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particularly, but not exclusively, to a sensing device which can capture
drawing or witing information applied freehand by a user to a surface.
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The disclosures of these co-pending applications are incorporated herein by cross-reference,

BACKGROUND
Presently, a user of a computer system typically interacts with the system using a monitor
for displaying information and a keyboard and/or mouse for inputting information. Whilst such an
interface is powerful, it is relatively bulky and non-portable. Information printed on paper can be
easier to read and more portable than information displayed on a computer monitor. However, unlike

a keyboard or mouse, a pen on paper generally lacks the ability to interact with computer software.
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a keyboard or nouse, a pen on paper generally lacks the ability to interact
with conputer software. NPS033-SG -2 OBJECT It is an object of the
present invention to conbine advantages of pen on paper and conputer
systens. SUMVARY OF | NVENTI ON The present invention relates to a sensing
device for sensing region identity data and generating novenent data when
the sensing device is noved relative to a region of a surface, the region
identity data being indicative of an igdentity of the region, the novenent
data being indicative of the novenent of the sensing device relative to
the region, the surface having di spesggcypon it coded data indicative of
at | east one region associated with the surface, the sensing device

i ncl udi ng: regi off ' g RPIFY \Pf &8 rREqSPR) ISR o ebing R epeges o5 RS RAAE Pegi on
identity dahmputtSishgsat | east sonme of the coded data; notion sensing neans
configured to generate the noy, ’ ommuni cati ons means
configured to conmuni cate the ﬂ@%ﬁ%ﬁi’ﬂ\’ﬂ%&m and the novenent data
to a conputer sy$bepreseRrigfentioaltlytss b hesemmg idoviceslensniing m@endentity dpprwhd gured to

gener at e t fgerIRY SIRMentdR Fvhbis ihd Senéthe deh‘é@&tmo%a%aﬂfe t DR IRH sfiale B, MOT €
preferably, the coded data is also Indicative of plurality of reference

poi nts of Fﬁ%"’ idgndityjdain beipenipdicpgts B an Wemis) o ge ﬁe@&ﬁéhﬂdéq‘fﬁ@eﬂ&%ﬁhega indigetive

gener at e tdi'f&thﬁM@ﬁBjﬂbf gataasinde e rehasd B t;ﬁfregl&hethe Sefacd gingl 8Miosd' upor®VeNent
relative t Odaqif1da am% au eate z]:stcgngee 1 r?];sggcieae ace Ilmasg?l ﬁev%cgr qa& Lve
enbodi nent % o E RE GRS SET &t c e eent s, t Dtl o sensing
means bei ng conf rqgmnebntttiosegmenmsecouﬁser ﬁmﬁemmer@tamadeeWtimumSﬁ basdf t he
sensi Nng dewhe6fife colildViiieNt relative to at |east one of the periodic
elenments. In a further embodi nent, the nmovement sensing means includes at

| east one accel efSEPSHSIEBFET STRISHEA Fenorfdbefmyemar s B8 sensi ng means bei ng
configured to senaﬁmﬁmﬂehemamsmmﬂ@&aihemﬁﬁmﬁkmg&mdeymcmmmgrmmxhﬁ,maved
relative t8m%Qﬁﬂ&$ﬁE§8%x&%%§%&i t he novenent sensing neans bei ng confi gured
to generate the nove i a by periodically sanmpling the accel eration.
Feat ures and advaﬁfeaﬁ@’ésthwotlph@%@wﬁtw corfizaind fo@pperieltie tavesnelapprgaent from
the foll oWegsomdeSEsbitilian of enbodi nents thereof, by may of exanpl e only,
with reference to the acconpanying , draw.ngs | PT1 ON DRAW NGS
LR A I s TN U S Al =24 s i by
way of noneegibn, i trictigy sexsiagpbes Bg\eonfigittdio pekvreire®vingnt dae oate badafyie ng

draw ngs, ée&mg*a!ev?é% s o b&iéﬁt@eléﬁvét%aﬁeé@o'ﬂ%ﬁﬁe GerBce oufef?e relationship between a

sanpl e printed netpage and its online page

In an alternative embodiment, the coded data includes periodic elements, the motion
sensing means being configured to generate the movement data on the basis of the sensing device’s
movement relative to at least one of the periodic elements.

In a further embodiment, the movement sensing means includes at least one acceleration
sensing means, the acceleration sensing means being configured to sense acceleration of the sensing
device as it is moved relative to the surface region, the movement sensing means being configured to
generate the movement data by periodically sampling the acceleration.

Features and advantages of the present invention will become apparent from the following
description of embodiments thereof, by way of example only, with reference to the accompanying
drawings.

BRIEF DESCRIPTION OF DRAWINGS

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

Figure 1 is a schematic of a the relationship between a sample printed netpage and its online page
description;
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description; NPS033-SG -3 Figure 2 is a schematic view of a interaction
bet ween a net page pen, a netpage printer, a netpage page server, and a
net page application server; Figure 3 illustrates a collection of netpage
servers and printers interconnected via a network; Figure 4 is a schematic
view of a high-level structure of a printed netpage and its online page
description; Figure 5 is a plan view showing a structure of a netpage tag;
Figure 6 is a plan view showing a rel ajionship between a set of the tags
shown in Figure 5 and a field of view of a netpage sensing device in the

form of a nekpage sPeRaticFeguf zﬁintZraét@n @et&de@ﬂ‘ﬂe‘ﬂﬁéetpe@fa n@epafg@-ﬁhdtemgap@é %@SSI ng
and decodi ngg Iﬂfcaorlthm Eﬁ gure is a perspective view of a netpage pen and

its associ & 3§ RBR P ‘f“isérl"ﬁ of -view cone; Figure 9 is a perspective
expl oded vFigwe dilludirates areligamgef EanRgshownand pmﬁtrgluueem&;:cteﬂiv'gumawd:ﬁ is a

schemat i ¢ Black oL A0 erPoPERERN LRLLR! o0k DHSL RAOR, RS Shown i1

Fi gures 8 and ; Flrgure per spective Vi ew 0
nel page prfs®@ion Figure 12 is a section through the Iength of the net page

le nt er ofFlghgyfsep&%wexﬁshg\;hh@?ghaamsfaalgtp@etagr ged portion of \Mljl g:Jre 12rTbI
showi ng a sectjion 1 u nt engin e \ee enbl y;
Figure 13 I?‘g“m dér I"‘g‘ﬁg{??@% e?“f”ﬁ‘ P ‘?ﬂ‘(’eeﬂﬁ ?ﬁedﬂsf gl”’(g e ETEe pat hs,
and print efrvgwrmésne@hgetsmingdretcpagl@fqummmmagﬁ‘pefl gures 11 and 12; Figure 14
is a SChe”ﬁgdr&QL@SvkchQ{@Qﬁz%%a%@pr@ce&ﬁg%ﬂecoﬁ&%hé&'ﬂinﬁr for the netpage

printer shown I n Figures 1 and ; ure 157 1s a schematic bl ock di agram
of dupl exedsps s ﬁf‘P%Wa‘i“ﬁ%“%ﬁ‘ftaPﬁPﬁg%P@ %H At taEnrePs fldhelaify comgssoci at ed
with the prlglmwrsa@@@bdfuoédxﬁlbdeahﬁ%fméhelﬁa@lpe&h&ﬂnmﬁgguse 16 is a schematic

bl ock di agy.am of. ngi ne. caontr hown in ur d 15
i gure 17 PER B icoBbl QoGP S 0 bR ConE R Pybr 8 S
used in, f%r exarrpl e, the netpage printer of F| gures 10 to 12; Fi gure 18

is a perspﬁg&é Mstﬁe%)ﬂécmevﬁemMHﬁ@Hcd%a%nﬁtH ay of MenjetTM printing
el enent s; §H%ure 19 1s a series of perspective views illustrating the

operating © "f]@‘%?Seftﬁéﬂ’ﬂ%%‘ﬁ"tl‘fﬂhﬁﬂhﬁf“?tﬂ?éep“é?‘e’é??gﬁt“éhom in Figure 13;

Fi gure 20 Figuraljaey sipabigkd/mrtion @NFigire &2 siheibf 2 SO the Alipl@ed@Besieishnd/en] et TM

pri nt head; ueE;!/hg&Hrés%en%)él is a schematic view of a user class diagram Figure
Vi

22 is a schematl ¢ w of a printer class diagram Figure 23 is a
schemat i ¢ Kipuiyl of aglegidad Vtﬁlwaigéhedpla@ﬁa@ae 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;
Figure 17 is a perspective view of a single Memjet™ printing element, as used in, for example, the
netpage printer of Figures 10 to 12;

Figure 18 is a perspective view of a small part of an array of Memjet™ printing elements;

Figure 19 is a series of perspective views illustrating the operating cycle of the Memjet™ printing
element shown in Figure 13;

Figure 20 is a perspective view of a short segment of a pagewidth Memjet™ printhead,

Figure 21 is a schematic view of a user class diagram;

Figure 22 is a schematic view of a printer class diagram;

Figure 23 is a schematic view of a pen class diagram,

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

Figure 25 is a schematic view of a document and page description class diagram;
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Figure 24 is a schematic view of an application class diagram Figure 25 is
a schematic view of a docunent and page description class di agram
NPS033-SG -4 Figure 26 is a schematic view of a docunment and page ownership
class diagram Figure 27 is a schematic view of a term nal el enent

speci alization class diagram Figure 28 is a schematic view of a static

el ement specialization class diagram Figure 29 is a schematic view of a
hyperlink el enment class diagram Figurg 30 is a schematic view of a
hyperlink el ement specialization class diagram Figure 31 is a schematic
view of a hyRerdil MeRehafld AMLFE HRTBentl i@ Y5 R FhmeshPULE dRgrahS a8 SChematic view of
a formclass djagra Figure 33 is a schematic view of a digital ink class
di agr am %‘S‘%‘?nggﬁs‘:‘;ﬂ?ﬂéc YA Argripal ¢/piashf sBroiaegfipnlays MeEent  speci al i zat i on

cl ass di agfigme8 is Fdclpiate 3w df 8 staticehengietidizaiop vias® fliaggamsheckbox fiel d cl ass

di agram Fl!’i L5 ; zﬁscﬁeﬁna@c &em?gﬁ%:%r?mlyéle%m%fassadia 1 field class diagram
w

Figure 37 1S a schematic vie a signature-freld class diagram Figure
38 is a f|bsEhirita shematic vigynge hpedieedaiengregialipotidorclarmdiafiagur e 38a is a

det ai | ed fhigueas 4 sciina@NEewsdt @ Rypelinield Brofy) QMEdMRFA; Of Figure 38, Figure 39 is
a schemati g via%v of a page zerver cqommand el enent cl ass diagram  Figure 40
is a schenafFe A BRPBPIDL LB Tre 29888 Bnti on class diagram Figure 41 is a
schenat i ¢ Kigweey3of a shdranoridnt of g digitad tnk cthsagdisgram;agrany Figure 42 is a schematic
Vi eéw OT a_ ﬂkl.ﬁé ngriya JcﬁeﬁltaﬁcCJim aﬁél@&ér@eﬁﬂs ecﬁﬂiﬁﬂgneclaéssdizl ﬁama S_Chemat' c view of a
subscription delivery protocol; Fi ufe 44 1s a sChematic view of a

hyper | i nk E‘@’(ﬁi@gia%ﬁlea’é%CW&ﬁFﬁﬁfkbO’Fgﬁﬂa@%@% a schematic view of a

hyper | i nk Egid 36a¢ 4 QRmfiOlRCRh fext feldQidisRiaf@m] S a schematic view of a form

submi ssion_protacol. FEiqure 47 |s schemati c view of a conmm ssion paynent
pr ot ocol ; nFl%reg%rlseas %emf“éc‘gewsogﬁgﬁ’ﬁﬁeé%\‘}i&%%ggm'ﬁ’ pen optical path; Figure 49
i s a fl owcHigure380f a fpwshartoke ivafrreseeingblgroithnt hm and  Figure 50 is a schenmatic

vi ew of _a kg b llo@lich bt ncliepOF AMonDERBHER RESCRI PTI ON GF PREFERRED
AND OTHER EMBODI MENTS Note: MemjetTMis a trade mark of Sil verbrook

Resear ch PUg{2ds @ sehrapiicatiguzpl 2 page tefier opmpndelepint b S@e#Bnt , the invention is
conf i gur edFigude 480G Kschdrklic vidhaf BREduRe Bescrip@bnidkBgraeOMput er system a detail ed

over vi ew ol%i V\gl‘hch fé)l Llows. L.t .will ciated that not every
a

. is ematic view of afavc;r!tergrg)igelasas‘gfz)ir gm, C -
i mpl enent on W1l necessar | y e oay al'F™or even nost of the specific

det ai | s andswextlersicesmatic vt abigter lickwdiagramyr el ation to the basic system
However, tHgisdiSt Sohehbticd @Ot h R8driptlan bdiSeriBsiocsgonpl et e

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 2 form submission protocol;
Figure 47 is a schematic view of a commission payment protocol;
Figure 48 is a schematic view of a pen optical path;
Figure 49 is a flowchart of a stroke capture algorithm; and
Figure 50 is a schematic view of a raw digital ink class diagram.
DETAILED DESCRIPTION OF PREFERRED AND OTHER EMBODIMENTS
Note: Memjet™ is a trade mark of Silverbrook Research Pty Ltd, Australia.

In the preferred embodiment, the invention is configured to work with the netpage
networked computer system, a detailed overview of which follows. It will be appreciated that not
every implementation will necessarily embody all or even most of the specific details and extensions
discussed below in relation to the basic system. However, the system is described in its most complete
form to reduce the need for external reference when attempting to understand the context in which the
preferred embodiments and aspects of the present invention operate.

In brief summary, the preferred form of the netpage system employs a computer interface
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formto reduce the need for external reference when attenpting to
understand the context in which the preferred enbodi nents and aspects of
the present invention operate. In brief sumary, the preferred formof the
net page system enpl oys a conputer interface NPS033-SG -5 in the formof a
mapped surface, that is, a physical surface which contains references to a
map of the surface maintained in a conputer system The nmap references can
be queried by an appropriate sensing_gevice. Depending upon the specific
inplenentation, the map references may be encoded visibly or invisibly,

and def i neg deorfi? B nBpp@Yurthdddhat &, A S5Akal SHESYhRA cdnbifis FRRRGH tosal*lﬁa%%gﬁe yi el ds
an unanbi guous map reference both thin the map and anong di fferent maps.

The conput B8F*%§ o Zh? DR PReRN TS R ’i‘?“"a?)&aﬂtbefqé%ﬁeﬂr PE2" BRPPHE® rapped
surface, awndiguielicd Db@ndimf upon the aprcifie impkinichietioadhe has ettreades MAP be @kak&nces
supplied b i d o formation
thus retri ﬁ%@égﬁgﬁ&ﬁg aﬂ‘?M&lhﬁ%gd %?ﬁqo% ggh ti %ﬁog ﬁnt}%‘é& Qc? L?fg{ég’lcfﬁqgﬁgt he
conput er sYaTRgHOBTAgEH e beth wifin thegpagand astong ﬁff?r@émméfée fqglptltpresy%ﬁpeqamt or's

i nteract i OfbniintifFora@onSdsbit a&erefs %ﬁttﬂérrﬁh%pedlsﬂrfdc& SnP 5k §idr@ioh Qe Lt eMEL Page
systemrel] on th rodu n of interaction w th, netpages.

These are 'i?ééé’gm(%? e Eé s 5“8? ?%%ensé{ﬁgie‘imﬁé‘&ggmbpfﬂ’?@ BHsr B HEF08%per , but
whi ch wor kthisiritdeveddae fabcthe feen efebriopagdd arelinifiatsd i the computer ssngwochdchatiiof ®ach page
using ink aqraraghmlre onequgwaro%h% artrbgmmleme flafifesunai ded human eye. The
i nk, however, Yher e he co can e sensed by an optically

i magi ng pen and Préhﬂ?feFﬁ‘eé’“Potht"He‘P?ﬁét%ﬁ"g’e rdigs p e praductipa 9y efdelumes f or m
active butheR&icands, IﬂMﬂ@ésl Tﬂ’&&&r@ﬁgc@ﬁﬁ@kt @ﬁglﬁcs(éﬂdlmb@s Frinke@ k@ 6tdidrl puptd gt pen to
request infor rr‘%rf(%u fr.omthe net or %ﬁ ef erences to a net wor k
server. |n one jodi et “’e'i’ S Wi ‘F&aém ‘B“‘"H c‘f“ a{""‘% ‘fsﬁédz‘ e

aut omat i ¢ adubsjentiadly egﬁibk‘efd thg pehided mpan bsesdTiteonlc brvputend thtrebstthd qedddhlaavet page
system aldeqxnsmyfaprmwlagﬁg{,anlaﬁmngnﬂuedkcrm% & sqhodi nents, signatures
recorded on a ng}etg are automatically verified, allow ng e-comrerce

transactions to He"SBEHFEIatit Foriveend eeriny eshpagetan by prkgd i e
printed nefepageqliestiamieqr BREth nawbkioe roa@gnhlv;eeférar:m twalnetlmtkaaverbm ohé | led in
by the use al | on .t he rlnt a elec roni c IIy , via
com‘runr cat {n%) ﬁa&%é ?p\;\% w111t§': h ]}/ahd on a nelaag[e autom%calg 4§ Sg{}u J.' and coi:rﬁerte 0 C?ﬂﬂue shows a
"Request floftin féemserﬁyﬁ@l ﬂléawlgef?mm toghg ditledsig. Iflpérrd@b‘ain@ﬂa signdserestredorded on.  The

net page CofSinsthspe ok mgrlﬁdatuugv&ﬁwal%w%ea&eﬁ!eréésﬂmrggmydssd ﬁels&ureﬂlaumoreéad coded
data 3 printed ag‘%ﬁmcolle |on of .t ysi ng invisible ink. The

correspondi ng paf&iEEEd i e 2 B“m%t”(?‘ip%%ﬂ 1 sap Epesem @pieliivarfamie caescr i bes
t he i ndi vitgudikd albe reniesbal phyliailly)eh pagented page, gl tlectrodially”] ¢ia chamnficdias t he

d . field
type an %ﬂ\kéﬁ seﬁtdf?mT l(e)ngg-,%gm%rl & ftrﬁael@%gr%g%gﬁ%ﬁ eéogm"&m&%nm Xt e

or button e exa stem rrec
i nterpret ddpwdiclds eldtaﬁebﬂhcéruﬁerg &he nppage censistiof & tctd@rq 2 grintpdypsing yigi ik, has a

zone 7 whigh cs@ﬂ rdes Boml&d TaQatcblﬁacﬁoﬂaiflt@ls 46 e Mvis®fe itiherne CafeERIRANHLNT
graphi c 8. ustr in Faure the net vq.‘g]ehjen 10ﬁ1ea referred

f or m of V\hc}e%cﬁp oo SSF'It 0‘? © npipagt por deserbey g Jafidial Jemgag 0 oot ai |
bel ow, vvorriesrculﬂ iodsryribes Glteitypa awd dphtiabextvet (pawgienf pach mtemcuﬁ@lbment (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
corresponding graphic 8.

As illustrated in Figure 2, the netpage pen 101, a preferred form of which is shown in
Figures 8 and 9 and described in more detail below, works in conjunction with a netpage printer 601,
an Internet-connected printing appliance for home, office or mobile use. The pen is wireless and
communicates securely with the netpage printer via a short-range radio link 9.

The netpage printer 601, a preferred form of which is shown in Figures 11 to 13 and

described in more detail below, is able to deliver, periodically or on demand, personalized
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an I nternet-connected printing appliance for hone, office or nobile use.
The pen is wireless and comrunicates securely with the netpage printer via
a short-range radio link 9. The netpage printer 60 1, a preferred form of
which is shown in Figures I | to 13 and described in nore detail below, is
able to deliver, periodically or on demand, personalized NPS033-SG -6
newspapers, nagazi nes, catal ogs, brochures and ot her publications, al
printed at high quality as interactivg netpages. Unlike a personal
conputer, the netpage printer is an appliance which can be, for exanple,

wal | - mount gesafdra GRRdzinkD c@ﬂogar@@hm%e okHae dm{amnggau%m&d lSnifil Gty GONSUMed,
such as i nmfl eak?ast t abl e, near the

n
househol d' % eﬁlﬁtfvﬁflet%aﬁesg‘lé‘ﬁ’g?ﬂﬁsgmf F”p‘ft?’fe Hiipaee PN v ap‘ﬂ‘&‘}?‘ég’h‘f’hrf‘"‘? b8t op,
deskt op, pornph|vell-aodhtel adiaghiup @n wer she@nse mdehpage s tpstlcmsaﬁhdaducﬂeheu poi nt
Pf Consu_rrpﬁshgsrhtcﬁ%meﬁea bugﬁ'as?ﬁ&g OQ;]G &€ h eh&ﬁﬂgémt"\éf%gb Etor E1I qﬁy n SS and
interactivity of an interactive nedium As shown 1n gure 2% & het page
pen 101 i nfedkyefgleppdprkiopeonblsen maiwreasienspri nted net page | and
conmmuni cat es, Vi are@agsb@fnted bR obH cOnshhgtibn &mbinb B kRb-SLAC b yaRk: Lith @e NEL Page
printer. Tg}ne Rr angm?er ctm sen gs he interaction to the rel evant netpage
page server Bt éﬂ‘?r%‘ emedun, horopri ate ci rcunst ances, the page
server sends a cdﬁ lsi@wpomﬁrgwg 2nbs sagee pao 18D pitdraca twith nhecuodgd Utaia ron asmﬁn‘e&vare
runni ng onyegaRet aaag&mamtescaﬁ L QB RLV o ﬂ]ﬁ%g 0 GuBRB & QL&%? Sl Fhe Y in
tam send a _response which is printed originatin ter. The
net page sy%’c“@Fn6B]s sqpdy e dﬁﬁ%ﬁ“&b?’aﬁ? yel%?té“@%ﬁ?vléﬁﬁ éﬁﬁ‘tef L% f‘tfwételfﬁre@fl@r fed
enbodi ment applyridbaiidgnstises] thelpageOdiveeids @ Rovdsgoldikl ﬁ&sa@@%@ﬂphcaﬂm computer

m croel ectamechani cal S rinters. In
the preferr g‘ﬁ %or mof ?r#tgagféi (“m;i %é%lr‘,’er ?sseﬁg“ |a5pz+£’°ﬁs%'f‘7 rr%’n%“{ 2

hi gh- qual i tesponspwiiglt i prépted on ¥pokéeinatneeriafrf or dabl e to consuners. In its
preferred f OI’ m @h%&ﬁ@%?st@&'ﬁ Ha@@éoh%rab@%no;e%nveﬁgﬁ( $ tﬁ%reﬁrb&%%ﬁ‘x%&ﬁnﬁén?t ics of

a tradition azine, such as a set of letter- S|ze1§oss pages
print ed |}ﬁ’ E?F l“s &ﬂ piuRgfon it highispred micgslsrppmechgritehwsten GUE %)sli?seﬁﬂiebatl on
and conf ormvahieé“hmdfsl mghe pTdf@remempagmls pcindlogy, rebiipdlyhighSspéed @ndHig\ullfy

avai | abi | I};TM | dS wﬁ%ﬁaﬂs @%%né%g (I\neﬁss re errechrrm as Eeraa\élgncp%bhcauOn\ﬁg'I#xabl eto

95% of house nit ed Service offering
br oadband Hhﬁ%“@‘r%ﬁ“@a’é‘@ég@ t!‘aém%lr@awgaamalﬂwmff eset f lpoizo Eloshesses prifie  net page

|tor| nt er galfiﬁmlcaerdam@thah@ blom%dtt&eﬁér%eo%%syﬁf%&%ﬁkﬁ&@&fonm@haft{m@ |0nger delb: Vgry
imes and | ower ual i ee € stem can be enabl e
usi ng existing cggﬂ'%%%% pf”i’ff’fj%‘?k”ﬁﬁt? gfoi‘gnérav"b]fﬂ?‘m 8‘?‘% adﬁngﬁ’ﬁ’ﬂ@h"‘;‘feﬁ%%@%t emwi | |
oper at e noewics ksowhilablado %4 of hottshmnﬂcbflmme Ubited| Sescs, @d cahdt adiled sérﬁea“mta:ﬁﬁg)nsurrer 'S
poi nt of Wir&Wband ﬂlte%ha%es %‘a%ﬁg dzweofﬁ&tepﬁﬁ%@%% B o AN BDEL ON 2

private intranet. In st | page systemis hosted
on a singl® th SlopEF FORACCHGRS, %m&ogacr dtigy Eeps andhipese imagg plitadndsedoine ptrage  Net page
publ i cat i cusxstaleasaue,e $nabikd Qﬂngt élﬁtlﬂ'g%ﬁ}ﬁ@& Gt MRY ised bt Bk oGHI R syhi Gl 1 ver
print- qual

low ations ta % qg hﬂ ers. Peri odjcal e}ubl ications
are delivere %f |ca etre re UBS EF 0t g%ﬁ?ﬁsﬁg‘“ﬁrﬁoﬁf YWy fngther
poi nt cast |@H@06hfn@tsnﬂnb algres: tszrswg i h@s@d meta pivat ovales In R gien ahbad@dnats, the

. netpage system is hosted on a single computer or computer-enabled device, such as a printer.

Netpage publication servers 14 on the netpage network are configured to deliver print-
quality publications to netpage printers. Periodical publications are delivered automatically to
subscribing netpage printers via pointcasting and multicasting Internet protocols. Personalized
publications are filtered and formatted according to individual user profiles.

A netpage printer can be configured to support any number of pens, and a pen can work
with any number of netpage printers. In the preferred implementation, each netpage pen has a unique
identifier. A houschold may have a collection of colored netpage pens, one assigned to each member

of the family. This allows each user to maintain a distinct profile with respect to a netpage publication
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publications are filtered and formatted according to individual user
profiles. A netpage printer can be configured to support any nunber of
pens, and a pen can work w th any nunber of netpage printers. In the
preferred inpl ementation, each netpage pen has a unique identifier. A
househol d may have a coll ection of col ored netpage pens, one assigned to
each nmenber of the famly. This allows each user to maintain a distinct
profile with respect to a netpage publication NPS033-SG -7 server or
application server. A netpage pen can also be registered with a netpage
regi strati &ﬂre&ﬁﬁp{;ﬂiﬁanbndervaﬂd linked to one or nore paynent card accounts.
This allows e- cor:&rre ? totbeds curel % aut hori zed _ usj n? t he

net page pen. The ne gugnreglsg FEEFOR EEr Y EPORpET &8 ST 1§ prgigpedrta

capt ur ed bgnetdn enorveapragye card eqounist Thisallowewtarusicy pryagnts toefeestousdygndibtize ,

all owi ng i i @ﬁ'ﬁalr gﬁg@ erver.
Q her bi on%s':lltrg:algg&gaéﬁwgl g%h&%atgﬂfs?eg%? %ns\g/rg%r? v %egl a% % ver |on&§afg§t he

net page peff? A Riefdsly regiisred sierters é%ﬂ’f‘ﬁ‘igrfb to W@‘F‘F‘F‘F‘EB‘G Fer 8 st fozae emay by

t he net pagenmegt sdrfeA CHIRAbIGAINE Ean aﬁbwﬁﬁd@{& varifp (ﬂieﬂ@g% RisloR bthe ¥BYMglRh | Ver
peri odi cal § ;sic gsm}tgce qnorvnlﬁeq newspap b \{!Itt out user intervention, it
can be configured hever 1& de |\}’éarsmﬁ’r?“§o i1 BYPAELITES BRI ™™ its preferred
form it only délltllq}‘eh'%HGWIPO@FTG@VQ‘?IWW(DFHOQN@S@FH as éhd moming hévepapkryathautit hor i zed

SOUI‘ ces. Iﬂeﬂnﬁ’tb@ea‘&@n? Re& be chil Qc?t;epégﬁdeh%; ifRbiRLed! J&k%l]'lﬁﬁs ﬁeigx‘;”a}& fSPECfP' ne or
- mai | acc@wpﬁ{e which is visible to any junk mailer who knows the "tel ephone

nunber [ivers pgriodicals fram pybsppbeder atiayizaauikpsiapg SPEGPFURE“SEQSEW 813]11@23{%3 nodel in
the syst enpringr d@slie ialfadnadsiieng eanallaichine dhibibid ekibla g dnangkager (hMadws G ass

di agram Aceﬁ;Lh%?en Le@gre%]%%&%? i sts of a set of object classes connected by
rel ati onshi ps, an nds of relationshi ps are of interest here:

associ at i ohs andNaﬁﬂﬂ@'ﬁﬁYﬁTEfaf\R@ﬂ'@C“ﬁﬁ associ ation represents sone kind of

rel ationshi p bet weaRbERIBE! sn,thasyﬁempaésm@@m;ng%m@mdeﬁngm %’éﬁﬁ A
general i zation rel 2t iaFSa%act ual sses, and can be understood in t

fol | owi ng SK&SYagrg™ a§raf”s°°’[‘sﬁ5'lf? het offobisd clayies canpetedby zglationshipy;, anditeo of t hat
cl ass, andkigk abslatonslips aregeinerest|hbz:aidotimions ant kassliAkjons. R AssBidtion ﬁprE@aﬁty a
subset of é%me fFo rggﬂ'onﬂ%ed%tgg%t ob Etg ?gtbe%raél%?senggeg otsc?a(s:s%sn (fl ag}(;g'riie]g %Zﬁtlol’b { ng -

i.e. classes o asses ass is drawn as a rec ‘ed with
t he nane o@f"mﬂlh’éﬁssé? gadscan py m@@ﬁ?‘ﬁ‘i in ghe Jollopipg way: if g ¢hass atthorlghbei‘tae@e@ﬁothié cl ass,

separ at ed dbfe08 ot AR cR&NB BMssA QQrgb&ﬁﬂiaﬁ(Ln dficRQ. B, MslBas sluh;ﬁyt a Qhbsel &1 GREr ati ons
of the Cll?jﬁﬁtlo ”(ggra ed fromthe, attrjbute |ist béﬁa hori zontal line. In
I a i

the class 1\7\%%"6%1’30&37“8%'0"1%‘8 S IeniREratficBe are never nodel | ed.
An associ ati on i Baclclassis disvngs b rentengledamlladgmm\m nehaFsteslassop tinanalk liy of abel | ed
at either tﬁ@:gthés Qf tht H?ss @%Halta{eﬁ) h'{)(}ﬁ %hte gfar&fbyta Iﬂgnzgﬁzﬁ %&! gl}dlacﬁ@t If I-:EQ ggegaﬁgr?%

multiplicity is one. An asteris I ndi cat es
i e. zero B Clipreparaied dRm Akectrbun shby 3 Boriggneal BIF?aP‘I%}e‘F@E)é'PEfw WGMOII% narre
and is altaee@pbpefnﬁalslagenk\aha&dlem at elther end with the role of the
correspondl ng cl as n d| a at es _an regation ssom ation
("is-part-of"), gﬂ G ee'0 Eﬂ egcga o) Opélﬁléfnﬁggeglﬁ gt either en

the mu]t1pl101ty of the assocxatlon The default multiplicity is one. An asterisk (*) indicates a

?fSOCIap(()ilrlP

multiplicity of “many”, i.e. zero or more. Each association is optionally labelled with its name, and is
also optionally labelled at either end with the role of the corresponding class. An open diamond
indicates an aggregation association (“is-part-of”), and is drawn at the aggregator end of the
association line.

A generalization relationship (“is-a”) is drawn as a solid line joining two classes, with an
arrow (in the form of an open triangle) at the generalization end.

When a class diagram is broken up into multiple diagrams, any class which is duplicated is
shown with a dashed outline in all but the main diagram which defines it. It is shown with attributes

only where it is defined.
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association line. A generalization relationship ("is-a") is drawn as a
solid line joining two classes, with an arrow (in the formof an open
triangle) at the generalization end. Wen a class diagramis broken up into
mul tiple diagranms, any class which is duplicated is shown with a dashed
outline in all but the main diagramwhich defines it. It is shown with
attributes only where it is defined. NPS033-SG -8 1.1 NETPACGES Net pages
are the foundation on which a netpage_getwork is built. They provide a
paper- based user interface to published information and interactive
services. fqnet pagfagesi sts of a printed page (or other surface region)
invisibly tagged . with ces t 2N online description of the page. The
onl i ne page descPrptEHic F‘% ‘{‘]‘H‘i"a‘inﬁ’g’ﬂf 6é‘?t§’:|g§fl‘?§ﬁ?rﬂfb“’6‘yﬂ§y RetifayRrage
server. Thl@sqdagaemcbﬁmmqnbhsmﬁudﬁﬁla:ttonbﬁsntérhcave/se&icbﬂe | ayout and content of

t he page, includi e d e Lt bes. & he |nput
el enrents on the %&%a&e&% Isltfg{;faé) Qeﬁtpt% %&qﬁ?f%urf i %ﬁ%‘lg% %%tgfyllel ds.

net page al qe%wgceﬁ’ﬁrak PHige deseaigtdonpf thp page.rTbe Mg@agwswnﬂqnt@nwéweﬂ a%stftﬂéy be

si mul t aneomsd Mw@%gysaderanﬁ ppgeqeﬁﬁlﬁ@@l dddibkBe ﬁﬁﬁl@ﬁgﬁt S S5 oM ptagepl e

net pages ca ane. pa However, to allow in

t hr ough ﬂ‘é e fff%l’g"ﬁ? Pl gglégls% g@ﬁﬁ@esd\gg {PHGHTTSRE g heaesr st e is

assi gned abuuonsqhwer]mrgemd thpwt ficfds.ek netfaige SHOW]S)agfkmg{)nh’.&Smﬁwftfelpege@%h opliteci si on

the page GbLer I Py MRy el R e BB RACS: 1o T denti 1 0 the.
uni que page on whfeERleePaREan phere ﬂa?rfélm‘tll’?é‘? @S‘VIPPWdHP‘&Y‘EfI‘Q erelapyt thragh t he page
descri pti oaihenmmdemgl la:!g@@o be diBiRduishddSic ﬂe@agawhsagﬁaamﬂq&e garge 1daRifRA YRS

Char acteri st | assu 1c1e rem Snt%‘ﬁ;%mde&%rm € avl bmg:re 19?%?1? lgel ow. Tags are
printed i P PhITAre Pt VEST RO ERY EU B ET S WAT RS s

i nfrared-refl ect Fack referglgeh thespagry dbsoniptiop ISp@pElpd infiepeinted 1g.rlae eg ideatified gt hs are
i nvi si bl e {Qut saﬂge biifReh l%seapsu;nd%ﬁeb@aa&ekﬁs 1SE0RE the é,@% Rsciiftloh AmS L LE, | MRge

sensor with an appropriate frlt i S sense an area |1 Mhage sensor
in the net*ﬂ%ﬁ'{:}@esbté?\“m P&ﬁﬁ"“t"ﬁglei’% %larﬁﬁeqs%cs P?"é“ﬁ%ﬁ%?f?flﬁﬁf’be‘i’ﬁﬁtoﬁéletﬁ’é'?%e system
via the nearest mak mgﬁntacr innﬁmed-aﬂ'da@n@aﬂ( brSanyMsuibetrBSShid6l ineaedisndcGR €s W t h
tsl’r]rgl | ng}[’lg (glnagre BIBISP a téacri- are w:ivelang %ar%g‘lglls letotFkh Taegygbu If;r%ezlsslllyﬁ]celllsgt:ls,[engl_]g
tag even dr.YaaolsirsﬁgflﬂeageFqnwwmantahléoq@a'géheflt is |rrportant that t he pen

recogni ze the pa@taglileadlbyPRSich infBe RRLM Bl Yethdal Sl i@ the Wit B chlGiDROE,
since the |§Peract| on is statel ess. Tags are error-correctably encoded to

make t hem PAFOFEIEF 5B I"@t"ﬁﬁ’?ar‘isb“eg’ﬁﬁefp&@ér Hograyis virtipRs arﬁ’ecf"ﬁ‘éb%"afﬁ%ﬁj@‘ ®rver

mai nt ai NS mipegeipgjorer qneag@on-mgeamcelmkorageammﬂmenﬂytsﬁndu mﬁtdaﬁggaman@ti kawharg it to
mai nt ai n nput S|nthe
page desc?ﬁeg%%gﬂﬁw 1&3%%2 mg’?&ﬁ%ﬁéﬂpnet pgl \éﬂwﬁﬁmﬁ’%fsa By T‘tlanl tg%tq"l een t he
page descrFypetitsnte pige [Bgé PPFop o cEery WCF%W@ thaPegs Wp@g@teractwn is

stateless. Tags are error-correctably encoded to make them partiaily tolerant to surface damage.

The netpage page server maintains a unique page instance for each printed netpage,
allowing it to maintain a distinct set of user-supplied values for input fields in the page description for
each printed netpage.

The relationship between the page description, the page instance, and the printed netpage
is shown in Figure 4. The page instance is associated with both the netpage printer which printed it
and, if known, the netpage user who requested it
1.2 NETPAGE TAGS
1.2.1 Tag Data Content

In a preferred form, each tag identifies the region in which it appears, and the location of
that tag within the region. A tag may also contain flags which relate to the region as a whole or to the
tag. One or more flag bits may, for example, signal a tag sensing device to provide feedback
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is showmn in Figure 4. The page instance is associated with both the netpage
printer which printed it and, if known, the netpage user who requested it.
1.2 NETPAGE TAGS 1.2.1 Tag Data Content In a preferred form each tag
identifies the region in which it appears, and the |ocation of that tag
within the region. Atag may al so contain flags which relate to the region
as a whole or to the tag. One or nore flag bits may, for exanple, signal a
tag sensing device to provide feedbacky_ NP3033-5G -9 indicative of a
function associated with the i mediate area of the tag, w thout the sensing

device hamiiti@vd 6 o Bhdbn ksSocRtel SR ke Rlum@ibtDired d¥ehd B vRthour e RELRAERIPEN MY,
for exanpl 1 tive nin the zone of a

e . ill nate an "ac rea" LED whe of

hyper | | nk. D948 (G B8 Ssiapaon T TaPneR preen Ed e G Ampat @y Py

enbodi ment gread AED whagn donnacfgy@rink.easi | y recogni zed i nvariant structure

whicch aids initialdikarld Ry ARGnMYGR, @33Rl dodthi U ) oS oy ©7 T €t

of any warp induced by the surtface or by the sensing procesS. The tags

pr ef er abl yeafify|rgeognipsd ipript struchyeqgehich aidg) ingialkdetegtiop, g w 811 sigyip minitigige $ensel y

arranged té&mtt of g waQindiad by Bk buateYor by RGEnsAl ploBRS TheQ ik plcfEibly AR chtite aDsi ngl e
recogni.ze t an

click on the e. .1.s i nportant that .the pen . e page
position ofit” g?/aagaf%/suh{f]:fe%tfyas% F 54 d\?ﬁs?l’harfaﬁ%ﬁ%b%?pegicﬂlc%h lﬁémﬁgﬁ?tg?agc?f"?t% i's
st at el ess. evkmone gl febkron the@ndsold isnmpvirtant thaethe g reorenizo thebrige D and pesijion ed er s

coi nci des Wit By@fuGiith i p%%%meth@jﬂgra&laﬁisrsegiegn I D encoded in the tag is

t her ef ore synonynous Wi th he page ID of the pa%e on which the tag
appears. | n ot hef e fuppdanent e regiayogthick @ tAgpiierncoicidesyvithep etiee Pegen  be an
arbitrary idkheegioalD exbded ifdBo@e B theRtoRafmonihdua Gih thEfize BXEMRpEae oh lvhe@N
coincide wth the zone of .an interactiye .elenent, in., which case the region
D can di r o et B el el B R b 3T sl 860 S8R o

Fi el dPr eci giagaze( dyiothsr) suffsgyi FonexaBale Ot cin goiteidt Gvitk It raneTod pmintR2ErivE alginent. dy

cont ai ns l@l@cht}@as%%e%cgiohﬂj%Hﬁ&ll@i@emtigmliﬁéhcltiye@Jxﬂeﬁ?at ed as shown in Table 1.
Assum ng a HBX|nun1tagTdenS|ty of 64 per square inch, a 16-bit tag ID
supports a regi on*8§ e to 1024 square inches. Larger regions can be
mapped corfti n@rus| y |WRrbesibn (bits§ easi ng the tag ID precision sinply by

usi ng abutﬁ%k | egictﬁ are—raps—Jhe 100-bit region ID allows 2100 (1030 or
a mllion ?"#ﬁ ionjtrillion) different regions to be uniquely identified.
1.2.2 Tag (i@ Encodithg The 120 bits of tag data are redundantly encoded
using a (Ifagsd) Reedy Sofomom code] This

Total 120

Each tag contains 120 bits of information, typically allocated as shown in Table 1.
Assnming a maximum tag density of 64 per square inch, a 16-bit tag ID supports a region size of up to
1024 square inches. Larger regions can be mapped continuously without increasing the tag ID
precision simply by using abutting regions and maps. The 100-bit region ID allows 2'® (~10% or a
million trillion trillion) different regions to be uniquely identified.
1.2.2 Tag Data Encoding

The 120 bits of tag data are redundantly encoded using a (15, 5) Reed-Solomon code. This
yields 360 encoded bits consisting of 6 codewords of 15 4-bit symbols each. The (15, 5) code allows
up to 5 symbol errors to be corrected per codeword, i.e. it is tolerant of a symbol error rate of up to
33% per codeword.

Each 4-bit symbol is represented in a spatially coherent way in the tag, and the symbols of
the six codewords are interleaved spatially within the tag. This ensures that a burst error {an error
affecting multiple spatially adjacent bits) damages a minimum number of symbols overall and a

minimum number of symbols in any one codeword, thus maximising the likelihood that the burst error
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yi el ds 360 encoded bits consisting of 6 codewords of 15 4-bit synbols each.
The (15, 5) code allows wup to 5 synbol errors to be corrected per
codeword, i.e, it is tolerant of a synbol error rate of up to 33% per
codeword. Each 4-bit synmbol is represented in a spatially coherent way in
the tag, and the synbols of the six codewords are interleaved spatially
within the tag. This ensures that a burst error (an error affecting

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

maxi m si ngednBemnlly kekdddpod that the burst error NPS033-SG -10 can be fully
corrected. 2.3 Physical .Tag Structure The physical representation of the
t ag, shownméﬁ FiSEY%G%ﬁ%9ﬁgP%35% fixed target structures 15, 16, 17 and
vari abl e dat a ar @aspl8cal Ehreschitation df hatagehowatin Bigirel§, dsluadds| fiawd targg emsivieg devi ce
suc h as t h ?5, IQQE Q@cg\%n&?erhata%egﬁfseﬁ%e f&;tlkﬁtg}gggglt%gpes 'al'ﬂnf»@i SCJ]SEI]? dL\J’i]JE%I?C-hqé {il;g nsion al

orientation relative to the sensor. " d areas confaln representations
of the i ndPSHRERREP thiigisst B tag pud inftibdhige-dimepsigeal arientppongelpive yeothe pesgse rThe ag
reproduct i @, ardafi@ntaid GepteSentatidisl 6 tRlindMidual biteSMehdo@a Rf1ad56X256 dots. When
printed at 1600 c}ot .per_inch thids é%?\' ds a t%ig with ?_di aneter of about 4
mm At this resol' G SKS PPRE % STt Lo gl pla et 3T emiedOBye & qui et
~area" of r@denusingGatd6i0siots Serrph thisheldg b kag trithui dismdts ofdbeuo 4 merO At this Besdh@idn by

'adj acent tfﬁgélé il &Sl&l@&%b@gtg‘ﬁ)uli]d@d 6’392; ‘%ui%toaréaigf g{{lljsqtgtd!)ty%mgé %g%&&rae Is .'«.Jscrr1 e tag.

The tag includes six target structures. etection rin ows the
sensi ng deSPrEiButeddy adipgentitags. fitywnly adde ¢ dopstigthe effgctivy fiamaigr afth¢ tae. easy to det ect
because it is rotra tagnahliey sixad stedtred N IRBERUSE 18 alldws TR BnsG:RdbRG 1 On of

its aspect.ratipo r ves, mst. of the effects of perspectjve djistortion. An
orientati olrrllmglg?i ‘%teféﬁgg?g'g[\]ﬁ%“?%lé eassﬁkosﬁ%%t Ryl f‘ﬁﬁ’a‘@ﬁgfnﬁ?’ﬁﬁt PHE&EHH? oxi nat e
pl anar or i gnglatcprontionf of tikespettagtiad treotes nosteofytheve@fts tdf @es@nse rdistofive. An

ori entati OfiedfoR akis 16 KRWE R géaaiyg &Ltk 8 du&;n];gfa%e%gmmé ;iylcfi[}ﬂr org%%n oPRL Spective

targets 17 all ow the sensing device to infer an accurate two-di nensional
per spect i vi88 et e pst o BT sepsie Thexgyientpfien peih s skerd t9odsls tniue prissistion Fshsi onal

posi ti on amep@rivectadeat i1 DALGS tht R@sih@gevice @ @fel e adefratt MRo-GRASLHal pdbpectiv@r get

structures r ndant large to jnoprove.their. i ni.ty.to noise. The

overal | tatgr:ja%% rglp{gfq%{esg% iarr“ic% ar a.ngaf%ulmge 2%%%8181? S a?ﬁ%thoélrsgfqy S?Eﬁ‘éFont Hi ﬂ%g'gg, opti mal

tag packi nglatisip tesepseregul ar triangular grid. In conbination with the

circular detecti an wkdelGruontriiaf rBRKBRarkd 15 GPEAL heiPfhARGRIRRAL, Of data bits

within the tag oz_él mal . TQ maxim se its size, each data bit is represented
wed

by a radial e VR e ShrRs 5 itsPlary Fhisiengrty, enass athes hinesus Pz f2g packiphes and

t WO concendmrandrregidacttiingulargrid.Sn cdoibirationwsdgie drafar detettiod tAgnihd imaBR 8 cigilapf 8 dot s
at 1600 dpj - - ai s€ i iiteseaci:n & bit Blrphesen i at | east
equal to 't Ia@é@%r%?f%ﬁ}%%ﬁ%ﬁeﬁ#o@%é %E&%ﬁﬁgo%szthe hv?gtaéé ir?} F%teed}r%é%ji al

di rect i on PdalZredgs ysthe i elan tep hoprdedivivoviadi dipsrarrsiive poncamisie hiralatyirgs. Bhelt a sy mbol
i's represendgchaby mafnad didhsiBf of2Xis WOIBOES: anlREdedighed sdthd irdialAistbal)s of each

of the six cqdewords are allocated to.the ur concentric
is at least equafjto thqs minimum d%nenselon. {"he height oI' tge wedge in the radial direction is always

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

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

The interleaving is designed to maximise the average spatial distance between any two
symbols of the same codeword.

In order to support “single-click” interaction with a tagged region via a sensing device, the
sensing device must be able to see at least one entire tag in its field of view no matter where in the
region or at what orientation it is positioned. The required diameter of the field of view of the sensing
device is therefore a function of the size and spacing of the tags.
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synbol rings 18a to 18d in interl eaved fashion. Synbols are all ocated
alternately in circular progression around the tag. The interleaving is
designed to naxi m se the average spatial distance between any two synbols
of the same codeword. In order to support "single-click™ interaction with a
tagged region via a sensing device, the sensing device nust be able to see
at least one entire tag inits field of view no matter where in the region
or at what orientation it is positiongd. The required dianeter of the field
of view of the sensing device is therefore a function of the size and

spaci ng of the t a@@mngBS%ﬁarS% Shalgel the/ﬁﬁhllmlnﬂm@telcbﬂ‘ 1Y lsé'ilgor trad shapes the
m ni mum di et view is_ obtajned when the tags are

tiled on a equ??”gff“él?‘eé?gs ¥ Flﬁcﬁﬂiﬂ e&?ﬂaﬁﬂ tﬂa“g%@ LAY H ElegGPe 6. 1.2. 4 Tag

| mage Proc®24di ng Tagindgedwokasginglaed Dagpdimpge processing and decodi ng
performed by a sepsi, c S Shauwn neFl gure
7. Wiile a captured ?%3%2’@ %S%%#ggecgcgnﬁﬁé 1?%@94@%% ‘ﬁg&lqﬁ%%eh S glr?é’% %t he
dynani ¢ r aPfgd® Bre fieFigtingeWhils depwrediimga iy being 209uircdriien denmese sobort e range
i S then chesgfic Atgelon@e Riapaik Heter&nlﬂédﬁlﬁthﬁi thelcOterbhi@e ﬂaﬁ@%&heg cﬂesen-';p@xe bﬁﬁge i's

then thres Olhgﬁ nd segﬂergt ed |n o co q&cte i xel ons i .e. shapes
23) (at 22 apes "W ?lgla%edsb © Eté‘?ﬂ“totc APH egé‘l“? uct ur es
ar e di scardedhapesTaie (a6 P2 eShayes whielndre modmaif to@eptdsens ha pezel Snalrastrcdistpadded.

Bi nary ShaﬂﬁngpﬁﬁQén§.018§fe§(§he\.’hgppglef&)@ﬁ{&ﬁd (at 24) for each shape, and these
provi de the basis for subsequent ocating target structures. Central
shape nmoments ar Bgy S‘Fﬁ%’ﬂ?‘“‘i‘iﬁ?ﬁf“&@%@&ﬂ%ﬂﬁ 24pfpr gaefsihencnd thega grovidnthipe easi |y

made i nvarbasiitor %se&&ﬁﬂ;ﬂocaﬁﬁgpﬂ@a strudfuie® CRME] shefe ohn@kls ard BEthdid MAGrel ifaBRt
structure 15 i rst. to.he A ring has the advant age

S
of being V ?Smon (fcaﬁk?leaa?'}gﬂ] & mvmane‘?ié‘ﬁgpc%]’ectm&) BYSPE® . Mat chi ng proceeds
by aspect - normal b ning tageti struptoe A6 ische frstored Ipeien (pt @A risdimp éic sdvamaenf s, Once

i ts secondseabday Wil BRed wakiEpeROLARLdita: MR Blgceeassoy%é}éa{.ns&aﬁz%l i ze even
if the pers ective distortion was significant. The ring' s Ol‘lgl nal aspect

and 1ot at PBR Al B ShpF S FORERtS OBRSdif sReondople R pets |a’f§r’i1°’61alute &e 5ag specti ve
transf or mis Idaﬁtoaxdoguztcawgei thSIBei‘sp@titH’cﬁStoltﬁmI“&s ililﬁﬁcﬁmxrche tiflp' PRighiGiladnd at 28) .

Mat chi ng 09 .the nor ons to each shape's
Pb 0%%§|§otgal¥er px%‘aﬁ)e l1$| g wroxgrhatxorgof%elp?rspecg Ve éansr%ﬁ s. Once its

£
nonent s, %rotalon nor na
second- or der o ket Eisgipiget (ivated 1@ sothe prxt xbeslogaged et 28). Magchink IpyoceedT g ni zed.

Not e thatapppigg thBiribgls RrEl@lzatRS @&ch's@a é € ﬂlUxhén%daJontQJoﬁ-Q%hlmttﬁ rbifind WO
possi bl e orlentaéﬂl ons of 't e axi s. 31 e i s deliberately skewed to one

side to maREPHi FHBLErBra "fl\%‘)&”@ﬂ%r‘fg &O'i'ﬂﬁ’éﬁe ayig tagggl 15, casitycreqogiiged t Npte
rotati on- nbat nedl thigieordchmorsat is refyeired et disahibigteitite tha®sditdcorieitations dfgie Sxis. The

nor mal i zat éh&:@?s c@%l‘alte%ke@d e gnc snlg to fBﬁQE: sle&gélb\fee Ngfe %;sg) tI 19 1 gl?‘gosghlg ?c% the axis

target's axis. The axis targ original rotatlon provides
appr oxi matP@irrErTeiE thageis faF&ﬁt a@@r dnbadhed s pners Sosaplizagions Tapeliefl o sipce gy spect ive
target st rpigpddtiveSlishoftionlctn hiltethd asd take@’sRis | 106 aLi® Ghreb@ ori3f1- rothRR GrRRtd 41L €S

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

The four perspective target structures 17 are the last to be located (at 30}. Good estimates
of their positions are computed based on their known spatial relationships to the ring and axis targets,
the aspect and rotation of the ring, and the rotation of the axis. Matching proceeds by applying the
ring’s normalizations to each shape’s moments. Once their second-order moments are normalized the
circular perspective targets are easy to recognize, and the target closest to each estimated position is
taken as a match. The original centroids of the four perspective targets are then taken to be the
perspective-distorted corners 31 of a square of known size in tag space, and an eight-degree-of-
freedom perspective transform 33 is inferred (at 32) based on solving the well-understood equations
relating the four tag-space and image-space point pairs (see Heckbert, P., Fundamentals of Texture

Mapping and Image Warping, Masters Thesis, Dept. of EECS, U. of California at Berkeley,
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of their positions are conputed based on their known spatial relationships
to the ring and axis targets, the aspect and rotation of the ring, and the
rotation of the axis. Matching proceeds by applying the ring's

normal i zati ons to each shape's nonents. Once their second-order nonents are
normal i zed the circular perspective targets are easy to recogni ze, and the
target closest to each estimted position is taken as a match. The
original centroids of the four perspecphive targets are then taken to be the
perspective-distorted comers 31 of a square of known size in tag space, and
an ei ght - degmeat Répor: No QRIMIBIPEYIHO6HI1YD, hé RBSHOSIWRB ark BerdifMharfcRfbabat 32)
based on sol vi ng the wel | -under st ood equations relating the four tag-space
and inage-%rﬁsésfcr:ee ep%? nt pairs (see Heckbert, P., Fundanental & of Texture
Mappi ng and | mag@&hdfiafepediasspida stimags-sidaesrspectitoaphsfond fis ukdd@Sprojett (a0f6) &€ahi f orni a
at Berkel e 33 - j r D 5 June 1989,
t he conten%%gw%yﬂ ?ﬁ?%ﬁé‘% ééﬁé}g%%%ﬁyggsﬁ%%t%hg%e M%?/Slges%-%oel?léenré%éeéi)t? The
inferred t2Hreatikrplate | (3eghthe S ecloyey adiesentinirals tir the dioutr impges Toesereviaudly pr oj ect
(ﬁt 36) | eaﬂ):mputdkd’h'ﬁm_t]ﬂ'_&hcﬁd_@liiﬁusmiﬂirésﬂﬂ% t:hél'h:eiuﬁg) p'imgeeheifﬁmlitivﬂﬁg@. Spgge V\ﬂer e

t he real -val ued posi L IS, t i.linearly interpaolate (at t he
four relevant adjgg%eeatr]]lt:s%gF?(%Flgssz'?ﬂmfeﬁjgml %ﬁﬂegﬁ%é".ﬂy’fﬁ% °8P’§W&§]‘$F;}“e conmput ed
i mage t hr eSthaytod cRlewirds igidroetiet Gt 38K oeihiclodedotie bite3oubrt12q dec@iedibitsdetotihoté i nal  bi t
val ue 37. £R6e &dilwoab i ' ' | 8. , each of
the six 60-bit Reed- Sol %Er'r_grr?Q%:%%%iv\%grcggwﬁgggfggggﬁ@%éaa?%édé%ﬁ opgcilt Iacﬁ3 20
decoded bi Priegeed dgpine thssamgplipeRiesssshi t s in total . Note that the codeword

synbol s are sanplTesting argothanailytboRhtie b sub&ea drlia imaz0 RO Sondtifio iiRhdgei t | y de-
i nterl eave L] he. sappl i rocess. The ring t et 15 | nly sought
in a subar%a o?es{hﬁtehﬁe?rrﬁ egpv%u%d;gs Ig)acg,\tloataiCc‘))rr’fglﬁtfeg"‘gtgfat“ﬁ’fe’rlplmr%ra s n&tu%f"arﬁ‘ es that
the ring, fucefsilindecofies. thar wo @fn positiomyd est@dadafgr the foument Gapd. dtientadepuits not

found and pr6deme ohe dnl iRBGOHRmikiREINAIRP PGl RES nh :Malie HSEQY HEflef Or the
current frame. Gyven ade%uat e processing power and ideally a non-mn ninal
t

field of VIEWEHEer UpmIlPCWIRHPPSe strategy i nvol ves seeking another tag in
the current i nag&he JHwened igadaneitditang tigbaitidutitynd itRakgicn tddQining @t fag Yndohe t he
regi on confakni : t I, Lol fo t he t. ithin the region.
An accur a?ﬁeO pos?ﬁe.g%%%ﬁg?eqt e %g%cc‘%igﬁb%s%g%ﬁgﬁr%é’ ron. glaté\é Wel't asa“éeﬁ t he
overal | orPeAtesll @it §F of he pprers thinsinferedh(at i) diomettie patrediay trinsform 8he

per spect i Vabsdrfed B {ho fafatithe IQBSE{YROreRfonkHIEbhRS BESknls REYsHA QVR 2 PR pkAY
rel ati onshi petlsween the pen's physical axis and the pen's optical axis.

1.2.5 Tag TAP BEcoding a tag resuits in a region ID, a tag ID, and a

tag-rel atit®dSpenTegMagform Before the tag ID and the tag-relative pen
a1 07, a1, B PRASRLFEHIOL A PSR L85 o posed,
gi ven by dbt g the et parowkmean Hapresiaedioraagbobic lpratent wlhigele r egi on
t o a corr esgendgitg the 0Gaich 6Nbe N ititGe RBPn GhsBSXnown. This is given by a tag map, a
function which maps each tag ID in a tagged region to a corresponding location. The tag map class
diagram is shown in Figure 22, as part of the netpage printer class diagram.
A tag map reflects the scheme used to tile the surface region with tags, and this can vary
according to surface type. When multiple tagged regions share the same tiling scheme and the same
tag numbering scheme, they can also share the same tag map.
The tag map for a region must be retrievable via the region ID. Thus, given a region ID, a
tag ID and 2 pen transform, the tag map can be retrieved, the tag I can be translated into an absolute
tag location within the region, and the tag-relative pen location can be added to the tag location to
yield an absolute pen location within the region.
1.2.6 Tagging Schemes

Two distinct surface coding schemes are of interest, both of which use the tag structure
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diagramis shown in Figure 22, as part of the netpage printer class
diagram A tag map reflects the schene used to tile the surface region with
tags, and this can vary according to surface type. Wen multiple tagged
regions share the sane tiling schenme and die sane tag nunbering schene,
they can also share the sane tag map. The tag map for a regi on nust be
retrievable via the region ID. Thus, given a region ID, a tag ID and a pen
transforn-4 the tag map can be retrievgd, the tag ID can be translated into
an absolute tag location within the region, and the tag-relative pen

| ocation Cascribed ad@ech th@ sbdiibn. ITRE pheRerdd balhg tsBhemy ek Gl RGOk Cad S

| ocation wi.t hj thhe Schemes Two di stinct surface
h'ea is

codi ng sch&ifes “Bf% SESfA“g‘h?%ﬂP%e ?gm%sﬁkoﬁ‘%g?es ICERYEPERE B85 tag structure
NPS033- SG - 13 degclmabeein@camhg tag cqntams hitag 1B exhich,owhen Tthelatpd ekapl el tag @adp Ng

scheme useggqcl.R6 Yid: @R tag@sy £abd, DL L«m&usa 1@&5&%% ﬂg L SGHR Y ag”ative

ds
al ternative codi ng schene uses OiD ect-i n Icating t

| ocat i on- i Ketemef ﬂﬁ’g’elt ’é@ddé%tﬁlﬂait%b‘é“‘tné@YIFlEl)ﬂWlﬂci‘fﬁﬂ Of/ﬂafem Pitkimibe weier] Thilr ough

It he tag rmep uﬁﬁ&&@e‘d B ldeshmiio ik I&dﬂﬁbntcagﬁ%dn feR G0 a udtk ﬁllteﬂﬁceﬁ%ehléﬂt GHBe b2g dded
ocation w,t hi egi.on. on .o en i s adde

to this t\zg%sﬁngg(glﬁssgﬁ ‘g““@‘. e rﬁg‘f”hba?%’@'a'fl Srﬁ‘se(’)fm&flo @ﬁnt\}\ﬁsetmrﬁi‘?? ’T‘ﬂﬁ ™t &gi on.

This in tamipsrehiwd housdatefans sanentieidbnifat Lentioofindichng pentherebatrivislly t 0 a

user inter§aca gl SRt ah absa;ﬂ@pmg@m&%ﬁ&%&&&ﬁé@ﬁ%&ﬁ%& (0 the region.

Not only is the user interface elenment itse a location
relative to the G8cPicptipdispiingctas syniais it o ID vehich disptls ddentifise 4t YseSninlesiid? cat i ng
t ags t her eflauent inrthespagt Idgecnpﬁhrpwctateu Réth GIRPegl62 pmfthaagﬁa&m whe op@buRat h in

the zone of Lgular |ntefaee bect-l dj cating tag
contains a tmgrmgae%’imci % $ u?ef mter% i ?nésn% sﬂéef]1 |a1n d@?q‘cﬁcﬁg ‘E"f Z‘ﬂ%nt in
t he page d@@ﬁm&‘pﬁlﬁ% %éeﬂcawedagmdp otf ﬁlefﬁﬂoegﬂmprt th¢ baptutpeoftaggbsolug pele zone

of the Useﬁath Tty @b B G & e bugPBRiNthe daBBRbE § XialiRS e SR sb mﬁg&ft&%sﬁdn% maki ng

themall identical and.therefore  indjstinguishable. Cbject-indi ca%l ng tags
do not, t h BTG Eccdt PG e ?‘ﬁ‘ém’é’éﬁt‘ﬂ%rf?qwcyaﬁe Selatement Fgmrpre samaled Pihey  do,
however, spopiportd the hext gt anreke@dn & uhilbighdusie dpeminpit h. So | ong as the

posi tion sanmpli ngyyf he encount er, ed t frequency,
t he di spl acenent flt}logngﬁegﬁ%gﬁsa ngféﬁgetg%hatg%%oﬁl B Ee T he” nex?omaig‘% Pﬁmhaga stroke
can be unaficEHoUSE YoRIEt Wpr iRRpctivayelemenss inlfiat 2 wsairgh intgrasictiénis, printidpagags

function iwing @@ﬂ@fo@ﬁdtémnswgti&m%%ﬁ&gdr adr g a¥h ﬁ)lh%lread 8l BOBALS RGcd he fRRed page as
user interactiv el enen a user can interact with the prl nt ed page

using an appropriare s, ?ﬂ%ﬁeﬂ%at%fé\l/ BN ¥Fer for tag data to be read by the
sensi ng dekBce aﬁGCUMHTwDPﬁ@p@EmnTwNe response to be generated in the

net page system ;pge %J#Qﬁ%ﬁl\@ﬁ&%awg Jgs(g\lt?m,%l iearmrg enbodi ment

of a docunent and page escription gramis s gur es 25
and 26, | nFigHEZaedgage system a docunent is descri bed at three |l evel s. At

the nost abstracin them@hge system a document is described at three levels. At the most abstract level
the document 836 has a hierarchical structure whose terminal elements 839 are associated with
content objects 840 such as text objects, text style objects, image objects, etc. Once the document is
printed on a printer with a particular page size and according to a particular user’s scale factor
preference, the document is paginated and otherwise formatted. Formatted terminal elements 835 will
in some cases be associated with content objects which are different from those associated with their
corresponding terminal elements, particularly where the content objects are style-related. Each printed
instance of a document and page is also described separately, to allow input captured through a
particular page instance 830 to be recorded separately from input captured through other instances of

the same page description.
The presence of the most abstract document description on the page server allows a user to

request a copy of a document without being forced to accept the source document’s specific format.
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t he docunent 836 has a hierarchical structure whose term nal elenents 839
are associated with content objects 840 such as text objects, text style
obj ects, inmage objects, etc. Once the docunent is printed on a printer
with a particul ar page size and according to a particular user's scale
factor preference, the docunent is paginated and otherw se formatted.
Formatted term nal elenents 835 wll in sonme cases be associated with
content objects which are different frgmthose associated with their
corresponding term nal elenents, particularly where the content objects are

style-rel m%erﬁﬂ@me%dﬁaiﬁﬁg a doﬂﬁtlﬁﬂgfv‘a Qfintad wiacy HEi@Itenta;ﬁQe RRAYGrieSantileS O
descri bed w inpyt captured thro artl cul ar page

I u
i nstance 8 Eir%g’b§ %‘zgsc??ﬁed’gg‘e gogﬁggﬁggcgwe é%‘fﬁpp%{ﬁ‘t cpgéet FradlpH BUGEE ot her
i nst ances mfver ¢ éfBcigdnteppayesedetias ot fatioular phigedpagsence of the nost abstract

docurment descri phi Q00 &ogﬁur @3%2 oGl OF a Atlo ﬁ‘ﬁﬁ%mzﬁ&&‘@%& 3&%@1&%%“@3% off COpY oOf

a docunent wi thout belng to accept the sour S specific
format. NpP&hrsssts of ppetiidorpatsd tmmipalistemensy) §35s Esch dormatied sipmenh hesuagivatal pri nt er
with a di fdeiemntopagen hi pie. ThRlde@¥ANPhd@ive arlaD WRESRInYts dibhess RYRSIBIAGE: Of the
formatted do Knent description on the page server allows the page server
to efficient y |nterpret user actions on a particular printed page. A
formatted docuneAtdo88untgoawe §8iscogéspandsieta fafatfed dovamdnetb4plagesidesarstpf i ons 5,

each of F&ﬂst&9@%5§ tesch QF whiclS Slrre@bndt @ Skt @chipﬁ&m Déthe ﬁlﬁﬁ&%&& 5. Each

formatted element has _a spatial extent or zone 58 on 1%
defines t heolhpags ipstangg 834 deseribesasiingleapigireinted wtpags la@dl‘ﬁ‘iffésrqﬁﬂﬁ‘ éﬂﬁfthff nput

fields. A @oenepige indsicaB@act pdidIf LREHRRPOAAS ifliGeesb®y IS pdo e 834. |t
consi sts of . ?éet of page instances 830, each of which corresponds to a
page descr p ron 5 of the formatted docunent. Each page instance 830
descri bes a si ngieaggrinstioes copsisitobel soh of tpraniye! dementrinhtanee 812040 tlhmenpiagacd D 50 of

the net pa&@exﬁs Hﬂ%oxh@ﬁtﬁﬂ&s%edﬁﬁ: i na @Al Fru® b hheRACHIRIY exlsR 8 ARG Skl 1t
represents (S)Hp%/ %Ie re uested in isolation. A page I NSt ance
emgnt au%flt 1Ee

consi sts gesagior R e whish dsyecfic g gy Paﬁirfnséﬂ“%?né‘ﬁ‘ta fiskst ance

only exi st:sstante dxists f@ @0 Slembs becage it 3pads i sgetifion MRt pa@instalddl Sy eladnddy per | i nk

| nstance. Skl ARSI i bau hEORNLRSGAHSS, 1§ Tecords, a transactfon
Cc

| D 55 whi I'S specl Instance, and a field instance exists
for a field el enéritmigtlclmes cﬁntberﬂé@m ﬁ%ﬂepfrﬁﬁﬁbta hs?fe@kfele@eﬂﬂ &4t imBelpeleresni nst ance.
An el enents4s bNspap Q@veﬂélﬂﬁnaﬂ&éleﬂi 8543,, as RROMB\:C Figurf OF. ASkAL Liem&t mﬁﬁ & such as

texfflows. A enent,_can tatic el enment 843, a per] i nk
et g4t AL v s ER b i B EaR, SPmeb il 1BHBRH B4s, as
shown i n Fistpdrest gbject 845, 9t artapcelademdthiittBu 3ssocduted reaga elersdnl/d 56, agaphieelémeBd 7 Wi t h
an associ aSt5§ %ﬁ taxy !as@ocﬁpeh %ﬁfam@(?oﬂ]'ect ?S‘ii[ 2?61&;0 cﬂgelgllﬂglﬁﬂtmglﬁ a%glﬂedavpdégg ngCI at ed

styl ed text oéj 5, "an |mag enent an assocl ate
el ement gs®iect %raaﬁw‘bch&e@%ﬁﬁ 2Wﬁ%ﬂt@@rﬁu@g@a&bﬁﬁﬁgaragmtelmxect 857,
a video claspwail anmodiaéadriptbtidd: &0, ARS06indgad 2vi deo clip object 858, an

audio clip ele mgt g8aﬂ,51%stavl\1'1cet Qas anbaaksg§oc1)u(1:d g tlc? 93 wl%!:hols Culse!d to recJo%Cz;[ny %JSggél ilS(r
script el enent
captured on the page which does not apply to a specific input element.
In the preferred form of the invention, a tag map 811 is associated with each page instance
to allow tags on the page to be translated into locations on the page.
1.4 THE NETPAGE NETWORK
In a preferred embodiment, a netpage network consists of a distributed set of netpage page
servers 10, netpage registration servers 11, netpage ID servers 12, netpage application servers 13,
netpage publication servers 14, and netpage printers 601 connected via a network 19 such as the
Internet, as shown in Figure 3.

The netpage registration server 11 is a server which records relationships between users,

pens, printers, applications and publications, and thereby authorizes various network activities. Tt
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853 with an associated script object 860, as shown in Figure 28. A page

i nstance has a background field 833 which is used to record any digital ink
captured on the page which does not apply to a specific input elenent. In
the preferred formof the invention, a tag map 811 is associated with each
page instance to allowtags on the page to be translated into |ocations on
the page. 1.4 THE NETPAGE NE-rWORK In a preferred enbodi nent, a netpage
network consists of a distributed set gf netpage page servers 10, netpage
regi stration servers 11, netpage ID servers 12, netpage application servers

13, nel paggneiidhtd ﬁ's%'aﬂcﬂ aé@ﬁsvﬁléémﬂgzlpmﬂingl 9&1&1@@9%&5&«:&%@&&&9Jap;ﬁfaeﬂi'aﬁ(?t ed via
a network 19 such a%ﬁo I nternet, as shown in Figure 3. The nel page

regi strat i BH*EEPYr e W°Vfd§s handvitige feoqgpitionsepvises A QGS?@F%%qotﬁﬁé AYH7&e PR8E ween
users, pessier [ormadtgissersapp |1rlf(irﬁlhtioﬁ Rsouapde pasbrlptieha tikdogage ms’ﬂaihdasthe hepage

aut hori zes NS0, henti cat es
u I Z€S, Illg(lfll?dep \%}{ldér esért/e]:rseg ch hanfﬂ ga? % t ﬁpaﬁ:“ Ca‘f‘es nce a?aléel n

users and acts as gni ng rox use
appl i cat i offrvet @S&H’@a&t‘%ﬂs K1) mP‘Iltt"alaqS§‘€f W%@W@aﬁﬁw juch mRopetpegs @Ot feoh

services. Mypagtengdidady &b@&%ppr@n&@%%@@rv@agﬁs paBELARF infefbrdiPhd)tsBdnNSput
persistent jnfor descriptions and page instances. The

net page n@a%rt(f(tga%(%(i“%"é‘é’ %ﬁﬁf’ sg NEDEPYF- page servers, each handling a
subset of page i Astegnged) sSrende abocpesydocuBar mrSIabxsder.ﬂmd nhdpRsidtsiesd- | nput

val ues foryeagh Rage eanﬁtv%@t b aslai§bgmsuch as netpage printers send
net page input directly propriate page server. The page server

interprets any S@qutpiiaqlgmter “Fﬁ‘éFhaB}tWt Pigripyied Negs Sysiept (PYR), erfsimilae togeselve spondi ng

page. A neiRage: paf? IDSO RS thd @ikl 824 OBMEREHTALe shE nalilihISARARdin@Nd
provi des | oad baI anci ng of page servers via its ID allocation schene. A

net page pri"Rt&“lies the Internet Distributed Name System (DNS), or
simlar, to resolwnetpaz applitafiarrervpad & 4 sBvEhichhetstiitactietonipsk apticriessA of t he

net page pa&%aﬁe%ﬂlﬁﬁtxon @éP\Q:L NG i})ﬁh&ﬁ{n s%@q %ﬁlﬁ E\ﬂllshpsargﬁaé[ AL ARG nég‘pagce t page

appl i cation, server is a server which hosts Interactive netpage
appl i cati oﬂg“erSATheh@Fﬁ%ﬁ@e%ﬁﬁﬁﬁiﬂd‘éﬁcm%er ver 14 is an application server
whi ch publ i shes meqa@ag@wd@wmt Bosted dieh pagey oprﬂeﬂxo&r saweirhﬁyfoﬁ{o,efr&escrl bed

in detail | tion ervers c on a variet
net wor k sel%]"'!\%lei;§ B asnlglu%%’?neg&r%ﬁr 4l ? Ut gl?%lt’?lgﬁc 78e Sewfréﬁ?l“ “ﬂe\?\ﬂ“"%’ﬁ“}i’bac kar d,
and Sun. Mﬂ%%ﬂ}sleélOﬁef{néag@glseqr‘(FeP@l be alistribyied eveneepmberf hysts. Sumeepr sil nighe  host

and a si ngﬂuﬁku&ﬁmy%Eovﬁ@mbpﬁeﬂgésefde@u;n@dn ONHEulaf 1 LﬁﬁH@@Jnal plla%édsoy Sofp or all
of the functi ongt\? G%d‘ I‘OVI net page ,servers, articular the

funct i onal 7§ PBf )2 Gehely b ool e Ko 4BRAE B * B so be
provi ded diinec inl acomputed wonkitpiag er aoppbchiaeserksuch as a netpage printer, in a
conput er Wpg kst af)Ofkrp e PRiNER | OCal network. 1.5 THE NETPAGE PRI NTER
The netpage printer 601 is an appliance which is registered with the netpage system and
prints netpage documents on demand and via subscription. Each printer has a unigue printer ID 62,
and is connected to the netpage network via a network such as the Internet, ideally via a broadband
connection.
Apart from identity and security settings in non-volatile memory, the netpage printer
contains no persistent storage. As far as a user is concerned, “the network is the computer”. Netpages
function interactively across space and time with the help of the distributed netpage page servers 10,
independently of particular netpage printers.
The netpage printer receives subscribed netpage documents from neipage publication
servers 14. Each document is distributed in two patts: the page layouts, and the actual text and image
objects which populate the pages. Because of personalization, page layouts are typically specific to a
particular subscriber and so are pointcast to the subscriber’s printer via the appropriate page server.

Text and image objects, on the other hand, are typically shared with other subscribers, and so are
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The netpage printer 601 is an appliance which is registered with the

net page systemand prints netpage docunents on demand and vi a
subscription. Each printer has a unique printer ID 62, and is connected to
t he net page network via a network such as the Internet, ideally via a

br oadband connection. Apart fromidentity and security settings in

non-vol atil e nmenory, the netpage printer contains no persistent storage.
As far as a user is concerned, "the ngiwork is the conputer”. Netpages
function interactively across space and tinme with the help of the

di stri but eﬂmﬁ@am@u@@g@m%ﬁﬁty@mt&qppmﬂnadggemmIy of partlcul ar net page
printers. The netrgagm%ag ﬁ recei ves subscri bed net page docunents from

net page publ i cati 6h igatiqry seryer, ARIMiFGY. (g eSRgmeptatioy; "écth‘f“B’ﬁ‘fté’ﬂmFrﬁ Mo parts:
t he page Imamastsa.ndamﬂhchdtse Afiert ro@lving ebet potunst iofraglecumelds @edeSayains, ate jpiaptl at e t he
pages. Bec&‘d@ﬁwlﬂéhr% c%%n@ ZahiQn,. Page layouts are typicall y specific to a
particul ar subscriber ahd 5o are pointcast to the subscriber's printer via
the appropriate PaFehsefinkerhas romivef thnepmpletggascoleyaistagd objpcts et dsfidvethe hand,

are typi c%&m@haagmnwnthmqrmaﬁe@umggl bers, and so are NPS033-SG -16

mul ticast to all ubs ers rinters ndthea ropriate vers.
The net page publ |§ §ﬁra§t%r}2?feaf198?)“ttﬁ 9851 2% e"f’%@?éﬁ‘ﬁg‘ﬁ‘f‘g@?@hb@? %686&%

content i ndheet. Joobmticsadiplxangtintabgite Casttdiiers AbQ @nd pat enyicagrililie Mebjpt*cast of a
docunent'’ Sp %%%S§%¥8%§p tbge printer knows which nmulticasts, if any, to
listen to. ce rinter has received the conpl et e page Iayouts and

obj ects that def Fr?f‘epf{nWE Prosess Gersine of o [decopmqdrstagas; rajtqrization ofpragedesarinéonglocurent .
The pri nt ednd bdaisth bdBRind@iaGf Pigk magesorzhé raaﬁaﬂlmegé%c&@&mﬁdoﬂa&stoaﬂﬁw%ﬂé on both

si des of the I t cont al | e r| nt en controllers 760 and
print engi ﬁaé‘garft&gﬁ A ye ld‘g{é dﬁ%ﬁ E‘msﬁg@n? %’l’lt“ﬁ’ﬁ’issco’ﬁﬁ? YEMThe
printing process wmdnfspas\tl,shthﬁ mdwon@wwchbsedreslttagssnchmawamh mabpemfioxm‘f page

descri pti o&]%mth%gm%%ﬁ%h sand printing of page inmages. The raster inage
processor | P) consists 0O one or nore standard DSPs 757 running in

paral |l el . The duprrseeret geble fordR grisfie By the gption fogriglgaes psine IR pbsegatedieck
processor Smk{)/ﬁ]ﬂﬁtﬂgh&l)ﬁpﬁﬂﬁhts tahis ttdmiﬁenam.*:mpdsﬂams db & Page VBYAEH budh pRA hatd diBRe

synchroni zed atl qn of nthea in the print engines.
Printers ?110 %ﬁ%ﬁn&‘d ?‘Ffs ngy%esug af)pfi a%ﬁ to print tags using

| R-absorptive bl écmnnai mtpag%mrmtmmgms tldmagesroesshqeiscof sapera ffbret pecdibed repzee enpt y

areas of tﬁ}ﬁteeem pnﬁdotl@%%pécﬁmd RAAes, snalvag gmrsegacﬂ %rme} sgp(w ACkdsCHB! 1ty
than fR-printed ey are stil | assed as net pages. nor mal net page

printer pri*fites tyﬁf‘e F‘Ha?@%’gnsd'ﬁ shetag Ublrg Sﬁhsﬁ&rand W@%‘B@é‘?‘é?‘?é‘é@"%&eﬁ@@e
printers nmympy BNt which OestrbEsLths PRCIlAY ischerde Sdﬁfaﬁgaﬁﬁﬁ to Btk @SunghOBRSmes Each

bri nuer S URRGLLSw Rk 88%herfld B ALILAGE L W08 b0 SHRROLL S, BT | 22ST one a0
tiling schene, ence for each Surface he tag map 811
whi ch descri bes FIE'EC tzébo“tSlﬂlq Wamwcleﬁetd!}mymﬂ@w mtepneiam iforggon ment

becones maintained by a registration server 11 on the netpage network.

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

The netpage system can operate using printers made with a wide range of digital printing
technologies, including thermal inkjet, piezoelectric inkjet, laser electrophotographic, and others.

However, for wide consumer acceptance, it is desirable that a netpage printer have the following

characteristics:

. photographic quality color printing
. high quality text printing

. high reliability

. low printer cost
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associated wth that docunent so that the docunent's tags can be correctly
interpreted. Figure 2 shows the netpage printer class diagram reflecting
printer-related information nmintained by a registration server 11 on the
net page network. A preferred enbodi nent of the netpage printer is described
in greater detail in Section 6 below, with reference to Figures 11 to 16.
1.5.1 Menm et TM Pri nt heads The net page system can operate using printers
made with a wide range of digital printing technologies, including thermal
i nkj et, piezoelectric inkjet, |laser electrophotographic, and others.
However, for w dgwmgggrrer acceptance, it is desirable that a netpage
printer have the follow ng characteristics: photographic quality color
printing " high GU&MEStext printing high reliability |ow printer cost
NPS033- SG « 17 a ek omketieost O | ow paper cost a sinple operation 9 nearly
silent pripting negrl}tyﬂ p%r 4ting speed O simultaneous double sided printing
0 conpact form factor W power consunption No comrercially avail abl e
printing technol bgyprntngspied of these characteristics. To enable to

production. of pripligkSudbolitl dd@sauisar acteristics, the present applicant
has invented a new Lin t echnol ogy, referred to as MenjetTl 4 technol ogy.

MenjetTmis a dr SPPHRCERREND i nkj et technol ogy that incorporates pagew dth
pri nt heads= f abr i batpewtr uskagtish cr oel ect rorrechani cal systens (MEMS)

technol ogy. Fi JURS ct;lnzn&(ba?l\#}?vaﬁ‘abﬁa g%ngncor ha alleof 8s§§l%8:étoer98t198 a Menj et TM

printhead. The net rinter Orat es rinting el enents
300 to forma 1680 eﬁ’gie to H&@@Wﬂdtfmﬂﬁﬂpwb(thmﬁwhﬂtr@remﬂmlﬂ@ Pp‘?sqmmﬂmﬂhcant has

si F}" t aneo&itd Qﬁelvﬂ{rﬁt tscmgy,gagfégtcaas Msétﬁlj tm%h_l{lﬁiogyckﬁemj?ﬂﬂm a'dbefoﬁ-ﬁfiQBn% gks as
we asp It oner an I n xatli ve e rrntin el enen IS
appr oxi mat %ﬁ‘;‘/‘ ‘%ﬁf’ H8 o5 FEOPBHES pB%/e“?:‘;?h et debniF g, using rigRelectipmeshgical

printing edyeamsn(MEMS)etedhoriopedFigme d7 sshéwsco singlel pgittihg teemaf 1300 hdita Magjer™por at es
VDS | 001 Corinfl@hri deBRR lprinih He oo ABsD i efeﬁ%{hsg%g Wt 2118 M OF

el enent s of the printing erren are t nozz>ie rim
303. the pagewidth duplex prmter Th1s printer simultaneously prmts cyan, magenta, ye]low black, and

infrared inks as well as paper conditioner and ink fixative.

The printing element 300 is approximately 110 microns long by 32 microns wide. Arrays
of these printing elements are formed on a silicon substrate 301 that incorporates CMOS logic, data
transfer, timing, and drive circuits (not shown).

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

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

Figure 18 shows a small part of an array of printing elements 300, including a cross
section 315 of a printing element 300. The cross section 315 is shown without ink, to clearly show the
ink inlet 312 that passes through the silicon wafer 301.

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

Figure 19(a) shows the 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.
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nozzl e chanber 304, the fluidic seal 305, the ink channel rim 306, the

| ever arm 307, the active actuator beam pair 308, the passive actuator
beam pair 309, the active actuator anchor 310, the passive actuator anchor
311, and the ink inlet 312. The active actuator beampair 3 08 is
mechanically joined to the passive actuator beam pair 309 at the join 319.
Both beam pairs are anchored at their respective anchor points 310 and 311.
The conbination of elenents 308, 309,,4310, 311, and 319 forma

cantil evered el ectrothermal bend actuator 320. Figure 18 shows a snal

part of an array wafie @,ﬁmmgl g pﬂi&a@@msw@um ra@hu&iesn&taaﬁ&ﬁ AR SprinS &ffnk ON 315

of a printing. ele 300. Th wi thout ink to
cl ear on sh&W ke togi‘aﬁi’fmtrﬂ”ﬁ‘fng:? e“tt ﬁﬁ%‘esp‘ges% ﬁ?f?fffdw df’ﬁé"m‘lgi"? fhedf ol er 301.
Fi gures 19%1&)of the 8¢ty) actmtr Ui pyir 1F0Thit daascopenieatival gurentcd pasohrogghMertesh TM
Printing. 8 lor 30 ofl kb &eotf Rl ARl Reu B RAERMnROR bRy L e T 1k

meni scus 3 ‘PI’IOI’ to prlnt|ng an 1 n ) 1S T
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rim306. NPS033-SG - nt i |nt ircuitr

di stri but e‘gége Wi ama IR ﬁesomg bﬁt e aaq%}gmac?% i Q?WO?DB Egengéft?aé"étn%ri nting
el enent, Iml@metswwvehedahsaate ¥ dhe Iefvérerns 307 wenschité this troveghentwethe fvezledhewlter odes

318 of t NE3ACHie Y8R EhMBEOI04 BEATLRAL b0 Fons S p&AUPES A ngng%(w G}, ourrent

to pass through the beam pair 308 for about one m crosec resulting in
Joul e heat ﬁ“ﬁ‘@asesﬁ’?é"ktpé‘ﬁ%‘éer @f"ﬂ’lgé“kﬁﬁ’c?‘%a% ozl 0% Apdycausie e inkaniscup it ng

causes thebdlgefﬂhepﬁtz[e 13%) 803t RevetPBE ehk nABisdud Bl 6[FRGSIpaditiCltdat (Y suleadt @ai r 309
is not heated, |]§er§|)qes not expand, resulting in a stress difference

bet ween the two beam pairs. This stress difference is partially resol ved
by the cantil everethe mgergire pithe hepmppains 338vad Hitleabbwel thretturst 820 1820s tolzendi ng

towar ds t hgighhilstitich €hisAds in HREHrLL¥8 or B @k&%f& @W&B s u&hlzﬁmfmé/ﬁdmm to the
nozzl e cha 4. The nozzl e chamber 304 noves about two mcrons to the

3
posi tion s‘%bBWrﬂlaﬁs B Figvrs 416 Thepzle chamberriviiilied by Heactione! g gekertEsior or ci ng
i nk 321 oudttheinetilves M6zzl e 302, and causing the ink nmeniscus 316 to bul ge.

The nozzle rim3 i i 6from r ross the
surface of the nggﬁg\é%ﬁ&a%gg?n%%t 02% pﬁ'ﬂ *’ﬁ%f n:311gurpe o’f&f ge ef;% pairs
308 and 30@inteadal the Bl widthyod tha parer{brpieallg 200 m@tlmrhﬁéxrchnl-’»ﬁb Thesegrpntradwngosi t i on.
This aids ommhlh&lgl@dbe@lm%f(ff eémplie&qmm&dﬂmsd ﬁimu?glrie bhH@M hded hddkne¥ada i N the
nozzl e cha %ﬁ TF reﬁil gzzl e chanber IS refl 'l ed
by the acti8 e‘"‘gf t 3%29 eeﬁ%qﬂﬁ ha r{"ﬁse rr‘@tﬁr @i PEREe MG 89920 shows
a segnent mmt@rsmwblheadyﬁwﬁmldsnppaemm}mg@ﬂmilm er, the length of the
printhead is theTI} %&ctﬂe%@legﬁaé%?mgﬁ%eac(w t% 3%1%921 B,Eﬁ%g/ rt39@1s
0O

direction 351. The set%l hown 1s : a conpl ete
print head)ﬁ!ﬁa%’eﬁ ther printhpad gubstrdie 3 afrs cagh oz A9 ﬁﬁ§§% a P?ﬁ@sppii%@dmﬂh guard

hole 331 through which the ink droplets are fired. To prevent the nozzle guard holes 331 from

becoming blocked by paper fibers or other debris, filtered air is pumnped through the air inlets 332 and
out of the nozzle guard holes during printing. To prevent ink 321 from drying, the nozzle guard is
sealed while the printer is idle.
1.6 The Netpage Pen

The active sensing device of the netpage system is typically a pen 101, whick, using its
embedded controller 134, is able to capture and decode IR position tags from a page via an image
sensor. The image sensor is a solid-state device provided with an appropriate filter to permit sensing
at only near-infrared wavelengths. As described in more detail below, the system is able to sense
when the nib is in contact with the surface, and the pen is able to sense tags at a sufficient rate to
capture human handwriting (i.e. at 200 dpi or greater and 100 Hz or faster). Information captured by

the pen is encrypted and wirelessly transmitted to the printer (or base station), the printer or base
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printhead in the direction 352. The printhead has 6 rows of interdigitated

printing elenments 300, printing the six colors or types of ink supplied by
the ink inlets 312. To protect the fragile surface of the printhead during

operation, a nozzle guard wafer 330 is attached to the printhead substrate
301. For each nozzle 302 there is a correspondi ng nozzle guard hole 331

t hrough which the ink droplets are fired. To prevent the nozzle guard hol es
331 from becom ng bl ocked by paper fijgers or other debris, filtered air is
punped through the air inlets 332 and out of the nozzle guard hol es during

printing. s@ioPmhe¥eshe hékataddd rdspoid ME Khdveh pdob@rutrgzl € guard is sealed while
the printer is i I1’he active sensing device of the
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61. Fi gur ethBll dyvawiss tfheigmbtysabreveplad. cl ass  di agram reflecting pen rel at ed

i nformation nai ntgd &ﬁ@et%n@s &@stﬁl&{ i AheBET WG ndb ohﬂi%rhe%&é‘é‘ bP%aEﬁ
network. When either nib is in contact with a netpa pen determ nes
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threshol d 1518 grem?&{ieelm e é optﬁolp & rclnptic‘g [MtHcElgh 8‘3 %osﬂon resohmon of ﬁme lﬁl QNS a

interactive nt on réssing W th the pen
nib, in or‘efeiPWthﬁcaP@cthe@s densla'yon thej w’gw HWFIIS@YIPTPPW%[ tmé@mrﬂ@e teyadivised nor e,

the force jositGARoliads e Bigic QREdIRY A SritlavRsdiBoRded ¥ foSRYurate Bkt |
dynami cs of a SI gnature to be verified. The pen determ nes the position and

ori entati o8 "% s nib on the netpage by inaging, in the infrared
spectrum an ar e@enl®Bnofelatiteao pagegd ane ¢apiBred hsGi soriick yf sorbkeb. estrbikelzonslsts oflecodes

the near eStkf oAtk B BRikilon BRAE! iR bk B lef e cfséas& Sofficlefpd NE t g

fromthe obServed perspective distortion on I mage ‘e known
geonet ry obe PhESHFeEaves A sEplehligtreedderith dsprge A 5¢ @éhs |ner94gewhe@¢vet the tag may
be | ow, begauPehinge, Wiad, tdxﬂd?&brfn}sﬂ Qs @R eD B BminbéEBEIf Yoe RfRROr tional to
the tag size, t hE ﬁcrllletpage pen has a current selection 826 associated with it, allowing the user to
perform copy and paste operations etc. The selection is timestamped to allow the system to discard it
after a defined time period. The current selection describes a region of a page instance. It consists of
the most recent digital ink stroke captured through the pen relative to the background area of the page.
It is interpreted in an application-specific manner once it is submitted to an application via a selection
hyperlink activation,

Each pen has a current nib 824. This is the nib last notified by the pen to the system. In the
case of the default netpage pen described above, either the marking black ink nib or the non-marking
stylus nib is current. Each pen also has a current nib style 825. This is the nib style last associated
with the pen by an application, e.g. in response to the user selecting a color from a palette. The defauit

nib style is the nib style associated with the current nib. Strokes captured through a pen are lagged
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position resolution is quite high, exceeding the m nimumresol ution
required for accurate handwiting recognition. Pen actions relative to a
net page are captured as a series of strokes. A stroke consists of a
sequence of tine-stanped pen positions on the page, initiated by a pen-down
event and conpleted by the subsequent pen-up event. A stroke is also
tagged wth the page ID 50 of the netpage whenever the page |ID changes,

whi ch, under normal circunstances, is g4t the commencenent of the stroke.
Each netpage pen has a current selection 826 associated with it, allow ng
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security and packghdrzRdcdibinitlol &k Satis debdiBRISHESRdr Qlhait B YLetibSs BlloMRYW T | Ushed
on a pen l;lp event_to ensure tinely handling in the printer. Wen the pen is
out - of - r an§EBF HHFSAILY it buffers digital ink in internal menory, which
has a capatfty oNemweEINntERACTEMIUL €S of continuous handwiting. When the pen

is once again wi ) ﬁfg@&g 3915&3%95;&%@9%@ loh shd@BSH BF Ben 30V, Rl LET di o3 tal

ink. A pen can be registere nunber of prin , cause all
stat e dat aispdi8 ingrEast wifp a ngipegs A gl cprlst Rrtphofphedess 4 drmerddm the hen whet ivbriked 4 t i s
largely i naxsduRrd AbvoiBiChiciold Nblike. arhP QBta lalows the identity of the particular page and

associated interactive element to be determined and an indication of the relative positioning of the pen

relative to the page to be obtained. The indicating data is transmitted to the printer, where it resolves,

via the DNS, the page ID 50 of the stroke into the network address of the netpage page server 10

which maintains the corresponding page instance 830. It then transmits the stroke to the page server.

If the page was recently identified in an earlier stroke, then the printer may already have the address

of the relevant page server in its cache. Each netpage consists of a compact page layout maintained

persistently by a netpage page server {see below). The page layout refers to objects such as images,

fonts and pieces of text, typically stored elsewhere on the netpage network,

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.
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communi cating with at any particular tinme. A preferred enbodi nent of the
pen is described in greater detail in Section 6 below, with reference to
Figures 8 to 10. 1.7 NETPAGE | NTERACTI ON The netpage printer 601 receives
data relating to a stroke fromthe pen 101 when the pen is used to
interact with a netpage 1. The coded data 3 of the tags 4 is read by the
pen when it is used to execute a novenent, such as a stroke. The data
allows the identity of the particular jpage and associated interactive

el ement to be determned and an indication of the relative positioning of

the pen relative 4Rt RG A0 mb Bis@RE ML vedBG tﬁcrl:gb wnlpegm%@mss
transmtted to the printer, where it resolves, via S, the page ID 50

of the strYREVPHPE "cpﬁ’ém‘i‘i’ét"’{ﬁﬁf"k lesyfbnaaee sgpll ‘F’ﬁ‘é‘n‘i‘i‘éﬁﬁa‘g‘éﬂ Yi‘ﬁ@’és CHYardPYa0  whi ch
mai nt ai ns é¢laetypiedly ﬁﬁﬁﬁﬁldbﬁ&ﬁtoﬂﬁ@&v&tﬂﬁiﬁﬁé‘oﬁﬁ&@l@ a lbdgertstaekB istignans.Imht Kilirhe Stroke
to the page. . serv a ece tifded i =l earlier
Stroke, "t AP el o P AR MRRLEE BhY ol BERULSEp M IRB R e page
server in fkKsLEhche. Each net page consists of a conpact page Iayout

mai ntai ned  per sirdent b 1Ris &F iRl @e@gﬁ\s a@gﬁ?@%yg%eséﬁﬁ@n RG-AMs-and BRa PGE
| ayout refers to é){b] ects such onts and pieces of text,

typi cal |y S4Byt %W’f%‘?“eﬁdélﬁm’ta%é “ﬁé?rﬁﬁdféw?%’t‘mﬁsso%‘@ﬁyﬂﬂﬂ‘ék page server

recei ves thetst rﬂkﬁerﬁmksm the pen, it retrieves the page descrl ption to

whi ch the strok h
IC e stroke , f}‘%g I{DE%aH?éng ofds%mffang ﬂess§gsca\{\hzi1r%motee %)%ﬁr(l% Un, 404 {yglceﬁl?gﬁgfe he stroke

descrlptlon the s e i ntersects. en o1n
in the conerised regfonsefiethe seppezegistehe rel evant el ement. NPS033- SG 21 A "click"

It ﬁ a stlr3 oke V\hermybgmﬁue%rn@mm&duﬁc% 113 aﬁﬂ&:%@ﬁ?ltmﬂﬁhﬂﬁ@leﬂ%n@@@fﬁléon agd
e supseqgue re | ess han so max| nmum n
obj ect whi R DB S Bt aes Bt Por i pite IS AR S| TR b

acti vat ed, askntle aﬁscmrtdlmngidy the ausdrp raggicatvh pidedDI & i givoOlyeellinkThgvaficn, etk 8  of a

pen acti ong shg u%%hﬁuseﬁlwfﬂgpﬂ  yfbclk e PR She biiphdd LSRR RN | ack

of response fromt en's ere are two of input el enents
in a net pa¥ ﬂ&ﬁ@kﬁ}@%ﬁﬁqlﬁéﬂl@m‘ﬁ?ﬁﬂmfﬁk@%nd form fields. hiput through a

f1 o r7 mlf iHsl d fankahix@n taruyg@mk & hetael,i Malhh@Nseftr ARdsAs SQEbsAteEn Qﬁﬁlﬁ@d’tibﬁ nk.

per | S sen SS a renote
Soni oot | o RS T anBedlol s BSiefl o MEReRel R RATR srflefighge
system A lﬁ’ylpesdl\{efl\io t@ll@mehway&thzthq 2Nh Thdrd amsthitehepea piypelats: gemerdllhypdilinkh handl es
activati Onss@ffom@perﬂa{cp%sl sﬂa‘&elecﬁorl ﬁyﬂéﬂdkpsa‘i‘lasvyﬁ&mn b@&@&é fal %ﬁ erdl Bfpeliyiper | i nk

to the application, an "alias required aq asks the systemto
i ncl ude th@nw&me%taéiﬂﬁ?ﬂ%’aﬂns?ﬁdafm&gt qrﬂaesmv ﬁSI%fﬁbaHﬁgfﬁ@}CﬂOﬁﬁe%tM?% on, and
a descri phyb@tnkwhtingd thi Sortdﬁaﬁﬂilmgﬁi@ﬂ td th@aprcﬁﬁfn]Aﬁbh@cﬂlcﬁ h{/}ﬁﬂ@]ﬁ deditate oamfnavorl te

or appear ls:seieghon po%e apPe/{ﬁatmn rﬁ‘% sel-l;ggn cox g a 4 dvorcf HL E)f tgxt 35 Sexa% iigl’ am i s
shown in is activare page Ve sends a

request t Othgppph(ppqq maytrgtern 2 smgle—page document giving the word’s meaning w1thm the context in
which it appears, or a translation into a different language. Each hyperlink type is characterized by

what information is submitted to the application.

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

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

A hyperlinked group 866 is a group clement 838 which has an associated hyperlink, as
shown in Figure 31. When input occurs through any field element in the group, the hyperlink 844
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somewhere on the network. The application is identified by an application
ID 64, and the application IDis resolved in the normal way via the DNS.
There are three types of hyperlinks: general hyperlinks 863, form
hyper|inks 865, and sel ection hyperlinks 864, as shown in Figure 30. A
general hyperlink can inplement a request for a |linked docunent, or may
sinply signal a preference to a server. A form hyperlink submts the
corresponding formto the application,y,A selection hyperlink submts the
current selection to the application I'f the current selection contains a

si ngl e- wor glsddiRE itk finet X, is a@lfvat@f( oSilinked RRuP BRI BeCREd RMhsitBiMic hGlcHRR 2
si ngl e- page dOCU[{F?gﬂgI Vi ng "s nmeaning within the context in which

it appear sPMgr Fugh f‘scf‘rf 1306 ]écat‘}lah? Bt Wt T canEperth e BEPRN e i nk t ype
i s charact ambmedab‘gtm hygelink,itnfrovidebitiovous Bps whitkjliedot. b cihBerd@pbd watt on. The
correspondj 8 C %QﬁF‘ 55 V\:hl ch can
be speci félu &E%L%%édt#%%%g?@g %ﬁW}\K,\ﬁ ug?ﬂagmh er s nghﬁréa ance ¢ appears.
The transa’ét"icﬂfﬁ I D can identify user-specific dat a to the application, for
exanpl e a islaoppragnscart of pendi ng purchases mai ntai ned by a purchasing
application on b%ata f the user em includes the pen' s current

sel ection 826 in eflaﬁﬂleﬁ@?ﬁé’ﬁe}aﬁg “’ﬁgttée{%t‘ﬂe%f? capHiR A “g?f?tsétrﬂ REF udes t he
cont ent of thtchgh m@@d; heyfagd Afformnalibwst @aae subMmB ohdor anofeqrarmmbryp e dniapkicaos | vat i on,

al t hough i{oﬁ&;}g le%%%nggéve'rts "submt delta" attribute set, only input

since the last form su ssion is included. The system i ncl udes an

ef fective retur nAFEEoY it agrque Rypest B8k the Secrment higsprehy. Inulipydy Finpiesseyr oup 866
iF_s a grgl{pof%rﬁﬁarﬁtﬂ&%emmmm[ﬁh ns?dﬂca%&&ﬁ}e@ﬁt@ﬁlprh%{da%{slaﬁcekfaf@l%} Tt SHRMA inh
igure en input occuyrs .throu [ el e in_the t he
hyper| i nk ¥44° Yy0eH s Bhwnedies %a%ng(&}/ the Pﬁd F‘ﬁ‘@e”&”gﬁaf e g FAB AN A

hyper | i nkedstagrosp ag anodieed usled 8110 wasss Goe devends ppdrel tymlof toehasspadingditlh a fl el d

such as a GHRGKBRK e t,ax&a&ofaé ﬁ&t lﬁ@ouEl??ﬁjamc{llﬁ pfagt@& H,H&ngtmae Y {lloufef) Ghe o UM

delta" attribute of a form ?/ to provi de continuous |nput to an
appl i cat i ofior Pinig aeiPaesie Fiefume aﬁéhaﬁ%d‘ spoym ‘%ﬂ‘ﬁ%‘b}zt a "bl ackboar d"
interacti on nmodeEgchifor®. instli@ras mﬁxust 87I23Nhﬁ;ﬁﬁl{duﬁ1ﬂﬂwlﬁmd' m&ﬁﬁ;efsqaam smaéned as

soon as 0 fin | ection of rel.ated
i nput fi eI I%mlgts A douEl or exgqu[%uggorréx ig gty t1v wﬁnnqe %e%i % fﬁ beco[nﬁs ozerlll o%(‘:e it lf nt ed

net page. Asidnest v oo} WeaS‘lhElé‘Fd prge svmm Suomesmrhmmlmés lpvab@necttemsi, léesan

appl i cati Ofle hyp@fifiiRE & BibReaR hithik BY. ORrRbIEHEN §hid whva 1R R 88 dkek $véa 9r OUP
elenment 838 in the do urrent hierarchy. It ultimtely contains a set of

term nal fPBFFEIEHEAEY ‘§'f§9f°rmﬁf’a$eo°r"f?f“?‘i‘?st"‘é?iﬁleex%EBW?"@ﬁ*feég"éﬁlst“&‘ hst bedt ed
i nst ance OEfctn& eﬁc@ednmel fornC:ospedifiet] Sifetiné. WhiBalie forim & heivel fortsitpnB @Bovéd Gnpihi Ch

cort espondy g G ligld 1, ATRNS. 845,85 HE ATy 5A Dol Bl faiiance has

an associ at e ose type depends on
corres pond'PW@“f Wehprthe &g fpastive qEAioRens for ibpistioneis pliawsd d’sw pitRpwt totshimgugh a
parti cul arfofd wizh 8@ fokd sHbd abSk 8 ¥ en ib reﬁctect Baidely NAR aPform HMsSephit i Nt €d

netpages. The f OE:H:L %clan%sxgstagl(l:eaig Easas'(r)galte% (at 58) Wlt]:ll Qnylztjoxg-lu&setangezs derived from it, thus
providing a version history. This allows all but the latest version of a form in a particular time period
to be excluded from a search.

All input is captured as digital ink. Digital ink 873 consists of a set of timestamped stroke
groups 874, each of which consists of a set of styled strokes 875. Each stroke consists of a set of
timestamped pen positions 876, each of which also includes pen orientation and nib force. The digital
ink class diagram is shown in Figure 33.

A field element 845 can be a checkbox field 877, a text field 878, a drawing field 879, or a
signature field 880. The field element class diagram is shown in Figure 34. Any digital ink captured in
a field’s zone 358 is assigned to the field.

A checkbox ficld has an associated boolean value 881, as shown in Figure 35. Any mark
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Each forminstance has a status 872 which indicates whether the formis
active, frozen, submtted, void or expired. Aformis active when first
printed. A form becones frozen once it is signed. A form becones subnmtted
once one of its subm ssion hyperlinks has been activated, unless the
hyperlink has its "submt delta" attribute set. A form beconmes void when
the user invokes a void form reset formor duplicate form page command. A
formexpires when the time the formhas _been active exceeds the fornis
specified lifetinme. Wile the formis active, forminput is allowed. Input
through a (faQiEIfna%!;sCDstﬂoﬁe REf zigak M8 chphrddiSt GRAbSARIGY AL chilestaNRe PALKYT ound
field 833 of the r nt page i nstance. \When the formis active or
frozen, fo?eﬁfségﬁiﬁirf?&??}ﬁ Y% owed. Any attenpt to submit a form when the
formis not acti \AEteJOI‘ﬁefdrlﬁiaﬂasiscs:lat‘eejtﬁcfr«ﬁd 883 rd shavatie Agure 36, cAﬁysd@Jﬁl flor m
status r eD(%étIﬁred E Ct% ffgld’q'z!)r{e% a%%&guc'alzy c%gx%ggd tggegp\mg 9ntlm a}lde‘fh}l re m(]; OI‘ m
i nstances rive romit I'ng a versi on I stor “al | ows
al | but t had[theiiessis agpignag t@ﬁl@cﬁﬁlda V@laﬂr Ppling hapdprtingiresagnition isj well- uwbrstoeﬁ(sees o be
gégl uded ffopmlapf 18 Eagpel.C. /e_dt 3. S'ué]]{:&d&Tl\gakG]?aﬂzt Eﬂ'hggtaﬁ%fﬂé Q!é%t?n—ﬁlﬁbl%an%r& al hl nk
consists of. g, i mest agpe r oke oups each o iC
consi sts o~y Z&%&Wséﬁmgst P’b%&?m&%ﬂwﬁéﬂ‘h%@h’% latelligeres, 4051 Mo et of
ti mest anpesugpe b9l dontonsof 81i6h areleedin ioforpahied by @abssefarancd).udes pen ori ent ati on

and nib force. Q%xggzlng%héfﬂ has hﬂ-}é? 1Lt@t§ glgi s%g%ta‘m/dhﬁ 8§§.l Qé’gﬂ?\l-ﬂf Efg%b; g’? Aﬁ))?’ dr aWI ng

field el enrent 845 can be a ¢ t ext
field 879,digl igk cagfursd iy 4 egatpre Spls stslels atpgaticy s [verifisfl wiretpess FOaE&esld@P%tgf amis

shown in Hh@bl\ﬁﬁr &‘4he PRYandlh GighA bighatbke GaRtUNEE of the fofn b vHidl'us fERANEpRTs | S

assigned to t field. A ¢gh box, fi s. an_associ at ed bool ean ,val ue
G017 e st dot hiined W AT e Bt Bl e R B IR Pae WepeR et o
stroke, a mrivht Siznag@ekgy spedify, ty theaspﬂlgﬂtledwlncrh oamx:thefokrb@mlufelsehadinsvenﬁweonoauses a
true val eréll%ndebs@oo@%s%é @ﬂ%ﬂm&)fé ﬁlﬂﬁ‘onadne& %&ovL%Leltt «Aﬁoméglgﬁalt@é deriﬁ@a%.

associ ated text val ue as_shown mﬁgg )4{0 |ta I nk captured
in a text aﬂﬁé’r’*&ersld%ﬁ@ﬂ?ns— Ao Swtof dig 4 & veff-e@%%am% b3 NoiZa | B thhe
handwri ti n@nteﬁsﬁgmjcharememﬁmbotakwbyexs:g.rdfe&en&sm gned to the f| el d' s val ue.

Onli ne handvvrl ti ti. ., st 00 e f.or e,
appart aanr (| Rhgliahag i iy Ieds Wiaeie WRILR0D BEEC G OenHBRE ®1
Handwri ti nlgve qﬂe@sgqqnﬂt qn@mage apdgops Pt apasphinput-dipsn ke Pastodinted ﬁq}@arhlyewlschand

Machi ne I%@&&aﬁ%@&mdmuh&%efmc&m fd idABRied he contents of which are
her ei n mcorporaiﬁe cross-reference A signature fiel d has an

by

associ ated di gi t al""EFgRBEE SFAPTEEES ughsdndicptiivg delptignepnalie & °BPEHN®  digital
i nk capt urfesh fishisa si gnature field s zone is automatically verified with
respect to the i I Ny < di.gi t al nat ur e
of the content og&g’%u%oh(rﬁnq o%‘%ggﬁﬁgnh%ofﬁhglw ?Ss oﬁ%rtﬁ% théaé:ﬁeessr g)t%eg and
assi gned tdynanpes ofjths) ren gnoyenrend, ratipycthag “giflingT (s withecgese oily ige higpaptddousi ng t he
pen user' Smarfhidsy Bt rdoSRA iR dfé&b’tel?—laﬂﬁénfchzﬁacfeﬁ ualthaaﬁp@} Higokdu@ly, Withdah owns
the form Online signature er|f|cat| n is nder st ood for

s it e

exanpl e, Pl 3W6hH A RAAse| 4y B penﬁflﬁ'f grHtaue® L‘i?érfafmfa]r%atl on

generated over time, however, and can be generated up-front if necessary,

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

Digital ink captured in the background field is interpreted as a selection gesture.
Circumsecription 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.
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and Witer Identification - The State of the Art", Pattern Recognition,
Vol . 22, No.2, 1989, the <contents of which are herein incorporated by
cross-reference). Afield elenment is hidden if its "hidden" attribute is
set. A hidden field el enent does not have an input zone on a page and does
not accept input. It can have an associated field value which is included
in the formdata when the formcontaining the field is submtted. "Editing"
commands, such as strike-throughs indigating deletion, can also be
recognized in formfields. Because the handwiting recognition algorithm
wor ks "onlTmez(surﬁmawdfbe.aﬁﬁ&a&.dnemn%n&bﬂaa.m cs of the pen novenent),

rat her than—offli e—wW-th access—only to-a-bitnmap of pen —markings),
it can recogﬂPJfE*t r bin- Bf'i’edl scré?eé‘l'?/p%rl titen charact®t®™ith rel atijvely high
accuracy, (Mydehiakit Ganavall t erclidependent tsajmﬂldtgorptbasﬁucatﬁnwrlter-dependent
nodel of Handwriti g-s—attan rat-eat--y g at ef " hrewever, and
can be generated ulot-[fnr ont icf' ecessary, @"&“ P OaR'l)Jmaﬁ’g aI readv gt at ed,

consists df a s_equ|§ﬁls€l00f ficbkes. Any Stimukseleatrindd agticatios i n parti cul ar
_eI enent's S ieldS ’H‘]B&H&FU An‘} rdd{"i (54 el%g%ﬁrg@mr eady for
interpretdtion. y stroke¢ not appended t0o an object' s digital nk stream

is appenddd to theTB’ﬁckgroul'l'ﬂ!l'd‘f-’”t@Bd s [Aewyet digital ik tatexieession ot 41 i nk
captured ijn the bapkground|field is intgapreted as a sel ection ggsture.

Circunscrifption of e—objeetsts—geperall-ytnterpreted—4ds a

sel ection |of the cPrMscr iﬁ%@ mlE)b| ect shssgﬂtdr@ﬂld'ﬂ(téﬂ%‘d actual intgrpretation
i s applicdtion-speBighatore Taigretupe summar Vedsdigitabislesigratiresgenesata i ntler acti ons
w th a netjpage. NPS033-SG {24 Table 2 -d,ﬁmayurggffgﬁpaégggq@gtl gns with a
net page 4j ect TypePen i npufActi on Hyperil Gener actlion to
appl i catidn FornC | ckSubnmif formto appfPe#t %el ectiond ickSulmi t

sel ection [Heneappl i Eation F(mrmsuﬁwsmbtﬂﬁheckmtum;gltaImiMSsmr@mt ienaa:eort o flield
ext Handwr it ngConvert ch g; tat—nk—to—text—asst g—text—to et
Drawi ngDi gital inkssign digital ink to field Verify digital ink signature;
gener at e Si gnat uleSgromaniaesiagirat seksitign &r eaclepenf The ealationagrsisig simelly of thal

si gnature hQt fdo@l Grotl BSkrddGn IKeCBANBFIAPEIP MRS s@RicH Bicledbd LK 2h haGhfiy €Nt

sel ection The system nai ntains a current selection for each pen. The

sel ecti on THRYIETSTHTA e §F2Y e

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

o

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

Figure 38 shows a flowchart of the process of handling pen input relative to a netpage. The
process consists of receiving (at 884) a stroke from the pen; identifying (at 885) the page instance 830
to which the page ID 50 in the stroke refers; retrieving (at 886) the page description 5; identifying (at
887) a formatted element 839 whose zone 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 8935) the corresponding hyperlink;
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nost recent stroke captured in the background field. The selection is
cleared after an inactivity timeout to ensure predictable behavior. The
raw digital ink captured in every field is retained on the netpage page
server and is optionally transmtted with the formdata when the formis
submtted to the application. This allows the application to interrogate
the raw digital ink should it suspect the original conversion, such as the
conversion of handwitten text. This cgn, for exanple, involve hunman
intervention at the application level for forns which fail certain
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so appendin e recel e field
val ue 871, the ?ﬁlw ©EPYY (eehip tedighi V@lvfealﬁwétufﬁlmﬁﬁ%r@ﬂtme & %thﬂﬁkthbﬁelct he field,

gg g dgt e ][ iR Giell akd iBALriALThE)) hb@gifal Bk & theSigRairt ofdfe R’ DYRLE, Widdiked group
and |

activatin at. 895) the as i at hyperlink; alternatively
ot er i ni L= U CERHoF e GTHE FLA ST B oran o B8 sisvells -F s
hyper | i nk eresyeing dovd, aifo with techelpdttierggistration 895y atdheing de pespoRdh miyate
hyper |i nk; o, NRRW3Rrmie 1éHe BrkSb bafion, il &8 Bic BhitARedaRRUL field
or hyperl |Sr§%< apgsg'ﬁdl ngt th 8% Jﬁ%ﬁ%ﬁr egnel ved strggd?{e oe 1 1he %ﬁagl tal ink of
the backgr Bufidd A d 833 and copying (at 891) the received stroke to the
current sebacti elgé3§éivafcdnhﬁa:cu¢rrent pen, as mai nt ai ned by the

regi stration server . ur e 38?18%\?%92?e%tq“ )]amﬂ 10 aga elp%l)gfglngrplt893 in

the process shown" 5 ffl gure “he ac Elnt ik of a
field is imcekpdisttydnfoomaghndgdcgnanhiestanggse of t he f| el d. The process
consi sts of det eh@aﬁ@s&@er(:ﬁﬁmeﬁ@% cmtaagiﬁf&g%onﬁﬂmﬁh 6bsi asduﬁllc(ﬁl@%g@%aﬂ@d (at

897) whet her the gital ink resents a checknark, SO _assi gni ng
(at 898) a fPrws%mémﬁﬂ@n% B frs% o Halpy gemmand gtlévraﬁjélf’lfc?rték’%ﬁea‘é’i‘“éar‘lﬁ‘?‘r?r hg (at
899) whet heset pdge chhredndl 9135 a gettpaget stdhis @btimand @14, fa daglicato Bacamdnt ctgm(aad 9305)) t he
digital ink to computer Sthe. 0 2} regi stration
server, and é%om gnl ng “t"’?éa 3g\l\41% ctoh\n/]erte %%%qugn &rﬁn %g the field
val ue; al ternati Vebif fefetcermindivpigs tb%@ﬂ%@)im&ﬁ)@? hetpace. ifeduplicate gorip gommand i gnat ur e

field and idids9R W@ Jnmh ﬂnﬁ Bibta 03N thod @rodic@i dutocivke Blint@Scob 6t uRl GGt BEL Of the
pen s ower, V\At ﬂ Of the a pél%i.)l’sl te rgglﬁlﬁtratl on server

creating (‘&fta"é‘bﬂ)th V"’d‘i'ef 8 eseé"e‘br@’? Gre © igh gnsactign IDg a3 hesnondi ng
form als Ooﬂ/ghi‘alhalﬁh_e islisglispingofhabla érom @ioBtina tol apppdiedtivie IA resedfosiomgpatdhieidpen
owner's pry dgg Ll s?an ¥ (o8] AbdulE ah Quuil n%Q LSS SPRD AR he@RP kg At 1 on,

and assignin igital signature
field v ues discarded. A get form status command produces a prmted report on the status of the

corresponding form instance, including who published i, when it was printed, for whom it was
printed, and the form status of the form instance.

Since a form hyperlink instance contains a transaction 1D, 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
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the field value. 1.7.3 Page Server Commands A page server command is a
command which is handled locally by the page server. It operates directly
on form page and docunent instances. A page server comrand 907 can be a
void form command 908, a duplicate formcomand 909, a reset form conmmand
910, a get formstatus command 911, a duplicate page command 912, a reset
page conmand 913, a get page status command 914, a duplicate docunent
command 915, a reset docunent conmand 916, or a get docunent status
command 917, as shown in Figure 39. A void form command voi ds the

corres pond&faﬁcafeq{aé’@ bdRSHaAd GCintedretd Pk | :C@lpBeale 0K CHRRMAs 4O S5 tdhEnand
correspondi ir’]t‘? forminstance and then produces an_active printed copy of the

current f o PUCT s PTG RY ©h Tej @ePrding @asepingianss willy therpagkerqupd, figd jal4f ns t he
same hyper discadded Y #e page tooitiins b Bﬁrnasls b:heof a(ﬁcrmg.hdnal{e res@tipdgeSOminghd is interpreted

i ndi sti ngug.s ar]‘QSQtl fgm:ac cro a&dhg s com.rnan %‘? éslacp%gltleg re orfbbnrﬁ?e S?R'Lts OP trhm command
voi ds the correspon gr ance ang Ces an active printed
copy of t heorspenging rpssealn%a@cwlqchdms iwb¢ gublighed ésWhhnslt:wScté@ted Aogywhonf Brwes st at us

coman d pERLHGESHhAssioPing hrhEPRhindR idfAR St at us of the corresponding form
i nstance, 1 ncl ud| g who lgq%bll hed it, when it was nted, for. whomit was

printed, and the "FOIMPE: BPREpTS Of 8"reﬁﬁqeﬁgﬁeé%@%allgﬁswdfi*érdﬁ?q‘ﬁberI i nk
i nstance cogtaénmest. a transaction ID, the application has to be involved in
pr oduci ng a new K t.ance is
therefore ypi ctggﬁmé) g‘p rrgﬁfs g@hpa%;&ﬁ ﬁElgg#E§&lje£%e(g ﬁaﬁ%élg? g%}é%% ugo nrand
produces a ?P'r P%ﬁtff’e@%dﬁya gfeckuik Jppram @s p@mnﬂwgchmgk |gﬁsltltam(btextwprqqmtaﬁe

backgr oundiyfdse tegh. By a&emagsaﬁ.ﬁsﬁgﬁ&dres dpheat 1 @i BEEaCRAL M SsighathQ b @pankd part of
a form thtrenth ﬂge comand is interpreted as a

icate,
duplicate rsf?{‘d[abdrﬁrr@ﬁ ﬁb&*‘“ﬂ%@‘&%"“ﬁ’iﬁ%‘a produces a printed copy of
t he correspondi ng doplpate Hovghemn cannwid troduh@ alpaigtkdyvopyl picthef dogtsdondial deumeht scar ded.
I'f the pagg.contai B&k&oxfn@ "84 atubsS prBRNLa. OF o dﬁ&&@ﬁt c‘bﬁlﬁﬁb IS8, Rage
command is interpreted as a reset form command age stat us conmand
produces & %#ﬁﬂﬁ@%%ﬁ%?ﬂﬂ%%lﬁ@s e frpsinge S%nr?éﬂayeév Wmowgl
i nst ance, Arﬂ@étwdmagm\mem@utpkddsdaed piidted cwﬂeﬁmetcomafsonaﬁqg a&ce@lem fnaﬁncv\mlm it was

printed, and t r t.ali ns Or i net page
| ogo whi cﬁb dkﬁmé%dr ]‘:S“t’l‘(i;‘néf‘é3S g‘rsc A;%tﬂtgl érﬁ?’?usnﬂelﬁ SOATS a“éssoc’l ated rese?ﬁoc d‘upl i cate
page el enesmatsretsathe fogres mn@t ane ey 8 rmt;fbmcmnednd/\ﬁqeh A gt ldobumerdt wews

preserved, coﬁn&n%ﬂr&d@ée's‘ %%nﬁédereﬂbh'oﬂ'fﬂ{%Qmﬁ@ of thd @hbspfidink Y&uhQF Mhtadce, SncluBmg heCkMar k
appears as a standard checkmark graphic, and text appears_ as_  typeset text.

Only dr awi YRyPuBlisked & et HF%?“‘&%&&’P"W ﬁWfSrPé‘Fth - 874 i o of'raa¥ fopms\if cofaias-
Si gnat ur e acconpanlegage skryer @oruhmdre &fnGelepted Pitiributé 13 Qdt,Qidch ithe Gorrhi@E e@saidsl bn
signature yerlltLald O mé) d”pc'm're%? ReHRGHIE BLa SPHTRAY ALAEHGES ARl Nt ed
copy of the %grrespon n nt s s '

This allows a menu of page server commands to be printed. If the target page doesn’t confain a page

server command element for the designated page server command, then the command is ignored.

An application can provide application-specific handling by embedding the relevant page
server command element in a hyperlinked group. The page server activates the hyperlink associated
with the hyperlinked group rather than executing the page server command.

A page server command element is hidden if its “hidden” attribute is set. A hidden
command element does not have an inpui 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
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instance with background field values preserved. If the docunent contains
any forns, then the duplicate docunent command duplicates the forns in the
same way a duplicate formcommand does. A reset docunent conmand produces
a printed copy of the correspondi ng docunent instance with background
field values discarded. If the docunent contains any forns, then the reset
docunent command resets the forns in the sane way a reset form comrmand
does. A get docunent status command ppoduces a printed report on the
status of the correspondi ng docunent instance, including who published it,

when it V"aﬁod%és@tcﬁg:ofﬁ@émm mmc%bms%&m RBBhehNGorsk FLLS: REapely forms

it contains. If the page server conmand' 'on selected" attribute is set,
then the c%?‘r??&ﬂ‘ﬂehﬁ‘ﬁé‘?a’fpé’gat%“°ti%édvﬁ‘é‘@‘%gI?aé"ent| fied by the pen's current
sel ection rather Th&admunmmglhﬁagpag@ fotidnaiks mnﬂlgd Hili‘dEtl}CﬁM’Tﬁﬁfbdavant Adipage pgt OWS a
menu of PaQ&.S> §e01§1 ogggreéfndlbfbr}rgmf?nttgéjlo obutto c? tar zﬁl n.P29€ doesn' t
contain a page Server coman i desi gl g AP page server
command, th&n thé‘sﬁ,ﬂ)‘rﬁmﬁdﬂﬁs‘ i gnored. An appl | cation can provide

appl i cati on- specif gead dnbdidneRy me FRGINAR: £DE sihsd S hbNAT FelpS SRR
command el enent. in a hyperlinked g The page server activates the

hyper | i nk H¥&gd;ekgiggsin ltaﬁe‘ifﬁé"r’l‘i?}’ﬁ@r"l‘cfuﬁ’%%d group rather than executing the
page servey conwamdofﬁmmﬁgﬁmsﬁmver command el enment is hidden if its
“hidden" aftribuge i ok ¢o hbdden command el enent does not have an i nput
zone on a page an so canng?m%e activated directly by a wuser. It can,
however, be actitpmicedhelp meny page server connand embedded in a different
page, if that p@g@mﬁgﬁﬂﬁ&nﬁﬁgﬁand has its "on selected" attribute set. 1.8
STANDARD FEATURES OF NETPAGES In the preferred form each netpage is
printed with the°PltPagees BHEXKAHME bottomto indicate that it is a

net page and thel’@ﬁedi’eﬁIﬂbﬁlﬁprbmeeﬁEeﬂamh&&lﬁﬁﬂﬂ@ﬁhdu&ﬁuseﬁhﬁetﬂ)z@g@stahSO acts as a
copy button. r essi ces a copy of the page.
In the case of a 6?%?%%%§§SBFF%%$Qﬁk%%%%h%%@fgégp?oduces a copy of the
entire form Anderinhe epeofedewmeft a secure docunent, such as a ticket or
coupon, the but&&ﬁb@&ﬁg&ggﬁﬁﬂnpxplanatory note or advertising page. The
defaul t singl e-page co Eu ctlon is handled directly by the rel evant

net page page sefve e“@%@ i y functions are handl ed by linking the

| ogo button to aa dacplpiemt(fta:t:tlcmrlEuuﬁat@l bySimkly lkcksie 8 Bittohlahdthan tqmniﬁ:igemy &@e

enbodi nment ol r elps . Wen
pressed it fe i Cit .}I%hg%%iesng Omaedoc“g%?t 1&1%{8?%% L@H%Eflgé‘idqgi tgg% n!‘s_l':fa(at us of
printer cd#ﬁﬁﬁ?ﬁ@ﬁ“@ﬂ@?éﬁh@waWﬁ%ﬂﬁﬁﬁwmt8ﬁ§ﬁﬁﬁﬁpégm a top-level help nmenu O

document functi omhdRpdgethetwdik di@MeH alliis MRGBer R hathK (1 ibfeREcdh bpublications

and services on the network. As an alternative, the user can call the netpage network 900" mumber

“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 illustraie
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 conteni of a news
publication are personalized using different mechanisms. The editorial content is personalized
according to the reader’s explicitly stated and implicitly captured interest profile. The advertising
content is personalized according to the reader’s locality and demographic.
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The hel p nmenu provides a hierarchical manual on how to use the netpage
system The docunent function nenu includes the follow ng functions: O
print a copy of a docunent O print a clean copy of a formO print the
status of a docunment 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 subsequent)y submtted as a form The netpage
network directory allows the user to navigate the hierarchy of publications
and servi ceg on EbfokAlPEREENALARTIGNY al ternative, the user can call the

net page network "900" nunber 11 yellow pages" and speak to a human
operator. The opérdisgfrersgh iy amtre oot gareisrwgs: e it ATV mers sty t to the
user's pri akdahoese Bep@ick mewsOsreinine WhE uéd Nublicytpas art hgergud kkihelitedby thhe user
pays the spmnl. "yel p y I e | age_1s...0bvi gusly
unavai | abl é%!l%hert ﬁé‘%pérui%%se%ggggr?%%gc[)}gg&teg; gr‘?e‘r’%’g%ﬁhﬁ%% ﬁf gy %as & athﬁelea Terror"

| ight is |#geregatd YNeve nyllisptiopnppipally gersespopd fpdftaditigah pavorpes endarewsniieazives wor k. 2
PERSONAL| Z{ghle BHRLsl-Cafhd bdaNe Midpkd JaRed: DG a - Qe dTImIESH deck, ARartolEMEp, b S Used

as a canonjcal publication exanple to jllustrate ersonal i zati on
mechani sm;k'“?e "teﬁ‘@‘teﬁéf“g‘?&ea @V@tsg’ﬁllmwt"i"ﬁoﬂ&f‘? TRARS 0%36‘1“1fen used in the
limted sense offhsspapblicadmtenewspagae meblicains of ddhel rent pubtiedosaope i n
the pr esen&relp%.nghg X p,rl't%:g§‘cio\ﬁ'I o‘?%ug%ple”neiv?%u&ﬁﬁ. ﬁm&%@ttﬁenlgﬁéga%c)l? %dt Qelru&ealhe cont ent

and the advertising content a news publicatifon are personalized using
di fferent feEettanprSeys sitepes slifedliedly by 86 et thessepyeris it Pheddvesismgedi ng t o

t he reader pages@¥dphwhich i biferdhetaeab ARGl BRIJ.Cit |y captured interest profile.
The adverti sing ontent is.persgnalized according to the reader's locality
and demogr aphi 0. TROMIS3PEEEE S Setstprr AFoReRa M PIA R Rt o1 | ber
can dr aw opublicationkiandigeatife yewenalwd vaag: of t4eh Jbe tehdiing d@lyicyidons are pented and

publi cati Ogiging togHitdr ifdQASRett HkspddE! THEQLridE WEmbREs!of & iischdil typRall} @WesPBL | CALIT ONS
are aggregated and edi teé by ?he d&thbl I sher, news streans are aggregated
P

ei t her by STHEREeEHBdLsEt bySelegpe edafhupublicaion aidhen iyGPEREIER.  News
publications typraahdnypubiRitossfatdertoptidablBatitdsGpalfic BRUGHP.IPRE Sect@lappear

newsmagazi Elaﬁs ’while\:,\(,gylelrse ne%%eeﬁt.%a% sCe%{lnonsbaevaiﬁgl@%‘ I‘?‘I Q‘g Ng‘a[ {KLEET %‘s c')'nih?é\fvforl NEWS
feed froma Hews SErVice, & tartoon™s rp, a PFreel ance™w Mter™ s €ol um, a
friend s bexkthge inglufoEeag OnpPlut”Hdaticeald Emtemagywe”, EOpraipt”, “Bifieesyic hpelbizing”,

publ i cat i OfreSRENSF, 28dHRBEHsE. SThi REorRIHAIICALHANs PbeiRdd § RBLABNSsRUR dcBat | Ons as

wel | as the aggregation of multiple news streams. By handling the
aggregati oW*%¥hd hence the formatti ng of news stream sel ected directly by
the reader, the Sb&dfnglEr dasexadnd e Haly ptvapperdsRsbting Sistdah sedfionsPagBme eihg Whi ch it

ot herw se &ainwﬁ{m%ng Bto Le!v&%l Str a%{gt Elgsltdm sections might be created for e-mail and friends’
amnouncements (“Personal”), or for monitoring news feeds for specific topics (“Alerts” or
“Clippings™).

For each section, the reader optionally specifies its size, either qualitatively (e.g. short,
medium, or long), or numerically (i.e. as a limit on its number of pages), and the desired proportion of
advertising, either qualitatively {(e.g. high, normal, low, none), or numerically (i.e. as a percentage).

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

An article may also be written (or edited} in different versions to match the expected
sophistication of the reader, for example to provide children’s and adults’ versions, The appropriate
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
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The subscriber builds a daily newspaper by sel ecting one or nore
contributing news publications, and creating a personalized version of
each, The resulting daily editions are printed and bound together into a
si ngl e 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._,gone sections appear daily, while
ot hers appear weekly. The daily sections available from The New York Tines

onl i ne, foéach @xa@wda,usdﬁmmetﬂela Eaam el @re BbiSred 10 alNldv D @bscribers| AlpRHMY | Onar ',
"Qpinio " " "Technol ogy" and Sports". The

set of av a?rFeaﬁFbéecygéffafcocr?gS“?"éts glﬁlé’éi‘lfsf%erf %‘%"”ﬁubl ication, as is the default

subset. The r eadérsegianm véxt @ichppro@iacahd syadaewsy patjpedily byable celatioratige fiteSigom

sections, r ections
' altb g%[‘a@pﬁﬁ@a’\drﬁk s wiith dﬁ’?r ?Bﬁfy 1&% HRERS 2% a[%@lg?r &%égﬁofﬁg}ﬁ? !

m ght be cre e-mai | nouncenent s or for
moni t or i ngc"H@%RE““‘feé'@@@gf%ﬁnﬂﬁé‘*éé@i‘ fafing '{'%%‘F eigbe(enghpidhe agticleg Fhe buigging wpPreyde ) For

each sect i frasylch@cel(€ GBI ORl FAQNRED Y mBRRGI hidr@Bkelylift ShdeR wilhdtREH rate the

qualltatlvelg (e.g. short, nedium or long), or nunerically (i.e. as a
limt on i ¥ %unber of pages) and the desired proportion of advertising,

ei ther qualitati velcies (wth drighhprighties rrod wiedrt, lifetoyws arco thexploreogiiectivele reoaleed, (1 .

as a perceageaa@eadmg gﬂ;eeaggrmﬂéahapehkaﬂalJelxvaﬁegwsaﬁaas a preference for "

| ar ge nunmber of shorter articles or a small nunber of |onger articles.
Each article is i'BeatFyoniprely wecificsp saendipiyiactp ciiet Waldnigely (cgnte ekt f or s

é Of fsuppor t sutphibeSmd)f o nicB IR . ﬁx lﬂghh saeﬁdl@ly EactoBlwet ﬁ@thﬁﬁmlﬂfulsefdtf&ﬁl?afcﬂlﬁg @i g Sd) [ ][1
ifferent yersi t he pect ophi stication of the er, for

exarpl o 1 o HERbRI it R B SRR ey JBPE: Shebihg el ol GEL

ver si on |swﬁékééﬂedwa@ebmdwﬂ@Aﬁbﬁﬁwgmwgmdaﬁmsregé@wﬁh@dﬁead%wmdan0§peC|fy a

"readi ng agewecthi ch takes precedence over their biological age. The

articles mhlch make up each section are selected and prioritized by the

editors, and Nps%esfe@a 29 grieatly P aE e e B ES BT “P‘I“Péts?cﬁﬂl ﬂéymaef aul t

t hey are deddificethepridritesabsigndddly @¢aditorssubscri bers, |n priority order, subject

to space const ra'rﬁktsi drz,f{hh(;eﬁeg,?%n%r eFfrngecuoan‘g L n s ections vvhgr eit is

appropriate, the re i ona enab |ve |ﬁ%er|ng

This is t h@hvespﬁpTheé?ﬂdﬁtf eptapftﬂiv eﬂeaﬁesweéqfﬁnkﬁafv:efe‘aerm¢s|oesreanlierlnyaaewgoth|If etine.
Each arti Ch@nuMdbCdd sBid1ad infide®@ B nbOduc&iOlnbiiaRES by 6o delitcte@lal B@erl Rail)f tiAtd W th
rating buttons t t he ﬁpd of the article. The buttons can provide an easy

choice (e. @Wﬂ“??%aa““g FA CPPREE™) . naking it nore likely that readers
wi |l bother to rateglttabevelitt radeespediidshol @ontiticd, Hatd tiples prindndidry edeeunel short
lifetimes gLl s%a[vss %E&ﬁﬁé we%ley QBR fRLAG, m%agea%e zsn%%mmpy the

editors and are delivere evant subscri bers e reader

opti onal | yfousk a4 legl %‘”%‘@%éﬂ‘ﬂ?"‘ﬁhﬁ/th@f lgeatigption copsisheliin awﬂvs!aaﬁ @ epytafics 9. do or

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

2.2 ADVERTISING LOCALIZATION AND TARGETING

The personalization of the editorial content directly affects the advertising content,
because 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
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surprise ne), or nunerically. A high serendipity factor |owers the
threshol d used for matching during collaborative filtering. A high factor
makes it nore likely that the corresponding section will 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 wwthin a section, and this
nodifies the priorities assigned by thg editors. The speed of the reader's
I nternet connection affects the quality at which inages can be delivered.
The reader;QpihRaalnlcy specifies a preference for fewer inages or snaller

i mges or both. Tf the nunber or size of inmages is not reduced, then

i mages may be deFEfRrlreatvatsiiaiiaced gr itheybapis of locality apdygimposiaphissi heelh or with
great er codeEnaiss| @imityAlo @artghlabetvicke v@lilerstdig dne aaiculs pRakdd &8 ddMams

quan.t It 1 €Sass g@eﬁ@ith Lrhé; A7 commw)agg En%{r%m\éﬁl D %F:cglgh?cs dclaton%laﬂlel eznera'int;I;Qsltssanéi nvol ves
speci fyi ng ether units are i'nperial or metric, a ocaf trnezone and time
format, anefecscupdiond as et ssdilsdyspendme Pt her t he | ocal i zation consist of in

situ translati onAOfew@ Bit@thaLd A6kt profBRS Brollfh AIRARES “Pice”, dakhi@SlerkioRin t he
difficulties caused by poor

reader's localjty by default. To reduce reading. |

eyesi ght, PHE et b’bg‘F P@H@ﬁﬂ?@ﬁ REBriceeTE t‘@%&b&ﬁlﬁﬁ?ﬁéﬁff@fpemadﬁaw a | arger
pr esent at i déemogriick atdyid pagenkaiavatighdsfonadesrtidgl ed accordi ngly, and | ess
infornationisacgqﬁgz D i @ai news
publication is p&bﬁﬁl S eg% sgtﬁ'g%%%%%?&ggca%%zg?ﬁéac{a%@g%n%g i ngt? m?lsu_ a
property ofimemyianahgipt ploapyblisptionidsalvaitle advprtivseirass e aoseppeeiioadisih énser .

L ansl At i O ey B o o ML Gt D] ON AND
transl ation seryices . in various. guises. .

TARGET! NG *fi&® f)&étr‘ogbeﬁ%hl rf’aflgtsiagvﬁmﬁ‘flg PR P PP IS TR P r ect |y affects the
adverti si ng cont éntompariyeceittsahea dedia,tthesietpapei sgstdny giowa the wdvettisiceghadeco éx pl oi t

the edit or §fedGOBERX botaill 5 ufidws AlSter FiQEs RXAR Bid s@huGicty Phrethie KRlw i1t appear
in a travel section than el sewhere.” The value of the editorial content to

an adver t e aclosg i PrerlFe to the publisher) lies inits ability to
attract |arge nurkeksad, theeanesdseriMidohsibih @an NNRSQ3Bv&Eng FOpdticghio several

denogr aphi ¢s. .. Ef f ect.i ve. advert,i sing is,placed on tgi? basi.s of |ocality and
demogr aphi BLs s radent oeed Sl iectins g Moo e avepperar.
retail ers apther, overaltiprpranving thg braporfiontobspecs sald misethedmtierns associ ated with the

llocal community &and &Ryl ISEE Bfiows DRIDEBPRI 65 168L &l € IGRAER ok} €7 €St S
and preoccupations as we as |ikely spending patterns. A news publisher's

nost prof i onfnd enling P"FCQLS%Jb‘P‘if?f%rF Frgges thgjafpipsic valye offlepvedisigwaseonal  entity
det ermi ned by t hBedausbpéreadiizainn smd@eaiitmp hic GandBY Br@gacally Bitncpigs Puibiativl S
e S B Sl RIRER L B i S5 ROO, PR BUAL L 1t
t he appro epagrephiss [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 muitiple 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 smatl

amounts of income, such as small or highly localized advertisements.
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di nensi 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 BRRRAEeRNEs betn SEMBIA! the RHVEIE LIS andMakind JAdinvkdyal
readers' g@ges ra_ndom% recei ving the advertisenent of one advertiser or

f
anot her, Fegpris MR8 PRE AG ST CRTSRoaTinglo e BYblishsiigeords dieqd plaremeit pp the
adver t i serrelevbliendt@d aupéicaliyis tegver. aWheawhe aehy@e hilsicdign s@ved@ayh iokeeh dierect |y to
detailed p I ti and anli ne rehasing. |t therefore raises
the T ntri Henoifies plelaRby e AR R Rl REn bl EORE M nece S LT St fomand
| ocal i zat i dH ar eVPERRACEWESIUt omati cal |y by net page publication servers, an
adverti si ng3a99r m;ioﬁameﬁﬁé)rvi de arbitrarily broad coverage of both
geography and denographi ¢cs. The subsequent di saggregation is efficient
because it is aufPraErRlizatenof noys prdothes puglications liis 07 arppmeny f v retin| i sher s
to deal wi prbrilaidfsatiations intigdidgQgr egators than to directly capture adverti sing.
Even though the advertisin regator is taking a proportion of
adverti sing reve%%%%mﬁﬁg%wgﬁ%%g may find the change profit-neutral because
of the greater efofldboiativediierivt vestpepr egat i on. The advertising aggregator acts
as an internmedi al).daiugen advertisers and publishers, and may pl ace the
sanme advertisenent in nultiple publications. It is worth noting that ad
pl acement in a nEEPRYEPHEFIEAti on can be nore conplex than ad pl acenent
in the publicati O sustobdedtidni ohal pubiidatidre fisp Bibicallyb pubdiciien-dpbrificpubd is6 athé on' s
Ao A SRAGE bl B P SATRLY e WL ARG ULl | compl oxi 1 e of
negoti ati ons between adverti sers, adverti sin aggregators and publi shers,
the preferred fofrrisborethe fikreingegler eopsitisehthp psys Wiues slpmemba powews s Isuppor t

for these pe@Otd BhdANGiTerbdd GlckUinlEstS P PO blpds@fof iR BdoRitheRidiEdnl. AMBoudHf
utonation i.s i.Cc arlx desirabl e for the placenent

advertising s e.. Autg rei.
of - adver t | SERERPEETHP EHEEREP Apac wllbprive gt o Porh of Lyt ol | or
hi ghly | ocabkcz@d, @eiv erttve enwnd shy INBSOB3p&Bcal 3d mGneie apbmmeneridr fhascibeen
negoti at edyiiGnPBGE GIRR toCRPIE SFerBh Herftn e @&f&@&%ﬁ&&%@g%% saif1d

ad y, the publishe

records it on a netpage server. Correspondi ng oubl'i sher records
the ad pl avBirate thep betHesn thogs of Gubsrriberetosiffyentblicaliont: irehye bkopénn is Kl t he

net page pukani ©a3kds@n itS@EN oildbaySve Flitbring a6dlort 5:6art Sf thp V51T ak bART nRUbbd cat i on,
it picks t edrgé wgqﬁﬂqgv r%jsenen s fr nn;helnet%qg bagﬁsgrver. 2.3 USER
PROFI LES Z°8 F T TRF oroiar oo e F Wy THEciRE AEORAMTIL Y 5 3N aWRE4nd ot her
publ i cat i anblicatehisawr.on an assortnent of user-specific profile information,

i ncl udi ng: 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 neipage 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.

Each user, pen, printer, application provider and application is assigned its own unique
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O publication custom zations a collaborative filtering vectors 0O contact
details O presentation preferences The custorni zation of a publication is
typically publication-speicific, and so the custom zation infonnation is
mai nt ai ned by the rel evant netpage publication server. A collaborative
filtering vector consists of the user's ratings of a nunmber of news itens,
It is used to correlate different users' interests for the purposes of
maki ng reconendations. Although therg are benefits to maintaining a
single collaborative filtering vector i ndependently of any particul ar

publ i cati ofgenitidieing &@rn@tpég\é\%gfs@a%%&%em&d&s dlérel%ﬁup%@c%eh%h isQndWipt ain a
separate vector_ for e ication: there is Ii nore overl ap

kely
bet ween t hEE¥EAofs 261““‘%&“05‘ & ‘ieﬁﬁ’fagmt%‘“’loﬁé as%’ﬁlé*herﬂﬁbﬁﬁe&‘%}tWrPftaP%‘ﬁa“B’ét ween
t hose of spbsder, lainﬁnﬁbltc@nodhsfafsﬁercﬁmndpmh:lph@adm ons and a publ | cation is likely
to want to pres use col l.aborativ prs as part of
t he val ue of |tsEE)c§1§%1€a§00 b ﬂB)gZEd ound” e1's m?ters % Efnal% g?merma iltering
vectors ar@iOWh@r@fnb?fefI&Prst?W ﬁ@@iw@aswmglhéefwélpw‘amt Gﬁe@pf&ghapenp@}@ﬂi cation

server. Coﬁﬂnﬂ&ﬁonﬁj gleUehivsed b Qb Qﬁlsﬂ%@& pristed 6€benRRHEE YSiverdd B ter St AL €,
and are maintained by a

country, hq nunber s e nat ur e,

net page refg‘i E@r “%"é%s\‘/"é‘i’acmigrré@g?ﬂeé?‘?eﬁg @V@F@i@@ersﬂfﬁ‘lhﬁ%ﬁuﬁﬁmfﬁose for
guanti ti estp ptia@ti@the asads defanie srintarepblistevioSaot regdotiintd D anyrpaitinllaiphiaet, tun t he
same way. IQe%dLchﬁ%Lm%%%&HJt?sreﬁgéJdﬁrti sing relies on the locality indicated
in the user’s contact de |l e the targeting of advertising relies
on personal i nfoMhet poser Sehstribess88 dp @ Ryblichtion(8R7, throprtpbisher §94r(l-¢ applicatipmt us,

i ncome, pr@m&smmyls adﬂa&asﬁd Nprir® o QURLdifteatdriMer Glefb \4@&1sva%ﬁu1s ¥ederagnigge range
and incone ra pse. users 0 ch 0se to rheveal gne naI i nformation
for advert? 3‘1??8“?5’&%%5‘%‘? EHEY TR PO PR BT 18 PRDAC AT YR fllﬂé P&} evant
net page r eigisseifiatto arsinglermyaer If al ugert ib gutkig@inicasoh pstiglur pnméroﬂmrathatomnter

adverti si NQeoGRlks BE of AL G&b &ML ON the basis of the dem)graphi c associated with
the user's EP or ZI P+4 Code. Each user, pen, printer, Ilcat_l on

provi der and appihceeeifBrs rsed Releselgrieeomeseonding “Ef’ﬁipi?ﬁ’é “NPQG‘S Sipartcplar

i denti fi ergetpagtdedisi@ion edrRAYR He@HSIH kD@5 er ver mai ntains the rel ationships
bet ween them as i gur 4. For re tration

U poses. a pubi 1o SriLadki s S Spni P e anboeh P R s
publ i cat i oWeli sree agpestiagd dommdts afwlat&pldldwa!glvfﬂh broFgightolbs ernv@@Dthynmipteth en

aut hor i zedmd QRakds GetPOYpafrber of printers 802, and each printer may allow
any nunber of users to use it. Each user has a single default printer (at
66), to which pe?qleo‘ﬁfpég&lsyswﬁtﬂﬁ‘ll patletiog fyehald plea gyidfer PF@YI%‘H fgsy andespramistions @i | st
pages pri nh@he Ganeietmngh fbkcatiab pi@idesh he plokiterrhnft@r Suck bfc@tbghn\mithﬂh t he

user 15 | MELARL Y- idfoRR ME . SERR% LhARKoR s HERuBIRL! RUE R G Wiser has

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 8135, 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.

232 Favorites List

A npetpage user can maintain a list 922 of “favorites” - links te useful documents etc. on
the netpage network. The list is maintained by the system on the user’s behalf. Tt is organized as a
hierarchy of folders 924, a preferrred embodiment of which is shown in the class diagram in Figure
41.
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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

requi red. When a user subscribes 808 to a publication 807, the publisher
806 (i.e. application provider 803) is authorized to print to a specified
printer or the user's default printer. This authorization can be revoked
at any tinme by the user. Each user nmay have several pens 80 1, but a pen
is specific to a single user. If a usefz_is authorized to use a particul ar
printer, then that printer recognizes any of the user's pens. The pen ID
is used tozbacat @isthg Le@r r espondi ng user profile maintained by a particular
net page registratjon server,. via.the, in the us| term nal
809 can be autho %éﬁtef“om?ﬁt?’?ﬁaﬁﬁtog bsgﬁ?? COIET" WS gbﬂy\%\ﬁ‘?%\/\ﬁ‘aﬁl?om ng
Veb pages dmunmetpagessdnuhentrshrant e né@eedste i ingeaiitl dn dnsomged st, be
conveni ent g"@ The net page system
can col | ec%yre%%éd%g hal %ﬂn@tﬁ?ﬁ%@?ﬁ?@%ﬁ%&n%%ﬁe{%@%nd comm ssi ons on

i ncome ear &#8d t hINTEHPENTRAGELAY®Wns printed on the provider's printers. Such

i ncome can incl udege natgager;tubﬁdaﬁbg &aas,autsﬂlaﬁmytiaysouahmé qgegzes @ &Wge
com ni SSi ons transactl on

an %e_s. _Ifb t.hg_ ring er I.S tyf thg user,
then the uREPPIEAPHECHPR §F & peciipdyrats baps Sipeqmet 5?"%58“‘?{‘33“"5%“%}‘8 account
820 whi ch prs-farsded tegaglos dnyibraplescdprthapageisfoteghead thrialpemeitt s (such as those
described in the e m&ﬁgaggatg%aa%&gmm b€ QA will St 'vmgl%m{ |4l ng nane,

address and tel ephone nunbers; glo preferences 816, privacy,
delivery a?fﬂmﬁlﬁ‘é‘%i‘l pagest Vilhip the @Ptﬂlﬂ@‘é thea?ﬁ;}ayﬁ‘ﬂr?{gé‘i‘th’éfe"ﬂﬂl%f‘?éqt F?ecalgoé i¥s 817,
cont ai ni ngc&xh@rdd&eﬁtteﬁlptﬁﬁl cRReth Edsgn addudRordilad adv%ﬂtlﬁ@&fo@tﬁﬂt,%ch&l Plag@hgCads a

handwri ti ng T, T00 ma? 19| sg%tﬁio v\nyt“ﬁtﬁig lthf%) 1cz|1t{c]>;[1 gclacguese otb aysgecmF fe tXre 81? Hg gpu%ﬁl . 2.3.2

paynment card ac colnt s g-'confrer ce an
Favorites topfine reairset page user can maintain a Iist 922 of "favorites"”

links to useful d4QCumBRlSoRlf sl@Rd e ﬁg%; %ﬂ@n?%ﬁ"@fdkﬂssngm& Inkafds an®
mai nt ai ned by the systemon_ the user's is organized as a

hi erar chy #rehicpidy “b‘?‘ha“‘ﬁd’fﬁt%f’%’f’}‘sé‘ﬂﬂl?%dﬁ ment of which is shown in the
cl ass di agram i nThd gweqmbﬁss iMRBhE FreSEectidiB 0f2ads amdl thd; &Ieafoy oﬂbcﬁtbnaTbnﬁlteﬁtySt em

mei nt ai ns %uggbesﬂepate\é onée lg% h%pcog\%(r:gg l% g{emst tbegr clo ﬁ%w%ltﬁ]el u@eq 88 @5 S tO
byt he tntough ¢ he pr St ti

docunents etc. accesse user e sy

or gani zed #8tioa sigapreflcigicgdive spetiqngize prefesvreme e#nehq“@tfr ém@wﬁemwemee VMW@FP i s shown
in the cl agﬁwggagﬁﬁ,@gtugy@dmtl&% 2.4 | NTELLI GENT PAGE LAYOUT The net page
publicatiop,.server auto tlcaIIy | ays out the pages of each user's

per sonal i zga publl Oglé“ﬁNESEB Ta section-by-section. basis. Since nost

adverti senments apecsitie dobvenefitdylmil o, 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 (XSI1). 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 Veotor Graphics (SVG) format,

The layout itself consists of a series of placed image and graphic objects, linked texiflow
objects through which text objects flow, hyperlinks and input fields as described above, and
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pre-formatted rectangles, they are placed on the page before the editori al
content. The advertising ratio for a section can be achieved with wildly
varying advertising ratios on individual pages within the section, and the
ad layout algorithmexploits this. The algorithmis configured to attenpt
to co-locate closely tied editorial and advertising content, such as

pl acing ads for roofing material specifically within the publication
because of a special feature on do-it-yourself roofing repairs. The
editorial content selected for the user, including text and associ at ed

i Mages anOwaighaR Mefss. Thése 1R objddtar® WimmRGieAria irie § Orhé Akyb@USes2ESPRE I C
rules. The entir% process,. including the selection of ads and the sel ection
of edi t ori BTPaEGHRekfer ctficigpidistrgion pYSRI8Y once the | ayout has converged, to
attenpt to nore closely achieve the user's stated section size preference.
The section size preference can, however, be matched on average over tine,
all owi ng significant day-to-day variations. 2.5 DOCUMENT FORMAT Once the
docunent is laid out, it is encoded for efficient distribution and

persi stent storage on the netpage network. The primary efficiency
mechanismis the separation of information specific to a single wuser's
edition and information shared between nultiple users' editions. The
specific information consists of the page |ayout. The shared infornmation
consists of the objects to which the page |ayout refers, including inages,
graphics, and pieces of text. A text object contains fully-formatted text
represented in the Extensible Markup Language (XM.) using the Extensible
Styl esheet Language (XSL). XSL provi des precise control over text
formatting i ndependently of the region into which the text is being set,
which in this case is being provided by the |ayout. The text object
cont ai ns enbedded | anguage codes to enable automatic translation, and
enbedded hyphenation hints to aid with paragraph formatting. An i nmage

obj ect encodes an imge in the JPEG 2000 wavel et - based conpressed i nage
format. A graphic object encodes a 2D graphic in Scal abl e Vector G aphics
(SVG format. The layout itself consists of a series of placed i nage and
graphic objects, linked textflow objects through which text objects flow,
hyperlinks and i nput fields as descri bed above, and NPS033-SG -34

wat ermark regi ons. These | ayout objects are sunmarized in Table 3. The

| ayout uses a conpact format suitable for efficient distribution and
storage. NPS033-SG -35 Table 3 - netpage | ayout objects Layout
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AttributeFormat of objectlinked object |InmagePosition- |Imge object |DPEG
2000 G aphi cPosition G aphic object 1DSVG Textfl owextflow I D Zone Opti onal
text object IDM JXSL Hyperlinkype one Application ID, etc. Fieldype

Meani ng- one Wat er mar kone 2. 6 DOCUMENT DI STRI BUTI ON As descri bed above, for
pur poses of efficient distribution and persistent storage on the netpage
network, a user-specific page |ayout is separated fromthe shared objects
to which it refers. Wien a subscribedyspublication is ready to be

di stributed, the netpage publication server allocates, with the help of the
net page |1 D server 12, a unique ID for each page, page instance, docunent,
and docunept igstance. The server conputes a set of optim zed subsets of
the shared  €¥ht eRetPaIeS2YUERPIBE!Sa  nulti cast channel for each subset, and

t hen tagsv\lﬁacbydmer—speciﬂttrtbut@yout W t Porifa€onangs of the nulticast
channel s ich.wll|carry the shared cgontent. used by that |ayout. The
server then 58Fﬁ casts each user's Ia@@ﬁﬁghp8ﬁt1at user's printer via the
appropri atmagage sePestion and when the pointcastipng is conplete, nulticasts
t he shared content %hg'bidsje&WLi el GHEEgElgS —AfLer receiving its

poi nt cast,[_each Ina]ge_spr\/pr and pripter subscripes to the nmulticast
channel s SBE@DE| ed PesitioRe page layouts. During the nulticasts, each page

server and printer [gedphi@ebjsctimom thejsgal T cast Ssfreans those objects
referred t by—t-sl-page—tayeuts- T{g—p&ge—se##ers persistently archive the
recei ved pgag%péyouﬂémgﬂﬂ shared content. Once p printer has received al
t he obj ectfs to whic refer, thelprinter re NPS033-SG - 36

creates the fully-p erizes and prints it.

Hyperlink Type -

Application 1D, etc. -

Field Type -

Meaning -

Zone =

Watermark |[Zone -

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 IID> 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 poinicasts
cach user’s layouts to that user’s printer via the appropriate page server, and when the pointcasting is
complete, multicasts the shared content on the specified channels. After receiving its pointcast, each
page server and printer subscribes to the multicast channels specified in the page layouts. During the
multicasts, each page server and printer extracts from the multicast streams those objects referred to
by its page layouts. The page servers persistently archive the received page layouts and shared
content.

Once a printer has received all the objects to which its page layouts refer, the printer re-
NPS033-3G



Under normal circunstances, the printer prints pages faster than they can
be delivered. Assunming a quarter of each page is covered with inages, 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 3Miit of page data per second, which
is simlar to the highest expected rate of page data delivery over a

br oadband networ k. Even under abnormal circunstances, such as when the

printer r U&@ate?ﬂlt‘:ﬁﬁl;-pﬂﬂﬂgﬁlayduganhﬁaellu'a&&izé’saném{snt he user will be able to
repl eni sh the pa supp. before t Prlnter s 100-page internal storage

capacity is exhaglé‘?eé&‘mﬂo‘i}{é‘%i‘ésfamef fthetlﬁ’é bPri‘nfftPé$as§aSiehi}'@r N capBiretliyertfoes fil |
up, then tReuijihd nip@ftervidf ledch PazeUnabred with imAEk ehdiGerag@ipage tblb ki€ a&tss Waen 1t
first occu The net bI| tion r t her ef al | rinters to
submi t reqioémf% ﬂF’ r rlg il |°f:eahsfdam eWesr??zlayocsrufhtri’aéesmgsmemalf’g r’gqUS’Sts is
recei ved odlloging ifergterpporarsolrdlgns stc. T hreprter ports ptea ratgl df icpasdgs pertrecogdrhsspondi ng

shared obj &;Gitvﬁent m@mrqe&uvmtofb&eram &ond Bntikdhiid Wefiar 6 312 hREQALGS AN exact
duplicate at retrieving its page |ayouts and contents fromthe

rel evant pa§atR é"r‘ii‘é’lﬂeh" ?ermﬂet%UNEms Wien a net page docunment is
request ed on dermmﬂundetabﬁ&&albecmua&ema;busedeﬁmbrﬁekmuedpapm1tmm§$1ythe sanme

vay as a PRLAGLEh) nHBIGY el emsﬁltﬁa%sqe';pg@?béﬁgﬁ Q803150 SO0 LRRLL o figL ! very 1S

made directly e requesti ng & useror ast. Wen
a non- net p@@@lﬂd@e@ﬁ‘éﬁ@ is requested on demand, it is not personal i zed, and

it is deli veredmw@eﬁlfqﬁwmﬁgmm%&a@%émmtﬁlenrtge SRV &iil tihheR & ef or mat s

it as a netpa ocu net formatting server is a_special

i nst ance o‘?lB‘ g??e@? ttﬁfh"’i‘ i %E gﬁwwagﬁﬁ‘&w%@? FRgerarFal T Ayt er ver
has know edgabnof remsts fmse -hudticests @hed @ cutiehtunfbor afatasestsiis GLaai RY 2 Acdedne' S
Por t abl e %wnﬁl@gmfgrnm&asngms@oﬂglnmﬁ@d%ﬁéﬁ Markup Language (HTM.). In

the case of HI It can ke use o er resolution of the printed
page to present W% fdggesent ﬁp&mﬁialatnrm@bwmﬁodfl@rww firlipptegatiagy fge bpf
contents. ﬂeﬁneﬁ@ms@ag%&@aﬁslaﬁ@&ohtymsﬁ’&ﬂﬂd@le@dnipayé&bw@ages directly linked to the
request ed ?ge § HSE! po& s tune this behavior via a preference. The

net page fo mattl PYRPOGIEN st andard net page behavi or, i ncluding
interactivity aﬁdlerpenesﬂrastdetrment isgermested ok denpmd, &pan bl n@rwmectd agddelivapgdtin  no

mat ter whab,d s Qhnl %pasapﬁmwéamm&er PRS- lsmos\ﬁéraﬂ&ﬁteaf adtidf 80t

docunent formats from both the netpage printer and the netpage page server,
and hi des W?}W‘é‘%}@@q‘ﬁmgwteﬁ&ﬁﬁaﬁ@%ww}ﬁ*ﬁom Veb servers. 3 SECURITY 3.1

CRYPTOGRAPHY Cr ypihegi amhitphd® duSm@inttiOrefic@idetit dem@iasit isi iCpersdhalicddnt @s bot h in
storage ané%hveredtvgaaan es1gﬁate§ rr‘le zggg fo[\rlnl?a Qn?é?’seﬁecr; wch 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-coluinn format, with & table

of contents. It can automatically include all Web pages directly linked to the requested page. The user

can tune this behavior via a preference.

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

3 SECURITY
3.1 CRYPTOGRAPHY

Cryptography is used to protect sensitive information, both in storage and in transit, and to
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authenticate parties to a transaction. There are tw 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 symretric cryptography, uses
the sane key to encrypt and decrypt a nessage. Two parties wshing to
exchange nessages nust first arrange to securely exchange the secret key.
Publ i c-key cryptography, also referred,;to as asymretric cryptography, uses
two encryption keys. The two keys are mathematically related in such a way

that any m@maemmmactuﬁlmge%%msegm gryphFen WeSHYRLEsHel Ng the
ot her key. One of these ke S is then‘wgubl i sh e the other is kept

private. THE BURNERbLaY Pebligheyy oppjomsmby v e &Wg%é‘?g’%fﬁ e P f&Eet Of t he
hol der of teography. vate key. Once encrypted using the public key, a nessage

can, ont Y be e0T XReH MRbRGRSAIRE B s K TOMSL B, AL HL 65BN SeoUr el ¥

exchange nessages W t aving to  exc 0 ensure
t hat the pffvettad ideqyrt 3 megsaggr EWo partigs SW%ITQE e bxchapge Wﬁéﬂgﬁdmﬁbﬁmfoﬁﬁl'awqéo private

key to genﬁg@glgaext;ﬁmgeﬂmycr@@dyr Publ i c-key cryptography can be used to
create a digital sbi.ggaturet Id(gr f the private Kkey can create a
known hash of a FEREXYe “AAGET? %n S P hE KERCUS CRECERRYpPIY YR Kkey.

Anyone  camctypron keyerihf ywo fept ard ihaheaatioalisptlated ina&lh ac@p gl dnylmesagk Berypsd gnat ur e”
of the hol Qﬁl% J kegv l@ﬁ olafy b¥ a‘f&fﬁ’ﬁ ﬁsnﬂ tﬁen)thel: ﬁez [hgse gggs (s rphﬂhgﬁé#l %hﬂgre ssage

by decrypting °the encry Jsi ng veritying the
hash agai n$f °thgds kﬁ1§§§‘é?§’eTheIPPbil° Ilf@’ 1%1“@41‘8?’&?1‘3@* qng ma%iﬁé HEF@@PdthS ﬂﬁﬂi‘@“‘?f@’é@ﬁge t hen

t he reci pi givhte Qéy ohe encﬂ@ﬁ:&ﬁ@@ wbnb%y fa}fne&@éehbaﬂ Ji@tbetdl&@ypmes&aggﬁ‘e pri¥atgenui ne

and t hat in tran

crypt ogr ap% tkvo pfrﬁeesr"%n cure%f%‘ CaREE fvghoﬂt% PP ‘gexﬁlﬁf‘ﬂ?eacfe%eéﬁy whi ch
prevents i Tﬁp@ptzv;@)ﬁattheomyatmw & spyrenid ismadinjal/fodtbnleldgs ofivige prieatd kefy itchase @ead
certificatgy ?,ylthori ties. A certificate authority is a trusted third party
whi ch aut henti cates the connection between a public key and soneone's
identity. The cePtliFkegnBtogarhy 6 beysed iorcrepte a dictahgznsuresBis heldsr gighp arivge py
exani ni ng keglest drday a lAOALIAENTS me&ﬂgﬂ: ahchﬁéh @E@ﬁtﬂ&&aﬂlﬁﬂn§ihg ﬁﬁvaﬁ kel,i g’hj&oaé
certificatg nta Lhe | ' gnLity detai ey.
Anyone who' r us Q‘:}]g&%eenrc i ca cémsatﬁlt hoOF it g{}yc%notfﬁl &e“ﬁ LFE‘I ke% lghl n the
certifi catiespagt torﬂwépamuighm?ﬁ@gfr@ée@fpﬁe&ﬁw cemipted Hadhawsing the P@lltgl@m endrvenfyiirmey j ust
have to vewd hath bRk deltResGBS i thd GRhthre b%pén&‘é@@ﬂle %ﬁﬁke BdndRedcil¥nt bHGe
certificate authorit ic key is well-known. I n npst transaction
envir onrren‘f“lsgsag?ﬁﬁi‘“?"éy Tﬁ%ﬁ‘?ﬂ%&a&f’ ﬁﬁwm%/?détﬁi lyhaag%aeefl gltepef! infpagsityi gi t al
signatures and t @o sekamelhcykegmﬂstagﬁ@m gek) thire Eaes@bmwiyayﬂmtnae@p@he ksy

crypt ogr ap\mfch eﬁe‘%ﬁsﬁa ir?oqlatgll lThgtg']% a119 YRS SCertJﬁcatés Q?d ce a?e an ntcljels scussi on,

when referen | secure“trans SSI1 on orma 1 on Abetvveen a
net page pr‘ieﬁ‘ﬁéﬁ‘e Afgrity Ss?’e‘@@‘é# WW whish eréheptgﬁa‘h‘ia‘b?)%%ec‘il@ thFYaftﬂ atpiyelickey nt er
obtai ns  the s&RbMATiddmtie Tk kdriftat Quthcﬁ:byt REME &aéfph@&l slilenitty b eaBfnRE @GRy t O the
certifi cat g aut hor(ﬁhg aUses the p C{L}Jﬁb 1| C ﬁ A tg%% ke%; LN thte certificate
to exchang® H8EEPePehaEr B eaF digipeeyt cé’esc@}%?g o Hideptity defails
NPS033- SG public key. Anyone who trusts the certlﬁcate authority can use the public key in the certificate with a
high degree of certainty that it is genuine. They just have to verify that the certificate has indeed been
signed by the certificate authority, whose public key is well-known.
In most transaction environments, public-key cryptography is only used to create digital
signatures and to securely exchange secret session keys. Secrei-key cryptography is used for all other
purposes.
In the following discussion, when reference is made to the secwre transmission 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
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-38 secret session key to encrypt the nmessage data. A session key, by
definition, can have an arbitrarily short lifetime. 3.2 NETPAGE PRI NTER
SECURI TY Each netpage printer is assigned a pair of unique identifiers at
time of manufacture which are stored in read-only nmenory in the printer
and in the netpage registration server database. The first 1D 62 is public
and uniquely identifies the printer on the netpage network. The second ID
is secret and is used when the printgg_is first registered on the network.
When the printer connects to the netpage network for the first tine after

install ati Qbret sedsion GdyQ EREPASINGHRRL t£ ARURLE GdyPlyl 4BiBonK@Y hPRlak arbikrhrily F ANSM t'S
the secret IDgtgnd the public key securely to the netpage registration

server. Th¥ogEF{Rs conpares the secret I D against the printer's secret ID
recorded 8.2 itsNduirabBBBTEREGEJURATYCEPtS the registration if the | Ds match.

It then creates ' .a certjfl el | 's. public ID
and public si gna_f% gc(rﬂé&k%gﬁmgeﬁgs aggtlég%deiﬁ%ﬁ%mg@?%%@%g% e@ﬁ)f{ﬁﬁgﬂp’%&?‘ §§)r ation
dat abase. Fh#orpbip Fradenly gejrosy wdripgricrand ip ée ngfpage registragoncserveridpthbaget Eredist hor ity
for netpage §fik BithE Snd wlqRGLidbifiesNRSprAff 8SHe hdbagiefik. Th QdoARID RRecith | OW Ng
it to verl%%_sprl ntherthl detntji. . V\the% a_user Eubscrl bes to a publication, a
record is EPEIFEITFHDEHECHE ‘%%f@géserr SPEPPEYTSn  server dat abase authori zi ng
t he publisher toWien it ptilte coulodts ©ahd Bipagecnetehdk farstbe fist whef diwd ihstglationf ier or a
specified i : ] i @ er is
BLakddh Sbnampep %/rpﬁ%m&tm s ﬁafh%uuﬁsf?he%eogeft Ej‘y&nt% Ehg%{ﬁ%ﬁ F?yggog&ﬁ%éf

addressed to a particu user” and 1s signe ) r “usi ng the
publ i sher ' %thBgs roediration sy YFathe BrrEspmPartdheserss IRk wpip the papqrp sestst INgpggrded he

reg: stratints daﬁtﬁ&aﬁﬁ,ac&e?tathgtrﬂﬁuﬁidbiﬂtﬁefmh 3 niaﬁh.am!mlshocrniasz-eﬁhdlgsgmdaeJ:ejre;ﬂa'h fite t he
publication to.t spec) fi ser. The. e, server verifies the signature
oo’ he.Babfiet i BRREL uhbile b3S sl SRR kST b koD g el 6 B
certifi cateusgtatwngldtabase. t he regi strati on dat abase. The net page registration

server accepts reQUeshs Lauld sRid Md R AHEDRLLERML BNRuhR philke:s, sfad gbase, so
|l ong as those requests are initiated via a pen registered to the printer.

3. 3 NETPAGES PERS SetsiRprmatigtaliovias | ogenty atiptsr deni®e i gned a uni que i dentifier
at tinme of manuf &tkut esevhibehbds So 5 peblieflod, A rechde ereddddyin R ABpage kagiskdlion pen and

0 the net pageledl slibhd e SRYE! UAARASR kP RENLR Rdul!li el
identifies the pen on the nePpage net wor k' net page pen can now' a
nunber of wetifsdgentpr Fvspalpgimernment tv apriptet 6 2 pranserknigeddressed toupbienlzgbsepens. A
pen ConMUNiyg &tsBsiedWy i pabliktel RS the yabﬁshefsrpﬁdat@ségnsr&g USNEN pde SORL vapligNAYer it is
Wi t hin ratgge of t %&grlnter. ce a ﬁ n and printer are regjl stered, they
regul arly EXERSFYE Cubyrdift apedlishepianerized PEvEene PPAREM © Ledpgifedl ink to
t he pri nt ewsgr. Thepage girtealverifiak the Sigadtwa ysnpethe pyhtitheds piblingeyl bigained FpmopE | at e
sessi on keﬁ(lb?&rgicérgilica{-e@lj&e&Eltlﬁ%é/g%&it}oﬁmmetted inthe clear. A pen stores a
or t ]

sessi on key every printer it knows, 1 ndexed by printer ID, and a
printer stores ANSEYEEOISRENONT FHFveRien(s Sa1es o 46 Pngtingj lerizatipnhp hen | D.
Bot h have @tab®s g lolits tHoteRbdu@isatQhi@@R 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
read-only memory in the pen and in the netpage registration server database. The pen ID 61 uniquely
identifies the pen on the netpage network.

A netpage pen can “know” a number of netpage printers, and a printer can “know” a
number of pens. A pen communicates with a printer via a radio frequency signal whenever it is within
range of the printer. Once a pen and printer are registered, they regularly exchange session keys,
Whenever the pen transmits digital ink to the printer, the digital ink is always encrypted using the
appropriate session key, Digital ink is never transmitted in the clear.

A pen stores a session key for every printer it knows, indexed by printer ID, and a printer

stores a session key for every pen it knows, indexed by pen ID. Both have a large but finite storage
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NPS033- SG - 39 capacity for session keys, and wll forget a session key on a
| east-recentl|y-used basis if necessary. Wen a pen cones within range of a
printer, the pen and printer discover whether they know each other. If they
don't know each other, then the printer determ nes whether it is supposed
to know the pen. This m ght be, for exanple, because the pen belongs to a
user who is registered to use the printer, If the printer is neant to know
the pen but doesn't, then it initiatesgthe automatic pen registration
procedure. If the printer isn't neant to know the pen, then it agrees wth
the pen t Ocap@RPfotsessioh kéyfllahd will RBgePSRssioh k@'oﬂﬁﬁ%t—ie@enﬁy—ﬁs@@lﬁaﬁlﬁ {FGecEsdddy. at which
tinme it |n|t|ate%there|str%%4{ ocedurﬂe |t|ontoh|t{kes ublic 1D,
the pen contains "a s&kPet Re¥ W&ﬂé"‘emﬁl&f 31*??8 T{‘@Q}"%&S‘ﬁ"&ﬁ%@’e é)qgi’s al so
recor ded ilmowhkehdepldey doalyilkatercathi obnr, thex the printka ladames vethériitesupfosed to

MANUT aCt UI v RGED Shis RO ST HALLAR, bécEL@ o BEMnbbBN3 Bl Serh s RERccklPid o t NS
printer, and thé printer transmts t net page registration
server, Thée E‘éﬂ‘%e‘? thy PHEPrAE é'%anhtosl@%‘%#ﬁrﬁ’“k@y d?*‘é‘i”l“ﬁ’é“rﬂ‘i‘%‘ﬁ@él}e RSt t 0 use,
and s fec u L aeglyraﬁcrnmsaufesndb Qmﬁ@S?SSE Q@anktﬁ}éndv&ﬂ:hé RE, t]ﬁbhhtEb@ds with Erllle ﬁénst@:kgﬁcfr@-n_sr hm ts a
copy of t si on en te the pen' s key-exchange ey e
printer stgr Zlgtﬁef e "I |1%an&%ré8g °uﬁtaé\r,\1r]f% tfe 1 ipifiaies B Geegs at{oﬂ%mi? and
transmts the enbraggitiego s-feslblmiﬁ thepen tantainly @ seqperkey-Fivkangekmy. %@keesxdhme sessi on
key internglliy s mﬁasaqn teyneipsg% rpgqgue&o«arseﬁvg dafabdld cheme & halGeae rblfaﬁg

|rrpersonatea§en in pen regi stration protocol onl?;area can
decrypt t HEs'SE ol P?%’e‘?”“i““‘éﬁ% i 1Peey ‘bG)P“?thea“ﬁrﬂilerﬂf’éTer trapgraifs the HﬁPé@F%‘G‘?‘sI y
unr egi st eretagagiduatidni strSdr. THRGErSdr @em@ehies b tseshitn 1&@ fbri th8 pridfir bEepehl Bl sk, abd 1S
L!sgl(;e?o JI[_ g a.g‘u(léeg)t? @aélsna@‘ {.he%«%lmgx;[ kee&'%qheblilltmer E{gﬂesg \é'gn% pg:ﬁ;pyr oé" glle & ss:gx}ke%lm%%tgd to ?g
regi ster avifieby nesekevteerhosp kdy. Ihqemnewoveﬂre Fessi%!lkenn'amlbfalh‘#eyedlhyrttkedlmor to
add a new pe ﬁaﬂs&tﬁﬁb éa Ms@ﬁio&'l&?ﬁo thel f8. 16 PenbRRS (1R SGGEH kel Bderda @, BBExed AN

publ i c key egcrx ecause of hardware performance constraints in the
pen, NENTS The net page system supports the delivery of
secure document sABmthaa”sketpan:daememdeaﬁ@mpthm@mréghmmeprpta@e ofily h fehl@en | NCl udes
a facility, t only do so on request from

publ i shers a\%\ﬁ R@'Ir% Sgw ta %%&Ig%%ﬂ%ﬁefwgu The publisher indicates its
authority to pri Mrenorreiqey puseeisierpd jpensis Bisiegiftargdalt & of lihited setvn@l itgs likedr i s

abl e to aubhes. LatiGered b uniRh&P FBY i Bnly Rlokal tbmlus}e&%e@sst RARIEESI @Hm%b& ernative
dither matri X er mar k ns of t o- back

pages. cont S FaRAH G MR g oS RRPStee BorRET ol RS obr i i el
The di t herto pditamee e imedisingugdd and even pages' watermark regions are
desi gned to prodyge g}pugeptsggr e e n L.QNS wed

t oget her, achi eved B | ook |négt gfl?a(ra%fjglﬁn ehépl)%?n?&%& f}lg%lt:aﬁl& Pﬁlg?%eegt is
simlar tdoegorwa%cer%a?awts WheReAt it is not visible when | ooking at only one

si de 34 SECURE DOGUMENTS

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

The “‘watermark” printing process uses an alternative dither matrix in specified
“watermark™ regions of the page. Back-to-back pages contain mirror-image watermark regions which
coincide when printed. The dither matrices used in odd and even pages’ watermark regions are
designed to produce an interference effect when the regions are viewed together, achieved by looking
through the printed sheet.

The effect is similar to a watermark in that it is not visible when looking at only one side

of the page, and is lost when the page is copied by normal means.
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of the page, and is | ost when the page is copied by normal neans. NPS033- SG
-40 Pages of secure docunents cannot be copied using the built-in netpage
copy nechani sm described in Section 1.9 above. This extends to copying

net pages on net page- aware photocopiers. Secure docunents are typically
generated as part of e-commerce transactions. They can therefore include
the user's phot ograph which was captured when the user registered bionetric
information with the netpage registratjoon server, as described in Section
2. Wen presented with a secure netpage docunent, the recipient can verify
i ts authenticity Paddy off REEHE MG kdnSot Bt adpitd ubifk ﬁl@&lil’dﬁ}'-lﬁt#)ag\é@%y mkB@niRi que 1D
of a secure d%cdurr%gg. ils gnly valti dd for the lifetinme of the docunment, and
secure doclERT T EEUG e AP ot i a0 BRIk P BB L P PR BRI AT P Rei r

predi cti on by oppewnteutitwmicnts arf gypgaltyssenclatgles pare ofttemnemnd trangiciidng. dhty @n pen can
be deve! OP@icke et iRl inhet ﬁserbsnpht)t%&g&a\g]!ﬁcho&]asvﬁﬁdufed Gal ﬁcl?ugep:ré Wd b ohemfPPOr t
easy point-of-presentation docunent verification, ear f nei ther the

wat er mar k FoFmatipvitidis negegs prsistispaisienpdlesdbed ineSeption d: crypt ogr aphi ¢ sense,
'ghey sinply p][ OV ivden BreShtgivit A:sadlsﬁre &Hﬁgeaﬁhﬂaeﬁtptheﬁa?i_aﬂt A0 g8 iy athﬂdiditg}l_ed
ocunent vgrificatiron, .particul ar usl verifilcation pen. provides an
added | evel” St SBE U ITY @ﬁ‘gr“ By J[sﬁér‘]%lgﬁg% , O?BLifcuﬁes‘io%‘F‘imftlls © o‘f’h‘%ﬁf ?"Fel y

i mmune to Kegperfitesloc@ies, MNACREFRUDMAT(IDNarE pildchial mwetpdigeudyetpenynt fheir N5

submi tted Xdiét'i@@ﬁ)_sopa&rﬁmigtﬁl thry &, Qeduf dodidedt vtn@iczltg'l&?&l 2 EEdc{e:@Jl ed %&%aﬁtﬁ e

persistent]y archived on netpage page servers. It t herefore 1 npossible
for reci pi Britedbapkpn verifisafiop Slure. JfupRPECsY PREIROSRIGISRIALOn JorpRENk Y&ilisaiole t hr ough t he
system as descr iChaty idthcD@etvabindk ndri @bSsopholofibssd Rhee fnof cridirgpmyee to

repudi ate. 4 ECT. | C 4.1 RE ECTRONI C TRANSACTI ON
(SET) The e her sblefeyiob N Mekinial ot & dndl by, O Rl Yoo P )

syst em as etisulgty ysing a vesifigatiemien.gyayidey g addSiElEyel htppdurity Where it ischeaded, bip éditiby
Mast er Car dpifirel iSAuneltSoRE@aNi zed around paynent cards, and this is
reflected [p the term nol ogy, However, nuch of the systemis independent of
the type accDONREPHIATIN used. In SET, cardhol ders and nerchants

regi ster with a tetht hdigagadygens dirho subhitediitlusas ere idslsredl reiablyho feas handlerg at es

cont ai ni ng, thei r.aubli ¢ .si he certificate authority verities
a cardhol der" S Igefs_eg?@t a?%hﬂegﬁggée%ag? F%X\?\fnt’e%;' ? Hgglgrg%roﬁf llmggsstsﬁél? ltlcgsrem beﬁéréé%ri ate,
and veri f i €&*dgtedgliveant ' s registration details with the acquirer as

appropriate. Car ghoh€@isSpanchimRie NROIE B §5n,t PeietoribASRBECdibY 8, RE laNat €
conputers, During the paynent process,

signature . keys securely on their

t hese certlimf’f’%lglfg"é&ﬁpg’e%tgéeau ¥ mutual |y authenticate a nerchant and
cardhol der4 and EcEcaremefonMmErceMobam both to the paynent gateway. SET has
not yet begp adopigphet dskdvic PRiNGhndRGSEHSE cardhol der maintenance of keys

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

payment systems, SET, having been developed by MasterCard and Visa, is organized around payment
cards, and this is reflected in the terminology. However, much of the system is independent of the
type of accounts being used.

In SET, cardholders and merchants register with a certificate authority and are issued with
certificates containing their public signature keys. The certificate authority verifies a cardholder’s
registration details with the card issuer as appropriate, and verifies a merchant’s registration details
with the acquirer as appropriate. Cardholders and merchants store their respective private signatire
keys securely on their computers. During the payment process, these certificates are used to mutually
authenticate a merchant and cardholder, and to authenticate them both to the payment gateway,

SET has not yet been adopted widely, partly becanse cardholder maintenance of keys and
certificates is considered burdensome. Interim sofutions which maintain cardholder keys and

certificates on a server and give the cardhelder access via a password have met with some success.
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certificates is considered burdensone. Interimsolutions which maintain
cardhol der keys and certificates on a server and give the cardhol der
access via a password have net with sonme success. NPS033-SG -41 4.2 SET
PAYMENTS I n the netpage systemthe netpage registration server acts as a
proxy for the netpage user (i.e. the cardholder) in SET paynent
transactions. The net page system uses bionetrics to authenticate the user
and aut hori ze SET payments. Because the systemis pen-based, the bionetric
used is the user's on-line signature, consisting of time- varying pen

posi tion and presgpypaymenrd | ngerprint bionmetric can al so be used by
designing a fingerprint sensor into the pen, although at hi gher cost.

The type of bi oné"t‘g? RIS “%%‘E%‘%faf“ﬁ‘e*e‘&%ﬁftﬁf‘sé HS‘P‘Y f‘{rﬁ@ BPHTEFi ¢, not
t he aut hor {i.zalicicatihoief) @CIET pafmehthensytisisem The first step to belng able to
make SET payment sy 8t of &l BlforkfiE: dSGonTaRRTEL Ll Colld D orrt G061 PAGE
regi stration server done I'n a control envi r onmen or exanple
a bank, mh@@@meﬁhﬁmﬁﬁémﬂﬂﬂﬁ@‘@ﬁhW%@méﬁﬁmuhéﬁﬂapm@Wé%Q@WBCWFWEgaﬁm@he user's

identity iarRpkd %oﬁ'iqen a]ih'ﬁre@hr@@ﬁxfgb irt gmm.gﬁdo&ym@phemd Tﬁ&@@@ﬁg dfﬂ)gér%ﬁl
regi stration database ked to the_user' %Preco e user's photograph

is also osﬁ?siob‘ﬂﬂlﬂﬁ}’e’é é‘ﬁli"ﬂ a lagher pqsh Theyrept PiRmetrcpsed oply afifcls thgeprteofino| der
regi stratidabipnadess the suthooieniiy Bpee of tensghstdnhe resul ting private S|gnature key

and certificate %ﬂeeﬁrﬁtsgé %gyefn th]tg mqgehﬁq‘:@ﬁneml kﬁo re ]§th thesusg‘%)é%% e Gl d

information is also st Ivin age registration server enough

i nf or mat i ole REPAERFEiggtiqnter S S%d%w9wymmﬁﬂahvws5mmpévﬁ§ﬁmm1w@mba@@¢on When
t he ulser beme&wadid Yan S RiHnir&3Sat d Qarkd Q?@isrthecus%& iGRP liLtAA. ’@@Wl@ﬁ&nl ¢ if or

exanpl e by ni.n N e t he printer_secur transmts
Che br derSRPSTAEERER ¥ it BEREH i Tk o 05 RArPIE BEPE 1 PREIR: page
regi stratiasw odenaby capﬁw mdrlinkyd wehd fee@d THaeBHII moldarcegmuaﬁbnrmmot to the
user 'dentéoinhﬁgd by &ﬂ@qesm bebuo 3kt O SRk A ey WRASLHREL The PP OXY T

conpl etin transaction. 4. MENTS The net page
system i nc‘lsﬁfcfe%ay’&e%érﬁalﬁﬁ"’é‘}ﬁ“f"ois %%Oﬁ%edpgm rf]t‘es netﬂaée éﬁgw‘&m Fevensapek o be
conveni entmm@haftgeﬁaétmusmslpﬁkymgnﬁsmp@;&&mudﬂmments on derrand and for

copyi ng copyrigh document and po so ar, Lo be
rei mbur sed for e%@nn'geegsef Wgﬁ?aru%a] pf’l%s e blr?f”x A coﬁelgtﬁfa P §'mﬁm i ?Xé‘?’? 3Fy The

| att er depesndg a@sipagh erdérdya] ﬂl@lﬁnnyubsmdytr@smlealdwq@r iofpinghéich. th@pethE agbthe . When

the user rggheatcehs «f @& neq,a %@E&% serfer. AGL wekveﬂﬁé;%rﬁonieélc%mmeet%ma whi ch
aggregat es m Cro- payne user recelves a statenent on requl ar

basi s, and‘sffdﬁengféetdﬂyéh"ai’f‘? Do S HY WEEF theBr A Reosy H’s?"ﬂ’@‘e'ﬁ"ﬁeth"s dar d
paynment neehadt samsactihe net wor Kk account can be extended to aggregate
subscriptipn fee |ch I’PApﬁll__Ih{{ngl cals, which would al so otherwi se be presented
to the user int of Mor i ndi vi dual statements. 4.4 TRANSACTI ONS

The netpage system includes a mechanism for micro-payments, to allow the user to be
conveniently charged for printing low-cost documents on demand and for copying copyright
documents, and possibly also to allow the user to be reimbursed for expenses incurred in printing
advertising material. The latter depends on the level of subsidy already provided to the user.

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

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

4.4 TRANSACTIONS

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

to embed a user-specific transaction ID 55 in the page. Subsequent input through the page is tagged

with the transaction ID, and the application is thereby able to establish an appropriate context for the
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When a user requests a netpage in a particular application context, the
application is able to enbed a user-specific transaction ID 55 in the
page. Subsequent input through the page is tagged wth the transaction |ID,
and the application is thereby able to establish an appropriate context for
the NPS033-SG -42 user's input. When input occurs through a page which is
not user-specific, however, the application nust use the user's unique
identity to establish a context. A typjcal exanple involves adding itens
froma pre-printed catal og page to the user's virtual "shopping cart”. To
protect thgetsgfut S privacy, however, the unique user |ID 60 known to the
net page systemi §¥not di vul g;grdggﬁjo appljcations. This is to prevent
different appli caliedifPErostdeh gy Beh ¥ potdisrrrcide ioyeven g Famigdit | v
accunul at eglushedaahe weraluniqetaitiatity Thestahlish p agext. @gtysital ataingll v elved addingnishead

mai nt ai ns A | af.i I I ion via
a uni que a |a29%%y%g#&éa£ogga%vtﬁ&?ﬂée fgﬁ%ﬁsg%p%ﬁgoegat tglgl'j%ggué‘% fvates a
hyper | i nk }eaggsdiewniare vss & 6¢lagiste S agipasaiysten isgetalivulgpido patisstiepe THigdsdo ser ver
asks t he ngtRagETFa0pPlckidh pRRiders 86 Bilyl RrrblftAR HidkeRicdi 8cASANE] RhRMral
application ID 64, together with the pen ID 61, into an alias ID 65. The
alias IDi¥%hen subnitted to the hyperlink's application. The application
mai nt ai ns st at e Thd mtpae fegnraiionchevedndyd shin@ies iiDmosymdus slatidpdhép tieoverred r i eve
USer - SPeci fobCn® brBhichddf O TBid @ Bialir ,%@é@@}é\%ﬁ%g@;.%e&be?glghs(ep&hwteggnt! ty of

the user. The system al so maintalins an ent certificate and private

si gnat ur e Resigkdpeeeuith ther registeigd atirilute, s P¢tpage paghEeTver asksdlhe n8ipage registintion gn

app: i cat i Oﬁrv‘éﬂ’t&ﬂ_&fﬁ_ﬁfeiﬂ_ﬁﬁ?o@ﬂedﬁ@ﬁlﬁhfo%m 64, m_@ethﬁﬂzﬁththsbémm,! to an alias ID 65. g

application-specifi.c infor ion. Tg assist the systemin routing product

bar code (ﬂﬁéﬁas' i?ﬁthFﬁgﬁk%ggéﬂe;ﬁWaeflﬁn%ﬁ%p?ﬁ?aﬁoé" system records a favorite

appl i cation on b&hadbligfionttpntais etatefl igfprmmatiop indsrdddy abds Ipr @d ucdblet ty padgeve Each

appl i cat i Ofkerl spechit SAE inddrBSioNlufduARoARRL bGRIABE iRhRY iR serand the system

mai ntai ns an account on behal f of each application provider, to allowit

to credit and deBblt>iiFrealigrmeiang e paspendpnt eqetificpts pnd pgipts sigaaure key forgprh of

appl i cat i onusprOapplikationsae alvey @ gl dpplivation Afansp@iohsOmi Rt & WS biag oapnt ent .

The syste recor ds. user's willingness to receive the subscribed

publi cati ?ﬁ?ﬂcgtgog\ﬁgﬁ%ﬁgglgonf]ﬁlgn'expect ed frequency of publication. 4.5

RESOURCE DESCRI PTP &N trNpte@PpRingodit par efde (YRE] “lomdslindi” sntivationsf thesysta@s our ce

descri pti oRcdedsd$Sorkl SPLAMBnlos bhBOYIel uber Fir Sy n8mitPof prdadé Rpdocument and cont ent

obj ect may be degc ibl%gaéib%/' one .or rrgre resource descriptions  842. Resource
EPIOEHPT 1 e

descriptions use“t BT S8 2RPHCEPR ATt S8t the SR pajniing &% gned t o
facilitat eaccalhtoosvialf yf @fh gpetaeriviler @tiow ¢ @scredButid dehit Go pevitie fadhadka
confornms tg. the.Warld Wde Wb Consortium (WBC) Resource Description
Framework (R

at

" An application provider can be a publisher of periodical subscribed content. The system
records the user’s willingness to receive the subscribed publication, as well as the expected frequency
of publication.

4.5 RESOURCE DESCRIPTIONS AND COPYRIGHT

A preferred embodiment of a resource description class diagram is shown in Figure 40.

Each document and content object may be described by one or more resource descriptions
842. Resource descriptions use the Dublin Core metadata element set, which is designed to facilitate
discovery of electronic resources. Dublin Core metadaia conforms to the World Wide Web
Consortium (W3C) Resource Description Framework (RDF).

A resource description may identify rights holders 920. The netpage system automatically
transfers copyright fees from users to rights holders when users print copyright content,
5 COMMUNICATIONS PROTOCOLS

A communications protocol defines an ordered exchange of messages between entities. In
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A resource description may identify rights hol ders 920. The netpage system
automatically transfers copyright fees fromusers to rights hol ders when
users print copyright content. 5 COVMMUNI CATI ONS PROTOCOLS A conmuni cati ons
protocol defines an ordered exchange of nessages between entities. In
NPS033- SG -43 the netpage system entities such as pens, printers and
servers utilise a set of defined protocols to cooperatively handl e user
interaction with the netpage system FEach protocol is illustrated by way of
a sequence diagramin which the horizontal dinmension is used to represent
message f| @wnapge tyikem, vesaﬁﬁeb Gzh aglpdn® @)ﬁht% andSseH&E diills® a k& PF BSBEH prbthd¥R-to  EaCh
entity is re reﬁﬁph @ § a r?ct | e containing the nane of the entity and
a vertical© PRI RY FPIEFTHE of the entity. During the tine
an entity eX|stsﬁmmhum&mreﬂﬂmmmm$b§h®mmfa$mamdaﬂhgdmzhmmahtﬂumMMgmﬂhe time

an entity jiSeaghi Vtged £, heg)résén aLgs%Q abw® Mé"@eﬂ%gl (ﬁm&gglpls%séd tm% Ereﬁﬁ&@ﬁgse t he

protocol s _consi dered t create or destroy ent ines are
gener al | y Eagh c&ifols repaegenisd b aqectangle evpfaining thecrsps oF the @ntmam acvefsraﬁléolmnn a

pr gt ocol . ,5prase§}d§&€ﬁ&em;loﬂﬂe Bty MEB@(mE’B@ Mty Aish! @ wEned sﬂﬁh@d& Jmnig& of f a
subscri ption deliver ocol nunber o
users nay 1gub]gcr %‘5 "%{‘% ¥ étérls 38'31 Ils Sg(’a“f“l gf’id"“ﬁlziilﬁe ﬁ?’é‘?sc RN may
be | ai d outonsddefefi dere ¢ hop crefgeitr desmay ermsar Igtlinexchird gemamadly wirt|shortsih sooe acormibn  cont ent

such as t exhs:ORL&GSR. idobdRge obj ects. The subscription delivery protoco
t herefore dellvers docunent structures to individual printers via

poi nt cast , 3-but dEPBSFBIPHON REWERY EBPTOSA obj ects via nulticast. The

application (i. eApEHﬂebﬂeuﬂ&Elﬁﬂl)neﬁtbfaﬁshbs&liiﬁlaidéﬁve@;d&&UWﬁBwﬂ@F@ﬂmﬁ@r each
docunent from an ID server n _sends str cture,

e
including its docunﬁn?mpﬁ‘fuﬁmﬁﬁa”m£8%5f?5pImﬂgﬁ Q?%m?ﬁ %558' F9%r 10
responsi bl wayfbyraid e differentivetvt ey e’ yditing witlabaedeomDon tdnteptryedhiasl @5t dbjegs own

appl i cat i ofhq ik bbjettklerns t;bo%a{ph&eaehserﬁuomlltﬁmﬁée adhls LhEmER L AR et of
mul ti cast channel nanes. It ns the nessage u5|nq its private signature

key. The piyudesripirs "ﬁ‘é’@’gt"‘ishé‘“& PP %%rﬁl PRt PPIEGH i tigast | D to obtain from
the registrati OnTﬁﬂbpﬂ&ﬁtmn1(1beplﬂ5ﬁsh€r}3ﬁiﬂ®ﬁﬁhﬂgdddﬁ'&lht D31 6& eadah&uhh&ﬁﬁoﬁ asel ect ed

printer | QDngrvngYQIIFIH?n@?ﬁf th & eng:s’ﬁ:t[n:lt&{%1 th+:|1 m%l ‘l‘cugl% tl]_t) hed a% s[cn}% I Lg?e .

may be the user's de printer ication' The
appl|cat|dﬁt§3E@Pﬁﬁﬂ?dﬁﬂ@maﬁﬁbwﬁfﬂhebﬁmgﬁsg@wbeﬁb@®dﬂ8rﬁﬁ%mﬁmemnewsage

si gnat ur e. apfli@tionIBYR, BEEWREibe's BRG WSS, shOiht Revhr® Gt 3F IdidaQNREY WRhesS1R1 | S 11
t he appllcatlgn ID and alias ID don't together identify a subscription

808. The piJaleBFYsr Y AFPLEFF §ERPESHocunent and page instance | Ds and
forwards the pag@he mgsererpbds trspplicatiod Ukath gliap By @ obthis fibf) thetregistriton parient er . | t

i ncl udes ttﬂ@co Qg@n‘éﬁ;@%ge?ﬁﬁ 600[hﬁ H}él- &é §t§é r{i&gﬂp& wlnmﬁg)?phmh¥ %gegted Q)t er to

listen to. en returns e ne ocat e page appfl cation
for futur ethef @plé:latéﬁdé may be the user’s default prmter) and the application’s certificate.

The application’s certificate allows the page server to verify the message signature. The
page server’s request to the registration server fails if the application ID and alias ID don’t together
identify a subscription 808,

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

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

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

previcusly pointcast document structures. This allows the page servers to add complete documents to
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Once the application has distributed all of the docunent structures to the
subscri bers' selected printers via the rel evant page servers, it
nmul ti casts the various subsets of the shared objects on the previously

sel ected multicast channels. Both page servers and printers nonitor the
appropriate nulticast channels and receive their required content objects.
They are then able to populate the previously pointcast docunent
structures. This allows the page servegs to add conpl ete docunments to
NPS033- SG -44 their databases, and it allows the printers to print the

docurrents.me@aabMPﬁthMsmw&sTtbgﬂnﬁg@'% A preferred enbodi nent of a
hyper i nk €\?tl vahl on Eﬁ tocol s shown in Figure 45. \Wen a user clicks on

a net page th a hPeEtRb' CB‘EWON ﬁgmﬁé’h comuni cates the click to the
near est net page mﬁﬁiﬂ@der&@dlmEﬁ[hﬁibeﬂﬂﬂkaﬂdﬂmhpfbloaﬁlstsmnﬁlﬂg@rﬁﬁd a |l ocation
on the page. The“ﬁlga msﬁrcudébl{%gxg mtﬂ%erélgspeh%% B ol ichms he pen

connecti on pr ot ocol rinte eterm Vi a FIU”"[
L A R
address gy !ﬂleb%l dF tHefpén Mh@ehﬁonhéaﬂonwcolhas recently interacted

with the sanme pa orlnter ,_its own printer
ID 62, the page fq% ﬁrde FTeR™ %hﬁdhhetnﬁmf’r éd% léeé’?gféfr."er‘fﬁaeh&\é\@‘ﬁg server
| oads t he tpappeticdeseed IPt‘-iOoTheEaddrdemay fliegigt bbip 1tshe:hqaég@ udebhaa ndente ingrantedi e s

whi ch i npUlinihdRDaeS TR RrertRen thelvard{We peh S i€ bkrfiinte ®%21 de pa gﬁﬁ%ﬁ& Q% the

rel evant input elenment i's a hyperlink el ément 844, the page server then
obt ai ns t h&atrdp e Baee¥™shpl i cation 1D 64 and link ID 54, and deternines,
via the DNS, theTneeﬁa\gofelweﬁrddrse]&sPa@‘ debdigticaPpiénGadd H?ﬁheslﬁ@é/m’ ada(msttelilﬂik@st he
applicatio The S p

corr espondlnhln(igl Ry elenflel?) % n? 35 ?nhe © ?IeCklthg Yhe a%sls’lbnhm tg? \r/eaeermg 1(?ta eﬂ'elfth

al | ocat es kyrglimsismen Sﬁm%mwehvﬁerhlﬁm vﬁtamse*qu@s@a&td[apﬂzatan@ bﬂanlddisk@%hyperl i nk

request 9344 ddhginbyReht bR tﬁe%&w&%tadcﬁésmeqb@mt@meh& RHAYRe aﬂgh&tlwle 44. The
hyperlink request records the IDs_of the requesting. user an et%rlnter and

i dentifies the cH% ?@é%lseh‘ﬁ%lé“reff o een Ws?]aﬁc‘@“’m%“zm“ﬁ?@“dﬁ’&d’ée@gr@? ™ Hen sends
its own sekyentidiBesd, 111 hd thypdisdaien k ghoRAfy @situel @permdequlssellb 501 Knd hailfioa t he

applicati 0, $€.,.40¢ rdl

applicati gﬁpesr%leﬁgfcﬁlpspb%ﬁgyc%ﬂﬁ% g@hﬁgla%s&%?a%‘ocur?ewﬁtm %4 fr on%'p D ser ver
12. 1t thenseragdythedDeiefdipremestipgrseriaed pyiaige ansddepedfes ﬂz@tilckqdéypdmlsmﬁm for the
document ' sgeDeik: Yagd bdrREBEREdS k) ovinQeredr M K3, WiethbbeliR e RAUB Shé RO1RADE, GET Ver'

ID and the h erI ink request ID. The second page server sends the

hyper | i nk @g&% ID and application IDto the first page server to obtain
t he correspondi n@hmﬂicatioﬁbramdesprrésmdob@eﬁaccoiﬂlme td appightiopagreifis bpiv,and r e ect s
the requesfy,t dséaﬁed@wef b eHESt 3R @@a@g € 8behent 5 ﬂegage%eﬁér fifer ent
appl i cation. The second page server ocat es docunent instance and page
IDs 50, r&FurHsl etfﬂéher?@wrym S&F‘Yléél!?%?ﬂ‘ IBa‘@%ﬁﬁ‘FDﬁlﬂ‘t%’ Teqvestingnees seqrersgR anhdds t he
conpl et e dechypRRk rdgGesi IDS OWwn dat abase, and finally

The second page server sends the hyperlink request ID and application ID to the first page

:

server to obtain the corresponding user ID and printer ID 62. The first page server rejects the request
if the hyperlink request has expired or is for a different application.

The second page server allocates document instance and page IDs 50, returns the newly
allocated page IDs to the application, adds the complete document to its own database, and finally
sends the page descriptions to the requesting printer,

The hyperlink instance may include a meaningful transaction ID 55, in which case the first
page server includes the fransaction ID in the message sent to the application. This atlows the
application to establish a transaction-specific context for the hyperlink activation.

If the hyperlink requires a user alias, i.e. its “alias required” attribute is set, then the first
page server sends both the pen ID 61 and the hyperlink’s application ID 64 to the registration server
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sends the page descriptions to the requesting printer. The hyperlink

i nstance may i nclude a neani ngful transaction ID 55, in which case the
first page server includes the transaction ID in the nessage sent to the
application. This allows the application to establish a
transaction-specific context for the hyperlink activation. If the hyperlink
requires a user alias, i.e. its "alias required" attribute is set, then the
first page server sends both the pen_4sD 61 and the hyperlink's appllcatlon
ID 64 to the registration server NPSO§3 SG- 45 | 1 to obtain not just

the user 1Q® @Etﬁi@ﬁcﬁ eﬂﬂerﬁl@c&nlgﬁom td@e&HtID Bkt %0 lfhg'%aﬁb @%o&egﬁoﬁcﬁng to
correspondﬁgg i{o ) g%%l | on {é) %P t he user i ncludes the alias
IDin the NEEPHFETS nft“ albmc S iieaties PAp ﬂ*&ﬁeﬁ?@g%% 5 PRPESE N t o

est abl i sh @dlowme the gypticiién tc establidh @ xifer-fpotifid dastedn oo e hypadinlaetivaiat | on. 5. 3

HANDWRI T1 Ng33 RECOGNL ,ﬁ.}\{, N PBERcE, User draws a stroke on a netpage
w th a netpage pen, pen communi cates the stroke to the nearest netpage

printer. The strW’éni‘H@h@IP‘?siae%m]EW aysgeEc Al 2actpage hevote piveopeagpicateSthe pri nt er
for \r/]var ds tﬁekdqenle hdareft hetpdgt Sris@MThP Etiokd leénluiré;)ﬂﬁ 3ageaﬁaea pRAGEh g0 ?nddst r ﬁke
pat to the pag serve sua e server | oads the
page descripti onqﬁ]\%e P& omafdéglel??‘% Iﬁé’é’ép’f‘% 5%82 ('fgtpgﬁ'aﬁ]?ﬁ%?ld Stk et i nput

el enent’ s edreads8rvar 10 mryg usuhveyst r oke i ntersects. Assum ng the rel evant

i nput el enent isqg pa&gﬁw; 10%}3%68 age ads ﬁ&aﬁﬁeﬁﬁéd" ?ﬁgﬁﬂi X tﬁlﬁ& JLoke to

the text field' s diglt erio zone of
the text fYVhifhgoout ﬂ?én‘ﬁ‘asg?@“es@r i apy @eﬁ@%e ipREcclsefssyngng thfrmleranenqyéﬁmentgs 8t r okes

t 3 t hef regﬂe:&tﬁmamsome PdgE Webler a'bﬂegﬁﬁﬁe dtrﬂﬁe&drf] 8¢ e &bl Bigital B reﬁl strat | On server
identifies the uger corresponding to t uses the user’

accunul at ed hand\f\i/r%f:rtalpeﬂo %@?t gﬁm zS““thg%ﬁf'fee?JqﬂlﬁgaggtsWReeg s{e q‘?ﬁﬁ%lwrl tten
t ext. Onceanfdtthehpadign MFSt edhe frgisstipo keer (1b foreixterpretahian. TRy rgistragibn egmver ser ver

returns theenheestmet@erfc&esgoemgﬁé bile REh, RAGSes AR WPt acc{l;ﬂﬁatéam“ﬁ@ﬁ V&Jaa%@@ends the
text to the text value text field. 5 4 S GNATURE VERI El CATI ON

PROTOCOL A8 S5 Aighe: akes AfRRdwaiften ettt Oniih 4as conypried thsatraley t fest: e Fegisedtiet s i s a
si gnat ur e deived rd:ur&&ﬁe tekt kEthe PRGRInS LY @Fverl DhegPRRBUS appofls B ke itk @xivARe

signature fd %I figital ink. After a period of inactivity in the zone of
t he si gnature ﬁl t he page server sends the pen ID 61 and the pending
strokes to>#he r§§NBIUR§VF@ﬁC§!9N\P@PT®PLf or verification. It also sends the

application ID %e&eg%@rtpecueweﬁtmhggaeﬁe%%a& il istRBnRdr-ORA sioen 1 €l d 1S
part, as well as the formID 56 and the current data content of the form

The regi stlfaﬁeﬁe'a’f’f13@?3?@?@&8’5??@%@“%@%%@‘%@? esponding to the pen, and
uses the user's dframtivdsf gnatigriethbraeedd sign&irBﬁél@ the @lige bafvek bradsstierpakes as

t he user'sID [ ified t at.ur the registration
server uses ?%g&g&% fgnglél 8&6 B@Q% %guoges?mr 1% 80 e?%cattm q‘i alfo Scf”?fe‘guser

appl i cat i ofplspieailp bt asﬁ?ciavﬁét"’éh ¢ fprra plvtichiimpigngtyre fidibin part asswell heth‘k@ym iy
generate % 4l G bidtenSia@ ReHiddf & 1R forkd) Ehef g A k@ver RBAifEEHINAS ok dfondih i t al
signature E)?hetpgr? a1r1 qs &12: Iusre]: 8 Ryn%g]c glgrl;a\t/u%r blon-gt]l% 818 to verify the strokes as the user’s
signature. Once it has verified the signature, the registration server uses the application ID 64 and user
ID 60 to identify the user’s application-specific private signature key. It then uses the key to generate
a digital signature of the form data, and returns the digital signature to the requesting page server. The
page server assigns the digital signature to the signature field and sets the associated form’s status to
frozen.
The digital signature includes the alias ID 65 of the corresponding user. This allows a
single form to capture multiple users’ signatures.
5.5 FORM SuBMISSION PROTOCOL
A preferred embodiment of a form submission protocol is shown in Figure 46.

Form submission occurs via a form hyperlink activation. It thus follows the protocol
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page server assigns the digital signature to the signature field and sets
the associated forms status to frozen. The digital signature includes the
alias ID 65 of the corresponding user. This allows a single formto
capture nultiple users' signatures. 5.5 FORM SUBM SSI ON PROTOCOL A
preferred enbodi nent -of a form subm ssion protocol is shown in Figure 46.
Form subm ssion occurs via a formhyperlink activation. It thus follows the
protocol NPS033-SG -46 defined in Sectjon 5.2, with some formspecific
additions. In the case of a form hyperlink, the hyperlink activation

message seggfmmnggagong@g@lthss%ygﬁn.spmﬁgﬁdlggh@ application 71 also contains the
formID 56 and the_ current tLent of the form |If the formcontains
e

any signature fi & §8°%% perfe TAPTBI A5hptiqe messagssem by e PSS SE%f r act i ng
t he alias 1Do@b apidissioc 7 bil@domiibshhd fhen IDOY6raed 1heo ausken gatel tatehtal ths fgn.dL the € and

obt ai ni ng ryer 11.
BRI R Rl sl o (s bt A Bl B

pay rrent pr esasEet wits th H@WPOPqinqulggfalrS@we andrpbigiing thesamspaadingeertiificanfiemt , f ees

and commi st REisrNEseR& 1payabl e from an application provider to a publ i sher

on click- tggough transEctl ong and sal es. Conm ssions on fees and

comm ssionS on ¢ WE‘?PB éYNHEN B¥786%e payabl e fromthe publisher to the

provi der of the prrreired embbhigredt pfxetohiivkion @g@sirothddl S howsinliized 47.0 route a fee

or commi ssion cregit fromd epﬁro Lo e anﬁ%}%ié‘gs% lge[} QE%Xﬂléj@%} Jlgﬁph(;zj%ogan d

merchant) to the source application provi
fromthe sHAY&e tappPibbde] oh cickolpeby tpgpctons ezﬁlesabm Gﬂn@msswwv dees 79 The

target applondsiomdn b@ERisbaSmdyARo B%@ﬁlbie lfrEhlﬁ ﬁe@mi to lml@piomamof fhephpge server
10 when the hypg_%+nklsflr s described in_Section 5.2.
p

When the target YPEHY f8‘1’i“"sﬁ§5e . “6“6? %’8 A T8 oY RS edh BrT Bt Eh
provi der, #ppligtmdsoviduc70a fpd: imc@bandte the WCderphcanetthmteombhee owtilighemaahd page

server tOQ&Mﬁ%oué%& el pfVRE 0b RKnHRSRdvigkd2. The page server uses the
hyper|ink request to |€i)ent|f the” soqurce application, and sends the

credit on to t heTPfétF’éVéPﬁh"a}“é‘gF%f’f‘ie%l‘P‘? yerliglyraupst 1D, fromy Gapageterigi 1opbem@e  sour ce
applicati O]iypérﬁ}ﬂcaélﬁrstlat:tﬁratﬁi/\/ﬁh c&&hweaﬁn deRlioR 3,2, Wﬂditﬁehzﬁgehéb@m’aﬁdnrﬁkedﬁ ﬁQﬂ:&Sﬂw I D. The

registratign Seerx atxon HI'O{IQ R st Iaeth(e: %%}%1%21 on rov{&g' crpcﬁ)t ta(il%t C!)l‘}og?na pé]agé/ Iaervef
i

S
account 828?‘”0? tap 7168 pr ovi cation

provi der ntegatsr vigh téqr buw*tmktrmespm ﬁllfelrag@fmm lde‘»rthe Hyperland medmest o piemﬁst @15

provider  gu@didptidafod BRI Lfds HleNait Qﬁtqeth@ ?ciev&& regmsﬁ1;e1:vem it QedtReywitymer | 1 nk
request 1 D. The E&a ge server uses yper | request ID to identify the

printer, aftiCSBRERIOHR 6&riEArT sBY* {Do53t F‘I“é1 @Mﬁ’hfﬁq}‘e@g@sw&?ﬁ‘%ﬁ“’g SNFEr
t oget her Wrédits hb@rpspbrating epplifationievidee gicadntita30 1. dinalss ﬁd‘tiﬁasl‘thecablﬂidaﬂoﬁ pibtiaer.

correspondi ng pr '.[le]ieea 1043 b F ?%&arﬁ%?ﬂ{fh%dn L%é)%{nteli p@? senﬁst tﬁeolpnn{elgpq%vl‘lé)er

provi der is optlona notifired o
credit to the original page server together with the hyperlink request ID The page server uses the

hyperlink request ID to identify the printer, and sends the credit on to the relevant registration server
together with the printer ID. The registration server credits the corresponding printer provider account
814.

The source application provider is optionally notified of the identity of the target
application provider, and the printer provider of the identity of the source application provider.
6. NETPAGE PEN DESCRIPTION
6.1 PeN MECHANICS

Referring to Figures 8 and 9, the pen, generally designated by reference numeral 101,
includes a housing 102 in the form of a plastics moulding having walls 103 defining an interior space
104 for mounting the pen components. The pen top 105 is in operation rotatably mounted at one end
106 of the housing 102. A semi-transparent cover 107 is secured to the opposite end 108 of the

housing 102. The cover 107 is also of moulded plastics, and is formed from semi-transparent material
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application provider, and the printer provider of the identity of the
source application provider. 6. NETPAGE PEN DESCRI PTION 6.1 PEN MECHANI CS
Referring to Figures 8 and 9, the pen, generally designated by reference
numeral 101, includes a housing 102 in the formof a plastics noul ding
having walls 103 defining an interior space 104 for nounting the pen
conponents. The pen top 105 is in operation rotatably nounted at one end
106 of the housing 102. A sem -transpakent cover 107 is secured to the
opposite end 108 of the housing 102. The cover 107 is al so of noul ded

pl astics, @RS efa01c ARGUsE Eo%w&ﬁé&ahk%ﬁtﬂépﬁ 0dntedBlitRih 'th@lhousihlfﬁﬁ?’@he%@/er 47 in
order to enable the user to view the status of the LED npunted within the

housi ng 102/ “’FH‘éesc?o‘Vaé’f parti {97 whisk ipgantially sygpuRdshs ‘f“d118§°%? btz 192 eatht i al 1y
surrounds ﬁrb]ect:@gmbrﬁgﬁialmfwhlbihﬁojh@ummgoxﬂﬁha ratchad 109040 [fiectithiag poEspdnaing 110
V\/mch ro t i i & hi ondi n
oot 1 01 O 85 4B B3 b hE Rl g 1BR 15 ARG bbb 17 4 Rl SR BEPODC, 79
is m)unt edpfﬁeqwgmpfﬁ!%ém it de fipysge HEr Biromnthready 113 utrprinding aneaperiveeslilagyon 02,
Screw t gr ?@Q&)v&l@’? o L AEdadh Fbgengarh 1R EddWicBe ﬂ-lh&ﬁ(flﬁli&lg cblkﬂé%pcﬁélﬂﬁicreﬂvgﬁ‘e&ag €
arrange recei ve en ece incl uding correspondi ng screw

t hr eads ]ilé ﬁ?ﬁlgtalrf’ﬂ‘?lﬁfceéﬁ‘ il leff&abété’ﬂ? BRSBAIPE T enabl e i nk cartridge
repl acenent . Al salsoowwntegdvithinititicovet i icowienlod @afusilEDA 16 v 2 §alPEB 181.4beis LED
116 on a flex REB; 2 g PCB
117. The s%nat usg3 Sjai]sz (Q)]I?eg oﬁoﬁﬁtr{ltggg@%t% 1l’t Eﬁesﬂa%%)ig?qpﬁg%gqé%%%p%? 8% ﬁég(jood

al | - aroundPeW%llfBVHOPCeramPPFb“%‘élﬁycan operate both as a normal marking ink pen

and as a non- mar kid@n %%bdﬁebo&&shﬁﬂfmalﬂﬁfhn@&ﬂc&:éﬂaﬁ&]& ahdBmiabDstisbadii® and a
stylus 120 with stylus nwg) 21 are un ed S|§§2ylb si de th| ‘Q‘ﬁ t he housi ng
O[] I

102. Eit he?e“f?{ié‘d%enlk &b p %1“‘“1 v Syhn ?’ilf’tﬁd YHE br ought
forward t hihohegfing I0p diithee th ik 2@tridfe dithd 9 methadtylend 181 emee Hrdught beyJaIrl(dtﬂalgln on of

the pen to %eﬁt&ﬁ 128Gk eﬁ@pééen(ﬂ%ymaasdméaél 1o, ﬂca,%ct@s ﬁlamw@l&q% to the
i nk cartr:]ange 118 and st 0, res(gectlve A rotatable cam barrel 125

i s secur e &4 FempaRd o W‘H" biserdsilus 20 Fpestielrfyttable campharld 25
t herewi t h.is I&&&e@&i’fﬁbﬁffnﬂﬁﬁ 1ds2f opériil{bh uﬁe&aageemdﬁﬁmtrawﬂlhmef@mma@él 135 sl ot

wi thin the e c Q
oot | i oot Bt B SATURIAE e 53] St QMR Sed il BGAAD 0 )
rotation oﬂﬁldﬂﬁaﬂr@qmlg ﬂ)mﬁhéflrblﬂ% 123% 4neb 129 fjt ehithin [k eﬁ@‘-l@éot 1%3010wtam@mfﬂnm rel ative

to each othgt b9 ﬂﬁrsﬁde?%ck?!i%?'izﬂxﬁ&e R?aﬁveﬂb Gacll gtger t%‘oﬁ& YitndiSmd el nib4 1o out
t hrough the hole 122 in n 101 has three

e
states of °'SpEPuUR g™ t@yugélﬁhfﬁ?‘ﬁéz%%&emﬁl efésl‘fiﬂHF‘oEbﬂrPe%‘”é]ﬁ%tb@e H¥H1&f t hr ee
states ar edperaﬁinyﬁmnﬂlgfhet‘a’plI)OS]I&ElzuthO"'stepd i theakthted stbge 118 ni b 119 out; and
Nei t her ink cart &%@2{5@ 119 out nor stylus 120 nib 121 out. A second
flex PCB 129, ? on an el ectronics chassis 130 which sits within
the housing 1021.“kqaﬁéd%ébsdh‘d11ﬁlo\§xaﬂP>CB 129 nounts an infrared LED 131 for

provi di ng Jd nf r arnggmndaaticatdd@M 18 nib 119 out nor stylus 120 nib 121 out.

A second flex PCB 129, is mounted on an electronics chassis 130 which sits within the
housing 102. The second flex PCB 129 mounts an infrared LED 131 for providing infrared radiation

for projection onto the surface. An image sensor 132 is provided mounted on the second flex PCB
129 for receiving reflected radiation from the surface. The second flex PCB 129 also mounts a radio
frequency chip 133, which includes an RF transmitter and RF receiver, and a controller chip 134 for
controlling operation of the pen 10}. An optics block 135 (formed from moulded clear plastics) sits
within the cover 107 and projects an infrared beam onto the surface and receives images onio the
image sensor 132. Power supply wires 136 connect the components on the second flex PCB 129 to
battery contacts 137 which are mounted within the cam barrel 125. A terminal 138 connects to the
battery contacts 137 and the cam barrel 125. A three volt rechargeable battery 139 sits within the cam
barrel 125 in contact with the battery contacts. An induction charging coil 140 is mounted about the
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for projection onto the surface. An inmage sensor 132 is provided nounted on
the second flex PCB 129 for receiving reflected radiation fromthe

surface. The second flex PCB 129 al so nounts a radio frequency chip 133,
whi ch includes an RF transmitter and RF receiver, and a controller chip 134
for controlling operation of the pen 101. An optics block 135 (fornmed from
nmoul ded cl ear plastics) sits wthin the cover 107 and projects an infrared
beam onto the surface and receives inpges onto the image sensor 132. Power
supply wires 136 connect the conmponents on the second flex PCB 129 to

battery cogtaens &3iMoeki éﬁﬁble&é&m@ﬁyéﬁt&daaﬂtir}t 130 RiatitdGci6R MhdREdnE Hex B 124\

t erm nal 8 connect s er the cam barrel 125.
A three voTTol PRERA geaé%‘lc}‘@bgﬁ? f"?éja %ﬁegéh%f? °§e\%4 i ‘ﬁw‘ft}‘i‘% B ELP MSIca 25 i n
contact wi bdwek 3@ wheatelter the gpint 120 bsthe iAlncartridiad 14 isnsed hawgiinggin o@ied to &mdBle hs
nount ed ab@tgrmjhenﬁn oﬂ\!ﬁ’ﬁ@é@b&@ apf)]lﬁd %%ﬁ%ﬁg‘acg Ib?ﬁle F%%Jbl?lg oI‘ Q%%WP@ ’fhgcﬁbar gi ng

of the battery 139 via induction. The second SO nounts an
infrared LEDORde 4 detsotilichfog tb“h]@‘t% Hd aa reflectprs fnotisbeen mopgeddinglsi sidement i n
t he cam basdkel23kzbizawhen either the stylus 120 or the ink cartridge 118 is

used for witi Ngp | o2, or de(lis ]%? eJ‘ﬁQ areﬁmﬂgg e %?L’I%do ET‘JZQ%S’IT%LO% bei ng

applied to the sur ac%lpt})a pen-ni

phot odi odeasdigt4righing digipen IIOil,gthd tof tQSrﬂSQ heludefRa LEMZlﬁﬁcllwm fhﬂfeh tPttor pckenot  shown)
mount ed ongbhe SbEﬁingTRQLL(EﬁkS 123 and 124. Rubber grip pads 141 and 142 are
provi ded towards _the end 108 of the housing 102 to assist gripping the pen

101, and top 105T5?1§619IH%WE%§*°§3‘E‘F‘I“15ﬂfd?%“f%f)f igs|nforivlysgit Rb ofjekranasiee t o g
pocket . 6m218EmbG£&mgchuERﬁmhﬂspﬁmmieiausoﬁméam@@deQVQQM¢bnmaﬁmtme

position of corc}s e%caﬁo%x%aty krcl)'llg he Inebare]t%o]éfxt%% Flaé nalﬁd %f%;rgnréflqugc lcllllp el%lae]dls?az\%e??}(%nl magi ng,

inthe infrare an ar e Vi ci f the
nib. It rekddlds 1t9rﬁ=,0n1 fbt?awlmahj‘aﬂlanﬁ aotieh lﬁﬁeldwearpkéﬂstchlw bdatliegpntolg chipmnd i s

arranged t B4CakdHdsMcorkBRiol bAhAREGnPlhe hiB%-taf liBanke ko ihe blSpebdv@MstohtBn | OCaL i ON
tab utilisin optlcs 135 and controller chip 134. The controller chip 134

cal cul at es®PRE* P BIPEH%n of the pen and the nib-to-tag distance fromthe
perspective distorti Ccmtroioibﬁﬁbmeldt laaudhh@ nhafrBrglde dogighl bisdmstriddhg dapa 1br om t he

ocation t BQudRY jd A B 4 odd1R4E UFRL BQAIEER PR $04, bl 0L Vate

its "active area” LED |s | one no ri-co or GED 116,
whi ch becoYPEa” "l gop @ﬁneﬁsrf@m@rfov@! datapribpiély arep thains Yefng imager i ol “atixe a, t hat

t hef area WL fat). TusPeicfin annﬁcg@.&adeswhﬁsﬂ ;or&@ﬂohdé@o he ?&ﬁe drea JitiUBitonBor ﬁlﬁgﬂilg@ En the

surface which corresponds to the active a of a erlink may

be encoded™to eé‘%‘i"f‘% tFé‘:t‘t"ﬂ? &“SLLE% g‘&f‘%fhﬁ gt ?FEE%%"B W?Pef‘#é&p%ﬂ ﬂ\‘?%gtf?ﬁlm f eed bac k

that the buptlnk ipactivhiylpe tileipak 101spagiet dvereit. Wharol tiivempediso iddfugpae pasiover it .

Cont r ol daxt,a YntittlodLoeh ﬁ;?éerrééﬁ&agst ﬂfﬁ? 9%@04%{]&{]&@& IRENL e d@&ﬁ& {o%%Ha?u:Pen force
sur correspon

readi ngs. Thus a region on th ace to a Sl gnature
i nput ar eamfé’éﬁeacfé“’%ﬁrfe@d@dofaét"{?éﬁftt'ﬂ‘l‘oésteaﬁ?llfﬁrﬁ%us pen 101 force. Pen 101
action relative to t}hﬁIBIJﬁcfnaCﬁlaﬂ%yEoGﬁ@ﬂfab&ﬂa}acoﬁlﬁzﬁdea%erﬁﬁ osmms%mﬁe stroke

Icﬁlnf: ZE Zdo(%)ns?‘stss ?q(ufetl:lle(f:lge O(Etlm% Istanzr?peg })e?iqBFgosf%gng on 9]% 81.9803 mmate by pen— Qwell e%’elil’l{ f ace,

and completed by a subsequent pen-up event. Note that pen force can be interpreted relative to a
threshold to indicate whether the pen is “up” or “down”, as well as being interpreted as a continuous
value, for example when the pen is capturing a signature. The sequence of captured strokes constitutes
so-called “digital ink”. Digital ink can be used with a computing system to form the basis for the
digital exchange of drawings and handwriting, for on-line recognition of handwriting, and for on-line

verification of signatures.

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

When the pen is in range of a receiver, the digital ink data is transmitted as it is formed.
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and conpl eted by a subsequent pen-up event. Note that pen force can be
interpreted relative to a threshold to indicate whether the pen is "up" or
"down", as well as being interpreted as a continuous value, for exanple
when the pen i's capturing a signature. The sequence of captured strokes
constitutes so-called "digital ink". Digital ink can be used with a
conputing systemto formthe basis for the digital exchange of draw ngs
and handwiting, for on-line recognitign of handwiting, and for on-Iline
verification of signatures. Uilising the RF chip 133 and antenna 112 the

peg 101kcaw§$n][taaw®m1m nbRs ?htgfltaage d@iﬁ i is ()Nﬂﬁ:l-e@hmhﬁ at%&{ Mﬂt(ﬁgpeanE){/\zeCU{ Ih ty
and packaged for nt _transms e conputin stem en the
pen is in FSKGE eéa E'ﬂ%’éﬂ?&?ﬂ i fffge b"P %‘ﬂéfiat? kapa%?f“ala‘ie'g 1¢ %ﬁ‘ﬁéﬁ?ftﬂ?eé’dn as it is
for med. NRS@@_BozS@esud@:eWhemntbheanpmnedJ]ﬁér noves out of range, digital ink data
is buffered withigp, éoﬂt?oll%ﬂ?a#gﬂngﬁm%ﬂ{?e RE e 1dnd 1fek bEMS igr%gﬁﬁghw%gu:@fl@uffer

arranged to store di appr oxi nmat e nut e t he pen

nmotion on ‘?hé‘o‘éiﬁ‘alg&&’é}}“s'a"ﬁﬂg g grepslatail ihaﬁgwcﬁt’%?f thegpratol ef‘fihiel%&ﬁuf‘bllolaé? chip

l;34 Ik Sdmuﬂbxﬁﬁqlﬁfbeﬁtﬂﬁns&ﬂ?ﬂl@ﬂlﬂ chip €36, Bg&aé@iﬁndoﬂlﬁhﬁetﬁﬁﬂoﬂs@ﬂm LED?W ﬁlei-]:o is a
oC I agr.am | t n nor et | arcnil tectu t he

control | ortigpsen 535 1 ekt TRo st leR b B SRRl eSt tne me onip

133, the inmage s&hspn chidRliertchip 184 incladsh @ romblitaisrodelD WE6BustIHE edaBles the

iI'1uninati &@haJig%Qf &a’%albet&éa@can&ée% giethé&ﬁmrer Jhgqsi h A aaﬂ'or; he Mf Fﬁ @gnsor

phot odi ode_14 en controller chip 134 inclu contro

processor BESM léﬁjéref & inglpdeR| Ansanplpgsto-digitalcapyger &0 ’éla‘f“aégelﬁ‘é?fi@é‘?‘i“b‘bﬁﬁ'%ents of
t he cont r odign@frofheForte3dnsoffhsdiodd R 46 ¥ digl sigiatl a 512 KB DRAM 148 are al so

i ncl uded. An anal 0g-t o- di l. C ert 14 s.arrange o, convert the
anal og signal ff ognm%e Ifsgrr cgeﬁ%cgﬁg%rmterﬁc P go%emiaﬁﬁs "go SB%I%] iF&F%T gnal . An
i mage sens®ntrdlipt §p fapdclasc]pad fmtlielﬂa@evésomduﬁedttheﬁqrﬁmgethmpﬂaz whish

transcei veqcndeOMtrrQllfn sslad Rﬁ&@onl@@é@ndqmao&hmumté&ém@%nﬂ 1§9_i ncluded to
interface with the RF chip 133 which includes an RF circuit 155 and RF

resonators and i ﬁﬁu@?ﬁ@@’gl%‘%eséﬂﬁﬁééfpéﬂ“ta&d fffades fcalion sate fiom tasdiopol r ol | i ng
processor sfze gaficings sand 15k motes thedoad defvor ghatodioder omcbags tHem@ms 1 e

surface vi 1t ni.tors.the. forc ensor o) odlode 144,
controls the aﬁibgwhaﬁﬁ%fg&é%%fﬂ O commynization, I“gstﬁ)es Ggl? t§r ?an%eﬁ’ere%? %:ti
conmmuni cat heirmviegormarse MZ)@F@%E@WS@@BC%W is a medium perfor mance

E- - A0Mz) generalrhdoy{opaas%te 18, SGgifar SEARR conm&n@rlggﬁwd c%l‘ﬂ'élletrjchsg'ah@l t
ransceiv onen ranscei v | er a aseband circui
557 SRS Db B e 330 o] B s 46
i nt egr at ediniiegratai i8 b Migdlecopiouiitr ASIC.emalsER I ombnehte (RERFraGOp oKl &R trSorafdfs 264 1 C Ui t
155 and R':n&u%ﬁ%’é)%reﬁm@lﬁ%mhl@ Gl ORSp6) are provided in the separate RF

chip. The image sensor 1s a 215x215 pixel CCD (such a sensor is produced by
Mat sushita El ectheolpee Wb@raa%lisb’-ﬁ5 PRACGT (Hdsticnie & Hf?il“‘é’dﬁ’aﬁ’&““@va | t akur a,

K T Nobusagleurodt awararwaandﬁs dddapay @shpaperatyditddibZrRKi Nobudddd, RMORBBkyLiel | T
CCD | mage aegerlly%s ancP ﬂfl (M akim %t llilnI;ILeSO% flq“ C%f)slsn%g'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
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.
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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 radio transceiver comunicates indhe unlicensed 900MHz band nornmal |y
used by cordless tel ephones, or alternatively in the unlicensed 2.4GHz

i ndustri al gzsci epkf dbbficand nedical (I1SM band, and uses frequency hopping
and collision detection to provide |nterference free comunj cati on.

NPS033- SG - 50 6. 89 ﬁ\%ﬁ“@i‘ﬂﬁ%‘g thepery U qRUes dymplsmeaied Bypamaplidnd qrsies By 18s i s

i mpl ement ethelptia thani irshdshentpt byabe dpachybodi3BS is illiseat@ipthemstichilyeih Figare U8IIhenent ed
by the opt i %%¥§ g The
optics co $§%§§§g§a%1§?1 éﬁiﬁ§% o %@ﬁggéﬁgﬁﬁéé?gﬁ?gﬁ %%%ﬁ??%é infrared
LED 131, abeatrpliffer 158 gan ofjectiye dams 5991 4od g aycondslens 1§ fop fjcuséngjay émdge g i@ and a

second Ien§n$5mgng&ﬂﬁggm§nmgm@awbﬁﬁg%mgnto |nage sensor 132. Axial rays
162 illustrate t optical. pa The, opt ath s desi d.to deliver a
sharp i mage to theé ?Pﬁ%é,&a%yéﬁ%?edl%g&% af%?ﬁ"“ﬁ% ip the irpac i f‘s"'tgh% of&fﬁé’é'a surface
whi ch i nt er%etts intahe shrifed whidfintetbeetwihe Geld ofl Gy cond 190 withinegyuirddeid! rdngdst(se¢ anges
(see |at eﬁ%:) THY mi?i’ry'v Bt REYR S tﬁ‘eqobf‘e{u Fvg?eﬂé 1ebStHidh als%%e%% lle%%e L‘ﬁe‘{;u §ect80. This

is al so use everse t O project umnation fromth mnatlon

LED 131 on‘ﬂlt‘fmt“’f‘i’én §om thgdB ﬂwneﬂﬁlilqa LERE!3t prtp the grfacs wwitkin ﬁ?ébofme“ﬁ Sincejitipr act i cal

to place baphcicheo ba&gﬁmmege sans& laﬂﬁldtt]ﬁbelRﬂBDLlEDaﬂtﬁelfoa& of e otfj@eHsa Of the
ol ay | onstin Ao st i onb o 0B P A0S P RS g
sensor 132rcfpdsitghe theRmbdeDerbg1132 e&p@g [LES \ILEDyBl ilélmestlvalbf sﬁllsadldocnll/swsddxffa‘rellt ent
apertures 10408 id MRASED Qe tSaf0 paths. The edges of the i mge sensor 132
act as the fleld stop for the capture field, and the capture path is

desi gned so t hat Thh@ersed it A SS‘BPre]éP agips e’ fiekloiapaler oy é"‘IP officld;prdthe s as
requi red (daptre phttl S;tdemgdé’tdﬁ tha?iBe ﬂ‘e@nmg b&@eca@ﬁﬁe gkt @ Fhiek Bias requidOdey@nt ) . The
Lm0 80 Ry b SRS 0 RN e AR PHEEA ORS00
field of wevbjw sphperﬁaiﬂpﬁum @Mapuamﬂum that therjtiugpinatiph &l e qbfep spR4 figlé st r obed

in synchrqumwmﬁ@nﬁﬁﬁﬂg(g@ghg&ﬁﬁngge use of focussed illumnation allows
both a short expo ure tlne an snal | erture The short exposure tine

prevents notion’ HﬁLEPh@§1%WF%%5WdWﬁ%@ ith ey e 188 Bieud PRSP ng pen
novenent . Easnginmbllowalyer 4 disrecxadsho sie aglufshalCiperite. Tiephdit e@posbre ehdpréeits t he ful |

range of syrlagg. %ﬁ?&ll‘&%ﬁﬁ“o@?%&% %)(a Cta%'lltre dm{EgSengx?o%&é%PT{Peﬂ&éxhlll %Fgﬁuréjﬁf%%s an

explicit aperturé st ur pos cause sensor 132
has a st r ofifjiciertsipshafdictddprdheghibianes vhwriyce dengis éndugad s he capture path includes

an explicit aperture stop 191 for this purpose.

Because the image sensor 132 has a strong response throughout the visible and near
infrared part of the spectrum, it is preceded by an infrared filter 163 in the capture path so that it
captures a clean image of the tag data on the surface, free from interference from other graphics on
the surface which may be printed using inks which are transparent in the near infrared.

6.4 PEN PROCESSING

When the stylus nib 121 or ink cartridge nib 119 of the pen 101 is in contact with a
surface, the pen 101 determines its position and orientation relative to the surface at 100 Hz to allow
accurate handwriting recognition (see the article by Tappert, C, C Y Suen and T Wakahara, “The
State of the Art in On-Line Hand Writing Recognition” IEEE Transactions on Patent Analysis and
Machine Intelligence, Vol 12, munber 8, August 199_0, the disclosure of which is incorporated herein

by cross-reference). The force sensor photodiode 144 is utilised to indicate relative threshold whether
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infrared part of the spectrum it is preceded by an infrared filter 163 in
the capture path so that it captures a clean inage of the tag data on the
surface, free frominterference fromother graphics on the surface which
may be printed using inks which are transparent in the near infrared. 6.4
PEN PROCESSI NG When the stylus nib 121 or ink cartridge nib 119 of the pen
101 is in contact with a surface, the pen 101 determnes its position and
orientation relative to the surface at;;100 Hz to allow accurate
handwriting recognition (see the article by Tappert, C, CY Suen and T
Wakahara, hd; Elﬁ is §E & 8o, tl“@fot%@ Ina)’ do @ca&aﬂuﬂ@ asl?iac'aﬁ*quE Hllfé,gas B@&lgsg@ébtﬂ/eo n" | EEE

Transacti ons on Patent Analysis and Machine Intelligence, Vol 12, nunber
8, August Pg%y el ﬂ?@&ﬁ%éﬂ%t“fﬁ“’%"e‘&fﬁ is incorporated herein by
cross-r ef er ence) Thelpe 1610de@amisee e @ositph aidodiendion d7id nibs 19ti21 énsBdbutiae byndi cat e

relative tg{g@@'tﬁe m?etdp%aml\'%géof@%?wé& it f§ g%la,ofﬁwggmg 1. Iégavsa; The

force may e captu as a contlnuous va scusse ove, to
al l ow t he ‘quﬂmﬁ%ﬁdﬁiﬁ angl cerppuies i gesition pldhetnd 138 19 brelafivedqithe Ipppiomptemirongthg.

det er mi nesobtsmd@&@e&dvgmst@fash S theBRERY (2 MhdQfe Kadvih gaan& e pbe opkicON3s(dAe surface
I magi nIg ’i)lﬁgﬂl?ﬂg infrared spectrum an a e surface in die

v. cinity o thg egiton sssofution U bo o “rﬁ‘é‘éf?‘%‘?fm?“a{&“"&}%‘i‘“és W

conput es tlig, peisdatity@rceods tich0 dpiresbbBon d@dred fol adcirme hindwiithg récomitioh e t ag from
t he obser%{jggr 2B ective distortion on the inaged tag and the known
geonetry of the gen optics 135 (see later) Althou%h t he position

resol ution of th entlggaﬁaassrﬂ@nvpmsutfmaraeﬁmmd@aapmgsi plesiesy Astikaeeifis i s quite

hi gh, and @aassehgen@weafassmhm 2B QosiHRhs SEEO lnkHabd ﬁhlﬁa%ﬂ%ra%in—ﬁ&fn Sehhat e

handwritin n n (see above, referenc tions relative to
AR e L S P R R
sequence o¥hehdvprethsteginpBUchgees, po Sist atorsstaprof the etrele niidec eymal pirduingitreck. By a

pen- down eyente.iambhe, &MLﬁB@Q %emaéa%aé la&m%u%mts s PRflort B Y Bhce 4 9ikd oke 1's
al so tagged with t he re ED he surface enever the region ID
changes, re%"n‘}a@éftd“’é‘%"ef’ réﬁl%%fméfm@ﬁéw%ﬂ”é%’ém&ﬁabﬁs normal circumst ances.
As di scussed abmgae498iaeb1a§rmamt;eﬂnlgucagmhm@hwct&&{ega)basmgndthspénimemfm its
position on th urface and al s alndl atlve he regi on of

t he surfactg Bﬁ?’}?? ¥ W eclf?nfl%“at ﬂ% Eequr eonwous“%o"&or% regrﬁC sfefmugtratl ng
| ocati on trigtodieds 144 fookeeqact%e@shtlng(sten1@4héV1pbmhemn$ mmﬂiowr! fige, feperi 01 is in

the pen- upcoakdberss bLoRnRER GRHES B)s| RE mid%cda&%b e,g Al hym 55%0& Qgssﬁorn'htﬁe force
sensor photodiode 144 for a_ pen-down condition 164). YW le the pen

is in a peNRFGWAES e n lPh@*’SﬁI@ﬁ mdc?mﬁﬁ?mr@?mié%ﬂl&aﬂfaf%d%qufmcaﬁttm es 165,
166 and degsidesiath@rthd @gent gtioke dataGintlhdigaliel t@tlath agiSoter i0fintabien suchas fomeafit | Nnfer s
the pen 10 riepLation relative to t sur f 8. and
appends t he Q%og%mg&ﬂ%g%{llgmg )(e; { hé)en'lllfrerveenrtlt “8ET 0l tmuarh]?t‘l gﬁﬁ%}h%%oﬁe t ag
data and ofeReénd frasfogis ABk thotrokadets viggheREchip 133 4nd prtenng ?s12,b@thﬁ epmppiing sysigous| y
noNi t or ed) NotOmaPethd B 4RpIBYVBO hibtHiGe PENin GR1E F0dcteBhinel WHbHRNGE YRS hds/Red he
stroke data ag,,hra mts 171 the stroke data via d|e RF chip 133 and
ant enna 1197PFg* {’Rae %ﬁﬁffcﬁ'@“e ™ {5k bagc¥d “ben sanpl es the nib
force 172 in or dassuhiog d ebenaiyriest vhie tohigiply {hecled), ntiglkeeockaiag Hgeithm (sec later)

uses about 80% of the processor’s time when the pen is active.

If the pen is out of range of a computing system to transmit to, then it buffers digital ink in
its internal memory. It transmits any buffered digital ink when it is next within range of a computing
system. When the pen’s internal memory is full the pen ceases to capture digital ink and instead
flashes its error LED whenever the user attempts to write with the pen 101.

Table 4 lists the components of the raw digital ink transmitted from the pen 101 of the
computing system. Figure 50 is a diagram illustrating the structure of the raw digital ink, Digital ink
which is buffered in the pen 101 when the pen 101 is working offline is stored in the same form as
digital ink which is transmiitted to the system.
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conpleted 173 and al so to determ ne whether a new stroke is being started

174. Assuming a reasonably fast 8 bit multiply (3 cycles),
uses about 80% of the processor's tinme when the pen
range of a computing systemto transmt to,
i nt er nal
is next within range of a conputing
,the pen ceases to capture digital

whenever the user attenpts to wite

al gorithm (see |l ater)
If the pen is out of
then it buffers digital
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When the pen's internal
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ink when it

nstead fl ashes

ink in

menory is fall
its error
with the pen 10 1. Table 4 lists the conponents of the raw digital

101 of the conputing system Figure 50 is a

its

LED’

menory. It

t he processing

transmts any
system

i nk

pen
di agram i IT@&#E?‘FH‘@“?‘H@“@‘E‘P‘E‘H%re of the raw digital ink. Digital ink
which is buffered |n t he pen 10 1 when the pen 10 1 is working offline is

stored in

NPS033- $G - 52 TaB) Gt

uni t preci
ti mens64-
| D-16- X
(pitch)dep
force-825
controlle
absol ut e
prior to
pen's clo
according
accurate

hao A al —ial \ t
trne—sane; till’l 9] uILaItIIIr\ n, L ey stem
. aM/dlgltaF I nk ‘onpoﬁ S aw dii gi t al™TERk

51 on r assgworeshponent (bits) penf{| D 128&itshi b | D{128- absol ute

'd;ﬁ]t) SYSTENMT T MEME6#= T egr o | D-I100-Lime~of fsetms3249. 7 days tag

fset20 pnSO10mmy offset 20 ppfSO1 Onm x rotafion

WBES790 y rotation {roll)degreeS790 ®8rotati dn (yaw)degreeS7360 z
NelaRNE pen L0L CPpNNeGis to|Llne cogpuiing system 1Ihe

134 npotifiesthe system—of the pentD—nibD 175 current
 lafsePEmeand the | abt aB®¥olutg tinme P obtaihed fromthe system
gﬁg&g&nffllne This bl [ ows t helsystemao conpmte any dr|ft in the
|/ Ao £+ z r~|| ALt Al nlk roarcnt vynd f ha nNnAan
e olid pen 101 then sync¥roni ses its “real -tine cI%ZE”ﬁnth { he

reaH}tlne clock of the system |The pems|I D all opws the conputing

x offset 20 pm S9 +10mm

v offset 20 pm 59 +10mm

X rotation (pitch) degree 57 +90°

y rotation (roll) degree 87 +90°

z rotation (yaw) degree S7 360°

z force - 8 255

‘When the pen 101 connects to the computing system, the controller 134 notifies the system

of the pen ID, nib ID 175, current absolute time 176, and the last absolute time it obtained from the

system prior to going offline. This allows the system to compute any drift in the pen’s clock and

timeshift any digital ink received from the pen 101 accordingly. The pen 101 then synchronises its

real-time clock with the accurate real-time clock of the system. The pen ID allows the computing

system to identify the pen when there is more than one pen being operated with the computing system.

Pen ID may be important in systems which use the pen to identify an owner of the pen, for example,

and interact with that owner in a particular directed manner. In other embodiments this may not be

required. The nib ID allows the computing system to identify which nib, stylus nib 121 or ink

cartridge nib 119, is presently being used. The computing system can vary its operation depending

upon which nib is being used. For example, if the ink cariridge nib 119 is being used the computing

system may defer producing feedback output because immediate feedback is provided by the ink

markings made on the surface. Where the stylus nib 121 is being used, the computing system may

produce immediate feedback output.

At the start of a stroke the pen controller 134 records the elapsed time since the last
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systemto identify the pen when there is nore than one pen bei ng operated
with the conputing system Pen ID may be inportant in systens which use
the pen to identify an owner of the pen, for exanple, and interact with
that owner in a particular directed manner. In other enbodinents this may
not be required. The nib ID allows the conputing systemto identify which
nib, stylus nib 121 or ink cartridge nib 119, is presently being used. The
conputing systemcan vary its operatiag_depending upon which nib is being
used. For exanple, if the ink cartridge nib 119 is being used the conputing

syst em may (4@t fimPiBELCH B sfsRRARACkh Q4 DY ot IS & hdIwBE Rl Sndspgdback is
provi ded bég%‘ﬂe i nk g%{ﬁﬂfrr;%spgnade on the surface. Wiere the stylus nib 121

is being u Herfernd § Bap Hy My RGeS B iRt Y 1% PREMAER out put .
At the st apcn 10f, agd st hibkiercd. Miconperacoats iertad D178 X3xa idetifing Sagt Ibatia) gasks ti ne
since the 3- - : I (" 0 1 Syst e For each
pen 101 poésh?%lte%gﬁ fta%%(n;gq?%gy 12%1?:%}(%& ?ﬁ&ééugﬁlﬁdta?%lt{pg r f%ﬁon Sgrh?é%%/%guﬁ%?é x and y
of f set of thiagRrs qergnnt fromanyrpnspquiyn rep d0lcrpsitienit and angy be prostyat foy theeotiry
rotatipn o&mghgme@@ﬂﬂ;@gm apd the nib force. It only records the tag ID 178
o s gni 11 cant |y it R 0P EHE PSR CHOLRTT B0 P EERdRRGy  t he
tag IDis MMQ&intliq‘it_tyrclmuyt mmmﬂoimmem elifdidit ﬁmsiamb.dm; peanoll fiyo be
constant for the entdrKeiqst t9&cAule 4 B 3t &fgégs al i Shal %jiﬁ%c@&ea ,iBeQ%P_e“ ;01

sanples its positions and oOrientation at , p_ensgl ositions in
stroke ar ePEipi P efetary theigelics gloging 1o therpfpreaprardgitie prstiiomesakngym. d ihillowing
ti mest anp. ¢ fordpltire PEBm I tef idbrhb&ard Be pdi@AAInEdRARERMAIASf RASHtyl ON, €. .

because it fails_ to decode.a tag, .t t still recor n 101 osition
to preserve the ?Wﬁig%g"meg%%%%ﬁfaﬁFg¥ﬁ@§% Fémgﬁﬁﬁrgﬁﬁ@ﬁﬁ’%%g?ﬁp n as
unknown, l1dbGomlly mewrdsgn alisdiee toniiGtforngiray.Shhis brecowes| tietabsoluleriing refgivab evhich e

posi tion fLen.adl-36e0kes R854 f necessary. Since the 32-bit tinme offset
of a stroke has a finite range (i.e, 49.7 days), the pen 101 optionally
records an absol S 9 frgion Hyisqopstant Lof pgpreronsyiyiie iy iheshep RRIY 45981 tite ti me
rel ative t@agwhile henl intifiges 1 §00 KBS becomEthOfebiBR IS imliCitBaSHEa dvith FAterGen t he
region ID h%fconstant for many consecutive strokes, the pen only records

t he regid% FB%when it changes 180. This becones the region IDinplicitly
associ ated wi th PBateeruspraney chrngd thé whd19, Hireoveen ars etrokerang teehmrigbe pdndOhi b 119,
121 bet weesiohfy 2tddk&itAddorltaN8oiR Q¥ Thit BEoRE e WD 1BRLIHY BRbdaed WRE BAS a ni b
ID for a stroke 175. This becones the nib IDinplicitly associated with
later strOREE. Each conponent of a stroke has an entropy-coded prefix, as
listed in Tabl e BachTaiposenbof 2 Revke s mOdo@organizo pefit, agiised indasle s.aw st r oke
conponent sprefi x raw pen positionO

Table 5. Raw stroke component prefixes

raw siroke components prefix
raw pen position 0
unknown pen position 10

tag change 1180
end of stroke 1101
region change 11100
nib change 11101
time change 11110
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unknown pen positionl0 tag changell100 end of strokellOl1l regi on changel1100
ni b changel1101l ti ne changell110 NPS033-SG -54 A 10nm stroke of 1 second
duration spans two or three tags, contains 100 positions sanples, and
therefore has a size of about 5500 bits. Online continuous digital ink
capture therefore requires a maxi numtransm ssion speed of 5.5 Kbps, and
of fline continuous digital ink capture requires about 40 Kbytes of buffer
menory per minute. The pen's 512KB DRAM 48 can therefore hold over 12

m nutes of continuous digital ink. Tinme, region and nib changes happen so
i nfrequently thatlmwotaeam aeccs}ﬁgiu}ag&ubdp@lse% 8 thre@ Ragh, hemsl@sqwor;ﬁgnous

transm ssion s ffer Itiona si on en 101
posi tions CHRAY g‘uceée 'f aﬁ§ M58 ?l“t g%oggas §ﬁ16166‘ﬂf¥’f"“§’f‘s ﬁ%‘%‘f@ dﬁ?%%‘ént s
further. Eagirey awagitopmkensréssion spestpoieds Hopsnandt dildinel mnpiueusDﬁﬁtaalng Ghpnireim
(Schnei er,regémemmtu@qtby&rafmeg%ﬂw er ) fnEdht s R :yi(@gxs&a% %&ggre

di scl osure 0 is” I ncor orated herein by Cr 0ss- rence
being tr an%ﬁlﬁ ‘t"f’re]& Wtetg HECOB‘H‘I"I?}’G it inkyBime seiorized gilathangrchaprsapruinirssgendy st em
exchange st slieo Ravis eylsgfglere efféu &n mfem@uﬁmaudh@@da &ld bhds nBmorPasRioRN a

conservative esti encr t ed the encryption of a
one- second” oglgﬁﬁmﬁi%? PSt l(rafl) R 3Snéslaﬁ ﬁees ; pﬁed an?)lg%%%g’?g?w SYEF e, 6.5
OTHER PEN WBODI MENTS I n an alternative errbodl ment, the pen incorporates an

Infrared Data AsgQfi @ isRke (i E%ted 'uEngel?hE %ﬁef[ﬁﬁ ﬁ%(}gﬁ]]tﬂ &ande, BORPHEA cation
Wi th a base station or netpage printer, In a f er enbodi nent, the pen

101 i ncl ude¥Piegrgply. Seqgpd Bfitory B‘ﬁ’a}P%aH’EéP‘é?SBﬁ“réf EIF’%h is PERTPATASRY RN &For

pl ane of tﬂaﬁre@:e)’] bdi6k t@p Sranskited a6 Gl @h@ﬁtﬁg &pﬁemlme FEe as Qidputing dpit@ur es 9
and 10 in t The provisio ccel eroneters en es this
enbodi nent %?R%Se Sesglglgl{eyigoi&flsop Shse |0%Slsvmzfs?1 *PRFEFERCE™PS © ggérface

| ocati on tegss pealepcemeﬁ@ltx the emca@tm Qfﬁi tnggesondo55p@ bg amkb @ohsges . Toufethe 1 at e.
Each Iocatlgrg;assgrasggslngecan then identify an object of interest rather than a
position g’g t he BurfR} For exanple, if the object is a user interface
input el enht (eDFERPENENREPMENISt t on), then the tag ID of each Iocation
tag within the ahes aiémdifieerhtopiotntehep icoparatesinrigfidd)Datad@iticlafion (tha) i nput

el ement . The ACKEL h@ﬁ%% c@mﬁﬁrﬁ‘c%gﬁn%mﬁhéaswﬁmﬁ‘%& %&%@E&ers in each of the x
and y directions is TPt o produce an

i nst ant aneous veIIb&|f‘tf93€1’a?\‘lg’0§ﬂ§lgI}t,t fheen Siln@@uqeﬁe 8t & torthrgonsb sdcelerometes§  t he

stroke is HQhtek MM homQANbdhe bEh@bch (@ RASTH: bQASroMétérd190 af shown in Figures 9 and

10 in ghost outline.

The provision of the accelerometers enables this embodiment of the pen 101 to sense
motion without reference to surface location tags, allowing the location tags to be sampled at a lower
rate. Each location tag ID can then identify an object of interest rather than a position on the surface,
For example, if the object is a user interface input clement (e.g. 2 command button), then the tag ID of
each location tag within the area of the input element can directly identify the input element.

The acceleration measured by the accelerometers in each of the x and v directions is
integrated with respect to time to produce an instantaneous velocity and position.

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

7. NETPAGE PRINTER DESCRIPTION
7.1 PRINTER MECHANICS

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

prints netpages on Letter/A4 sized media using duplexed 812” Memjet™ print engines 602 and 603, as
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stroke are cal culated. Although position integration accunulates errors in
the sensed accel eration, acceleroneters typically have high resol ution,
and the tinme duration of a stroke, over which errors accunulate, is short.
7. NETPACGE PRI NTER DESCRI PTION 7.1 PRI NTER MECHANI CS The

verticall y-mounted net page wal |l printer 601 is shown fully assenbled in
Figure 11. It prints netpages on Letter/ A4 sized nedia using dupl exed 8%"
Menj et T"' print engines 602 and 603, ag. NPS033-SG -55 shown in Figures 12
and 12a. It uses a straight paper path with the paper 604 passing through

the dupl exgegs arm@.}es Qﬁl gﬁdle§ 1{5&25 @mlgﬁtq;épewﬂat& Bidp fnb B{,pepsm Pasting ﬁﬁoug'f e Sheet
si nul t aneous] vy, b| e An i ntegral binding

assenbl y G%I%FMPP%E%“&S é"czraP‘136°8f‘”h’gj1‘ %ﬂ Eﬂﬂb“i’fﬁ ﬁﬁéhﬁ'ébsg@ﬂtafem@%[eﬁ r°P 8y sheet,

al | owi ng iitlifolibleddere to t he previ ous sheet when pr essed against it. This

creates a final Qﬁ‘iﬂ? ral dlgc(ﬁ%ng@}nbl?%% é{g?ile%q g%g%l@@gg e %J]é gllc(fac pélﬂ{fi(q om one

sheet to several eets car shown
in Figure Szbsets@éiemﬁ@atwaﬁh# o [ths PEﬁH’ﬁPSeﬁk@éIW?ﬁﬂlprwsed it e Bhis dreptes blﬁeﬁﬂé@iﬂé or

chambers f @kusidad1b mcﬁéamhge\a@mm&%in\bﬁe shéd S&M@mund}m&atsa yell OW black
and infrared |nk The artrldggg Sﬁ({con ains_a g r f|| in a
®

base nol di ng. Thér Sricplpdsably pl garp YarT SERE lhictuR'e %‘S"é i nsi de
t he pri nt e¢nginesghagblixdigre olGB8nberk lﬁarstoqmg(fmtdeadlﬁemetamﬁeyin,anagentaoyetldsve blagkrandit heads
to preventpngy ﬁ&s T camlcfgg le&ﬁoﬁq{aln% Serd EII Bird: € B@%&E@"Tﬂé LAt NGARR, 350

whi ch m ght erw se c rinthead nozzl es ncorporating the air
filter w tﬁteﬁacfm‘@tbcaéraerrnu@@ 238 mﬁ@ thfoweawaﬁlaqe 9. f“@lsd’rovtdﬂ%ﬁlﬁeflta@rm fhe

ef f ect i vel Mintbkddk @4 ple@ent WEredsi Jrni@b phrli@esCid tikd BGjerT Bnitlelds B Wnfch GGg 1 S @
fully rec Iable roduct with 2 gan amt@y for printi g and gl ui ng, 3000

pages (150 %W%eef the FEPRIFC; 10870 PR faPar s the s it &Y FETHEE 1BF ck- up
roller as SmiahqpalﬁﬂeﬁofpuS“MGSS etﬂh@wﬂpmcecsﬂademfechf the cdrriyteef TI®nkicheidpeigla &lly r ay past

2 Paper < cAsBhmonohRRyhint Skl Bl e phfi o ik iy dypl exed  Mem et Tim

printhead asse I nes and 603 are nounted
in an opposing F‘ﬁfﬁlﬂp%\@ F?;@Efu’én@l? E‘Pm%ﬁ fiedjupigtronllea peigpin §76 petesdhetae  paper
path. The {papeikechOfon e ﬁEcﬁd/\ﬁhylpEHt ® papbr¥8nsbr daShe 124t bkl eRRE lsmzemté% dopeednt €gr al

power ed pigck-u roII 6. _ The tj,on and. si the er 604 is
Sensed andFaf BRGSO LR et 98 b o paiped in
si mul t aneommbs;ngmelmlsehueimyu cogfighrationtaloeg S etraipStapdp @& i Tt paptn mls didve ipaper

exits the fi ﬁﬁttpnP{Eeg%lﬁe d&iﬂ}aﬂj{e&h So%;e@gm@%%oﬁew&me §19ﬁ Al PRIRNGL, X! |

spi ke vvhee he str agai nst a
r ubber i zedS%dt ﬁe@ﬁd aﬂ#ﬁé‘s‘é“ép’i’#@ég copfisRies B‘étﬁ%?dﬁtﬂﬂ‘le @nﬂlmusbptplﬂﬁtdé@llgsmrface
and conti nﬂ:leshb&stf;ﬁ@metﬁhﬁ sheet 604 into the second MenjetTm print engine
603. Referring t ures 12 and 12a, the “?Fa(’%ﬁ 604 passes fromthe

dupl exed pri nt eroqbfl RRE e G lesees™ iprntsmg ifrereh = 3¢ ebamryd BdsPikahe
printed pageclpadiged abad theemight ppwandll veigh ke asdieseh nakdrized roller. These spike

wheels contact the “wet’ printed surface and continue to feed the sheet 604 into the second Memjet™
print engine 603,

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

The glue wheel assembly 673 consists of a partially hollow axle 679 with a rotating
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 ghue wheel, with an opening at the front. Pivoting side moldings and sprung outer doors
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670 with a fibrous support roller and another novable axle wth spike
wheel s and a nonentary action glue wheel. The novabl e axl e/ gl ue assenbly
673 is nounted to a netal support bracket and it is transported forward to
interface with the powered axle 670 via gears by action of a canshaft. A
separate notor powers this canshaft. The gl ue wheel assenbly 673 consists
of a partially hollow axle 679 with a rotating coupling for the glue
supply hose 641 fromthe ink cartridgg,627. This axle 679 connects to a
gl ue wheel, which absorbs adhesive by capillary action through radi al

holes. A n%)é HedhehRURS :Hegal BAdcet éﬁ&'%%gﬁd&vgﬁ willbiHE: 0 8Ehe asWinhbly 689is QRGN NG at
the front. Pivoting side noldings and %ggrunﬁ%gouter doors . NPS033-SG -56 are
e

attached tBrEHe THbepn ﬁ‘P%fE%ET gl‘éFnYﬂheﬁ‘lq‘f § ‘Efé‘?ﬁ/a{?i’édeg\ﬁ‘éﬁ%m% ffs- Tesien of t he
assenbl y Gspongs Slode hﬂ‘eldﬁ;émbl;f ﬁﬂwcduely'Ekp tBe g’i&tWh&ﬂ] dexPsied; of iﬂ&-ug{yue wheel through

the front of the,mld gq;lum n nsion ings clase t.h assenbly
1SRk 3
and effectively capetS & aSSf’/\slneel urel n aésﬁlog% |Srl1‘<:§t31 aRPI deto As t he

sheet 604 @H@@@éﬁemﬂ@ﬁpﬁ@dgﬂawméhqﬂrﬁs@etmﬁa Jocyat) asazdhérsnswefi @p“amtm ied to
one vertlﬁggmﬁgg@e@mygdge front side (apart fromthe first sheet of a

docunent) |s trans orted down into +the binding assenbly 605. 7.2
PRI NTER Cd\ﬁ‘ "%El‘i"f‘a:ﬁ‘:“ﬁ*ﬁ@ CTHB% page printer controller consists of

a controlling pr mhwserfe&@ge pribtek, coftrdilaGbiisis of M sdnabligthrocessorf76@® ladactonsihadiked

network i nt&f dﬁ&?ﬂl@&’%@&%ﬁ%?ﬁf bR é&g 57%@%C:?Anécff%kf((B&%‘&E&eéo%%nerc3§3t rol | er

753, baseba cl rcul Cl rcul resonat ors and i nductors
756), dualbapehapdeqirchitngijeRF GF@@e@@oﬁﬂd (@J@}Oﬂwsﬂd?lgchwmﬁuﬁﬁ)e%@éi 135tet magengi ne
cont rol | ergoc80aren sFoBh, ay %&:@&&nﬂﬁﬁﬂé YonR81Rss 7864Chnd G fRstthenlaf3/ANE.G8Y . aS

illustrat e(g in Fiqure 14, T nt r?I | i ng processor handl es comuni cation

with the n¥MRSTER %ﬂd‘SW%ﬁﬁt‘““?‘B #7e % r el ess net page pens 101, senses the
hel p button 617, Teowwhtalng frdvessarSendlds poeminivgiin | WiHDIhGdeBrop 69 amsinekth bakds and

synchr oni A@i&le&iﬁ?ﬁﬂege@%’ﬁ schd th@PQp Wubﬁ‘&n%ﬁﬂoﬁk%e(i&é?%e%&%ﬁﬁﬁ 6%16'aha CO“S' sts

of a medium perfornance genera %ur 0se’ m croprocessor e control ling
processor ¥8lpadsmelianize the ths 70 hand rppticpginechgiotles Z9nk pepitteeis mrdibmy | o a

hi gh- speedeasinnak gaidﬁl 253se rﬂiﬂ@prE&lBorDﬁBS:oﬁtﬁ)ﬂﬁ@bioZ@soﬂm cCRHIAGS wiltge
congressed page format. Each print

descriptions to t e nt e
engi ne con‘f"r“toein%e°°3“°q3rﬁzb%q’mcf‘q“fghé? ﬂﬂbprl fits page images to its
associ ated Menj eii"ﬂ'enﬁﬁ’r DSPh endri858ud | qempesi| paze nlesciiptions, toathe gwipssze IPingeages per

mnute). Theg,dupd T&é@ﬂnﬁ'& ERdh priftMBbiREcofINES Qpdn &ml% Lt B LIk Shi6So @f @ sheet
si mul taneouslp he master print engine control 760a controls the paper

transport %??H‘atﬁ%MF‘%‘Jﬁtr Sprinhrad 35Q gl e (o Af AFSP P?ﬂﬁsl?&f%“tﬁ)h%heﬁ‘ﬁ@?"é‘f PO chi p

665 and th@gmmnmeﬁbﬁﬁg@h%mls&et?sﬁnmmmg printer controller's flash
menory 658 hol ds_t he software cessor 750 $nd t he DSPs 757,

2s wel | 25 conf Sl BERORTHIra % Lot S OL R SRE el oRkT HE boor
ti me. The puigedesgurtidhbith tes8Rger TBchipghtand ittgiitkghrridgea@s ddd 6&r conmponent s
( transcei ver Coml‘ﬁecﬂrin@: controller’s flash memory 658 holds the software for both the processor 750
and the DSPs 757, as well as configuration data. This is copied to main memory 657 at boot time,
The processor 750, DSPs 757, and digital transceiver components (transceiver controller
753 and baseband circuit 754) are integrated in a single controller ASIC 656. Analog RF components
(RF circuit 755 and RF resonators and inductors 756) are provided in a separate RF chip 762. The
network interface module 625 is separate, since netpage printers allow the network connection to be
factory-selected or ficld-selected. Flash memory 658 and the 2x256Mbit {(64MB) DRAM 657 is also
off-chip. The print engine controllers 760 are provided in separate ASICs.
A variety of network interface modules 625 are provided, cach providing a netpage
network interface 751 and optionally a local computer or network interface 752. Netpage network
Internet interfaces include POTS modems, Hybrid Fiber-Coax (HFC) cable modems, ISDN modems,

DSL modems, satellite transceivers, current and next-generation cellular telephone transceivers, and
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753 and baseband circuit 754) are integrated in a single controller ASIC
656. Anal og RF conponents (RF circuit 755 and RF resonators and inductors
756) are provided in a separate RF chip 762. The network interface nodul e
625 is separate, since netpage printers allow the network connection to be
factory-selected or field-selected. Flash nenory 658 and the 2x256Mi t
(64NM) DRAM 657 is also off-chip. The print engine controllers 760 are
provided in separate ASICs. A variety f network interface nodules 625 are
provi ded, each providing a netpage network interface 751 and optionally a

| ocal conpyitdks IQJal B LKudnEHeﬁEri a6&t &é@ace&\k&lﬁ@ﬁﬁzm%%&hw doRt}, esel
i nterfaces |ncI ude ber - Co | e modens, | SDN

nodens, S H%Eﬁrf’éEﬂ’%‘?t’eW]? P’E‘ ¥ ﬁgc@ﬁvéﬁ% (F Eﬁﬂ‘l’febﬁ{ld éﬁ‘i‘ﬂ“sneé‘}?’fg-“éé‘ﬁ’é? ation
cel lul ar t@h@ﬂ&ﬂ@nﬂeﬂcammeum&ha corBgion NPSGIBBle S5 thebldcal\hdtedrle SBen| tRxClatal | 0op

(WLL) tr o L L i I EEE 1284 (parallel port),
(01 50ne. T MRRE! N Elie o BEAL 40 B agg%éﬁ’rk‘gtégiés | EEE 1394 (Firewire),
and vari ous errer@h@n@dih@“ﬁ‘éﬂewﬂleﬁﬁ\mmwgmwéﬁuab@@ed 9q0MEHs bpndnersliy ussbnnect | on

i s avai | abhyeofibsd BRpHoRS Mr alk@faifMsKin eNBiteh B 2 hQGAIndushiBl WK alﬂ& Q{e&@a@e can be
used as the ne ﬁgge network interface. The radi o transceiver

comuni cat SO} fiafnand ey Serensy berrngrend pishiyom SPRREPT (o fedde ?fe’%‘ie(ﬁe%ss

t el ephonesgomatimiedkibrer nati vely in the unlicensed 2.4GHz industrial,
scientific and gl Gaker Lhol, BARKy ARAeHSES of HEANANSY, NORBLAY @BE)
collision detection to provi 1 nt e?fer nce- communi cat1 on.

printer colftiase If@rfe@}ﬂﬂedhfal “quurieﬁ B%éﬁ‘aqeéguchws Pﬁrqgarcwr@abaan@tg%%u on
(JrDA) i ndnbliReR, §O prift@CREY the Orisiatiferta&l b lshrangh I OMnGBMESGE Fitl WGHbIRS

net page caneras. In an alternative enbodinent, the printer uses die IrDA
interface T°8YEABFRES B AYe comunication with suitably configured netpage
pens. 7. 2.70.2.RASTERERTATON AANPRIRFNGITI NG Once the main processor 750 has
received and Ver bhicGel tdyeyHRGHBhastRAG xS Be BihnePR0Ge BIRGHD, 11
runs the appropriate RI'P Software on the DSPs 757. The D 7 rasterize
each page l?j'é%‘tbﬂ"‘&tl‘if&%ﬂ“&ﬁ@‘@éﬁﬁ?@ssgﬁ‘faﬁé’“r“&ﬁsgﬂ?ed page |mage The main
processor stores r&ap@scemgta&seﬁh@a@euescﬂﬁge aﬁabomplmrme rasTémedS;lagaainﬁget way to
| oad- bal a mul ti Q DSPsh te separat e page.
The Deps. o ma R Soan st et i Hoisrt PRl dt T RS of e
pages _can,mlnl‘nplrgwiwatb let bﬁeh ESbraetcth A SAPEXAD PAge- TﬁhD§Pw dtv&gye kﬁm bpsy sggels  to
potential | % ROk ddmber 3t ;aétér&&ltﬂagm NG Qe @B bedidrdd il BleridHp Frhis RAGEUIER] 1Sads

Watermark regions I n _the page description are rasterized to a

cont one- r €88 ERAIEPORDSP aifeption ghenfasrihs LAt {5 PBEs| essl y conpressed to
negligi bl e size ki ﬁ@oxfsﬁﬁ mspa;gaﬂetscxﬁ;hod henaatrpt ﬁ&&&doﬂ@@@ﬂunohmiﬁ@&l The
infrared ( te coded . .net p s at a
densi ty. of T ST sloRlosrtomRkl: A Bl S A AR RR L RELRARSR AR 7 0
control biimsge and the data content of

The infrared (IR) layer of the printed page contains coded netpage tags at a density of

about six per inch. Each tag encodes the page ID, tag 1D, and control bits, and the data content of
each tag is generated during rasterization and stored in the compressed page image.

The main processor 750 passes back-to-back page images to the duplexed print engine
controllers 760. Each print engine coniroller 760 stores the compressed page image in its local
memory, and starts the page expansion and printing pipeline. Page expansion and printing is pipelined
because it is impractical to store an entire 114MB bi-level CMYK+R page image in memory.

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.
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each tag is generated during rasterization and stored in the conpressed
page i mage. The nmai n processor 750 passes back-to-back page inages to the
dupl exed print engine controllers 760. Each print engine controller 760
stores the conpressed page image in its local nenory; and starts the page
expansion and printing pipeline. Page expansion and printing is pipelined
because it is inpractical to store an entire 114MB bi -l evel CWK+l R page
image in nmenory. 7.2.2 PRINT ENG NE CONTROLLER The page expansion and
printing pipeline of the print engine controller 760 consists of a high

speed | EEE 1394 9€¢ pratk edgfb @b 3602 eratds ﬁaamﬁrbdffe}éaﬁﬁn&ewﬂ%m?&ée is@

st andard 0 coder, . 764, .a c Iftoner/conposrtor unrt 765,

a custom tG[ &égr"f’éo ﬁg‘?M?% via gbe, eSpeefiéeé’ﬁ ‘PF 36? v {18 PreYiATSty 1988% Pags 739 cust om
interface ﬁ@BDRaMWGeaﬁdamnpmrbughnhermhteaﬂne%mrolwdesem B thbfagd hid fipiklietht engi ne
controller %%%ﬁgggﬁhﬁﬁmﬁgh@mﬂﬁwgh%aRH%J&%?Qkﬂﬁﬁner Wil e one page is

| oaded |nto Vi a % spee rial I nterface 659, the

previ ously | oadedtpigesties of @8@‘1’6anéfﬁaEﬂQAM7?@9h%W§Gﬁ81§§@€th°W@@W¥Iﬁe print
engi nle anta%ﬁbk}ﬁﬁdsmitpgd)vlﬂﬁ@lmuﬁa@& f\dﬂ@reﬂ;&ﬂlﬁ 1@&901&11: lgjres ha%ﬁndax][slrdabéajlﬂm vt he Pagﬁ
just | oade nt il.e anot he [ oa e sta e of the
pi pel i ne egﬁgnéﬁgim E?%@?“Fﬁégﬁﬁiiﬁ%%%%gﬁ%%§%5%8ﬁ-gné k{%QV§Fm expands
(at 764) tﬂ@e@N@umm46$dw£@@wpﬁb@@%ﬂmbﬁﬂkemwbwbhaﬁ%)ﬁavemmﬂﬁmuhmenders (at
766) the b!he @M viNGLPERKt B8 | AY GLuRGE AN ek R RN Got dzg% %Pe;d gefined in

section 1.2, all 1n parallel.” The second stage |t ers

cont one Cl\maft%ﬂfétr“?a)rfﬁf%%@gfhﬁé@m(eéf“ PrgiEyd %5Hélal9rsetloé\1%lb M@Stloé@@ﬁ over
thebr$?U|tmﬁgmﬂ&sbﬁM@kdﬁﬁ@@%ﬁdﬁszﬁmﬂpmmﬁﬁﬁ&h&%ﬁhsbks&ﬁ%@thwyﬁ$kﬂh@0t ﬂatﬁ
is buffere n matt e t. 7 0 rinting on the MenjetTM pri nt hea
350 via a ‘gaéata( %rdlrgi ?’E@mjewbg%“ﬂﬁ?dr3t5ﬁ§‘§3‘ep?’} & et are stored in
the of f-chi p DRAMhen Isr@erhh miat ergloe genuplldr e drdiesed inkuishanngl 8 ok dopledeevel dot

data (i ncl b, %84 b Schhideld 51 MR the oy el PRABuT 20, YluPerellE 81 1 N hEA

interface 76 en severa rirnt engine cont I ers sed
uni son, sutlctakvia the EeEalraEEd e RIB AT gorrasithsiine ftw;gn«aﬁ@ apipriestshasedilized via a
shared |ine synCTﬁd @ibdngifie EbntréhRt %Oeﬁﬁlﬂﬁﬂlmsp%g*da&so?@@ for @@Am%&tnﬁgmw a the

external master/slav n 771 rates the sync si 770_onto the
Shareq | i M2 FRESBT A FSnf FBE OPERTE e PRDEb il A A b ocessor
772 for sym@hm@mﬁmgﬂﬁ}wnhenmpagéxékbansron and rendering pipeline,
configuring the pf ihobfeassde0r ¥k ﬂet}?agnj: gaﬁrtemﬁeegmsp%e %mémch firks 30 &

controlling the stepper notors ver si ons o

net page prieRter: m@ﬁ%al?%heplf‘”i'grﬁ‘m"é‘ﬁ@‘i Pleke rRegtcii ! Praivines 1o rapeent 8 SrkHz ﬁ‘a@@% per

m nuLe al odpg 14 the 12"oRGiotH JTERSEPIRe lintdrNBe A @At (edalne} cackpritksig L@ttdr b@@s ﬂeﬁ}]e of

8.8 kHz at_.1 e 1 ver si,ons. o er, the two
print engrnegegg qﬁﬁ?ﬁ%?mmﬁgn g??%¥eﬁé é?wm%r"mﬁwﬁﬁ{ﬁgg$% dm$ 8 BH8or ¢

di nmensi on @#“@membag@t@mmmmgﬁammwnétMaMQm@P‘m@m®mkhmmhih¢semknm$m@mtes are

wel I wthig.dhe.eperating frequency of the MenjetTM printhead, which in the

current design exceeds 30 kHz.
CONCLUSION

The present invention has been described with reference to a preferred embodiment and
number of specific alternative embodiments. However, it will be appreciated by those skilled in the
relevant fields that a number of other embodiments, differing from those specifically described, will
also fall within the spirit and scope of the present invention. Accordingly, it will be understood that
the invention is not intended to be limited to the specific embodiments described in the present
specification, including documents incorporated by cross-reference as appropriate. The scope of the

invention is only limited by the attached claims,
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CONCLUSI ON The present invention has been described with reference to a
preferred enbodi nent and nunber of specific alternative enbodi nents.
However, it will be appreciated by those skilled in the relevant fields
that a nunmber of other enbodinents, differing fromthose specifically
described, will also fall within the spirit and scope of the present
i nvention. Accordingly, it will be understood that the invention is not
intended to be limted to the specifiggenbodi ments described in the present
speci fication, including docunments incorporated by cross-reference as
appropriate. The scope of the inverguamsis only |imted by the attached
clainms. NPS033-SG -59 CLAIMS 1. A sensing device for sensing region
identity data and generating at |east one of novenent data and position
data when t.he sensinsige thevs Desendngmpwaddentay éttd ané gtrora@ngratigisomme of meversant f ace,
the regi ongy Q@P&siuwdﬂmﬁn B ki &%&i@wea r&tiveR 4 rqg%atoﬂ% hiRe5£91 ON,
t he nmovenent bei ng 1 ndicative of novemnment e sensihg device
rel ative tigernfiyela dgjpgindicafiyrert 3pidpatiti t‘lﬂé?gé?“ﬁé‘? ey et Healcing dndisptive REthe posi ti on
of the sensivegentloy ihs ekig ddvicy GelitRe tfe &@g;h Otﬂe. p@nﬂn H&w b&ikl IndcBvd avihd1g
di sposed g}g ml(gfﬂclzeodnegl1 ddataltl { tive d agt e r%g1 on._associ at ed
with the the &ENST hg devi ce 1At fnu o ﬁlfac?i arvg’él SRSt IS ensor
confi gureddataonds@wwf 4t fpast pt@gfig@nassqtmtﬁsimtythdalrfaceutser wgingdedicedsludispme of the
coded data; a notion sensor configured to generate at |east one of the
movenent data antFeEPRiIdpETIstIsYfonigueho sYPNbe welon ettty daa penect lephomeofied dat a;
and a commédoaatdat; configured to communicate the region identity data and
at |east one of the novenent data and the position data to a conputer
system wher ei n atotos asitor conbguddd th Baerite gilakt ondeMiid hoyers@nBaradihépdsiien MOt i on
sensor CO”&%&&@E& legmon% thg(gge%d%gqﬁgr adapted to capture inmages of at |east
he co c§ at a wf'u

sone of t the 'sensing device is placed in an operative

posi tion relati Vecohuhibior S%Etﬁ‘&ﬁ@ AR b orePhOAGHE Arta @:ﬁaapfegﬁonfe Oftnd 1)
identify at |east sone of the coded data fromone or nore of the captured

i mages; ~ (i PYYeBSt SYAPHEC BTG St APPBHT W Thi n the captured images, of at
| east some of thehm]n ?least qlg'tﬁherf(_ |1(|m|1 en&dt?geo%traan%tthel east sonme of the coded
data; and (iv) generate Pedst® e e OR O HEH T TR “®at a, the

novenent data an@) t ha% m&g §én£c!r Qtﬂlplg@‘&)% [gl.ﬁé ﬁﬁ%e@bf z{t %QS? Eon@ V\,Eﬁ? QJdec{ cﬂﬁ \qugnc oded

coded data, 2. A sensing device accor aim1 ereln the processor
i's housed ty‘ﬁs{eﬁpﬁ devirs 1%@'%@1 operative position relative to the surface; and

(b}  aprocessor adapted to:
(i) 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 at least one of the region identity data, the movement data and the

position data using at least some of the decoded coded data.

2. A sensing device according to claim 1 wherein the processor is housed within the sensing
device.
3. A sensing device according to claim 1 wherein the processor is adapted to operate at

processing speeds ranging from 1 instruction per second to 1x10'? instructions per second.
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device. 3. A sensing device according to claim1l wherein the processor is
adapted to operate at processing speeds ranging from1 instruction per
second to 1x1012 instructions per second. NPS033-SG -60 4. A sensing device
according to claim3 wherein the processor is adapted to operate at
processi ng speeds ranging from 10 instructions per second to 1x106
instructions per second. 5. A sensing device according to claiml| wherein
the region identity sensor and the mothon sensor share the sane processor.
6. A sensing device according to claim|l wherein the i mge sensor is housed
within the sensing device. 7. A sensing device according to claiml
wherein the image sensor is adapted to capture inmges at rates ranging
from é i mage peI’A%aﬁlQQ\AﬁevEc@ aac,oﬁlﬁl@ b KRYES wh&Ein mq&méscsioﬁs ac?ptscﬁfbsép&@tedew ce
according to claimyz erein t i.mage sensor .i&s ted to capture inages
at rates rANSTHE TSRS ottt sty bab Gu Al EE ke decond. o, A
sensing device according to claim1l wherein the reglon identity sensor and
the notion sensor share the sane i mge sensor. 10. A sensing device
according §o0 cl awenam irc@ac@malh@mq;ﬁdﬂiwg@&@ﬁﬁ@a%%h&aﬁy RANRF alAGRMEn CcOoded
data. 11. A sensin evi ce according to clai wherein the coded data is
al so i ndi cSEPEeG ﬁmmﬁﬁﬁ?%flty of reference points of the region, the
notion sensor being configured to generate at | east one of the novenent
data and the position data on the basis of at |east one of the novenent and
position f the r t reference
poi nts. 12@ A seﬁg%%gé g%\llclgggéoggl%g?dl?%ﬂgy? 3&%1 glltenlin gg%?sgn\?\ﬁgrglé@%wt‘%%mctg%ed dat a
i ncl udes pemsingdevice: el enments, the notion sensor being configured to generate
at | east one of the novenent data and the NPS033-SG -61 position data on

t he basis of at |east one of the novenent and position of t he sensing

devi ce relﬁlive to at .| east ane of, th Qerl Lc el epen 13 senS|ng
A sensin dewce acjfzir mF t(i&la wherein % 1mage Sensor 1s ad epte to cap
devi ce according to ctains erein the I on sensor

conflguredmﬁvsMg@ﬁ@m@m@ﬁwhbmW$M@wvﬁmd@dﬂ@obyggaWﬂWWﬂg t he p05|t|on of the
sensing device relative to the at |east one reference point or periodic
el ement. NPSQOB33- SG

8. A sensing device according to claim 7 wherein the image sensor is adapted to capture

images at rates ranging from 10 images per second to 200 images per second.

9. A sensing device according to claim 1 wherein the region identity sensor and the motion

sensor share the same image sensor.

10. A sensing device according to claim 1 wherein the coded data comprises non- barcode
coded data.
11, A sensing device according to claim 1, wherein the coded data is also indicative of a

plurality of reference points of the region, the motion sensor being configured to generate at least one
of the movement data and the position data on the basis of at least one of the movement and position

of the sensing device relative to at least one of the reference points.

12. A sensing device according to claim 11, wherein the coded data includes periodic

elements, the motion sensor being configured to generate at least one of the movement data and the
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position data on the basis of at least one of the movement and position of the sensing device relative

to at least one of the periodic elements,

13. A sensing device according to claims 11 or 12, wherein the motion sensor is configured to
generate the movement data by sampling the position of the sensing device relative to the at feast one

reference point or periodic element.
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