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t he system using or ma Gard and/ or

a
mouse for inputt!AgICHTBI A(IJ]HO’UO\SI% fici’tAqu.P@ffgé’ﬁT’AP??f‘)@ﬁ*S? gEBAV@"O%%QABI‘f ul, it
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noni tor. HoweverpciilobdBr, PCT/AU00/00573, PCT/AU00/00574, PCT/AU00/00575, PCT/AU00/00576,
PCT/AU00/00577, PCT/AU00/00578, PCT/AUO/00579, PCT/AU00/00581, PCT/AUG/00580,
PCT/AU00/00582, PCT/AU00/00587, PCT/AU00/00588, PCT/AU00/00589, PCT/ALIO0/00583,
PCT/AU00/00593, PCT/AU06/00590, PCT/AU00/00591, PCT/AUO0/00592, PCT/AU00/00594,
PCT/AU00/00595, PCT/AU00/00596, PCT/AU00/00597, PCT/AU00/00598, PCT/AU00/00516,
and PCT/AU00/00517.

The disclosures of these co-pending applications are incorporated herein by cross-reference,

BACKGROUND
Presently, a user of a computer system typically interacts with the system using a monitor
for displaying information and a keyboard and/or mouse for inputting information. Whilst such an
interface is powerful, it is relatively bulky and non-portable. Information printed on paper can be
easier to read and more portable than information displayed on a computer monitor. However, unlike
a keyboard or mouse, a pen on paper generally lacks the ability to interact with computer software.
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a keyboard or nouse, a pen on paper generally lacks the ability to interact
with conputer software. NPS034-SG -2 OBJECT It is an object of the
present invention to conbine advantages of pen on paper and conputer
systens. SUMVARY OF | NVENTI ON The present invention relates to a sensing
device for sensing region identity data and generating novenent data when
the sensing device is noved relative to a region of a surface, the region
identity data being indicative of an Ldentity of the region, the novenent
data being indicative of the novenent of the sensing device relative to
the region, the surface having dispanmtoupon it coded data indicative of

at | east one regio i ur f t he sepsing devic
i ncl udi ng: region ?ég%t%?% &tﬂ% rwentt mr?%%ns Ton fnﬁuafive £678°D °5 s E ¥RE #€gi on

identity deEmRMEFSYSRIsat Ieast sone of the coded data; notion sensing neans
configured to generate the nnwgﬂwmhRﬁaqungﬂoﬁonnun|catlons means
configured to cogy%nlcate he region identity data and the novenent data

to a conputer REeSeB RYERICRIFISS 1o Feseniihe i d5icesieneping Reiemidently ®rmnd gured to
gener at e thmmﬂmx@wﬁmkmdhhamasmﬂgmmm(hhﬁﬂﬁhmﬁ@ﬂﬁhﬁkt&hﬁgﬁﬂdﬁda@@kﬁmeWbre

pref erabl y,, %Brhﬁen(ﬁgrqgtg by iﬂdxéaﬁveabf %xdenug/ o%%te Irey en, ebmovgment afbe g }“&'&r ef erence

points of t regi on e notion sen an's bei ng con
generate t ‘I’féherr’ﬁ?i‘@ﬁ@ﬁ pf @aﬁeaswmdem@rebm g ﬂwffeamethe s'effasq Iagingl divnossd' ugomiov ement

relative t@datdala@ashiveobrt Rist dnb bR ISIRRE §itPAL MltSee, hdleRie Advice [n@la&nll Ve
enbodi ment, the coded data i.ncl udes periodic el ements, % he rotion sensi ng

means bei ng conf { GUP S L HESPAP S ORHRR IR EHE e e AdeatY (Hfersnssr kahf t he
sensi ng dewingefthe cofmdlement rel ative to at | east one of the periodic

elements. 10 3 L HokhShaSIRON Bl NG IRMRTENL,R0R! 49 Toa0S | nCl udes at

| east one accel eration sensin accel eration sensi ng neans bei ng
configured to sefEEEERiePemeAn; é?ﬂﬁélffedc Fi’ecwarmﬂled@ﬂncéﬂa@ fata prgl thpved
rel ative tmowehet ddith acmptit@Ghstih. t he nmovenent sensing nmeans being configured

to generate the, lata b er i odical sanpling the accel eration.

Features and advan £§p§ﬂ3 £¥%%m%%g§$ﬁﬁcﬁﬁ§gﬁ%¥§ﬁw eﬁF“%&@ﬁW@”ﬁHﬂ%ﬁént from

t he fol | oWpasigpomelefdhercpdstidasn of enbodi nents thereof, by way of exanple only,

with reference tfrofeer@bf0mpaiyd 8 i Q&%dﬁ&% f?ﬁhﬁﬁrlm.ﬁk@ F. DRAW NGS
es

Preferred and ot her enbodi nents of the inventioh w cri bed, by
way of norf®8'%% ﬁ‘f’ EPiRg S%’i‘ﬁ%‘ﬁ?"é‘“’ tte jonfigiedo prepiate dr cvensntidia ontie baspaiihs ng
drawi ngs, seminghévich’s mbvegkit @elalivd t6 atfleasioResTRe irer@ike @idisne rel ati onshi p between a
sanpl e printed netpage and its online page
In an alternative embodiment, the coded data includes periodic elements, the motion
sensing means being configured to generate the movement data on the basis of the sensing device’s
movement relative to at least one of the periodic elements.
In a further embodiment, the movement sensing means includes at least one acceleration
sensing means, the acceleration sensing means being configured to sense acceleration of the sensing
device as it is moved relative to the surface region, the movement sensing means being configured to
generate the movement data by periodically sampling the acceleration.
Features and advantages of the present invention will become apparent from the following
description of embodiments thereof, by way of example only, with reference to the accompanying
drawings.
BRIEF DESCRIPTION OF DRAWINGS
Preferred and other embodiments of the invention will now be described, by way of non-
limiting example only, with reference to the accompanying drawings, in which:
Figure 1 is a schematic of a the relationship between a sample printed netpage and its online page
description;
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description; NPSO34-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 showi ng a relationship between a set of the tags
shown in Figure 5 and a field of view of a netpage sensing device in the

formof a Feirpage speditic et Lintérabi®n BethdeR WAL pefa ndtpde@BhinkdABACRE PHESSI NY
and decodiSQ3 eraI (%lrnietahm1 l?i gure 8 is a perspective view of a netpage pen and
i ts associ at ed Tag BERBPHG P &'E: of - view cone; Figure 9 is a perspective
expl oded vFigwe dillugirhies arelivage! pamngshonnand priférgineeoBectdivunawd®d; i s a
schemati c Bhecl ;i - e I r f.or. n.shown in
i gur s & G ¢l AR doPERRAM dlen or ikl PRt AL BRE: 2

net page priTBI®™ Figure 12 is a section through the I ength of the netpage

printer of Fikhirgilk e pid yiedshgwinga stdaurt 6f aaBipRBkagy ged portion of Figure 12

showi ng a ion of the duplexed print engin an | ue wheel assenbly;
Figure 13 ﬁgﬁéaélgétpgwlgﬁ%\?imél 20 a%?ﬁgipkmeeﬁggﬁt?ﬁ?% ,Sgi‘(’ﬁg,ml:éﬁufe 58?1‘191“5‘]’1‘% pat hs,
and print @ngheésnephecstraing drricpiagie fpmiofis expagfpe®i gures 11 and 12; Figure 14
is a schenmdr&qQhﬁ&kchm@%%mépr@ce&mg%ﬁmﬁﬁ hik@uhfr fOr the netpage

printer sh]gwn %,n Fiﬁg?ur_es_ 1 and 12; "Figure 15°is a schematic bl ock di agram
of dupl exed®} T it PERGIHNE THHE Peipaeeped andif awpqigicd tapsipg frchefaiy comgs soci at ed

W th the prigund ®is a paspbdiod dxpibded Ridwof thénelph@ Ppereshdwii in Fig@tig;e 16 is a schematic

bl ock di agy; f. . | ngi ne. controll e hown in Figures 14 apd 15;

Fi gure 17%%9%&5%% %%@’%{éﬁ b\?éé:kglla %van o P57 cs‘)in%é ref{)r S Rpsf P Sg?"i%d‘[‘ F‘ &% hent, as
used in, f%r exanple, the netpage printer of Figures 10 to 12; Figure 18
ils a ptersrmgdré M&s a\{ﬂggwc@&e@%ﬁ%&p@@ﬁ&a%@@ﬁ& ay of NFF] e: TMt pri ntihng

el enents; Fi e Is a series of perspective views illustrating the
operating ﬂé%/"%ulglsoafse‘i“ﬁ’émf\?ﬂ% etlﬁ*ﬁhﬁfﬂlgf“itm prigeetEigtre dhown in Figure 13;

Fi gur e 20 Figweal2pdy mpeletzéd/@rtioh efFigfre & sibing » sefp@nthe afplcRedirgtitdshnden] et TM
pri nt head; ojcRlng L &nibly; | S @ schematic view of a user class diagram Figure
22 is a schematic view of a printer class diagram Figure 23 is a

schenmat i c K$ssn30F 2 élefﬁlgﬂ view ghed]lka@ftﬁqgf:, 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
clement 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
NPS034-SG -4 Figure 26 is a schematic view of a docunment and page ownership
class diagram Figure 27 is a schematic view of a term nal el enent

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

el ement specialization class diagram Figure 29 is a schematic view of a
hyperlink el enent class diagram Figurg 30 is a schematic view of a
hyperlink el ement specialization class diagram Figure 31 is a schematic
view of a hig@erd i BkRenags QeiporGlid@ment hAGhRBhmdrihGUlS sl @ Schematic view of
a formclags gll,'?a,lgrgcmmatﬂ. ure 33 1s.2 . schenatic vi&w of a digital ink class
di agram Figure 32° €4 SOREAATTRel Gueh wreidizirn s ¥ Mint speci al i zati on

cl ass di agFiaers 28 iFh gehemeti@Bevi o 2atatircheanm specializhowclod dagrafteckbox fiel d cl ass

di agran Figit & 3Bschénafe AENGTRIelinl iEWnQlastlidefil i€l d class di agram
Figure 37 is a_schematic view of a signature field class diagram Figure 3

8 is a flonweHarh™ pichertis ipiaf 2 Jynstisedsmegt saqeigbizatiansits dBegwr e 38a is a detail ed
fl owchart BifuroBiss &icBnaad vidwd a bipem@Ra bloupflasHdigeig 38, Figure 39 is a
?gh:ngt;lhgniéil | %\528[:;%%h%%gceﬂéswegf\égm%gmanglm_eI enment class diagram Figure 40

} _ a resource elg%rrl’pti on class diagram Figure 41 is a
schemati c VipEasios a whdmagoridn &g digitd ink chadsgraivagr amy Figure 42 is a schematic
view of a Bbet 9fYa dchedatii@5st 2 RLIAGERAN spedaidbfolddaid S schematic view of a

subscri pti}?.n dg,l ve][l%/Pé1 rotocol; Figure 44 is a schematic view of a
hyper|ink T&§tesi?¥ C ey p ipkborfiel flass disgrams o schematic view of a

hyper | i nk EBigir¢ 36ait 4 @henptiotiacdh text feidglafsliadlam] S a schematic view of a form
subnmi st onppL3AC0Lhcmafil G & o $Lualu®. i 3G0GIBLIC Vi ew of a conmission paynent
protocol; _Figure Zf% I's a sche I'C vView of a pen optical path; Figure 49
is a fl owchaie 38t 2 fpvshartokan iepprepesingdlggoiti, hm and  Figure 50 is a schematic
vi ew of a Figus Tha Giatdathilel RkwBABTSndile O BIRowkial oF il /ESCRI PTI ON OF PREFERRED
AND OTHERF}EEI\/Bngl.I\/EI\E'S _I\Iote:f I\/Iem'E etTmis a trade mark of Silverbrook

Resear ch PUY Lt d: * AUFEPYRIIt @ P toRE" Prarur et sadeemnt, the invention is
conf i gur edFigue 400F kschanklic vidvef B etquag descripabanbeddigra@onput er system a detail ed
overvi ew Ofigi1Gfh QbW deh idds 1S ABRLEET ated That ot every
implementation will necessarily en_%)o y alT or even nost of the specific
detai | s antswEsd2dirsThsmatio vl phiges lig elpssdiagrpmir el ati on to the basic system
However, tHgursApsd SihelnSticd@SGr b 88 riptdn bdliScriPsbesgonpl et e

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

s
=t

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

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

In brief summary, the preferred form of the netpage system employs a computer interface
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formto reduce the need for external reference when attenpting to
understand the context in which the preferred enbodi nents and aspects of
the present invention operate. In brief sumary, the preferred formof the
net page system enpl oys a conputer interface NPS034-SG -5 in the formof a
mapped surface, that is, a physical surface which contains references to a
map of the surface maintained in a conputer system The nmap references can
be queried by an appropriate sensing_gevice. Depending upon the specific

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

and defi ned theToriTa mApps@Yurfadttthat &, b S5 @kal B WA cdnhiBs HRRREM ¢ ek Yi el ds
an unanbi %%chésmmgagnereferenc both within the map and anong different naps.

The conput a1 Sy S Ecd dhT CBRCR PREn {15 FAR: Teismosh Gt be rstiet PE &0 BRPIPRRE napped
surface, areebingulsvicd. Peryndieg dpom the apecifie im@dmentativedihe inas ettrenrts MaPbs akakences

suppl i ed bysgy seasiking, LeVime MSeH W, ;4 or mati on
thus retri eflleé_ can 1t gke the form (;if aggtfa} %ﬁ’éﬁg‘ﬁﬁg’gﬁ“ %%%L@%ﬁuf%’t%éﬂcfi f/mt he
conmput er sYEPREICBBaHFIe bith Vil thegprgaad astong differesmepn Jde somprthreystnpesemt or ' s

i nt eract i ofonaintiffodidaonsdbt: daeircs @R tHRPped| strfict, Snd 5l Bfd-88dioh MMBe Lh&ed et Page
systemrel n_th roduction of . and human, .interaction w th, netpages.
These are %gegé’gméé’efe ée)%f‘e:s Suﬁqggﬁ’(%s’s&s’é’lﬁ i gg“%?‘?ﬁ?pé’a‘?%ﬁa%'rja‘?ﬂéf‘ﬁmﬁ%\per, but
whi ch wor kthesiriteevidgap palethé fpan efettiopawgdch arelinifiated i the omnpiuter sesnoshebehating @ach page

usi ng i Nk Yia@hinkSponSHORE Gekalorth nkerabidY biith B SR rlfifs Unai ded human eye. The
i nk, however, an? the%fby the coded data, can be sensed by an optically
4 45 etk &

i mgi ng pen and i e | PSIPHE G rdifs P e Arprivetien ofr ebldman f or m
acti ve butimengioanth, hypees Thelearepagee s, AL GRINmERs Siinted kesdM Phpéht pen to
request i nf,ornmti f he, network or t.o signal ef erences to.a network
server. In on(ral;?(IJr %g%pﬂ{e%égﬁ% ,W%? g%eél’\%rf?rfn?tgﬁ 1%§/nc?{%% ng%ﬁgag?eﬁsﬁ%@% yhich 18

aut ormat i cabsjpntiadly deyisibledelthe prdidedbrmen exsdThe dukelrwovst.eind therebytthe cadetillata, et page

system aIﬂe@%ﬂ@yﬁ@&ﬁmupQlaEisgﬁehbﬂcﬁﬂnénﬁ&ed{oﬂh&{e(?fg%éﬁﬁhpdi nents, signatures
recorded on a nEIttg%ge ar? aut onmati cal | % verifie al | owi ngq C- conmer ce
e I ¢

transactions to Erred MrmoAs s SPitons pnd hygerlinky qpspch ppgs gan b5 chskedivith the o

print ed netepayeqiestefomatgr feseht nawsrk be ool \peefdr@tdan wh inerRork agtver.b@ ofid | 1 ed i n
by the usefnhatd: RBYSE n r ! & nizdNd4 o electronical ly", via
comuni cat imon bét wee n&?hﬁeﬁéﬁd@%qa%% é‘ﬁ‘%f‘?‘gaél %g%g%?deanmd ca'magec}e{?(a & shows a
"Request " FOIHRCRSPELS ity alfeaing fameito by §Hiedds dn pthes feefbodimsals, sienaplsesirtcotdert t on.  The

net page ComSnshdae At aginaplille veadialBwif b-Bdnbibrdd Shddsdids & v kurkip kuhoriddd coded
data 3 printed ag. G, otle 1%q;cli on of ttch;ls 4 lIISi ng i nvisible ink. The
correspondi ng page  “descri ption® BTeSEPEg | S THECH A (R e iR Saescr i bes
t he i ndi vitdiidd ip be ke ntesbatf phiydiallyn et thaprénted page, 4pd (didctatically”) ia @amekiianas t he

type and Spadedithe RX bR HAURE)se Tfeaegiahphe%&gs%cﬁq\a%e%&m%&gmj&%ﬂa%e fext field
o allowt rrect

or button . in the example), t e netpage systemto C y
i nt er pret FFTFELCIN 39 ¢ fOdpiagEhe ntpge csipPh gf@giﬁ teh 2 gtintfdgsing yighlp i,  has a
zone 7 whiaod celed H@s paidisd b:0a LHRABPAE igé 4 @XhEhbisiok HiGhe CAEHORRL rb(g%eng
Porm of wir il Soebh bl bl Mo SeecipeS TR ARE cPPRiet tr oot Bt i |
bel ow, worbkEicylas itcggqq]‘ilwﬁéqe iof 208 spdfalexioest(ag @f gl mteertive Blément (ie. 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 ntenet-connected printing appliance for hone, office or nobile use. The
pen is wireless and comrunicates securely with the netpage printer via a
short-range radio link 9. The netpage printer 60 1, a preferred form of
which is shown in Figures I | to 13 and described in nore detail below, is
able to deliver, periodically or on demand, personalized NPS034-SG -6
newspapers, nmgazi nes, catal ogs, brochures and ot her publications, all
printed at high quality as interactivg.netpages. Unlike a personal
conputer, the netpage printer is an appliance which can be, for exanple,
wal | - mount sthsmgira aeptzints) caslogd Rachikeing oiﬂaﬁplﬂiﬁct’aﬂci)n@,ga]ﬂﬂﬁ@d a6 hifll Guility GONSumed,
Pousehol c Seserta espes b ol oo fir el S Biee 8RR e gt op,
deskt op, p@ﬁ%@lbl“@“ﬁ%ﬂt@ﬁaﬁﬁ%ﬁvweﬂ%&@ﬁlmﬁ mNem)aag‘essﬁrprcormtmd ath 4shekr poi nt

of Consuﬁpﬁsbﬂhmﬂtﬁeﬂ% i ase -Rheb ge h&fsehgﬁﬂ%mwftdk}m&t}@fmmew E ngss and
|nteract|V|t n in ractlve dlum shown i n Flgure e netpage

pen 101 i nt" %{8{38 *iRp- IR R @RS ‘Hﬁﬂf‘tﬁ“" ?fs‘%{‘s'prl nted netpage | and
comruni cat es, Vi detpagedyginted ma]mg@omaﬁlcmshmpmkn Smbink ehe esdt-6F3€ bl pagtr tvith e NEt page

printer. Tﬁ}ﬁelm&!Anﬁﬁn?eﬁ‘acmxéo?aﬂ’ﬁﬁ’e?a&n@%redl%er action to the rel evant netpage

page server 10 for interpretation propriate circuntances, the page
server sends a c&f shosBdn ligwg%*é%s%ﬁyée peo 18p pitdrastatwith thecodqd ki ron aguiiediar e

runni ng onneepagbelt @ag@araﬂmtbscai b OB $BEVEHio vk 9, hE EitRRdnI 1§ AhdyRPe SRl @k MBY N
tam send a_. nngqﬁ:h rlnte[d on the originating printer. The
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enbodi ment appioyriakpedingnstige@el therpagaosagvarmertds @ Rorvdspohdily GRsagp@egptication computer

m cr OCl eCtJo%& %.Eﬂlé;alll a%¥t§§g§%§ﬁ1@ﬁb@2m\g?‘§§dﬂ% q IIFBRIOIEQGI‘F?I et Tna.lmpr Idnt ers. I n

the preferred formof this technology, relati Speed an
hi gh- qual |’F?’Oﬂsfﬁ’]i“?ﬂlf?r{j‘tqd§n%9f€g‘1\%génﬁfffordabl e to consumers. Inits

preferred f OI’ m ahenﬁfpﬁﬁg@stwb hia@@dohéiﬁ%rahl@&oﬁehﬁnveﬂaﬂ $l 6@ prefehAABLERdSL | CS Of
atradlthjn as.a.Se etter-size pages

|.oss
print ed ﬁ’ ius co o?""?:)cﬁo%mﬁth“%l g %““cﬁoﬁfeﬁtr(?mf%’@@‘iaﬁséff‘te‘? WE@ ﬁéﬁﬂegat i on
and conf or@@@leé“}mn@tﬂ Inghe prifered B afybis preoalbogy, rabipiholighsspiett endgﬁghvmﬂ@

avai | abi | i fis QE&MI Lk &I re l e catio able to
95% of houﬁrﬁeﬁﬁ%bﬂs in lﬂm tgd&%%xg?ﬁg@ﬁszpn R ﬁFm aS&([},\Aé ﬁp%gﬁegt\l/?\ég Jéef fering

br oadband H ¥t @f“""é‘&t{?&f'ﬁ t’i""%‘t“ﬁ‘l‘ﬂr”é‘éﬂm’i‘g"’é’&%tls‘i‘céﬁ% %Setﬁl"gﬂ%zeﬁlo%sh@s@ prifele net page
printer canfudleslor cppeth sits, bomu&gem&rmsymmﬁhﬂmﬁfmmahmmﬁ@ I onger delivery

usi ng exi sting consu ers, SHgh et % temwill
oper ate nmoFEicy rsm%ablamp% ‘Pﬂ ho{ish@ideﬁroﬂle Ubleedlsef@s @é@évptladsflele sérriomoferiONS UNer ' S

poi nt of \Br@htbanck et REess 1@5[&9@' a@ﬁl@g@to hher ﬂl@gepﬁgﬂetﬁa%§%ﬂgr 'ca§1 aﬂg §Igegagtz on a
prlvatelnt{ha odi nent s stemis hosted

In still
on a singl'é€ c{(‘;’ W SpPmFetigs. {2’ ‘55‘1‘8’%?3 Efé‘\}?“ﬁé”“agif&‘ﬁh%éﬂdéedp%? FiR8Ee  Net page
publ i cati o*mst@ewvévc snabid @mgtdmnuge:bmmge uﬂ@ﬁwkseap@tdasoﬁiﬁb@urt&dsy&@n dal i ver

print- qu%ér&tymgl'émokﬁz%& ﬁﬂ%heﬁ‘e?orpﬁetl 398 cibleHo erafconsﬁ%grlsr%oﬁf (’%l eQULb' | gat I ons

are delivered autonatica scri'bing ne ers Vi a
poi nt east i AYEPRAsnilF frpase FXSW@ is hesisfl et povaR @é@lets I Fﬂélros,l@namboﬂednts 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 i npl enmentation, each netpage pen has a unique identifier. A
househol d may have a coll ection of col ored netpage pens, one assigned to
each nmenber of the famly. This allows each user to maintain a distinct
profile with respect to a netpage publitcation NPS034-SG -7 server or
application server. A netpage pen can also be registered with a netpage
regi strati @nesebppicatibn dervand | i nked to one or nore paynent card accounts.
This al |l ows e- CorNIBr ce. P ecure aut hori ze t he

net page pen. 'ne ngﬁ GP#%”E%F?Q F%%ngr%%ﬁm‘%EI%?%ﬁs?Wﬁqgﬁgﬁgg%F%

capt ured beetoh @Owalﬂvafgécarqo@nowmstThISaﬂﬂpwaewmtcy pryEgits tocreaecusiygndbiimed

al | owing i disink the a&%&@@%‘ ﬁz@h@pa‘é@l@glkﬂ%ﬁ& s&v&rQGﬁHafeL the E:Q‘naaﬂ: %mr&ﬁm 5&5&19? erver.

G her bi ometrllﬁs can % be used to verif %/ dentrt ver §i on t he
net page pef™ T RigrEusly f‘“ﬁ’@‘é‘iﬁﬁ Figpaures allpinerifylo apibpntieate e e R iderti togm ‘nay by
t he net pagemuegk siveaitenbissinics ban aftb bhaugh varif) elRRY @ vefsioR bake KERYgedRh i Ver

peri odi cal §.54¢ géﬁmﬁi& rvéntlgl ewsna o‘fy"é% mg]g)uere%&rsa&nlsl ntervention, it

can be configured hever Ver  uns “Vin its preferred
form it only délqlc\‘}é?r%nem@elpmﬁf@&véehﬁf?r@m()élaib%mabéldmlrnm@mhewamrwhc&ut hori zed

sour ces. |ﬂertlﬁlbr$enﬁ(ﬁls@3&1tbe ob Elﬁﬁepélgﬁdehw hﬂ@&h%ﬁedh&k%ﬂh'lkﬁs Beth Y fmclh' ne or
e- mai | acco isible to any junk ile knows die " tel ephone

number eilvefic?ﬁ?"g?é fr e @VS”FW’%\W SFE@FGR@’SE%SEW &BpeReee nodel in
the s yst e npringr © eslie b fadnacigierg ealladchineshitiil ekibla ¢ dog Rgx AgRr hdMlnpws € ass

di agram A, hg&%mqi,e@grriggﬂ ists of a set of object classes connected by
rel ati onshf%s and aq%% of relationships are of interest here:

associ at i ohs and%@ﬁ@‘?%ﬁ@"&f‘?@'ﬁ@““ﬁﬁ associ ation represents sonme kind of

rel ati onshi p bet B&ﬁﬂbj&bhﬁ&l ,thdsyﬁm 19%%%sh@§mﬂ@@ﬁo&tmgq,aﬁg% *r"(U'l\/I.ﬁ~|
general i zat1als act | ual sses, ..and can be underst oo e

on rel at
Pol Ton no sy et XGRS ot R b e CwBedy HOmBty MOEE of ¢ hat
cl ass, andkieh afslatinships aregémelrealhbrz asoostions and bagalizRjont. e Ass@idtisn Sprogpdty a

subset of e TREor Mo 53mB0 b At 26 e HRARLL o3 BEQN A gﬁegﬁgalﬁgngr%.g' [ing -

i.e. classes of classes ass i s drawn as rect ed with
t he name dewflislsses gudscan pg undgrpipog;ip de doliopiag way: lfat"r’f’és faﬂflo\‘ﬁhbﬂftaéﬁle@fﬁ of b cl ass,

separ at ed dbfecunt the clag/aRd biyssa BepbkRMafdn If e B, 8BUB & dihghf o Absel 18\ @REr ati ons
of the cIL§§§d06§eotggraﬁed from the, at t({hbute |st b%ﬁa hori zontal line. In

the class Ui AgTant which R P e, oraehBelas - e aPLYFBRE are never nodel | ed.
An associ ati on i Bachirlasans Ch@mawrent@g}edibﬁﬂngwthwt@ nghead Y slassolptdnainak liy of abel | ed

at either wngiMicdsr it H8s, @@M&d@h&;&h& ){anﬁfbyE h&i-A08 A&, Q'Idla(?igt f{ﬂbspeflﬁinggf ——

rTU|tIp|ICI%%/1IS one. ., An ast sk (*) indicates a |C|t¥l
zero Bt° %F@am‘éﬁgﬂm%%‘&‘ﬂ&lﬁb‘?‘}' % 1%0“6?5%‘ Bival Be ‘flf’éb@ng@& which felio¥s  narme,
and is allsecwpbiconals hig névaleddtied at elther end with the role of the

corr espondi ng Cl 8% SsacibnPEN-I): § Lo ndicates gatjon_associ ati on
("is-part-of"), %Qc drawn at - ul’*leo regat o Opt“’ H%%&El Ceilner end itk

the mu1t1phclty of the association. The default muIt1phc1ty is one. An astensk (*) 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. NPS034-SG -8 1.1 NETPACGES Net pages
are the foundation on which a netpage_gpetwork is built. They provide a
paper- based user interface to published information and interactive
services. A1inet patga:me@si sts of a printed page (or other surface region)

i nvisibly tagged f es tg.an online d SCI’I n of the page. The
onl i ne page descrl ?%e%?trelﬁ]s?na‘?aﬁ lla‘?nne ﬁé’Flg‘?%tn%tﬁ? fbuﬂgldéfyﬁ@fnﬂ%tﬁéapﬁgge
server. Theasqsaese inthefaesrd prblishel icfemetidnbabintheivyiesics. e | ayout and content of
the page, includj ﬁtq)ageemmgttapghlﬁéa 09 (J: TRYL S fée regttn§ vgﬁ)fx,% f?;nthe '”put

el enents on_t he page,  includ |n% butt ons, hyper I'np | ds.
net page al TeH{RRocHR Pﬂ@‘% deferipton gl the Page e ﬁ'ﬁ'@%l’aé"’eti?s‘i*j’ﬁ“‘?ntl%mauﬁweﬁ aerdisigngy be
si mul t aneotssd getpagqqtager efcralit ppgeaRQGaRA daynbhhﬁe NabIPagRt SN ShRM of E Japdp| €

net pages ¢ r a age . des to aIIOW|n
t hr ough ﬁHe awg é %lc %EFP egeleé're e d| st Yy %En%eﬁtéc?n theRape g ge i's
assi gned ab‘{ﬁmsqhb@erb%i‘geﬂnﬁ drentt ii'leldseffk netifdgﬁ SHOWpagéﬂnlgDmh@smglwf rietpageemtl opliteci si on

to disti ngéihl'fﬁclat&%@iﬁﬁ%stﬁmﬁ/%ﬁreh%dﬁﬁm&%?{heQJtpaQeesB/Qéfges Each reference to
t he page descrl\%ﬂ n.is encoded in a printed tag. The tag identifies the

uni que page on WRleinptragryen share thegme prge éﬂﬁi}’l’fl?t’dfl?‘é"é’frl {9 aflereipyt fravgh t he page
descri pti osbervikeiddnagl pig@0o bd dieinguishddegich defpagidlaspgrnd & u@@e Q:Ege ideRifpA UBs

Characteri gli r j.hed in nore det bel ow. Tags are
printed |nI§i %n g?%gtcﬂﬁt ;ea%ﬂ“\%/lehfim aﬁ, %lavel% stra bec“\)/\/rrﬁetgeﬁe

i nfrared-reflect E¥8, m&fgft&ef? tb?spaéfr@isqim‘iw lmpfelpd inqepzinted g The el ldﬁmﬁeﬂ #ngths are

i nvi si bl e dn@ué fpe BUFER ﬁhﬁ@eabdlﬁndalﬁe?ebﬁﬁaﬂelcﬂ’y ﬁﬁlﬂﬁﬁ@m d@scﬁﬁioh Ahslaahi, | Mage
an area_J| nmge sensor

sensor vvltta Eafgg)roﬁprlatefl (% ag |

in the netlpag1 oS KR Y BQR e o e g érf%te‘tsgc P@%ij‘?ﬁnbe‘t’ﬁﬂt”ﬁéwﬁ’et%e system
via the nearest itesspagenpd inntfered-2ldptipeink tsanpisubeta@Sehidric inbasiidfcaal €S W t h
the  net pade Rblhlhut, ReddiHhl hivk RIS ot aield tpmg,g@e%b&tr% R asgd et Y
smal | and densely arrange at the  pen can Teast one
tag even o'?¥aé°‘é’r%&t”@agéls‘?“&%w%mtaﬁleoﬁ?a'g@“erlt i s inportant that the pen

recogni ze the pageagh&e%dbm&tea tm'h@e @&oﬁM&fc)ﬁetbd@&ﬁh%& {ne Bg Wil B ubRGiRAOE,
since the |rﬂlteract on i s are, error-correctably encoded to

make t hem Partialr Y eIoml‘”e'rthétar?te ar?St ne%"u%efp%%‘g 3‘5&’%8 VRS S BBy CAs R B By v er

mai nt ai ns wPestipguer redgrkot-negeaniielink Faeeaciifpicnttsad] méipageqrangli lowhag it to
MRi Nt ai N el banlrb ARty Sl at Mast USEhs LR lseglemtusﬁle L&F 0 DRk o tﬁ%) L the
page descri tlon for each printed netp atio ]Fn p ween t he
page descrPPeisnte pie Bagd pPsl’f?t‘é’ﬁC"'ee"Y éH‘Fdﬂ“t‘??ew’ﬁ‘r e PRes, ﬁ’é’t"ﬁ@g’étefacmﬂ 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

NP3S034-SG



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 NETPAGETAGs 1.2.1 Tag Data Content In a preferred form each tag
identifies the region in which it appears, and the |ocation of that tag
within the region. Atag may al so contain flags which relate to the region
as a whole or to the tag. One or nore flag bits may, for exanple, signal a
tag sensing device to provide feedbackyg. NPS034-SG -9 indicative of a
function associated with the i mediate area of the tag, w thout the sensing
devi ce haﬂlﬂlﬂ@lvé of 4 Rha@ibn hs@ocatedas&rtﬂepﬁﬂn&ﬁm@ireat $18hd 189 WRout e RALIRAGRIPEN MAY,
for exanpl nat.e an e zone of a

hyper | i nk. Ea:&lélg Orﬁ;n 8 dﬁsﬁrﬁpém afceﬁéerrfgyone‘gblf%age B nﬁ%ﬁx@pﬁe EI“IBY‘%“F & Pee

enbodi nent areaeé:@ﬁ“ﬂlalgn&l@mpfr@mdmkeay |y recogni zed invariant structure

whi ch aids initialk wilfleGihd @ty ARHnUYER, &ﬁﬁ%eﬁﬁ@d dofBodthndb, Thef %;ﬁraﬁsan ef f ect

of any warp . nduced by the surface or e sensi n% proces t ags

pr ef er abl ySiP TEeoprsd Exgriaptstruchisghich giy m&}abdeéeﬁﬁofl’l aa whieh apsityip minigigee ensel vy
arr anged tkf&ttofh@“p@nncm&ﬂbyab hlﬁ[h&e)brb)fm@ﬁnsﬁ&pfo%%&ﬁg@pieﬁ&blyﬂlé% eﬁlﬂea single
click ont ortant that .th recogni.ze t and
posi tion O%E avery r?}texétg Smn??)nﬁl d\?mns?lﬁmfaﬁ%dtthgg%gpeél |°?1ncr8h émalgﬁ?g?aﬁcoﬁgtﬁ% i's

st at el ess. EVFhomER f‘ﬂ}g@fcé‘rkr@dwe’moﬂ fsrmpertant taethy g reovenizothwbrige D and pasifion ef er s

coi nci des We@mlt@&nﬁiuﬂﬂl&]ﬁpﬁh%%@meth@ﬂgm&ﬂﬁmsﬁgiegn ID encoded in the tag is

t herefore synonyE‘Pus wth 1 %e I D of the age on which the tag
appears. In othe "’e‘?ﬁfﬁr&’f’ﬁ@'ﬁﬂd@m %’eﬁ‘@‘gf"dﬁ‘mfléwﬁﬁ? ‘?fﬁ""&w‘fi%?g“‘?‘é#@}“éepé@n be an
arbitrary suliregiodD egbded iphgeg ﬁﬁhe&foi’ﬂ?nc&jdﬁrfuﬁ@ﬂh thé-foge E)(c&malpege oh tvhigian

coi nci de I i.n e the region
I D can di \rl\%%:{afm’g ent ?‘}epé gmlﬂﬁ% g]r a%%oflgoew%har{e r‘f&'rsﬁmbfe T E!al%su EVE]

Fi el dPreci%i adfﬁge( 5iothsr) S%@F@ﬁwqamgot PR goincilp emﬁrﬂagsne‘péwain@@@@alement,ag

cont ai ns  12QchRbde the @dpiok D &hﬂﬁécﬂﬂﬁentlfy)ﬂﬁhﬁ@&dﬂyee@elxﬂeﬂcat ed as shown in Table 1.
Assum ng a maxi n&géggrgﬁnsmy of 64 per square inch, a 16-bit tag ID
supports a regio g Lel? "Wp to 1024 square inches. Larger regions can be
mapped conti nbek| y V\,iRrhcisibn(bitsleasi ng the tag ID precision sinply by

usi ng abut,;{éci%ll e Lme and—aps—Jhe 100-bit region ID allows 2100 (.103 or
a mllion ioniirillion) different regions to be uniquely identified.
1.2.2 Tag |#'B Encodlthg The 120 bits of tag data are redundantly encoded
using a (1l9agsd) Reeds Soronon code} This

Total 120

Each fag 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
yields 360 encoded bits consisting of 6 codewords of 15 4-bit symbols each. The (15, 5) code allows
up to 5 symbol errors to be corrected per codeword, i.e. it is tolerant of a symbol error rate of up to
33% per codeword.

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

ntinimum number of symbols in any one codeword, thus maximising the likelihood that the burst error
NPS034-5G



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

maxi m si ngcahheﬁm}&@ﬁlgdtgaood that the burst error NPS034-SG -10 can be fully
corrected. , 1. Structure The physical representation of the
t ag, shovm"'%ﬁ 55?’% a‘i’ﬁﬁ?’%ﬂ@s fixed target structures 15, 16, 17 and
vari abl e data ar é"aes;nhizﬁcal Epreseditatioe df thatg eliowa tid FipirdI5, & nadsIfaw targd By devi ce
such as th% 16] qt7 Qﬂﬂﬁnﬁ%ma%%egseﬂgeﬁ}e ﬁg(%m%&gm?ggesal wearserllsgns dctavlilc%%t%h%é{ge nsi onal
orientation’'rélative to the sensor a areas contarn Fepresent ati ons
of the i ndfeieefuRsR thiotest the tag prd ifacidlrer-dimepsideat erienTépngelitive ethpreopeTht ag
reproduct i &mar&h@n@@@p}e&nﬁmaﬁr@dﬂd@w@ bitESF @le Whcb @A 1211212 56X256 dots.  Wien
printed at 1600 %g inch this Yl elds a tag,wth a diameter of about 4
nun. At this resofd PToReR @8 fepppdyct ’Hg’ﬁltaéﬁseﬁ“"(eﬁd Be? SHPFR et 2pRdos " qui et
area" of rwténysintdbatde1osiots BirieR thislyridg bltagtmt}ai dandies ofb&aMH4 mﬁpnttmh hitheidn by

adj acent t effectiv r of the tag.
The tag i n%?a%igsdgsé@% %égggg%u%d?drﬁpat ]rngetsma 5 g e msq fi%tsn%rl ng ”ée?arfa"l”é fhe t he
sensi ng de‘iPF‘E‘b“tﬁtd(Wa‘iJ??F‘HFaa?: Ftynlﬂ@idé?ﬁtdotsﬁethftﬁ@cﬂvﬁl’ﬁ@anqrnﬁhqtg easy to detect

because it is rot{'@ethg)ﬂlalhéeysécrﬂa@f bt%@ctueﬁmdde@@&ﬁliﬁg 18 aliows MR sEnsm@ ukva tid on  of
its aspect, 1.8 % nost fects of perspectl ve djstortion. An

orientati olﬁ“u"é)? i §te°lt I e e”%ﬁ’s‘fﬁ&f bgete A fotionatlh imatiAR 2phBecaiding oxi mat e
pl anar ori @rmlramr@mogfof tlih@Spettagmdmo‘te@ nfokreof ytaaneftbts tolt'i@ers;eﬂﬁr@ rdlstoﬁh& An
orientati Otﬂmﬁéloﬁ aki® 1§hﬁw@1ﬂe Eegsu)g c@lng: 16 gl Hihe @ r&ﬂﬁa@etﬂl%% qrieatat 11 ofP &L .SpeCt ive
targets 17 allow the sensing device to Infer an accurate di iensi onal
per spect i V& Merue bt # st seushie Theargienptim renie kexrp ailiaarnisue Pﬂeefeﬁqm Feensi onal

posi ti on andpetveanial 1D alef thé E@sdga@wcé el adet Mﬁad‘c&at& lﬂﬁb &ﬁ&]&@x{al pdpberilar get
structurestra%gfe rcf%%'entgaandl]}é CIeaar]'1 r.ove. t 1e| I é to noi se. The
overal | tag shapé Is eitcu "g%%’F‘iS%’“a £ﬂ36tl’?@ for Hitg®  opti mal
tag packi rfglam@ﬁptbﬁ‘ﬁellsm egul ar tr| angul ar grid. In conbi natl on with the
circular detecti Qntafge%ct&&%% éﬁlﬁ%ﬁl ?aréé'tcgﬁiﬂ}o%thcu lu%’nr ?J];ﬁ I: of data bits
within the tag Oglglqv?fall To maxim se its size, each dafa bit is represented

by a radial RRSBARS G iSSPty B ERS efhs (hinehuPmliiogpackiphes and

t WO CONCeninran GregulirQiidngitlar @fid. 9n oduibihtionweHl @@ chasr aetﬁhdﬂrfﬂg%dhﬁlﬁﬁlﬁblwﬂla@f 8 dots
at 1600 d n that .i.ts base. (lLts at | east
equal to t n?nh?fr?ugﬁéglngn@]ﬁgegaﬁ Pk Ttﬁ Eghte ov4 heaCh%ata{”“S ] eﬁeﬁgdﬁ i al
direction 1?@31%%@3 ferpLad pn Qf?ﬁbpme(#hymmdﬁléiﬁme@wmeEaemcﬂlamqs Hieit a synbol
i s repr eseapigthadym@diwdl diidsi® of 348s quﬂﬁﬁn an]tk%eé@e&so%a& 1tsqj%e%tsslmp"9é)s of each

of the six c?deworlds are allocated to the four concentric
18 at least equal to this minimum dimension. The height of the wedge in the radial direcnon 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 ailocated 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 inits field of view no matter where in the region
or at what orientation it is positiongd.. The required dianeter of the field
of view of the sensing device is therefore a function of the size and
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Pr ocessi ngl1-did Dé'é@ﬂilaung@Sslaganﬂgeoqmg)cesm ng and decodi ng perfornmed by

a sensing devi ce tidigdinds p&&@ssﬂfﬁn@ a&:@dmgqﬁlqorlngd m%%mé Bevlch &H{ £ th 'yetgyr%% le a

captured image is belng acquired fromthe imge sensor, c range
of the i malf8 oy fligis dgWils a splred e debpingracgired fem Fhawg@ewgnsqrh@ﬁ chosen

as the bi n&mymic tahgeesthe Jndgef ©detdrhi@ed (mgﬁT‘ﬁ’c]centéFIof e iaﬁgagﬁhdn%ds&% tht bingyp hol ded
and segnen K d. pi xe apes 23).
%ﬁgloidr}&‘%l 119 FLFE? ].IIP & 18 C ;hqge% an se%mentteg ]él%o C%]F(a glé?géons

Shapes whi are t epresen
di scar ded. (-eThawessd3y éat 33 dSheren tvhigh ete@fo saalbto rmmtag s mctmﬁrﬁwdlsatﬂedBl nary

shape NDMEMeSizdand 3noill BRAKGRIPPU LR kBhei?4) fOr each shape, and these
provi de the basis for subseglzently ocat | ng2 arget structures. Central

shape moments ar 8B STERLTPISHE L8 HEhPHPTEhEt 24br Gefsthiregnd hessaroridnthe easi |y
made i nvar bagimfor @ﬂasea@aﬂselpcampﬁgdt sttuafirte® Caitall shayfeaioOimis ard Biethéit MAGrd inagat

structure t at, 2 |ng has t he advant age
of being %/fg?giltﬁ)\l}veapf %bi%%/ﬂgén%vﬁ&m%g?ftssgagt% ecmd)an?%)?a @d. Matching proceeds
by aspect - nor nal i ITha Hng tagsel struptre d Fsdhf‘sfimrtq’rhﬁ locaied ot @ACH righisp dic sdwagrmenf s.  Once

i ts secondbelder wilBREea wAkEpcRPdoiRl distoiek. My hing Bxgcee(!ssby%%& nbihak 2R QRN Z€ even
if the persBectlve di Stcel;rs%' on was significant. The ring's OI‘I%I nal aspect

and rot at PGP TEEGE REOEF S PR, O dp Eﬁcm’&ﬁfﬂﬁb’%?‘?%isla’iﬁﬁ“"aﬁ?hzﬁ &e58g spect i ve
t r ansf or mis Fsetogroognize grayef theperspativerdistoionivas figndficae Xthe tity’ Oeiglhalogicadad at  28) .

Mat chi ng %Q%QQ%gMerpﬁgm Msé}g ajgﬂi'& | Q&f&ep%p@aivé faldans to each shape’s

nmoments, and rotafti on- normalszg e resu nonents. Once its
second- or der nonEHt Eisglprget FEpcE & Edthe prat a’x‘i’eslo‘ﬁaé?ﬂdétzgi Maschinie |[pyocgedr bigni zed.
Not e that appififg thB irihgls ﬁb’rﬂﬁi’zatm Iaichlsﬁapé QﬂlUﬁlé'n&daxfontﬂloﬁ-ﬂmmﬁﬂl@tdﬁ: kind WO

possi bl e ent ons e axi s hape i.s del.i ber at el kewed to one
side to rra'ﬁé € tﬁlatssnc% gss Sg:?%il orQerNr%Q[ments Frse 610%%2[ :? B‘F aiu taﬁﬁtl 1§/ea}51 JESOBN @ﬁ't]?)ow
rot ati on- ribat pel thigdeordehmoragei is refiired et disathhiguateitite i sditdcbriehigions afigie 8xis. The
nor mal i ZatshBss RARkkBAKewd A ErelsIE 0 REE %&%Eélb\{eeﬂe s Qb 19%8219205%19?0 the axis

target's axis. The axis target's original rotation provi usef ul
appr oxi mat PSRl e gxis “‘f%i after dnhagied s i gpeaplizgionsTapeliclogirce gh spect i ve
target st rpspadeslisbrioaice lidtethd A tae@’s eis.| ThE aki€ Breedil o)1 rothiRA Gro0RLs sTat €5 Of

their pos't&ﬁﬁ'&@r&ﬁ:&ah&@%‘% sro%%mng]ue?onpegpﬁlrﬁ known spatial relationships to

the ring an
The four perspectlve 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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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 nonents.
Once their second-order nonments are normalized the circular perspective
targets are easy to recogni ze, and the target closest to each estinated
position is taken as a match. The original centroids of the four
perspective targets are then taken to be die perspective-distorted coners
31 of a square of known size in tag space, and an eight-degree-of- freedom
perspective transform33 is inferred (at 32) based on solving the
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poi nt palrgn%réamgackbert P., Fundanental s of Texture Mappi ng and | mage
V\ar pi ng, MaSt et o esis, Dept. of EECS, U. of California at Berkel ey,
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sanpl ed |n FetGrre S aurlingiotsiat codewords are inplicitly de- |nterleaved
during the sanpl Thgingreeesds on_ﬂ'heughizﬂ@smaa‘ézgﬂthe]:ﬁigbﬁhc@éﬂeﬁtlcﬁﬂﬁtghﬁleinﬁhg@ subar ea
of the |nggg | af i he | 08 uar a t e ing, i f
found, is pal?l\tﬁag?}ﬁa[hgrﬁ% @E}ﬁn& E)q;;aﬁ c{fa com%e ?agt comp at fo c[

successf ul fugreriln desgdeds Fbennmerpewmp@sa tepml?dl for ﬁle@@renieﬂ"drflqa K}nteh@dmuatcr ent
frane. G vigseaale puadGnd RIeQFES SdndolniRONEAd Sevd Gk Xlténamns'tr%%y HRkved i €1 d of
vi ew 193, ar]%nal ntatj ve strat egy | nvol ves seeking another tag in the
current in# aﬁ“ﬁ?’ 3P 4e AR B8 dat a i ndi cates the identity of the region
contai ning the t & et g dapoiaditates mheoflentifg of ttigorepibrt &unuammglelerteghﬂmhe An
accurat e ROty e %v%mmqeg%n deBurk Dpdf36 iseoq'th%g A5 iR i@ fefiS OvEr al

orientation 35 of I's then 1n rred%&‘t'fr erspectlve
transform ‘33%0"98‘350@?47%’6‘1 éh of fhe pemads Bipmdinfered (ehdfomphe pepeqtied Eﬂnﬁ@%hﬁ p

bet ween t hasdpen oxSth@hESﬂdQEd kndvl s‘fnat&nﬁlaﬁcﬂﬁu;p&ﬂwegn th®phis pRsicA % iSand 1]13%3155 Tag Map
Decodi ng a Ea? results inaregion ID atag ID, and a tag-relative pen
transform® or’ the tag ID and the tag-relative pen | ocation can be
transl at edl-28t o 'ﬁagﬁbeol ute location within the tagged region, the
location of the b@cgdﬂ{%l& Bk Rsli & Jl%gbl% mtmbﬁdmg\pégmwl{maﬁs§or&'ﬁé%ﬁe by a tag

map, a functi on wh PS each Dinata regli on
cor r espondfnige M aut %ﬁg-remée Pf’&d"‘:ﬁ%?ﬁ ca Q’s%ﬁnSlﬁ?da'@ﬁodimaPng@H@f\ﬂWﬂl withimitiur e 22,
as part oftadghiregi@d, pageatioh bithethe WikidtBe @ia@Be known. This is given by a tag map, a

function which maps each tag ID in a tagged region to a corresponding location, The tag map class

diagram is shown in Figure 22, as part of the netpage printer class diagram.

A tag map reflects the scheme used to tile the surface region with tags, and this can vary
according to surface type. When multiple tagged regions share the same tiling scheme and the same
tag numbering scheme, they can also share the same tag map.

The tag map for a region must be refrievable via the region ID. Thus, given a region ID, a
tag TD 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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A tag map reflects the schene used to tile the surface region with tags,
and this can vary according to surface type. Wien nultiple tagged regions
share the sane tiling scheme and the same tag nunbering schenme, they can
al so share the sanme tag map. The tag map for a region nust 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 absol ute
tag location within the region, and thg_tag-relative pen |ocation can be
added to the tag location to vyield an absolute pen location within the
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| D whi ch dj I en s .au a in.th
descripti on{éggéc%fn%?e B1‘1{\/1\%’ Lﬁ the mregr a'feogemeﬂ{ "“Eaﬁ%%fe ldﬁn“féﬁ gél%ée?"é? t he
user int e‘th%i’é@lSé#b&r@hPmWé@mng ftags ﬂheotuégpfoaenmﬁahfecaeﬂuené @t zbspiakipag t hem

al | identigal TRPdo,hBe&E! ﬁ'ort mmlfn&% bﬁagﬂélam%m Fath. @1o§gcésmef}9é1&ﬁkmn§ ags do
not , there{rjore extc%gort t apture of an absol ute pen ey d

pat
however, stPFBRt %‘?fﬁtﬂaﬁ eé“’ tergd fﬂ&fﬁﬂ‘f% {58 fisplapement §am|°aﬁ§amg1§d PR
posi tion s@wspéd e ndkt eithinanayke eante etkmbizgvdugedddigine@ncount ered tag frequency,
the di spl acenent yff q ition to the next hin a stroke
can be unambi guously e Qg?gﬁ 5&‘9\}&) Seigt9 eIE SYETAG" S8 assomwf &ilhgs
function |er1\mt’f"6%ﬁ‘éﬁh%t‘qfﬂﬁgf= Wﬁehm&saéwue&mw lvﬁ@iﬁallserceq'eﬁq@ﬁt“sth&q ptifted med page as

user i nterasg hd/@pﬂb&maisﬁg ddvick Iﬂﬂirde@-fob'&@ﬁat@@%e kddll 6F BE fenieldaviteBd RE bt ed page
using an a‘g rp[el ate sensi negeev ce in order for tag data to be read by the

sensi ng dé RGPS A AP 4P S¥¥%honse to be generated in the
net page sybk?em ROQMBOCUIVERNEE RESXRIPNGES DESCRI PTI ONS A preferred enbodi nent

of a document ang pageq d83GidRlE ggoc%gﬁ%ﬂég%ﬁe%ﬁ% QSO‘%A{‘%{I N golgures 25

and 26. In_the net Eage system a docunent ree levels. At
the nost JB8¥F3rdPevel “the docunent 836 has a hierarchical structure

whose term nal elnaneRipseel8atmid ®c@ss0ie Uat®ed Milrkb levels. At the most abstract level

the document 836 has a hierarchical siructure 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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content objects 840 such as text objects, text style objects, inmge

obj ects, 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,

t he docunent is paginated and otherwi se formatted. Formatted term na

el ements 835 wll in sonme cases be associated with content objects which
are different fromthose associated with their correspondi ng term nal

el enents, particularly where the content objects are style-related. Each
printed instance of a document and page is also described separately, to

al | ow i nputheCapt Miest folple@it@n Rpy Bk Qlf)l'@tér PROL dliRILANREE sif3 Prl eQanQ)?e recor ded
separately fro% B]Eut cap fglﬁed t hrqugh ot her instances of the sane page
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docunent i Frsh ease isstgsa 830 dpseidspiviingle “P’éueamﬂ@# erédarﬂwgrﬁ%thq ragai 50jfthe onsi st s
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a single unique printed netpage 1, and records the page ID 50 of the

net page. A page Kstaamtecd consptof pantpf teiniral daeunssinces A3 An elemdnf lnstince

repr esent Soudy &REY 19fcoRs RAGE:-§ @ﬁﬁﬁ%ﬁgtmn' ’ﬂmé %9}/@5151915]&&11& &gﬁ?orlaﬂﬁure
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only exi stEemet hepauiedt 5P 4 trateghipedP Spatich |‘ScSPF%ff°cfP rﬁ‘ﬁtﬂaﬁﬁﬁmt@?ﬁﬁf}d afitper | i nk
i nstance eixitsitesexfs I’fora fRyIpRkit Blcause kt edrerad mﬁﬁ@;ﬁuﬁ@mitﬁe phRGRNiAS. An LiE@@ABACt i on
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for a fiel enment because it records specific to the page instance.
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textfl ows.gshof sz@b Beer @dnﬁxfﬁﬁ@&ierﬁeﬁf@@eas@h(ﬁxn% Figur® b £ BRkic Séent B3NYPEI | NK

el enent 844 % H el enent age server command el enent 846, as
shown in FP§u 4 R"@taﬁtafsec“’éffd@ﬂ@en?blegﬁ 4C%IF?X‘H%“’ glement $i8awith wrsyeeiated7 wi t h
an associ a@ttmmstgbheet&smjaemtag@ﬁeﬁ;emam ®ixtf dnlaguvidddanayn tleflA B350 sl drupRitclatmoCi at ed
styled te t a assom ed | mage

el enent 8?80%%555(%&%&5]@& E%?&?%{éoﬂ){ﬁ&, Cflfggl%n%\dmsé%m g‘t e Sacrl%tl% ‘?(%Oo ] ect 857,
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audi o cl i mseketentso8hal SM;ﬁHDJ@HS@Sﬁ%{Nﬁh%ﬁQ§| o clip object 859, or a

|S:|C rg Iu Pte gige ment §5p§1ge\l\4n§tance ﬂas aglgglro?i}lf gel«? %53‘ &Eucholbsj u%e%t to 8re6cgrd a?ijsr dfg%vl\pﬂ( in

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, neipage ID servers 12, netpage application servers 13,
netpage publication servers 14, and neipage 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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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
elenent. In the preferred formof the invention, a tag map 811 is
associated wth each page instance to allow tags 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 of
net page page servers 10, netpage regigtration servers 11, netpage ID
servers 12, netpage application servers 13, netpage publication servers
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page server. The page server interprets ané‘{ such input relative to the

description of tREEHF PEUYHE ba frtsmistiRistibyiedams SestepiDN ) rasimilan togesplse at es
document | Detphge page IDSIRICthe @B HHIMs 0BG he@aghpaakad Giddneafe BPAGFnEBE VErs Vi a
its 1D al Lﬁ;&%ﬁ schenme. A netpage printer uses the Internet Distributed
Nanme Systent( , or simlar, to resolve a netpage page ID 50 into the
net wor k addr ess O&fnetpige appbtapergpervprdgds asevy evhich oy lintaragtivenetrgo rppbispondi ng  page
i nstance. RphRtpRRgRiod Rt CAL kOPPRSENAEErvel IS pdLBE MBlee WHukibh 10 Sdiice |

i nteractive, petpage lications, A _netpage publication server 14 i S an
appl i cati o‘??“‘ff?r’@’@garﬁ\%&gﬁeddﬁﬁﬁﬂ%%“%& page docunents to netpage printers.

They are descri bNepign slatraidin iba 1Beed ioana Jaridye top ag@ioke sover DlaGadms borhost ed on
a vari et g om ..manuf acturers such as.l BM

Cewt ot - paprap ey BbH R Pl B st LA ARt 1y on
a single H¥stsinelshastaand p sigele sesver gasrbe disbied atist mitertod Hosty Samear pliplibr  of
hosts. Son@nc@snaft lprodided BenetdaiNehve@Nal lid YariRuY ind @chcRYaREHBAGR v38hy/EBY S, and

in particular tglﬁ)gf uncti onal L%‘}/ provj Qﬁd g)y the 1D server and the page
server, can al'so BEESrEvIcdédy |'Feepcf?"|"{7 PREelY REtRERS *BYIcr SHth e sBsas a

net page rintat, @ra comppten werbstqion, er onagdeckistabikon, or on a |l ocal network. 1.5 THE

NETPAGE PR INTER fﬁ@qé}g‘;&@gﬁwﬁi nter 601 is an appliance which is registered
wi th the netpage system an
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 concerned, “the network is the computer”. Netpages
function interactively across space and time with the help of the distributed netpage page servers 10,
independently of particular netpage printers.

The netpage printer receives subscribed netpage documents from netpage publication
servers 14. Each document is distributed in two parts: the page layouts, and the actual text and image
objects which popuiate 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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prints netpage docunments 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
fromidentity and security settings in non-volatile nenory, the netpage
printer contains no persistent storage. As far as a user is concerned,
"the network is the conputer”. Netpages function interactively across
space and time with the help of the djgtributed netpage page servers 10,

i ndependently of particular netpage printers. The netpage printer receives
subscri bedmiedapRaga sRE bR Hrisitek LATNBHHRER pid Rirteisat i On servers 14. Each
docunent is dist trLbUt ed i 1_t\t/vo Farts:.t.heggage Ia%}guts, and the actual text
and i mage obj ect & WA EHPHSFIPLIE T RRUPAY S SSEERAtRe L SPouseM <BRENt it i on,
page | ayoupsnt@ste atdyquilicadd. Witeprewiving dhet mirgcast pén tdo@umkms psgebisyonts, by priared SO ar e
poi ntcast {Rwl PfnSMRARSES P&, SRkt er via the appropriate page server.

Text and i mage otc))i ects, on'the other hand, are typically shared with other
subscri bers, and98% 4y erintyydap aciad the) gmgitier nagn yovispng objesy atcdefitrethe !
printers adduddigo Bppinepliicad ginp@d®cs@hiver s. The net page publication server
optimzes the segpentation. of doc rredpt font ent into poin cas%es nd

nul ticasts. After recelving thefpoi it ¢dst oh s g8 oL b s rYBut s, the
printer keehslt whitgis dnplekddcadt sngitef coamjiers t760 lands pm dngines QrtiAngt Memjprm¥ nt er has
received the:cQPo8lilAde ayouts and objects that define the docunent to
be printed, it can print the docunment. The printer rasterizes and prints
odd and even pag&¥ KinHag ROFAE SeRSiy obRFo 1deropplad sthass: efterizatien ofgeredescriptiongont ai ns
dupl eﬁ ed ; parng Biopaﬁ{a)g initEpriaGRLor plgh &Eagg?.?ﬁ{é raR6inREd pMlceSR QRIPLGnikks If bitel op]éﬂoxlye mJet Tm
pri nt heads i S_purpose e printin roocess consi sts_of two
decoupl ed Séatngaé%ﬁs):gﬁsr Iétst%“r]r"mfa P8R Sa‘%%le’ﬁ Qgﬁi g pravolley fansisk PaEPBn and
printing afropagre whinegemd, difkee andasttepgeiimapgen priovesswhrofiRidRjth te netagbtrsofof one
or nore  shaRtaEss ReRSridRdeidednNi Ng in parallel. The dupl exed print engine
controll ers consist of custom processors which expand, dither and print

page i mages in rBaters operabled fardR wrpting baye e opfiop FRrigijegs BrinedR-absprotivetblack
pri nt headsink, altHotag 45¢ fesitictsatig it @iferwikenply @fess of G pBatihagh fiek pdeR Bvd ditd Ng have
the option,to,Rrint tadssing | R %bsors%i ve ay k i* although this

¢y arc 1

. |
restricts tags to SRAIATTRS é%ﬁ?%?s’ar eas 0 asts‘#e)‘r’lsp g8 Al t hough such pages
have nmore | i mi tédwomishedtiagharoiter printh aqipagdR-op rshagts @fl pgraxy &bre tpbréafiscd metpeti | |

cl assed ASpriiRs PP @fint ofito Q¥ BbciaNQh Q@_ﬂ@es,@ﬁéh% %fobe@.rﬁ:a@ﬁ M&?L@ﬁgﬁﬁt 1943t &Qeej[ s of
paper. More sgem al i sed neE%a%e p[’illf nters nmpy print onto nore specialised
PP et B

surfaces, SU¥RYES Y ypag = sSpherp aptiepes tagmap.dogsich giface tgsrPace type,
and supporthsmat 8] leabith dneibtadie tdgl tiling schehe iayallandd he pae at dguniapPhecdits each.
surface type.i.dd\Gn dafbh ) 8 ' eseri the, t ti]ing schene

actual ly used to 'prt%lant c%’bc%ﬁ%&%@%&ﬁg%caglg’g%oérle% g%gwt? N that docunent so
that the docunenfig¥e ggbvsdhenncacecsinicr elpss yiapmmefefigcingauinter-related information

maintained by a registration server 11 on the netpage network.

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

. fow printer cost
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Figure 2 shows the netpage printer class diagram reflecting
printer-related information maintained 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 MenjetTm Print heads The net page system can operate using printers
made with a wide range of digital printing technologies, including thernal
i nkj et, piezoelectric inkjet, |aser e]gctrophotographic, and others.
However, for w de consuner acceptance, it is desirable that a netpage
printer have theldvaldcowi ng characteristics: 0 photographic quality color
printing 0O hi gh (il,uglelrt% text printing a high reliability 0 low printer
cost NPS034- SG - \w i nk cost 0 I ow paper cost 0 sinple operation O
nearly silent prsimplepgraiéh hi gh printing speed 0 simultaneous doubl e sided
printing conpack.fiosm bAgLOr | ow power consunption No commercially

avai l abl e printing technology has all of these characteristics. To enable
to producton of hiptrrigtingsgeedi t h t hese characteristics, the present applicant
has invented a aeiapobddonticangiagy, referred to as Memlet T" technol ogy.
Memlet TMis a drocp onfde nd inkjet technology that incorporates pagew dth
print heads f abri CAPE4MRPRE ni cr oel ect romechani cal  systens ( MEMB)

t echnol ogy* Fi gulow pdver sdpowstien si ngl e printing el ement 300 of a Menjetrm
printhead. The n ting elenents
300 to forma 16?0931?&%&?&&%& rpb g%& B%@%ﬁgof &gs%%?’%cgﬁu%

si mul t aneously prAPR& led?/a'ﬁ H@gémersw%wchm%@eﬁwaﬁﬁ PrfiS‘WF mb@dt lapks as
wel | as papedited 0nak ﬁrinQEtﬂiﬁolc%@,defbr&h td dsl(@lnje‘cﬁ@ teclﬁbﬁgpreﬂfeimQ a%l‘o@%ﬁ-@%]magg)o is
appr oxi mat g ro rra of thes
printing e Xt A }I"OI%V a?mw (ﬁat rP 8 ewéd%f P%“@ﬁayﬁﬂ’gfﬁ’e t‘@m%(ﬁ’iy‘fef?&tf"“}e?}]@ﬁ?‘%or at es
CMOS | ogi csystemﬁt MENMandhdezy. Fiewe 1§, shewsda dingly @riging clemts 0hof asHewad™ Maj or
el ements ofrintf Phd mpa@gwa@%ﬂ@ mcmﬁ&gesal%@%b hind agéélugms%g to %oErﬁafl%ZAF—‘ rim
303, the nozzl chanber | uidic sea 5, the 1 nk chan &l rim

306. the | }g:,g(aq: ﬂéldmlwntef h"lausa;a'tnfe{'/ élmultaneously 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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actuat or beam pair 308, the passive actuator beam pair 309, the active
actuator anchor 310, the passive actuator anchor 311, and the ink inlet
312. The active actuator beampair 3 08 is nechanically joined to the

passi ve actuator beampair 309 at the join 319. Both beans pairs are
anchored at their respective anchor points 3 10 and 311. The conbi nation
of elenents 308, 309, 310, 311, and 319 forma cantil evered el ectrothermnal
bend actuator 320. Figure 18 shows a gmall part of an array of printing

el ements 300, including a cross section 315 of a printing el enent 300. The

cross section 315wlils pERAWNMMptikiREE COMUS, c&ﬁlxph@ﬁﬁ&éﬁ GROMNt BE prikndedndl €t 312
t hat passe the silic 5( b) and 19(c)

es, 19
show t he o(f)oéltr“g ¥ ‘Hg“’é’“’ eftémﬁ'f“ge?gﬁﬁqvlr\?ﬁg&ﬁfﬁep%fa ﬂg‘&' ﬂ?r‘?‘é‘%f" ?)the #egeded 19( a)
shows the idioéteesnive posiot bean paif 348N Ehis qaksenmrdesicions B tppasOtvotgh tiRrtiesti i Ng an
ink dropl gt 30k M ahet B&tlﬁbras%ama r}egu %ﬁé ﬁea@@sg@% ng}a;sm% e reéuﬁﬂa' on at

the i nk meni scus 316 and |c sea etmeen the nozzl e
chanber 30%°mfpyletppting ??Rsei:‘l‘%%ﬁ*ﬁ%’élpmf ?%t%%@d%wﬁssem@@r Yanipair Hiivmot ng, t he
pri nt head ksMed itCdobsCiidt B}Ipyndﬂi'eﬁﬂtih.g b @Ssstittetende RMednB: %ib&&n SMNgITe stréEQ ntroller
to the cor Linti el.e | at.che uffers t data to
drive the % eerentcp lsd%m‘ap’gieéo ¥ H% Ay ‘éatr:“tﬂevﬁrgg 53‘{1?1% %F]a%ré?g‘ ]g'i’efld 3ggtor 13%(? s causes
an el ect r i eeadingtgwardsithe stlptrasaidd. Yha lagergtm 307 dralsainmhis piavemexﬂ(ﬂﬁtha‘ wrzladhattter one

T CT 0SeCOnNgh, THRSM:Lichikbod AS aldAlb Atron] ! RUBET LM riglle 168 Bt €Sl ti ng

from Joul e heating causes the beampair 308 to expan passi ve

act uat or bBIMP ek PErssures f"f?B‘ﬁmkﬁ%]a?“éEfthﬁanzéfcf’Qé aFfb‘ta“Sé%H&r‘féFmeP’é%‘ﬂ?]ﬁlt?]g in a
stress di fougeeTieaohRtri@s3 frdventd e ink @RMRAS 1o From ISPicsiing 0% She ifdcf 6f @HCE 'S
partially gﬁgl wyed by the cantilevered end of the electrothernal bend
actuator 3 endr ng towards the substrate 301. The | ever arm 307
transmts this nmiydpismperstere phibe by pdire 3Q8radhd8 equaBRs the Fnaton W zttencthanber 304

moves aboUdrighWipokiidh! RS aillOm tRebrRRSiloF BB I&F@mt m FnDME B 59( Q)me J;Qﬂé
i ncreases Cé}he i nk Eresgure formg% i nk 321 of the nozzle 302, and
h

causi ng t K&k 2heNTSE Figus 190 Hhe o Fdléambelfﬁse‘eﬂ@@f 18e 30{iop OB S SBPEHEHPE t he | nk
meni scus 3 6eteonusidb.eadi ng across the surface of the nozzl e chanber 304.

As the tenperat uf?ﬁu.erZO EIQ)%S Q%@g@e&a&f a}é&%ﬂ%%ﬂ I]?‘%%et?a u{a)" i SRe le O?tatﬁt uat or

320 returns to its original posit e breakzoff of the
i nk dr opl etrintead is thofll wideh of WRPQBMWPIPPHF RY ey thediregtfon Able The semnentibwm i§ N Fi gur e

19(c). Thenswzadég ®BARe ofh son{pﬁ:id ;erl@éid)bWhEmmt%@t ﬂl@}ghpé}fls Iﬁchz@d Sif35es t ensi on
at the mams us S%Ed u C?EP d e t. of r|n1 head 350. In a
net page printer, “Fcélg E% © Pige® Fﬁt %@a‘% ‘?tgrdlﬁ'f?éc pe glegeys - ¢ he
paper (tymn@mgltlyssBk@lonm)typemoftnhreu@imﬁmthemuﬂ&sl}lzThe segment shown is 0 4 mm
long (about 0.2 /wgro@ct &0 ﬂpétﬂgglﬁf 8ok ik E&@gad e ierRloh, %54}% :Irmaf%}%&%

& d has 6

noved past the fixed int I rection 352. The printhea
rows of i rﬂttéc'hseﬁ 1@ tlted%né@eaﬂ rsplﬁrqutehgnefqg ﬁ@htngzzgg‘@z there is a corresponding nozzle guard

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

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

The active sensing device of the netpage system is typically a pen 101, which, using its
embedded controller 134, is able to capture and decode IR position tags from a page via an image
sensor. The image sensor is a solid-state device provided with an appropriate filter to permit sensing
at only near-infrared wavelengths. As described in more detail befow, 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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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 through which
the ink droplets are fired. To prevent the nozzle guard holes 331 from
becom ng bl ocked by paper fibers or other debris, filtered air is punped
through the air inlets 332 and out ofigthe nozzle guard holes during
printing. To prevent ink 321 fromdrying, the nozzle guard is sealed while
t he pri nt estatiod intefPreling the &ta FA@ ré%@@@@ﬂcg@ﬂl)ﬂ-ﬁ@stﬁ&ﬁ&ve sensi ng device of the
net page systemi usi its enbedded
control | er 134, ﬁlée %gtjfm% emg"cdé{‘bﬁgh‘?éheé‘ﬁtaaga 8?5’0??81“[3?%’”36’&%“?%1 Pakiee Pf Bth a page
via an |nagéass@m®mmhmihﬂmsﬁhg@mbmn&owtm&mamsmhmdmﬁ$ahebdﬂmgm&xmmaglded
with an ap@&t&ﬂ raé @Bl%wglﬁébé(ﬁé’ tsQ:hQ? cvﬂgn it g%{éﬁlap% In%;ne Olﬂi!el¥acg' %%gh I{e%fl%%l

ow, e to sense

wav el engt hs. descri |n nore det ai e sys em:
when t he n’ie%‘StFrng“H’ tistPagesYsiraRd hap e vaigye perdR 6laﬁwetaaéhogyeﬁw nejpagpipes cks sense

tags at a mgfrafni GéfRAing hal-Rlaled nf@GARIoL MRiInALEERBY B aRHWEdoh sdter (11 of thetletpgdd0 dpi  oOr

greater and O Hz or faster). Information captured by the pen is

encrypt ed and)MAreIesst transmtted to the printer (or base station), the

printer or base W{RSEE¥r 86 is 19 cottat witn ai netpegep the triem gletbrim@ed &t @ositiot hind espect

to the (kngwmicRadgivetd H&fﬁéé el"he Thes Relegtd ?ﬁ)rcgzrggﬂgj A 9. rpﬁle &t Page pen
an

operates both as g normal rmarking i nk pen a non-marking stylus. The
mar ki ng asPEPeted Heitie & 2 “W?mﬁbP1H@@§§§§W?*Fb?“d§ﬁﬁb‘¥h@mﬁeﬂ&&ggﬂw%?sten1as
a bromslngmayahemmm&umhma@thea%mﬂmd&wy&&ﬂgaah&BthMQMBMmﬂdﬁ@ﬁﬁaﬁﬁ Each
net page p r wi.th th tpage system ue pen 1D
61. Figur eﬂffg&g no%r)sgnt§ %W%IgtFméhelémorc fre IilcTrass‘("q‘ip?ﬂI adt hm’ muglfslvglg? ‘065 H:rel at ed
|nfornatloﬁﬂﬁﬁﬁﬂ?ﬁ¥h€dm@vwﬁﬁﬁbuws@ﬁat|on server | | on the netpage network

Wien eit her m b irfe pehl d6QRAIACHe Yiskibn ﬁdmﬁén%gﬁof i tﬂf% OQ% B 1 biMelE R iid S
position a gﬂfentatlon rela}lve to enibis attac%ed to a

force sens ? FPEHE™B e "3 8 ql‘ﬁ@g?ﬁ“l‘jhe "’s?““t’( %tﬂ?r“ﬂ‘r Belegdes Bp atarefdespd o
t hreshol d aomputwdhmleowwfatehﬂr relatie tpén ta;gsfro U}’ obexived gaviaclive didibion & hows a

interacti Vﬁa&h% theqao&rtl@org&g%f &19 39 g Aﬁtﬁo‘ﬁ?h?the bo¥1t1g rr?s%l%l{l(ﬂl%f wu ? Hlte{]remfg .

ni b, in order to request
the force edowdstanicdty @g deamafcmtthermw W&F%epr?wﬁwml danthe ggyize, thetpdivted |

dynani cs OfosiflonSresgRadnUe @itk Bigh) €xcVenk: frb @fhimubRsoRB6h HGir8d 107 2&8atd NKd tion and

orlentatlon g&mhts nib on the netpage by imaging, in the infrare

spectrum antarea 193 of the page in the vicinity of the nib, It decodes
t he nearest tag Bemdctigorpifedssa tdiegyqrosiaptiodasafserieh of smolss. Medrealtcicusistsof 4 he t ag

fromthe o@a@ﬁcx eptmgeseaﬁg%%ﬁ yo%mgas%mhu gnmeﬁedtbpgped magnttaﬁ@coﬁggw{l Qf known

geonetry of I Cs osition resolution e tag may
be | ow, be%f‘aﬁ&‘é%q“ﬁﬁ@eﬂr‘a’g"% Astreky 1so’llf° w@@e page {Ih 3 dengipage BiservEi tbhal to
the tag SIm&,IDtchﬁgtﬁ,dMﬂﬁIiﬁﬂbrn@ﬁﬂlchduﬁ&aﬂc%@htuﬁdc&ﬂménsenﬁwotfﬁe hiogh, exceedi ng

the mni mumr esoiiét':ﬁ Ingtpr)]agcl; %e Uhas eadcuirglli se?e%t?olﬂr ﬁ% eassggege \A\A;qltht :Jt ngomng 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 (o 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, cither 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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recognition. Pen actions relative to a nel 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 with the page I D 50 of the netpage
whenever the page |ID changes, which, under normal circunstances, is at the
commencenent of the stroke. Each netpage pen has a current selection 826
associated with it, allow ng the user_4,0 perform copy and paste operations
etc. The selection is timestanped to allow the systemto discard it after

a defi ned wﬂfme ALkt ad. swighﬁh&luﬁJs%&&s sek®cdphaily IfsMEdIPES, A £56u0N Pk @ PaATE
i nst ance. consi st the nmost recent digital ink stroke captured

t hr ough th f)tgﬁwﬂﬂje‘f’té |ﬂ§f§a‘rf5’g%eﬁe background area of the page. It is
interpreted in aWheepditggteh Gnwitineeigt iof a PEITEAith GAER it dan b@nnSidioat, Heg@n t 0 an
applicatio | .0 r (WY 0 e as_a gcurrent
D 824 T fafef! Bk Plen RS b B G5 ER BB RIRED SRS, £ 0
case of th@oFaralyastivees Ha g@fprP d@%@érﬂleb@@l%ﬁedﬁen d@PCthgeﬂrsﬂpkveeln'afpkq the bl ack
ink nib orpagé)a,ﬂa@lanwagﬁﬁgsmswlmg nib is current. Each pen al so has a
current nib style 825. Thi the nib style |ast ass ted V\nththe pen
by an applicati o%se%mﬁeo cﬁpt\’r §$8W§5r?fweﬁﬁ%asﬂ§§$“@‘e?‘él F‘Jﬁ s @H2Es o v om a
pal ette. Theddisd axrhinge pf drawgihgslaed hadertirmg nfobodihy teeogaisien el labdudliting, taidd fohe
current nlgimggg&g&gogg%h died through a pen are tagged NPS034-SG -20 with
the current nib en the strokes are subsequently reproduced, they
are reproduced |ﬁhecﬂ?%15 viielgss snd,iragsmyifs digitalfnk dhthe prspecpiater vigydertTaprandiver t he

pen is w tm(nT}feaﬁg@m&ﬁ d@mrmm'& elﬁcrwtea Iﬂor\qiﬁbeﬁtjl and seﬁﬁﬂr £0 PIUAiGobLermdide pPen
slowy flashes ecode a stroke

it s, to,
relative ta%an the pag %ut X aﬂw{fys ficaisn ShE E?nluf’ eveﬁt t?l'glgf %‘Eeq’i’ fegdlimg jndbepantereny \When t he
pen succeeds in &@eofm g lfaousoﬂr@igeoffaaﬁrater iy buffep didirel inkpia@peemal memmpyywhitiari | y
activates M$§cIﬁ&&wkgﬁkmﬁn&%ﬂ%%@&EMQHEQQRRM&EQvﬁ%ﬁ959§1&%m£%£ Lag,to as

digital ink. Digital ink forms the basis for ~the digital exchange of
drawi ngs arﬁlﬂgeﬁ%i’d%"’i t repgters psrbugited digdtalide ogni ti on of handwriting, and for
online ver| fi1 cat Agen ah bStegﬁat’éuﬁvﬂﬁany-ﬁhﬁ)eﬁ&mrmﬁrsWuflﬁhiﬁ&?allaﬂﬂ dhth 28It S

digital e printer via. -ra r.a |ink. .The
transm tte s fblgtg 4 AE ?asndeorlllctﬁg/bl tw%Iri(’f grls it e{ PH% “s’héccuprﬂnfer Ay

packet i zeoFOF’GIPm@fﬂFa‘@ihémnypwoahsfmesm on, but |s aI ways fl ushed on a pen-up

event to ensur e I ipFaRdr¥d Q@Jaﬁthlexngfm@p&mede&hbéatlﬁgmaté(\haﬂl&B&u&%ﬁbé@v with
ink in internal nenory, which

out -of -ran ter it buffers digital
has a caparg‘rlerte 6‘%’@% %% minutes of continuous handwiting. Wen the pen
is once aghkln wi NewPacE INeergena a printer, it transfers any buffered digital

L1k, BT £, SRS AE LN DS L BN R B e, 1
| argel y i i@ infegrt Wlillﬂd]ﬁfpigﬁ il n¥he codgd gpeap ‘i’fﬁhe tag@ﬁ?mwﬂéaths PR Whiert ﬂh!saﬁedany
parti cul arexécu@®. movement, such as a stroke. The data allows the identity of the particular page and
associated interactive clement 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.

Ft is then able to interpret the stroke in the context of the type of the relevant element.
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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
net page printer 601 receives data relating to a stroke fromthe pen 101
when the pen is wused to interact with a netpage 1. The coded data 3 of the
tags 4 is read by the pen when it is used to execute a novenent, such as a
stroke. The data allows the identity of the particular page and associ ated
interactive el ement to be determ ned and an indication of the relative
positioning of the pen relative to the page to be obtained. The indicating

data is transnit taediidkoistah@oka mhett @k disthhte bl tiffe HeRSQ tMGRn dowhl RsitdaGndRS, t he
page I D 50 ugf t str ke in he net wor k_addr es

e 0 0 of. the net page, page
server 10 “Wwhirch PRaiE rﬁc’%{tlmrlllsare:bﬁﬂel EobPSEpoHal W@‘“ﬂ%z‘“f’ﬁﬁ Hhighs %@W?edf’i’at hen
transnits divktysitallpkaguites tivk tofagaivaet werccordingly dengprageke wigiored dba fallyre
identifi Edof'ari‘)e@d@ti ubil ﬁ%“ﬁ&pﬁ?’lﬁﬁak, ltobé%ﬁtel: Qﬁldlpe[téd%sfﬁl% 1Bk 1, Jn%% tﬂeap\élgst h €
address of the relevant page server in its cache. Each netpage consists of
a conpact ﬁ’ﬁg’eﬂ?'ayout mai ntai ned persistently by a netpage page server
(see bel ow). TheThagfe twakidé ofliffutdlEncht® iDLk Pagh UEBipESH: hiRGIRS and ot S and
pi eces of t i cal ore | sewhere on the net e _networ k. Wen the
page serve}rie(?&ré'eméJ|E %l/lgnslgch[ th(3-,1}415 eIrdocﬁ“eﬂ(iisfa‘r%rl er}tﬂ%émﬂ)’aenﬁ?oéaf a?’g%cfﬁ;%agg’gguﬂf'he page
descriptioh?7do tiberlinkshe stroke applies, and determi nes which el ement of
the page descri piyQfiiRe a%eﬁxﬁ%?seﬁdﬂ{g%lhﬁﬁgée?oamﬁﬁﬁ épﬁl:&%fﬁn@%ﬁ%lﬂrglﬁgg%er pret

el erent .

the stroke in the context of the type of the rel evant 34- SG
-21 A "cl Ryt snonsedn BeRetagssYE™ he di st ance and tinme between the pen down

posi tion and theA Bhbh&cHieRht §3€ Rdebifficd @S iapplodion 7 € whiok Ranlies sritdaanosmee smal |

maxi mum & [ .S, actiyated.. cl.ick typically requires a
click to Q‘g'p%%ki %/:lgntkﬁ,%%ﬁ%”%eg%g?%‘F%F@&%ﬁ?%"ﬁg‘?ﬁo”s# aémlq‘g}éflgfﬁgfw  The
failure oftkathpaysterct iitstide dgokeragricttioh aliggyD 68 in dhe, hypalinkegiiatiey aidsa

i ndi cat ed Qyeripti whik k vl WheSRORSE1idk iAot ddPasRENodte or apférs inltfddserFARLE, are two
ki nds of i t elements in_a netpage page_description: hyperlinks and form
fields. Inﬂggy‘{eﬁ%gewnbmﬁsodr‘wl #‘B‘%t‘ﬁﬁl P&b trigger the activation of an
associ at ed hyper Whak a Hypeflink islysoitvated, ndis pdehygprar tehdika irguat mean spphifatisiendi ng a

message taq o j L ORedNd b YRL S/ LSl hSsa,nq RELNLED Iesponse
in the nel?hlsg)%a‘gﬁ%?gt% e%%lﬁ&ﬁ%%é&pf ﬁ%ngfd%&r%ﬁl%@hﬁppﬁ Itenlfl f6|4’ea‘§ld & ptela“bagfrf cation

71 which Hiegded Bithepgriabipygia theddNS. Rlgperd thiaktypes of Hyperlink Deddral fperlinks

i dent i i esseberminspelidi 8ds, 4n@ stiQorAPPIrinkABI4OR shdid in Bikiré 0. WEFMA Bfertifid 20 Whi ch
asks the scggtme@ to incl ude ]}nkggl user's %ﬁ)pl.i (iat_i on alias ID 65 in the
P g RSO T SR TR K HETE R R Eron & e YR ber | i nk

hyper | i nk BetiPVaET 68 ™ Fh
i s recor deupalskaubingty the ¢crrespording iy ar the dpplichtive. AigRrtios hipeditlonubmits thEherrday per | i nk

el ement cl s‘@l%(§i01q lo%Mth%nﬁhfﬂWeﬁ sxﬁécgw c%nt?igs a sypéﬁgvogi S;%L\énggfr t(lx.k, @c% e&a?ulpﬁg tivated,

t he page server sends a request to an application where on
net wor k. TR PARFBHIRCRY O P S05leRAge Facpiedst Bynsthe dplsimsanmeoribintheggnied i t he
appl i cat i owhich it appears, or a translation into a different language. Fach 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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IDis resolved in the normal way via the DNS. There are three types of
hyperlinks: general hyperlinks 863, form hyperlinks 865, and sel ection
hyperlinks 864, as shown in Figure 30. A general hyperlink can inplenent a
request for a |linked 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 selectiongontains a single-word piece of text,
for exanple, the application nmay return a single-page docunent giving the

word's nmeasidiBelvlithitR db® i€ Qaba¥d A Ryperide® Brolf cAAPREBESt0 MHocifte H]ﬁlt ati On

|ntoad|ff er ent yper | e is characterize

i nf or mat i off |V§°r§“t!6 %#%‘%h s cﬁ?fgb plgfai“é‘!i?geo‘f‘?gdo v %dfﬁﬂ‘tﬁﬁ%erl i nk

i nst ance 88@bredarfds hgpetlinknsaotideamtinbdubhpuntvi ag hpplicaioh B cansipetoré beisdd@o t he page
i nstance oW .Chl G YRELhdn Mo alingt MG ANPERLR %&&9&%@&& s&’oq D can
identify user-specific data to the applicati exanpl e pi ng
cart" of péfdithg purchases maintained by a purcha5| ng applicati on on
behal f of 1.te useémmsThe systemincludes the pen's current selection 826 in
a selection hyperl activation S m i ncl udes the content of the
associ ated formi nfjg anceesﬁt?@eftﬁ’uﬁf‘fegf'eﬁﬂqéz’é PSRk OERYTG A 75195 St oS ¥ ugh i f

t he hyper | throkghhgsinted getpagasbriprim affedst aiserat subinld uhccor ste, paembtyrs torypapplisitize e t he
last form gubm S8dRualis dnRGdiided. The system includes an effective return
path in all hyperlink activations. perlinked group 866 is a group

el enent 838 whi cﬁfﬁa’sgﬁ?iﬁ a&é‘%‘BEJF‘a?né%?gh‘y %ilqc}“Fﬂ@Em‘a%fc yshetimatincomaigee vt 31. \When
i nput occ Ucﬁf$erﬁﬂﬂi] @elg hlelﬁéh}é 389. @l fdnﬁhsﬁlﬁ&%s tepredeit€a BHn@M Rstaitch efhah&aﬁ. ¥ Bkt 844
NPS034- SG 1.t t va erlin group
can be uset atsgt %3@%0 ate & W“ vm“ﬁth P qblgﬁoa{[/’e g‘?g i egq? P@ﬁhﬁ}%ﬁc}%‘?c%ég
checkbox. inttangsalps af Q%Och‘i@d wsleﬁ 871; whfea hpu Aptidy an thttshwe tofi the "conrsyrndingdidld a"

attribute 9dmedr. £RE RIDYAR T bAKin &&r@é@ﬂaﬂﬁul&%ﬁ&J]ﬂﬂxyﬁsténQ@pé a&&gme or
appl ication. It can therefore %e used upport a "blackboard”

i nt er act i JAOHHYES repages. TW‘E?«S”FHBWP@%&WW%M therefore shared as
soon as it OCCUEs&h fdminsRindeCians stﬁmsf 85’2 mhdﬁiﬂdiaﬁ& \&mﬂi&| theCfoin B RctRE, Hoednat ed
net page. mall o user to su mt o 8 & SASHRYET £ 8 Bn
appl i cati oﬁ@e“s éfft)%'?e@ﬁp"? Bgmited ?flﬂﬁﬁier?élwblalS%@rhY@rlmkW% brenr@igated; wiless gr oup

el ement 83t§e iyPertifk@adi@CUITRAUIR? REBHE BY A folm BbdrhedBi@ li¥en GRAERINSe®a wif  Of
t erm nal el d eI emen%s 839. Aformi %?nce 868 represents a printed
S

i nst ance gfmn T Fm °f fupliggis dpraynage cgpmandg A forgexpires, vhenithe dimg the demdaspesthi ch
corres pondacu@ ekdzeds fthedbuh sedpenifien flif:tiBd SVIghk telfenf io aative, Fam hinplit i€ bitbwed. tGzANCEe has

an associ %%&Lh\é%rﬁ%/hﬁlz % ’not\%}% & 1&%%}@ chlﬂ Q;Qgr&ﬂ@ ﬁélé’ Ps. o?‘ghe Jieﬁ¥aﬁt pa; e

corresponding field enent ue records i npu
parti cul ar§sPrenEen e e i stvrme dozep, ferm %“h‘P’é%F@HS disered Any piismet tprsvhrnneed
net pages. fhewHoihatoah 3ss adivagrfaﬁanhgsrejs&iéa\/\m iinBteddieGdik 8n f3rtn staﬁa%o& orm i nstance

has a status 87255‘1"’1? If(?rrt} ésg.géecig' EtS%OSCIa\tIf\:A& ?&Et r}S) with anyfform 1nsta%ces denvetf from Ito o

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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submtted, void or expired. Aformis active when first printed. A form
becones frozen once it is signed. A form becones submtted once one of its
subm ssi on hyperlinks has been activated, unless the hyperlink has its
"submt delta"” attribute set. A form becones void when the user invokes a
void form reset formor duplicate form page command. A form expires when
the time the formhas been active exceeds the formis specified lifetine.
Wiile the formis active, forminput ig_allowed. Input through a form
which is not active is instead captured in the background field 833 of the

rel evant p@giek, aicisl A0GRs, a WM GPzaE RE ) bkmadiSa aelibdGicRFs HKQ485 a tufldR340M SSi on

is allowe e submt a formwhen the formis not active or
frozen |sdl?"’eajsSé%“f‘{’itglEh gﬁé ?’aﬁ?t ead elicits an formstatus report. Each form

i nstance i s assodi attddld(las aib&ociatet hexava}uefsm,rmismhamﬁgae darAnyeﬁiglfﬁirlﬂ]m it,
thus pr Ovéagt\nlggmaat\éﬁrﬁ\?ﬂi’gQodg'lssatu%wncaﬂuoﬁveﬂédﬁg\{&t\@4 &9;&@ éal% Sittiony ©" S' o
rom ar Zh

of a formi articular tinme period e exc
input is cEptir %‘Hlségmga?dg}i’ fhﬁlﬁelidﬁR’al“"-DOQIFFé?nd}"’w?@gﬂi@sgné’@m?w@ﬂ@ﬂ%fstoad et of

ti mest anpefdr &'Euﬁlﬂkﬁ‘ app@i, Q]«L[DE( &Zéhan@@-ﬂhak@ﬁara\/\hﬂhﬁ Brae ONBE Sk & A Li Iﬁ}ﬁ&wr@iﬁ styl ed
st rokes 87§ nSl St et o tinme sitions

ed
876, each oqu |ch a]%soralnsﬁ%’loﬁsd(é% %‘F?élﬁta&‘{ MRSE teﬁ}n%“"?’ 3}r)°£b2 &%ﬁe di gi tal
i nk cl ass ﬁugafgﬂ%tbﬂscogbmwmnh@Wrem@ﬂmrat&db}rce«.’vss}re&mmnt 845 can be a

checkbox field 8&%ignfud £1d hab hﬁiséiclﬁzcﬁdlglél Oa@hfskﬁlatgsh%gm Fl?&r 27 Aﬁ} gnat ure

field 880. The field elenent class diagramis own 1 n Fi
digital i n¥eiEkigk epRgd np siggatere Seldfs gons 5&1%‘015%10% verified @ﬁb'ﬁspﬁfét%%dﬁfﬂp'éloﬁ A
checkbox fmebxdlehmheaﬁn ama)eﬂgm sighatae0lf @R Rodt@t bIehe3Bin oiaﬁnoﬁ lRvER1di i§lpai lgur e 35.

Any mar k NP§ g%‘ldhﬁgs ﬁ%l ned !ﬁ%l% S value rI‘ge % xta?mStar %kme gengia dequng thegj agsgg? gn e d to

captured if ds yane g g ruecv
t he fi el d' mivgigpignatureKey @Rﬂuﬁ#w the ebphasorwhi@@mha&)@d Oplgw pignaghrareriB@@on ims shown

in Figure R@-und¥Yood (s8d, fRkxalnPk, Pl&lﬁ)%ddr}eqnd & L%rettoexﬂut&ha%!: gg&ﬁ%ﬁbaﬁon
aut onat i caII converttjed to %ext via online dwitin ﬁ% recognition, and

the text 893 ot hdhg ?‘é‘r"d’féhev‘ﬁrugaﬁe‘aﬂei’%“?fh b2 tPAg 4&cByni ti on
is well- urrdaaxsstqmﬂml(esel&;emlﬁmpomeanp&ras refappert, C., C Y. Suen and T.

Wakahara, "The Skqiteﬁ e%tne&th‘) ﬁlfitp“b?ard; ﬁ&ﬁga{] A:h[lddelgﬂeltﬁel‘co nc{ Ld O[‘I I EEE

Transacti ons on Pattern Ana SI S an ence
August 1998Ve PN 8 jPaegh %ﬁ nohaceApeingve ﬁ@mnhawr@@fssp@mitf@@ viiye wmch is
cross-ref aﬁ@me&},me&naldgmaﬁddmfdmebddamsche&ialdas%ﬁ%h@t ed digital signature

val ue 883, as sh i.n Fl 7. An i.tal aptured in a signature
field s zone is gét%llﬁﬁac’f’inﬁ‘ f’)?“ gésrwfkfé’ﬁ"“g\'is C?tB‘§ f%aﬁﬂgeﬁe‘ﬁféﬂﬁdt“y of the
owner of tthmmipdk, and a digital signature of the content of the form of

which the field gRake htvriBGNel gﬁ.&& %gmmﬁ%gn%gmgolw%thuc@essdm%hva' ue.

The digital signature iIs generated usi en user's private signature
key speci fPRIES o ffis nep FiovEset: grbsatae noBimRs (e h‘é“hf e otbn ol fbitmep PRaerur e
veri fi cat imkings), it \tﬁhécogh&éﬁih&)hQﬁdetélﬁ-&ﬁtxenfcﬁhﬁac@%ml'eﬁmvegj HRRARR, wikowand G

Lorette, "Automati §|':[gnatueVgr|ft enn &imt%ldenglflgcslon- The
State of theé ”‘?e\p Pattern pllii"écognw?l or mﬁ‘% anghvTitingalg, aujoppatica
generated over time, however, and can be generated up-ﬁont if necessary,
Digitai ink, as already stated, consists of a sequence of strokes. Any stroke which starts in
a particular element’s zone is appended to that clement’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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contents of which are herein incorporated by cross-reference). A field
element is hidden if its "hidden" attribute is set. A hidden field el enent
does not have an input zone on a page and does not accept input. It can
have an associated field value which is included in the formdata when the
formcontaining the field is submtted. "Editing" commands, such as

stri ke-throughs indicating deletion, can also be recognized in form
fields. Because the handwriting recognjtion algorithmworks "online" (

Wi th access to the dynam cs of the pen novenent), rather than "offllne"

(i.e. W thTaneessumilaly diped iMbrabfdhsHithhetpdgal Ki Ngs), it can recogni ze

run-on di seretely-witten characters w Yy, W thout
awiter-d le Ohiseht | t r LHRS; nd phBRENPY Wt er - depend®ftio™model of handwiting
i's aut onat Hegmklink at edciener t1ne, OMﬁVﬁjhon@rﬁgpl%aﬂ’bnbe generj; ed
up-front iff necessgr as ready—stat €Ohststs

o gt i llr\, xS
sequence strokes P%Anv st$“§e whi ch s 5??§°ﬁﬁﬁfﬁp%ﬁF¥ﬁcu|ar elenent s
zone i s appended t (elehton el@igknt ' s di g| Baﬂrmatsdlecmtrrteamhcateady for
i nterpret A Kdg ppende s—digirtat—tink stream
is apgend dbrm'eldhe @ﬁgﬁ(‘?ﬁ)&)mm{\ (ﬁ?e:rlgll d' s sél tFE{é t?)n d:St ream Digital ink
captured ijn the baf®¥round [fanevdings i nt @P'ﬂ)ﬁeétd@da'éré‘t‘at%feﬁ@!ﬂnlt@%wg sture.
Circunscrijption of|one or nDre objects F@dgenerally |nterpreted S a
sel ection |of the cigeumserid obj-eetsi ough—t-he—actual—intdrpretati on
i s application- spe,lr?w"lg. Ta%?gal 5K S urmar [ §Ség§‘ 4'9?3'3@‘\95?‘90% pen i ntleracti ons
with a netjpage. NPS@BAuGG Qdnalmbl e 2 - [VSifytigitayinb igpeuresi geberatact i dns with a
net page Qo ect TypePen i nput/Acti on Hyper} bﬂ%Q@Qﬁﬂng%hp%§%$naiapct|on to
applicatiogn FornCl {ckSubmt] formto appllcatlon el ecti'on t
sel ection [to appligation Fcrn1f|eIdChecﬁB%?ﬁﬁ§’ﬁ%ﬁkA55|gn true to field
Text Handwr{NoérengCon pert di glmna:hmsmﬂpt;dm tLassngn cﬂg;tsnngno'rceﬁnt sadectivrel d
Dr awi ngDi girtat—nksst-gh—dirgtrtat—+nk—to—ft+etd—Vver+fy—digt-ta—nk——si gnat ur e;
generate SignatureSi gnaturedigital S|gnature of form assign digital
signature to fi ellbe MeeveGintsusmsrrinpieledion &ir gash pingThe adlectionlcotssts simply@fithe
sel ection Ahe reus bR @ﬁkuﬂédaih% BholGHuh e Alid SEk 8ALMA s Rhre £ 364 ag%ﬁctwyﬂ
sel ection con3|sts Si f the nost recent stroke captured int
background“FP%P%““TW%QE§¥5§?FBW'|s cleared after an inactivity

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

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

Figure 38 shows a flowchart of the process of handling pen input relative to a netpage. The
process consists of receiving (at 884) a stroke from the pen; identifying (at 885) the page instance 8§30
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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ti meout 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 human intervention at the
application level for forns which faijs_certain application-specific

consi stency checks. As an extension to this, the entire background area of

a form canzigatdels) ig iR teencass & wHeMdG h%eﬂinﬂ, apﬁh&nﬁ&@b@)%&&ﬂe&s%ﬂkett&]en
deci de, i Nk outside the epr|C|t

t
fiolds of PRABHBPRO 8 HHERCRE Lf Grh B el BEBFhtBHs gt wRe
assunpt i onsetettan 826vd thy srentipery adrsai@ained ty hategichatomaslerent s to the filled-in
fields outside oOfighBaseabbeh ducl gty %@%y@e@m LOUCRRLL gy PY OCESS

of handling pen |nput relative rocess consrt sts’ of
recei vi ng Vfe BBaccumplaied, digital ik ghy figid 1Sp@PFPfeieélé‘P?Pffi¥1§f Fne fvae ofgBGHeld ke page
i nst ance 8ﬁracesst(ﬁns‘M?,lcﬁilﬂetérﬁﬂmﬁqg@%)avh'é@erltﬁb fidneis Stch&i&%x "aﬁic @&f 87 wRided @Yi ng (at

886) the p scri |de a formaft el enent 839
whose zoneéj}%gl eTT6 %c I°H rksé% 'g‘&égnfah?gﬁ‘g a(Ugf veegy ‘b\?nggcl‘"né‘?l“ei he
formatted éﬂe@mﬂv d@mrﬁﬁﬁﬂ@ vihether tliel felddis e [t and afwd cbzfvem@ @ppents ng (at
892) the rggaived <ok ue-k@xtt@nh thd HRpQF &l &paiopﬁa&heg%fuat&t}@?&ek %&jafs\(&lxxg?at &ﬁ}

interpreting (at he accunul ated digit

deternlnlnﬁ Tﬁ?mg§@?WWH§FH€Fm@W€V?Whﬂﬁmﬁgdﬁéﬁ?mﬁﬁgéﬂHybﬁkﬂﬁﬁ%éﬁwb?ﬁup 866
and i f so ambtined@bil gl if @tve®Ping (at qwmaagacﬂaiseu shuReE bfitktkpen’abviney, B by el y
det erm ni et her. t he for cor onds a
nyper 1k Sl ABesthR RedBlich 0, BB £ 0450 BERY hera BT B8 B o e

hyper | i nk; corpP8034 foa6 al%BW@!ltheehemaﬁlﬂve%}sﬂatwn setr‘hrealaﬂbsegnbe pofovaer’simipat i el d
or hyper| lsrgﬁauuamera G thSborrBPMdin h 15&8@%&&%& Inb K805} e dibiBsighh@ict @l 1 nk of
t he backgr u€g elgh%BB 5ﬁ§3c0p%|§3 (at uﬁ %g'rece?J%E Sl%Haolge to the
current 11%8f 826 of the current pen, as nalntalned by the
registrat|bnsserPageSéWgnﬂmmﬁ%hﬂsshoms a detailed flomchart of step 893 in
the process shown j ere .t ceu Iat ita of a
field is interpr etde% J;}cvg[g{og'm 8 PRa ith 8 (ﬁlé %ﬁage Seweélétess
consi sts dP@H@%@$WWﬁPﬁ§n@&ﬁagg%WmVH@wWéﬁsthe field |s a checkbox and (at

897) whet her theAp@gegm@lmnﬁkdﬁm@mem&igf&nm@&d@nﬁefo&m'gnl ng
(at 898) g, Lrue v | ue to Qﬁ field val ue | ternatjve determ ning (at

899) whet her: T'RE PIEfog et &0 bset OFT ¥t Caﬂ’&a‘l%f”%é‘d%ﬁ?}‘“eﬁ’aﬁ? PPTEAt V1600) the
di gi tal i rniksetee ompuahd?13t exdt pageistatus tédrendné b i, ekdudlibees ddopticapdomahel ¥18gd Strati on
server, and assiic Qﬂ;ainabloQQJQgetJo e&QQM§Jo\%&§rgndﬁg?rB%J%}]1§%} Filresg Lhe f1eld

val ue; alternativel eterm ni n% is a signature
field and if so OéfP‘fiif%’i‘Pﬁ@W{‘a&fl" 3he GPIH"éPQ&ih@% fom injtange. %umlﬁée@ri@w@ of the
pen's ownebids uwxebﬂa@dmghexhrpmmnc& £ tRP PloARES A laQivE sxgiteﬁtcﬁﬁldf% coRhMBim

creating (.at 904 ture of .the con of the_ _correspondin
form aIQS(() \t;\nfeh““%hht%hﬂ al%es %Fserfv e re§°|p§t°?né1“1‘°'glﬁ q8F Fr NSty Tféhepeﬁ )

owner' s prdngiatlemnd sd ig nlatslmgeslia'_éyfrme tha biigigl toen tipicador Aespdnaicagmagpbilcat i on,
and assi g %Mﬂé@ndggﬁ)mmﬁncg laSH &1@1' pr&fu&@% Hhise ptrigted Eo@? olf theeilogn Mﬂnlc‘,leethh

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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1.7.3 Page Server Conmmands A page server command is a command which is
handl ed | ocally by the page server. It operates directly on form page and
docunent instances. A page server conmand 907 can be a void form command
908, a duplicate formcomand 909, a reset form conmand 910, a get form
status command 911, a duplicate page command 912, a reset page conmmand
913, a get page status conmand 914, a duplicate docunent comrand 915, a
reset document command 916, or a get dgcunment status conmand 917, as shown
in Figure 39, A void formcomuand voids the corresponding forminstance. A

duplicate &@lidaeCaBIBREhany & ARrkdd@ A0 EREARNGH Gork RN A NSLAREE cathad hEN
jnstance with field

produces an active.printed.copy of the current form

val ues pre%ervéd p‘l‘ﬁeéi w8yt glgn%’g?sﬁ%“dinﬁé’a%ea’r‘?ﬁanﬁ?ﬁ'&ﬁ |tenRecker s Seld i 8le | Ds as

t he ori gi dishrdedafthepeageicontdimdifgmionyparsdfalides, thamoim réshigagercogiand lis ifiterpaad

appl i cat i of., e B3 ELombRidTh GAPIRN D0 QdrSind Lllfa&m %rp’p-stémpo% Ane Dot fetance
and then produces an active printed copy of the forminstance wt field
val ues di stHFPREIng Ragreinstangs iclidiag o E@ﬁﬁ'ﬁﬁ& preadugesserigtedr onploe iteydrt on

t he st at uspridfedfdi®the GisloeSH WA iID@nhat hid pasbance, incl udi ng who published it,

when it was printed, for whgmit was rinted, and the fqormstatus of the
f orm i nst ance. S}:rﬁ%ﬁeetpﬁgeflo On‘%vqﬁn%ﬁgpreﬁs ﬁ’ke‘{%ﬂ’ﬁeg?ﬁ?és kel ﬁsis?%ateg “f‘%ér‘ilg%l‘é’l‘t? on | D,
t he appl i cesg¢ dmehias to be involved in producing a new forminstance. A

button requestinggy el Fn QKRR & BB Svith Ferli DRIEEHeRed, EURLHRL Lrggﬁxnaa'- ment ed

as a hyperlink. A duplicate page command produces a printed py of the
cor r espondPig Xy R &t ffedmatk; spprass g a 5 rgeriaak gephie, vad G spreas et ved. | f
the page copsaierisOsly frawindsand sighatfhed dppdaf in el Grigal hidg Rit HenatiPSRSApSiE - 26

dupl Icat & pAYG, SOMIBAG i Sa P ELREFLETuASedheip! | CBLE Torm command. A reset
page conma pr oduces"a prin &d co%‘y of e correspondi ng page instance
wi th the backgr odrigplichte Hepumet cranmapy] medupad @ drintpd cophef trargeespadipgaiagsmeant f or m or

is part Ofin@antOWMA bicR@Hml BRI ARE! prR3Y&. COMERBEmbS ALK RY e4hd masnd reset
formcomand, A get gga e sé] tus c?hmmnd_ @réoduces a printed report on the
status of PREEEHR f)‘g??ﬂ'f‘ %PE%&% P PSTSHR 8 sameriey g dyaepiadpa sommriddnesd it
when it was rgsetidndueelyt chromandipoituded a piged cppyi ditiecbprr@paldibd) Gocthdat faned wany f or s
L cont al Nacffouhd s Uiuc? isckia P 1R 30E R 40, 5 (ARLGAL T PURINA1C! PACE
is usually associated w th_ a duplicate page el enent. en a page | nstance
i s dupli catemeg esstsftheefoms g | heesgme was & Faye dormf qompmgnd doksy dsgeh decupert seted | n

their natisembsd piddues 8 prifedGHRE KABE kta@PRERY Brr@onding IRARAAS Hstabe Gkhfay K
gr aphi c, dr awi and si gnatures

and text appears as eset text. Only ngs
appear in ‘foé’fﬂg‘_SlgP ?}’gl 541 W?Sd’F‘PﬁeJ’%lﬁ? i”ﬁo”h“ g?sﬁﬁ’éf’fqa?“g ﬂﬁgf@?ﬁﬁfé’?ﬁ fars t59ptESst andar d
graphi c i ndi cat i Hipevamcess tamagd givatdeced Vairibiid is e, iten the fonthnpd éreateeordocunment
command producesie sl Emeegen%%yenpielewag iy &gﬁ@oiggbaggcoﬁl%&ﬁ Loombllat @NCe

wi t h background field val ues preserve cunment contal ns any forns,
t hen t he s 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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dupl i cate docunent conmmand duplicates the forns in the sane way a duplicate
form command does. A reset docunent comrand produces a printed copy of the
correspondi ng docunent instance with background field values discarded. If
t he docunent contains any forns, then the reset docunent command resets
the forns in the sane way a reset form conmand does. A get docunent status
command produces a printed report on the status of the correspondi ng
docunent instance, including who publjsshed it, when it was printed, for
whomit was printed, and the status of any forns it contains. If the page

server conp@fidésS copibf 88 keid Bna. Aad iRk 8f 4 Scusiocuntchtefc 38 ti@l@m?%xgorf?per ates
on the paggb&ggq%h&&edlbx th% en's. current selection rather than on the
page contal i hg T e *BSHRARAYY nolfPdveliFiPeRie® a nenu of page server commands to
be printed. |f tHbe idmiehslpage cdodamtidn is batiki dir@tlpbygde redeamy estpagopagand

el ement f Oferfeh %e@i@ﬁb@qﬁ{cﬁ&s REGBEISANMfikinS rbquontt&ﬁ&?@iaﬁm onmand i s

ignored. An application _can providé application-specitic handling by
enbeddi ng e r eMERHELPSIFEM server command el enent in a hyperhnked group.
The page server acd pryfarkedSmbdii@ncily Be hdtpaBKpra&b R b sh@ebunvd Litndd ey Makh | nked

gr oup rathq;sgh&ﬂdgx%gqéin Lhe page ?ﬁryer command. A page server conmand
el enent i sPRTAdancrf g sPeRe IR MM Gt e is set. A hidden conmand

el ement do®s not stdiewéprafer fanrationzone on a page and so cannot be activated
directly by a U§8Lsof bdnef @Rsunid@¥EVEr, be activated via a page server
command enbedded in a different page, if that page server command has its
"on sel ected" atPPiBHbdr B 1.8 STANDARD FEATURES OF NETPAGES In the
preferred form @amkentreiciagnhs printed with the netpage | ogo at the bottom
to indicate tha%_h%dhém@eggkﬂgggtand therefore has interactive properties.
The 1 ogo al so acts as & topy —buttoh. In nost cases pressing the |ogo
produces a copy a&he helpancpppyevidel nhicrhrchi@bg@ua pn ovBanse the ndymebyytttron  NPS034- SG
-27 produces a CoRYdoQmehtHhc@Alnlehinfiiksthe Bl hudfifs.Case of a secure
docunent, such as a ticket or coupon, the button elicits an explanatory
note or adverti sPiiER BN 2 999®eef aul t singl e- page copy function is handl ed
directly by the prial @st@ntoppetqfage page server. Special copy functions are
handl ed by, |'i nki ng, %pﬁanlls%é) Obéjnge'g]ton to an application. 1.9 USER HELP SYSTEM
In a preferred enbodi nent, 15e net page printer has a single button |abelled
"Hel p". Wen pr églsehentungtion dsipitiated by simgly @repring dhedfitton addohamiduihdng, any pagd udi ng:
status of @fihdoBlmcGOMREGRInlsR a dddubM IndRbitePHhI PuBEshGONHTBEL €5 whont AR €Vel

hel p menu n nenu  top-level netpage network directory The

ocyment functj | |
hel p menu %ﬁgﬁﬁﬂﬁgmimﬂ?é?% it wagsubseerdy s"BRitAY 2 {¥ use t he net page system

The netpage network directory allows the user to navigate the hierarchy of publications

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

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

2 PERSONALIZED PUBLICATION MODEL

In the following description, news is used as a canonical publication example to illustrate
personalization mechanisms in the netpage system. Although news is often used in the limited sense
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 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
docurent A docunent function is initiated by sinply pressing the button and
t hen touching any page of the docunent. The status of a docunent indicates
who published it and when, to whomit was delivered, and to whom and when
it was subsequently submtted as a form The netpage network directory
allows the user to navigate the hierarghy of publications and services on
the network. As an alter native, the user can call the netpage network "900"
nunber "yghl ow Eage;a mdom@aﬁoﬁo a human operator. The operator can

| ocate the desired and te it to the user s printer. Depending
on the docunent %fﬁ en 'hcén aBrt %”ﬁé?i"g%$“‘fvﬁé°‘ﬁ“§%rth°b‘3&% dqliges newpgpblicatiopss| | o

pages" ser aidghosé det deT’m nhed prep@g $hils nob\tublisstdoys am ay@échtab el ddited biethpr i nt er
i's unabl e L@@t Alws diQanisNirs 3 by rrars i gL nd .t he user can
request re%mte di avasnom S nggg@fgﬁte ngﬂte{/vgfk I%% Bﬁ%t?%éﬁtpﬁ%éﬁdcﬂ‘fm MODEL
In the fol 18wy Wesarblisttiosnypiridisorespond wdradisions] eepvspire erid nowisiapaziaes, on

exanpl e t wmehuﬁsts&ahaecm}aeﬁl&gmﬂd vadi@t h Gwmmlﬁ%ﬂﬁ nlexﬂs skRRe, 181RBDGSY St eM
gnse ewspaper and

Al t hough n use
newsnegazi %\Q@aﬁcéav“\fsm%r Pt emélé&“@%%)ér eﬁf@%ﬁ‘algont ext is wider. In
t he net page syst éhg nemage edhidatmi sadver(mppbmtﬂle atrbd;icatlheofaadmmeivsbwbgcaamtae nt of a

news publ gald @0 afrdgatltG of Qrﬂf[’tlplczr%@s USdaRg fvnflafn E'lt%é@?&%?&i Whencehﬁe

editorial cont ent 1s personalized accor explicitly
stat ed and®fing ef qepy steapt sy diptis pete feﬁi’f‘éfﬂllel sgverfhblegl Pb?etaﬁ‘éeil’tﬁgg ogont ent
is persona;hagéseelera:ﬁleloitﬁth@glsdlﬁsﬁofwncrnela»dﬁfoi s | ocal i ty and denogr aphi c.
NPS034- SG -28 2. 1, ED rqg? AL PERSONAL | ZATI bO\ée S CI‘I ber can draw on two
ki nds of news sources: those: tha ﬂe“fs?\‘} YHEVS %uﬁﬁ "CRYT SHEOMNEEYE hose
t hat del i visbligations and qreativam peigilided vansonsf Fﬁ@bﬂh@@ﬁlﬂ@léﬂ@lﬁ@h@ggﬁ egeddedd and

edited by i ol ihis R8Mele REWSpST flﬁ@%u@ﬁlﬁn@ﬂgf @&ﬁ&eﬁ&id SJBIC s ReiNEWS
?lzed news r egat or. l'1cations typically

blish b
ggrr:a:pg:lag{f%e“%lﬁnﬁﬁf ?“glff‘gtf’sqéféﬂgcﬁ%ﬂéffe n EVWB\'/%‘I‘P&@%’E%@‘S‘OWH"@“%\AB st reans

can be many and Varehabghublidation, ahw resdvSpdoadly séldscemaaalﬁa €3480n8 BbMé €EjonPapfadF t 00N

strip, a (]caﬁ)? %Jhﬁf’nﬁlfé %&I%eelﬁ %Re! A’éﬂ?ﬂ%f fZ{VZI‘l from ?He I\IIe tiLori{ Pog‘r(inhmeofor the

reader's own ONn server sup
publ i cat i offaple, agidec Bazs OpsP l]éﬁyb‘NP@a%lT Ofsmggipnal pEPyinieps, ‘Bh‘@lﬂﬁgg‘ﬁmjlat/msj’n of

nul tipl e nawhnSédyeanm spdy . Tandl dr BQiibRAeREE et H- 4% RBEARNE & dd i fault ,
formatti ng, Qf news streams selected directly by the reader, the server is

able to pl 488" adverti si ng on pages over which it otherw se has no
edi torial controlhe ifdde caudssead thbéily bawspags ba creaing yustoaws:papeachlye aelict i Nng one

or nore Ccofjt Hy%uibé}gofn&% 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.. 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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publications, and creating a personalized version of each. The resulting
daily editions are printed and bound together into a single newspaper. The
vari ous nenbers of a household typically express their different interests
and tastes by selecting different daily publications and then custom zi ng
them For each publication, the reader optionally selects specific
sections. Sone sections appear daily, while others appear weekly. The
daily sections available from The Nework Tinmes online, for exanple,

i nclude " Page One Plus", "National", "I nt ernational”, "Opinion" ',

" Busi ness" gach Aﬁs@ﬁéﬁl'a\ﬁkdﬁg 11fet1me -ﬁ?gmltﬁ@ e detfvdd to%@@éiév t subscPBersS Rt ngﬁ
avai l abl e s ctiqgns is specific to a publication, as is the default subset .

The r eader 8& s BARF T 1R e TRRie PSS SHUBY- creati ng cust om sections, each
one drawi ng on &amgctioosvider itof apprepratesthe eaﬂaﬁnay@mtmm&memlmnmum fg]{fa:hngbe

created f OtnLifis H’I@]% Apgl%aq) Inqclleg @Jgéh l%alv?zpﬂﬁﬂl @@"i%g %fet e. E&ch%&nl@ L)V'é%h (Blghﬁcs gc))g

noni tori ng news specl cto
each sect i PHaborfe ﬁ“é%&&éfr Pf@ﬁfl Wé%@mabuﬁcple & thej qad of ttmsar@ﬂez Bhe baftmiean prowde

qual i t at i vl edsy(cRoi@- (e.8 FEkeH"; and FBSHKEH, m@Uingl iORG TikeBTthal HERE WEIRbJiBer holratEihe @S A
limt on '%:E nunber of pages), and the desired proportion of adverti sing,
ei ther quali Tativel y (e.g. high, normal, low, none), or nunerically (i.e
as a percent age) ArtiFlge with itbr printites a0 tshootn Bfetinges exg theiseseffctpelefeadstined f or a
| ar ge nurrbggenmmmr %earois'a&c{a@édeﬁéered@qlﬁ 1@&&@@3&{? «Qf longer articles.
Each article is id witten (or edit short and long forns
to support this EP%HE@F%‘?P@%MH%W@ eﬁlaé‘Ff@ld’{?ﬁiy agfps Bithpieulftativele (p-2 é¢ oreldi’t ed) i n

di fferent sgkis Iﬂf),&)r InfnefBHIG . KiBeoada Rk 105 &kbt@ﬂhﬁ@%&imbh@mﬁﬁ@der for

exanpl e to, pLov ch| I n adul t ver i ons PL

version i s se ‘fe%clf a c}gir;1 %aortncl)ag”emorree]g‘ﬁléfh cogesl’@l"lqg‘g?eé'g eafﬁ ‘gpem fy a
"readi ng algdie r%ﬁqr@ hpeplék@spacmr acidftencereniigty fdthefman bbspedifzg |fq1diffeaqelays13he
articles whighimke up each section are selected and prioritized by the
editors, and NPSQ34-SG -29 each is_assigned a useful |lifetinme. By default
they are deliver & TYerAlY optioraly spreifiey iprics,of praticyler intgrey piithip p ssptiong pnddlis  subj ect
to space c:ﬂcnmcsaepﬁo&mtsrasstghﬁbsuiasmrotsbers editi ons In sections where it is
appropriate, the { enab oratl efllte
This is then appl sgto ar%[ in? |c Rave ?ftss t{}, ]T%scﬁg?etlrre
Each arti &ebvwa%%rqgépapwom@s Sﬁe@ﬁes a@@lfqreamfp%{wcwnafgwlor emaﬂﬁgmagss qyrbpthtl’éd with

rating bUtth@ﬂﬁlbétortsiB@oﬁﬁﬁgles b V8duBddl Gl Baged BBy BIMCIRRE aCBRerRLAY (€ 2 an easy
choi ce ( d" and "disliked ), making it nore |ikely that readers

will bot hegw?{)es?hé’togort“ﬁg‘greétF’t‘i"‘é’Préssmﬂrt| cles with high priorities and short
lifetimes are thatedlandewef, ﬁlec@devaaletyﬁasbmqldﬂheddatﬁsﬁemmﬂadonm@ﬁﬁim@y t he

editors ang..aLe ﬂgi ihobRELYed: guﬁéthe; @,tsm%peﬁaiboﬁ%enp ! iBca ghe%m%%g

optionally specifies a sere I pit actor, elt rvely eeg do or
don't  surfpipesandpdycal @Fe%medrwh?&mtyelowwwowr @fnﬁflﬁyuwlaﬁmewnoqamer s the
t hr eshol d TR @refoisncdd Bk alivaDdgithd B@er’s locality by default.

To reduce reading difficultics caused by poor eyesight, the reader optionally specifies a

For

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 configored 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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col |l aborative filtering. A high factor makes it nore likely that the
correspondi ng section wll be filled to the reader's specified capacity. A
different serendipity factor can be specified for different days of the
week. The reader also optionally specifies topics of particular interest
within a section, and this nodifies the priorities assigned by the
editors. The speed of the reader's Internet connection affects the quality
at which inmages can be delivered. The,reader optionally specifies a
preference for fewer inmages or smaller images or both. If the nunber or
size of mag,e&,ﬂogmmg reduced, then inmages may be delivered at | ower
quality (i.e. ower resolution or with greater corrpressan At a

gl obal "1 evel , th& ?Cé*éedé‘}"e%‘iﬁ%isf?hé%d ﬂ%\}&'eq‘?j‘éfﬁtf*f fiqegidy apfh fegaograpliicre bocaliy

nonet ary véskenaisesgureximityoagaitivast. sethitess rétaieB| e Sand @emmﬁzyhﬁtgestmﬁtl heficetdfli t S are
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product dvertl
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per - sect i d}qm%gppgs T’flcaquqe‘@mmﬁtsgggregatlon is efficient because 1t is automatlc 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 adveriisers 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 negofiations, including support for automated auctions of advertising space.
Automation is particularly desirable for the placement of advertisements which generate smail

amounts of income, such as small or highly localized advertisements.
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account the publication's geographic coverage, the section's readershinp,
the size of each reader's section edition, each reader's advertising
proportion, and each reader's denographic. In conparison with other nedia,

t he net page systemallows the advertising space to be defined in greater
detail, and allows smaller pieces of it to be sold separately. It therefore
allows it to be sold at closer to its true value. For exanple, the sane
advertising "slot" can be sold in varyyng proportions to several
advertisers, with individual readers' pages randomy receiving the
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net page adpuﬁl@::%t\[(ﬁr thefoQ¥ ﬁlﬁeﬁpgnﬂ:' Rk %verﬁa@%et@é&glﬁé&@&rsrcﬁgwsgﬁaexrs Qf?th@clmgé acement
on the rel vant neﬁqgﬁ%&ﬂmubl i catjon server. \We he net page publication

server | ay® Efﬁtfonélé?é % of gibpegibprsio |dtf@£fmﬁl‘iblf°f‘tlf’aft r”?flrf" pupljcatign dylikely g
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relies on an assortnment of user-speci profi T Sh "HRET udi ng:
publ i cat i onbligEnsHTFat i ons

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 nser’s
ZIP or ZIP-+4 Code.

Each user, pen, printer, application provider and application is assigned its own unique
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col | aborative filtering vectors contact details presentation preferences
The custom zation of a publication is typically publication-specific, and
so the custom zation information is maintained 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 nmaking recommendati ons. Although
there are benefits to maintaining a sijgle collaborative filtering vector
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aut hor i zedihd Rak$ Be@BYprineber of printers 802, and each printer may allow
any nunber of us?fis to use it. Fach ﬁé‘e%fg Si n def ault printer (at
66), to which peroHPEYSYS BB FLEEiB Pt %‘ef %‘P %59 Y SPHTITOS Ghi | st
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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 antomatically maintained by the system; and SET
payment card accounts §21 with which e-commerce payments can be made.
232 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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instead resolves the ID when it is required. Wien a user subscribes 808 to
a publication 807, the publisher 806 (i.e. application provider 803) is
authorized to print to a specified printer or the user's default printer.
This authorization can be revoked at any tinme by the user. Each user may
have several pens 801, but a pen is specific to a single user. If a user
is authorized to use a particular printer, then that printer recognizes
any of the user's pens. The pen ID is i4sed to locate the correspondi ng user
profile maintained by a particular netpage registration server, via the
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User can: ngi FoSEAeop B Hegs i B¢ guheiipbaecnds thaspsct Binys &F o-ssptlhont o
etc. on tmdh@e@page netmnrk The list is maintained by the systemon the

user's behalf. Hrhe' gdltgﬁag@mta@gae@éd ?orﬂty&e,a;neﬁxmgtexmh%&aat%ﬁaage@aJefe”red
enbodi ment of which is shown in the class diagramin Figure 41. NPS034- SG

-33 2.3.3 fpraict fsyhep faidoutipgeordineds wRpugrsHIeUnTHES 3 hi story |ist 929 on each
user's behal f, cmmﬂémmMpﬂgmknmﬁﬂmgﬂmsdaﬁuﬂamﬁ§mﬂumamﬁﬁﬁ@&ﬁ&dmﬁyuhﬁa user
:)?re]?grg?eéhg rTBbee %’a%g ?heq out has (!ogveo reg ?onallt%m}gﬁtg l%gra G ose y dacl(l)levga;%euge ) %_t%tt ur ea 42
2.4 |NTELEP@E%Wﬂﬂm@EﬂLﬂ?@Uﬁmmh@mm@ﬁpagempdwwﬁ@abfmﬁdsépweﬁmauwgnmmlcalIy

| ays out t@@wﬁggﬁgkgﬁmg@p u&ﬁﬁ&ﬁ_ personal i zed publication on a
section-by-sectiQn basi |nce nost advertisenents are in the form of
pre- fornat%id re PQHEFEE RMMey are placed on the page before the editori al

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

on the netpage network.

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

A text object contains fully-formatted text represented in the Extensible Markup Language
(XML) using the Exlensible 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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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
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Textfl owTextflow I D Zone Optional text object |DXM.I XSL HyperlinkType-
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t he mul ti camivalet QIS drirbse 3] @otg datepee pecongd dwitticd is similat tb she piabyst dkgeyiodit S. The

page servegs SdaSl LR L Yval GRLMSatAEkeCcei ved page | ayouts and shared
NPS034- SG a3§plc%%ntaent %ﬁge a rlglnt erorhas received all the objects to which

its page | ayout s Er@fager abfl?i@alpﬂrf‘i‘ﬂs'é?ceﬁs wich gepvden Bapripiiepsrt of e liisdikdyl | ayout

and then rasti@risdegl Gndle @ feplérshitile. papdn hgply BAsERE phitdr§ YOBH 8BRSl stof@e Pr i Nt er
prints paggs fast han they can be delivered. Assuning a quarter of each

p
page i s covered w fmﬁ;&l mages, the average page has a size of |ess than
400KB. The pri nt Bewevaniftteariattoy iatehd Ingmpry dessdélssg, thdn tiQ@insuell bpagekté n its

internal 64MBufEHR iMiticast when it first ocours. The netpage publication server therefore allows printers

to submit requests for re-multicasts. When a critical number of requests is received or a timeout
occurs, the server re-mmlticasts the corresponding shared objects.

Once a document is printed, a printer can produce an exact duplicate at any time by
retrieving its page layouts and contents from the relevant page server.
27 On-DEMAND DOCUMENTS

‘When a netpage document is requested on demand, it can be personalized and delivered in
much the same way as a periodical. However, since there is no shared content, delivery is made
directly to the requesting printer without the use of multicast.

‘When a non-netpage document is requested on demand, it is not personalized, and it is
delivered via a designated netpage formatting server which reformats it as a netpage document. A
netpage formatting server is a special instance of a netpage publication server. The netpage formatting
server has knowledge of various Internet document formats, including Adobe’s Portable Document
Format (PDF), and Hypertext Markup Language (HTML). In the case of HI'ML, 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.
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allowing for tenporary buffers etc. The printer prints at a rate of one
page per second. This is equivalent to 400KB or about 3Miit of page data
per second, which is simlar to the highest expected rate of page data
delivery over a broadband network. Even under abnormal circunstances, such
as when the printer runs out of paper, it is likely that the user will be
able to replenish the paper supply before the printer's 100-page internal
storage capacity is exhausted. Howeveg, if the printer's internal nenory
does fill up, then the printer will be unable to make use of a multicast
when it figst ocebtwuryThe net page publication server therefore allows
printers {gg) subgl " ellghpests for re-nmulticasts. Wien a critical nunber of
requests iS5 recel TEJO8P Y ti meout  occurs, the server re-nulticasts the
correspondi ng shé&rvedgreihy Gabal.to oem seasithe duindiion,ibsth bt stardge chd idtrapsid, Mdes can

produce an, @xacte SRl lGahiadibn 0. bl Loyl I .J.ayouts and
contents f?uomtwue re%é’van apalgl;e s%%r\é/gr%cggse%&%%ﬁl%%ﬁ%é %en a

net page dofttinErRioeraghyr arguetietEyorrrivaTRid, Thet nepage b@wﬁsbr@@nbﬂth zlagpesa i

del i ver ed driptoghpigh the sane vvay as a periodical. However, since there is no

shared content, eI i ctl o the requestin rinter
wi t hout the use 8 e Eiyt %’Btﬁg?phy\ﬂﬁeﬁege‘ﬁ%ﬁs %@Plﬁ‘ﬂ gypd%%ag ?“g ag‘% &ted on
demand, i tenprspirod dpepsomadsieetiyo pandts wishing to dreﬁangbenm}lgesmmstaﬁrdezﬂmgam ed

net page f oLOBddlngt e V&le i)l ch reformats it as a netpage docunent. A
net page formatti g‘g)éserver IS a special instance of a netpage publication

server. The net pRFctgr FEReTHEY: dwr Flrrehde RnBimadse CoPOLRY.0Bes ¥R er net
docunent f@tm@ios keyb. Mbé tid kag aAd&hﬁm&mB@rrElakﬂ i sioR G WAL Mkt anfOEsEMRE ercfEE . and

Hypertext Marku eLan %g%gpt%as Otﬂmekey%:le Pé‘%%h?“(ﬁé‘}%“ﬁ‘%’g%mﬂﬁ use of

the higherr “resol ut |on page
mul ti - col uhsotfensikent PﬂwetTheaulthaMYé% uscﬂ‘to e@n’ptatm messdge intpadvd & the heltdr ofthd y

i ncl ude aldivMéRkeypage 5110%1’%@ fg)fhel p'uﬁﬂéq{gy b 916;3&% ¢ QHH'% E&%Q@%g aE RS er - can

tune this behavior via a erence. The netpage formatting server nakes
standard r&Y zbsetWBBﬂ%fi? |°?5’rse°“feHce|xE}’6’i‘gﬁ§‘ef’s?ﬂe%?”§t9t‘t t pgying é"er"‘ﬁ’é%‘@F%’f%FFé’e

avai | abl e Torengumythdt e @rivet keg BGecn®@ Nt is noralnfed thectioldahd tiheipti€ateiel @ ganefitthd Or mat .
I't hides ﬂé a’\i'\d edge of different docunent formats from both the netpage
printer an net page page server, and hides know edge of the netpage
system from Wb Beblic ks sypnp g3 n deysedg cRatsdiLiRl sieamia, The TR PIOGRARIY

Cr ypt 0gr aphy cdnSredS @ndvi HhQI & GlessHR A% &envegcryﬂah@rhsmtus@khe BetB dnasler age and
intransit, ndt ‘ﬁthentlcbgtelgr)gartl s.to a.t @nqu%tlon There are two
cl asses of™® “p‘f“‘%%fl?b §/SOF P RSB 0% slenatiy b the oftheppralsdrapty and
publ i c- keyrespecy piimgraajphiyr meiage hydbqnage thedowgpidd hadasindybd fuble] kagsa Seriifing

Crypt ogr anfiynash against the message. If the signature is appended to the message, then the recipient of the

message can verify both that the message is genuine and that it has not been altered in transit.

To make public-key cryptography work, there has to be a way to distribute public keys
which prevents impersonation. This is normatly done using certificates and certificate authorities. A
certificate authority is a trusted third party which authenticates the connection between a public key
and someone’s identity. The certificate authority verifies the person’s identity by examining identity
documents, and then creates and signs a digital certificate containing the person’s identity details and
public key. Anyone who trusts the certificate authority can use the public key in the certificate with a
high degree of certainty that it is genuine. They just have to verify that the certificate has indeed been
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 securcly exchange secret session keys. Secret-key cryptograph)} is used for all other
purposes.

In the following discussion, when reference is made to the secure transmission of
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Secret-key cryptography, also referred to as symretric cryptography, uses
the sanme key to encrypt and decrypt a nessage. Two parties wishing to
exchange nmessages nust first arrange to securely exchange the secret key.
Publ i c-key cryptography, also referred to as asymmetric cryptography, uses
two encryption keys. The two keys are mathematically related in such a way
t hat any nessage encrypted wusing one key can only be decrypted using the
ot her key. One of these keys is then pyblished, while the other is kept
private. The public key is used to encrypt any nessage intended for the

hol der of infafinatip bewtiSa kMo SANGLan AGEVER vk adﬁmgmgp&@ iR e GrikEobtafls MESSage

can only be decr, d using.the WO parties can securely
exchange n@%%eévﬁr yd%\r/ﬁ%f%eoﬁ‘ime jopiat ‘%&\fﬁ%@m’ﬁf Lg‘{cc?ﬁ‘gﬁ"ée °%d‘?eéfhe RERJC ke¥To ensur e
t hat the perchaagecek aythe srifiegoexchatge iaSeono sawdn Hep with e sérak,ded thed usedide pri vat e
key to gengpateshig Kﬁ%r)ﬂt% m&SWOL b KEYssh YL O create
a digital sggﬁéshréwt I'der g The 5?§va Qgiggﬁ%dﬁﬂg?gg%gﬁggk own hash
of a nessa WREMS hen encrypt the hash using the prlvate key. Anyone can
t hen verifyzthatNthaﬁenmnuﬁﬁeduhﬂsh constitutes the "signature" of the

hol der of the pr ect to t artjcul ar ssag

ecrypting the encry e has

d e R EPG P i HrPROTER 8 Y RS e YL BB gk po hash
agai nst th@engsba@@thHMMWymﬂgma@umehnQwa@meﬂdadmmasﬁhedﬂﬂmsagﬁﬁmthen t he
reci pi ent 1@*aztlbsubhmsagsexm&mymefp\tm@%% Riph etda@,oge asgc%nd i gelyi ne and
that it has not been altered in transit. To rmake pu -key cryptography
wor k,  t her @4 fagedpgentle raintiriy ipigesiiesydor Bapepkibl i ¢ keys which prevents

i mper sonat i on Thihsn h8 pid: FBdnkds © GREncipSde HEweRIThd thd Gl iR% ARGnEBhdohfit cat e

authorities tificat ut atr t hird bart
authentlcd?%ws?ﬁ%m FRas Fgﬁﬁ%%gmé%%%%m%ueSﬁmyﬁimgﬂﬁﬁﬂmggﬁﬁ%ﬁéwg”haent|ty
The certif Iiet}’ageeegeﬁmﬂm peiryey TheseivEn compards ¢he pares Bhdgsinst the priisitdr'y sdoset Bxenvidad ng

identity o umgesanda&fépt; 6 RogRhRiBk BeANE mBhiD W@ fUaQ §:lsighef Lhldofat e
cont ai ni ng the. gerson identity details and public key. Anyone who trusts

the certi fiBAPE2 5t WO pulignDy e poRle Femifreckwednd Horeh® ceifisar Babe with a
hi gh degr eegiohtigenttasenty that it i s genuine. They just have to verify that
the certificate t he t ate . uthorl , Wwhose
pUbl 1 key | o vl TEERBRIEHBE Sy LNEH il S o BB B AR L
crypt ogr apglyFess Bficst la@@@tlwﬂe\newevmfgpm idettignat ur es and t o secur ely

exchange secret 9@&bi MRr 8¥8bes REL hidlicaki G a Gdo¥RLOGERRRY thh Setph3® ehitiof! | Ot her

purposes. In 1 e follownn reference | s made to the secure
t ransni ssi§Nd m%?a$ﬁ?o?ﬁﬁFtﬁ?“ﬁ@?%@@ﬂ“E‘W%Fﬁ%@@‘%??%?%ﬁ and a
server, Wrmtafaé pluradrl Everhdppam sdnsto talpeittertvinen opd satveris aldteaibd1s 2 pii@is eever ' s
certif} caliu shlenii 6al8s: b i bBihE!CEERASE e LICHERLE LLICALEA hori LY.

uses the pub - exc In the cert ange a secret
sessi on kejF W‘Etﬁ‘“?"rf@ta%"é?’ Vst the a%shmé Autkpsiee tp deliverdhscpublicatioada the gperifisd t o
encrypt t hBerMBRSHEE sihdt Rorifis HE Sighatite K@, thdYubGBErshublicORsy, SN AR BN

arbitraril [Xxbhsﬁerll’g Ee;[ fjlca set;[)rlec{rlg the registration database.

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

Each netpage pen is assigned a unique identifier at time of manufacture which is stored in
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
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3.2 NETPAGE PRI NTER SECURI TY Each netpage printer is assigned a pair of
unique identifiers at time of manufacture which are stored in read-only
menory 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

regi stered on the network. When the printer connects to the netpage network
for the first time after installation,sgit creates a signature
public/private key pair. It transmts the secret ID and the public key

securely t@pfoisueuesaselbmegemgleghsisha*e;iteﬁhn&ewﬁﬁedelhe server conpares the
secret | D against, the nter's secret 11(1e cord in its database, and

accepts the regi$ rafmr S'Fsl’smfl K & ?rﬂewnéeﬁ“ TS ’ﬁadé’?’ R 0. apte Righs a
certifi catsoresgonsian kiyrfyr dvive pqurii Imbey, ingexpdityt peg ID. Bosirtdvepulbxige but Shignatags e key,

and st or es. bRy fektdoh k&t il tdrf2E; selsfl kSh Qiesﬁg&c&ﬁ@ep §is ﬁIJ;l&sa@ft page

registration server acts as a certificate authorit net page printers,
since it has ac®®§%2pe comes Bt fes PhbpT th e RPhRfinier d‘ﬁcévevé’h‘i@‘lf@ythe!rl nt er

identity. MBQEacaom&elfﬂeymGuob&schtdaleeuﬁumk prédd b@ming WHEB& s dudposddeat ed in
ubli sher to

t he netpa istratio t abase authorizin

print thegkﬁlﬁ%%%@a? :’I%n (ﬂ)t bte’h%r eﬁ%mé’ fe gec?fé? ﬁ?in%‘ﬁl?lfgﬁfoé‘rus%P”L s f%b*g{?fif

printer. Biepyatddé taprittersemtant © laowp rhe perebut voan'a thea g énides \aerauuomataqbdr essed to
a parti cul @bistd8@procafil. H&eﬁﬁﬂe%qtmxanmﬁmm e RN nqgfbéaqﬁatﬁ@ AuPlisher’ s

private si, %tgre ke The page server verifies, via gi stration
dat abase, T 178 i ebRreg cug At WhiFh st Wﬁatﬁé}elﬁiﬁéFa“Pﬁ@“ﬁ%?l cation to

t he specified ukeﬂdm&helmgle: IBEhd/Rh coh@ink b @St Keh&(cﬁdn@’l@j} IhEkeltSich@ed he

publ i sher’ ull i bta nedfromthe I|s er cer |f| te stored
in the regll%élt%r %%Ql 1%‘ﬁ %Xét abase s he' e Onasere’crrdgaélps ion 56 é‘ et s

request s tresigi@dPnpthi peoj trﬁgsnafmthmnl IEatP ithg ppeinterpand ke pmjat Edosgits thesp@n rghas t hose

request s afcBadetbdidirddoR derVdrartd shR gbRBles b 84:a6h 19 MK lmntemre n e, Nl PAGE PEN
SECURI TY Each netglingejgpen i S assugjged a unique identifier At tine of

manuf act ur & Eh PEPECT 1 RGREET §ilsy “?Fé‘ﬁ’f?ra}?"?yrf’ e espimke R yPiEe t he
net page r egihgberpat’s lom-esbingekeydett athas Gtored e sepsin kéyDnterhallyihdgidalby the pdﬂnl ifies

the pen o rhnIl Qﬁlsﬂﬁt &yﬂ?e%tsgﬁ&kkey'tbé tHee}BeE %\%})&%Ql‘&g &l é'sﬁ&qipy m%rnnﬁly, ﬂgexecp

netpage printers, and a printer”can
conmuni cat¥dbepriety 1B, printer via a radio frequency signal V\,henever it is

within range of Atﬂﬂ&ghﬂffhkla&)&fcanﬁﬂé}%n&e PR iPEpeR kdeRikAibn @bi6eol, 64} SlAh&d, they
regul arly exghan%lcefssesm on km%é%dbg enever the pen transmts digital ink to
i R

the print &2 SFRR G SHFPHEY AR ‘encrypted using the NPS034-SG -38
appropriate sessW@w dqagrioudly girdzalerell péa is Srstregisstred] it oSkmitet! e until idihinked ear . A

pen st or es, 3 uSESSicARekNy LAk wﬁéﬁeE% lpgmmlfa&ed b bl BRYR, rec{g&g%%ﬁi &%{fgﬁé' nt er

and a printer stores a session every pen It knows d by pen
| D. Both H&Va@rdpep pigfeatipn forms; tﬁf"'ﬁ'é“"‘ﬁ”ﬁ‘f" igeto whighhie pepwper @ﬁﬂf@@@@ﬁllbhﬂkkcbyrs and
wi | | forgebadd asespdn@iankeiptingtsed | east -recentl y-used basis if necessary.

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

The netpage systemn 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 anthorized. 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
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When a pen cones within range of a printer, the pen and printer discover
whet her 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 nmeant to know the pen but doesn't, then it
initiates the automatic pen registration procedure. If the printer isn't
meant to know the pen, then it agrees i th the pen to ignore it until the
pen is placed in a charging cup, at which tine it initiates the
registratiﬂnmgn@gedgagmaln addition to its public | D, the pen contains a
secret key-excha e key-exchan so recorded in the

net page regi stra'?lg% e%tésr m@&%ggaék ﬂ?élo bﬁ%‘ﬁﬁ??&‘f‘%ﬁ%" niypheisig
reglstratlmﬁhﬂmm@mp®WMtMun§mpgsmwﬁmﬁmemnmnnmmmthe printer, and the printer
transmts the peRoDod oldiBeulil BARE ob EGHS uggtfheoan@ﬁ e ccgfp?neaq%ver
generates a session key f he printer secur el
transmts t95&b §5e‘§§?°8‘?11 1k9é3‘?°‘teoThESWéteft5‘F F"r?f’léffng n?t?ag%ﬁloé Betltaﬂ%ﬁ@fﬁpﬂ’%tocaplerepy of t he

sessi on key encr ggisdiocuthchthark B@lcﬂ@&e&d{eﬁ)ﬁs Qa&c&a:%ﬁmb’r@eyu-aniﬂ%np fhét@h stores

t he sessio |nternaII i ndexe and transmts the
encrypt ed {sﬁeel;fg]i)éourlfﬂ'i?e R 1%)Set holoRepP ‘%ﬂg' @@8418’ on; the, user egistgred piometric

i nternall ymfonmtietx‘@dltheblytptglqeegptratlnuewelt isdes&hitehmﬁghloaﬂ ake pen can i npersonate
a pen in the pen\ﬁfh@lg%ésteﬁt@ti ‘Laqlhrh R4,0 leﬁ,gge,doaﬂlleae e felfibnt Qmenf,@,%pauq%&&c t the

session key transmt printer. \When a previously unreglstered pen
is first rBgreelipgils siys ip be gpal g ths gnigiedD ph e peoug doquaert jsrikyyelid for e user . A
regi ster edth-):lﬂie of utit-dowmeal, anﬁ@ébuﬂeﬁo@ﬁﬂaﬁ( 184 iremdatddemhlamu@ﬁﬁhyt 0 pfee&uﬁsi and

fill in ne user a relstratl to re wuser to
| i I'chtgignb %}1 f«pr ers. AS gvenﬁ(():atw{l Ben Cghbe dg\ﬁeg ({)uélﬁ;

whi ch the new pe aut onati cal
exi sting u@éfledbam verefigatign él&iursétqumoﬂk@ypmmﬁerpsemﬁandcppulbfbnt erik@yorencr ypt i on

because of har dW@Ieﬁ‘rly Rtk Qe VRRERC QRS R cfgotbé}%p?uﬁeos?&&elg%r(gypdoc R such
liv S u u

DOCUMENTS The stems orts the

as ticket ssmélsl’ﬁdﬂ1 15 r?é")‘/”d‘rﬁé‘g?fg{)“g‘aﬁ’ét“ﬂfr forfeas! fraay- d?i’@%c deoymegs Yerifisatigng pr i nt
wat er mar k sparttoulbrlywising a mﬁgan(ﬂQt:ﬁ,(prcﬂiﬂesl’aﬁthE&Ievel bfseitp widré B R@sFed\bid isatile

sui tably ayt bkt Zed e I lisher indicates its authority to print
maternarks ?hepﬁs %gfp@??%gte which the printer is able to authenticate.
The mater%ﬁrk" NPN-REPURIATIINOCess uses an al ternative dither matrix in

SpeCl fied "watemmd ertpageesgété?rn%rﬁg subRRePBO08 PROEers ﬁégé‘ilvérgi 1@1@&%1? 1D RAEShakAGE @1 N
mrror-i ma{gg vvaterrra K reg(i/ons whi ch coi ncide when printed. The dither

matri ces u® 6wﬂﬁmgﬁﬂyéﬁﬁl Eh" Fagee® fter et m?%ﬁﬂﬂﬁ§“§?§““ﬁ@§@@ﬁed to
produce ancpudipedéloergnce ef f ect when the regions are viewed together

achi eved by | ookgng,m, Fen® Ghads Thord d el 4 effect is
simlar to a vvatermar%ED T1n i %frs@%gy{ég%?tésnihgaf%gv\ﬁeﬁ g‘(l')cmn ng a? elonI y one
side of ﬂW@“ﬂQ@@“ ﬁ%@q%“¥%§w’mhen the page is copied by normal neans.

ELECTRONIC COMMERCE MODEL

4.1 SECURE ELECTRONIC TRANSACTION (SET)

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

In SET, cardholders and merchants register with a certificate authority and are issued with
certificates containing their public signature keys. The certificate anthority verifies a cardholder’s
registration details with the card issucr 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.
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Pages of secure docunents cannot be copied using the built-in netpage copy
mechani sm described in Section 1.9 above. This extends to copyi ng net pages
on net page- awar c phot ocopi ers. Secure docunents are typically generated as
part of c-coninerce transactions. They can therefore include the user's
phot ograph whi ch was captured when the user registered bionetric
information with the netpage registration server, as described in Section
2. Wen 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 doCURBNhasindt I Weln dBhtbdClvifidy, pdriloecdubel cﬁx‘dﬁcfﬁ%r Rlind e gﬂ&ﬁs’%ﬁ‘t and

secure docu || ocat ed non-contiguously to prevent t

predicti onceﬁtillc%?jspgrctc’ﬂ%%ée?lbé“df’??f"a%r@tm% St ?é"’htfﬂc‘ﬂ%ﬂ? cirdhoides keye i pen can
be devel opedtifisautston bsrrtet and give he@etihalddt a@tss vie b pdsivead Ha@dind @it dofn@sucdess. SUPPOTr t
easy pointz9f - pr ggeph@hdyeg docunent verification. Cearly neither the

wat ermark . nor the user's photograph are secure in a cryptographic sense.
They sinply provi#ée acrepgpitn ta ptragbeseisielion seryer@als efcd Préxg g dlreynetp@a uiene

docurent veéltﬁdc&aﬁdlc@ﬂmsﬂ?%ﬁﬁeﬁwaﬁ{a&ﬁényy ng a verification pen, provides an
added | evel of s§,ur| where it is needed, but is still not entirely

i mune to for ger il 85 PV ENS BRSSP exfapficate ths v padayborizg SERPR™PY
submi tt ed Bsraussibe systan & pekebased othettomegicivaddlisthd weerfson-tid: shyasudt, essisting aftingr €

per si st ent |y arehiach mp;as%wg@ﬁggg&ﬁb&ﬁ&x@m alsd e ugeﬁ b%&;e% Bh Selmpssi bl e

for recipients to repudi ate )Ii_ E- conmerce rough the
system asseasewﬁﬂaféﬁnuahhos@at P Bighen costy h“al?escébloin?m‘b‘@sfi @IIYeaffﬁmthft tptesafee to

r epudi at e. thébibzhdnc]iROME @ﬂﬁmcm%ﬂ SECURE ELECTRONI C TRANSACTI ON

(SET) The net pag skem yses Sec Hre Electronic T ansa tion (SET)
system as one of %hfi e Ste% ment abetgtm@%ts Toppeniy P Ffﬁ“tﬁr g ?PB‘B&%‘
Mast er Car dtheprtbagd Isastrail%l Swigamszeébnammdrqﬂaymmnem,a“ommp@r@anm wBeré s

reflected idobRbiid 6 e AR dHQURY Bhe asfﬂx&ner%fld&ﬁ@ lss%ﬁﬁ&lmrﬁesmén%%lq?“dem of

the type of accounts being used. In SET, cardhol ders and merchants
regi ster wiPHeGdaiord %%?%Stﬁﬂ‘inﬁjé‘iﬂ‘i’aﬁ% Tk tothegisqr s sxqerd The Pes's hetogrmtiiz at es
cont ai ni ngaldohepiibnaby bdpiuged Sin riakedrie deeyesord. THe SBAT dardhbla treyistbitod Qrdckyy iy eri fies

a cardhol d(%;.]lp]%ted r5¢ ngf_]{sﬁl;lﬁg? ;grwqe 31a I ltu%e i@éy%ng(il %@rﬁﬁcatgra% slho%:[ hl% I;:hgadéial? ?ep Fgep riate,

and verifies a nerc I st I on i
appr opr i at#er Smﬁ@lcﬁér%ﬁ@mpﬂnﬁr@haﬁtﬂf@ siviog ghet hedriage regisiption koresr pndupiat e

si gnat ur e infsRhSore 6 his@haisd plolEih hnyCPMPMWHRASransl2ib4. N t he payment process,
these certificat ena%e used to nutuall é’t" aut henti cate a nerchant and

car dhol der, and t HShTPUR{e SRS Slometnt oy EPIFE § REEe gt @wERle PNPS034- SG
-40 SET hasigningh nyteize rée foradbpiriacs whdkdy tyansiiia ifeloyehie®aniteh, Gapaiii |aﬁiﬂfxe

T 8 eNANGRRCEN S A LI RP 118 LRI AR LR TRHESSIP R J S O T M
sol utions Ich mal ntain car
user identified by the pen ID, and from then on acts as the user’s proxy in completing the SET

payment transaction.
4.3 MICRO-PAYMENTS

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

When the user registers for e-commerce, a network account is established which
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.
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certificates on a server and give the cardhol der access via a password have
nmet with some success. 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 paynent transactions. The net page system uses bionetrics
to authenticate the -user and authorize SET paynents. Because the system
is pen-based, the bionetric used is the user's on-line signature,
consisting of time- varying pen positjQn and pressure. A fingerprint

bi onetric can al so be used by designing a fingerprint sensor into the pen,
al t hough as.4a hi ghaNsacosis. The type of bionmetric used only affects the

capture of the '%Ergetri C rt10t t he .aut hohfé%atllon agrpects of the s%jstem The
first step to beify abFePE AIeRssETe FirHarAPRlicpion copitexp fhe aprlipatiphis ablg or * s
bi onet ri c; towinbdd a usérepaailit pagetiondi Stin the pagn Ssleseqoen inpilthrsugh Shedageds fagped
control | ed,@Wi &RAMERAD, hfhe HHATRLSs ADRN { ' | & gan be
captured at the sane time aes%{f’he l?s%rprg%i Bgﬁoﬁg@gﬁt%ﬂa\?g?%%gﬁﬁ&lﬁfﬁ%i onetric
is captur® ¥ stored in the registration database, linked to the user's
r ﬁcor d. Trd1e u?] er gﬂlelpﬁpﬁtggd‘ufkgﬁkoﬁgﬁ a RESHhidE b Nadrkpbcid Pbwdvad t}@:aﬁblikagi&@ddt Oh
the record, The .SET cardhalder regjsiration process is. conpleted, and the
resul ting PrtVats BF §ALHT Sy e %ﬁ‘% S%&F?ritef‘f‘ Cavracabramdly gyelys pefineiEmyat abase.
The user' Eompaymwrintedcamlie iprgeor irabiconviitel thepping bal” £Lh, prgéoy hagset hiarivagt page
regi strat 'Wev%ﬁrtﬁé%ﬁiq&'ﬁ%ﬁﬁﬁo EnB05 R hdyRb, stern‘?ﬁtthi'a%uIEcQﬁo %ﬁJﬁixcﬁ)ﬁ%ﬁéXO I n any
S e

SET paynent transaction. \Wen the user eventua uppltes t ronmetric to
conpl et e PTPESHTEITEET 2pRjication anyifias fRm cagiygaTrsiting indpeqdent acsrmdstedrishavioral he
printer setatarely transmts the order infornmation, the pen ID and the
bionmetric data tg,the ne e registration server. The server verifies the
bi ometric with rgtéepfée f‘get%é?s?‘%téon s oL BYFRE HER"B, "HI%R ¥ r om t hen
on acts asvsertied ageplicgiopyipx yniqun alipo FptSetsishgtinkie 8E2F- Wherprrete nseraatisaed i on. 4. 3
M CRO- PAYMghtHink Higed aih RRUR S d QiR nb flER o PpaBELRENNS MefiOpac Pl h@uiRaY MENt S,
to allow the user to _be conveni e_nt}% charged for printing | ow cost
docurent s SR A A despded Bty I Shipes it GepdiR AL siayDSSi bl y al so
to al | ow tThe alies &7 isthen dsbmitied nrihe hgedink opplexpanses incurred in printing
adverti sing Mat eih el oS ol GRERMD UMbl By LY Th Bk SRS Qe T eady
provi ded to the user, en the user registers Br e- conmerce,  a network
account i s*suspesisr piatpwprgpe Tithoptdaridat & dho global slepsigafbatsst. The user recei ves

a statenment on aTkeRGWnAdsoBamtads afidtp&ddht &ﬂlﬁ%&t@aﬁ@ﬁvate@léﬁﬂr@ﬁgif&gacg@p it

bal ance usg ngr,staheﬁstan(garp paynent r’{echani sm. The nekwgrk account can be
ext ended t0 agqFRGAIE" & B %’t‘?%r?p‘f EUen {apachens o8 APl 195 the W OHPE MBI d al so
ot her wi se #plicgresmrifiedfonmtivhe user in the formof individual statenents.
NPS034- SG -41 4. 4, %&%&%&%ﬂ%n}ﬁ? Rt e &lde {Lﬁ)&}"%%eﬁ' > LEGRRY e sPhech

particul ar application context, e applicationh i's able
records a favorite application on behalf of the user for any number of product types.

Each application is associated with an application provider, and the system maintains an
account on behalf of each application provider, to allow it to credit and debit the provider for click-
through fees etc.

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

4.5 RESQURCE 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).
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to enbed a user-specific transaction ID 55 in the page. Subsequent i nput
through the page is tagged wth the transaction ID, and the application is
thereby able to establish an appropriate context for the wuser's input.
When i nput occurs through a page which is not user-specific, however, the
application nust use the user's unique identity to establish a context. A
typi cal exanple involves adding itens froma pre-printed catal og page to
the user's virtual "shopping cart”. Topprotect the user's privacy,

however, the unique user ID 60 known to the netpage systemis not divul ged

to applicati ons ATrbdosired cﬁeschﬁtlon[ﬁfa?iﬂe:ﬂﬁfy ﬁghfsﬁlelaamzoamahétﬁa@é HOEm RitaMkigay s from
easily cor{r t| ng‘rglh en entI h%%glhmu ated behavigoral data. The netpage
RS

8 b et PR nserSWhméHSS?W%ﬁ%py?%l K¥Bnshi p between a

registration Sef
user and af appl BQMMUWTWaPaOIthﬁJe alias I D 65, as shown in Figure 24.

Wienever the usen BehiNaL&s plfatocdwaﬁésla!n@lﬁe&@%&qgevwfh&ség&%ewesgénﬁtﬁeg&&‘d"

attribute, the netpage page server asks the netpage I’\%?I stration server to
transl ate ‘Elﬁée‘%%fyé‘%teé 1e5 B5 AR @Hntfff)msi4seﬂ’ﬁfég@tsm|set fefingdrpsotersls 19 D 61,
into an al ¢oageraillindle kbrent@bctiabwithlhe ndtpdgB SRremubi tted to the hyperlink's

application. The plicati ol ai ns tatelnformatlon dexed by alias
ID, and is able fE%'Brpé tow%a{/se' usl'c}gt%d;'gy SEE Pk F SoVEsE SRR JP e |‘31i‘f %”f‘ﬁl t
know edge @fensie isgisediia lrepreshanmpssage ﬂéw @Jtﬂethmst’etrcal dithepsigry & tueadh takep@sentetin®t ai NS an

i ndependeng,cg efidy fs'r&:?e%&te@'ﬁg aQédta\{g’ﬁ @onﬁihﬂ@%eu;{aﬁm Ke¥e bRl iy G REal c@iﬁ&fxfer 'S
applications, to all OWI% to si pl.ication transactions on f of the

user usi ngrRFEYme Bpficine of the iy $ E“‘PWF?%P‘F%%‘!E hfgfing is showp ay 4lashed st em i n
routing pridudtindée tinodeenGiRGhtivehypielint lehovach b daibie GRS Bedalle th‘é)Sﬁ)'&oem records

a favorite ﬁs]?&%le}i SQrE !iolrl})t Qreate oerkc@str]; Ol{tltl% n%elilr]l?]seag’e rgegel;allapr}{ SI%O% as solzm %%?}guan d the

types. Each app icatlon 1's assoc on pr
syst em mai 956581 ' Barigipatedtasierel on behal f of each appl ication pI’OVI der, to

allow it ts1 credsgBS@ﬁﬂTldlebg._t.VEhhpR@myL i der for click- through fees et c. An
application provi der c(g %{n %bl i sher of Fyerl odi cal subscribed content.
The system recof'd@SHES Sphstripg pReskivepyprotsalds e R Eiee s cr i bed

publication, as wdirke msberhd uexspedytselgicribe ¢ bl @adical @libligatibh. iaad dsan. edifiorb
FESOURCE. DR DD bR ol 1 il £ ROROIMRIN, o0 LB fe i OUT O

description class g@am I's shown I n gure canment Yand cont ent
obj ect rrayanﬁém@é%lﬁ?% ¢ JapsesRdonodelivpst ETOW@% dgrebee dizey dpspnon siuc@n o Resour ce
descri pti Qﬁcﬁv:&iﬁﬂarﬁﬂéﬁv@é&htbd@t ma@vém&meﬁb@mamast.m ch is designed to

facilitate discaov er ectro ur %blin re netadata
conforms to the g‘e E’)ls 1%%8 iﬂ*ff"f‘iﬁ?&f) ﬁé?éﬁ?%gé"%?&#?rbf‘l on
Fr amewor k 1DRBRr 12. I‘IPB@S@MS@IL dbRunfnysergou; deludiesicrpquneo D mdpadedenddtibyg, ri ght s
hol ders 92tQ-theT e @&@epqgeresﬁﬁiﬁn@ %ﬁh‘é %%Meﬁ%ldexfly allocated ID. Tt includes its own
application ID 64, the subscriber’s alias ID 65, and the relevant set of multicast channel names. It
signs the message using its private signature key.

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

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

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

It then returns the newly allocated page 1Ds to the application for future reference.

Once the application has distributed all of the document structures to the subscribers’
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transfers copyright fees fromusers to rights hol ders when users print
copyright content. 5 COVMUNI CATI ONS PROTOCOLS A conmmruni cati ons pr ot ocol
defines an ordered exchange of messages between entities. In the netpage
system entities such as pens, printers and servers utilise a set of
defined protocols to cooperatively handle user interaction with the

net page system Each protocol is illustrated by way of a sequence di agram
in which the horizontal dinension is gdsed to represent nessage flow and
the vertical dinension is used to represent tinme. Each entity is

repr esent eglcbiyd pinkeRCli AR vmOFlkAdeRleR Ot ﬁ@&:aﬂ@dﬂ?w@iﬁustsﬁ@et@mtﬂets}iaere@ts vertical
col um regﬂriﬁesenti tlhe i he entity. Duri%,thetime_an entity
i

| ifelipe of t y \
exi sts, thé riferehass e?%ﬂl;’)]\?ﬁ“efgmﬁe?sdgglﬂgﬁe SYeR @R pers Ry ton de eRRRRTIale ent ity
i's act i ve, mglhest| chiratls pd ke®ive ieinmeqaisedacosten bbjegtsi. rrh@ ar&aamotﬂaﬁxlqw tt ocol s
consi der edp g6y JonBRt doGhRALEuRkes HGRLIAN 1R MhdelsbSs t0 'ta&df Shub1BE SoBhéusd

&%g fnerally
cut short as soon as an entity ceases to 3% ticipate In a protocol. 5.1
SUBSCRI PTI &5 Bzbasciemyd itpligor éoeriotas ppendiedegmetbodi ment of a subscri ption
del i very ps.2t ocoOHvpeRLMRABNVATIONERGcOL43. A | arge nunber of users may
subscribe to a periaqdical publication, Each user's edition may be |aid out
differently, but%ﬁgﬁ§m§§gP e%aﬁﬁ?gﬂgmﬂfwﬁmgﬁﬁpgﬂESWWBH“@%ﬁ?Qnt such as
text objects andVhemager cbtls ext wipadkivathg ubsge popi thamen cednivvietss thercidkoché
ther ef Or & RBklH8h&e JAALTNITLS LANGIERS ok Qage dAfh R on R ALL TR MRl
poi ntcast, but delivers shared content objects via mil ti cast . e
appl i cat i oHrefdy keews gigHp pLefdieper frqusthe Ryp eapssionprarselument 1D 51 for each
doc Iu mde nt from anThd Pineedetetinek Aia thd DN$) @2 nS@BHSIRRACH QRLTRRT 164 Hahklihal! €,
i ncluding } ocumne an age descriptjons,...to the page. server 10
responsibI%éﬁg%mﬁﬂ%g%%gﬁﬁ@ﬁfgggﬁ%m 4 I%gﬁF ﬁiﬁfﬁwf?xgﬁgﬁﬁgégmﬁfﬁ own
appl i cat i ofiithty sgue paph dhespriyisethénfermvards thé pea ED, itDo@Erined @ tee ragd [Dwaddliclset  of
mul ticast phasete padksver !t Signs the nessage using its private signature
key. The page server uses the application ID and alias ID to obtain from
the registration &hgeieret Rabs dspasissmaivlg idubed by dpaes Peand defprmiveg o] ect ed
printer | Dvt6 ipwh blehenttayonb 68, aXply) thé tiicy liseh.ead@ting B relebdne inpppRlemeatid HOn, or
may b et hehr%lyéﬁ{kl R fSE;w lth% p%rélsé}ge?ma ob%ari]]g ti;[ehagsoggé%il alp Cl?c‘%tfor? ﬂ:l) ?4 fg:n? ri;[ﬂé ]H ﬁat e. The
application’s certificate allows t%e page server to verity he nmessage
si gnat ur e, 4o Rdermisesyda S PYe thegietvegy addsess efgherpplicationfieryerhastinpthe application Aaj | s | f
the application frid @dsalet &8s mPpOID b1 LABRINES corfeGERink fu¥er 3D SHRRES Pt i ON
808. The p%%%_server theq Igﬁcates F@@un&nt and@g&ge i nstance | Ds and
forwards tREPATST ety ptﬁein eates b globRty py s AuReiseeaert [ o2 eMebuds hter . 1t
i ncl udes thyperkink| reqnesn ©34s dhe Inhertink fequea Shssalirgnmel showa ireBinfro#4. tThe hypedinl er t o
listen to. -ﬂﬁg{ |l ocat.e 0 t.he. | i cation
reciutest Pe@ﬁﬁ!; tﬁe%%% I'E gSt r}énu TN, g’{?g%ntgﬁgﬁe Jllg&ae{iﬁelﬁmlgl ms Qﬁ

for future reference. Once the application S dirstri _ 0 he
docunent st67-ibe Bse &erepthentrends iy 13 53, fpdprgriniseaucs 3D, and the link ID to the

application.

The application produces a response docurnent according to application-specific logic, and
obtains a document ID 51 from an ID server 12, It then sends the document to the page server 10b
responsible for the document’s newly allocated ID, together with the requesting page server’s ID and
the hyperlink request ID.

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

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

The hyperlink instance may include a meaningful transaction ID 55, in which case the first
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selected printers via the relevant page servers, it nmulticasts the various
subsets of the shared objects on the previously selected nulticast
channel s. Both page servers and printers nonitor the appropriate multicast
channel s and receive their required content objects. They are then able to
popul ate the previously pointcast docunent structures. This allows the
page servers to add conpl ete docunents to their databases, and it allows
the printers to print the docunments. 542 HYPERLI NK ACTI VATI ON PROTOCOL A
preferred enbodi nent of a hyperlink activation protocol is shown in Figure

45. \Wen apdds edrvet lidchbs (BN trasdd®in D08 i In&sz@e Bt RAGE appfibhtion, R&is RABws the

conmmuni cat es thntoeslaﬁh Lo the ne res'% # ]BJFI nter 601. The click

i dent i fi es™Pha BAQE oY EApa5HoRePesHc sopisy %"%}g’%"" AEHPREnter  al ready knows
the 1D 61 of t helfperhyparininr¢dniees pearer elannedti“dias paakd’catibuteih &t, fiteh Fe @rst

det er m nesy,pV iefref J@ﬁis I9!)\§$thf: E;éh%%%ﬂ@&é(h@ﬂg{l%?g?&lmh Hl?étptggl%e«%g[r%%ﬁ se;v%ia

handl i ng l?ﬁe parti cul ar %? ess nmay a
cache if tHeo g4Er iy g HY poreipprdie tcthersn TRt plsa threaliasd RS ﬂﬁg@f’ﬂdﬂ@éo prl nt er
t hen f or wahé spplitaGor@ank e usetrsn Qv\ﬂlclﬁc[eb e QliasIID i #he rlelBreRAPD hDuppidndnl | CK

location tg the,pa erver erver description 5

i denti fi edﬁllgwm‘(f’ﬁ‘g Fcaﬁ 13 ae er'%ﬁgiﬂi cgntex\/\;?f@?'u ypﬁh‘gﬁamg‘ﬁa‘g’ﬁent s zone 58, if
any, the C$3ck I H@@wwmm:mmgn?nmocm evant input elenment is a hyperlink
el enent 844, thevwRaOL,SEENAT sw@remq%?ag@%twﬁe@%épe Gl @l & ARRLLGAI hoN | D 64

and link 1D 54, and determnes, via etwor k address of the
appl i cat i offokdy hierearyaetpagyPrings Té?)%‘loﬁ‘ed%@??f@ﬁthmage THe Pﬁfhg’b“‘%@ﬁ/er uses the pen
ID 61 to obtain t[‘ﬁlf.q;rﬁ(afﬁ)ﬁ&ﬁl@mdpﬁngﬁﬁfsQ%Dprﬁ&rfﬂm‘th'&:b@em&gdnaﬁtfﬁﬁbéﬁﬂ server

11, and t t baI |y uni que hyperlink request ID 52 and buil ds
a hyperl Ptﬁk@leﬁégeg%éaé ﬁ%ﬁ‘ 931;% %yperl i nk request class diagramis shown in

Figure 44. The h%ﬁeﬁgﬁ yekver Joudy thegege deeroipiths St ibetifid@dy dlfe tafrelly @d detstuinng user

and print e\KrhlchelﬁHdt éléi?eﬁ%'zf)ﬁeeﬁ 1?51@ thd dn@l&%er&)é@@(skdrdﬂﬁ tﬁer}agv%[%ut B8Rt is :be page
server then %g&l%} tBTs own server 1D 53, th %perl I nk request 1D, and the
p

link 1D td*f ?aé%&efvffri‘ppe‘i“?féheéB‘ﬂﬁelmc%ﬁttF’ﬁﬁd P Ygttide a response docunent
accordi ng to apphitgatpertud-of hedivityi i6 the @ge ©f tha ek ﬁembﬂladeSse&/eﬁ&ﬂddmﬂé@EnmjD 51 from

an | D servgg tlilezpen{l]ﬁg AR t3 %dx%g&ﬂ%nd%g}é mlepg‘or Ii[)rh %tlotlr)xa%e Sertragont sl‘,_?rvel;n e

responsible fo ocunent 1 ocat ec oget
request i ngld§aHs the@pey eqrrespondivedn the P?ﬂh@drﬁ%é’? Pﬁenkacpw@@éthaﬂdwﬂnth@d@é%nd page

server sendsudi@ t)ReEd ishkndnAARSE Jul iBRE PRl BRLERE th X @e fbGirtibd St Ppage
server to obtain t e cor eer&‘@ondl ng user_ I D and printer ID 62. The first

page server Tréf et et?’ﬁg’ glpe pa efsc’iv?fe“‘ﬁ%gérs‘fr‘l’eﬁﬁppf"@ﬁ@}%ﬂt HEeENHIG ed or is

for a diffdferkt@pplicati on. The second page server allocates docunent

i nstance aggl pagg,GhQ%RépER,Fr,&trMﬁpﬁo{dggL newy allocated page IDs to the
application, adds the conplete docunent to its own database, and finally

sends the page dé%sml%a@l?@ﬁ‘gele@emwéowaa@sﬁimkgmﬁrsmﬁrepsrguphleefiﬂdp%?émmmk
i nstance e seRE106Deis (aRkdthd biglaut TRAGHI@A ikD 55, in which case the

first NPS034-SG After a period of inactivity in the zone of the signature field, the page server sends the pen
ID 61 and the pending strokes to the registration server 11 for verification. It also sends the
application ID 64 associated with the form of which the signature field is part, as well as the form ID
56 and the current data content of the form. The registration server identifies the user corresponding
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 penerate
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
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-44 page server includes the transaction ID in the nmessage 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 11 to obtain not just the user ID
corresponding to the pen ID but also tl3e alias ID 65 corresponding to the
application ID and the user ID. It includes the alias ID in the nessage
sent to thgng@dmﬁtgggpfu%umpglugegy\@@gmtepe application to establish a
user-specific contex g for the ¥ erllnk activation. 5.3 HANDWRI TI NG

RECOGNI Tl PROTgfﬂ'_ VRHEIPION RROZPCHr aws a stroke on a netpage with a net page
pen, the pen corrmmﬂfemﬂaﬂaomhlmoﬁmmkﬁbmelohhetom&rsmtmm@w@e printer. The
stroke identifie h h i nter for rds the
pen ID 61, its oahénpér%}nﬁl?%r% (1%%9569 gatﬁml “nﬁ prfgonarlttd stirgi(i) e t%’a]trhto o the
page serveﬁ’eﬁ&@lﬁ?ﬁtqﬁéZU‘SIQIaFPmQ/\faynSPW@ﬂé@g@Sserver | oads the page description

S identified by th@e R8O& althmasbrdRl B KhbaRK actViiida hebshRUn: 8] BOBAL sSvef ONE 58,
if any, the strok mtg}ejects Assum n%the rel evant™ i nput _elenent is a

text field g78° P& S% e Qapriaiys | 6 @pth %t“FBﬂiéattﬁ’“teﬁéfﬂl‘éﬁotmflf@?d s

di gi tal i nferm (anaDaSlgﬂnir«ﬂi’ld&fthehIﬂﬁ@ﬁphvatlbglvehﬁestekbﬂ oe(Hyextatting e atiexd 65 i el d,

t he page s Lok s t

registrati %%o\ég%? ﬁ% C&T‘Ttg%r lQ]%Ir%tdlclaér;ﬁc"i})lr thu% gl% (B%hr'a% cl% n%éieartev%orm

i denti fi es®fKestpi@rseEsit-esponding to the pen, and uses the user's

accunul at eslshandw[)msgugupm,@mﬁﬁa-oc@p interpret the strokes as handwitten
text. Once it haitc rtbe t he strokes to text |strat| on server
returns the text P& TH e 8 %Pfﬁf@mﬂﬁﬂ%‘@wet}‘é?m%%iﬁ‘%‘g &r appends the
text to the t ext Inzaegemmepde etrfienhay foef dné b@hmidsiods r&y%ﬂﬂﬂ?&ro\zﬁﬁlaﬁih@ﬁifﬂ ON
PROTOCCL Assiifit 18 of ABdPHE ohiIGAL, WRIRLAONA GRE ShlBkS,d B Shsaads 15 a
signature field 880, page server ppends the st e

si gnat ur e PPE¥EoY "EIF‘@“P%P“%Wals%‘fetpéh‘ablaffﬁ‘éfﬁeé‘é?hé?f tp Ftlaew@qrpt/thfi rﬁmtene zone of
the signature fi ehdi:ypetrm rRRGEIS 8T ¥ Qfcd SCRAS atfééQarlaﬁ]BxussloDcﬁ&nﬁélﬁlthtef’@gependl ng

strokes toatlhcelore Vlsd on ser tﬁt 1Sfor v rlflca Oﬂ L‘ 0 se ds the
appl i cati oRP{BB2 assom St H P o R OPST RPEFUISRRT e 118 Gy E)‘ﬁ ieldis
part, as V\feilntthfaseurtcmplﬁcetromptomderl?@o'amslpthhepwndcré’m data cont ent of the form

The registrat ' OnTﬁﬁErg& Epphgﬁ&;ﬂecfelv@ssthéﬂ}ﬁerfﬂ&ngugspﬁ foﬁ‘ptﬂé];gké@rvmt I\ thQ‘ﬁ;hf and
uses the user's. l;4namc signature bionetric 818 to verify the strokes as

the user' SPgling pivated, gsdeseribed pSeghiop p £ When e darset applicatipn @cedy tReredills strat i on
server useeurt:eh epph@pidn pratidegnic kiddSde aplicitise lprowh&) Dt 1tO tHe@iinbif phed RBetiSEr' S
applicati fi . yat e ture ke It .then, uses

generate C}Q glgrg‘?iltha & eﬂ IWES§%)19?€ehpagef Sg?vﬁt FECS DS P tﬁ)qo {dﬁzﬁ%dﬁ 1'gi t al
si gnature SP‘éfcft Wellqﬁwue@tSFrﬁ‘g the Tpdit g povibe relewereglpmg@ sseveryid rtoaﬁlgl witisthe he
digital sigReddppRata nt)tass 1t§ bﬂ@@h’éﬁ@ $31 gliche AR rBR LeguelilB. S $RGEAbELEOr M s

status to frozen. Q‘ﬁ g'tal dnaturelncIuIdeS the alias I D 65 of the
corr espon Cﬁreﬁlﬁs CRFresPaaging ap 1cfa8%§nr er ’s account 827. It also notifies the application provider.

If the application provider needs to credit the printer provider, it sends the printer provider

credit to the original page server together with the hyperlink request ID. The page server uses the
hyperlink request 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,
NPS034-5G



NPS034- SG -45 single formto capture nmultiple users' signatures. 5.5 FORM
SUBM SSI ON PROTOCOL A preferred enbodi nent of a form subm ssion protocol is
shown in Figure 46. Form subm ssion occurs via a form hyperlink activation.
It thus follows the protocol defined in Section 5.2, with sone
formspecific additions. In the case of a form hyperlink, the hyperlink
activation nessage sent by the page server 10 to the application 71 al so
contains the formID 56 and the currenf_data content of the form If the
formcontains any signature fields, then the application verifies each one
by extract ineigdet ﬁ&uﬁﬁg @3 uit t% 68 ofa PR %&lﬁﬁlg%@u{fg %aﬁl@l(?(aléi}hﬁégﬂﬁ%&gpﬂb gi tal
signature obt ai nin e corr ondi certi |,cae rom

regi strati gdrgiqsre“?o\'féuﬁ’g ﬁg %P%p(@@ﬁ\/? e’dﬂpg TEIROTUSY mouprdat arerad

enbodi ment 10§fof ghedomingSi§?.oh sqpaypamparenpraytroi®dlis sesuralhovie dpposkd @idries 47the | N an

€- comer Ceho%% 109 Wwver 15?@%13(@?%0919&?’91&%% %«?1& Hﬁlﬁed% Q&Xx%ﬁaﬁg&% tena

appl icati on ggl’ ovider to a pu i sher |1 C rou sac Ions and
sal es. Conftiouky t fabls s to vigdhe gnet be oM sowied o spusing 10aYheabso be

payabl e f r H]ﬂ]ichﬂespihba{]ﬁ sdmeroo tvsfhich B@stﬂft@ﬂ/yl Wesun@f thd bR 108 bﬂg@ﬁou?]ﬂ_ghﬁn Qﬁ(pﬁr li nk
request s_used .t o, rou or, commi s edit fromthe target
appl i catl 01?1 Jem(%? K lonq'}é)wmfh P r&'ea afléﬁ%f}f Ry Wzbgsa&ﬁ%géwﬂﬁﬁl PEZPGRE pr ovi der
70b (i.e. ?mltilll Eiraad)in thyrvdlls F0B ot fheusgigUPL & adip latoat il Bnis prowdddelind/®® t o t he
printer prﬂé{]le&iiﬁé pozn?on IT@%MW%LME%%ZI §(§é\)& iﬂllgaJS qpﬁéuﬂ'?ﬁ?]é{'ﬁl a?é(rpl?er ll!izg %n r equeSt

IDfromth‘g server when t t1vat

descri bed ?ICOS‘é“c'f)f & amanged igpragivetapsta) a}dg’é’&e élﬁp‘P‘fl‘é,déftgl%‘FFsiPPé@?%SCfe&Y ﬂ@fﬁ%ﬁl t t he
sour ce appl15Chi imeul opd fiste AR s reinbvable RdSablelitk caiilé @akdeRdht. provi der credit to
the original pag er ether wi.th th nk regu The page
server uses the §§§énf”lm?enllmgmé%ﬁécg‘fcr & I‘e’ Stt‘%g(i:ﬁb éé( %gh&bgTP%atl on,
and sends aufsaracl2giatso mpunged of fhe ﬂpleP@B/aﬁt Tlre@gtusLElatll&)lnmseltederthd{bpbﬁget her

with the SeuUiGs RePhlfRkd Wil 64, its own server ID 53, and the hyperlink
request I D. The registration gerver credits the correspondi ng appl i cation

provi der's accouft® ’QGF“W”Q&]IO 3 Htnrral making [k peppd 35 A0 BHkipy SRSk | f t he
appl i cat i aren prraidgedes wilesibl$19tand 6 bigidi 120 talitl stpind 1 €11 a&rrmﬁhtéeside uytsldseiﬂﬁls t he

P o T b Bl 108 RRHL I 1R Becald 4 Db RARG 5 UEEe AAR'ISL Ml L7

hyperlink request Server use reques Dto
identify twer iﬁﬁul%ﬁféﬂleﬂﬁwnéélmél‘t h:em@tﬂ@dﬁfthemtwmwﬁ l?espp@lve&hamblopleg%t ration

server toa@enn&iemuuhtbdw&@uﬁtrchﬂaidgé 118 hd sHIAR 15 Bhgabdval i OBRRE YAl baf1884 t S the
correspondl ne%m_F R o¥ der account 814. The ourée appl i cation
provi der i'3*5PtS 6n ‘TPe“ ot (PF P QBFTP Periapgsi{q 1ol gherei® Thercgmbarrel 423 i cat i on
provi der, mdleStd‘nemFiﬂﬁ nttberfoptr of\al sthe witlgh the kvallsi 1d £ ot thd samOkrrd] Heamsollvves 127

applicati Cfdd pfS(}YdJQ%g fr()ﬁl shﬁ'ﬁﬂiﬁ’&ﬁzﬂﬁé\'u@%@%f t-ﬂ: % slo@lQ% gmah@%e cam

barrel 125, the slider blocks 123 or 124 move relative to each other to project either the pen nib 119
or stylus nib 121 out through the hole 122 in the metal end piece 114. The pen 101 has three states of
operation. By turning the top 105 through 90° steps, the three states are:

. Stylus 120 nib 121 out;
. Ink cartridge 118 nib 119 out; and
. Neither ink cartridge 118 nib }19 out nor stylus 120 nib 121 out.

A second flex PCB 129, is mounted on an electronics chassis 130 which sits within the
housing 102. The second flex PCB 129 mounts an infrared LED 131 for providing infrared radiation
for projection onto the surface. An image sensor 132 is provided mounted on the second flex PCB
129 for recetving 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
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Referring to Figures 8 and 9, the pen, generally designated by reference
numeral 101, NPS034-SG -46 includes a housing 102 in the formof a plastics
nmoul di ng having walls 103 defining an interior space 104 for nounting the
pen conponents. The pen top 105 is in operation rotatably nounted at one
end 106 of the housing 102. A sem -transparent cover 107 is secured to the
opposite end 108 of the housing 102. The cover 107 is al so of noul ded
plastics, and is forned fromsem -trangparent material in order to enable
the user to view the status of the LED nounted within the housing 102. The

cl: S\éer f tlghﬂagtcdeude&zapm sﬂp;p,atvtreslt@@cdtﬁmcﬂhe &%&kﬁmidltgé %ﬁ%ona lri]!E){ ﬁ@ﬁl@h@tt$ hg eEd
0 e,_housin r n ich projects bac

fromthe nEHY S&¥ ‘5%872‘”‘3%&“? fnf"gl an“?tﬁ‘f‘ ga'gg ggzﬁoﬁd‘?"ﬂﬁal 13% grnngetsyto dhe £ o rpd

i n the wal bager§ OBitagh 137hed o lagel 10 A tifcaall reohaggaibdrhageryl 1B2 sissvitin tete@d behi nd

the projeglings ﬂlOJoLth& Qﬂfﬂ‘&lg bateéf'ytcmuﬁetﬂr?m Hr%' gg%u]'goc%ﬂ lﬁf’llé ﬁt\g‘g& go%gae 113

surroundi ng an aperture 11 cove re arranged to receive a

netal end {red8exPCB 129 FP(FF‘%P&H Fyaging ?fé%eﬂﬁttf@i 13§ via éndasion. Ahesgepsd ek PSB 13he net al
end pi ece didbdndusis itiABxallED 1o aﬂmmtea phatfdldaamrfbxdgectﬁ@ @shlﬁ&@ns@ntl the Hn$ O

nount ed wi { hi he cave trji-ca or tat 116 on a flex PCB
117. The % lgr%‘;r’t‘é’ ap ey {shega‘t’ s f28 ot i ‘Ft‘ségﬁ’bt%mff?“dt‘ﬁ‘éeﬂé‘tlﬁtus LED
116 is nout#ﬁteeciﬂfarpn pike ﬁbmpb@tﬁg aphied topbasuifgrd bf tlac pgpondidl 18 ot stewsaibnid 1.Vibs i | i ty.

The pen cag,RREdAlE ahQtsNighSromh RORTED 1BLKix erar ki ng
styl us. -A?\Ighlon pen cartlrgl dg(fe 118 wth ni b&%it&é’ggﬁgﬁg\“gtg‘gt‘ﬁ%ﬁ 15%%9\‘}??} styl us

nib 121 ar@"%l?ﬁt’”é’dl &i de by side within the housing 102. Either the ink

cartridge nib 118Quiber grifiQ)a&tlytl aist nizbrelpl’&ndecaﬁwbms fa¢ eda0l0g of @¢ WALk tohrough

open end 122 iaon of t en top 105.
Respecti ve Ssslitglaa % Scnk f’i 5 wsﬁﬁ‘lﬁ udae%aec f%)rc PR ‘%')eﬁ’én PﬁIE T dge 118
and styl us®220, PENGeNTRPMERY. A rot atabl e cam barrel 125 is secured to the

pen top 105 in Oﬁﬁ‘J;ﬁﬁl(ﬁrls:ﬁlﬁg%?'@-ford@t@:%féﬂe%o&t%ﬁ@ft@nﬁb@lﬁ‘ﬂbﬁbl or-m(ecaﬁﬁi%% barr el
125 |nclude§ﬁ§]cam126|nt formof a slot wt |s 181 of the

cam bar r el ™ EZPY GPeBGen te fufpred spratrom @n aies, pfhe furfaperin Bvisiningeh doppibdks 123
and 124 fidecondsttrilevation datg figrn Sk ﬁ&areﬂt?cﬁatloﬁ)thg,r aal BTairﬁQedef) catlobﬁte(ﬁﬁlaﬂstaﬁbalbf @ 125,

t he sI | der : rel h .ot gt ei t her

the pen il TS o O ot SPUByh SRl P b SnRBRl o P S SRR B 121 o

end p| ece P4 galouigtes thseopentagion hfatbemema@fbﬂlsmhttcetsg dﬁtancgﬁ@n sbmperspectBydtstmnm ng the

top 105 t hebew@h oPfle Slagfsag. the three states are: Stylus 120 nib 121 out;

Ink cartridge 118 nibh 119 ou d Nei t her. j nk cartrld e 118 nlb 119 out
%ﬂ o e o ﬁéBd

nor stylus 120 nib ta ﬁtt?nf"tgé??y ercogrol pils i e 5 13h
el ect r oni cis agivas &3 ‘Stctilz@@rammwm it 81 fdit bkl ompdé bithe figolst THP 16 2whichhtecogecond f 1 ex

PCB 129 m}ém‘ﬁwﬂﬁtﬂegt&@t@&qﬂ% %thﬁtﬂcottgt dall &Mm@'f%gmlttgi el \‘jnlgia Adl.atdon for

projection onto the surface.” An i nage sehsor nount ed on the
second f | eXeaPCEus, pregipugin theoweiog iwiigh Fetepnerds éaithe éfﬂli*’%ttfﬁﬂdﬁ afbrlfmant heeditk f ace.
The secondudylbexnddddd d 2%vad 6 UKDUEiSe @e h3bfQhe feh SRMEREWadkhaP hd Bion VNI Ch

I ncl udes q@peﬁl:nﬂ(ttsr 20 1\§en;|w]}e1t1 %1'23 pgnngOI%Essgseo%gfl 1t/ %ontro?crllaga rg'ayca SQ tn{sgtllclt glg p&hli{) t0134 For
capture continuous pen force readings. Thus a region on the surface which corresponds to a signature
input area can be encoded to capture continuous pen 101 force.
Pen 101 action relative to the surface may comprise a series of strokes. A stroke
consists of a sequence of time-stamped pen 101 positions on the surface, initiated by pen-down event
and completed by a subsequent pen-up event. Note that pen force can be interpreted relative to a
threshold to indicate whether the pen is “up” or “down”, as well as being interpreted as a continuous
value, for example when the pen is capturing a signature. The sequence of captured strokes constitutes
so-called “digital ink™. Digital ink can be used with a computing system to form the basis for the
digital exchange of drawings and handwriting, for on-line recognition of handwriting, and for on-line

verification of signatures.
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controlling operation of the pen 101. An optics block 135 (fornmed from

noul ded clear plastics) sits wthin the cover 107 and projects an infrared
beam onto the surface and receives images onto the NPS034-SG -47 inmge
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 termnal 138 connects to the battery contacts 137 and the
cam barrel 125. A three volt rechargeafle battery 139 sits within the cam
barrel 125 in contact wth the battery contacts. An induction charging coi
140 i s nounted about the second flex PCB 129 to enabl e recharging of the

battery 139 via uct ond f] 29 also mpunts an infrared
LED 143 and |nfrlélﬁej(’1“g 450@:0 %é ‘ﬁ%‘tefn@r”g& %é‘”ﬂ'i“’é‘ﬁ’l“b‘é"ef’r‘ﬁ‘fﬂ inkgatt he cam
barrel 125(whivki eeqrstpteélfortsdqmtmny baskagdior aﬁﬂ‘tcmhh@nsmﬁswﬁ}acrw dothg@ing $Bters used for
writing, in ordewepmeganmr&egfg.tr@.xememgh@%lgi(f&b@mn&@d?%{;goﬁm ted to

the surface by the pen nib. 'us ni ode 144
detects |i JHET s Bfh P haovyeroyt pfyenesaligibi é#%é%ﬁé%%fhe@ﬁbwr#)(ﬂlmd%d on the

slider bl aelisy h28deaneuffe? drandRu oire GEitaPinR diSrod dhproinitkeld 42 mh@s SHR\pesl€d

towards the end 108 of the ho S|n 02 to assist gripping the pen 101, and
top 105 al %ouoflﬁ% gce)a cf géig] il pping the pen 101 to a pocket. 6.2

PEN CONTROLLER Tﬁéﬁ @etmllir@mmlé‘l amearrged te eeoohdifler PO E29tihibe pogdL Figme o its nib
(stylus nig,idRdk @Jgralnqms%ﬁé ﬁhﬂﬂ%etmmhparéhltgc)mrp& tﬂe g&ﬂ?l@ﬁhﬂ B4tfrﬁu'el phigar ed

spectrum an area of the surface in the vicinit records
t he | ocat i SAVYER ST of fhe RR &P £33 e gt R Padhe Hnefon S@makﬁ%ﬁbﬁe@e
cal cul at e #lheindiosLEMCE, B IRtbre: seblLFD2Y3, @hd thel Brck §eﬁdﬂi}ﬁmﬁdlb&qa4| on tab

utilising optics A‘ %n%mgroﬁ’e?n%:{) Q%J Scl;luc%s ag(al%l'alﬁé %;Qc%ssgr ﬂ% l l Sf:n%ﬂll&?th? 134

calcul ates the orientati romthe
per spect i veckangstod datg '@ﬂﬁ"’ee’bmmmtﬁl()ﬁhe tohieollprphipeld4. thiagh m@mtlst 146 Iamﬂaﬁla KB om t he

locati on tagamays thstdlﬁlaud“e@Wa‘ﬂhlo@dofd?gltilQ%Eﬁé@ﬂﬂgar}ah]%dﬁf&nq@t]ﬂlw JnQE Et '1\{%“ e
e tri-col or

its "active rea" act one npde of
whi ch becosﬁ%ﬁ fropdie ‘EfWi%ﬁ%rﬁ%?tﬁ%’dﬁéﬁ”ﬂléfhé‘?am‘% fromthe control data, that
the area that isAbemnng sewagiecfics 18N intafbcs weth th @A) sensbhUS2. A waBeHiven on t he

surface whi.ahig0rss GRPRNdEW awalbm%tahsx?mﬁg%% Rlerdkel utg]&homﬁnpweﬁl d nk - may

be encoded to activate glv e user visuar feedback
that the bdtdsreadit "“‘FﬂiﬁésrqniiHRTGF@a‘a@ﬁdv@uﬁﬁéFﬁﬁtcP@e%@rﬁo @@@tepra@éés over it.

Control data mayTid &Qtrdliﬁ@tpEM&Eortlhﬁ cipBifes bl ddcBies (R0 ifta %@ﬂh&g@lﬁ%&&h@en force

readi ngs. Thu e n_on e surfa e which. co on S to nat ure

ot ar e i B dked L5 DalP R e S P Gy e SEDER 101

acti on r el B iagdk 143p andhtendies rshatengragdicompunisgionvig dri relo ofns@tverolsest: ise st r oke

consi sts %edﬁm%ﬁéﬁ%@(&@@i)@&eéfﬁf&&%%ﬂ %:Qgr positions on the surface,
te

initiated by pen-down event | e y a subsequent@ﬁ;en up event.
Not e that pen fof¥ePRHEfohd4d: rﬁl?étﬁlprr@ﬁféaerr eTgeiee (rescgiver; ppnisallen |18 el i ndi cat e

whet her t hﬁsebz&tﬂ cirﬁut"llilﬂ in@fe seAbOMIAterfaca 3 5AVEhdh n@E0RQUNGnd NDER @Rﬂi\/ﬁmi@a& a

conti nuous,, v ny, en.is.C n si gnature. The
sequence of gcr%e t u'a'l S"%F?escto?tro gst Sg%\r%@ek’ IhhcomBonents rSaRNYE ATrP RLI0E

mductors 156) are provided in the separate RF ch1p

The image sensor is a 215x215 pixel CCD (such a sensor is produced by Matsushita
Electronic Corporation, and is described in a paper by Itakura, K T Nobusada, N Okusenya, R
Nagayoshi, and M Ozaki, “A 1mm 50k-Pixel IT CCD Image Sensor for Miniature Camera System”,
IEEE Transactions on Electronic Devices, Volt 47, number 1, January 2000, which is incorporated
herein by reference) with an IR filter.

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

event.
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so-called "digital ink". Digital ink can be used with a conmputing systemto
formthe basis for the digital exchange of drawi ngs and handwiting, for
on-line recognition of handwiting, and for on-line verification of
signatures. NPS034-SG -48 Utilising the RF chip 133 and antenna 112 the pen
101 can transmt the digital ink data (which is encrypted for security and
packaged for efficient transm ssion) to the conputing system Wen the pen
is in range of a receiver, the digital,ink data is transmtted as it is
formed. When the pen 101 noves out of range digital ink data is buffered

within the pen 1Gj. &alb%aﬁme;%muﬁka&% th@mnﬁc@&wﬂﬁm bmdfrIoﬁﬂallfaGJe@ ed to
store digita data for é)hr oxi mat el m nut es of ion on

the surf ac%’)“h‘?iﬁtﬂ RPgTFSH éa]{e’f"é‘h‘@ “’t'fl%‘ﬂlh‘?easteé? 4Gqﬂrféd“ét6ﬁtsﬁ16‘ft‘lﬁéf‘“d6‘ﬁplﬁal @§M)| s

nount ed onbandendssedingefidy dxppREdbaBsisnicthidn peRovilid hterftrbigeres cd@mudiGtich. bl ock

di agram i 'éHStraFEﬁ‘SPﬁ nore detail the architecture of the controller chip
134. Figure 10 a ws representations of the RF chip 133, the inage
sensor 132, the ®¢duggrdboge shewsn LEDRPIEEs implyamentq? byjal thayldederticaoredy ED. 13 1,

the IR foreR cpeR%Al s tﬂﬁmmmau b,m;wopm%oms@@s ﬁ@@ﬁ&rscmgicggl Regurd 4 Tnd he pen

controller Chl 134 i Er ”ﬁi%r{a control]ing (Pr Qcessor . Bus 146 enabl es
the excha®§& 8’?’1"383(%1 Bt orBHsHsSationFon the mEprd MR 4y 2 isiop!5B8%.  FI ash
nMenory 147bcamdplateiSb2, #BbjeBRAMNL 1@ aad @ s@bmiderisi6] b @dusinfan aflat 6go indgdi gi t al
converter ;egggr 133 &aﬁﬁ?&%?ﬂlh%a&%%ﬁfcﬁlpwe anal og signal fromthe force

sensor phot odi al . An i mage sensor interface 152
interfaces wth Theorfispheh Iééwmdtqe@ver;\sharpawsa@é@ the fmagecsseor GR oEthat &8 and

base band BBLE#E inaddddurdkEwidnSherbddE thd @616l of view JAELIOR BRBiIn WohiRatild %m%é': 5 (&di IlEG 133
ors

whi ch incl u an RF circu e ators and i nduc

connect ed £&° te%%p‘ﬁﬁry Rlar wis me“ﬂ‘fe&’ ‘%ﬁftf"f)rl“ W@Qfglf%scaéss&?f‘ mrRersg o dicks and
decodes | oiffertipainn fert the iR divminatips EPAAT bine the swifafeaddinvheaficldhd viewpfj®e tansor 132,
moni tors tlnsra&gszq@ﬁﬁ&rﬁ%ﬂrthenlapgkq%&% it e, Iﬁ%bﬁ@i 5t the 16 uLERﬁe Jb(})efé?ranﬂ and

143, and han | es short-range radi o conmuni cation via fie radi scei ver
153. |t i sbeam sniigeildthis pud fooplirdiseath pudsenmmieyelydensss 4T %ﬂ@d@@dﬂrag@rmdstessor
The pr ocessftussikSat t}dnghgteabns&rrlamsﬂ@wa{ LED NP0 Rejktfell t ThNSG QIR difaht r ol | er
153 and basr{%)an Ci rc onthegm) i mge sensor interface 152, flash nenory
147 and 51% are °P8%rated in a single controller ASIC. Anal og
RF conponent s (Rﬂfh@t:frdg@uﬁtfﬁheliﬁﬁgeasndorﬂm rese tetivlstgrior thd mductfelds a5ty ar e

provi ded ldapttu@sat@ﬁra@sfgaédeso BEt msqhm gﬁecl @&Q&gﬁmﬁrofb@gazéém%dlé Bisxel - CCD
(such a sensor |srp(£ro uced Mat sushi t El'ectroni c Corporation; and is

descri bed A &% pEpHET 288y lﬁﬂﬁm%emb&d@e%ﬂﬁg%amw rejhy i depighed topprodugedBs osK and
M Qzal d, "sémé ohjacEhoe Relt ef vidwlas @Ruphuitrgyer, Sens @ ilfv@inativh RlilsathelbbRetGRidEsick Syst ent',
| EEE Trans ctroni c. Devices, Volt 47, nunmber 1, January 2000,
which is |°§§‘t§?’§%?‘§t Ogrrealmrilu%fo r%ference) with an IR filter. The

control | er ASI C Tm4RehElr1d] & wgbedsic emchroryawith Ghmeepaprep@hg o offfodussat i vity

when t he p@@nination allows both a short exposure time and a small aperture. The short exposure time prevents
motion blur, thus allowing position tag data capture during pen movement. The small aperture allows
sufficient depth of field for the full range of surface depths induced by tilt. The capture path includes
an explicit aperture stop 191 for this purpose.

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

6.4 . PEN PROCESSING

When the stylus nib 121 or ink cartridge nib 119 of the pen 101 is in contact with a

surface, the pen 101 determines its position and orientation relative to the surface at 100 Hz to allow

accurate handwriting recognition (see the article by Tappert, C, C Y Suen and T Wakahara, “The
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101 is not in contact with a surface. It incorporates a dedicated circuit
150 which nonitors the force sensor photodi ode 144 and wakes up the
controller 134 via the power manager 151 on a pen-down event. NPS034-SG
-49 The radio transceiver comunicates in the unlicensed 900vHz band
normal |y used by cordless tel ephones, or alternatively in the unlicensed
2.4CGHz industrial, scientific and nedical (ISM band, and uses frequency
hoppi ng and col lision detection to prayide interference-free conmunication.
6.3 PEN OPTICS As discussed above, the pen 101 optics is inplenented by a
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158, a beamrsplfrae). ThéBrce sansoobl}oeudtodwlm iserilsed ©Gndivatel retatisairedeld hdiler 161 f or
focusi Ng affe béﬂq&}% Ofﬂt &bvﬁlmgfow§ ?1?53% bé‘gaﬁturé t[nﬁé{l?v %Zas Id!S(l:uls;Isse& .'Eb%\tf e the

opti cal path The opt| cal pat Iver a sharp magé to the
i mge sensBellorabe U dppmies of 3 pignatugegabegpriffede |rraged surface whi ch i ntersects

the fiel ]g of wvi e\m&:@ﬂ QOll&%rmiWst;]H@pﬂsnfoﬂﬁw diieflatioh bitits hANILI2{ SR sulh?cta ) ) - dThe
primary fogcussing, e n t he ohj,ec ens. s is also used in
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the i mage %&%@?er;p’égtw@@igoﬁ&eonlﬂﬁ u'népd ljag’;nd%e ih Ogecgigeld'? oftfic l}ejr? tlgp 13‘|§gste&!> Ve,

beam splltter 9 is used to spli arate rel nses 157

and 161 i n@EAcHOSR fre pesisign Frentutiop ‘éffﬂéfd%%%ab’ H@k’ﬂ{ th ﬁ‘i‘@Sthfmg}éOﬂsf@ﬂ@mﬂ ig@de and t he
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i nposed on, %) NeA W0 )pat hs. The edges of the inage sensor 132 act as the
field stop tor the: capture field, and the capture path.is designed so that
the resul ting obfectl sygwaclative 9l agprtict ek chpofed\al ewribsof agkeseyuirake confibts €. | ust

under 20" §rQr sebRfce P Rinde GRkipR HeR osﬁtﬂhssoneﬂpgtgfa@ﬂﬂt)ated-w% deh- h&%}? &@ﬁt'aﬂ&p path is
desi gned toﬁlglr (ﬂgyctg the sane Ovj ect space fie of view as the capture
path, so tWEP°E T FPOTRYTEPERS TP TP A 6‘8} té%gf’d g‘&a%\“ef%‘?‘bmo"f thsfusicew wit h
maxi mum powiercverrthe rgivf By ehdgys, i.d et dthelskD of 8k sircke ShdeOidanhl hiibuﬁlMﬁdc&hA@ny Wi th
(e aTe CaP efised ARG faubOGUTRAG: dhl MTLABLE OBk NP DO SRR |

exposure time an ture osure time
noti on bl Lrﬁgw*tqﬁﬁglld&w"avﬁ%gewﬁﬂiﬁBlﬁfaqeagthlaszinah@Fam lisse during pen novenent.

The snal | aper t urigurakd lem&agrﬁﬂﬁlﬁduﬁﬁngmkmﬂ@ag&d@&oléb%kéésﬁg%mw@161U|v\)he1{ ange of
sur face dethsllgucef\ﬁj bf{tllt The %]érp@rg%) i ncl an explicit
aperture stoptrdl ™8 asEp Hefe Jhroten © det "r‘f%““f"r‘fﬁ’g‘%”ng‘é'hg‘ﬁrf“i%sfnsﬁ‘és a
strong respondeletitt bughottowt hediibs(siop &64aVehila@rmen is if £ BhaGwpadd, ddfped he
spectrum dobodns 184 %ﬁﬁ%&lyﬂ%pt@@s f69f %@%‘ﬁqiettoldésdl%"l’ ta&g:ﬁa frnﬁne foca%o gti%mf reD ath so

that it captures a clean 1nmage o ata on ee from
i nt er f er erf8éact-rigfs dherrsp 18} aﬁﬁﬁ%énddwemmer Ve fctae W‘ﬁfa@hl‘ﬁ;&%}l‘ibﬂ’emslthﬂ ed using

i nks whi Chpostic dhth BNEuRfr@Nitrokd Yala igc i@ fheltdd faht@ kR Gther information such as force, if it
is being continuously monitored). On a pen-up event the pen controller 134 encrypts 170 the stroke
data and transmits 171 the stroke data via the RF chip 133 and antenna 112, to the computing system.
Note that the pen samples the nib force 172 in order to determine whether the stroke has been
completed 173 and also to determine whether a new stroke is being started 174,

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
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6.4 PEN PROCESSI NG When the stylus nib 121 or ink cartridge nib 119 of the
pen 101 is in contact with a surface, the pen 101 determnes its position
and orientation relative to the surface at 100 Hz to allow accurate
handwriting recognition (see the article by Tappert, C, CY Suen and T
Wakahara, "The NPS034-SG -50 State of the Art in On-Line Hand Witing
Recogni ti or~' | EEE Transacti ons on Patent Anal ysis and Machine
Intelligence, Vol 12, nunber 8, Augusts;1990, the disclosure of which is
incorporated herein by cross-reference). The force sensor photodi ode 144

i 3 ut| | Sﬁd)rri)ﬁlmg Qﬁieﬁaﬁiglré’ﬂ}l iah UM@arh DRLESAG! 6k ﬁﬁlﬁfr@ﬁfthe rﬁ@&gi&?ﬂk'[ﬁgmljﬁﬂ or q
own". T aptured as a contjnuous val ue, as discusse

above, ehl ﬁ%eﬂﬁﬁf II’en ﬁ‘é{%lng*ée P&t 906{ 5 7gking offile 5564 b5 FE &I 3 he pen

101 det er n‘ilslebmkhlechpwnmxmduathdsyement ation of its nib 119, 121 on the

surface by imaging, in the infrared spectrum an area of the surface in

t he vici ni% of the nib 119, 121. It decodes the nearest tag data and

conput es t FiPlefoBey figital gxk CPIRROTERtE) 119, 121 relative to the location tag from
the observed perspectl ve di stortl on on the imaged tag and the known
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handwr i ti P fETOYNI tT O (See [above Tefgrence);Pen 0 —actions—retatyve to
a surfacelare captured as a speries of stroke s A stroke consists of |a
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changes, Ia%SYS'f‘ﬂé‘Feat the staft ofthe btroke Bhder nofmal circunstanges.
As di scuslsgehmbove each Tochti on-tag [ ncludegodata Tndicative of TT$

posi ti on jpa—the—strface—and—alse—regr-op—data—ndicatiye-of the region of
t he surfa:cnemevﬁﬂlf:%l n which the fag Mes. Figure #0 is a {li agr &7 ustrating

| ocati on [tagiDand stroke processi ng-ln t he pen i 1. Wien the pen 10T]is in
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sensor hot odi ode 144 for_a penZd8%n cbndi ti o (step {L64). 5Wﬁ“Ie the pen
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I
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appends t|heotapogioili on data t o théegasarrent stroke data [includogrg the {ag

data and %Wﬂ‘aﬁ—eﬁ—sm o€ i ——+5 betrg—continuousky
noni t or ed). éyo n-up event ggﬁ ontrol I% 134 epcrypt 36(170 t he
stroke datfarcand transmits 171 the stroke datasvia thel RF ch|2;35133 anfl
ant enna 112, to the conmputing system —Note-that—thepen—sanptes—theni b

force 172 in order to determ ne whether the stroke has been conpleted 173
and al so to det eMiniie PRMEN KRimects thibgraspptik sysion, dreiopiplion 134 nadiflesR4ysteAs suni ng a
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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
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If the pen is out of range of a conmputing systemto transmt to, then it
buffers digital ink in its internal nenory. It transmts any buffered
digital ink when it is next within range of a conputing system Wen the
pen's intemal nenory is full the pen ceases to capture digital ink and
instead flashes its error LED whenever the user attenpts to wite with the
pen 10 1. Table 4 lists the conponents of the raw digital ink transmtted
fromthe pen 101 of the NPS034-SG -51 gonputing system Figure 50 is a
diagramillustrating the structure of the rawdigital ink. Digital ink

whi ch i's bufd@gsashde Br thh GurReN Wherd Moh8Rs b2 PRMeihD dsel, SheV¥fulbliidgsyQb e 1S
stored in th§ same .ftOFrani( digital ink which is transmtted to the system
Tabl e 4. REAVET §rEdr PR ESHBSnent s raw digital ink unitprecision range
conponent (bits) pemhelsBstld®@-strokielbhd fon TABroll@13o kaidrds the B lme $ims itheSlyst em

ti meH S64- .80l P Adnd0 the siR. ﬁJrff:&:ﬁ%ngI%?ggsiti ﬁ;i'ggﬁl tﬁeas%;}%:@ielcgﬁhopcrqgi set 20

Q-
pnS910mm y of f set 20 prrSQihSn’mx rotation Itc gree y rotation
(rol |) degr B&rshdies xand ot efihepynmp 4y domIboruget Be.dke g2 98 Afplatipnrofike pen 101

connects t@ntl0g a6OMP wibi fige. SiySulyerdords R 10t 1781 (bR iadhdfind @loi 15dafi) tehiEnaSySt EM

of the pen ID .nib |D 175 curren bsolute tine 176, and the |ast absolute
time it obfar e%'gmf erdéen’tla% %eeqhengﬂ/l% f%’r‘ﬁcﬁrl’tal%'f‘aufrc}g@&eﬁ@w PP SEMPHR U Pons t he
system t o botpdP d @nyantfor fnanyi qansedvaveryen 18l mhidek, aahdhay bé copsdi for taryiredi gi t al

i nk recei vgdidif @Mudohes g 101 accordingly. The pen 101 then synchroni ses
its real-time clock wwth the accurate real-tine clock of the system The
pen 1D all ows t h&resthpRetil flgsemelgssits@psittons Jud aritniasiop 4t HQO Hyepenifibppsitipisriee i s nor e
than one peskdumed iﬂglidﬁn'x]o@teﬁdtmm ﬁﬁm naaﬂm&aieﬂgicﬁ?&ﬁas@ﬂp.lftﬁ’@;&nh? Ry be f

i mportant jn t ich use the pen to.identi an oywner of t pen, for
exanpl e, and ?%tp g’ﬁ%lt P oﬁg?nh G'F'ﬁbf a“%e\/\lngga? s %onde%(%ﬁﬁrt‘fgi’ ﬁu“l’"ﬁtr St'ﬁ??cglgtae‘?fn nghner. I n
ot her enborPsitigmie gregemeghemicﬁgbckb)g. It therefore records the position as unknown, 179 allowing

the computing system to later interpolate the position from adjacent samples if necessary.

Since the 32-bit time offset of a stroke has a finite range (i.e. 49.7 days), the pen 101
optionally records an absolute time 176 for a stroke. This becomes the absolute time relative to which
later strokes’ time offsets are measured.

Since the region ID is constant for many consecutive strokes, the pen only records the
region ID when it changes 180. This becomes the region ID implicitly associated with later pen
positions.

Since a user may change the nib 119, 121 between one stroke and the next, the pen 101
optiontally records a nib ID for a stroke 175. This becomes the nib ID implicitly associated with later
strokes.

Each component of a stroke has an entropy-coded prefix, as listed in Table 5.
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required. The nib ID allows the conputing systemto identify which nib,
stylus nib 121 or ink cartridge nib 119, is presently being used. The
conputing systemcan vary its operation depending upon which nib is being
used. For exanple, if the ink cartridge nib 119 is being used the conputing
system may defer produci ng feedback out put because i mredi ate feedback is
provi ded by the ink NPS034-SG -52 nmar ki ngs nade on the surface. Were the
stylus nib 121 is being used, the conpyting systemnmay produce imediate
feedback output. At the start of a stroke the pen controller 134 records
the el apsed tinme since the last absolute tine notified to the system For
each pen lg%kpo§ft|o 177, in the stroke the controller 134 records the x
and y of f sePY RpwEr ke fomieBemi RTx§ 51 £ om the current tag, the x, y and z
rotation of the pen 101, and the nib force It onIy records the tag ID 178
(data i defrtif t cattom—f+t—thas—chat Srree—the—tag—Fregqguency
is signif %ﬁhr“§g§%g¥f§$ than the typical Dositg'réj sanpling frequency| the
tag | D i s| @gRsxpasitonf or many consecutive pen 10]0p05|t|ons and may be
const ant Qﬁmcﬂw‘ﬁﬁerﬁﬂhh& StToke If—the stroke 1[g,Short.—Srmce—the pem| 101
sanples its—positions and aorientation at 100 HZz _pen 101 positions jnja
st roke arem$ﬁﬁ%FC|tly cl ocked at 100 Hz and do [A&% need an expli cit
ti mest anp| enibrstrb@ pen 101 fTails {0 conpute a paplUl position, €. 3.
because ift—+taH-s—+to-decode—a-tag—t—must-still record a pen 101 position
to preserMEEPHYMERpIicit clocking. It thereford "¥8ords the position as

unknown, Lﬁ@dﬁﬁ&omﬁng t he conputlng systemto [hafoer 1 nterpolate The

position fLUHhad acent—sanpltes——necessary- °'““° t+he—32-bit—timwe—-offset

of a strok& Nas®a finite range (i.e. 49.7 days), Pﬂe pen 101 optionally

records an absolute tine 176 for a stroke. This becones the absolute tine

relative to whi CQ IOlnﬂlts%]E)k &frloéégo%d dE;IatrB% s?ing%gg Sr es t E$%§&E£1§sdloo 3l 51 ogs the

| p Ay =~ |

region IDis constant for consecutive stroke en o records
the regi oD Hehsrefqre ’é?ﬁaﬁ‘@%%f ah@H 3509 hitss Opfise ewésuovshbgﬁplegk @pie mlerefppq icitly
associ at edreytirtsha ktifiim REBmisRES ipkdd0sTSs.5 BbpIC frd SIS FontifiusCRARORLK g b 119,
121 between one,str e next, the pen 101 on records a nib
ID for a stfOKe ab%gg@ﬁ?sso%e(%%%mf B s TS f F]izggtéwéi SR i t h

| at er st riokdeser IEagivtes ofpoivesys digifal mk Stime keeroharsi néitrchenésiopyya eosfeduepthef | X, as

listed in ti[ﬁ-tﬂe? ha¥e a Nf_%ﬁgﬁlé 2R onlit rI&QL@trﬁsnu&Ws&EJ zRLE %uifepﬁpxﬁcg}? 'Nd%lggngf I xes raw
stroke conmponentsprefi X raw pen positi on0 unknown pen posi tion
compression of pen 101 positions can reduce transmission speed and buffer memory requirements

further.

Each raw stroke is encrypted using the Triple-DES algorithm (Schneier, B, Applied
Cryptography, Second Edition, Wiley 1996, the disclosure of which is incorporated hersin by cross-
reference) before being transmitted to the computing system. The pen and computing system
exchange session keys for this purpose on a regular basis. Based on a conservative estimate of 50
cycles per encrypted bit, the encryption of a one-second 5500 bit stroke consumes 0.7% of the
processor’s 45 time.

6.5 OTHER PEN EMBODIMENTS

In an alternative embodiment, the pen incorporates an Infrared Data Association (IrDA)
interface for short-range communication with a base station or netpage printer,

In a further embodiment, the pen 101 includes a pair of orthogonal accelerometers
mounted in the normal plane of the pen 101 axis. The accelerometers 190 are shown in Figures 9 and
10 in ghost outline.

The provision of the accelerometers enables this embodiment of the pen 101 to scnse
motion without reference to surface location tags, allowing the location tags to be sampled at a lower

rate. Bach location tag ID can then identify an object of interest rather than a position on the surface.
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tag changell00 end of strokell01 regi on changel1100 ni b changel1101 ti ne
changel1110 A 10mm 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 nmum
transm ssion speed of 5.5 Kbps, and offline continuous digital ink capture
requi res about 40 Kbytes of buffer nmenory per mnute. The pen's 512KB DRAM
48 can therefore hold over 12 m nutesy,of continuous digital ink. Tinme,
region and ni b changes happen so infrequently that they have a negligible
effect on tdiexabBRUEF heshidel ifNSH iSStBNinFPAGEARE JRUEESE LB mAMdhlE Onal
conpressi on of pen 10 _positiic)%ecar} reduce transm ssion speeq and buffer
merory r eqtift QTR 8 “gﬁﬁ‘rﬂf.'el‘?éetaf’ it plemenier Gregtlyjidentip e (pttelamei ng t he

Tri pl e- DES al gor iThhmcflSaton eicasured By thpipdeletthetcdSriy pich @f &p Ryand $l€)m:ed1idnslidi tion,
Wley 1996, A r.e of .Gh: .S | / d herein by cross-
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enbodi nent geaunm@tepieshoitncor porates an Infrared Data Associ ation (1rDA)

interface $or ShReisabRBPAEERYEMLHM AL i ON With a base station or netpage
printer. In a furttpgr enEBEﬁi ment, the pen 101 includes a pair of orthogonal
accel eronef-érs RBYFRRMEHMNIEhe normal pl ane of the pen 101 axis. The

accel erometers 196 anRaIFHRWc ke GHNBHted603 AkhovDrily L GROIS m@thle1nG: The
provi sion of the acc?_I ergrret rs._enab thi s enbodi nent _of the pen 101 to

| e
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| ocat i on tshgen hdFidoes $2mpl 104 Iadseson duaigirpaper pdte witHhe Papkrogha tphsgie thivgehl the can t hen
identify N=Te . iti on, t.he. syrface.
NPS034. 5 B3Rk cBect ) SRS o Ak e\ RS b ARy BB & e
(e.g. a coWffditblesdt ton), then the tag ID of each location tag within the
area of the i npumnait%fmmm%adasegwie@ﬂpmi&d@dﬁp !ofgiuetaﬁkﬁlgb{cibpid e&legdﬁ%gﬁtcd The
accel erati on npasur.e t accel efoneters ip eac _ e x_and y
directi onsS?‘f“e% rgﬁ?“ﬁ?gelb?oél%ff t\?ﬁ’? RreVige st VieB PRI e Hrﬁ’diféeé‘te%ﬁ\ﬁl?ahg"ﬂl%t aneous
vel ocity advdunposilt iairh cabrangsen thidlgies fiambhasecpio siveraldinndpkl sidaie st r oke is not
knoyvn., On! y rel atl’hevxgplﬁggblet&lp&ﬁﬁﬂe%g’}, Qho‘lamu?h 5?3 gd‘ugle&@lﬂ?hua at ?CQ(%CI ﬁﬁn{ hough
position integration accunul ates errors in the sensed accel ération,

engines, has bladders or chambers for storing fixative, adhesive, and cyan, magenta, yellow, black and

infrared inks. The cartridge also contains a micro air filter in a base molding. The micro air filter
interfaces with an air pump 638 inside the printer via a hose 639. This provides filtered air to the
printheads to prevent ingress of micro particles into the Memjet™ printheads 350 which might
otherwise clog the printhead nozzles. By incorporating the air filter within the cartridge, the
operational life of the filter is effectively linked to the life of the cartridge. The ink cartridge is a fully
recyclable product with a capacity for printing and gluing 3000 pages (1500 sheets).

Referring to Figure 12, the motorized media pick-up roller assembly 626 pushes the top
sheet directly from the media tray past a paper sensor on the first print engine 602 into the duplexed
Memjet™ printhead assembly. The two Memjet™ print engines 602 and 603 are mounted in an
opposing in-line sequential configuration along the straight paper path. The paper 604 is drawn into
the first print engine 602 by integral, powered pick-up rollers 626. The position and size of the paper
604 is sensed and full bleed printing commences. Fixative is printed simultaneously to aid drying in
the shortest possible time.

The paper exits the first Memjet™ print engine 602 through a set of powered exit spike

wheels (aligned along the straight paper path), which act against a rubberized roller. These spike
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accel eroneters typically have high resolution, and the tinme duration of a
stroke, over which errors accumulate, is short. 7. NETPAGE PRI NTER

DESCRI PTION 7.1 PRI NTER MECHANI CS The verti cal | y- nount ed net page

wal | printer 601 is shown fully assenbled in Figure 11. It prints netpages
on Letter/A4 sized nedia using duplexed 8!/2" MenjetTM print engi nes 602
and 603, as shown in Figures 12 and 12a. |t uses a straight paper path
with the paper 604 passing through thes duplexed print engines 602 and 603
whi ch print both sides of a sheet S|nultaneously, in full color and wth

ful'l bl eedynhiB cdnbOl @by d&m@ 5iRRcARP ERRY 0G0 (RRRI! % iffo I Je&cﬁd Plm@lwe al ong

one edge of  each r| nt e sheet, allowing it to adhere to the previous
sheet whenP'Bf @88e3against it. This creates a final bound document 618
whi ch can range Refeitibg ©FRESS1A 00 MaOREpapdl 88 padse fHOMEBS MpllIEpdE @dinglvept S. The

repl aceabl e , I tr|d e Fi dupl exed
print engl negbkmﬁ der?flcslserély 8?55%5%te‘51%ag? g‘?se%]f%w Ih@p%eg?gf%ewq}eﬂﬂ’ﬁ%m ve,
and cyan, fgéhe ﬁbrovémpgwollﬁlaabdmmdlovabhfaxlaweldsmknWseeisiﬁhiaa garhtpy dgien al so

cont ai ns aglﬁg CHeBl. Rhel mév'alLlé @z&e/éhﬂs a@seﬁ’@@ %7m|n§yu&gi to-lz-lhﬁetems@pﬁa& Bialiced Jnli tltqg .
interfaces with an air p i nsi de the }?rlnter via a hose 6 . hIS

provi des fFanrayedforypyd %ﬂt‘i g Wlﬂlr%t’%‘@&a@% brigwentt D ditped s Gpsiph
particl es depdrae thdie pvedig this ddMsifii Nt heads 350 whi ch m ght ot herw se cI og the

print head nozzle [ rRona ir fl r vvlt t ecrtrldge
the operational %hl EMG w?&:?ﬁdo %ﬂgco?sés e faep@f"al ARadie: &8?}’ g‘“f‘%fe of
t he cartri@geing fonéejghik s'@abfthpqeé@bﬁvrs thy irfk phiftridge 62€c%$ adsl @9 pcmcmafo aght¢ h a

capacity f@ieelPthioh bmb@me@ewyr&pzﬁgpgc@@mgﬂ 1a0nARC R tlded BERE lekNY T O
Figure 12, thedSrrTLF |c roIIer asserrbly 626 pushes the top

e
sheet di r eUFPY t gel g .%0116 ma”“fﬁ‘&‘ﬁe“f e?@ﬂ%sra“ﬂ)ﬁ’“tnﬁé“t‘ff P&t print
engi ne 602ar¢ xitached trahedopdl el anﬂ/bllt’rgeeiuﬂ'sMeﬂE}Is mmhﬂmjreQSStﬁﬂhke,mbly'Bhexs&mt Menj et TM

pri nt engi 485d i Qcmh&%e 1&@%&%@ t&fhongcﬁ%%%&&d hilshd BE. J6g4eNt1 al

configuration alon ral 'S drawn into
the first %W%Floﬁﬂﬁlaﬁ@nwdﬁ%c?‘ﬁbé@’r% glmﬁ@@@é?“é’ég Eﬁﬁe ofiisactivipl er s 626. The
posi tion and si zas ek sﬁéaesqaqia@és intB Qb dnfe vﬁﬁ&%&s@mﬁﬁ@ﬁ Wdhksi ! 1@%11.521%%& ng

conmences. a |ve prin eou |d dryin t he
short est p‘bersﬂ'g? % ‘T‘ﬁe a%aétp%fmr%%ﬁ'it eftt?i ¥3° %lﬁ)sé‘%“f"i{ﬂ%ﬁ 1 NP Whgi ne 602
t hrough a tsehmdmgagsm@d exit spike wheels (ali gned al ong the straight

paper pathys whi ﬁﬁ\n&ﬁ%oﬂ%i’ﬁ%uﬁﬁﬁgﬁé' zed roller. These spi ke NPS034-SG
-55 wheel s contact the printed surface and continue to feed the sheet

604 into the sec@i‘fd“ W%ﬂﬁ?é‘f‘“!frﬁomf?ﬂl?rr??“séﬁ@f heonggllne psped 7ph g ficynmpgalieks 12 and
12a, the papRd-ifddedASSEIS ididrad® hfiRlc0d2p] LXRAM RiicBiverQBYhRES &RIANG, 603 into

e IS BR gL, A9 DA T PRIGPERRER DL BED By ROUELSE P e
spi ke wheeireesordRE) ﬁ%ﬁf dnpjexgdprinbengine controllers 760a and 760b, flash memory 658, and
64MB of DRAM 657, as illustrated in Figure 14.

The contrelling processor handles communication with the network 19 and with local
wireless netpage pens 101, senses the help button 617, controls the user interface LEDs 613-616, and
feeds and synchronizes the RIP DSPs 757 and print engine controllers 760, It consists of a medium-
performance general-purpose microprocessor. The controlling processor 750 communicates with the
print engine controllers 760 via a high-speed serial bus 659,

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

The master print engine controller 760a controls the paper transport and monitors ink
usage in conjunction with the master QA chip 665 and the ink cartridge QA chip 761.
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gl ue wheel. The novabl e axl e/ glue assenbly 673 is nounted to a netal

support bracket and it is transported forward to interface wth the
powered axle 670 via gears by action of a canshaft. A separate notor
powers this canshaft. The gl ue wheel assenbly 673 consists of a partially
hol l ow axl e 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
absor bs adhesive by capillary action ffgrough radial holes. A nolded housing
682 surrounds the glue wheel, with an opening at the front. Pivoting side
nol di ngs and spr uRgpriatek etr6IROS Bash akBor b3ARRE ehe iR Gor Bthahe fERGKEE0 and

hi nge out s e S he r.es is thrust forward,
This actioft glx\é%is{e'jss We}r f Gt @Pdatt%?@iu‘@ﬁopfeﬁgo‘%ﬂrb‘ﬂetmﬁ?“z?fé’o‘?’rﬂ’lnﬁed housi ng
682. Tension spﬁ”hwgsceﬁsbloﬁé ItSi’Mﬁss@nhﬁntyl tamdeief fapbicue (naneepr tdeolgk ue wheel
during peryads: QlookB 3kl Yih Yro ifiSrelelih SRERLoAOM, RZSES AnBB%RIs Repflie Whee!

assenbly 673, adhesive is appli to one vertlca ont side

(apart froffftcHet7?Sy and Ripresopatest ‘"‘“& %ﬁ%ﬁf‘@ yre grovided ip g Sfplafaﬁé‘ﬁdﬁlpééz dsen into

t he bi ndi n@t\ﬁﬁsﬁﬁﬂcymﬁﬁﬁe 623 Js%emmenw RakdERoARSH I ECI RGNS boet page

printer cotro 0 contr cessor 750, a__.

factory-i n{; Iseleﬁ{ed e?d'sélle‘aedi‘ %135?5181”8‘?{ 6§e1“f2\3’gl2945§¥§‘? ?6%5[8) %87 §28%° a radio

transcei vefrff‘(hirrahmetleumeco@rwt1¢r016bewepﬂ>5ia¢dm®aaabmds circuit 754, RF circuit

755, and RF reso A oduf) t essor
Ra4QkS oaﬂgwa, ﬂ%&h@é SoduRO)e2s %ap'mvfa@&, o lsé—gcgaﬁlg%g&gg? >

(RIP) DSPs 757, duplexed print engine controllers
nmenor y 658ﬂet“é9ﬁamte’6“%wé510$nd OREVPIEF7I0cah comppiEs s etyprs dntpriice ] uNepagenet e
contr ol I i n@temem&m ﬁnchamtbmmﬁaﬁmlwrmmemamﬁﬁm) tdbe nRinmOIskNERdand W th

| ocal ess net e ses t he hel on 617 controls the
user i nt er al“cnéoq_’ﬁbssg‘g%§ ﬁ%ﬁ?m e"? aélg e 5??5“%0%%%1"6 ﬁeﬁefléoé‘e e A5ps 757
and print errpsylecatlorn (MEIL) teanscei?@@ Lodat inerrvssi lgﬂlsle GIEEd 2§#e(phiraligk pople EfBaseiANC €

gener al - Uil Q8656 € ERRKQCESS M- uSH 80 CRBE N944 eFDQme %@%QJ&: chiRing QBRYNI cat es
with the rint en |ne controllers 760 via a %? speed serial bus 659. The

R P DSPs r$SPefe 8y Homirtead cpugrtion ssmlap op IE"?GI teeorin dep dltgdogst i nter' s
conpr essechepagantbriamb be dsal the héghge @BGNIRetont r ol | er expands, d| t hers and

prlnts page i mag ciated Me et Tl D ed350 al time
(i.e. at over 30%%5%%%&%%?”95%9? P B T n%‘elu%]icg C{pérﬂlﬁn o no‘ﬁlé ‘bsﬁ rollers
pri nt bot HYsPHEss teferhanes s altermstivelyl ltlélﬁe’e’apsmsyd 24GHe indpstrialy SCpmfmtan@mghqab

control | ergséBO0Bung 0sir QésS frégiéhcy ABingt mANSRAbS J@RHod RN prloRlS inkdHrencG@IE 1N
conjunction with the nmaster QA chip 6 65 and the ink cartridge QA chip 76

1. NPS034-CE™BE%he printer controller's flash nemory 658 hol ds the
software for bot ¥t prénteproonedgostidaly igngorhtse aDBREred Tata AssoMion (BBA)

conf | gur atih ool & Gecol bk Yk SOt BoWBI B RIRL e SODcl BRIyl THE

processor 750 transcei ver onponen s ranscei ver

control | ers™ ?@Be"éﬁbe B%@b‘&?ﬁdﬂl@ﬂ&%i‘fﬁe@@@” shog-rinae egpraisation rwith Sitahd e
contr ol | ercofsighied flpfage ptikal 0g RF conponent s

7.241 RASTERIZATION AND PRINTING

Once the main processor 750 has received and verified the document’s page layouts and
page objects, it runs the appropriate RIP software on the DSPs 757,

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

Watermark regions in the page description are rasterized to a contone-resolution bi-level
bitmap which is losslessly compressed to negligible size and which forms part of the compressed page
image.
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(RF circuit 755 and RF resonators and inductors 756) are provided in a
separate RF chip 762. The network interface nodule 625 is separate, since
net page printers allow the network connection to be factory-selected or
field-selected. Flash nenory 658 and the 2x256Miit (64NO) DRAM 657 is al so
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 opt4;onally a | ocal conputer or network
interface 752. Netpage network Internet interfaces include POTS nodens,

Hybrid Fi ber - Coaxhé WMFQ:-Cak) Eyeneﬂnﬁaﬁmte@m JIRER T ded x@ékgerutgdﬁmdenﬁﬁfoel lite
transcei ver,s CUI’ r erl‘t Ez?é[ﬂq ner I onﬁéealniul ar. tele el vers,

ans
and  wirel 59 SPJE 60D BW T_o)dest FMecer 78 EEf! b“ﬁt*‘%‘f‘?%@"é@"?ﬁ@l"ﬁde | EEE
1284 ( par atdletg peﬁm@l)lted dpidBaseizafion gnd dtokd BBxsemrestddipegeiradge. USB and USB 2. 0 '
| EEE 1394 (Fi 1 eWrheshuin 3Gk 4R7EOHSCOBE ARG NOBos D8 HOG lgﬂe%ha Gghaces.

an I nternet cqonnection is avail e on the | 6cal net wor e Iocal

networ k i nfoBF4ISE /0% difelhprinyy §%%!P°ef§“‘f°ﬁ%r Tesipeeg drerremmsrrt paat é‘?a%é’elts ek radio
transcei vemeﬂdiga aiGRIRIAL £:a4 a;sanman 4nB rining HiFHRS Bake FQMHVIOE adddALling @piFalky used

by cordles Ll el 19,1 or alte 0 nlicensed 2.4GHz
industrial® §ec§ ? ?Q agtsc’alt do eanden ?{%ﬁwi B}\ag-lﬁl%a&e %emflzf%%ency hoppi ng
and col | i sT- éﬂ dePEUTENﬁiN&%OBﬁR@#E%Ie interference-free communication. The
printer control | ehe B ixpRGb Mldlpﬂgtm% Bfaslas Gﬁm@ﬁ}ml gﬁéao%ﬁoﬂ@?%e% céEﬁQ%f 9“ on

(IrDA) interface for_receivin quirte rom devi ces such

net page canegeed IEEE 194 é‘f"ta]e‘P‘ﬁ%i’@%g é‘i’PSEfﬂlWFé?]f‘ecoc{eh'éﬁp? e Grae d Ft"he | r DA
i nt erface deocrdels h@frta cBdGe hﬁlﬁdsmmmﬁﬁttdrOﬁntVWtﬁSD &S distodbkay  enGédef i768)1 £dinh1et page
pens. T HND PRI INTIL NG he “[;ral essor 750 has
recei ved aﬁa e\];erl F ) O o%ltsf(r’rr%mfe &e 35‘{5‘ ﬂﬁg‘{% ige objects, it
runs the approprffbﬁt@nmn@nswmﬂarﬁ@@wrﬁda@ D@Iﬁble PERred ThaeDIPde s pagedst eri ze

each page @dgse bk 780da %mh?j&éd ] Lﬁtgﬁg@éﬁztﬁgprg%glyllm%age id (84 {% mai n
processor nigt ores. each conpress est way to

[ in e sirap
| oad- bal ant® PRaMPhid Pﬁ%ﬁgéhfP‘?hfhﬁpﬂ‘gf’“géﬁé?P“Eﬂ@P‘f’%? Q\*/‘Feztbe I&gf‘sl@bﬁlrlﬁ'?‘b page.
The DSPs cmaintig) thay:ge e ldi@gts pﬁiﬂtﬁd{wlﬂlbﬁxfb&lcrrﬂgb iflokded.r ary nunber of rasteri zed

ages can, in ge , or.e hi trate
Bo?entl ally pogr ?%S%J“ Sm?? ?f;t{é? Ton m?/\ﬁx 3 7 aé???%llﬁEé"g(%’rr Sgéﬁomr%ﬁk\éqg
Wt er mar k Py icxaads (a4 744 e Grge4 escomprptsiddhirlezal éla‘rkals/tele pridzenders @t 76) the bi-
cont one-r exs&i Abkpa@tadbyel ﬁ:\f&hmg Jalﬂten?gl%mﬁ dehneld%l dQRsh Qsaallﬁ/p&amgp’f&%&%ﬁh to
negllglble | z1 and%g? for Yth of the conpresse %
NPS034. SG 89S G 7 &P et @1 %?’Erran%?‘mtpﬂ%t“p(ﬁ‘i )by bpaeg% bgRHT S coded
net page t agsrealﬂtm h}mslctmflayexahmmesﬂm l:ﬁ&l‘vell(‘ﬁMYiKﬂEaIbh dita@ miffeedasd t he page
| D, tag l I’foq mmn% §11 thglold % 8&%3%6) {/}%@lggett oﬂme bLS‘Fers os?gf Ll!lese

gener at ed Flzation an € conpressed page 1 nage.
hne buffers are stored in the off-chip DRAM The final stage prints the six chamlels of bi-level dot

data (including fixative) to the Memjet™ printhead 350 via the printhead interface 768.

When several print engine controllers 760 are used in unison, such as in a duplexed
configuration, they are synchronized via a shared line sync signal 770. Only one print engine 760,
selected via the external master/slave pin 771, generates the line sync signal 770 onto the shared line.

The print engine controller 760 contains a low-speed processor 772 for synchronizing the
page expansion and rendering pipeline, configuring the printhead 350 via a low-speed serial bus 773,
and controlling the stepper motors 675, 676.

In the 84" versions of the netpage printer, the two print engines each prints 30 Letter
pages per minute along the long dimension of the page (11), giving a line rate of 8.8 kHz at 1600
dpi. In the 12” versions of the netpage printer, the two print engines each prints 45 Letier pages per
minute along the short dimension of the page (8'4”), giving a line rate of 10.2 kHz. These line rates

are well within the operating frequency of the Memjet™ printhead, which in the current design
NPS034-SG



The mai n processor 750 passes back-to-back page i mages to the dupl exed
print engine controllers 760. Each print engine controller 760 stores the
conpressed page imge in its local nenory, and starts the page expansion
and printing pipeline. Page expansion and printing is pipchned because it
is inmpractical to store an entire 114NM bi-1level CM YK+l R page inmage in
menory. 7.2.2 PRINT ENG NE CONTROLLER The page expansi on and printing

pi peline of the print engine controlleg.760 consists of a high speed | EEE
1394 serial interface 659, a standard JPEG decoder 763, a standard G oup 4
Fax decodedweedS® kHa cust om hal fl oner/conpositor unit 765, a customtag
encoder 7660($u§b Qe | oader/formatter unit 767, and a custominterface 768
to the Menje Y m print head 350. The print engine controller 360 operates in
a doubl e bufferedhnuﬁn@nmmm%uh@lnﬂﬂkga@é“mhnﬁM@aded4mmt@dBﬂﬁmhﬁﬁgmwla t he
hi gh speedused @kpebifl Slefrd®e BBRimehd ATdVeRY HOME bY adpfl aﬁ@@bﬁﬁ&g Le@d from

DRAM 769 and pass ed t hrough the print engine contro |ne ce the
page has fTl§r%¢h ﬂBF?ﬂPWﬁdf°@ﬁémﬁ%B€m ﬁﬂW%gﬂ%Hmﬁgm%#$%Wéﬁmﬁﬁ¢Wélanother
page is Ioaﬂeﬁlwmheméqmﬁth&qgafmépkhﬁh@kﬁﬁhhﬂﬂm&ﬁﬂﬁﬂdﬁnGaﬁm&ﬁ&bdhhe

JPEG conpr nt xpan

Fax- conpr e@%gﬁ%& n%p'[%te% c‘f<b7 g%gefi to‘t:h ‘?cg% é"?% I d?%'gk}edt"h B’fesen evel
net page t&@ﬂWEVEWr%@%@%d@ﬂgﬁﬂ%mﬁh®MM§@yﬁ@%ﬂdﬁﬂueﬁsn@dmmn Bectdpenf the 2, al
in paral | ehvenddigs hEaRich bySteddRndicllgr s (at 765) the contone CWK |ayer and
conposites (at 765) the bi-level black |layer over the resulting bi-Ievel
CM YK | ayer. The resultant bi-level CMYK+I R dot data is buffered and
formatted (at 767) for printing on the MenjctTm printhead 350 via a set of
line buffers. Most of these |line buffers are stored in the off-chip DRAM
The final stage prints the six channels of bi-l-evel dot data (including
fixative) to the MemetTm printhead 350 via the printhead interface 768.
When several print engine controllers 760 are used in unison, such as in a
dupl exed configuration, they are synchronized 'via a shared |line sync
signal 770. Only one print engine 760, selected via the external
master/slave pin 771, generates the |line sync signal 770 onto the shared
line. The print engine controller 760 contains a | ow speed processor 772
for synchronizing the page expansion and rendering pipeline, configuring
the printhead 350 via a | owspeed serial bus 773, and controlling the
stepper notors 675, 676. In the 81/2" versions of the netpage printer, the
two print engines each prints 30 Letter pages per mnute along the |ong
di rension of the page (11"), giving a linexate of 8.8 kHz at 1600 dpi. In
the 12" versions of the netpage printer, the two print engines each prints
45 Letter pages per mnute along the short dinension of the page (8!/2"),
giving aline rate of 10.2 kHz. These line rates are well within the
operating frequency of the Menjetimprinflicad, which in the current design
NPS034- SG - 58 exceeds 30 kHz. CONCLUSI ON
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The present invention has been described with reference to a preferred
enbodi nent and nunber of specific alternative enbodi nents. However, it

wi |l be appreciated by those skilled in the relevant fields that a nunber
of other enbodinents, differing fromthose specifically described, wll
also fall within the spirit and scope of the present invention.
Accordingly, it wll be understood that the invention is not intended to
be limted to the specific enbodi mentsgdescribed in the present

speci fication, including docunents incorporated by cross-reference as
appropriate. The scope of the invengiagmsis only limted by the attached
cl ai ns. NP§034- SE - 59 g:LAI A sensiﬁ% .device for sensing region identity
data and gener at 5" 3t “VERST BE TG ang) gengrating 3t kaskone POROVEEEA when

t he sensi néptaded paition datnhee the sapbing deviee i Groeed rE@ivOn aGégida of bikirA&Ethe fehien r €gi On
identity L I nal.cat leve;:0f: | i he regi o t he venment
dat a bei ngﬂ%"ﬁgﬁ%t@ ig%éeﬁtg%aﬁﬁ]dé\ﬁ#g{?ﬂ rt#teq%?b g}th%mg%ﬁéﬁt ﬁaéa%g] imrlcélﬁec "TEPLET ve to

t he regi on™EREt &P tspsihe derica rluivaép thp egioat the eosiipn dite beipmisiliedtiom ofothe t he
sensi ng depskitiéh df@leatdsie divize tdlivd 18 GleQkbion! BSsusilehame MABWEGhoH kSRR AL, UPON it
coded dat a diiaglggocfattli ve of at Ieas% one re i on asgﬂoﬁ?i ated wth the surface,
the coded data comprising=s" provrs iwft{'/]t B fureee, e podrd 2 ceperisivg e PRl i at ed
mar ks posi wbsemiadly nedititrintiged maks peitionfl rpatoded ersai sfgeledsiemiinead Inomiasl kmarposi t i ons
and the sensiifd G seRink AGlHELRNGL. @ region identity sensor configured to
sense the region identity data using at |east sone of the coded data; a
Mot i on sensor Cofdkkighia@eytsehs@end@teio dnsd @@%ﬁmﬁﬁ&;ﬁgfdat& Ben MR oflat a and
t he posi tltgencod&%tta, using at |east sonme of the coded data; and a

comuni cat'or configured to communi cate the region identity data and at

| east one of the nd_t.h sitiQn data tpo a ut.er system
2. A sensing devi néggggeg%p%pluﬁi%é T %?t%aetié,%av%ee?fg}feﬁn n %I[gntrf%?ia%‘ﬁgggoﬁ’g?)’f is |
conf i gur edaR@sipgh spshiome ofthe qodeddlptaigpe of t he noverent data and the position
data using at |east sonme of the coded data. 3. A sensing device according
to claim 2, wherECAMPHEE craBgreddt sompunicyiete oo identiy dia i apleaspngpthg ty of

r ef er ence mpoemdnsdaafand heposiegi daf fo 4 bRpR@LIsRAR. Sensor bei ng configured to
generate at | east one of the novenent data and the position data on the
basis of at |east one of the novenent and position of the sensing device
relative to at |east one of the reference points. 4. A sensing device
accordi ng 2o cl at esite dfieraesionting spctpimnbrieteia e amtion ssnserriscopfiguged ol agmegtd ty  of
coded val ugBast e oALSRNEh RGN GEPRGEEHE S 4 Rast ol 07 fo coa@hgi N t he coded
val ue represented by a mark is at |east partially determ ned by the
position of the mark relative to the set of predeterm ned nom nal mark
posi tions. NPS034- SG

3. A sensing device according to claim 2, 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.

4, A sensing device according to claim 1, wherein each mark represents one of a plurality of
coded values,
5. A sensing device according to claim 4, wherein the coded value represented by a mark is at

least partially determined by the position of the mark relative to the set of predetermined nominal

mark positions.
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-60 6. A sensing device according to claim1l wherein the predeterm ned

nom nal mark positions are arranged relative to a plurality of nom nal
lines. 7. A sensing device according to claiml1, wherein the nmarks have
centers and wherein the relative spacing of the centers of at |east one
pair of adjacent marks is less than 12 mllineters. 8. A sensing device
according to claiml1l, wherein each mark has a mninumradius and a nmaxi mum
radi us and wherein the length of a mardg.s mnimumradius is greater than
40% of the length of that mark's maxi mum radius. 9. A sensing device

according 6.0 cl aiMnding WRRE Rctrdiaglo oln MihdrdifBE BledetbhARRLBRMinIWRANEDLGHs Of  the
regi on inc&gdesfguﬁ@iqjen} Poaﬁg daﬁg to identify the region. 10. A sensing
devi ce accOrding to ¢l a3 RHSFEF M Sny 10 millineter di ameter subregion
of the region includes sufficient information to identify at |east one
reference point of the region. NPSO34-SG

7. A sensing device according to claim 1, wherein the marks have centers and wherein the

relative spacing of the centers of at least one pair of adjacent marks is less than 12 millimeters.

8. A sensing device according to claim 1, wherein each mark has a minimum radius and a
maximum radius and wherein the length of a mark’s minimum radius is greater than 40% of the length

of that mark’s maximum radius.

9. A sensing device according to claim 1, wherein any 10 millimeter diameter subregion of

the region inclndes sufficient coded data to identify the region.

10. A sensing device according to claim 3, wherein any 10 millimeter diameter
subregion of the region includes sufficient information to identify at least one reference point of the

region,
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