, 200306832-7, COVPUTER SYSTEM CONTROL VI A | NTERFACE SURFACE W TH CODED
MARKS FI ELD OF | NVENTI ON The pre i i rpl-at to a nethod and
system for enabling user i nteract%ﬁg amsg[ﬁez 'software running in a
conputer system The invention has been developed primarily to provide the
basis for a surface-based interface whig¢h allows a user to interact with
networ ked information and to obtain interactive printed matter on demand

vi a hi gh-speed networked color printers. Al though the invention wll,

| argel y be described herein with reference to this use, it will be;
appreci at ed t ha@OMHETERIMSTEMHONTROLMA INTEREASE SURFASE WITH EQPEP MABKS. 10
CO PENDI NG APPLI CATI ONS Vari ous net hods, systens and apparatus relating to

the present invention are discl ose,_quidb'; mELﬂbkovw ng co- pending

applications filed by the applicant or assignee of the present inventi on'
si mul t aneously wi iThe rrdsent jgreation pglates gahaheditnd osiem PCTYR)INY GLUOScdon with computer
PCT/ AUCCH 00 sokQare RealigALRARRBRBem. PCT/ AUOCO' 00521, PCT/ AUO0/ 00523, 15

PCT/ ALDDY 00528, PR R0 0aE ot oo RORLY BoBe VBt AT OB G e mere
PCT/ AUCO 00589 allpepust ol arg 5t netwiplet infarrtprrobis gbaipatypaiysaontedy sy g on demand
PCT/ AUOQ 0053 high-Redd Addded 08 7prinBcCTAIALIRD B 0b38ion WA/ MNJIOOALQHE Iherein with

PCT/ AUCO' 00p40., . PCLL AUQQL0A34 1o oG TimESt 43,

PCT/ A 005443’“F§’CT’§ Ag%%looﬁ%",“a I%CT%' ﬁ%ﬁ‘ oE g)“g"ggﬁhmge%%gggw

PCT/ AUOYY 00554, 20 PCT/ AU00/ 00558 PENBINGARIY RTINS  PCT/ AUOCO 00558,
PCT/ AUOQ 00559, aGHE ABOY 8566 applRET rAWQ QY R0EE: invEAGH/2A DA 856 Zyllowing co-

PCT/ AUOO/ 00&%@ aEp(l:ﬁt[iMQf QQ&GAWHCBCJ/ am@@espﬁ@mt in\BrgiIr{ M%a@&}%&m present
PCT/ AUOQ 00568, PCT/ AUOD/ 00569, PCT/ AU0O/ 00570, PCT/ AUOQ 00571,

DT Aoy 00are. TPt PER ot S AL ORARIRES I AR BERED,
PCT/ AUOO? 00581, TSETPRI6B7 B8 E0/00533, PEEAYROR RS R5 a8/ 00BRGTAUY 058587,
PCT/ AUOQ 00588, FRTRUMICES. BO%SQ0/00RCPLAIIOA BRI AU0PRGTY, PIIGONQ0S3,

PCT/ AUOO/ 00590, He@RU#I0A4, BEIA bo/00RE; PCAIIDL G S22/ A UTGTsE AREINUORDS4,,
Eg ; ﬁ% 8825192, %ﬂkbdb&d@ﬁp@j %%exg?f}bﬁk%/oﬁ@ﬁ%ﬁmdﬁww ; %@%ﬁﬁ,, g

; . e Ruooiousha, PC1rAtio re/autiod3 e TRodoss, Rlra $34,CO- PeNdl ng
e o i R e s v
via a keyboard aidPEO0RSLBE/AUPHIOPIPCE YN 0G563t RETMEBE0S6Y RATRWR 08166 usef ul , t hey
are rel iati vely MI;AA%QO/OQJ;?E(FWO/@;?, ngi;wm/b@@mg/wwomo, HsrT'rﬁitwgp_/oosmaé, a pen on
paper. | n ternms m@i/AUGBLNL, PCTHAUGIST3 POTTAG0L0574] FET/AUITBISI DFCTABLI04EE,€0 ONn paper
char actagi St co. S TR Rt CIL BBl RER I moHBy R BB ar ds and
ot her c%rnputer iP%? e[rjéoyé)?:sézt’)gge@i 06éso%85’%8%%@5ﬁﬂaﬁﬁ@w@}a%ga%cérmgﬁo@oSIQ%yboard i nput
systens, pen andCTAHPAP7YBTEVAY03P0PQEAUPISI1PGTNYRO0SPZoP T BHEYBI94 conput er
sof t war e. SUMVARYET/ER00[ONYAREITATR/ M6, B AW 0059, PAT/AVI08159%aRIAT00/00516, brkd e
i nvention, therecrav@nevi.ded a nethod of enabling a user to instruct a

conp uter s ys te mﬁn@iisgg{‘lrzsgf ﬂ@e%pe%@ Epﬁtczitignrs] ard/ iLc@riJorated herein by cross-reference.
30 ‘ BACKGROUND
Presently, users wishing to interact with a computer system typically do so via a keyboard and/or
mouse. Whilst such interface systéms are useful, they are relatively bulky, and lack the tactile nature of using, .
say, a pen on paper. In terms of legibility and comfort, information delivered on paper is more physically
comfortable and convenient, due to its visual characteristics and its portability compared to computer
35  keyboards and other computer interface devices. However, unlike mouse and ke‘yboard input systems, pen and
paper generally lack the ability to control computer software. _
SUMMARY OF INVENTION
According to a first aspect of the invention, there is provided a method of enabling a user to
instruct a computer system to perform an operation via:
40 an interface surface including an interface, the interface including visible graphical information and

substantially invisible coded data; and ‘ N
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40 an interface surface including an interface, the interface including

vi sible graphical information and substantially invisible coded data; and
- NPX025-SG 2 a sensing device which, when placed by the user into an
operative position relative to the interface surface to designate at | east
sone of the graphical information, senses indicating data indicative of the
operation using at |east sone of the coded data; the nethod including the
steps of, in the conputer system 5 receiving the indicating data fromthe
sensi ng deV| ce; and performing the operation indicated by the indiqgating
data; wherein the ag‘?“a’ﬂﬂﬂeﬁﬁl“hichfvb‘?“r?ﬁfeﬁ thefegiinraarrrtipotifoa relpgerto thainigfact east
partially i Rafaeabidistgnaté & lkdaesoids 6 the gréphicsl ifor@pRf, Akrs® NndicAhg @l ia@ath O ot eCcond
aspect of tQﬁerdn&vﬁ%e&%&tso&@%ﬁcdd§dd9traov' ded an interface systemfor enabling
a 10 user to 1nstruct conputer systemto perform an operation via: an
interface surfacet‘leﬁ’étlh%i’d?ch‘ﬁm%theSfePFt°é|‘“ftbaft,°émP“fehsés“i“ht erface including visible
gr aphi cab i nf or matdcavingaidndicstnp &tadinin itha kdnyingidevide;ahd| € coded data; and a

sensing device whigRoy AR, phARRERYy lGHARE LNt 0 an operative position
relative to the |nt erface surface designate at |east sone of the

gr aphi cal i nf or mat''SH? PSEHEER mfoﬁ‘&f‘?f’é‘f’ﬁ‘gﬁﬁed&éfh&“SFrritﬂt teat pagialiygpdicptiye to theuser,
oper ati on usftwgppattioheast sone of the coded data; the conputer system being

configured to: reagloMtstdi8edoftdi G@Bﬂtﬂgnvd@mmt& gmonltaa o8 BRF DY de N} &%ungaﬁd
performrjj1 he operat i on I ndi cate bf%_g} he i ndi cating data; wherein
i

gr aphi i fF tf’ f’?&f“ft(?r‘i""éf’é?‘isﬁfrtfﬁlt“é’ﬁr R REUPBEF i s at |east partially
i ndi cative, to thenigtséace surfR@inehfding imanteyfoesr the interface ihdhndipg Afitdy graphicabinbadiioment s of

ei t her aspeg;bstantihlgzingig,apmdgaa,gtaiaﬁaforrrati on desi gnhated by the user is
adj acent, or substantl yrggo nci d coded data ugon,whi ch the

i ndi cating data i %“B%ea“ i 3?*’351[“ byt “S"éfné?p?ﬁf"%?ﬁ IVePRYISE 1L e SHIG BREE t he
form of anysuwarsp detighatenat dfast spreexef; the@r@p\ml ddormitipmgeses indlyaling das jndicationef; thand

hypert exs Ib@l@{sonuaégakpaasaso@@gfthbgougdaatgy preferred form the coded data takes
the formof tags Rll‘l Nt ed &tngem g)lfec%tof paper, the tags being configured
to be read by a senSIRg devicesin the formof an optical sensing stylus.
The tags are prefeeqlvamey‘dmlpﬁﬂaéﬁofmﬁiPWgsmaﬁewcmndt hat absorbs near infrared
light but is subsfa@ﬁ&ﬂ'taelolpgtatioﬂnMciI&ieblbyehetlﬂlcamﬁluu&mn vi ewer under nor nmal

l'ighting conditi Onf?eremv\be gﬁgg%ca}ll% m}ataol;lidef*s% te% b¥ tleqe user 1sgat Ieast pax%%ll in lcattvPézo > (%,l osé

to the surface, one or re o e | hrage Yoo
decoded?f o Efr‘WP%O‘hn i ndi cati on of the oper ati on. 30 Further aspects of
the invention wilin hecementafpatentitbr Qe fagkgaltlifiambioh kawhag vjetakd ad

descripti on, en%ﬁﬁé@% Ig@iﬁc?de&tvnhe Lod& tgg g%ﬁ‘%h%?%m&ﬂ%@ta@ \C/)b[%sn%i ion. BRIEF

DESCRI PTI ON' referred an ‘he invention
wi || now be descrPBEab: By exipbipel Grorprsipn tP‘iefﬁh? forrgef anyseeipRiyledon of feyt; eryphieshimegssier ence
t o t he accovpean;)iiongand hgaterigsks. i N which: 35 Figure | is a schematic of a the

:jg!s g;[‘ : 02{? 2:’]p bet V\ﬂgIBar@cuﬁwéfgrepir&lnpEmggd&%gtpélg?th%gn c!f ‘ags p(t)lrr}ecf t% B of paper,
P the tags being configured to be read by a sensing device in the form of an optical sensing stylus. The tags are

preferably printed using an ink that absorbs near infrared light but is substantially invisible to a human viewer
under normal lighting conditions. When a user brings a sensing end of the stylus close to the surface, one or
more pf the tags are imaged, interpreted and decoded to provide an indication of the operation.

30 . - Further aspects of the invention will become apparent from reading the following detailed
description of preferred rénd other embodiments of the invention.

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:

35  Figure 1 is a schematic of a the relationship between a sample printed netpage and its online page description;
Figure 2 is a schematic view of a interaction between a netpage pen, a netpage printer, a netpage page server,
and a netpage 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; -
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Figure 2 is a schematic view of a interaction between a netpage pen, a
net page printer, a netpage page server, and a netpage 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-1|evel
structure of a printed netpage and its anline page description; - NPX025-SG

3 Figure 5is a plan view show ng a structure of a netpage tag; Figure 6
is a plan view showing a rel ationship between a set of the tags shown in
Figure 5 and a field of view of a netpage sensing device in the formof a
net page penftieudgianian Yiey gowing 4 yetredf t 1ePec&St ag i mage processing and decoding
al gorithm Hgufd g8 RanBicl Shodinp € FeBii@sipl bét@ecd ia @atvoflke taks ShewPiagRuPSEhdameld bitviw

associ at ed tggetp?&r;ﬁn lﬁ'g%ewée‘?lltgef%nofé’ﬂhg)%e sane; Figure 9 is a perspective
wh

expl oded vi ew e net page pen s in quure 8; Figure 10 is a
~schemati c Di®eEK it fﬁﬁ?hﬁ’h‘?féfag é{“aé‘?a‘i‘f’cﬁﬂ’i*&aﬁ%‘lefoéi“g figriimhe net page pen shown in
Fi gures 8 amgl:regs is a petspgetivevidwlof b BetpageparaBPigs@isboingd vi-ensigffied-onddv copunt ed net page

printer: Figukd, ;I%easéct@e& saea%wf&@%ggpfemo&nqmg&pe of the netpage printer
of Figure 1 ure a ls an enl ar% portion of Figure 12 show ng a

section of Ii‘%‘? IHBﬁF seute 3ok fiferaarPgt pea soniy 'ﬂrfﬁrlﬂﬁéet%%@f‘sm‘&%géﬁﬁfsﬁ and% gure 13
i s a det ai | Righrellil Bwpadpectiveeyrieivnka veablimounied genagd prikigr; ai r . and gl ue paths, and print

engi nes of ghe 15'@%%%%1&%}{@1&&11Qtfthenkt&lg!&&e;'ofhg@@ﬁ 12; Figure 14 is a
scherrat1| c bl ock diagramo nlOgrl nter controller fof the net page printer

shown- i ¥ Fifggird& i1 eﬁf?féed pqronob Figyzg Bd’?"&m%%seft%’“3“%%??1@??‘&‘1*?“@ °B$"&?&?€’dé'i“%1‘ﬂ?%km of
dupl exed prassatblengi ne controllers and Menj et TM printheads associated with

the print ergiGRNG KOl keflicd SRR te M ChiBidEeSind 4ir afd G pBthsl Ghdl pBin@enSGD SR dea l_g@l ock
di agr.am of t‘bté Fﬁ'[ i nt eng} ne controller shown in Figures-14 and 15; Figure

17 is a per®¥ s Vi B Df a single Menjet TM printing el ement, as used in,
for exanpl &iguteHéispethprentjeblocR @iagimi ¢t etintap fonfEglign forglse ndtPagt prinePshovE lg&gleesmanids a
perspects vepvi ew of a small part of an array of MenjetTM printing el ements;

Figure 19 i erle rspective vie |IIustrat ng th erating cycle
of “the Mot Favr: SRE R SHBRST et coral g A pieg
per spect i vesspdizadwish thaprigtaogottroie shewmih Figire B; pagewi dt h Menj et TM pri nt head; 25

Figure 21 Iﬁgu@1§gb§mtaﬁ&olo\émygmgfof@e dﬁx‘ﬁ@ﬁgl&lc@ﬁ@lled!h@«g{lﬁ’-ﬁhurgllQ&H&@5 22 is a
nter class re 23 is a schematic view

schematic Vi, ew
of 5 pen’ oIS 1A AgraT M GUTe 99 MR HRAETEn 51 60 BB e on
cl ass @Oagrranter offiigyees 0t19%5i s a schematic view of a document and page

descripti orrlgcallea%agers?aa@mewoﬁdfzmﬁipgmﬁn;’r@y bmeaue%ﬁﬂ%ﬁ%] emedtd; €W Of @ document
and page owner shi di agr a| ure IS ematic view of a

a
term nal el"&t8d? ‘Ssa;fért"f & He?pa‘ff‘iw& Pﬁ‘e‘?’fl ‘5‘§§agEﬁ B PPATTRE CYefecqh fhe Memiel"s pripting irmpiat i ¢

vi ew of a shehinFigeteéfyent speci alization class diagram Figure 29 is a
schematic Wxg@x\é’ 291fs a Berspéé{?v% rv!ejzv Qf(a sﬁth%éEﬁﬁ@Jt of%lpgg%§idtq iI\/@gfeﬁ"%rinthead;
25 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;
30 Figure 26 is a schematic view of a document and page ownership class diagram;
Figure 27 is a schematic view of a terminal element specialization class diagram;
Figure 28 is a schematic view of a static element specialization class diagram;
Figure 29 is a schematic view of a hyperlink element class diagram,;
Figure 30 is a schematic view of a hyperlink element specialization class diagram;
35  Figure 31 is a schematic view of a hyperlinked group class diagram;
Figure 32 is a schematic view of a form class diagram;
Figure 33 is a schematic view of a digital ink class diagram;
Figure 34 is a schematic view of a field element specialization class diagram;

Figure 35 is a schematic view of a checkbox field class diagram;
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Figure 30 is a schematic view of a hyperlink el enent specialization class
diagram 35 Figure 31 is a schematic view of a hyperlinked group cl ass
diagram Figure 32 is a schematic view of a formclass diagram Figure 33
is a schematic view of a digital ink class diagram Figure 34 is a
schematic view of a field elenment speciatization class diagram Figure 35
is a schematic view of a checkbox field class diagram NPX025-SG 4 -Figure
36 is a schematic view of a text field class diagram Figure 37 is a
schematic view of a signature field class diagram Figure 38 is a ;

fl owchart ofgumiGiithsehemsic yewefeitgrifielcsdiegsn Figure 38a is a detail ed

fl owchart ofigeay isisepmoit vibdhef ofsigaweltaK tlawfiiadringur e 38; 5 Figure 39 is a
schematic vhglyr\éggflsaqlogg}lg@of\gregyuegmcggrgmq .8l ement class diagram Figure 40

is a schematic view of resour ce ption class diagram Figure 41 is a
schemati c vf‘éWﬁf"Séd?‘aél?ﬁd}"fv’fhé%°fl°f‘"ssfep&‘i‘lé?élgwﬂ‘ii‘étff§l‘r“ﬁ iFigure 42 is a schematic
vi ew of @ hFigtro19ys alscrerhanchasefadaggar\ammmﬁugletn@torlla%dlagraﬁ schematic view of a

subscri pti of,QelolVQEnRE QW&Q'wsw?cQdférigwn%las‘&ﬁlaéra?m a schematic view of a
hyper|ink request cl ass 45 1s a schematic view of a

ure
hyperlink abgir</Heyaste erﬁrlsve%efavoreﬁs g‘ 49 a schematic view of a form
subm ssi on bgm@eulschemmdweﬂfglmsrewﬂiclassd@rmhemat| c.view of a conm ssion
paynment pr 011-;99@43 is aQ&IﬂtlkﬁQv &P§§S§Eéhg’1§h EJ\%%&%EFERRED AND OTHER EMBODI MENTS
15 Note n]ﬁ i§ a e | Sn‘{ br ook Research Pty Ltd,
Austral 13, i’ ”retﬁésaﬁf é’f‘aé'ﬁ‘%"ﬁl" értf’ffSrel’i’kr‘F%WSt”f e fyention is configured to work
W th the nefrglagﬂé isvethpmnatik @elv ofe byrpilitkartivatips pretagol;a det ai | ed overvi ew of which

fol I ows. ItFlgurédsls’raeche.mrseer@fraeﬂngdaersmdagromearew impl ementation wll
necessarlly or. even ecific details and extensions

di scussed belgu(ff"‘g’r"i1 SS‘@TaéfV‘%er1°fta6°m'lf“°}’"i‘8n‘f%‘%emcp“%%fgltem However, the systemis
described in its REFAILEBRFSERPTIQN @ff PREFERREOANIRTHRREEMBRPIMENT®r nal 20

ref erent® when at i@ Pidhjso JsQtraasrelekeftsﬁmraotreessaenbeﬁd Adatra\n@r ch the preferred
enbodi nents and alsQect i nve

reg embo im rﬁ t eslg rcla;[mon 1s corrllft w1th t'he ne vorked
sunmary, the preferre f et pa ngem er?plf Vs @S%ﬁ?«%}(
interface ifmpyss Sysererarﬁprerfed avemnpéﬂhrerfplfoaeét wrlﬂ beegpprcipted z&lamymrr: miplenenafiamc e
whi ch cont awin Secﬁs&f'lﬁreﬁﬁtﬁﬁ 8l dr@ved mﬂfﬂ@ftmc sp&:hie d&4ik hrAGRensioRIdREuSkIRBw il Tel@ios RNPUL er
Z)és}:)gg]engr nthe bapc %q%nh rHgvirr]e(%/eerst.hefc s?rs em is deﬁcn%ed 1rt1 QSt npcxt com;[)l%p BI‘ OB I;édgc% gxre é(%cg g)!g&l%as/e\tl):ace o
encodedWi s"F‘B‘IC’Ve eyrwn.awrp%qgm Vdefﬁ?ﬁ'ﬂ the e@fertneahrfmhesaﬁeﬁreeembaymmwvd wpekpefdlie query
on t he mappedesuvchiagepeyatee! ds an unambi guous map reference both wthin the
map and anong dif p stem can cont ai n. ornation
about features OI’]IL t%{]e? %xﬂg fﬁ%prgfﬂ rr?e]gl ?o?mmgy t‘i)e xaetp%%e s%s em e{nglrgﬁaat comx:r)]uter Inlerr}%:e in the
retri eved ba®edf aorerprdfurfees éﬁa‘e‘ﬁ@e@y%‘%‘pﬁﬁfﬁceﬂ’hlE}yCOata@%eﬁ?feﬁfgS Wenmapeof thggefcewi t h
t he mapped sditdiad @. a dobn@utér 3fs@miTaliel O réthreiBesroad bd Qu@d b§ AR appadgRatd J’é&mﬁ @gviee.of
acti OI’]SQQI\/{'II I%Ben@rlﬁfudop &he ISLQE ﬁcdlmﬁlgmeng){ont Iﬂgm&oﬂg}g}éﬁcgg rnagyb§ %&%QUHQ‘?“ m\fmb f ar;[dhe

operator In response erator's I'nteractli
f eat ur es. defined m such a way that a local query on the mapped surface yields an unambiguous map reference both

within the map and among different maps. The computer system can contain information about features on the
mapped surface, and such information can be retrieved based on map references supplied by a sensing device
used with the mapped surface. The information thus retrieved can take the form of actions which are initiated

N 30 by the computer system on behalf of the operator in response to the operator’s interaction with the surface
features.

In its preferred form, the netpage system relies on the production of, and human interaction with,
netpages. These are pages of text, graphics and images printed on ordinary paper, but which work like
interactive web pages. Information is encoded on each page using ink which is substantially invisible to the

35  unaided human eye. The ink, however, and thereby the coded data, can be sensed by an optically imaging pen
and transmitted to the netpage system.

In the preferred form, active buttons and hyperlinks on each page can be clicked with the pen to
request information from the network or to signal preferences to a network server. In one embodiment, text

written by hand on a netpage is automatically recognized and converted to computer text in the netpage
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In its preferred form the netpage systemrelies on the production of, and
human interaction with, netpages. These are pages of text, graphics and

i mges printed on ordinary paper, but which work like interactive web
pages. Information is encoded on each page using ink which is substantially
invisible to the 35 unaided human eye. The ink, however, and thereby the
coded data, can be sensed by an optically inmaging pen and transmtted to

t he netpage system In the preferred form active buttons and hyperlinks on
each page can be clicked with the pen to request information from the
network or ®8esiypune et @risndied in dn gthefethstiRenSe fignatpres repprdsth @n @nistoege rEnt |

text wittemnayahantdieqaloving et@agee irbsaaishOtblstalylaythori@gogni zed and

converted to COWH%’%&S r&tﬁ)ﬂ Ialgd?e f‘ Q?md?e%%&?a%@l ca'r}"?e%ggga a%(t%re;l:tl\% }onﬁ \\Inch c§:¥§etf‘?1£9

allowngforms to her enbodi nents, ghat ures recor ed
on a netpag® P»thgpr¥r bOQ‘LP@Gﬁﬂ%OGé}IeIme?Fé’F?f @ e ricu - Hig C‘é‘m&‘b‘i‘ﬁ‘iﬁ’rb&t&een the pen
t ransactd onsdtig ropags exsuneThy cganipla Ghawg @ fReqhst” ifdrn wertairditzedmd amd kddgpsy feldd andaa -

printed net raag@bulmrpmnasagg &%@&tof aahretd%@ atemngqrsmem' aqmcoqmatp@prtnkeh Led in
by the user both smallY\; rln an eectronlcal¥ Vi a

conmuni cat i ‘é?HecB‘é‘t i iR %tflle ‘"“5 Tkéerf heact ??e"?%a?gsér‘pé‘%% SR o e NERRERRETE s hows
a "Request " depamibavrhe ddividiahélangninefithe netpede. &ddrtiedss it figsaibebghedypeland seiirbexiett (Dudh don.

The net pageea@xplnéﬂaaxnéelmemgf@m&l fe1d0Rbkor inlhd k), Us i@ mélnszbégé gsténms,co@c@t@ coded
data 3 usi n nV| Si

n
cor r esplhal HEPBLgE ABerrEer it aPmibEPES TR e glsd ik ABFRO Becr | bes
t he i ndi vi dwatlal estews oithe ogrregfondingerapli¢ age. | n particular it describes the type
and spatial extenis (&a&)in qure @ametbags E‘Jna@t b YRGB whith @shommcigrtrésal d or
Plr':t ;?Br IF,‘P ;[ Egat ? Eg“) crlt%%]’m moEe%gtalgg\él wor s pargunﬁ’u% t Onranélgtgq[gg Orll‘nfl;lereg(}r%p%{aérjftgrﬂgs a
zone 7 Wwhi cwnr@es?drrélstwém@an%fowme, °§"mftrmbﬂee&et Ehtoergis Wirdigss %qu@smﬁm"ewgﬂy '
gr aphi ¢18. ﬁs&tmelnlatwg& Israteashdsﬁbrﬁhrgwa@o angt he net page pen 101 a preferr ed

Lg[ (TWO]C V\D\Arlkg hl :’lscnghl’?jnfj é? ]I:rmF er 6%&1 a referred ? rm of wh1 ::llls I§] C(i)vevr§ glrg%?rgs 1 to ]I3 axt'xc{ deescxdliea m.

connect ed prerhtstaigbetopplsi Alade drlmr ﬁﬁbca bbf”f ?“c@mé‘ﬂd Pmmall@d mgfépap%@a@énm S
Wi rel ess andtam@smbm&raaﬁmeﬁﬁmuitiehsyan plifted fifh qhh@ amﬁte@a@ene@ﬁglesntjﬁmce 3e@ondl
short-range_[ ringe f redformo
whi Ch i s ShO er Qhel__ne{'l % grmte:[ is anggpi %9&}1 81 éaré %er ¥06 m?le %al?mlg et%&(;iaéi aéelntl 0 Trea
abl e t ?Qel Wf\?@rthe wwgdﬁr%laﬁrsywbﬁumﬁinsualémﬁa useppkihspaetr 2deralisiigtya pretey the
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traditional newsmagazine, such as a set of letter-size glossy pages printed in full color on both sides, bound

i s

together for easy navigation and comfortable handling.

35 The netpage printer exploits the growing availability of broadband Internet access. Cable servibe is
available to 95% of households in the United States, and cable modem service offering broadband Internet
access is already available to 20% of these. The netpage printer can also operate with slower connections, but
with longer delivery times and lower image quality. Indeed, the netpage system can be enabled using existing

consumer inkjet and laser printers, although the system will operate more slowly and will therefore be less
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The net page systemis nmade consi derably nore convenient in the preferred

enbodi ment by being 30 used in conjunction with high-speed

m croel ectronmechani cal system (MEMS) based inkjet (MenmjetTM printers. In

the preferred formof this technology, relatively high-speed and

hi gh-quality printing is made nore aff@rdable to consuners. In its

preferred form a netpage publication has the physical characteristikcs of a

traditional newsmagazine, such as a set of letter-size gl ossy pages printed

in full color on both sides, bound together for easy navigation and
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versi on of 4 net page pen includes fingerprint scanning, veri f| ed in a
simlar way by tNeTPact pagmm ARsgiTsdTuret | on server. Al though a netpage printer
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~ Uni fi ed0Modednemigation picrlrssgb thet/is)sinplyasebset of A. The UML does not directly support second-order

modelling - i.e. classes of classes.

Each class is drawn as a rectangle labelled with the name of the class. It contains a list of the
attributes of the class, separated from the name by a horizontal line, and a list of the operations of the class,
separated from the attribute list by a horizontal line. In the class diagrams which follow, however, operations

35  are never modelled.

An association is drawn as a line joining two classes, optionally labelled at either end with the
multiplicity of the association. The default multiplicity is one. An asterisk (*) indicates a 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 oper diamond indicates an aggregation association
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diagram A cl ass diagramconsists of a set of object classes connected by
relationships, and two kinds of relationships are of interest here:
associ ations and generalizations. An association represents sone kind of
rel ati onshi p between objects, i.e. between instances of classes. A
generalization relates actual classes, and can be understood in the
followng way: if a class is thought of as the set of all objects of that
class, and class Ais 30 a generalization of class B, then Bis sinply a
subset of A. The UML does not directly support second-order nodelljing -
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identifier lméghieﬁsomgendpﬁ)olb}aﬁ ﬁuésuf ficient precision to distinguish between a

very | agge nunber, of. net ach reference to th Scr. n |s
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Near -i nfr aPéﬁver%chéﬂ’g‘t”P‘i‘s‘heaﬂaée PiRpG ths jinrastiop ds %aﬁ@SShtﬁ%ﬁe @Vecqﬁrmtabbtreaco@asq ly
sensed3by . &a&@ﬂetnd&arﬂ:tll&to&ram to surface damage.

The netpage page server maintains a unique page instance for each printed netpage, allowing it to
maintain a distinct set of user-supplied values for input fields in the page description for each printed netpage.
The relationship between the page description, the page instance, and the printed netpage is shown
in Figure 4. The page instance is associated with both the netpage printer which printed it and, if known, the
35  netpage user who requested it.
1.2 NETPAGE TAGS
1.2.1 Tag Data Content
In a preferred form, each tag identifies the region in which it appears, and the location of that tag

within the region. A tag may also contain flags which relate to the region as a whole or to the tag. One or.more
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i mge sensor with an appropriate filter. 25 Atag is sensed by an area

i mage sensor in the netpage pen, and the tag data is transmtted to the

net page systemvia the nearest netpage printer. The pen is wireless and
communi cates with the netpage printer via a short-range radio |ink. Tags
are sufficiently small and densely arrarged that the pen can reliably inmage
at |east one tag even on a single click on the page. It is inportant that
t he pen recogni ze the page ID and position on every interaction with the
page, since the interaction is stateless. Tags are error-correctably
encoded to fBbitvrRRoterERlepiErd ¢ B8 feping B1visr wtovido el iad @i s ahmiyretionPitecirdt page
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as a whol e tggmtg,gcngngstgt@sg& One or more NPX025-SG 8§ flag bits may, for
exanpl e, signal a ta sensj ng device to provide feedback indjcative of a
functi-off associ at 8@P fﬁl“’t ﬁmf"’r‘lg“e’i‘tﬁl’%&ﬁ‘%tmw ﬁhééago%mtcﬂ‘éc“leéﬁ“h RicTHones 1A dhe

sensi ng deviegie IRancpdrg inttie tazad tharefdrosy@na@scviih e ipan [ thelpege oeghidnhe tak apmaet.page
Een mlsly, kf o[l,o@es@mhﬁmg N Mgmnn@mcha&g re@estclnvo@a@arf&aary shdrddioWb&Rade Br dREugRE Of a
yperlin ai_ne

enbodi nent, FEaEP Han s s Eir sl o Faggg et Re bt ur e
whi ch ai ds idmiify ihginteghetivedtnien, and whi ch assists in mnimzing the effect of
any war{ |nducedralmé1tlﬂ§g(§wface or by the sensing process. The tags

pr ef er abl y pite—+the—prittre—page—and are suffi- ciently small and densely
arranged that PR peh BRHSIPRIESN |y i mage at | east one tag even on a single
click on thregiopdigge. [160is inportant that the pen recognize the page ID and
posi tion OrMfRYEry Tnpgraction wth the page, since the interaction is

st at el ess. éf-c—l-n—a—pLet-eu-ed—eubﬂdilrrent, the region to which a tag refers
coi nci des Wii¥ an enfire page, and the region ID encoded in the tag is
therefore swnyrmummth the page I D of the page on which the tag appears.
I n ot her enmbodiments,—theregronto which a tag refers can be an arbitrary
subregi on of a page or other surface. For exanple, it can c0| ncide with
the zone of an |n[g“&brtéé’c‘t"f“e‘és 139 Bifteoh fnformaiony pypieatly é‘%l%aé@dtah%m‘l"b'@ﬁé‘ﬁe -BsEaine 2
directly imheininfay dénkig of aatp@rquet invta Bikbamagmb supfobs aliaddnaizd ofup i a4 eatrainbtiee! d

E{)ﬁf;' Onl(nglgErSrlng%Qb 3 géegéénflrgﬁllwltl@'&éi&easu@t %3 g% ?Iteﬁixonjsgngﬁ g’nﬂlgt g g

Assumi a regions and maps. The 100-bit region ID allows

10 or a million trillion trillion) different regions to be
uniquely identified.
1.2.2 Tag Data Encoding

The 120 bits of tag data are redundantly encoded using a (15, 5) Reed-Solomon code. This yields

360 encoded bits consisting of 6 codewords of 15 4-bit symbols each The (15, 5) code allows up to 5 symbol
25 errors to be corrected per codeword, i.e. it is tolerant ofa 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 can be fully corrected.

30 1.23 Physical Tag Structure

The physical representation of the tag, shown in Figure 5, includes fixed target structures 15, 16,
17 and variable data areas 18. The fixed target structures allow a sensing device such as the netpage pen to
detect the tag and infer its three-dimensional orientation relative to the sensor. The data areas contain

representations of the individual bits of the encoded tag data.
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maxi numtag density of 64 per square inch, a 16-bit tag I D supports a
region size of up to 1024 square inches. Larger regions can be mapped
continuously w thout increasing the tag ID precision sinply by using
abutting 20 regions and maps. The 100-bit region ID allows 2100 (-1030 or a
mllion trillion trillion) different regions to be wuniquely identified.
1.2.2 Tag Data Encoding The 120 bits of tag data are redundantly encoded
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maxi m se i tdeviginmpe be dEchseelgtieast bietentirstag ig s Bddeitview ndyatigr whard iirgthe regia@eatiwhatt he

form of an RLRAPNREGHnRYTHE wauure@@khreéter bf tAEFe1 BT iel WO thE KNG HelibeGs fbrberbar
arcs. Each we i mension of 8 dots at 1600 dpi and is

desi gned sc{"‘}“ﬁ’gf’“{‘]ﬁsge %‘gﬁpémr(gn?ggt?%%ner arc), is at least equal to this
m ni mum di mensi gywsumiipecitydirddgtshapd, the h@m\mdlgeetrrwf thrensprefigidaf vie is etgdiiednhen s

al way's 390 Uahe tdeSard 4181 ofh BuiliterR higBA ShQR shda@Fidre DI t data synbol is :
r epr esent ec”o 20 The 15 4-bit data symbols of each

of the six q-laﬁg ¥Pr°°|e?smc?a%,\%ggf°d"f%e four concentric symbol

The tag image processing and decoding performed by a sensing device such as the netpage pen is

shown in Figure 7. While a captured image is being acquired from the image sensor, the dynamic range of the

image is determined (at 20). The center of the range is then chosen as the binary threshold for the image 21.

35  The image is then thresholded and segmented into connected pixel regions (i.e. shapes 23) (at 22). Shapes

which are too small to represent tag target structures are discarded. The size and centroid of each shape is also
computed.

Binary shape moments 25 are then computed (at 24) for each shape, and these provide the basis for

subsequently locating target structures. Central shape moments are by their nature invariant of position, and
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rings 18a to lad in interleaved fashion. Synbols are allocated alternately
i-n circular progression around the tag. The interleaving is designed to
maxi m se the average spatial distance between any two synbols of the sane
codeword. 25 In order to support "single-click” interaction with a tagged
region via a sensing device, the sensingto device nust be able to see at

| east one entire tag in its field of viewno nmatter where in the region or
at what orientation it is positioned. The required dianeter of the field
of view of the sensing device is therefore a function of the size and
spaci ng of tHee fallygnadeprariat hEpale 2wpdt ©if 2af ordY- shape, the ni ni num di aneter of
the sensor field ahering @vwet ssucalt 1aisniedirsia @6locaB0(at 16§ AlriagBas &k edvintabed by very
equi | at eral vJelIi Be@zglgouvlll‘@r( pe%%)_écﬁlve d%t%rte%%%mb Bro!:: l‘:cgll‘w %pgcl nom:llahgng dl%gtl(ln- ?AQIIZI

Processi ng and Decodin I rage processing ana decod
a sensing dé&¥ EePeSEREOTHE SFF@‘Edp?éd@’émﬁ@?fs Frenomeaigsi e fipg ‘Tl‘iaalﬁ?réc"?“ze?/\i‘ii‘ 1f§‘e
capt ur edSi mageedtise dwirtivg vac gjgrifitad The duyistoriginal ppgeardanigion 27 tobehedy niaiadisefinge

of the |nagﬁ,rdx&ageggﬁﬁ;e,@}egwgggnsfgg) The center of the range is then chosen
as the binary threshol %e is then threshol ded

and segment ed i nt ¢ CBIAEEE TYHET Wt ¢ g%eé t8ﬁ%‘°‘(afed éat 2 ghine pregeeds By apphyipe thghapes
whi ch ar e t cae’swehdizatias teepriesent noagntst adgettios-harmdizigg te ravldngdiopees Oed.its The

Si zet ﬁnd cerdsRioRleMomERCGR rSRaRed théaxaltasg@t is &lee&ge@ed WRitd VB Yne SRIERE.: HBABNL S 25
are e

for ea rovi basis for
Ubsoaudnt  TRMEE R SR et b bR lb TP Bic o2 i T b H RO R e { e
nature i nvaplri%mmakefhlsmssw iNote alsqthad it isNFXOREIS G oktion-nohlize g pxit@zeeel: il has mdide

[ nvar i ant Ofpe Siﬁ@d BormASARE bppliedl kifde %Qergﬁ&ﬁg HlQJitxonT:Qﬁhlﬁd tﬂgaxtsair&e; axdl THGLYre 15
is the firs ntag2b zgf bei ng very

O ek g S S L
aspect - nor mal i zi n@heafﬁtﬂ pfrrmfa’(q "eyer Fpireel 17 21 g lestéalsocghaieedOs Gmirmmtss of@rice its
second- ¢5debosﬁ’BrHE1@tc&npaﬂé&3baE@roH&Elf ZReh dphal x’élhtﬁb@ship&o@ﬁ&i}{g i aflﬂe@wihzep&b/a%m I f

;23 I’SOPS{ ?gﬁ%% 1:h(<.'=.i InSt gr}lzdttllle?(r)ge\llnlora oef thse agls é\%atc ing %roceeds )E(y %?19%%(3 Ori;glsq?]rmahzzétlrorés 6% c t i ve
transform Weshaeelss‘nomm@@%ce el E?eqnérpréer T@mpnts afeh'@”%e?)@tl the girchlar ple@@atve@rgetmre 28) .
Mat chi ng pr esee @sogaiye, aﬂm{eyarg%gclds&eo edch R@nded PONtIORIs itakéitas ORGH 'Qleaﬁéﬁhl &RARE’ S
nonment s, angf tﬁe%t@#r%&tloqur arezt"teg gaké hg %e tﬁe lé s;;ectng-dlrwm c$r§ers 391{: a square of kno

second- gr der ed t axi 'S recogni zed.
Note t haP ofie it B PEfeGRdpe F‘g]i‘fﬂ?ﬁéeﬁl"f ?%dOT@erFRSEj’M? 'Faéﬁort“é3 H|“sf%rﬁ‘bﬁab3@ ¥d t’"rfé“”m’d\o
possi bl e or ihe Rkidtindan®d @fuatidie relaxigSthe lictagsdpapand maghabdcb asidtpaiksy(ses krwed:, PO one
side to rrak?unh e&alp&%‘g)&tlgé ﬁ[appmgtdl% I@l!&g% %athés rs'ﬁﬁg?%t Efqﬁ?%ktﬂ %f (tfa(ﬁfomla at

rotation-normalize axis tar fter it
normal i zat i Bﬁ?‘%ﬂﬁf}’f“éﬂ Repgyt NedJG Dﬁ@’?‘sépé‘&% j9§% thieentens P‘?Vﬂ‘l‘fhéréﬁef%‘i ige@reRid axi s

target's axbgarosshlafere@x)i S target's original rotation provides a useful

appr oxXi gg‘t ion of rl‘lﬂ:@nfén%g ta? spra&tt@l{'n'aéggpagé‘jﬁrsfegtwg ﬁ“ghs%ﬁy\{s gsgd to -Haﬁct (a(?%) eégﬁﬁn%wr? ctive

target structures 17 are ocated (at. 30). esti mates of
their 15 p&% Y4PaHen Bt SBSHPTIBE° BAS Aok THarlred ReHiRh ' é‘i‘iéi" b&‘l"eaf%‘r“‘é‘??lﬁ"r\s hi ps
t o the ri ng(aa¥lthausrelbantgdibsyt pixkieinalgpeot imagadlhe potiatly osmpotkd liriag thréshgy 21d0d t he

rotation of us%mthmoe.the&@&nqmr&gcenﬁe%ammbw applying the ring's
normalizations to their sogéond order nonents

are normal i zed t h8“°8 ft’ﬁ?l A ‘bse317§‘6’§ ‘i“\? ta’f‘e?‘bgtsé”a%lre%‘:h g% PO ReELimo®, and
the targ@t oldoweistsdicodedarlt) egicidAtdeededisi% rdPP despdedditein toges Nate tirgttite odevdne. .

origi nal Cegﬁn&% &Ssampled in codeword order, so that codewords are implicitly de-interleaved during the samplmg

process.

The ring target 15 is only sought in a subarea of the image whose relationship to the image

guarantees that the ring, if found, is part of a complete tag. If a complete tag is not found and successfully

35 decoded, then no pen position is recorded for the current frame. Given adequate processing power and ideally
a non-minimal field of view 193, an alternative strategy involves seeking another tag in the current image.

The obtained tag data indicates the identity of the region containing the tag and the position of the

tag within the region. An accurate position 35 of the pen nib in the region, as well as the overall orientation 35

of the pen, is then inferred (at 34) from the perspective transform 33 observed on the tag and the known spatial
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of the four perspective targets are then taken to be the
perspective-distorted corners 31 of a square of known 20 size in tag space,
and an ei ght -degree-of -freedom perspective transform33 is inferred (at 32)
based on solving the well-understood equations relating the four tag-space
and i mage-space point pairs (see Heckbernt, P., Fundanentals of Texture
Mappi ng and | mage War ping, Masters Thesis, Dept. of SECS, U of California
at Berkel ey, Technical Report No. UCB/CSD 89/516, June 1989, the contents
of which are herein incorporated by cross-reference). 25 The inferred
tag- space trgatiophigéersgsatierspeprypietiisge thararsPifelidss used to project (at 36)
each known 1.glgt a figwaposition in tag space into inmage space where the

real -val ued position.is used tq bi rl r our
rel evant a dj acen tIBef)?d)l(néfitag Tesu qtfﬁlareglon II[EI %?a I]y allc{k.lt% rggiv %/elg (t)rzanéf?nn geg%?ep tBQdiIE

t hreshol d 2:1d jhg tagyelative pep lachfior §3dE a*tSH@d l‘“éﬁs*tfi‘l apsofug 1‘13??‘&9& Wdin fhﬁ daggepl reglon. et

val ue 38 QnGafonalthe @@thrﬁi&heaeéwntn&st?mz kibaw.arhb aeRertytaaignasl aifimctiol ivBichigys eatach of
t he six 60-Di t. | d 20
decoded bi 1998 Mo S ReRIRY ;R RRTRHCNL s HEERRRIELA - h Bedd B2
synbol s ar e°a§afn*?ﬂn@EPgi’lﬁmt’fbféPéWéﬁgﬁmor der, so that codewords are inplicitly
de-interl eaved duiagifaprbfRctSaegohenn gsed PiGCIRSSaceFpdn Mithgest Ad §Btan 1oy dcsordrigl y
sought in g rrﬁe%n%% wﬁmtmpre A MRS aa,%%easzrreotﬂaggohenreoan& fie amm%umbemg

guarantees t hat t i?f:& IS part of a conplete tag.
conpl et'® t (;i}‘ei"%‘hﬁb‘ta“?‘i?ti tha“rf‘Ef“‘%ﬂgd’?f‘éssfuI ly 35 decoded, then no pen
posi tion is recortheeg ey fot dregiginusteba tretrferahlkmia thEiragon IIade\qL@teea ptiodessigi power

and ideal | y,,2, PQ%a o, MRhagllap LAl b9retrréreevméf9g3m carbea,la&sare@molayeosa&tr 6on
i nvol ves see |n another tag in the curr a|ned dat a

i ndi cat es t'HE"] “Hé‘?%t"i“’tai)d bt gfrlatiyeag ’Bﬁt‘?fﬁﬁ‘tba”ﬂ‘?eﬂﬁ’qi‘%%g ‘f%‘gméwlﬂl fié SﬁBt P% on of
the tag wilbdaiion withiethe egonon. An accurate position 35 of the pen nib in the

region,qsas ye4 | agghiig soved! | orientation 35 of the pen is then inferred
(at 34) fromthe§%eorspect|ve transform 33 ob{eﬁrved on e ta t he known

spatial  NPX025 inct @fagt Foging FPehET HeAcs h?févﬂ‘c‘éusﬁ éarg&t F‘“‘&%“é‘b%?nd t he
pen' s opti calierdihis sectich, PhePrepef dotlipe oo dienfiocation-adicaties et & drpdadicegil.am | D, a
tag ID, anCLuana%a&o&@Isaterhéaeesnaat.rnmemgtegrsm Bef or e the tag | D and t he
tag-relative pen trans Eq“f to a tdatp g}% Le ocatle '
‘within the t aggedA P%aﬂ?n 'f\ Ca't"ﬁéag °%‘“*1‘“665a1g. onor "IRETAY Wi n £ A& FEETSn nust
be knowd. Tith gheitaggegiragion Ybyis a uiqug tagnigoatiog withimtae fegien- let@helmplscaw@ﬁthﬁaglﬂ Din

aht agged Ir:eagae@rb trm@ta@xoeéa&rtewenréndagmh m@taelonthmﬁmegﬁagmmpmal,aﬁar t@laeasgrrlam l S
shown in |

map refle ctt geq?c:ﬁtéon g&tﬂe ?’?ﬁ rePagve do B user thrfacet tl e UI‘ %péne[ areescrui)tlon assocrffltﬁda \t%gla}g regxon d t hi s
can vary adéoend inthe ueninigiiact dementtitggbiadentiffed rputpipoetiop rféatlteetg@easer leteffaeﬂr?éemsrh &re the
same tilingqsagehe rmcaacrhdncﬁmg SR Merd {61 rMITFo e cabdre SCMEBBIute HEGYh GARe B4eS O

share S g map for a region nust be retrievable via
t he reézl%gn °?b°aqu9rusergterfaceng%nerr%egi on ID, atag ID and a pen transform the

tag map can be r efvdbisgindicating ise poaging rag Mhwiih direlnideniice A useripierasaplemerS BItst e t ag
| ocati on vyagemwananl&easroagemm tanekioh gl therges irthdohew thp &r thire:ad deibn: Gadifylie added

to the tag Lllse?({'n er b8 e ement ynlla.% V\%th%t:ﬂ al?‘g%glza‘ljgn% %ﬁeﬁ)re 111859 ggtulsl%gle %bﬁTgtl 1&10&’[{38 ta% ecgl on.

15 1. 2.6 Tagg stinct surtace
interost, betHUBhEHPETbLEEE plen ehsgjure pep ek P dué%rqn s e captre ofa relive

30  pen path. So long as the position sampling frequency exceeds twice the encountered tag frequency, the
displacement from one sampled pen position to the next within a stroke can be unambiguously determined.
With either tagging scheme, the tags function in cooperation with associated visual elements on the
netpage as user interactive elements in that a user can interact with the printed page using an appropriate
sensing device in order for tag data to be read by the sensing device and for an appropriate response to be
35  generated in the netpage system.
1.3 DOCUMENT AND PAGE DESCRIPTIONS
A preferred embodiment of a document and page description class diagram is shown in Figures 25
and 26.

In the netpage system a document is described at three levels. At the most abstract level the
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earlier in this section. The preferred codi ng schene uses

"l ocation-indicating" tags as already discussed. An alternative coding
schenme uses object-indicating tags. A location-indicating tag contains a
tag I D which, when translated through the tag map associated 20 with the
tagged region, yields a unique tag |locatton within the region. The
tag-relative location of the pen is added to this tag location to ywield
the location of the pen within the region. This in turn is used to
determine the location of the pen relative to a user interface eleent in
t he page delsemenBitons akisadiial wrdctut Viese travinplespiments 839 Mo pssesigleq) Withscoptpig objeste r
interface Qh@ﬁ@nars tekttoﬁgcltsf tedlt Qﬂ@&ﬂj deds Qrﬁlage Eticts, Atc] @GAthd REmER s Blirited Gn Y ﬁmﬁexhﬁth Wser
interface ele i.on-i there

trivially spﬁ‘B‘fraTg"F e g a°°t°rd‘“é{° afparéi"r‘n‘%é S%roslsﬁ‘"'f"‘r‘]’g’r n” ere“f‘%he B ‘Si’o%w“a o 4
particul ar othsrse forppagiedf ’é&fleaﬁefl ‘TRt clemagis @5}“@&:‘95‘?“??(}?5&%{? |a%§§‘afeé§“‘t?9ﬁﬁ“éf’%tsa t ag
| D whi cl5 diwh@8 ik Yiffrd fbrh fhoQ Sissacidiiith kheit edibPEing leBiNdleriiets, bittoulafyagere the

description on%en? (%Ce!:tsa e;[ree S{ le\/\#al%tg E{lﬁ pxrx ?eg Im?tghce é‘la docangl% Jh@gage 1% Hso dg@rlb%&)sg ra%fy tB hgm

user int erface Intertace el enent

al | identi citw amﬂ C@h@ﬁ éreyetea Pwplgrmaﬁgmag%é%? @ be exsqrsd pepprpigly &rop i“ﬁﬁ C%pévgeg do
not, ther efugsgh otBlpRMEds ot titQarfedateldeseripién. an absol ut e . pen path. They do,
however, suppor t ﬁ? eGP M noQ absa tﬁtmh\agagﬁo&%@w bat Qméﬁo»&sg 04 BRq ke

posi ti on sanmplin equency exceeds tw ce the encountered requency,
the dilSpl &é@m@ﬁ% doptpsih VARt Reingiresd o 3esAPt 15 S9UECF 85 ReD" StSPFé‘ﬁﬁ@Sﬂat aket“f’ﬁf H&¥2°st r oke
can be unanbugtgusby tdeiges pintedith a Wiirtnt gigt Ny fot @ggplenQongcaip i, prdstne: df ehg's
function i r} 1‘1%8@9 @Jcﬁ'&e'flt%sc%tlhhorptﬁesﬁgé sglrvgquo% ﬁlga'«lge %k@ﬂ”[?&ﬁéen%n& Lﬁ'@goqgrge as
user interactive elenents in that a user can interact with the printed page
usi ng an apprBPFFIEPEPaHsi ng device in order for tag data to be read by

t he sensi ng devi cefoamnded drunam &8P ponsips piad &t pebpoig gadecledodptioBF, geinefrvaiced i n

the netgag %on%bgé Bf%r;lt oflforat RPN ANDs FBAGE Qﬁ%ﬁ%ﬂh@%ﬁ PR ER5ES: L8 on
enmbodi nrent of a docunent and %) ge descrlghcl gy h%és g(gmls shown in

Fi gures 25 thegpg B defings thepgvpBrashige Ssrepia s 68e 'ﬂ‘fjmf"g HEscribed at three
| evel s. At the nosdocabstinsgode 8B bwatspendeto aNRXORE d@@etiB34. doowivenf 2 884 pieas a

hi er ar chi cglggks 446t éAEheofwdﬂfeﬁ @orxeﬁ‘pem Ral pRl eRBRts 58\3%1@5&21@5 a&%eat Qﬂsh et h
content objects 840 ext

obj ects, etE i eT"Wﬁs ﬂﬂ‘@%ﬁ‘gﬁ‘t‘e ﬁrlgte‘g‘lfefpf"'ﬁegdan % dsﬂ) ?é"hgf g??d ‘S n%ttpag ”gg?%ecul ar
page si2Pe amtnasogpei qigddqcamegt lpﬁ@n‘tellféwpaﬂsentﬂseqpy sf ageea Feguefteddn léﬂlatlpﬁr ef erence, the
docunent is pagi r)@ﬁagednsﬁﬁtd con@gthﬁ%\é\& &Qen’fngd'l BethdnBsktandeW3 AL 16kt iRfaRde RS exBsenMent s
835 will in SOITEd ats % %S ¢l ﬁs Vljlﬁ e.n msanceex1stsglfaeth ln]?elemengqgcaus ?
different frORITREEESREEE BT W TR A1 I Correapond NG Lerm nal -ef ément s,
parti cul ar IrgeorddresrapsadiibrelD 58 hitteiptpedifisjtathe pssednstanagapd @e}d@ﬂaftce%ms s e felqaidmatt e d

i nstance Ofbec@usgﬁmmput&ﬁalﬁpaﬂ@e pdafe imttaBR. Aesdemiet REehcS @RALEIRI, Yoweief) for Atk OW

i nput gpt ured th 9 %hﬂ a particul ar page instance 830 to be recorded

separ a PR I RPUT Capt ured through other instances of the same page

description. The Apfﬁ@g’e‘rfé?é‘eféﬁantbhéSt?ﬁﬁ§'tem%2b%4t3’rad’émeﬂ%@m?§ﬁt‘4 B EdEAISEdBYPren t he
page SerVerpadlstransonmatliSsiiedt @46, @pH@GHtn Figutd272AGRRYkleAEn: B43dRCHINBAL eldhdnhoimt

being forced (o ace e%pg%e opga £ tgxﬁlogé%@mm% v ;hra%gaf geh gaylqugxm,seu J6 ilssr may

be requesting a rinter wt erent page si'ze, tor
exanpl e. Colspex §‘@|“9t a‘t fﬁ@“b‘? @éﬂﬁé meg 836+reeraphis elgant 850 iprR Rt Aed @RS RSt i on on
the page sasuer\ndad dlip\eBmdnh &1 P @n Ssedciued vided cif dbjecti 888) tab Yudio REE(HERIBSLISIGran

actions on_a. n sts of
a set of f O:ISFS% (t dd S g %{;Ja:g g%r I&r%?slcxg)?‘ggne,nfbﬁg & fgss\%ﬂ?tgﬁgr%mtct 8%6}’,%5 &len
igure

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. ‘
35 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
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15 consists of a set of formatted term nal el enents 835. Each formatted

el ement has a spatial extent or zone 58 on the page. This defines the
active area of input elenments such as hyperlinks and input fields. A
docunent instance 831 corresponds to a formatted docunent 834. It consists
of a set of page instances 830, each ofs which corresponds to a page
description 5 of the formatted docunent. Each page instance 830 describes
a single unique printed netpage 1, and records the page I D 50 of the

net page. A page 20 instance is not part of a docunent instance if ft

r epr esent s savesdpyandfetpzee pintpes of bgporestded ainpiwirls 1| sech pohe Intgineh agpbovinirsigareGe
consists of a setTh@ﬁet;Ia@ereaglmlon eér@melnlrs alsmt &ﬁl&ﬂ%co&@?elatwﬁsﬁhqﬁ|b&ﬂ&fﬂhseis,rb‘éﬁsance
I02|S%/ aﬁ)éles'[e)s?fx%%rs aqp]gcratlo%g '%15 B\ﬁ)h(fap n& ar{cll(iheefprép atut%%rlzcles(\:/arlogs ngtt;vcr)‘rg act1v1rI esdt autHenPca ?’] usg ég telr lolnnk
| D 55 whi cland @tssapeélgwa:prm op thehalh afy entherigated ryeees, in amblcaaonftraé*la@wIiSn%talamrevu@x| sts
for a fgel @laxﬁmmgr}écognbie@aw&s lAs aee&ﬁaerd%ouenpu&pag@@fgb fsbrGer 110 rﬁmmp@gastem

i nst ance. Lastanc 85012 X sta 2D

el errent s sug rmatloxqr?bouttp]@%e descn 1%3 an age ﬁnsFan% g]?lqedﬁt Qg\gﬁw mcludgs an¥ nu(r:n cglog n t 843,
a hyperli nRer@rSe?%@ﬁ‘PﬂdBM,subaet Pﬁpéged‘s%ﬂcésn%ﬁ?ﬁa@&‘&‘e%?f algp maﬁﬁg’é“@é‘i‘%@ﬁ‘“@&ﬁ?%}hd

el ement 84Qage @Staié) ONits kudh &ingipHp€pridibrs seid Sedtpagel ipulirefP @ the Bgbdbphad pafprQerer.Ihy | €

el enent 847 £ Qhlect fg.l Lext.fd ow el ement 848
with an assc c%gé‘}egatg’gmt@?zg&h%‘Egla?)&ewtedeSP fito écmesgon %(ﬁa%rent 849 with an
associ aPed i mage Ae‘f"@f*ﬁéﬁ‘? sg5p 12 %ll"@FeéB‘}’iP"i‘fn‘e‘Péﬁb?ﬁdeBB’é i PRVideh loadstegpding ok d

gr aphi ¢ obp®etervedBia 80D, all@ativh steanec| i p el enent 851 with an associated video
clip object 858, A%pggédangte Jsespm Jn@marﬁlst ﬁé& Whrfelsy @8 ( oowsmﬁdm%gm §|6'0p

obj ect- 859, or a scri | enent an assocl at scrip
as shown i ActPagy TR ‘“toﬁbeﬁé‘g%rk a?i’éet“aﬁé‘?? DFIBAge Ef‘gbsa"é':"lirg}f‘"‘bqj?ﬁfh? f°§FSH°“é‘S%pa&h| chis
used to reesedeany digital ink captured on the page which does not apply

to as ﬁ)g cific i an‘Het %Ia Wltxon sg‘ér lBr]s atsjgxeer %l@I Hobed ﬁtgratftl%dgi’p%t a&phﬁtxdn{lxgaﬁagé) E a

tag map 811 i s associated with each 1brfglf i nstance to t ags_on
page to bePYFEALISHEY F ABPICTRLEIVEHEC b‘ts'ilf“é““ﬁ’éﬁ’é‘°°“"fe“2f “’r’li"lﬁagﬁlﬁ"f‘i§9 é:“he’l\?éerva
I n a pref edssgpedcintbadlimizaiion 2.2 net page network consists of a distributed set

of netpage page @%A@@gesvers!aq,be m@mgear{e@gfnausﬁgmrblﬁ%y%&mamfacnm@;mg@ | D
catiLon servers i on . NPX025-SG

servers 12 lica
S e ve: B PR TR ST MG St e an D e o s TR RO © PES oo s
t he | n2@r nedrver @s bestisgibmied qverRingmberof Bosts. Bwe qrelf ¢fahy dunetopiliyprogitiiddnneegevayersll i s a

server Whi gfy if SERAIAShe rﬁﬁl[:tﬁfidll@@ﬁ)md&$y metn/ue,ea am@rpage sPR San alsmelpﬂ,m@erdshrecuy

200! 0ot 00 BB et RSESR SN SR R e
of aut hent ft&at edTu%%ETSAqEr?Ra!Efm [ catl on transactions. It also provides 5
handvv_r iting r ecogﬁg felp@de pﬁ@ér\ﬁbﬁﬁin afpBan ﬁhsb@ﬁ’ste@e]a%ﬁfthe aetﬂ@fi Qﬁgﬁatﬁ@gﬁs server
10 nai %al ns gecfoy stent, inf descri

i nst an c%ments on demand an v1a su scp%ar?gacghml? nﬁumque ?rm er f 1@ conﬁaa{gf

age network se vers, each
handl i ng atogkinstedee @Fwop@@é nptpyerk aﬁ*t%ﬁle Iﬂsrnﬁfcléeaéy w@@a@errdmnecmnso mai nt ai ns
user input val uegpdOforGadity afaagerid REhaNe Son-vekilOhdndrySHERpAS pﬂl@&@@@ﬁls Rinters

send net pagersmtem[p %%or%ﬁcq“ hE tl atu%e:rtlg1 eco aJD eﬁowelnae S pi? & csox%ru\{etr 'Netpazﬁes fuﬁc?%e
server int SUCh I nput I've to t escCr io

corres pondinﬁgctpyalg ecroswaCAarrﬁémavgbthf Blpgwéfhv diptribpipd sﬁtqa@@a&eé%ve&deum@demmf 51 on
demand30 anghrtenied@s pineasd- bal anci ng of page servers via its ID allocation

thgr?n | QI‘ ne': ga?%heprle pggte grlrxteli'I %e%? veg pu%SCIIﬂQ& ge'%p@geetdogmggtsr tlroli:l)'n et%gge %Hc%n%y §rvers 14( DNS)
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

35  other hand, are typically shared with other subséribers, and so are multicast to all subscribers’ printers and the
appropriate page servers.

The netpage publication server optimizes the segmentation of document content into pointcasts and

multicasts. After receiving the pointcast of a document’s page layouts, the printer knows which multicasts, if

any, to listen to. . -
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net page page ID 50 into the network address of the netpage page server
handl i ng the correspondi ng page instance. 15 A netpage application server
13 is a server which hosts interactive netpage applications. A netpage
publication server 14 is an application server which publishes netpage
docunents to netpage printers. They areis described in detail in Section 2.
Net page servers can be hosted on a variety of network server platforns from
manuf acturers such as |BM Hew ett-Packard, and Sun. Miltiple netpage
servers can run concurrently on a single host and a single 20 seryer can
be distributed ovaee the minirtiesrecgiedihy sempleteBeaaiayeyfs ang opiegsfthat frdincthprsiequmens islbp t y
provi ded bmnmagpaggmﬁagmﬁh&m and in particular the functionality provided
py the 1D server anglng.0g Sn R Slo 00 3L QiR 61 ABEAL LBELY, 11 1 2
net page appliance st pri tdr er wor kstation, or
on a | ocal cnréqupqtexedlpnst EFHE CNETM@ mlpmfrmmmélhﬁ@tl\éeag% @fl@tfﬁﬁ%ﬁﬂ)&@rﬁhlﬁ s an
“appl i ange Waipssh 1S reglstered mnth t he netpage system and prints :
Bre;[ ﬁ?gre ?%ngen;ﬁr € rén ggﬁigcess tcon ists ofe1 tw%u c%%Fregtdps%l e(eg nx’ﬁséeﬁ\%agg‘k&r \}! %t (?egcngﬁ% Qx}gughglﬁle
as the | nt exngesion apdjusiglingyef vﬁgamagebr%wﬁeaﬁelage arﬁ%@t(%’h consighadt onef ¢ GeYe; sredatdi t y
and securi tpsps@d7tum@g it pardl@NTHéQhadxed RinfTEEDRE Yontrdllae ciibtpA @@topl dréttstdis ©iadAt ai NS
no per5|sten u 1S the
B L L L T i AT L o
hel p oﬂOthémﬂﬁﬁtrlbuted net page page servers 10, independently of 30

par ti cul ar net pagefittri b embledlfaLIRNEitPAGSe [ ioptloe ko Hrierieds ueg IBulpsotve black iflet page
document s %rtl%@hrlﬁg RaAe, Tl hﬁmlge%pr? CleXe & She Pk, Aﬁafgb AP EHIBNALe hde limited

distributed In parts: ayouts, and the actual text and i nmage
obj ects mhﬁ@ﬁmm%%ﬁﬁTH¥%mFﬁ%@%éﬁégem§@€§ﬁ§§w8ﬁ“bersonal|zat|on page | ayouts
are typically speciofmatnetpagearifofprinis@erpagds oS bSO pap@rMoraspebiafod eetpegepontert 8ast t o

the subger 'phﬁrom% nmel ;tasc%nsee{g@faéeb@uc@@sogla,w mh%mr;eag@ppé@ravgast orl%&rfac@@ Ljyage
obj ects, on hand, are ically s areg1ﬁ ther su scrlbers

and so are SPHH?rfS ab'é’@i ong dag Aifipe schismE @4 IB@F &g m3p, |f?ft°é‘ih§“’ E’dty‘E"hEhe B3P Shh Vite page
servers. Thiescibes pagetilpg lsdhengathain useio\pant agiptument p@gnes keocdrd) nigntha decomenpdo

docunent cqﬁpﬁnkmhgagnggkm&gg§&?“@&gmdnult|casts After receiving fre t
mul ticasts,

poi ntcast “of a dogu outs,. the printer

P My to I st SHUE 8 honpRb R U gt -l e ARt st o
conpl et2@ pagembaymmmswaﬁdm@bp@@@@ﬂtht define the docunent to be printed,
it can print the J0dQGiHER BhbodihBR ofthd Rip8k plifd tiedcicARS iPhchiePlidaliS sl sagigw,even
pages si nmul t aneous n both sides of the sheet. It contains dupl exed
print engi i€ 5%ﬁ??5ﬁwgﬁélf% “and print engines utilizing MenjetTM

pri nt heads 1380 f dtemj¢ti"Printhepds pose. The printing process consists of two
decoupl ed St ages thé aasagar !;yztaﬁ icgiNoparbite RALEE prd@BCHhAAP Witk A Swidefkke &)@%ﬁaﬂﬁhﬁﬂg and

g:: inti gg st é ﬁﬁnoplgﬂes, gg\% g.}lg:}na I‘g pxegge}ectrlc 1 etpllf;sgrce ect?cﬁ}l;ot %ra W%)aingi ers rﬁ%/evge};,]glozg
controlIer§H®@h§WSWW@¢%@ﬂS%@ﬁﬁﬁr%@é@@@ﬁ§%mﬂmﬁﬁmwé%ﬁ@hﬂmg@WWW@Nwand print

page inages in rg@bg@mﬁqmmgym&mﬁ@mgzed with the operation of the printheads

in the pl‘l nt high quality text printing

. ~ high reliability
30 - low printer cost . .
. low ink cost
. low paper cost
. simple operation *
. nearly silent printing
3% high printing speed
. simultaneous double sided printing
. compact form factor
. low power consumption

No commercially available printing technology has all of these characteristics. .o
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10 engines. Printers not enabled for IR printing have the option to print
tags using | R absorptive black ink, although this restricts tags to

ot herwi se enpty areas of the page. Although such pages have nore limted
functionality than IR-printed pages, they are still classed as netpages. A
normal netpage printer prints netpages gn sheets of paper. Mre specialised
netpage printers may 15 print onto nore specialised surfaces, such.as

gl obes. Each printer supports at |east one surface type, and supports at

| east one tag tiling scheme, and hence tag map, for each surface type. The
tag map 811 whi cho eghbls errrddestiont ¢ erittteasgvithithedershpragiefrticyetheacesertbrblcan dasdhvensd pri nt  a
docunent begg BN teShASIEYS, I réitrRE 1o M@mﬁth'attachmy WRRA™8Q a dFoB-@ﬁ-deInﬁ&i ilae téﬂﬁﬂd]&gy S tags

can be correctl |nter 2. sho he net ass
G agram - r &FY GRS BRI r el APER FrB P aan R R 4 REA DD e
_regi strati digusdf shews alSitlgleprmtltraeelemett P gés MemiAbrpkinthead. i h%ffe@iiae evellpevfmmrmm of
t he net page sish pinfie eleﬁenﬂ@@(ﬁtﬁ foﬁ@gléodﬂdpgﬁagﬁﬁdﬁf dupled finter. 1I'l’ﬁs pﬁﬂ@isﬁn&ﬂan@)ubﬁlrw

\émyts,lse ::ne]; gaegggr{;%%ltalz)!elgolwhﬁack and 1{1f(r%re& ks as wél as Eaﬁer rgan&lJ m alx:l) Pﬁxa? ads The net page

ran ge of - di gital
printing 25 tec Wh@Pf@gfrgé?}mefit ?R?vmprﬁgnafewelrl?mwmpsdwjgér 32 ‘p‘F’é‘?d@‘leeft‘TaVﬁ‘étthﬁkj et,
| aser el eCt;ithl’-hB&ErﬁHﬁﬂé ap infed oA BEII@h ABitSte 3HHQNRIKENoratef OMOBIGER, RAMSHRE fiming,
accept ance, éénvecmmt g i Aable that a netpage pri nter have the fol |l ow ng
characteri af‘ F1 graphic quality color printin uality text
printing hi gh r é\ﬂﬁwabliemqntsy thg printipg,flggest 1P Qe %gﬂtﬂ‘e 3%3@6 P?frée 6‘85‘33 e g9<paper
cost  si nplBandpBnathHe Atidic RAIB0S, Yhe Sik|cndel firfi BOsE hlgver 3t 3D, gla apivé RtubttrPeapard

st mul t aneouge dQURLE Sl Hha bhifob M s RAGEer b ufe LY acnds SRR U gno
consunpti on RO~ Eomrer i aﬁy avail abl e printing technol ogy has a t hese
char act er i shqigkgnlet 3IZNPX025- SG 15 To enabl e to production of print ers with
t hese charact eri Siht &8ve attitéor pra@ $EI08 &pPptharda@it joikeso thepessive eduar Feanvpgdr309Ht

t echnol 133Y s dﬁﬁ $ib rB%ﬁlx bEagxs Ea‘?ks L\@HL}%PJM}E?&Q:@&L&Q%m Mgh ﬁ)taIM 1'1 St h@combmatlon of

dr op- on-dema 0 ncor ora es ew dt h printheads
fabri cat ed eiFg’F“r‘Fg”?r%Q?rH@Pé‘c?‘}dahgg%}/rﬁéﬁ?“E'ﬁYemgf}gcfr AEme e i Pet?finol ogy. Figure
17 shows a si ngl &igoril hishbwsg seblepae nfan 360 otrinting Memgnie 800Mngvdingta lewadectiohliés afet page
wal | printer a a&g%m&aﬁ&m@ @8R 15 ishdwAGitRIERNE NS SeadP holy elidriea3121ELQ0 dpi
pagew dt h dupl ex printer. This printer sinultaneously prints cyan,

magent a, yeqaﬁs?i\ﬁ“’“wﬂé{’cgll‘c°“é€’ﬁ%r3l hfrar ed inks as well as paper conditioner and
ink fiX®ive. TheFigors 19ta), hYb)ehclt@rshovdBrrergtingpple ofe MrmieT™ prittitdelarie3®¥ns | ong by

32 mcrons w de. P%.ure qy(t?) SQ;WS Ehl? ¥ &cent position of the ink meniscus 316 prior to printing an ink droplet.

Ink is retained in the nozzle chamber by surface tension at the ink meniscus 316 and at the fluidic seal 305

formed between the nozzle chamber 304 and the ink channel rim 306.
While printing, the printhead CMOS circuitry distributes data from the print engine controller to
25  the correct printing element, latches the data, and buffers the data to drive the electrodes 318 of the active
actuator beam pair 308. This causes an electrical current to pass through the beam pair 308 for about one
microsecond, resulting in Joule heating. The temperature increase resulting from Joule heating causes the
beam pair 308 0 expand. As the passive actuator beam pair 309 is not heated, it does not expand, resulting in
a stress difference between the two beam pairs. This stress difference is partially resolved by the cantilevered
"30  end of the electrothermal bend actuator 320 bending towards the substrate 301. The lever arm 307 transmits
this“movement to the nozzle chamber 304. The nozzle chamber 304 moves about two microns to the position
shown in Figure 19(b). This increases the ink pressure, forcing ink 321 out of the nozzle 302, and causing the
ink meniscus 316 to bulge. The nozzle rim 303 prevents the ink meniscus 316 from spreading across the
surface of the nozzle chamber 304. '
35 As the temperature of the beam pairs 308 and 309 equalizes, the actuator 320 returns to its original
position. This aids in the break-off of the ink droplet 317 from the ink 321 in the nozzle chamber, as shown in
Figure 19(c). The nozzle chamber is refilled by the action of the surface tension at the meniscus 316.
Figure 20 shows a segment of a printhead 350. In a netpage printer, the length of the printhead is
the full width of the paper (typically 210 mm) in the direction351. The segment shoWn is 0.4 mm long (about
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printing elements are forned on a silicon substrate 301 that

i ncorporates, CMOS | ogic, data transfer, timng, and drive circuits (not
shown). 10 Major elenments of the printing elenent 300 are the nozzle 302,
the nozzle rim 303, the nozzle chanber 304, the fluidic seal 305, the ink
channel rim 306, the | ever arm 307, thej@active actuator beam pair 308, the
passi ve 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 nmechanically joined to the passive actuator beampair 309 at; 15 the
j oi n 319. Bw%hofheanmetqminthadiaWeenanahartiscdapt istnfveddpast the fied printeadain thh directpoi Nt s
310 and 311352 -E-Iﬂg rﬁ@l%'hﬂ%trb\@rbf Qferdlgﬁdte@rﬁﬁﬂfx@elé%ts B@OLthH%llme%g-l;rs ox@ﬂygs B4R form
a cantil evere? ? bend actuator 320. Figure 18 shows a snall.
part of an 4P %i\‘} %V‘eﬁ ng el enents 300, including a cross section 315 of
a printing el enerifo B@® thT lffegile poie @el@tnrlotheagﬁgin'g Spsdtiown npfzieregud wiferl330 fiso

cl ear |y sshopachdago lh@lfrmkh@eld%&bst?&ge%oi ateachR85£E82 ihdh ngm-regphﬂug |m|)z|zl@ eRrdweit 841 301.
20 Fi gures g?%ﬁ)whlgtbtgé 1an fl_roprllets are tig% TS prgvgntttheerto%z%egqx a& Loﬁ]eg 3§;nyC omebeco ; bll})/g(rg et T™M

printing el Ur & Ul escent  posi Phe i nk
meni scus 31m@pepfitiersior Qtigr mlsnﬁlten’g ainin pqnmkd thkeegh Ithe gir mlels Ak andsout @ftﬂam??élel gqalﬁ helﬁe

nozzl e chardagf, phrymg,s @6 fraCR ik 8NSHoRARryab, thel6zzle RlardTERIIGGHE R Enandaat t he
fluidic sea,J 305 The {’redelpetween t he nozzl e chanber 304 and the ink channel
rim306. Wide pri AT g e printhead CMOS circuitry distributes data from
the pri®¥ engine %BPPEIYeGFqS%&det“EF of hg nqtitgee sEeAmY i pically ¢ pep | Hogwhihaisiagits embedded hes

t he data, a;exdrohuﬂf1§4ers3b1& la&a;ﬁtaet #hd UQodd MR p&itbh RgsetoRCl paged@San Jldge hsol e iagti ve

actuat or beam pair f’égtgté devitk provﬁéésﬁt% a%QEIQ&Cp?&g I%xlte?%l e]?r}ﬁ{ geﬁmg aE § l)p{f‘é%r 1%&@? ough

t he beam paensorébés or about ond, eati ng.
The t enper atalcssthsntsydesgdhsd F‘é@{fldfti“%“’%rﬂt?rﬁsﬁé‘u% %leFPesﬁtS? WQ“ aa%w cpripst withham pai r
308 to expamime AR thelpen iPased WlseaRt il abdficideamopainre BHth Hasdwitdg (keat@dpi ot does
not exp@and, a. I e irs.

p|85 rea xfsawi EdO@Q o} Qster) Inﬁ)‘n’iag% rid b th%@%u Q’l@t}’%&%ﬂd &nheﬁ: g‘\’/é{g?sﬁe?lgz?d%%‘

Thi s stress erence IS res % e cantl end of
t he el ect r S¥iAE FrefesesEHY: éIEtPﬂ“a‘frd’F b%?ﬁatﬁ’éﬁmn% Sdreddthrrieecsa s tknate P81, The
| ever arm 30wt ansnmits this novenent to the nozzl e chanmber 304. The

nozzl e chamber 304, MDYRS ARGHE bR d!?p{gﬁ%ﬁ%pér&estb&ﬁas%%Mﬂ rgag(mg%rm%m]anﬁﬁ Fi gure
19(b). This increases the ink pressure, forcin t he nozzle _

302, and cdd$% P#kre e TR RE RSt JevoiFes §o nerege” “’?I”I‘f'@’éhed‘B‘fazgla ?StF”i‘ #ha8rysing
prevent2d t hgstemndachme whes ¢ is31sed dGenfimapmy istprfaeaach get;agﬁrp@sns regikt@ed vEt ik ad@geafstetnhe

nozzl e ch arm@l{as g’\Ql‘hue [;'515 IDAé }txé.ﬁ?e 2% W%@ﬁe%gg% anfclaEsbl%ngﬁ %ﬂe@iﬁé ;{e§ reﬁ@@ 1n§%tl(§\o 9

equal i zes, the actuator 320 returns to its original position. This aids in

the break- P egfd WASEFHREOGrUH! et P ISP BHCFhe i nk 321 in the nozzle
chanber, as showWhen eithBi ghuisen téhfact)with Bhvetprgeziré eenclaEmmivey itd wsiti@fand brizgaty t he

actio nt of f thgivS i 5. ThERS s ARl ol M6icd TBRbSHH %e 18 on fL &Y rsemezgete%haaeﬁe Bl
segnent, 0

I n a_netp; t he, | f the
o e n@aa. R R P 751 PR T e AP Sy e
di r ect i on35dickeTHe pssgarpith thatqorip it @deftogeqnent, baprigfortretion from a MPWERButB@diGthe 0. 2%

of a conpl g§& ipcrammeaa))mnumeame Ebraha\t k2 Ghe f&mna&&p&fa SIi;@mma/&derma@t the fixed

pr inthead in the ’I%%raegcdtetemmﬁs[ t%n Bosttlﬂn and orlentath n (?fdlts n% cin theensetp Cﬁe%?, nr& I?glltng Elg!%l : ;gt gs

printing el ements i XEoPof s oF
t he ink i nlisftard $e@rum, By angg (9 eCthe tagran th digjhifyeof theypip. é@éwéffs theesrepirtderaedreneitesiur i ng

oper at i3on, @ PPR%HE l()ﬁheghlarélﬁltxv\ﬂ\/ﬁ)f R tagXdh tﬁe%bseﬁzecﬁﬁet*s@&m disofiodt (Hheinkgtd EAE the

?]gPZt ggae :?(go]\?vn g'e::ometry (?fCEQ anOOZ %cs Al%ough Ehe pos%on reso?ixtlonogf I;hee%%?ng)q Lenlgw rt';?c%uzs!a t?le uard

density on the page is inversely proportional to the tag size, the adjusted position resolution is quite high,
exceeding the minimum resolution required for accurate handwriting recognition.
Pen actions relative to a netpage are captured as a series of strokes. A stroke consists of a sequence
35  of time-stamped pen positions on the page, initiated by a pen-down event and completed by the sﬁbsequent
pen-up event. A stroke is also tagged with the page ID 50 of the netpage whenever the page ID changes,
which, under normal circumstances, is at the commencement of the stroke.
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
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t hrough which the ink droplets are fired. To prevent the nozzle guard hol es
331 frombecom ng bl ocked by paper fibers or other debris, filtered air is
punped t hrough the air inlets 332 and out of the nozzle guard holes during
printing. To prevent ink 321 fromdrying, the nozzle guard is sealed.while
the printer is idle. 1.6 The Netpage Petyy 10 The active sensing device of

t he netpage systemis typically a pen 101, which, using its enbedded
controller 134, is able to capture and decode IR position tags froma page
via an image. sensor. The image sensor is a solid-state device provided

W th an appepprihaturerft isdldcgon desoriboes |ien of @ nage fagfarat: lteprsiyts pfelzpmopt mfcen digiggl ink

wavel engt h s;.trok@@aptdr@@t‘ﬁfohéﬂ% pérﬂelé’fﬂé’ 13} t}Q eic@réun@ﬁéaQWhe fabern ﬁ)’rﬁet'ﬁerf@d iren ali®tidn0 Sense
when the nib is in cont en is able to sense

tags at a g;ﬁ:]e ?raelngeﬁi)nc? 15&3 éu&nin (t)teJ t%‘arxtaﬁ;%qléatlﬁn via aselﬁc’tlon \xﬁerlinpactl\g e at 20 0 dpl or
15 greater and 1@&hisn hoya dpent By 924 Thisfsairerritldsiontifed pi fhﬂrl%ltolﬁ‘ysytstﬁé Imaqrajegt
encrypt 6d M RlpRs SénydedchiRA sma, mdr thOmdrie bldoK inAhi@br thon-Miagieg Gllataibafn) , t he
printer or bagteEa%}gl_ﬁ‘gnla sn | gtc§r¥ ri'e982t5 hﬁ s 1%9{1 \ﬁnstls-'le la t%%pc?a%a wEtlp thg S b% |§1{'IOWI’])

page st ruét’ Férre nBodi nen pen operates both
as a nor nalpplestids pig i fﬁ‘mof}ﬁ@ﬁ tharmr ﬁ?“ﬂg 2 pRofY P RAI9HE T§? faPJEmb spfds harik iy
aspect, housyRked witiSthd\QirenfiRls SE&acYprfraithrelSh NGn irb BeAEBiPAG LurBY Sib Gk Aghedthe

br owsi ng %t(r)okes){are sueD épfent&’l Cfro%§ce¥:’ﬂn@yaré rE r&dﬁce&li%%hq ni%%tyl@dxtl-! 8‘&0 {hgfea&e tiggegier face. Each

net page pen 1S page s%/1 as_a unique pen ID
61. Fidlre 23 sh neyqs éhe et i AR Fregs @laa‘%@rc}v g‘ﬂiamt Ci""e‘%"’lmé‘é‘tci“ﬁghep?é%s‘?@f at ed

i nf or mat i Ofashé¥Bds MnBieNEED. [Wihertthd @24 Fafid tb écbddra sBaE xelfive lalthamaget inBonretrpagevaret wor K.
Wen eit herlts thr” L§D 'vﬂme&‘ﬂé‘ﬁeﬁ ceg\dstlrrhe%dlﬁg%]mg%lantlggthpgz@e,Q%Toﬁgnm?@éivdtés%s

posi t.i on and,orlentatlon ative to e page he nib is attached to a
force sensot< LERAd t he force on the nib is interpreted relative to a 25

t hreshol d t o i ndisacajuencebdapraed ftdaies |tseeferres td' as pligitad fink” Dligiwhihk fornii te tadid fombe a

i nt er agki Vglgﬁ%h QB 8P d,favbﬁgspﬁg%aéd%&g fof lomfakeééognmn Y RS&AS, Wd Br biige Pen
nib, in or to request, say, information froma network. Furthernore, the
force is cé(?.’ftﬁﬁ*}“é‘h"félgna%lre%ontl nuous value to allow, say, the full dynanmics of
a signature to behuenishirdes andesmiedigii tng foriemepagt ratepirsishartamgandp lokiTent at | on

of its ni btr%mﬁt&edlmtlﬂaig&cpﬁed tHHQ*vJ&Q and's&uxtltlf'%d phdﬁgtirz@rfﬁdffs,lg@ﬁ&ngdﬂmon i iar ea
193 of the age in the vicinit t he nib, codes the nearest tag and

" conput es a?ﬂésh?ﬁitﬁ'gia{”i“(ﬂhe"&ft “’teﬁsé*reﬁfnﬁly Paé?“&% i“\}’é prt’%ert he tag fromthe observed -
per spe@li ve di st dvken theapans ¢uhef-ringmefechrintagt bufiers tikial kkh@vmerg!émﬂ@tys yhighfhag he pen
optics. A thoug bfoween RASIS drOfhifBSAkddliBE Wifen 1 fen §sA6ce AR vRBIn TAWof pBEAUSE t he

tag density o nversely proportional to the tag size, the
adj ust ed pb‘ér?rtsf]‘iﬁﬁ“yﬁ’é‘gebegg‘tg'itagﬁa‘| s quite high, exceeding the m ni mum

resol uti on requi Bedn fapbe mgigurdatite aryaprober ¢ftpiinieys, pub baseyer atl stendataPesidesdreipages
relative t@otﬁlor{]ﬁﬁ@@@%na{e%et@@pﬁﬂf RBidelABunte SR Whi@Sprigtkr a&?éxi' 10 k@SuniAtistwil k@iny

consi s%g of a se %ence 35 of tinme-stanped pen positions on the page,

initi atdd BY'HHEN- down event and conpl eted by the subsequent pen-up
event. A stroke iAsreirsdenbedimratif f paw itdatsritsd ferep® 450! ipfecioné briet pigeatienever
t he page IQ;@@@QQ@SO whi ch, under nornal circunstances, is at the
conmmencenent, of ?m?%l pé[g&mlﬁach net page pen has a current selection 826
associated With it oW the user to performcopy and paste operations
etc. The. selecti aheqe@aaepmt?(am@ws%arsﬂptlnéwatsmce&%P&l@m‘ 106 vindheapnds ysd taf ter a
defi nedot i MRracNANQ2RHHE 117he cpRE U3 oftheta@urris Rad bysid RE vhealk id@sChickese a -

r egl on of a ageegn% %cglsats %thﬁgﬁ ’ljhé da?la aﬁ'l% &1? 1d9nft1{y g?ﬁhggﬁcqjla{ggg ea'H& gc!cgt!eé @1 elfa!:tﬂ%fl

stroke capfn "ati ve ound area o
page. |t i slehest erbp F‘@%“é'ﬁeq apd @an‘h“ﬁbqnl of 2 Fedtive rRePERNE Pfdher?ﬁh’i’i‘éﬁ“’e ribsepapg tojbg
submi tted tRaia. PP plichiad da@fs tdthanitkd BahgeihkroRheR)ieovéska tRAINSY @it paaAID 50 of

the stroke into the network address of the netpage page server 10 which maintains the corresponding page
35 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. . -
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Each pen has a current nib 824. This is the nib last notified by the pen to
the system In the case of 5 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 |ast
associated wth the pen by an applicatiign, e.g. in response to the user
selecting a color froma palette. The default nib style is the nib style
associated with the current nib. Strokes captured through a pen are tagged
with the current nib style. Wien the strokes are subsequently repreduced,
they are reproducWbenitire pedveerver kpeabveythestrplietfiomwhiperhit tehriayes the pegt degrgipsibn tolvhich
Wienever t hge sﬂ'@l@ aﬁp‘ﬁesV\d.nEi beitéﬂmlfléi Q/gx@h éﬂef‘ne@ oiﬂlﬁei pEEe @é’scriﬁﬁ-lgntﬁlem&nteris&ts G then able to
connunlcate ne" LED. Wen the pen fails
to decode & %? frentarily activates its
"error" LED. WhenAtHik]p em %@c@@@sﬁhq ﬁst@@c@él itipg) begwasn jthgkpen devingofition andthe he
page, i t5 NMOgIBBud bdnmp g&-tubﬁ/a; Bt lbsk fhan sochksmaﬂl—EQ&muA &ew,kem@h Qfaciapiyberd

strokes is referred S t for the
15 di gl t al tépXC re%uéreso ch r’g%‘eg tlga?ed and ﬁccorcp V%g’f % %n er str]pke 1s 16 eldn{'e]-ne rfaglér% (fl)]fl?l a pen on of

handwr i t i nepcticarrtichfagg “sigpay diek to\mrsielfw inHieeiedy ﬂ@ﬁaclsﬁgqﬁ@ma frengthe pep'e “gseED: s
wireless and tranmeeta vkl Gids af injuldfentes th A @etfed RRGRschtiom hrlivs anddoriiRIEd. -  ange

radi o 1 k., TG, b1, @05 B b 9Lt bal il 5 EBGEART B! OF Pri vacy and

security an Ket'ized tor efficient transm ssiom, is always flushed
on a pentup'e ent“StPS"'éh%ure timely handling in the pr| nt er. 20 When the pen
i's out-of-range of h@erikiisd dansiot sekiit b BESagélib @ etnatt agpdétionand hific@Nyeadits ARRA Y ,

whi ch has A6L LYo 0f er ten mnutes of continuous handwiting. Wen

t he pen |saresﬁ&§eqe/g Lr{’a‘&s)fsﬁ?ﬂn range of a printer it transfers any buffered
digital ink. Ap hyéﬁhnkt‘?@mf'ré614§‘Eeé‘ff’éﬁhﬁ/ﬁpﬁlﬁa“arh§) W?tfhb"éi”esdft‘"ﬁ‘f’i‘ ptthshyperlipy ¢
because al |lingtmasdewitta idntifieshadggerlind onetfsicges, anlatahre@iedd apeihicRass Bl kyddiao

net wor k15 | tindh e éh@&sg%layph%m E‘sﬁb@% ?‘é@hﬁ%hrﬂ n%&!%z%‘& afd ara%glphﬁ AR Gk 10O W' L h

at any 25 particu pen 1's describ
in greater }PJ@E‘%HF fs rfcﬁrd%ﬁlfﬂﬁ”%"rl?é?eﬂwn t%l“tseﬁsP‘é‘?rérTé?\P:yée”"’ﬂ‘dlefi‘f“gﬂ?ség‘a%amt‘6 10
1.7 NETPAGEhdWNTERACPPON The netpage printer 601 receives data relating to a

stroke fromthe p@ﬁbnl@QpeMﬁ&&c&J&éd E}@Bagle &rde’;%%qsat@ques?@ ah %1%&%9&0111%%@ oé‘ttht page
1. The coded data 3 of IS read en it I s used t

execute a r‘r‘?‘ﬁ’%r@‘ﬁ?"phcﬁf’&‘f ‘ﬁgm‘gd Bep 812@"“"*?’%6%’&? Qe %DP1P°6% 1} iy gsofverEip o ’E‘S’F“abf t he
parti cllar vpage teleNagsaciathed bt hpetitkveeneal ppelks 36, be igetiekniaedd and an

i ndi cation Qfubd¥gpdigkdsh Vi sﬂm it HiQRI1300 Bherdi myepermmaﬁ @Jp@mn\/@m&gsﬂfﬁ% ipage to
be obtained. The indicatin alstran where it

Cesolvee. | VPUTTR: BGTPRELATREFTS §0SGr- AR MEEP YRR gk
addr ess of thepeplinaivp Ageleqergerslak wbmits1il cwipnicHectiw tn tha kpnkcationdf bomurresgieidn ng

page 35 i nsbadGe sBdQwork Tpleaene{extt ﬂa@a&met fBe ;pma@& rn%@mﬂ‘nfa s&giéepageacgaméﬁ evgs - | f
mmy 5l Poady R T RSB i drBane bt S s TR veSelkRt. Each
net page cdwesiligk %peoc‘nChaa%#ébbc‘whafp@fg@aﬂoayé}lhmmrﬁi? the wplivetignper si stently by a

net page page ser vigg co(»rss@@ldiaghygmnk inbtRe mgaeordslaaryrﬁutlonrlﬁfsﬁmschfc& b@k{k&&h&m@ uch as
| mages, f Ont 2 agxge ﬁg’l he&ﬂ/ge;[rlg% hn%tancy %‘ e(::irés1 'llh¥ trsngagtl;on can 1 useer spec1 1C g‘ ea tg] et page

rret tix(epstrcr;](é |m t e co ex;[ 05 thf: H%e o% tge relsvant elnrlgr%n

networ k. - Server recei ves romthe
pen, it r etthej aeR}lé%lOlt, e)@g}gleadség)@pg m‘q efrpending pundhesks mamtamed by a purchasmg apphcatxon
30  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.

35 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 assdciated with the
group is activated. A hyperlinked group can be used to associate hyperlink behavior with a field such as a
checkbox. It can also be used, in conjunction with the “submit delta” attribute of a form hyperlink, to provide

continuous input to an application. It can therefore be used tosupport a “blackboard” interaction model, i.e.
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t he stroke applies, and determ nes which el enent of the page description
the stroke intersects. It is then able to interpret the stroke in the
context of the type of the relevant element. A "click"” is a stroke where
the distance and tine between the pen down position and the 5 subsequent
pen up position are both | ess than sonmesgnmal |l maxi nrum An object which is
activated by a click typically requires a click to be activated, anrd
accordingly, a longer stroke is ignored. The failure of a pen action, such
as a "sloppy click, to register is indicated by the | ack of responge from
the pen's Mk:l’eulpali)cam@raedtmréoriwedlémdsﬁsmccvrﬁput el enents in a netpage page
descriptionizhyperdringks and formfields. Input through a formfield can

2‘\' ﬁ;ptelt:: Igﬁﬁrl tshg /?rgotérh \c{e%%%sg@ollo%mna cQ" re??eg mgut "flek?s u,EeQ¥dD turealielatec;' set (1jf4n8ut ]'thrlé!}l g;l_lld'nks
typi cal | y etrinfl petpage. Higrpplogs arlserstpe}ﬁ@éorieﬁr m%parﬁélﬁtﬁa@ean ggpé%a@qﬂsowaﬁywérﬁmi nk

el enent 5344mjlrﬁj@|aﬁi§‘eivas the application 71 which handl es activation of the
hyperl ink, a e% fo nﬁ 7415%0(%% elerg%tn&h r!t%és dotcgn%ntm{epagghlignhnr&a%lyt hxﬁalrﬁgpsletl o(fatl on,

an "alias requir ks the syst e user's
appl i cat i ontcainefldpngts 39 Ay ‘“Pf?’ﬁ%sr(’F fePfRsefé%atH”vtﬁi‘Pséi’ﬁce o5Harmalt ERBELTOf Pt Bn
which is usel wikaces TS’VIEwlhghpcﬁfréspdﬂdK tol tBe filRCOnERL 84 Sof anef fAAnOEdch Eeld instafdPBAr8 | N
Lhe user’s Qslor e H1SwREASE dlzpra@ s 6l ﬁﬂ@&tofﬁ,L @éf%spgrldag @k, BAP W dalle F1 QLT €

29. Wen a hyper |s act vate server Se eque
appl i catd oﬂe@ﬁiﬁﬁ‘aﬁéﬁf‘égwa{“ﬁéa’ Prﬁ@ém wstamrehee &f?ﬁ&fﬁoe%ﬁrunm pfﬂged.n&éaﬁﬁ ?fieéoan by an
appl i cat i onclds{idgdm issmdntidrguappl i cation IDis resolved in the normal 20 way

via the DNS. Therg agg, i, amastays&%gﬁuh&ylpa%eg JHSSer 1R RRE EsBLav D KPRE, Isabmséd 863,
form hyperlinks 865, and selection h rlinks 864, as shown in Figuré 30

general hy P oF FRIrE: a”hf"i"h‘f)?CBY‘?éﬁ‘E“ st prig Ené‘sf?“nﬁ’iff’meé TPTeRRAEH" s H@eh fritTe becggpes may'
si npl y si gnabmigedpnce bero€iscepntissiorchyseeinksdis. beeA adtivatady unlgg dr hyparkinkdeii‘uignit dalg”

cor r espgndi aagbuteos@mtf&m buaﬁesamuhg@w Q8- mv&em&ﬁorno raesam@ lo !iuBiﬁ:at@ Whanies the
current selection to IPFB‘F ation. cur rent sel ont al ns a

si ngl e- wor dprREet G et"%‘Kf’f w “’%e)%lé\erf‘ﬁff‘@as b'feﬂ é““éep%?efdéﬁlf fogh® Wiﬁe‘ﬂg‘ftﬂ’l"‘
si ngl e- pagehdoauisetite, @nmnmg is2Bowed énpywtiraizisa fowawhiqhds nef dctivers ibstped qammcbxthel n
which it apRadfosd ﬁ% 838 a;frtmaévar& bRB inktiht© wherthd &1 1§ Biivd &}rﬁgi-éﬁl%n sﬁﬁmon s

hyperlink t elscarac |nformat on .is. s
DFT cart orib SERRdb R £ He A PR AL B YR e S e F b act i on
| D 55 vddl crfomntump%tpem fic to the page i nstance on which the hyperlink

i nstance appears. Eamen; laﬁns%ascssjoaaedl(@sgamh hridl @3k iin@t}{ncéﬁi&[vecﬁfﬂﬁﬁi fhhscprmtngat 0
f,rglen?gp:,]:aga\%}sgg l’ustor%-J I':l“ 1%%;1%% allgﬁtgixe lzﬁesovggi é fa'rrliltna Or{l ?t&e;pgrﬁﬁg)%a gx(gl??eg?rﬂné
system i nclfuelae@ the pen's current sel ectl on 826 in a selection hyperlink
activation. The sAAs,h@ms cdphaeh bu:tﬁag&altidnamg;@mlmt cdfistd 01 @ sed 513 estarip @k Edips

: P:t agu - ttgé ee'rlc{l oﬁ wlg{h{nclgl?rg%t? efr a s tolf st}%ed s}r 2!79 I?‘:%lCh s!rékggolfll %s Affa se ?thmegé/nggg ! Imnl;srg?]
is incl uded)oslﬂqqeg7§y@ffeqf1wb|°helleﬂ@@esaﬁqn @felﬁtém P‘W‘é"brfé{% rThe ﬁatahmlf tasafliperamyiper | i nk
acti vat i onSshowdn Fgubtysper | i nked g_roup 866 is a group el enent 838 which has an
associ at ed hyper lé Eléd elg‘merég!lg c n llnena chec gd gﬁ meﬁld! 5{'}9[{[ dr%n%weé 8T7$‘|I’ O%Igh any

field elenment in fp associ at'ed w group is
activat ed. sE#YHEHY ?Sﬁk&ﬂ 'QIFGlﬁﬁe“&’é?’fs E)‘?agrﬁﬁ’s‘ééfm%mié%‘t?#a@é df?j}ﬁéﬂklcilﬂﬁ%edb’éhaw or
with a3o eltdld&u&hSﬂSasagneadaﬂﬁlﬁbmx It can also be used, in conjunction with
the "submt delt %ch@ék{x{x f@l“’lg ax?;sso@i tgdoor ggapyeﬂg%ill a@%h WB% P@Jug\ék Q\%y m&Q%ttilﬂpEOUS
i nput to an application. t her e used to sup boar d"
i nteracti Orf:rq%agqoke, ilﬁlbmgzaq;\mgur@@acheckbox field’s zone causes a true va ue to be assigned to the

field’s value.

A text field has an associated text value 882, as shown in Figure 36. Any digital ink captured in a

35 text field’s zone is automatically converted to text via online handwriting recognition, and the text is assigned
to the field’s value. Online handwriting recognition is well-understood (see, for example, Tappert, C., C.Y.

Suen and T. Wakahara, “The State of the Art in On-Line Handwriting Recognition”, IEEE Transactions on
Pattern Analysis and Machine Intelligence, Vol.12, No.8, August 1990, the contents of which are herein

incorporated by cross-reference). . -
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19 where input is captured and therefore shared as soon as it occurs.
1.7.2 Forns A formdefines a collection of related input fields used to
capture a related set of inputs through a printed netpage. A formallows a
user to submt one or nore paraneters to an application software program 5
running on a server. Aform867 is a graup element 838 in the docunent
hierarchy. It ultimately contains a set of termnal field el enents.839. A
forminstance 868 represents a printed instance of a form It consists of a
set of field instances 870 which correspond to the field el ements $45 of
the, form Each fpéeEwtuedisld hrserasipaistedigitelpignised vapeth3szaphgen B Figure jhdgedigivppe
depends on tkewplugpi a Gifnaiifd @iclCOFRES p@iaicay vérified withedspRathe idknag b thd Rhé ottid ue 10

recor ds inp 551 %&mg&up@o&r{qa&@L@Bf&@mﬁ% Ofm@ B M{g%%mh af gbed%%geh one

or nore pr| orm class diagram own In ure 32.
Each formi ﬁ%‘{ arfte Thasieipl ggraigds groasdipiphthe praieeat 8dvaipitisnaiey key ﬁ@“ ol s
~active, % r ozphtatios Uinith tovedthe far@i OnldE sigaapirer @lficaonf i© rwdll-inSleraoddi (W, Wh @Ramble St
printed. A ﬁl%mégere ONRS Lsr&fszgﬁ&om@ %EAa&re'v%mﬁstgngg Wifibr i@&ﬂgﬁh&wﬂ%m EHK%”‘ tted

once one of 1ts subm ssion ¥$ has been activate unl ess
hyper | i nk ha%™ FaremReeagpfion Yo d‘“’ 2159835ttf‘er PR OlsRch % IRBPREBHEY ¢oFd when
t he user inextkss).a void form reset formor duplicate formpage command. A

form expires \AhenAn«Q@elznaemsm@n & 8 Mahas.He8Ns AEhl hvo@enq%ﬁ%@a&t EJagenot RS
spemflﬁgllfetlrre VWi | e formis active, d. I nput

fo owed.
t hrough'a f BPW%?”c?Wa%eéndrf‘BTS “&&E‘FR} &Pyt o, Eatv%%i‘d‘ss&}%abetd 6‘?’8 ETP ‘ier\”hi”‘hié ‘“°'Bda¢8 Kdtound
field 833 oformt he whelteveantonpagetht irdtianpettedhen the formis active or frozen,
form subni ssi on i Gk koW, Hhks ileRFREnst 1@1c§tkl?mlétlo@c;nqrsmm DG hRrmis
not active ﬁr frozen is rejected, and instead elicits an orm st at us
report. Eac F'¥orminstance is associ at ed (at 59) with any form i nst ances
derived fromit, Bduays tigrhendiviting ggeegnitionatzgritiomwirkss'ordine) (i.eTihgicaads keoiwsdymimics Bfut t he

| atest 1mer S‘Jhé)lﬂm %veaent)qatmr ki a,.fﬂmar@& Gath @Eesstdnryreo m&nhp&pannah& §XCdabiflEnifer OM @
search. All captured §73 consi sts of a

set of ti ITES rP (}J scratlelz-wrm charact(%rs w1t relétg/elég’&h accuracyh w1t?ou%vwb%q%p8?ﬁi§rit ?1gm%ﬁhas§ set
of styled st Vvotkrékpesdm.mf)@é@ﬂhar@wt@ke agieyrptidakhit agnepsfed pvestinte, kofveves, and sanderpradatgden
posi tions 8wonie@eddss®y, Whi ch al so i ncI udes pen ori entation and nib force.
The digital ink cla a ' L. Fig | ement 845
can be a chec|<t)o§][5‘i%“%§1“EI aég"f ‘gl““ °t°“sf5ts °F8“§‘F§ oSy ri%tsvaW S“f"‘e ot %g‘?ﬁs "8 a
si gnat A& fRaélF‘dafslwnWFﬁlélﬁfﬁp@PQfd @|t@mﬁmé|d§§%mﬁ$tra@r smdylf@r indneseAion Anyigsr e 34,
Any di gi t al not 4plen€ea plabl 613@:’s digitdl ink &f3arh is @fpehdad t&ﬂiﬂﬁcl@&udd&iel&’s sikignesutdn. t he fiel d.
A checkbox field n i.at e n. 881. .as_sho in Fiqure
35. Any mark (a IK'@EI ifi caﬁ§r§cp' & th%‘toacggsé%gtp {\(e?aais m}{:&rer?as ) sel’ecn&n gest¥re Vé?rc%ms% {ﬂo:_%e din
a checkbox qu@loelmgre M‘éw@aﬁrgl&gntaprﬁ?m $PigFtise of tes Cts@lmafsléngww ligoughde acfuple| d' s
val ue. A taXtErprelht&)hda;k})ﬁ&txcalﬁpeaﬁSOCI ated text value 882, as shown in Figure
36. Anypgligi tal e S ARG RSelVafbus PinkSitbns Wil thipfgezOne 1S automatically
converted to text via online handwiting recognltlon and the text is
assigned to the field s value. Online handwiting recognition is

wel | -unders’tamad! (S&amaryfaﬂpeuemmirqbltuensmapq)mpagec C.Y. Suen and T. Wakahar a,

"The State éb‘{" 72\ LT 1 Sn= LIPIéE I‘WIUV +t1-1¢ r\c\,\#éti.r;i ort——+ER
Transacti ors o Pattern Apal ysis Pand Machine Int&lllgence, Voll. 12, No. 8§,
August 199¢Hyretik cdfment s @¥ickahi ch ar e SHspikdction to application .
' : i _[Form . [Click . |Submit form to application
Selection Click Submit selection to application
Form field |[Checkbox [Any mark Assign true to field
Text Handwriting Convert digital ink to text; assign text to
field
Drawing Digital ink Assign digital ink to field
Signature  [Signature Verify digital ink signature; generate
digital signature of form; assign digital
'signature to field
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i ncorporated by cross-reference). NPX025-SG 20 A signature field has an
.associ ated digital signature value 883, as shown in Figure 37. Any digital
ink captured in a signature field s zone is automatically verified with
respect to the identity of the owner of the pen, and a digital signature
of the content of the formof which the2ffield is part is generated and
assigned to the field s value. The digital signature is generated using
the pen user's private signature key specific tothe 5 - application which
owns the faorm (nline signature verification is well-understoad (see f or
exanpl e, PloAfrondof, R an[Fresmspiiien t efssigngiolating tacuseriaslediP Vdrification
and Witer Tdentitfication - The State of the Art", Pattern Recognition,
Vol . 22, No.2, 19 r Cross-
ot erence) A 11 el Srenanih Sk indleil Gl 16 Sliloh DEELARLT A RGP 00
hi dden fi elrdenerekfertreiga de frskereyad feldy fhe S?d@“?rwbelfafezaﬁré WY B Age R aeees not
accept i npuytedicthie betaviohave an associ ated field value which is included in

the f OE‘-)m dat a V\h‘ﬁ\@ra&' E‘i ltalc 191{ (!H)tGchnlB @Je@' ﬁ@ﬂ rgﬁneﬁ ‘or?llhgnekp§ge§>!ig3 mr\T'eI' ﬁg 10 tﬁ%l& I ng"
commands, such as stri rou%ﬁs i nd |ca ing deletion, can also B

recogni zed PR AP “Flfgind*%ta whEA U (B iy %@“‘W&ﬁ?ﬂ\?ﬁ PepleRpny Bis g o “ietﬁPP“&ﬁ“Ejb‘P ithm
wor ks "onl nmbga(eltheeaw digitblinkalpold $susbaat thereigida) nawarsiys, sgdh as thécohleasiop efhamderenent ) |

rather t ha@ex @ﬁl; éah r}@r zfnlp}eanvo}% Bxﬂxaﬁlﬁlﬁz%ﬁlorpﬂ |t}¥ a%]ﬁca@orﬁwempfoms V\mfc‘lnfamngnh ngs)
it can recogni ze run-on etely-written characters with rel atively high

>
accuracy, \RPF’E‘??B?E‘ESpeé‘fW‘i“f‘ ef‘cycfg EntbRe gt \ity Bp edackerandprt op. ?T@ﬁaé‘r]i’aent
model G0 hdaedvatddtas mdrawige Belit Emaapplt;ahh yangen decait.ed tewbesis df ithreresdnaved digita] inknd can

be gener at %as,deuﬂ;e ekdii@Eerds Ef tﬁaefs@,st%aguxé,me@brmts @ﬁumhm&erataﬁ orfthd a0 iR ser
consi.sts of starts Ina 20

particul ar "8 P‘Fé’h “at§dcaé“5’hd§‘em“°§ Flgﬁéi@g%f “tstdﬁgfteho\é\ewél‘é%nt s digital ink stream
ready for interpFitradshoms aAWh%ttOIf kerocessof hagdtipeaqeliopht tebtivate aolofpae (Thepredesgi t al
ink str eamcbn&stﬁ&p@ﬂd@gdattzl@@tahﬁokbﬁ&lﬁ915 edaNdenfidymE @lt &sﬂhegﬁagaxhstan&kss@torﬁamhe

gDeglt L?g5l nk C?IPE(F {n?he s!r(ﬁ'(e re?ers Te levu%r(gt%g tl]:e:I p%%: descxilptlon g egeH rfglltl e?tl 83%I 2 rrséllgt%lggt Lgn

as a sel ecteliewt &3’9 ‘tfhh@ @F@r @&m @r*b@éfrsm é%@tﬂgmmal(att ﬁ&%gﬁetb%éhea%m@ﬁ element
i nt er pr et atérRepolds oAl kledni, BHA-1E:P @pbiding (at 3”95) fheddeRedstrond I3RS tih@ﬁﬁinll Amﬁ@ewari ous

pen inter aCthlle%l?Ia;W gretmg,?%a/t@%% gccumula-[%lall&%tl ink of t K:S?ﬁ? an%( dé?ﬁ(rm g é{31‘) %B;

with a net
action to éﬁgrslp@mfadweﬂm #iom ?%wn@ﬁmﬁcvvawmhs thaﬁsﬁ?ci‘aé?éﬂ’YPGrhnk S@T“@b’?’y on

G i ck 30bmidéersighe@t 889 Whti@r ApPiniatad tiedt doBEspints 1€ i phiR klgont Aﬂ)fsdﬁﬂtﬁdétm@@fﬁl gn
true to fi %é th%%}estpb@ﬂg%lﬁ k“gter%m&? Jth«fiébgén{gao'f ar 1 Qéﬁn egd %%gﬁenm@%? e ‘?Xt to

ield Draw nat ur ature
Verify di glg?o fhe ireﬁ?{"e% Ft@h%wreéhg“ é‘F’Fe"rfg‘leé’aCkéfP‘@f‘ ficlf 83 g aprypng (1) e FFF“‘Q%Sl gn

di gl t al stroke to the current selection 826 of the current pen, as maintained by the registration server.

Figure 38a shows a detailed flowchart of step 893 in the process shown in Figure 38, where the
25  accumulated digital ink of a field is interpreted according to the type of the ficld. The process consists of
determining (at 896) whether the field is a checkbox and (at 897) whether the digital ink represents a
checkmark, and if so assigning (at 898) a true value to the field value; alternatively determining (at 899)
whether the field is a text field and if so converting (at 900) the digital ink to computer text, with the help of -
the approbriate registration server, and assigning (at ,901) the corivertg:d computer text to the field value;
30 alternatively détermining (at 902) whether the field is a signz;,ture field and if so verifying (at 903) the digital
ink as the signature of the pen’s owner, with the help of the appropriate registration server, creating (at 904) a
digital signature of the contents of the corresponding form, also with the help of the registration server and
using the pen owner’s private signature key relating to the corresponding application, and assigning (at 905)
the digital signature to the field value.
35 173 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 document instances.

A page server command 907 can be a void form command 908, a duplicate form command 909,-a
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ignature to field NPX025-SG 21 |INone IGrcunscription ssign digital ink to
current selection The system maintains a current selection for each pen.
The sel ection consists sinply of the nost recent stroke captured in the
background field. The selection is cleared after an inactivity tinmeout to
ensure predictable behavior. 5 The rawa2digital ink captured in every field
is retained on the netpage page server and is optionally transmtted wth
the formdata when the formis submtted to the application. This all ows
the application to interrogate the raw digital ink should it suspegt the
origi nal coRvefst eamard Hf et foressHIRPET Fhl: Griupistizinges tamennd §1a resetmigess can,
for exanpl esommmdoliye deupme sttt @mm@atilQre dplickth dop@k c@atahd9s] ewet ddcafienf Or N

whi ch fail &%L,falgrk orqrgaldscﬁr@ént%s§ca&%dfdﬁ LRNRiSEEACY checks. As an
extension to he entire background area of a form can be 10

desi gnat ed as a d‘? éi?/\il Rgr fmary. "°*1*‘h'§e SOFFPPEE foam ngase et Prywmme veide
basi s 0f5 t hige prreseticefonf inghingy dndithen pdducepant sstivel @ridtdieco@of the Cirtent fdre ingkiencowitt he

form to rogte,fby ris%m iR c@pyhémm &p%@wemnmangéa@one}§§ agrmé br%alt Elf’a\tso Rshe
user rmay have indicated anmend rrentstot filled-in fields outsid

t hose fi eI d%d‘S“Fﬁuﬁlt?P‘é from the iopgRe! 2 2P PrRice e t°‘ &P PREOPPTE eYS bt °°ﬁ%i??61"?grfg‘mpen
i nput r el atihsigcetand then petiypesge actidpentpl copyed the fopwingansd with@kld vabeediscarded. A @tforld84) a

stroke froraatulgleomm prbcﬁl@e@wpmdr}gm&aﬁ h8&a)s drie amn g&&@n&ané%uﬁqg why ch

th t
degcrl ot onp“%l‘spedﬁevﬁ‘?’i‘f%sﬁﬂ’te(jaff’wgg‘?)tw%f’pf"b? n%‘fj%h:g m&f’t ﬁ‘%‘ %3‘9 S%Siepggﬁe 58

t he stroke i nter s¥et g forgdypetin indtangy cOwizins88RYsagiiore ilh éhe appliertifngrnmtbt edolel énent
correspo ndspradgcu;g dhbvelofh BYBEERN buttoPBfiedifie SRw BRP BREHGhlrdtbre §Rdlly pRmERE S ved
stroke-to t g gltal ink of the field value 871, interpreting (at 893)

the accumul™ ‘?ae "igital ink of the field, and determ ning (at 894) whether
the field is par4 dupficag phsyp@manhkrewcegmwped&@@ oAt corfespanding page \nstericngith(tiet  895)

the ass@Eci af&groliy piel kal&mesmea ar magagy&inﬁngfodebﬁs Baanflgor.ﬁ aﬁen&g%hpnmeﬁa&er t he
formatted el rgrqaenggs in 9 rrgtee da? Ogupﬁcagegonp cor{np res r?gﬁeecgrg and proé:lilcets F] arm(t)egagﬁgI OP/ l?t | ng

(at 895) the correspon ive ¢eof an
i nput  fi el dFoBIPoRYifserraciinfiance a'ﬁlb@ﬁwlﬂfj’u'(da’teld Vﬂ?f(}ﬁlsc‘trﬁé Iffét@gveﬂal@tarfﬁkéflﬁeﬁﬂt he
di gi tal i nkfeforhhi@n b;aeek@b@uaﬂmi‘axidei iheBdBd astebetOCbGan(. 21 geBfde) stabubl omieei ved

stroke to t r ed by
“the reqist " aoﬁlucg%a p;mg{]%/rg o E%E Lol gtg COQ{]%OEQS’gap%%élEsgaP K ofﬁ?lf%‘ghoﬁar fhe& Wﬂ n“ ' 893
in the%ﬁr 0 CBERIniSHh ARt Fﬁsgiﬂ“‘é aB‘Bthf’W}éP@“!t faens itpotaips erirari o ed di gi taI i nk of
a field is interpmenegsangondiingpeh® ot Bryt dépare f ustidlg afsborted witd B QupléRGRES
consists of, determning (at 896) whether the field is a checkbox and (at
897) whet her the di gital ink represents a checkmark, and if so assigning
(at 898) a true VHIehe P IS f5|déﬂl‘dat‘i?a’f“ﬂé"elda‘(i"l‘eéP‘i’iﬁf"F%éFK}V%% &% prniH igheirat
899) whet hetive fdns i.ia@hedkniagk appetr@asta sfandedddheaktntirki ghapiQ aioey @pdais AGtyfestt @Dy t he
di gl t alpg nlﬁratﬂgxgscé?lgpig&a@llres L&t in t}{\élrtotﬁg&;l ?orrg alif a%fgnatttrbgccmprﬁeg By b & Rard graphic

regi stration_server, and assigning (at 901) t heconverted conputer "text

the field Vgcpine susesssif $enpRYT RIS det ermi ni ng (at 902) whether the field is
a signature fiel c dnpitbat flocgmeny@minéng ipragucésat prigt@Bdopst dfehe dorghpbdling dochikentisstandre

si gnature Q\fxth tbg:@graﬁ@ fisld M§Ereset¥>€dt H tﬂe%cunx@rlt Qor@aﬁns ta#i})efoﬁmg pcﬁeQQl{e 1Ratd Mn%htr ation
server, creatin signature of the contents of the

cor r espondi Cﬂ‘b‘“"f“g f“ﬁﬂ’caﬁ? 8y OWSt“hthet ‘P‘Fé [P g paie e °P‘§’Q?“§ e a-taRoiie dgcé?‘?}‘é?"m&‘mﬁ‘
usi ng e peducevieintes copy pike errepogdieg derusekt dnstance with basigraun! fichievalgois@sipbifdi ng

appl i cati ony damer@%iagmnpgmﬁsaalen%ﬁ}set dbiierl bHintard restis R RN i thl Qb as'y frbsgl d
val ue. 35 1. e, Server server .conmm d

nd conman
whi o i o i CHTPRCER 9 Bl SERETRS QuPOY oI § gy e on e S ol e

corresponding document instance, including who published it, when it was printed, for whom it was printed,

and the status of any forms it contains.

35 If the page server command’s “on selected” attribute is set, then the command operates on the page
identified by the pen’s current selection rather than on the page containing the command. 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
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directly on form page and docunment instances. A page server command 907
can be a void formcomand 908, a duplicate formcomand 909, -a NPX025-SG
22 reset formcomand 910, a get form status command 911, a duplicate page
command 912, a reset page conmmand 913, a get page status conmand 914, a
dupl i cate docunment command 915, a reset 2glocunent command 916, or a get
document status command 917, as shown in Figure 39. A void form convand

voi ds the corresponding forminstance. A duplicate formcommuand voids 5

t he corresponding forminstance and then produces an active printedycopy of
t hecurrent cprypas ieksehfice pFtitked piogt dhe Bzt g8veh PR JredyPeTize arestsipd cHhtsi ns
the same hypefiked kolp/rais dgickaiting IR pagSseivit@omian@i Nal , and so is

e hgui 1Dl & RPN G LI YRRk f B %ppdladgnatah@omte A\l 8o ML GOMANd
voi ds the correspo%ﬁ form instance an é Ces an active printed
copy of thelemen fact wgleaawenpwzmwe%gaarva? ‘i&@?”&la‘%"(‘fﬁ?@é’ﬂ“lyk’("g’é@t’ T pgWeXf-at us
command 5pr Gelstesd sia ppdghicatt coRpal tmtedicd e disftrat pige, @ffhat fag: seref sopspamaii@pnf or m

i nstance, Q&[ehucjflﬁ te\ggo 10 published it, when it was printed, for whomit
was prlnteé formstatus of the formlnstance Since a form
hyperlink i st anéé'A'E’O'FR'%F(‘HE‘E%°Ft'1'EJF&G§§t| on ID, the application has to be

i nvol ved in produdé prefereed fo@ny edc hapapdisranrd @ith th netpdgt Do 4t ehe|bo@at iomgicae hew f or m

i nstance i %s i h@;ragef go]1 aqe;te%g' hgain!esscdvypllo&%ptﬁglogosalsoaaa@xp@rc'Apy Blron. A HPLdGat e
page Cagmafgss I‘O uces pri nt ed corresp ondi ng page i nst ance

with t H&H‘ﬁﬁ’ﬁ‘bﬂﬁ%‘cef?é‘ipﬂ"ﬁf%ﬂ Pﬁ%f* ’ﬁl"@%*f’ Pffé‘cfmni the ’T“ﬁ%‘ pﬁ’&bcés ac“&‘?*(toé‘ihﬁg‘t“ﬁ form
or i s part feh. Agndfirohigasetoh@srcurdrdcwchap] sudat eticha gecoupon thekuen tlgitsianbeliproetred as a
duplicate fpum&appROd. A reset page command produces a printed copy of the
correspondi ng pa%e I nstance with H}e back %rgu_nd field val ue discarded. If
the page contai nsS % YF FPEFPRSCPArTHObE PATEY ARCD: el e E8E PIFE§E Eonmand
i S 1 nter pr ébeid cay farcioasat hafided hy binertinidzo battqget anppfetiat at us command pr oduces
a printygd ngport L@ghﬁﬂeSng,ﬁus of the correspondi ng page i nstance,

i ncluding who published it

printed, and thel?ré? HEEEd 8 ’f‘b°gfﬁ’3/’t ﬂ&? ’\%’Bage f’“néebﬁaf EF‘P%C b&Pdn l%be%&v}{lﬁ’ofwmr‘ﬁgseﬂet page
| ogo whi ch itglinfeasinzleoree eligfpryatvatippaidiessi s usual |y associated with a duplicate
page element. WigR ofpRAQGndeaist ance i s duplicated with field val ues

. preserved, field val yes are nted in their native form i.e. a checkmark
appears as'a staﬁﬁ‘gl"g"r‘(‘?ﬁ”&?ﬂ‘gﬁb graphic, and text appears as typeset text.
Only 28 drawi ng®pr-dendheli mgmat ures appear in their original form with a
signature acconp@dah,geqtmtlcﬁmgﬁuandard graphic indicating successful
signature veri fltcag on. up dcate docunent command produces a printed
copy of the corré’gﬁéenﬁepaﬁenatgcrurr%eﬁ instance with background field val ues
preserved. |f th@hehspmeryprovidessthigiarehicah mgnusl or by to yshidpnetphgs sfigpd | cat e docunent
command dupl i cat Q‘Secfohﬁhelft@fn&ﬁnh&uﬁrﬁﬁd&ﬁﬂﬁll%}éf@d@h@' i cate form command does.
A reset docunent comra q g)cu oduces a printed copy of the corresponding
docurren? i nst anc®Wwi TR Hackg round field val ues discarded. If the docunent
cont ai ns any formtaqk}qewmfefqneset docunent conmand resets the forns in the
sane way a. resetprmmdfmemmmrfdoes A get docurrent stat us cormand produces

a printed report ,0 status .o I cor restgon ocunen ce
i nel udi ng who pu ch gn funftlon Rﬁmtla{edtoy smpsy %ressurgﬁ ebu V%F]n touchu%g a\xl%lpsage oqu te d,

and the st aqoursenbﬂhws Pl degumient indispipsatha gubligd Mndt“ﬁ@, fyav@em §é‘P§/@FV°€§@)ﬁPﬁatﬁd S
"on seBect edom Al tvhidn RubSsubsequas subhifl@ns 4 fogn. command oper at es. on the page

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

35 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
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identified by the pen's current selection rather than on the page
.containing the command. This allows a nenu of page server conmands to be
printed. If the target page doesn't contain a page server conmand el enent
for the designated page server conmmand, then the conmand is ignored. An
application can provide application-spegific handling by enbeddi ng the

rel evant page server NPX025-SG |1 1i 23 command elenent in a hyperdinked
group. The page server activates the hyperlink associated with the
hyperlinked group rather than executing the page server comand. A page
server conmevsgre hnd neryhagazinempvddrinteriledjstoge ih Hie prebem tonttisidsut e i s set. A hi dden
coPmnfl deljemen: lmdﬁkaﬁtpag@tsyslaﬁvtﬁe eafaoriialruaxuém &Q%a&&li&gﬁ&%t&l@lev&@utﬁ@aﬂ&@% be
activate ire

sctvat o0 SLLESLL Bl onldy AL DRIENEh bt VBl P00 et L0
has its " oexpliciibylseied end'Implititly ¢apiyeinisiayt Proflle g hwmmnmslz@mmmpﬁs In

the prefer medadosi5uieae Bend@bi@ge i s printed with the netpage |ogo at the
bottomto E[ildl CaF?Toaﬂf‘Feéstominn@N net page and therefore has interactive
properties.” The rogo al sO ac S as a copy button. In nost cases 10 pressing
the | ogo produces S@S@@?iy?afb‘?ravt pretwp igds. of pewvs tsevecese igwe thef defivef eawprpubtiqgdonp gadt on
produces ameR Mkt Rfivet t&s QRhhs FhileOfe pubittiohdlard dggegaaaaf ghd Rfited@ bySBE plibBhEH GEWHTENT |
2dver ??s?n%r'e%eatw USR0S LD Sh e R ﬁ{ﬁ‘s AR ect 1 y
by the 1Qel @W&%‘il coFEPpdge tfﬁfh‘g’éﬁ‘l SBYRARTS a“dSﬁ‘é%“P%F“eédﬂVe RoUh ECRBYIEN B BAnhAMdI ed by
l'i nki ng t heuritd g Qab Uik bseed tr0m & Aewd pplideCidbrtodmstrip] Dredlaride WIBER coinknls BAFT biednn a

preferred gorm q&hmgéysqm%n{a‘ﬁt page pri nter has a single button |abelled
"Hel p". When pr essed Icits a sin é)a ge of information, including:

status of pri nt eFregprgepublicatipn S%‘Yeéf“ﬁ%"“b Aitoa Pf editsA aqyiraplietions sovel ashe) ey el
hel p menu agdegtisnam hulfiple1tdvs SRanisEByUhandligpXhd @gt@txonetdpagethﬂﬁhnmng(ofdwrs eebmy y The

hel p mesiu pr.avd fes, 8 d £Lar &a@gerv@rhsmmwce aaommgvor;pq USE: 8 ltaﬁw@aﬁs&yst em

The docunent ?unc tion nmenu 1 ncludes the foll ow ng functions: 25 print a
copy of a #¥eigheMol print a clean copy of a form print the status of a
docunent A docunertsubtbaibg bhitina dafly hawstapeabyediediyz @ ooy cpntétssigmepstphigicdiortst on and

then touchip greﬁﬂé’ a ﬁﬁ%hz@j veﬁrslﬂﬁ of Q&Cﬂm&nng -ﬂ?@ ecﬁtto@st r19c£d &ld S{QWW iodi cat es
h wh 0 Wh whom and

who published 1t and en, omlt\/\@ aﬁg‘lver
when. it waSreSRpERHteHE |V§f‘°§Sd‘E?WP*E‘5[ A4 husehold PR AR Hé‘i‘%éﬁb‘“‘ﬂ&sfs\ﬂbdr‘i‘émﬂ?yr ectory
al | ows2@ heselsging diffaenndaily myblicationsved théngrstomizing theh. publ i cati ons and services on

the network. As B edth gmlaa&d mereaaeh@pnuﬁ@yrsems&p&ﬁqt Lec&ohﬁsmts%gs ek wegk " 900"
nunber "yel | erator can

ocate t he RSP EtREnTARY PO TN By G ML P S oAbEA PBBendi ng
on t he dociosehtPayPe, PlushENgiail”| ‘Gitenatignl”t ‘Weinios e Bugigsss “Bisdlidngi|“Tecinplogi’.ow
pages” ser M€ okshe set of available sections is specific to a publication, as is the default subset.
25 The reader can extend the daily newspaper by creating custom sections, each one drawing on any
number of news streams. Custom sections might be created for e-mail and friends’ announcements
(“Personal”), or for monitoring news feeds for specific topics (“Alerts” or “Clippings”).

For éach 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
30  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

35  of the reader, for example to provide children’s and adults’ versions. The appropriate version is selected
according to the reader’s age. The reader can specify a “reading age” which takes precedence over their
biological age.

The articles which make up each section are selected and prioritized by the editors, and each is

assigned a useful lifetime. By default they are delivered to all relevant subscribers, in priority order, subject to
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35 The hel p page is obviously unavailable if the printer is unable to
print. In this case the "error” light is |it and the user can request
renot e di agnosi s over the network. 2 PERSONALI ZED PUBLI CATI ON MODEL I n the
foll owi ng description, news is used as a canoni cal publication exanple to
illustrate personalization mechani sns sn the netpage system Although news
is often used in the limted sense of NPX025-SG I 1, 24 newspaper.and
newsnagazi ne news, the intended scope in the present context is wider. In

t he netpage system the editorial content and the advertising content of a
news publ|aanw@mm@mﬂnmpewg@nahmw@d usi ng different nechanisns. The
editorial cont entln *élor@%&@xﬂ@Eﬂp?oﬁ@teaﬁ&@z{dﬁl-lnﬁgoﬂtl&aﬂ}hﬁabfeeadﬂﬁanﬁe fileiopl Thizlist | y

stated and | Iéeglrocﬁn?: 63 fv 1;[h vetaﬁu menggf 11%(1 lEac artléll-p\%nl%qlgae{' éslfcﬁ Ic&l%bo?aﬂ%t ent is

personal i z&& %8 s focal it mogr a

EDI TORI AL RERSOSANZ AT @mgﬁeu%qab@@mew the arelel F%ﬁvbumﬂs fehBroXderta §a5bfh°‘ﬁee(\ﬁz§

'sour cess  t RASE ahd1aklikete), MR it Mo EkeRuttal ibaaad wiDBisher 1aRE thebdidse that del i ver news
streams. Wile n% clesD yvxt?h 111 atrllo(r)lpe§ a% 3101@ gﬁxﬁeg%reecg%%éjefﬁglvglﬁ(%ng){eretdm@sennal

publ i sher, news “Stre are a a news publisher or by a
speci al i ze@aﬁ%thag‘bfPrég’&ta’GF‘th?@\R%m%UB?VF'&%‘Pi%‘ﬁ@ 10 typically correspond to
tradi ti onal newspaedds opiveally) Speifia g akintigis, facteh) ielther quginsivedt (2. ainer dansupeisarany
and vari ed Pr rll'u{ngfyya;lg] W ﬁf%h Eeﬁaﬁcg[;lt; rfagﬁ} l@w‘ﬁset}[n\]ﬁthx%s%sly lus%@ for ﬁat%{gtd%g céfalgolragve

freel ance Wi etin board reader’'s own
e- mai } 10 Thélaras pabjeh Peits| makestit s sl et the egpmprdise sogion ﬁﬁ‘bl’fi %‘ﬁf f°o‘he B%edi t ed
news publ i gatificaRspads. Ateten@ereriipity factgepn Bgppdcifiedforatifermmridtys plte wadws streans. By
handl i ng t he aggrrﬁ%@gdgrqgo ANGhaAPEBestibhes FQLIREF hidG Hinid 08I0 bl @R FoaifidD

sel ected directl| reader, the server is able to place advertising on
‘pages over ﬂ“\ﬁ:ﬁ‘i‘%‘ﬁ“@%“%??ﬁ’é‘?’%d%‘és has no editorial control. The subscriber
buil ds a daily netspapeithertedss okt cogecionefiets thymnatity govhich inpeds cande drdivesed.

publ i cqki ORg, rcad@tiohdiIf Geliftda PreEicS BNRL: ?nﬁgzs gle_’fnﬂeﬂﬂag%c or 66l kfthe-ﬁbl@oef &#sid ting
daily editions are printed and bound toget e Jfewspaper . The

various mefrbErEs SnobrefisisBHIPEEct P B 4F1Yee% ‘1’”3 %‘altt’h@e at 8’|ngrees? &t op erests
and t ast es ghyter c@fpresnect i Nng di fferent daily publications and then

custom zing themy, E%iobﬁ%t! mybéaaec:agea@aa Jhoty faﬁ‘anﬁteadass, @rpaslaembrleﬁrysaiu@c&es
specific sections.

O Se appear. all ekly
The. dai Ly Settrofs Saam RN PRam e e i et TR S B s
i ncl udao" Pag:eal OmencilanisWhether Na topadipptipr consfStIOﬁth eptansitéon al a‘ﬂnota“@pThﬁﬁe tBﬁfEfences afe
" Busi ness’ derwéffto&hlle'rééliepglocahzIﬁ&ﬁﬁl@| Ogy and ' Spor t S The Set of

avai |l abl e sections is s i cat h bset .
25 The reader ca éei?txcg ﬁ%%{l%,] %ﬁaﬂtxef causep %)or egeaggtyfhe readei c?ptl&na@ug om s%(():bt%tjons

each one drafsieny fore laey premf#berBOérfte?ﬁﬁ@Ws}mgﬁsr%ﬁﬁled 9@9&"%"6% awd deps ipfamnatipn ght be
creat ed f OhccBmMdbtbd AB&Ah paed. ends’ announcenent S (" Per sonal ' ) , or for
gla)_gll‘]t g P?OEeWS égedéaa g{n w gnewr FUb 1ca on IS gl hAId 1§s corpespon g tﬁ(péngcg&g, is a

| ona Specifies it
qual i tat i vetoperty ef toe publivasion andrﬁe‘dﬂl Rﬂﬁﬁfene?rexl’r?siﬁﬁ@ the yypr. Ii‘ﬂﬁ‘i‘*‘r‘éf ithe 81"1!"‘?3 yyemacan g g

limt on it&npdaassomt almﬁg@c&banslamderﬁ&elndzemsrgﬁides proportion of adverti sing,
eit her 30 ciual [ tA?\t)éR¥| |L¥ch§1c§‘u9mog,«m , low, none), or nunerically
(i.e. as a“percen % er ﬁRso op t| onal |y expresses a preference

f or a | ar ge nunmbé&he BGFSOSaH@F“t“e‘Pf they pditerjeb gonight d§e°§¥rﬁ‘ffq°ts heuattrEisng confegin §espuse
articl gg. Eﬂi@rlﬂsm'rgr it typikaRly | Ipﬁceﬂ dﬁﬁblblythv\kdltbrtae‘fbmémI’Tr@dlaﬁ@ﬂ)) exafipll) atehmahitely tand
long forms agp(gar ?nuJ)tRivel Eect‘i th%n elsewhere. The value of the editorial content to an advertiser (and therefore to
the publisher) lies in its ability to attract large numbers of readers with the right demographics.
Effective advertising is placed on the basis of locality and demographics. Locality determines
proximity to particular services, retailers etc., and particular interests and concerns associated with the local
35 community and environment. Demographics determine general interests and preoccupations as well as likely
spending patterns.
A news publisher’s most profitable product is advertising “space”, a multi-dimensional entity

determined by the publication’s geographic coverage, the size of its readership, its readership demographics,

and the page area available for advertising. . .
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preference. An article may also be witten (or edited) in different
versions to match the expected sophistication 35 of the reader, for
exanple 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 ovgr their biological age. The
articles which make up each section are selected and prioritized by.the
editors, and each is assigned a useful lifetime. By default they are
delivered to all relevant subscribers, in priority order, subject tp
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publ i shed, text encoding, I's propert é
publ i c&Pi ofesiily fPrgbe placgpent ‘graévﬁ‘éﬁm@&*p‘?‘hé’g§E’Hra°6;?mi‘lh@‘°ﬂf‘§5e?f incpARASNFR AS sy &r

net page sy sig@yoeasrd deertisennti gured to provide automatic translation services

in various gui Se%nce%’lagenAQ\é%LﬁkegﬁatwLa% l)rQ}{EtMQna_ éﬁgﬁlla%tgéﬁﬁnt and

personal i zati on he editorial conten 3/ af fects the adverti sing
content, b é:é(giifslbon a nétpage ad server. Correspondingly, the publlsher records the ad placement on the relevant

netpage publication server. When the netpage publication server lays out each user’s personallzed pubhcatlon
30 it picks the relevant advertisements from the netpage ad server. '
2.3 USER PROFILES
2.31 Information Filtering
The personalization of news and other publications relies on an assortment of user-specific profile
information, including:
35 - publication customizations
. collaborative filtering vectors
contact details
. presentation preferences

The customization of a publication is typically publication-specific, and so the customization
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30 advertising is typically placed to exploit the editorial context. Travel
ads, for exanple, are nore likely to appear in a travel section than

el sewhere. The value of the editorial content to an advertiser (and
therefore to the publisher) lies inits ability to attract |arge nunbers
of readers wth the right denographics27Effective advertising is placed on
the basis of locality and denographics. Locality determnes proximty to
particul ar services, retailers etc., and particular interests and concerns
associated with the local 35 comuni ty and environnment. Denographigcs
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readers' pages ran y receiving the adverti senent of one advertiser or

‘anot her, oveptapgd inthFapé¥er vi ng the proportion of space sold to each
advertiser. The metlpadyetiospsidemisal Febwon thdeerlini indiqagd inghelyeer’s porke detdls.éda |y to
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as an int era‘?'?ezéﬁéfvg‘%rétf"\m@& > d‘gglrs Freaps a{’rll(él‘g- ﬁaﬁﬁg\{ﬁﬁ !§\§AP Sq%%g‘g&‘agi t he

sanme adver pesiaphof appticatient t i pl e publications. 20 It is worth noting that ad
pl acement in a nekpagesmpuhl i)ecaaihi)resu 16 8493 alyEnuifEX ef [Eiotw BEX ark kavh privckr mpl alloe e nt
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advertl2 nor | ng T ul | exities of
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for these m QOA EU%E:E\ oés ngt rgcorldqle qg o? Hx? g%{ Llculaxf &{ntexaULtltm&dergso@éé%lll@ Ia'ﬁen(i)tfls

advertising spac ion is parti arly 25 desirable for the
pl acenment ofauigdvert i serrents whi ch generate-smal |l anpunts of inconme, such as
‘smal | @0 hi ghl y Wwhecalsétrzaering esrtd b subletvh $07, Gn publishér866ire aAtplidaten plygide 803)

hegot i ated 'is ;[ut}ﬂg'izglgtg Er%xg %taggecﬁgd%tri}ﬁgr% thet Ggr’sqg%aL@prInQE Tﬁgéﬁ%thiﬂ.at%g 42217} readilgi at
any time by the user. Each user may have several pens 801, but a pen is specific to a single user. If a user is
authorized to use a particular printer, then that printer recognizes any of the user’s pens.
The pen ID is used to locate the corresponding user profile maintained by a particular netpage
35  registration server, via the DNS in the usual way.
A Web terminal 809 can be authorized to print on a particular netpage printer, allowing Web pages

and netpage documents encountered during Web browsing to be conveniently printed on the nearest netpage

printer.
The netpage system can collect, on behalf of a printer provider, fees and commissions on income
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records it on a netpage ad server. Correspondingly, the publisher records
the ad pl acenent on the rel evant netpage publication server. \Wen the
net page. publ i cati on server |ays out each user's personalized publication;
30 it picks the relevant advertisenents fromthe netpage ad server. 2.3
USER PROFILES 2.3.1 Information Filterigg The personalization of news and
ot her publications relies on an assortnent of user-specific profile.

i nformation, including: 35 publication custom zations collaborative
filtering vectors contact details presentation preferences The

I

custom zati éamecmhroagh PubdkdtiGRprifteY dnSthd Mpiidead pritteRUICH Gidtire @itr BOERE bdvirsing dag SO
the custom thrger.éh feupg(g)%%eﬁ?e S&%Zus 1<1npf x%rnqysﬁéng) e!s %f tgf-:apl,nﬁlcgr% &891 b %e &sQQheI;) %l ev?nt

net page pub‘i At Server. orative filtering vectofr consists o
the user's ‘lsﬁtlsl“ﬁ@ém?ﬁf’m&dqﬁurrber of news items. It is used to correlate
di fferent users' HatH @ér@sb SasfaGetpdgh eccquiit §20 S/aish i hsetrkacdugulite RBRTIENM AL icedis .

Al thoughy there ah&e ggsaﬁofea fS thT Lrgceamg mag,'am nogm&t 840k B, GOLAABRLALINE and

filtering vector I ndependent particul ar publication, there are two
5 reasons VPR “‘i‘“g’erﬁﬁf"éal ﬁ?@@f*ﬁ:&éf’ ”’t° d‘Hga'?rﬁTcéldﬁl‘VSW é’é‘ﬁ%f?l ftian FRIRESGPY 1B each
publ i cat i ondf btohetieretosds 18l K @bmypiring teeisan’s e@oded vigratug(B1$) dhgveren & ac; waatdortig Of

subscri ber s,4,0 8t1§]§ut<§rﬁ{@ll)pﬁ‘lglllt£u%§tb B2 sfshan arta%ewep% eLtnqﬁeaccqnmsssab@ﬁw WR&re to
different publications: and a publication is to want to present its

users' col ICQBB?’%Fth%mT‘ia?'Eeé‘?aF%g vectors as part of the val ue of its brand,
not to e fxddd daseitksekist Col | aborative filtering vectors are therefore

al so nmai ntai ned /@%tp‘éé%%seF &L ﬂ%ﬁsﬁﬁal&?&zﬁéﬁﬁv@%@ 'hﬁléftd Bl é&ﬁx}{éﬂ{s etc lrptheQQtBég@Ct
detail s, |nclurg addr e

t te
el ephone. MEMBABEI5R Bigra s te niaind i i o CEmEIRe AFFEEY By SRt page
regi strat i crprefered embodiRene gfevhic is shonn ip the tless dinrasin Figme4ludi ng t hose for
gquantiti es,s glat esng}QQ tidenes, are |likew se global and maintained in the
same ' TeIo i zation of advertjsin i n the | ocal i ndi cat ed
h The tser s corlPhoreEpapR B i ph e s TRt s S e oy
relies on pewesoibalhe psaf troweh the ogtpagasgstemal is degtnizedds a date-drdpred gandeferredmahomtnmt

status, | nq;pmgeh,Sggﬁflﬁgglmlagﬁgumgu}qu, or qualitative derivatives such as
age range For those users who choose to reveal personal

“informati o?']‘g jﬁvb"ﬁﬁ sl[g‘??E Lﬁ r”Boses the information is maintained by the
‘rel evant. net page Thegétees altbil‘ahonssefrvvequtom?tha”t/ Hers alsstenpagesoff each aiber’s pdesoratiast | on, _
advert 29 ng)uﬂﬁzﬁloxben TaasEc@&I-l@Ciec,QBh b8 s infsiOkivelilieneple BR AR MRNbe @SROEHnaled W th
the user's 7Z| P d%nafdont&?n printer, application

provi der and ‘i)es’ltheﬁarf Fl(a)cﬁ&:?gheegagfgefore%eef lini que identifier, and the
net page regi st ratihofdvadsingertiont meatiquscart PPeaChlewe‘éMﬂbWéW W*%eﬂ?‘(ﬁé‘éffﬁ rieep as
shown in Fiiguids pa?g&s witkid thez&uoramd thR4d 1aﬁmra1gfostgm siploai thiS.ThPhIERBH @Sconf@urfiUB| | sher

is a speci aa]ltem(? F) ?ocateEB(psﬁy gc%t d?og&lga;xé) ydverg in'g & t suCIPUbl altci%ga E’lcfs oy rooF ing matI%S)ag rGCI al

ki nd of_ ap e au hori ze any -nu of
print er® SGEGC‘ﬁﬁHHW@a’é‘P? Pb‘?‘??ﬁ‘?‘éﬁecaﬁ‘ﬁyf%chﬁwatwnﬂﬁvy??ﬁ#ﬁ’é?ﬁ“éTepatljéers to use it.
Each user has a sihaglitaiad@h@tilsdiecpd fonthe bsef atluddp)text ind ashbliath ifeds lafihrpads, is

pu bli catio Q§en laid out according to various aesthetic rules.
The entire process, including the selection of ads and the selection of editorial content, must be
: jterated .once the layout has converged, to attempt to more closely achieve the user’s stated section size

30  preference. The section size preference can, however, be matched on dverage over time, allowing signiﬁc;nt

day-to-day variations.
2.5 DOCUMENT FORMAT

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

35 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)
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are delivered by default, whilst pages printed on demand are delivered to
the printer through which the user is interacting. The server keeps track
of which publishers a user has authorized to print to the user's default
printer. A publisher does not record the ID of any particular printer, but
instead resolves the ID when it is requpred 30 Wien a user subscribes 808
to a publication 807, the publisher 806 (i.e. application provider 803) is
authorized to print to a specified printer or the user's default printer.
Thi s authorization can be revoked at any tinme by the user. Each user nmay
have sever aisinpeSEBadiyle IStyteshaet pﬁﬁguigs (XPIOC XBL @robifes gpresisd) gin@ol US QT text |ffrmaxtidgSer 1 S

aut hor i zed 858 BRKLLCH: AhioPhL Bk Bloeind Mt iks ALUAL b ELOEHUASS, ANV Of
t he user' e IS uUuse |ocat e he correspondl n user
profile nai ﬁva%eweﬁywaalﬁameeqﬁﬁ dretien puEet S80lG aymetq 5%nﬁlaﬁn,segfei°eddﬁ¢. a the

DNS i n the hysieadtiontrys. o Ad Vilpark@aphifongdtinB09 can be authorized to print on a
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encount ered during convenjently printed he near est
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advertisin fee C|ICk t f ee comner ce
ransac! odeptialie ot BF 31 B bR o reer rors e |

the prit eranpstaseeder . Each user al so has a netpage account 820 which is
used to accumul ate mcro-debits and credits 5 (such as those described in

t he precedi aragra ntact details 815, including nane, address and
t el ephene dﬁﬂgﬁ 939£%g?“8&8?5rences 816, including privacy, delivery and

Iocallzatlcn bamuﬁn S; ampttripwteber  of [Foomatefi c| records 817, containing the
user's encqdegpgiignat ure 818, fingerpnhﬂauﬁigtetc; a handwiting nodel 819
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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

20

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 pomtcastmg is complete, multicasts the shared
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25 specifically within the publication because of a special feature on
do-it-yourself roofing repairs. The editorial content selected for the
user, including text and associated i mages and graphics, is then laid out
according to various aesthetic rules. The entire process, including the

sel ection of ads and the selection of gditorial content, nust be iterated
once the |l ayout has converged, to attenpt to nore closely achieve the
user's stated section size 30 preference. The section size preference can,
however, be matched on average over tinme, allow ng significant day*to-day
vari at i 0nSconteht 5n tRXptdNENhadn@RWAC rXiie its bent@docatpaet sansr dndipréhtepswbscritieg to the

encoded for, %st &%&QE eé#ﬁeﬁ 3 ) théﬂadge 1%@13%9%@ %hlﬁ@aﬁsﬂ%acﬂa@é 286 agdﬂprmeextraa@t page
net wor k. I ency nechani s trge separ at

i nf or mat i ofFP”s*bf‘e‘E‘I“chséS“le%“Sé.h"%el °H’§‘1tsée Tl (o 0% 1ts R3gR fyO‘BSh S8ECi*AY Ot pﬁ%ftené’hamhhar ed

bet ween muhdredaivel pageddyaits aatbhdrédeoeent. The specific informati on consists of the

page |5ayOUt Th@ncépﬁ'[ngghaé Q(f,eQ/chgﬂttHeQﬁ]ecﬁmlc‘ﬁ1it§pa§eflayt)\hﬁei@1bih@ﬁin§r toedidteh the -
page | ayout refers, includin graphics, and pieces of text. A text

obj ect confiagRuated faySpt ang) oepefpsfe Eﬁs"t“g?(rtntsr‘tew esented in the Extensible Markup
Language (XM.) Ui¢025SBu@ancessherpgniéripantthagee fasir bethagican be ddffessd: Asggpgage

(XSL) . XSLtu{ep(\‘/f{eQLﬁ §ag9 fs%@er%@wﬁﬂﬂgg(esolhe 8¥ade pﬁg@ Ris afs@d' dTRks thah goomnﬂe p:ﬂﬂd&ﬂt l'y of
the region into whic

bei ng
provi ded b‘i}e"tf?’i%h‘]llda‘i} 8’8?55 of "f(hsé‘ﬁ’t pé‘%ff mdtf) me%f‘l 6%\3%?’ al s “e A né%f’d eqr ﬂra%t’eufflers € codes
to endlfl e Erapdmebiics & ¢ arsf ek pagaper md clifs éschaiirglent Mﬁ%%ﬁ?%ﬁwtﬁ @getd@‘aal d
wi th par agﬂe%&né QhiBBE SithiRto the hibHast kﬁ&@@ r2@RF Q64 da@ BAiGEheS era Brohdbig etivdik. t he JPEG

2000 wavel et - bas]gﬁe%ur%ng{ngr%gl%rcum%% es, t\ %V%B%e? thébbrmtglr rﬁ‘@gﬁt %1‘ pgi€ @t%thkgpt% ?L@S a 2D

~graphic in Scal
consi sts ofseravils é¢ pkéestoowleplblatbeelapffrmgb bafa t‘&rP&ﬁPfsclo%Eﬁg%E‘fe@’al SF"F*‘ﬁ?(éaaacttYebét flow
obj ects thrAugh which text Obj ects flow hyperlinks and input fields as

descr i d above and V\ﬁgleﬁrlm S mten{a e%@s doel-laf?ﬁﬁe)therl tﬁg’p(?hltgr »Qltl)i)e%gb% t ﬁqﬁce use

sunmariZzed in Tab{&'3! uses a co for mat sui t

efficient Qilasv}ﬂPalatu’tthUhﬁfSt]?@“f&rTée retppge fephication gy s thegefore H@t”}?)%{tj‘@rsl“’asymttre“&ﬁisect s
Layout At t i buuRcabe WhBd o Qfical Qlb& 6f redubsBkaekeindlj oe & timeoktErgd, tROSVEr rcomilticange
object 1D f‘)E((;am.:ZSOOn S an! ecgs Position Graphic object ID SVG Textflow
extflowl[f ar %pgt onal’ text object 1D CM./XSL Hyperlink Type Zone

Once a document is prmted a prmter can produce an exact dupllcate at any time by Tetrieving its

20 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.

25 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 Intemet> 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

30 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

35  the netpage system from Web servers.

3 SECURITY
31 CRYPTOGRAPHY
Cryptography is used to protect sensitive information, both in storage and in transit, and to

authenticate parties to a transaction. There are two classes of cryptography in widespread use: secret-key
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pplication ID, etc. Field ype Meaning Zone Watermark one 2. 6 DOCUMENT

DI STRI BUTI ON 15 As descri bed above, for purposes of efficient distribution
and persistent storage on the netpage network, a user-specific page |ayout
is separated fromthe shared objects to which it refers. Wen a subscribed
publication is ready to be distributed, 3£ he net page publication server
allocates, wth the help of the netpage ID server 12, a unique |ID f.or each
page, page instance, docunent, and document instance. 20 The server
conputes a set of optimzed subsets of the shared content and creates a

mul ticast «lpapagl akipublieks bryseghstet The aardgetntamk bagsatheasd ofserogegeci fi ¢ | ayout
wi th the nanmes OfSeErngMp%%rﬁﬁ%Bls@rQ%@%ﬁsymmﬁlgt}ng}abhyctﬁ{srﬂ% se;rrla@eyst(haarc

content used by t hat |ayou e.serv ol nécasts each user ﬁgayouts
to that us®f SEYHAMREEFR TYP 5a”teﬁ%‘shé{‘6b°rf’6‘g’f’“igé’t"?saé gat §erRTEeEe ‘°é“r‘i‘&e‘%\ﬁé*}‘?"%eﬂ‘§
poi nt east i mgerdtkeyconpl et e, mul ticasts the shared NPX025-SG 30 content on.

the spegfied ¢ h%aﬁlkéy cry%fog@;rh rag&@remdng ad Jsﬁnn@@il: aty&@g%gmy, @s@sctao %@ﬁxoﬁ ghyer and
prl nt er sub Cri hannel

Payout s. DUl iy KPRA* SRSt A B S naRs ol il b M BB 1 om
the mul ti camrympelam; othtrdoe Oulsyf et keyy iefherpublighe.ovhythg Cttf@r ip gerrivay dlstpyblicThe

page serve néy #6%slo %&.:e,pttahymsafag:emteﬁ&d fdr e hdI RE&THY gﬁbada ageodcaéhavﬁt@ uﬁﬁbdheﬁhﬁfc ed
content. 5 ec

a Ur chan g

| ayouts re fk@f’ a mfeshagp can OH be decrygte ClIJ’Slél {he %rlv%tﬁicey 'I:h sﬁTvc))/pal'nes C se% eClY ef( h 5«: Tessaﬁeg t hen
rast eritPes witeht st fﬁ‘(% to texchanprchesecrqh gy g engiirg té%&ﬁmpa\r*f@ésy is pqqwre, ftris ?ﬂﬂéﬁ* fopitient s
pages f ast apldatrhade ﬂnhﬁé/keﬁﬁ@enaﬁe fletel y&r ed. Assuming a quarter of each page
is covered with | vera e t han A00KB. The
printer can t her c%{]ﬂapi‘ caréxcess Cgefz'te %‘taﬁiﬁ%{&g TQJehsc’ld?rr?ﬁlhetprwl nt ernal

64MB nenor yereaigp kg Wg}* Ff pmespagrAIdhetreyeniptihg hethaisiag the P“W kwhénmq oAt then VfﬂffY s at a
rate of onendragdtd@tish SAGDIRA the "Emnﬁuw”&f 6| bdldsabfanetpritate le@;OQMBe@é’ct @aidartidhi t  of
page dat-a . i - ¥l ha e -of
page dgltsa d’lp ?sa%/%fge(%%&ingwglarb{;’pté fh gﬂg tl?ep l;lig ﬁéngv\teun En ‘?i?‘a%ﬁﬁé?tﬁéjxrés% If

ci rcunst and@ss‘g“aé‘lﬁ:‘ﬁapa@d‘iﬂ/r‘fé‘FF Wﬁégeﬁbﬁnﬂleéeﬁpm ﬁfs‘h"d'ﬂﬁssa%fca“p"ﬁ‘pféf”‘h 3t the gessgekis| y

that t he LpBriine Widlttlat il1@s btleen attdediiaphseni sh t he paper supply before the .
printer's 100- pagg rﬁaﬁ% Sfbnﬂ!ey %&Jg@% wQ)@(F@lglJe b t!) §e a @m@gﬁﬁ'lﬁge pugrli V%Ycﬁr i f

the printer's internal nenory does f printer will be unable
to make use&TVeHs RPSHIPALiTne ARt ‘SVW%HY fong Pst‘“§t°e'85°€‘lﬁsr %“d W@aﬁéftb%ﬁﬁ PUBTSEL i on
server 20herseh@ieis aluugaishifrhamt eid abtientateniht cansetive Sttseen b blic @eynanll sdneastss .

When a cri tijGal MY RGEaLlunbBAUEEL Shel ran%qme?gv Qcamlﬁm% jabR Latocu%ﬁym,them he
server re-multicasts t he correspon 8‘? share ce a docunent is

ob
printed, a Cﬁ?FtFSrﬁ‘%F‘g‘Eéi‘rf’ gt Syt éﬂ’ita@% PHIBI i e ‘!‘e&t‘s B PRIE K- HYOEAPi evi ng
its 20 pagestthyeuifistcantbrivomnt wirhspublicden it e cartidicatangithta high degres gicerainty tHRt i¥is

ON- DEMAND RO VERT SusMh g0 @nﬂ%ﬂﬁe@@ﬂﬂ:@t@ HiTBHAled b&n &SRk R e SRR Gvhodkt CaN
be per ignalpub Ee and Enel ivered in nmuch

y 1s well-known.

In most transaction environments, public-key cryptography is only used to create digital signatures
and to securely exchange secret session keys. Secret-key cryptography is used for all other purposes.
In the following discussion, when reference is made to the secure transmission of information
between a netpage printer and a server, what actually happens is that the printer obtains the server’s certificate,
30 authenticates it with reference to the certificate authority, uses the public key-exchange key in the certificate to
exchange a secret session key with the server, and then uses the secret session key to encrypt the message data.
A session key, by definition, can have an arbitrarily short lifetime.
3.2 NETPAGE PRINTER SECURITY
Each netpage printer is assigned a pair of unique identifiers at time of manufacture which are
35 stored in read-only memory in the printer and in the netpage registration server database. The first ID 62 is
public and uniquely identifies the printer on the netpage network. The second ID is secret and is used when the
printer is first registered on the network.
When the printer connects to the netpage network for the first time after installation, it creates a

signature public/private key pair. It transmits the secret ID and the public key securely to the netpage
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the sane way as a periodical. However, since there is no shared content,
delivery is made directly to the requesting printer w thout the use of

mul ti cast. 25 When a non-net page docunent is requested on demand, it is not
personalized, and it is delivered via a designated netpage formatting
server which reformats it as a netpage dgcunent. A netpage formatting
server is a special instance of a netpage publication server. The netpage
formatti ng server has know edge of various Internet docunent fornats,

i ncl udi ng Adobe's Portabl e Docunent Format (PDF), and Hypertext Markup
Language ( Hiekktation|server.[be sagaonrarei-fiddecretilp agaimsi thembinger's ssore P réchydedrin iphiatabase,

resol ution Qrfd d3fs B¢ iegl;t@dmmgaems@,a&rp npﬁee%@aaés amnp@&a&cwco&alm fd rﬁx%l- yrm
format, with b?l?) QLDb con% rorhelth rtfatutohlat tC?J &/tf)nc ude alf .
pages di r ecPt?° Pirie8Y P P& & a&‘érést EGTpAge" A& TR EER t une this

‘behavi or via a pr&feripme eeistfien jeerrapes f mﬂrﬁa@tq puthgrity &9r \netpagerpiliisss. sincariichay d

net page Hehaotdsorn seclediFbridtliongioing o A& prinkdideadtd - "per si stence avai | abl e on
ook ouge o1 %o TR UL 0Bl 5 SEL LRI BRI b 195 g
t he net pagedgphggeautheriaingthe padehep gens thr Aeblifaerge the pser’ %faflmlnﬁmfﬁaqéﬁﬁiwgvt@m from
Web server SEved dobtkliRlsehi‘to aSpridte/CRYPILERARHY acﬁFe}(sBd QO RRIBYar uSer Hﬁleds@n@d pr@d ect

sensitive i gfb%%& L qu‘Qﬁeﬁ}#rRaé gl%lgt%g\%ga'ﬂ]q é)lagrg sér&e%?%lfgs Vl% E"xe reglqi%tl ata %Qet Icate

parties to a transaction

wi despr ¢Qd thardhe puldigherip aythetjzed fgpiRiiypthagrgblipgtion to the Peptfise) psahp EV" P&ﬁf‘oFe‘rﬁj BFrlﬁé&‘Rfey
crypt ogr aphyignatlia @sinaetepaidichersaiutiarky, tisasd bl the plbBG&8 Sertficate ktypd B @eag@Ryation
Secret-key gryptography, also referred to as symmetric cryptography, uses
the sane key to encrypt and decrypt a nessage. Two parties wishing to
exchange rressagesTWEtPagT Fegl ‘f‘“"als‘i“ﬁhiféep‘t* &q‘éeg&iﬁla@ %?m@%éﬁ%‘@”’é‘mtsﬁ‘éthe @@E%S%EO key.
5 Publ i c- kelngs hpe egueaqdny/ipitiadd s 2 pafr@ghredtothe pagerasynmet ri ¢ crypt ogr aphy,
uses twpsenghypti Qipk@)bEn seclRGy t WO keys are nat hemati caIIy related in such
a way that any nessage encrypted using one key can onl decrypted using
the other key. OnEbfcPpgseenis pugyd f uniquf dsnifenss i %(’E ‘?sfdf’am\fﬂ‘ﬁ)‘/“leé“‘tché Siﬁfe%é’r’eﬁd's kept
private. Thelbpubiydn thdpeyanil & theseighgt Beigatomygter dnyasrBBSRYD §inhigryedintdferthd he
hol der of the Phd Nalendif¥e Once encrypted using the public key, a nessage

can only be decryp ed using the grlvate key. Thus two artl“es can securely
exchange nmessages™ P R PI' STURET G ec?“%‘?(&ﬁ‘édnag‘?ém ERCMBY gt vh
ensur e 2hat pebhé ner Fopatugcaiee yith & pringee vip @ radiot freiignay Gigmah whdnewer it isewithinotngess tof t he

private keypdR. @ares @h %na mtekay re@@t'er'%d Ry bégm&ryke%m%é yaamg{eﬁsp Mo @P tnD PeiS €d
to create a di vate key can create a

oo’ ot o g fiflaud SREHS e OB @w%vaﬁ R TS e Ao st ke oy

Anyone can mlh'eriﬁvvmrlsrfuyedtmmclealt he encrypted hash constitutes the "signature"
of the hol der of Ap& skl é/ﬁctsﬁn i&?YOrWerrbrlﬁtﬁstmﬁ&\Is, ihdexel bﬁﬁrmﬁ!@-ﬁ htﬁ'dlpf'%ﬁer dg.yeSsage

by decryptin e .encr hash usi t he veri t he
ash agia nstoioh S i B e, et hat 1F B0 o s il Bits Bt et

t hen the regision @m aﬂéf"l“tfm?t wgbab}e Omfdrﬂstve:lerltlff-yse@)@ﬁlhlf ndegitart he nessage i s
genui ne and that Wwhen h@é‘n c&@efs wblﬂxexrdng@ bt £rigt, t.h@petx Erﬁﬁ}ﬁxilt&' disdbQer WBAIRr BYRhdvEaiteY

cryptogr aph(;{ Wﬁrtheggon t ow_ﬁ? other c%hen %e H\{\él@‘Xet ines wfsxetther it is sugf;fgetﬁo lcno¥v lé’xg%%lnﬁji ch

prevents | nmperson one usi ng I Ca
cert i ficat emxalﬂ b &F anxplég becg}gsettéer Rep pqlc@gtt@ea user who is reglstered to use the printer. If the printer js

30  meant to know the pen but doesn’t, then it initiates the automatic pen r¢g1strat10n procedure. If the printer isn’t
meant to know the pen, then it agrees with the pen to ignore it until the pen is placed in a charging cup, at
which time it initiates the registration procedure.

In addition to its public ID, the pen contains a secret key-exchange key. The key-exchange key is
also recorded in the netpage registration server database at time of manufacture. During registration, the pen

35  transmits its pen ID to the printer, and the printer transmits the pen ID to the netpage registration server. The
server generates a session key for the printer and pen to use, and securely transmits the session key to the
printer. It also transmits a copy of the session key encrypted with the pen’s key-exchange key. The pﬁnter
stores the session key internally, indexed by the pen ID, and transmits the encrypted session key to the pen.

The pen stores the session key internally, indexed by the printer ID. oo
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20 authority is a trusted third party which authenticates the connection
‘between a public key and soneone's identity. The certificate authority
verifies the person's identity by exam ning identity docunents, 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 25 public key is

wel | -known. | n ndskough afakezper sap fpeRppte & Atk the penpseisiritien kratgeok ogipt esgrraphy i s
only used uenprieatssorkegianalites byghadikeres and to securely exchange secret

sessi on keys. Se%@J5As&%usgrv%ggiQggdgahyﬁést%ggér%%ggﬁgorf{i@ite{d sgmf?ﬁis% 956s: In

the follow ng discussion, ‘wheh reference s “secure transm ssion
of i nf or math B Y PLWSBAEI RSE Sl HTehfebe usdde seaust apdfill inpeippecaiesr @ed ey |
happens>5i s rdgla@tiont fhrexs, [pr regidied i nehbed bonhich e nSvgen 8 hiit@nat@ny linkddCa@toRidd a @@ pen to

aut henti categidids .t h reference to the certificate authority, uses the
public key-exchange key in the certificate to exchange a secret session key
with the server, TEnRf" e fcomsies e than pyblitkex cBEPHN Beeapset &S hardears prrformpnse
message datastraindingl@gei.on key, by definition, can have an arbitrarily short
lifetime. 342 NESRAREDERMNKEER SECURI TY Each netpa@e printer is assigned a
pair of .unique identifiers at tinme of mapufacture which are 35 stored in
read-onPy menory TPEEPHE SYFT MPRYS HRACVRY PEREPHREE FEgH SEFatT orpeeriier

dat abase. Wygegefprintgtinclufiys @ Rcilitg to gointbiaiegnagkn dutwill @uiyelo yo indedst FamamblisiRe was a1t er on
t he net pagsuidhitad@sised. TH SubBHE ML arlsRs hidhoSS ©lpBile waBHhalkSin Hs%%ﬂﬁé’%é%lcﬂ R€prnRf | Nt er
is first reg steredt. on the network. Wen the printer connects to f'he

het page nefs\/\%?tﬁa'fﬂg?'c?tﬁe first time after installation, it creates a

si gnat ure publ i cllsriwataimarkk enntieaprpcess| uses tap avamiitesdithdr gnagiacin epecifidd ‘aaembie

publ i c1Bey re5ieis Wi @le YpateO BERS-HAG! ;ﬁ@@&:cntﬁf) ?ﬂ%&'m%é vsage_nﬁejrk re%@rgi wiidh abhOR el ver .
The server conpares t Qet.secrdet Icg agai nst_t he printer”s secret ID recorded
inits dat 3P55e " “HKMAEEESIS ™ ORE APy PRt YEET A S 2ordEsignet Rprodyce 2 hen
creat es anttesirggersifeet whep the fepiena pre viewnd togétryi: pgpievdd &y loekingtrequgisthe minted sheet.| D and
public signat ur eThyfect BBRilS kD ReferhdiCin @AY it ishbGRILR vinth békGe hERIyShd e ioPRe

database. [he.NelRAGE: hEALSILAL Q.EmEL acts as a cerfificate authority -
for neé(gag%prl nters, si n_ée it has ‘acCess to secret information allow ng

it to 4erify prifPreer seeEtogumgnts cppmetbe gopigd asing shglbyili-in nigieage tapy mechubhideseribedon, a
record i s miseaiad abdve. tThieextadsRa@S N @@hagds btelplR-238E MBlocop@@t abase aut hori zi ng
t he publisher to i | ihcatign to the user's defau prinpter or a
specified print eSrG::E)‘rr,é %%%ﬁeggﬁggﬁﬁae'”%?“%’%%dt“ T Ogeﬁ?r?r_nr? céfranﬁc%ton%ilréeﬁég’ tge FVer is
addr essed 1o hsaper's Bhglogiprh ydish wasrraptired ey fhe dsehigeisidaes bigmatyik iinfdvetiowithrite t he
publ i sher ' stppge regiata@orStrgdnat desotibdd @ySectibh® page server verifies, via the

r egi Sti@‘tl on dat @‘peasp?e'sem]e . t}bg‘tsectnlg%et%%p ldj)cﬁxj;x'eqx[, tlixesrec{fuilé;[nr| Qal;livzm itg 9 tlgr?[!ci ver the
publication to the specified user. e &gge server verities fH&™Y Pnature

usi ng t he BB U e 5Hg! wavk Bif unigsA phietrure desiinenhis opytsiid fonbe lifimeefth f i cat e
stored in doheentegidsierad id@namend aibsa bra Silocaitd @om@htRAGEy € GreSént aleir OffedR IV B

accepts r e&y&rﬁrtﬁic tf&ge?sdq ngui'enéoicJ?rgnt%;iﬂ%oinzp@J Ica(?lnt% JeQelthite v&ﬁ?&ugggsfeeedl%aa(oon ! ong

as those requests are initiated via a pen registere ren
NETPAGE PERFSEEHRIY EaRop P E PSRy doguneiiyprfigatian - uni que. i denti fier at
time 030 manuf act@leady wiikec the Waensdriono the hsa;’st“;ﬁéiﬁb;rgph are secure in a cryptographic sense. They . .
simply provide a significant obstacle to casual forgery. Online document verification, particularly using a
verification pen, provides an added level of security where it is needed, but is still not entirely immune to
forgeries.
3.5 NON-REPUDIATION
35 In the netpage system, forms submitted by users are delivered reliably to forms handlers and are
persistently archived on netpage page servers. It is therefore impossible for recipients to repudiate delivery.
E-commerce payments made through the system, as described in Section 4, are also impossible for

the payee to repudiate.

NPX025-SG e

er. 15 3.3 -



only nmenory in the pen and in the netpage registration server database. The
pen ID 61 uniquely identifies the pen on the netpage network. A netpagd
pen can "know' a nunber of netpage printers, and a printer can "know' a
nunber of 20 pens. A pen communicates with a printer via a radio frequency
si gnal whenever it is wthin range of the printer. Once a pen and printer

are registered, they regularly exchange session keys. \Wenever the pen .
transmts digital ink to the printer, the digital ink is always encrypted
using the appropriate session key. Digital ink is never transmtted in the

clear. A pen storeé a se§'s‘5i°b‘i‘?N'E§9M’F‘WE@9%ﬁ‘-y printer it knows, indexed by
printer 1D, and a paint esEchk@ELesTRamcﬂ&NsﬂsmmTkey for every pen it knows,

i ndexed by pen I D. Both Jflhe net; aage syqrnguses tH ?(ecurcp i—:lec?rom(i ’Prans%{e on(igfplﬁ te¥ as on 1ts ayment
session keys, and will forget "a’sesslon east-rece y G588 °bs
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This mght be, for exanp ecause gg
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ignore it until the pen is placed in a charg ng ¢
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contains a secret keyoléxehianyderkiel hedbeh key pyxeheangey. key is al so recorded
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reglstratlon ‘the pen 35 transmts | rinter, and t

printer transnmits tHEYFEE BT bi"ﬁ"’é‘°‘°ﬁ8tl?5§‘§bs°‘lmé"df %ﬁ‘?hai‘tai“ Hc§31"\9‘§rl‘eys‘?'ﬂéer§@?‘?fé’f‘a
generates a sessi onrvkayd ge the tdndbolger acpesevia apadwqdinvd nt viheomegmdess ecur el y
transmts the $®ssion keygﬁgyp.ms pri nter. It also transmts a copy of the

session key encrypted wt thte en' s key-exchange key:. The gVnII. &r stores
the session key internal Py "% ?Séeﬁ”ﬁif‘e ?Fémﬁ@tﬁ‘“ CVAAY PP BITSNPT 18 Refgepe user (ie. the
encrypt ed session teaifolden it & ppyeent tranktenspen st ores the session key

internally, indexed by_ t ’hfe‘ n@ﬂak&s's?efn uLeDblometrNE%qgtﬁegﬁéats e st chQUEHYLe 8T ﬁ%@em@ Bcause

can inpersonate a pen in the pen regi t'a;ltcraé t rot oi:ol only a real. pen can
decrypt the sessio Tiyé f p§nsm’tlt1 e’ ?ré RRrFiemne 6?“@?)1“%&5”%""“‘/‘“’5 pen
unregi stered p&h i @Slﬁqnl’dmlﬂm@gl@f @Prelﬂlt blmetrlcsan@fso bd yridtbe desigies alfingcFtiintsnsdr &ito the pen,

linked to a user. a1tAJugreglas{1gaér&dst Dkt typ! B I9MREH "usdd @Bly IaBecR MeYeapdhrd OB bibR:rREnot the
used to request anc;h nzat as tE%}tmrgasge user and pen 5 registration fornms, to
regi ster a new user £'G WPI Eehtts YW pen is automatically linked, or to add

a new pen to an existinge lﬁ?b’ﬁep o ping sllp targdks SEkeaymentsidelp registen tie ugefpifiometric with the

publ i c- key encrypt iz bgeatiGerat. Thial dmame cRiblc eivaeent, f&eamble abama S«hércﬂbé%etrlc
pen. 3.4 SECU [nca\’rlgjﬁéﬁm%d]aptk&gge tprrleegp f?kggser s){(?ent%xl_lﬂ §elflxppdofhe%mmgrlc is'ca turet? anX stfred dm the

secure docunents su rinter 1nc
a facility to pri rfleg‘%?\“/éttoé?%‘?ﬁ%sk@ke%@fheweq%r“e‘ﬁi The g SSXBOtQﬁFPPIP @dmﬁmf%mured and linked
publ i shers who ar e t8 dcéra lThy/SETUh A derZr&ibtratibh prog@bslad ¢o&ﬂaéd bridGHeGatieg pritafe signature key

authority to print, Wﬂygrg§oru’]m tl]iekqmgbeclget lI‘lte u%g‘l %aym\ém oG ik dIGaB ks afs? storecf ?M V%the

abl e to aut henti cat rocess uses an a
dither matrix in s’tﬁ@iﬁe feglgatlon\ﬂ%‘teéefnwlp Rformanon to act as the user’s proxy in any SET payment transactlon

30 . When the user eventually supphes the biometric to complete a payment, for example by 51gmng a
netpage order form, the printer securely transmits the order information, the pen ID and the biometric data to
the netpage registration server. The server verifies the biometric with respect to the user identified by the pen
1D, and from then on acts as the user’s proxy in completing the S‘ET payment transaction.

4.3 MICRO-PAYMENTS

35 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 micre-

NPX025-SG



15 regions of the page. Back-to-back pages contain mrror-inmage watermark

regi ons which coincide when printed. The dither matrices used in odd and
even pages' watermark regions are designed to produce an interference

effect when the regions are viewed together, achieved by | ooking through

the printed sheet. The effect is simlar to a waggermark in that it is not

vi si bl e when | ooking at only one side of the page, and is |ost when the .
page is copied by normal neans. 20 Pages of secure docunents cannot be

copi ed using the built-in netpage copy nmechani smdescribed in Section 1.9 ,
above. This extends pemens i g raaetepagasnesan Hegurabpeis, awameetii ot @eping deit balance using
Secur e docunents ar Qhetsﬁmmgggy}nymgedagl;sat ed as part of e- comrer ce

transactions. They can th efor i nc e the user'

captured when the user regflrhs eé“?e Of’%ﬁ%’g’ F |exct:emi%“rjl1‘0 @it te RIDSC" t'g’hfa? Fhf’épe”ﬁdgctalfjmg@h would
regi stration server asaghefessde Pftferdedltmthfsé%mt@rforﬂPfldeVlWetﬁeﬂmtesent ed with a
secur e net page d@curmnt., hhmslz\eﬁdngi ent can verify its authenticity by
rgqgﬁF;I Cgl : Eisf 3? at lﬁlz : Inf A enauserfreqtue\i/.'s\@)c{ ne&oo% mapa{tlgulfar Pcatlo(r:1 ﬁ%nteextgl?ea %catlgnci%'l eto embed
are al | ocat ed non- canter-gpadisdiegsaction IpSéipgistrage rﬁebquum et bieved fre page is tagged with the transaction
oppor tuni stic for gens,andh&pglidition idme.wmm to ¢sblish biCpbrbPitte RREK: Sk Jo@'s Ggvel oped
ot ol - pr emer gt o don HETPRLLSTH 0 Bl Wit R0 G gpgtn s
wat er mark nor tHE udess's gnigyp iewsigr ‘aﬁﬁabéﬁhé Qped rhetypisy! %a‘élrl%ﬂmob(gsraéﬁﬂ*ﬁ igems Epys @ pre-printed
They sinply pr oVi deataogspagnd» fhe ﬁsaﬂtvxrmbsiha@lngcdﬁm ma&uahheixﬁrrgmayy, hd¥aek, B unique user ID
document verificati %5' kn OQ/@P& lthg l&t?ﬁ@ yyst% Ilsgrg é’iwbéég lEo %bl%gto+ Oﬂﬁsg?@ pr&lgn(? dllffgrerE apppcatlon

added | evel of security where it 1s ne

i mmune to forgeri egrviSersroRORREPEBinAT ety qc?\‘mt"h‘%i behayipyal gue- syst em f or ns
subm tted by users are delThaeipes regiatatiaseryer ingeafl GRinBinsaa Maly@ES relitidsha ttween a user and an
persistently arqBi vquh&aonrvzat AAAE. RIS 53 YELSm Flebre b8 “Ihas\reﬁne% éeu 233 ) Ele iff tageed

for recipients to repudi at T very E- conmer Ce paynents na

system as descri bedf f°S %t?‘?? atH‘b”t%lﬁ‘?? n5P¥R PISRFOES TR e netpree re%‘ﬁ'é“"ﬁé’if@émtt@mlate the
repudi at e. NPX025- S@s@hted 4ppEdatcGTREON (e ESOMMERGEN MEDERo m alias4D 45. BEGUIRED is then submitted
ELECTRONI C TRANSACTL N 1 sefifid's LhiRaiRgt Page system uses the Secure El ectronic
Transaction (SET)- systemas one of its paynent systens. SET, havi ng been

devel oped by MasterCard antf ¥PE&.o""gE"gp éfﬁf P apHRRrd DA R SBh P JRIS togigigeve user-
this is 5 refl @0t edperific tavanfiraation RiGowgyowlckipwiiegiobal idagiky obthe tsdne system i s

i ndependent of the type Ofl"heasgmt)%al%hm He!&)@rgent Leﬂxﬁ@tgl;md &x%e‘i@gzlug@{e £ of 2 users
nmer chant s regl ster ficate Ut orl ssued, W t

certificates contai ﬁ‘?pﬁﬁ‘“‘i"ﬁé‘i ?”015 R ] (jar?&’l tEf‘Psé ‘?ng bgsﬁﬁ‘g the BT o Qg agplication-specific

authority verifies éfwagtighol der's registration details with the card

i ssuer as appropriate, ang, ys@Etkrfels,%ém% rﬂiﬁzﬁéld?@iﬂ& ba® cdd€@IPES hRbliRMacHRlE IS sperh Rcords
the acquirer as ch nts store their

app
respective priv& ‘ﬁ%\etaﬁ‘?}‘éa“f%‘}a‘i? bq?g%d}?eé‘f °roar‘iy ?W(E:?Tr P t¥put ers. During
t he payment proc es s t hes 8ack en’PMafwncta%Se@atadr with pg @rblitationrpretiden| ahd/theamistdmemdinitaia keacepunt

merchant and car dhej stedif.of @BhpfIRatBAS-BVRRL lo(éﬂﬂ»\ﬂt tb k}mmtmt&gm&x&%mmmgh fees etc.

gateway. SET has not yet Qeen ar t

mai nt enance of keys and Cért 1‘(fagmaf’tmvOcller & conD Ublp &t &d™ OUIFaEISeL’ESscrgbﬁémmf’ﬁ?}é‘? pjfm records

sol utions which mai Heafrs vitiredtot desvekeyesabrd p@éqaapqmr 4s pvelt apthe eypecigd frequency of publication.
30 45 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

35  Description Framework (RDF).

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

A communications protocol defines an ordered exchange of messages between entities. In the

NPX025-SG .



server and give the cardhol der access via a password have net with sone
success. 15 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

t he user and authorize SET paynents. Begause the systemis pen-based, the
bi ometric used is the user's on-line signature, consisting of tinme-varying
pen 20 position and pressure. A fingerprint biometric can al so be used by
designing a fingerprint sensor into the pen, although at a higher cost. The
type of bi oppdge sygenusidesomhys whf potes abdervgaplissrasetof ddfiha poitosied roopgratimt  t he

aut hori zat |hg{alea§ggggcgorg,tlth§hlggetﬁé/e%;sgm The f| rst step to being able to nmake
SET paynents is to regi ster the user's bio ric wwth the net

registration serve&f P ‘|1‘§trat5f8 he P4 Si“B?’ffer e d BN PoReAR, ¢ donfeﬁﬁ“’“é& anpl e
. a bank Wh eseé totrépeesdni mﬁelﬂm and s veréral dipeensicaiptused exteradsent fves. Epinetity Isnpregested he

user's igdeny ueytadg@ c%arntnfg mes:lamelzhae Qm@rmi d Vefticd SohRRE %a@,gmdlfeﬁse% a@l edn@ t he
regl strati user'

n aph
|l o op PRIy Pt Stk Ret S e SR s B Frefd St B dor
registrati difvlnwrlb@e‘gsas |asi01(’919r’rp¢ Beede the putotdpecorsidered leiervg npirdreptatordestiog maititsr e key
and certif ijieade@arddeforat} Qf A6h ds Booh L@ Ehady BRRSH partddp@re S PFotcsolpay ment card

information, s a net page régi stration server enough
i nformati o%1to a(%?é)scagﬁih'%je“‘s'%Y\ﬁk%Féxy in any SET paynent transaction. 30

When t A8 user evdrmtefratd spbasliprsp|of asgbserpiontdeliyerp pretpes! i thowinpigee €. a paynent, for
exanpl e by signi AGargd nutRt Fage m@)r Slekrivk Qrarﬁlanoﬁlt’h@p@ﬁdaﬂ'ﬁneﬂfacfﬁ@&‘d E(ﬁtlio)f mtt}r RN t's

the order 01r11 (%érgr%t tn dianté[l]s%rs’ e%mons wxllasrll?re commt)rhcontgrﬁ" sucl!1 %s tex?o%lac{s and 1ma gote?c'f- page

reglstratlons er verifies to the
user ident iThy Sé'a“l?yo"tdﬁé(efbéfﬁtocol ereferp éeliversgiarumpn irugipresde indivigup! mfh@rs Ui eeintegstor oxy
in conpl et ibmgelfa/éaﬁha'iemormmmwatﬂuamacti on. 4.3 M CRO PAYMENTS 35 The

net paggssystem i @fe iR gﬁ@t&%ﬁu A, 68%insD BLARTY TP B Sacn uBeuiel B LD UISET

to be convenient g]di Intrn OW- cost ~docunents on demand and
for copyi n&§ Copyl 'ih?jﬁf“db“é ﬁ%‘ﬁf’%s"u‘a‘ﬁﬁl incl it pAcymen] 1B gnd razeesipireiethimser to be
rei mbur sedsdner 1expeRisie Jori tRCdotunRal’s inBwlp Bliotdidd Y. 1A dheiadek iitS bwgapiBdmh IR 64, Hehe

latter dep%gﬁbeppahgshs 6& gx\ldgllne rgzvari? g’!:p(%lmqh/xcaalcﬁ pr)émgr Qy ng ﬁlg mgsgagg ‘gi%ﬁ oy @(, 't When

"the user registers for e-comerce, net vvoﬁ'% accoun I's esta Whi ch
aggr egat es SEEEESY- NPX025-SG 1 1, 35 paynents. The user receives a
statenBdt on a r Egulagrseldasies fhe a;fpdcaﬁcarID&ect dlieIDad phiaihl freh #HadégR@atickeiver tpal ance

using the standag qsepﬁy@@nﬁe J;acmameﬁ r;s}mtems a% mﬁ %C&bmrly%aa GGt ended

to aggregate subscription fees ﬁgrl odi cal s, so ot herw se
be present &% ‘“Latb“t"ﬁ@ayd@ B usrr deF‘Hé‘ pf"ﬁ‘?‘ nghe Fﬂﬁkﬁa\ﬂ“dﬁ“atfﬁ°§? atenents. 5 4.4
TRANSACTI ONS Whefhezpplisaipn’y egifiest dlows theppageen h verifp de trieSigk aignaappiTieqagel on

context, tQeeARdubst RltheOBpidrSioR NrRr B @fﬂp%hca@onqﬁ%d shes ddht totg&@epﬁa%l on I'D

55 1in sequent input through the page is tagged wth
transaé{;]l oﬁ‘%gi“l‘f)‘msﬁﬁd the application is thereby able to establi sh an

appropri ate cont &kt pagosertchéensircats dopputt. an\pegs insiqpert Ipcodr forvedly dligiagea page

Whi ch i's N@kcipRRY SRR phde Eos SIQYRY Brfnter. [HR1AR B kfednt ée{bfmaﬁzastleﬁaﬁnei Des &0
user's uni que |dﬂrséenoy to establish a context. A typical exarrp e invol ves

addi ng it eWEPFFY Pre-printed catalog page to the user's virtual
"shoppi ng cart". ItThen rgwrottiEaewly diecatsd page IDs priicwpbsptionigiewerferebdae uni que user | D

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

35  printers to print the documents. .
5.2 HYPERLINK ACTIVATION PROTOCOL
A preferred embodiment of a hyperlink activation protocol is shown in Figure 45,
When a user clicks on a netpage with a netpage pen, the pen communicates the click to the nearest

netpage printer 601. The click identifies the page and a location on the page. The printer already knows the IB
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60 known in the netpage systemis not divulged to applications. This is to
prevent different application providers fromeasily correlating

i ndependent |y accunul at ed behavi oral data. The netpage regi stration server

i nstead mai ntai ns an anonynous rel ati onship between a user and an 15
application via a unique alias I D 65, agrshown in Figure 24. \Wenever the
user activates a hyperlink tagged wth the "registered" attribute, «the

net page page server asks the netpage registration server to translate the
associ ated application ID 64, together with the pen ID 61, into an alias ID
65. The al i &lofhPpdndom fepensenmasiianpeoticolt o t he hyperlink's application. The
application maint aﬂemﬁnt&t@&m&ﬁm@ﬁmSpme hehGtR QxdreR)of @k ip@S sdrfey 1oam5hd1im§ uabl eto
:::]|et)lr3:’;l|evle dgﬁ?ai;’t{cular S?gepﬁg!)l {‘tg: é? ress.lnhaé alreggg%e H?tt (ia(éql(% lf\{rgaelulr%ohgg rﬁis%qp rllntc.irarcigc? w191 th
certificat epaéﬁahwlpt\?fa'ﬁeé f%wag%alemnéwéyw ointeecR. ty page [N oligk ‘°°att9pF°|”E9a°Pﬁeons

to allowsitseher. sign application transactions on behalf of the user using
only application- ifi i ng
product bar code ?r%%%)e segnﬁr loddp%lé);;ag?gegc Llor\ll ;(:1- f[a?ngﬁeg b? {hﬁﬁalgngsa}{r?ée%mulepwlgc%%%g
favorite apptiedresas. tfﬁ“yb%WélF‘?“eb‘f‘ At“r"&@‘“&%‘%ﬁc’eYaﬁtrmPanﬁl&ﬁﬁé’fperb‘fk elsraRitthet ypes
Each appl i cpigt @fertien a8si@Clcabsedhtodiapricaioh [BEY bddRk (DY, prdavtthers, viameDRSeesyst em
mai ntains ag, Aacoull omg@pppc%mlstep@ostﬁgﬁbapﬁmloh9ﬁtl oh provi der, to allowit

to credi rovid Il I'ck-through fees etc.

appl i caf on pr ovi H&pagéé‘?‘i"ebléma‘heﬁlﬁbfq e POt ey eoprpsBeifingyserdRISS &P I?%E?g‘%ﬁ‘f’f‘e nt .
The system seseoingad thireallo@es & goballyl uniqiginesink tequestdle 62 wd bhikiea sipbIréqaaich34.

publ i cati ONthe l’e st cﬁgggérp%%m Jl @EQUQDGFXE: Wper MQLdu&alteéoQi@ the Ig’soof[ghe
RESOURCE DESCR BT ONS preferred enbodi nent of a resource
descri pti on’e@F%Eg%“Sﬁla&dgFF‘ﬁ‘ﬁ'r frd RIS CHCkﬁ‘? tyBsink Anstance 8420 The B a1t "RTIEBnt ent
obj ect may be seresiy i3pechyipylinbr@enD, mdthe linkdDouhcgpldaiecr | pti ons 842. Resource
descri pjsons use %Aaqpp%mn p;bdszesraeespme@%&an £LEARNL o p?&tauon.\em,ﬁﬁogwsand%ugned to

facilitate d| scover ur ces. Cor e

| 0 net a
o orm + of TR P G St el yBes P e 08 ERBER T §E on
Framewor k ( RBEent’s Aewieatiogecl®), degthervith the gauesiiag/pagchemidris {3/and ihg Inpglitodqebei®s. 920.

The net page syst efjeaddbdaym ls&@l dedds tHe PSR rSquesCIDRMA apgmnotm&, tﬁerfgmag@elrvé to
rights hol ders when user.s p

rOTOR0L S A BRI s B Do R I e SRt st RN BP Iis sages
bet vveen2Qentleqm%@se)qudpheforq\ﬂffﬁém%tl% net page system entities such as
pens, print Ier S anﬂ1e$&5n\ﬂ$5g§ sdlet dIbRRs RoBRAt 1@tﬁnc9ﬁfd|pﬁg@(ﬂDﬁ0Q’é@§Qhe§1e®@ allocated
cooperative pser interaction with the n S
protocol isP %‘H “qe ?pg Y EY ?Omgesg(éfﬁ“éeﬁgté’ 8 agrgaéérgh e nd “ac’hse?dﬁﬁ'e page
hori zont al @Fcrmfww'@)thelle@esm&@en}ert o represent nessage flow and the verti cal
dimension is usedrrk@ypemmlesm&tmap inerede alb@Gihe®Nidniaftioh D 5% PINASE Bdsedle il phiy a
rectan cant al n of the entity and a ver
Fepr ooott i ngt PRty R Rt ARk AN Bl inhs s G2 on 1 . .
the lifeli n‘é‘a‘P‘@h@ﬁ@?@\ﬁW%e@cé&@ﬁé@“ﬁﬁwg kaEFWFtﬁg the time an entity is
active, the |if effind@ypedinkSBRE aaSer Aliastl Qs Eallad RQuireBRAGEIE s def) AR OEOGRY: S

consi dered el & 40 A% r{)E 1%3(}1 %naotﬁe rgge%nl; Qgppﬁ’c‘gﬁontlll) %?to the réglsﬁén s%§v%r61'i & ogt%ger ally

cut short as soon as a
SUBSCRI PTI 4t iBtEEhe viERy cpmpMo the pen ID but also the alias ID 65 correspondmg to the apphcatlon ID

,30 . and the user ID. It includes the alias ID in the message sent to thc application, allowing the application to
“ establish a user-specific context for the hyperlink activation.
5.3 HANDWRITING RECOGNITION PROTOCOL
When a user draws a stroke on a netpage with a netpage pen, the pen communicates the stroke to
the nearest netpage printer. The stroke identifies the page and a path on the page.
35 The printer forwards the pen ID 61, its own printer ID 62, the page ID 50 and stroke path to the
page server 10 in the usual way. '
The page server loads the page description 5 identified by the page ID and determines which input
element’s zone 58, if any, the stroke intersects. Assuming the relevant input element is a text field 878, the

page server appends the stroke to the text field’s digital ink. - -
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10 A preferred enbodi nent of a subscription delivery protocol is shown in
Figure 43. A large nunber of users may subscribe to a peri odical
publication. Each user's edition may be laid out differently, but many
users' editions will share conmmon content such as text objects and inage
objects. The subscription delivery protacol therefore delivers docunent
structures to individual printers via pointcast, but delivers shared
content objects via multicast. 15 The application (i.e. publi sher) first
obtains a docunent I D 51 for each docunment froman ID server |+ then
sends each docuneffieréperigd piipagtivity ehedenergths 1 fele chgrpagqeeryerseads dhe d’éaﬂd the
descri pt i ongendib@stiokee g egistaadn\serer 10 foraggpasion| e fe@tﬁtrahd’ia&exd@@ddm&tthéusé}evd y
al | ocated | grreéngtdfn%%ltﬁéq)@é atldtu§es %%seﬁpﬁl:dm%ﬁ{'e& QanVJTl xrt]g%ddel%&eto m%ég?tﬁg Jtrggg as

alias I D 65 e relevant set t1cast annel nane gns t he
message usi F‘r”dd"f’t‘%“ 15t Que & hass‘i"@;‘ﬁ'éetdd’i‘ees"Rlﬁfl fo 9y “‘Fh’ég YR SEEF RS E’i‘%é%“ tf’ h*t?
appl i catd onrelestiagyshgeaskrivasTht g4 serve biiparidnthé ©:0 m thehat vaRgofstereatfielon server the -

correspondi gg useg,GhQU,@Z\,ER;F,andﬁeBTo%msel ected printer 1D 62 (Whl ch may be
explicitly sel ected for the plication, or may be the user's default

printer), and the’Sppis tB‘é’t“?“bﬁle‘%emc‘@Pfel sppecihg %’Oke'l*’i’f‘é'se&‘bﬁla SR ISEY die tPree cate
al | ows the pagelsmendethe drokevahd sfeyatirdi@ldiseiede g si gnature. The page server's

request to the regﬁ&t@ta maéeftwlethe tak Ltsme stgn;nta@ﬂe@mt tageée;veeenhs%ap@,ﬁnaéu as ID
don't tgpgeth i dent i Scr e server

a hen
o T ocat B2 G difutng APkl 4 TSR L Bt P ol 0 s pagjieaion 15 b4
descri pt i onssociatpcvithdherfgrmpd giict tBssigg@uyre figdd {shrat, prvetitaethe fotnt 1D S @hduitbasrrantdata

rel evant seon@ft o foinf Qﬁet reé&t@ﬁﬁ] ?el*veﬂ@é?@ﬁes fe ruser @oh@sp&ﬁth{&) e tpén anll ]tcls%st tﬁ%hs%rq I't
catlon ror uture

t hen retur n(% t he newl t ted %9%5 sp%@
ref erence. ﬁa%&%‘a?"rﬁe “’gﬁﬂf Pl i tf“btff‘f’resd fiyre: gfeq h &% gt
struct ur es tigratprhdhegegisisatipn spvergises the rplicatqh ID }§1‘ prdugsr B 60itaid¢nhii the ededseppicatipage

serversisi tspeadctph\eesrg&mtehey Haeh ebb&hesepﬁetnsra@t dlglttemgatm Sithe O 864 Sid Rt h e

Pfgﬁ:“t SES{K the <F %ta sgnaguretrp'jlhe reﬂtiesﬁlg Sa easg ngr;l?]xee [faée serve 8551 rés éhé t\glta?stts ap t%i } ga%ﬁgtﬁl%:js

cont ent obj fskdagd sery e gssogipted formésstatibte &2 popul ate t he previ ousl y poi nt cast

document st ruct urieSigital BgnSrud knk 1M thé d1s DGR HEIM@Pchdiheused Atlis SRWPA $eR form

~ documents to their %ﬁttsab,as;s and it allows the 35 printers to print the
docunent s. 53 HYPERL 'RK 5\ VATI ON PROTOCOL A preferred enbodi nent of a ,

hyper | 4k a%%i vatfoBM SHPWSRMAIROTASOs hown i n Fi gure 45. When a user clicks on

a netpage with a m&%fa'&g&n@fﬁﬂenlzsﬂagorﬁMmﬁﬁmmhc&l@tsﬂﬁvntnl'ﬁ%u@hd ck to t he neﬁr est

net page prlnter I paent 1,11 t ne a 4.0ca on e

page. The print e?&é"‘? ?ug%l logl?ﬁcgrswgla aﬁe”%il eﬁﬁ'lf’%‘ aggrégq%%ﬂ thefpro I%Qﬁned From

t he pen con?‘?@t?’t?6r‘i“‘b?°6‘ff?€’bfpec‘ﬁFH@“tﬂPsr nter determnes, via the DNS the

networ k address ah thk bie fagem SHEUG] the Q@erharadivatilangmtsh@e sefd @Y thd fagtl sétler PG eRe | D 50.

The addises Sy liRiofh BB Bl s GG diRoih otth@%a] iSRS, G0 bofhraln ST ACT €d

with the sane page. printer then forwar s own pt’lnter

I D 62, the SPaHEe | %’ aﬁ"lt‘i‘ ‘Eff F%‘I@a‘l“’ﬁc’%ftfie%??‘ﬂt net i sxipliye the?“@é?\ﬁerasswlaﬁe witn e

server | oadsmrdspredifpaigeal deanreiaptobwinindthé @eesbdnfihgdrtibyste e thp agaratob s 1.

det erm nes gphi ch ddﬁﬂ%&;onﬁkﬁ%ao?oc%@”e 58, if any, the click lies in.

Assum ng the rel evant 1 nput elenent is a hy Perl i nk el enent 844, the
A preferred embodiment of a commission paymént protocol is shown in Figure 47. '

.30 ‘ In an e-commerce environment, fees and commissions' may be payable from an application '
provider to a publisher on click-throughs, transactions and sales. Commissions on fees and commissions on
commissions may also be payable from the publisher to the provider of the printer.

The hyperlink request ID 52 is used to route a fee or commission credit from the target application
provider 70a (e.g. merchant) to the source application provider 70b (i.e. publisher), and from the source

35 application provider 70b to the printer provider 72.

The target application receives the hyperlink request ID from the page server 10 when the ".
hyperlink is first activated, as described in Section 5.2. When the target application needs to credit the source
application provider, it sends the application provider credit to the original page server together with the

hyperlink request ID. The page server uses the hyperlink request ID to identify the source application, and
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page server then obtains the associated application ID 64 and |ink I D 54,
and determ nes, via the DNS, the network address of the application server
hosting the application 71. 10 The page server uses the pen ID 61 to obtain
the corresponding user ID 60 fromthe registration server 11, and then

al l ocates a globally unique hyperlink regquest 1D 52 and builds a hyperlink
request 934. The hyperlink request class diagramis shown in Figure 44.
The hyperlink request records the IDs of the requesting user and printer,
and identifies the clicked hyperlink instance 862. The page server then
sends its ¥t BE&mediben tp the ﬁva"? RESTRYA &7YeF Hiktogelig st the popsee appifation B ¢4 OVRD t o
the appli cateivenid sBoanfhie l@pink cabdsOn. Piicaeid@bn &reeSRINGE caiepaii tppRamar di ng

to applicat ¢rmeﬁp£&hitkﬁ ﬁggln&,ﬁeaneddp&%@m&deﬁ docunent 1D 51 froman ID.
server 12. 1t then send t he docunent to the page server 10b resC[)onS| bl e
€

for the docunent If he aﬂ*"“é’l’ﬁ"@&“é‘[*@ﬁ“’ epeglit tP‘iﬁ‘é‘F'Hé?‘”dW if $5nds He Pringsg predder fiRglitpage
server' o | Dognarigilabpabey/seeeritdgether waigkely berlinPrequbh 6D Sbemprtherpages Betypink sqrds t he

hyperlink regnayestinsl & fnd: a,raraénhsct@é &QR ol Qtﬂeqelzvty@reglgtra% smgt%geﬁl@mﬁ'ihe LiQ.o0bt ai n
t he correspondl ng. user | D and printer. ID first page server rejects

the request™ ™t @“%‘Wéﬁ"‘f’“ﬁ‘?&‘s‘hﬁ(‘f’P"Fséﬂ'ﬂ‘é%’f““ﬁ'd’é°vé’ﬁr6F°f"é‘Hg16r is for a different
application. The Becond apdigsios erviér isadpli@dhtretied ot tigrantityi of st ampeappivatiopage

| Ds 50, retysasr, &halepr@wrym‘a&el&%toeﬂnyo@agﬁurlx%pﬁc&ortd?@ld@rppl ication, adds the
conpl etf\O do unent tQG § Lot t abase, and finally sends the page

descri to tHE ’?’5%5% £ ﬁﬁ"%'fl nter. The hyperlink instance may incl ude
a neani ngfm1tran%%!(ME’PW'qSD 55, in which case the first page 25 server

includes the t ram&@e‘i;rtng QﬁFléuQs B@ndtd'@xe Séﬁ’éaéﬁy 88B1atell B i BencARRkALCBE, iRfldes Thi S
allows - the a ecific context for the

O St a C
yper 1 nk dBPTBATT B Bri SateS Bt ap sl L a8 B sk g5 bt e
"al i as r equhereeltomgenenty. Blagtpen tops 10§ dstin operatéon ratdtably friowneet! atpagpad 10§ ef thegousine idsA bot h
the pens D GriaRgardnh@vd i pes Isacmfd t8 the Bipbdite @Jd'l@éﬂof'tl@h@ﬁmé 07} tﬂﬂ@consgm& hatdron

server 11 to bt ai not t he. user | D corre en ID but
also the alT4 % dltp%s?% a"ddsrtP‘lé"seg%)onm RGP T hE LB ‘i‘%g o) {r’%e %ﬂ%ﬁ”ﬁ’ﬁ’ SR fser
ID. It i nclthlfd@D mpHsted Withig the Emsmg tlfPieThPe@seag@ @é'ﬁiFS % paip hast WP phicle substaptinlly

al | owi ng t herraafys khe 6t10867 thk Bousi@Soakl b $ldjedingisoRion SI0GikH ﬂr&ec@ o4k 8ot thd RMin pﬁxla €
hy per l'i nk al% Ln\é?ﬁs wﬂmn a %orrgsscm%ll\l D\{\Rlirl tN m MS T(&3O\lit|1e housmﬁ A radio antegfxaulzg t he

draws a stroie on ommuni ¢
stroke 4% it ﬁ@“ﬁéa?hé‘é the m@ueﬁb&@@mﬁ?q Hﬁé’l’“bln‘lﬁli?éw%@tnﬂ o Sqrﬂethlleqdf 1 8sutohiingage and

a path on tidheupaga. ondb covbra oPiré sHasted b GcavaraGiBtat ehd?px@e N4, ikAubidg coirés;Son&?iM&ch inter

ID 62, the erver 10 in the usual
way. The p at-lg'%gsgléé ?g%:geita?‘ghg gl%ée l?i( 1§reB9Vtabge t%gnalt)le 1tnk caRn enep ace I fI ed by the page ID

and determ nes V\Aﬁ%ﬁ‘ow}ﬁ“‘ﬂd‘t‘thmé‘l‘fé‘ﬁ‘ﬁﬂm§afb‘f?é7’528usvﬁli‘)”ér?yaﬂixH’éBéUr Blieeantenna

i nt er sect s.11A8 sisivhduged diéherfied BIEANY. Thafdils LED @ NEthouhtd Atht B b tifeiped 1d1 B7 ghod t he
page sekver,;apRandsihe stroke to the text field s digital ink. - NPX025-SG
38 After a period of inactivity in the zone of the text field, the page
server sends the [BBPFICE) O&Fiefe bYtihis 2 gaial mrging ik pripad psp noprmarkipgyTyie rARtitkan s er ver
I'1 for inteapidgtiad widmib Tkendegius §20atith SluSE ME hre mth@RY bidel b Sidd W1in dE Bbusing

cor r espondi 168 Efr tf'uhﬂ( ch‘?rnge x@‘cpﬂ9 Ulstﬁ'e%tytubﬂb i’ﬁ %Jn be br@\%ﬁt"l‘%r@t‘nr@%h g&%ngx\c,imih o%tlﬁcg model
822 to int er{gret the strokes as handwitten text as converted

the strokedRF BKE 114 Waotptiop pidherpst PR 5 Resrgdive slids H?%%IZ% Pﬂé I%tho%edtth@e 5
r equesBOng isageidger§ erd stylls ¢20p aepectisdy. Mabtatghyen taret 126 istsexied foohetphetof e0stin val ue

of the t eXtopefrdtxgrl Qd arranged to rotate therewith. The cam barrel 125 includes a cam 126 in the form of a slot within
the walls 181 of the cam barrel. Cam followers 127 and 128 projecting from slider blocks 123 and 124 fit
within the cam slot 126. On rotation of the cam barrel 125, the slider blocks 123 or 124 move relative to each
other to project either the pen nib 119 or stylus nib 121 out through the hole 122 in the metal end piece 114.
35  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
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5.4 SI GNATURE VERI FI CATI ON PROTOCCOL Assum ng the input el enent whose zone
the stroke intersects is a signature field 880, the 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 1D 61 10 and the pending strokes towthe registration server |1 for
verification. It also sends the application ID 64 associated with the form
of which the signature field is part, as well as the formID 56 and the
current data content of the form The registration server identifigs the
user corr esHBntlF aygoddiex HeP Farmouniyry infiesd LF‘%@ I fergrovidling nfiprathiediatien hrieiesfien
bionetric 8d hoswiedl Ay intapeseson B @S praGdetl duttAeh 'tk Bdod ALUIOB. 120RE ecctitinghas
ver ifi ed thgaccs) QRALNES t‘hz Dok 89 s%socl@ﬁax%F%@ravssr;mmgﬁd;om@ BRPhIGR L, 1 D 64
and user ent | the user icatlon

signature k’éiJudeﬁaf‘RfH@ﬁm‘ﬁ%‘érg R H@e‘l’é’é?“dca&ti@ﬂ“éfﬂéﬁ g4 for Eﬁmg‘i“tnéPPe?i“ﬁﬁ t‘“‘LHe'el%f t he
form dat@®, anebticselod 13 (fofrladfreh gouldad clar gmeatsysite witlth thdi@vdr QUG Erbj G aPp AGRed
server. Thebegagﬁo BELYEL a@ds,@aegmmégtseong't@ 1&1%'@ se%gog L DAL shé%hytvnr@ Sk b SRRt

field and sets associ at m s status rozen.
si gnat ure |??E’P?B‘Héss"“fhﬁéec%[’f’Fl%i‘spcplf)z%‘sbaﬂfryf‘ﬁ@“ﬁw ?”E‘%hp"fﬁfﬁﬂ“ﬁ@f Witkia phe Ca’f‘l‘?’f“@?‘ %1 ows a
si ngl e for m tetnpnat B8 tenne@ts mLthe Hayrnecout@er1 37 ang ihg trat tatre $25. 2 Gured vt réckivhbBWBNYSSI ON

PROTOCOL A ﬁb%&s%{hﬁdheeam%memtm a,fmaa vfltgwb%ug%éa%{s% ﬂﬁu%%mgmg %ousnewn in
Fi gure nk activatron. |t thus

Vi a
b1 ows T e BP0l BED SapT Rador foo tesgey G gnep D L spoh b et e
addi ti ons. RGB 2h@sogmems afinfrared IGDN4 b ynd énfikiediphotodidiie 144\ fpraletbdtingdisplatmantit ihoeam

message Senf,rhyiad bﬁ'enrza;geths %Mserzologtﬁeant JaﬁnngﬁsapQJea @(ﬁun@@ anorcﬁil t%Qna%QQt ai ns
the formID 56 . and the

contains an¥’ emg’?aﬁ?ﬁ‘a‘lfdlﬂe f%rfcf é‘? PP {eaé%if ﬁ'gg& I‘C%ﬁllnbbn”\?eolr Rén '§b éﬂcﬁheolﬁe by
extracti ng mhbtedigl il 4fsdeteds 186t roystheelRAER 4hvvip heﬂtclmes (ng ooresorndi on ¢he dlidgi tiaks
si gnat e aneaRhiai ni ng the correspondi ng certificate fromthe registration

server 11. 5.6 erred e of. a
commi ssi on paymen ber po%ag ang E%\Rﬁ plror%ggrmﬁ?rgs tgff’“d égg ?fﬁggﬁ“@g@%ﬁﬂéﬁs’&t

envi r onmentgripfiggdks pawdl,@@rfm 1§§1ﬂ%9nr§lumayclkvé4?pfawmre the peyrtO bt 2 pgokst- i cat i on

provi der tosa pubdengdffroQErCl i ck-throughs, transactions and sales.

Conmi ssi ons on f conmi ns _.on. conmi

fromthe publ i shglfhep nlqh‘s pri %ﬁ‘agfﬂ% PRI °§ﬂtse?‘ms?ﬁ‘g¥‘ﬂ%‘ ¥ i ﬁat?p g%éf{?iest | D
52 is ed 19 bdpagsedn f*)éélfrarred POt 28] %A Oéﬁleaarfﬁcefilr avieiny Otf ebp g’étlf ammsm@au on
provi der 70Q0&afd dfa frd¥RRCR@EE beatidd tde)rad B erdn e to&ﬁlﬁﬂld’t&ﬁﬂdxs&ﬂcel@f b1 or T8kl -

publ i sher), heqnd 1ofn I%ag rurt]ﬂ;[s ngeo %csqgg;an con?olfatpéal lgzp‘]i'llle%nntr&?] er <\:€1 dllgﬁ aZcOlates th% ot Dltea r nt er ,
provi der 77" S D T oA PO P&y e R pél SSTD from
the page sef %P‘m 1‘(9‘ ﬂ%ﬁ‘é’r’i" tah@StanPﬁ,ﬁfj’@rﬂ?elPPrRPe?t%’e {istqriéop O@Wﬁid\s@athet&iageé@g descr i bed in
Seclt ion 5.2. Wherudibiy herrgtip 1390k btakd 107 tha pRd8] &a@trﬁlﬁdgdﬁli dxgubxgnde@tu (vﬂ@l% is
applic o] er . credit to the
origina p%ﬁ% %g &FOS%%mtt}J c?gdep%ﬁp%§ i Qﬁm&ﬁgn n%%né%%eg IQpru!e Gest ID. The page
server uses the hYHRHF PSS i BpageE reqelen tbe ‘i“%l@‘ﬂ’f‘ﬁ iy isttiapmited as dés Typpst Weatlieon,
and NPX02 ei561 30ves 5@ ohEngk, higgitdl ik Aibth is GiFfeted withi@thé gh @¥a@k pénagi &hﬁ@tmoﬁﬁesser ver
11 toget herbu tarbanéet}?o s?erquéitgl 1@9&3& f&‘%%ﬂr& ?nalel? l§ﬂx’inu1.lest(§P thgg%\ mo%gr{ Qe sur ace2§ and
the hyperlink request ID."The regis I on server cr fie Corr spondlng
~appl i cati orf®® ‘ﬁr‘rﬁ\?‘?“&@rlm? account 827. It also notifies t he appl i cation
pr ovi de0. . The controller chip 134 is mounted on the second flex PCB 129 in the pen 101. Figure 10 is a

block diagram illustrating in more detail the architecture of the controller chip 134. Figure 10 also shows
representations of the RF chip 133, the image sensor 132, the tri-color status LED 116, the IR illumination
LED 131, the IR force sensor LED 143, and the force sensor photodiode 144.
The pen controller chip 134 includes a controlling processor 145. Bus 146 enables the exchange of
35  data between components of the controller chip 134. Flash memory 147 and a 512 KB DRAM 148 are also
included. An analog-to-digital converter 149 is arranged to convert the analog signal from the force sensor
photodiode 144 to a digital signal.
An image sensor interface 152 interfaces with the image sensor 132. A transceiver controller 153

and base band circuit 154 are also included to interface with the RF chip 133 which includes an RF circuit 155
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If the application provider needs to credit the printer provider, it sends
the printer provider credit 5 to the original page server together with
the hyperlink request ID. The page server uses the hyperlink request IDto
identify the printer, and sends the credit on to the relevant registration
server together with the printer ID The registration server credits the
correspondi ng 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

provi der. »0d R reNEPRACENIRENs DESORICRI o @Rlant@nall IPEN MECHANI CS Referring to
Figures 8 and 9, thhenffihg pBeRBF ﬂk kéﬁtu@@&‘idg%&e@@cdﬂ% d’a@ﬁ-‘r@rﬁ&@ﬁiﬁmﬂhﬁ'&&ﬂfaﬁé vid 01,

| ud h 2 | 103
Idglgl lI:lll ﬁ; 2‘ ﬁh u%%lgg:ﬂn%lg %gpranlon[}origﬁ fo]:cg rserr71‘|sor ho odlgcleqi{, ﬁongolsn?eu iﬁisqg,éﬁgﬁ;/ Bl,h c! S

top 105 i s hendlepgesrtagngeoredip moammtgpnmm éﬁlwatran&?ﬁéer él%l IEL%a rdignheertpraenss ng
102. A B5 sefivtb)aRePARERRILPYREs0L07 15 -secured to the opposite end 108 of

the housing 102. her c%s?orqﬁa }‘5%‘1 tlraﬁscg\lle§c9)mp{nents rali{%g%g%oﬁ ro?l?r lgfza% ba%@gnd |01§C{11Lgr med

from sem -transpar eht " hat er User i VI ew

status of IfhempEDenyure@er Wit Fashmepry HEwsY AGKE PRAMTHE aeoiiegratei(7 2 SiAgs udes a
mai n part L6foNhisi0. Sidids kA Bdnipadehty(RF Sikuit 0ISRESRA da@na@RdndiBBciat 146)ee fiousd ng 102
and a projecti grag%tﬁgn 110 which projects back fromthe main part 109
and fits withi corresponding slot 1 1 1 forned in the walls 103 of the
housi nd9102. A r :Rﬁ wa%erferéwnaa a%éﬂéemil SCRbut s hprofcet ReMpiighite Eesage
portion 11@orpdiadohand it Bscrib@iUS: Peger b RakurSEI EMsbtisadactt Oisischik3R Bapayosh i M Qzalin

apertur e 1L3A Qnqlhg. 60X Im'JaQ Se%ﬁfo%fngmg%qmérp ggtsgem\é@ Taansqeﬁn@lon BRdRL ece
114, .including correspon screw threads he met piece 114 is

removabl e tR5vigsmasIt e F‘i‘ﬂ?erd a’f“’t“?‘?/ aye “fhé?’bF 5‘6‘@???1‘?9 he’% ‘gbefeﬁeﬂffh‘f"@d“ Wl ft“f"ﬁ n the
cover 107 is a t rThe @otkaier ASIGLI4 SntbrEDqled@ntGtate afief b gxiodRETBadiliiy. whidihde gnt@rina 112

is al S%”Dla&tmo&aat M&?a fsdrﬁeg PQE&OJPJTZM 7 B&icstaatids: LE%;LA@OA@“ mugted.at the

top of the g far | 1 -around vi sibilj gen can operate
both as a R&¥ 9%996 %W.ijs ?Pﬁ*pe Cb‘ié’ﬁ“eé}?dv’§§“5°“ﬁb‘??“??ﬁrrll’< dp%“f‘W‘h ttAn ink pen
cartridge 118 w tThe ndip rdnd@iverrvdmmungbigs| iv the WitiGenveri OOPMELz phnd Somprlly ude by sardlessrount ed

si de by si Qﬁepmnsshar@nefnla@ve@wﬁé mcensl@&m’émtdbserral thgific Ak redicd frbORndNinB ubd O OF
t hr qugh open. end 122 of the -

the stylus nib 121 can

metal end QPEESY 1°pane aB‘§1°°ﬁ‘8f"hfie§‘r‘i“ tBPrOY‘ﬁeémEf&F?mtegr PYBINELR hect i ve slider

bl ocks 2023 and 12dangttenatizembeiimeniotht pre ir@@pdrat aiclafratrqdﬂld@éxssm&lora@r@A)smyﬂfags 120,
respecti velfafshoénrgngetca&mlcamﬁamm{ers@tkonmécpaggpﬁﬁpured to the pen top 105 in
operation and arr ?ﬁge}}e %({ ” q§1r ew t hf rtcamlba1 el . Edes a
cam 126 in the f St GE Sogipe™ “'f’“ﬁu ‘“"'t‘ﬁ‘&“v@ﬁ‘ f pigropgepe a?“f”ﬁm”é”ﬁﬂ“%

fol | owers h@halghck of R8pep i @japis (Theageeferomerers | 90 dwe shoiyh in Elgwes P23 1§rlfckhq§2wthflq t wt h| n
the camslot 126 Thmmrlma;tfiu@mcdaﬁerom@s msbxag énbdirkedbof tﬁeh&n $61i 1 @énsebbhdmeks 123
oty s 28 b St SV SR ie® et 21ohs M JFRh ofLb 3F b a0 e
pen 101 hadocttien @eIDsqaa@@sdeoﬁfy grbiegttof ipferest thertthav hibopitiontop the fucfgfe-felsexmﬂed&tgh 90

steps, the oBJEUE geuslintft ipufelement &g}’e{ ddmmdnd Qutﬂaﬁ)hhel 2 @111 of eachh BetiR @ ihiclge 118
nib 119 outfeagfq}'3 [Nib 119 out nor stylus 120 nib

pt lemen% (!'11 éléx nt1 rtl]edl Eeil'e én

121 out. AS2USRIPYF Bt 3%n an el ectronics chassis 130
which sits withidht ﬁeﬂ%%fp%@“’drﬁm@'z‘@ﬂsw% in g79ip of theteand & dignqipnt b éneemieB 129
mount s 3an  iwth fepe @ tikEld plodike brOfistapiiabis dildatl dnmfosiasned r.adi ation for projection

Since the starting position of the stroke is not known, only relative positions within a stroke are

calculated. Although position integration accumulates errors in the sensed acceleration, accelerometers
typically have high resolution, and the time duration of a stroke, over which errors accumulate, is short.
7. NETPAGE PRINTER DESCRIPTION
35 741 PRINTER MECHANICS

The vertically-mounted netpage wallprinter 601 is shown fully assembled in Figure 11. It prints
netpages on Letter/A4 sized media using duplexed 8%%” Memjet™ print engines 602 and 603, as shown in
Figures 12 and 12a. It uses a straight paper path with the paper 604 passing through the duplexed print engines
602 and 603 which print both sides of a sheet simultaneously, in full color and with full bleed. .-
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onto the surface. An image sensor 132 is provided nmounted on the second
flex PCB 129 for receiving reflected radiation fromthe surface. The
second flex PCB 129 al so nounts a radio frequency chip 133, which includes
an RF transmtter and RF receiver, and a controller chip 134 for
controlling operation of the pen 101. % An optics block 135 (formed from
nmoul ded cl ear plastics) sits within the cover 107 and projects an infrared
beam onto the surface and receives images onto the i mage sensor 132. Power
supply wires 136 connect the conponents on the second flex PCB 129 to
battery contact sAniBFeritbinding greablgimprliss fhmefglue plenecoasrfdgnpiieash prmes shectp

term nal Ja'd&mﬁgmﬂaeﬂ}feﬁ t&tﬂeﬁrmmbsaaet Hel preddataguibtst. T reamch inlido@amchanrees 125, A
three volt char hin the cam barrel 125 in
cont act V\n”i'hh tc"ﬁ”an 5r ess%?)nﬁ %}%eest.%%%%h% uegf’%é%}n char coil 140 is 10
mount ed about th@eﬁbﬁ?h‘ﬂe il eagrideei? 79 o ip Figra by %“Weé&‘fg g‘ﬁ’&"“&ﬁ’“‘? fRE"Bat t ery
139 vi'® i ndueidi@dor HdaBers RE Dty fitaoe, 2GR, a:agyw,lmgenmmmum andriffragd @kb. LED 143

and infrargd pl 4 far I Ain ; intdrfce umparrel
125 when ot RETo AE Qb by el ARbaRing TRNES ?Ggmié* flrd B8 o8P

witing, %8 alﬁléretl‘e Itftste'é‘ﬁ*’a*b*wée 639 Thiepravidr Alkter aintode P ‘?é"aq\sé"rpéf‘ée"b%rf"f@°fa{‘ﬂ?5?| ed to
t he surf agrribys tnkbethpamemwb ftitBeadyr 33t yhichSmight bottk@dse clgethd Rintphiotwdésode 144
detects li.ght fromt Y N AWM IRURL B onthe
slider bl Ogckrsnoratfgrﬂfﬁ gltel'gl‘%ﬁg C%l%‘%% {h@oﬂégw Q%%ﬁaﬂilg% eff%t{ Mﬁg gre Loy

t onar d t rféﬂ\éﬁt{mﬂ!%'“@fmktcﬁ’é‘dﬁdﬁ%f“Pnge‘inQ’ etpé"d%é%“i“‘sﬁcapaﬁfylfﬁﬁf‘ﬁﬁg f"ﬂé‘“‘ﬁgﬁoo‘im and
top 105 almgsis@istdes a clip 142 for clipping the pen 101 to a pocket. 6.2

PEN CONTROLLER lee?errﬂlgr?o g’igu:l'e &fth@ﬁr{oﬁﬁﬂ@%ec}lpm&% %11@9 égs%mlglp@6gy@§és theotgp @ferits nib
(stylus nib 121 or cartridge nib 20 infrared

19
spect rum diectis fiey thfmedip daysnip R HARST 1oprot ‘f‘i‘éhevfirsé P f’&g‘nﬁﬁoz ‘ﬁ% g‘ﬁ F‘B’lexﬁdtMeF‘ée& ords the
| ocati on q;'xlﬁmﬁeaﬁ l’aﬁééﬂxﬂl)h hd10B NG Tjet™ QEiRt dngites 5@Qand &0BClare Mmoare angreehpdsdg delineul at e
the di NS el *}%ﬁp oy e Slichilod: BNl o %Qﬁ-a'wf? PRk Lih 0P 03

135 an 34 cal cul at es
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data iz t rqBsntet &Gkaoa&ldlc&umf& tof feel Be heet WG thdberondpemicld frinmmwiessoput  of range,

di gi tal k dat
i Ing: USESI 2 bﬁf ]?% ferrmrg?o Ff r%ires an 1'[2%I 41 8&%%09&@?5]&9& lt(hg ELQ%XGB fiht Jn(g%;r%%{( aﬁd"rréao% rel>/y 12

or
ni nut es of int ke bindenaseepbly 695- BS Pt“ﬁ‘ié Pagg P?Sﬁﬁ'éf)we%{’ﬁd°we€ﬁﬁ’“ﬁé’h‘fe} AR tPadorater. 30
The cont r OJupdf: rdlbHafd dhSfer msmareaum\ed sfie whit® asE0mmentdry @XonREBwH:2OTHe motdhle pen
101, Fi gur ele;gfl)x? Sy 6*?4 Iy g pgu%u%xaa@éawgls kr&sssnsﬁorqga @ ibrerbB8uith

ar chi t ect u¥ cont er c igure 10 al so shows
r epr es#nt ath§ @W§CWIC?WIWF@NP%‘°‘1‘Z§3°W’F*H%‘Aisﬁl'ﬁiji% mgtérrf’%"rrs tigesmshafie i - col or

status LED 1 16, tl'h’beghle Rihéel Askenbin atsi oomists biaPadi8 holbhexld RRI fwblr TcotatgneplingidED 143,
and the f 0 SSEOPR se%tff)%o(?nd%é) %cal]t cfée 62-Ehﬁusggp67gqg}ﬁlgcg ltcl @élue%éep w%x@lﬂab!;o‘?&l udes a

control i n %)ue su%’g enabl es t he exchange 35 data between
conponent sadqu“t brecapitint 3otiqn) thepus ﬁ‘f“f} hi’354A "Pfdéds}ﬁ“sf% G yrrop “ﬁﬁﬂe Jhgl WA pRAM
148 ar e al &ening ah @k WdeRivoAuy silaalodpest a0d ehingd dudr dporaredtteabed 1 49 metgl teackeamnded t o

converdqyt hhefn @Qlﬁls g«va?é ke fLi Ot REmbQkREs RRYAIRWard. RROLAH &ﬂ%s %éé‘lug ¥heél
digita n i mage sensor interface 152 inte

sensor 132t%’°%ht‘}}eé‘i‘i§‘(9éﬁh?/‘€?ldeé BYvEiPesISE-densipe springs flese B‘%?ée"{g& ﬁ'bdse(f,fecpved i’fP t%Sg)f ear e
al so i ncl usted dtirng patbasrof agdvit t h the RF chip 133 which includes an RF

circuit 155 As the sheet 604 passes into the glue wheel assembly 673, adhesive is applied to one vertical edge
on the front side (apart from the first sheet of a document) as it is transported down into the binding assembly
35  60s.
7.2 PRINTER CONTROLLER ARCHITECTURE

The netpage printer controller consists of a controlling processor 750, a factory-installed or field-
installed network interface module 625, a radio transceiver (transceiver controller 753, baseband circuit 754,

RF circuit 755, and RF resonators and inductors 756), dual raster image processor (RIP) DSPs 757, duplexed
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NPX025- SG 41 and RF resonators and inductors 156 connected to the antenna
112. The controlling processor 145 captures and decodes | ocation data from
tags fromthe surface via the inage sensor 132, nonitors the force sensor
phot odi ode 144, controls the LEDs 116, 131 and 143, and handl es
short-range radi o conmuni cation via thesradio transceiver 153. It is a

medi um performance 5 (-40MHz) general - purpose Rl SC processor. The -«
processor 145, digital transceiver conmponents (transceiver controller 153
and baseband circuit 154% i mage sensor interface 152, flash nenory 147
and 512KB DRAMnaizegromipliers 7itadpt 7&% fesh memerysiSh grde+MB GhP B pras Niogtiated ingf} geg RF
conponents (4RF circuit 155 and RF resonators and inductors 156) are

provided in the ﬁ@gatratlr@ Jﬁ’fes%bBaqmes%@g;gttﬁadomfmg SORQL 14 %&gv& %%zi%;h?te@' xel

CCD (such a sensor is tf% ectroni c rporation, and
is descri be¥Prss P&‘Sdﬁbé"r“sebﬁ‘e LR Retem 617K cortralioit Werdiaterfary BRI H9I4,; a“R f?ﬁéﬁg‘"‘&?/os hi ,
and M OZaki synchroddeek 1t R3O SIS 752 land| pFintGEEind evaugpdlerS@60S Grcofsdi ok mieditrpefofmamner a -
Systent, 20%@%%@&%%&091@&5&” TH %&ﬁr&f?x@' Groced? V156 CSmmifRbhibs Gifn tﬂ%uﬁﬂ?%ﬁ% £ ter

January I's Incorporated herein by reference) wth an |
The controI‘1°%‘F°1‘95\§69:V‘13}219héﬁef%§3§a1Et‘séﬂ?l escent state after a period of
i nactivity when tThe RPGISP4@derizesand dobpra® bage desgDiinaio the ywipape @ingy cbawesed bige

i ncor por at Bk g%ﬁ'pgﬂteﬁﬁtegbr{tr@ﬁ& Expgnép dm}s% W@'p&&rﬁagh;'t% 1Js QLsGfated %ﬁtﬂfw
phot odi gde 144 and wake the controller 134 via t wer manager 151 on

a pen-d RER BT 35‘*I‘*hr§al F‘%t%lt at‘t”%{ﬁ%&aé?ﬂ?@rm“&‘lﬁhﬁﬁrﬁ“@%fde%‘“'i eﬁg“tet‘f%““ﬁ‘r‘ﬁslpé‘@ﬁ%‘t%d
900MHz bandsidaaf ashkdt yimugeokslpy cordl ess tel ephones, or alternatively in the

unlicensed 2. 4GHzpj ragtt@tgmt lgine %&tr&ta,t 1664 &nmdhermgtt frtspoft lashonBR Hlk u@Rd, USES
frequency holﬁg)nc%)gwrtwg | i Sion rovi de interference-free

comuni cat i 8 ’PlaStﬁrlqu‘ihﬁgt a{} theéﬂ“o%ﬁldﬁee il pen incorporates an
I nfrared Data Asslhepadta emirqllersDAgh nembre 658aolds thé @ﬁwzsehfgr botly thgeessw FPfLand that | on

with a 1@5%@3¢5t7la9we1@tconﬁ=gtnqag@atpmm&)tledttﬁtatamtméa%tb@otrmdl ment, the pen

101 includes a pajr of or | eronet ers nmounte

e ot e ben il yol DS B AL aB i TP r U P Meafatther i S Re o
and 10 i n dsbkand gigtit T5fere lﬂfn@tegbrwmslr epntrahifr ASHEOSAmalbelkfoympaaents (RNEtghie®S t hi s
enbodi ment Qi rf Rﬁm@(ﬁ:ﬂan&- Qauctog 7§@5&5 sromttt inQNepard® RWcltllhmtThE @Jt\ﬂﬂ'l@iﬂt@&cet B!l f ace

,l ocation t aﬁ%? Is s%parate,lsBcegne page ﬁrm?ersa t? ?e%gﬁc connE)clPon t{s) gen?ctor%%e?écteda qr fie ﬁg\c{\e ecteda te.

Each | ocation tag eres than a
posi ti &9 orflasheenoprdmd the D@MW&W%DMM 6§7rtealsoc9§“]6betTht Emaenglseeaonttomraa%ﬁ ace

i nput el eneapetpr((vgegnsegarmnd button) t hen the tag | D of each location tag
within the area of fhe.i t»PUk tf ment %g d irec d jdentify tthe int u%

el enent. The accel é?’rﬁtf’logne DSy "By R AR EFoRB Y EE ] EEER "8 F he x
and y di r ecttprépees75i andjoptioagly atoed compgyengf telfworl@stgéﬁeetﬁ@ ANetppgpetp gk bre@elw@fa%

i nst Ent anthbﬁxdé/%’Wh&dﬁms’;‘ﬁ%nﬂ@ﬁ)brtdom}ﬂ?@ daaemt)daﬁs SO abdags, IDOS indolied, sabiick he
stroke not

kno Wi t.hi A
Cal CUl a traﬁ?\ﬁrs CUHCH?OSI ?ext &eneiaglcin CCIRIEI{ Ie&e hoaectéall"ll%el eésf gt% \g?el[e%sllﬁgcal {oop ﬂNLL%ense d

accel er at [ dﬁnsca‘@t‘?eﬂoeﬁtl @W@F@meﬂ?@ﬁ 8&‘1 (Pvallhl@e@ KBy T P’@s‘@‘?ﬁﬂteﬂoﬁ?thematnﬁs& e time
duration ofuss 5, 188k @394 Qi@¥irc)MahdGrioas dnighg B&r&ldw&rﬁﬁgenterfa&s Ih@iterner conNEHIPAGE

PRI NTER DESngaﬁT{e on tlggical nengH(b hen tF IOP/IIE %N( %rface tséd %‘ltlle anEPgl‘e' ngtgs/grk

net page wal T prin 1SS assenbl ed |n gure
net pages onntf;f@?et er/A4 si zed nedia using dupl exed 8% - I\/bn] et TM pri nt engl nes
602 an®0603; as SII'h@Mioi tFinsceiver 753 communicates in the unlicensed 900MHz band normally used by

cordless telephones, or alternatively in the unlicensed 2.4GHz industrial, scientific and medical (ISM) band,
and uses frequency hopping and collision detection to provide interference-free communication.

The printer controller optionally incorporates an Infrared Data Association (IrDA) interface for
receiving data “squirted” from devices such as netpage cameras. In an alternative embodiment, the printer uses

35  the IrDA interface for short-range communication with suitably configured netpage pens.

7.2.1 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
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Figures 12 and 12a. It uses a straight paper path with the paper 604
passi ng through the dupl exed print engines 602 and 603 which print both
sides of a sheet sinmultaneously, in full color and with full bl eed.
NPX025SG 42 An integral binding assenbly 605 applies a strip of glue al ong
one edge of each printed sheet, allowing it to adhere to the previous sheet
when pressed against it. This creates a final bound docunent 618 which can
range in thickness fromone sheet to several hundred sheets. The

repl aceabl e ink cartridge 627, shown in Figure 13 coupled with the dupl exed
print engi pegssor sRrepgpch domerererd page iteeCh AFMRSK Shefsigpless tvay t ipgd-afagea mikiels D¥dfesi ve,
and cyan, mwBgeith P yatrdzoWsepdragale. md)sméaﬁ aveyd bk KdgSbusy Jdaeanwttarylnd,gc@r &l so

it er t aces i PR mfl o, b el o8 el BORqR; U B DR AR Bl mibor
provi des fPtll*Faé‘P‘é‘H‘e‘a‘Pﬁ‘e“%‘BﬁSf’cr’f‘é“’%‘l’“F‘}‘Ft heads to prevent ingress of mcro
particl&s into tWeedBRjregtods\h pis bagt haeaiﬂﬁonaﬁ(}asmzemb adofbiie-r@dliied wisa bhapg t he
pri nt head QRaa e Poomplefdid ROk Dfsdrhis Ll bRl coiholsll Bogk fieccar L 1 dge,

the operationa ectivel life :10 of
the cartridge. TH® AR @aﬂ%ywﬁr&émp%d p&gercquﬂv oqdednisepes et wbsamftabowswera
capaci ty f @ch. pich Rt enegieanielpagd I, g I3 A0contpage,:nd 1o @hteebBpch thdaf ghdidtedg t O

Figure 12, 4t &EHEaQSna%@&réJ?rﬁheacorﬁdr&&abLQeJnQée' er assénbly 626 pushes the top
sheet 1@lrect fromthe nedia tray paper sensor on the first print

engi ne 602 i nto THE*QEPFERET REH; ‘?f‘*r‘RzPa"bPﬁgﬁ'Pﬁ%"éH theJuRl o R7int o7 contRfeRenj et TM
print engi MosEaBORineangineGOBrobar @60 the donipressepagpipessi imgs @l hime, & sigeguent i al

confi gurat bagpe,aing&gana la@m.%t @mg hﬁagaoépﬁflonpam Pintinb € pi PRARA e B¢ it lisSmpH AWM 1 Nt O
the first print en % |nte powered pick-up rollers 626. The

posi tion anWye¥eye ] fMl? Réevp %d’&ge ‘§ag§‘§H’§’B‘By and full bleed print- ing
conmences. 7Ei2xatPWENSINp60NTR@dE$| mul t aneously to aid drying in the shortest

2022 't b’qb ? tlo mﬂ:r The ppgm@;ransﬁ,xlasdsprm@ pfpurngt)f Memn@&nm pJntrmer %ngrﬁﬁs §Q3;d.hr ough
pac by, iy O dge SharnbPents BenarroeaPio gy AR ade -t Grdere Bha act

the 20 ° westom paliton¢reenpssitef @it 860 R dustoonttd srerdert 796,fagling Idatipefoghptiertuni6 04, indo t he

second I\/En}ugg,;ﬂ}{[eggcéﬁgtoq&gkegl%trﬁ%theﬁgg(ﬁrr| ng to Figures 12 and 12a, the

paper 604 passes_fromthe nt engi nes 602 603 into the
D Ger assombi y BOST AR BPTECH Dage pa<Sus rviaa=s O et Sy wheel

axl e 620 wntorDRal\’ff’:i%vm)thshlgfsﬂmpmml intofede 659, tappreanvdy leded praviabhefirendRAMU®h spi ke

wheel s and.g pRRaRRE He pfm bgie ShibtBerWiHeRk. ondd8e PRY 8 fishe@ BkBAgint ag@pg €MDl Y
d fg orward to

673 i's nou bracket and 1t is transporte
interface %%%Sprfggvﬁ?arﬁgvﬂé’?%%qcﬁéﬁde 670 via gears by action of a canshaft.
A separ at e not or Thedimestazetofiitts pipelins loepbitds (TTHS) i JBEGveelessalserprg| M7 Byegonsi st s

of a parti abdnys (51%4!) qleea&JJ eFa@Z&nms;ehl bidevbl Bladk 1hydl arfd QehRdrd (tagrséme bi- ienenegbgae

| 64 7. .Th t
3:"52 z\%eglstgc V\ﬁr acF]orcp [E to th%tag H)rmdthg %ned m s c?lon 122 all 1In g!lraslleﬁ)f{le seconf shaFe cp t %sc (at S]

1 On
hol es. A nbt ebeidnedU lengr @GSQOH@QFWS&QB ﬁ@%th? héevgilbi}ek mﬁe‘efler, thwsuﬂﬁngah*rleveb@éwng at
the front. afRf Vit tefl@an® bideenOlrdik-AR Soadad iS putfked ar@%ﬂanedqarm)a&qmattng aghed to

the netal ﬁr aC#’etmtﬁ %358} Qse?g‘% I’fers }\/ldos?m@tp(esetlhle gur}ﬁers are st e %thgf?%%hgau I%i/ferrbl y

673 is thruStt Sriar Af & act |on expos

. front of tHe finadhteke drintsolesixreipnB@82f blTeeﬂQvtdﬂa @phdmﬁg@atme)dsée Mqteeta'smethﬂbd 3p0and
,effect3(yelMatg@;;;qnttlgg@mgllfgg@%gmheel during periods of inactivity. As the sheet
604 passeés into adhesive. is

o Do Ce . © MRS el Bt R G AP e R I R S 1 “GHIBR CSI?ﬁg%{at*a%cunem)
as it is thaneppireieddanshir e thesidssl Tdl. Aoy amantishane 765 sBOE 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
35  expansion and rendering pipeline, configuring the printhead 350 via a low-speed serial bus 773, and
controlling the stepper motors 675, 676.
In the 8%” 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
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7.2 PRI NTER CONTROLLER ARCHI TECTURE The net page printer controller consists
of a controlling processor 750, a factory-installed-or field- installed
network interface nodul e 625, a radio transceiver (transceiver controller
753, baseband circuit 754, RF circuit 755, and RF resonators and inductors
756), dual raster image processor (RIP)4sDSPs 757, dupl exed NPX025-SG 43
print engine controllers 760a and 760b, flash nenory 658, and 64MB of DRAM
657, as illustrated in Figure 14. The controlling processor handl es
comuni cation with the network 19 and with local wreless netpage jpens
101, = sensedimetiien pighgpepa B 0regE 2, ling Bistof Hl- SkHzhkheygdis refesareyfladdin EPR2BR3- 616,
and feeds &Bflencypor ¥ NGO HriZB&d, Inieh iR S gesigPokcdrdo A Nt engi ne control lers
760. It co??' o f a nmedi um perfornmance general - purpose m croprocessor.
The control T ng processor 750 communi cates with the print engine
control l ers 760 Vhepregentinyghiion prebagn deaqribeg|with gregs &, 2 pRifeareRniboddBPXpnG mimbepefi ze and
]tc:orrpr ess p@;ﬁﬁﬁ&lﬁé}ﬁ‘dfw&hb&ﬂ&m& Blobdver, 1ﬂ611ma@ﬁre@£tédrbg elf)slﬁSkllTeQ Eeas et idRega a -
ormat. Eac ri.n i.ne captrolle i.t her ts
| mmges to Fubist Bhe SRS E AR Ok st SRR oo QbGP B UL R P PR
over 30 pa&@@‘ﬁ&FPWWWUFﬁwmngkémH@bléX@H”wﬁPﬁPmbﬁﬁﬂﬁéweﬁﬁt?6%W§W@dﬁ%¢nt bot h
si des of aligiee thSipslfl basdedLad déscribk MaheRSdnedpecicatial, itNgigtecudemtiicobdai 760a
controls t ction with
B L et L
controflfer’'s flash menory 658 hol ds the softmare for both the processor 750
and the 15 DSPs 757, as well as configuration data. This is copied to main
menory 657 at boot time. The processor 750, DSPs 757, and digital
transcei ver conmponents (transceiver controller 753 and baseband circuit
754) are integrated in a single controller ASIC 656. Anal og RF conponents
(RF circuit 755 and RF resonators and inductors 756) are provided in a
separate RF chip 762. The network interface nodule 625 is separate, since
net page printers allow the network connection to be factory-sel ected or
field-selected. 20 Flash nmenory 658 and the 2x256Miit (64MB) DRAM 657 is
al so off-chip. The print engine controllers 760 are provided in separate
ASI Cs. A variety of network interface nodul es 625 are provi ded, each
providing a netpage network interface 751 and optionally a local conputer
or network .interface 752. Netpage network Internet interfaces. include POTS
nmodens, Hybrid Fi ber-Coax (HFC) cabl e nodens, |SDN nodens, DSL nodemns, ‘
satellite 25 transcei vers, current and next- generation cellul ar tel ephone
transcei vers, and mﬁreless | ocal loop (WL) transceivers. Local interfaces
include | EEE 1284 (parallel port), | OBase-T and 100Base-T Ethernet, USB
and USB 2.0, |EEE 1394 (Firewire), and various energi ng hone networking
interfaces. If an Internet connection is available on the |ocal network,
then the |l ocal network interface can be used as the net page network
interface. 30 The radio transceiver 753 conmunicates in the unlicensed
900MHz band normally used by cordless tel ephones, or alternatively in the
unlicensed 2.4GH industrial, scientific and nedical (ISM band, and uses
frequency hopping and collision detection to provide interference-free
comuni cation. The printer controller optionally |ncorporates an I nfrared
Data Association (IrDA) interface for :
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receiving data "squirted" from devices such as netpage caneras. In an
alternative enbodi nent, the printer uses 35 the IrDA interface for
short-range conmuni cation with suitably configured netpage pens. 7.2.1
RASTERI ZATI ON AND PRI NTI NG Once the main processor 750 has received and
verified the docunent's page |ayouts and page objects, it runs the
appropriate RIP software on the DSPs 757. The DSPs 757 rasterize each page
description and conpress the rasterized page i mage. The main NPX025SG 44
processor stores each conpressed page jnage in menmory. The sinplest way to
| oad- bal ance nmultiple DSPAIs to |let egch DSP rasterize a separate page.
The DSPs can al ways be kept busy since™an arbitrary nunber of rasterized
pages can, in general, be stored in nenory. This strategy only leads to
potentially poor DSP wutilization whe&bhAWSst eri zi ng short docunents. 5
Watermark regions in the page description are rasterized to a
contone-resol ution hi-|evel sed to-
negligible slhze arftHRe ?,fﬁ"af’ifi‘lgﬁﬁse tgf"fmgfa c?"ﬂ’mers s%ﬁlr%e ese%’%pgégggg{ngngge The
infrared (IR layer ;0fsfNGeRE Ilrﬂfu%ﬁg Qﬁaglﬁ:rtfcgn&@in&ﬁ‘ac@%n@@fsﬁﬁ@ph&gs at a
density of about six per _1nch ceﬂa&g%ace cog sdaEahemga@% IB 113‘7 ge! D and
control bi t sirfoanstpnt S‘H’éff"é[a'h’o‘ﬁ‘('ﬂ‘?ﬁ en edP Qut i ng
rasterizati cabsamnls trdiffeehtiatel hirks poitiped et tpagveed?tmed paygn T’F‘?’éaﬁﬁeh
processor 7@9@@&%&% a@&rymwaa@ ko @8frd ofBgRBeri ©r dibéngieipiveroadonpfhat engi ne

controllers E ) E%r ngji. ne controller 760 stores the conpressed
page i mge |pﬁedftf‘§‘m1’ c?&tﬁfn%bﬁ PV 4Ad starts the page expansion and printing

pi pel i ne. Page expeslsQ8vi Wlick WnkH fid3g by She RicPiio ki ieratde pasiterelativeitathe

impractical to_ st re nentlre 114 K& JuddBERe | N
menory. 7. 2 infer{apgs R AR R efgphﬁ%y‘go%n%meie%g?%‘ﬁ;%ﬁd p?’l nting

pi pel i ne of cbdwédmmneeﬁgmﬁ@tlwq@F"élc‘}“é?“‘?‘ﬁ@e’@ é‘f"?tﬂ%"' sgpedgo speed | EEE
1394 serial interface 659, t and 2 thec(m(‘Bnﬁ(lject er 763, a standard G oup 4
Fax decoder 764, g‘em&‘ffgf"(‘il?‘r‘ih??e{ B oM

conposi tor ‘unit 765, a customtag
encoder 766, a |ipg.k g@%ﬁ{caftﬂf&sﬁtﬁ%ﬁrmeuéa&&gdZﬁ&,mand a custominterface 768
to the MemetT"" printhead 3 The print engine controller 360 operates in
a doubl e bufferedpdaﬁmm@theoﬂéh:wrﬂndwaedwa@mdlcmnkdﬁaded 20 into DRAM 769 vi a

t he high speed serial interface 659, the revi ousl % rPP‘%%F “gda}: e,el s read

f r om DRAM 769 an&h%@éﬁpﬁ'ﬁmﬁwnﬂfﬁs‘%‘ﬁ Y“@r‘f@ffﬁ &' e YT ’pellne ,
Once the pageukgsfifdopiraited printing, the page just loaded is pr| nted while
anot her page is | oaded. The first stage of the pipeline expands (at 763)

t he JPEG conpressed contone CIWK | ayer, expands (at 764) the G oup 4

Fax- conpr essed bi-| ev k | ayer md evel
netpage 25”tag | Tyt g’&d %cg)o'r dEng c% r@é}g%w&‘gﬁ ?ﬂg&l xﬁﬂ%naﬁ%%m%n%&@s?c“ on 1.2,
all in par ahdeeﬂ;adjaﬁ?ews%@ﬁflﬁlyﬁlafgfb“‘mn’ﬂ H%"Fds afRat 765) the contone CMYK Iayer
and conposites (at 765) the bi-level black |ayer over the resulting
bi-1evel CMYK |layer. The resultant bi-level CWK+I R dot data is buffered
and formatted (at Thzglzaodfa%rdﬂz fotialn1S] wileih d@graphicd) Infiritdtiopeken b fanlof3kP via a
set of line buffers Most of 'these line buffers are stored in the off-chip
DRAM  The ?"i"ﬁ%&?m‘é?age prints the six channels of bi-level dot data
(including fixatiyg) to the MenmjetTM printhead 350 30 via the printhead
interface 768. V\hen several print engine controllers 760 are used in -

uni son, such as |g?apﬁcsdupl exed configuration, ~ :

images;
buttons;
icons; and

hypertext links.



t hey are synchroni zed via a shared line sync signal 770. Only one print
engi ne 760, selected via the external nmaster/slave pin 771, generates the
line sync signal 770 onto the shared Iine. The print engine controller 760
contains a | ow speed processor 772 for synchronizing the page 35 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 netpage printer, the two print engines each prints 30
Letter pages per mnute along the |ong dinension of the page (I1"), giving
alinerate of 8.8 kHz at 1600 dpi. In %h@ 12" versions of the netpage
printer, the two print engines each pr? ts 45 Letter pages per mnute al ong
the short NPX025-SG 45 dinension of the page (8 /."), giving a line rate
of 10. 2 kHz.4. Theseand mdlidd scadrdisy t@cldm W Herelniedch intirk bds @ plarpléty eftpossigle vafupsequency of
the MenjetTsi- printhead, which in the current design exceeds 30 kHz.
CONCLUSI ON  The present invention has been described with reference to a
preferred enbodi t a nunber, of. ecific alternativ hrent s.
‘However, it "’\tin N ml;tge 5‘8{5"?@&%’{"5&" 6{?‘"& ?10"% §re’§kt|£el 185 °|¥§ r'fqﬁ(e’s ragfegs\gga(rpfg hﬂe el ds

t hat a nunbeetermfnedhytie posippreletiveie Hie sredegrmined Pptis- f r om t hose specifically
described, will also fall within the spirit and scope of the present

i nvention. Accordingly, it will be understood that the invention is not
intended togbe | im0y JcQrdifd® HRHEE, Whbrbin RTROMIBRE Sande QLA of hE
present specification” including docunments incorporated by cross-reference
as appropri&F@. The scope of the invention is only limted by the attached
clainms. 10 NPX025-SG 0 46 CLAIMS 1. A nmethod of enabling a user to
instruct a computer systemto performan operation via: an interface
sur f ace i nchudi ngTiAmeihéd dofdag &, clatnthewleringliefliacarcnateisiidl Nng vi si bl e gr aphi cal
informati on and substantially invisible coded data, the coded data
conprising a plurality of substantially undifferentiated narks positioned
relative to_a pregeterm ned. patter ith.a target t .endi ng

radi al 'y oufwardi ﬁ'efﬂl’a%?ryhaﬁmcg’gﬁj rc}éumo ’WW?]reé" A %rh%%fc %“F°§S§F‘1Lk§“tv%.“{?§‘e?ﬁ‘§e?i ve
rotation of sreding of it eseters efieti¢aptorr nain pliadipgentimarkpis legpdhap fRMtA&BM- and a" sensi ng

devi ce which, when placed by the user into an operative position relative
to the interface surface to designate at |east sonme of the graphica

! m(‘j_or ”?_t ! ‘On%] tse”?'ﬁé_n@&;oci %&ingsﬁhrmﬁf?fl, Evﬁ'ej[?qin Q&ﬁi%ﬂrkqﬁ% ﬁmdungﬁhﬂﬁf &Td&(sj dat

i ndi cating data indicative.o gper at,i on. usi ng t.he sensed., at a;

t he met hod THETTIRHY ¥ gheéefne{i%fe?ﬁ?‘, °ff)anmat%f1%m‘§'3nr%nu‘?ers B esat%é%%" goréggiﬁvi ng the
i ndi cat i ng lehathaf fitowmkisimeximemesiipsg devi ce; and . performing the operation

i ndi cated by the indicating data; wherein the graphical information
designated by the user is at |least partially indicative, to the user, of

the operatign. 2. Jhendiat3ats RCERS 8iwhereh Qnyclodhiliindter dibieEEidl of Ecogdaaphi cal

i nformation designated by the . e .
data indica%ve of the opethion includes sufficient information to identify the operation.

11. The method according to claim 1, wherein the coded data identifies remotely stored

information defining a position of the coded data relative to the interface surface.

12. The method according to claim I, wherein the coded data includes region identification

information that identifies the region within which the respective coded data is disposed.

13, The method according to claim 12, wherein the region- encompasses substantially the

entire surface.



user is adjacent, or substantially coincident with, coded data. 3. The

nmet hod according to claim?2, wherein the graphical information takes the
formof any conbination of. text; graphics,. images; buttons; icons;
and hypertext links. 47 0 4. The nethod according to claim1, wherein each
mark has a plurality of possible values. 5. The nmethod according to claim
4, wherein the value of a mark is at least partially determned by its
position relative to the predeterm ned pattern. 6. The method according to
claim1l, wherein the predeterm ned pattern includes a plurality of I|ines.
7. The nmethod according to claim®6 V\:herﬁ'éll the lines are not visible. 8.
The nmethod according to claim1, wherein“"the marks have centers and wherein
the relative spacing of the centers of at |east one pair of adjacent narks
i s |l ess than @about Thfmhodhccokdng tereibimol] whaein kdicodyd dga pblaksdat idewiffieation N each
mark has a m; %EP i Sdigad-80gt h of a
mark' s mni rruIr;#r 3@“&‘%%%%%?“& hanllrﬂtlbg)l%}g0211‘;1 ﬁ‘éwgﬁﬁ%ﬁ&g& %hat mar k' s
maxi num r adi #&Ps¥. The net hod accor di ng to claim1, wherein any 10
mllimeter dianmeter area of the coded data indicative of the operation

i ncludes sufficient information to identify the operation. 11. The nethod
accordi ng t o je! ai MrfemeMd@scBirding th Blaik AghRikrefiakedredel@intd fateth defoesDipbkayity st or ed

[t or mat T on At it AnPIaLY blRlind RSPl ol b ind ek of nt e face

surface. accor aim erein t e coded data

i ncl udes regld@’ﬁ"e‘itéb@ﬁt’llrﬁg?%‘htl on information that identifies the region
within which the respective coded data is disposed. 13. The net hod
according to claim12, wherein the region enconpasses substantially the
entire surfagg. 48Alomgeﬁ"ace-|.;§k@mnﬁlt gfﬁﬂin@@%@ﬂ’rﬁﬁ RgrubtCa &ndtdNsystemib pér@inhad he coded
dat a i ncl udes dgxta identification information that identifies data

associ at ed WER "thé" region within which the respective coded data is

di sposed. Is. The z{mz@.@dée GHE Rbiithel & Mledict) dlo inWFIRE Ghcdihd) GisiE @alftiar m ned

pattern defipes QNS ot el dafi@agetd ni ng at
| east one coﬁg%a?ﬂpf sﬁésgngl%rﬁwﬁ;byrekcsﬁe& daéagsedcsoﬂed li}% ?gﬁt l nﬂg regi ons.
16. An i nt er fubsaatially ypdifferaptated gpras | Fosiépned fglaidte te 8 H"?‘?‘é‘?’?‘iﬂ?ﬁ’tpaﬁe“btﬁ%ﬁfaé? system
to perform agucr@pextendingtittiaty Sitwandly ﬁdﬁﬁkﬁtﬂ@ﬂhspme‘naballbwmgrejdwmm&n ofitit er f ace,

the interfacg, j.ackielAgn eemé&hﬁn&rmh' cal

a sensing device which, when placed by the user into an operatlve position relative to the

interface surface to designate at least some of the graphical information, senses at least some of the

coded data and generates indicating data indicative of the operation using the sensed coded data;
the computer system being configured to:
receive the indicating data from the sensing device; and
perform the operation indicated by the indicating data;

wherein the graphical information designated by the user is at least partially indicative, to

the user, of the operation.

17. The interface system accordihg to claim 16, wherein the graphical information désignated

by the user is adjacent, or substantially coincident with, coded data.

18. The interface system according to claim 17, wherein the graphical information takes the

form of any combination of:

text;



information and substantially invisible coded data, the coded data
conprising a plurality of substantially undifferentiated marks positioned
relative to a predeternmined pattern with a target structure extending
radially outwardly froma centre of the pattern for allowing relative
rotation of the predeterm ned pattern to be determ ned; and a sensing
devi ce whi ch, when placed by the user into an operative position relative
to the interface surface to designate at |east sone of the graphica

i nformation, senses at |east sone of the coded data and generates
indicating data indicative of the operatioon using the sensed coded dat a;
the conputer system being configured t3&” receive the indicating data from
t he sensing device; and performthe operation indicated by the indicating
data; wherein the gpmghi cal information designated by the user is at |east
partially indicative, to the user, ofthe operation. 17. The interface
system accordi ng tigaget: ai m 16, wherein the graphical information designated
by the user is adjacent or substantially coincident with, coded data. 18.
The interface systéﬁ?ﬁccordlng to claim17, wherein the graphlcal

i nformation takes &R@ form of any conblnatlon of . text; 49 0 graphics;

i mges; buttons; |cons; and hypertext links. 19. The interface system
according to clalmmﬁﬁmuwherein each mark has a plurality of possible

val ues. 20. The interface systemaccording to claim 19, wherein the val ue
of a mark is at Ieast partially determ ned by its position relative to the
predeterm ned patt terface, s st.em ac r di 0 16,

wher ei n t he pr edet er‘?ffrﬁeecfyﬁ‘é‘ﬁc ﬂnﬁtﬁgf"ﬂgg%mmm ur;lTOh q%‘?l&}”f sgﬁlgnZZ The
met hod accordiesg to claim 21 wherein the |lines are not visible. 23. The
interface systemaccording to claim16, wherein the marks have centers and
wherein the relative spacing of the centers of at |east one pair of

adj acent mapks | STﬂ.eeﬁt’érfahlﬁ?J&eﬂ%@é&}dm%%mm% RS b el RGamY S bemsaccor ding.
to claim16, whe S %F%%%% %adlus and a naxi mum r adi us

and mherelonW@yﬁﬁﬁﬁ‘ﬂbBF”ﬁmﬂﬂfaﬂge KU s greater than 40% of

the length of that mark's maxi numradius. 25. The interface system

according to claim 16, wherein any 10 m'llinmeter dianmeter area of the
coded data pndi Ca’('lie\lxﬁerﬂtfe spsfemh 0peliritd G4im 16 ehaudede gukEindieéprttern ipfladesmt i on to
identify th @;g@% 26. The interface systemaccording to claim 16,
wher ei n the ata identifies remotely stored information defining a

position of the coded data relative to the interface surface.

22. The method according to claim 21 wherein the lines are not visible.

23. The interface system according to claim 16, wherein the marks have centers and wherein

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

24. The interface system according to claim 16, wherein each mark has a minimum radius and
a maximum radius and wherein the length of 2 mark’s minimum radius is greater than. 40% of the

length of that mark’s maximum radius.

25. The interface system according to claim 16, wherein any 10 millimeter diameter area of

the coded data indicative of the operation includes sufficient information to identify the operation.

26. The interface system according to claim 16, wherein the coded data identifies remotely

stored information defining a position of the coded data relative to the interface surface.



50 27. The interface systemaccording to claim 16, wherein the coded data
includes region identification information that identifies the region
wi thin which the respective coded data is disposed 28. The interface
system according to claim 27, wherein the region enconpasses substantially

the entire surface.

29. The interface systemaccording to claim 16, wherein

the coded data includes data identification information that identifies
data associated with the region within which the respective coded data is
di sposed. 30. The interface systemaccording to claim 16, wherein the
predeterm ned pattern defines a plurag%ty of synbol regions, the coded

data defining at, |east one codeword f

med frommarks disposed in

di fferent synbol regions.

27. ' The interface system according to claim 16, wherein the coded data includes region

identification information that identifies the region within which the respective coded data is

disposed.

28. The interface system according to claim 27, wherein the region encompasses substantially

the entire surface.

29. The interface system according to claim 16, wherein the coded data includes data identification

information that identifies data associated with the region within which the respective coded data is

disposed.

30. The interface system according to claim 16, wherein the predetermined pattern defines a
plurality of symbol regions, the coded data defining at. least one codeword formed from marks

disposed in different symbo'! regions. -



