form becones submitted once one of its

submi ssion R ?f‘é‘F‘P I?gmﬁé"sar%een activated, unless the hyperlink has its
"submt delta" at Afirputtiecapteted asAliditalrink blemmymhsibtwﬁewt@ﬂt@emd&mmkes a

void form r&.????% {18{ dﬂvﬂlloh 9}&8&; c?f@tse? otf s%emstgc@c%%7 5. %Hasﬂgke c@hsfs@ bfa s@?&@' res when

the time tht en active exceed specified lifetine.
Wi l e the f@rosiamred a?frrrov@zns B prch ofpyyich pleo %ﬂl‘rdowsﬁ?nerﬁman b foEggite digtabr m
which is noﬁﬂ(afsgﬁlygemﬁ§sﬂon§hﬁagnmptured in the background field 833 of the

rel evant page ?;tﬁg%fmf%\glgy%ﬁpeta c&ecE{box ﬁgldg%t !ayegt f{?afd 8f7§ 9 ing fﬁgd 599Sclilrbm ssion

is allowed. Any a
signature field 880. The field element class diagram is shown in Figure 34. Any digital ink captured in

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

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

A text field has an associated text value 882, as shown in Figure 36. Any digital ink
captured in a text field’s zone is automatically converted to text via online handwriting recognition,
and the text is assigned to the field’s value. Online handwriting recognition is well-understood (see,
for example, Tappert, C., C.Y. Suen and T. Wakahara, “The State of the Art in On-Line Handwriting
Recognition”, IEEE Transactions on Pattern Analysis and Machine Intelligence, Vol.12, No.8,
August 1990, the contents of which are herein incorporated by cross-reference).

A signature field has an associated digital signature value 883, as shown in Figure 37. Any
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formwhen the formis not active or frozen is rejected, and instead elicits
an formstatus report. Each forminstance is associated (at 59) with any
forminstances derived fromit, thus providing a version history. This
allows all but the latest version of a formin a particular tinme period to
be excluded froma search. Al input is captured as digital ink. D gital
ink 873 consists of a set of tinestanped stroke groups 874, each of which
consists of a set of styled strokes 875_ Each stroke consists of a set of
ti mestanped pen positions 876, each of ich also includes pen orientation
and nib force. The digital 1ink class diagramis shown in Figure 33. A
field el enent 845 can be a checkbox field 877, a text field 878, a draw ng
field 879, fMiaBuk Sheehbth Y 5iBnafullefl SO is Aifhafida) Wrifda&iR Rbpetd 1eS iddi@giram i s
shown in Figure 34. Any digital ink captured_ in_a fiel gﬁ%%one 58 is

assi gned t dharaerof b pens aad a figiak sgetupeiob by oqmigat of he o pfohict &Y I5G51P84H val ue
881, as shafieritad afd Mdigned B The fidld\s viled, Khe digtallsighdeyre @ g@r@Bdysing tiwtpeolses a fil |
zigzag, etc.) captured in.a.checkbox field! X ue to
e aoai gned i PRae 8 PR SACEIRRmobith il S, GRS GRathe BHEHALTE 10,
882, as showet-updersPpdspepfogeamppyPlagiopdon.d. afdifk Lorettgp tAtoadtiq Hengturederifiquiion) o' s
zone i s autQifiitet Abdt¥icHONY Bilelsehl df the AGX tpaivnPR L8bniiBE VERTNS 2, 11d83GmE ecogni ti on,
and the text is assigned to the field s value. Online handwiting

recogni ti orfoRERt 8 Phich ekl igepeporaed &Y croﬁs'éﬁifer%?érrpl e, Tappert, C., C. Y. Suen
and T. Wakahara, ATikie elGhéai 8 hidlentitis “Wdden’i atritine ik sen @ hidderdiwid dlamagy does not
Recognition". |EEE Transacti n Patt. S| . I L1

Intelli genglé“:’e a{l/(l)nlpl.%f%‘fe%ﬂl%.g?ffe m%?égﬁg%ac%g%ﬁug%tﬁgjﬂéﬁena%gsﬁ?c%geglf}g fV\alﬁl%ﬂc hécrh e herein
i ncor por at gekhiggd ip the Ssm det whea thedyrm cpptajnipgthg fipldds fupmittel: has an associ at ed
digital signatureqgfhkteoRBmnds,dfch BANM-thrdlighd iidafngIdlctioh Wn allNRY@eddgnd6a id5
digital ink captured in a signature fiel g's zone is automatically verified
W th respecff’m‘tfgldf'he identity of the owner of the pen, and a digital

si gnature of the Beaisett hafwithe réanitboflgonthimchritsenlifid” €l edwitlsacgras tb the s

gener at ed 2 %{]tgep%q mtog)enIeng rJtﬂeﬂhQ; ‘%fﬂYr@J’ ngﬂ]; Q&esg 'orgil {Oqlbltﬁh&ﬂ @én“ re s
generated using the pen user’s private signature key specific to the

appl i cat i ormasineskhit eafriesognire o discretply-wrBenshagisters il relasialy pighaceuingysivathout

vel | - under s{ad-abseaRnt taing B Rl Riter BERATRMEARBe! ofhandWiitingGs ak@abéalle, " Aut omatic
Signature Verification, and W.iter |den if'catfi on - The State of the Art",
Pattern RecSHRIEodH imydpveyss asanre siggE: u‘f’h‘é‘“é’%cﬁ?aéﬁts of which are herein
i ncorporated by cpbigisinkeds elr@dc)ed, Andistsalf aseghearr@hstrokes. Ay diekm whith §tarts in' hi dden”
attribute Ia%aﬁx@&lar elg\ng'lt’gtg(ﬁ@ isfabﬁhgiitﬁalm%eng&ﬁétaﬂm stretef;’}chﬁd}ﬁf@l{c iihtgrpla&atigxpne on a

page and does not acce Input. It can have an associate el d val ue whi ch
is i ncl udedhyistoke pes arnspdest 2p gbiseh e fisitahigk fisprisconsedst i thrdathgrmpd fEldsf s
subm tted. difdiitidsagm conmands, such as strike-throughs indicating deletion,

can also be rec OgBlglzteﬁ gﬂclchture]:dong g‘e Lallcl?glrcc)ju%d field is interpreted as a selection gesture.

Circumscription of one or more objects is generally interpreted as a selection of the circumscribed
objects, although the actual interpretation is application-specific.

Table 2 summarises these various pen interactions with a netpage.

Table 2 - Summary of pen interactions with a netpage

Object Type Pen input iAction
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
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Because the handwiting recognition algorithmworks "online" (i.e, with
access to the dynamcs of the pen novenent), rather than "offiine" (i.e
with access only to a bitmap of pen narkings), it can recognize run-on
discretely-witten characters with relatively high accuracy, without a
witer-dependent training phase. A witer-dependent nodel of handwiting is
automatically generated over tine, however, and can be generated up-front
if necessary, Digital ink, as already stated, consists of a sequence of
strokes. Any stroke which starts in a“articular element's zone is
appended to that elenment's digital ink stream ready for interpretation.
Any stroke not appended to an object S dlgltal ink streamis appended to

the background fiel g —s—digital Tk StTeggy DO gi tal TNk captured in the
background|{field isLinterpreted as a seliection gesture Circumscr) ption of

one or roré obj ect sPra¥ingenefRigitelink nt er pr Besign digitalinksaffiglt j on of t he

Ci rf:umscri bed Obl;c elegﬁaturg: t furd he act U@Hlfyl agier PReT aihaite] Sgenerate
application-specific. Table|2 sunmari ses se varig e e i ons
with a netpage. Taple 2 - Summary of peﬁ'glt‘ritsegrn |oﬁz°r\'?1\n’ %hgg'; Je‘ﬁ‘g"t pge

Cbj ect Type Pen input Action Hyperlink qelg@':lﬂapto(ﬁeidck Submit action{to
appl i cat i ofNonEOT T LT TKSUb lkuﬂ;lé)d’n o0 @ @rﬁﬁdﬂbﬂﬁ’k to%@ﬂr&ﬁ%él@d%oﬁj I'Ck Subm t

selection tlo_application Foitmifiel Checkbox Any mark Assign true to field
ext Handwiting Convert digital ink to text; assi gn text to NPX024SG 26
field Drawing Di giletsgdterd Mta%aic@&naﬁe@&tioator Eaakpetnorhfe iseedcdonSblg;natswpgr ofihgnat ur e
Verify digita r. ner a I re o n assign
digital sﬂﬁoﬁ{ar cﬁrrltesmfﬁ(eg?p ﬁld 'Rf)‘g‘ek mr“%:ﬁerlr% gir“% 1?%8‘?1 19ar9ata hodr énlaftw%'l nk to
current selteebitorenFiepraticgble bvhadémt ai ns a current sel ectl on for each pen.

The sel ection Con’iﬁesrléd@taﬂm Yap@fed Enhe‘%ery ﬁaéisrertaﬁ&@m th§$e'6p9é‘eepa§e%9xtvk}raﬁcﬁs' n the
background field. The selection is cleared after an inactivit ti meout to

ensure pr edPEeal] tenyited itk he form datg whin ghe dorm g sutpmitied ko ??P]é‘iﬂt“?“nﬂéﬁf’élf"?s field is
r et ai ned onhddpﬂlcmpag@n@a@me saezrd@rm s sHouldit sugpttit@Ragihdy cdnkasiciiuct #cthewi t h t he

formdata when th gd to the applicati t he
appl i cation to I'nt fehrmr1 a?n text% ﬁg‘s r %Itlw OB PRGN %ZIP fef;]’%‘{’n gﬁrﬂlge ag@ Cllt!?ﬁls

original cdsvekfosious ,thmfaﬂ Cqsmtahélcaﬂemweﬁ@sqomtemy Ch%fhﬁw meﬁi@nﬁlqné@(@lls thehi s can,
for exanpl ik BYRIME BINE firRlAT QB nRR Ak dlaifig BARThEADIi@Fon can then

decide, on the basis of the presence of digital ink outside the explicit fields of the form, to route the

form to a human operator, on the assumption that the user may have indicated amendments to the
filled-in fields outside of those fields.

Figure 38 shows a flowchart of the process of handling pen input relative to a netpage. The
process consists of receiving (at 884) a stroke from the pen; identifying (at 885) the page instance 830
to which the page ID 50 in the stroke refers; retrieving (at 886) the page description 5; identifying (at
887) a formatted element 839 whose zone 58 the stroke intersects; determining (at 888) whether the
formatted element corresponds to a field element, and if so appending (at 892) the received stroke to
the digital ink of the field value 871, interpreting (at 893) the accumulated digital ink of the field, and
determining (at 894) whether the field is part of a 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
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| evel for fornms which fail certain application-specific consistency checks.
As an extension to this, the entire background area of a form can be
designated as a drawing field. The application can then decide, on the
basis of the presence of digital ink outside the explicit fields of the
form to route the formto a human operator, on the assunption that the
user may have indicated anendnents to the filled-in fields outside of
those fields. Figure 38 shows a flowhart of the process of handling pen
input relative to a netpage. The procégs consists of receiving (at 884) a
stroke fromthe pen; identifying (at 885) the page instance 830 to which
the page ID 50 in the stroke refers; retrieving (at 886) the page

descri pti Onigyar A6 sbdidd Ak, amB@Zo)as@gnL%rm &) SehShRIB M. B@%ad0ose zone 58

the stroke intersects; determ é ether the formatted el ement
cor r espond<UEBRiNely fetqriniag BhiOR Wheﬁ‘ﬁrdhfi felddge o Held arditro carverieedst SPRdher ecei ved
stroke to didualiak tgcdndutet trle, viath tielelp Bfteé dppioprate@egditrition sdited lafit Bligning (4t ad1) 893)

t he accunul at ed el tal in f .t.he f eter whet her
the field It@e convﬂ f)m%ut%;t/eﬁtgto ﬁwﬁ?(ldv lue; atematgfgégetern a%&?iw%th(eg% t@e?cfl" % 4t 895)
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formatted el.premt a@%ﬁeﬁé@@mms&vé cl;wa%r(hba&sa@igm atuf Wi bk Eonfts 86hd Vat i ng
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the registration server. Figure 38a shows a detailed flowhart of step 893
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the cont entu?stagze &ﬂ%eldc& {lers gt%&%&i ITﬂQco&%Eﬂam@‘lﬁ Qam\énhmrl&pgan&% ida IBI astﬂﬂe

regl stration server an ri'vate si gnat ure

rel ati ng t orighd g qué@élema@%bledfﬂm ih@mauaﬁo apFpElicaay 4y gy a‘tm%@sym@he
digital si gﬂe’:ﬁoﬁés@mmg fohhelstaﬂcelnfa théabféeuceslanzetfve Bam cé‘;@romé foRIEERREtA page
server coO

which 1Is oca pa server.
operates di fegcvf#“‘? gﬁar‘?gma ot fﬁ’%%at'éf‘rfamﬂ‘&@lﬂ‘?élﬁ‘ies gﬁ%%%gnﬂt& Sga& E][ger ver
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printed, and the form status of the form instance.

Since a form hyperlink instance contains a transaction ID, the application has to be
involved in producing a new form instance. A button requesting a new form instance is therefore
typically implemented as a hyperlink.

A duplicate page command produces a printed copy of the corresponding page instance
with the background field value preserved. If the page contains a form or is part of a form, then the
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
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909, a reset formconmand 910, a get form status conmand 911, a duplicate
page conmand 912, a reset page conmand 913, a get page status comrand 914,
a duplicate docunent conmand 915, a reset docunent conmand 916, or a get
docunent status command 917, as shown in Figure 39. A void form comand

voi ds the corresponding forminstance. A duplicate formcomand voids the
correspondi ng forminstance and then produces an active printed copy of the
current form instance with field values preserved. The copy contains the
sanme hyperlink transaction IDs as the 2 riginal, and so is

i ndi stingui shable fromthe original to an application. A reset form conmand
voids the corresponding forminstance and then produces an active printed

copy of the,{Rs Thd RSIARGCEanMdrls it foh@inblori@aHEs di scarded. A get form status
command produces a printed report on the status of the, o_rﬂ;%fugondl ng form

i nstance, i ncl udi MY ARREESHER MPEhPRCarson SYRREINTPREe ithseally pssqriaisd Wi Wasm it was
printed, andgddmmeftor m status of the forminstance. Since a form hyperlink
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command duplicates the fornms in the same way a duplicate form command does.
A reset docunent ABARPHFAEODIEBBIGEdSPRlicaonsRsiEc baginedy cmrddinedherele3niPaseng
docunent i ngtvate@miMdleRmerd aGHGpAHRE ghdup Tde Maab tbpsr £btiG6a el Bgerlihif aséobigtedlOC UMENL
cont ai ns an‘xithfﬂ(l)r ns, inFkhden th%hr set doc%rrent

e hyperlinked group rather than executing the page server command.

A page server command element is hidden if its “hidden” attribute is set. A hidden

command element does not have an input zone on a page and so cannot be activated directly by a
user. It can, however, be activated via a page server command embedded in a different page, if that
page server command has its “on selected” attribute set.
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.
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command resets the forns in the sane way a reset form conmand does. A get
docunent status command produces a printed report on the status of the
correspondi ng docunent instance, including who published it, when it was
printed, for whomit was printed, and the status of any fornms it contains.
| f the page server command's "on selected" attribute is set, then the
command operates on the page identified by the pen's current selection

rat her than on the page containing the2 onmand. This allows a nenu of page
server commands to be printed. If the tdarget page doesn't contain a page
server command el enment for the designated page server conmmand, then the
command is ignored. An application can provide application-specific

handl i ng by enbeddigicndlbevéevant page server command element in a
hyper|inked group, The page server activates the hyperlink assqgcjiated wth
t he hyperlinked g@@@ﬁ*?ﬁ?ﬁ@?ﬂWﬁgﬁhﬁfgﬁﬁPFW&*Fﬁﬁmﬁgégm§§?§gF%%%hﬁgﬁﬁ. A page
server conmasckd@lebdi®e ntinglSpabe dadsimitionjifictudingi dden” attribute is set. A hidden
command el emrent dsa%%c) or}ntep%\{lgecgrﬁ i nput zone on a page and so cannot be
activated directly by BUeuser. 1t can, however, be activated via a page
server command endrtdértiniencaasugiabléser ent page, if that page server command
has its "on sel echgflve dif kUt € set. 1.8 STANDARD FEATURES OF NETPAGES In
the preferred form each netpage is printed with the netpage |ogo at the
bottomto % ndi catogupepifinctienpealiy et page and therefore has interactive
properties.. The |wgrRvahsmgasiworiodire@orgopy button. In nost cases pressing
the 1090 produces g, ,eppy Ofiolille s RaGEH e RurkliBn 856 & ihelpBle Prch® DUt  ON
produces a copy of ﬁh@ entire form ARd TN the case o Secure docunent,
such as a ticket &hedopuporfunctigneenpiglodgnthefollesvingfungtionsxpl anat ory note or
adverti si ng. page. pilheeopeédbdumsicngl - page copy function is handled directly
by the rel evant net page page_ server. Special copy functions are handl ed by
linking the | ogo Bt eBYaHe B¥pl i cation. NPX024-SG 29 1.9 USER HELP
SYSTEM | n a pr ef efrinetle @aridofh dthent t he net page printer has a single button

| abel | ed "Hel p". en ressed .it elicits a singl a f 1nfo Lon,

i ncluding: stat ué\yag umﬁ@iﬁﬁcéorn lscuél%éﬁ%c? 1Ol gpgefs sz‘lg@% bﬁ?(%ﬁg(?%%et?dc@% arélgﬁééhl es
top-| evel hdiths degument. Tho stefneaie dfcument indipateyavheypublighpd it endevheny totvhag & Waet wor k

directory TReveh@! Ad BBHImREPYH § SadsubbbRERly Slbnfth 1fBBMal On how to use the
net page system The docunent function penu |nclud8§ t he )W N

functions: print Tl(’f n&gb%f n811w01§ dﬂ%fmf’élﬂ‘fls the user to navigate the hierarch)lc 0(% lplllb?lcatlo

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

The help page is obviously unavailable if the printer is unable to print. In this case the
“error” light is lit and the user can request remote diagnosis over the network.

2 PERSONALIZED PUBLICATION MODEL

In the following description, news is used as a canonical publication example to illustrate
personalization mechanisms in the netpage system. Although news is often used in the limited sense
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.

21 EDITORIAL PERSONALIZATION
A subscriber can draw on two kinds of news sources: those that deliver news publications,

and those that deliver news streams. While news publications are aggregated and edited by the
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print a clean copy of a form print the status of a docunent A docunent
“function is initiated by sinply pressing the button and then touching any
page of the docunent. The status of a docunent indicates who published it
and when, to whomit was delivered, and to whom and when it was
subsequently submtted as a form The netpage network directory allows the
user to navigate the hierarchy of publications and services on the
network. As an alternative, the user c%@ call the netpage network "900"
nunber "yel |l ow pages” and speak to a man operator. The operator can

| ocate the desired docunent and route it to the user's printer. Depending
on the docurment type, the publisher or the user pays the small "yellow

pages" ser usiRhd: 8Rws sTrb@nsfaf%Iaggr cithS b?@ﬂév@'ﬂ@dlﬂheﬂ&%yahﬂe@mzé‘d defvs the printer
is unable to pri néij}’{%%“ib hi_ s cas%gt he rro ljt and the user can

request rerf§FEEHT ications PP CoTEsRRBt R @ t“’ﬁ‘ﬁ “PEUBEIAERTI ON MODEL
In the fol I\dmbmsgvsdmmg ¢tapbé Dimy amemSed: s“m@exdwsa“Sedaromamemm sedice, @ udtobicarip, on
exanpl e t0 {dlHSEBl CconhBl SANR bR PR EHALS Tk Lubfie et page system

Al t hough news 1s often used Int ted sense newspaper and
newsmagazi ne newsThenhgpage pptdicationseseprrortnthe Wéhc}ﬁﬁi@sff’é?ﬂ“e‘b@w icafiens g der. | n

t he net pageysiy%she&shereldlin &dﬁuﬁ@reln&bs GO emtha@mg tm@gxagﬁ&%a ﬁén&gth&ont ent of a

news publication Aare ersonal i n er ent

ol tor al - COMPE TREIBFED AT By A e 6 P Qe SO e 1y
stated and pagqsbvecwmblylta&pwlwladnqenitcemmmropr ofile. The adverti si ng cont ent
is personalized a Ay’ s Al LY, c r

EDI TORI AL PERSCNAE%%&% %%bkﬁ%ugig i %%% ng& 6te¥ 1?5}9 ﬁg‘?ﬁgtgl g nevvs
sources: t Hyblisationg pndgesatingampey@pky ewmqneéwlb ﬁ%e resu%m&idaelhej%t@ni Herringdpidyer news

streans. Wyohf 16peine: i DiihglcHelvaser. Sh&vaRHE E&&E&Irﬁﬁaﬂ&ﬂeh@ﬂit}ﬁaﬁzﬁﬁlﬁ)(pr&s@ Breir

NPX024- SG 3 ubl i sher. stre re ated either a news

publ i sher ‘gffaﬁ]go‘? lﬁteﬁﬁsea(?flgﬁe;’é’del?‘fé‘@%f&gﬁb‘i gﬁ%‘?’g gﬂé‘{ﬂsﬂ‘eﬁﬁﬁf" Zé‘fglyﬂbeﬁls typically
correspond t o tr aBerteachpetlicaiensipagader optanaly sedeus RERgifiz sep@ss. Somgseétonsrepwer St r eans
can be rm‘nydaﬁ‘}n @hﬂ@aoliﬂeg(%pegr weEla}WThJ]cﬁYf?segtgﬁsdavglfaﬂgh@m @ﬁé’ﬁev&s@d’ﬂy’fﬁ@s onfineCfAF Lgon

strip, a freélance wite col unm, friend |'etin board, or
reader' s oviffareRlgyigpipde ??Féql‘}%’é'lﬁ%f jatiqng “E‘Wabﬂla]’s’ PV’é‘Pn ‘L‘R)ﬁ’é?sﬁ’%“‘%rﬁ@wmg’

publ i cat i onTedhn@6biyt, @l SEMS”. MHdNed oF atailDRSeddibns i9¥ptdificaASa fubRoaB@U4s@Rd defatlt Of

mul tiple neV\g streans. By handling the aggregati on and hence the
formatting 8 ‘hews streans sel ected di rectly by the reader, the server is
abl e to place adv@&hareagemrgn atend hadpds nayspenii Fredting tusioilsestiovis sachtvasdreving

editorial conhy Qlsper bifews YRSE! b&%s@woksqlﬁg@bgaéatexf&@%@me@y sel ecting one
or nore contributing news publications, and creating a personalized

versi on of aBupcemanis(“Tesona.ionfr pemripsinedgiy frednr wraiciprstetertsney
“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
version is selected according to the reader’s age. The reader can specify a “reading age” which takes
precedence over their biological age.

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

order, subject to space constraints in the subscribers’ editions.
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bound together into a single newspaper. The various nenbers of a household
typically express their different interests and tastes by selecting
different daily publications and then custom zing them For each
publication, the reader optionally selects specific sections. Sone sections
appear daily, while others appear weekly. The daily sections avai l abl e
from The New York Tines online, for exanple, include "Page One Pl us",
“National"”, "International”, "Opinion", "Business", "Arts/Living",

"Technol ogy”, and "Sports". The set of 3Avai |l abl e sectlons IS speC|f|c to a
publication, as is the default subset. The reader can extend the daily
newspaper by creating custom sections, each one drawing on any nunber of

news streans. OJSinqgen&@%&r@n%a{agrgA}fawbﬁe &Jdaaﬁagqptfogaruy%namlclma@&g{wé fikeBRS’
announcenents (. Tersonal "), itoring news_feeds for speciflc

topics (" A Biigengppiied ererislss wggh WV@ ssgboiglion BlemepRech prigle WRIgHERITSHT onal |y
speci fi es idBabsia@e filt@ing neprmteumthl rhthib bme,hsyat (heerg of @bi@tidle. TheM@Etond@an pedvidk ong) , or
B:“lg.g[):‘ 'flalol’lyo asyehdnce t% ‘11kec{nand %{Slh e&’% m Eﬁn% m rlefl/ﬂé nga?se)ader vﬂﬂb%}tp&tﬁ%f%?r% edl oW
none), or radfeErically (|. as a per cent age) The reader aI so optionall y’

expresses a pref epRREEwifiighPribrilcOfid M?éiun%fareiﬁ@erf&@éffeéﬁxfely%l)&ﬁeﬁ a snal |
nunber of |onger articles, Each article is id té':]%l\grltten(or edited) in

both short ¥l w3ine by B Fritor aadaggdsliyeredigypest ’ﬁlre‘éaf“e‘f‘ An article may al so
be witten (or edirmeeeh)ierloptlo@lalfyfsﬁercﬁmax eefidipi fkstot, eithaduelativile (e@({hﬁﬁﬂﬁd
SOphI sti cat h\%gse%e op Slm ﬁl Ah1 fn(gé‘ren%ﬁ%& rl(g er! gﬂe%lesqgl (ﬁ\igh koq [ adU| ts’

ver si ons. ri at e slon I's” se accor tot eader'

age. The r esa%pra%\arﬁlt@pe@i Kigh feptorm@baaptmgred&éy th@!/rﬁe@hrrqsep@é@g Septwé@@lbi@rf@@i over

thei r bi ol agin &hdeR6pecifldaRapasily! £ h#SreMRirGRipIPH ol RAFNISLR/E LGt lSs el ect ed
and prioritjzed by the editors, and each is assigned a useful lifetinme. By
def aul t the‘be‘&e}elé delivered to all relevant subscri bers, in priority order,
subj ect to space CTirrsileralsnvsSionally sfeafiGudpss i paitgar nmlést\ivldmsa seqiPX@RUWSG 31 | n
sections [ , e reader may optionally enable

col | abora%%ﬁjfeétﬁitf)&nﬁg%s %dbg}hge?lt?gsn applied to articles which have a
sufficiently | ongThd Sf’@g pirfes reqdercsintgmeticernectignytiests e aelity plardch gpageseait Yeabor at i ve

filtering idiRkddNing ebad¥h btiokady gp@«gﬁéautpﬁe%ac@tr f&»%emaga opg‘manmn@e;dre&tm it The

but t ons canﬁp i de an. easy cho t% 9. l%gl dd i 1 ' maki ng
it more |i K& ’i}“"gﬂﬁfs@é’ Fars S\R/lml St et ?gt?srflﬁ'té bt "tweﬁ(iuélty Ft cles with
hi gh prior |lb\mses@lmbngmmtgrelauerfcempm&nnre therefore effectively considered

essential readi ng,py, é&b@ﬁev%ﬁhé %fer s '118‘\?/ Aahd¥ebAd, tln%s %ﬁﬁonétﬁ{r G RDre

subscri bers. The reader opfion specifies a serendipity factor, either
qual i t ati vepsplizeg Tis “HB“’?ﬁrSPeﬂléf‘PgtWhe Hrpisiasdmprey! or Betrin a dsylitigaopgand Ao gh
serendi pi t YohA6 idara 1dcaWBE ey, i whbmhe SHeadcalizsoa dorkiifof MBI ddnk1gtiodl UF dnfidation.

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
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.

22 ADVERTISING LOCALIZATION AND TARGETING

The personalization of the editorial content directly affects the advertising content,
because advertising is typically placed to exploit the editorial context. Travel ads, for example, are
more likely to appear in a travel section than elsewhere. The value of the editorial content to an
advertiser (and therefore to the publisher) lies in its ability to attract large numbers of readers with the
right demographics.
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col |l aborative filtering. A high factor makes it nore likely that the
corresponding section wll be filled to the reader's specified capacity. A
different serendipity factor can be specified for different days of the
week. The reader also optionally specifies topics of particular interest
within a section, and this nodifies the priorities assigned by the
editors. The speed of the reader's Internet connection affects the quality
at which inmages can be delivered. The reader optionally specifies a
preference for fewer inages or smaller 2mages or both. If the nunber or
size of images is not reduced, then images may be delivered at | ower
quality (i.e. at lower resolution or with greater conpression). At a

gl obal level, thegfeadeiverRRLIsbla&d B BWHANBFbtidyGR deﬁlagrg;ﬁ,cs ihdms and
nonet ary vaI ues are |ocalized. This involves S ec i f whet her units are

i mperial or defgpmpipgs proxigity g pagficular FRSSSREetalleE s #pd P ereSt&ﬂ‘d ‘dfgal

currency, asdcivbevihake lﬁdaB:oh@ﬁraﬂyla&Ban@ﬂmerﬁ rmamsgra;mfcs deferBing géndril adisdsatandon or
annot ati on. reo'ghealeonsggg ?ﬁ'e? qt%rl ved fromthe reader's locality by
defaul t. op educe re ad 5P%| es caused by poor eyesi ght, the reader
optional Iy speci fAelswsaJublgheobabst pméfablp pduet if givertisiiggprgest’, apltﬂés@mna@mén Bot h

text and i r@g@aet&ﬁlﬁlecfS%e%ﬂblﬁgtﬁgfsgédgﬂb]ﬁc cd@é}%e,l RSPe of 1@fréaﬁém¥p i%r}edd&shlp
acconmodat ed on each page. The [anguage in which a news publication is

publ i shed, %meerRhigs, &‘Eﬁlrﬂi’eé’é%ﬁ?f‘f‘ﬁla}‘i’g‘attl"eg‘?fa VEHE8di ng, is a property of the
publication and nmme&etpigeﬁﬁfeﬁnlﬁeneﬁia@’rﬁlsl&admbeyvet Eenpusethe apploximute mpltit he

et Dage o SRS AR S bR RN R RRL o AR R SV ces
per sonal i zactonnt tefpubligionslqogrphid covamse.dietseatipry weadpryhip tifesizt of cedhecadaiVerti si ng

content, Q@&l@h‘&@lﬁ@ﬂ&&&ﬁ&’s@@ehﬁmﬁy@b&@nlaﬁd&klﬁ@%rJ&m@ﬁﬂﬂhﬁ't the editorial
context. Travel ads,

rr'g are nore |Ikﬁ‘%/ agtﬁear 2 travel
section than el sve@‘?‘@r‘S"?H‘% 9l gisdigsthe nstpags ysiemaflars hegrverhie fpﬁceéﬁ ©

adverti ser defird it di@teedetilmnd dlotvi engdicdplidcsslo@it Jo bk baddsepanatély.  tighrifdre dligwd iptoat t r act
| ar ge nunb §019Ltc{ogegg)q{s§uevs¢ahg the right denographics. NPX024-SG 32

Ef fective gvertl S ng aced on the basis of locality and denographics.
Local ity deter ni nE@emkatﬁﬁWe pdyeriging sletiicanrbe 8¢ ipjvergige prerortiony tepyerat ¢. | and
particul ar dad@esSiif irdR i AaGRP Pires Ialﬁﬁﬁ&@'r@:heﬂgmb idertibifiolk OCAL an@EmRIA ty and
envi ronnent . mogr hi cs determ ne ener ngﬁr ests and preoccupations
as vel | as PPRE YEHEREVRE U5 BPPRERL! ﬁ\cerfg Oeﬁ “CR&r' s nost profitable
product is advertirbamtgagéspameﬂqwsadvmismgwdxem«amimtadtod@aﬂbdmrydudteterm ned by
the publicatiQns 4§ algqﬁﬁ&@@gmgebﬁe kS Rlue bt e daAATESALL, 1 LS

readershi p denographi page area avallable for advert|5|ng In
t he netpage syst eﬁ?ca‘ESﬁEﬁrﬁ?&hﬁﬁ’@’éa‘ﬁ&%W@&Pla@r‘i‘a@l@ii Femagieptly bt ts®ageEblisHigP oxi mat e

mul ti - servers, an advertising aggregator can provide arbitrarily broad coverage of both geography and

demographics. The subsequent disaggregation is efficient because it is automatic. This makes it more
cost-effective for publishers to deal with advertising aggregators than to directly capture advertising.
Even though the advertising aggregator is taking a proportion of advertising revenue, publishers may
find the change profit-neutral because of the greater efficiency of aggregation. The advertising
aggregator acts as an intermediary between advertisers and publishers, and may place the same
advertisement in multiple publications.

It is worth noting that ad placement in a netpage publication can be more complex than ad
placement in the publication’s traditional counterpart, because the publication’s advertising space is
more complex. While ignoring the full complexities of negotiations between advertisers, advertising
aggregators and publishers, the preferred form of the netpage system provides some automated
support for these negotiations, including support for automated auctions of advertising space.
Automation is particularly desirable for the placement of advertisements which generate small

amounts of income, such as small or highly localized advertisements.
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di rensi onal size of a publication's sal eabl e 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
denographic. In conparison with other nedia, the netpage systemallows the
advertising space to be defined in greater detail, and allows snaller
pieces of it to be sold separately. It therefore allows it to be sold at
closer to its true value. For exanple, the sane advertising "slot" can be
sold in varying proportions to several advertisers, wth individual
readers' pages randomy receiving the advertisenent of one advertiser or

anot her, overal |l ph&$BEMeRBadtIE RERREA, the WRrddbtorTRRGE 8Pdds hPadOREdiment
advertiser. The netpage sy%%§n1al oms(ﬁgyertl ing to be ljnked directly to
detai | ed prOYFEIds i FRSPRSE FOFV SNSRI TP RIPALETTE 9 oo tHRECERTE & Phi ses

t he i ntri nstlevautaktggre pliblitdien @ovieWhinshargtpsgeatigicatioBetatisy operchandki zat i on and
| ocal i zatiq t t I ) | i I.Qn servers, an
adver 1 of g aniad B, RULRTRLLERokeoieaiGh BAR BBl GRLLET CETICL Y

geogr aphy ah¥ deHBERRAFFLES. The subsequent di saggregation is efficient
because it 3%$1aut pfighiafion Filtesingekes it nore cost-effective for publishers
to deal with advertising aggregators than to directly capture adverti sing.
Even though the adtreFiemeizagenbasme gukogir ublicatigns rrlesqn gt a5198ment gffsgppecific
adverti si ngréfdvieforb@tionpubihdisher s may find the change profit-neutral because
of the greagter efﬂ$%£qggxw§ngg§regation. The advertising aggregator acts
as an internediar% St wsen adverti sers and publ i shers, and nmay place the
sane adversti senmesetlabomtivefilteringvestopubl i cations. It is worth noting that ad

pl acement i.n a neiRaQ8tfawbl i cati on can be nore conplex than ad placenent
in the publication's traditional counterpart, because the publication's
advertisi ng spacePrysentatiggpreferensih ex. While ignoring the full conplexities of
negoti ati ons bet werituadMekibd &e pehlicaiclvie fybicaiypablicanasedad, adso @ad publ i shers,
the pref err &g Lok Bhnddly DELRAAE HYRISMRLAN:IERISAIEAY! Omat ed  support
for these negéPlatlons, I'ncl udi'ng guppor? or caut onat ed aucti ons of

adverti si ng spaceA collsbergivafiltasing yegtornepsistscofitha pdeys rdténgp pfaiphupbef efmevtitemplihcenent
of adverti sigpeifoS ot HRNRERiRer&ERrlhe 0419l leBWERBIaticiN Hkh&gnSal | or
highly |l ocalized adverti senents. NPX 2438§1 Iaceggnt has been

33 Once
negot i at ed, P¥HE°® AYTHEG IPBPIES bR IR E At R REPEIET Y SR PAEAE r ecor ds
it on a netpbifpetidfthgedry®b reafdds winSpiomote pgttical té antpiv bbcpsitevecedoosads t he ad

A T L
t he rel evariubligaioathan batvren theseof hictitees thdifferens aublieptiousy apd p publicaior isIHRIYPROF| LES
2.3. 1 | nf oryat b pRsek ils LRFst PabbhBveIBESR N drI A lphrOSY tRfvallesSs B, R Rk
publicatio nt%un[i eef:'fw %re.o&llﬁ)gragvsesﬁ tlértinrgr%gcttorso Jre esreet{)r_e %goe glziiixflt;tiged by the relevant netpage
publication server.
Contact details, including name, street address, ZIP Code, state, country, telephone
numbers, are global by nature, and are maintained by a netpage registration server.
Presentation preferences, including those for quantities, dates and times, are likewise
global and maintained in the same way.
The localization of advertising relies on the locality indicated in the user’s contact details,
while the targeting of advertising relies on personal information such as date of birth, gender, marital
status, income, profession, education, or qualitative derivatives such as age range and income range.
For those users who choose to reveal personal information for advertising purposes, the
information is maintained by the relevant netpage registration server. In the absence of such

information, advertising can be targeted on the basis of the demographic associated with the user’s

ZIP or ZIP+4 Code.
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profile information, including: publication custom zations collaborative
filtering vectors contact details presentation preferences The

custom zation of a publication is typically publication-specific, and so
the custom zation information is nmaintained by the rel evant net page
publication server. A coIIaborative filtering vector consists of the user's
ratings of a nunber of news itens. is used to correlate different

users' interests for the purposes of nﬁglng reconmendati ons. Al t hough

there are benefits to maintaining a sindle collaborative filtering vector

i ndependently of any particular publication, there are two reasons why it
is nore practical to maintain a separate vector for each publication:

there is likely t@.RgselREL pANSE ah Rt VRER ald WpiNaiich Rlaichdd i§ YRS E&fidubers to
t he sane publlcatlon t'han bet ween t hose of sy scribers to dlf‘fierent

publ i cat i oridentitigygndthe,pefragersgistigiipn;server mgigfains there "\‘R%fﬁlflpst g EeEnts I Ryser s
col | abor at i Kigurds2,2e 2B R 2MeBdr e Stratisn f@dtotes,Afpublisker alspeeialkindiof platad, not to
be found e | | t vectors are therefore al so
mai nt ai ned Ab%?%%deaequ{é}gcguo%%as?eday}gn Oflﬂﬁfgah ‘ion server. Contact details,

i ncl udi ng name, sEpchater &@dm@b@sauthzm@d @ouereanys!n@hereofpmﬁﬁoﬁgﬁnd tach pipeo ey

nunbers, argoghBRahbd ¥ Rat Bk it. BREuRf Bs Qﬁhg’@&faﬁﬁgrmm/(a%@% PGS chQKHast ration
server. Presentation preferenc ncl udi ng, t hose for uagtl ti es, dat es and

Uines, are TPatysse sfvgpthy e W‘E{Std’f‘%ﬁs R o IppRad s ARlVefey o the pgnier
| ocal i zat i ahroﬁg‘h vl @k tifes is Mieraciigl B s@ver kdeps thaok off vihicl publichirs atiethas mttohigsduser ' s

contact d et they\@é s%eixalnf pn%é %&l;h r & fes 1”130(? ¥e§£rIi th§ & g%}%ah%lﬁar%ﬁnt@leﬂlﬁ onal

|nformat|on date o . mar|ta i'ncofre
pr of essi on,m%ﬁﬂ@l@ml‘i'eéﬁ?I%Wheqdaﬁlrl“t“aﬁ-ve derl vatives such as age range and

i SCOW::‘ range. For mthb[%t%ﬁﬂéﬁ&&ﬁ?ymmtca@&ﬁ@oh@of 31:5 BebllisHREI0E gtaadppﬂcaklfoar mat ion for
advertising pu e informatign is maintain rel evan

net page redf gvt‘“[eg%o?b‘ﬁ agdhorigegdyto prino g ﬁ‘ﬁ’c‘gﬁ%pé‘ﬁ'(‘?"eorékfe U RR qa“F ﬁ’i"g‘?ﬁq‘l’ 5 on,

advertis | N Gputhativativg chralfegeMoka aDmy tilebyhixsiss. ikh nslare.nadam saverplivers 865 dweipat ed Wit h
t h € use r S %IG(P ﬁcotg a é:l)e %ercﬁq QSer 1|s\| %9)?1%&%% %éla gl’ 1!’*&%; thelpﬁgl ’prlBglj nt € r

appl|cat|on rovid fion 1s assh gned 1ts own uni que |dent|f|er
and the netfﬁ@@ézeﬁé‘g’%ﬂ’wﬂef Qﬁ?nsserver mai ntai ns the rel ati onshi ps between

them as shown |nTheFﬂeg!IBﬂ%seailo,looatgmez&eaﬁwdﬁé'user@fﬁld}@gitaﬁed&tdIﬁﬂlcﬂw poses, a
publisher is a s%)ec al ki nvgﬁheD%% Lcation provider, and a publication is

a speci al KITRESTELFEIFEHE B0 may be authorized to use any
nunber of print er 8 B@2erminalB02 cap lhe prttiorited to primiyon aghittioar asigegenrimze pllofingusers to

use it. EaCVk}eﬂ'ﬁng aﬂﬁ%tpgge%io&g!exﬁs Ql@(fuﬁtnge(tl dLQﬁlg We@ Bro(vgﬁg t@ @e) oon\IefﬁerWQ ipﬁxgecpﬁr i odi cal

the nearest netpage printer.

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

Each user also has a netpage account 820 which is used to accumulate micro-debits and
credits (such as those described in the preceding paragraph); contact details 815, including name,
address and telephone numbers; global preferences 816, including privacy, delivery and localization
settings; any number of biometric records 817, containing the user’s encoded signature 818,
fingerprint 819 etc; a handwriting model 819 automatically maintained by the system; and SET
payment card accounts 821 with which e-commerce payments can be made.

2.3.2 Favorites List

A netpage user can maintain a list 922 of “favorites” - links to useful documents etc. on

the netpage network. The list is maintained by the system on thé user’s behalf. It is organized as a

hierarchy of folders 924, a preferrred embodiment of which is shown in the class diagram in Figure
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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. VWhen
a user subscribes 808 to a publication 807, the publisher 806 (i.
application provider 803) is authorized to print to a specified prlnter or
the user's default printer. This aut hoPi zati on can be revoked at any tine
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 printesi recognizes any of the user's pens. The pen IDis used to

| ocate the correspondi ng user profile maintained by a particular netpage
reglstratldh derv P‘”VF%tthe DNS in the usual way. A Wb term nal 809 can
be authorized to PhdspitenDRaidaifarhistogisea29 Betpiager’ Spfeilam ®@htpinidg liktong | Veb
pages and ngtpage docunent s encountered durin 0 g

Conven; ont | o BPRs pEdFAIE S R RE i, Kol Dl BB oy
can coIIecvumﬁﬁW§ewaﬂﬁmnﬁﬁamdﬂﬁﬂ@@ﬁmﬁﬁahﬁﬁhﬁmmﬂéﬁgmaﬁd conmi ssi ons on

i ncone earngg thr pyellideNPPAGERLWVORS printed on the provider's printers. Such
i ncome can include advertising fees, click-through fees, e-conmerce

conmi ssi ons, and ?Vﬁﬁ@3@?”8%”?%%@m“WPmWW@bHﬂFﬁWéFpﬂ§s°6%ﬁé¥r5y t he user,
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containing the user's encoded signature 818, %vg rint
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25 DOCUMENT FORMAT

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

The primary efficiency mechanism is the separation of information specific to a single
user’s edition and information shared between multiple users’ editions. The specific information
consists of the page layout. The shared information consists of the objects to which the page layout
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.
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2.4 | NTELLI GENT PAGE LAYQUT The net page publication server automatically

| ays out the pages of each user's personalized publication on a
section-by-section basis. Since nost advertisenents are in the form of
pre-formatted rectangles, they are placed on the page before the editori al
content. The advertising ratio for a section can be achieved wwth wldly
varying advertising ratios !i on individual pages within the section, and
the ad layout algorithmexploits this. The algorithmis configured to
attenpt to co-locate closely tied edi t ofi al and advertising content, such
as placing ads for roofing material specifically within the publication
because of a special feature on do-it-yourself roofing repairs. The

editorial content a8l 6Gtesk bRlsbPEseHISF plackdirh b Gafhfthical dni@s BRAHRL €d
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2.6 DOCUMENT DISTRIBUTION

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

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

The server 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
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Tabl e 3 - netpage | ayout objects Layout Attribute Format of object |inked
object |Image Position |Image object I D JPEG 2000 G aphic Position G aphic
object ID SVG extflow extflow ID Zone Optional text object ID CM./ XSL
Hyperlink Type Zone - pplication ID, etc. - Field Type Meaning - Zone

Wat ermar k Zone 2.6 DOCUMENT DI STRI BUTI ON As descri bed above, for purposes
of efficient distribution and persistent storage on the netpage network, a
user-specific page layout is separated fromthe shared objects to which it
refers. Wen a subscribed publication3ﬁs ready to be distributed, the

net page publication server allocates, with the help of the netpage ID
server 12, a unique ID for each page, page instance, docunent, and
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t he objects £0 V IR
400KB. The printer can therefore hold in excess of 100 such pages in its internal 64MB memory,

allowing for temporary buffers etc. The printer prints at a rate of one page per second. This is
equivalent to 400KB or about 3Mbit of page data per second, which is similar to the highest expected
rate of page data delivery over a broadband network.

Even under abnormal circumstances, such as when the printer runs out of paper, it is likely
that the user will be able to replenish the paper supply before the printer’s 100-page internal storage
capacity is exhausted.

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 ocours. 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 netpage formatting server which reformats it as a netpage document. A
netpage formatting server is a special instance of a netpage publication server. The netpage formatting
server has knowledge of various Internet document formats, including Adobe’s Portable Document
Format (PDF), and Hypertext Markup Language (HTML). In the case of HTML, it can make use of
the higher resolution of the printed page to present Web pages in a multi-column format, with a table
of contents. It can automatically include all Web pages directly linked to the requested page. The user

can tune this behavior via a preference.
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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. Assunming a quarter of each page is covered with imges, the
average page has a size of less than 400KB. The printer can therefore hold
in excess of 100 such pages in its internal 64MB nenory, allow ng for
tenporary buffers etc. The printer prints at a rate of one page per second.
This is equivalent to 400KB or about 3Mit of page data per second, which
is simlar to the highest expected raté of page data delivery over a

br oadband networ k. Even under abnormal circunstances, such as when the
printer runs out of paper, it is likely that the user will be able to

repl eni sh the pap@fe nSpR bo¥mMieleQbrfer Iis RidaiH Qipage FlidR 3B R kP LRty ST Or age
capacity is exhausted. However, if t rinter"s internal_ nenpry does fill

he | \
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recei ved or’'a tineout - occuf%? Phe server re-mlticasts the correspondi ng
shared obj ekts. CBEQRAY docunent is printed, a printer can produce an exact
duplicate a4 any Eiyodhaeny €Lrieving its page |ayouts and contents fromthe
rel evant page server. 2.7 ON-DEMAND DOCUMENTS When a net page docunent is
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made direcgtly to the requestin ri.nter wthout .the u of | ticast. Wen
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page to present V‘%‘gﬁmﬁ%’ SPPR gpély’r?gs i ?ﬁfingé{aﬁ%lyx%g%qnca{rﬁ%%aw %&ttg l e of
contents. |encrypdinn ket dheetvvp keyb fry mpthentatiepdly pefafed ingshchage Saiginy wessazgenciypiRéd to t he
request ed PRMLene kBAFcak!SBY be dE@HDIIIBEE: hdbifer RENGII Plhesd ks B tHeh HfbEHEN Glile
NPX024- SG 38 The net page form tLQ% server nakes stan grd nﬁtgagﬁ
behavi or, i HCIRFEE AR PREEZEPTOF £ IR PErePerenesees ayader Dpihe More &hpe
| nt er net dagireky., Ona@entmpttdrsingdha pubilit Beyod hqgsape @n dnlf @rdeagptedlusindithelgivate
know edge i ff r r - ilat er and
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Wb ser ver sTo egsusiimt gy frivate key is secure, it is normal for the holder of the private key {o generate the

key pair.

Public-key cryptography can be used to create a digital signature. The holder of the private
key can create a known hash of a 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 trusts the certificate authority can use the public key in the certificate with a

high degree of certainty that it is genuine. They just have to verify that the certificate has indeed been
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3.1 CRYPTOGRAPHY Cryptography is used to protect sensitive information,
both in storage and in transit, and to authenticate parties to a
transaction. There are two cl asses of cryptography in w despread use:
secret- key cryptography and public-key cryptography. The net page network
uses both classes of cryptography. Secret-key cryptography, also referred
to as symmetric cryptography, uses the sane key to encrypt and decrypt a
nmessage. Two parties wishing to exchangﬁ nmessages nust first arrange to
securely exchange the secret key. I~ bl i c- key cryptography, also
referred to as asymmetric cryptography, uses two encryption keys. The two
keys are mathematically related in such a way that any nessage encrypted

using one ks@@ﬁ@@%&@x‘ﬂﬁca@%uﬂ&%%@s@ﬁlbﬁ§k gk\{relﬂﬁ(m%nher key. One of these keys
is then published the other is lcﬁ@}c&&ﬂlv e. The public key i s used

to encrypt any neg‘s‘%‘ﬁb“af’ﬁfté’ﬁa'@’ﬂow}m Ph ogggphyi quly usedite gpale PP Oonce
encrypt ed Usdnitgred dae toedakelyCexdb@yte saaren@SHA Y&s.Sadtetddy ofyperapleds uspt fechllvgheng t he
private ke Thus two parties can securely exchange nessages w thout first
having to e‘;\gghan e a secret key. To ensure that the private key is secure,
it is normal for iﬂrﬂae falivirerdispfssionn whep rifrenceis ade te te fyaperappisigiel key pair.

Publ i c- key GfMRtGH-ARRYa &%ngl%ﬁnté}%ﬁdja deReCHRALRually mh;ghstladhatmeg,aagmams The
hol der of the private ﬂ]éwcan create a known
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with respeg ; < f d hash
usi ng the pu%)f:t T éﬂ% er| #n %JS??%§§ %95%1 h%elé{eu %%OH% ﬁlﬁ%%g%%aﬁ)ﬁye t he
si gnature |S§011&1bfp‘é¥ﬂaled to the nmessage, then the recipient of the nessage

can verify $Hpth t NetraAGRPRNBRSEGERS genuine and that it has not been
altered in transit. To nmake public asnto be a

key. c ere
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nor rr;al I y doamesmsd ifl gpad-exily indnhotygih @6 pamet andin the hetpgt @gisttatibnorivéridatgbaseNThe ﬁrst
certificat %fmtaadlug o Eeeﬁm&ﬁe nﬁamey&&?@ﬂe [¥e MOl GR BULNERDGALES the
connecti on between a Y someone s |dent|ty The certificate
aut hority V@Flisfuﬁfésﬁhﬁmféem’@ﬁéﬁﬁméﬁg‘ﬁ@?ﬁqnﬁ%ﬁ 8o ami ni ng identity docunents,

and then creates &nn &b pifer Sonflic@id 18d nefRfd retwiofkabraheG@idlinad icnigsidiRonpier son’ s

identity details .and blic key. . one. who tr the certifi

authority cHFfigasshey %@prpﬁat%gpai“ﬁﬂ?ﬁlémﬁse eﬁe‘frftgéflg %pf’“?'}w%y Krgn 8216’ ree of
certainty tieghged régisustiogeir.fde selasopmparsstthesaore D egaing ithe poyinteriyaecrdt H@eree@rlesil ficate
has i ndeed Q%@&tﬁbg%%éece%@ﬂ?e%glsﬁatan%e%s L6, REHd Liddet ah%lgwéam;ty Wnose

public key Is transaction environnents, g lic-k
cryptograpHV“@@méﬁ¥9“%@@@“@%“%?@@?@06&&@?&W%a?#ﬁﬁﬁﬂﬁﬁggﬁﬁﬁﬁl % securely

exchange seggigttisRabad keys. Secret-key cryptography is used for all other
pur poses.

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.
33 NETPAGE PEN SECURITY

Each netpage pen is assigned a unique identifier at time of manufacture which is stored in
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In the foll ow ng di scussion, when reference is nmade to the secure

transm ssion of information between a netpage printer and a server, what
actually happens is that the printer obtains the server's certificate,
authenticates it with reference to the certificate authority, uses the
public key- exchange key in the certificate to exchange a secret session
key with the server, and then uses the secret session key to encrypt the
nessage data. A session key, by definitjon, can have an arbitrarily short
lifetime. 3.2 NETPAGE PRI NTER SECURITY4@ach net page printer is assigned a
pair of unique identifiers at tine of manufacture which are stored in
read-only nmenory in the printer and in the netpage registration server

dat abase. Tha oidy&r%hory'ughﬁl?en'axﬁi iR hdifae SR8 st RIAMSL Yathbd @ Mtle BB 61 REIqRI Nter on
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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
performance constraints in the pen.

3.4 SECURE DOCUMENTS

The netpage system supports the delivery of secure documents such as tickets and
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nunber of pens. A pen conmunicates with a printer via a radi o frequency
signal whenever it is within range of the printer. Once a pen and printer
are registered, they regularly exchange session keys. Wenever the pen
transmts digital ink to the printer, the digital ink is always encrypted
using the appropriate session key. Digital ink is never transmtted in the
clear. A pen stores a session key for every printer it knows, indexed by
printer ID, and a printer stores a session key for every pen it knows,

i ndexed by pen ID. Both have a | arge bt finite storage capacity for
session keys, and will forget a session key on a |east-recently-used basis
if necessary. \When a pen conmes within range of a printer, the pen and

printer di sgover Tihehe nﬁté}%)eludés@@aem@agﬂm@m@rﬁaarki fouttvm%p&@o bn koW each
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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
repudiate delivery.

E-commerce payments made through the system, as described in Section 4, are also
impossible for the payee to repudiate.
4 ELECTRONIC COMMERCE MODEL
4.1 SECURE ELECTRONIC TRANSACTION (SET)

The netpage system uses the Secure Electronic Transaction (SET) system as one of its

payment systems. SET, having been developed by MasterCard and Visa, is organized around payment
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inits certificate, which the printer is able to authenticate. The

"wat ermar k" printing process uses an alternative dither matrix in specified
"wat er mar k" regions of the page. Back-to-back pages contain mnor-inmge
wat er mar k regi ons which coincide when printed. The dither matrices used in
odd and even pages' watermark regions are designed to produce an
interference effect when the regions are viewed together, achieved by

| ooking through the printed sheet. The effect is simlar to a watermark in
that it is not visible when | ooking at46nly one side of the page, and is

| ost when the page is copied by normal nmeans. Pages of secure docunents
cannot be copied using the built-in netpage copy nechanism described in
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| evel of security where it is needed, but is still not entirely inmune to
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net page system uses it‘ hen ecur g&ﬂect I ogi ¢ Tr ansact [ (S)eg g%gl‘é%%és stem as one
of its payffEHie PERROPIEGEn Rigspur e R R N R S S O EdPaNd Vi sa,
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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

also optionally captured and linked to the record. The SET cardholder registration process is

completed, and the resulting private signature key and certificate are stored in the database. The

user’s payment card information is also stored, giving the netpage registration server enough

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

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

signing a netpage order form, the printer securely transmits the order information, the pen ID and the

biometric data to the netpage registration server. The server verifies the biometric with respect to the

user identified by the pen ID, and from then on acts as the user’s proxy in completing the SET

payment transaction.

4.3 MICRO-PAYMENTS

The netpage system includes a mechanism for micro-payments, to allow the user to be
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type of accounts being used. In SET, cardhol ders and nerchants register
wth a certificate authority and are issued with «certificates containing
their public signature keys. The certificate authority verifies a
cardholder's registration details with the card issuer as appropriate, and
verifies a nerchant's registration details wth the acquirer as
appropriate. Cardhol ders and nerchants store their respective private
signature keys securely on their conp ge During the paynment process,
these certificates are used to nutuallé authentlcate a nerchant and
cardhol der, and to authenticate themboth to the paynent gateway. SET has
not yet been adopted wi dely, partly because cardhol der mai ntenance of keys

and certi fl 6588y birbPRShRAEHAw- B SEBRUTEn debhdhd ot sBlikd dopinivhi ch
mai nt ai n cardhol der keys and certificates on a server. and %l ve.the

car dhol der 9QeEIEYS s} pgssiblyplie &allpy thy Avpete e ferghumsef feigRensey paged M priging g
PAYMENTS | rudichtBing @htRien) hS Medr @¢peiids 6n helejph ofutisidg blshdyakdvisiad © @iewnet. act S as a

pr OX y f or t h e net %gx[qheuusseer rre lS(GIfS for'e- CtOII?II%eI'CGaQ gert]\gor]gacc tltpeséﬁ-}%he[a

transacti ons. The ne uses bronetrics to authenti cate t he user
and aut hor mee@@rmp@wme The Brsraepives 4 Sptemsyion e ragilar bpdsnand saneditle eie bi ometri c

used is theoth%ﬁﬁng%e@ﬂaaﬂaﬁc@%sn%t%&b&@pagﬁ&xﬂﬁécﬁ&rﬁsﬂlg of time- varying pen
position and pressure fingerprint bi

onetric can al o be u
desi gni ng a fi ngefysrpiyprkage 8‘1an Rt‘@dtde2egwppte Sét'i’sf‘?%‘ﬂ’b esdtr pﬁn‘t‘?f"%ﬁ@%‘%ost
The type ofwdiidaR®bthdreisetepetsarel yo tad dsardi the Hfveofd@iptidutletasients he bi onetric, not
t he aut hori gtl on.l.'?\%g‘ecc”ﬁsof the system |1!. The first step to being able
to make SET paynents I's to register the user's bionetric with the netpage
regi stration serv®henaFisirseqiestsdorteagt in agarionar prplitatien cemicit.iesripmlisetion fsgple ex anpl e

a bank, wheg gnbeli DiselipQiRltfahBotoA D bﬁn%ptgurs%&e@kmm@c SR tHe pAER lsasagg&he user's
|dent|ty|s verified. The bionetric is gsgg nd stored In gq

regi stratioH thpstrapsacian 10, pdyshepopligation is ﬂtf’éeBY et? fi ”Wﬁ’pﬂ"éﬁ‘e‘tm@’“%?{ ogr aph
is also optsirbipbd y captured and linked to the record. The SET cardhol der

J egl stration pr OC%& 1}1p§1t0 QMogélhedpggav&gcthL%t %%He!cl:ﬁlc 'ng&re} Hl@td[ﬁ)hédltlgpat ure key

and certificate are store ase gra ynment card
i nf or mat i ormusEIsethegserdtupidagidengivie w@bltshecqmtpég@cidém{erna@ eriddegiFef enough

i nformat i ONduts RERrin@d 416y ;&a&% 58 ufRF O%dlual RhdpPitg SET tta@tbtwme dsér@paaey,i on. Wien

t he user event ual ﬁgﬁlf the tb| onetric Lo .co r’% Ec?t g%rﬂ %1 n{msmo
exanpl e by °§’FV§hF‘ﬁém%l‘e Kogpyig fhe peipage SRR SEPy hpierd G AR P TR t s
t he order ipdven difftien rapphbatmen peviddrJraandsily herelabingindepeniantiylatanatedtbblavinet page
registratiogp,server. The server verifies the bionetric with respect to the
user identitied lé}T{hthe pen ID, and fromthen on acts as the user's proxy in
conpl eting the S %ﬁmtsﬁt@am&t@@ﬁ maigtaigs 3 CREPATIAERSSP PRECRAL page
syst em i nclydgasd -3 apphicdioniis Mudique aklts OF 65, RANSHINA Bigurk D1, RlhbRWr tHa @setisciVatds@ e
NPX024- SG %g’lperlink tagged with the “registered” attribute, the netpage page server asks the netpage registration
server to translate the associated application ID 64, together with the pen ID 61, into an alias ID 65.
The alias ID is then submitted to the hyperlink’s application.

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

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

To assist the system in routing product bar code (UPC) “hyperlink” activations, the system
records a favorite application on behalf of the user for any number of product types.

Each application is associated with an application provider, and the system maintains an

account on behalf of each application provider, to allow it to credit and debit the provider for click-

through fees etc.
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conveniently charged for printing | owcost docunents on demand and for
copyi ng copyright docunents, and possibly also to allow the user to be

rei mbursed for expenses incurred in printing advertising material. The

| atter depends on the | evel of subsidy already provided to the user. Wen
the user registers for e-commerce, a network account is established which
aggregates mcro-paynents. The user receives a statenent on a regul ar

basis, and can settle any outstanding debit bal ance using the standard
paynent nechani sm The network account “¢an be extended to aggregat e
subscription fees for periodicals, which would also otherw se be presented
to the user in the formof individual statenments. 4.4 TRANSACTI ONS Wien a

user requests a ngL RAAGbThr&ideAdah b huBlish@BBekiGRdal ARcRRAESEhs. TheiGstem
application is able 'to enbed a user-specifi¢ transaction |ID ?g in the

page. Subsdekthe piptivilngresigyice e shyaivpdrublisgiaces Wal 5P pRecty HHEEEY i on 1 D,
and the appifripevaitdtion i s thereby able to establish an appropriate context for

the wuser’ 34_é nput Res\ﬁvﬂﬁ&{)%%ﬂﬁwﬁﬁ mDch;PQ;{IgH.ph a page which is not
e appll

user - speci fi'c, however, cation nust use the user's unique
identity to estabhipsierad aendimsit of setoynod deadripdonghps| dagiamisohemasin Higete AY i t ens

froma pre-printed,g %d@n%aﬂqqgﬁent &)Jetcnﬁaﬁ% @ésér_ﬁ)edllgyr & morSBRRRE MGoripidnt " . TO
protect the user's however ,
)

privacy, VeV the unj que user. | 5) 60 kng\v/\{g to the
net page sys¥érReraurcr descriptons Py BuBin st metaete siguent sphy pvitich is dgsjgneddp Gl
di fferent agpbietarf tlesfofd Bvumber Bublifi Qo @aaddidconfoms &l tht Worgl Widd®pendent | y
accumul at ed, behavi dat The net pa istration server instead
mai nt ai ns g%“%’%%‘r’?f%ggmrs% ?ﬁe%cﬁgthofl%mﬁ%?%gén g user and an application via
a uni que alias | DAGSourgesiesstinsiammpyideiifyuights bolders\ ARG Joeretpagarestgsatomgtically/ at es a

hyper l'i nk tag@gd. el el Gom b&BitShl@blderdlvhen hikilpint biyBeMBIRAGE pPage server
asks the netpage registration server to translate the associated

appl i catior® | D 64COPMYUSATIONS RRPIPCPHE pen ID 61, into an alias ID 65. The
alias IDis then aubdhidicatbn frobtreddivigan biderkd &ctapgplof natdgarbetwiinentgtpplln cat i on
mai ntains state informati.on indexed. al.i I, [3 } L etrieve
user - speci ft%l%neg)? &t S?eimh n&%ﬁﬁ‘f#? e\?\?’ ?%ng% ) r%'%éé sélﬁ)lésgg% °‘;‘%‘é‘%g F%g)aﬁsﬁrodent ity of
the user. Tieeresfivychandid user inerpotipmyvitishenstragedesendent certificate and private

signature key for geaehiddl is ifusHi&lby vap Pl sbduddch @RBam & W hidh ti@Worizbntd10 Si gn
application_transact Lons on behal fl, of the user. usj ng oqlt% i
appl i cat i onfBHEER HP¥d HPRFHAPPFSHC 15044 Sy ARS8 FEM B pr oduct
bar code ( URGQ) entityyiqyeprtsemidd by a edcianeed dostiging thh @ang\p§ hemtityraecoved®alaoayori t e
appl Ic at Lon, OrQserlRS %le Iifeﬁ?t;e Hﬂg enﬁ§ﬁ]5u:fn [1'16 Y axpéﬂg@ @)[ists(,) Ihe erﬂgqscsthm;ny REFashddaC h
application s associ at ed w th an application provider, and the system
mai nt ai ns aive. Rugiephintino epishis pitive the difekive iaghere sa1dp i e Beraawrthe presecas | ow i t
to credit angidrRlhire 110t RER\Dr B8Foyf BiiticS lifdlikes afeBERMTYcuf BES astb6in as MPXER4- SG
ceases to participate in a protocol.
5.1 SUBSCRIPTION DELIVERY PROTOCOL
A preferred embodiment of a subscription delivery protocol is shown in Figure 43.
A large number of users may subscribe to a periodical publication. Each user’s edition
may be laid out differently, but many users’ editions will share common content such as text objects
and image objects. The subscription delivery protocol therefore delivers document structures to
individual printers via pointcast, but delivers shared content objects via multicast.
The application (i.e. publisher) first obtains a document ID 51 for each document from an
ID server 12. It then sends each document structure, including its document ID and page descriptions,
to the page server 10 responsible for the document’s newly allocated ID. It includes its own
application ID 64, the subscriber’s alias ID 65, and the relevant set of multicast channel names. It
signs the message using its private signature key.

The page server uses the application ID and alias ID to obtain from the registration server
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.......................... 44 An application provider can be a publisher
of periodical subscribed content. The system records the user's

wi |l lingness to receive the subscribed publication, as well as the expected
frequency of publication. 4.5 RESOURCE DESCRI PTI ONS AND COPYRI GHT A
preferred enbodi nent 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
nmet adata el enent set, which is deS|gne&'to facilitate discovery of

el ectronic resources. Dublin Core nmetadata conforns to the Wrld Wde Wb
Consortium (WBC) Resource Description Framework (RDF). A resource

descri pti O%J&Mesbgﬁﬂ% eV 60 Qﬁglﬁerngélg:%§>m%a‘q}) 62 (iR BEPRULIRNS beidlied for
automatically transfers cop ght fees fromusers to rights hol ders when

users pri ntthecBplFR g méb"r‘?tﬂ?r\’f"ers CATPORIBIRYPEREIG°A comuni cati ons
prot ocol defines am a@ﬁlﬂﬁfoﬁdc@ﬁmham@@smfepigemge%rbgmma@ageﬁgnaﬁneeshe In the
net page syste entities suc pnters.and s e a set

of def i notl TRFOPSEOTEMEES 85 IS%%?{ Foa fa“ﬁgand‘?pélmﬁ%"élr AREIID BBl beche 8 O

net page sys@e@n@aﬁép@@ppqn@@&)col is |Ilustrat ed by way of a sequence di agram

in which the hori EFQJHaQJ seer't}fH?Elﬁbé?él db&mbs &h ;Ia%é ﬁs%ﬁée@ﬁ@é}xh fJFﬁz&&s&%aéJ ow and
the vertical dinension is used to represent tine entity

r epr esent edetsyption. @chdipgage 108t i thy Fﬁ“ﬁtef ﬁténcﬁ’é‘??éhed?h"la‘?’féet éﬁ?‘i‘ st élﬁ‘ﬂneb verti cal
col um  r epresgotthdlginkne lidunfi€l i ne of the entlty During the time an entity
exi sts, the IlfeI¥ e %%HE own aabam%ash ﬂkge1m£%%§ NGt N ticl® an entity
is active, the litelfne s § oub &y ecause the protocols
consi dered here d@mndmamﬂ@@@@mdeMb@@M@yf@ﬂ@ﬂ@ﬁﬁ?mMWW%ﬂﬁm&@“ékﬁfgeneraIIy
cut short a§e3QPRin@s v the SMvhd {age CERRES mhiQcRRHE £bRABett & 1R shEkQlee@ - 5.1
SUBSCRIPTICN DELI VERY PROT ef err ed enbodlnent of .a subscri t|on
delivery prodthRs@mviopdy %ﬁﬁ?ﬁr?“iltﬁasﬁff@'ﬂﬂﬂ]é Beth page geryprs and pripfga proier (e @pepy

subscri be tmultica eiah@iiatddkcey ki e@iuemaonteEamhctugmy s tied iable ®populreythdre I ai d out
differently, but na I as

t ext obj ect’SV%Rh %Ipongéé“lég “gém Stﬁgm}eﬁ'ﬁgg gltfjm Scr %t%f%ﬁ% \%Ig Q%%(%%egg%h
therefore(ﬁﬁmQWW%%d@éuﬂ%ﬁﬁﬂsvnﬁ@ﬁ@m@@ﬂwdmmWﬁﬂ$V|dual printers via

poi nt cast, gt dehym[ﬁKﬁbm@@Nma}m obj ects via nul t| cast. The

appllcatlon (1.e pubI| her) first obtains a docu each
document from an APEE %Tég?}‘éqo dipent of 3 b Wﬂ%%‘@’ﬁ%p@&éﬂeﬁ& ﬁ %){uct ure,

including its docWiens ustrldlieksoh prgegedahamnetpigs pamsthe peh Coniohicpegle didrvear 10
r esponS| bl & e]c %I‘ %ipqgei rPu%PéB?“fhe% Q?&%t}ﬁe?&l ga%?%ggéocg&ondﬁth% % gﬁg&ﬂ S own

application e subscrl evant set of
mul ti cast coreadhishovs R 61 qfﬁhepgqmm%mcmwa@éow ng its private signature

key. The printer determines, via the DNS, the network address of the page server 10a handling

ar

the particular page ID 50. The address may already be in its cache if the user has recently interacted
with the same page. The printer then forwards the pen ID, its own printer ID 62, the page ID and click
location to the page server.

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

The page server uses the pen ID 61 to obtain the corresponding user ID 60 from the
registration server 11, and then allocates a globally unique hyperlink request ID 52 and builds a
hyperlink request 934. The hyperlink request class diagram is shown in Figure 44. The hyperlink
request records the IDs of the requesting user and printer, and identifies the clicked hyperlink instance
862. The page server then sends its own server ID 53, the hyperlink request ID, and the link ID to the

application,
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The page server uses the application ID and alias IDto obtain fromthe
regi stration server NPX024-SG 45 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
t he nmessage 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 t hen 44l | ocat es document and page i nstance
| Ds 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 list enrhd, pl lehtid %pﬁ@ucgs%tr&f)&ée &obtﬁne%@é&dx@l tb %%&&-s[?&% ldgpsanﬁo t he

application for futu e reference he application has distributed all
of the docmﬁxﬁaécha@fm%sﬁomnfl?@ﬂ@u@sﬁwrb@v@ﬂwdg@@ét&fOéEFﬁﬁsqSﬁW%rre via the
rel evant p&%orﬁﬁl’e\f&rﬂ&,doéu'&neﬁf\d Ihtviig aktatediIDogéMEd vail SheSei& e Ha@fserbdie IS halr ed
objects on the previously selected nulticast channels. Both page servers
and print ertgel%?’iﬁ‘}kd? sk Uli’ appropriate nmulticast channels and receive their
requi red content olysemhdpagdienyr sandetht hperlisixe@est 0 proppiliagtien e the firstivigous| y

poi nt cast dsgfewrﬁs&a@gé &&%éﬂ&ﬁ&g u;EmDSan@LA,fM) 124 Pnd Bogd SLUEFe {%ctg fle RYsbscONPl et e

docunent s el r databases, and 1t allows the printers to print the
docunent s. ISmQhWP@REQWh%EPPWIIS@\IW@MhW%ref erred enbodi nent of a
hyperlink activat irRyse@h®pa@€R}ver alocaldO¥urhent ifutts 2ad fefge mé\henetanussarew@l i cks on
a netpage with en. commy n| cates. t he he

near est net%&ﬁggﬁﬁeh{’)&gg%%f&%n add? ‘f(omip £ nt?o i Own%é%a an%&élh’( ocation
on the pagesendfhepweldcstrmtwnsaitheraqiysthmm‘merthe ID 61 of the pen fromthe pen

connection prot OCQLehyJé?ﬁﬂcmsfaﬂUeﬁ{ay ﬁl@&(ﬁ rllﬂem&l M&@acﬁ&hQD% witidhEadd @Rt K
address of the page Server 10a handling the particul ar ‘?e | D 50. The

addr ess nmyPag FEEdFes ﬂi’eﬁfaflsla@oﬁg%ﬁéhelmfessf‘ﬂ’?ée%?él?e aﬁﬂ‘?“r"%@éﬁf‘ sthit er act ed
Wi th the saiBlichage esthbigh prransucﬁtrn-sbehﬁia c&r@wimhyp&mkpemaﬁda its own printer

I D 62, the page | d | ocati.on. to .1 age,, server
| oads t he page degcrlqlﬁ?eﬁlé’lﬁr ulfe(szl%lrl]”a;h?sélcf gs al?sre%m%ﬁ utels“ tge?ﬁ‘lgﬁes

whi ch i nputpagd servenstridg batiothepeB 8 61 @d&qyypethhles @Plph@konl IDesd tq thP reggpNSHYFTt he

rel evant ingyg O&Au%@mt tﬂe%se@m MQ@BA&%& 6d LR byt he adase[m@g&res&wﬁgmt hen
obt ai ns the associ at ed %{3 ication ID 64 and lLink |ID 54, g det er m nes,

via the DNShe plkieatinaIRapdiheqerRdiinglydes thealiagih ip s mrwstee $8H0 &P ARELEPhg t he
appl i cat i onalidding the a)ppagﬁl t6 extablish a iSL etificcopen fdr Bebipetlink alitaiom t he

correspondlg@ use &RWNJﬁ&h%ﬁntﬁS g@cglt_ratlon server 11, and then

al l ocates a gl oba y uni yp erl request 1D 52 and bUI | ds a hyperlink
request 934. The Wwwspwmwemsenwmw“@hamm,thermwpmmﬂmmt@mee 44. The

hyperlink &6QUEBE ndaREGQALH D bitfor [ THS stRke HBBALARYES b DpSRIMIRA. Printer, and
identifies the clicked hyperlink instance
The printer forwards the pen ID 61, its own printer ID 62, the page ID 50 and stroke path
to the page server 10 in the usual way.
The page server loads the page description 5 identified by the page ID and determines
which input element’s zone 58, if any, the stroke intersects. Assuming the relevant input element is a
text field 878, the page server appends the stroke to the text field’s digital ink.
After a period of inactivity in the zone of the text field, the page server sends the pen ID
and the pending strokes to the registration server 11 for interpretation. The registration server
identifies the user corresponding to the pen, and uses the user’s ac;:umulated handwriting model 822
to interpret the strokes as handwritten text. Once it has converted the strokes to text, the registration
server returns the text to the requesting page server. The page server appends the text to the text value
of the text field.
5.4 SIGNATURE VERIFICATION PROTOCOL

Assuming the input element whose zone the stroke intersects is a signature field 880, the
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862. The page server then sends its own server ID 53, the hyperlink request
ID, and the link IDto the application. NPX024-SG 46 The application
produces a response docunent according to application-specific |ogic, and
obtains a docunment ID 51 froman ID server 12. It then sends the docunent
to the page server 10b responsible for the docunent's newy allocated ID,
together with the requesting page server's ID and the hyperlink request

| D. The second page server sends the hygerlink request 1D and application
IDto the first page server to obt ai n%'he correspondi ng user I D and
printer 1D 62. The first page server rejects the request if the hyperlink
request has expired or is for a different application. The second page

server all %gets@l%er%%@;ﬁ@theg&@&a%%lgmmem&@m%lgﬁméo returns the newy
al l ocated page IDs to the application, d he conmpl ete docunent to its

own dat abase, andAfsragsrioy of isasHye it thezopey dhe gigattis PG 8’ﬁ§"‘gf’ FrEhEadsdgeEst i ng
printer. The 6|11}(1ilﬁlid Peftting] sSHeAR G réFRYation SehvdElR farmmaudngri sldo sErfdamsaCtl on | D 55,
in which cas erver. i ncl udes t sact ID| t he
nmessage sen?&ic?)mfl HS o aﬁi)olcla{éggﬁb% fo fwlhl Hhes af”ﬁeq%ldtl 1“33{ | on tf%meﬂét abl i sh
a transact i Gnadpecirtit datcontaof thé Hrm. tT hferemweqnl sevée idgatifiey e dsenvorrgspontling

hyperlink regy Jneﬁldﬁsegﬁi@{lseﬁé dyﬂ-ﬁmc élgn@ture'bfoﬁe @kfﬁ§v€n%qh@ slirglg.g asttelubdrRuUt € 1S
set, then the first page server sends both the I D 61 and the

hy per | i nk' SIEAFHE-Qusg it b Varifiedthe il@a%etherré@wgfmnéfwweé@?wkcatmet% a%‘t*?i. n not
just the userso k@d@lﬁfymesxp@’@dppm@u&@spem pH&dk shgaadwnceyattﬂenﬁsbsaheadey agelefte65

corr espond| ncg tal S nature taﬂt?epf]o c?%al a?l elut'ns%'anﬁltB s1§11a| etothe r(iq estmlég(;%lel'slgngé "Ithhe al i as

IDin the e sen [ CatT°0 cation to
establish apagrssenversmgm the @gltabsngnet)me tof thyr signifere figig and) sptmbe areqciated formp'm statgs tg

HANDWRI Tl NG, ZECOGNI TI ON PROTOCO_ When a user draws a stroke on a netpage
with a netpage pen, the comuni cates the stroke to the nearest netpage
printer. The strok®¥ q‘?cﬁtélr?gf“ft?ré§‘°1t‘4?éthﬁ%l@%ma§?d3f3’eﬁ%f’feFPOBq’lngt“ﬁeé gows?he printer
f orwar ds tkbaxgpmnltd}aﬁﬂmemﬂﬁ@lemm ggratateer | D 62, the page ID 50 and stroke
path to t page usual way. The page server |oads the
page descrl p i on |de M'%chﬂ%)wﬁle page | D and determ nes which i nput

el ement's zone 58Aprelfenaw;mbdshlmentgfaf@kresubmis@ns)emcsliS shawninfiggre the rel evant

input el ement is fombs@flissfoh Sdcths $id 8 forh BpeRROLHBALY i@ RASAAR phddRost r oke to
the text field' s digital ink. After a period of inactivity in the zone of

the text fid%sfiged “’csr’?étloﬁéﬁe““é}’es%%@“’éﬁ’ﬁ‘d@aﬂﬂ&o“ﬁen ID and the pending strokes
to the regi strati Dithes@se\wes foird hifpetink, tht Byppdifit @tivaton mekiage se@@y Gt pagt seorer Ser ver
identifies ar

accunul at edﬁﬁ%ﬁggﬁﬁﬁa&n i aEQQqn% % Fo?m I?%t%?% gtgﬁg%e g(?n}e% 2;};9302&#2%1%\,\“ tten
text. Once foim depfgineasm vaflatuefcf efdgdheg the enpé@tlt?fbverl‘é%te%htoh@yre@w% thgeliss AP 65 er ver

returns t hesdosisibd %ith thd\BrrbBEHARS tig#lsiBRGIR a8ESDYAing [ \BrrRPG8InS QK MRAe AgPENdS t he

text to the text val ue
e registration server 11.

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
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of the text field. 5.4 SI GNATURE VERI FI CATI ON PROTOCOL Assunlng t he i nput

el ement whose zone the stroke intersects is a signature field 880, the
NPX024- SG 47 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
regi stration server 11 for verification. It also sends the application ID
64 associated with the formof which the signature field is part, as well
as the formID 56 and the current dat&%content of the form The

regi stration server identifies the user corresponding to the pen, and uses
the user's dynam c signature bionetric 818 to verify the strokes as the

user's si Q@lﬂ'téﬁgﬁlcatgﬁ G éehdshﬁe%re\{f? 51{ tt) 'th%%lévgﬁ e?fstgﬁgﬁ fep 11%&%&% gkratio n

server uses the application 64 user to identify the user's
appl i cat i orfe¥gseeplction e P4, e %Wfsﬁelgﬁé'? a% and g hyperiinkyrgguest 1s The regigiraton geryey
generate acrddithd @hes@br@ﬂ@rapwl&ueﬁ pr&d’k&r § &emmv a:, alsa ﬁdlﬂ’eﬁﬂlwppﬁcaﬁd’ﬂ@rcdidg*l t al
signature to the tin rver ass

di gital signatur efft%% R LIS 95 ﬂ?eee T aPg ] pc’lmtee‘%r K{ehe S%{lgi%tgc]i’mk %Irg‘fl{l)r m s
status to dredidmethe orifinel pdgegpwgltogsthqgwalnm kypertiok reqdest IR Abe peké wye s@8 of t he

correspondi R 6dquest D § iRl {g%‘)@ riter, SAdAEHAE thE OEAR dnQ BERIMNEr lidoRbGeruser s’
si gnat ur es. H}g&ﬂ &L??St tl s C]\F = ROTOCOL A refer?ed entglogimr?gnt of ra form

submi ssi on tﬁ%"@?‘dﬁ@lthelpy‘%ﬂgmﬁe fﬁlsﬁt@ﬁ?eé"eﬁ%ed“ﬁc‘}? FAPEWBE P PERYEEREW e a
form hyperlgimk activation. It thus follows the prot ocol defined in Section
t5hg h\;/\ﬁpterl ISﬁEea];?#g}a‘gﬁgcgeﬁalp%l%Ctlozraiggvher?sno%bonal?yhnop Hed ogtﬁe 1dent1 rof %B}F%etg yfﬁrel I nk,
appl i cat i orepilitatiph povidervngd the grintrerofideref tlhod%‘ltyaﬁdle tsq\n‘,ce emnhvaéim prefaden cont ent  of
the form I the Néﬁﬁaéﬁ%égcﬂﬁnaﬁly signature fields, then the application
verifies each one extracting the alias ID 65 associated wth the
correspondithl di gP‘F'};ME%’TAQ‘H‘ét ure and obtaining the corresponding certificate
from the regiStrRéfeing twrgul@,gsanm tﬁa;ﬁn,@a%dll)s&lmte%ywmcmrm A
preferred en?l%es aq%usmquZ mthe ormo § Il)losl‘gl pao%ﬂenilav%r %f?&% deﬁ?nn nlmgnér@ a é gure
47. In an e-conmerce -environnen fiee M esi ONs. maybe Ib e from
an appl i cat 106 for mpuntivg ﬁepentcernlaPHWbThesmﬁpp tﬂﬁ 18011 p@@l@m@@yh@ouquama@m ons and

sal es. Conmjgg %hﬁmu&rg 1foge§seanﬁimspg@mv%§m@r&e&&dm@&waﬁ 108 el so be
payabl e fromthe i sher_to the provider of the printer. The Q%éerllnk

request | D tgysined 08 dBgeory 1Phiselke %fml"lélgedé’FaStt?&ﬁﬁ‘i 1§ g"i"Bfi‘ﬁ1 BOPSEPi PP HRR TRE A ar get
appl i cati oninpiies eable El@aseﬂe vigw tHFBE0IETe )l EDGnolite] waithin thechoaydfal| 10Z dbé @Rerpr ovi der
70b (i.e. pf.bt?l Icl?lgegrﬂlnam 109f rh%ﬁ‘su%hanﬁ?l@%ur?o%n&%'eh& ﬁ)tS Ioptﬂe lpollxgx\{é 1‘3? rcind70b to the

printer provi
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
is secured to the pen top 105 in operation and arranged to rotate therewith. The cam barrel 125

includes a cam 126 in the form of a slot within the walls 181 of the cam barrel. Cam followers 127
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The target application receives the hyperlink request ID fromthe 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 I D. The page server uses the
hyperlink request IDto identify the NPX024-SG 48 source application, and
sends the credit on to the relevant regjstration server 11 together with
the source application ID 64, its own Server ID 53, and the hyper | i nk
request ID. The registration server credits the correspondi ng application
provider's account 827. It also notifies the application provider. If the

appl i cati Onan@lié%\gra}&{mgrh%ﬁpsﬁd& B0k ¢4 atndﬁﬂeﬁt A€ Earnt MR YI6UBH rotakibn @G t he
printer provider "credit to the original page server together vvlth t he

hyper i nk rkegeldd ﬂ‘FES‘de“I‘H@ki)lééér ]széln’\??éerrelﬂ%véé" ﬂa??é’theﬂﬁ pejertsiher e gre 11 D t o
identify the spikdab e ouﬁlﬂdug&ﬁﬂd&le llinenmeeﬁthltenmec‘e 014t e per | \hadthred @ges 6L r at | on
server together th t ratlon server credits the
correspondloﬁm%?l fot TP ES&Eder Etos oun?qmgf gfﬁe S6urce application

provi der is* opti o¥dhd 0 nibti2fqued of the |dent|ty of the target application
provi der, and themp&hﬂ&gql@&pyEQQ(mgf the identity of the source
application provider. GE PEN DESCRI PTION 6.1 PEN MECHANI CS
Referring to Flgd@@?ﬂg*éﬁ8”§3nﬁﬁ@16%ﬂ““§éﬁ@?5@P?labganated by reference
nuneral 101, i nclAsetesd fex ROBI29)@ nblided dh ah Electrf)msrashaazﬁs aomsmsmmmm di ng
having wal I s 10 inin ri or space en
conponent s. Hoy ;109 %? Seconggg‘qids]ﬂ fzg m(‘)’ﬁzl)nésraant“lgrf)lr SUFY a%la%r pmw e%d IZl%ttl)g?lle end
106 of the ﬂqmmscongn qn@)zhe strfse fin-itnags nenpa il it prodded modrged qnﬁhe%cemf@d PER t he

opposite engyg M%c8$m§ RcteNRHSHRAG oA surFRE THOMERd ﬁQc?Pstlzﬁ-Ll%&Bts mulbde‘d
plastics, and is fornmed fromsem -transparent material in_ ord rfo enabl e

the user t offSgPasy dhiped3% thchwolydes ppRF {W%&?ﬂ%dewwffmnﬁaf%mlﬁbﬂgﬁ Hé °[02. The
cover 107 donedilihg @ferationdtitie ppardl. Ativdtiek1ufsiied fibialohedsdiar Wastiassitt he end

108 Of t he h%u Sdl thveigé a?i(li] gro%ct% mﬂfa%e %tbleangon%%e slutgace ghéQCC%éSE?(#J %l 1 t S baC k

fromthe naln i'na correspon forned in
the walls 1@@geoﬁnswrﬁé2 Rowes supgly 1ires 13Aconnett e W@l}?ﬁaowm@zse?@d AeRHEd 9ehi nd t he

proj ecting pererens !:dﬁﬁctg-ilﬁwh%%'nﬁuﬁtéﬁamJﬂEWcﬁg baHP125 SCleBhal MseashSctsld Ge
surroundi ng an aperture 113A the cover 107 Zg% arranged to.receive a

metal end ag‘?fécoi’Tﬂts 137384 ttl}?j?aﬂ’d’affﬂrl? e 4rrdion frokereedls e LSt vTE PR et al
end piece n&ﬁdussmeammahMﬂm&mmmmahhﬁsMmhmwamﬁﬂm@ggmﬁbmba@@nnahmmﬁmso
nounted wthin ! . I PCB
117. The asr?%"“%;r]\eé‘%’f%%\é% m%?’?e “"C%a’%“% M&hec"%lteﬁﬂég %’%@&Béﬁqﬁ%gﬁﬁ%&% Atus LED
116 i s nourrlsechoznts antefrared H.EBf141 4nd infigesp phiogptliofieo44 ds detecting disptasemiest Bythesapi | ity .
The pen canoaﬁaqa%fenbfa{enh@%y@ 1DO5R mmmfdgagmilmsedqemmg iRSrdé tHaskdmr Ki ng

stylus. An ink en cartri 8. with 19 and h stylus
y de ﬁﬁﬁ.}lﬁgﬁofél?ed%rc%lv i}etwloltllﬁl acebb 1the pennr}b 11% or st;/lus nsb P2%thWh{ y

nib 121 are
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
records the location data from the nearest location tag, and is arranged to calculate the distance of the
nib 121 or 119 from the location tab utilising optics 135 and controller chip 134. The controller chip
134 calculates the orientation of the pen and the nib-to-tag distance from the perspective distortion
observed on the imaged tag.

Utilising the RF chip 133 and antenna 112 the pen 101 can transmit the digital ink data
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t he housing 102. Either the ink cartridge nib 119 or the stylus nib 121 can
be brought forward through open end 122 of the netal end piece 114, by
rotation of the pen top 105. Respective slider blocks 123 and 124 are
mounted to the ink cartridge 118 and stylus 120, respectively. A rotatable
cam barrel 125 is secured to the pen top 105 in operation and arranged to
rotate therewith. The cam barrel 125 includes a cam 126 in the formof a
slot within the walls 181 of the cambarrel. Camfollowers 127 NPX024-SG
49 and 128 projecting fromslider bl ocks 123 and 124 fit within the cam
slot 126. On rotation of the cam barrel 125, the slider blocks 123 or 124
nove relative to each other to project either the pen nib 119 or stylus

nib 121 0ut<walbﬁ199&nrp§e@{%r hal& aalzgacke@ecx ﬂaﬁefﬁ@ekalanmmmlt%@colf;lpétmgm@mpen 101

has three states of operation. turni ng 105 t hrough 90 steps,
the three states &’ﬂi@*theleﬂwutfgngfzéaﬁ?ewerlm le&!mkfiwseaalﬁlfnﬁw@?gémlfi@% b 119

out; and mh&liﬂerpeﬂ 1k rr@ae@wﬂod@@ge;l&lg‘stammaéhl&umﬁd Within t5d peh UE (h2fenndb 121 out .
A second flex ecironics ¢ mhlch Sits
i th s he SRRCRIetl Rk E S el R e SRRk P Bt 2D 151
for provi dimgion of thesugateyaadivaabe wawsmiftetlatpy oj ection onto the surface. An i mage

sensor 132 is pr0’1‘ﬁecl€£iroﬁé}ldﬁl£?ﬁ19Bo%ﬁﬁo§ﬁ9§%&ﬂdﬁé@@ﬁ§8mt 2 A FRECRI Vi NG
reflected radiation fromthe surface. The second flex P 129 al so nmounts a
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nmounted within the cam barr el termnal 138 connects to the battery
contacts 13RI HRIC&idsr %?nalf%) d‘%’&”t"ﬁ‘i“’é%“%ﬂ it arfapgef] 1 RSB IS 2Pt ery 139
sits withi rmgmkleroma}worbhas%&lphaxa’diodemc«arati@ndls1gnath the battery contacts. An

| nduction chargi ngngr%lﬁ%sensgr tteéach#nt eergaceas‘%qy% tI‘]ai%‘e segsgll_ﬁad L’angc?é ECB 129 to
UC

enabl e rechargi ng via'in & ‘second flex PCB 129
al so nount scoptrpllemif} anddese bEDoitehB léfhfde dlyefirchidesido ivdtco it the RE ghip 133 whigkt ect i ng

di spl acema%clﬁd@s dahe cﬁ@ﬁmw%ﬁk?kes&%érsmd@ﬂoﬁsh% com@tecﬁ&)ﬂleld&erﬁaaq)uor the ink
cartridge 118 is used for witin in order to enable a det rm nation of

the force being appPuligrrfesog E@F%‘E‘*SBV‘ deprdesasationdpte e ta@? W YFus ni b
121. The | Rurfyeboih 6dingdesedsdd 3d ohadtbrs the fcgda'rsenfsdr pimiddivae 148, dobtbd {3 Bsd 16,

flect Rubb
or 1 p pads: 11 30 Dl RGeS A A g 102

to assist ngdlumeﬁme(ﬁ@ﬁﬂa)&ineraénﬁpqs@)%[s@@@wé?%o includes a clip 142 for
clipping the pen $Qlrdcesdd 1)QHERY transivér o%gm)nmggle%oﬂmﬂerﬂgﬂanhoj- i's

g;:: ? ::] ?gg et 9 age gn?izlmu{t] ?5 t) r}Igagre) (s)esnlsotr I1n(t)egfa<(:)eflS£ tﬂish?rle&o&?ﬁ’yang ?12%%}%63\7} l&r | nk
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
Nagayoshi, and M Ozaki, “A 1mm 50k-Pixel IT CCD Image Sensor for Miniature Camera System”,
IEEE Transactions on Electronic Devices, Volt 47, number 1, January 2000, which is incorporated
herein by reference) with an IR filter.

The controller ASIC 134 enters a quiescent state after a period of inactivity when the pen
101 is not in contact with a surface. It incorporates a dedicated circuit 150 which monitors the force
sensor photodiode 144 and wakes up the controller 134 via the power manager 151 on a pen-down

event.

The radio transceiver communicates in the unlicensed 900MHz band normally used by
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nib 119) by imaging, in the infrared spectrum an area of the surface in
the vicinity of the nib. It records the |ocation data fromthe nearest

| ocation tag, and is arranged to cal culate the distance of the nib 121 or
119 fromthe location tab utilising optics 135 and controller chip 134. The
controller chip 134 calculates the orientation of the pen and the

ni b-to-tag di stance fromthe perspective distortion observed on the imged
tag. UWilising the RF chip 133 and antenna 112 the pen 101 can transmt the
digital ink data NPX024-SG 50 (which i’ encrypted for security and
packaged for efficient transm ssion) to the conmputing system \Wen the pen
isinrange of a receiver, the digital ink data is transmtted as it is

for med. Wk%ﬂlletsﬁge %s qvpaltetggf‘(lggm%tun@ens@@?%z 1@(1u9d1§1 %Lwr tlﬁganqqﬁe@cdl ﬁsf%‘f fered
within the pen 10 circurtry i1ncludes a buffer arranged to
store digi tbard pdjusey foeee%bopalﬁw@ﬁ?lhsa@émﬁlmtom’ﬂ&*ts Erigpoct-fee PRRNIISAIPT on on
the surface) and B@ﬂal&ﬁxaﬁfe@ﬁﬁdﬂitﬁeﬁl@ﬂie b@tlﬁbrporItlﬁﬁanQﬁTﬁeﬂ@ada%soﬁﬁioﬁ (3 i s

nmount ed on tth ?,19 t!h e Eigure 10 is a block

di agram i | I'U§ argaofsn& faﬁgerrﬁm‘@m’é“@ i i T ﬁ%s"'a? chi’t eg’f‘%?rpe of the controller chip
134. Figure 10 al ho furthhrewbodineqyt, @Eemm mlnéesaf)antdfertlﬁsonelhpqylef@@terSt he i mage
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| R force sensor LED 143, and the force sensor photodi ode 144. The pen
control |l er @M%‘O%S%lu}encl udes a controlling processor 145. Bus 146 enabl es

t he exchange of d@ippovhrhvwaR hceRMRRERMMDIOhisthBodamnt Jf Gk barioChisghsd 34. Fl ash
Conver tor | TH°H GuRpTeihes O et et orlS Bpk PE s i bR A8 21
sensor photratdiFechdochiop tatng aandheyiidestify & ayivet|of infresti rﬂ@g tharsanesition dnesprfasge 152

interfaces PMéme;%lQ@ftherB%& iSHERG Hterthdan ut%lén{eﬁtr{@ - @lc¥fihand GQBL)V @ld R a3 rand
base band circui are also included to interface with the chip 133

whi ch i ncladideatigy tagwithin the grep offberinpyclemopt %%‘E?Ff&’t‘@?f‘%fyét‘ﬁﬂ‘l’?tﬁﬁﬂ?ﬁ‘%tor s 156
connected to the aufetaedalaﬁu&ﬁﬁeasu%hey @0 Bdcél@bhdt@ginpich 6RBS0dnd ¥ diecaapisur es and
decodes Iocat Qedm ata b f %rso Ilcgorgnmtk%mousveﬁom |asut0he i mge sensor 132,
nmonitors the force se sor 3 g i% F(f'u TEDs 116, 131 and
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The processor 145, dig 5al transcei ver co onents £gﬁtranscelv‘,\ﬁ*cg1 control | er

153 and ba?ﬁ%eﬁmfe&wp&a‘ yehavedugh resp Wb?@ea“%‘{?ﬁ f AR eirsede sy &H° menory
147 and 512KBrbR@Nsdhd8 are integrated in a single controller ASIC. Anal og
RF conponents (RF a04b resonators and inductors 156) are
provi ded |nn7tthe sﬁggr%&"ﬂﬁ%ﬁ Tﬁe i mge sensor is a 215x215 pi xel CCD
(such a ser?sbr i SPRINTER (MECHANIGS I\/at sushita Electronic Corporation, and is
described in a pamrvellayaughﬁwd%p% e WallIR SR & shdvin Gl S8 MYHed ilFighegiayoshi

and M Ozaki,. "A I'mm 50k-Pixel IT | mage. Sensor. for. M ni ature_ Canera
Syst ent prints netpages on Letter/ A4 sized media using duplexed 815 Memjet™ print engines 602 and 603, as

shown in Figures 12 and 12a. It uses a straight paper path with the paper 604 passing through the
duplexed print engines 602 and 603 which print both sides of a sheet simultaneously, in full color and
with full bleed.

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

The replaceable ink cartridge 627, shown in Figure 13 coupled with the duplexed print
engines, has bladders or chambers for storing fixative, adhesive, and cyan, magenta, yellow, black and
infrared inks. The cartridge also contains a micro air filter in a base molding. The micro air filter ‘
interfaces with an air pump 638 inside the printer via a hose 639. This provides filtered air to the
printheads to prevent ingress of micro particles into the Memjet™ printheads 350 which might

otherwise clog the printhead nozzles. By incorporating the air filter within the cartridge, the
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| EEE Transactions on El ectronic Devices, Volt 47, nunber 1, January 2000,
which is incorporated herein by reference) wwth an IRfilter. The
controller ASIC 134 enters a quiescent state after a period of inactivity
when the pen 101 is not in contact with a surface. It incorporates a

dedi cated circuit 150 which nonitors the force sensor photodi ode 144 and
wakes up the controller 134 via the power nmanager 151 on a pen-down event.
The radi o transcei ver comruni cates in the unlicensed 900MHz band normal |y
used by NPX024-SG 51 cordless telephéﬁes, or alternatively in the
unlicensed 2.4GH industrial, scientific and nedical (ISM band, and uses
frequency hopping and collision detection to provide interference-free
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el ement ° DUHPEP RIS S neasured by the accel erometers in each of the x
and y directions i papentsgrhatisdMujeth priesgpeiod 602 chréugineset of ppwenaliegiespika

| nstant ane%%elgﬁo%a éle/nﬁ%aq @%&g%&&% ot PhBUChLAGIBO LI Bke OF T he

stroke i s not sition In a stroke are

caIcuIated'WM@§%m@gHWpU®nﬁm@ﬁﬂﬁhﬁeghamm@ﬁmé@éﬂﬁﬂ@ﬁﬁ@@méﬂF@%@NiMﬂwﬁ@‘sensed
accel erati qgmten caberoneters typically have high resol ution, and the time
duration of roke, over which errors accunul ate short. 7. %{TPAGE

PRI NTER DESCRI PTI Rferring t9 Fispientend MechomapeeeOmasses i the P‘F’if H‘B‘ﬁﬁ‘tgéﬁs t page
wal | print eranf6a ints ths hinwdn adeubiy608 The prinked Gadeadsis etiveen b howekdd spikrwirtlsxinet pages

on Letter/ %0 plif uscsill;pgorltj %B dalﬂ%e? )1%% abé%?lde Mﬁmp% -!v:/" e':'els ngd ﬂ&on%@tg% 60 2 and

603, as shown I h uses straig mnth
t he paper m@a%s"ﬁhﬁglﬂahk@{lqz\‘u@t%‘@mblﬂ 6 1@%@@&’6 tq af’ftletaéﬂlgi’%fé’ﬁacm?‘daﬁﬁ 603 whi ch

print both @h@%dqémadmac%m&héma@mmeymo il gdakblbl atioh 6Fa cafillare Wi th ful |
bl eed. An integral bindin ﬁpbly 605 applies a strip of glue along one

edge of eacHPHq AEgowers 19 as
The glue wheel assembly 673 consists of a partially hollow axle 679 with a rotating

coupling for the glue supply hose 641 from the ink cartridge 627. This axle 679 connects to a glue
wheel, which absorbs adhesive by capillary action through radial holes. A molded housing 682
surrounds the glue wheel, with an opening at the front. Pivoting side moldings and sprung outer doors
are attached to the metal bracket and hinge out sideways when the rest of the assembly 673 is thrust
forward. This action exposes the glue wheel through the front of the molded housing 682. Tension
springs close the assembly and effectively cap the glue wheel during periods of inactivity.

As the sheet 604 passes into the glue wheel assembly 673, adhesive is applied to one
vertical edge on the front side (apart from the first sheet of a document) as it is transported down into
the binding assembly 605.

7.2 PRINTER CONTROLLER ARCHITECTURE

The netpage printer controller consists of a controlling processor 750, a factory-installed
or field-installed network interface module 625, a radio transceiver (transceiver controller 753,
baseband circuit 754, RF circuit 755, and RF resonators and inductors 756), dual raster image

processor (RIP) DSPs 757, duplexed print engine controllers 760a and 760b, flash memory 658, and
NPX024-SG



sheet, allowng it to adhere to the previous sheet when pressed against it.
This creates a final bound docunent 618 which can range in thickness from
one sheet to several hundred sheets. The repl aceable ink cartridge 627,
shown in Figure 13 coupled with the duplexed print engines, has bl adders
or chanbers for storing fixative, adhesive, and cyan, nagenta, yellow,

bl ack and infrared inks. The cartridge also contains a mcro air filter in
a base nolding. The mcro air filter interfaces with an air punp 638
inside the printer via a hose 639. Thi provides filtered air to the
printheads to prevent ingress of mcro particles into the MenjetTM
printheads 350 which mght otherw se clog the printhead nozzles. By

i ncor por at |@gIBtgggRgM@fﬂaghﬁgﬁagéﬁ;nmggretltae cartridge, the NPX024-SG 52
operational |ife of the lter 1s effectively linked to the life of the

cartridge. The ink® ecca?tfq“}nagr@@sgrlanc%lmcwymuWéewﬂab%ﬂﬁ?rBawdVW%Oﬁa‘a capaci ty
for printi n@re&mle@hgdlpag 180 dsepg Rty t(uﬂt&fHJ7 S‘cbﬁfb’ls&ﬁe usdrefeRhdeiLEDs §10-6F6,gat € 12,
the motori Zfe %s ahr éés( URIPr]ﬂgP ?57 engXxe cong‘olfgrs%g(f Etcg hl%ts%fao med1s heet
directly from er sensor L Tl Nt engi ne
602 into t h@rf@tmplicexeldral-mvryeemﬁmrmasm Headltraglsemmewr ’fﬁheomlmwmsml@ﬂfr M pri nt

engi nes 602prﬁn91 lﬁ&%n@Ju@rsmwaQQghls&e@&mmm' ng in-line sequential
configuration a gﬁt e straight paper path. The {)a per 604 is drawn into

the first print ehgiHBD bsgaqgeyzqqqﬂg@rméqswa%%ngwnb o e nefpeee BIE s 626. The
position andmpriesal age fofiat. Baf efint cid cbrﬁroﬁee&&ﬁdls ammlarsfaua i)rmbs|p@@dmfyes taits NQ
comences. Fi xat ve| Si neousl o ad

shor t est poaésé)lc’atl“1 PR lp”f%lgadgg%lélrre eX|e?( & PRSP 0] %gfs%m] t%/)rﬂ%duﬁr’]exte& 'hgi ne 602
t hrough a seazmmontpxﬂmpmdb@ksldesgfplsk@smﬁi@@lo@ly( aI i gned aI ong t_he strai ght
paper path), whi c@hqugste@&ﬁ{aag&e&n&oﬂg%w b tﬁéaaga;mma%ﬁd Ritk€ ik Wheel s

contact the wet' printed surface and continue to he 'sheet 604 into

t he second WWMC“%W‘M&%W&FY@M“R@f"%"’r’?‘i‘ﬁﬁ“‘fgﬁ)Qﬁ‘icb‘B?@s 12 and 12a, the
paper 604 passes frn@ﬁhteh@n@huai’semﬁldneﬁfofymss BOIG tRQSfvRXor tdhdheGBesdit7s0 t he

bi nder asselr The rin a asses tween a [ed spi ke wheel
axle 670 wi" h‘XDg%s%? oalsj‘éve saﬁ cor&i%‘fratgn ?a? and aelrgllg er memor‘gg% %.))? 1€%i th spi ke
wheel s and a noneﬁb@rgneamﬂ%@SPsg’ASﬂenMe@l tran@hleerwmmn@ (wpubsiveylcomrodessenbl y

673 is munﬁs@qndtbqseaana@%lt 7&9&99&%&1@& aGKE e @mome; AER: 656. rpa%mr doaflodett Ward to
interface with the powered axl e Vi a\sﬁears action of canshaft. A

separ at e moREFIPERRY B R reonaigramdrdotont ) g g F“ﬁ%‘%%%?tﬁp B3 onsi st s
of a parti aleWeraﬂfaamaiﬁleeszﬁlz Sepivhit, Rinde He@hgtprifteys alboiii nergrifcotnedtidgtotpk ue
supply hose romt r 7 ts.to a
gl ue v\,heelfac %Seﬁeﬁm slc‘)eir3 Selem ?\Pg?ssgvgm 6%211? fof a>f2%6ﬁél @%@gf%%gﬁﬁs aﬁx al

hol es. A nulfigég. ﬁ@msntwgglmzntmﬂmTéﬁmwsovtdhtbmgetpaetevﬁﬁléél W th an openi ng at

the front. Pivoti Rg,5iA8 niRsMIRGSARGISREHDY @ngqr 6 Rined, ttached to
the netal bracket and "hin n(ge rout Sle deways whe% t he eragg? omg?ﬁgtp%sserrbly 673

is thrust TBPdrterfacom!endepiionlly depbomguteangyueintiee 5% NrpggretYHe front of
t he nol ded 1he&iiN@G 2683 ZacludEFSISQAibdems, Hybrid Fiber-Coax (HFC) cable modems, ISDN modems,

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

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

The printer controller optionally incorporates an Infrared Data Association (IrDA)

interface for receiving data “squirted” from devices such as netpage cameras. In an alternative
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springs close the assenbly and effectively cap the gl ue wheel during
periods of inactivity. As the sheet 604 passes into the glue wheel assenbly
673, adhesive is applied to one vertical edge on the front side (apart
fromthe first sheet of a docunent) as it is transported down into the

bi ndi ng assenbly 605. 7.2 PRI NTER CONTROLLER ARCHI TECTURE The net page
printer controller consists of a controlling processor 750, a
factory-installed or field-installed network interface nodule 625, a radio
transcei ver (transceiver controller 753% Dbaseband circuit 754, RF circuit
755, and RF resonators and inductors 756), dual raster inmage processor
(RIP) DSPs 757, duplexed print engine controllers 760a and 760b, flash
menory 658, enﬁ,eadmenk\l@éf{a%&m%%sﬁ;é 1:RAMB£LE oPROM B2 ComBidalidnbith k@il i N Figure
14. The contro processor handl es comruni cation with the network 19 and
with | ocal “V@?@ﬁ %@gﬁﬁT%age pens 101, senses the help button 617, controls
t he user i m.2nf acRasdtERIBATEONING PRINTIRGD f eeds and synchronizes the RI P DSPs
757 and print engbne tl%%gnr gocessor%ﬁ.qzhas recelt COQ,%I[ItS e‘éi ﬁle gocument S p g}you%ea{;cj ornance
gener al - pur pose m-cropr oc eSSOT &> tont processor conmuni cat es
with the prgebicendimme toepirorobt Bssofr¢e omtae IéSPhﬁjh speed serial bus 659. The

RIP DSPs rasteri ze,aheps (?QIWE’sEe%%eSeaBﬂﬂEe HERFtEn B BR e&@xe?&@t@né&%&@% grinter’
conpressedlpage format. Each print engine controller expands, dlthers and

pri nt s pagel e FrafEEcesET pipres eaag%elie%ﬁdéﬁgq\}@ﬁqeé% FHRBY TRl o8 PHhalaae ¢ ne
(i.e. at ovlelnnpm)srag;&sleaedsh ISP hitefiYe a sEfaeatechiafy. TheaiSPPEah Allvays@B dphtusgamt r ol | er s
prlnt both si des o et S|nultaneousl .mast er ~pri.n

controller a%‘%e[r gerf)pras[ nzedﬁa‘f)eé?antl? %lgraOretSI d moni or%sﬁaﬁﬁy q%'slgagse in
conj unct i orﬁomttmaltngorrﬁ%tuelnza@@mtpsuﬁﬁﬁgEmddQCItveentSnk cartridge QA chip 761.

The printer contr QlalefarSred; @%é’ﬁgpd'e%nﬁ‘tﬁﬁ aRQdsHzel e SRblWabBdn®i-1hpt h t he
processor 750 and the DSPs 757, as we as conf uratlo dat a. ThIS i's

copied to Hﬁ?ﬁ?ﬁ@ﬂﬁf?“@%?”ﬁ?mﬁﬁﬁVOFﬁW@ﬂem?ﬁ@d QRS B3t OF 1§ COPREPEIPEF  and
di gital tramsgei ver conponents (transcei ver controller 1,1 753 and
baseband circuit {£p4)c hnt e ed 1.n 56.

Anal og RF corrponenf-E *’?@‘%ﬂ‘& %h?}épfggd ?‘Fg %Eﬁgé%dgﬁrg&%%eggggﬁ ctfors 756)
are provi dedpoytpix gerdnsh Foch teg REvdesihgpagedD, tag i andisentigblit, apﬁ@%ﬁlaﬁaef@@eﬁﬁﬁul e 625

I S separ at egctthd 6 SonBREORGRg REtdrRLtRh SndBlokdW hE\@mBRIMD ke lﬁl@g}nectl on to be
factory-sel ected 3{1 field-sel eﬁt ed. ash nmenory 658 §nq ?e 2x256Mi t
e RS

(64MB) “ DRAM 657 i SPeHPaProssisprappasses bfaﬁé PPk ReeEmEehE B P LR are
provi ded i ncostejiless 260eEaADp1G8s engihe vautrblet J60aforas e wanipkesieth b fngeinimdudles 625 ar e
provi ded, e a n ; ally a
| ocal conpurﬁéé%r}pgn%\#g?% T F ?,9 & pf}:ﬁ%ﬁ‘gk% ééﬁ %’%&/Srzﬁd]p Eée§r)1£1}xgeeltllﬁ)e'a

i nterfaces ‘?ePR‘;‘FeuﬂémP@FSalrf@)ﬁ@Prﬁn CHFVBH”@B Plrlb‘@lr %R(I’W(E')lagéme@oﬁbdens | SDN

nodens, 7.2.2 PRINT ENGINE CONTROLLER

The page expansion and printing pipeline of the print engine controller 760 consists of a
high speed IEEE 1394 serial interface 659, a standard JPEG decoder 763, a standard Group 4 Fax
decoder 764, a custom halftoner/compositor unit 765, a custom tag encoder 766, a line
loader/formatter unit 767, and a custom interface 768 to the Memjet™ printhead 350.

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

The first stage of the pipeline expands (at 763) the JPEG-compressed contone CMYK
layer, expands (at 764) the Group 4 Fax-compressed bi-level black layer, and renders (at 766) the bi-
Ievel netpage tag layer according to the tag format defined in section 1.2, all in parallel. The second
stage dithers (at 765) the contone CMYXK layer and composites (at 765) the bi-level black layer over

the resulting bi-level CMYX layer. The resultant bi-level CMYK+IR dot data is buffered and
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DSL nodens, satellite transceivers, current and next-generation cellular

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

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

communi cat i Q&lattéﬁhﬁ 79f6|f&tp§ﬁtm% L MlerhﬁtﬁM ﬂﬂ%hbéa@% li¥a keE‘GfoBPQEt@Js %s?d? efdf r ar ed
Dat a Associ ati on erface for rece|V|n data " QU|rted from

devi ces sucle é%ffefféfep%’g“é i thireff chép DRAM e fpal eoen gt Vée siNREIn ofdigerp dot

enbodi ment , dataiBciidgHx@lve 46 B Memﬁeﬂi« pmeamse mmé@nﬁt@erad ﬁlﬂ:ﬁ'ﬁote mange

communi cation with suitabl conf é%% ne E 8 6§$ns RAS ERI ZATI ON
AND PRI NTI NG Once "PRESHER AT Ps suBpliers 60 fig 1sef & S?}‘e%w‘é"ﬁ&‘a\ii@’f’ ¥fed the
docunent' s ¢afigeratiay telt B gndironfzedodapeshadl line $y8g sigral 170kt dneprapgeiop?dlat e Rl P
SOt tvar e Oeklif i Cexterhht mal@FudvEhR 770 Lp AR R 1t RmE G ARG, AESGEL ! ON and
conpress the rasterized page | mag he mai n processor stores each
conpressed page i FBRRENS AeipRIOBFger W@nﬁﬁmﬁbloyﬂeeﬁﬁwf’@@f T8 &d syshrenizing themyl ti pl e
DSPs is to ﬂagé exﬁ@gl&l ASRniRSE BpdIiZE c@ﬁgﬁa@wﬁrﬁm@mo vik B&wIpRa sei@mualspys be
kept busy si ﬁ rbltrar% %zygg rasteri zed pages can, in general,
be stored fW T therffPRer BPPRY only |l eads to potentially poor DSP
utilization when inabd &4 iveisiogs of thondtpagiaeinte e vo priht @gin@edch pigy Prsttarn t he page
descr i pti 0Nl GerAthEilng 8 100 afhe SRADARGAEATP), Wi 1Bl sl ) arahi foBP whi ch

is losslessly conpressed to negligihb sirze and forns part of the
conpr essed padethe nr%ﬁgéonsvﬁfée ?‘?Wgeeﬂnétﬁf @m}oppwé%m%fm{l W@tﬁﬁ‘é iLAfteERREps PG

cont gl ns ﬁo,dﬁﬁie a@tgm&gaort@g@s@ﬁ ofgle@@g'éfiill/i Y, gBing a &hkOrdie oﬁlrg))Q kgl&rrhbda(ﬁhb ratsa.C hf tag
encodes the tag | and contr ol S e data content o
oach tag 1 STERHCHRAY AP RGeRAEY S POUTmEH st R G ph R S essed
page i mage. exddeds 39%Hn processor 750 passes back-to-back page i mages to the
dupl exed préfic 6gy ne controllers 760. Each print engine controller 760
stores the corrpressed page image in its local nenory, and starts the page
expansi on and pri Ahg meye ipyentiphims booe dracripsdyshgplerance fck me‘?“ﬁti prehgdimentgpdye| i ned
because it jusbérlBPEpedtid athatOerMoifnBnt@ Nowitd # Rillbb4pdRechied bpmatk sy kthdR page

g BT i i O HP G e MR IR

also fall within the spirit and scope of the present invention. Accordingly, it will be understood that

the invention is not intended to be limited to the specific embodiments described in the present
specification, including documents incorporated by cross-reference as appropriate. The scope of the

invention is only limited by the attached claims.
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hi gh speed | EEE 1394 serial interface 659, a standard JPEG decoder 763, a
standard G oup 4 Fax decoder 764, a custom halftoner/conpositor unit 765,
a customtag encoder 766, a line |oader/formatter unit 767, and a custom
interface 768 to the MenjetTM printhead 350. The print engine controller
360 operates in a double buffered manner. Wiile one page is |oaded into
DRAM 769 via the high speed serial interface 659, the previously | oaded
page is read from DRAM 769 and passecP6through the print engine controller
pi peline. Once the page has finished printing, the page just |oaded is
printed while another page is |oaded. The first stage of the pipeline
expands (at 763) ALABMIPEG conpressed contone CWK | ayer, expands (at 764)
the G oup 4 Fax-conpressed bi-level black [ayer, and renders (at 766) the
bi - | evel hetpag® meagd pigpablinese GraicHe Wil compiter SRYVRESTIRIE BSCPRRET FYit®ect i on
1.2, all iwaparallel. The second stage dithers (at 765) the contone CWK
| ayer and conposites (at 765) the bi-level black |layer over the resulting
bi -1 evel CWK | ayeinterfabh eurfaesuhtiising informdtion elatiggvly ke lcBughet sofiavira andsindiusdirfeer ed

and  NPX024;:45QAaSSndich@k BB L8 de1é-alq 767) for printing on the MenmjetT printhead
350 via a set of line buffers.” Most of these line buffers are stored in

the of f-chi p DRAMensi}@icfiteR@hpraingge prints the six channels of bi-level dot
data (including fixative) to the Menjet' M printhead 350 via the printhead
interface 768. W¥hen seiwegeaknsprddaftedas giptue images bidt st SomeGd the rceded d@d wham

uni son, such asg| ; >onf | ' r oni via a
shared |ine syng‘% %in %F\gg#%%ggﬁq%&oohgh{%?%%? Bré ﬁ%%ﬁ%to%gﬁ%ggﬁégg 'teeéa%%?na t he
external mast er V¥t &ext§eld apy 1 generates the line sync signal 770 onto the
shared |ine. Th&f print engine controller 760 contains a | ow speed processor
772 for synchroff? zi n§PPHE raB?féeé”%xpansi on and rendering pipeline,

configuring the printhea i i al S

controlling the step I)Qr %%Ig%?g\{%%gsm%%@§Pﬁégﬁg%ﬁ'm%%r%%%ﬁgm%?gbgﬁ%i

net page printer, the™: print engines each prints 30 Letter pages per

m nute along the |ong _dinensjon of the page (11"),  givi aline rate of
8.8 kHz at 1600 dpi @ Ring Shongper. e e °?Hﬁ%2%@g%ﬁﬁggaqk??ﬁt?ﬁ“§r°fth? he two
print engi nes each petddatdatad5 Letter pages per mnute along the short

di nrensi on of the paggii)( 8V2'('19c0deg{1ggs{ggm otltlileQ:Gderd%LtQ,aJ 10.2 _kHz. Th_ese i ne
rates are well within the operating frequency of the MenmetT printhead,

which in the current G#esi gBened¥ GOIBES 130 sdiddds thlidNbdel@ldedNiataThe present

i nvention has been described with reference to a preferred enbodi nent and
nunber of specific alternatd)ineiceind e inddatic. of Hevweufetd; andt Wi | | be appreciated
by those skilled in the relevant fields that a nunber of other

enbodi ments, differing frofttHesteong pbmpveinent|dpty antemsitipthdath, thpinjovement dage f al |
within the spirit and scopgeiffindiddfveRF &S &Mlind RAVIEH hSBmerEefe@ledb BginYorfabd W | |
be understood that the |nvugtgt| n is not |nteraded tpthbe |, i r(let,ed ta.the
specific enbodi nents descr MHEW PRPIHED A (ndicative of the sensing device's position

relative to the interface surface;

the method including the steps of, in the computer system:

(a) receiving the indicating data from the sensing device;

(b) receiving at least one of the movement data and the position data from the sensing device;
(c) identifying the text 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 text field.

2. The method of claim 1 wherein the processor is housed within the sensing device.



specification, including docunents incorporated by cross-reference as
appropriate. The scope of the inventionis only limted by the attached
claims. Ili NPX024-SG 56 CLAIM5S 1. A nethod of enabling user interaction
W th conputer software running in a conputer system via: an interface
surface containing information relating to the conputer software and
i ncluding coded data indicative of a gqxt field; and a sensing device
conprising: (a) an inmage sensor adapté to capture inmages of at |east sone
of the coded data when the sensing device is placed in an operative
position relative to the surface during interaction wth the text field,;
and (b) a PprocesBwmethddof eefmt lo wherpih the deagespdrys aflaptbdtawperajo preprasessing epeedsded
data from @i HomTksGudbn bl Secsi@ RS i @UnstrhIBAGRs sefdnll.) det erm ne an
orientation, within the captured i nages, of at |east sone of the coded
data; (iii) decode at |east sone of the coded data; and (iv) generate,
using at | east sone of the decoded coded data: (A) indicating data
i ndi cati ved.of t hEhetnastitod fof elhidy 3 arhygei{ B} @tocdsea st adapied tofoperaiy efrppovessidasreedsnd
posi tion dat. g0 RHUEHRE berdabi o BEINGhdRdisGaibdRd. 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 nmethod including the steps of, in the conputer system (a)
recei vi ng i.he i ntheamthbdof ctiat b whereinthe hegsensr is jowdawitha;the(shiping dy@ge.vi ng at
| east one of the novenent data and the position data fromthe sensing
device; (c) identifying the text field fromthe indicating data; and (d)
operating the conputer software at |east partly in reliance on at |east one
of the movenent THdredof cipiel pieln; BniMagt S50 PdPRicdR CHIHA HRAES A 1S
i nstruct i oasigsendiiaige genstdohd tb hE00tidxdes pek &kehd. 2. The method of claim 1
wherein the processor is housed within the sensing device. 57 0 3. The
nmet hod of claim 1, wherein the processor is adapted to operate at
processi ng speeds ) ) ) . .
7. The method of claim 6 wherein the image sensor is adapted to capture images at rates

ranging from 10 images per second to 200 images per second.
8. The method of claim 1, wherein the coded data comprises non-barcode coded data.

9. The method according to claim 1, the method further including the steps of, in the computer

system, performing text recognition on the handwritten user input, thereby to generate computer text.

10. The method according to claim 1, including the step of sending, in the computer system,

data to the computer software indicative of at least the text field.

11. The method according to claim 1, wherein the text field is associated with a visible text zone

defined on the interface surface.



ranging from21 instruction per second to Is 1012 instructions per second.
4. The method of claim3 wherein the processor is adapted to operate at
processi ng speeds ranging from 10 instructions per second to 1x106
instructions per second. 5. The nethod of claim1l, wherein the inmge sensor
is housed within the sensing device. 6. The nmethod of claim1, wherein the
i mage sensor is adapted to capture inng§ at rates ranging from1l i mage
per second to 1,000 i mges per second.” 7. The nmethod of claim®6 wherein the
i mge sensor is adapted to capture inages at rates ranging from 10 i nages
per second to 200 i mages per second. 8. The method of claim1, wherein the
coded dat al%onpr Theasethed pcchriing tidain d dwhkprampaaitionelenfnts arpedishesdd ercboingtiferg t o

cl aE[ mi1, t Jﬁffac@%&&giiﬁgu{e@ibﬁﬁehig%{l%e@% ﬁe?@dlecagﬁ Eb%seQ{osi;iénneletnﬁﬂts QPR Mt & ttoh o
system performng text recognition gn e ndw iften user.inpu er eby
5 gener ot WIE AR LY oo Grio o e B PR o VT 8 SSRE 51 ot g
t he step ofoweendidanigin thenfotnhnef aCloowp of the segspmtdevive in addtian toghd dagface byrpweremingof t war e
i ndi catl VereQ{iveacﬁspiageﬁl'%ﬂt J’fhﬁ‘e geﬁgﬁ;g_ delid gver firhe thngesB@{ Rod 1a6cRE df Be Bé?t_ioﬁl aim 1,
wherein the text field is associated wwth a visible text zone é%flned on
the interf4¥"Syurface. 58 12. The nethod according to claim1, wherein
position el enments are disposed on the interface surface, the sensing

devi ce being configured to periodically sense position elenents as it is
.used t O W te tngysagqg%ibiiﬁ%etﬁerlﬁﬁeg cti!)m%ﬁtcoﬂﬂ}teq S re%fcn ﬁl%moxhhl%r 59§ttellﬁocj
including the step of generating the novenent data in the formof a | ocus
of the sen%¥¥ng device in relation to the surface by ascertaining relative
di spl acenent of the sensi devi.ce ogver ti with respect, to at. | east one
of "t he posi ti on “dmETeT RN sy SFien SRa T BE FP TS TR S En it h
conput er sofitdwar edicativapfingest field agbnput er system via: an interface surface
containing information relating to the conputer software and including
coded dat a i ndi caensing deficegopisefj el d; and a sensing device conprising: (a)
an i mage sensor, adapted to capture inages of at |east s of ,the coded
data when the @knsi wgma@vs?*é@p eIy, (4 ARG ‘ﬁag&ﬁ°*lci’bl§i‘séf‘i“%?e°?g§§?‘{°ﬂ Ot Pifat i ve
to the surface tiusehsing deviteeis platet dran opéritive pdseion eskdtived to eledurfaandirippintegactimocessor
adapted to: (i)yhdentdkyaahg! east sone of the coded data fromone or nore
of the captured Inmges; (11) determne an orientation, within the captured

i mages, of at |@ast $RERsefadigi@o:coded dat a;

@) identify at least some of the coded data from one or more of the captured

images;

(ii)  determine an orientation, within the captured images, of at least some of the

coded data;
(iii) decode at least some of the coded data; and
(iv) generate, using at least some of the decoded coded data:

(A)indicating data indicative of the text field; and

(B)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;



(1i1) decode at |east some of the coded data; and (iv) generate, using at

| east sone of the decoded coded data: (A) indicating data indicative of
the text field; and (B)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 indicative of the
sensing device's position relative t& the interface surface; the conputer
system bei ng configured to: (a) recei 2 't he i ndicating data fromthe
sensi ng device; (b) receive at |east one of the novenent data and the
position data fromthe sensing device; 59 0 (c) identify the text field
from the i®@di catifewtjfydiettext fikhiionf &y indipssingidate; eaide conput er software at | east
partly in reliance on at |east one of the npvenent data and the p03|t|on
data, and ®h accurasfesomuiensoftiae ptleaptipaiy inadiansg Pattddst (R 9f B me VTRt el d.
14. The syl ep@itions Hatd, ad iBaccombBtearih idstietifs 6B @Hsa fvith the ReUBEBD W t hi n t he
sensi ng device. 15. The system of claim 13, wherein the processor is
adapted to operate at processing speeds ranging from1l instruction per
second to 1x1012 instructions per second. 16. The system of claim 15

wher ei n t i pr ocBs sutemof clajprd B vegreinghegyrepssnr & ha‘fse"p‘f’ld’é‘”etg%ﬁeﬁ%“gélﬁ‘é‘i?ds rangi ng
from 10 instructions per second to 1x106 instructions per second. 17. The
system of claim 13, wherein the image sensor is housed within the sensing
device. 18. The f ted to
capture i ?rlages ajt%%%g% g}s& c%agll’ % h%% P tﬂgf}%&g i Qﬁ%érc{r[gg) ebr%g Qttséc?)&igsé%)%g?wrmges
per secondangig fromy dnsgycsiones @Poné FOallth 1@%@?@%3@% i mage sensor is adapted
to capture inmages at rates ranging from 10 i mages per second to 200 i nages
per second. 20. The systenlof claim 13, wherein the coded data conprises
gggpgﬁgfog@sfggﬁ%éa SYS emf ofzcilélm gp whergm l*%?roacgsgc?r dzl%dgreedctg é) ei‘r%? (%t rPrOCESSlfl%] gpregcfs n the
handmmltteﬁ@weépmﬂﬁﬁﬁmmU¢ME¥éﬁyﬁﬁbeQW@ﬁaﬁém@dﬁﬁﬂvbr text. 22. The system
according to claim 13, wherein the conputer systemis configured to send
data to the conputer software indicative of at |east the text field. 600

23. The system agc wherein.the t el.d |s aSSOC|ated
with a vi sllgbl e ?ghxtsysgzog(él ?1"%“ i ¥ IPRES ST & hf“és?:demsur ?’e Sensmgéiﬁv The system

according to claim 13, wherein p05|t|on elenents are di sposed on the
interface surface, the sensing device being configured to periodically

sense posifigi on ehﬁrsﬁgwnsomlﬁxtwi@hek&emle trfhge Whick @ ddRRedN@rRabirt tih36 ddSds | Nput
t

onto the syl gt 15lee S 3LoM & PhidmsRlTd QUfgd to generate the

19. The system of claim 18 wherein the image sensor is adapted to capture images at rates

ranging from 10 images per second to 200 images per second.
20. The system of claim 13, wherein the coded data comprises non-barcode coded data.

21. The system according to claim 13, wherein the computer system is configured to perform

text recognition on the handwritten user input, thereby to generate computer text.

22. The system according to claim 13, wherein the computer system is configured to send data

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



novenent data in the formof a | ocus of the sensing device in relation to
the surface by ascertaining relative displacenent of the sensing device
over time with respect to at | east one of the position elenments. 25. A
system for enabling user interaction with computer software running in a
conputer system the systemincluding: an interface surface containing
information relating to the conputer %Bntware and including coded data
indicative of a text field relating to the conputer software; the system
bei ng configured to, in the conputer system (a) receive indicating data
froma sensing device, the indicating data being indicative of the text
field,; (b33 receTheesyrm jceading Orenimfl3,hersivebrt texd dield inprebcistsd iwith @ryisghdet textf r om

t he sensi ng,de¥hda®n tht RerddouapEent data being indicative of the sensing
device's novenent relative to the interface surface, the position data
bei ng indicative of the sensing device's position relative to the interface
surface; (c) identify the text field on the basis of the indicating data;
and (d) op¥rate Thveystorpesrdirg tg okinwkd @hegin basiign elgrants|age disnosedpri hpintsrfeny at

| east one QfrdNge FRYERALe Bak2onRNEd tErRRSI (AR Hlatid clddfts bt ks dance
with instructions associated with the text field, wherein the sensing

devi ce conffitf dheshanwriiter gser dnpus prioy dhesSurfacsy the G35 beiteo R RRTYr 8 ML of at

| east somem@kmé datcpdiedotiadfa lodogof thd Reesigeks ey redbeion ©ehd srfgk &y ederfainingn
operative t?\’efjdis?% St It Ssedstho ddGioe ek a&@wﬂiﬂ;é)s&gt I S @b OF the Whdidba he
text field; an 3 a processor adapted to: (i) i1dentify at |east sone of

t he coded ¥&easfrom one or nore of the captured 61 i mges; (ii) determ ne
an orientation, within the captured i mages, of at |east sone of the coded
data; (iii) decode at |east sone of the coded data; and (iv) generate the

i ndi cati ng,data tel .0 . 1e\V - [ L1 On
dat a, usi%g'at I%g F%E%ﬁ%a% i %gfﬁgg%lgdﬂgb gﬁaﬁﬁggggsggg$%2§§;§§gﬁ%of

cl ai m 25, sitiendieqystendngndgessor is housed within the sensing device. 27.
The system of cl ai.m 25, erein the processor is adapted _to operate at
processi ng speed® ‘ntF"ﬁ"ﬁ“gﬁ“\F,\fgcef?“&‘H“ig PRI t‘b&‘? cwgﬁﬁﬁ’fﬁ”ﬁm Iz“gdllﬁ‘i1 g

i nst ruct i angedplet indegonodf.a t@8ficldlktigys the anphitersbfavam; 27 wherei n t he processor
is adapted to operate at processing speeds ranging from 10 instructions
per second to 1xhowstmbainesetfisondtopia thesemmyersystoy. The system of clai m 25,

wherein the i mage sensor is housed within the sensing device,
(a) receive indicating data from a sensing device, the indicating datd being indicative of the text

field,;

(b) receive at least one of movement data and position data from the sensing device, 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;
(c) identify the text field on the basis of the indicating data; and

(d) operate the computer software at least partly in reliance on at least one of the movement data

and the position data, and in accordance with instructions associated with the text field,
wherein the sensing device comprises:

(a) an image sensor adapted to capture images of at least some of the coded data when
the sensing device is placed in an operative position relative to the surface during interaction

with the text field; and
(b) a processor adapted to:

@) identify at least some of the coded data from one or more of the captured



30. The system of claim 25, wherein the imge sensor is adapted to capture
images at rates ranging from1l i mage per second to 1,000 i mages per
second. 31. The system of claim 30 wherein the imge sensor is adapted to
capture images at rates ranging from 10 i mages per second to 200 i nages
per second. 32. The system of claim25, wherein the coded data conprises
non- bar code coded data. 33. The systen%@pcording to claim 25, the conputer
system bei ng configured to performtex recognition on the handwitten
user input, thereby to generate conputer text. 62 U 34. The system
according to claim?25, the conputer system being configured to send data to
the conputer softwaieegtshdi cative of at |least the text field. 35. The
system according to c¢laim?25, wherein the conmputer systemis configured to
send data to the coRput &teralf igaFyatiopdyitinihesapiysed igpdes abat {east pomeobg £ el d.
36. The system accor cidadydatap cl ai m 25, wherein the text field is associated

with a visible text ifone defdened. L0 mt hend Di84kaGe surface. 37. The system
according to clain12g, wherein position elenents are di sposed on the

interface surface, tie sepsimgtdaMicsife Bl D 200 QSR Gndvandedata QR ®&l | Y
sense position elenents. a .is use wite t handwri tten user i nput

it sed to h
onto the surface, thBosg’ﬁ'é?aéan‘l‘SB’éiaH“gaStc%lﬁ??félﬁ’l‘dé%ﬁ’d"tdc?o‘&gﬁ‘g?'ate the novenent
data in the formof a |locus of the sensing device in relation to the
surface by ascertaining relative displacenment of the sensing device over

time with gges pec'ﬁ“hetsg’stéfiﬁ of' lcﬁﬁﬁS , %?eianw ﬁr&@ss&'c?ssﬂotlge@ Qlthl@hlg E@&gsdew!:et

27. The system of claim 25, wherein the processor is adapted to operate at processing speeds

ranging from 1 instruction per second to 1x10'? instructions per second.

28. The system of claim 27 wherein the processor is adapted to operate at processing speeds

ranging from 10 instructions per second to 1x10° instructions per second.
29, The system of claim 25, wherein the image sensor is housed within the sensing device.

30. The system of claim 25, wherein the image sensor is adapted to capture images at rates

ranging from 1 image per second to 1,000 images per second.

31. The system of claim 30 wherein the image sensor is adapted to capture images at rates

ranging from 10 images per second to 200 images per second.
32. The system of claim 25, wherein the coded data comprises non-barcode coded data.

33. The system according to claim 25, the computer system being configured to perform text

recognition on the handwritten user input, thereby to generate computer text.
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34, The system according to claim 25, the computer system being configured to send data to the

computer software indicative of at least the text field.

35. The system according to claim 25, wherein the computer system is configured to send data

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

36. The system according to claim 25, wherein the text field is associated with a visible text

zone defined on the interface surface.

37. The system according to claim 25, wherein position elements are disposed on the interface
surface, the sensing device being configured to periodically sense position elements as it is used to
write the handwritten user input onto the surface, the 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.





