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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 conbi ne 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 spegdgcypon it coded data indicative of
at | east one region associated with the surface, the sensing device

i ncl udi ng: regi ofh 1§ gepltifet §f bie Rt nyRbens o RPIRG B atreELOISRIA LB PERFE g on
identity dambpudiSysiegs.at | east sonme of the coded data; notion sensing neans
configured to generate the no : onmmuni cati ons means
configured to conmuni cate thegﬁggp%ﬁpﬁégﬂFﬁﬁgngata and the novenent data
to a conputer syBramserPrinvéripmbslaes to haenviog dorre Sarssising reparideniity datoafd gured to

generate the OyeNRRAL: 4 dndAShd\@ndls dedi&BS now@Matf 1ol NReiGPGELuHRE ane MOT €
preferably, the coded data is also indicative of a plurality of reference

poi nt's of Tegie identity fasmbeing indicatie ofep idaik iohge rrgigh dheprovsisnicB PPy PdicrtiyD
gener at e tdiehemversaNdf thtodemsing NetittarcliRs it® the fregionothe SEM& I BEngdd@pbee uFonMDOVeENMent

rel ative tode?t | stti one .of the .refer.en e.gﬂgés‘r}[%s In an alternative
ic'e

CO ata mdic \éf [¢} gttleast, one I‘IC%}(():P assoclated wi a (1)11 . sens | n g

. cé, the sensin; evicemri'u
enbodi nment’, e code ainc es perio Shent s, ne not

means bei ng confiegjer dehtitysenying eneans eorfipaedrio\seme e redian ddewity datpeusing 9f lsasof t he

sensi ng deyLhe&uR codd@¥eent relative to at |l east one of the periodic

el ements. In a further enbodi nent, the novenent sensing neans includes at

| east one accel ePop hsinepeAwicopsispradin generaig the moysmephdalpsiagh sensi ng neans bei ng

configured to senseudefelsahaid anfigikedt tecomentitargthe Ad@itinCi@endi data dnf theoved

relative to thetd%tlgrface reqion, the movenment sensing neans being configured
REFaRA

to gener AR Ve e a by periodically sanpling the accel eration.

Feat ures and adVRieferaltho shegfotiontsensing msanpis configarer t emerpip e mpeemephdatappngrent from
the fol | owW.8Qomddg 8 tdabd dan of enbodi ments thereof, by way of exanple only,

with reference to the_accoppanyi . draw. ngs. BRI EF DESCRI PTI ON DRAW NGS
Preferred and otM@Fpﬁﬁﬁgﬁitg‘gW?é‘gg“t él?dff\?tg’ﬁff?)ﬂ‘lﬁ%‘t’(? HERBROYRYIS bed, by
way of nomegidnj the hotiog seestayvass boing yonfigiirddho gepérete G eevetrentidire b eBnipaityd ng

ar vt n0S. el 0 bl Riukyd 5o oS GAUTBE il e €l at T onshipbetween a

sanpl e printed netpage I'ts online

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 agionship between a set of the tags
shown in Figure 5 and a field of view of a netpage sensing device in the
formof a nekPAR. sheMatic FieH Y Lintbraltidn BetrbdeRWedALd peRfa nétpde@fhintd BAGPAIE P4zESSI NY
and decodi ng, al gorithm Ei gur e 8 is a perspective view of a netpage pen and
its associ ¥t & FAJRBHRIPHFITIEVY: of - vi ew cone; Figure 9 is a perspective
expl oded vFigue dilludies avellqot@ef peagahouwsand Prifttrgidteeofpctddiviunewd®; i s a
schematic di agr L e I r for. wn in
Figures 8 ﬁal%gghégggl Sﬁggq}% ?fga gg%g%gf)%g%u?ev(g a\/éng&@%gtﬂa%%gzﬁ ﬁs er%%en agg net page
printer; FiegEPEon12 s a section through the | ength of the netpage printer
of Fi gure Hidire §is 9 Yhubvidwlowifiy Ahuitt 8f08gdage@kt i on of Figure 12 showi ng a
section of __the dup|exed print engi pes and | ue wheel assenbly; Figure 13
is a detai T8H° ¢ aRBFY WR‘%&?&PE@@?“FF\%? ﬂ?;l‘it?gsélf‘f&’n&lﬁ%“epsa“%"ﬁ%?elgnd print
engi nes of oftvhe of nuetppgegensipg davice tiefformiofaiegmgelpbn;and 12; Figure 14 is a
schematic i ' ggﬂ{; . the netpage printer
shown in Fﬁ%ﬁ%‘gghﬁhgﬁég%ﬁ%ﬁ Qﬁ%egs{nf [ sgoglngggoer{trfh%fi c bl ock di agram of

dupl exed pifiguit 8 i A pirmectizonity e nepage pen dudiis aysediamditasrsposing budief-viersetsei at ed Wit h
the pri nt eFigledI b fdrdp€iiveSdAPBed vidw bf 18 eBagedben dnbiiin 8igdbgi s @ schematic bl ock
di agram of_.t he Opri nlt1 en%lngd.contr Il er sr]o'i\/\:;m Ln Figgur es'% 14 ?nd 185; Fi gure
17 is a perefatity LEAUPIST Jasran figipen fRrS EPOLPT IPFeT g LY eERt B sl il ed i n,
for exanpl®, the netpage printer of Figures 10 to 12; Figure 18 is a

per Spect | viggld A% fersfeofiFcly o b Rlun@dlocifobBipl Mo et TM printing el ement s,

Figure 19 IS a series perspective views 11l ustrating the operating cycle
of the Merfi®re 131 aieqtingthroaghdhedenethohtigprtnage miniefEisy8 1LFi gure 20 is a

per spect i Vigguvd EWisdn elagDoktios @YMRIM 1D$hoRind @ GRNInGE the MRIMxed Minpénginéshaad;

Figure 21 ill%w%ee Cs@&ﬁ@ti c view of a user class diagram Figure 22 is a
schemat i c &1°%€Wof™ A printer class diagram Figure 23 is a schematic view

of a pen dliges13dis agetaited view of the ink cartridge, ink, air and glue paths, and print engines of the
netpage printer of Figures 11 and 12;

Figure 14 is a schematic block diagram of a printer controller for the netpage printer shown in Figures
11 and 12;

Figure 15 is a schematic block diagram of duplexed print engine controllers and Memjet™ printheads
associated with the printer controller shown in Figure 14;

Figure 16 is a schematic block diagram of the print engine controller shown in Figures 14 and 15;
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 docunent and page
ownership class diagram Figure 27 is a schematic view of a term na

el ement specialization 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 element class diagram _Jigure 30 is a schematic view of a
hyperlink el enent specialization class diagram Figure 31 is a schematic

view of a fypesslid Jﬂéﬁeﬂlaw%fgh&&%en@'h@%g@%neﬁhﬁléfa% dRgralS @ schematic view of
a formclass diagram  Fig 33 is a schematic view of a digital ink class

di agram Pigutd Syschematis "ée(‘,"H’éf‘rﬁ‘(‘f"i“[‘:al eres SB?Claélzaf‘P‘b‘ilﬁs d=fent speci al i zati on

cl ass di agriging 28 15Fd sghefmatic3fewi of a Btat lamem ipedalizitioiclas diagraiteckbox fiel d cl ass

di agram Fi Vi .text field class diagram

Fi gure 37 %%Ha sch é@?&cﬁe\%’?&v %Frﬁ:mkel&emc{aﬂs?dg Ield class diagram Figure
38 is a f|logweh¥rita solfematis viewpfie hsmprb@@%@eﬁgp@aihlg?@ﬁiqnwhmdia@wUr e 38ais a

detail ed f#@&&ﬁa;atsc&&a&%wsotfmpaim&@gmw&W&n of Figure 38; Figure 39 is
a schemati ¢ vi %w of a rver command el enent class diagram  Figure 40

is a schemd®eSA A eB’f‘“c eP”é’ 6'?%@“68‘%%?“i‘ptl on class diagram Figure 41 is a
schemat i ¢ Riguga83afa sehefaticotewtof s dibitabink clhsadisgrabi;agr anm  Figure 42 is a schematic
view of a tQr. & schematic view of a
subscri pt ﬂ%‘? el l%la\f(caﬂre%tgﬁ%%goga qél@g@ms?e(:ﬁh%%n G dl‘%ﬁeﬁatl c view of a

hyper i nk Elg'ﬁﬂ}éﬁasehealwwa’éﬂmkboﬂﬁe@wiaéﬁd%f% a schematic view of a

hyper| i nk fagaﬁds\saetds@&mmc%%@&sextﬁadgwsam is a schematic view of a form
submi ssi onFl%o ocol ; mati c view of a conm ssion paynent

e et

pr ot ocol P Sigmptic VWO ﬁ%ﬁ‘é e dé?ﬁ/di??mﬁ pen optical path; Figure 49
is a flomxﬂmrewsm‘afa»wsttartok@nmammemmlgmﬂm hm and Figure 50 is a schematic
view of ag i gi o SCRI PTI ON OF PREFERRED
AND OTHER ﬂ%&g@%&@e& ﬁ%’cg&r@oﬁnﬁq{e? g{tﬁe{ﬁsﬁ)wgﬁg; ﬁgﬁgprriagf k of Silverbrook

Resear ch Iﬁ*%ﬂfel}PeFaSﬁlﬁ%‘ﬁtwmeWa?faﬂ’%geﬁﬁé’%@@ﬁ@ﬁk@&“éﬁ%é@?%nt the invention is

confi guredslg\@malgcwnatnvte%fmﬁﬁon@g@escrm&&nMEMra&ormuter system a detail ed
overvi ew reciated that not every

a
"ol omrent AT i S o Pt By B even most of the speci fic
det ai | s arfiguex? énstiongic vigwotulssag lidelhssdiagram;r el ati on to the basic system

Hovever,  tdifreSl HlaGehtic RV OF 4 Q6 &ripdn bdiiSerfRSbot 0PI €t €

Figure 44 is a schematic view of a hyperlink request class diagram;

Figure 45 is a schematic view of a hyperlink activation protocol,;
Figure 46 is a schematic view of a form submission protocol;
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 enploys 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 nmaintained in a conputer system The nmap references can
be queried by an appropriate sensing_device. Depending upon the specific

i npl enentation, the map references may be encoded visibly or invisibly,

and defi neg eTorme B mppd@durthdddhat &, b HRkal SR YwhRA cdnbihs F@d@é‘ﬁ@ég to'SaU:Baf kel €l ds
an unanbi guous map reference both wit hi n and a fpferent maps.

The conput B FAEReE 4h? C%‘Hi‘ffeéﬁﬁtei“ni”&?r%ﬁ’tﬁeéﬁn“ﬁbﬁﬁtbef"é‘éﬂe é§“ 6??‘?11?&‘3 mapped
sur f ace, asaﬁisuguieﬁcei Dépendimt upom the apecifie ifiddnichetioathe hays ﬁeﬁardncbs ap b efcedeénces
suppl i ed by ; K nformation
thus retri e§/l§e}¥21§r§1§ﬁé @%fgﬂ%}tﬁgdf %r%ﬁ%qg}% gg‘%alﬁ gﬁogﬂ\%ﬁﬁlggﬁ ar e %(?tsﬁrfg%%}gkﬁfgt he
conput er sypemignowymAp Edferfrce brith wikhén thegpreapd asong differens menysihe pamppiarsysqseseat or ' s

i nteract i ofdniih tifforkd@on Mt 3Rk @AM RiPped! sirfict, Sand biRh @lrsrRstioh Qidbe LiiBreet page
systemrelies on the producti ﬁn of , and human. i nt erg%#aon W, t h, netpages.

These are PEGER ™8R referees sugplisd Ry 2 Ensiig devsrasrd 1) foe frerg %r OE B8 per , but
whi ch wor kihdsirétgeveddae talcthé foen sfaltiopasgtich. arel itifiaddivg the osmpusr gneooadhaivf @ach page
using ink ' unai ded human eye. The
i nk, homevégnljagpmde%foﬁ‘% égb%leo%lg rdt{%%%%& %Egessensed by an optically

i magi ng pen and {Dréﬁiwﬁ?fe'{fﬁce@mothﬁ HetpeEst Peee r@%@@ﬁh@ praductins <p°r afdehymag f or m
active butih@msiondth, BRess! THSrdags 80kt RAGHECs % s rinkeQ 68 Braithrly Papbdut pen to
request | nforrratl ﬁ% fromthe netwgrk or to SI%H reference toha net wor k
server. Vot SO BPTRENE Web @3ges WHPTERR b §PeR%A P SR a"aﬁee'fsﬁ’éd‘z‘ Yigeh is

aut onat i c aslubsyanmﬁz ogisiblz edlthe mghided mren exedTheOnks bowewudraand therebot the eodédnietanet page
system  aldeQubngy LogBuf b bbbl edk&%epﬁge ;‘stm[od' ments, signatures
recorded on a nét 5 are aut omat | ca verl d | owi ng e-comerce
transactions to f‘s‘é?,fﬂ’feélf%ﬂnaﬁt“ﬁ&“i‘%éépd hpeerlinky opsshpegschan b iFlgdiih the o
printed n%@&geq&stmlfaﬁtmrﬁﬁem& n&wbrﬁtoefoaﬁénhlVﬁefér&fcéB tmlxﬁthloﬂcas&verbﬂ Jt | I ed in

by the user both si.c on t he rlnted el ec onlc IIy , Vvia
conmuni ¢ at fn(?%é) 8? aJW ﬁl&ﬁ eef é‘“tﬂ@?tﬁ § ear?ld °°Fﬁeéte%{? "shows a

"Request " txp mrthmtpbm spitang altvaving fermsl to tedilledeig Sin bthel eghbodamplts ssigmetioey 1t:c0bi§|<ﬂ ton. The
net page CopSinShae At axﬁcfn@aﬂ&'ﬂf véillﬁ&fian%w% k @&xﬁﬁer&é%a&gcu}{ﬁs% ﬁé' s@cu}ei}‘%uthorég&j coded

data 3 printed as a col i on of using 1 nvisible ink

correspondi ng pafjeillusfatetinifiguredaa Bﬂnt%*tns%ga 15n ’tePfése?fé‘t“ﬁ%{@‘é“’%%W?@ “aBescri bes
the indi vitduiad ﬁbemeﬁstesmﬁxf phyh@nﬂeﬁ pa gknted| page, Partlectrodiclly’?] tia GRGGRicdties t he
type and ti achln eraclLive e i L. Xt field
or butt oflvplg'ﬁ eep B an%%ﬁ "eéage ten} I'o eex ele sErl?e Spa &{équsesﬁs{orm 748 pgin Br rect ‘?

i nterpret addrpaticlds aaadtah@m#éiup@g@he nﬂnge cansistyiof grimbictdata 26>nntﬁ<bmsme>vaxb1slné<, has a

zone 7 Whigh o&Q) W8S BYRERA bOa tcblf‘ect%ﬂﬂif'té}k 4%&5 Rvis®fe H€rne ‘E&%e'é&ﬁ&lﬁg‘
graphic 8. As illustrated in Figure 2, the nﬁﬁp‘ﬂg‘é}c‘?len 101, a Ferred

form of wietHPtoR Sstiessthen e nﬁ?aﬁﬁ pebeorly deyoibes the smsaig of fhe ﬁﬁ?aée det ai |
bel ow, worpssicildd itGiode}ihes G itypB avd dpitiabexRett (Pae)eof pach Rteedcti@@lement (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 601, a preferred form of
which is shown in Figures 11 to 13 and described in nore detail below, is
able to deliver, periodically or on demand, personalized NPS033-SG -6-
newspapers, nmgazi nes, catal ogs, brochures and ot her publications, al
printed at high quality as interactive netpages. Unlike a personal
conputer, the netpage printer is an appliance which can be, for exanple,

wal | - mount,ggatllag6ntinds Ocatilbe@ bRRANMIGHE ofhltEouBRE &g Git q,am@d heShidhl c{u§ﬁty gonsuned,
such as in a user's kitchen, near a breakf ast tabl near th

househol d' Berpgivegetpages. &Jé‘b@ratpﬁrﬁ‘é‘alfcﬁlflp“ﬁ‘réhed‘a?age printey fsap aﬁp&?ﬁ’ﬁ%%h“ihﬁa‘t lﬁbbet op,
deskt op, min&paépknal actltedladjicadt Us & Ar@n@eR Nlise. ndNGigDRFES fit conbwd@dd atchtad@i &  poi nt
of consurrptlp onb n e-of -use, of e gss and
interactiVvity en neara%’ré"lflcgaé t?@% oh g Binden hagggomt%aepf—r‘m % ttnigﬂ%"’tllhe ‘et page
pen 101 |rvpmsalct@lsietvn,ﬂ#aktomeor@bidedndraftﬂaem'ﬁms printed netpage 1 and

conmuni cat es, Vi ﬁet?agéf},%éd dt %Qsomﬁl bsdniphdn Smbihd\Ge b4 STACFpEYRr §ith dBe NEt Page
printer. The_ prin 601 sends the interaction to the rel evant netpage

page servé?nell‘t?ssfaﬁq'mﬁeﬁft@l%‘?féf%efaﬁ’ﬁ’enﬂe‘ﬁ“m appropriate circunstances, the page
server sends a CAY $heeP kg2, TBSHage: ded 1apmeraetamm|me®0dépuhteron a@ﬁﬁtéd/vare
running on _a net e application serve h i,C may in
turn send 5P gs?g(g%se ui\?\)lglteé s ort it ra(‘ﬁ;molrl{]i tgh'jcg,\;e g’fe?‘g?)ﬁé ?Eeépg I psrgte}é;ﬂe The

net page s\psiftendllssendsctbe m‘@il@eﬁoatm yelem# @etpagp\pegyi werver G far eterpietatiqar fed

enbodi Ment,,,Hfiaf @lrithsthR L th Bage QlHvd# Rl Q&r}%ﬁohhu@ Iﬂéasa?)ﬁ%gphcauon computer

m cr oel ectrorrechanl cal system ( MEMS based [ prij nters. In
the pref er'PEHT BRHISI ¢ RTRET ARPHTEIDIYS FHolTht ?Rplaw% eaﬁf da

hi gh- qual irésyonsgwHidhtid pigted 6n theaddiginaing eriradrf or dabl e t o consuners. In Ij[S .
preferred form ?he%%%gqgsm%?Lq&,%%as%@mmﬁm;&s?veﬁmﬁJtﬁ refeIcEL Bt | S Of

a traditional newsnma as a set of lTetter-si 0SSy pages
pr| nted iby bpipg psedin|conungiipnlydth hizkispred micpelasigmedepicehwstent GYE %)sbﬁseﬁ etgatl on

and conf ordabieemhRiRels | 1B the phGedREP 8RS REHNPLS reﬁ&mmgh%péeh SndOHi AWud) @y
avail ability, of broadband | nternet access.

g service is.a tlﬂableto
3506 of _ ho SRS IS ACRHECKR Baos e SRR BrE TSR SR gIB =GP or | ng
br oadband physteelrchedctetigicesa nacstmhlmemlygaamalsdcabd aset af leBGHizotloshege priffite  net page
printer Cafufiia fBs s&eg bFWdttcjgetﬁejrgy\p@%y mﬁaad%ﬁfmmthﬂahﬁgﬂ | onger delivery

times and [ ower inmage e netp %/stem can be enabl ed
usi ng exi sting cBﬁélEm%P PW‘WF’@I‘O“&H’G grom:avqe}?hﬂm éfi‘%Oad‘a‘P hstrgtectse Clfast em wi | |
oper at e NR&icS s QWitblaRhs¥ dflholshiRide iroihe Ubied | sess, aa@e@mxadnleﬁ sérvidfRrisONSUMer' s

poi nt of view. ot her stemls osted on a
private i \rl?foragéﬁ’é‘{ ]?‘teT"ﬁt ageeps,if q%?‘ﬂ'é’?”‘@%@@%é’ﬁ?@“%% netp RPPEGEA RS s host ed
on a si nglvéth slongywbmections, wowitulbeer dshiwh t@es d@\lwwelmaswhhtngn@edpmp mitrege  Net page
publ i cati %fhe&eéax B % nabtd Mol R QLRAGE iflGHh WRY BsePrtdn glmoggartﬁéisystan dal i ver

print- quall 't cations to netpage printers. Pefiodical publications
are del i vé’lé"‘é‘éie &BPF Sl irechyil yhepefpre e jess agepriablsdropen atyBerseTt of view jngther
poi Nt cast iefBodantisMé hitsaps bysiog id AdsRl PR PPk MERIS In FAr KRN ahbsdbsints, 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 household 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 collection 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 publjcation NPS033-SG -7- server or
application server. A netpage pen can also be registered with a netpage
regi strati@ReREppBlatichkeradtd | i nNked to one or nore paynment card accounts.
This allows e-commerce paynents taq be securely authorized . using the
netpage pen. The rEPHAGE PBAFS by EBTEH Bl A AsPese FRsTPIen “F1re | PR ARG

capt ured byne toh eone@byegiecardpeouns. t Thiscallprseesioonsicy pryegits toduee@buslygambmme

all owi ng i i erver.
Gher b orr e B 08 dpabe il o Uhlc o e ru R TERARRE )
net page pewn With @ nRTEusly fegigfered pipntures alipwinerigto av@?q“f’qteeée P RideH8 PP vy by
the net pag@mmegé ShveR e biHRENLE tan a¥ OQLOB vaifP BLRAYA vefsioR bEthe MBYgeden | Ver

periodi cals such as. the or Ni. news thout _user intervention, it
can be conPiyEEETRRG KPP V&‘é‘%ﬁ%}"eﬁrsmﬂ’%‘s‘gﬁy%% BPEURESRI " its preferred

form it only daltioughranepe pidiraay delifar peviodicdissachi aly thd moming hdwepapsrsisthait hor i zed
sour ces. 'daert,ﬁlé&e li&SREGbe cénﬂgfémpe@aﬁdehm al,lg&ﬁ%eld Hu%kwh i fis Fefbib SRGHI NE or

e-mai | account ich I's visi any jun knows the " tel ephone
nunber or @lyeiclivengeriodisals frqm sepspribedET aeyFeppthgzed sSPEESFURRSERT 88 ER%e nodel i n
t he syst erBrh&r ﬂemcé a h@@hauﬁﬂerw edhaichinEahidddabible @ dap REHAGRr (hd\apws 64 aSS

di agram A class nLdﬁ.r sists of a set of object classes connected by
rel ati onshf’ff’%“’neélﬁra ef MAUINGE of relationships are of interest here:

associ ati ohs andNgenes SUSTRGARGITECTURR associ ation represents some kind of
rel ationship bet BRE Doy &mn&fe}ﬁ esys%‘em PELNBEN, éingﬁb%g@ﬁo&tmg%agﬁédgl HM@%G

generalization relates actual tclasses, can be understoo
fol | owi ng dssydiagram. 4 clapsgiagramgonsisis gfhiet QbeJSfé clesgses comgctegiby zlationshipy, ad 0 of t hat
cl gss a]pdmxak a5SlatPdndhps are gﬁlﬁﬁfeéﬂhgaaﬁsb@zﬂloﬁkfan@ bea&lizBtiond. IAalassBmdnSn ﬁprwluy a
subset of A s not . direc 0 con
1ot asshie BpFereliont? SRl ik £ et HRAR o SRR el L "o ¢
t he name oftutllvlassed, asigan be undgsiodiinthe éolllomg way: if & dlass Iatﬂtoughbeftae@ecﬁ of ik cl ass,
separ at ed Jb{e&?bﬁtﬁh@clgs@%d Bl¥ss A 095k QMafdn JLBE B, ﬁ:@&'B@s it} 2 Qbset &¥er. @RET at i ons
of the class, separated romtﬁe attribute list by a horizontal line. In
the class W’a@?%??éd%ﬁ‘?yc*PPPP’ESFq%‘WmdeH&?ﬂé]\lf%gr"edﬂf’ést"%ﬁ| & are never nodel | ed.
An associ at| 0N | BacklElavéis d&ﬁvnashteﬂﬁlgjeﬂdbﬂlileﬂgmh% nEhEF HLR SlassOP tonaiak liyt of abel | ed
t eith th t (W] h d f t
§U| ?: ol IeEZI y I%Wuteg of the (%ess rs%l)?ratleg }‘r %bggf b&l or{zcérgzﬁg‘l% Q‘n%llacl)& of Ile ggera 101?;‘“ many"
i.e. zero thrclase ﬁ@ara@@bm Hw atsdtutet lisoby 4 @ﬂgmai tinealn| the ¢1%§bélhgrw WWC@HOHOWS name,

and is alhggevgpgﬂeggg,ggrgngv@,lqudglﬁ,g at either end with the role of the
correspond| ng class. An open dianond . indicates an ag ation association

("is-part-of'), %ﬁsqﬂgﬁq&ﬁs&w Wéogg%?n@gafseﬁ, o@ﬂlalllb t either end wi

the multiplicity of the association. The default multiplicity is one. An asterisk (*) indicates a

multiplicity of “many”, i.e. zero or more. Each association is optionally labelled with its name, and is
also optionally labelled at either end with the role of the corresponding class. An open diamond
indicates an aggregation association (“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 NETPAGES 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. {vnetpRgpagNsi sts of a printed page (or other surface region)
invisibly tagged with references to an online descri pt| on of the page. The
online page descMNFpasP e s foppdetinn-om Ybigh A arteass pwark i buily They pvideeargage
server. Tfmsqaagemdﬁ‘&erdgat»nsmaMmarohmtérhtﬁva/deﬁic&le Iayout and content of

t he page, includi text o Or and i es CI’I be s 4 he input
el ements on the %ag T Sltjsdlfﬁp jid Huttton %Or %’%9, Surfce m mv‘é‘ t?ﬁff eI ds. A
net page al ﬂe%mscemrakprﬁlgcsdemd@nwf thhpaae e Mg@amscgnuqntlsgnausmﬁ a@%stqnéy be

si mul t aneoys) NipbdR RhddlsE:dker 2FH ppgrqus@ Bl adfibtRe RGEIPRGR: MY SSRM ofMiélphded! €

net pages can share the sanme page description, However, to allow i nput

t hrough oPiuding; texh graplig fndgimagss Jbalsg des esdﬁh%f”ip}‘fg‘?ﬁ@ﬁ‘éd“ e peef fsiufiage i s

assi gned abutidtis,Cyperkikg @nd dlﬁli'ttﬂefdk €X netphbd ﬂlowpagﬁlnganmgmﬁufﬂetpageqm opiteci si on
to distinguish agver es. Each reference to

t he page gsélg%’?fogtglgl\lglﬁl |esfmSl %‘e %%?fsserl n eréftpa%f e tag identifies the
uni que page on whltible mtpaa??p‘ela?hsre ﬂ&rﬁ@tnetma? @Bylpimdﬂ?\émrl to allofeinpyt fravgh t he page
descri pti OfiherwiddQdeh@al A3 ® bel ﬂ@ﬁgﬁdsﬁe’d Eichl Je@ag@%spgéa 1 hefde Fz@bﬁdbﬁlﬁgagﬁs

Characteristics of the tags are I n nore detail el ow. Tags are
printed i rPaFTIPPaYS ﬁma%grawﬁfm %lstrnﬁ‘kssﬁg’ﬁtwaﬁw Very e PRt ERPIRAsSY s
i nfrared-refl ect Eatk referaitcta ti@Spage ddsoriptioy isxa@ded in hipéfited tag. ITa¢ gl idamified B gt hs are

i nvi si bl e \%8 ud (e BHUIRA ; %f)g a.Ei %nd%{e%bfﬁc‘f'&e&& iSGRES the (99% d%cﬁ;g bh dms Ia%al‘é‘o | mge

sensor wt pproprl a A tag’is sens rea | mge sensor
in the netlé@gféesmwnpaﬁ@nph@e PaRg C@aﬁ%ﬁnﬁ@s ?fﬁl&ﬁwﬂ@aﬁemn@w@em‘e%e system
via the nearest Ng}R3JAnE mﬁﬂ%fed.aﬁr bigtiRRaRk énsany\nsabe&aees@u@nﬁmﬁgmmcﬁ@t es with
t he netpa rlnter Vi m?r t-range radi. ) Iech’é‘B‘ saresfflc ently
smal | and % %@5‘;‘“&?"?&%@@8 EY W‘i"ﬁ‘&“g BRITETRE fodhq F'Pﬂ&@‘&e Y¥BESt one
tag even diyadolgistaglivageten©kwitnantapyeoppiatgBlter.l t i s i mportant that the pen
recogni ze the paﬂ%'&ﬂ&ﬂbﬁﬂ%&{&& s@&oﬁ}fﬁlexetﬁa@é&h%ﬁth% %&Qu}%ﬁm@@ge,

since the interactiron I s state are error-correcta encoded to
make t hem'pHe p¥ReELs VStE%I"léfhaﬁfa“’csb“e@Eﬂeﬁ’%@ B&r?ﬁ‘g’é wirqlprs andecogmppicatsuitigh tBer ver
mai nt ai NS WBipAkBipHMiE vaagaoﬂ-ﬂaﬁgeaaﬁﬁmquagmdﬂﬁﬁfemmsﬁ@ll muaagyaman@h kahd1g it to
mai ntain a disti user -sup for tﬁl s in the

e doocorb iR e R SRt SR abaee SRk Be pF o P Bbbrel G B pel ) e
page descrreqgtizsrihe page IPage pesition ancesry auechctidnewify the e, st plaag:gteractmn is

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

The netpage page server maintains a unique page instance for each printed netpage,
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
1.21 Tag Data Content

In a preferred form, each tag identifies the region in which it appears, and the location of

that tag within the region. A tag may also contain flags which relate to the region as a whole or to the

tag. One or more flag bits may, for example, signal a tag sensing device to provide feedback
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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 nmay 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 feedback, NPS033-SG -9- indicative of a
function associated with the i mediate area of the tag, w thout the sensing
devi ce  haydidfvel @ a'tGfcBdn dsQRcitedGRE thb Rhth@RteOfealdd e tRJ Wibut fe QBLRAQGLEN MY,
for exanple, illumnate an "active area" LED when in the zone of a

hyper | i nk.22yi8e Qs hpdaiisiplondf &8 roeipn ok fR2RTRIE ™B% (U RFaPle: ol Ay it

enbodi mentareatBEIMwlicd Gh thaddhedf A Bypaiink. easi | y recogni zed i nvari ant structure

whi ch aids i ni tlgsl ﬂ%% ggtelcfe)epr] eaﬁagme%élgh i rlefg&e% elnbodiThed! ggc]ﬂaggon%;lgan ef f ect

of any warp i nduced by the sarface of ‘%y the sensi ng process. The tags

pr ef er abl yeadily Fasognized ipyarijnt structyegyehich aidgiinitiplaletgqyipf, jagd wneh| apsistsrimminingizie thensel y
arranged tgd oftmwa?ﬂldgc@@p}r@é ARk ¥r dyTRA6sBS prb@aSThe M3EprbBEbly BY @B el @ Si NGl €
click on the g\%ge. t. is inportant that the pen reco@mze t he page | D and
posi ti on dREs EareiBrewly el W depdtrrpresd faidhe Pos paRcRiabln Bnaeht AP AT i s

st at el ess.evénrona sppletiek be the gaEb.Atlis iMRattant thiteherpegte@ignibthadapCId aad pagios &f er s
coincides with . ent he. region I D encoded in the tag is
therefore e‘s’(il %’tﬁg%’ﬁg& t{‘/\nﬁl? ﬂggﬁécep%e}éqgrfi%o’g? S'%t%eesg'pa e on which the tag
appears. | n ot heln agrifdd erehedigent; theregienyp Fhick @)ta&mg%woadti?ig"itbéﬁ@% Pegin be an
arbitrary .sue %ﬁio@ﬁ) enRdde@inRIRASY i her@foR&YnodyiiohAGith thd ke IR _mph@e ok fvhi@AN _
coi nci de \Q%th t he ZOH&‘FOf a£m| nttgrac,tl ve elﬂerrent, in WthC case .t he region
I D can di r'¥ctd 3Preeteeley mPREmynf Bf ket Qarbih 8 (8 AT FABE & 2Ry 8tn Fi el d
Pr eci si on of bipégs Jor otRRggurbice. IFR ck@ple] sgar Edintide with thg gont of al ind@QivEeledent, &g

cont ai ns ' ] ' : I . cated as shown in Table 1.
rooum ng atnniie e Rpih ]38 B AR PREA AR DY 29 ST tag 1D
supports a regi ofebllzdagflatyp t o 1024 square inches. Larger regions can be
mapped coft T NERIST Y [Wipkdtiién (bitsy €psi ng the tag I D precision sinply by

usi ng abutting regions and maps. The 100-bit region ID allows 2100 (-1030
or a ml RGP 18R trillion) Hifferent regions to be uniquely
identifietraglb2.2 T Data Encodi pg The 120 bits of tag data are

r edundant | ot

2

a-Kn-O
\wA R AVA VAV |

Aags egpsi-ng—a—45—p) Reed- Sol onon code. This
Total 120

Each tag contains 120 bits of information, typically allocated as shown in Table 1.
Assuming a maximum tag density of 64 per square inch, a 16-bit tag ID supports a region size of up to
1024 square inches. Larger regions can be mapped continuously without increasing the tag ID
precision simply by using abutting 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
vields 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) darm,]ges a m ni mum nunber of synbols
overall and a m ni mum nunber of synbols in any one codeword, thus

maxi m si ngcahb@ﬁlh}légggdtéaood that the burst error NPS033-SG -10- can be fully
corrected. E’%m cal Structure The physical representation of the
tag, shovvn1?r?l FlSY C%Taﬁ’ﬁw Y®s fixed target structures 15, 16, 17 and
vari abl e data ar @asphifcal Eheseﬁwtwedfmarageho“&hﬂﬂgtrw ewludds|fidwd trgg ensiureg devi ce
such as th e Lnfer nsi onal
orientati oﬁs rlgﬁzg?ad\g}%n%%% dta%%egsgltﬁsg%e argggm?g’g%?@gsa Sg}(l)s%]n? g%‘ﬂnJe‘rE%Bgée@gm ations
of the i ndieipaghursh tdodetest the tag hasl infacitsotbree-dimepsidepl grientfiongelpfive (ethp pepise rThe ag

repr oduct i @ ardad@nthifl SepleSenta@IAS SR AndMidul bitESFRleWhdo@d ta@fdat256X256 dots. Wen
printed at 1600 dots per inch this yields a tag wt di anet er of about 4

mm At this resoITf.’lf“ihEﬁ"F‘ie PIPRGE tag é"@fqd‘éc“ﬁfb&eﬁéﬂ“’f“ﬁmﬂét %iﬁ?"t“’f)‘ﬁfh?fe?a Byl ¥ qui et
area" of I’Wﬂénqﬁmt&ﬁatdﬁlmsdots &rm&e&ﬁsmmutagwm Giamdics oEdb&ﬁM mﬁDAttEub hsdnedn by
adj acent t adds ots to the r.of the tag.
“The tag i n@?a%lls Jegt ne‘lr;ébes Jcat piglprea Of(:fec{msqg |d%t|§1 r| hg ei‘ge? AT OWS" t he
sensi ng desppicibuteddy adJmerltltaa$, Ftynlmectded:ft dostiethe effgctivy tiamatér afthg tsg easy to detect

because it is rotal h,oBakY si'xriéfée'i 5RRure@ N dALEAURE 18 alloWs MR Ensk@ldb Gt ON Of
its aspect _ratio renmpves npst of the effects of perspective distortion. An
ori ent at i ofttiall;dsteqtghertng. Jhe rinenis a5 fsderry taeried’s f‘lﬁa“ﬂ’é@flﬁw apd°45p? oxi mat e
pl anar orisenflatoreiionfoftil @spettagtid tioted rioeofytBavetiictstdfipes@abedistoftiop. An
orlentatlon IS 1.s we ld a n spective
argeto 17t opi SEAERe Ll LS B oD SO I o B oPRE S0
per spect i vtes duertaiths oy ?ﬁthﬂfse!ShleThea@eHN@n laxints skeand ool nrnique pricatation Favhsi onal
position %@p&ﬁ%eﬁrgé; P BioRf th& Q@mﬁ@@bvxcé e Alet \’ﬁea&:&af@ h\eo SRABRKal phbdectivar get
structures are redundant| ge to inprove their n|t to noise. The
%’Pﬁr "g éF

overal |t aF¥PEpY hestag prdchppseransppirade Gip Bmssona av%?f@ % #i%fg8 opti mal
t ag packi nglativemo tagsensbr egul ar triangular grid. In conbi nat| on with the
circular detecti .5 TRKES | arrangenent of data bits
within the tag ogglmr%a{@mf&rgéx Ims elyﬁ?retgiﬁz&(%theu at anﬁ&t i s represented
by a radial vved@hﬁ overall g shersrineitsplara FhissRRaris eNEs dtheryhinayorim i packipies and

t wo concerunrah%agalalqaingﬁlaraéh@an catidtionWRA G Jadar AetbBib Al BB SichRIof 8 dots

at 1600 dpi and is_de lgne so t hat s base. (i.ts i at | east

equal to tITPEHITPIAAR % HiBRdbedee oPRY lf?é’?aé'ﬁfse 8% S Cl\/‘i\éﬁé}é’s r??)'ets"??éedg%&h al

di r ecti on radial sledgayisthe fenruﬁ“lan iren Holrgledyriwonadinldinesmdbtivo poncdagic hirefilabarts. ket a sy nbol
is T epr es%ﬁ&e}a?é’ I é:ﬁéﬁf?:lof%)ﬁ% \Qﬁqg@ xan-ﬁl?sede;lg‘heéf scp.hgt 1@@&@(1@%@%)5 of each

of the six co evvo ocate tot four concen rec
is at least equal to this minimum dimension. The helght of the wedge in the radial direction is always

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

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

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

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

spaci ng of the tags,, Ne03R: I sudpk: mm&mn@gmﬁxetal SGHM @hsot 88a SPIRE s t he

m ni num di aneter of the sensor field view I s obtained when the tags are

tiled on epb@qlmwpélﬁ&gsqfwl%fir?ga|ewlat@rﬁﬁtﬁ?nglé§g%flaaw%o‘*rﬂrfﬂﬁﬁ'ga?e 6. 1.2.4 Tag
| mage Procezsi ngTaykhage Pesbessind Bsd D&g:din@ge processing and decodi ng

performed by a s nsi ng devi ce su % net n Fi gure
7. Wiile a captu léd %‘%’ﬁgﬁgm‘?suﬁeai“?ﬁ ccéé“&l?l °é‘ae b?é‘rgﬁ“f’lﬁ%&?"ﬁeasﬁcélageﬁge °the
dynam c r aryé dbwt meFigura(eViis ad@ptercdrinngd is(taing 2@)riredTiven te mrvage sapfor.t thee range
I's then C*;%ﬁ Bme,ma%agaétemdm&' ﬂec%erg%wﬂ%eg&osel%héﬁw is then

t hreshol d ment Into connected pixel regions (i.e. shapes 23)
(at 22). Sﬁaﬁéé f%ﬁﬁe érread ' Thegpags isgthan threshqlded %Wﬂt?‘%f@tof%“?f&? nglffi&lﬁ‘ﬁr es are
di scarded.. e mgessze)zgt 2N GBhEROWEEH e @b s@ACH rhafpetag Grgdl Hicne8RpUdiRadedBi nary
shape no nput ed I(ﬁ 19 24) for each shape, and these

provi de th est aél?%enF%ﬁsg}%ﬁ%glg (EATI 9P ¥at i ng target structures. Central
shape nonents ar Binigy sllaﬁmmnema@ﬁmethﬁwaput@ﬂr(at 24)gbr qaehsshape.ond thesmproddathdhe easily

made i nvarg,gif, gaf,seafeaiqua@@mﬁ%t sthubthre C@xﬁgl ik AolnHls ard BYSndid rAflreliR AR
structure 15 1s the first to | ocated (at 26). A ring has the advantage

of  bei ng fessjionard C%%Wé&a%%’é’ﬁ“aﬁb‘?fé‘ﬁ@c‘twe\?‘éatﬂ’la%‘i BRHE®d. Mat chi ng proceeds
by aspect - nor mal Tii g taadetlstrust@t as ismm@rtdmllbmemga mmnﬁgmpae sdvamagenf s. Once

its secong or der wre]ﬁ)ﬁavegw en elgoe%trlrx%—dgsgo?tedf M;Fchmg p eedssb?'%sag -normah %%?A’II Ze even
if the perspect ror rcant s ori gl aspect

and r ot atrptatfen2grmeirirstehdrshape’ ampld@tsa%pse* eplconé'ppkmmmls mmomahqeﬁ the peg specti ve
transformis g L‘seto@esb%uz% el qtmégefswewdesmmn s dighrichte Xithe il PRighRGHe8dnd at 28).

Mat chi ng proceeds the ring's normalizatjons to each shape's
monent s, dp@aoRST Qﬁ‘i“&j’rﬁmﬁ% er?’é‘F‘i PRREP RO o &g PETTPRYTYe WSRTt s. Once its
second- or der ITDI’TBRtaEus&lir@et Rouchied 162 B80hd et @XbeSlodagt Jat28). Mg |pybcd€eéfcbbgni zed.

Not e that hi.rd or nt . i d '
pOSSI bl e Opﬁgnrﬁ t Inn s norrflaﬁlfaﬁxonswg gch sﬁaﬁé £ gg[hgn% anEiQOt%loﬁ-ﬂﬂpl%I%?lgtﬂ% r'ésEﬁn d to one
si de to mnehkamenthGaegitsssséond- erdermr@ntahrs oormplized FhF axis taggp igy eqﬁlé)srs@sm@dtlt‘fﬂe

rotation-npk Giﬁltﬁlﬁ%rcfehﬁoﬁeﬁ! i$ retp@te@ Bldistbibigtate e ﬁhﬁ&sm&ﬁﬁmﬁd déhe Sxis. The
normal i zatjons applied, since t@ l}grs ecti edls}ortlon can lhlethe axi s
° By ‘%F §

target's &%PeIsdp ra&k’l skevped o one s Pops ayf’%ﬁ Sy ey gossiple &g |
appr oxi rratrbtexrmnmémhﬂim thea gRisS tafgot after Ginhad Lhed tle fefs yomwali2BionsTapplikipsincepbe spect i ve

target st rpléx%gew{v% %isilozioﬁl rcﬁl Ihcnﬁhé Qﬁ’st tar%g%’s Qgis.l ™ %1? grg@tast orégxll' rotgi%g %ro‘%ﬁ&é a[mt es

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 estimated position is taken as a match. The
original centroids of the four perspegiive targets are then taken to be the
perspective-distorted comers 31 of a square of known size in tag space, and
an ei ght - dﬁ%&fm{m . BRHRIDRES SO RGL 1948, the! BRSHQE Whidkdard Bordidth@Fpbfatdd bt 32)
based on solving the well-understood equations relating the four tag-space
and i mage-S5uEE™AE) nt pairs (see Heckbert, P., Fundanentals of Texture
Mappi ng and | mig’ﬁhe\ﬁﬁérEHdqupdb@-ﬁﬁlﬂd’gSSp-EEﬁﬁisﬁeme&Msfonﬁ)fs ukelE @Sprojtdt (acd6) &aell | f or ni a
at Ber kel NPS033 - Techpical Re 184 June
1989, theq%‘?)‘?‘ﬂgaﬁat ‘tB‘?s‘\?\fhimc & e grel S?fcorhergrwiftrg%%uegspomgsnsl?re?erence)
The i nf er ridaedringatepaae (a 36)i thafper slsrantadipsent pixels invtbe inpetrimfasr Bheipsevipgeyl t o

proj ect (afmy glFe)d ﬁ%gmesmLga'ltt@thmsﬂoldﬂﬂé%swtBr}rddﬁl:etﬂ@ginﬁgﬁca@ud?:m 0 inmage space

where the real -val'ued position is used to bil mearlx interpol ate (at 36)
the four rel evanPreadf dtba= B ehareibren Rinehputs Fivh G’ ofrfhe six SR Bt Berdr y
conput ed |9¥REOn tdaEvaSRI diccaad (26S38)15 §131d120 déchde SinHofbr ti Iedet @sdbits inft@alp¥@eluce t he
final bit | .ue dat nthis
way, each %"’? ey g)eé”f’gg 8(izl)s ge ﬁ?mé’gfd “éoaagvrvr%grl\ Of:Srdéc\)/\%? ds 9‘%‘2” eco'%lgfgf%%a({e 38) to
yi el d 20 deobded diying the S@npligrprot®® decoded bits in total. Note that the

codewor d symbol sparng a?g@ﬂls%niy@o@ad@mwemq@ EmagSPhokd 1 RltiOSIAVRE Bl €
inplicitly de- mterfeaved during the sanpling _process. The rtJBM?%(?rget 15

is only scUgptees fhatythg fipg iofqunds isyrag #ﬁﬁﬁ@pl%%elfﬁe‘i"ﬁ?lf%ﬁ%gh‘? A% i mage
guar ant eeSsu&clSBaﬁllI}t Be&odet n@en h(f pén()ptﬁiﬁpn lisSrefradetl faf tha caedip frabe Giwg.addqhata
complete L aedie Biter o0 R0 WnonTHEGHRIA A Yo B0 R derd RNl PEABOST L1 O
i s record@f Fore PRe &lrrent Frame. G ven adequate processing power and

i deal |y a spaising miofhierted in fhie edrgntdhagei ew 193, an al ternative strategy invol ves

seeki ng anot her hi%gobltanle& Rg daldlihddtes ltﬁm%ntyﬂi!%eq@gl&i aeintnd Ghediad @ndi theli cat es
the identity of the region containin

qthet t he. posi.tion f t he tag
Wit hin t heosingiobhe tagyithin dgregion- HHBrEpppsigen %?Of?lﬁé’e’b@h Y5 ?Sh“ée fegi on, as
wel | as ttheowemp lodtdiation BEof éé iparn is3benoihfetrdie(ap®) , fromsthe pespedting eansfech it 34)
fromthe p r S8V

spati al rela %%’sﬁgsg %Jd'?ﬁv%géﬁ gh%l résfr%{?s &gsfeg%lhé g&gls%ﬁ}gﬁg%ﬂéﬂ?&?@g opti cal
axis. 1. 203twbag1s4vap Decodi ng a tag results inaregion ID atag ID and a
tag-rel atiygspentigmgsform Before the tag ID and the tag-relative pen

| ocation can be translated into an sol utgg I Catl%ﬂ vmtht} n theB ftagged
region, the | ocabf8t&d 28 & Jy Phith £ %@F&%‘ Wy PR PESRIC i s i s

gi ven by ahd tag)IDragl, thatag-felutied pedriocaivinchn batsssiaalintot aagbdoDtel Incationt withgpettle r egi on

to a corr %?gggdr}géug]g thL %giﬁ'ltoﬁ Shne tlm&ﬁnatge %911 rﬁv.lxs?ﬁesknown. 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 a pen transform, the tag map can be retrieved, the tag ID can be translated into an absolute
tag location within the region, and the tag-relative pen location can be added to the tag location to
yield an absolute pen location within the region.

1.2.6 Tagging Schemes

Two distinct surface coding schemes are of interest, both of which use the tag structure
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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 the 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
transform the tag nap can be retrlevqg, the tag ID can be translated into
an absolute tag location within the region, and the tag-relative pen

l'ocation can.hg asded dif JAs. trﬁeg%rh@%t ol sBemd/ ! do@onAREQLME GgP 8N

| ocation within the regll on. Schemes Two di stinct surface
codi ng scﬁk??é?éd@f“ﬁe%ﬁn?ﬁf"é‘r“’éﬁ‘tdmglﬁ‘é‘?’ﬁews j5ptimlicaié8 48he tag structure
NPS033- SG - 13- dgs&hichedicaap Itdg&bntmﬁ}s 4 fag D s/Bick, iv@en tréﬁkmeqomﬁ@rmeadg mdi ng

SEROTe eSS enh BB BT €85 P, 858 18 S L 936
| ocat i on- ilevaiicp@f ihng:nﬁsa@dqd@mmméocamn &gyidOhedesation Of\ﬁumm withirthd regiend Thihr ough

the tag map.,A5 306 iPldatnitd b0 1d:den bAAg 99, FIREE & udi BledRe alelu&k ke fagd
| ocation wthin the region. The tag-relative |ocation_ of pen i s added

to this tagerrsiongssesipted 3vithiths|regiqnniotjoglyds the psepinterfpre elgmppt We{fh‘?eﬁt‘ﬁ(eﬁé’“traegl on.
This in tld\bﬁﬁbnlraatislsﬁ(ﬂleh\@erﬁiﬁiﬁd’e%leﬂx@ntﬁé’lﬂbnhﬁhﬁﬂlobﬂlﬂn-mﬂlcitﬂﬂgtamﬁbrd’fﬁé fivialhe t 0 a
user interface_ el epen description asso w.th the region.
Not only i*¢P f”ﬁgmcag@e &aﬁargsoﬁute of %elf’réhre\ On|et°s TGNt 1 ert%ﬁ%g a location
rel ative to the 4sebjed-indiertihgda @hementtag B Wéjlehtdlr¢0illecﬂentiﬁ@%:at‘$fl§nnt¢rﬁdﬁ cating

tags therefQLg i me\ﬂagél de¥eripSaPRQLibted Rt %Q@MneAﬁftheathsagst&l iéﬁceofp(ﬁ@usﬂﬁt h in
the zone of a particular user interface elengnt. An Otdl ect - i ndi cat ng tag

contai ns AMrer Flemsph ideptifyithectsey {pterfersntloepte Saking, dgm il dgptical and thsye in

t he page dﬁﬁsﬁﬁguﬁﬁdaﬁnOE}%ﬁﬁic%Q&gMﬂd hotttheeﬂsxe,gsumrt t#d éapmxlae)ftamglsolma péxhe zone
of the use Wt ace el ene ent t he us i maki ng
them al | 8‘&3. cg and r’tsnpepre r SETSEUI S a% g J@bfﬂ%g’gm@m Fﬁ’cag[l ng tags
do not, t lﬁemﬂqyreecee@uppame emmnt@,resbtaa rf@qt@flCYaﬁe éi@@‘@?lﬂmné ffpl@ reoe fapled PThey do,

hovever, SUHRAKS thd R iRt Ykdke O bRudafbiBlduMPddR@minddat h. So [ong as the
position sanpli \%ﬁfrequency exceeds tw ce the encount ethed t‘wgqfre fluency,

the di spl acement Vith &b HESRR APBIEY H5eRes PEYPT iHRPoPEAHOR S ReRYPCHFE KPR a stroke
can be unarhbguelLtsd ytpagtae b dedctiw\ekhens it thera tsage ingragotid e pritthiepagags

function (.0, £Q08G6 AhI.Q0ME b PRSPEL AL Y o) 348kcad B BIBALS. LA AEcRB] Page as

user interactiv sSin that a usér can interact wth the printed page
using an appyeroipte FeapcasesehrgerfEpted énthenstorgy sp¥eder for tag data to be read by the

sensi ng dgy ce apstulelit D PABEDESURIPTRNE I esponse to be gener ated in the
net page system 1.3 DOCUNENT AND PAGE DESCRI PTI ONS A erred enbodi nent
of a document arfdPpERges H@E@F‘F‘ﬁt"?%ﬁoc&‘in%{’égn cﬁaéegﬁirécﬁlﬁ‘oé‘ ?Eo\ﬁﬂy d]?f’waﬂﬂ* es 25

and 26. | Figuke2hmipage system a docunent is described at three | evels. At
the nost abstr acﬁm tﬂe%é%&gc 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 termnal elenments 835 will in sone cases be associated with
content objects which are different frpmthose associated with their
corresponding ternminal elements, particularly where the content objects are

styl e-rel gheds Gag fise Qéq;ué}['u%lda b Shdilhe Pind HAGUARGn: qsggé PARr 'eam?ﬂesopage

descri bed separ at el | ow” i nput captured throug particu

i nstance &§3wergy.Hke H“’éﬁ‘b‘? efbr Srpptrdfosyment ‘?"'Efﬁ?‘?oﬁﬁﬁlthe@é%‘itsﬁf?"’éd %5 g% ot her

i nstances s&izertotdffﬁleﬁ@nﬁerp@gﬁerdaﬁﬁsrdnptpmﬂmarB’dﬁﬁed@ﬁgesence of the nost abstract
docunent descripfi.on on the ser ser Lo, I equ copy of
a document wit hott® 3‘6%60?8?‘@3%;?08&%%8%%?“ f)ﬁ%&agﬁdrj%ée fseine '([} saghspgm fic
format. NREDIGsGSE 4 4ot off Foematsd rermeg) clomentseflelach frgmatted dpyent hasaughiala pri nt er
W th a di fl6h 6N o6 & fEe. Tﬁlgaetﬁes%@cﬁve arr QPN SiEthdhes shdlGs RpERARGR Of the
formatted dtocurrent description on the page server allows the page server
to effici éwtifipldpnt erpret user actions on a particular printed page. A
formatt ed docunemaoc&séhtﬁgﬂm &Il&ox&fspoads&eafdﬂﬁatféd)ddametﬂnpa@ﬁsmhaﬁaﬁdtpﬁ| ons 5,

each of which con a Set of rmatted ter 5. Each
for mat t ed P& é%ﬁctes E.J:O each clorres Q se o3 Dage Zegcn thgziﬂ or}%xetfﬁmgtq%r}i% is

defines t ti?echaaageiinsem@ﬁé@de@dnb%npmle emmmtsd nsipega 1a0d m@@qml)éﬁdf the nput
fields. A QoeUTERE hALA0ES pREk 2 GuMES RS ifliQepfesdnBla WRyleslpdorymal 834. It
consi sts of a set of page 1 nstances 830, each of which corresponds to a
page descr“i‘fﬁ*}t‘% 5 of the formatted docunent. Each page instance 830
descri bes a singi ﬁangiHsﬁM,e ccﬁiéxbtﬁ]bﬁ?keﬂﬁ‘ttm@ﬂ elemedt idtaticeC&H20ASn Elénenpiagp@cd D 50 of
the netpage. ance_ i.s C t it

repr esent sglaemtmp%1 fora a ceesem rmacl}on in |sd’% ﬂ&&% exﬂstQ%ﬁé‘%?rgﬂ{

consi sts efement be@usaﬁt rtcerdnﬁnlahsa@llmeﬁéﬁi whigk isgspesifs (@ 99 Pag&nnséap@nﬁﬁita fiekst ance

only exi Stn%tahcfe ckibts foB 8 ﬁélﬁléleﬁléh%e%{iﬁeeﬁ PGS ifihu spedificab I&Etphgéﬂnstaﬂ'd&uﬁn cl@ndhyper | i nk
i nstance exists for a hy %emant beca se it records a transaction

| D 55 whi &2 dess agt; ’f‘?"ChO?’?}’e‘i’ F?é“ﬁ’é@ mf’“rtﬁsst‘?i‘r‘?&@x Wd a field instance exists .
for a field el enerimiheelai@€cantbe b eetir«timentrsptita hgeedink Elegent 844t helpelgeni nst ance.
An el emant845AI ?a?a%”%ngr c%tﬁ%a&oetlem%%ﬁlﬁ as Igh%%\{neﬁ%ure Assta% Elgme%l @4@‘%5&}& ,UCh as

textfl ows ' can enent 3, a hyperlink
el enent 84gle e&mfeméﬂaweﬂl etnesmcxateswlecﬂbwa Séagaete&t@fr‘wﬁme@b?ﬁ%a‘ﬁ& 38| %etied 846, as

shown in Fﬂyggfeﬁ ogjlzct 855, &Iﬁﬁge(‘ele&laxﬁ B Wlth&ﬂass&'oﬂa&fi lﬁ&g@elen&htﬂSS a%ka@lilﬁél&me&‘w W tg
an associ ated _styl e object w el engnt oci ate
styl ed t efe? B} @’015508‘8‘8& graphiq ‘?Hf@t S%él aeY’f% cligs iRt vﬁ% aﬁf%%%ﬁt%itvéd 53 fage

el ement 85bject &58) rapldioxlie klenen 852 xﬂfﬁ&nmsbchatalmuas slipcabattefd9, g apmpcelcmf@ct 857,
a video clggp ﬁllaggg&gaé%?&lp% fel: 536 a@ﬁlg\ggﬁla%g‘ga%: gegl I(:I ip object 858, an

audio clip e 1 'erent an assocl at e p object 859, or a
script el enent A page instance has a background field 833 which is used to record any digital ink

captured on the page which does not apply to a specific input element.

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. It
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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 NETWORK I n a preferred enbodi nent, a netpage
network consists of a distributed set 9f net page page servers 10, netpage
reglstratlon servers 11, netpage ID servers 12, netpage application servers

net pa §e£9a*? Nty %%a”acaearsverl gﬂpmx%q ﬂaﬁahm%m@mcﬂéders&s &0 lpphonnect ed via

a network as as shown in Figure 3. The netpage
regi st r at i tepsagiensy Bralsq proyides hangarijng reappiliion spraessr Msdepabe PO shichas e e en

users,  P&BSer 19 flalhta8 §er81§é?xplnf&@4tlb19£b‘éut@ag: qestabiioadind PR, instuicds. tThe nedlaye
aut horr zes vari.o s network activities. 5- au hentr cat es

users and "gtoRk inpludes agy ﬂ’mbﬁd’?ﬁarg?)w ef?neabhelf‘?ﬁcfhf’g 6?“98‘3?1?%}?%%? PRAFE d i
appl i cat i Garvertatsamsiaeing ewsinput vahah &0 e4oh page degndesdliehir suthi s getpage ggmr& aenrh

services. A5, 9561 RSt ANRY GrrBdlPhARURPAAR paSCloE itirlbp bt hpur

per si st ent ornmati on about p ge descriptions and page instances. The
net page rrelative fokthe dasstiptign of thapprrespavRiag P page servers, each handling a

subset of page i Ask@necead. sesbmzea@cmgecun&armrslaans&mm RiApcides I@k- | Nput
val ues for each nst.a ﬂ@ clients such as netpage printers send

net page i rfpBEeTE° P@g‘ﬁe?’erf?ﬁ‘ait WBIBSP B e page server. The page server
interprets any sseépigapinter useethalienet Rigritued Ndws Sysiept(PB), arfsintiliretogselrespondi ng

page. A n%t£§9g% ph 4@@ 8} }ﬁ{%rme%%nﬂk' 05%a% @ﬁhﬂﬁfb%?%e sl h:ﬁ;&lnfg MhedERBRdinaNd

provi des | oa anci ng of page servers via D all ocation schenme. A
net page proegetigfanggses the I nternet Distributed Narre System (DNS), or

simlar, to res OA\ﬁapagaapamaa@gav@agg alsdPvdd Qhicikosts infefacd@ nwprgk applidii@s.ss of t he
s e MR RO e TR e T
appl i cat i qnigters Aheyvad qoergibedpmdskail Guierton 2ser ver 14 [ s an application server

whi ch publishes ﬁ&&@@%&éﬂ?%&ﬂ%@%a&@ ol RAUR, oPlHehbR! Sorverd %}fo&geﬁ&escrl bed
in detail in Section 2. Net e servers can be hosted on vari et

networ k s enapefpcsryushygs H%Mrlreer -Pakprdrad Sy Mrlgplsﬂféﬂ?gea%fvrfﬁaﬁﬂ“ YOS RIoRT X’F’ac kar d,
and Sun. Mﬂlatmieeloga%@aglegls SFNEEaS bE aidtribibtedl GeNChiibavif hysts. Someavr sl pixhe host

and a si n e.serv e di stri buted over n aII
of the epinalf P‘{°E"§eadgb VPR By et pale céﬂéirg\t}lgrﬂsﬂgt‘iaonalg)t F£8§Jgr%[yl %Er t he

functi onalsmw apt thy pakederiyy, cethalsd 1B Pr@eied/élr%é)n@ atﬂqeaasalgtélagcers 1@s a pAREd| so be
provi ded dish@Chla¥orhfhtcPwbiRidRB 6 ARMEIABGESUCh as a netpage printer, in a
conput er \/\1/0£ kst a'E'l-IIEO?‘?ETPBGrE P(I)QRJTER local 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 unique printer ID 62,
and is connected to the netpage network via a network such as the Internet, ideally via a broadband
connection.
Apart from identity and security settings in non-volatile memory, the netpage printer
contains no persistent storage. As far as a user is concemed, “the network is the computer”. Netpages
function interactively across space and time with the help of the distributed netpage page servers 10,
independently of particular netpage printers.
The netpage printer receives subscribed netpage documents from netpage publication
servers 14. Each document is distributed in two parts: the page layouts, and the actual text and image
objects which populate the pages. Because of personalization, page layouts are typically specific to a
particular subscriber and so are pointcast to the subscriber’s printer via the appropriate page server.

Text and image objects, on the other hand, are typically shared with other subscribers, and so are
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The net page 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 ngtfwork is the conputer”. Netpages
function interactively across space and tinme with the help of the

di stri but ggy el BAFELRACE: SEINEHS md QpprophifidiGBERAGRL |y of particul ar net page
printers. The netpage printer receives, subscribed netpage docunents from

net page publ i catT‘Brf‘etpé%rR}‘éll‘cé‘tmfﬁewﬁa?ﬂ‘}mﬁﬁsc@ﬁé"rﬂm‘?tg‘%|°§f’? t Sertsth ™o part s:
t he page |pap@hssSand amdlcatsheAmtruabmg e fpoiataght bhadeumabs et Jaywhd, e goiopul at e t he
pages. Begause .o rson 0 page | ayouts are typicall y specific to a
parti cul a(rim%vffbsh%f’?mg P50 ‘é%o éSlreIéQ’pm ntcast to the subscriber's printer via

t he appropriate @@gehesgmtce#las redRiRd tharrdmplete gegeopjorte tand objestst thas deﬁlﬁé\le hand,
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obj ects that defTimerittme prodese camesit ofttwo tesoypted nagest rasterizatignofipagerdescripfionglocument .
The pri nt dé@é&@ﬁ M%ﬁnﬁgqfﬁagé ,ﬂ,fag%s %Qraaaqms‘g\é%fsc@@ggﬁpﬁb&mstomqmry on both

sides of t cont ai ns | exed print engine controllers 760 and
print englsﬁé‘éafdu’t)?ﬁsl 7257r‘i“§mW§r1f’j‘ atratiel Tﬁ? idppigred gt gagner QPP Sonsist PodEOm The
printing m&mwmmspaﬁd gittef antl piint 36 aniplsatired timg 8gichiEiat eith dabdentiondf page
descriptiaq a X an5| on and printing of page images. The raster inmge
pr ocessor t%FQI“ﬁ’}‘ gsolﬁglg §6"%ne or nore standard DSPs 757 running in
paral | el . The dubringxedt qpstiledifordR giintiag beynthe erttioriogprintdags psing [Rypbsergiive blark
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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 naintained 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 Menj et TM Printheads The netpage system can operate using printers
made with a wide range of digital printing technologies, including thermal
inkj et, piezoelectric inkjet, laser elect rophot ographi c, and others.
However for wd g‘?ﬁ]?g pmer accept ance, it is desirable that a net page
printer have t he ow ng characteristics: photographic quality color
printing * high lguapetegstt ext printing high reliability | ow printer cost
NPS033- SG.- 17- Isgywdgkm&gst | ow paper cost sinple operation nearly
silent printing g b‘%“ nting speed sinultaneous double sided printing
conpact form factgr =¥ r consunption No commercially avail able
printing technollugpriltmgsgéd of these characteristics. To enable to
production of pr m%ﬁﬂe&s%&ﬂsﬁgbﬁﬁaﬁm%har acteristics, the present applicant
has invented a new print tec ogy, referred to as MenjetTM technol ogy.
Menjetr is a dr opumpastfderfagtd i nkj et t echnol ogy that incorporates pagew dth
pri nt heads fabrigab&dr daduigioxi croel ectronechani cal  systens (MEMS)

brintnead TheonSt e ForP RPBIoS KB R A ST SREaRETRIR | ng ol erent s
300 to forma 160®emdpe to padypetiviodf hnmhnqotzvdxthpsp |chnr®tenstﬂ'8ktths ppssanhapglicant has
si mul t aneousl v, aolteg%a B3Ry, g&&%gto%s Mxﬁjeb@wchnbttg%mﬁ@dm 2 aRbbAB&Hnd Nks as

wel | as paper conditioner f1xative. printing el ement 300 is

appr oxi matiedisy teehplogy deoineomoning PagPvIth P0G §abﬂﬁ"6fé usipg e&wlecternethhe%
printing el&hRniviEMY) Qec’ia&ildg?dﬁgﬁle a7 Shdvis GO Bingd) Padtihg teRmadd Bob hata Mét@]aﬂpor at es

CMCS | t t
ol oront o GrnbT iR gobirai Rt apiol mitng sareloDa  Bha T8N, 10"

303, the pagewidth duplex printer. This printer simultaneously prints cyan, magenta, yellow, 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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0
of a printing el erren?rl;"f*‘; ). The cross section 315 is shown w thout ink, to
clearly stouFoll¢rdo the ppereqt printing glqment, jpighes thedatacand btfers g dathie duyq thelistles er 301.
Fi gures 19(a)s thd 26it2) ac@iisk bbS4 Fair 390.0MistchiBesQ RlcatidaN@urey €& RssQlirogh Me gt TM

printing el enen 300. Figure 19(a) sh t he i escent position.of the ink
meni scus 36 qgf‘r %"6 PO ﬁ“g‘fsfﬁ‘?bﬂ%éﬁ%ﬁ?ww 9%‘?60}5%}31?'% ‘r%]ﬁ(mpfrgmre et al nec %urlf” t he
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318 of the i ve act uat beam pair 308. This causes an.el e ical current
to pass tﬁpgﬁ%‘ﬁ 97Fig C%E‘E?ﬁ%‘bﬂﬂes 3‘8@1 t?’%?mcéqon%ﬁ’m‘ gre M Sg?wcl)lsnéglguﬁa?édr;)égﬁi ting in
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causes theougﬁgﬁak Rirte O3 oRvEXRANEK mAiischd ¥ 6 RSN Ghbd Rl sulpRa bR dRai I 309
is not heated, it does not expand, resulting in a stress difference
bet ween t Hezdagbabesi¥tpai rs. This stress difference is partially resolved
by the cantil eveaede @Rpkradfre étfi@ vedneslrs Sshad 308 lequarag tha adnaet 820 r3&@6s to bendi ng
towards the sybstrate . 301.. The | ever arm 307 mts.this. nov t to the
ozl o chafgen it D n I3 e EHE o B Mk oBORE bk oL BERBRD' (O, 0
posi ti on shoster, hyshdsinguFigurd B(4)) The Tbrizls chamherrisrafdlied by theactioniof e axsfegrtamsior or ci ng
i nk 321 ouf 4 0fedidd& 30922zl € 302, and causing the ink meniscus 316 to bul ge.
The nozzle rim 303 prevents the ink nmeniscus 316 froms rﬂela%igg%g ALross t he
surface of the FigusPeshopsateemesol 2 pagthead 35¢ I AFtRASE PRSf 1% &4 pairs
308 and 3Q%in@ed @l thez@bwidthBethagdperadygicallp 2 nirS)titi the Sireiioni351s Theorgnghtrsbdwnposi ti on.
This aids jnh the eak-of f_of e ink.d 31 i in the
nozzl e chdair:%nelrlo,ng %éous h%ﬁ’ﬁ)ff? ?fmrlgl}ege A rmétgef@( gd)ﬁé}l &%g%h%%é#g@cﬁgg%ﬁe ?tii?%g(r;defi |1 ed
by the actrriotheadfin thaaliretipf 3%e Theeprinthoad hag 6 rewreofateriigitated PEn@e cEmghiy €020 shows
a segment of 3 aRisix LIRS 8lyRoGinklshipphed 15 RAFEnAE 30t €7, the length of the
printhead is the full width of th paxgler "Efwl cal | Zlolm% i%}%g@.
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hole 331 through which the ink droplets are fired. To prevent the nozzle guard holes 331 from

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

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

the pen is encrypted and wirelessly transmitted to the printer (or base station), the printer or base
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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 beconm ng bl ocked by paper fHQers or other debris, filtered air is
punped through the air inlets 332 and “out of the nozzle guard hol es during
printing zle guard is sealed while
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via an |n§%?%bsen or. The image sens e proyvided
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Each netpage pen has a current selection 826 associated with it, allowing the user to
perform copy and paste operations etc. The selection is timestamped to allow the system to discard it
after a defined time period. The current selection describes a region of a page instance. It consists of
the most recent digital ink stroke captured through the pen relative to the background area of the page.
It is interpreted in an application-specific manner once it is submitted to an application via a selection
hyperlink activation.

Each pen has a current nib 824. This is the nib last notified by the pen to the system. In the
case of the default netpage pen described above, either the marking black ink nib or the non-marking
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 default

nib style is the nib style associated with the current nib. Strokes captured through a pen are tagged
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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.,at the commencenent of the stroke.
Each netpage pen has a current selection 826 associated with it, allow ng
the user t ch{, 9%%@@&&&9&%@.&&%@&% Y CreFEr&del @ nd S
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has a capacity Ofe@X& InfeRRcHidNIUL es Of contl nuous handwr| t| ng. Wen the pen
is once again within e of a |t tra buffered di gi tal
ink. A pen can b@heﬁétﬁﬂgg?‘é“?eédm\/&e‘icﬁea‘!ﬁ ‘8?8‘6‘1‘“% ge;n oY P H5REEse al |
st at e dat aisédas intbest with a nexpdgp AJBS claled hntmlofmapagmarrehd(bmﬂthmmmmmkqd ot is

lar ge' y i %&t@ rai r%(l)ver\r,@nit,csnchpgsi J]Et%li(e afhp%&a iaﬁows 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 partlcular Fage and associated interactive

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

the pen relati V& “éh‘gk”tlpg S&@%@;@%@&St&@é Q}'d %g bet-wrgtg tHe rﬁgd %Dh&glog @ﬁdﬂhé S

transmtted to the inter ere resolves, via t he page I D 50
of the st reliseauentpas up n@ltmmmﬂklewwmsmﬂ W@uﬁ’e%%lgf‘ét Wighds asipdby 20 whi ch

mai nt ai ns Jgih@ykQly r@@ﬂ@sﬂﬂihﬂ&o B@Qﬁvdtdasatnaﬁlﬁ&dlg@ﬂaIdnﬁerkthﬁéhsﬁgh&’éds Mhd Bildide St roke
to the page server. ngﬁ was. recen b tgelnk | 1.3 rtlneearl ier
st roke, tt?éﬁpet“ﬁé“oﬁ’rs}“ilhaﬁ? é‘éf‘f?‘ﬂf‘févg ‘Eaheé HAUFESS reSpof’ *°tRe Teélevant page

server in“bk"LBDache. Each netpage consists of a conpact page | ayout

mai ntai ned per Si"h%{)%ﬂattlvx il i gttepeﬁlgrﬁs mgs?a%@%a%@aes&ﬁ,ﬁ& Rk andTiBén Page

| ayout refers to objects such I mages S and pieces of text,
typically f@tdbrl@dtt%fplgéﬂméelé?ﬁntaﬁ@“ﬁéﬁfﬁ‘&@“é‘var‘i‘é?%?RSSOC etk page server
recei ves tfier st refrnfnkem the pen, it retrieves the page description to

whi ch the stroke plies, and determ nes which e
description the ‘%g‘ﬁ’ JHpk 15  figgns of Sprding a pssieg (oot agﬁwatfon a‘mfi?’gca%?'ac he stroke
i N t he corpkiekd re@bnst lnehetnytpaze oifstetahe r el evant el enent. NPS033- SG 21- A

ok 183 S RGeS L BLARCR, AledibiT BELYRRR RERGNoCaUN

position and th sequent up position are both |ess than sone snall
maxi mum  Awpedinkeadink Wﬁ“dﬂ“@?%@ﬁ hejpeerlighyjo the anplijatiqn. 30y pliag epyised Hag whifhs 5
click to Qsard kyvah Q6 incRfdihaGsok dppligdiyn als IIDYg &R tt&th’yﬁéﬂ&xkl Btivagapueica The

failure of a ction, clic to r
i ndi cat ed dBi?“‘ftﬁBWP’ R oSt W’f‘eé‘glﬁgﬁ%eslm?r’%“o{a%%afavpme oRagleATs ugefﬁgnrs eglar e two
ki nds of iThpbypedihlaiiapnttslassnliagramed shevgren Pgge2%escri ption: hyperlinks and form

fields. Input thgauahy hak%fb%t@dqﬁ@ SOrvbi! delES rdofi&e aChd VliibABn Of an
associ at ed hyperfvﬂéﬁk ?pe ‘o |nks hyp err |el nk |résq 3 mg%sﬁmf sending a

nmessage t GoEEYhereR te agpprk CTQ? ?R? "a“%ﬂ ‘d‘E‘S}‘EF‘U’dIaF gepligation) DH4 a0 ‘@4t esponse
in the netma%o&y&ﬁlaj@noﬁafweralmemq\mkﬁm tht&!hﬂpeb olenypdrinke genbdakhypaplplks cat i on

71 which activ e 4
i dentifi eg‘%?%%’“ﬁ% IP'H %’é %noset ctlonql eidll%g?l on, Skdwnmh ggd rReg%ueirr %g‘r‘f"f ag which
asks the sysimphmena regesstfore linked dg@eleﬂtsor apqo#ml’}a%l%@m m¢f¢ra§e ‘IODS‘GYF i“nforhe

hyperIi nk %lﬂ%n% @)'ﬂgspgndmgm'id dd dp%at%'&@lebtﬁ)nﬂﬁﬁﬁnm&ﬂltstmwper| i nk
is recorded as a favorite or appears in the use%rwogpl sto eyperl i nk

el ement clsgledionjioshyreapficstion. %‘B?/\ﬁ‘“e‘ﬁ Sgfcony eniaies 2 SiRg ‘?\Vf)&# %/’it ﬁ?f ei‘aénp ttivat ed,
t he page S®Y applicatini$ radunki € 6fbiSpagé Bocamenagigihg thavbrdld meaning within the context in

which it appears, or a translation into a different language. Each hyperlink type is characterized by

what information is submitted to the application.

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

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

A hyperlinked group 866 is a group element 838 which has an associated hyperlink, as
shown in Figure 31. When input occurs through any field element in the group, the hyperlink 844
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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 |inked docunent, or may
sinply signal a preference to a server. A form hyperlink submts the
corresponding formto the application.,,A selection hyperlink submts the
current selection to the application. |If the current selection contains a

si ngl e- vword. BL&f GiaPlhe Lof8b »is Lc‘ﬁ(zat&x Qﬂg&)&hnkect Qﬁu@%lﬂe%@d' 19 Mhsdd8Me 'hﬁ;eﬂllfﬂﬂ a

si ngl e- page docunent giving the word"s neani ng vmthlnthe conte jn which
it appear sPehagjor ith & ﬁ“%ﬁqséﬁhficlﬁh"b Icapplpg berusidh ml"&‘ﬁﬂj’tﬁ%‘@‘é’" 0 é gF1 i nk type
i's char aCta&ﬁlblﬁeﬁﬁah))fm h%ﬁhk, toPr@idaBstiamud iSpus whrhipti@dort O cinhierefippbe vsditts on. The
correspondln hy, l.nst anc 862 .records a trn ich can
be speci fsfl%p @ﬁgboﬁrgge TR angeé’ LSSISI PR I RS %l%%?e%tfigglﬁﬁrlg?gggog\ggppear s.
The transac¢cmms1 I D can identify user-specific data to the application, for
exanpl e a 4'phoppgdighscart” of pending purchases maintained by a pur chasi ng
application on be If of the user. The systemincludes the pen' s current
sel ection 826 i nAé"rg‘é‘F@E‘E Pé‘ﬁleﬁﬁ?‘bé‘?‘]e’iaﬁ?ma‘(‘ftﬁe\?%&‘ﬁe‘bf? Cap“’lfﬁéreé")@tsétrﬂf ?“H‘(‘:tf udes t he
content ofmbipa a@ﬁﬁt&ﬁﬂe@&@dAff&mmuMkSahaac@mBﬁB ohebr @ofeQrarimbrytp @ dniapicaiod | vat i on,
al though if_the erlink has its "submt delta" attribute set, only input
since the YR Ifr%ﬁ\{ SRR &FDE" i s included. The systemincludes an

ef fective returnAfami36T i agtobp Hyqar §38 ikthadacimyat Kiamshy. INHpHdy fanidleedissyr oup 866

IS a groupsehaRRAL SdfndRse R f&ﬁ%nsaﬁce%z‘mgﬂe@a@gpmea@{siaﬁce K5 a fBisn. 1 SEEWE 1 N
Figure 31. VWen 1 nput occurs through any field el enent _in_the r{%}? t he
ed.

hyper | i nk %a4et qﬂﬁééggta@@ 87?2”1“"11&%%"62‘1"%&06%" \f;\flfl ﬁle‘f‘?‘i’é* 87 Shihe foem. A
hyperli nkﬂﬁkt@dfequpaﬁ&s&)ch&d usﬁmlsmpwmssqm adpends pp ettel typelof thoehaespoadingiitlh a fi el d
such as a hec | S0 S ubm t
delta" at®7 |e‘btk!?a9ﬁ(ﬁefkl Val“f(r)erc %Q Ve E)lfouqk a{ncuﬁ %@%@%%ﬁ%@%%h@o#ﬂgﬁt §t 0 an
applicati ampre printed agtpatdsFhe foom elads diagram i shayn nsﬁgmﬂ a "bl ackboar d"

interaction nodek,e g ms%t%rh%smﬁhbtm%vhﬁﬁmduat&dw@m& ttl&ﬁfnefs%@emt@d as
soon as it occurs, 1.7.2 Fornms A form eflnes coIIectlgn of rel.ated

i nput fi el BEmiiRdetrid o Rifsfut &0 it poig: Whpn Y p‘b‘fte becqmish Sor5H °%° Br'f nt ed
net page. Aigh@l A forin tevmeasubimided énoe snglvifiitg smmlmhypanlmks lpabeenettivated, tdesan
applicati ar.e QLogr ye ; i " o group
o erent i PRI RS REaRA: LABAL A9 OBy Bia e BB fic 0 O O
terninal ffomi ghsas r@nph@tmhcaggommazemomnmsééwxmswh@&eé%mesﬁ@ b3t bsst ed

i nstance gafznv% ef«%édg}thelfg Sl ﬁfetlgi S\WH%EQEC f@tfrr} & haive fbrﬁﬁlh}ﬂtﬂﬁ@ﬂm&ﬂ Ommdai ch )
correspond to the fie enent s of the form | nst ance has
an associ dPewheirge’ h‘gLi’f notAHyE B W?bdecaﬁférﬁ%'ﬁg? bﬁcﬁgrf’ d %?18 333 °f§‘ © fefgyant page

cor r espondisegcef Wabmthe ke lisedtive dediorenf foan ibmiliereis pkood. d”SIYIanﬁp‘M tot dobrgtigh a
parti cul arf{i:ﬁxr \ifl?rg &gfo {s %‘aﬂcﬁ% qufbgen 1§ reﬁﬁecf Q{d%ggi SHE aﬁ)fogn m&eﬂafﬂ nt ed

net pages orm Cl ass lagrami1s snown I n Fi gure
Each form instance 1s associated (at 59) with any form instances 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 58 is assigned to the field.

A checkbox field 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
form expires when the time the formhgs been active exceeds the forms

specified lifetime. Wiile the formis active, forminput is allowed. Input
through a f{ g&q}&&k GRubiE, {6 =il kY Pea Pé:eh RSt Atk BOHYLEH chules b B e kgr ound
field 833 of the relevant page 1nstance. Wien the formis active or
frozen, f &rpssigsd A thasfields valge-a] | oned. Any attenpt to submit a form when the
formis not actiXexOkeld lh&Z&rhsdo&atE(BieﬂC\Iaﬂd sszaradsuoﬂsmeagueb@ Cliny Slighal idkor m

status report. . Fach stance. | ass (a wi.th_any. form
i nst ances GRAFT4/B4 ¥ %%1[? fone {sﬁﬁtgmatf)?l viar ’%é tate)\“itevfas |n%)mﬁ§'ﬁ’|lds reco%%u I's” al | ows
al | but thed hategss asvigres itcothe 4ld"avalver Gnlinghaadvyrding Fegegoitipn @iwq%mp‘e‘ﬁtmﬁdseet o be

excl uded fgq 1e5§@5&1hc A sidaRMT. '\m&a@t Y565t Bl A & Wn-TiddMrandniGhd @l 1 nk
873 consi sts of timestanped stroke %é(fhf‘nﬁs 874, each of which
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shown in Eﬁ%@' o%‘ﬁre pép¥n<1d4 Qé&ﬁilgn'atﬂllé of aipt:éﬁeﬁﬂof'ﬂﬁ foreh dfiviticH 1S 1@ Epar & is

assigned to the fiel A checkbox f| Id has an associ at ed bool ean, val ue
881, as slEfFHted ﬁn‘F?SE:}%H*“'% to3te figldry V‘i"r‘éﬁ e qigbielspmatae s gegeratpdusing e peRUEL Yy o5 g
stroke, a phildd s@htﬁkz a@ sp&1fic 19 th@@pﬁddﬁ@dvmn oansaireoteh Oxlink mgﬂadxreSvezmam)ncau ses a

true val ue ned t.o «
associ at ed” 3“‘*““03(?5 %ﬁ?‘am%{e FisS SMnl n E‘?%HG%A LA’A'B a%%lg'tah@fm E capt ur ed
in a text ahd &riter Jdentifivations- Fhet %matof tha | Are), Wmvéﬁﬁﬁ@ernm VtOb%@t No-2.al9%8h! the

handwr i ti NG RCPIREH drddrein &ngﬁe@bﬁc@c?g;-refe%nﬁy gned to the field s value.
Onli ne hancvvrltln%alreco nition is Gifﬂ)@rstoo

d for a Ie
Tappert, C, C.Y.AZ¢ldalensy ‘S'Pldd?l%t‘ﬁ%é‘fdgen to & S5t éhg) 4 %eéd A ‘ﬁ *Line
Handwri t i mgve aRﬁﬁﬁlgﬁﬂetoh @pagp andbdnbs ndt acepeisiui. Gesn love Matsbaated fikldahlysiischand
Machi ne Int? &1” e d&( he%%bfo’?@ tamnp\lﬂgqitdm]sg&gﬂethe contents of which are
her ei n |ncorpora ed CroSs-reference nature field has an
associ at ed di gi t‘&ditisg’ gmam«mdse susahwevmsl@ugtwdwmﬁel?tﬁn RGP B° BPEizdyR  di gi tal
i nk capt urggg fefas.@ signature field's zone is automatically verified with
respect to the identity of the owner e pen, and . a di gltal sj gnature
of the content dfet¥emF SrvaraRIcEHP f’iﬁ”é‘l‘ﬁp s OPEFt g™ gaecﬁeésrté)tde’% and
assi gned td@nainlite of khelpeh movedlentl .ratfidn ehadl i“gfiflingll (i1 @ithadcorse onlg toge_h@mat@qbw& ng the
Pen Ser Sl LA -RLADBRHE G PDRER utack RRIAR LALLAR WihGN OWNS

the form "&h e si ure verification [ -unders see, for
exanpl e, Pl mmm#denRtralam plipse.| A wiitpredependspt 6‘%@8 jof hapdyitiee SeavipEptielt at i 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.
Circumscription of one or more objects is generally interpreted as a selection of the circumscribed
objects, although the actual interpretation is application-specific.

Table 2 summarises these various pen interactions with a netpage.
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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 835) the page instance 830

to which the page ID 50 in the stroke refers; retrieving (at 886) the page description 5; identifying (at

887) a formatted element 839 whose zone 58 the stroke intersects; determining (at 888) whether the

formatted element corresponds to a field element, and if so appending (at 892) the received stroke to
the digital ink of the field value 871, interpreting (at 893) the accumulated digital ink of the field, and
determining (at 894) whether the field is part of a hyperlinked group 866 and if so activating (at 895)

the associated hyperlink; alternatively determining (at 889) whether the formatted element

corresponds to a hyperlink element and if so activating (at 895) the corresponding hyperlink;
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nost recent stroke captured in the background field. The selection is
cleared after an inactivity tinmeout 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 can, for exanple, involve hunman
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888) whet her t. for cor res onds to a fie e and if
so appendi ”("Qito tgrat r‘lé?‘(%\.%%eg‘u PR eregls??trmﬁrmr %nalaglg%ﬁggﬁb he field
val ue 871,thq cnmertqdrcempumgte(taq th8 849 Vaﬂdqealtae@uﬂnﬂmdmzﬁagqo@)evlfheihm{he(ﬁeldt“’r?e field,

and det ersrghmrpﬂd&ﬁrdﬂ%%énfme&tfwf) tﬁehﬁ‘gnﬁmeéa@tﬂeegeeréofet péJORE! kit tked group

866 and if so activating (at 895) the associ ated erlink; alte %natr vel y
det er mi ni rfiglp Chthe 8’8’97’“%@%‘??@?‘0‘{%% YS?aH‘Eﬁ @i ‘B%f@hst‘gnam&"f WS pOISHS o e
hyper | i nk celr@ponbibg fafl alsb wab tha Gblp \bAthe Ft(glsiﬁ'zihbn 20/ auli heingCte peaPoatiprignte

hyper | i nk - al ternati e ut field
or hyper| |Sﬁﬁameslge|3 rela?“%té’%%’ YL lo) ?ng%ae‘éé‘e?“d as&}gﬂﬁ § %E%?){lg dlg{ﬂﬂ S?%?dér?? al ink of
t he backgriedisld vilbel d 833; and copying (at 891) the received stroke to the

current s,e}gctr%e@ﬁ,epbop,%ngyrrent pen, as naintai ned by the
regi stration server. Figure 38a shows a detarl flogc C]"F't of step 893 in

the process showf Pr&§ SP"?jtfP‘@m??g 1s a Gapapaad phigh & HPELFTRR of a
field is iopér@estireti@on PG paed aiglotumeithstatiogpe of the field. The process
consists of detefm ning (at 8 j i Hi d (at
897) whet her t he’&p%ffs {O d%%), ca\rﬁ@gl‘;eﬂ(ﬁfog#%ﬁya% das a,%u ﬁ@ﬁg&%g%nggd; gni ng
(at 898) &0%, raueset\fememtneldt%% afgeeﬂoeh &raétrswermnandlﬁleﬁﬁwhrbwaye gemerdildi g (at
899) whet hatt dafiecobinahddoib Sa get bfgétstam &nthadd Gh4] fidl%ﬂlca@e‘:ﬁ%\lrﬁl{eﬁﬂ dgmbal91900) t he

digital |nkto conputer te t ehel rra regi stration
server, al@'48erghHi ?@“3(1%1?169?511)“”?%@“56%%?0 (?gﬂﬁifﬁg 92 the field

val ue; al t er nat i & ebiy foete t@mumdvoidy tHe@bdrreSidaJingoet ineance hdurﬂm@é dm @mmandsi gnat ur e
fleld and s ek poidrdgqa]m(lesb}n&()aﬁa thwgmﬂrcg'am&wé P Body 0@ S bRAL i Of the

pen's owner, ropriate reglstration server,
creating (H&’Ean@omh faldd‘iab‘PStIa‘PSC%?dgﬁbﬁ ‘@Pﬁec@famﬁ fthe semibasitink tpsagtior Dy arthas pondi ng

form als Q)nﬁiha{l Jind £6is iﬂ@i%tﬁg@sfhakﬂrér@onr ag t)r%tixfaﬁtt) laﬁ)fbﬁﬁcﬁﬁdﬁeA r@8 dorbiSbRgarkt hledspe n
ovvnersprrvae ure Ke elatln 0 € corresponal n l.cation,
and assi gﬁl? rfgmzsgctnﬁlgggjm fnﬁténcﬁla%ilt{‘eglpméi}wj%% aﬁpxg ppgte copy oip ﬂ?e fd orm gstan@é)

field values discarded. A get form status command produces a printed report on the status of the

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

Since a form hyperlink instance contains a transaction ID, the application has to be
involved in producing a new form instance. A button requesting a new form instance is therefore
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 command
910, a get formstatus command 911, a duplicate page command 912, a reset
page conmand 913, a get page status command 914, a duplicate docunent
command 915, a reset docunment conmang, 916, or a get docunent status
command 917, as shown in Figure 39. A'void form command voi ds the

correspon g]}“ﬂgat% ggéy éoﬂlﬁxmnlg qnter@fetg&l Rl L (‘d@ﬁlﬁatg QAR SRR Qx re¥e? ip_gg% dobhand

correspon rminstance and then produces an_active pri n}%g Gopy of the
current f dradrces asariaisd cory efhthe iceregpopding, page jhstaagsy Wiy the Pkl “EOM i ns t he
sane hyperdistdded!iF ROSRE QRS 4 fn @&Ss paROf a PFoh, eh 8k resa Pake S@niagd is interpreted

i ndi stinguishable fromthe original to lication. A conmmand
voi ds thé‘séberg‘?’é%(ﬁ?fﬁ‘?aﬁé“bf%e?ﬁ?gl ﬁtgtf’%cﬁ%na%rf’&g@%éﬁprbl%t%icfffgreténgh%%%%%{’%empri nt ed
copy of t herdspmiing pat dmeaseintlidingf Wel mhblish¢duib swhin dcwas ddeied, forgdrmfip M st at us

command produees: @ ik Aok RRQbinilR: kgt it atus of the corresponding form
i nstance, "1 ncl'udi ng who published it, when it was printe for omit was

printed, and t heTHedenies doge yick Fppeaseont eypimptpage irpsially asqsieisd ¥ith o A eAler | i nk
i nstance GRgleRings. a transaction ID, the application has to be involved in

producing a new forminstance. . A.buttaon.r estin f i hgtance is
therefore typi cAIT\ B*¥iolEheHt %lg\hcﬁ{éég‘éq f}‘%‘ﬁ“ﬁ’?"‘.“n*f{?“ edgﬁ%fygéugét)%y%dg%gh?o nmand

produces aheprratitecfone 0p\a abéckinirle appowrs essp sandird ghaskrppek rashicn prdetext @pRERTs fhe

backgr ound, f.l.eld o Rl 8RR fofles aboadilBeiPRREaIROR Rt SsigBanirO50dranibs part of
a form tﬁyep%et he r%{PSOB - SG -g}Z{G-CSC?B%I i ca%,e@%aae command is interpreted as a

dupl i cat e by 8pArdad grralicindigetinesueopssLyERAWE MFEFRYCT pr oduces a printed copy of

t he correspondi ng dpdigfe dddGhean@amdd glodidee a batddgopusfahefcoredsgbniiad dreumedi scar ded.
I f the page contains a formor is part 2N e heskh dage
command | ‘iee‘lmglr gatcke%"unée)lgépg VRS s?r%erdmﬁi%éran%ﬁ%@t ,&8&21{3 pggoe $tatus conmand
produces alupicita i@dmmegomanddvplicaies the farmsgn B sanigevay & dirhietsforRdrmgedsge:

i n.St ance, A Qe UshuAch: WianRy pnloh&gkepprinkd _cmed? tﬂetcox\ﬂ@é’onﬂlﬁg: fMc@bnt h@mcaV@m it was
printed, and the status

of a% forgrs it contains_or is @grt o‘%.c 'I;hte net page
| 0go whi crpackgioendr Eeldoyplussy, dissprapr fothe doguuent Sppsais Aoy &gt P dlY it FP°4 Gupl i cat e
page el enebimandfiesdrs ahePRGE ih MBIsANE @a)l 5 reskl fdrinCa@tgahdobs Af gee Hebumentt setas
preser Ved’coimlne Idd rovt‘?‘cleé'I g Bri %ﬁ%ﬁ}‘tl xmhggtarhpof tﬁer&gllégs ch@lLé Xo%urﬁe?n{ Hdtante, ﬁlclu@né:heCknar k
appears as a i ngard Eheck . rR graphi c, an text appears as_ typeset text.
Only dr awiwhgsubdishdd & vhersit wasezinteds foe ahon] ihwaspeinted, giidithsist offagy fagms cpteing-
signature aCCOWDﬁEHe@S&e s&¥Ver BonSlafd§leh Gel@te@itkiButd 19 6bt, &b the GonSnbGd G fifekibn
signature verifjcation. A duplicate .doc%]ment cottgmand do{odu%gas a Qnri nt ed

er than on the page contaming d.

up
copy of t He Regs HeBeh i higPea's et lection 2 e coiiim

This allows a menu of page server commands to be printed. If the target page doesn’t contain a page
server command element for the designated page server command, then the command is ignored.

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

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

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 fornms 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 fows in the sane way a reset form command
does. A get docunent status connand_g;pduces a printed report on the
status of the correspondi ng docunent instance, including who published it,
Y\'hen It W%?od@c!’e% Q&;ﬁ? of tfleo iV Ada @S e JFAk&Gre d@c‘&%ﬂt,@ﬁ‘ch%@ Aldd& _opcfouﬁbﬂ_y forms
it contains. |If the page server command's "on selected" attribute is set,
then the desbrinadlionar aplattopioterndviigig PPi¥ent i fi ed by the pen's current

sel ection rat hertich@RuofndidiRedaPe fmadh & Rhdigl diRelyGeRREvant tkipage @kd ows a

menu of page server commands to rinted. If the target page doesn't
contain a S%éﬁ'egpecé f@é&“ﬁﬁ%ﬁ%ﬂdﬁggﬁgﬂwgfmﬁo? ‘éuoag)saflépﬁgi%ggl' page server
comand, tieen t héserdtenm®bTEM i gnored. An application can provide

appl i cati on- Specfnfa'p%fég.@@%ﬂo&&ﬁ&;émeﬂztﬁ@g%& el Esifif YA b RAYRelp'S Wh4ET
command el enment in-a. i/ﬁper I nked group. The page server activates the
hyper | i nk peess plisiteasingigiregs of Erpafipe icRdiRed group rat her than executing the
page server CONTERRASofphn@dgteaBhver conmand el enent is hidden if its

"hi dden" attribute is set. A hidden command el enent does not have an input
zone on a‘page AR YF R IRGE™ P activated directly by a user. It can,
however, Be act inpabethelpinera page server conmand enbedded in a different
page, if that er G nd has its "on selected" attribute set. 1.8
STANDARD FEATUR%%%%E%‘B&&E In the preferred form each netpage is
printed wi't h t héomletepestpeceingyerkdirefome bottomto indicate that it is a

net page and t hergfe@eis mbaSrivitb & 1edrinital iRb@P&T HolveSuse B fetdagOPsta. SO acts as a
copy button. In_npst cases. pressi th ogo.produces a copy of the page.
In the case of QT}F(?P?H"C’P Ctﬁgf’?’gﬁnc?"%ﬁgﬁg?&liog&g-ﬂg‘cﬂonspr oduces a copy of the
entire form Andrintacbyefecdsemaf a secure docunent, such as a ticket or
coupon, the button eligcits expl anatory note or advertising page. The
default single- a_gte ccopyb};f urallg('??lon is handled directly by the rel evant

net page pdge sé&ripidhe stagpefaidgsumeripy f unctions are handl ed by |inking the

| ogo button to aKdsRRid fadtic®R initated bl bledsiBg &Y Sdtlch/hddrhed tdtaigany gk
enbodi nent

the netpage pripter has.a. single buttaon labelled "Help". Wen .
pressed it &Fi 8?“P‘§ntaﬁ%is S’F 8Pﬁ§‘§f§mg’? mﬁﬁ?t%sr‘%nﬁ’tpluglﬁgedi lﬁ%"ldﬁvg'f’ he Whoéntl_gfvlgjss of
printer casivesd anito whtnatndsvher it s suvsarentionbuittedss eorm. t op- | evel hel p nenu
docunent functi Oﬂleqxgtgéﬁe nEtQ'Qrkldﬁé/cﬁer Qﬁ)&/pﬁig%sep%tmrgzke ﬁtb ﬁﬁﬁ;cﬁ)}ryf publications

and services on the network. As an alternative, the user can call the netpage network “900” number

“yellow pages” and speak to a human operator. The operator can locate the desired document and
route it to the user’s printer. Depending on the document type, the publisher or the user pays the small
“yellow pages” service fee.

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

In the following description, news is used as a canonical publication example to illustrate
personalization mechanisms in the netpage system. Although news is often used in the limited sense
of newspaper and newsmagazine news, the intended scope in the present context is wider.

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

content is personalized according to the reader’s locality and demographic.
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The hel p menu provides a hierarchical manual on how to use the netpage
system The docunent function nmenu includes the follow ng functions:

print a copy of a docunent print a clean copy of a form 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 subsequentgy subnitted as a form The net page
network directory allows the user to naV|gate t he hierarchy of publications

and servi § on k@g ﬁ_tﬁgg &W_I%, alter natlve the user can call the
net page ne vvork er | ow pages" and speak to a human operator.

The oper at or canAISEif@%Ttbef Cﬁh@’a‘ﬂ@s‘WP Eidshb agifrsereces fgse thapfptizer pewsippblicgignsy ser ' s
printer. Dopend Mmek Rbvet RBysReIMIEMild ¥iRE, puﬁlféﬁlo&.lbk lagdictited bindt ddBedUBLMhe PAYS t he

small  "yello es" service fee age i s obviously unavailable
if the pr |R‘|‘Plé“¥\ér1 §‘g’ﬁrls§5ﬁ“5 %) 285r9epied el}g‘ﬁ %a 'Bgag'g"%f’hﬁr o B sgema)(lf gt is lit
and t he usggregan Neogpasicatioasnppiallyl cagnosd © todigenat mrsmmgxdkleW@naEERSG\lALl ZED
PUBLI CATI %N%ls?éams &QST ,}l&g'amaﬁ& HE367 e eromGURs ge&cyaegto%s@p ganom cal

publication exanple to i frate personalization mechanisns in the
net page syfeleree “’Ateth@h'gﬁ afegnd’sibulletit baatd, Qs drafisn's pYiee-Piilyi t ed sense  of
newspaper and newsRgadd ﬂmenoemewérheppbm ﬁ@ﬂ\ﬂ)dcaﬁ&ﬁ&&ditdﬂ HeR€ pybliGSiaatas cONt ext

is wider. In th net‘%g i h he edit Lal Qnt ent ndthEeathlertlsmg

content of "4 #e i e Y ‘f‘egs PEPEHNA 12ed® u5| ﬁ;ﬁr%f’ BB hani sns.

The edi t orfoalattiog ot rews stne&nsr}elﬁts@mtqtlx@yi the aeaden,rte saxyertipabidte placecadeartisimg expl i citly

st at ed an;&ia% cgr%E}llyc}Ee%QiEéH&ﬁ%e'dﬁn@lrc@ﬁ}ol profile. The advertising content
ze

i S person accor reader's locality and dermcraphi C.
NPS033- SG - 28- 2The EI?JICTF'GQI"HE‘S PERSORGSPPATHYORICHNE GBS 6 e O W/ on t wo

ki nds of nRWwEasas M@cseatlﬁgtmﬁoﬁama vél@dnl of edch. ITBYEsulihp dAily @biti@s Sre prigéichnd hose
t hat deliver

ews.publicatio e nd
et L Y e 370 e P BLASR A A08 RR ReR,
publ i sher dfferdnyingresgpand tastes mgdecnwvbffemggrhemh%mns Mé\mn gmgmlzwatlmns typically

correspond to trﬂ&'ekéhgl}é}icadaﬁ%&@a@@rroﬁu&‘m@ sEl@cYL‘%H&Q‘l@%écﬁ&ﬁ Som¥W¥chicas apup streams
can be many and varie news f froma news servjce, artoon

strip, a ®ileahigrhersiprepeareekdy. At dnsectons svpileplg fram g Nevy Y¢f B‘B’ﬁ? %lee Tt he

reader's Oé&ﬂn}ﬂe fRiude “PAgh ©OneBILP AGRtIdaMN [“Ineakiicas”, Sepivier”, ‘Bugpes’t “Arty/higing”,
publicatiaq edj, t ed..news i.cat.i.ons .as aggr.egatkan of
mul tipl e ng (?m l?yéan‘iés H‘gn {ofavall bﬁ sectxonsxs éggc%t%c(;(%?%l}br%ﬁglh%el tﬁ&eea
format t i ngpuskt. news streams sel ect ed di rectly by the reader, the server is

abl e to place adygtiisiAex®d thDAHS SevitWREr Bildietilhg blstoRlsHREM &én 138 raiting

editorial control
on any number of news streams. Custom sections might be created for e-mail and friends’

announcements (“Personal”), or for monitoring news feeds for specific topics (“Alerts” or
“Clippings™).

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

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

An article may also be written (or edited) in different versions to match the expected
sophistication of the reader, for example to provide children’s and adults® versions. The appropriate
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
optional |y selects specific sections. ,Sonme sections appear daily, while
ot hers appear weekly. The daily secti 6ns available from The New York Times
onl i ne, f Qelach 1?3‘5@&@1 gusehlpﬁéetﬂx%eB 208 ﬂlgj'ﬁe BlivSed to 'alll\lﬁfe{féﬂps%{)scmbersl ﬂ&)ﬁ&rﬂ@t i onal "
"Qpi nion", "Buslness' rts/Lrvrn "Technol ogy", and "Sports". The set
of avalIabW@f§@W¥V®ﬁ§“ﬁ§“§%@%¢ﬁ?EMF%ﬁasﬁ@HFFcat|on as is the defaul t
subset. The r ﬁad&rsecg&ﬂ wht £ RApgprépriad ahd ryad&QM@ pRpRdlly Bible ecmaato‘rangp filtehSdgO M
sections, ch,one draw n Str t sections
m ght be cﬁ’gaﬁ e PRI o aﬁtﬁﬁf W‘%t%d‘ ater/"‘r 55% gty 1°§ H{(‘)]‘%ec E"‘r%% a'%ae P qrua%1 d%{?o;, , or
for nDnitopmeMMeW®mmeeﬂsmﬁbwﬂeweawmﬂmsmdpwmsd@%Ahehfgﬁbemms&@vaptngs").
For ~each saﬁ%&sg' ?ﬂ)ﬂce t(e,rhe <EERIGRE “d?s}ﬂicédqnﬁm t%ﬂ)?@lﬁljeiy%t deddSrs SAIZ theCth tdhEihe
qualrtatrveIY short, medium or |ong), nunerically (i.e. as a
linmit on i¥®lenunber of pages) and the desrred proportron of advertising,
ei ther qualitati xetlys ¢8h Gigh hjn@tlihes Red Bidkt, hﬂ:thWs arwme)fpreoaffemae fcors@bed (i .

as a percent der a onal l.y expresses a preference for a
| ar ge nunB&F” %ﬁ)eadf’%?’(tel?ea?rtsr P, es‘Plcl)Vr Rl £ AU SIS ETSt | onger articl es.
Each article is Tidgeddéryoptigmaliyt spevifiepn smdlpedﬁactpmelbgtqu:t (egndp ¢rshagt f or s

to suppor tsuxtpme%ep terttﬁfeﬁﬁﬁyeAtégl}s&EMp% BcBYwN BOhRG M 8 TalcRihg &6ihd €d) i n
different versions to mat e expected ~sophisticatjon of tBe reader, for

exanpl e t golbeRTadiane 1A foctor akes dcmore el Jhab e SHEPoRESeEIng b e

Versi on i So e keadd esheafiQiRamtifygA diffetehisert@iafile Fac®r afBe spddified fee didfeentciays ofpeci fy a
"readi ng e" mhlch takes precedence over their biological age. The
articles i ceﬁ make up each section are selected and prioritized by the
editors, and NPE838d8@EIsoc pionally epycifies tepicsiofpastibular inigiast pithin p pestionpgnd U8y def aul t

they are qulfg%@gmt&sggsignéagyglg@(gtt)rssubscr| bers, in pr| ority order, subject
to space constraints in the subscribers' ed| tio it

(%IOHS mh re it is
appropriate, the Ryt Hairadspt st opoeetiranite chq ‘i“éllf%?t eI"‘i‘ &73eFy ¢R T ng.
Thi's is thenvespiht eadet Gptidiially specifes wiptethentecforefewger sigésioc snglitrliiageom@othiIf et i me.

EaCh art I 5] nu%l Ch q’lnln%@leselﬁ {)tquuce(aoéhénlalglgge h]layyg (Ieh‘;e}eg ra{ Ilager qﬁalﬂrdl Q ta?d \M t h

rating buttons atort“ﬁ he artic uttons can provid an easy
choi ce ( e.lgver repiliiopior vathgreateficatprisgign)) | nmaking it nore |ikely that readers

will bother to rﬁttaeglctbhﬁevelaﬁté fefidePspedifids h& @ﬁntWei Batdd] 1@3s ﬁlﬂlnﬂﬁdtelri efiedéd short
lifetines are % refore effectll\é/%%/ consi.der essen readlggmg)y t he

editors an®fire TR 6E ‘ért%efaﬁtpegaﬁ’é B“re?“fj RS
opt i onal | yorspeaidfail@sl carrgey, emdwipihtrythd laatiation eendshefiin qtuadaustaatn orehnptati@. g. 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 language in which a news publication is published, and its corresponding text
encoding, is a property of the publication and not a preference expressed by the user. However, the
netpage system can be configured to provide automatic translation services in various guises. '
22 ADVERTISING LOCALIZATION AND TARGETING

The personalization of the editorial content directly affects the advertising content,
because advertising is typically placed to exploit the editorial context. Travel ads, for example, are

more likely to appear in a travel section than elsewhere. The value of the editorial content to an

advertiser (and therefore to the publisher) lies in its ability to attract large numbers of readers with the
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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 the editors. The speed of the reader’s
I nternet connection affects the qualify at which i nages can be delivered.
The readqu&gmh&%?hhy specifies a preference for fewer images or snaller

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

i mges may be deFffsdregvatsingoniaciiue fhe ypayiy ok locality andodemoerprbic| LActlSh or wit h
greater CQRpL&®SsipRmityAb partig®Radvicdsewelilers ke ah® palatulas pRaEstsi A8 chi@éyns

guantities, dates imes and .nonetary values are .localized. This i|nvolves
speci fyi ngass\ﬂﬂ%t?‘ﬁ%lp‘ ﬂﬁfr‘}?ctagcoﬁ‘f’ngmgor?%eern% %n?' %t(’%r?pélfcs %etﬁr%nél%%en?rgrlr%‘azr%shséln ciand time
format, armptkoecupatiomlas edlras Bietyyspendingipagtbrest her t he | ocal i zati on consist of in

situ transl ationy QLy,ARBRLEL Rt profib&SioddbaE %@sﬁggg«s (8, d&uliVHenfib @M t he
reader's locality by default. To reduce reading difficulties caused by poor

eyesi ght , °Bfedgeminet bygpt publicgtiqns seossphie peverage, the Pighof)its sradarsbipelf J2PEHP 5 | ar ger
pr esent at idefogrdphit)ardd@elpageata bail@RIoraderts@gnl ed accordingly, and |ess
information is acc dat ed on, each page..The | anqu in wWhich a.news
publication is ;a)lﬁlbt%n%ﬁ’é%f , Sy%t?\%q%’etnse%%%rpru EEPEAITHY Cf"g%%g%gnagga’fmh%? ' a
property climanfignbsidsl if cablimtiaicaladle d@vptisekeprence 2axpieetis desish pkinpéntuser .
However, tB8un: MR RBESHRY HebRphR RoRBed M Qidh 'S thaliddsnd! BY isHE 0Bt PRRA ¢

transl ation services in various guises. 2.2 ADVERTI SI NG LOCALI ZATI ON AND
TARGET| NG SoHen 9980w 5o¢8 repdest pdyprtisite Arepertiony prdspohapady S PBt2Plif rect |y affects the
adverti si ng contanrbmpariRAGalStheAnlbd, the hibthage isBtemyfiibwaiht ydvedigiteglade @o BXpl Oi t
the editorjal .context, . Travel ad for I i .t 0 appear
n-atr av e B o e R il oF TR g B TE st L kP OPPES
an adver tbe sdd at Claseritotitheyeehloe.e to the publisher) lies inits ability to

attract |arge nufderspRf thé SRALEHRrMnk Psidih Ban UNRSIA 3B vasiing BEortiohOBtseveral
denogr aphi ¢cs. Effective advertising is placed on the basis of |ocality and

denogr aphi?@¥rtisgrs @i pdiyidual readers, pagass IFFEYe thg aySERERPhe AL E 8t

retail ers asdtier, ov red@vihg epragortionbispaes fodd tamdh edyard®r.ns associ ated with the
| ocal community d ir 14CSq: | LNt erests
and preoccupat i@%sneg’ggemé {‘l‘gg@"iwf Eg%gfé‘ggﬁdfe nlﬁ%%ﬁrﬁ%ﬂ%t@%&ﬁ%dﬁém%ﬁ& lisher's
nmost pr of iinfersatéonsrdyalivetpuichasing Wiaherdfass faiges thepmirinsic valge ofthepdvedibipeRafonal  entity
determ ned by t hgeciidiels6miiza0bh sd GeMiHivPR: BanGIBY RkcAGaallf ByGetpdgg Bublifatibd S
readership, its rﬁad,e,rshi dem)gra hi cs, .and éhe g}a‘lgef area av ilacpl e for
adverti si APy A PHEMEE PRRTE Ly CP B CF At ‘“ﬁ‘é‘?’%&oﬁ BTBET RO TFOEHY &P conput es

t he appr oxXemaetaphitsuTiiei subsequent disaggregation is efficient because it is automatic. This makes it more

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

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

amounts of income, such as small or highly localized advertisements.
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di rensi onal size of a publication's sal eabl e advertising space on a
per-section basis, taking into account the publication's geographic
coverage, the section's readership, the size of each reader's section
edition, each reader's advertising proportion, and each reader's
denographic. In conparison with other nedia, the netpage systemallows the
advertising space to be defined in greater detail, and allows snaller
pieces of it to be sold separately. It,therefore allows it to be sold at
closer to its true value. For exanple, the sane advertising "slot" can be

sold in varying @ﬁcQBQSeHe;%% Bebh RENEL @-lthe a@&é’g‘g{o; tapfafes and‘@dﬁshhé AAckinikAbaal
readers' pages randomy receiving the advertisenent of one advertl ser or

anot her, cperesrds itnagepage besef"ﬁ%cﬁe&?fi‘?“ﬁlyoﬁe Bblidigrrecords e gd plesemept pp the

adverti serrelevmenewep@gecaw;sieeua} alhedVibe Adbagy bﬁbﬁbdﬂgl ts@vebeayk iomkexch déerect |y to
detail ed produ nline [ i n t herefore raises
the intri ﬁgﬁ%nagzﬁ?ﬂ%{] %*lontnﬁ%mks% ré]?vlargl rYﬁmssemg%sg % e%’ eeadps)er gonal i zati on and
| ocal i zat ih ar eUserPgoBtESaut omati cal |y by net page publication servers, an

adverti si %@ggrﬁ%gﬁorpﬁﬂemg?vi de arbitrarily broad coverage of both
geogr aphy and denographi cs he subsequent dlsaggregatlon is efficient

because it is aufhspepqnalizatiriofneys pudothprpublisations reliss P arapsoppsnyef upsgFreriih| i sher s
to deal V\nﬁ,&maﬁkuﬁ{aﬁdngha@u@ggregators than to directly capture advertising.
Even though the aﬁvetrtl rngzﬂtaggr egator is taking a proportion of

adverti si ng r evelu&* BB find the change profit-neutral because
of the greater ecblﬂaborateznﬁyermtvwggregation The advertising aggregator acts
as an internedi gpy,.bgtyeen advertisers and publishers, and may place the
sanme advertisenment 1n nultiple publications. It is vvorth noting that ad

pl acenent “in a EsPgen psefPcesat i on can be nore conpl ex than ad pl acenent
in the publicatipR susbomastion enal p@mamnerspajpicanyb@cbamm-gpmcpubd iscahé on' s
advertising. s nor t he fuII conpl exi ties of
negoti at i Gﬂs "E@t"\}\'}e“ét?’\m?%ésr’fl?‘%%%d%ytha{/eee? ?%e’ltp%gge pui’hcgt?oél gat'ors and publishers,
the preferred foAmelebordtivefiteebperger wysistsefithp pov$ @ms sﬁarmmhqyptmm dahs. Isupport

for these 19\?89(9&)'c%éla?é"cﬁfferénpgge}édﬁn@lgs@fdpﬂc@f) JsQrof ﬁ%ﬁ@oﬁﬁeﬁfdﬁ& Qitgou
advertisin pace. Autonation is ﬁ%)rtl cul arly desirab]e for t he pl acenent
tgeé%?éﬂtegefwm?

of adverti BATEERS R sitele ofiabpiative SHeiRA ecton indepRrdgHly of Wy BHIKET sal | or
hi ghly | ogablicaie, ik e e e Shy iNESB3prEcal Bolmaxmﬁa sphaseerrant fohash been
negot i at ed'ubhca 1eon g_l’ esgﬁkeprtoé?‘px%ol‘ll*g %§erlangetfevgeln tt? vect%rs Gt?}s&r&b%r%r{?me %Hg records
it on a ndt’page ad sérve respondi n he S records the ad

pl acement poblicttive than bdﬂwarhpsewéﬁt}bagberﬂa @lffe@attnublwa@e? ma pupliretipntihidebide page

publ i cat i QRSE LS #sAMSs' WiiabEAGHR ASRE vgctorp%rpaﬁ RAk: 286k FUbbiaedhbtQibe It pi cks
t he rel evant agvertl senents fromthe netpage server ﬁﬁﬁ%’ USER PROFI LES

2.3.1 | nf dPHAEFSHE Golidrriyg fﬁ*ﬁélgffm%%?l?f&fﬁff Pla?mma?tmﬁ%\}eg VBt Adhese
publ i cat i gaslicithked@r.on an assortnment 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 netpage registration server. In the absence of such
information, advertising can be targeted on the basis of the demographic associated with the user’s
ZIP or ZIP+4 Code.

Each user, pen, printer, application provider and application is assigned its own unique
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publ i cation custom zations collaborative filtering vectors cont act
details presentation preferences The custom zation of a publication is
typically publication-specific, and so the custom zation information 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 reconmendati ons. Al though thegg are benefits to namintaining a
single collaborative filtering vector Tndependently of any particul ar

publ icati gp ep%cpthgﬁe 1 Qx%er%ta'ufs e Sel M BERipPheRfdeh hith, & SoRENt i N a
separate vector catlon there 1s likely to be more overl ap

bet ween t Higueeét c?ﬂs23o$nds?d rri’gl‘fgf“g’n PBPeSHe 2 PatHsher Hlfo‘pr‘E"étkt“S SF eRphstidet ween

t hose of W@JAnh%aohtéﬁoxdisE&&&ﬁmmdmhlpbucs@tn ons and a publication is likely
to want to pres

[ user abor at i ve tor art of
the val ue of i tsgaﬁl?‘éfﬁ’oS%O a thf’)’éze‘5 POt 8 se ers %o’laf“?%or |e€% }{BI ltering
vect or s aratlow figmafier e usdrsio usem Réchuseelhs bymgkh@faplebmm 6@t whigkeperipsidsl i cat i on
Server. C?pnlltﬂ el aélﬂv%%d ﬁ)}qcﬁ:elfaldgl Mst%&@ pristéd &eéemmdﬁeeﬁverél {6 tfeQiiger St at €,

country, Emne ers, are glo by nature, and are maint al(ﬂed by a
net page ré’g‘P aiEh tpusereis ipisractingy The éﬁlﬁ‘tealfeFRﬁr‘Fa‘ﬁPé‘F’}é?hét‘ﬂ’:légers‘t‘ﬁffI HdhYhose for
quanti ti ese példtcase RS dbhlBSinteA Aubliské \3bes Got rggbralig! ID@nthy Patialaa pied, tun t he
sanme way ﬂe | ocal t|on of advertlsmg relies on the locality indicated
in the usé’?s‘egdr(???"f ‘h JEEHH P8 Hhi | e the targeting of advertising relies
on personal infoWhata our shehbaB08 &t e poiflicision 867, thyeryblisher §86(iet applicaipmt us,

i nconme, prof essi B is gtﬂfﬂ:ﬁlgéd' 8 brinP ko g%ﬂéclﬁz@tphﬁtﬁ' sehd \i@?k\ﬂ@ﬁu@b‘ﬁﬁr aghiage range

and |ncom§ range. se users who choose to reveal rso ﬁ i nformation
f or advert@@?ﬂ?@lopﬁ%“dﬁéeégkedt‘tﬁéy tirpe Hy et FoF 4se g PAE éﬁ"?féld’e‘!ff {] W 2PE} evant

net page raqg lsp‘é&ﬁ@-td DBinAE HILIf a luber lid utiRbiZANE @se0f patidmiar pmnefrpthémﬂlatcmmter

adverti SI n can ’Ijﬁlﬁ:‘:get ed on the basis of the dem)graphl c associated with
t he user' §%° ‘5‘?’ 4 °888e. Each user, pen, printer, lication

provi der and appTheqat D issl Rdehlg leschofresEonging u&ﬁnprq@e majge sEticghr

identifier, ggggegtspﬁopgtvgpggmgggggtﬁ%ﬁa@% erver maintains the rel ati onshi ps
bet ween them as shown in Figures 21, 23 and§&4 For (Tgofétratlon

pur poses, a publ fS¥rrtermial$03 ﬁ%‘c‘teél‘ﬂ‘?ﬂz?fbt°é’fmté’ﬂﬁlpf‘r8 B?tpagf)%’t} &nd a
publ i cat i ORebl faged aﬁqe@hgeldo&maﬂs akounpRl daak Weh broksicgito bs emv@@tynmipted en

aut hori Zeqhtoanléls th‘érnber of printers 802, and each printer nay allow
any nunber OsE o use it. Each user has a si n(gl e default printer (at
66), to whi ch peTheoldmgalsystepwm qolest.jop hehalf plea rdiate] Rrevidy fesy andePmmyistions g | st

pages priniefle QRnddan® tgltﬁ RbIRafbad bivRdaest ﬁa@p&h@er@rphﬁl&@mucﬁ hk@hbgcbn\hﬁlu&h t he

user is interacting e server keeps track of bl i shers a .user has
aut hori Zedtdvertlsmg fees click-through fees, e-comm & printer is

TCe COMmmISSIons, an transactl n
owned by the user, then the user is the printer provider.

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

2.3.2 Favorites List

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

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

hierarchy of folders 924, a preferrred embodiment of which is shown in the class diagram in Figure

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 tine by the user. Each user may have several pens 801, but a pen is
specific to a single user. If a user kg authorized to use a parti cul ar
printer, then that printer recognizes any of the user's pens. The pen ID
IS usedtxkggcaiﬁbgpFL@prrespondlng user profile maintained by a particul ar

net page registration server, via the DNS in the us A Ve termnal
809 can be aut hoFiez&em gapfamsa Bisory lish 4 ?:‘UF%F USRS pa &aﬁg ﬁ%f"ﬁlfné f owi ng

Vb pages datigheiteét agessdd®dg st tiroBFHond HtpegeahtethlTt iisrogeahiéd aba dawsmgdm, be
conveni ent | rinte ares The netpage system
can col | ec"’tp¥ fgred%nébﬁ%fufn%%wm% TN er&ﬁgos%/glggqgngﬁegms%and comi ssi ons on

i ncome ear¥d thmm;ghEl‘p‘tP@BEba\thDns printed on the provider's printers. Such

i ncome can incl ugg néfﬁgélee 184080 sES&S autdnlaliGaliy 1 OO Mnef 88 of -cEANIRPLE
commi ssi ons, and transactl on fees. |f the printer is owneén‘ﬁé t he. user,

then the psEpnalized pyblication qRracseetig-Byysectiop | aSEa%‘PFelﬁ"é’étrad?F@?ineﬂ'éére foprgk account
820 whi ch préfotistéll rén@@Ctidatedilated tn e agd Blfbit Sheadidrialcongdli. t S (such as those
described in the di n ra h S ﬁ% ng nane,
address and tel eph c?ﬁ‘(’aere“rsllﬁ 3?%”9?0% %mbe ac%‘r%g&%gg@{ig | ng e“ﬁﬁgmggn vacy,
del i very amdndiadall fiageatwitin thesseﬁtﬂm,ngfhﬂle aﬁylywﬂwnbfpr%%t?he@l@ ids 817,

cont ai ni n Qoﬁflﬁ@re&' RShterdot G564 cﬁéegjﬂﬁﬁ WdiRrist ik advdrlis@@bd¥nt, Blch 8d QadlzGds a

handwri ti ng nodel 819 autonatically rral ntai ned by the ste and
payment cdPioug suiiEal sasofcally yihithe Ryphetionberausecd @ ﬁ‘&?‘glefﬁat% ‘E’]‘b’é’“ﬁsr% . 2.3.2

Favori t es rbdffag repuilet page user can maintain a list 922 of "favorites"”
links to useful doc S t 1R Kssocldd bt abf
mai nt ai ned by the ese s(fna conem ﬁlea%sfeo% L&% %%hgl %ﬁnﬁn 1:| S o?sécanl zedgseas a
hi er ar chy gzﬁphlﬁaaisdenbldgmccoam}srt@raewsrl@@et@ﬁ’ﬁ@dl ment of which is shown in the

class di agram i Nyl Qe %rocé&sl mcmaﬁé)&gsei@norﬁ% adszana tﬁ% sHb&B@Bﬁ/edh(brﬁI cohf3ft, Syst em
mai ntai ns a hi storégllst on each, user links to

docunent s Ticbe figRicd awa fro iy °"t‘ 1 comEEes 1y aétffﬁ‘ﬁ “i W%re ﬁlgieb’aaé & thetuseems % s
or gani zed saSiomsittairederapdl eheeselctilon Site, prefaenw ehdowedr, emudrmnvergte axeritide. | s shown

in the clags .di %(Hf@m&ag_tﬂa?gﬁglég 2.4 | NTELLI GENT PAGE LAYQOUT The net page

publication se aut Iays out the pages of each user's
personal i 2% pubPPRMENDTIPRMAT a sect i on- by-section basis. Since nost

advertisenents apgekhd dédiBedt R4 &f, it is encoded for efficient distribution and persistent storage

on the netpage network.

The primary efficiency mechanism is the separation of information specific to a single
user’s edition and information shared between multiple users’ editions. The specific information
consists of the page layout. The shared information consists of the objects to which the page layout
refers, including images, graphics, and pieces of text.

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

An image object encodes an image in the JPEG 2000 wavelet-based compressed image
format. A graphic object encodes a 2D graphic in Scalable Vector Graphics (SVG) format.

The layout itself consists of a series of placed image and graphic objects, linked textflow
objects through which text objects flow, hyperlinks and input fields as described above, and
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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-itzyourself roofing repairs. The
editorial content selected for the uséer, including text and associ at ed

| mges an@vategﬁaﬁpgglgrﬁs TheSe fa?q%p l%étsda:eoé&rmﬁaq&&) ARG 3. OrnY BhbuPUses @Qehkiet i C
rules. The entire process, I ncluding the selection of ads and the sel ection
of editor |f%rmat@wﬁbleﬁ1refﬁmmaélfmb@m%néﬁt%re@d once the layout 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 input fields as described 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 Attribute
For mat of
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obj ect

one

net wor Kk,
to which i

| i nked obj ect

Posi ti on raphi c object
| D CMLI XSL Hyperlink Type one
atermark one 2.6 DOCUMENT DI STRI BUTI ON As descri bed above,

pur poses of efficient distribution and persistent storage on the
a user-specific page | ayout
When a subscri be
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2.6 DOCUMENT DISTRIBUTION

As described above, for purposes of efficient distribution and persistent storage on the

netpage network, a user-specific page layout is separated from the shared objects to which it refers.

When a subscribed publication is ready to be distributed, the netpage publication server

allocates, with the help of the netpage ID server 12, a unique ID for each page, page instance,

document, and document instance.

The server computes a set of optimized subsets of the shared content and creates a

multicast channel for each subset, and then tags each user-specific layout with the names of the

multicast channels which will carry the shared content used by that layout. The server then pointcasts

each user’s layouts to that user’s printer via the appropriate page server, and when the pointcasting is

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-
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400KB. The printer can therefore hold in excess of 100 such pages in its
internal 64MB nenory, allowing for tenporary buffers etc. The printer
prints at a rate of one page per second. This is equivalent to 400KB or
about 3Moit of page data per second, which is simlar to the highest
expected rate of page data delivery over a broadband network. Even under
abnormal circunstances, such as when the printer runs out of paper, it is
likely that the user will be able to3geplen|sh t he paper supply before the
printer's 100- page internal storage Capacity is exhausted. However, if the
printer’s e&gsetﬂe d}iv\ﬂ'g&%dtfl | hsteHRs adapifls £.he printer will be unabl e to
St a en |rst occurs. The netpage publication
server thereforeU%#H%M§ﬂSWWﬁﬂ§W§’m@@“@ﬁbﬁ*?P%@bﬁ%@ﬁgmﬁﬁWc?@”ﬁﬁ“Fﬁéasts

Wien a cr 'Aséuﬁﬁ‘lg A HRREBE Qfh ﬁa@giéQ5¢re$ed|vﬁthﬁﬁfg€d ‘vlﬁdv@d’ge Page IhAEDfe of GECH4nS, t he

|t ts th bj e d t
R SRR T e e e e R T

retrievi nglioviise fagempbrary dbuffss eindlte gminenpritsf at @ rate héommam/mntsecgaigé"hlsesr ver. 2.7
ON- DEMAND X4 g/ﬁ @K&‘Qf&oﬁ‘m ARG 4 &%é&%&hd lyfich RGHAS Ml Abhed &1 it can
be personaflze |vere the same way as a perio caI

However , S@tﬂ?,f@aseﬁetﬁéﬁllr’%y%f%lﬁ%ﬁd@& Ef‘é‘f’ﬂr’ént delivery is made di rect ly to

the r equeSt i NQ  PEvetfEr WhohhRD bitcutnfidicedSachak wl%ﬂtl{eipﬁﬁl&{runsW‘teanpa@ernOlﬂ}M page
docunent is sonrlll

del i vered ‘Qﬂrﬁgguﬂg’iﬁéﬁﬁ? @depﬂaﬁslb%gapfr SP‘FP&EQ?elf(’Eg ser \?é? %gm?ltswll s it as

a net page cetaciyri®enbaustll. net page formatting server is a speC| al instance of a

net page. publ i Cat o aF % b 15ndieh Gy bk B 100 me3aRNEGI Basubinewl edge. of
various I nternet docunent formats, 1 ncludi q)e dobe s Portabl e Docunment

For mat ( PEREke usa e Piisast pBsaLit FYBORTHE- [@ﬁ@”ﬂ%@é“ ipgfRiL Serven therqforp ANORR BAEFS HTML, it
can make s subsit recfuaa b @limncas&s wihui b orticalfnuinbe op Feqitktedh Paiyed bioa present Viéb
pages in a nul%' i ﬁ&% 4 J% a, 18l Fec of contents. It can

aut onat i c&FFH ﬁ%ﬁﬁﬁ%mﬁlﬁw cﬁmson iTECtY Vi nked to the requested page.
The user can t udme tahfosunismhiapiited, viptinter @n @fodvee ie exacTinpligatst 3 agjetitroPhat t i ng
server ”aKgﬁmﬁﬁﬁpﬁééQwﬂﬁE&ﬁﬂﬁmﬁﬁﬁﬁM&ﬂ&mm&%%kughﬂ9 interactivity and

persi stence, avail able on any Internet document, no matter what its origin
and formt27 It hPUDEMANDRQGUMENSS of different docunent formats from both the
net page printer wa&h atnb@ag@ﬂ&oﬂﬁ@ﬁlspﬁlg@teaﬁﬂ’dé&ﬁnd it e te prirciedizddnoddetagd inof t he
net page syste fromWe SECURI TY. YRTOCRAR ogr aphy
is used td™ li’g‘]f@%'f‘e %Yaé’naglatqefll%deﬁaﬁ 8?% PR B nOljs%ags%tJ(:));rl-age aél_% ﬂn%{% ansi t,
and to Nﬁsaﬂsmgﬁra@$mmammhewﬂpwd®e&pénmhgﬁtto a transaction. There are two

cl asses of crypt@ad; —nkt%g%m%mu%& oniehdn] it 1s|§16type€sf)ﬂéﬁieﬂgih@-ﬂw and
publ i c- key cryptography he net page netw%”fre ses both cl asses ot

delivered via a designated netpage formatting server wi ocumen

ormats 1t as a netpage
netpage formatting server is a special instance of a netpage publication server. The netpage formatting
server has knowledge of various Internet document formats, including Adobe’s Portable Document
Format (PDF), and Hypertext Markup Language (HTML). In the case of HTML, it can make use of
the higher resolution of the printed page to present Web pages in a multi-column format, with a table
of contents. It can automatically include all Web pages directly linked to the requested page. The user
can tune this behavior via a preference.

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

3 SECURITY
31 CRYPTOGRAPHY

Cryptography is used to protect sensitive information, both in storage and in transit, and to
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cryptography. Secret-key cryptography, also referred to as symetric

crypt ography, uses the sane key to encrypt and decrypt a nessage. Two
parties wi shing to exchange nmessages nmust first arrange to securely
exchange the secret key. Public-key cryptography, also referred to as
asymmetric cryptography, uses two encryption keys. The two keys are

mat hematically related in such a way that any nessage encrypted using one
key can only be decrypted using the other key. One of these keys is then
publ i shed, while the other is kept private. The public key is used to
encrypt a Y nEHcat ied Q%?x?x%ﬁ:%o& Qherd BEwWIUEES of Qrfyptg%?%h{)ﬂrv}idé@ﬂrﬁd kRYsecrbNCe

encrypted using the pu key, a nessage can only be decg t?d ushng t he
private Key.crpigerynsdperbliy ezl r B yoelgen ATHRK HsSs %’&“ ARt Rout first

havi ng to gythapge a secret key. To ensure that the private key is secure,

it is normal for_the holder of the_private kev to n pair.
Publ i c-key crypt 8‘6?655%7”%%3‘%% a}ﬁ%faegfpr f‘(%)togsrs at e %E’ZG‘?“%'.%F §{ gstgsleta%]%?\alr( ?&lThe
hol der of ehérgptppnd datyet a knesyage dfwocpagies evishing trosaphahgesthestgges anvtelasigrangatl t hen

encrypt the hash sk 38 sdRepri vate key. Anyone can then verify that the
encrypted hash constitutes the "signature" of the holder of the private key

with respect toPybliekeyperiossanhnralste BEHEE By EEPYTHY FEPPHPMENRFS ¥ 2d hash
usi ng t he daetltios kdy€ rhaRd KR fatefnydtiRGatichilyaclitasih s aiwag thattahemessgs agepted f  t he
signature is appended t he ssage, .then th LRI ; ssage
can veri f yYSBePH Thaf o ng ‘t?reé ‘é%‘ésm ghegféhﬁr[}feﬁ'e nﬁ%fj&%ﬁg& :I%Bﬁ eﬁgébh%\lgg “i)hg%n

al tered i rtheatiensikept piieteriEtk euhlia iviicuskdly cuorpirnn gesish iptopdsd o thefielda ohs to be a
way to di %ﬁét@kgyeoﬂeu Ble t_eck_@s}ﬁ% me%blﬁrleﬁﬁ%\éﬁ%%ad IRk ARl Bding tH PriSatd S

normal |y e using certificates and certificate authorities. A

certifi cathey-aupsitp Pares pan ssoupely Fxehange mspggs Bﬁf"’f“?"?ﬁm"&ﬁ QRS T KT t he
connect i onrdaaiuieen thd ppubkl eg isk&yre, ialk dors@nfetehoddet clehrtprivate ke¥ lmegeneeatd thé | cat e
authority kveriirfi es the person's identity by exam ning identity docunents,
and then ct&8t%s and signs a digital certificate containing the person's
identity det ai | sPetietkeygiybibgraphk eap be weqq torsecatpy digital tignpigret Hie heldar of the rsixgie

aut hority ﬁﬁ@an%%tekmﬁo“aqiaihio@am%ageap& a6 &6 ftitlei vaRtuingMint Brivate kY. @lysdegr ee of
certainty that it _is genuine The,}/sf_ USSEJ have to \F/tﬁeglige;(vé%gat. the cet\l(ti ficate
has i ndeed®bbehverifitshBeengyptedhashoanstifuies e sienatere S F P19 G LEVHUEY 8 key i s
wel | - knownrespédn toris partichlamsaatd Wyrle@ypiing tbewmempted haghuisihg be public Iy ypitvefyiaphy 1 s
only. used Lon Gl SahS ol LR 1r Joalpiss A8 o Bhe SRGMCh EXCOADAS: BeCT et
sessi on keys. egcret-key rypt ography 5 used for all other purposes. In

t he fol | ovihatgeciias vaisetiothihat fapyaersage s gpraine endithst ikhggiect pesn eliseed édEase t r ansmi ssi on
of information PeLWRGRLIR KBEEPACLapRY Witk Sher@RM tAbSEWMED distibité pibié kb | Y
happens i s .t hat thei{nar' ns. the server ce

: i nter obtal ] ' tificate, ..
aut hent i c At Prvenfy FRoOBTIET gﬁ’éé fogrylly done apips gertdiggios aléu‘feﬁgfrc ﬁﬁ? %/u%oﬂtéeé'sA t he
publ i c keyeertideduthguty kseytrusted thinkpartg which lehi@atothescotratirgdevegemublic kessi on
key with the ﬂo%%%riden%?.grhé D&EhHS gﬁh&iaﬁveﬁ%g? §Qgp§fsoiﬁ ideaty b Shflng 3RS, ON key

to encrypt the nmessage” data. A session key, by definifion, can have an
arbitrari |cg¢cuments, and then creates and signs a digital certificate containing the person’s identity details and

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

In most transaction environments, public-key cryptography is only used to create digital
signatures and to securely exchange secret session keys. Secret-key cryptography is used for all other
purposes.

In the following discussion, when reference is made to the secure transmission of
information between a netpage printer and a server, what actually happens is that the printer obtains
the server’s certificate, 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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short lifetinme. 3.2 NETPAGE PRI NTER SECURI TY Each netpage printer is
assigned a pair of unique identifiers at tine of manufacture which are
stored in read-only nmenory in the printer and in the netpage registration
server database. The first 1D 62 is public and uniquely identifies the
printer on the netpage network The second IDis secret and is used when
the printer is first registered on the network When the printer connects to
the netpage network for the first tinmggafter installation, it creates a
signature public/private key pair. It transmts the secret ID and the
public key. secdi&! Réy ﬁocknérp& the Ml gﬁtarﬁgéss%nr 18Y, 169 RefmBio, @hn hald 1@ SREME
conpares the secret ID against the printer's secret IDrecorded inits

dat abase, sifdifdi®€epts the registration if the IDs match. It then creates
and si gns 3@ cer tNdrPARIRRINTERSEA@RNY NG the printer's public 1D and public

si gnature key, Lhe certificat t | abase.
The net page regl d]?a%tpa%erf’ RISV g 88 uglq%eelfl?ng ‘?rs'cgétﬁgé gffﬁl oflfrm?L 91?&1 net page
printers, aiswed it rad-diysneacydstye Proltese@rﬂeﬂle TetPREsITPEARTREPN SeaYer dnlibRte Tht’ fiso verify

printer idgnRb llst;)ﬁbhcvyﬁg Gm@lef}lsi@fltlﬁ%yﬁl@%ﬁﬁtg%ﬁ tieGhePagl Wbtvbrk 2tnk @ondaDI i€ Seoved 1S
created in the netpage registration server database authorizing the

publ i sher 284S ped WhenitR@rieri ¢ seisEivd eohe 18 %ser ' s default printer or a
speci fied pri nt ewhenRiepriatetl OLdERMS thS @Etbagk @et@orR fornliectirst \tim@ afier paxglatiogriver i s

SS g[ Ie: ?\g? .c%egtesaa s \é’{it&r‘e (g: Lé)lllc?l%x%vate Eeylgalr ri'tqifx;]smltg ](hg % ct I%yan& tﬁgglﬁ))ﬁ(?ll g?éé\%y u)%en g the

age server v
regi strat |napagd %ramgeservemahe serivie Cfpmnateﬁ th eqcrei 1® againshiye privtse]s wereld® I“?°9fé?d t he

publi cati qpjd &ta%;ﬂ@ aﬁ@?&é];ts' tﬁéjre 5860 if 8 EDPALE. ﬁ%eﬁ%feat&s&.{hﬂ fs@%& dehiicald gnature
using the publisher's pub ﬁ . Obtained fromt

certifi catoentadning &g H"ﬁ‘e’tﬁé“bih‘"edps"t“fi &“Plt?ns‘%i’é‘flﬁb%ﬁ’eandﬁ esp'g? 636‘2%5%‘5 % ration

server aceepirfiohedabasts to add printing authorizations to the database, so

long as those reguests are i.ni ed . c SISt el BGccRf i Nter.
3.3 NETPAGE PENe%EéfEPﬁg‘“rVg'ém“ﬂ %%Vt%rt g&' y%g"r‘n&‘u 59213‘@8’%‘3 @‘2&88%“811%@%3{1“ fier

at tine oﬂlammﬁfteﬁeptetrlefoww@hﬂfrvsn%‘t@W@ﬁy prigter Wiy onl y menory in the pen and
in the netpage r@gd,st Jsétéx&EhbiﬁfoVaeﬁubﬁﬁﬁcﬁb@-&@@rd 19 @eaR8 ﬁan@ﬂagéJf&glﬁtﬂﬁbly

identifies the pen on the e e netwo net
nunber of SF¥EY SagEsHPR s‘{‘I %’ﬁ@ﬁg‘%’ B PTift Bfgﬁt“m .usep s qetc 2'1)%’? ef)?r s ens A
pen COomTuRpecifibdmrinte. tEhera d@niett @nt tv b priderviach poge snearquearckhysssi tg A adtrmmeuﬁew er it is

W thin r%nﬁgﬁg{] 4 be p%ulsﬂér%im tﬁz}ﬁs\xger%@va%@gﬂm&wy% wg@se;\sg&eﬁﬁe r&d, they

regul arly exc € Sessli on ever transmts gital ink to
the print dhe, regite dgfaagel, tiaiike p@h%wrway\éhoeﬁérty B?I’éféf thspuhFaforée ﬂiaﬁwléfﬁ iate
sessi on keyer. fﬂegiagsﬁt&enﬁelnkenﬁgs tﬂ@\ﬁ@{atu}d’ @B@ Mhe fubfishbrs fub: KdyCabitained\ fipRAMhST Or €S A
sessi on key for e\{tg,ré/ $ ﬁin Lok i ndexed by printer ID, and a
printer SPYPEES grifigtesiy %g'flmfgétf % Po5Ben it knows, i ndexed by pen ID.
Bot h have a | ar gewebutpadei redidtrationt sgnva%cepmpsmw ©@dd 3Qntmg authorizations to the
database, so long as those requests are initiated via a pen registered to the printer.
3.3 NETPAGE PEN SECURITY
Each netpage pen is assigned a unique identifier at time of manufacture which is stored in
read-only memory in the pen and in the netpage registration server database. The pen ID 61 uniquely
identifies the pen on the netpage network.
A netpage pen can “know” a number of netpage printers, and a printer can “know” a
number of pens. A pen communicates with a printer via a radio frequency signal whenever it is within
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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capacity for session keys, and will forget a session key on a

| east-recently-used basis if necessary. Wien 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
meant to know the pen but doesn't, thep it initiates the automatic pen
registration procedure. If the printer isn't meant to know the pen, then it

agrees W tch,atiR8.R&Rod IRyd, HANilBrorgktla stiibd ey blEleRERcehiy-REARAGT hddestaryc har gi ng
cup, at which'tinme it initiates the registrati on procedure. *r#@lekgd't'on to

its public ID, Wéenﬁeﬁ?néﬂ?&*&i“h‘g raé‘g%%f(f‘r@f‘tek@‘)‘?-pé’}(ﬁ"r‘}%@ TPV - exchange
key is al %@ow eciosthtedf mesy &)hremete@agmerr @g thd printet derermiedswhetha ftticopeedat time of
manufacture hstratio n t he
printer, @J%enprl Nt rﬁgﬁ’éaﬁ'%p P Sbe%aﬁlge t£)eepnn FJE)& %tm[a}l]lger %Osls peg&g]e?ﬂé’;u?est ration
server. Ti’d@,e rseﬁvéﬁthgm@tle'@ntao mgihenenk@ydqemt thprpit pﬂﬂtiaﬁ’? é’F agprERtip e t 0 use,

and  seculglittatloh BRI Sf hliGink LRSI &an&@howetpae 1H0h It Bgr8k with the fnSPighorANSNI t'S a
copy of the session ke encrypted w th the pen's key- excha@ge key. The

printer stigpiidhepgyis Elé"se F‘d‘rfh‘if FPEEY G g | i nittates {08 FFESTRALPTHRECSS and
transmts the enenyduond isesidican tﬂe@yn tobtaindieseqratikey-ckaigngeekay. S“h«jfeesxchdnge sessi on
key interng)l It o DORES S thgxlet},a AR Sl P garlab QU & i b

i nper sonat en |ge ration protocol, only real can
decrypt t h@xsge@sd tbmpekéxynstnrtaﬁssmtm éqjthbymttﬂeané therprigter trameﬁ t‘a St E?/Pdh%l y

unr egi st ergga.p %miraﬁloxf\ bJrv%P The Hrvet gén@xgtcs 4 besdich 1@;: fdr 1K@ ﬂrﬁ@r 43Qetdlusd, ahd 1S
linked to a user. istered onI al |l owed, to be

used to r éifﬁ‘@%’t“anasﬁlﬁs i Slqnﬁ%t@tﬂﬁav&ém fiais v a&ﬂﬂtsﬁé?‘?yr%éféeﬁ‘ R,

regi ster awith@epeidekey-txohanf lei Thégrinee worpethe sesioa bidyomerhally ahdeyed|by thk eab, IDOr to
add a e Rehal0idl ool Qo3P lo oL TREfln YRRS 08 ERLG K kb ) Bkod NN
publ i c-key encryptio ecause of hardwar e performance constraints in the
pen. 3.4 SFEGORMOIZUVENTS The net page system supports the delivery of

secure docunent SAI&UEgIH addke Eén@%er@ﬁde a &Quﬂfﬁb‘én reg3EatieirH3@E ofdy 4 REIGEn | NCl udes

a facility rint watermarks, only do so on request from
publ i sher §%ﬁ6‘9‘§9‘§s¢§ﬂ?ﬁk§‘bﬁ?“§mdﬁ5ﬂ1ef%“ The publisher indicates its

authority to priWhenapteiondr logegisienad pands firetnegisferedait @ of kwhited lnsetuntd itgs finkeder | s
abl'e to ayjheat M@gﬁs‘?eredm?‘am\é@ﬁeﬁ* P n[LprIIBQédl 159 %@B%q%esvéﬁ%n%'né?dag@r native

dither matrix I n specif wat er mar I ons of Back-t o- back
pages contgT prdppt ﬁe@?tmrl%ef@es AMRICHPPRRIRY 18P B ‘meafwen i elrtwag iepldy ke O%r i nt ed.
The di t henro 4Bk hévess s @dstinglusadld and even pages' wat ermark regions are
desi gned to prodyce an |nterf rence ol viéh %o |a(38rés Le vi ewed

t oget her, achi eved By ?SSSOI??C% “t Br 8rugantrh D1 netnrzip et The Wect i's
simlar topeformatemongriktsiothdphat it is not vi SI bl e when | ooki ng at only one

side of Ghe paggcuRdBodumelfst when the page is copied by nornmal mneans.
NPS033- SG

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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-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 copyi ng

net pages on net page- aware photocopiers. Secure docunents are typically
generated as part of e-conmerce transactions. They can therefore include

t he user's phot ograph which was captured when the user registered bionetric
information with the netpage registration server, as described in Section
2. Wien presented with a secure netpagg_docunent, the recipient can verify
its authenticity by requesting its status in the usual way. The unique ID

of a secure doc uf%%tof kSur@RbNm¥Ad dafhof B coH@@usxdg'tlﬁeQ;ulltniﬁ n@ﬁag& Ft%y deawa®nt , and
secur e document

are all ocated non-conti guousl&‘{{m%anat revent their
predi ct i orfetybegpisrtionn? $have Ths BRSO RYERRTHAE 81 AV RPIIPRIEY i on pen can
be devel oped W t $ecltldbciimenitsiard @ﬁeﬂna(gkneﬁted € partf df @ @brdrce tesndattioas. They cauppor t
cas) POl s PAERELELON SASHIE o Sl Lol O & 681 kil it N
They si nplu}fmmatnml\fdéﬂvangpagmeglﬁt@amse@gsa@é@,sp@e@’9Sé%\lsm%ll forgery. Online

docunent verifi C%en%seméawllaemrnwageslbame@ theEredifidn® Sl veriy aemheﬂrcwl des an
added | evel of security where it i s needed, but is still etn threly
Sy o by

i Mune t o YTy staas i thiyuakserBRATHER IP 4 # PR deopaes
submi tt ed Hifimd 9Ehe d&i&ﬁexﬂi&hd veeﬁre doch@énit AN aye illocaked mbm-cdnbguchisiyrts preganttheir e
persi stent | ived on I SmivRossi bl e
for recipi® eér{llfcgontcbg °ppr° Sélw r%e del‘%c{%%%cu%gt Vg{ﬁ%amL %en cgn l;r%e*hﬁgeg’g‘!';rzrixat té“ t hrough the
system agn @ebeqkwbe@ﬁww@e@{m torpupport aﬁsep%ﬂtﬂgﬁpfesﬁm’@s équP@t Yegficatithe payee to
repudi ate. 4 EL BTN e CRNEBGTMPEe ord pSEGHIBE oL SGIRAN @Wm ON
(SET) The net page syst em uses é g re El ct roni ¢ Transactiq é‘)

e 8 by

syst em as Bt T8y PRl PIYdnR © tgpeqsua ﬁ%f%‘i%éjnﬂ‘éee Hdeyes

Mast er Car gaitithriyiusisy, a \Ieﬁﬁcﬁﬁcg@m zsﬁdndaram iddeld Ip@ymamﬂty ebgrelis is needell, bt isstill s
reflected | However, nuch of the systemis independent of
the type oen&lrhl ounnmor}grfgé;g‘yused In SET cardhol ders and nerchants
register W& h a %@“BFH‘P@&@E authority and are issued with certificates

contai ning thei rlnntbhle!pgge%ys&%gmu}sﬁm&i by-rl;lﬁﬁs %H&lh@rh@@ﬁ&ly&&fdﬂﬁd’haﬁ&eﬂleI’I fies
firon detalls wt

a cardhol der" d.issu as a riate,
A var Dt 6 e BT eert Heir i BSSGR RORHEC 48 rfthah W0
appropr i atreudiSaddihay.der s and merchants store their respective pri vate

S anature  KeyS BEGHEEYBRohEUE (EAFPU Sen, DWIckiafocs I SRANTE e BEOCESS,
these certificates are sec t 0o mutua tnﬁentl cate a nerchant and

car dhol derimpossigle foptheppydsdmepudittee t hem both to the paynent gateway. SET has

not yet begen adog_tgeekdmcctﬁmﬂwmbd,a because cardhol der mai nt enance of keys
and certifjcate s gon3| der d burdezgéz'ge. I nteri msol uti ons which
S

mai ntai n ¢at dhol %TW W?‘ﬁTPIN on a server and give the

car dhol der accestheuietpaga spaaswey itle Bevie Bigtroniv Trimsstoe(SElcsyges 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 signature
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 because cardholder maintenance of keys and
certificates is considered burdensome. Interim solutions which maintain cardholder keys and

certificates on a server and give the cardholder access via a password have met with some success.
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NPS033- SG -41- 4.2 SET PAYMENTS In the netpage systemthe netpage

regi stration server acts as a proxy for the netpage user (i.e. the

cardhol der) in SET paynment transactions. The net page system uses bionetrics
to authenticate the user and authorize SET paynents. Because the systemis
pen- based, the bionetric used is the user's on-line signature, consisting
of time- varying pen position and pressure. A fingerprint bionmetric can

al so be used by designing a fingerpripi sensor into the pen, although at a
hi gher cost. The type of bionetric used only affects the capture of the

bi onetric,4 ot t{@-mﬁng,@,rsl zation aspects of the system The first step to
bei ng able to SET paynents is to register the user's bionetric with

t he net page reglIétt}rea‘F‘P%ﬁﬁS@@P\}}éﬁrmm“ﬁﬁl@‘sf@mﬂé‘ﬁ@r 785 23,2 B9RY b ibe BFPRZYFT onnent
for exanplig. de fadhkiderMASEEpaybift ritis@t®br i ¢ can be captured at the same tine
as the user's idgntity is veri t stored
in the registrat r‘i‘e"ﬂ%f apgeLes Llom%écél-(f tbte‘ﬁlégﬁttél%lrmersan? g%ﬂgngc égi[ﬁ’ayrﬁengr

phot ogr apBetagse tizlsppnoppandmed, the bpmptricnsediis dadsel’s ending Slgllamteh@n#l@emf@ne-Th e SET
car dhol der, gbeﬁlga&&o&,% PLQEER FinkeSprinCRIHRIR ofihiso 8O Ehed megl lathgdebrind | vat e

signature ey and certificate are stored in the database. The user's
paynent caperiine e aep plbereh at adigher witoths dype gf Rigmegicrprd 0%?5’%25 &heraRiie f at i on
server enmkbmemafnem%m&&aﬁoaa@eascasletsﬁemuser S proxy in any SET paynent

transaction. gﬂ]slﬁés?%use m&na%fgt uaake)é{ifgp lerlltsels to re%elsteplﬂl%nge%r h%ménci) &191”1)' ete a

paynent, for ex a ne e or pri nt er securely
transmnits thelmetpage aezistritioh earvwr This i, dotehia apemmlle@ ea‘rmnmdl}e for ma@ﬂbtarbﬁlé% vkerea to t he

net page regi ﬁHe%'c%bé&B%ﬁﬁ at t};p@am%QﬁﬁéeaE th\é%gérfs Rtf RSedtic@ MR lbidmeMic i T €S peCt
to the wuser i1dentif by the | D romthen natiﬁ ﬁhe user's

proxy in C#prend ﬁ@’e‘f ﬁéhemﬂatwamﬁe Ii“ik%tirf% Sepsephrecd- 3 NTS The

net page SyRb @plidnilll dapexsd andTEaded nd e E@Fd. IThe ISBT paydiddet Segistrpionlpkoots tishe user
to be conveqlteedn'gul1 tﬁcrg%g ggmga Sl&r@mnt Iegoss \gkfgé?es%rgg{gggq;p F%at%?]d%ﬂgand and

for copyi g CopyF] men 0to a ow the user to be
rei mbur sedsd’ @rpaaev@pepﬁs@snfqrmt@n rled181> Iﬁm{?ﬂal gwm‘lghe nEEbosST {ezlﬁah‘gl PECREIHEE  The

latter dep@nfsidaio 4R e G%R! profy iS4 S YayRbid: 82N OVi ded to the user. VWen
the user registers for e-comerce, a network accqunt i s established which

aggr egat es i cr oVpRyREsErSverEAly yRRlies the higngirito Soraplels 3 pRYRERt IR KAPRIG D ar
basi s, andighiaga Gegiagd cﬁdeafmym ﬂmphﬁtbxaacﬁiren}gradﬁﬂs the b@branforeatingj thgpen fig alsittaendar d

paynent chani C . 10
subscri p??’g)ﬁ?eTeﬁmlﬁo netga%g\(%[sgat%?&%v\ﬂtrh S%QIC %é&?ggﬁg?%glﬁmg%é&g%ﬁeer esent ed
to the useserjidentified by &eme@iD,uan@ﬁvmdhramwﬁaw%mess pwxsﬂmmmsm@ﬁpec%p Wien a
user requ%mn@aﬁg@&@@ge in a particular application context, the
application is a enbed a user-specific transaction | D 55 in the

page. Subé‘e’quent'a'f’ﬁ‘bﬁfw"l'iﬂf%ugh the page i s tagged

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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with the transaction ID, and the application is thereby able to establish
an appropriate context for the NPS033-SG -42- user's input. Wen input
occurs through a page which is not user-specific, however, the application
must use the user's unique identity to establish a context. A typical

exanpl e involves adding itens froma pre-printed catal og page to the
user's virtual "shopping cart'. To protect the user's privacy, however,
the unique user ID 60 known to the netpage systemis not divulged to
applications. This is to prevent different application providers from
easily cor]{sgls%{ung i ndependently accunul at ed behavioral data. The netpage
regi stration server instead maintains an anonynous r%I ationship hetween a
user and an appl Vet e osFpry thiough 2 dess %‘@d%nqtﬁg%ﬁec‘ﬁ% SHEHNDT APPEFAYEH ¢ 24.
Whenever tdagt wis @k u€h iniqik Gntity tohvgtpietish & blatekia@gattalMxbihipld neolves edgingtitemed”
attribute,_ _the net e _page server ,asks. & net page regi i server to
transl ate ff e” rg'g%rg%gcta %1§g aﬁf)Fol té%'fsf’rosnv I ] éﬁo‘,%plfl%%agtt 'glg)rprw&% ?}L 'E‘%Eaé en’1 D 61,
into an altiomsvet, De BBque usEhiD Gflkpeyar t¢ e hetpagd seviensis htidivelead tQ plicaonh g sl nk' s
appl i cat i Qfevent RRERRRRbIEALL HBVIAER FinPdallf cSirdiify infpHabmY bl diony alias
ID, and is able to retrieve wuser-specific state information w thout

know edge B t he gl obal identity of the user. The system al so mai ntains an
i ndependent cer t el Rphge regidtatph isstadr énsadymabtaiiscankapynyfous red@ohshipfbetwaenuser ' s
appl i Caj[l Ours]esr’ c} 2 aallilc V‘ﬁ\'/italgn?qug il I]ja&pelzs!s %Iupﬂ%&ré[ ﬁtnﬁ'?&lfe%ptﬂéus%c(ﬁﬁgaf of t he
user using oﬁ?y ppﬁ Ircation-specifie i ntornmation. 10 ass! st the systemin
routing prhophalink tdggad with the “(egiReayd ™ aihyter the prtpageRagd spaer agks she netpage SR r ecor ds

a favoritg.38R ﬁ&lﬁ&t& Y a@&ia@@ Qﬁﬂlif:qti@zt I]j@@_toﬂé?ﬂ%[‘ witiPthe ?dﬂ)ID @!ﬂ,ﬂﬁl@ﬁn él’ffas_ prasduct
types. Each application is, associ ated th an application provider, and the

syst em mai e &R D i3 fren sypraifegdp the BYPEERG] PPFBach appl i cation provider, to
allow it to credrie applidatide hiatntaink etatp fixdarmekin iddexed b ialid¢ 1Dt dnd Guryle 16 egsvet c.  An
applicatiaon_provxider. gan. .be . hshe f i.0d] bscri bed content.
The systemuser{gpeegld?sge’Pﬁ%ﬂaﬁgnevrmﬁlg&\%p({“’lle?%(ﬁggél_o?ag“rmg@eﬁ%\%?tﬁe subscri bed

publ i cation, as Wikslsystemsalsp praintajop ercindegenfionpeprfifieis and gfivags sigpategkey & cach of
RESOURCE DERGRI BiilctRSs, AN GOPY Rl eipiitatRh @bufidiad (anbiadi oitatusefusifg ssour ce
description class diagram.is shown in Figure 40. Each docunent and content
obj ect nafpﬂﬁa‘tﬂ’é'é*???‘f‘%%“wmbne or nore resource descriptions 842. Resource
descri ptions useTs dsgstBalsysien iGouting petwdst eode (R Mypsiak’ actiratiords, thesydasi gned t o
facilitate I i . el I i re nmetadata
conforns to 1 gg\%ﬁ%pl%tggofl‘g 519&%%;%???%9%&@%&%3%e Description
Franmewor k ( RDF) . Eash propfientiprcie ayecistedivith jap appligaion Rfeider.fpd the §ReR MaBEe S 920.

The net paggcoiiMsh 8 bt QEmBdppiGatoh Yrovidéraid Sfi@F B toCaai hdidebit he poviller eonclikker s t o

rights ho'nﬁ%&gﬁfe‘é@&@ users print copyright content.

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 metadata conforms to the World Wide Web
Consortium (W3C) Resource Description Framework (RDF).

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

5 COMMUNICATIONS PROTOCOLS

A communications protocol defines an ordered exchange of messages between entities. In
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5 COVMUNI CATI ONS PROTOCOLS A communi cations protocol defines an ordered
exchange of nessages between entities. In NP5033-SG -43- the netpage
system entities such as pens, printers and servers utilise a set of
defined protocols to cooperatively handle user interaction with the

net page system Each protocol is illustrated by way of a sequence di agram
in which the horizontal dinension is used to represent nessage flow and
the vertical dinension is used to reppesent time. Each entity is
represented by a rectangle containing the name of the entity and a verti cal

colum r %&ﬁ)@@ts&% temﬁxeé bl ﬂ@ﬁ‘s Bint%&d%&@érg Mitisd ket BOdekiia p}dtdlﬁs an entity
exists, the lifeline is shown as dashed line. During the tinme an entity

is active, co?ﬂﬁi’é‘“{elyfhé‘}d?eh‘é“f”é“%cmmm%n%fpaé?)ﬂﬂf‘% | i ne. Because the protocols
consi dered here Efh Pakocslr @diBiradd Eeaiy aya ehdntd @isgranh iif ehicés Herigngener al | y
cut short as soon as.an entit ases t t . 5.1
SUBSCRI PTI nﬁ%’L‘F\‘?ﬁE{\/’ PREF Eﬁ&i%saﬁf pre erreége{%ﬁ%g %ﬁn%nlguge toaregrgsgllgg%?ptl on
del i very (Hadt owtylis represshiohhy p recfpglpuontein®g tha npmg efetheentitycand @fvertienk pduripny

subscri be réﬁesaltmé ﬂ@lm@@%m&d&blﬁmﬁgmmﬁam@&@& e 188Hhd i Qdwn ABMadagr | @i d out
differently, but many users' editions wll s co content such as
Fext obj edins DA Fiigh <oy sere SRIBELBSVT 6t § GHOABI DEPY- BF BESE

t her ef or e cd@lderé@licSe dbADUEML or SéstropCdntities Sifdlifes afelpekierallgletdkhop as sobegssin witigy

poi nt cast cealgustto dagtm aers shar ed content objects via multicast. The
application ? .- ﬁtﬁ f| rst obtains a docunent ID 51 for each
docunent f&bm anSUHSQ“BWN/QEUVEEYPRQTOtJCHen sends each docunent structure,
including its dO&E}ZEHLd dnfdoditht mg&sdﬁ%rdelwygmol 14&0%"1@&@@9@ server 10
responsi ble for the docunent's newy aI | ocat e i.t.S own

es
application | D 62 agefumbe ol ssers gy 'S'ébs?ﬂ i P‘E"%%‘ﬂ p"‘abrll&at‘?’h %a‘ih&s?é\? &% et of
mul ti cast nRaenel oundiff@sntly, bt may gRs’ ddhiens el Slageousdmg@ntertt Sucp k¢ tgdobjedd gnat ur e

key. The REPG a%ee rol\égcrts &S b}g'cn%no%pdgll\!e%a r!c)j'gg)l lthre)reﬁ)&d?e%l'ééﬁﬁoo rent Mtglteg bd from

t he regi stratt erver e corres user he user's sel ected
printer | Dl@@duelwnmelhwnavn@et T hsflif ey shargd ‘@@Fféetv@é viagpulticgshe application, or

may be the user’ pneQgfidtoh (1.@rﬂuﬂisﬁ‘e?))ﬁrst@Bﬂnstah%cl&{é&'lbga'fdr%hSocﬁﬁént frérh &Rt €. The
ol Gt ar e D1 ThdgenSa e GopEyIBErR: B ey B e arTa Pay s i 1
t he appl i catiieopagd Rrando atspasible Bordiba'dbcunegetnely alloadedtiDf It ischalesbiscowpt i on
808. The RRAR BRI 8l Gk OGAL ﬁ§6éfj%dfl‘1tﬁgf&evﬂlpgt DEESica ) SARE BardeDe 2Nd

forwards t descriptions, 1nc page IDs 50, to the printer. It
i ncl udes tsigas femwaqﬂsms@ftprmtewweé@st channel nanes for the printer to

listen to. It theR phRlsbHidiased e a@ﬁwm Bl ah@8at Brko pREE frbthe kisrdtion @ppi | c ation

for future reference. e a i cation _h |str|but
docunent R GEERPELS ‘c‘%%h@ é‘ﬁbs? sfsglﬁcé?dspnmen%)l 622?’&81 maibeE ’%’rlcm’(/‘c‘eled?{for rel evant
page ser veliesipplicitiomior taydmstesiser’k defanll prirgess atslmlbaenllsatr@ﬁSGGhtéicghar ed objects

The application’s certificate allows the page server to verify the message signature. The

page server’s request to the registration server fails if the application ID and alias ID don’t together
identify a subscription 808.

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

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

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

previously pointcast document structures. This allows the page servers to add complete documents to
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on the previously selected nulticast 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
poi nt cast docunent structures. This allows the page servers to add conpl ete
docunments to NPS033-SG -44- their databases, and it allows the printers to
print the docunents. 5.2 HYPERLI NK ACTI VATI ON PROTOCOL A preferred

enbodi ment of a hyperlink activation _ggotocol is shown in Figure 45. Wen a
user clicks on a netpage with a netpage pen, the pen comuni cates the click

to the neRsLQShbIElaREORIRS hdhrikersAOprint hB@ochdnk 1dentifies the page and a
| ocati on on the pa% er already knows the ID 61 of the pen from

e. The print
the pen cothectidF WM%@B'{%T'OW%OTBF?NH determ nes, via the DNS, the
net wor k addr ess Aabrefehal qabgEm&esia@ypetliiiaadigdtich prorgeol & ewparfiguedbar page | D 50.

The address may ready be in its i i nteracted
with the sane pag’ée.“&f‘ﬂ%“ﬁrﬁ? %I’taenre‘%?gﬁéﬁg ge%er%g%%eﬁglg%g%ﬁﬁg%gﬁg gﬁc(%\lll\?ndlé;ri nt er
| D 62, thecpsyectiaB et 601 ke click édsntifiohthe page lyed plogaiion e the pagzeThHis N5age ser ver

| oads the ﬁéﬁfmﬂ@@ﬁémlio@meEeniffé_ﬁmteipfe{s&%@%nmem@age I D and determ nes
whi ch input elenent's zone

8, . if an the click lies in. m t he
rel evant input eFtSHENE € es,wyﬁlgrl?l}l%ﬁleé‘ft‘g?féﬁ dregs/of the ppgg S%CQAZ&‘LS{%‘}? t hen
obt ai ns t hi: fagEwaipadedt Sa0k bdifdsi 04y alrkadGle il cdchenikthe BeOibs recatiglingwttet mi nes,
via the DNGe oGSl Rl RAdE 30wl ddita PR Sk OD3E dethed1BE ik ¢ De

> page n 1

. . w1th.}bf
application 71 Server uses the pe to obtain the
cor r espondeaidgpnisbe papeder- from t he registration server 11, and then

al | oca{ e; 32 g!rﬁbﬁlﬁlp\z{gebﬂl&@vgtl@adpm%ﬁéei @}&ﬁﬁt@gggasntiﬁe@@awagﬁge iDUdnki dqu:@inegwygéelrl |T Ek
reques .. Lne erlink_reques ass diagrami|ls own 1 n Flgure . e
hyper | i nk Wht‘céd‘ﬁPétsle“gétc?oﬁ"a%sgl’ hfea“Y’[SEe %’Fk fi??em'r gﬁ‘é’égtt}“?nﬁﬁ?ﬁaé’%%“p‘ﬁﬁﬁmﬁ inter, and

i denti fi esypefidrkeleimak 8, thy pae bdrrek themabtaius ¢@ assBdized aﬂ'ﬂ‘lieatpag:e@.B@dﬁgfﬂ)tﬂ&‘ren sends
I'ts own sely &ﬁgﬁleﬁﬁ%gbbai thd DIGs, DY RE Lk Birds EHHE Shptilaon 5@13;& tbdifie tk Ilidafdnl79. t he

appl i cation. Icati’on produces a response docunent according to

appl i cat i on- specTHeireed ssgypicusesathel enolY @i 19obiginfhsceprremendjng vset 1P (08 fomrfh D ser ver

éZ- It t hQEhis‘&ﬁM%erHﬂQl,dﬁﬁlﬁﬁlﬁ%hocﬁt@s i Blﬁbamﬂgﬁqlﬁafyy@ﬁnklraﬁest mespeadisiublsea f or the
ocunent's newmy allocate _together with the requesti e.Server's

D gt IRt B Jerinseieh ot et 1 A5uh SoHER ML dnE BAERe

hyper | i nk reqeptiestdsitd land tappjéstmtusaand pintoardlidsntifies te cligked dypediak ipgiance 0 obt ai n

the correspo p[ﬂ!f' &??_lée‘éﬁlﬁlr the!n@frfaﬁﬁs Fhls@b & ip H:,)th@ %ypeﬂ_inlgre&degtﬁl_t), HPGE1IEXED YFthe €] €CL S

the request i1 yper request has eXxpired or is for a different
appl i cati ofplicFiee second page server allocates document instance and page
| Ds 50, returns tiepglieabyprodikdsQeapdast dagrntlabdsrding td Aplicatpplspeciait login,andadds t he

conpl -et e- doﬁcuma tc té) %6 gl gvr\irllandl$t S%Rzeirsﬁ.’ It%?%setl%]s% clo%,(mnestetg % E\Q%ergeqng .
descri pt i SRE™E 3 YR8 EqueSTH Ay print ér . & nypertinK I nstance may i ncl ude
a neani ngfresponsibla s sietdp@ment®n&By allopatediD cthgetharswthtthparedqupsting page server’s ID and

the hyperlink request ID.

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

The second page server allocates document instance and page IDs 50, returns the newly
allocated page IDs to the application, adds the complete document to its own database, and finally
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 transaction ID in the message sent to the application. This allows the
application to establish a transaction-specific context for the hyperlink activation.

If the hyperlink requires a user alias, i.e. its “alias required” attribute is set, then the first

page server sends both the pen ID 61 and the hyperlink’s application ID 64 to the registration server
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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 ID 61 and the hyperlink's application
ID 64 to the registration server NPS033-SG -45- 11 to obtain not just the
user | D corresponding to the pen ID but also the alias ID 65 correspondi ng
to the application ID and the user ID.” It includes the alias IDin the

message sefjly, bait ﬁb‘?;uﬁ%‘u&é}% b&x@spond%lg Ot P 1 BE 2RPRL élﬁé‘ﬁ)l @Qor%\ﬁkﬁ?&r_ APl 1sh a

user-specific context for the I"ink activation. 5.
RECOGNI TI GRp fritsptiendD ap éhs uaerdlae‘?{ %W%ﬁréhea?hﬁ Por éhedwssagerféet pate amhfaﬁora net page
pten kt hedpﬁlﬂw?QWh&ﬁénQSestabﬁga$§ef gkﬁﬁa@ntfﬁh%rmeafpe&thhdamp@gte pr:c nter. dThteh
stroke ideptifie an n e page e printer forwards e
pen I D 61, E ts oaﬁﬁ%ﬁf&?&f)ﬁmgg'fp?% c§'age I D 50 and stroke path to the
page server 10 i Whtheusasdrabs asyke ohlreneppaggevith @mytpaze paaths pénhrempargetesihecr i pt i on
5 identi f's%gkeqythteH&egﬂgﬁagémq‘hg@oﬁglﬁénﬁﬁéme%g Gl d ABSh uEhgEENt S zone S8,

if any, the stroke intersects. Assumn el evant in element is a
text field 878, F#@ﬂﬁﬁg@ﬂ%‘ﬁ@émalﬁpﬁén'&gwn@m@ﬂ?6%éhetpaget1 &0 pndstrokeipath ' s
digital i ndsme@&gkedrwealmmeeﬂamayl nactl VI ty in the zone of the text field,
t he page server a n r oke .
Fogi St rathon ser JEFRE Tar Rt isrerSPrrplh £ FRE e T T idsFues
i denti f i eswltidhénpyseamentisrzomesys oifi eliynije $tokd inersgenAssami thsekvanhieputigdencntis a

accumul at egl; RaREH !héﬁa@@se%%%en&%ﬁestr&l&t&!ﬂ!’:é{tl%lﬁ*sdfgf?é?mﬁt rokes as handwritten
text. Once it has converted the strokes to text, the registration_ server

returns the text AfE apRapd ol AR i dheganreo dis taxbhield, g gass sggver ssadstbsrea Pends t he
text tot f’@d tﬂ&Xﬁen&&ﬁd btdkesOb thd1Rgibtexibn tdrel d1 & éteﬂe%TUﬁ’Ere‘g’Eﬂh&l Gkl ON
PROTOCOL i nme &Zone trok nt er sis a
o gnat ur e i M SrkfPilngts BTB0, ol 95 Bt BT syl Rl )

si gnat ure tﬁmveelrmétshedtrgqei @l hamdrwklttenAW megit p@rcplofdﬂedfthelsnd@i foixt, pheirqgistration zone of
the signatyig ruhdd b et tbqha@(gl@stlﬁgﬁagggen@,emﬁépam@wa%gbmds e @éa tamé ek@pendi ng
strokes to the reglstratlon server for verification. It also sends the
appl|cat|o‘ﬁﬂ‘F’I§§"%f #¥ldassociated with the formof which the signature field is
part, as w4l asst;hﬂukBmeﬁTloﬁ@Rambd_he current data content of the form
The regi st ratl on,serve ntifies the ondl and
uses the user' éyna {he et }e e B Gt relsgmlgfger?ec vér aqm%ﬁéid%z{br oEes as

t he user' SJagesﬁplgﬁé@enpendS@éf@kWPtlﬁagnWﬁeﬂd%ﬁgllahek si gnature the registration

server uses the ARRLLGRH bOHaclitly S meRAle USRS signitble B0d tt}fephéé@mérgexdstdfbepeﬂser s
applicatiaon- speC|f|c private si nature key. It then uses the ke

generate D o ity PLigh SEPe o rHsTgR r??réfétlé fory Mgifiraliot Th alsg FFéXSdih& t al
si gnat ur e dpplichtloe ID efasesiicd gitplg fors ef witidh. the Flp@aturp Adldis pat, vewellas tk pas I he
di gi tal 5%23& &{g gmten% dgtg gon%en%%elﬂ;x% {"ﬁeq'leg(iistrgtpoq r@etr ?dergt}’i1 gs tﬁ 1?59 clor%sgcgld&lg rms

status to
to the pen and uses the user’s dynamic signature biometric 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.
55 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

NPS033-SG



The digital signature includes the alias ID 65 of the correspondi ng user.
This allows a single formto capture nultiple users' signatures. 5.5 FORM
SUBM SSI ON PROTOCCOL A preferred enbodi nent of a form subm ssion protocol is
shown in Figure 46. Form subm ssion occurs via a form hyperlink activation.
It thus follows the protocol NPS033-SG -46- defined in Section 5.2, with
sone formspecific additions. In the case of a formhyperlink, the
hyperlink activation message sent by the page server 10 to the application
71 al so contains the formID 56 and the current data content of the form

IT the fQfeﬂeggfgeaioﬂ§2%t¥s§tﬁmgﬂ&ﬁica&cﬁ"tkog§ then the application verifies
each one by extracting the alias ID 65 associated with corre%pondi ng

digital signat ur@%fﬁsed’lﬁ?%%lhwﬂ’t“héheé’é??é‘gﬁﬁ’r‘i’ﬁﬂ%&eﬁﬁgﬁ?ﬂf \gyc §RSE 6™t he
regi strat [ I‘Drﬂo &eﬁp{)ﬂsfatlanlﬂ aﬁo %Me&ﬁinm SE’AMW\Eﬁrrmm&ntAf tpdf fofoe 1f thed

aplpl i cati @lss0011n¢ct)mﬂdé¢ cm@pepdpﬂtdlgnt@lhmanmanélomkmg Hmmmndmgrcaﬁ@@?@tﬁ%hs and

Co
payabi o 1 o i ey Lo Lhe. provider of the printer. The hyper!: nk
request | 3%2 | scg'@'ﬂﬁs'?’bpﬁxﬁ’ﬁ't“ép"&w%& or conmission credit fromthe target
application pr QVA@&ferchDa%‘lbécﬁm@mt oﬂﬁ&bﬁhﬁdﬁn)paﬁﬁnﬁﬂﬁﬁocﬁﬁmhﬁm iapjghe ¢t i on provi der
70b (i.e. publi sﬂﬁl anegeenmgm tp%ﬂ 241 chzn?msgggsl a?&[}]e%o%"ahqg,?maagp to the

printer provider arge 'on recer request
| D from t heovplagéo seguble;herl@l vﬁvb—r&muab trpysprtipnsi 4l siabs f¢qn§1PSS‘a@9t Plvéﬁteédnd as

described dofmR§Gik bp&néns%ons\{m Bisd (RPayaBE B6h 2 PEMiLHEAD the ProtieR Bthd RinkF. €di t  t he
source application provid it sends the ap %I i cati.on prg‘EI der credit to

the original pag&hedisperlink requbg{ f7eis USRA (hropt & Ty SPPRRIOn CERT EXR P 8% The page
server usepplickian hyopider 700te.of epctasd tol th dotred ghpldatidnyprévinier 70b Gier pdlishplancat i on,

and sends the, credit .on.tq t el ation server 11 together
with the ésouﬂrlecsémrfc;{3 aﬁ? fiea cat FIOVIQTrISB tﬂ%\é?{&e%%gfd%tgr& ver 1D 53, and the hyperlink
request 1D, The Flegist matidam reqsivescthe hyperlinitirgagest Fcfrastipe eagpwien MgvheiiBt i cat i on

provi der’ ShyPeIER W Hrst Scfitated! ds d@slcﬁ&d BQebtioh 63. Wﬁkﬁ tRRdRdet zﬁ)ﬁl‘ida@iﬂ nfdOMicA@itthe | f t he
application provider needs to dit the ter rOVI it sends the

printer prig¥ra@plicaumeRpyiderdt sqags Be epplifen g‘é?é er cé? df %eg ?éi“ﬂe‘?age PEH t he
hyperli nk tb@ﬂ;aeﬁth theDypeflink rq@agelDs Eheege sayasdshig hybeyljpk rdghaskiDrte gemsidt thé D t o

| dentify ts&%ﬁj Rb G arflthad B dRal BPIGhEMlckan Reb b Bkl 10Y e FRO0KST T al i o

server toge printer Istration server credits the
correspon dipllﬂrg\3 appllcmoé rID |§4 etv pweﬁewat@oi}mnd tg fuperlink geauest JPc Ere A58 H10R 976
provi der igedithd QRbérMing Eﬁpllcfah&q)r&'fdelt shﬁcduﬁi%m iftalo Adtifiksie ap@icgRh prodgypl i cati on

pI’OVI der, and the&g[rarl’pnl%a%&'\}% |de£§ E9t":‘he |dent|t ,gfsenast}gepsn%%érr&gvider

appl i cati on prov{
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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6.1 PEN MECHANI CS Referring to Figures 8 and 9, the pen, generally

desi gnated by reference nuneral 101, includes a housing 102 in the form of
a plastics nmoulding having walls 103 defining an interior space 104 for
nounting the pen conmponents. The pen top 105 is in operation rotatably
mounted at one end 106 of the housing 102. A sem -transparent cover 107 is
secured to the opposite end 108 of the housing 102. The cover 107 is al so
of moul ded plastics, and is forned frgmsenm -transparent materi al
NPS033-SG -47- in order to enable the user to view the status of the LED

mount ed Wit gl f BEoID QL §deP vikQane s&'ﬂx@oﬁ%’ﬁfD métgédlwﬂﬁ}xkhgﬁ&sxﬁg m| The@&fei 109
whi ch substantially surrounds the end 108 of the hou?thF%h %?@'gia

proj ect i ng Opdelfest meroPARHOY Whﬁ‘i‘ gbeentiallysurqungs, th,gnd 128 oﬁ%\‘fgtl ind fits
Wi thin a gaéasRndhny wﬁ&mﬂmjaclslbaémmde imgintphee 109adnt $its 6Bin @fcotrdagoniogisi ng

102. A radjio. an enn a L d behi G 110,
W thin thesll%éﬁl{ . csrlé)\gvD Fe ou g8 ﬂ% sﬁé}? 8‘%}&8%? giﬁl@‘glﬁeg%%%éﬁﬁiBA on

t he cover pl@&tlmr@rtan rl wngeh;ln the hmemeilQZeSCaFWerlle@ﬂS 1 Engrrpyiny Taperturei IR34 oli ng
corr esponding.SGhLie %&a%rece]‘v%% met End PRk 14%&1&6@&5&1&@ Srevaradabl e to

enabl e ink cartridge replacenment. Al so mounted within the cover 107 is a
tricol or skl&fThemetppndpiese §i4 isrempyable jsepablefok cargidge replpteha 112 is al so nount ed
on the flex PCB AILJmodEtee wathial e SovdeE1D7 sl HtritcBlonatLED 146 of HlextPOP 107. Thhe pen

]r;g_:_k:c (I’)II:Z] ?(r)]Od%%:,]lIZ 18 yr’?l(?un eld%}l elﬂlet yCB llh}eﬂ% gtugg\gD?gf sﬁltb&téa%t 1Iﬂe %ﬁg@thﬁpor nal

aS 8 noh-Tar k I NQ pen cartridge 118 with
nib 119 arrdnwlierngd@Hl@Gnd/wsnwﬂgtyl us ni b 121 are m)unt ed side by side

within the houstﬂgewope@tetﬂaﬁlrasﬁmﬁmdl Hllérkﬁ'@fnlcﬁédiag@asmnbn hdBin®dtynishan st yl us ni b
121 can be brought forward thro end 1 i ece

114, by r JeREFHeedis Preup LY %"663%65512"&&%8&‘8%‘?‘3/8215"1‘? ‘B%‘P‘%Tn‘gc%‘di?gh‘pand 124
are nount ekt Hosidghe2. Enller tiatnk caraige: nikl B9 ante syflusinibsi 2120 be bregidotpddirgpgh A

rotat abl € & am ? ?{2 O?kbﬁ %%tél em? ﬁlecseiﬁlp %?x%tatl Otf Blg F&Q%Sfog H{C;pgél é Qldgﬁ)ﬁ)rc‘étlbéj n and

arranged t8 I‘O er ew cam parre includes a cam 126 in the
form of a 2o b4 ayi mduited to jthe inkeshitrided BIB angd stlusd2Q; zesreptively e rota@hlﬁf%*raﬁe}déf? s 127

igg 13;3' pn%)lset%&t-d B&FJ ftSéMbpSldsdﬁ ropé}latfaﬁlé@ &%ﬁgear?&rolal’éthd ErbwithWMrkehdam Bah@ 125:1214sl ot

rotation o er C nmove
rel ative t&MEEHaBIRRM £ f%ﬁ? G‘ibae%‘ftw@?]?ﬁ‘&wa@sﬁgl ﬁ%e fﬁ“bbaﬁfq émof}&os VI u’é nib 121
out t hr ougid t13erdietig fib2Rliden blbtke 128eind | 246 ditipn the eanilslot 126TAeroption OI@@ cqmas t hree
U e Of paRRTE Ik Uy Bl 141 84 R O bl A 0B, G0 ey I e

st at es are cartrid 119 out:; and

Nei t her i rk stzzlamb 12d gt trowgh thefhole 122 ip he mgighend pigqe 44 Imeﬁ |1‘E>‘ hf?‘i}f@&iﬁtes °A second

flex PCB Jo%&audnsByrmulﬂg@@Itopmomo@h@abtsrepmemrdaaas&r@ 130 which sits within
the housing 102, hg(a fond flex PCB 129 nounts an infrared LED 131 for

provi di ng i nf r arBAsAAAPR{TISHE f or projection onto the surface. An inage
sensor 132 i s prievéacedte M8 BE ognentihe second flex PCB 129 for receiving

r egl ected radi atﬁe%erﬁnﬁcgm&igeel1§H15f1f’d:o%tno-xl-gﬁuss@@ﬁgqblfcjugx PCB 129 al so nounts a
radl o
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 101. An optics block 135 (formed from moulded clear plastics) sits
within the cover 107 and projects an infrared beam onto the surface and receives images onto the
image sensor 132. Power supply wires 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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frequency chip 133, which includes an RE transmtter and RP receiver, and a
controller chip 134 for <controlling operation of the pen 101. An optics

bl ock 135 (forned from noul ded clear plastics) sits wthin the cover 107
and projects an infrared beamonto the surface and receives imges onto the
i mge sensor 132. Power supply wires 136 connect the conponents on the
second flex PCB 129 to battery contacts 137 which are nounted within the
cam barrel 125. A terminal 138 connecys to the battery contacts 137 and
the cambarrel 125. A three volt rechargeable battery 139 sits within the
cam  barr gl PR« Pl G @&Ble\‘@cﬁap%\l Ig,hf?tb@ﬁ&tt%@ﬁﬁ@ GQﬁla&aﬁ&lsTheé&ohMcptB em char gi ng
coil 140 is nounted about S033- SG - 48- se Ond% ?x PCB 29 to enable
r echar gi ng'seowrien fnfpted FED {4gang infrared photodiodsy! 44 o5 detecing i apqme 429 al so
mount s an vaidi nwvaﬁn &R HeAB A nzh drmferids eathidad ois achiseiior \ilpﬁdxg,fmwrdcd@:t aatld g

di spl acement i.n barre i r he i nk
cartridge dfte’fl’é“af’%n Ogéh egor?e bem%vlg?pkledl %‘elsﬁ%(c)?§et%@ 0 n%gg%?}s}%ugilgé% ng%g Ir%{tatl on of

t he f or ce pbaodigle dffideteetsl light frot ¢he Ry Lﬁad@ by reflertorplent shivis) magted on deylides ni b
121. The LRNBPIQFbode 144 detects light fromthe IR LED 143 via
reflectors (not shown) nounted on the s]ider ocC nd .1 Rubber
grip pads 141 an}&l‘bﬁ?‘%?‘é’s6?5@9&%”?8%@3”‘%@‘E 6%0%?6 Herey @aé‘i ng 102

t 0 assi Stassgt grippibgle pi@opaid tapD5 alsniskchideyr clif) M2ebratippingciepeke®1 & aglotket. 142 f or
clipping t pe ocket. 6.2 PEN CONTROLLER The pen 101 is
arranged téc}fdet gﬁénnq%\bgt"?%'%%om tion of its nib (stylus nib 121 or ink
cartridge nib 1T@perhipl nsrmglgﬂgodﬁwmhéepwftlpla?fe*dmh}fﬁé’@{smhr’r?l ArkgpEideDf t he

surface ingf 1ig) ¥ ﬁiaglhgtxﬁﬁi infrf8d HeQrum| fn aréae&Qﬁeds%rfzcb% 1o GdhinPsr Bakie 1f rom t he
nearest location tag, .and is arranged to | cul a e di stanceﬁo the nib

191 or 118°PH R 1ROk SRt ReB IfEion @p 6b‘ﬁn%e§ “1 ulafs e d51EF 81 P%r  chi p
134. The @it ot 11eﬁoﬁiﬂepocatioaaﬂabaﬁhmloﬁﬁoe%stdnecmrolentlat 13arrhetortrbler ghim and t he
nib-to-ta tance from.th er . 1 he i maged
a0, - Cont 3t SraPRE Be SheAlhle R eF BN ME kb Al 1 ERBGEUEEsG

i nstructi wgsemoquﬂ'mmitagto activate its "active area" LED (this is in fact

gnf node of ]E he t[ih-da%@ Eiatzl—[Ecl;al aa%ﬁxaﬁtm 'tatg Hltapﬁamsnt;oyﬁlslu_@wmmfgemeb sdhgope 3
etermnes, fromthe contro at a, a ea ed is an
"active & eivae itsppdive arga” LED; (5 ipy ffch‘é“eé}tﬁ’g %@ré WPIS%“E&%?IP eghﬁg‘q’ﬁcomte% t he

act | ve ar gallodfwhan thelpdnceteraiined) e tHeicortrol damythdd ehe erae thatdbeing ingagddi ivant “ectivhi s LED,
giving t heare%? efhug) fa rgéibg og% s}{rlfa%y%lcﬁ 9&195&@1?&5 tot tlﬂ@%cn('eheﬁeabdﬁatbgﬁbn% hyp@ﬂﬂ?r link is

active when passes over data may al so 1 nstruct the

pen 101 t anay éapftca‘ieé tq:@h‘faitenthfé GED pRiYing ‘b? s 9fé1§cﬂeﬁ yeual fepflhackhat fgbyingh t he

surface V\'myﬁ'ehmﬁ %rd'c@x%%&dﬁle b&l m1 %b@é@&)"véiﬁte Coﬂnﬂp&hﬁa tﬂd'y%o Gafucb e paiCOUeEd toO
ative to the surface

capture continuouys Pen cti.on

may conpr i Eﬂ“f"§§e‘b mgfef“g'i‘géerhus a@%‘?nocf? ol E%aﬁeéfvsgh CopsPINIL R ASENEES of

t i me- st anyhett o@ranlt® tncpded itd daptivs caminvohepes ilffegree, i niti ated by pen-down event
and conpl eted by a %Jem&%%trel&ﬁ@ e QYRR mayNOhfisk halriePSMsrbik GEstoR) be

|nterpretedrelat|vetoa hreshol d to indi'cate whether the pen is "up" or
“down", agomstPf agadsese ﬁ@t“i’@rﬁaé}?ﬁf’r@?é@l REEtiops ERAE PR igitiated by pen-dowm event

and completed by a subsequent pen-up event. Note that pen force can be interpreted relative to a

i L‘-

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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val ue, for exanple when the pen is capturing a signature. The sequence of
captured strokes constitutes so-called "digital ink". Dgital ink can be
used with a conputing systemto formthe basis for the digital exchange of
drawi ngs and handwiting, for on-line recognition of handwiting, and for
on-line wverification of signatures. Uilising the RF chip 133 and antenna
112 the pen 101 can transmt the digital ink data (which is encrypted for
security and packaged for efficient tpgnsm ssion) to the conputing system
When the pen is in range of a receiver, the digital ink data is transmtted

as it is fypraed. ‘pen NSRS v réﬂ%e d\éﬁﬂ%ﬁ&éﬁ 1@@1@&&@%&@&1@&%’1‘41 (tRf pehafge,

digital ink data is buffered wthin the pen (the pen 101 circuitry

i ncl udes FirpifpTialudsy 4 bufferasraesd @tsﬁfeed‘%‘?'g‘lﬂ"t dota ff”rﬁ?prﬂ’&’f‘%{"1¥ S YRS eRE el y 12
m nut es  OfmdiibConIR BurfAA®tahddan Brahdabued litr.ace) and can be transmitted | ater.
The controller c unt ed he s 9. e pen
101. Fi gure 10 ?“secon Bﬁerc ?3 lsrfl%uﬁl%elgfnfu Tal xnl%len 2%}%)%2 f&l?%%d“

ar chi t ect us ablesk digrem dlusitating| ip mere émbhelmm%ﬁreglﬁ Fhe congollgr ehp 134 Wéﬂﬂ)@ 10 also

represent %Ldv@ Qe?aregéntah(gl@ oﬁﬁe ﬁ[h&lﬂ) 153 3he ﬁnIQ% sbA¥BA82, %rﬁﬁ-@d‘lorlxéﬁs LEB €16t thé meol or
status LED 1 | um nati on D 131, the IR f‘%r ce sensor LED 143,

and the f d‘l“l%nag‘éﬂé@rl bﬁ‘&?t%&i‘??d@“%i@) lﬁé“dﬁ%erf“é%ﬁ?sf“cﬂhf’té °€hfh 134 includes a
controlling pr OC’B&Sp@ﬂi cobéSller Biis 13h416chﬁmbb<ﬁ&omﬁg@rocesmmamgﬁs 046 ehables thet ween
corponent Sexc ange of da nE[wreg clm%ronf:o o, é?’cfé'ntro? %r%ﬁ.lp 155 %glyme]m%gyllgﬁ%@a ?112%(&"3 DRAM

148 are al’so n-a converter is arranged to
convert t Hélﬁéﬁé‘!&yge alsn igghaled. fz“m@mlqgl't@rdigmd eenversn E49ris frHiaged ¢ eodeert trzangleg g

di gi tal sisgRakomMR fdrdR&Eor PRARRIde mtt@&ei@aﬁslgla&ﬂ interfaces with the image
sensor 132." A transceiver controller 52“%{;@ base band ﬁ}crcwt 154 are
i

al so incl uded t oA} R8T PEEE HipHase P Migeace FHE3mARs 3995T ilp |4 HBSCRR RE
circuit 1%bntand 1RFandesevaddatrsuitiid aterntiol diclbded td mGricwe rwitk cteRF chip 18hehisint enna

112. The g OE gsoaln kl: nl%uﬁ) E%Cagé l?lﬁnreso:'tliﬂférs En%%dﬁ&g‘é I%S%Ing:?e(&%jtﬁegan e%qtli on data from

t ags fromt face Vi‘a e sensor nonitors the force sensor
phot odi ode 144, B@rppmlh@g {Prpeestor 45 m@res agBdecedse lopation daim fom ded|fieg th

ShOT t - I aNGGEAHk e GBS B2] AbhitkHs ole: ER6H Iﬁaotbal@dasw @bl B 3EDS 116 S @
medi um perfor ncevé-t{a,@?!\/l—%%qﬂ%wneral pur pose RI ocessor g;'ﬁ processor
145, di gi t'dt 2% His e BRYY CrPYHedat va ecr ?F%Sﬁsﬁeg?r a3t &
baseband meﬂmmpbrfq“rﬁaél)nq(~40mga&g®aalsmrposem1m15ra®®or152 flash nenory 147 and
012KB DRAM 148 ot }Ejrbéggs%gg%t digit Inugxséivagl:o%l Gk d(gltrls&[vexﬁ‘%ngollep‘qgi Qg RF

conponent s (RF circ resonators an I nduct or s 15$2 are
provi ded ibaschaed ciseuis P imagriserspl lpterfaFHéS% Hafjancaenysigy apdsS1ZKB PR k3835 e cCD
(such a selngg%edlusa ﬂg%%ﬁer%l@%ﬁbm doporht e @IFIcAGtA 55@A RO k@bdad,an@Nd i S

descri bed 1na Pﬁ%ﬁ?ﬁ %d ura, . Nobusada N Ckusenya, R Nagayoshi,
and M OzaRfductary B0 g Sepafa "Phage Sensor for Mniature Camera
Systent, |EEE TTlanslmtsmmsns er2182¢% pikd i) (Sechiacswssor Wairqduatd by iMatshsbita 1,

J anuar y Zq;,(i)egtronyg"b&&rdu%n Iaﬂ&; %I‘ &9&1@&@1&1 lnl@éredyrltawa rI@&eﬁ(ﬁ)ﬂ&@Q N"bﬁﬁeﬁﬁ ﬂ R
filte Nagayoshi, and M Ozaki, “A 1mm 50k-Pixel IT CCD Image Sensor for Miniature Camera System”,
IEEE Transactions on Electronic Devices, Volt 47, number 1, January 2000, which is incorporated
herein by reference) with an IR filter.
The controller ASIC 134 enters a quiescent state after a period of inactivity when the pen
101 is not in contact with a surface. It incorporates a dedicated circuit 150 which monitors the force
sensor photodiode 144 and wakes up the controller 134 via the power manager 151 on a pen-down
event.
The radio transceiver communicates in the unlicensed 900MHz band normally used by
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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The controller ASIC 134 enters a quiescent state after a period of
inactivity when the pen 101 is not in contact with a surface. It

i ncorporates a dedicated circuit 150 which nonitors the force sensor

phot odi ode 144 and wakes up the controller 134 via the power manager 151 on
a pen-down event. The radi o transceiver conmunicates in the unlicensed
900MHz band normally used by cordless tel ephones, or alternatively in the
unlicensed 2.4G# industrial, scientifkjc and medical (ISM band, and uses
frequency hopping and collision detection to provide interference-free
comuni catg Hn. PREBrRSSG -50- 6.3 PEN OPTICS As di scussed above, the pen
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t he i mage sensgr 132 and e IR LED 131 re?a[sy ectl%/el Thi s 0

) t he al s | ows
di fferent beaph@fitsl¥ss psgd P i BRI SHIPHE P DA e 16#%%&‘3@81?%?%1 he i mage .
sensor 13Zefadmbsingat thh émdge @éncbr I8 pndf the IR NED ¢Riptespe@ivély. lhgh, alsantlovtshiifferapapt ur e
path is desi % resul ti ng object space angular field of view
is as requaf’rr%%g\ i"?g’.‘p%%gé‘%&’?ﬁvﬁ gdr%' 20 for the application of this
enbodi ment ). TheThe| ddgaviof de iimgge persdy 193 s es thg ield stop fprribricreretfisld, anddhe obj ect
ngace fi elcﬁbﬁﬁ% pzM% ig&és%fﬁedts@ﬁa&@_ﬂésﬁlﬁiﬁ‘g &_jﬁcﬂpa@ﬁhgﬁlhl&‘feldtghﬁe\? #s'aéltm:;dﬁad @?_Fﬁ]hsf |I :?| iE}:)he
obj ect spac £ of view wt XI wer .and. uniformty.
131 Ts ot POIEAYIIH BRI e cRoT A HRlaRio RS ey ey
i 'l um nat isafie dbjebtepme BOd bf viewsik te tapexerodyso ghat thailugination fily T dbjectppace fille. The
short exp%%‘gwﬂmhﬁﬁr&\é@@aﬁdwtgn blur, thus allow ng position tag data

The

capture during pen novenent. simal | aperture allows sufficient depth of
field for the fulle RaHFR 13F issygpledce speelsWith Bttt The pse oferussht ur e
pat h i ncl ygl@snatiehieWdHothGishorPREslr! fifBe bl @ BnaliAeriuR THe Bhost eppoEPOGS: préde@ause t he

i mage sensor. l%Z ‘Fas a strang response t hr ou houtm gth’?hevlinasll ble and near
infrared g&ft™ 8- ‘F‘?éu%"b“ég(:‘for“ﬁ%\ta ARG SR "By &N I nfrar 8%{' er 163 in
t he capt urseffigett Hepthoof fikld for ite fullyayge off sefacadepthemdncdipgit. Bfe coritae patigindeden on t he
surface, fa[l%li&(a?éﬂuk:%ﬁo@ﬁéﬁ%ﬁﬁh?&mﬁo&é?m ot her graphics on
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, number 8, August 1990, 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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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 handwriti ng recognition (see the article by Tappert, C,
C Y Suen and T Wakahara, "The State of the Art in On-Line Hand Witing
Recogni ti on" | EEE Transactions on Pat ent Anal ysis and Machi ne
Intelligence, Vol 12, nunber 8, August” 1990, the disclosure of which is

i ncor por at £ r de 144
is utili se%g{)%%lr ﬁglnoéa%%nr el ezit%fc\g/glfaﬁlrge%g@%rnde-gvﬁ Jo%ﬁn%&sﬁ@%o% dls%ggh %Q,_Qt he pen
is "up" ortoslRyike full dypamipente geneie tapastifisd: capt ured as a continuous val ue, as
di scussed above, Thé @nabi &w@m tHelploditidd RBEHeRB0R bF & nf gaa;tzu&eth&amf@&byerl fied.

The pen 101 det er t he 05| t| on.and_ orientat]j on 121 on

t he surfac®&HiE tﬂ%ﬂ'ﬁ? pse ‘?lﬂ’:irs‘g&c g’ ébﬁ“'grlié lglf Btdf“i’(‘%‘??urface
in the vi cthﬂndalytst@a‘g dathmdmprbpulewl,e pismbn ofl the rdet:ledlés relattdmeto the Bxaoh tag figm that a and
conputes t ;gd]qﬁ tag from
the obser %%r&g??’g"eg@% ?&gﬁlgf%n%eﬁn%%g tat%n iﬁ%%aéegﬁeu&%f&pgeg @&?ﬁiﬂ&e
geonetry ofy rféthﬂtsg the pesiticn rejoiution glcthe tag aayde jow, the %%ﬁﬂ@PPS’ElPibfeﬁﬁ’%Pft i gie

resol uti onnigf akd@silyagcesR)hem®0 ldpitesoluien RElid® toe docPa® ikhldoRtidge8kdiidn Qe S quUi t e
hi gh, and aS|I ceeds the 200 dpi resolution required for accurate
handwri ti n%oveé%%rﬁ'h tion (see above reference). Pen 101 actions relative to
a surface are capeuOédctiass relatyetd ewrigk agtcaptkalss a ferist ofokekes dnsgolscansisiof  a

sequence Ofs } gemn&t&rmﬁqtaﬁgaa dpqg%;utogp%n B shibiEe, matéaco@,a ﬁeﬁldadv@ev%gl By 2
pen-down event and subsequent pen-up event. A stroke is

al so t aggeW Ricth xﬁ%su}v@g‘featr?w By 6@%%@%%?&%&&6%@9@@09 FReofthsgmtiise | D
changes, le&nevjeﬂ.tﬁéi regibn Imﬂlaﬁ?gtes?.lié et att theestdid of GHieQtrok3 Gider H&ﬁlﬁl&irclﬂsﬂ’aﬁbw’f&k ances
As discusged a ocat. t data indicative of

posi ti on o‘?n f‘sﬁ% agﬁvref ea%\h E’can % Ciwr edalgonh tflalvteaﬁ"te [hBTERE Y 5 2 aé&l on of
t he surfacneglwldahlunhcvmpeﬁhetrhemtcégwlsur@@wxﬁmgdmbM%i@ a d| agramillustrating

| ocation tag andF@ﬁrE@d(i@aQEé?ﬁﬁﬁlﬁéuQﬂ]g'l&aﬁoH@agQﬁﬁtr&@%rocé@glﬁé"mthte & BERVLERL 1S In
the pen-up state, the pen controller 134 continuously nonitfors the force

sensor  phbt Bdi Qhé it b BB satpehe BBl m‘}m(og%ﬁmfer&)the 9§ FEFhe pen
isin a pepmdmm 194 &k epeddm@npeﬂmoﬁ (mb ned)) hile kadpet @i b p&nalowh Yate, allibt;idﬂ es 165,

166 and degod ca t fromthe r f |nfers
the pen 1071 ntmoesrl 1%??)0#; an‘éfﬁjy en{%ﬁ 06(r81 r&e ecrafsv%g%ag t'he rglljoc tlonltjags

appends t rﬁerfacpdsfpwhyrpeddﬁhmsﬁw@ laed enipntatignt relgtive i the gurfage, (lﬁ&endmwpcngs thhe tag

data and q;oa@sn da@ﬁmm&é@aroﬁé&a (ﬁ&u&x@tﬁeﬁag dafa ahd othel Do BB GOR FrRUSHS| Y
noni t or ed). pen- up eve g?gtaeéxpen controller 134 encr%pts 170 t he

stroke daf Be‘%rfdm PR H’n"?‘?’e W FEK dedat il ety Be #5%° and
ant enna_11ddta ahdraninets ¢ VN rblegiae WinttieRE chidld3®ant] haénnzt hie, ppena c@ﬁiﬂﬁﬁg@ﬁsteﬁﬂ’le nib

and al so to deter er a new stro ael ng S /issum ng a
r easonabl ycomplgted @3B¢dtalsﬁiﬂqeiemﬂgﬁ V(hsth@y@F‘éﬁl)Oke lﬁmgﬁWé%l ng aI gorl t hm (see

| ater) Assuming a reasonably fast 8 bit multiply (3 cycles), the processing algorithm (see 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 transmitted to the system.
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di gi tal i fRblghiRap digitatipkcpmporeniy t o t he system NPS033-SG -52- Table 4. Raw
digital |nk conponents ram1d|g|tal i nk unlt preC|S|on range conponent
(bitS) pen b 128 A 28— bsottte- o & 115 64— SysteEm
time ns G4 - ré@wﬁﬁ“’tlﬁ‘k 100 |- ti'WE of flset 49. 7 days hﬂ ID - 16 x
of fset 20 m S9 kOmpanent of fset] 20 pm S9 [10nm itPot at i on (pitch) degrep S7
90 vy rot T (Tott)degree (ST 90z Torati onx{ yaw gree S¢ 360 z|force
- 8 255 \ﬁ%n the pen 101 confects to t i | | er
134 not i f|linéddDt he systen1 of tlhe pen ID,| nib I 3475, cufrent absolute time
176, and a&ﬁmb%&e apsorute ti|ne |hmobta|ned fram the Bystem prior to|going
offline. his allows._the Q-\’IQ'I’ em-to con n\l drift—i-h—the pcn' s—et+ertk and
tineshiftlﬁHV“ﬂW@?tal i nk redei ve®fron t he péﬁ 101 ackordingl'y. The pen
101 then [S¥grahponi ses 1ts rdal-tine clock w titho t he accurate real -ting
cl ock of {the-system—TFhe—penHb-altoews{the—ecoenrputing ystep aSidcut fy
t he pen WH a5 off%re i s more tHan offS pen| bei ng %berated wi th the conputing
system [Rgnpl D may be |nportant i-n systens whiéch use fhe pen-to identify
an owner tef—the—pen—for—exarpte ant—rteracty Wt that—owggr T &
particule?‘@%?ected manner. Iin of W8P enbodi ments this my _not _be reqlired.
The nib l|oasdows the conputiing syshemto iden¥d fy whigh ni Bil0mtyl us hib

le
121 or ink X rotation (pitch) degree S7 +90°

y rotation (roll) degree S7 +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 cartridge 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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cartridge nib 119, is presently being used. The conputing system can vary
its operation depending upon which nib is being used. For exanple, if the
ink cartridge nib 119 is being used the conputing system nay defer
produci ng feedback output because i medi ate feedback is provided by the ink
mar ki ngs nmade on the surface. Wiere the stylus nib 121 is being used, the
conputing systemmay produce i medi ate feedback output. At the start of a
stroke the pen controller 134 recordssthe el apsed tine since the |ast
NPS033SG -53- absolute tinme notified to the system For each pen 101

posi tion Lgfud tﬂne nlaﬁ' eﬁttJ Qé(%stterb of 04k pal lb?f)osﬂa&ﬂlﬂr ﬁ%rsﬁ'&ettﬂ%Qoﬁ&oﬂdﬂ ds4g of fset

of the pen n|b mthe current tag, q z rot ‘Eﬂlon of
the pen xepprds g‘ﬁd aF%OfﬁF‘t?fthP‘Ef‘é“b 19, Bﬁlﬁﬁmrﬂé’fﬁ?ﬁEWﬁ?"t%ﬁ’ FEP8 Y Hat a

i denti fyi ngn @Y aldobiedib @ae. It fonly trechills the ¢2ADYGE! (daBi iknefyink) exgti@gtiohy Edjency i s
significan IIer than the.t al t he
Tag 1D i o CBHEL S o AR do e R Tk b RS AR B G RRY: |

const ant ftrtag Hblsesmstantefor @W@k@ewﬁvetphlel(gtmsms |a§d Shobe consginfop the H’é“pen 101
sanpl es i t§ RGOS LGRS AR orientation at 100 14z, pen 101 p05| tions in a
stroke are inplicitly clocked at 100 Hz and do no ed licit
timestanmp. |f thengsdhs pepiolsapples its 8°S“’€6“rfaﬁﬁt"éem§t‘°ﬁ'é‘h ‘5’83& ROgHOs & 4.
because i tstrﬁlala}eSmfamltlglemadﬁataom Hgandldb noASdd a8 explibit tingstamgl Iahqmml(m&&ls tposi tion

to preserve ! he? Be”ﬁplo'l po%nhon Q%C)l%eca slenl {’aﬂst gec{e(%de?r %1 ﬁ%gtdsﬁll tr&@rdgiop%h tlblon as

unknown, 17GPH ystemto later interpol
posi tion fm@mnadprmeﬂﬂlegmhplt @gckqng Ih@@é@@&?%‘“@??é@%ﬁé“@%ﬂ@ aﬂ‘?‘ﬁ%g of fset

of a strokg Jaﬁﬁunﬂ% Syt Io%tér%&la@e’ theeposﬁ(gl flomBapShs saﬁa;hé% 1@%55349 1 optionally

records an absol etlrre stroke. This b bsol e tine
relative to whi chince|th ¥rb “s‘t“? °?f1|s'r‘r‘?§‘68fsf“s%'t“§ r%ge ﬁ‘e@?u ?ésg eé’eﬁéglt t he
regi on | D dpSonaiisdosis in afbﬂﬂutd‘mm:yﬂﬁﬁmsamké Thie begbme @ sbsolueimp extptivth yhiclecor ds

the regi I 80. This becomes the region IDinplicitly
associ at e Qers{r)%keﬁ l'f“eogfsetg!'}élﬁllga%%ldtll ons. Since a user may change the nib 119,

121 between one @n%dkﬁereamlﬁ feonstantt for mipy cprspputivg proksh thedkaPry rredsdbds a ni b

ID for a Srte%’(&‘lkl@ WHER -it Jﬁﬂg@s RCONEBech i@ th ReibDID MPlitiGy hdsdtiaRs G iladdr @eh Wi t h
| ater stro Each conponent of a stroke has an entropy-coded prefix, as

listed inPPHl™& 5. Table 5. Raw stroke conponent prefixes raw stroke
conponent s pr ef i Sinceraauer pap cipos:i thd o 110, 121rkkiwesarpnp ervkpoithe noxt, thdpend@l change

1100 end QfishyQKfis 2 583D -G U QR 1591 3R06cdnted BY nib ID implicitly associated with later

strokes.

Each component of a stroke has an entropy-coded prefix, as listed in Table 5.

Table 5. Raw stroke component prefixes

raw stroke components prefix
raw pen position 0
unknown pen position 10

tag change 1100
end of stroke 1101
region change 11100
nib change 11101
time change 11110
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nib change 11101 tinme change 11110 NPS033-SG -54- A 10nm stroke of |
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 mnute. The pen's 512KB DRAM 48 can therefore hold over 12

m nutes of continuous digital ink. Ti.ge., region and nib changes happen so
infrequently that they have a negligible effect on the required

transm ssion 5peﬁqOﬁﬂ@ﬁQ&fJerse%mﬁr){tion@%b Hcp&athree GO RERES 100 p&itloﬁkﬁn 101
pOSl tions can reduce transm SS

ion s r ment s
further. sy s /herombas ¢ gz G?Wb?sggg‘&ss‘ﬂﬁe P ﬂn“ﬂ‘s @t@’%ép ?3’3 F
(Schnei er redBiresApbiitth tridsiyistiagspesdhf, 5.556kpenahd kethlidel @ntinubis| digjtal 1819 qututd'le
di scl osure_of @}F ore
being tr ans mr?%%l?% k@ﬁeé %Pwﬂgﬁ%’%‘ri\o d gﬁngmrm%yﬁmg ge)l%ﬁgn olrif;};%g ?)rﬁrge%bg{/st em
exchange deldovean2 piyiss @fGPﬂUP‘Pﬂ“SdI{S}E ’(B’éé’éﬂ% Freian P’é‘g‘éh cApneesdanren soppfeginh a
conser vat igwe ek dRhligble et dnyd r@(ﬁm&ﬂfanﬁﬂ&ifoﬂ E}Je&danb biitfer inbiore D@Hiﬂ&fal on of a
one-second 5500 bit stroke consunes 0.7%qf t ‘ﬁpfﬂ‘f{’ essor's 45 tine. 6.5
OTHER PEN °E‘R/§?%P‘NE¢\?FS 191 pasitions| e peluge (TSR ‘%ﬁ%‘erﬁ(’@hmq‘ﬁrg npﬁsor ates an

| nfrared Bathar. Association (IrDA) interface for short-range comuni cation

with a base stat Eaglp o] stH)% E'saglgrﬁﬂ d ng'x%et'he lTH IQ‘DEy ig@x%flm ?é’éﬂ%ﬁ’ér nﬁnlxpph&he pen

101 includes a pair of ort 'F‘?R? eroneters - nounted i'n the nornal
pl ane of tJnewtogeaphy] Bepond,Fdision, Witey 48%6ethe digriastre plsvhidhds iggagported B BY #PSur es 9

and 10 i ReratbRS)! be#d bERE trankifed fO ¥he Sdoﬁﬁhtlﬁi sf!s{'éﬁh FeE Pt Erﬂmbtn@&tﬁg Q?bﬁi es this

enbodi ment of the ‘Ed)\,\‘;fn 3‘01 fo sense g \éﬁ out refertenC(ta 9 ts;).brface

| ocati on t5GEE° ST GwiHY© fﬁ?%&sﬁt"ﬁ?ﬁegfl%b P E BT RE SR 0eT rate.
Each | ocatcyadss peaenctyPed by thehenaryptibe riif iaf ope-seond 5@ bit etfoke mne\mesp TyeatfHer than a
position %g)cgsgb <34Eface.  For exanple, if the object is a user interface

i nput ele . a conmmand button), then the tag ID of each |ocation
tag wthi®%&he a‘PTé!ERBFNF'I‘\%OQ“‘PF@'u% el ement can directly identify the input

el gmentj The accglaghrdnagie amacﬁluénedhéqsﬁntnh@p@a@ahmmmfasasgoaémqnmf the x
and y directjions i i nt egrat to t to produce an

i nst ant ané’&?ftacvgﬁsh?ﬂ Weéﬂ‘gn%%tf"f’wb‘%abaég rsﬁa[g‘%n?rﬁ%tp?fgmh ng position of the
stroke is not kniovm furthm|embodihant, i tiee peroiL tinchies mipreinioh oghogeel eskelergmaters

cal cul at e%ouéé&mgg{ﬂma%g biORk ;Jem@%@tﬁh%a&m@,@ Ab &R st A Sgdkdd olhe sensed

accel eration accel eroneters ‘typically have high resolution, and the tine
duration df inghey ke over which errors accumulate, is short. 7. NErPAGE
PRI NTER DESCRI PTideNrovision 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 element (e.g. a command button), then the tag ID of
each location tag within the area of the input element can directly identify the input element.

The acceleration measured by the accelerometers in each of the x and y directions is
integrated with respect to time to produce an instantaneous velocity and position.

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

7. NETPAGE PRINTER DESCRIPTION
71 PRINTER MECHANICS

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

prints netpages on Letter/A4 sized media using duplexed 8% Memjet™ print engines 602 and 603, as
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7.1 PRI NTER MECHANI CS The vertically-nmounted netpage wallprinter 601 is
shown fully assenbled in Figure 11. It prints netpages on Letter/ A4 sized
medi a usi ng dupl exed 8%" MenjetTM print engi nes 602 and 603, as NPS033-SG
-55- shown in Figures 12 and 12a. It uses a straight paper path with the
paper 604 passing through the duplexed print engines 602 and 603 which
print both sides of a sheet sinmultaneously, in full color and wth ful

bl eed. An integral binding assenbly 6Q5 applies a strip of glue along one
edge of each printed sheet, allowing it to adhere to the previous sheet
when pressgd a8 @lelsd 14 dnd 17N SusGrERbiSR pRpef padPitDRY Phber 630 GuLERNthrobHSmVhi Ch can

range in thickness fromone sheet to several hundred sheet.s TQe 1

r epl aceabl WPIP%sH PEnk prempefYR amsk5p3 WRIFERIR! fof sl shegtsmmfiens il FIYR&Y dupl exed
print engiimeaibideas bl adders or chanbers for storing fixative, adhesive,
and cyan, magenta,.yellow Dbla infr i i al so
contains a mcr og%fn?égﬁafl tfu\flgjtlanrg afsﬁrglgy Edz}(sja(gphrﬁs)fi3?#18%1"'[%”%%%1%{%@;%6&?? tgdr

i nt er f aceshest, elpwang it pdhsrerip the BRVipys shadiewhep pregsed agpiagt ity This cgeatspz Bnaplygnd Thj g
provi des fdolfRh@0s Mhith hiPrahddh thibfabdd &bi8 3sbSndePro RIvENIRR drddREE®SS Of micro
particles into the

Menj et TM pri nt heads 350_whi m ght .. ot herw se. cl og the
print head nozzl eShe eRlckalle gy grEder G4/ shoamdt Fieys ﬁ{]&w@;m ﬁ‘e Ypdex dZ‘f’{nFi dge,
t he oper ahgits,ahs Blidi@s @fchdndbers for $tbring fikaive hdhedve] ané byypn, Imagdaadyeliay, bladk ahd f e Of
the cartridge. . .The.ink cartridge | f [ EEVC [ oduct. gt h a
capacity ff%@mgr’i&rs)ﬁhﬁg@gﬁge %1 °g_‘i°%‘g‘f’% B’%mp%'lg)g%r tnlqsl%%e %ﬁ@lég? . Referr ieng to
Fi gure 12, interfaecsiyithonp jair eummeddi iesidsitekerinfor viop bese 63% Jiviproyidegienstshiste he top
sheet di regth¥nad tOPRJehEn IR oA ridAYarR@S lintd HRANAGHDCHERMeadd P56 RBicK Wfigt pri nt
engi ne 602 into the duplexed MenetTM printhead sse-rrbl¥qe The. t Menj et TM
print engiEavissodosahe Pepfead mezzies B digorporpg the pip SLFT Yt e AEga gfient i al
conf i gur atdp@rioadl GRGT thh Gltes isfeffecgitdly i@t the dfelof thd tuetrifiye Pl inkOdtridge igls falln 1 Nt O
the first pri engi.ne 602 i nt eqr al 0 k- rollers 626. The
position ant CI‘ris?)ltlezpéOdg‘ftwtl &“B4p forprg'g% a}ngglgig%é%ggs%ﬁsghfoéf#@gl eed printing
comrences. Fi xat Referitesto Fighwt! @dhesineterizedmedipitiyuptrollen prserghin/42h gushes the e
short est Rﬁe%ﬁélim:tgl fhokd e méﬁﬂ%a?ﬁe@?{ a%éﬁf's&ﬁortoﬁﬂleffirs'i Print tHe 862Tintd e Albpl&Bg! nNe 602
t hrough a set %f powered exit spi l:l)<e wheel s (al I gned al ong t he straight
paper pat Hyemigthi Rratheadtasssgbly nEre 040 i Prggeniges| Q07 andrfBcae wagnied 0 e e s
cgnt act t hpposie in-linp kdqikdnedl c&ifipirade aBAkh€ Gnightpager bah. fraephptdte4 shieen i6d4 | nt o
the secon jetT .prj .enqgi.ne 603.. Referri Fi. . 2a, the
paper 604 (satved eresloby BRI Epp Sl Rl hEpslikh e el ER
bi nder asS0#iIsyns@0Bd fillfhteepprintingeedmpanres. Psiive & phaedwinytapeopsdite pid dvgsitke wheel
axle 670 ddhdhed pbdsiBle@ie support roller and another novable axle with spike
wheel s and a nonentary action I uemvxlr]eel .. The novabl e axl e/(?l ue assenbly
673 i s nounted tBepapreeds thefishdferehy REKspeing Y2 frougha sqt pEROHET PETP Dr war d t o
i nterface widi(alifhed MONEHE Sraikki Rp& PRth) ivlich @A ragail3ya abbdriaal rofleralhe@npkal t. A

separate nvaltecgg cogtgcytv?hre swe:tt’l‘]plrirslte(f safl aclg %In} 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 suppért 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 glue wheel, with an opening at the front. Pivoting side moldings and sprung outer doors
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The gl ue wheel assenbly 673 consists of a partially hollow axle 679 wth a
rotating coupling for the glue supply hose 641 fromthe ink cartridge 627.
This axle 679 connects to a glue wheel, which absorbs adhesive by

capillary action through radial holes. A nolded housing 682 surrounds the
gl ue wheel, with an opening at the front. Pivoting side noldings and sprung
outer doors NPS033-SG -56- are attached to the netal bracket and hi nge out
si deways when the rest of the assenbly 673 is thrust forward. This action
exposes the glue wheel through the froft of the nol ded housi ng 682. Tensi on

springs close th se and .effecti.vel ap,.th e I.ng
peri ods of*{ ﬁ?@?ﬁ?wﬁﬁwe%xflﬁgang ﬁ’é‘é? 01%8%‘”6 Ssvg%ggthle f]e?t oogkhﬁgsség%ﬁe&a\%gg}l Qassenbl y
673, adhesforerd Shiappibn egoseothoglee wheel thiough| theeligbofohe meldedfhowsing 683 densfoapar t

fromthe fjr hd ot SR dredcdn into the

bi ndi ng aségé%flgggl%tgfs%klgmgglﬁ%ﬁn%y%%%gﬁéga | TECTURE The net page
printer controll & heshst E¥pagses glodhmsiporherlpssepply 6d% adhesiyasiy appjied to one

fact ory-i netlile@d on e fbhtelddapdicionl hefkstiRdevsrta odumt®y & adaranpatte dovadbtp a radi o
transcei vedéel%ltédr. ansceli) Vels cont roller 753, baseband circuit 754, RF circuit
755, and g ASFBYLSnd i nductors 756), dual raster image processor
(RI'P) DSPs7.Z57, BuINTERGOITRALLER ARGHIEG®/REONtrol | ers 760a and 760b, fl ash
merory 658, and Tﬁé%a%fpﬁm&ﬁ@r coftsistd dflaUSHbMhEptodeSof 750U BotdedhinstdiRG

controlling processor handl es comunication wi th the network 1@ and with
| ocal wi r®lfisidsingalied agjeork driefaqpmodula fided diR Ustely h{RRE7YE £ b iP+ ol s t he
user i nt erfabmdldabnt HU3RE Lbouitarsd, adderad fesammolrs Siyd @idicond 2563 dukleradlr PmddBPs 757

and print engi ne e 760.. |t .caonsi st dj e rpgnce
gener al - pu‘?’?fg%s%r %ﬁﬁ} g%ﬂ(gk’e‘{é‘é‘%’?&pﬁgﬂ EontT o ‘T‘ﬁ?g; Tonr%ggg’ég%?&ﬁ}gc gc%’rri{}riuani cates
with the @MBxfDBAY GG o dnstred IndiigreAB0 via a hi gh-speed serial bus 659. The
RI'P DSPs rasteri zg éoﬁlﬁlolﬁr%fm&@s%& A8 JBSELidRld QRS mt Qedvhi® 19QhPAGR1RAI Nter' s
conpressed page format. Each

print engine controller ex ds i thers and
prints paglrdeipns@asetrsnsiph senses & bplp Puten R/t Q“T\h"?)YSF’ tﬁ%ﬁ‘g%@i%ﬁkr 3é1§| time
(i.e. at omak adyaQeises BRIRIPDERY B5Y andlfiiat chpipd @xedlep 760 it codigiofememmi-r ol | er s

print both sides of a sheet simultanegusly.. (TN} SO JaTo TR
control | er’7854" 085?1%6?%)?1?0?%%1“6%8%6?50{' r%g%ioﬁ%?l{m-gggoag%h?q ors i %teg usage in
conj unct i oprinydngihe tohieolinm §60evia abfghshied s@BBuGA- t he i nk cartridge QA chip 761.
The printer cont il k@F 'D3p§ [rARRTRADEImpRSS pie| dseribitas SO fdeadifed BAintdd@t h t he
processor 750 and the DSPs 757, as vvelll as ogfi %ur$t Lon data. Thjs is
copi ed to FPHPHSSFHERST {Prans Fach Prigheene FREC eﬁ’ﬂ‘@”ﬁ?’ e g PP Pae B P5% and
di gi tal transeed MehjeCOpMEHsaIB5S in(rbdl 8ins (€1 aveler I@ages pdr nerute). Th3duplexkd pageband
circuit 754). are inteqgrated.in.a,single c roller ASIC 656. Anal og RF
conponent seng'flﬁ?n%?nreréﬁglftg"fggdeaﬁfcfsﬁfft?ugel‘élgﬁeé)?s?ﬁs and inductors 756) are
provi ded in a seffby mester Rntcchiipe @BRlleT®a copstoludieipaparttepspert endrerie 0625 i s
separat e, QNG REIRGHRHRM IE A Bif @Wald R iREdMRIK QARRpeaL i on to be
factory-selected or field-selected. Flash nenory, 658 aglqh he 2x256l\bi t
(64MVB) DRAM 657 iThe pringep, controller’s flash memory 658 holds the software for both the processor

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 field-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, each providing a netpage
network interface 751 and optionally a local computer or network interface 752. Netpage network
Internet interfaces include POTS modems, Hybrid Fiber-Coax (HFC) cable modems, ISDN modems,

DSL modems, satellite transceivers, current and next-generation cellular telephone transceivers, and
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of f-chip. The print engine controllers 760 are provided in separate ASICs.
A variety of network interface nodul es 625 are provi ded, each providing a
net page network interface 751 and optionally a | ocal conputer or network
interface 752. Netpage network Internet interfaces include POTS nodens,
Hybrid Fi ber-Coax (HFC) cable nodens, |SDN nodens, DSL nodens, satellite
transceivers, current and next-generation cellular tel ephone transceivers,
and NPS033-SG -57- wireless |ocal qu9 (WLL) transceivers. Local
interfaces include | EEE 1284 (parallel port), 10Base-T and 100Base-T

Et her net, s%‘c ) §%W%F?tranic§ge§s L3 inodrl L ENMMIEIEEE AP (WARAIeIPeR), E0HRLTF Ng hone

net wor Ki ng I Nt I nt ernet connection is avail able on the | ocal
networ k, tehd rhOQBH% TI Bberpet, Uil s0drUSH Af-dEER d@04cEievig). aubiprigy et“ﬁ’é‘“ﬁé‘?‘ﬁ%ge

net wor K i ne@ofkE Gnterfbs. ffaﬁ“hﬁerﬁeﬁ IRMEMbY Bl avAiBe 60 MFUBAL Adhask, i tien tikelocahl | censed
900MHz band nor.ma %C 4 X} cordl ess .t tlr%\ hones, or alternatively in the
unl i censed‘e‘?'ori‘@ﬁ}af G’b'éet“ts? 2F e R M S redi cal (1SM) band, and uses
frequency hoppi ntheamibo cobdeivei 167 caletuistthson the @nipersed M andfrermativesed r ee

communi catg an @R RGN Rahdtcesd abdidanf r ar ed
Data Assocr ac?ﬁdg;rll-h%f&%,&? Ogglﬁgg{rq&gg{éhfgor rltésg(g?s(:}ﬁymdata "squ |r‘t/ed" 1far om

devi ces suMakmbemdage Eepwendorring af oqflisigy ﬁ%{f Pk o BRBGYMERERCT]. print er
uses the |lhiduidtier face for short-range communi cation with suitably
configured netpage pens 1 RASTERI ZATI ON_A I &) mai n
processor 750 ha E‘b“éelr\fgﬂm P t‘%’l‘a-ll- TKGPPRE &t glrt%rfaéﬁtﬁrsu IX?SOQQF’ %&t)s and
page obj edttsrfacé for rrepaising Rata Sppirted frem éeVFdePSwafaﬁ netpage GﬁneﬁqelnDBP%tefFﬁf?e The
DSPs 757 rgl%&ﬁx{lén; Cné ?ﬁﬂerp@&emgqm iR QN fRREbr IR N BRSurdiddfon” # GlikBled page
image. The main processor stores each conpressed page image in nenory. The
si npl est eayfiepisd RERRERASEY ance nultiple DSPs is to | et each DSP rasterize a
separate pege. TRasTESBGORARD RRMBNG be kept busy since an arbitrary nunber

f terized trat
onl y Teats. to pAREALTEN YNpuar Shs AT SAreas e aRpaYs b Wl o

docunent s. paptébrtssirins fhe gipoupsate RiPtshiovagagehedECT/pti on are rasterized to a
contone-resol utigp VP\I;§||7WﬁLtenzp 'e&c%@ge‘@@icﬁ&mh Snd QEPleRSE MstERADSLSHALE. t O

negligible size an forms part of the co resse The
infrared (ThRmaRgiPessopfoPsfachsPrREEY Pﬁ%?g’éa%?cb‘h‘f‘e&P g"‘%@?ﬁ’a{&aérg?‘g‘& at a
density ofmul@nongps $sl tX lep&kh DSECAsteriza 6 bephratg p@BCKthSPidaEalpag &e kepy bussaginck D, and
control bits and t Eyer md raste%ze%&%tegge}n %%enselgfigp stc;ré'%iQn ln§mcg9 %ﬁ@&a@e@y&h’}”eﬂg

rast eri zatP S BRI SrEFE conpre I mage. nal N processor
750 passesﬁommalbmhwkuwag@nwhwg@@ﬂzm@P}édﬂwnéxed pri nt engi ne

control lers 760. V\géﬁxgrl&%él&& niat'ﬂgbe@@ d&gﬂklf)rpz;ré ﬁEter?z@thoSat@ﬁt&ﬁ-r&sbl&tldﬁ(bméﬁeﬂ}SSEd
page image in its local ~meno starts th ansi on gnd printing
pi pel i ne. EEgRvEG skl Caﬁﬂesﬁ‘?dlt?ﬁ“igh%jblf §Zeb‘f“b‘§1?“§lr{§'8’9 © COmpresset page

image.

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 ID, 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 controller 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+IR 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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because it is inpractical to store an entire 114MB bi -1l evel CMYK+l R page
image in nmenory. 7.2.2 PRINT ENG NE CONTROLLER The page expansi on and
printing pipeline of the print engine controller 760 consists of a high
speed | EEE 1394 serial interface 659, a standard JPEG decoder 763, a
standard Group 4 Fax decoder 764, a custom hal ftoner/conpositor unit 765,
a customtag encoder 766, a line |oader/formatter unit 767, and a custom
interface 768 to the MenjeV printhead %?)50. NPS033- SG 58 The print engine
controll er 360 operates in a double 60T Tered manner. Wile one page is

| oaded into DRAM,769 via the se

previously | oadgzIL 63’65“ msecfnéa ergFO ?)J%%%gm Jf%lgé f%ggglg@gﬁ“?ﬁerg(gﬁg%gt he print
engi ne corndada ifte DRAMHEIY) virethe @alweqdrﬁenqéag@fma@ f¢°rﬂf§4‘f@ﬂy lopde pegeiyread he page
j ust | oadedyirsk Ank hédtR4 QQAQH tfouN@ ex@ﬁg@onh@llelrﬁ&ﬂ*ﬁedOnEEhl& thierad fissh@ige of the
pi pel i ne expands (at 7 %}e‘&t he J resse ntone CWK | ayer, expands

(at 764) CHEnghspgee sEdeds AR ‘(’1“8]1‘ TPagedy | °*}51F‘gck | ayer, and renders (at
766) the b| | evEre fmtﬂp@gﬁ tiieqtipelidey&xpandC GOT6}) rhg JPEG-tdrprebsad) cinpner@MYdef | ned i n
section 1.2 all b r cgihe

cont one C'Wf:{ ?xgands @t (!}rou 4% %or?pqgsgéggé evel ﬁigc% 1&%1 Qﬁ éldﬁ(r%t 7%% ti

er an COITp Sl fevel ayer over
the resul tlﬁvﬁgletmge ltagvaybr aChoding) teghe ftag forpat 46@% rntsaﬁlpn b alleﬂ/@raﬂénﬁhmcwddot dat a

is buffer %Qgearﬂgers {aﬁ%& o AEMYR Tayerf 0d cdﬁfpbﬂ&d (Etg’6§)ﬂhetm&vmmkaﬁy-5ﬂ@e¢)r i nt head
350 via a set of line buffers. M)St\.ﬁ ?ﬁ wehé ufﬂgétodredln
the of f - cKieprmRaRbHPr Pk faver A (R RN h§ evel dot
dat a (1 nclesaibirg (d 7@t yza)mg@nh&mﬁﬁ]am ﬁmtheardmsmmhewdofaﬁé)buﬂea Méseofjthresent head
|t ert ace R eSS HehSbnBl) BlBN Hh R OOt bl 61 S 408 bPls At

uni son, s ST "2 Gdplexe ey are synchroni zed via a
shar ed | i niata §nohgling ifigatiad) to?cl?@dermtwnoﬂleadéﬁq mthemgthppé ipgfyce 768¢| ect ed via the

external master/ V‘Q’Léxvs%vepd'l ani?e;xgmeg&)lﬂ@&lfé;s%o tageuséd iﬂemﬁwgucﬁ'ag ﬁl@-la dl?p?éied) nto the
shared line. The print engine controller 76 contai ns a E processor

772 for syméiseimhagre Hechrpiekvie ﬁ*&ﬁfgﬂ% Y3 ag%wae% @“erﬁnﬂ SiRai
confi guri R@eddi®ia [ﬂfeleﬂérhﬁ &ﬂsté%/él@ve\phﬁ7ﬂ geiRiiteS he Btk s fsigedl 719w8to 'thEBharedamd

controlling the 'ﬁBrpExE engine ot ¢ ﬁergZ(?%ongms a%ownsg%gﬁro?%or y?%rf(?rls%ﬁroﬁimgttﬂee net page

printer, the t ngrnes. eac er '“pages per mnute
al ong t he phasrepackionendicairingpirchie, @a@m(lgvlé Printhgid\350 ¥ & lavwrspesd pesipldunt’38. 8 kHz

at 1600  dpj contedhin %I&g %gpmx&g@“gr@wf the netpage printer, the two print
engi nes each prin Letter t‘lcl)ages mnute alo mensi on

n
of the page (8' /%t 8%k of ?Fg’aﬁgealfr‘@tebfthelti;’f" Prig e “%Tﬁ%cgé’“?tf %6 L‘%{ﬁ are
wel | wit hlpaget & nOff ddnp g lcfngﬂqnbﬁsmyofﬁﬁe paged(1 Vi 1gjvi T dide preiofiB18 dckld at 16P0 ch in
the curre exceeds kHz . T on has
%lb d’EV\A t ﬁ/ersm Fge ne e pnnter W?e ég@%s %91 n@'[ng%g Qgtte&‘ Ba\égsq;ef

been desc erenc a prefer nunber of
speci fic atitugrahag Wehcetrﬂym#lﬁmftﬂ@ pagdoRiEegiving ¢ lingjryts ofj 8. zéﬁﬁr@ﬁe 4ped@®hy t hose

skilled i r}.% L 081wl ﬁlg%ﬂéra’&% %Jegéncgf r@tthealwaﬁjg’ﬁeﬁm@ﬂceadom i AKD QeHeREdthign

differing fromthose specifically described, wll
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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also fall within the spirit and scope of the present invention.

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

speci fication, including docunents incorporated by cross-reference as
appropriate. The scope of the inventionis only [imted by the attached
clainms. NPS033-SG 59 CLAIMS I. A sensing device for sensing region
identity data and generating at |east one of novenent data and position
data when the sensing device is noved P2l ative to a region of a surface,
the region identity data being indicative of an identity of the region, the
novenent data being indicative of the novenent of the sensing device
relative to the region, the positiop g@aig being indicative of the position
of the sensing device relative to the region, and the surface having

di sposed upon it coded data indicative of at |east one region associated
wi th the syrface, i | E ncludi ne reqLon i i ensor
confi guredqf 0 serllxsgeelat8 H%Q%égelntgrnge?%g%?elét‘@ lg%t%gn %‘?} %’éi %?&?{éhfls%q&gﬂo% ogf t he
coded dat a;moxemwit domaskgrsition dom vheputhe sensing demreriamevedtrelhtingde a tagonofat he
novenent dat he . i tion . Usin L€ 2 0 ed dat a;
and a comrﬁ‘rl]r?acg g."? ger f 18?1f(?egﬁt?'gatgtbgggén%ﬁ‘llecogtaggqeﬁ%?r%gtgh?ggrfﬁ?ndIehﬁﬁz)'? ?/Iﬁeglgt a and
at | east dae befngtihdicativy efriet moatentaoidtht Bensipgsieticoreldat ao ttie @gionntpelt er
system wherein | east ,one of. the regi identity. sensor and the notion
sensor corl?ﬁﬁni‘oéle‘ga}a fetye ndicaiyg o5 tedhosiyP Qggﬁtsgﬁmtgo e}éll %fetﬂ%é'e itorr{e}llaée ‘Tt at

| east soneafdf tHehairfacdiglingdaikgossih@pont hecod@nditndgndievi€ ef ias lqabtaaedregion an
operative posi.tion, r%I ative to the UJ’f&C@;. and (b) a processor adapted
to: (i) idéfpyidsd with fhg sufece dhrssersing dexice BAWEEat a from one or nore of the
capt ured i nages; afdgion id@kiBr hde ceHFighrcll enteatd tidregith iduntityldae weiaphtiesd | mages,
of at least sonme of the coded data; (iii) decode at |east sone of the
coded dat asonsffhesefedtie at | east one of the region identity data, the
nmovenment data  apehotifesdAQs ichired b endite M 1634t on6 8Bthe 2Bk dithenddgscoded
coded data; and (v) operate at processing speeds ranging froml instruction
per secondP@sgiondgta@sipg FtH%atSTrSt%lPiOgW§ coriefl dafac@Ad. NPS033SG 60

a communicator configured to communicate the region identity data and at least
one of the movement data and the position data to a computer system,
wherein at least one of the region identity sensor and the motion sensor
comprises:
(2) an image sensor adapted to capture images of at least some of the coded
data when the sensing device is placed in an operative position relative to the surface; 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;
(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; and
(v)  operate at processing speeds ranging from 1 instruction per second to

1x10" instructions per second.
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2. A sensing device according to claim1 wherein the processor is housed
within the sensing device. 3. A sensing device according to claim]l
wherein the processor is adapted to operate at processing speeds ranging
from 10 instructions per second to 1x106 instructions per second. 4. A
sensi ng device according to claim| wherein the region identity sensor and
the notion sensor share the sanme processor. 5. A sensing device according
to claiml wherein the imge sensor is housed within the sensing device.

6. A sensing device according to clain®@ wherein the i mage sensor is
adapted to capture inmages at rates ranging froml inmage per second to
1,000 i mages per second. 7. A sensing device according to claim®6 wherein
the i mage gensor ,is adapted to .capture.i es, at rates ,ranging.from 10

i mges per “second ¥8" Vicﬁﬁﬁc&d"ﬁgg CE’E‘&MV%E Iggl.%heAPrgceeﬁssolr B See\%i“(/:@mat%ecor di ng
to clai mlsshmgdevicet he region identity sensor and the notion sensor share
the sane image sensor. 9. A sensing device according to claiml| wherein the
coded data conprises non- barcode coded data. 10. A sensing device

accordi ng 80 cl aiAedsing €18 hdtoiditf 16 OB 1 ddérain it padesot RAUApRIdity Bperadd  a
plurality of reference points of the re%jon, thgwgntion6senson bei ng

conf i gur edat BrocqsERe Reees Bgng dom bh&sBFCUORRPHoTEREAP 1Y AR @ hosi ti on
data on the.hasis of at |east one of the novenent and position of the
sensing device relative to at | east one of the reference points. NPS033-SG
61 11. A sensing device according to claim 10, wherein the coded data

I ncludes pgriodig s&f 0fcs accgnﬁngrmtcla% 1 SABRANthORLRE iR0l GMbeshdlRe generat e
at | east one of the venment data and the position data on the basis of at
| east one obtiethwnvpshereethe samedresesspti on of the sensing device relative to
at | east one of the periodic elenents. 12. A sensing device according to
clainms 10 or 11, wherein the notion sensor is configured to generate the
nmovement data byAsempigidegict heopogite cloim dfvherkio thesimeghepneted lewsedrvethit i ve to

t he at Ieaﬁg one ref.erence point or periodic elenment. NPS033-SG
e sensig device.

6. A sensing device according to claim 1 wherein the image sensor is adapted to

capture images at rates ranging from 1 image per second to 1,000 images per second.

7. A sensing device according to claim 6 wherein the image sensor is adapted to

capture images at rates ranging from 10 images per second to 200 images per second.

8. A sensing device according to claim 1 wherein the region identity sensor and the

motion sensor share the same image sensor.

9. A sensing device according to claim 1 wherein the coded data comprises non-

barcode coded data.

10. 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.
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1. A sensing device according to claim 10, wherein the coded data includes periodic
elements, 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 periodic elements.

12. A sensing device according to claims 10 or 11, wherein the motion sensor is
configured to generate the movement data by sampling the position of the sensing device

relative to the at least one reference point or periodic element.
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