-1- SENSI NG DEVI CE FOR SENSI NG CODED MARKS FI ELD OF | NVENTI ON The present
invention relates to a sensing device for capturing information applied
freehand and particularly, but not exclusively, to a sensing device which
can capture drawing or witing information applied freehand by a user to a
surface. The invention has been developed primarily to allow a | arge nunber
of distributed users to interact with networked informtion and
applications via printed matter and hand-hel d optical sensors, thereby to
obtain interactive printed natter on depand via hi gh-speed networked col or
printers. Al though the invention will l'argely be described herein with

reference to this use, | 1 § i nvention i s not
limted to use in this ?lkgﬁgjd%%ﬂgEN%I {\% @gﬁﬁg&%ﬁ&@ﬁ@%ri ous net hods,
systens and apparatus rel ating t GFIEUROHINVENTION hvention are disclosed in
the follow ng coTREpEicRdinRRin Rl A dehdiglicli¥e th Captitily | ifBRate appicl gnee
of the present inventjon_ sinultanegusly with the present application:
PCT/ AU00/ 0d%s§380d préharicisesiyp 5% 109t exolegty LIt 6BRsD%) devise Tiuchicey ergeze drawing or

PCT/ AUO0/ 0Ghaitidg infolRaatibPdgpbd Be&24H byRudkt AdGMEHO525, PCT/ AUOCO 00526,

PCT/ AUCO' 00527, PLCT/.AUQ0/ 00528, CT/ Al 0529, . PCT/ 0 0

PCT/ AUOQ 0053 1, V%ﬁbgﬁgﬁf?vegﬁp&%’ 8’6@%‘35,? 13’%81‘%%%%@%"4‘?“’8 fo

PCT/ AUOO/ 0GBa%t witGRHWRIG 0 M5 89n afdGEiplicatiosy BB Ed mpET And\bag/heid 9p#al sensors,

PCT/ AUOY O@rAfy ([ 6ottt -0 Dicd Rk VAU DO G -&g&&m&&%& printers.
PCT/ AU00/ 00543, ~ PCT/ AUO0/ 00544, PCT/ AU00/ 00545 ~ PCT/ AUOQ. 00547,

PCT/ AU00/ 068%B%iEh Brerinyeaiéssy wtsiarely bocseronbriohers sEh refessrcn D dippss ¥, will be
PCT/ AU0O/ O@ifdbiatePGRl thIBohATED: linRleT loACRNANRA0,  PCT/ AUOD! 00561,

PCT/ AUOO/ 00562, PCT/ AUOQ / 00563, 4\ PCT/ AUD0100566.

PCT/ ALY 00567, PCT/ ALDD! 005682 Pﬁﬁ'ﬁw&%@"ﬁm. A0/ 00570,
PCT/ AUDO/ 00571, VarPmTHaitdn 200857 21d. s@Hf eXBye0n SIR3prespC IvREmOro s toed in the

PCT/ AUOOL 088&8ng cRdid\apil-006 61 by HPGHhMIGRLRRS difhe pRETALIOD sR0BASsly wit:
PCT/ AUOQI 0g5 r&m% TLAUOO / 00581, PCT/ AUOQ 00580,  PCT/ AUOQY 00582,

PCT/ AUOCQO' 00587, | PCT/ 00589, /
PCT/ AUOQY 00593, B i‘@%‘gggggwﬂgf%%k b%?’,PCE%M/Pg%g%mOSB’
PCT/ AUCQ 00594, PEEAYRO0GH BOBHE00/0RET PATIEEIII8536.8 CTPETYRIEBELHHEY 10523,
PCT/ AUCO 00598, PCWAMOM_Q)@SWEUOO/OQM Pmmm,mmmmomemwmmr es of
t hese Co'pend|ngP@ﬁ@@b@@%kQBﬁA@ﬁ@mbﬂ@@ﬂﬂQ&ﬂ%Q@Pb@%@ﬂﬂmﬁiP@b@ﬁﬁmbﬁkerence;
BACKGROUND . Pr €S 60} L joonfhadi BEF i Oirofsali SERARAoo Y SLEM bRt Xyt act s with
the systemusing a nonitor fTor I%ﬁ a |n§ Intérnatl on and a keybodrd and/ or -
nmouse for i nputt PREAYRPSHEBET AP0 PSTALOPPARCTAHOOPHGECTAEONIGRer ful , it
is relatively buPRYAENI0SHOPCTIIN0AISES PCT/APIOOMESE, PONAPINOASBECTAUPAP®P, can be
easier to read apcAmbBosPOPEAKl/0dsEBRBCT RG0S, POTIAGI0RPICA PELIAR/0B566,0MPUL er
moni tor. HoveverpUlloh &7, peTiavoo/00s6s, PCT/AU00/00569, PCT/AU00/00570, PCT/AU00/00571,
PCT/AU00/00572, PCT/AU00/00573, PCT/AU00/00574, PCT/AU00/00575, PCT/AU00/00576,
* PCT/AU00/00577, PCT/AU00/00578, PCT/AU00/00579, PCT/AU00/00581, PCT/AU00/00580,
PCT/AU00/00582, PCT/AU00/00587, PCT/AU00/00588, PCT/AU00/00589, PCT/AU00/00583,
PCT/AU00/00593, PCT/AU00/00590, PCT/AU00/60591, PCT/AU00/00592, 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 ig 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 conbi ne advantages of pen on paper and conputer
systens. SUMVARY OF | NVENTI ON The present invention relates to a sensing
device for sensing region identity data and generating novenent data when
the sensing device is noved relative to a region of a surface, the region
identity data being indicative of an identity of the region, the novenent
data being indicative of the novenent ,of the sensing device relative to
the region, the surface having di sposed upon it coded data indicative of
at | east one region associated with 6Qﬁa§prface, t he sensi ng device
including: region identity sensing neans configured to sense the region
identity data usilhiyg aatobjessapftthe wepa igfentiondo confant aflsrntagesmbtpemnn pemsandg neans
confi gur ed.d:Qu@EH&sAt € the novenent data; and communi cations neans
~configured to comuni cate the region identit¥ data and the novenent data
to a conputer system Preferab?WﬁMﬁﬁchHNYEN I98hsi ng nmeans is configured to
gen fer at gl t he nov amda&gsegtaih@nmiralgeﬁto_ a ﬁa_ﬂs%@thﬁimr @efnsihél'lﬁgiﬁlﬁ)fdﬁdit}daaﬁﬁar?dl\/br e
preferably, the code ta.,is also indicative of .a plurali of reference
o nt s of ERERp gt Bl i sfiue Aier 5 e Bl g Helmar ot Bs
gener at e tigomidentitysiat: beled iadicuive dfen Blagitsofdie redina, the mpempy dgebdingandratiwy enment
relative tg @ mb2ash oPRE sfilind dGick FAIERGR BN HR suklle Bl ldbF 0Py §
enbodi ment, the coded data includes periodic el enents, the notion sensing
means bei n§duishiR indigptivelofaplessenne Fegion aserintedyita the rfaqsathesepripedpidce ppqifiagi of t he
sensi ng devi ce' S regidR Wi dendir| ndahs\V@nfigiredlto de@B e Ofid iBdntityligta P&t A Wag
el ements. In qr%ur%ﬂ r _enbodi nment, the novenent sensing neans includes at
| east one "R¢¢e1 &8t 6H* sensing means, the accel eration sensing neans being
configured to semst®naswmsiad meastdoufiguef toghradhrgnqygmentidats @d as it i s noved
relative to the ShhRCRioksCHlRd codiifGedRY EiiRIbhicRAE MR o RiARy R ek GeNfi gured
to generate the novenent data by periodically sanpling the accel eration.
Feat ures dPRYCBINARIRYOTPYT: SYHE present invention will become apparent from
the foll ow ng desfehbifitcadtial semiHy adhiiBbfighlefogaferalythatmyertdnt daasid £ onl y,
with refere tQ.the onpanying draw ngs. BRI EF DESCRI PTI ON OF DRAW NGS
Preferredlgﬁgggiqg$c%%§6%?nents of the invention will now be described, by
way of non- | i mi¥pmgrefesshbrpthecoded data igplsorindicativerof p plurality of feereaesowinis@h e ng
drawi ngs, rdgfbny¥ié Bétion EnGAY earks Uehg BonBigREI B Ldnbra@ thednodd@n Rladh R B&RIPHDEt Wween a

sanpl e printed netpage and its online e .
al P sensing device’s movement relative to at least one (&%1% reference points.

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; NPS034-SG -3- Figure 2 is a schematic view of a interaction
bet ween a net page pen, a netpage printer, a netpage page server, and a

net page application server; Figure 3 illustrates a collection of netpage
servers and printers interconnected via a network; Figure 4 is a schematic
view of a high-level structure of a printed netpage and its online page
description; Figure 5 is a plan view showing a structure of a netpage tag;
Figure 6 is a plan view showing a rel ajjonship between a set of the tags
shown in Figure 5 and a field of view of a netpage sensing device in the
form of a makPree sdh@ktic Fibw bif Antdradtion BerddeONRpAgelpeR b n@pdo@ftinteAB QP26 REESSI NQ
and decodi ng al gorithm Fitgure 8 is a perspective view of a netpage pen and
its associsﬁ‘?'gdmaﬁﬁq%aé‘?ﬁ?f’lhc@ Fi*8Y%- of - view cone; Figure 9 is a perspective
expl oded Vhigwe Jiflustrites aneltepiivg of Peagestroassant prididrgiotereordectelivigumewd® | s a
schematic d] - C r.cf Qr. wn in
Figures 8 Ig%ugeckégé %@éﬁ%gifﬁf%elgghp%gs%@%ﬁv%a |ng{/evﬁ1§?t&§£ \%g,lg 1‘?8 ﬂ%ﬁen g net page
printer; PlegtiPom12 is a section through the length of the netpage printer
of Fi gure Hgdure Fib gplitvichlloify Afudiid anageghepapti on of Figure 12 showing a

section of_.the dupl exed print engi hes and | ue wheel assenb y;, FEigure 13
is a detai 8 Fa arb?‘e"fﬂlgwﬁnﬁ?(regag%f?‘? é‘éfen??fg?flﬁéﬁt?gsg}?ﬁn&lsfs epga%ﬁggel‘gnd pri nt
engi nes ofofviee of arstopmg@sipg demtein theforkiofamegegebin,and 12; Figure 14 is a
schemat i c f_@guwisth&mgQIfi_anageiugrwegﬁ,imauoeihgﬁoﬁw;_the net page printer

shown in Figures 11 and. ure 15 is a schematic_bl ock di agram of

dupl exed prgFRs iLhRFFSAEiveTiAv b P ReRege ReR andNAs Ajsesfatet fge 5inping firddefyiewaesoci at ed with
the pri nt edigueons § gksp@tiveSREINRd Vibw bf tRie@agk den shbvahlsi Bigk68;i S a schenmati c bl ock
di agram of .t he print engine.controller sho in Fiqures 14 and 15: . Figure
17 s e pdiBaoH B SE SR fee R g prepri AR ML used
in, for edanple, the netpage printer of Figures 10 to 12; Figure 18 is a

perspect | ig,Ml 1§\ a%rsﬁecme&'o%gll-n%mt@t{heaa%e%ﬁntgf Menj et TM printing el ements;
Figure 19 is a series of perspective views illustrating the operating cycle
of the Merfi®e 123 seriiphfiroughthejength o hegipagsPripriFigwe 3k Figure 20 is a
per spect i \Feguksl I2WisGh eflargddQiottios eOFRU 120dhowdindag@eiivh df the Mapngxet phM @Eihtahead;
Figure 21 ilugwgeéchergpti c view of a user class diagram Figure 22 is a

0

schematic &Téw ol & f)’fi nter class diagram Figure 23 is a schematic view

of a pen dligaesi3dé ageteiled view of the ink cartridge, ink, air and glue paths, and print engines of the
netpage printer of Figures 11 and 12;
Figure 14 is a schematic block diagram of a printer controller for the netpage printer shown in Figures
11 and 12;
Figure 15 is a schematic block diagram of duplexed print engine controllers and Memjet™ printheads
associated with the printer controller shown in Figure 14;
Figure 16 is a schematic block diagram of the print engine controller shown in Figures 14 and 15;
Figure 17 is a perspective view of a single Memjet™ printing element, as used in, for example, the
netpage printer of Figures 10 to 12;
Figure 18 is a perspective view of a small part of an array of Memjet™ printing elements;
Figure 19 is a series of perspective views illustrating the operating cycle of the Memjet™ printing
element shown in Figure 13;
Figure 20 is a perspective view of a short segment of a pagewidth Memjet™ printhead;
Figure 21 is a schematic view of a user class diagram;
Figure 22 is a schematic view of a printer class diagram,;
Figure 23 is a schematic view of a pen class diagram,;
Figure 24 is a schematic view of an application class diagram;

Figure 25 is a schematic view of a document and page description class diagram;
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Figure 24 is a schematic view of an application class diagram Figure 25 is
a schematic view of a docunent and page description class di agram
NPS034- SG -4- Figure 26 is a schematic view of a docunent and page
ownership class diagram Figure 27 is a schematic view of a term na

el ement specialization class diagram Figure 28 is a schematic view of a
static elenent specialization class diagram Figure 29 is a schematic view
of a hyperlink elenment class diagram _Jfigure 30 is a schematic view of a
hyperlink el ement specialization class diagram Figure 31 is a schematic

view of a mﬁp@zdlsm&&dlaw\%p)fsh@&ﬁendmgxg@mm%@waﬁdﬁgmhs a schematic view of
a formclzé?s d%g%21 {;ﬂ g‘lhore 33 IS & S¢ hemat.i ¢ w(gw of a digital ink class
di agr am ?atéf VAR Argripel §PReRf sBcializafionglay 9Nt speci al i zat i on

cl ass di agFiang 28 i ghometic3few of a statis cl@emipedalivatonclas disgrameckbox field class
diagram FLghIs ; %scﬁeﬁla@c&em?v%%rwa&wnt%fass%, byl freld class diagram

Figure 37 IS a schematic vie nat ure el d class di agram  Figure
38 is a f|'BgENHrit2 shemats viaynhe hsmprb@@éfmewgpealhmﬁzqnvhmdlag‘@gur e 38a is a

detai | ed fmgawjlagatsc&tnamwsif@pypeﬁm&&@o&acﬁ\g\m@fab of Figure 38, Figure 39 is
a schemati er command el enent class diagram Figure 40

a
is a sche 3%%%%68*?&&%@65?%8”& 80t i on class diagram Figure 41 is a
schemati c Mmea/%os‘amhefrmpommtoésdllgmaSMkdhsa&Sgrdn agram Figure 42 is a schematic

view of a lh dﬂrlya Jcﬁeﬁgtlc%e%%?aﬁél(?‘g&@emsFecﬁil%Hcgn%laés?’dld a schematic view of a

subscription 1 ver rot oco )q:f}g efatic view of a
hyper | i nk lf‘lﬁmﬁs%aséhe&é@véﬁwa’é?%{mkbo clylislogs dimgraps 5 schematic view of a

hyper | i nk Ia@id%agdselﬂm&[c&te@(‘&ﬂnextfﬁugu{salaél@mi s a schematic view of a form
submi ssi ong, mati c view of a conm ssion paynent

r of.oco ure 47
pr ot ocol ; g“g%rlsasﬁ@mf‘téc Ws°§?\7é$f‘§ ege dé?ﬁ/%i??mﬁ pen optical path; Figure 49
is a fIO\Adhalret38m‘aﬂpwsltartof@htpammcsengidlmrhnt hm and Figure 50 is a schematic

view of a i, takiteh Be odie Ny SCRI PTI ON OF PREFERRED
AND OTHER ﬁ%ﬁhgaw‘lm& Ewg q{ o %ﬁ%@%ﬁfk of Silverbrook

Resear ch ﬂil%}lfﬁ%ﬁaSﬂﬁ@ﬁtrcénewfawe%Wércﬁmr@ﬁk@alté‘ﬁsaéﬂv%nt the invention is
conf i gur ecFigués 40 dschbinktlt vieh@f NREPREEscripRdnvBEddRGragOPUt er system a detail ed

overvi ew whj. ¢ reC| ated that not every
i npl errentgfi%n‘hwalsfheﬁ’aetgev?gé’rlTavomerrgstgéassg $¥48r even nost of the specific

detail s ariteuexiZévrsthymatic MW9éybsw¥l%d?®waxrm,r elation to the basic system
Hovever,  tHgirci¥ N a8BehicdRY G4 HEdrididn ddiverfRSheot 0PI et €

Figure 44 is a schematic view of a hyperlink request class diagram;
Figure 45 is a schematic view of a hyperlink activation protocol,
Figure 46 is a schematic view of a form submission protocol;
Figure 47 is a schematic view of a commission payment protocol;
Figure 48 is a schematic view of a pen optical path;
Figure 49 is a flowchart of a stroke capture algorithm; and
Figure 50 is a schematic view of a raw digital ink class diagram.
DETAILED DESCRIPTION OF PREFERRED AND OTHER EMBODIMENTS
Note: Memjet™ is a trade mark of Silverbrook Research Pty Ltd, Australia.

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

In brief summary, the preferred form of the netpage system employs a computer interface
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formto reduce the need for external reference when attenpting to
understand the context in which the preferred enbodi nents and aspects of
the present invention operate. In brief sumary, the preferred formof the
net page system 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 nmaintained in a conputer system The nmap references can
be queried by an appropriate sensing_gevice. Depending upon the specific
inpl enentation, the map references may be encoded visibly or invisibly,

and defi neg teRordWe D mappd@Mirthdddbat &, 4 BG@dal GHRE YhPDodniBs RRRAGH oS Ush 3@ Vi el ds
an unanbi guous map reference both within the map .and anong different nmaps.

The conput Pftace f?{“@‘ﬁe‘& Iha cupHEL RPNt rni‘FHtrFfBrﬁncaso‘é’ﬂ {be fASEEY, PR &n BRpraPHe mapped
surface, adathingudeticel DEpaiiditupanthe gpecibe iniphivehtios Ghe hasleﬁreﬁcres niapbd aefteleences
supplied b i Wi nformati on
thus retri %S\l/bg}a §rc aﬁm?}g l?gda%{ ﬁg(%f%?ucg 5 Wag I;Lfa% %ﬁ%al ‘ﬂ tger lé]aﬁp%ﬁuffazlacf 216; ldf)y t he
conput er sypamkigroesmap ediRagnee kyfh within theansp pegtapong WW@S‘B@P} Je qompetpreystspecpmt or ' s

interacti %nt%hh’orﬁn%n%%uft aG@rel SR rnﬁﬁped Isﬁ}fa'cé Snddbuef BfdrBMiod HnBe r&th&led“ et page
systemrelies on the production of, and human interaction w th, netpages.

These are PGERTEH CRERTES sURRlighRN ac%“é’i‘ﬁ&‘*"n‘%ﬁij’éé“ﬂbﬁhf ReRetf Yrireryr H?FV‘ Baper, but
whi ch Wor kisirdégevéda@taeahd fon (\ﬁ@(blomia)@ﬁ:ﬁ are liridaged Bathe ampinsr sgsdoshdehatinf dach page
usi ng ink b n K unai ded human eye. The
i nk, howev'e ,atglh cf%’toﬁ%r etgé% {é)?co edig%gtﬁ%msguaé\gftae Sensed by an optically
i magi ng pen and Enréfhsqﬁetf?de@rmoth? Wetmetswager@sss%ﬁhe redugtion qbr fidupan] f or m

active butihensioRRih, RGREEs! THE SrePhoeBerGdxt, BARIs GRNmMARS Fiinicd kL didr fipdrhe pen to
request |nforrrat| n fromthe network or to signal S%Leferencgg t 0. g network

server. oBFTENE Vo Biges ‘?’F‘f“é’ﬁ iHEPekh 4 61F" 28Tt PagE Yhich i

aut onat i c ashws;anutaﬁz ogisiblz edthameidedivwen ¢yedTHe inkclmwpet,@nd thérebyithel cadddldeta,ved page
system al odi nents, signatures
recor ded dﬁé@%&%&@%ﬁ&%&g&gguéeh Md%qmbﬁed O\r;hee%%tpgg% C {gﬁé 11 owi ng e-conmerce
transactions to esié‘ifﬂfeé foymeagtive dpttopeand hX@ﬂ‘iﬂl‘SI srohapasdat e chikgdivieh the o

printed nq%ﬂ)&gﬁq&smﬁ&nﬁmrm& nawdrnblefoasfgml\peefa‘r@ww\/a lnat»o&aaverhe ohd Il ed in

by the user_ bpth on the rlnte ‘el ec ronlcally , via
communi car PR RIS R anie ot el E08eRlh Bl O AR ol ous

"Request " txbmtheosiphgzisysteny allvaing famsglto badlledes dn Hthe ledbodanedts aigganperirecoldert t on. The
net page cqpg 'néfm%e at aﬂnﬁﬁé&h&veﬁﬁédaan%wﬁg b Derﬁﬁéch a3 s &) d@ 'sé%ux‘el? |§utho %&d coded

data3pr|nte as a collection of ags u5|ng|nV|S| e i nk

correspondi ng pafeisfaetinifigpiedna B‘mteé‘tn&‘P"éﬁ 168 rfm@e’}ﬁét‘%%ﬁé"erqub caljescri bes
t he i ndi vivdgatd lebgameﬁs‘esmﬂphwmyﬂeﬁ B fhted phie, @araldcewmanyu ia a)e;jaﬁmahas t he
g?pebﬁ??oﬁa}gﬁ%{g}é eepen edrlflei ﬁ)ages stemr ’Ifl?eaégh Ile sglc?r aklee:c}{lgsgl’etj rmn(;'oua' : r(ra'ectlet field
i nterpret addigsfields @dtahlévrmt@mpagéhe nftpage cmssrpit grtpblctddmmnnwdmsinex'ahlp finds, has a

zone 7 Whigh &4 GRS @%Qéd b0a LHRCRRE 'ta@i 4%5£%1s1‘9fe i &he G&feEp%M'}Q
graphic 8. As illustrated in Figure 2, the netp vggglé?en 101 pre erred

form of WHFLHPR Ss¥RIEhon the nﬁlﬂ?a&’uﬁ‘eé‘g"ﬂS dﬁﬁﬁbeg the inf Bl of the Pﬁ??aée et ai |
bel ow, wWorpkgiciildd itGiedafites Gk iyPE andli shdtialcexRA (A SF Rich Mtettive Blkment (i.e. text field or

button in the example), to allow the netpage system to correctly interpret input via the netpage. The

submit button 6, for example, has a zone 7 which corresponds to the spatial extent of the
corresponding graphic 8.

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

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

described in more detail below, is able to deliver, periodically or on demand, personalized
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an I nternet-connected printing appliance for hone, office or nobile use.
The pen is wireless and comrunicates securely with the netpage printer via
a short-range radio link 9. The netpage printer 601, a preferred form of
which is shown in Figures 11 to 13 and described in nore detail below, is
able to deliver, periodically or on demand, personalized NPS034SG - 6-
newspapers, nmgazi nes, catal ogs, brochures and ot her publications, al
printed at high quality as interactiyvg netpages. Unlike a personal
conputer, the netpage printer is an appliance which can be, for exanple,

wal | - nou nt&ds;ﬁgarsa@ﬁ@&mésoca@amgarbe@hmedh@ othaepdawamnsl gallrlﬁ‘ﬂﬂ@d laShif ﬁtﬁﬁty gonsuned,

such as in_a ar aéﬁeak ast. tabl e, mabn g

househol d' ?terﬁﬁivﬁi‘e‘f’%“ ﬁ%‘ﬁa‘g"ratﬂi’is%“a CFPY T 2ee PHOY 1598 appé"i’)"r?%g FiFaR Bhicbt op,
deskt op, poatEd ivell-achtediadip@btue en arer glieenbe midehpaye s fsticotsetkdatict 4dn 4  poi nt
of consu s and
it or ot |ty R B € DB EARE of ool BE bRl b BEr b TR L IRES, Page
pen 101 i rcafse t2bletgp. desktom gortablg arfl meigietare yusiepspri nted netpage 1 and

comuni cat es, Vi NetfagsdiRined st Do icéhsinhplibin Qmbinb Bie bRE-613E 61 paker tvih @e Net page
printer. The rlnt ends the interaction to the rel evant netpage

601 n
page servet™ %?meﬁftév%?%f’g’ﬁr%ﬂveqeﬁ appropri ate circunstances, the page
server sends a césseypdntipng2ntbssdyee fco 1ap pleracaiviith theodd ikaig ron aamhtbd/var e
runni ng ome@agaeitmaﬁ%iescm 4 OB REETo ik, E0GARRL! ¢ b S GFe TRY 11
turn send a Tresponse which is prin he originating printer.
net page sm@ﬁﬁ?%seﬁ‘éﬁd@e mf%roa'bf yel%q* éle@eﬂﬁ\pégﬂ tfmer ilth fqrweteﬁsﬁéfl@* rhzed
enbodi mentapplpriaRirfighstdsRs] tHe bageQBivetneids araorws;iohduhy lgéasag@@eagphcamn computer
m cr oel ect rg‘gaechanl cal system ters In

n pr|
the preferfed 't oot t%agf ‘ﬁ%‘f"b%f”"r ?gldr&f’u ?}Jélfa“”hueé‘ﬁm%‘
hi gh- qual irt:syonsqawhdtmnrrgtedsntlhadmmtDEQmaérf ordable to consurrers I n | ts

preferred form g, NRLRAAG:RUP Ha%hs%raﬁ?%&e%nveﬁm( $ ﬁ@{;reﬁ%%%&%én?“ cs of
a traditional newsmagazi ne, such as a set of |letter-si zelg 0SSy

p rinted by brigs psed g cgrungonyyththishispred micksisetrpmechaniseheypter GUEMS)psed éﬂheg ation

and conf orveljee™h@ia@ts) 18 Ghe pldftred R a0iis RLindlogy, re&&ﬁlﬂhgtﬁspéehemgﬁmuﬂgy
avail abili t of. br ternet ac servi ce able to

Shoh or hodid i BRI 8T 0Rn AR RS K, SEI RS RER 4E 0 ©
br oadband physicalrchapctegistiveefs hlafé;n@lalrneu@ygaammsmcam aset of leRE9izo Elosshpages. pnﬂ’cma net page

printer capndlsio: AB&H A&, box‘ﬁddtt&etﬁér@dé\/@a{syE&&E&%ﬁ%ﬂ&@éﬁoﬂhﬂ@haﬂm&@ | onger delivery
times and lower image quality. |ndeed, the netpage gstem can be enabl ed

usi ng exi sting cOiGREr pF‘ﬁ‘f{je@il"“artRi eroing avalipbiliyy 8§l§°ad‘%ﬁ“ Fsrghecesse Callst em wi | |
oper at e NBERicS isowdﬂyblamobsw &fl hotishi@ide firDthe Ubited| Sef8, e caiil addem sérkiodofericONSuUNer’ s

p0|nt of i .e e system.is hosted on a
private i \rﬁ) %g%r?g% ﬂ“emet a% essIl Hg?ﬁégsgbn%o(%% Of?l esepﬁ% netp% rf)néeééansaysgto M1 s hosted

on a si ngl"eth@’@WfMP@PCt@Fs b wituloeger deliveiy) tieps erél\}meeunagmhtaéncbe%ﬂlp pitrsge  Net page
pubI icati QFkte%%aM%E %na@l@d nggtéaﬁuﬁg%m& ﬂ@é\éﬁlﬁéseaﬁ&t&@ @ﬁﬂoﬂgﬁrtﬁéjsy%teln %i iver
print- qual i pub cat(gmr]] g net pag r| nters. Periodj C§| e’ubl i.cations

ar e deli vé’P%‘?} Piap gore RIFS APl g ot %ﬁﬁ%‘e’ﬁrmﬁf vigw, [ pther

poi nt cast |emgocﬁmailtsmhé nétp@s bysag i hésetpeta mpivod doales In Rl @ipn anbadivgbnts, the

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

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

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

of the family. This allows each user to maintain a distinct profile with respect to a netpage publication
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publications are filtered and formatted according to individual user
profiles. A netpage printer can be configured to support any nunber of
pens, and a pen can work w th any nunber of netpage printers. In the
preferred inpl enmentation, each netpage pen has a unique identifier. A
househol d may have a collection of col ored netpage pens, one assigned to
each nmenber of the famly. This allows each user to maintain a distinct
profile with respect to a netpage publjcation NPS034-SG -7- server or
application server. A netpage pen can also be registered with a netpage
regi stratiQReSsehyBlatdnsedfd |inked to one or nore paynment card accounts.
This all ows e-commerce paynents to be securely authorized _usjing the

net page pen. The AHE‘P?J?&@’E“ %Q‘S‘é pe egipterRd g’é‘r‘b’éﬁ“’“@dﬁ%ﬁ?’é‘g‘ SEHE é?’@j’nlﬁ‘g?j‘r‘%

capt ur ed banetoh monqiajaﬁagecarmaaoumstTmSaaupweucmkcy pﬁ}&ghts toelﬁe&dcuﬁdl}gﬁﬂi)tﬁ‘e&
allowing it.t t henti.cat jdentity n rce server.
Gher bf ort e Bepedet EhipdbRalRitn Sonrtpllatc b bR Fprn T Gee® 1 0

net page pern with@ nieréoysly regigleted sigrptures @levrierity to antheiticite axe juper’ idoitigY fozan enay by
the net paggmmedi Shve ORI biSHAIS ban AAb bORUIR Rrif) fRAPA REsloR beihe ARMeLRh | Ver
periodi cal s such as _the norning newspaper w thout user intervention, it

can be confSyiGT Ergerpiy sopnoing. vaRfiedjng sy BTybé’ldFéﬁtpﬁgﬁﬁﬁ‘Stf?ﬁ?qSe“’Trn its preferred
form it only dalthoughnepeageiptiieraaly Selifvér(pmo@mhsmh B &d moming hévapapbrsethatt hor i zed
sour .Ces Iurgert her§ SRgac.;ntb’e c&% n@éegg%edehp“ nBllClte unll kgts% f];r?e)((lf chi ne or
e-mai | accourﬁ wWhi' € nk- na er n

I'S Visl We the %elephone
nunmber or @lmelwemmoé@@s frqm sybsPRyRdEr @WW&R@# spECPURiFesptrt disjnetpaze nodel i n
t he systeningr #esike bl@ﬁdnauﬁﬁerw ednaltRdchin® Gnilbd 0hibR % 4ng AN 38R r (hdMabws @b ass
di agram cI ass d a mconS| sts of a set of object classes connected by
rel at i onsHfiFbore ma %PES of rel ationships are of interest here:
associ ati ohs anngeneES*STmAR@mmmm associ ation represents sone kind of
rel ati onshi p bet st )
Genor al 1 zat | o r FAPUERiEE) Bpd s RALURED,LIANER BB CL AT MY
fol | owi ng deasydiagrdm. 4 clebsedingrapgonsisty ggmget effobises clatses camectestby aglqtionshipy, erdttyo of t hat

class, andidak aﬁﬁlatﬁméhﬁ)s 8re O MRFed b2 AsdoBiRtion] and lg@ﬂsﬁhﬁmng h@rass&lat@n febﬂaaehty a

subset of A 0 not .directly suppo con -0 II|n -
PUo L1 o6 che B of elkionlR Sy onfeRt S eethaetiirass o LR ER At A AR by o €
t he nane oktuilikiassed, asiscan b¢ umierstbcai in shedollowdit vaf: 1fet¢1$s &ttiongto uf s sheabt dfhik cl ass,
separat ed bt O ARMEq B RATkARMAAL, drN6-n, 30H pAs Libid o Qlhsct B4 AT AL T ONS
of the class, separat rom-t qb orizonta I ne.

the cl ass Wla@‘?eaﬁ% d’&ﬁ‘iilwpﬂoﬁﬁqce‘w;“deh@%l}‘é% ,leo‘é*’éﬁat’ﬁ f56>- ar e never nodel | ed.

An associ ati on i Eacﬂf;laééﬂ'k @&wnds b kdd@ngldbBRIIAGyith R reheasiaRSlasOR oLl of abel | ed
at either

| t Ly f th he def t
mul tipli cf? ttf‘g“t%ﬁ’ethe %S gugpfréée{i)bl 8] T’erﬁﬁlhgrézg’z@?%é %F‘?llflqis %Fﬁ"@?“f@‘"‘%f% "many",
i.e. zero thfrclm) rseparafed Gbm s saibutet ilsohy 2 borppital timalld e Flasb dlagreds whidhifollaws nane,
and is alhggevgpgﬁe%g,gg%ng‘@pﬁgdle&q at either end with the role of the

correspondl ng cl'ass. An open dianond indicates an a ation associ ation
("is-part-of'), éﬁgfschltlwrl%_%ﬁwnéﬁs aﬂ%"%@ F\@gzggsgb optiqpplly fa qllﬁ at either end with

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

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

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

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

only where it is defined.
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association line. A generalization relationship ("is-a") is drawn as a
solid line joining two classes, with an arrow (in the formof an open
triangle) at the generalization end. Wen a class diagramis broken up into
mul tiple diagranms, any class which is duplicated is shown with a dashed
outline in all but the main diagramwhich defines it. It is shown with
attributes only where it is defined. NPS034-SG -g- 1.1 NETPAGES Net pages
are the foundation on which a netpage _getwork is built. They provide a
paper- based user interface to published information and interactive
services. 4 net prepageysi sts of a printed page (or other surface region)
invisibly tagged with references to an online descrijption of the page. The
onl i ne page descPNPiPRsFe the fopdetinnan Ydish g @pteass peivierk i butly They pevidederPage
server. Thesepageintase f pblishud id@metioh beidntérvgivardesickd e | ayout and cont ent of

t he page, including text. graphi and. i es.. |t a cribes.the input
el ements on the pg)‘ange T Sﬁsd?tﬁgpmg%t%a engo,r gﬁj%p%ffﬁer{ I%ﬁ%r‘{gslﬁ'n%mu |ﬁ§al ds. A
net page altfommcentark priigsdesaidéonsl thiypage.The priperagedesaintiqntismainigigefl perdstently pe

si mul t aneays) kR PhddrsEderaid pmeqeﬁﬁﬁ@ﬁidéa&ibgshee NEHPRGR SUSERM ot Mdlaiep! €

net pages can share the sane page description, However, to allow i nput
through oPHRi e §pbint Pdaimagsigbalse destibos e tPRigUrshE 4 teeer st fBge i s
assi gned autidhis,yperakg @nd chput fiefds.ex netpgaldd sllowp agekingOmbdeswituf deipagegrab opiteCi Si on
to di stingui.sh ween very | ar e es. Each reference to

t he page %’gléf%?fogtg%oﬁ |9s°§sé¥lc€ %rg‘ég}d%%ﬁg%glgﬁ%%%ﬁpf%gsw le tag identifies the
uni que page on wMiltinle inetpaggsremphare thersame pree desriptiordHpwerver i alleremeyt firewgh t he page
descri pti WerwiftQdeh@@l RALR® bel dlGRuishddSHicH defpadWasiBiSd & hiiqhie Poke {RRIRATES
Characteristics of the tags are described Iin nore detail below. Tags are
print ed irpaﬁerFPrhasr%ﬁﬂafﬁgﬁflg‘eﬂ 19 SRRSO ORI VET VR e P RET ofFRIEY s

i nfrared-refl ect Eak refersuicta tispagy ddbonipiioy ipapaded inNesinted 1af. 1The @l idamtified thergt hs ar e
i nvi sible NOBRS, ; u g . i i mge
ensor i ¢ Pt e BEURLh £ Bt o R QB SEIRS e U Bedfloh P 1gae | 00

i n the netifsates feewn Pasiépnion te pagg Charpaieristics phrthaiagyinte deseribed i morreleibbelpge syst em
viha the nearest 0gRRAGEnET innﬁhﬁfed—aﬂ_sb@tiﬂaﬂ( gﬁmﬁs@mﬁéﬁm@n@l inﬁ&@&ﬂé?ﬁ%‘c_ﬁ&; es Ym‘th
the netpa rinter vig a.short-range radio |lipk. Tags,are s iciently
smal | and § 8?%}‘“5??"8%8?&‘“?’%5‘5 WIVREEIR g m@‘é‘glerme‘p?k}&‘m FREgR ea&ify ﬁegﬁit one
tag even dmagolgishglivage bangk witnantapygoppiagblter/ t i s i nportant that the pen
recogni ze the paﬂ%g'i&e&s@&jby%%}e‘é Be Q0¥ B Yiethdal fndnh @ the Wil R chfific@OE,

since the interaction is ‘stateleSs. Tags are error-correctably encoded to
nmake themipe optedes sysiem via themearsbrepagerapler Suepalyis WirtRss apfeepappicalsa it ber ver
mai Nt ai NS mipakdipehte vidAOBort-Rbdeaiielink OragLRE MuffRlchtitsedl ARtIARER arrangeki i@y 1t tO

mai ntain a disti t.set of user-supplied values for jhput fields in the
e oo coeb ity g s ety SR ashale SRk PR B p 2 D Bitbrdol B O pell 110
page descrreqotiizrthe pige IBage pesitdn ancesry antectidvewity ihatregd, sinde ghegiateraction is

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

JQ

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

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

1.2 NETPAGE TAGS
1.21 Tag Data Content

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

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

tag. One or more flag bits may, for example, signal a tag sensing device to provide feedback
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is showmn in Figure 4. The page instance is associated with both the netpage
printer which printed it and, if known, the netpage user who requested it.
1.2 NETPAGE TAGS 1.2.1 Tag Data Content In a preferred form each tag
identifies the region in which it appears, and the |ocation of that tag
within the region. Atag nmay al so contain flags which relate to the region
as a whole or to the tag. One or nore flag bits may, for exanple, signal a
tag sensing device to provide feedback . NPS034-SG -9- indicative of a
function associated with the i mediate area of the tag, w thout the sensing

devi ce  hayjidaGhelo? a ik £QciReIORChE Rirhddfdte Gfea loh Bre I Wbyt K RBIRAGALEN MAY,
for exanple, illumnate an "active area" LED en | nﬁtiﬂe .Zzone

0of a
hyper | i nk havieg torefqr tqpdesggiption of (e aeion. £\ BifPARS RS ™Rk B FF 2Pl HUTypals By P8
enbodi mentareaelinwlica (h tixOhiienif MBypadink. easi | y recogni zed i nvariant structure
whi ch aids i n It Igsl ﬂ%& S?rt Iclgar}l'y e?pqgme%él&ﬂ maas;ﬁ'!eér}e% e}ngodmlem, ggciﬂagg)n fan ef f ect
of any warp i nduced by the surtace or By the sensing process. e tags
pr ef er abl easily recogniaes ipvatidnt eructprg opdich pidyfinisipl detaqipd, jard Wieh) agsistimminingzieg thfensel y
arranged that ofBewif Rakadby ] ARl ¥r dyMRAGsiAE prb@ASThe @BEpriBGbly BY BB iR & Si Ngl e
click on the gsge. t. is inportant that the pen recognize tze Ea e | D and
posi ti on &AeS @garyuifiviendy seallaghdspreprieesd PR PR CRIAH BIaEHRt SRR i s
st at el ess.evdnrona sipgletliek bede paghddis ipoitant thiteherpegiecgnitcthenapcid aad pagior @f er s
coincides with . entd he. Lon I D encoded in the tag is
thereforee??%%ﬁ%ﬁ%ﬁg%aﬁgﬁggﬁgaﬁgéégT%§§?&%%%Qpa e on which the tag
appears. |n ot helr a@refodd epbadigents thperegiendp grhich btae\ﬁgeéﬁoﬁmf‘ea@“? & WHE PRZSN be an
arbitrary g4 Fe%'bpm enSddein RRAL, iOtherbfbR BfnoSyoliAGith. theage IDAMP bake ok WhiAN
coincide with the zon§$of ay |nt§ract|ve eLenent, i n mhi§h cage.the region
ID can di ¥dt8 YPRuSAePrPrPHEmTR BF et YRl ARBATE PABT & PN Fi el d
Pr eci si on of bipigs Jor otiRe gurlice. F& ck@ifible] étgad &intide with thg gond of &l intérd@iQe Eeradnt, irag
cont ai ns ' ] ' : [ - cated as shown in Table 1
rooum ng an e e Bpcd o QL AL AR BRI R DT 25 3BT tag | D
supports a regi ofeblilzdagdatyp to 1024 square inches. Larger regions can be
mapped coft T NERST Y | Wipkdtsuidn (itsy €psi ng the tag ID precision sinply by
usi ng abutting regions—and-maps—The 100-bit region ID allows 210 (1030 or
a nilIiofﬁppﬁﬂ?ion1ppillion) different regions to be uniquely identified.
1.2.2 Tag(agim Encodlieng The 120 bjts of tag data are redundantly encoded
using a ( Eags":’)

Total 120

Rcmjl- Setororn—code! This

Each tag contains 120 bits of information, typically allocated as shown in Table 1.
Assuming a maximum tag density of 64 per square inch, a 16-bit tag ID supports a region size of up to
1024 square inches. Larger regions can be mapped continuously without increasing the tag ID
precision simply by using abutting regions and maps. The 100-bit region ID allows 219 (~10% or a
million trillion trillion) different regions to be uniquely identified.

1.2.2 Tag Data Encoding

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

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

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

maxi m si ngm;@%ﬂgjcgggcje@ood that the burst error NPS034-SG -10- can be fully
corrected. 1.2.3 Physical Tag Structure The physical representation of the
tag, showi-?# Fi W&aSTaQﬂﬂlcg‘Hés fixed target structures 15, 16, 17 and
vari abl e data areaphkal rdfiQedtatisesf thesig] SHows inRigutel, @Sludds liad tages arsimag devi ce
such as t n e.pento d t .t t nd infer its three-dinensional
orientati (I}g ]réefﬂé%ag’%na&f)q?tﬁge%g%f?glf fi mﬁ?ﬁaége?%‘"al?tge%?lfégsa STSRE e Fuélbgsetgegnt ations
of the i nditpigdped tobieted tigftag dnd indergo duct-dimaysictat erientdipn ad#ive ioehqpeenyor The ag

repr oduct i 9f oot N6 fiAQpkSn i BRAS e ShaRtaud bhi&? Ak tob B 2@ flat2 56X 256 dots.  Wen
printed at 1600 dots per inch this yields a tag with a dianeter of about 4
nm At this resofachisys Prepeietag sprofustinedp s ddrendsred @ adeoPE i @0 B3P ¥t qui et
a& ea" of rvogth YSntddut Q{Db aotsd }?Jr Hz@lﬁthG fsd bﬁldﬂﬂa@&iﬁﬁd’ &ﬁeieﬁof_&b&ﬁca mEORH thib bb‘?lﬁd?] by

adj acent tags,.It. o adds ots .to ft, €, ILve. dianeter of the tag.
The tag i ritq'pRigdes ";}' %3‘?’ ?j‘gf’““éetdrbﬁ’c?t gpdgres A"E%daélfuéiﬁi%snglrnfenge i“g?ﬁrﬁ B8 t he
sensi ng dewvitdeitel by adjaaénk iagsl ¥ ynlykeitieivtdot knghe effgctivi digneter pighd tag. easy t o det ect
because it is ropatd ORdhdey sik BURL AR ARiRECAYRE 18 alloRs BRI EnsaEREkd ON Of
its aspect ratio renbves nost of the effects of perspectjve distortion. An
ori ent at i dpitialixidgtect ge dagt Blgsring HeeagbiRsictie) beravse dids foitiehatleinmarar apdecalsit oxi mat e
pl anar or isgipeatdrneftioRfof itk @spedt agiodxufla?jxreg okt eof YEefRtts toh @er§RAFO Wistoftbe An
orientation axis is skewed to.yield a.unique orientation. Four rspective
targets 17"gHUSHATHE 2 %‘ﬂsstlg%sé’mﬂévdf‘@cee % Sé%?“ﬁg 8@3 e T n\?\%é%lﬁ? rorgtgﬁ?si onal
per spect i we dut tathsfaur afttefsertsdreTheagiematidn brasis ekeaed tqoisldrauméue pricgatiadi Fasnsi onal
position %e@tﬁde%&&sl {05109 td &ﬁsﬂga&wcg Rl iafel eract:ﬁaté !ﬂ@o-(ﬁﬁaﬁgﬁ’al pe%pt:qtitz@-r get
structures are redundantly large to inprove their inmunity to noise. The
overal | t dgnsomast tedage puddighog an aqqypate Riggfipeasional aasiog opd 8‘1“1‘}% on; ¢fithfg@8  opt i mal
t ag packi ngativoh t@3edsért egul ar triangular grid. In conbination with the
circular detecti rin this ke ci.rcul ar. .arra Nt of data bits
within the tag op fﬂﬁglsgd%esﬁrﬁﬁ%ﬁdgnzly?afgse t%]fnfré)yetg%rclﬁ""crggg({%)%' is represented
by a radial wedte ovesalktheshfipg ismiroflar aFhisgrmpartshenmeré ethds phingoysrtingpdifag packinhes  and
two concenf,fah GregulldrGitn@iar 3h& In cambtion W @R cD@ar dordtlidh Mgl RPN cRPf 8 dots
at 1600 dpi and is designed so that its base (its inner. ar at | east

S : i .arc), |
equal to tHrFgeRITheideRPIEIRR e g orHmal TRawgREse ysizpsrach e gibse zefeﬁ‘&d K al
di r ect i on radsal &bda@inShe fathbdihn draa bbinded hy idfadial tihavemisive concdn@ic birolabirds. Ehali a synbol
is represented by an array.of e st i «Syhpglys of each
of the si xweé eglé%%gm%rdé’g eé?l?nooé g?é%xyﬁg&fcﬁ%a&%%udf &%Sﬁs@gjﬁa% }tsﬁ%gea(ltssm Z
is at least equal to this minimum dimension. The height of the wedge in the radial direction is always

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

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

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

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

spacing of the t@&%n%'?%ﬁ?ﬁﬁi%@shép&'th@‘%%ﬂﬁnﬂgiaﬁet&i 3Gkt Rhsof 8Ld SPARR .is t he
m ni mum di ameter of the sensor field of viewis obtained when the tags are

tiled on beied vhse be ges s tiledogapalatgplgpneula eddy aiho i Eegtte 6. 1.2.4 Tag
| mage Procexsi ngTHiyithage Pastesking ired Deogdingage processi ng and decodi ng

performed by a sensing device su t he netpage.. n.is.sh i.n Figure
7. Wiile a capt ufllggagilga agmlceésnﬁeﬁl %%cﬁllﬁﬁffoﬁ%fbgg%nfﬁﬁwﬁ%%g 3 g’%nrs}e rafge t he
dynani ¢ r anye sbéwi hdiguraleViis aceptardrinmed is(taing 2@)piredTiam defpage sofortthe range
i's then chosSeR @se btk A dierntifl 62 B! Fhe LQker bt adPB Bher dhoschAEmé bIRGE 1S then

t hreshol ded and segnented into connected pixel regions (i.e. shapes 23)
(at 22). <SpeBeld fopfhe mmestle Thedyess fidier threshaldsp pdsesmentedigio copestsf PRETFOPYr es are
di scar ded.(i.e. IHapes 2B @ BN Ghpeviich A ©b seAICH repfesdpaetag Grgal skacuc@rpUtieddedBi nary
shape mnelrﬁgsseZaISIdéae{leoi hen gh%ng)ltsjglecio&qlttedM) for each shape, and these

provi de the 257 €O ' SUBLE uen?oly Pocat i ng target structures. Central
shape nonents arRindsyshepeanomens2iarethénppmpytedi{at 24)dpr qachshare.gopd thespprovidathhe easily
nmade i NVar,@thr Qbse§eilyGocathg Rk stiudthrbO caftdl shipb domSis ard bahdid da@irelidva Gt
structure 15 is the first to, be I_ogq%tedca%at 26). A ring has the advantage

5 {
of  bei ng “B{oR@d canberay gradpinyAragyt splectpegidaigise BPE®Y. Mat chi ng proceeds
by aspect - nor mal Theiriag tafacstrudn@t a3 is @Re-fa0 kil located (it BACA risdlap e sdvapageinf s. Once
its second-order re ral i g ' i ze even
1 the. porBeey AT ARps il Gk iR d:BR0 Ml Athecdey BRI 25 0
and r ot atrptetipn 2qrmelizipg teiph shape’ HpprakmtsaOReg éf srrondseoRemeRs P RogRlizeH the Hag spect i ve
tr ansf or mjs hiyero @ééb%ng el BltheSeFsptlive rdi%go;t@n hwSs Ji@ﬂicﬁﬁ.xﬂhe }iﬁh’@&iginﬁl&ﬁﬁe@@m( at 28).
Mat chi ng proceeds t% a‘g(gl ylagg the ri.ng' i}ﬁnor mal i zatj ons to each shape's
moment s, ANHP 6T QeSHSHR AT ARSRY PRE RO L BiG PETPRYYe Ms. Once its
second- or der noNBRtasis adrget mouchved 16zigdhd fwat @xbeslotagd g8t28). Mardai Ipyocredebigni zed.
Note that s b ﬁ%;n?ﬁigqﬁi%r{@,@afch 'slfraﬂ%seﬂgrhefnﬁganh%tg.glﬁ-? BhgHaLe hifind WO

possi bl e of ations of the axis. shape 1 s deliberately skewed to one
side to nukmerthiOgcqigssgqopd-erder pomentyirg gorppliged fhe ais taggpf) iy egsibysreqopiized  Nipte

rotat : on- RRK mllerc{ehgon@as@ iSrelikdRldisahtigibte ite thiaossitacorietaiond dlga'esxrif. The ) _
nor mal i zat j ons | si.nce the rgpectiye. distorti.on can the axis
target's élﬁpg s %’ag& skened 1y 'sge 8r'|'?%f ﬁ% POty eaplgj A S%Ehgtvllg)ﬁé’glygc’ss‘h]gg? ul

appr oxi natrotgion-obrmblive theaglis target after dnhadthed tte frafs yoamali2@ionsTapelifosincetby spect i ve
target StrUClUEEJisthhiot bfh Hiddbhd ARttarb@s 38s | 19E i three@ oridBhl- rotiRADrdfiLd 4TBL €S

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

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

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

normal i zati ons to each shape's nonents. Once their second-order nonents are
normal i zed the circular perspective targets are easy to recogni ze, and the
target closest to each estimated position is taken as a match. The
original centroids of the four perspegiive targets are then taken to be the
perspective-distorted comers 31 of a square of known size in tag space, and
an ei ght- Gt%at;,ﬁmeém Nd. BEHRRDRES RPRAL 1946 telcAMiisQE Mhidtird RrelhBpbadd 6t 32)
based on solving the well-understood equations relating the four tag-space
and | mage-CSPEETHS nt pairs (see Heckbert, P., Fundamentals of Texture
Mappi ng and | migﬁhe\ﬂ&érﬁﬂ ﬂtg-ﬁpaws hﬁgsspme,sm@cuv@&msfonm usSE(aSp;OJdth (atc¥k) daetl | f or ni a
at Ber kel (gl Sbt § y TceeChtrOI n%g'le S pwlilerelég%rea =V ue OSltlBO%/lSSl}Sg June
1989, the Ot Gy L RPOGh I ﬁgaoa RIBTES PHC ST PO At by " PFoasl et & ence) .
The i nf er redulearlagptapdate(at %)lﬂm@@-@bmeadpe@s;m@t jnythe mplantsafgerThelpsemsﬁéd to

proj ect (@hnaHh ﬁa@s&esﬁsmm tge%tt@mtzmoldmststttegmu\ttetheﬁna PR&RebfIt O i mage space
where the real -val'ued position is used to b|||nearl mtergol ate (at 36)

the four rel evarPrcaal 4¢%dfa 4 XPee Prrochaindhip dtis Vivage® offiesipr O Bdt y
conput ed ISBB@Sn dobevsdl @ ddcoddd (138U §idld RO ddcbidee BIRGD tbr tl Toaietod&iHith intt@al Nokduce t he
final b|tv O1ea|| dat 37 _hay t. nthis
way, each o? the ﬁ%géév o Sélﬁbqbs T ??mggd 561 8’??6‘?1 O%lgdeom%?t §E)ﬁw§r%s gr(l%o lﬁ?Qadte 38) to
yield 20 degbaeddising he 8pligprot@d® decoded bits in total. Note that the
codeword symbol stk é@@tﬁkewy@ougectﬁmsﬂeaqteﬂeﬁnagesemtétatuomstems Qﬂ%gar e
inplicitly de- int er%eaved during the sanp glflar ocess. The rj n? rget 15

is only sdtgjtneey aths ttga iequads ‘Stpﬁ‘é of ﬁﬁ&%"‘%lﬁ‘% SPIRIFR e Pt e i mage
guar ant eesudchsfullyt freoded,Nfen ddf pefnopbaldon isSreqpated f@f tha caeapiratee Givag addgfiatea
conplete tag i.s not found and - ull ode sition
is recor dé)cfg Fore Phe’ 3’111#? earlllf' % 1}03 %%\%{éingfa%fggﬁ%t gn Qbefn%%;g g{ﬂ%é/ R%‘%%V%? and

i deal | 'y a serising priothenteg] in the evrgdntdrhage. ew 193, an alternative strategy involves

seeki ng anot her mgabtaﬁect he ot lifidRates thm%uty t;halequt@l Qedinh@thedat adithgi cat es

the identity of the region contalnln t\h osi.tion ﬁf the tag
Wl Ehi -t h@o R e AR B0 B PSP SE Bt R Ernn ARG Bel Fogi on. as
wel | as tileeoverditotidntatiar 3ok thé p@nis3benCiffertrdde(atpi fromshd praspectivef @msfoch Tt 34)
fromthe V,

spati al I%EJ fvg(gﬁns tgg %“eit?ﬂv%\géen {Eh;ﬁ;}l rgl%ggﬁf \t?%&e%g] et%)% féﬂgﬁ%%%%ﬁggéagwopti cal
axis. 1. 2.05tlc‘ﬂaﬂglsl\/ap Decoding a tag results inaregion ID atag ID and a
tag-rel at ijves penrdgmdpsf orm Before the tag ID and the tag-rel ative pen

| ocati on can be tra(ﬂnsl at ed |1 nto an sol uig cati W thin %{)\;‘P ftagged
region, the | ocati°Hredstd % B¢ Wt hn® PRE B ?8ﬁ'r ‘tpeﬂémffﬁ’ isis

gi ven by ahettagIDvayd, theatag-felatict peo focutton cim beatpeslaaicihto taa gbsbBtei loragontvaygel r egi on

to a corr “r‘ange%’}ledﬁgmé Bga?igﬂ Sine tg-m&% r@é?& Iﬁtlstab%sknown. This is given by a tag map, a

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

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

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

The tag map for a region must be retrievable via the region ID. Thus, given a region ID, a
tag ID and a pen transform, the tag map can be retrieved, the tag ID can be translated into an absolute
tag location within the region, and the tag-relative pen location can be added to the tag location to
yield an absolute pen location within the region.

1.2.6 Tagging Schemes

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

| ocation can0g added widsdff, frl?egprLfaf;eataoaaﬂg {RemeV sl DocRibnaRiRHindt rgPEN

| ocation wthin the region, 1.2.6 Taggi ng Schenmes Two di stinct surface
codi ng scﬁ&??é%dl’éﬁ”éedo‘fm‘fﬁ‘t“é‘r"égctdmgﬁ‘iﬁ‘ﬁ%e‘tﬁ?s fraficgog taghe tag structure
NPS034- SG - 13- dgs&htiochadicamg |tdg&6ntinlﬂs 4 tad B> SEEH, wéh traﬂmedpmeﬁgartmeedg agdi ng

schenme uses "l ocation-indicati ng I SCUS
al t er nat | VECUHH] WS‘ tgcﬁ%%‘erg re&‘soesylc%s a "é‘?l 1 % |k3§2t oflrwatg% 6 s ER il ag Rfbive
| ocat i on- ilevdiicoat ﬂlﬂgpnusagdedmragépcawn g/ Dheradation oquew withigtks| regiqadTHishr ough

the tag mgpy A3 3Q6 ikt &0 1bi6n bAAOR [LIRAL A us iftk@Re éerh@ﬂl HUR Jail
|l ocation wthin the region. The tag-relative |ocation of n is added

to this tdgcrgienesesitet d"‘t?ﬂlﬁlr??“’f‘hleml%’é & hopreipterfase clament Weltfr‘ﬂe’i’r‘ﬁf‘ﬁz‘“raegl on.
This in tstatbnirdatis R thetuer Bk fBdeiement ish@ntifde dlotahitn-Rlicdihetapaltraed @ivielye t o0 a
user interface_.ele e gdescri tro th the region.
Not only {SUPP, fnﬁ © cap {Ju%o; agsoiute CP% enrlréhﬁ one useflgrerf%églgrﬁen a |ocation
relative to the zﬁrsebjeﬁ-mthearﬂhaeae @htelnenttagl E) rvbltelnthrefCibeuientlﬁetaweenntrrﬁen cating

tags therefQLg i 'Elfe\ﬂag%l Ae%npﬁﬂ%s@&&teé B ﬁl@Qég%eA@fthe%sapaﬁlidﬁeeoWusQat hin
the zone of a particular user interface elenent. An ohje “ié&‘{]ﬂ‘é‘ie ing tag

cont ai ns ént?"?f@e Plemehidentifyitieetsp {pieripre riiqmepte @aking e aiun FF‘ent in
the page defsaiigupliableNOR&snticAhe tgi\lid ot theefsre,giygpart Al dapthh @f tuagisolute ptche zone
of the user nt ace el enp h e maki ng
t hem al | en’{hf’}ég ana r’tsﬁg’r e ecaé)(éurygflcf. 4 ¥ve gﬁfi’?ﬁ‘ omg a%ghgégmgrhn@g% ing tags
do not, t rﬁemeflqyreecee@merhe ep¢vunteredhtag rffequelﬁcy,athe M@P@ﬂneﬁﬁfe i9ue praplid PPhey do,

however, sUaRARS thd RE WiBRE Ydke &h boudBbiglohdPdeRBRndAat h. So long as the

p05|t|on sanpl i frequency exceeds tw ce the encountered ta frequency,
t he di spl acenent‘%fﬂr arhebﬁég%ﬁcgr% ﬂ}fe‘ﬁgs%é‘?"t fno?i’o’i’e(‘ia“f’?rémhé‘ﬁsf"“ﬁ?dt K8 a stroke

can be unarbhEguelisd setpeieta it inecctivi\Elbhenesi it hatra waggl ingrad ok the pridtivpageags
function Ius C20 agl?rg {e Q&Slm 5eb1c9ﬁlsopcf%} B & dz}{d l%%@l’ead @}J tﬁ%ﬂsﬁ:& d@wﬁcetan@fopﬁlt page as

user interactiv at a us can Interact wth the printed page
using an amp@@ptﬁr%noe%sfe‘?'?ﬁ%@tedé\ﬁww%ﬁSl‘fred'er for tag data to be read by the

sensing dgwy ce ag&ufv,gm@ap,\a@pg@arprnaw response to be gener ated in the
net page system AGE DE%CRI PTI ONS AE‘EJ err.eq'eenbodi ment

of a document an‘ﬁpﬁgﬁ‘? ?ﬂ’gE‘é:‘F‘F”ﬁt"P?)ﬂ oL & d’a%lgdre%fﬁ?tfog S gy es 25

and 26. | rigake2hwed page system a docunent is described at three | evels. At
the nost abstr ac, ﬂle%\éts;ge system a document is described at three levels. At the most abstract level

the document 836 has a hierarchical structure whose terminal elements 839 are associated with

content objects 840 such as text objects, text style objects, image objects, etc. Once the document is
printed on a printer with a particular page size and according to a particular user’s scale factor
preference, the document is paginated and otherwise formatted. Formatted terminal elements 835 will
in some cases be associated with content objects which are different from those associated with their
corresponding terminal elements, particularly where the content objects are style-related. Each printed
instance of a document and page is also described separately, to allow input captured through a
particular page instance 830 to be recorded separately from input captured through other instances of
the same page description.

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

request a copy of a document without being forced to accept the source document’s specific format.
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t he docunent 836 has a hierarchical structure whose term nal elenents 839
are associated with content objects 840 such as text objects, text style
obj ects, inmage objects, etc. Once the docunent is printed on a printer
with a particul ar page size and according to a particular user's scale
factor preference, the docunent is paginated and otherw se formatted.
Formatted term nal elenents 835 wll in sonme cases be associated with
content objects which are different fremthose associated with their
corresponding term nal elenents, particularly where the content objects are
styl e-r el afh@dlserﬁﬁa?rbe%(%ugsﬁiﬁ%ja cbﬁsm%ea Qlfinté= WRACH BB nt %QQ: #ARJ%r le leso

descri bed separately, to allowinput captured through a particular page

i nstance §30VEsiyphe preerse akte ?%‘F‘giloéwn e8P tian s thePagst S & AR BARSRE ot her

i NSt ances seiver td dffcigayiteprOSerdeions énpipatitular pigedpigesence of the nost abstract
document descr i p}\ifcc)ma&:g d%%etﬁaﬂggcgn%gt\s/%{aagtloﬁ%nna%edjﬁagg éscc;)ri ticl;n%q.)ugasclt.\ oft COPY of
a document without Dei ng forced to accepts the sour 8ocﬁ’ment"s specific
format. NPSOI4nsBE of 34et of fumajtod termipa} clsmentedpteBach fyymeited olowpent hasgughiial pri nt er
with a di f&ehienbonP886h Bé fe. ThRUefBEARPIRve arRR MBIt SRhdhts shddGs RypeSiRRGRI Of the
formatted docunent description on the page server allows the page server
to effici é?ﬁ“F@‘“‘lqsnterpret user actions on a particular printed page. A
formatted docuneAtdodmént meagt 811condspardsiet f@hatieddararhdnetb4Jagasidagardtptf i ons 5,
each of which consists se f for 2r i nal 5. Each
For mat t ed "or-cHmRre pas oo 8L B el & B Sk e, FnBRE b S

def i nes t Hiaclorags ipstanesr83@ degribpsypripgle aniguewrinted netpagds 1aand rrgqydsrthe naged DRA f the nput
fields. A @sldneplee infislal 68 pBBIf 20 ERS RRAALS ifliQerResén@laBlyloe lpdloryiant 834. |t
consi sts o,f_a} set of page instances 830, each of which corresponds to a
page descrfPt#h 5 of the formatted document. Each page instance 830
descri bes a si ngheaganisgure cpisistbdseneftigaipel cemestrightanec 83208n ¢lereenpiagacd D 50 of
the netpage..; Eﬁ%?orhm&g ﬁeckﬁ% iﬂ}&&é&ﬁ!ﬁuﬂ h)?,e MR ek O RY ARG 1
represents copy of a page requested in rsolation. A page Instance

consi st s olemgntdeqaussfit reordiarigpsagtion MR 38 whish dsasnecéls @ 4p pagsrinsnesnandta fellst ance
only exi Stiftahde ekists F?2 6 G SlehblS bRAGE FRQE fyhu€ spedificO MR phRMnstalddHifn eldnday per | i nk
i nstance exists fo [ enent because it records a transaction

df r a g}/g,erllnk .ek
I D 55 whi ¢F1NE eEAReHIPopgyep (L SisSEmPisPAe 88y a field instance exists
for a field el enemimibeclhuse cantbe b eGr dignentrfdbita hyppemk Plement 8§44t hlelpelepeeni nst ance.
An el ement84% bﬁéa%@%&eﬂ%%aﬁ@é}ex&éﬂ &b Qﬁ%‘&tﬁ‘{@figuré .A%Ea?& E819me%l £ARAl & such as

textfl ows. el ement can b”ea_sa static _element 843, a hyper]ink
el ement 84Wle deneptei4q vith aprasseciated stylebiest §3dgtestliow elemabfitatith @ 8ReiMed 846, as
shown in Kiy@t ket oBjéct 865, St iRlagelelofte NI Withl dssomdibd Rfag@elerhd/ds6, a@tpRBEEmeBA 7 Wi th

an associ d.styl e object, . 854, textfl ow el e t .848 with .an, associ at ed
oy oa T ool B lpsSogRih Bhnic Shion B Sitlte B GG 1 it 8 el Bt BRE
el ement 85Bjectd5Yraphiioccclip klemrem 852 BBOm whsbliataimudis slpcabiettefd.gr aptrivtelotgpect 857,
a video C's'sﬁwﬁiaﬁ%ﬁ‘&até%@éhp\"éhbﬁe'&s%ﬁ‘,a@&%@&in’ﬂ oyideo clip object 858, an

audio clip elenent 852 with an associated audio clip object 859, or a
script el enent A page instance has a background field 833 which is used to record any digital ink

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

In the preferred form of the invention, a tag map 811 is associated with each page instance
to allow tags on the page to be translated into locations on the page.
1.4 THE NETPAGE NETWORK

In a preferred embodiment, a netpage network consists of a distributed set of netpage page
servers 10, netpage registration servers 11, netpage ID servers 12, netpage application servers 13,
netpage publication servers 14, and netpage printers 601 connected via a network 19 such as the
Internet, as shown in Figure 3.

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

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

i nstance has a background field 833 which is used to record any digital ink
captured on the page which does not apply to a specific input elenent. In
the preferred formof the invention, a tag map 811 is associated with each
page instance to allowtags on the page to be translated into |ocations on
the page. 1.4 THE NETPAGE NETWORK I n a preferred enbodi nent, a netpage
network consists of a distributed set ,9f netpage page servers 10, netpage
regi stration servers 11, netpage ID servers 12, netpage application servers

13, net pag@eRihls Gat Iawao%ezsvaeglgmﬂgllpm,@n&h sk%mpagm{aﬁdca&aeﬁs%rsﬁgJap;qme@ct ed via
a network 19 such_as the ternet, as _shown in The net page

regi st rat i GRseetiopy, Lyalsp f“i“é‘esé‘a%qi‘?‘\}’égr FeCRBIEIR FREET ﬁ%dets%%ﬁﬁ ?bBYFsﬁP?S%ag%%?'ﬁﬁ\een
users, pedaﬁre,r [0 rhaiivitdts Dersistd inif @ @ition Aisoucpage {isdripii@a bridquags, inguncest The nalnge
authorlzes netmork P ates
users and &C k mclllude nlbﬁrg0 Bgrggﬁemr aﬁh é]anfl’fn 6 Q’gét ﬁ’gﬁtlﬁsgaan%eg Hngggédgg

appl i cati mqrvertqlsarrr@m@tns ewsmpqt tvalegs &a5 emhmaed@sanmﬂﬁw $uch ppcnetpese ogrere beoh
services. xééagfdeiﬁ&ﬁ laP&dy a)b@e/ @ppr@na@b&ag&v&aﬂ& paBEEWRF infefhrdiBny ts@dhNiSput

per si st ent ormat i on about page descriptions and page instances. The
net page rEPMGIKDS Jreoripirast %ﬂvnﬁﬁﬂﬁﬂﬁp%? page servers, each handling a
subset of page i Asic@aRE®. seSien CE alibcagddousadt UBY 51abrs d:enrmi nhd pregidessiesd- | nput
val ues for, a?gnh o?%%? Wl r?kn%ntﬁﬁ)allgéal(%@gh%mglJCh as netpage printers send

net page inp T t propriate page server. The page server
interprets any sé@htpagﬁpmer U?eéthah‘tﬁmt Pigiribuind Naws Systept (PYH) @}Tsnﬁlgbtodwk’%spondl ng
page. A ne;ﬁe 1D8D W& thelrdtvdkl QG 6BmIREIIERALe sbidr hinlili@NhASARPSdingNd
provi des Ioa anci ng of page servers via its ID allocation schene. A
net page pﬂPﬁP@Wmﬁ%es the Internet Distributed Nanme System (DNS), or
simlar, to resohwepagaappiitapagervgdd alsBvevhich hats tideactietnempagk apptictiessA of t he
net page p : t page
appl 1 cat | anpad il LNDxd B SRRRERRURCh ARGl AR ARE S e

appl i cat i amigtersATheyse desggbeddutitaildmierind 2server 14 is an application server

whi ch publishes Rep4agervelo iRt Foskd onel pm oprdeﬂJo&r Serve;nlﬁon@d'seﬁ‘dESC“ bed

in detail in Sectio r hosted on a vari et

notwor b saPpuREIE RPN SH TSR 2 St BPLAE s S e R P backar o
and Sun. Mnla sigglechosteng agogles erveeran be distributed oenc wmbemdf lhysts. Bomegpr ol nfylhe host
and a si nqt&@%{%&&%&%ﬁ@%&@%@% gxﬁgmaﬁm@tmp%am; plla@saédsb Hopp or all
of the functionalit age servers, and artlcular t he
f unct i onal SE§f aﬁﬁi@mpeséderw %ésqbpr%v&e@évecam at‘r‘i‘@a%%i’élé‘a%‘érs 125 2 @elpAgy| so be
provi ded Qrh@RE tnlaomputed whirgitdtiog r @RdchiaB®rksuch as a netpage printer, in a

conput er Jo)s kSta'}HEONETPAGE RpNTgRI ocal network. 1.5 THE NETPAGE PRI NTER

The netpage printer 601 is an appliance which is registered with the netpage system and
prints netpage documents on demand and via subscription. Each printer has a 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 populate the pages. Because of personalization, page layouts are typically specific to a
particular subscriber and so are pointcast to the subscriber’s printer via the appropriate page server.

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

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

br oadband connection. Apart fromidentity and security settings in

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

di stri but eghinad RAYSuRRBEs’ %ﬁﬁt&@ﬂn’ﬁ u;leqppmﬂnadgag@&@lﬁag ly ?f par g icul art ne}g page
SCri pe net page ocunents rom

printers. The netgeng ge; i’ recei ves su

net page publ i cat I GncHees PRbficatiqny server, apinipes. fig srgmentatioq; of idoUEREAIETY W0 part s:
the page |min@adsandandictsse Adetre@iving ebet poiast iofra gecumertss @edeslayalis,ale Pl ate t he
pages. Be%%%h‘i’cfh ﬁlcggqgiugztgﬁgmg page | ayouts are typicall y specific to a
parti cul ar sub SCI’I er and So are pointcast to the subscriber's printer via
the appropriate Pargehespinsrhas reqaivet thenepmpletgregcolsyaistand objects thet dsfilvethe hand,

are typi cajobimesidbEinidd, gthmg;rihgﬁe@um.&rl bers, and so are NPS034-SG -16-

mul ticast to all_subscribers' printers andthea riate ervers.
The net page publ F@&"P‘SW%WV@P‘PB‘}T}HW?‘éjsevfwges“é&?g‘ﬂ‘f"gﬂﬂ/% ‘6‘? %BEE%M

cont ent i rhet. Ip@bﬂﬁﬁ&ﬁxbﬁxeﬂ%nﬂhﬂg’iﬂe&ﬂﬁ&oﬂers AbG afid pRe ehiihed Oititidig Mehjpincast of a
docunent"’ S J[sﬁ¥°'flus the printer knows which nmulticasts, if any, to
listen to.? rimter has received the conpl ete page | ayouts and

obj ects that defTh?@rmm pragess peneists of o ldecoyniddrstagsy;, rajtarizatiam ofragqdesdribigonglocument .
The print ehd b@sdBh hii§Pin@HRAf Pzl Mages O @@ﬁmggé%c&@&@apﬁaoﬂa&sto@%w&w on both

sides of the, sheet. It contains duplexed print engine controllers 760 and
print engiBE LPPYTS T i if SEH TOF i OHRIREd QEDt 8gng entraligss LoRsift plo@igom The
printing pteessswidditgpaad,ditet axﬂ\pﬂnt(ﬂ@embﬁdreslttﬁg,essnchﬁoﬂsddaﬁth mabpetiiorndf page

descripti q?si. ')hgaggm%gxﬁrng%?n@ and printing of page images. The raster inmge

processor consi one or nore standard DSPs 757 running in
paral | el . The duRrinésxsendt qppliledtfordR grinting bayp the optiow fopripiaees psie IR absoptivedark

processor Snlé/\lﬁlth&ﬁgh@iima&ﬁhs thbs '&J’lﬂ(enﬁé&@m lan@&s o A8 Bagk TR@EZH budh pA2A hatel HiBRe
synchronl E %Eﬁ{atl n of 8“ ntheads in the print engines.
Printers “‘B?‘é" Y ‘F‘?“E Pa%tY ?‘i‘@yaﬁe‘aﬂ? °lPyi 23PTRBH to print tags using
| R-absor pt| ve bl aakrmal medtpageaprinko pgds detiages roe Sheets ©F papealyBret @edirlibed metpgze enpty

areas of GheRaae pulohDaNR A BAGRS NS IR Seact b S INALPRR! LY

than IR-printe are sti ass as net pa nor rra net page
printer prsvrm?estywewﬁa@@@ﬂ% caswe tag tlbtfg sphgpe aod hvmeéagsrf%cfwa@%@cmpﬁge
printers m@ym@y snt le(Eht QsdMBECLHS a@ctmag kdhamk &klfaflﬁﬁﬁ& to Pl @sm&htlo&e&nes Each

pri nter su 0 ast on u ace an S rts. at east one tag
P e s HBRER S rb R ERtepah s Sorm atR Sin e BV B Sne. |t map 814
whi ch descri bes Hifuee 2 algws ithel epagsaisweclas diaghhyrefigtnd frinteprelated idordgoument
becomes

maintained by a registration server 11 on the netpage network.

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

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

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

characteristics:

. photographic quality color printing
. high quality text printing

. high reliability

. low printer cost
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associated wth that docunent so that the docunent's tags can be correctly
interpreted. Figure 2 shows the netpage printer class diagram reflecting
printer-related information naintained by a registration server 11 on the
net page network. A preferred enbodi nent of the netpage printer is described
in greater detail in Section 6 below, with reference to Figures 11 to 16.
1.5.1 Mem et TM Pri ntheads The net page system can operate using printers
made with a wide range of digital printing technologies, including thernal
i nkj et, piezoelectric inkjet, |laser electrophotographic, and others.
However, f,or w dgy,gRRgHMEr acceptance, it is desirable that a netpage
printer have the followng characteristics: photographic quality col or
printing ° high !gUBPPt9Stt ext printing high reliability | ow printer cost
NPS034- SG+ 17- |pwpld dpkratidast | ow paper cost sinple operation nearly
silent printing i9h6£;;nting speed simultaneous double sided printing
conpact form factor i oW power consunption No conmercially avail abl e
printing technollagppritmgspgéd of these characteristics. To enable to
production of prinfiels.Wdhi JleiGagharacteristics, the present applicant
has invented a neM/Egint technol ogy, referred to as MenjetT technol ogy.
Menj et TM i*s a dropeastoieadtid i nkj et technol ogy that incorporates pagew dth
print heads f abr iieap&dr doadufgiioni cr oel ectromechani cal systens ( MEMDB)

technol ogy. Figure 17 shows a single printing element 300 .of a Menjetm
brinthead. The nSt sRpE~ TaPrReBRE By B RSt SEEGROTRHR i ng ol erent s
300 to form a 1600endp¢ to pedyetion @t britkupiviex theye ichtrasteristidsh ihs pppsanhdpplicant has

si mul t aneqigha MelyBlist 1hdidey, FAGENoRs MUl WehnObBCKemi@i¥is  ii3h Llidflad NKS as

wel | as paper conditioner and i1nk fixative. The printing elenment 300 is
appr oxi nat&s) tephnylogy rioomoRng PReFWiith prnteadh fabtigatsd using migfoclectipmeqhppicaly
printing ehsmenivEMS) Qech@logRdrigile a7 Shdws GO Eindidl pdtingl teRmad Bob ata Magiarpor at es
CMOS | ogic,. da transfer. . timn a ive circujt npot s . Maj or
ol orent o GPPRL TrrhPRR et R It Rt i aho'e Pt iEY ML 17y
303, the pagewidth duplex printer. This printer simultaneously prints cyan, magenta, yellow, black, and

infrared inks as well as paper conditioner and ink fixative.

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

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

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

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

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

Figure 19(a) shows the quiescent position of the ink meniscus 316 prior to printing an ink
droplet. Ink is retained in the nozzle chamber by surface tension at the ink meniscus 316 and at the

fluidic seal 305 formed between the nozzle chamber 304 and the ink channel rim 306.
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nozzl e chanber 304, the fluidic seal 305, the ink channel rim 306, the

| ever arm 307, the active actuator beam pair 308, the passive actuator
beam pair 309, the active actuator anchor 310, the passive actuator anchor
311, and the ink inlet 312. The active actuator beampair 308 is
mechanically joined to the passive actuator beam pair 309 at the join 319.
Both beans pairs are anchored at their respective anchor points 310 and
311. The conbination of elements 308,;4309, 310, 311, and 319 forma

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

part of an arraywalfie Bﬁduﬂg Itﬁw ﬂu@ﬁ@@msmm@ a%umsrmtaaﬁ&d 28 SrinS&ght ON 315
of a printing_ el enent ross section 315 is own. Wi t hout . ink, to

clearly sHOWAFEe the ﬁclire?trl?f"épc“g S‘i‘?e“f -Peiesgarsdaiasang Rytstsdiie df“ﬁf—? dé’l"‘f e PFFUadt er 301

Fi gures 19(18)f thd ekfile) acaumor bk pdir F0R.OHis da&emereahcam guneyted pasOthrosghMrtiedt TM
printing ¢ g%‘é‘ o aé)gpone Hhid rc%n& Ustlin S 98"% f8, q%qe‘%{&p%x%&uep&%a& gsf{htﬁé the ink
meni scus 31 to prin an | eflg I's retai ne t he
nozzl e ch aﬁﬁareﬁoulb yeasmr@taesehq l@m pPEn30§to an@cu WWW"S epptosi@mppie| 3QQtis nohe

fluidic S%Lted?’gsioés%{@gmb%éﬁﬁﬁg mtahﬁreQQZf?elreﬁceQJaﬁz@a%e %%eeﬁ’tﬂﬁku& h@ns SQ&S Channel
rim306. NPS034- SG - prlntlng the printh CII‘CUI

di st ri but ¢8IgRERSt yt‘f‘i%’l"ﬁ?l %ﬁtﬂ‘e wgilsvered sat plots SIFCti"PB‘e’f“ﬁ]ebeB‘E)ra?t%"é"E ?l nting
el ement , |webhdidpaswaidsehechebbtate 3M.AChD ek -dr @ms3 07 lrensohiad this movethent wethd dvezledheglier odes

318 of t h%OQ‘CIthﬁ\Ac?Zﬁl@%%a}hgér%64 Rﬁ@eg‘élg;g! t%voggcg ns I”H;es oSifttCEG Wl F%Lrg%(id ‘i’ﬁ% current

to pass throu eam  palr Bolt One mcrosec resulting in
Joul e heatmmsesmﬁeﬂ(m@mrfa@m tk Bhlcqupefdhe nogrde 02, |aﬁb°ausmgéwrgwwecuhélétt¢ ng
causes t hewiearke pde rid5h3 pRvarad ik mbBschdIS cRRBSHNAIRGEUAIRY sulRa 8T @al I 309
is not heated |t%é$]9es not expand, resulting in a stress difference

bet ween t HE&* pairs. This stress difference is partially resolved
by the canti | eveAeitle emptranfre 6fhie bednegins i8haed 308 lequakinas] tha attuaat 320 r&20s tolxendi ng
towards t t v t to the
nozgl o chagBa Pt Rt m Habeloilor Bt B sl SRR b ok o Bin TRERL" 0%t he
posi tion sCHmmr PyPheagR Fignrg TH(g)) The mppels charnh@fﬂ%ra@bébx theactionof fe gxleeptensiof or ci ng
i nk 321 ouk thohedidd® 3002zl e 302, and causing the ink meniscus 316 to bul ge.
The nozzle rim 303 vents the i adi ross the
Surface of the  HEsSPEUENRsuPeloh S PRESEA ST dipariet Py o Rl o r s
308 and 3(gntbqd & theAabwidth hbthagperdtprall 2D mmitiv thpdiretipni3t s Thowegngnrshdwnposi ti on.
Thi s aids gph h)%g @5&@52% of a %Eie{}%nhtﬁé‘agd{xﬁ{&l ;%Eméltﬁe lﬁaﬁ)é}rﬂ héleq ba@tlih«.gfgcld' n the

nozzl e chanbe as shown in ure nozzl e chanb is refilled

by the actprletheaefm ths direction %l%eT]l‘eeWé‘Fhﬁ"ﬁ‘ haaé ft"f‘?e"fr%%t?ffi‘%’&%‘ PEige ei@rn@%ﬁ #9020 shows
a segnent paihting ﬂ;arskmlble&dyp%&mklsﬁppaedrb@&}ﬁmﬂwnlt er, the | engt h of the

8: Ir EE:PIegﬁ |35331t hTT‘IO eprote:ct WC grle %ufrfager%?thp pr%x%{ c‘cf Io%g'rat ,bazn%%)zl Eg% L}Fr 328 léorrpl et e
pri nt head)attaciifiletn tl}smrlntbqadl gl}bsttaltpewpalfpe reach snom\ﬁ@a tqgasi a tdmesppidichozzle guard

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

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

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

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

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

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

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

printing. sTé?ipxpﬁal% Riithg thdWataddih reks e@mmwm&)patgbﬁma&zzl e guard is sealed while
the printer is i e Pen The act] ve SenSIE‘ﬁﬁgﬁ%] ce of t he

net page systemi ;Letfif?)ff’rf?gle?@)dﬁne Olitpagﬁﬁfnc‘??eraﬁ%'? Ppsi2igrma

control | erand3da nbﬁmﬁhh@stylﬁs Thhatkisg aspdt, deeweeisin® @ossaty onudrggke defpagn a page
via an i magGen SENGOLms D8, TRAG: SEASPE uled 8a Rl 5LALE daviag ey ded
with an appropriate permt sensing Rear -1 ni¥

wavel engt hiegistgxed ﬁélsﬂé?rﬁem@d Sisﬁmmc?’@s & e PeﬂdEI%vﬁlg“f‘f’r?é the metpage pavIclesst o sense
when the NgilyrdnS rdflctn® PldelhedVidiimitds nilalndd By a 3pshirkildR sRRR 11 SnaR] RiphQ Sense
tags at a sufficient rate to capture human handwiting (i.e. at 200 dpi or
greater an¥™80 Hz or faster). Information captured by the pen is
encrypted and w Mabesigley nibrigris noidce dith @ sdetpezep thie e rdetfrotined dts @odtioatandn) , t he
printer or A1 t. refl t.he respect
to the (kn%%§%n§%§§%r%c§ée%e?ﬁl% &Pgrtd:%dﬁ&n‘g&gngld&fogg%ﬁéh\énr?gebpsage pen
oper at es b‘e‘lelﬂ?fe&é féatﬁﬁ I‘%Fhffrsrmlq(toﬂgdl?aﬁkw&ﬁ@ﬂf they pep Bl Fofewar Kinglowt 91 us. The

mar ki ng asip@@ltive amv&fme paBe BBL ‘INECE DT Pre¥sink With ufélpagmts hEorlR tDagest, s&Y St em as

a browsi ng, suc as a nternet interface. Each

net page pe‘ﬁ‘s%?“o °§?%F@é‘¥°zla meﬁnof%glez"é‘fep‘%\&agt‘%eﬁﬁ B AR “Svﬁlgeﬁ’ﬁﬂwcf% pen | D
61. Fi gur eh@ll sfnamiss dfhsigmetepabevep@d. cl ass  diagram reflecting pen-rel ated
| nf or mati on el i) el hEREb koAb Yk nblondfk BGRELARAE i NET WOT K.

When either nib is 1n contact a net page en determnes its

posi ti on athvinfaed seevirem.iappres P &f tihwgmﬂtemsuﬁtégféhe defioges the neprsideaiad to a

f ﬁr cehs legs&fnputékgﬂa ﬂob]ﬁonmrﬂ(éﬁnwr@laﬁ\}&&o th l&giﬁ)m thtﬂ&tﬁé’rﬂaﬂ@%@d:ctfve WBboitiée loxli fhe &
threshold to indic et her t ows a

i nteracti V& %figﬁ@h‘ﬁg OYHESOPAG & Ptgo eB@pt‘C?: IAlhgﬁléh (e %osgion reesolsw“?ln Of%’e?ﬁ%nf *he pen

ni b, in orddewthecapedlreisg densityyon the pagois namscjnprbp@mnd tméle\mxrd!@e theiadjusted nor e,
the force [§iGARLMEGs ffe Rl OREIRY Bd it RsdnBioRleda fof R¥urate hdGwrith |

dynami cs of a signature to be verified. The pen determnmines the position and
orientati df°°&Ht9t s nib on the net page by imaging, in the infrared
spectrum an ar eaenJa&BJnoxfelaﬁdaeo PifRed die tabpt@red hd samets yf dbkek.restiokdxondists ol@codes
the nearest tag e- tam (gg)léln ossmt he0 %Sgtl Olaate(l{ a pen- owlrjl exl; %{ 3 Icc}/me Eegbt he tag
fromthe obServe pers edti Ve 8“5? FETon hﬁ' p|mae r?cf he known
geonetry ohe Stubﬁeqqglémelbwteb'@sASAbltelﬁﬁ!ﬁgmgzddeWp@mpége@h 59 @fshﬁlnamgewh@fevetﬁe tag may

be | ow, begaupendibs, iR, \Q@é}!ﬁé’rhﬂﬂ B kR ePBIGKd SminBIEhS I heRERROr tional to

the tag size, the adj usted
Each netpage pen has a current selection 826 associated with it, allowing the user to

perform copy and paste operations etc. The selection is timestamped to allow the system to discard it
after a defined time period. The current selection describes a region of a page instance. It consists of
the most recent digital ink stroke captured through the pen relative to the background area of the page.
It is interpreted in an application-specific manner once it is submitted to an application via a selection
hyperlink activation.

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

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

whi ch, under normal circunstances, is,gt the comencenent of the stroke.
Each netpage pen has a current selection 826 associated with it, allow ng
the user tg@m t&%&&mbagx@ywﬁe%e%@e@m@mea&ehmr@&&d J&%@@Ar@&&é&m s

ti rrestarrped to allowt e‘(’stemto discard it after a defined tinme period.
The cur r erft? ©&3 Wi thee¥ePe85es a region of a page instance. It consists of
t he nost recent mhgieteakhelpaklsshmkmgeapiuﬁm“hthr“mmglit chih onpr@nicate tetpewe to the
background, ar e .t he Da .S int [ I C peC| f| C
manner onc<la° WIHX[ ﬁasﬁ’es lts ?ﬁﬂ@? g%:Dt' ovlﬂcgaeﬁ %p‘ifflif%%%{ i 2%0%% %@%&geﬁm‘l o tﬁé %%f/pl?a I
activati ormonEaterHy p@wat%éQ “arror’ UEFL rWhen s pgpspcceqdsiin dﬁicsdntgk?eﬂfﬁlfebell‘ta’s o thotifi ed

by the pentdit libBent¥iflailhted iR <t¥@EpCase of the default netpage pen descri bed
above, either the marking black ink nib or the non-markjn nibis
BB ebiorph ok e et

current. Each peft SeP€s° faaprugedstipkept ety tods Jiettel giscDisipf, % style
| ast assochadigidl e)whatng‘e Mkﬁavﬁ@ atid/ haadwritipp) | forc @flin©recogeition ofl landweisip Agkfot 0 t he
user selecti.n roma palette. The default nib style is the nib
style assoéﬂl aetglg lcgtloflﬁf‘c’i}gﬁetgrcurrent ni b. Strokes captured through a pen are
tagged NPS034- SThe-ppwis wigelpsy andeanssiis digitl inkjtrthe pojitage pripigeyia ¢ fhert-sngeordie ar e

subsequentyny 1o HaRdkee digith RiYis SlcBple@ B QEHeE Gnd dacukifjCand BhdRetSddyfoerdidnd Whi ch

they are ver _th en is withinra rlnter wi th which
it can corﬁ?‘g%i‘sélﬁ’fg\‘alst NEREOY he%§$69&“9‘pf‘feﬁt§?lg‘§“rf‘(“§eqy ‘$l1nﬁ}§"hell’ " When the pen
fail S t o decode wWhetthoke ﬂ@t—eﬂrmgeoﬁaprhhgu pathyes, dxgltalmlqmmnaamnhoyy abkh vat es

I ts e”orhas!r'éagamé/%%er R oBfifls SHERRRAR HeRo RGO B0 pBl £ Q8 LAl hdaye to the
page, it nonen activa sequ nce of Captured
strokes |§a%’é13@rpr@er wanafsrsmygwﬁfemdqlaﬁklmka gital ink forns the basis for the

digi tal exchangeA fanéiﬁaé'\llegig&e@-ﬂﬂl 4 nehwel &ﬂpﬁgtersfwfbeemdanetafeea@@ga@luésh@n of
online v

handw i tin rificatjan. of SI yr&s The p IS

wirel ess a{'gta 25°% rﬁnt@p?ﬁlaﬂiitogltﬁi AEYEE ¥ Heshp teﬁ?l"ﬁf‘%’rpn\?lteéaap 8Hor t - range
radio | i rkmmiietitgrath sty pagtgbulei tgnet al i nk is encrypted for privacy and
security and pacK%IefeFr@&jengbg&nntht)f tﬁé fegtxs defchﬁé&siﬁr&r@a?érqaall lglggctlbt§6 ﬁél%@'%ﬁhfl ushed
on a pen-up event to ensure timely handling Ih the printer. Wen the pen is
out - of - r arigferense tediggrep BitodP- it buffers digital ink in internal mermory, which
has a capaczty ORe®XeEH InteRAcHBNIUL €S Of contl nuous handwiti ng When t he pen
IS once again w h|n it trapsfer uf.fered digital
ink. A pen can b r"%t@a}ggf’rg?eéagl\/ﬁe(ieﬁ%dﬁ t‘%tgas% eg(r’rflﬁl enqw% £ IS REse al
st at e dat asedesingest Wwith a nptpaep agihs cdsied drtaghof iz iaes 4&n@hd(bmtk@helwiemmmdt¢t is

| ar ge' y i %Lt@ rai Iﬁ(&veﬁﬂé}lit,csnchpefsi d’gn%ﬁe. AnPaka iaﬁows the identity of the particular page and

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

relative to the page to be obtained. The indicating data is transmitted to the printer, where it resolves,
via the DNS, the page ID 50 of the stroke into the network address of the netpage page server 10
which maintains the corresponding page instance 830. It then transmits the stroke to the page server.
If the page was recently identified in an earlier stroke, then the printer may already have the address
of the relevant page server in its cache. Each netpage consists of a compact page layout maintained
persistently by a netpage page server (see below). The page layout refers to objects such as images,
fonts and pieces of text, typically stored elsewhere on the netpage network.

When the page server receives the stroke from the pen, it retrieves the page description to
which the stroke applies, and determines which element of the page description the stroke intersects.

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

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

the pen relativg iQlig RROFEOnDEARE MR berlOiB tﬂeﬁ')gd %I &%@laﬁdamé s
transmtted to the printer, where it resaolves, via S, the page ID 50

of the st rsabé@qur%wupﬁ@ﬂﬁéﬁfﬁb‘?t&lﬁ%@?&@8'6'1111 ‘P‘i’f&““r‘?ef“p%l@*‘ét ‘ﬁ&“é‘és LRRELEPY A0 whi ch
mai nt ai ns diklaykany ﬁ@lﬁk@ﬁﬂﬂihﬂgto pagﬁvdtddsdxlaﬁha&dlﬂ@ﬁ.aldntgerkthﬁéhsﬁghatﬁdi Mhd &ikiihe st r oke

to the page_server. rece ent, f dier
st roke, t%gap?n ] Suchtaseaf Snﬁ@)p a]% 3 §§13tﬁr N mé}%a%]ex b%%dggekSOfregpoPs e'?r ﬁ%rghrezj evant page

server |n“plt’§~E@ache Each netpage consists of a conpact page | ayout

mei ntai ned  per sRteRt dvy K @ldg&temgﬁs lnaqa?ageﬁa\g@aeséﬁpﬁ& Rpb@id andliBen Page
| ayout refers to objects such as im onts and |ecezmlgf t ext,

typi cal | y fldylnoyt ‘@P%W%Fgelgﬁa%aﬁéﬁﬁﬁﬁ‘égcé‘vﬂé?m%sw age server

recei ves time1 striyeriinkem t he pen, it retrieves the page descri pti on to

whi ch the stroke Iles and det.er m nes E“’QP’%%
description the sfa’ %klls?\ 8arn§(éc?ndmgafntessage t r%nrllme%f?l%gtfoo |Cfr11 waly 2’he stroke

|n t he comtletxerWﬁDSthlehetnyip@e@fstemhe rel evant el ement. NPS034- SG 21- A

"click” is a st r%‘;%evm leRmbdd S44 i RLABC Be amcahbm Qﬁgmmest nsvaa@moﬂmym
position and the subsequent pen up position are bot afgasorre smal |

maxi mum  ApPgBcadk lindotich detiites Yebrglinkye Ge arpliaiqe. af“yf}ra&ﬁﬂwd Whfes a
click to bacsab‘& ty\s‘t&he«dmcmdu:lthamﬁbﬁs cbpligptiyn alias D regen tisthypidinki stivagmonrsica The
failure f a action ch I " o] SRR | o

i ndi cat ed S)‘/m tonw lﬁuse? W}rméllséh eoﬁ% %uz?;s&%or@ﬁcﬁ%géa%&gg&%g e E‘E% uﬁfﬁ%‘rm‘e@ar e two
ki nds of iﬁhpbbmerémmmﬁglaﬁsmhaammet%@g?enEia‘ge”descri ption: hyperlinks and form

fields. | nput t hyvdhgh h§pehﬁu<m fabtfhel, Ctﬁenp@la Servdrl deB0f rdghB: achd Wghitat of an
associ at ed v&‘erl i nk.

| {.nk f di
ot £ GomReriot B s ke MU sy AR okt .. B FBuSF ooponss
i n the netipagesoBydsih @idmorkalwap eialtieTNSeTiersant thi8dlpes dithgperlinke genbrhlchypgjmks cat i on
71 whi ch '%%é‘%r%%%%ﬁh}mvﬁé' 28 s cuén*}lg%elﬂmé?@e&' ds%wn% h K3 R gé‘%r\(\’ﬂ%y

er re

identifies tthe h I cation, as requil ag whi ch

asks the %WW@%W’W@MM@ I‘Ph’é dpypnt.or &W“Pﬁh%‘gl‘e'r? Péﬂf‘?f%’éetPBSWr i“rforhe

hyper |i nk ngsehink 8don@dthe @Rbpénding €% kd tﬁudpﬁmatmlpcéaleuﬁm u@emnmaﬂnsmamwperl : _nkk
yperlin

|srecorde as a favorite appears.in the use
el enent clSEEEYHPR M2 °‘i‘“§n sfﬁ%?/\i’i&;?’ﬁ U g 2 SW%% o pr‘ley?)%{t%é‘lt A% examp{;'tt i vat ed,
the page sigrapplicatiemnds requrt @ gjugispagt docamenbgiphd davprdia meaning within the context in

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

what information is submitted to the application.

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

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

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

si ngl e- vord,Qh&c GitPlhe LRAS is atc%ateﬁxﬁrﬂﬂw?lmkedt B8up2@R bk Gl 9 i E;%Eruﬁm a
si ngl e- pa e docunent wgﬁf}w ng s nmeani.ng within tﬂ?%‘é fﬁly Jn which

it appear Pehayipr witha fighlsuchyas GﬁheFlf]i‘f”b I%fa‘ﬂi‘lfoft&“éﬁqtmf%ﬂ’fﬁ‘ﬁf‘&@@’ Flink type
is char aCta&ﬁHuZe&ﬂa hbym hypbrdiiik, iolpfe@ideedntimious ispustd Bindpplic@tbnt 10czh lterefpyHengdtd on. The
correspondln y k. tance 862 .r S ich can
be speC|f|@ l@ﬁﬁmmg,%&?%g 5%%%lgﬁmﬂﬁ%%ﬂn%h§m%§%§ %E Sﬁﬁégggggﬁgppears.
The transabwﬂmh | D can |dent|fy user-specific data to the application, for
exanmpl e a {'shoppdphscart” of pendi ng purchases mai ntained by a purchasing
appllcatlon on behalf of the user., The systemincludes the pen's current

sel ection 826 |nAgmgéﬂEE%?6ﬂ“ﬁ9b@?ﬁﬁﬁkmﬁﬁﬁﬁ¢ﬂﬁ?bﬂc“”T%%”??ﬁf%ﬁfWﬁ%ﬁudes t he
cont ent oOfthrbilae 2 pisaIicphge 0A Fooh @ldwa atusdd &esubkfiBorie Pr Mok Phramdidre fah hgpkicadi@t | vat i on,
al though i f the %¥89r|n95n9%§e'ts "submit delta" attribute set, only input
since the Fa§¥l¥ rmsubm ssion’ is included. The systen1|ncludes an

ef fective returnAfenR6]ina adobp demsod3P mikthedopimepitbicenehy. Inltmately doptpiRessegr oup 866
IS a groupsRhai®Rdid 83&nHoch fd?ﬁ%sﬁﬁbe@@iﬁ@&és@r{t rimé@egt;ﬂcma f3S. It SRGN 1N

Figure 31, Wen _input occurs throu n_th t he
hyper | i nk °§a4et ON%&W%@ 879 yhich gorty, 05 @dhwif? e?*??é“ﬁ p'ilﬁ @%?ﬁ%ﬁﬁ‘gd A
hyper | i nkaghtagdediaparcasocided useB 71 owlarss e dbbeldhyxpme Itynpalssf thé edraspomdingnicddh a fiel d
such as a I C ubm t
delta" attr |%H¥%edl‘;alu %?Orﬁ?shlggtaﬁ% %%%%CJIQ Fovi c%gﬁatg%n%!oﬂlgbu%ﬂr}%ﬁtlst 0 an
appl|catlGMWHF@&éﬂﬁmgﬁéﬁeﬁe?@%béwﬂee€SW@m“§M$§6Vt a "bl ackboar d"

interaction NModegach forf instih6 h& 4 $MA4I872 ShiCRbibHLR Whahd tﬁeh&heiﬁ Qdtive, sxiaaehed as
sSoon as it QCCuUrs.

s A.form define coll ection of related
oot T el o5 S A DB B b SR Eeop B Bt it o
net page. Aighar mfain/bousiessubisiaed dnce @l bftitst suipmigsioo hypeinies hpaeamstivtg, dnfpsan
appl i cat i k e%&\ﬁe i “REQIEAP LB gAqamao ?o%fey%rld lénf(h%ga B0ked Puofl 0T OUP
el enent 8 docunent hierarchy. Tt ultinately contains a set of
t er i nal ff?f@l ese@foewerrﬁushcsts@mmaeaprﬁmﬁsf} Mecpgesw%eﬁéee%@re basrhesnt ed

i nstance afiva e{cedrdsrthe |f6nn@@§b'iiﬁ8d Sfetifld, Wails & fédh if el for Sdpaiie ﬂﬁJW&Y%p\ihl ch
el enent s st ance has

correspond to t 45 of t
an associ gltr h ugh g, orrﬁ inot \7%18e I8 mtstgzlag éap&gﬁi Lin gba(glgigrc{uﬁd F %: 2;}3 ol‘ € re].rglvan{1 page
cor r espondistageef Wdndhe fotneivertive oo, ffprel sbrissionds amewr dsy pmpgtt tosémiEgh &
particul arforBerhgﬁ tﬁéjfoxttrgg 1Bt hé&%é SB55en is reygztedt alﬂﬁ QLH% eﬁﬂ?anq{mn SRS ?epm i nted

net pages. The formclass diagramis shown in Figure 32.
Each form instance is associated (at 59) with any form instances derived from it, thus

providing a version history. This allows all but the latest version of a form in a particular time period
to be excluded from a search.

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

A field element 845 can be a checkbox field 877, a text field 878, a drawing field 879, or a
signature field 880. The field element class diagram is shown in Figure 34. Any digital ink captured in
a field’s zone 58 is assigned to the field.

A checkbox field has an associated boolean value 881, as shown in Figure 35. Any mark
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Each forminstance has a status 872 which indicates whether the formis
active, frozen, submtted, void or expired. Aformis active when first
printed. A form becones frozen once it is signed. A form becones subnmtted
once one of its subm ssion hyperlinks has been activated, unless the
hyperlink has its "submt delta" attribute set. A form beconmes void when
the user invokes a void form reset formor duplicate form page command. A
formexpires when the time the formhgs_been active exceeds the fornis
specified lifetime. Wiile the formis active, forminput is allowed. Input
through a ¢ aacm. ms%rbxé D81 zi@6d, LY §edpRirell S BAMb& ABMYLEM chules e R kor ound
field 833 of fhe rel evant page instance. Wien the formis active or

frozen, fd’FﬁﬁSWﬁ‘i@%ﬁi%s‘iaL“eal | owed. Any attenpt to submit a formwhen the
formis not act | X @exOKiclll ﬂlﬁkzaﬁl’hsdo&atécEjeﬁtC\tamd 88 n¢ shors tireBigure Bé. CAnly Slightl ifilor m
status r ep tured %aqh Iié:fé gn oInQ S au oma 1ca11§ cg%gx%ﬁlté{e% o%}me‘rh%ad\&m& hrec%%ﬁuf orm
i nstances derive FOm i Pt viding a version histo al | ows
al | but t Hed fhatesiis assigned itothe ﬁﬂd’avalh@r Pmling handwyéiing reseginiipn is iveibuslerstoestseet 0 be

excl uded fgQmnbiSeab&hc., Y. skl BA T ivBakf@R! %@ﬁatagf@mwn.ka{anM al ink
873 consists of a set of timestanped st r oke g{gq}*ﬂgs g eg}C ich
consi sts dfcogniien’s BEEsTrmsagjons; uotatem ghnslysiygpd, Maghing Jatelliggnee; Ypk12oNog, sot of
ti mest anpexilgxperwm(ﬁ&lcbnt@m@fﬁmﬁ,areeﬁﬁh imbrpwhie Ly cadsslefetene). udes pen ori ent atl on

and nib force. S i h

field el enent 84§g§’mugebéepda{lasc eck % d?%“g %&g@%@aﬁu% S%ég\tgﬂ “%ngrf @g‘gé;%e 2 dr aW| ng
field 879,dighpl ink capfjrghinte gigeatifg ﬁ,ﬁIlQiS Z8’8‘0‘5 aufprestially Vetified ‘@ﬁéwe%loa@sdemltagf amis
shown in Iﬁ%& o%e p&) YindH @kitaBlignhitié of AP tantieRCofitht forth Jfiwdichl ths, fié1d ApaRt&s | S

assigned to th el.d. A checkbox f]el S an associ ate ool ean , val ue
881, as sHGRfH" I"i‘“ Pyeed é Fﬁ?‘& r@ewﬁ%ls erat%“sinF PeRUE Dss, a
st roke, a phivdtd signbtgpz &€y, spetfic to theaplicaticadvhich odnsalvcfokb Oxding slgiau&esreMnaaus es a

true val ug ke sande%oﬁ%]@ %ggqm};@ psaalgnJoLﬁi ingsG \L@Jeuee«mn;a%%g&tuﬁe' \%HH&E

associ ated text hown i n ure 3 capt ured
in a text and ¥rir Jdopiifisations- ’élt?t%sﬁmf ta Ay, %ﬁ?&ﬁf%ﬂtl?% P’e%?t No-2:al%8h| thne
handwri ti r&&nén&fé@@mﬂakm;em@wo&@&bﬁ@sgmfe&n@;sl gned to the fl el d's val ue.

Onl i ne handvvrl ti recogn n |15 er st oo e

Tappert, C. \}‘]%gﬁ &l5meh 8‘\1@1&%@ & 15 ?‘é‘g‘% o feffe eﬂ’re?t dé?‘?r% Li ne
Handwr i t i ﬂngve aRe:omgmeton @négp arldfdpés nWaawstannut e leve dRassbatad fidld ablyeswhichand

Machi ne I%cﬁhéd,gﬁggﬁ%dmhe&&efomco%tamél&wﬁélhlsﬂs%%@mdt he contents of which are
herein incorporat el cross-reference) ignature field has an

associ ated di gi t‘&ditiag g?f&%lfi%S‘\?‘é‘fstﬁ@k%@@“g‘égld'§ﬁ8&#k’tuﬂn PGP B 18PERiAyr  di gi t al
i nk capt urgg fields.a signature field's zone i s automatl cally verified with
respect to the igdenti t he owner en‘ an,d a di.gital nat ur e
of the content OI? c?uﬁe&gg?n%wrd?ngvﬁw%’ﬁuofl R s OP5F ¢ G- Wl{hgaccne%srtgt eeg and
assi gned tdpnainire of ihelpelt sovegenie ratﬁléh@a@h“gﬂmﬂ (lsl\gﬁ!aacenSQonlsstogeh@raatOédenJS| ng the

pen user’ Sy,niol)Vitla redd AR LR diki el P RGfch Elafacth Wit R1.ARR! Highat duEY, \Mﬁloﬁh OW”S
the form Online signature verification is well-understood (see,

exanmpl e, Pl %ierfgesrdeniiraiging) phgse. | 4 vaigredependep B‘H‘%ﬂ iof hagdiyrting, fs ea“\‘?E‘Fti‘cf‘]ilyc at i on

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

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

Digital ink captured in the background field is interpreted as a selection gesture.
Circumscription of one or more objects is generally interpreted as a selection of the circumscribed
objects, although the actual interpretation is application-specific.

Table 2 summarises these various pen interactions with a netpage.
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and Witer Identification - The State of the Are', Pattern Recognition,
Vol . 22, No.2, 1989, the <contents of which are herein incorporated by
cross-reference). Afield elenment is hidden if its "hidden" attribute is
set. A hidden field el enent does not have an input zone on a page and does
not accept input. It can have an associated field value which is included
in the formdata when the formcontaining the field is submtted. "Editing"
commands, such as strike-throughs indhggting del etion, can also be
recognized in formfields. Because the handwiting recognition algorithm

wor ks " Onl'l*an‘eHZ -(SunﬁnarWo? Be%fé?ﬁnoﬁ?mﬁth% ne?bé@@m cs of the pen novenent),

rather th with access only to a bitmap of pen markings),
it can req ogf?hl%é rju n-Tdﬁedl scr deBliRpugy j tlt en char actASti®nwi t h rel ati|vel y high

accuracy, [NypEMAUT [GandfEll T Efcigiependent t$@jnmda&)rﬂba§ﬁ|cat6nv\ﬁlter deépendent

nodel of handvvrltl B9 s awaﬁmt-l-ea"y gen rat-ed—over however , and

can be geerated up¥front {Fhecessary, ‘E"Hﬁf?rgltoaﬂw'catﬁ’g al ready dt at ed,

consists of a seq dﬂé(ﬁlomf giclokes. Any samlemﬁuncds]amjneatubrs in ajparticular
zo?,mﬂ%

el enent’ s poended +0 tHat—etet H—nk—streant{ready for
i nterpretation Hééﬁ?o oke Hgltarkaooend )ééérgn?rué'i oelhgct s digital ilnk stream

i s appended to theTéxackgr ofrfaddritieg d' s  [@onyert dibital ink tastexteassion BXYPt 41 i nk
captured iin the background|{field is intgjpreted as a sel ection ggsture.
Circunscrijpti on of,one or ppre-—objects s "nnnrau-%l—l—m—e#p#ex—ed—ﬂs a

sel ection|of the gPRYN9scr (g kab] ect sASSEﬁtdWBﬂWt Addactual interpretation
i's ﬁppl i cati on- spesighatare T sBignatuz: summrvam@nlaesles:gmturmlgenqma i ntjer acti ons
wi th a netpage. PS034- SG - 24- Tabl e 2 actfions with
a netpage|Obj ect Type Pen [nput Action o 'aﬁé&m{ f%erﬁgg%fdn%gﬁl Sybm t
action tolapplicatfion Forpnlick Subm t3'$f@g~ﬁﬂ°€e‘&ppl ication Selgction
click SubmfdneSelreciion to Fjp@urhgbag,ﬂoan A sionTdighbiGthk(D edrdanselebiioh marlk Assi gn

true to f| e! d Text !—land\vl\'nlrl Hra—Cohvert d' gn t gl Ll tao t vt Aol r-n text to

field Drawing Digital ink SSI gn digital ink to field Si gnéture Si gnature
Verify digital iTHesgiegnadiniea cgenetlation fotléagh feal The befpudinirmise fimplppfthe assi gn

digital Shanalil GokOcdhh th MONSCAUARE Tho LIQRor S Ricltl el Bhodik €0

current senll I on ys em mal nt al NS current sel ection each pen.
The sel ecttmwt toonsreredicblpprhgviasf  t he

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 830
to which the page ID 50 in the stroke refers; retrieving (at 886) the page description 5; identifying (at
887) a formatted element 839 whose zone 58 the stroke intersects; determining (at 888) whether the
formatted element corresponds to-a field element, and if so appending (at 892) the received stroke to
the digital ink of the field value 871, interpreting (at 893) the accumulated digital ink of the field, and
determining (at 894) whether the field is part of a hyperlinked group 866 and if so activating (at 895)
the associated hyperlink; alternatively determining (at 889) whether the formatted element
corresponds to a hyperlink element and if so activating (at 895) the corresponding hyperlink;
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nost recent stroke captured in the background field. The selection is
cleared after an inactivity tinmeout to ensure predictable behavior. The
raw digital ink captured in every field is retained on the netpage page
server and is optionally transmtted with the formdata when the formis
submtted to the application. This allows the application to interrogate
the raw digital ink should it suspect the original conversion, such as the
conversion of handwitten text. This can, for exanple, involve human
intervention at the application Ilevel for forns which fail certain
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val ue; alt er nat i #ebiy fote t@unmind iveids feabrr@pdyingvfomt ingance. Aaluplicesk thrp eonanandsj gnat ur e
field and Jf; B0 ?\gﬁggomgr}grr.{ iﬁét?ng 03k tlehl Groflictll dltivk Pat@Soby i 1RiGRA ke Of the

pen's owner, the appropriate registration server,
creating (l%ﬁfan@cm‘ figldgyalyps @F“‘é’?‘b A4t Eﬂpé C‘H‘I‘amﬁsﬁ@ seahepdisk ggosacios D% ey thes pondi ng

form al sQrighdlind £i8s ﬁ&kt&gﬁih;ﬁl@ﬁoﬂi lﬂxgbx_‘ién{aﬁfolaﬁ) ﬁpﬁﬁ@wem rasacroxuﬁdomgaddhleldpen
owner' sp vat e ure elatjng to.t ECI’I’ES n |cat|on
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field values discarded. A get form status command produces a printed report on the status of the

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

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

A duplicate page command produces a printed copy of the corresponding page instance

with the background field value preserved. If the page contains a form or is part of a form, then the
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the field value. 1.7.3 Page Server Commands A page server command is a
command which is handled locally by the page server. It operates directly
on form page and docunent instances. A page server comrand 907 can be a
void form command 908, a duplicate formcomand 909, a reset form command
910, a get formstatus command 911, a duplicate page command 912, a reset
page conmand 913, a get page status command 914, a duplicate docunent
command 915, a reset docunment command.916, or a get document status
command 917, as shown in Figure 39. A v0|d form command voi ds the

corres pondduBQcatfeCHag@ Lomtaft) G Cintepretbd Pk | aCatpfcale M CHMTIRNTA &40 flse tdinand

correspondi ng forminstance and then produces an_active printed copy of the
current foreAues APEifderony oh thei sorrerparding dasepingiangs withy therhackerypd, fitld el ns t he
same hyperdidciried! If &8 &€ tonins b BBm asis bz{iﬁ)f a ﬁfr]h,g.hdﬂaﬂe res@tipalgeSAminghd is interpreted

I ndl st I ngualssar}eaéel?tlfermfcgom ! h% 8 ISQI comman glﬁelsla%%tlecp (5 orfbénrtge S?&EUS Op&m Comnd
voids the correspon &F ance ang Ces an active printed
copy of t hrerréspending mmeans@ecwmclhdmg whd wbbﬁ!bﬁéswmstawdéﬁted Hogyehonf ¥ wat St at us

conmand prm&;@%@eMseﬁﬁgfmp&haﬁg’brk%% atus of the corresponding form
i nstance, including who pu blished it, when it was printed, for whomit was

printed, and t he TforRpeetoge ydichFProps of BVF%‘Fﬁ%gFé“n‘l?‘éany S‘?S?ﬁ‘f’éedé“‘flél‘dfﬁhr‘iﬁ}?)erl i nk
i nstance gagtékdmRst. a transaction I D, the appli catl on has to be involved in
produci ng a new rmlns W f t.ance is
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produces ahqyy dativeeidrms Gpya dfckipr appsars @s petnmiaﬁghvbzgﬁk gmltuarsr@btextwpmehfs the

backgr oundydeicelest. o &wse@e‘sigmges abeat i) heiP SSlha R FitSsi d@am@&b@gm@ part of
a form then the PS034- SG - 26- gﬁglcate aecommn is interpreted as a

duplicate W&Fﬁ?déﬁlrﬁ?ﬁﬂﬂmd‘%“%%‘%?“ S RIS pr oduces a printed copy of

t he correspondi ng dppligee dqeebandmmand frodutxs apeakiyopypisfdhef dogéspondiag deumahi Scar ded.
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g0 whi orPesgeh e sy b B Aot SR 5 S5 1BEp B Tt FE=AP ol | ot <
page el enmpotmaidiresats aheplagre in Nigtsame @ay & raies forinc@edodmord A gagldobumert we®s
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appears as a standard c¢ krmark g ppears as _ typeset text.
Only dr awi'hgsubdishgd &) hersit W@smtabf%ahom wespanipd, W.%Sﬁ%}ﬁ offagy ffms\jjj corpaing.
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This allows a menu of page server commands to be printed. If the target page doesn’t contain a page
server command element for the designated page server command, then the command is ignored.

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

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

1.8 STANDARD FEATURES OF NETPAGES

In the preferred form, each netpage is printed with the netpage logo at the bottom to

indicate that it is a netpage and therefore has interactive properties. The logo also acts as a copy

button. In most cases pressing the logo produces a copy of the page. In the case of a form, the button
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instance with background field values preserved. If the docunent contains
any forns, then the duplicate docunent command duplicates the fornms in the
same way a duplicate formcommand does. A reset docunent conmand produces
a printed copy of the correspondi ng docunent instance with background
field values discarded. If the docunent contains any forns, then the reset
docunent command resets the forns in the sane way a reset form comrand
does. A get docunent status command groduces a printed report on the
status of the corresponding document instance, including who published it,

when it wagodikds RE&GY of hOMIQM Add Nae ceQE bkt sBkre dBBhetBenh Alidks: REoupdty forms
it contains. If the page server commnd's "on sel ected" attribute is set,

then the db?ﬁﬁ‘ﬁwllﬂﬁé’?%i‘?]é%atwmtoﬁédv Y H%¢fenti fi ed by the pen's current
sel ection rather Tmeh&fmumangm@gpag@ fiotitinds Rindigd HikethCipnthareidvant ddipage plgt OWs a
menu of PaJs pec1aqco %m%gsa?eh l%ieb Lgliull’]ttgeqo b]:J.t’cot I?oeanta i 9%itn PROE doesn' t
contain a page ryer R esl gnat ed page server
command, th&n thESERi'IﬁkBEBSTE'Q i gnored. An appl i cati on can provide

appl i cati on- specj,f Ip@efé;@@%soa&eaym@m%gobrm 10 € sih g BMAHEbeDRTBlelpS WS
command el enment in'a % perlinked grou The page server activates the

hyper | i nk PES¥d éjckigitagsin Haﬁofﬁ‘g’“ﬁi}’ﬁ’éf"r"“ﬁ‘ﬂ%d group rather than executing the
page server conmﬂﬂofpﬁnqaﬁgﬁae&ﬁbﬁver command el enent is hidden if its
“hidden" attri buttg1 Sels umqﬂdden command el enment does not have an i nput
zone on a page an S Eannot "beCact i vated di rectly by a wuser. It can,
however, be act itmlewthelimena page server commnd enbedded in a different
page, i f t.hat  PRUBSSINE feRMaNd has its "on selected" attribute set. 1.8
STANDARD FEATURES OF NETPAGES In the preferred form each netpage is
printed wi'th theomietehaapaessyerkairedde pottomto indicate that it is a

net page and thel’Eﬂe&élﬁnﬁﬁﬁardv[&ﬁd’lﬁﬁirthﬁﬁlr@dh@db&ﬁﬁdxxﬂ&useihﬁetﬂ)a@@@st&ilso acts as a

copy button. S. pressin 0 oduces a copy of the page.
In the case of a o?cr‘ﬁme%ﬁmc enumd'%ﬁégesfﬂﬁ%%‘g% "produces a copy of the
entire form Ancbmwcpmfeé@em@# a secure docunent, such as a ticket or

coupon, the butﬂrgﬁcfegﬁ&b#§fa%expl anatory note or advertising page. The
def aul t S|ngle page copy function is handled directly by the rel evant

net page pdge se¥idpestagyaladepumentny functions are handl ed by |inking the

| ogo button to an defjpbit ﬁuaétioﬁm initlated byJSEByIpEkng&\éﬁ'tEMaﬂdm@ tqurigdgeny pde

T ooseq | 1ot e e BRhOBCRE P SR il bl aa NEL 18 Hnon Ll - O

pressed it o e PSR T ngre page o or et stat us of
printer coiqm@@ti,laeﬁto“é@lamgfh@}fltwlswﬁﬁpenébwém#&bﬂse@m top-1 evel hel p nenu

document functi OfheTR{BALe pbOBrk! Y&y RRWP 3B Qs &S ¥Riglte e hRGERY ¥f publications

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

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

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

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

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

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

print a copy of a docunent print a clean copy of a form print the status
of a docunment A docunent function is initiated by sinply pressing the
button and then touching any page of the docunent. The status of a
docunent indicates who published it and when, to whomit was delivered,
and to whom and when it was subsequentfy submitted as a form The netpage
network directory allows the user to navigate the hierarchy of publications

and servi gegs on E%Rmrp\gﬁgdﬂmﬁmoan alternative, the user can call the

net page network "900" nunbe es S kK to a nan oper ator.
The operat or can®PEEEPE °‘P’dj£avﬂ‘§’§l”? Sﬂf)%ﬂ'gé%fcesa e t@b‘%‘f“éer f‘?wstp ‘Par‘ilgnsuser
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i's wder. vJeﬁ aUIﬁe glte (E’i ofsx]ﬁltu Q]ne\;lshgregg tB rﬂa@tll E‘&{ét g ﬁ dantdn%nc%dﬁ{eertl Si ng
SR of i

content of a news I catl oh are son I''zed u5| ITferent nmechanisns.
The edi toﬁ?@?ﬁl%ﬁfﬁﬂl@ms@agﬂs pacsd dingctly Bothe waden theiseryer ispbleHerlpe advertisisg ek pl i ci t | y

st at ed anql,a et Ghidhl idoteABd: U8 clifdlif tasbl. profl | e. The advertising content
is personalized gccordi g%)%@ ?)E r eader’ cality and denopgraphi c.

NPS034- SG - 28- 2 B RECIQAEPEER V R0 O TP FOEERE Y on two
ki nds of rpewlfsat'swmdeeatme la @grepntiizad vedidh bf@ch. MBwvesupingdailg edificnn s prigedalnd hose

h del d
that de '%&%d@o%% ﬁ%gfe new!yaﬁ,e@‘ TR VS iU nibGR L pﬁs%seﬁxg@el gﬂp@%@ﬂe@n

edited by t bli's news streans are aggre a news
publ i sher dﬁerebynt@resgsaé%ﬁasms by estectingiterentdejlyayblicgions aﬂéwgn Petprireste®ns typical ly
correspond to tr@db&hmau&@u@&a&ebﬁlo@dnﬁsmmgazebm&SOmevdauioas dppsas Sstreans

can be ma d varied " r,o artoon
CoT o8 TR A R G Bpendy e R et R SRR St
reader’ s_ Gyampl; indide ‘Pagh@nerPbts djaiomlib T Interadtionat’, m@r’, ‘Buppst.t srts/lheng”,
publicati Q’Pecﬁtfol ?9 gn%dS&?tM’sTlgléglof %ﬁa‘ofe DRt is s%lﬁk tcﬂa%uglﬂgtloﬂ% Es%%fa\gp of

mul tipl e news stréans. By handling the aggregation and hence the
formatti ng"®¥ news streams selected directly by the reader, the server is
abl e to pl ace admefkdalies caa@xond thXRGETwEPdRsE biteatihg ¢utstolﬁ&éw<sme5@ oh@drawifiy

editorial Con;[' rngxlmber of news streams. Custom sections might be created for e-mail and friends’
announcements (“Personal”), or for monitoring news feeds for specific topics (“Alerts” or
“Clippings”).

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

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

An article may also be written (or edited) in different versions to match the expected
sophistication of the reader, for example to provide children’s and adults’ versions. The appropriate
version is selected according to the reader’s age. The reader can specify a “reading age” which takes
precedence over their biological age.

The articles which make up each section are selected and prioritized by the editors, and
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The subscriber builds a daily newspaper by sel ecting one or nore
contributing news publications, and creating a personalized version of
each. The resulting daily editions are printed and bound together into a
si ngl e newspaper. The various nenbers of a household typically express
their different interests and tastes by selecting different daily
publications and then custom zing them For each publication, the reader
optionally selects specific sections. ,$one sections appear daily, while
ot hers appear weekly. The daily sections avail able from The New York Tines

online, fQch uﬁéﬁﬁéﬁ'é& Buseh G IHEEBy RAGR ) Be RlliVGed to EII\RIebéﬂﬂs%Bscmbersl lﬂbﬁd'rft\}at i onal '
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ei ther qualitatiAmtblys igh gigh prigities mod stwit, lif¢tmes arothedfore oaffeqiiete comsidérbdy (i .
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articles ich make up each section are selected and prioritized by the
editors, and NPBoIsdsase ogionally snseifies topics phRagigular ipterest irthip p pestiqond i, def aul t
they are d@hm&ﬁ&gﬂmMQsaﬁﬁmﬂe&ﬁvan$msubscr|bers in priority order, subject
to space constr a’l‘ nt S ft}xe read%r m“ o b%{mectlon ual Llur(l)ngs cWh [ e it is
appropriate, the F &Y ? ona i ena e cofi ﬁ% 3tive F%

Thi s is t HWeivempghé egiet @tlatatlx prcef@s wmebhnmfméevar snazqsiocrneﬁtrluyagbmgoth |It et i me.

Each arti Qﬂe%u%ér meﬂzl{@ luhz; LES ngtq’éduceq %ang%@}hb}y& c{efnle;eg ':d 10@er! qﬁahglr(ﬁ Hted with
rating buttons at the eng he article. The buttons can provide an easy

choi ce (e: @Wr“WW%@H"“ﬁh&mdﬁfgmfﬁgﬂl) making it nore likely that readers
wll bother to rzataglobheevetamé ﬂe@deespeoﬁtets hat @sntivibst dmteb,itigias 4t imOfietdry wRiesdd shor t
lifetines are refore ef f.ectiv onsi der. esse by the
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don' t These preferences are derived from the reader’s locality by default.

¢"

To reduce reading difficulties caused by poor eyesight, the reader optionally specifies a
global preference for a larger presentation. Both text and images are scaled accordingly, and less
information is accommodated on each page.

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

2.2 ADVERTISING LOCALIZATION AND TARGETING

The personalization of the editorial content directly affects the advertising content,
because advertising is typically placed to exploit the editorial context. Travel ads, for example, are
more likely to appear in a travel section than elsewhere. The value of the editorial content to an

advertiser (and therefore to the publisher) lies in its ability to attract large numbers of readers with the
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surprise ne), or nunerically. A high serendipity factor | owers the
threshol d used for matching during collaborative filtering. A high factor
makes it nore likely that the corresponding section will be filled to the
reader's specified capacity. A different serendipity factor can be
specified for different days of the week. The reader also optionally
specifies topics of particular interest wwthin a section, and this
nodifies the priorities assigned by thg editors. The speed of the reader's
I nternet connection affects the quality at which inages can be delivered.
The reader;Qfiei L.y specifies a preference for fewer inmages or smaller

i mages or bot h. t he number or size of inmages.is not reduced, then
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in a travel section thah efsewhere. e val ue o e’editorial content to
an adver thesd¢ atclgprgtotih vkt e to the publisher) lies in its ability to
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enogr aphi ¢s. | ective advertisin S aced on,the si.s of locality an
donpgr aphi TSy U o Spdey PRSI BR TRV DE (6 SErrmetioh e AT 8

retail ers agtter, ovasltbraving bepragortionbBpes t@d ardth ebaer.ns  associated with the
l'ocal community gpd, gnvl rs,fafgmg gﬂolwls Egpgp&&gp@l 65 iSE8 i) S0 ISRALA brolif} €7 est s

and preoccupations as well y spending patterns. A news publisher's
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t he appr oxdemegraphios. [The subsequent disaggregation is efficient because it is automatic. This makes it more
cost-effective for publishers to deal with advertising aggregators than to directly capture advertising.
Even though the advertising aggregator is taking a proportion of advertising revenue, publishers may
find the change profit-neutral because of the greater efficiency of aggregation. The advertising
aggregator acts as an intermediary between advertisers and publishers, and may place the same
advertisement in multiple publications.

1t is worth noting that ad placement in a netpage publication can be more complex than ad
placement in the publication’s traditional counterpart, because the publication’s advertising space is
more complex. While ignoring the full complexities of negotiations between advertisers, advertising
aggregators and publishers, the preferred form of the netpage system provides some automated
support for these negotiations, including support for automated auctions of advertising space.
Automation is particularly desirable for the placement of advertisements which generate small

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

sold in varying phRRpREddeRSs fetn SEMRIed|the RENAIOE LapRFeS andWhiftsihd dackirisbakaal

readers' pages randomy receivi t he adverti senent of o advertjser or
anot her, o%?g FSTTs ’b‘?“é’é’@%?ﬁe Ag*°t'fie 8%?6&5’8‘?‘?% oH® B‘fb?@’ﬁ%{&%’fdg ik 6‘5] 1?‘6"6‘8%{’6?1“ the
adver t i serrelevihendpagd) pgplicasys feear. WhedWse adnegs putdication s@vebdayb iomkach dierectly to

detailed p I i J I I refore raises
the intri fggﬁgéﬂE%ﬂ%g&?ﬁ§d§3§ggg?§?ﬁéggﬁggégaégéc S%Eﬁéergonalization and
| ocal i zat i%dh ar eUSERTRROEEESaut onati cal |y by net page publication servers, an
adverti si ng3 99r pgshfios PitedigPVvi de arbitrarily broad coverage of both
geography and denographi ¢cs. The subsequent di saggregation is effjcient
because it is aufiFEEeglizategoEneys padother puplisatons r8](5‘°§8‘9§‘f P Uie5Peftibl i sher s
to deal widrdfilaidfoedationsintigdigggr egators than to directly capture adverti sing.
Even though the vertisin regator is taking a proportion of
advertisi%b rev %ﬁ%&m%ﬁ%kﬁgﬁ%%g may find the change profit-neutral because
of the greater efplldbeiagdiltering vesigr egati on. The advertising aggregator acts
as an intearnedi aly.dekueen advertisers and publishers, and may pl ace the
sanme advertisenent in nultiple publications. It is worth noting that ad
pl acement in a PG BUBPI®ati on can be nore conplex than ad pl acenent
in the publicati Oi# sustom@ationi ehal publivatidne isp §picallybpbticaser-spedficputd iscabé on' s
advertisin 1 r. | i i i.ng. ull conplexities of
negotiatié%%éﬁgﬁagéﬁmg véf?%@%???§%ﬁ%%#%??%ﬁ%ﬂ%gggPégﬁ?%rs and publishers,
the preferred fofnelisborttivefipangvegar copsistseofithp pesys @angs efemumbay pigiewt s lSuppor t
for these jnagoll ca;tréwafferénnﬁdeﬂddh@@stssgpm@f,\l.EJs&rof Al FedoRtheribtiohd. AFougH

Aut omation is rticg ar desi.rabl e for the placenent

advertising space. I

of adver t | TEERREHP BATGERE? Hra olprtve e s PR o LY RHIAE Sral | or

hi ghly | ogablicatied, tacky ex trwes easemt why iNRI@BAprEGeal il maifnic @ splamereort fohash been

negot i at egwbﬂckt%n;aggf@ SORB 10 GRAL BT qetﬁg&, tffe {ed6rs A URIsLLSE IR ARd records
t page a ondi ngly, the pub

it onan age server. Corres ' he publisher records the ad
pl acenent Ryplicptiea thap bitwsen fipservb subeceieerpia itiereatiublisativay: gadra pubifratipnitigelids page
publ i cat i Gfns® pkednt )68’ QllabSAGHO FUSBE vectorPRIPaR BRUhe Zae dIutbblafBhét@sbe | T Pi CKS

2.3, 11 nf OPHAEPIT: FLBFARG SHBE e PR AR BT SRR e e

publ i cat i gedlicastehbeer.on an assortnment of user-specific profile information
i ncl udi ng:

Contact details, including name, street address, ZIP Code, state, country, telephone
numbers, are global by nature, and are maintained by a netpage registration server.

Presentation preferences, including those for quantities, dates and times, are likewise
global and maintained in the same way.

The localization of advertising relies on the locality indicated in the user’s contact details,
while the targeting of advertising relies on personal information such as date of birth, gender, marital
status, income, profession, education, or qualitative derivatives such as age range and income range.

For those users who choose to reveal personal information for advertising purposes, the
information is maintained by the relevant netpage registration server. In the absence of such
information, advertising can be targeted on the basis of the demographic associated with the user’s
ZIP or ZIP+4 Code.

Each user, pen, printer, application provider and application is assigned its own unique
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publ i cation custom zations collaborative filtering vectors cont act
details presentation preferences The custom zation of a publication is
typically publication-specific, and so the custom zation information is
mai nt ai ned by the rel evant netpage publication server. A collaborative
filtering vector consists of the user's ratings of a nunber of news itens.
It is used to correlate different users' interests for the purposes of
maki ng reconmendations. Although thege are benefits to maintaining a
single collaborative filtering vector independently of any particul ar

publ i cati Qfuniifd &hEtha h&pal %mglgtﬁa&cge@ermt% tHe SelRARipP beMfdeh Bidh, & ShoBiNt @i N a
separ ate vector for

ication there;sllkel 0.b re overl ap
bet ween t H&%r&2{-oPs 2%F“dszlflb€‘§rrfgﬁgf‘t§ntp6’p?sﬁ% a pyblisher bsuaoTpF%%ﬁkf“S rﬁ’?f“g’gﬁ "9kt ween
t hose of gudvsier, miderpsbﬁbmoﬁiisﬁfs;emﬂmmp{dpbllc@ta)hl ons; and a publication is likely

to want to pr esEaﬁzﬁ usle%ﬁ)o li‘il%? be authgr('?zeé %OU na%; lll#tg)gl{ﬁ{%‘ Eltmqgrg %o’l a}‘g g%l?lgrﬁne@ﬁl )p art of

the value of its bran orative filtering
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net page r &Y P‘bgg HCh G user ’s?@f"‘“mﬁr geﬁ‘{”alfeFQﬁﬁy oL VAR ers*i‘}si‘?flhffd‘}“ﬁ?fzf‘ﬂose for
guanti ti eSo pritdtoase werth defailegintefi Aepublisked bes @ot rgbid il ID @f ghy warticulaa privexg, bun t he

sanme way. .T & f ertising relies on the locality indicated
in the userggdrg%ﬁ't%%c ]%tdﬂh‘?pufgr %ge\\é)\h le the targeting of advertising relies

on personal i nfoWhet4 sl sipechibes SOB 41 @ petlicasion 13917 theerryllisher §§ Giey agplicaienyt us,
incone, prgfresi e&m,ls eelkifidddl @Mprinfko BWalcifbabiiMe &ehd \Aa:u\aefsuusmr aghi@ge range

and incone ran For those users se to eveal per i nformation
For adver CHOTTHoH SO AR Crs AR BR P TAPRY S HEAB) L R 28l evant
net page r agspstifiato okingenseerlf a luser tihatabse ne @seod patmlar primdrothenmathatqumipter

adverti si r}gco%?% Q;? %ﬁ%‘g’ﬁt goggon the basis of the denographic associated wth

the user's Each user, pen, printer l'i cation

provi der and appFiecse i ysed tgdesply %GOF?SEO%“Q%PY&@@ mamevggw Spgrticglpr

|bdent| fi eﬁletpggegggismom@hp,ag@mgegss{ma{sﬁapwayserver mai ntai ns the rel ationshi ps
etween them as es 21, 22, 2 tration

pur poses, a publf\ﬁ%gw’ﬁn’é‘gwgﬁ% éVthclﬂZ??cfotg’f’me?ﬁﬁlpfﬂg‘m%arB?%pag ndl\%gﬁ "% nd a
publ i cat i O¥ebiwgea asipepageldodomans afouatepd fwaag Wb broFsindio bs mnvwﬁlymytecbei

aut hori zeqhetn PR B psnber of printers 802, and each printer may allow
any nunber users to use it. Each user has a single default printer (at
66), to whi ch peFlieaaPiea FysteR apt Gollesh o brbalfefe rates Ryedey 1953/ and Spmamipsfons oihi | st
pages pri nicBele edinddanil pabiRatded priekiasl thoprbhiderpphifttreSuct ME@idghan woueh t he

;a? I’h Olr IS 7 Imr% veegtg'l%é feesg cth tEberoug %e\ése Ié—cgn?n?eFr)c% cE)mmlr a%slgong fanmz!mgargmgl%ges I§ Rxg rprsmtg‘ 1su ser has

owned by the user, then the user is the printer provider.

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

2.3.2 Favorites List

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

41.
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to print to the user's default printer. A publisher does not record the ID
of any particular printer, but instead resolves the ID when it is

requi red. When a user subscribes 808 to a publication 807, the publisher
806 (i.e. application provider 803) is authorized to print to a specified
printer or the user's default printer. This authorization can be revoked
at any tine by the user. Each user may have several pens 801, but a pen is
specific to a single user. If a user i;g authorized to use a parti cul ar
printer, then that printer recognizes any of the user's pens. The pen ID
is used tgdg9catgistdpeLiep! I espondi ng user profile maintained by a particul ar
net page registration server, via in the usual way. A Wb term nal
809 can be aut hoPHez&HemR grapfansta B‘Ffo%( lﬁbP% BuraRP YIRS poshpdt ﬁ?‘itﬁ’ﬁ“@r link$,19 owi ng
Veb pages d@agheitetpagessliog dERsk trafichthttpageagsetiItinggalibdd abi sdrdgedtia, be
conveni ent | nt.ed o ares nt The net page system
can col | ecﬁgf&eh%m%gwﬁowm& TN erEhe assg‘&% Blflia'géns‘:'@‘gnd comm Sgl gns gn

i ncome eard+ed tHNtﬁ!ghEtﬂtﬁﬂGEb&th@ns printed on the provider's printers. Such

income can inclugg AdVvenldigiddy &S audhadiGhy LikYs OMBhnd 883 of- e%mef&e
commi ssi ons, and transactl on fees. |If the printer is owned by the user,

then the psEpmalized pyblicaion qpyagieotigp- @(I’feﬁfé’f‘ basEa%‘PFelﬁ%oétrad‘éﬂ“é“Hnel‘i‘ﬁ§‘edn f’i‘éf"ﬁa@% account
820 whi ch présfornmatddl récRngeCticNikeqiiRed BnClie@agd®btbie the aditbrialctrdgt. t S (S uc h as those

described in th din ra tact details 81 i ng nane,
address and tel g%ec?(‘r?\‘eeﬁlrsllﬁ ng%’r ach?(g ‘I)aﬁbe & g‘fegnctgs @?’Lémgrfl e m gr]altlgri vacy,

del i very andndividyell iageatwithin thesee‘ttm,r?g‘tthe aM&YWG Alberithne Explite fhist Thecalgﬂé@@ﬁﬁs 817,
cont ai ni ng;o&igeeyé%e%t NGAsted cRidtah Yhikrnsd b advérhgag%mat @acha;&a&;gcads

handwri ti ng nodel automat i cal | y mai ntai ned the. s st em § ET
paynent caPrdodtee et sesofcally withie Rplicationbigrecl aa%ryﬁ’efﬁ% ea??-lb%mﬁ%l 2.3.2

Favor it es rbdfiag repuimet page user can maintain a list 922 of "favorites"

links to useful docunents et n

mai nt ai ned by the ese;(/ig m 0 em sﬁleagdsg)%r&% LE 91?1?&% %;““:A%ﬁg?so;a{%%zeaﬁ ahds

hi er ar chy gaithSoiSé@FlgldQMCCOailqsr“eraewse@thetmm ment of whi ch is shown in the
class di agram i nrisicgt §mce§sl incl¥=D) 8 seRetion ot -adeand u% selegio® b edlebritl cohfeg, Syst em

mai ntains a history list 929 on each user's behal f, containin I|n s to
docunent s neftg%e ltafete%g%aw GOt s coreEResd: 19y BIERY G S HRtelyA5eve ey stited s
or gani zed saﬁorasiﬁ@te&r@meh@ctxbn Site, prefaelpeb‘ ehdowedr, berbachedendverage ovritol, i S shown

in the clag avugé %g;ﬁgm(ia _tfaa?yﬁglég 2.4 | NTELLI GENT PAGE LAYQOUT The net page

publi cation aut y Iays out the pages of each user's
personal i 280 pubPRUHENTTPRYAT a sect i on- by-section basis. Since nost

advertisenents ahe thBddciBent 8140 A, it is encoded for efficient distribution and persistent storage

on the netpage network.

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

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

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

The layout itself consists of a series of placed image and graphic objects, linked textflow
objects through which text objects flow, hyperlinks and input fields as described above, and
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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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| mage object ID PEG 2000 G aphic Position G aphic object ID VG extflow
extflow I D Zone Optional text object ID CM.IXSL Hyperlink Type Zone
pplication ID, etc. Field Type Meaning Zone Watermark Zone 2.6 DOCUMENT
DI STRI BUTI ON As descri bed above, for purposes of efficient distribution and
persi stent storage on the netpage network, a user-specific page layout is
separated fromthe shared objects to which it refers. Wen a subscri bed
publication is ready to be distributeds.the netpage publication server

all ocates, with the help of the netpage ID server 12, a unique ID for each
page, pageohtit ance, docunent, and docunent instance. The server conputes
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nanes of tdwetes thefutly-ppsibtedinanimed henystegibeswnd dring&r ry t he shared content used
by that |ayout. I.nt. ‘e t hat
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is conpl ehseming g qiaresof eack page drrarerd wbritagss. herpverpas pagrdies ¢ sleofdesapel s.
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the nul ti Cﬂst. cﬁoannel S sd%gci fi eﬂli n. t he. age I ayguts. Durin ‘%hlﬁ’é
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per si st ent i i | ayouts and shared NPS034-SG - 35-
content. C&L\%g&%&mﬁgg%ltggﬁ‘gggﬁgég%%gﬁg%'l the objects to which its page

| ayouts refer, tHenpiderpbrymyl gircugptangesesich 4§ @hen fhe rintsiyprs|catob errriaiy likehand t hen
rast eri zeshanthd ufRf Willtss ablt to rbPMARH the ApaBduply befdié1tht BIEE’S 100t fage ipleinflis@FagPr i Nt S
pages faster than thedy can be delivered. Assum ng a quarter of each page
i s cover e RFPH THEYEL, the average page has a size of less than 400KB.
The printer can Hévevefidthe phiodrd internad yemgs dob fil @, thanclhe mpiagewilliba unabk @ nt er nal
64MB MBMDI Yoo usB ot LYMRALse oln it %'F%?éu%r Z’het?x%ig‘é bbliibn seandrb D hifths Blidedl S at a

rate of one page per second, B . . ,
to submit requests for re-multicasts. When a critical number of requests is received or a timeout

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

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

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

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

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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equi val ent to 400KB or about 3Miit of page data per second, which is
simlar to the highest expected rate of page data delivery over a

br oadband network Even under abnormal circunstances, such as when the
printer runs out of paper, it is likely that the user will be able to
repl eni sh the paper supply before the printer's 100-page internal storage
capacity is exhausted. However, if the printer's internal nenory does fil
up, then the printer will be unable tgg_make use of a nulticast when it
first occurs. The netpage publication server therefore allows printers to
submt reqlests §gdurire-nul ticasts. When a critical nunmber of requests is
received or a tipgeout occurs, the server re-nulticasts the correspondi ng
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it is delivered STy HReFPIaLEY™e Ef‘gtﬁd%sy?lﬁ’?tﬁﬁf‘?’?t?%ap e PR R EH ¢ ef or mat s
it as a neh@gagendoctypedninessde. Tval paige wisbingrel éxcinggesedsiagds nust Rstsypredge ad

instance of jcation server. The netpage formatting server
has know €d( uglﬁgéh%rg?lggegg}ﬁe ‘ernet docunent formats, including Adobe's

Port abl e Docurrenl’“bhq:kpb’nﬁ‘vpt‘(m alsantffmycbéptaéxtsywam;sryntam)aag@eé( FTML) . I n

the case Qherlflibhkeyt. trh& @ KORKR Iﬁmmm‘canytraaemga% “rafzmlauy m&shgeénciyb@d printed
page to present Wb p aggs inamulti-co

| umm
D ent's” ine e Kot BB sshpEt foe (s Pty SRt (g b i RSP b S (o t he
request ed tizagier is képeprivger The patitic kayrians¢dtd snchyptrmy messagy ingended jfor @ doldamothe The

net page fgo;,oﬁéﬁ §8{c ?% SRR gag AGLRAAGLIEhaY Rl us adgrzﬁépwéat@g

interacti St en aval e on any | nter ocunent
matter whaey |T!nss tw Pagtileﬁ caalrvawfe&weﬁﬁlenge messrﬁeﬂwouqéﬁ%wvexageexe}fm&mafsmt ket

docunent fordftehd e Bty fsR@ulSt P agalttd thd RideRstthelpitatd IQY RARRAGE Server,
and hides know edge of the netpage systemfrom Wb servers. NPS034- SG - 36-
3 SECURI TY*3P3" CRYPTOGRAPHY Cryptography is used to protect sensitive

i nformation, botPublinkestyptaggephpsad be wred to arat ¢ digihdgnptore. g héldentf teatrisatpar t | es

to a ”an%@ﬂabgf}am I'ih%'“ﬁa hQJh%fL‘A{stSée WbhES Ayt rtﬁé%éﬂ%lﬂé)ﬁ] divae WHREREEad use:
secret- key cry g?ath)ecqn c-key cryptaography Tﬂe net'page. net wor k

uses bot h <&t %@’s"é%fy t?ﬁ’d‘l”é‘ﬁﬂ‘}?“m ¢ ‘@lenqpug of F‘?b‘t“éﬁ’g?fmvateé?eg ¥ith ef err ed
t0 as synygbéct © it phpicEIEHHRENANe, by deRptifig iR dhariReddAsh ukiBg the public key and verifying
the hash against the message. If the signature is appended to the message, then the recipient of the
message can verify both that the message is genuine and that it has not been altered in transit.
To make public-key cryptography work, there has to be a way to distribute public keys
which prevents impersonation. This is normally done using certificates and certificate authorities. A
certificate authority is a trusted third party which authenticates the connection between a public key
and someone’s identity. The certificate authority verifies the person’s identity by examining identity
documents, and then creates and signs a digital certificate containing the person’s identity details and
public key. Anyone who trusts the certificate authority can use the public key in the certificate with a
high degree of certainty that it is genuine. They just have to verify that the certificate has indeed been
signed by the certificate authority, whose public key is well-known.
In most transaction environments, public-key cryptography is only used to create digital
signatures and to securely exchange secret session keys. Secret-key cryptography is used for all other

purposes.

In the following discussion, when reference is made to the secure transmission of
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encrypt and decrypt a nessage. Two parties w shing to exchange nessages
must first arrange to securely exchange the secret key. Public-key
cryptography, also referred to as asymetric cryptography, uses two
encryption keys. The two keys are mathematically related in such a way that
any nessage encrypted using one key can only be decrypted using the other
key. One of these keys is then published, while the other is kept private.
The public key is used to encrypt any;pessage intended for the hol der of
the private key. Once encrypted using the public key, a nessage can only

be decryptiggmdSdnbGwbdde dRphé Plifer ak@yserv-gh %attamllpapréne% R bhe %ﬁxﬁ&rogt'aﬁis exchange
messages without first havin

(%to exc aneasegret er}/ ‘g’iuethat t he

private kdl§F Fuerssptificate, quihenticatss dtwith refregied foyhe cirghepls 2uBerity. pres E‘FP f&Ykey to

generate teh&angk @3y mmerceﬂaﬂhkel tG -eimﬂghgﬁﬁ ypteOgssivplkyy einthbeerus acd hen wesabd € a

digital signature., The ho e Lyt hash
sessdontlh% o€ c yp t ?sH%e 3G R & lgy, b %Xfmgt%g Cgll; E%Q fn Q‘IRKQQ

of a nessage an N encr ash using’’the prlva e nyone can
t hen ver i fsyortlifgiimet he encrypt ed hash constitutes the "si gnature of the

hol der of ghe priyMpic P@MedbEdurTy€SPECt to that particul ar nessage by

decrypting the encrypted hash using the publi and er| t he hash
agai nst the messHgaichage R i§ pyignrd gra planigne,id ﬁ‘&gﬁl‘tt %é‘ﬁ‘@g hich hen t he

reci pi ent a@fstddden remsza@mo@ammvmei gmdthoﬂhhnetﬂa@tregldﬁeudﬁemgaabm Thefitsi ne and
that it he}ﬁ d %‘.m&u%f &ietnhfnes Ehr ? %' 0{1 the ne%%%%et&ngﬂl ’l‘h% V\,EQI%%%ﬁ iy Qetcxggr aphy

wor k, there EISpu 0 drs revents
i nper sonatapbﬁuseWheethﬁ@ﬂﬁ@ﬂﬂrﬁiﬁlfﬁ}lsﬁwﬁenfhelileﬁ’g)ﬂeert| ficates and certificate

authorities. A wehithd pfal SonddtlshO Euetnytpags n@ewsrk m&ttedfugtmnreciﬁaaﬁstanamhch
aut henti cates the COI’II’I?C'[I on_bet ween E‘F e% soneone’ s thdentl ty.
i e s D PRy

The certi fFEGt & RBIHEDAGE FrrEdt Heapg o kYT B ng
identity netpapd FRitsion @tvek. Theaarve keataes tha sdresiDgigansathelpriptel’ s beciedDtrecbidedat e

cont ai nt g, L8 BRL SRSk S0 bLNse) Bklrsy AN RISk B gy anBeO LT Ust s

the certificate authority can use rtificate with a
hi gh degr eentelfma:éiﬁtp&ilmwwhatmu god @blgeﬁ@ia%@ kerhey‘ fterest thﬁafvéﬁ% ipehd fy that

the certi frégq;@;@nmagendeed been si gned by the certificate authori ty Wnose
public key is well-knhown. nost transact nvj ronment s ublic

crypt ography is OfM§/PIEE éeéls?aél‘”b?eévﬁrt w3t @feft 1°ate e T R T R 1 ‘hr eI y
exchange secrets tsesstitformadnsilovieor te veritayriner atiygr aphy is used for all other

purposes. In theyfol | Qus sﬁ&cr@yessfa'“hsp%%)@cguon\/\@?e@org%f &LRAGEmb ﬁemgﬁeg&eu&he secure

transm ssi on of NPS034-SG -37 ormat | on between a netfp rinter and a
server, whgver datehass quihotizgfamprblisser tp grint (threruBipinde HEEAR WS ““tlﬁ’ée‘s%rraver s
certifi catspamfadJlsrmeﬂ @v&ﬁa&ﬁmént se¥d tb B phiudr@TaQpag sberlihidReQEd b hipifdutar auet hori ty,

uses the I i.C 5 8 i he ert|f| cate tgeee%r%plge a secret
sessi on k@fl StEs F)the %‘glfs B eo‘)(’Plﬁ T nva & Sfeprire e M paeg LS S to
encrypt t he m@gte@agealatdatea .thawthcs pdlsheris kte@ppzeldyo daifvérriket publivaticde thh aweelﬁah
arbitrari Iuﬁ’er. ﬁl@c}faée Je}vtﬂe%'nﬁ& tht‘:3 signaMFcT\Es)égﬁleP Blbﬁﬁg@ pﬁglgﬁly,-r obtained from the
publisher’s certificate stored in the registration database.
The netpage registration server accepts requests to add printing authorizations to the
database, so long as those requests are initiated via a pen registered to the printer.
3.3 NETPAGE PEN SECURITY
Each netpage pen is assigned a unique identifier at time of manufacture which is stored in
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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Each netpage printer is assigned a pair of unique identifiers at tinme of
manuf acture which are stored in read-only nenory in the printer and in the
net page regi stration server database. The first |ID 62 is public and
uniquely identifies the printer on the netpage network. The second IDis
secret and is used when the printer is first registered on the network.
When the printer connects to the netpage network for the first tine after
installation, it creates a signaturespublic/private key pair. It transmts
the secret ID and the public key securely to the netpage registration

server. TQSpr&&faéé@Jsm&Q@}D@lig%&M?n&&%&ﬁuﬂk@n%ﬁ@ieﬁﬂ t he pri nter's secret ID
recorded 1In its database, r@@?cce%s t he relstr Llon |$qthe | Ds mat ch.
v g

It then creates ART LFFASSH TS d’t“@te“f:{‘}}‘?f” RS ng’teb ARS8 L ubl i c 1D
and publ i ctosks gRatiorley ke yyeryaped itkhorseiddxbicbyqen ID. Bothdbe ailargd buefinikeegiagd r at i on
dat abase. g&??”} LRAG ke %!d%Juf %ngt%’lesa‘é}( %g%n ?ﬁ&s?re@eﬁtlyausgﬁa%é&ﬁe%&ga?y authority
for netpag inters, to secret ormat1 on all ow ng
it to verify pri Wheara neelemqswhmvmmofaﬁ Ryigisy, the ps andj nyiater dizover pidther tex i on, a

record is 1&6@@&@&1@ nf&mom&aa%hm&l ﬁ&mé;srmtar de&%ﬂ@rwh@la& ab@saﬁao@uwor i zi ng
t he publisher to print ttge ubI| |on user' sd aul t 5|nter or a
Spechii ea KT it B T ey O S8 e St thcpeh P b P Brophg Bder i s
addr essed theqpriatepdff thé privkeaitis meBatto km*vdthé penshug esh’ Dihert i @itjaweh thie sitematinpemg t he
publ i sher i he

Fegi strat {nicl BbGeah SN e ool 16 B AYE SEMEET kB bl BSppaid faerd 17
publ i cat i drpntilgherpris B‘B@élﬂfalcb?dgmaﬁﬁrat whithdims i dritiates the gistiation Hchééuf@t he signature

usi n_gf t he publ i shedditn Rk pibtic K8 Yhe p@lb&oﬁt'aiﬁ@éjsef:rétck@ &BRnge k) ITheSla G Exciange
certifica

ed inthe re stratlon dat The stration
Corver aotB Bttt b e ket s CRATTS 4 T8 B TR Dot s
| ong as t haseativeqhresh sra@mis itypeh iR tede prigersanp ér prietgi tsherie thetpen e thr i nter .
3.3 NETPA?Epf EN o REEAR T Eﬂﬁ Qr&?&&@r@t@s P?e@sxdn%ce?%o? 't}ﬁ’]:%ﬁtexaanu Q»lerﬂh&%sé dentifier
at tinme of nmanu acture Is Stored In read-only nemory in the pen and

in the netfayl ewEitshe wesoskexte thy@rinteralt ApE@smitysonyehthe f5s¥op k@h?nereﬂéf%/
identifi esvihhe p&ﬁfkeﬁlEkcﬁdﬁ@ KR tmagenea §ibrédxhdsession n@tlﬁ&gﬂy,nﬁiaxaaw the jdaa@m/' a

numper of n agsngt% th%r %crr]}tg ed séss1 n ey % tl?e pexI;] tI%%ﬂ)en stf)res Ele sessmnq(e){ inte %Fymgexedo ens.

pen comuditc ter? Vitd requency enever it is
within rantpepaferiihe pri nt er Once a pen and printer are registered, they

regul arly exchangg,$63$kOpknkaYidpersoIENEN & thd JAf reBiSFhtibd RS, by SiefiptAl 1Nk to
the printer, the dl()%iﬁta lir;larli |sp%rlsowayz{s1ﬁencry%t regl ugl nﬁgmt he %\IP§054 SG - 38-

appr opr i at¥ et fhe FESyiomKey EnYpitediby IR RANE never transmitted in the clear. A
pen stores a SESthﬁl’a pi@@Musnyﬁxre@M&Ecypdﬁﬁd mhteéglstetedhn@wslmtemdsemad ithylinged nter | D,
and a printer session, key r le kn wyl:ndexed by pen
'D. Both REeA |“?a‘r“S Teied b G Sy peé‘tlso‘%"? a"°‘”% atingégl ‘i/€° it aha sﬁf‘é%“%a%? and
wil | forgaser aldsvesrsglmthnégzm@m ragifte g aew vsezdewblwthmwenyag}t%namfalln@é@b sary. Wien

a pen COMgsadWh hd¥ fin oA 8Esti0f usé. Printer, the pen and printer discover whether
t hey

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

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

The “watermark” printing process uses an alternative dither matrix in specified
“watermark” regions of the page. Back-to-back pages contain mirror-image watermark regions which
coincide when printed. The dither matrices used in odd and even pages’ watermark regions are

designed to produce an interference effect when the regions are viewed together, achieved by looking
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know each other. If they don't know each other, then the printer determ nes
whet her it is supposed to know the pen. This mght be, for exanple,
because the pen belongs to a user who is registered to use the printer. If
the printer is neant to know the pen but doesn't, then it initiates the
automatic pen registration procedure. If the printer isn't neant to know
the pen, then it agrees with the pen to ignore it until the pen is placed
in a charging cup, at which tine it ipjtiates the registration procedure.
In addition to its public ID, the pen contains a secret key-exchange key.
The key- exgDANGR prilt8dshées al so recorded in the netpage registration server
dat abase at tine_of manufacture. Durin registration, the ntr, nsmts
its pen ID to thEesirhissimilapq weirmnagip ﬂ‘f‘té?‘s P‘?‘é(ﬁ’é’ﬁl“fh%“ pplne fe‘g‘? B t he

net page re;gthsbxga,tan@ialostmnmhepa'gr&hec@env;eﬁong@ﬂemt es a session key for the
printer and pen cure i, t t he
printer. It al sofaat‘ges Egér% tggcélm%&s canno* 1%lc[lsnséss |t%nbtuEtey egﬁgé 98¥ glgéﬁm\%\% h the
pen's key- de%ebﬁdﬁg%ctiee9'9aﬂaheTpﬁpﬁ@é?tosmewmmogmzwa%eétqcmlﬁ nal |y,

i ndexed by the p&Rudl @@cum%daré Fyai@a?lmgén%ra{e@ @s st ¥-Q5rﬂxger&3ﬁ§da9i8nsk @heylcth t he pen.

The pen stores the se55|on nal ly, indexed b nt er.

Al t hough dhereiwe mside fg s Frp?é‘?tg%"rlfgt"g“ca R f§aRgedy Y eustr e‘éfﬁlg?r?‘{ib‘f’%‘??’cpr ot ocol ,
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When a previ ousl t m t ed
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al | oved t dylsenersesditstspg agtbroustal gy The pqquerﬁD B praye docysey is gply vidrfor the

regi strat ipflimk QF BB doduRledt, 884 SLRE dQuAGIMIISLS anb&teMblmnﬁéwmmwpﬂa%t th&ir
autorratlcalltégllnked Qr, .to add a B g“ﬁ 1o an exi user, &1&2 pen

uses secr SYCESP By LPRREPTIYA SFeSFub FIcEe fﬁ“f"b?f“lfi@c 1°Befd itp

per f or mandefeedbackion adrifitasion failuird) @ smgnrt edsy @ﬁm&mﬁﬁeﬁﬁmnmet page system
supports the del bughneler 56 Ghe a&%vn;%%é DLk ol sgfﬁetlﬁaac%mgg ons. The
net page printer 1nc des a faci wat er mar only do
so on requenst They mlpar@wﬁ%ﬁes@ﬁqm@ %ﬁc@ tg m%tﬁqrsenamrqomm veRfEsatingb| i sher

i ndi cat es patiSul@y bl d dedfida@npbd, Plovid@ @ 5B 161 ofisdburity hEEik & hdeiicapbu@is sithi ch t he
printer is ab e to aut Bentl cate. The "watermark" printing process uses an

al t er nat i V&' BIEREP AL PE™ ™ specified “watermark” regions of the page.
Back-t 0- bk paghen-BERWDRATIONT rror -1 mage wat er mar k regi ons whi ch coinci de
when printed. Th tﬂ; !;ssgre JRb] bofiSsubtifc aymfsquge mver@&/@&bgqaﬁ,ﬁns RARREY mar K

regions are de5|g produce an intérference ef when the regions
are vi enednd erg@pwgﬁnﬂyaecmv tpyec RIS ISR Npsegéfmsennos@le foRFeiRHS fhe
printed shgbiate ddi@ergf fect is simlar to a watermark in that it is not

vi si bl e when | ooki ng at onl of the nd.l St en the
page i s copied bé ﬂ'gl?efﬁﬁlpa%%ﬁsm a(3‘?3‘ageu§ §F L& ag%%mbeg ecﬁon £)no Wh

AT e SHSEEehE be copi ed
usi ng t he ippasitle fontheetyEagepdapy mechani sm
4 ELECTRONIC COMMERCE MODEL

4.1 SECURE ELECTRONIC TRANSACTION (SET)

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

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

authenticate a merchant and cardholder, and to authenticate them both to the payment gateway.
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described in Section 1.9 above. This extends to copyi ng net pages on

net page- awar e photocopiers. Secure docunents are typically generated as
part of e-comrerce 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. When presented with a secure netpage docunent, the recipient can verify
its authenticity by requesting its stgtus in the usual way. The unique ID
of a secure docunent is only valid for the lifetinme of the docunment, and

secure document EEBShALS yalbkQGatRA wiRkE; ﬁm}tb\e&kg@ugfhwaepmm&y&@sfl&ﬁ%d
predi ction by opportunisti c ;Dg@gﬂoa{@ A secure docunent v I(Eatl op pen can

be devel opfEd ‘ﬁﬁtef HS t5agsdpred jbprd R, SOIUAEePS fhieh PRI S3T Pd ®Btppor t
easy poi ntcenifieqess esesaﬁatmmgvdmmﬁmer aoedss fia sﬁeksmmha@mawmomeaubdagr t he

wat er mark por theepspnesyPhot ograph are secure in a cryptographic sense.
They sinply provi Iczie a significant obstacle to casual forgery. Online
docunent veri fi chtthanstpagesutcn theheinagoregistipting servey @ets 4sjaguaxy &m ths@pipagppsvi des an

added | evele @f cs@foldtd ;nygE tiurans'h@mgeeded but is still not entirely
i mmune to for gerjes. REPUDI ATION I n the negtﬁ ﬁtg? %/gé em forns
submitted by usef¥ "z‘i’?’%ged-‘éef”\}'é‘?séﬂ’mFté‘Fﬁt&mﬂ%‘fmfcétefh&”ﬁ SRiBerar SFT Revaer e

per si st entBeyausd thdysanlis pén-tagt pigionai 8ses Bltheekds’s ol-lineisgndniig c@biging of tipossi bl e
for recipi Y ough the
yst em as il pbthouly RN A Al ol FARLAE W PR B T 0

oFP

ayee to

r epudi at e.semsorEptEaFRANpIDoOGRNERERr SOl WCPfBWSﬂM@WN CTI ON
(SET) The naliRaar, oyl ﬁmo%%ag@asm%eema ectronic Tr ansactl on ( SET)
system as one of |t stens, SET, having been deye ed. by

Master Card and VI a‘-‘SrSt thp ')étbﬁ‘%‘f iey oA SR @oEisy R rof Etgfr%suserﬁﬁ tﬁ

reflected thametphe registrarion edraeg yThistioduey ra, contolidil cpfironinent, Syrskappici asbanlq;ldmndent of
the type ofvaaeauh By BELA 38 dune dhued the LA URLI Y AuARIRHGRARLS

register wt certificate authority are 1ssted wt certi |cates
cont ai ni ngartired gnd plotst Indh%“ng?‘ifa'ﬂ%rdéta‘?é@ybnkedméhec‘éﬁf 3 irqcvréélfhgusgmmtpgregh erifies
a gar dho:c 0 o‘@honﬁl@gba‘p?ﬁlfeatah@mnﬂ:@tt@-'tﬁe_sreWrc%j hruk @Tcw@olﬁ@sﬁg%a@s pAREs QPr i at e,
and veri |esa ant's registration detail with the acguirer, as

Appr opr | atEPIte] ARG R PR Y SEbF B NS FE PaY B LR TR a1 e

Si gnat ur e usdcaymwys@C garé|igforgntiinhie| afso cEdU tieing .theDuatpagrg registeatipra yaren enquglocess,
these Certﬁtﬁﬁ"&ﬁém@;&ht&&@gﬁgm%ﬁkgagmeamﬂucate a mer chant and

cardhol der, and to authenticat'e them both to the paynment gateway
NPS034- SG - 40- SE¥erbruspiotvenfisty perliss heibpretc ficaplye a pamepty f"b“é&‘aﬂ%@’
car dhol dersighmg mmﬁ@en&@er @fm K&y@namc@w&dnim@ @le ©fled isfofiAG, tlepadD had wensone.

| nt erl m S l ut Cq t We ne rr%lrgt gétlr(])n (s:e?'\l;egqge SCI'VCI' Vlgg CSS thaerl])d t?lg(ﬂ}ﬂ!l Iel gé%!:toe on a
& the S| rd Rave net - W

= o

server GV e "Caf CEESE Vid a passwor sonme
success user identified by the pen ID, and ﬁom then on acts as the user’s proxy in completmg 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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4.2 SET PAYMENTS In the netpage systemthe netpage registration server acts
as a proxy for the netpage user (i.e, the cardholder) in SET paynent
transactions. The netpage system uses bionetrics to authenticate the user
and aut horize SET paynents. Because the systemis pen-based, the bionetric
used is the user's on-line signature, consisting of time- varying pen
position and pressure. A fingerprint bionetric can al so be used by
designing a fingerprint sensor into the pen, although at a higher cost.
The type of bionetric used only affects the capture of the bionetric, not
the author4.zati ofraeRedng of the system The first step to being able to
make SET paymentg is to register the user's hiometric with tpag
registration ser VEP™ 2 %HiTeUps afgiReeciih? ey PRicrien aiRrt Pﬁﬁ%ﬁ‘fmn F8Y° exanpl e
a bank, wheembedtaluserbpecifietransactiandD Sl5én thapigel Setgeqtnt inpe dyauyd teipage iasgebhie user' s
|dent|ty I SaVer

registrat |\§n i tlamb(glgtéIﬂ-lull?dn é%gﬁcta{ld Seéh%esb %9’9{#5‘?%%5 d. Ié&{;jl%gcr“{t&t &)ﬁgﬁf ogr aph
is also operisinat |y captured and |inked to the record. The SET cardholder

registrati on prog@ssSinp occi Mtbih @hagedtfiohlif) Bot bt Wietifid) Gotdvery &k pphitAibat ure key

and certificate are stared.i t abase. ' The user's card

i nf or mati dA™ ¥6§F§§”§P%W56hmﬁY01ﬁagghécﬂﬁ?bé ieL TRy Ty ﬁg%ngggdﬁ?senough

i nf or mat i diont Opraptint@satalog pags &r the uger OXnual fshappivig SET. Toayorenthe uednsdadyi on. When
the user qyeRia: Larqu%uepiﬂ @nblic B QL e Qn&grrm%e%n@a BIARATIRE i or
exanpl e by %nln a net page order rmn secur transmts

t he order nrw% ifatentgpplicative Pigwfery fwnamlywﬁedanm erir@ﬁqdrr&ly a%ftuaul%tesl herréswﬁbt page
regi stratiqn. server. The server verifies the bionetric with respect to the
user identified the pen ID, and.fromthen on acts ser' s proxy in
Conpl et g t he. SE SRR S Pt S SR R hage
Syst em i noiserdstanappiietibayis smidue aliapIr§S0aspbopmaniigure 24oWhdnkenihe ver agibatesd 0 be
conveni ent eﬂﬁrzer gmmre “eglstaiea»ragnduemge%ﬁag ELAIR A S M o 178 Afdis@ith f Or

copyi ng copyrl ocunen oSSl b soto allo e user to be
r ei mbur sedeFgto Wﬂeﬁ%gsswedram&aa%%ﬁ wgrtr?gwﬂa*aveﬁntméﬂ r’@“’ Abdliet iP5 The
| atter demmaa&sunmmaemhﬁmahoeéh§H@mud&m&h&aady provrded to the user. Wen
the user registe e- conmer nt i s es%%qor%ped mhlch

aggregat es mcr Oi"he ay%at o Mamiains stat’g u%ormatlon mdexeg %f’la% pIa fl oRca I

Tne recelves a
basi s, andlsqrampmﬁettm efoam}wn withow tkagvdkidgepf the Iglobal et ieusi-ng t he st andar d

paynment ”EChan'SﬁksJQﬁuﬂS%ﬁB&%s%Pﬁ&ﬁ@ha@&ﬂﬁ@ﬁeﬁﬁ%ﬁ&ﬁ%@nerﬁggﬁ%QﬁBE
subscription fees for periodicals, whic woul d al so. ot herwi se be presented

to the userUsFis PHisatopy A Plowithig SEndaed Cat’§1‘ Hpnsprgipps on bﬂP%O@H‘eg@r liyge only 4
TRANSACTI@NStheQmaﬁuﬁﬁﬁmmequests a netpage in a particular application
Conj[ ext, t he app Iuegs('%St grs] {emmroutfng Pﬁ)gumeb coq%@%g%ré/ﬁe%%’cac 1va%c(§;[s rtée sysz? giion ID

55 in the page. sequ I npu roug
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 RESOURCE DESCRIPTIONS AND COPYRIGHT

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

Each document and content object may be described by one or more resource descriptions
842. Resource descriptions use the Dublin Core metadata element set, which is designed to facilitate
discovery of electronic resources. Dublin Core metadata conforms to the World Wide Web
Consortium (W3C) Resource Description Framework (RDF).
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with the transaction ID, and the application is thereby able to establish
an appropriate context for the wuser's input. Wen input occurs through a
page which is not user-specific, however, the application nust use the
user's unique identity to establish a context. A typical exanple involves
adding itens froma pre-printed catal og page to the user's virtua
"shopping cart". To protect the user's privacy, however, the unique user

I D 60 known to the netpage systemis ngt divulged to applications. This is
to prevent different application providers fromeasily correl ating

i ndependent |y acaybatRerifRh avy Qb righdhaders'$26. T8 LARHGSsyseR nidnlaalaipn server
i nstead mai ntai ns aH fangn%m)us [ bet ween . user and an
.&El 0

| at i, onshi
appl i cat i CHSfFRCBE Fﬂeﬁéorf%sg%l?er YRR ERATT FOPEGLPBS 4. Whenever the
user acti vt es aCohwnparAriongkPrarggers With the "regi stered” attribute, the
net page page ser . i i . ate the
associ at ed appl i )égérfl%%lkcﬁtﬁkggfmgg%géﬁ Sea% %l\%ﬂt% gxt@%aé&%éﬁlgs?{ﬁgsggft,“;e%nefl%@eg?\ljl alias ID
65. The abh¢ sptpagyyptem, tehiéies Sl ay Rone @rintess pideseiygrp atilisy pRet of dgfiptd regtedolsie The
appl i cat i afdopeRtiitiyHakte vadr@iRactisl AMMRint Qe b3d@xed by alias ID, and is able to
retrieve user-sgeglfl c state information WIthOLét know dﬂe of the gl obal
identity of the GEBPoeeRiSIsIae BY &Y fhP fEHPHS ﬁﬁa‘fldﬂ@%@ nEoriZ@ i ficat e
and pri vatdmasignatussdao kpieschomesge Rovohind the wster! Bmangipd s sedit@ represehtotingel | ow i t
to sign applid catj. i I ing:
applicati gér%-c}ls%%g 1? I%gk%aﬁ@%r Etr%%?\%lgg%ﬁg%gitﬁsetn%% épgle gﬁg{mﬁd?\d ‘Jrgg]ﬁa?imr)lﬁmn roduct
bar code (®EPEyutnghpkfeline afthe eptity; Rugipg e dme anjeptitggristseihg lifplise isshpym as Fdashet i t e
appl i cati Qe QRurileilihe Bfenitd @ aS8) thd 1KHE1ind RYhIWAND & Houble Cliiﬁé. Qéddﬁ‘sg ﬂfe%%‘éols tEac h

i der, an e system

application i soci ated with an application prov t
o Nt ai ns ARSI o oA AP ORI HELRE 4 BSREATS R SHBE P & TR | ow i ¢
to credit cassehtolpdpicipat iver pot@vl der for click- through fees etc. An

applicati ofy providars, D& vErPPRYosher of periodical subscribed content.
The system records the user's wllingness to receive the subscribed

publication, as wareferekembpdimen piasthserivhoncdslivryotocelis o inEigerdh. 4.5
RESOURCE DESCRI PAi£DiSuibE? (EGRNRh4pHIbsAitR i@ h Béro8idal phBNodioneiath @by stedfige our ce
descri ption g)l §3d3 d%.g&r am i s shown, |‘£ Fi ‘g@r 40. Each tdog}un%ant aqd cont ent
obj ect may"BE® FERF BT B UTREY BisnE it Bl S B BRL KPP TG A RS Resour ce
descri pti oné inrge objees. Db kibscridgmedelietiapatoen! dicefientieliset doowinent tricgredeési gned t o
faci | itat 4 hSGRNEE %a%int@a's@&ﬁ Béﬁ@ér&shﬁx@é&%ﬁ%%ctsgiﬁ%dhﬁas@or e nmetadata
conforns to the World Wde Web Consortium (WBC) Resource Description
Framewor k ( RDF) . Thpagisation(ie. nyblishen) firgt obfaipadoguacat [P ifes sachdorumens AP % ri ght s
hol der s 920 .serfdi@2. Mehdd 3@As GitSdoReal straiiid, incRdihgyitstdb@msit 8 Snd@ayR)escidtionsf ees from

users to rjghts, ol dens WHSK USEY § Pl SORM! H3luct 3B EMcudes is ovn

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 set of multicast channel
names for the printer to listen to.

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

Once the application has distributed all of the document structures to the subscribers’
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5 COVMUNI CATI ONS PROTOCOLS A communi cations protocol defines an ordered
exchange of nessages between entities. In the netpage system entities
such as pens, printers and servers utilise a set of defined protocols to
cooperatively handle user interaction with the netpage system Each
protocol is illustrated by way of a sequence diagramin which the

hori zontal dinension is used to represent nessage flow and the verti cal
dimension is used to represent tinme. _,sach entity is represented by a
rectangl e containing the nane of the entity and a vertical colum
representi seﬁctémm{eisfvﬁl theﬂ%leﬁflt ,;a%ese@afs I MultichM théGhribiR @ublsdt & tRhAEH Jbfelts € ex ists,
the lifeline is shown l'ine. Durln%mE§§ tine a entlt%
active, tH&tHg eréfr%“ﬂéseiegte%lﬁ‘avmst ghannelsBothpage fria g5 SR ° BRPEPEEDI s
consi der edmitgae chandd0ind Géceiad eheid reqoliedtcomsht ebjedts They, ard ihéredblene pograte gener aI |y

out short a n.enti
StpsoRy iR BEY PRy HaBRhditon® ARRAR LS. Bl GlDB b6 oo BEBRAGR, . 0. 1
del i very phatda@esises;agd i itpws the priqirgfa pent 48 docpmenty ge nunber of users may

subscribe 49 a pasRANRAEMRNBN PREFdcOD. Each user's edition nay be laid out
differently, but many user editions wi |l share comon content such as
épfeFFé’@‘g ?‘E‘

text objects gt af 2 byperlink gefivatiop projogh s SR8 55 ot ocol
t herefore deli vemﬂckmummkh orsd Hetpagde it 8 nétprge penheiedl cradmupicdta therchckvd te

pOI nt cast, %sk n age B’%te% 6@ gii\cﬁ Q&L g thg %Lg%cagﬁ aYACQIIOHlJ)L ttfl:e)cpg%t F%Tmter

applicati on (1.e rst o ta| a docunent r-each
document falrewv&rwwsﬂl@l%@rqfé\epquﬁonﬂtbenehmn@mmsot@s}ch docunent structure,

i ncl udi ngl it fs dO?wB%h Bier defm@Rtd, vﬁag@w N@%ﬁ{nbtﬁ&ﬂc@dgﬁess ottt ptamerp@gea mdmgr 10
responsi bl e for e doc n ne ocat e es it

appl i cat i dff 18, pa%“nlﬁ Sglr}ﬁﬁ ?qi??%’?lays‘xrﬁ‘fady e 0 ke E&‘ﬁﬂsef if‘i’é rel“é‘f %%ﬁ’ﬁ’fte%et of
mul ticast withalersehe gageTE8e prihter theiifgwardd thepenBd s gren uidienidp 621 the gpgd Wahéclsk gnat ur e

key. The H@Qﬁon%@ﬁlé(gieééﬁ%s the application ID and alias IDto obt ain from
the registration s Fver the correspondi ng user 1D 60, the user's selected

printer 1D 62 (whicomenteyeleads sirags qepoipiion) Seidengfiedtbyrthe RepeiDapd|deienpinedn, or
miyl be t havmbieﬁpuselslfea‘nam&e Bg, :ﬂnzin?rt)le cldRded i eARRhd matene@ﬂn ﬁlpﬁ&:ﬁhieﬁth@ﬁt e. The
app icatiqn's ertifi e all OWS e ser.ver sage

P ar e ok Sl SEERE ate s R i SHRE SR e B RrkE o kY e G RR TS |

t he appl i cad de@ammh@ ‘amie BN, e néthorl edilrdss ¢f tigepiitieation jedreritosting thaaplitediarilpt i on
808. The page Sehyeegégé DR Akd BEBLED @'PBLH%EHE mémre%sméuaétm%%%e and

forwards the escriptions, 1ncl ng page | to the printer. It
i ncl udes tfPFéStfPté’I“ée‘é{?ft“s@]Ei "E?F‘ alespies ea@?aﬂ& Hé}ﬂ%ehyperﬁ%rfé%mﬁ & St Bildhter to

| i st en t O.hypdilink R&fest %wmwhybaﬂnknewey ca&sl ddgainel sipadgen Fibse 40 Thbaypaipk i cat i on

for future refere ributed all.of the
docunent <STPEE eﬁorrgssthetlg%e requ%smcglrolp%an rints Nﬁ%d%ﬂé%ﬁﬁi Hed%%‘ie‘g‘“{‘ % i nter s
via the r ébé\fanpagpag&er thersords s owntserman [P 5% dhsthgpetlink requestilBypgd thelikdPdo b€ t he
shar ed objaglg;cgﬁon.

The application produces a response document according to application-specific logic, and

obtains a document ID 51 from an ID server 12. It then sends the document to the page server 10b
responsible for the document’s newly allocated ID, together with the requesting page server’s ID and
the hyperlink request ID.

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

The second page server allocates document instance and page IDs 50, returns the newly
allocated page IDs to the application, adds the complete document to its own database, and finally
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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on the previously selected nulticast channels. Both page servers and
printers nonitor the appropriate nulticast channels and receive their
required content objects. They are then able to populate the previously
poi nt cast docunent structures. This allows the page servers to add conpl ete
docunents to their databases, and it allows the printers to print the
docunents. 5.2 HYPERLI NK ACTI VATI ON PROTOCOL A preferred enbodi nent of a
hyperlink activation protocol is showyin Figure 45. \Wen a user clicks on
a netpage with a netpage pen, the pen communicates the click to the

near est n%a@@ﬁb@vep[dclﬂ(ﬁeg rthe%act@%%'tﬁekmés%énsénf e biificdiad rnd o heocation
on the page. ter readé/léknows the 1D 6 é{’%f“f]i’éﬁat he pen fromthe pen

connecti o r?pﬁlfcﬁtfoﬁ & ﬁsmﬁ*f’%%mﬁ?aftr‘i’f‘é? & pers forde hyperl S, the network
address of the pHge hsgrlinkreqlida a hanelias,ng itstilias parited CurtiRite ip sog eheh Me Bitht The
addr ess t | : ct

\ ”g)éﬁe:Jer%asgﬁ’ds %ﬁh iy Pén 1D 6% I ﬁ orliddS g&%&ﬁbﬁ 64 t%%%@éé]sxadoﬂ Ee%eﬁ

with the Inter t or war er
| D 62, thellp(agtéalq @tﬂﬁ@e@'ﬁf* Ekcorrpseerdtngéﬁh@tmn I lut pléfgtbe diay P@p COHFW@nqmg@ server

| oads the tB@ﬂ)FhQﬁ‘&QU ARl kHONseP 1. ciem&méeg ed at;a& IDh@thQiiﬁ%aéeQerﬁ ROl §lpBdatid) €S
v\,hlchlnpaﬁ11 epent ' s zone 1?1 if an “é‘ﬁé’ @Rﬁ’ﬁ‘t I.n. Assum ng the

rel evant | MpYiee B @Rlistontgesigblish o pssr-4pp K’cglft hipe ypsrlinkagtvalion o “server t hen
obt ai ns t &3 assodaawrdinsRECOGMTIONPRITOCG4 and |ink | D 54, and determ nes,
via the DNS, the r t he
application 71. 3{;@& Miaseljédr%g%\/sg@étfges tF%ew%)t’ %%%%%at%g \ét%é.l n t%{eytge

cor r espondtrpig t‘u@%?ealle%})ﬂmgqs prigter- 1] h@“okee@ngﬁeﬁ tee pasp angl@pgth pn thapagaind t hen
allocates a gl ob@ﬁapymt@m&uﬁs Y p&rbiec Kits bREIpt@isdr 1 B2, 84 pad D Blirddgokd padily per | i nk
request 934, The Ferl i, nk re uest class diagramis shown in Figure 44. The
hyper | i nk t°fh881¥8§efy WoRHgEv# &Y | Ds of the requesting user and printer, and
i dentifies the cThegkgdsehypieads itrlpagendsicaiptive 5 iBGiffied HyehqmgeIls @x \deterntides n sends

I 1S own SepyGr LRleﬁié eshi 5@%9&9'%%0&%&&%& Asmi 0% ihgiKerdndndiOa € he
application. The application uces response docunent accoral ng t

appl i cat i dext Splddiss %Pagw{verapm&m@éﬁ?‘@iﬂ%&“ﬁé@éﬁﬁ@ﬂlﬂm 51 froman ID ser ver
12. It then sendﬁﬁéria@exdﬁ@umwyt@aie&&ewgetesteﬁemetheg&bseﬁee&a&n&lﬂahmfor the

docunent' s ted | D to et her h .t he tin age server'

D ama™ ¢ read s pdre SR 6 e it R R XUl bl TS B8R ot

hyper | i nk identifice g uieDeccamgboading|te @apemomdh@sth@useﬁeadcumléattedpwaagiwntngemociehﬂﬂ 0 obtain
the corr est@ﬂﬂibﬁ!ré? Qleléﬁ'c%s Js@m{a%ttegrtéxmc%e d 12s Qverfel fhe sﬂer@sI to RO fhe ?e%fsﬁ‘a%n rejects

the request It hype request has expired or iIs for i fferent
appl i cati o*ﬁverws%% tﬁagoéesg%w&erse%m B@@ﬁ@éﬁ%&@ﬁ@ﬁ@e fepite glﬁtf’ét vaHe page

| Ds 50, refftersificlde newwy allocated page IDs to the application, adds the
conplete unmen and finally sends the page

descri pti onis: to %ﬁhﬂl’ké%"?tl nﬂﬁ‘:ﬂg-?(}%&_ The hyperlink instance may i ncl ude
a neani ngful tr afseudtsg tbnmp@eE@ent iwhosaading fthe slacke intdnsscts is psignatPBOBIRSGhe 44-

page server 10 appends the stroke to the signature field’s digital ink.

After a period of inactivity in the zone of the signature field, the page server sends the pen
ID 61 and the pending strokes to the registration server 11 for verification. It also sends the
application ID 64 associated with the form of which the signature field is part, as well as the form ID
56 and the current data content of the form. The registration server identifies the user corresponding
to the pen, and uses the user’s dynamic signature biometric 8§18 to verify the strokes as the user’s
signature. Once it has verified the signature, the registration server uses the application ID 64 and user
ID 60 to identify the user’s application-specific private signature key. It then uses the key to generate
a digital signature of the form data, and returns the digital signature to the requesting page server. The
page server assigns the digital signature to the signature field and sets the associated form’s status to
frozen.

The digital signature includes the alias ID 65 of the corresponding user. This allows a
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page server includes the transaction ID in the nessage sent to the
application. This allows the application to establish a
transaction-specific context for the hyperlink activation. If the hyperlink
requires a user alias, i.e. its "alias required" attribute is set, then the
first page server sends both the pen ID 61 and the hyperlink's application
ID 64 to the registration server 11 to obtain not just the user ID
corresponding to the pen ID but also t{he alias ID 65 corresponding to the
application ID and the user ID. It includes the alias ID in the nessage
sent 10 { N RRRhiaide huipiBldQiAGuihe application to establish a

user - speci f| c context for perlink activation. 5.3 HANDWRI Tl NG

RECOGNI TI d‘@PRO‘ImSWﬁ'Oé{PBQE‘%OHraWS a stroke on a netpage with a netpage
pen, the pen Comﬂfeﬁaf&ﬁodnh&tof&tférﬁlé@oﬂﬁlohﬂetofwal’slﬁﬁhlﬂ’lﬁg\ﬁﬁge pl‘i nter. The
stroke identifies th age and a th on e. rywards the
pen ID 61, its o pﬁtfnﬁfsgf’ PTH®62 °t E’E}‘ egr%a 1560 It st ro eﬂgar (8o o the
page serveieﬁxmwiniaactiomé%u@hactmevfayl-w&it@a server Ioads t he page description
5 identified by fhg ogéq)?ak@m%mﬂﬂettﬁerh%&m actwmoﬁ nlesssg@uént@@mege sefveZ ONE 58,

if any, the stroke intersects. Assum ng he rel evant input e n% |s a
text fiel dogrtie anphetionadelse epnipus the Sosedh 96 prdhequpren datq ‘E?H‘F‘Hé?f ih%fetm i 85 d
di gital i rikm obhthisy anﬁs@ﬁﬁdeﬂﬁld@ﬁheh fllaﬁ}ipllébh&ryvehﬁbsbhﬁ oey @xtaatting lte alie X 65 | eI d,

t0gi ot ot ot YETASsonp g AR et sBPet B BGRRE B SHLRER deRielliCion

Ion server
i dent i f i esherbgistrat®@asercoi k. espondl ng to the pen, and uses the user's

accunul at egds handgghitdish PAVELT FRdFocdlO | Nterpret the strokes as handwitten
text. Once 1t has converted the strokes to text, the regl stration server

returns the textApstershembedinesfasgmpistion rapegigroterkizshpB Fiegwe by appends t he
text to the textIn\Aab tinmek edviBnrienis feed an@ tdthmisiork nfaly GANATANRErovERlaprlic#idd ON
PROTOCOL Ass m put el enent whose zon in sis a
si gnat ur e 7€ ogé glsher M gICié%‘é%ln}\’/Ser b gd?ﬁ n{ugiél%ﬁgeoé g%e? ﬁag&

si gnature cbfmeisaons ordqogmsabnsmnkalmfhemyable frem ﬂleaubb$hell tﬁéz'epliowiftryf theprinise zone of

the signature figldypdiR [RBECISE V Gled RERGS atféée)r&ﬁﬁhusslogcﬁalt ahtl i hegependi ng
strokes to the reg |g¥rat|on server 11 for verificat Oﬂ) L@% sepds the
e B“s‘i@

appl i cat i c?ﬁp11°f9°611r°&‘§%‘88? Gzegerghapth oy hrsopss ?ﬂplc‘J‘I““Wﬂ“b é%ield is
part, as \mhalmeasmeheplfcﬁroﬁpﬂomderﬁ% ta pﬁﬁ\&pfoulﬂdfréﬁt data content of the form
The regl strati Oanhe aé)pilcgg&t Jelvgs %ﬁ%t r%:qu t u V@%g?&rve{]l% v&h@r?th en, and

uses the user’ ure ic e strokes as
the user' dwpeging F?éif&y Pfévatﬁ@qf@éesmlbeﬁ wsSeven i ‘@@Pnfhﬁ@f gt @H@P‘Eﬂnéeedf Reredip§f st rat i on

server US%@urct,ehﬁ)pﬁBﬂJn' &@&IldeP Nt bdisOhe ARSHicdioR 'i)rowh@ Bttt ﬂie@@lnhlf ;)égé Rgvetiser' s
appl i cati on- speci f h}gat e sjgnature ke

n. uses
generate ‘ége@?rd’flihélfe fogpest 15 Thapaessgr “ﬁeétﬂ%? hy%?ﬁﬂ'k F"@F‘iﬁtrlﬁ? jo f"ﬁ’%ﬁéﬁ‘iﬁ‘& t al
si gnat ur e sbtﬁcet dpehcme;qms tséndg thp agdit s foviae releldneregipajen Sy Brtogedst witisthe he
digital A hiRadR pd B2 i LALAR B 1 &b he B IARTRuIB. ARSAEARE dr P M S

statusto gnature incl udes alias ID 65 of the
correspon d’reﬁ’@ thpg:@(respopﬁ]pg apallqamr(gldeq\m%gﬁgdt 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,
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-45- single formto capture multiple users' signatures. 5.5 FORM SUBM SSI ON
PROTOCOL A preferred enbodi nent of a form subm ssion protocol is shown in
Figure 46. Form subm ssion occurs via a formhyperlink activation. It thus
follows the protocol defined in Section 5.2, with some formspecific
additions. In the case of a form hyperlink, the hyperlink activation
nmessage sent by the page server 10 to the application 71 also contains the
formID 56 and the current data conteng.of the form If the formcontains
any signature fields, then the application verifies each one by extracting
the alias lh&dés‘sa ho@kQ02 AlRdori Jf B phdies B HMRGHaNg1 08 dgHning bhn SicgAApddé € and

obt ai ni ng t correspondi ng certificate_ from rati on servyer
o o < B R PR OTRERer He g (I SRSaT AR Dot R et on
paynent priot of gk hpwing ROWA semi-Fangpareat cber 10T isasacuend o ppreitcend i1pdpfbnt , f ees
and commi %%Ls‘il@%oﬁ){e R6er Q@MQQéoeofinBﬁﬁ‘éd%ﬁftﬁP%d i6 Blrhe@ FromREA ?a[rentl 8at@n(§JPUb| i sher

on click-throughs, transactions and Comm ssi ons on Tees an
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provi der, 15 TReREs eﬁd‘;ﬁecanphsre@avbmopﬁaeumemg@qmcmh@t the original page

server together WI t h er es the
hyperlink request’ ‘T’B‘“}n éh“YF' overn]rléglsa ce a@ﬁpg gé‘?l oanﬂexgﬁéqi7# 5 the
credit on apiennp hE2 lsellscemamed pret)e thrBﬁE . "ﬁersta@s LHI 1160gmbinted avh¢ fop bfthe sour ce

applicati q,@nio@f@%oodlaﬁgmms;‘bgwer I D 53, and the hyperlink request ID. The
regi stration server credits tthe corresponding application provider's

account 827. It HeeEr Avtaeriedeth etrenompRh Ay %P’BPF“;?P P germarkipe Syls- AP i cat i on
provi der npeeckarided 1€3 widh dib 110@nd4 dtyhisel20 PrOMYIGaID 1211 tareSasled dide@y idé Witk

provi der nedi t he o] I eth t he .hyperlink
request | Iﬁg h‘flﬁs glgé)gltthser vlngg]‘lrtm(fl n{ga}%oﬁfes}é PJ%E re ueebsr ug%’ gor?%rgfmcfé ify the
printer, neh es‘éﬁ?d@f thihmetal eeditigee bi, leycrot@tm Of bt pandant103. @gspsthaqliﬁ@hlosleﬂ%r

toget her Whd 14 taRenoBild b BE mic&m@kel 18 S s%zidé @io' Bgﬁeéﬁ&y A rofataBllbdiSoatrd1 825
correspondi ng grlnter provi der account he source _application

provi der i“SS5tY Bila 1Y “WolOP it aRFragen 't“}‘iea"?‘éfé‘ﬁf‘i Plptedhertid TherogBta™hdf i cati on
provi der, isfudestalvem pfzd ntierforpr dvistewitad thé Wellsil@eortthet pgmbhrrdl. amISollvvers 127

appl i catl Nﬁg P CRLF EN N

Referri ng%%l%ﬁég%ﬁ' ﬁgrg 5t g)&% 2 a%@r%%genertyl CI%! Slgglszl%g(?:at e%ﬁ%ﬁr é erence
nuner al 1 (arel 125, the shder 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 119 out nor stylus 120 nib 121 out.

A second flex PCB 129, is mounted on an electronics chassis 130 which sits within the
housing 102. The second flex PCB 129 mounts an infrared LED 131 for providing infrared radiation
for projection onto the surface. An image sensor 132 is provided mounted on the second flex PCB
129 for receiving reflected radiation from the surface. The second flex PCB 129 also mounts a radio
frequency chip 133, which includes an RF transmitter and RF receiver, and a controller chip 134 for
controlling operation of the pen 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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NPS034- SG -46- includes a housing 102 in the formof a plastics noul ding
having wal |l s 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 fornmed fromsem -transparent nmaterial in order to enable
the user to view the status of the LEQ,mounted within the housing 102. The
cover 107 includes a main part 109 which substantially surrounds the end

108 of thqmagetssﬁs&gmm%wmgpp@ym%@isea&tﬁeaghdo&mb&ens duldle bing Iﬂe;pmﬂ ems back
fromthe main part formed in

fits t hi i
the wal | s PPE%Y Btn‘aftﬁé”h‘ts‘ﬂ@laﬁ ‘1‘18‘2 iogn ?ﬁegﬁzﬁ i“{‘?‘g‘i“ﬁ ‘tﬂﬁ%a" B&hi nd t he
pr oj ect i nghap@y tdntcts mapdw¢ahnuarretl h25. Adius: valy redideabBdrigny 3P sidadibin fht 8am

surroundi %QQ2§%%§r§t%E @1&% &1§ €?1tt9r9 conttzgg &le(gx%tlo}lQZar %otﬁgxr(glgg)g&te%%%d’uﬁﬁﬁl ve a

netal end piece udi ng-correspon 8 e netal
end pi ece stoond flax RCBHIEY tatshabletreshaspingtf heibatlenc’d e jindertion dpd saeoadrlart’ CBALS o

mount ed W Aifdindudtdd ieRYRTEDOL3 heid idratell pEMdRde W%ﬂ&te&@dﬁpla@exﬁbﬂt anklkax PCB
117. The antenna 112 is al so flex The status LED

116 i s modRFEd2arhes e’lttgep“%‘fs 112{{%“ etdglg a%%‘igt Pﬁ s &8‘68“ tlmg’aﬁ‘f}’if}?fd" P hility.

The pen cahteosatiod & tipdboe Bengappliod wehe sudirck byithe bankaitpid A oastdusad 2 1.rkhaRrar ki ng

SUY1US:  AhablonRER aFAE L 305 R 18t Dokl BB RUAD A28 i tyTus

nib 121 are nount W thin usin Either the ink
cartridge Wicks Biondde4t he styl us nib 121 can be brought forward through

%pen end 122I OL Rﬁlﬁeﬁ@b%bdsaﬂﬂarﬂllgﬁ%zewldecbbbwﬁrﬁitﬁ& bxﬂﬂo@t}fﬂl@ﬁb&lﬂﬂﬁl(bq@dlo5118
espectlve sl1qer cartri dge
and styl u*tSE PP LERE lﬁt/ ‘ﬁf’p %gralﬁct é’é‘%?ae"hgg#]}ﬁrc 'PRAfE s dqéoas‘\’e fred to the

pen top 1082in oPev@eNTBoLLERd arranged to rotate therewith. The cam barrel

125 1 nel udes 2 SRt 4 il pdgfiloBER e BosloRbe bttt VGl Of e

cam barrel . lowers 1 rojecti fTom sl bl ocT<s 123
and 124 fi%b Wt Ry Anaging it Bienindiersd seegtgm, eharﬁetfattlt wﬁgfefm Ehﬁélcé‘éYrPf Bapbdt 125,

tEe slide _rredatd@qiéa;oc&as d@alr frokthe HINQ 10cilod tas \d Is@.ﬁﬁig&iho ﬁﬂdﬂﬁl’e ﬂfeatsﬁﬁdé]oﬁ‘ﬁ& eit Iher
t he pen ni us n| t he ho in the nmeta

end Bi ece “tilblllzj[ ‘Tn@ ﬁB) SRR “tjfﬁ?”ege(’pé‘is IEI Hg?mm‘g hetn, ll onecgmltlercn? ng the
top 105 t hi3éudtvlads thetogpeation dfghe fen @wl th¢ aib-estagdigiance Stryﬂtgspem@@wn distortigd.  out ;

I nk cartriglge ddfndideedlg out; and Neither ink cartridge 118 nib 119 out
nor stylus 120 nib 128_L out. A second flex PCB 129, is nmounted on an

el ectroni cs chassis GoBtelfpr &pm dredosatgp tagimpy ishide oopTR Piifgnsirepsng eneendBbond f1 ex
PCB 129 nmwl a:t&swam; “Yattive %£¢E1DEEBISLB& fhoD bne[iiody blkhdgj-colof LED €d, wiaeh édnp f Or

proj ection e _surface. i mage nsar, 132 1S rOVId ted on the
second fl eyxﬁ)(f‘y en E‘?@ dl;’termrmee?iefrlm\llllthnegco r e Cfa%C?‘%glerargaFlgtlsl on gfmaéeddlf fie as ur f ace.
The secondrdel)ekuR@Regi@Pnheswrizes whick carespanfis do the pasigeiarercyf adhitqy ot B®erliphi ch

i ncludes gp,y %Eetcweasmct&a@er m@@ﬂn%ﬂﬁ@h&éﬁ&ﬁm@&ﬂ vsua@e@&bt&l dla@[he ohtioR ol 34 for
controlling oeratlon of An optics block 135 (forned from

moul ded ¢ |hé%ﬁr mbp%_zg:{lYeC n §3‘F1P§n P 01 passes dver it. Control data may also instruct the pen 101 to
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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wi thin the cover 107 and projects an infrared beamonto the surface and
receives imges onto the NPS034-SG -47- inmage sensor 132. Power supply
wires 136 connect the conponents on the second flex PCB 129 to battery
contacts 137 which are nounted within the cambarrel 125. A term nal 138
connects to the battery contacts 137 and the cambarrel 125. A three volt
rechargeabl e battery 139 sits within the cam barrel 125 in contact with
the battery contacts. An induction chggging coil 140 is nounted about the
second flex PCB 129 to enable recharging of the battery 139 via induction.
The second flex PCB 129 also nounts an infrared LED 143 and |nfrared

phot odi ode 144 for detecting displacenent in the cam ff h“?

either the styl uStilisg thgRF g 134 dcaéfef“}all&@@ef%mll§a"l}?§%‘mf ¢ gl ﬁﬁa |n
order to gwhibi eenﬁryp«éefoes"emnryaahd pakapdd forieeficfentamsmibeion) ¢p thyompeilg fystetihe surf ace

by the pen nib 1 OtLe étn ?angt%a]rgc%l‘ver-rtng?]%ivﬁ%' Ba% Q%S%re]él‘%géteg?cnﬁ% s light

fromthe IR LED rs (not mount e
bl ocks 123Vbﬁndhejpzm101mﬂyb%qut efrringe.siaitsl inkidntagnbhiiened wikie thp peyi0d &8 rea ik ds t he

end 108 ofgitigy ARl NehilORralgRd 1AM dfitalGihit R DGphBAMRAY 17 Bihuteddtthelpad 105
also includes a clip 142 for cllﬁlg%ldt‘agert he pen 101 to a pocket. 6.2 PEN

CCNI'RCJ_LEF?“’T‘ﬂ’é°“dE"nS %59 apdican p¢ g ‘determine the position of its nib
(stylus nib 121 e coitbolleahip 1 34dg@ountetl bn thd Gponid Yl PERYI2A G thé wen  blie Figuré k& ed
spectrum ?‘%pbl k%% 111;u£hec\ %Ina% %et!nn:f]é apc%lté/chl% Ji) khte)fon%ll H!L% Bh l%‘lgule 10 al'éc? cords
t he | ocation & nearest location and ar r ahged

cal cul ate qu'}’é r@hr@?n&ﬁ@é Of)ﬁle RF ghip Wtfhelmge(fﬁnsifﬂ@ fﬂred‘FrF?l?fétaWé)b%l? il Pathe %

ut: i lSl ng j mmhlﬁaa&lﬂﬁﬁwm@ IR X s@Hlsbr@EDa R, laradltﬁélforc%aﬁsom%m@delm chip f134 ]

calculates the orientatio en and t i b-t tance fromthe
perspective di stE}iet‘ieBﬁontTS 58?‘?/53& ‘8‘ﬁ ‘{;Sn‘éc‘?nﬁgg’&"r?cﬁﬁm lﬁ%%gﬁ(’sﬁﬁmﬁ P om t he
I ocat i on teagxaﬂmy)f darchetstien @mpdnend ofthet @ntrolietchipdd4. st henqme 7 kodla SIRKECt | vat e
Its "acti e Af BB dtiHe® AnSindidh-tb3fikat QRGP iOfmahdl8 td Ldny &%e%l D 118,

whi ch becones %)8 %_ V\%‘I n Aﬁl &t éter%%es lrom%lhé control d ata, that
the area tswaqlfrp@ﬂ&sé?rwgeqsmgfé‘eﬁlquI%ﬁoa%etai%al area"). Thus, a regl on on the
surface which coas %ﬁ@@@@]ﬁorhﬁteﬁ‘zﬁ@ 1azz‘aﬂteﬂeceawat§bfmagéab&1§oanmrA w@eeﬁde} nk may

be encoded to, ac LED, v |. f eedback
that the lo“ﬁ‘ftf"g?f % F“f HRY g’ct=I g‘@%éﬁ eéface % pa s S %ver it.
Cont r ol danwaldmRﬁlcmltilm«l&Etesmhespdrmdm@i_rs tﬁcowamdm@mallrmous pen force

readi ngs. Thus aTﬁee&hmmggr&&&r% s W séao&piorcﬁépqm%omaga fdmORAL ur e
i nput area can be encoded to capture continuous pen 101 force. Pen 101

acti on rels&fﬁc‘?/é‘afbﬁnf‘%%“giﬁﬂz‘&c@%‘ﬁ? the dorgsr erser P&O%@?*éé‘* gmtrele theLEBs 118, st r oke
consi sts aB1 ands eQUGIAGRNdME sﬁdrtﬁfﬁrgSTrzﬂl[H)@dmﬁﬁEhu&Dﬁla ARShdid easceltr 1586l SUs f ace,
initiated b a subsequent pen-up event.
Not e t hat peln fpg?f%"élanc%ﬁx(g\%z)ﬁ?nm §Ce A %/Sﬁ)/e to a threshold to indicate
whet her the pen Ti® Progisopi4s; dhgzw" trana@vwetdmpa@ntbdtrwgcewm empelist & azd a

cont i NUOUSy,eelidk Uﬁomtfl%, ﬁea%meﬁs@r WRER: 15 ﬂpsﬁnne&n%rycla@wwﬁs DrRUMIMRLAE €. The
sequence of captured strokes constitutes so-cal glgltal ink". Digital

i nk can bénte%aéﬂuwi%leacoat@%d&si%@n@%?eww%%cmﬁ 1pnap RF fespratoignd

inductors 156) are provided in the separate RF chip.

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

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

event.
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di gital 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 transmssion) to the conmputing system \Wen the pen is in range
of a receiver, the digital ink data is transmtted as it is fornmed. \Wen
the pen 101 noves out of range, digitgl_ink data is buffered within the pen
101 (the pen 101 circuitry includes a buffer arranged to store digital ink

data for approxi ¥Rt ehy rdkeebMibnianiQles id@e QﬁﬁenséMODMHz Ohhd tnbgatiphist@se) and
can be transmtted later. The controller chip Smm{rgr}gunt ed e second

on
flex PCB 19Wlepsiclenhencs, arpligrmatively ndhpualioppyed 3.4CHz “Eﬂ“ﬁ’é% ?%quethae,g ]{‘lhtl ng in
nor e det aidand, i ek GjubiR g hdppiag okl cditsona@erartitonb peridciieferdndedfreelcomgnmiration. al so
shows reprﬁefent a{,{%%f the RF chip 133, the imge sensor 132, the
tri-col or Status , the IR illumnation LED 131, the IR force sensor
LED 143, and t heAf discgaedsabneothe protld dpiedés itnlgmeniddy parpuldesheties tody 1%hi p 134

i ncl udes arye QpHick Bhdid Bﬁhe DERGIES SR 0 M%odyEi% lsmﬁmeeaaaleﬁ&mmen rigxehange of data
bet ween conponents of the controlp hip Fl ash nmenory 147 and a 512

KB DRAM 1optcs spraprisgsadfirgt fas (i er. f°‘ﬂffm§|’f’é}la8‘§‘ "?06“ by iered LMD W) et piser A9 | s
arranged tteark epivariso,tan@bjadtiat s 168iaghabecsrdaens tiblefof frwig a8 hsee ophiagdi ode 144
toadlgltal Lgnal . Al terface 152 interfaces with the

i mge sensSrorslggQ‘xﬁ“ﬁS%i ‘Hgﬁgf%%r“%‘é’)ar%f’r% | er 153 and base band circuit 154
are al so i ncl ude@hetoptidalwathri§ dasigneglitq ¢eliven & sHRIP impge to hamaggrewshr 137 atthaiges an RF

circuit 1593 gfif {Rhgel GRARANM @6k IDFUE LRk O 9,@ QMR Gdqiebd 1l rdn b8 (Bt enna
112. The cont roI | ing processor 145 &a&gur es 6%% ode | ocation . data from

tags fromlttre TheRimpEfacusmg clement jshehiedivp €y | |“Te PIEYRE OPEYEE sensor
phot odi odéihibdsbtiorCdid the IFsillia@atlokDED 131 6ento thd durfadedvithih3he fERichf hiamoigs it is
o i oot SRITHNE Il dnld B32 08 o W BpLAPRSRAUEEe doioctle 4 2

medi um per B e eneral pur pose rocessor e processor
145, di gi thesm mh@mé@elﬁ wed toeniﬁﬂo et ang s%w@m@oé@%ﬁ canth 1411 pagh patigmovids

baseband Gih&tlidy al B Jimagh RGEE 19£BKOhe notemf@pespké&elyf]fhassamomamwffaﬁv and
512KB DRAM 148 are |nte rated jn a single controller ASIC. Anal og RF
conponent sap?rﬁffsl?leH’Eﬁ"Te ’g%eﬁvﬁd’at&: resonators and inductors 156) are
provi ded in the Sepsgatoé tikimadaispsor A2 a¢tnmgpe fB@reprion the eap@feSieRl] Bndphel CCD
(such a SCRRRE » diSis Rés%géa%ge.a%r a llﬁgléoygctt oo gﬁlgﬂefa%oﬂ@grammu ﬁagusand is

described 1n paper usa kusenya gayoshi ,
and M Ozakinder @9: fan‘i’ﬁ ifny06 fhis| cbedtiyof) By dlug e Patdy deR}E‘f’ffié‘tRi?dé‘ceC%“rrer a
Systent, larEeEcEJ bl spA2s A bOMS/ 20 e EdpRed PatildoGhabDBY i11G8Satiol Alls thedobject3pHdbmdld 1,
January 20 WQl:;Ch i S incorpor ted herein by reference) wth an IR
filter. TH “8‘8 B EP EREFE" Bhters a quiescent state after a period of
inactivity when TheelRpEED 1103 stobadoh sinvhromntvite frams tdptuge. Jbe i, fodugsed

i ncor por atiﬁl&ix@atigleaqo\gsago&q sﬁdr{ &Hcis&re erlpan\ﬁ’g 'srﬁ:hl agaﬂ}et ﬁYc%thJ%‘;%poE&é ffe 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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sensor photodi ode 144 and wakes up the controller 134 via the power manager
151 on a pen-down event. NPS034-SG -49- The radi o transcei ver communi cat es
in the unlicensed 900MHz band normal |y used by cordl ess tel ephones, or
alternatively in the unlicensed 2.4GHz industrial, scientific and nedical
(I'SM band, and uses frequency hopping and collision detection to provide
interference-free conmunication. 6.3 PEN OPTICS As di scussed above, the
pen 101 optics is inplenmented by a noujded optics body 135. The optics
that is inplemented by the optics body 135 is illustrated schematically in

Fi gure 48. StzI@gf thO R h&@n—ﬁﬁé‘ﬁﬂdds&e&m@ Reddesition” @EEE 'ﬂ-r@r%acf:i&fs oh @&iktE AnAlGislaadli at i on
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| ens 160 dﬂ%?h’&e nfslligenge. Ivéln]'s2 gberidy ‘r““?*ﬁéggsor ﬁ&d‘écﬁos ﬁﬁé’@" r‘ﬁ‘B""fpﬂ'ﬁﬁg “'€ensor
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desi gned t Li.ver a gr%g 3 art 193
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fromthe IR IIumgI?q n LED 131 on%%) e surface gﬁth gﬁ {ﬁl el d of view
Since it il@aeinggheaniaped speptgim, anarea of Wdo PrEgryoLheBp PP deede | R LED
131 at t hehd eaus tagtlatd e calpueche ycemoraoftﬂaeanrms,pm felative tcitﬁ@locasomgﬁont e spl it
the path i

Fof ocassi et PRl St it W i 0GR Bt RUGRES
al so all ov@stef().h/’fltfl@ﬂ’eﬁ? Posélp'elieioéwlelsoﬁ% taganay hplowche @HStt’drﬂé’Sltl‘?mesﬁlat“H‘és e edges
of the i MaGsh, &ﬁ%ﬁl& elcdedlds %tZO@-apﬁr&@quldn%cﬂnr&I 2P adcfithte hit@wE@R rétbgitloh @de€l, and

t he capture pa} I.s designed so that the resulting object space angul ar
field of VP®XFP¥NY required (i.e. just under 20 for the application of
this enbodi nent) Pen'ﬂlOEadtibﬂsumti\ratoi aorfgoe trh capgrades b gpriesthf stokpy Hdudke cenbigls sane
obj ect spage Je@ﬁllc‘é 9 tim &M‘(f g%eﬁ P&tﬁ%%%@ sRAb iniBRd bY Al peh GJM Ll gat i on

fills the obje view wth rraxwrumtgower and uniformty.
The IR LEDOE‘BIS*E‘@‘?%V ¢ Fubls@sntipan- W STt ke el PeeshiithcthpiegipelD of i sydage of

focussed ichdvér Mgl&nmadhmw 1.6 Qishat AheSRAIOE tHRX{PEKS WfidRr ddria cmtanc&m I
aperture. The tion..blur Nus al. | vvlng

sure ti reve
position t&§H: t§°V8’a‘?51%iEﬂ%%a“&‘W? Hﬁnﬁf)eg th SRR O tSTPes g e ape?et T ESS | ows
suffici entregi@platamrdfcatfvpeﬂthbrégmwﬁﬂneswfmelmthlawgeh@étasmﬁ ace depths induced by
tilt. The captur ﬁgﬁéﬁd}s 5 &Qgr&%%m&% 10%2&1% o bitd sBOR blobdsGingSih AP pch d1. fnden t hi S

purpose. Because tThe image sensor has a strong response throughout the
vi si bl e arfbe pradPl is lﬁﬁlreeaew ﬂa?,tth%wenfﬁ%m%éé’i F%‘FW“"PSEY peuiters dheRIEUSBYY” an
i nfrared fghbtb@éde16Bfor B pérRdWh a@hﬁbﬁ(sﬁﬁt{d’l) SWhile higtpeh 1s in £ pptdoweSatd telpedn | nage
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on the surface are rent In
t he near isnffacariefds ti§. pgn pg\p@ﬁ@g@gsmqgamn relatlve to the surface, 168 and appends the

position data to the current stroke data (including the tag data and other 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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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 Tappers, C, CY Suen and T
Wakahara, "The NPSO34-SO -50- State of the Art in On-Line Hand Witing
Recogni tion" | EEE Transacti ons on Patent Anal ysis and Machi ne
Intelligence, Vol 12, nunber 8, Augusts;1990, the disclosure of which is

i ncorporated herein by cross-reference). The force sensor photodi ode 144

S ULELT S dmplink A Bry 124 Bk IGARARIS MR D EgRERSglabilhk O
"down". The farc | s ure as a _contj nuous % s di scussed
above, to"s}‘éﬂhll W%F%EX’T‘& Rena&q ‘%1” 188 rfEe gt 8“{/ § 1 &9™ 2 he pen
101 deter rﬁig'itelsi:ﬂhblechme:hénmmdtcahdsymm ent ation of its nib 119, 121 on the
surface by imaging, in the infrared spectrum an area of the surface in
the vicinity of the nib 119, 121. It decodes the nearest tag data and

conput es tTrbledoRaw digitpl ipk copponerity 119, 121 relative to the location tag from

t he observed perspective distortion on the inaged tag and the known
geon‘etry fhn nean nnflr-c ’IQL'\ (can I:: nr\ Alfhnnnh fhn nncufunn

ToTYT

resol uti o|n of t‘l‘lgd%@l y be | ow, ®ihe afj ustB'(fc‘f)‘B’él tioh resofthefon is quite
hi gh, and| easi | ycompaeds t he RO0 dpi resol uti asitsy equi red for accurate

handwr i ti g cognt-ton—(seeaboverefprence);;Pen—1t0t—act+ons—retatiive to

a surface 'are captured as a series of sfrokes. /§\ stroké consists of a
sequence |ofib i ne- starrped pen positions pn the B8rface, |[initiated by a
pen- down eaﬁ&»’ﬂhe conpieted by (e SUpSEqUENg, PEN-UP[EeVENt - A STTOKg iS
al so tagge 'rhe region ID of the shrface whenevet the region 1D

changes, |[ilassystpmgme at the start ofssthe ktroke 6hder nofmal circunstanges.
As di scUSSgELBPOVE, each rocation. tag |ncl Udefpdata i pdicative of 113
position lonthe surface and also regioh data indicative of the region of

the surfad@em®in which the tag Mes. Figure 49 is a ¢li agr &M F¥Fustrat i ng

| ocati on [tiggpand stroke processing-in the pen 191. Wheh the pen 101 is in
the pen_b rc! ! er 12 nuouclaz o brni tAre thna f i ce

\J\JIILI H \Juqu O Tor-o CTTCTTOT

sensor pr?%‘ai ode 144 for a ﬁ)en-‘zﬁbﬁm*zandl ti ol (step 164). WPPe the pen

is in a pgEawn state, the pen 2cpmtro|ler 1349 conti nyiousl y+ioapt ur es|165,

166 and acaodes 167 f::n dat o frnm ! ocatlon f::ru: frnmf ha cllrf ace- |nf ers

A= A= 2y

t he pen ld‘lr‘atﬁ‘&f’éll(lf‘fcwn and ori et aff%H re| ative t6 the syr f ace, 998" and

appends tRhaotaf@giofly ON data tof t haegeddr rept stroke data (i ncludiopg the fag
data and |jether informetion such gs force—f it s belng-continuous!

LA

noni t or ed)2™®¥P2YPEn- up event| t h88En cpntrol | &F 134 ehcr ypt t 96470 t he
st roke atfacand transmts 17/[1 the. stroke datasgvia the|RF ch|155133 anf

ant enna_ I2Z—te—the—eenputtng-System Not-e—t+hat—the—pen—sanples—theni b

force 172 in order to determ ne whether the stroke has been conpleted 173
and al so to det eWhennlg pai Bl kemeds tn hacaipnidig@ysies, hecongolist id# hadesltibystssunm ng a
reasonabl %ffh@ﬁ% n 19, Bb o MY Ld&!@éb&ﬁm%fé'ﬁ@hd &Qﬁst\%gﬁé%ﬁk AQbEh@Qdd AN (see
Iater) uses out 80% of the processor pen I1s active. |f
the pen i $Ystsi Prigf tor gofg o tilige. am&el%?ﬁ'aﬂherf@*t%%/@tcewm%a%w&ﬁg?ﬁhe pergs cleckapd  t

buf f ers ditigledhal anky Rlgitdl Aok 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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its internal menory. It transmits any buffered digital ink when it is next
within range of a conputing system Wen the pen's internal nenory is ful
the pen ceases to capture digital ink and instead flashes its error LED
whenever the user attenpts to wite with the pen 101. Table 4 lists the
conponents of the raw digital ink transmtted fromthe pen 101 of the
NPS034SG -51- conputing system Figure 50 is a diagramillustrating the
structure of the raw digital ink. Digigal ink which is buffered in the pen
101 when the pen 101 is working offline is stored in the same form as
digital inkahdsGlhad sn hé aRGEEH Whed teQiylub 8ib Y5 is@®iing TR0 8 dmplRaysyddinfapl 1 Nk
conponents raw di %ﬁ@nk unit precision range conponent (bits) pen ID -
128 - nib W"me%ﬁégmw Bt ine ns 64 - last systemtime ns 64 - region
ID - 100 - tinme offisatartrf a3R0ké Gherped @ySrolldr 434 kdobrds thé elapSechn’flsahceZlﬁb Jasn SO 10mMm

v offsel 2 Stnd B o uf Sk 40 LBLC pHGAE 377 BnRoicld e (1! 1)

degree S7 z force - en t he pen
101 connece®rdsdhetxaad ¢ ofjsial |ﬂwg>ersy§ﬂb9ni21tf$?@ theourens tagcthe mm%wmn@é the he

system ofpeh W61, RRNE Bib Hed) 1l dRlylrécards GHarisint 178 Q&4 dbdifyins TR 1acZ§on) &hhat he | ast
absol ute tlne 4 obt ai ned fron1ti§ ¥ h Q#ﬁrlor to olngng ! ne. This
al | ows t he" @&t aifre e BRREY I TiePuepty TR thadhe e P OB B SRR I R B Re s hi f t
any di gi t athe tagkD iscoastanetir fnaryrootshatiparn 1Q1posidosy ol Mgy Ye coifigt e the kOtire t hen
synchronlqﬁﬁhnfée%éﬁg%ﬂ$&ne clock with the accurate real-tinme clock of the

system The pen ows the conmputing systemto identi fi; t he pen when
there is nore thé#cedhrerepddl Beplegtsepitiont @d ougntaHon 4 d00mprt 10 gosgly@tvém Pen

{E may befduen%t@pﬁcniyruos&egmrmts Hwaﬁdtha nut&@ectdanmﬁmmtamglemxé ;textla;nfailqswer of

€ pen, or exa n I nt.er ac owner in ar cu

e DT HRRES & PP, Ty eBRone BP0 1 et otk B Bhe nib 1 b
al [ ows t heposidanpoipiesegre shestgivit tlockingeln therbfyrewdrprdhithe pdsitios dsyehlnewm i1 19 allawmg)r i nk
cartridge fi b, 11, s;JsémEbrlﬁ‘té%£$&f Hatc C%}Mnﬂ%ql agm‘at &Qﬁa%de&gsa@yﬁ em can vary

its operatlon deggn |n? upon used. For “exanmple, if the
ink cartridge ni Bine1the %b‘b'éP%@ffSEfs‘ﬁd streke hé%ﬁﬁ‘ﬂ‘telrﬁ’ge (ie. 49.7 daye), 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
optionally 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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system may defer produci ng feedback out put because i mredi ate feedback is
provi ded by the ink NPS034-SG -52- markings made on the surface. Were the
stylus nib 121 is being used, the conputing systemmay produce inmediate
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 101 position 177, in the stroke the controller 134 records the x
and y offset of the pen nib 119, 121_g%pn1the current tag, the x, y and z
rotation of the pen 101, and the nib force. It only records the tag ID 178
(data identifying tag location) if it has changed. Since the tag frequency
is significantly snmaller than the typical position sanpling frequency, the
tag IDis T@B‘l‘iét%ﬁ““‘?h“r“f’i‘ﬁ?ﬂ’”%ﬁé‘éﬁ:utl ve pen 101 positions, and may be
constant for the entire stroke if the stroke is short. Slnce the pen 101

sanpl es ips—post+tions—and—or+entatton—at—166—tb en—10%T positions—tma
stroke ar éavﬁ$‘?$8?'¥ﬁ°§}e“§ﬁ ocked at 100 Hz and do|B6tneed an explicit

ti mest ang raW}ienbbBﬁlopen 101 fails to conpute a pén 101 position, e.g.
because ilt u code—a tag,— T t—nust—stitfispecorda pen—101 osition
to preserlmh?‘ E?Hﬁ?30|t clocklﬁa | t therefor=19ernrdq rﬁe pn§itign as
unknown, |X#Shakd owi ng the conputing systemto|l&#0er interpolate the
position eh&’ F.@RLacent sanptes 1 necessary. SiifgR (he 32-bit tine of|set
of a strak as a finite range (i e 49 7 daysy the pen 101 optionally
records eﬁ%%m§@m&te time 176 for a stroke. Thi g !b®8omes the absol ute {ine
rel ative [G@ @HEN Tater S{rokes time offsets a[mlneasured. Since thq

regi on | is constant for aa=TalVi consecutive-straokes sepn—elv—recet ds

oo AP |. |Iu rJull A RLES 4 TGO

the regild SierBigthen | t changes 180. This becomi:é”tlﬂe region IDinplicitly
associated wth Tater pen positions. Since a user may change the nib 119,
121 between one oke and the n t he n tionally rec s anib
I D for a stroke %71@ ﬁ?k elcsg??elg)é tm nr E%B ag cg/n%%ssﬁg(():l 3“% W th
later st rsokds. anfgekiosdrposiemt dpht 50@ bltsoﬂemhwtlanused@tpb{!}ycae%é‘vre@ﬁ%f i X, as
listed in Jahle éaxm&lP§Ql§rﬁls§§ spoea- of 152K 6ps Dand RaheS E @ SusCOABORR Riprid € | Xes

raw stroke conponents prefix raw pen position 0_ unknown pen po §|t|on 10
tag change°aII@boueHyKes of buskipmemqm per pgiepthe PRk @K B 48 can therelore

hold over 12 minutes of continuous digital ink. Time, region and nib changes happen so infrequently

A\1%4

that they have a negligible effect on the required transmission speed and buffer memory. Additional
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 herein 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 (ItDA)
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 sense
motion without reference to surface location tags, allowing the location tags to be sampled at a lower

rate. Each location tag ID can then identify an object of interest rather than a position on the surface.
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nib change 11101 tinme change 11110 A 10nm stroke of 1 second duration
spans two or three tags, contains 100 positions sanples, and therefore has
a size of about 5500 bits. Online continuous digital ink capture therefore
requi res a maxi mumtransm ssi on speed of 5.5 Kbps, and offline continuous
digital ink capture requires about 40 Kbytes of buffer nenory per m nute.
The pen's 512KB DRAM 48 can therefore hold over 12 m nutes of conti nuous
digital ink. Time, region and nib chagges happen so infrequently that they
have a negligible effect on the required transm ssion speed and buffer

menory. Adgf éﬂaﬁﬁl@hfthe%dﬂﬂﬁseﬁﬁér%rﬁée lﬂﬁmel&at (05 bl bifiBH), AWML ID of
transm ssi on speed and huffer_ nmenor further. Each raw stroke

i s encryptBd eratiodperiiin e ase of teprputy “(‘@é‘#‘?ﬁ@’ tbf mpygelementy | i o

Crypt ogr aphy, SeTi@ndceleghtibi Mbasurtdl b;e;he th:@El;ométEte irdeasic bDGeIk@andfy dinkotiads i$ S

I ncor por at,ed herg et!h be¥tt§(u9et§ rod&ggﬁﬁa%ﬁleo&exfeﬁ&ﬁagf % fransmtted to the
conput i ng ‘§Y8t em ngd°computi ng system exchange session keys for
t his purpose on &nqeetgqﬁrwatpngbasi@ OfBe?sséfdkeolP\ net knoyiys @ply aglatiye Pesicismithér df 50
cycl es persufRChy &Ic@ﬂe@'/’htho&ﬁ'%osﬂﬂﬁ Wé%}ah&ﬂac&fmu@ate@ RRorS BCAE EbnRB Qlheliationst I Oke
consunes 0. 7% of the 1E)rocessoro? d5 OTHER PEN EMB NENTS In an
al t er nat i VAECSHBEET @ifelly epehighis WB’bPﬁ{)ﬁhﬁf‘%% YHOR G # HFO8Y PR CASESE at i on

(I'rDA) | nkaembaedshat. short-range conmuni cation with a base station or

net page prjnter.la, l-f'dl’rHsJi‘BEs Em@gl ment, the pen 101 includes a pair of
ort hogonal "accel er orre ers noun in the normal pl ane of the pen 101 axis.
The accel érbnet ePRINTEBMEGHANIGShown in Figures 9 and 10 in ghost outline. The
provision of th%&%ﬁka@&%ﬁﬂe@%@&@%@lﬁﬁmﬁ@h%sﬁé(ﬁﬁdllﬁ@d@&bl@ém@@@:eﬂ@ﬂt 101 to

sense notion without reference to surface |ocation tags, | owi ng the
| ocat i on tPEEE netRsessan betispheiipedimedip ysigg dyplexgd fyie Mepighy p‘l%&%fn%érqz %9 can then
identify aRovalih@lreOf2 dndtied @Sisesrattrhight phieBpatawiiohé hp@t00 Paskiethugh e e.

NPS034- SG ; o] user .int erf. el ement
(e.g. a conmy ﬁexe‘ciip BU f’igmes)%Efnhi ge} ﬁﬁl nnmo lde%O% each 1 ot%:na “%g n?ﬁlgé&%pdﬁn n the
area of t hethifildleed.el ement can di rectly identify the input elenment. The
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directions is Integrated th resp ect to tlg‘ea[g ro uce an%EEta t aneous

vel ocity ahdh pleingih adbs'ier'i%@e P‘l"i‘€°‘§ts‘éf’r“‘t‘?"}‘?’¢1”ﬁ%§ his; pratey not
known, onldgcunehtats Vidchpasiiige aithickiess b o shest tb sﬂvaalaxmeimdaﬂneetsll ated. Al though
posi tion int egra%ﬁe‘%gpaai% BT & g&ﬁ e 857, Yo 'n{‘Fg‘I}?ﬁ?A&E@ﬂwﬂ%@'d&%&Ld

accel eroneters typi hav gh r’eso ut i tinme dura on of a
st r oke, oxﬁezmwscmadéqrwuc@mb@r&@umﬂnaﬁéaﬂvq adbegigrand ovpn, ETRAGRWRRIRER

DESCRI PTI G¥rared 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
NPS034-SG



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

i ntegral binding assenbly 605 applies strip of glue along one edge of
each printed sheet, allowing it to aaﬁere to the previous sheet when

pressed a Jiéonthctt thy m't %nﬁt@@ﬁf'f&% aft dohtR to l?é%&' B sheSlQBA FRMe &b M’ij@tlﬂ" can

range in t ness fromone sheet to several hundred sheets. The
repl aceablpéntleﬁg%neéﬁ?trl dge 627, shown in Figure 13 coupled with the dupl exed

pr :jnt engi nes, Ikb?&nrlglt@ﬁgﬁésslzeﬁd 1Q£l,ai;ét@g5e860f4@£sseslﬁeﬁlituagu;ﬁéxwdrint/@gm@dbms: ve,
and cyan, nt a ow, and jinfrare rtri al so
contains &" 2 g‘#mﬁg“i’ Fstsﬂ?b%i %g‘grhﬁggléedrf’ﬁ?eoqaﬁﬁs elT’ﬁ%n e r8d ke © v %‘ 3

i nt er f ace$7vittha finoug suppapturolfer £@8ndthesnokeblt kde withispikewhevls enda mmsréarﬁmon Thi s
provides fyy L,tv%e@ drh@'dow}bié Jxﬂrgm Qgsanﬁw @%dé mtoenaartsvl%&al g@g&mkafanmtq; 0

particles nto print head ot herwi se clog the
pri nt head %29!?36@”"89 tq W&?{fi‘%d?“&tﬂ?erﬁ’wf"ﬁ‘é a’%{‘? P7°f Y“f ﬁf‘éfs %af'l‘ﬂnr?ftar?ém%%ff“ ¥ i dge,
the oper atgaRR@Motok pdwRrs@fis Jaldéhafti | ter is effectl vely linked to the life of

the cartridge. i.nk cartridge Iable roduct with a
capacity for pri Rg‘? Y 1 aﬁfemgﬁ 67%(56‘5‘“6 exs'?arfl Ig’%ﬁ héds & % grtarl%g to
Fi gur e 12 couphee fonthe ke @dplyrbde 641pﬁrqm<ﬂ1upkrcmrﬂdger62as'§esrﬁale)ﬁ7562®nqst§s¢1esluq he top

sheet dir YoutlidhO: AL By ek REén BroB3PRE sm'éoxnmah&&x kgd print
engi ne GO%FJAtgm{hh%k&%gadg%eg yl\/lep(mglrylo f pri n%b[)eealca'.lll1 assenbl y : X %\2/0 Menj et T

print engistEsndy@e elipiheh B’It‘é?‘né’f’??ﬁ"t&r‘i‘f 'é%lﬁ‘i’“ﬁ Piypting SidpBekdings af‘ﬁ‘ripm“ﬁ %“‘?éﬂfﬁ% ntial
conf i gur atateQitacBédaB he inlQl Srhokéiagdkingd dpidePdt hhenTmeqﬂamar as@&OMlyi633 ditmwn | nt o

(e 1ot Bl S B9 Rl el BRUSE B e L e £ T
conmences SPrEgs«aQw ﬂueasp@bb'ranmfédwslv Al teagive whesl m@eapdﬂ offinactiviy. in t he

shortest possiblg i QRet 6Bm$as&§@ﬁ& m%éluk %vhséﬂ%ssémmﬁ373%%14\/5@1@% of1gi ne 602
through a set of powered exit spik wheel s gned al ongoé%r stral ght

paper pat wymcwﬂgw e tonhdh (prett ffam uﬂliﬁlbséﬁe? atp 4081‘“?68? as 1l P &0 1P S034- SG
- 55- wheelis bmang asdmblylses.” wet ' printed surface and continue to feed the

sheet 6047|i1to t%éﬁ&@%ah&@AﬁEﬁEﬂ gtnt engi ne 603. Referring to Figures

12 and 12a,” the paper passes tTromthe dupl exed print engines 602 and
603 into the bi nkhemetpags eriirypor@Qler catisists pf 4 onieqlling pepsespra sk ¢ fastenviesaied power ed

spi ke wheg| ﬁ@ﬁlngtaue@mwmt mteﬁacfeumd@ng %28 Lmelettrar@élb& r(trﬁlgtdw@'n&hm& 3y abl e
axle with spl ke whee a nonentary a The novabl e

ax| e/ gl ue baERABgEIgHt é’?@ lst Ciffﬂ‘& Atedn¢ &Y desf’r‘@foéﬁ “’éd%@lﬁ‘&‘f’? 785618‘?&3“5‘?13“’?? i's
t ranspor t eebcdsat WIPODIPS 7571 ek aigRintdngie doh@ollpeRedaast zo0b,dlath itnwiydsQeat s by

action of 6@1\@%%%%57’ A ill&g&&r@h&gp& or powers this canshaft.

The controlling 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 simultaneously.

The master print engine controller 760a controls the paper transport and monitors ink
usage in conjunction with the master QA chip 665 and the ink cartridge QA chip 761.
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The gl ue wheel assenbly 673 consists of a partially hollow axle 679 wth a
rotating coupling for the glue supply hose 641 fromthe ink cartridge 627.
This axle 679 connects to a glue wheel, which absorbs adhesive by
capillary action through radial holes. A nolded housing 682 surrounds the
gl ue wheel, with an opening at the front. Pivoting side noldings and sprung
outer doors are attached to the netal bracket and hinge out sideways when
the rest of the assenbly 673 is thrusts_ forward. This action exposes the
gl ue wheel through the front of the nn?ded housi ng 682. Tension springs

close the assenbiy R c%ﬁéo@eﬁslﬂéal Men%%S%IE@ldQﬁlélﬁ)fW&%%rbQM"cHe@)ﬂ)c&%USlﬁs of
inactivity. As_the sheet 604 passes Iﬂ’(‘fo t he tgl ue V\/neel assenmbly 673,

adhesi ve j%d QﬁB?PsgéV f‘sowegﬁ%co“@ﬁ Spfiprdata. HisdeeogiRd P ey 631 Het WPart from t he
first sheet of aTd@eddesdt730, DSPY 157) Md Wighd SpBEcivetcotpivants hBceieh@nitiliadi nNg
assenbl y ; %Crl\tl A,I%;yo ?g;g - er
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757, and dPgiwnithtionr anscei ver conponents (transceiver controller 753 and
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7.21 RASTERIZATION AND PRINTING

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

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

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

NPS034-SG



of f-chip. The print engine controllers 760 are provided in separate ASICs.
A variety of network interface nodul es 625 are provi ded, each providing a
net page network interface 751 and optionally a | ocal conputer or network
interface 752. Netpage network Internet interfaces include POTS nodens,
Hybrid Fi ber-Coax (HFC) cable nodens, |SDN nodens, DSL nodens, satellite
transceivers, current and next-generation cellular tel ephone transceivers,
and wreless local |oop (WL) transcg&vers Local interfaces include | EEE
1284 (parallel port), | OBase-T and 100Base-T Ethernet, USB and USB 2.0,

| EEE 1394 (Fi r eWrfe&)rarcdNR) YAE &tah% p%aﬁ& gag@gomode@%me kalgm al de @%tﬂaces | f
an Internet connection is availabl'e on the |ocal network hen the_ | ocal
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line buffers are stored in the off-chip DRAM. The final stage prints the six channels of bi-level dot

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

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

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

In the 814 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 Letter 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



because it is inpractical to store an entire 114MB bi -1l evel CMYK+l R page
image in nmenory. 7.2.2 PRINT ENG NE CONTROLLER The page expansi on and
printing pipeline of the print engine controller 760 consists of a high
speed | EEE 1394 serial interface 659, a standard JPEG decoder 763, a
standard Group 4 Fax decoder 764, a custom hal ftoner/conpositor unit 765,
a customtag encoder 766, a line |oader/formatter unit 767, and a custom
interface 768 to the MenjetTM printhegd 350. The print engine controller
360 operates in a double buffered manner. Wiile one page is |oaded into
DRAM 769 \i&.dshewd) gh speed serial interface 659, the previously |oaded
page is read from DRAM 769 and passed through the print engine controller
pi pel i ne. GIEWS{e page has finished printing, the page just |oaded is
printed whil e anpiepeskenpaGMtidnShab Bl @ekcribdd @itH tefefehced agefeﬁéd énktedipbpaid ne
expands (at 763 Less cont g er (at 764)
the Group n&’“‘ﬁéﬁg %%% S %rgagﬁe %’1’% Vet glb ack"l ayerapprec“ﬁeadyb hoss gsi(HPE 66) the
bi - | evel rietpdgds hag tuabe of almombhdmgnts,dlffeh& fragthése pmﬁcaaeﬂqsmeﬂ wHl secti on
1.2, all i, mrvmhin%e s Ehﬁd%&) leqhe %Ls@rg%lvgr nbxbwcc%rc(u%iy, # 62 bl GereRB ttrne CMYK

Iayer and conposites (at blac |'ayer qv the resulting
bi -1 evel dyiRVRGRRSS HOtW@“dF%E’LHCtla’HFd i the sregific eRkadinepss d&‘fﬂbdgf"a the BTt f er ed
and for n&pacﬂidaué@tmcﬂﬁﬁg dcfcﬁ:hennrmdafpbﬂagd Bylcrbecfivinng atapprbpiaierThaeade d5R: vi a a
set of line huffe NSt " Sen) ine buffers are stored in the off-chip
DRAM The’?mﬁQPmoyﬁbe %r?mfgagﬁe &% channel's of bi-level dot data
(including fixative) to the MenjetTM printhead 350 via the printhead
interface 768. When several print engine controllers 760 are used in

uni son, such as in a duplexed configuration, they are synchronized via a
shared Iine 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 | ow speed serial bus 773, and
controlling the stepper notors 675, 676. In the 8%" versions of the

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

m nute al ong the | ong di mension 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 Letter pages per mnute along the short

di rensi on of the page (8Y2"), giving a line rate of 10.2 kHz. These line
rates are well within the operating frequency of the MenjetTM print head,
which in the current design NPS034-SG -58- exceeds 30 kHz. CONCLUSI ON The
present invention has been described with reference to a preferred

enbodi ment 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
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also fall within the spirit and scope of the present invention.
Accordingly, it wll be understood that the invention is not intended to
be limted to the specific enbodi nents described in the present

speci fication, including docunents incorporated by cross-reference as
appropriate. The scope of the inventionis only [imted by the attached
clairnms. NPS034-SG 590 CLAIMS 1. A sensing device for sensing region
identity data and generating at |east ;gne of novenent data and position
data when the sensing device is noved relative to a region of a surface,
the region identity data being indicative of an identity of the region,

t he novenent data being indicative of the novenent of the sensing device
relative to the region, the positiorld&¥a bei ng i ndicative of the position
of the sensing device relative to the region, the surface having di sposed
upon it coded data indicative of at |east one region associated with the
surface, tlhe codewndngtdaviesdasensir irgion iqsntiiy 4ar ang eqgerating abieas'ane pamqvgment

undi f f Ier € rHatE @ﬁaeﬂ)sﬂ&f &8 vﬂ%ﬂgé ke ifgdiei?léﬂ @-fnb\\éﬁ rdidBivéto 3 @dgiodfof PHuelR] ﬂ&’b&ﬁdd
nom nal nmar tlon and .t sen evj ce inc [ identity
sensor co Hﬁmﬁﬁﬁ 04 RS of ?fb‘ﬁ?’ga'l gﬂ’e ?eéé’ﬂ’t !1 ?ovarﬁ?négag 5?6%5 mgfcatlvg f’fgt sone of
the coded miaénant of thotdngn éeits orlaticonf hgueed thopgiinedat beiggt infliestivt ofghe of t he
novenent n%ﬁ&lt?on%@ gle tsggn%)&%cé }egﬁve tg ﬁlte @egﬂ)%l tﬂgsuﬁ{ice lhmtdlsﬁ&g@upgirl 1ttcgh%d G;Qéj ed dat a,
and a nicator con ured to communi cate the region i entltg data and
at | east aweicative of ﬁéeastmr@ﬁermssoameéwaw‘» fUcepBe fqdfdocﬁtadngl%tm% 2 gugbpht er
system whgds@hRn@nydifdbnidddl hirR! Sdsitishic@ TRARE to & WRT @QrédBreriinel MBmin R GhaBln

i ncl udes SUftICﬂQH{ code datq g identify the region. 2. A sensing device
accor di ng POB1@ €SN EY & At WE ot i on sensor is configured to generate
at | east one of atrbgonrienttyremsor datfiguraitd sankeshquegort idafity datt asingsi lgst wmelobast sone
of the coQ&Qmﬂggga 3. A sensing device according to claim2, wherein the
coded data is alsd indicative of a plurality of reference £0|nts of the
region, the notiadPPligwifawr coBligurrg ICHAT IR RNEY RO fdemoventeat date pelsRosiife  of t he
novenent dﬁ&a&@@ﬂk&hﬁmp@ﬁm&b&ﬂdﬁahﬂiOn the basis of at | east one of the
{Tﬁ\e/e :_TEP ter 222 epgf?: c%rlfn(é)nrl]mcj}tor (;&ng%\ﬁeé ncg)mg’%r\lllcage etlwé r%%ltl;nellggﬁlg fzta an% a?lteasl %Q%%IVPIO ne Of
each mar k nroepuests datt :1d gheeposifioradqd t9raatdntpyterodystens orherdin\eaay tll@égullnﬁeter/ﬁlas@m| ng

devi ce ac %%r%lio'ﬂgft&\g) gl)ﬁalhmd%s su%ﬁﬂt%bcﬁd b cRdptmyRLifie represented by a mark
is at | east partla determ ned by the position of the mark relative to

t he set of predeternlned nom nal mark positions. 6. A sensing device
accordi ng 2t o cl &l @hding\dbhedeQtddrding @ dire dettereiitiR@chtiOBhstieil cofffiguled proghdrdtoNs
NPS034- SG 600

at least one of the movement data and the position data using at least some of the coded data.

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.

6. A sensing device according to claim 1 wherein the predetermined nominal mark positions
NPS034-SG



are arranged relative to a plurality of nomnal lines. 7. A sensing device
according to claim1l, wherein the nmarks have centers and wherein the

rel ative spacing of the centers of at |east one pair of adjacent marks is

|l ess than 12 mllinmeters. 8. A sensing device according to claim1l1, wherein
each mark has a mninumradius and a rmaxi mrumradius and wherein the | ength
of a mark's mnimumradius is greater than 40% of the length of that

mar k' s maxi numradi us. 9. A sensing dgyice according to claim 3, wherein
any 10 mllinmeter dianeter subregion of the region includes sufficient
information to identify at | east one reference point of the region.
NPS034- SG

are arranged relative to a plurality of nominal lines.

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 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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