1 HAND- DRAW NG CAPTURE VI A | NTERFACE SURFACE HAVI NG CODED MARKS FI ELD OF

| NVENTI ON The present invention relates generally to a nethod and system
for enabling user interaction with conmputer software running in a conputer
system The invention has been devel oped primarily to provide the basis for
a surface-based interface which allows a user to input hand-drawn data
into a conputer network and to obtain interactive printed matter on demand
vi a hi gh-speed networked col or printerg. Although the invention wll

| argely be described herein with reference to this use, it will be
appreciated that the invention is not limted to use in this field.
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2 BACKGROUND Presently, users w shing to input hand-drawn information into
a conputer systemtypically do so using a conputer nouse or digitizing
tablet. Wilst such interface systens are useful, they are relatively

bul ky, and they lack tactile feedback provided to a user drawi ng on a pi ece
of paper with a pen. Mreover, in nmany situations, paper is a nore

physi cal ly confortable and convenient drawing nedium due to its visual
characteristics and its portability cogpared to other conputer interface
devi ces. However, it |acks many of the advantages of drawing directly into
a conputer system For exanple, data in a conputer systemis easy to
archive and then search, while paper is bulky to archive and inconvenient
to search. SUVMARY OF | NVENTI ON According to a first aspect of the
invention, there is provided a neBASHGRY ble a user to interact with
conput er  Sof t War @rekddil) b wishin@toGRATHALrabiloRERliSH thib b ZriplicPsy e fbibaily Nt ed
onto a sur%aceh the form inc udjng ana%ﬂgtlon relatlgg to e conputer
sof tware, tH8 Ut SEBUHAA YT dGHERE GaEa VPt ELt et orews 2y Pt HgY £ el d

rel ating twolatitely boldyrpnd ey lsbfidciiafedbatidyeovivied badisdr dalvingbngpitda ef ibe path of .
provi di ng ]Beg.eMI)rQJv@P, h%&?%m%%%'gaﬂe%%w&é‘ sidally LA r%&glmtc%{m e h&g%n% ating

indicating data and novenent data from a sensing “device, the n

dat a i ndi catdvre def totif§evise ghrastgriftivernd its trdablipy emred Wethsr ForpRieainicfise of

VIT\AI‘)]V enme :’lt %bfvic;&sh EloHBRS :it rlzgksdrlﬂéﬁ& 6Lthé glvakdgMer Hﬁwin_@ erdcc?f imio aatcblﬂplﬁ& E‘ﬁieﬂgF(ﬂ e\l‘/] ice,
en placed operatively relative to the drawn i : nerating the

ot | ng g Sghisagerdper st Ka i iy o8 Y ey Sabop SRR Bter 't he

coded dat aandirdorserirmttapdeick| | y si mul t aneousl y. generating the novenent dat a;

and identifying, stinids SorReNGforpyYStem and from the indicating data, the
drawi ng field, and operating the conputer software at |east partially in

reliance ofcPHBS Hol BReeclPAtts mReionihery i gtoyided 4 Bitlod 43 @kl apicbly WiFeh t he
drawi ng fi ekittompli@ séfaRnmBMDR aRbhpikee skl ullRHP @ AH8 plitedoal @ isMfabithe fofn t he

conmput er system. request r the farm The formand. the coded data may
b bri nt carcupmaRrn et ERe: bl el Pt SR S SRBRRRR O, e
i ncl udi ng drhrangshiclrglatgf o tharomper sddtpist thy mathyed irehlingtbswai et i Ng  t he novenent
data with the drawing field. Preferably the method includes performng
witten gesture FetdgfiafPoreBAvEE | east some of the novenent data

Preferably also, the drawmng field is associated with a visible draw ng
zone defined on Ty % B %ggﬁF%“WﬁFéﬁgﬁﬁﬁg?ﬁ??ﬁdﬁwmmmtdma om a sensing

device, the indicating data indicative of the drawing field, the movement data indicative of movement
of the sensing device relative to the form, the sensing device, when placed operatively relative to the
- drawing field, generating the indicating data based at least partially on sensing at least some of the

coded data and substantially simultancously generating the movement data; and
identifying, in the computer system and from the indicating data, the drawing field, and

operating the computer software at least partially in reliance on the movement data and on

instructions association with the drawing field.

The form maybe printed in response to receiving, in the computer system, a request for the

form. The form and the coded data may be printed substantiaily simultaneously.

Preferably, the method further including the steps of, in the computer system, associating

the movement data with the drawing field.

Preferably the method includes performing written gesture recognition on at least some of

the movement data.

Preferably also, the drawing field is associated with a visible drawing zone defined on the
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The witten gesture may be a selection gesture. In preferred enbodi nents,
the selection gesture includes circunscribing or underlining at |east sone
of the information. According to another aspect of the invention, there is
provi ded a systemfor enabling a user to interact with conputer software
running in a conputer systemutilizing a formprinted onto a surface, the
formincluding information relating to the conputer software, the surface
having coded data indicative of a draying field relating to the conputer
software, the systemincluding: a conputer system which: receives
i ndi cating data and novenent data from a sensing device, the indicating
data indi catlyeof..2 drawning field relating to the conputer software and
the movenent data | ndicative of movenent of the sensing device relative to
the form the sepgiRBORW:E ey IMAEHcRbAREH OPEratively relative to the
drawing field, generating the indicating data based at |east partially on
sensing at | eastn pi®iRd ohbdifiRnts Aitaeledon fs@R thehiStrankddnt ¥r slmiiiganeous| y
generating the ggaﬁﬂ%g%mgata; identifies, fromthe indicating data, the

p

drawing fie o "ahd operates the conputer software at |east partially based

on reliance on t o I I v th the
Grawing Trelq prop IR RRSe: IR iR WGl iR ERSRRERERAARC | 10
printer pririfteag fah feprpich sitveGduring dr 4 commer aritemaitilisiness fogn pERebensd § .

Pr ef er abl ysurfidd @heRAP Lit18dingSH BRI Sl ihg in@liet RFRGS ARl saliRe Ll KRNMETENT

W th & vi SRR T e PR B e PR TiEe, P of or bl y
the systemis cqn%hl#&§9m£gﬂ$ﬁrforn1wwitten gesture recognition on at |east

sone of the novene at a. e witten gesture may include a selection

gesture. Preferably, roldigs ﬁ@ka%.ﬁ%]ha%nqng%%ﬁe&_ dafd HohOLS skl IEHABEL 1Bty O
underlining at | east sone of t information. In_ a particularly preferred

e
form of eah Wity a¢pEnrs told rlaing o the eprpaiprsottuernd the moysgieph dgip indiggive  prj nt ed
ont 0 a surdfapeenent dflte sémBingiefce flapieas e drmphpLhsingtdadce! Rigs phadpeerg®ad | gur ed

to be rea BX0255 21S devi in.the formof an optica
sensi ng sﬁ§$%§%3$%eata§g§§?éw%T ?%ﬂ%%%@wﬁgﬁﬁ%g%&&ﬁ?ﬁﬁﬁg%O?ﬁﬁmm%P%?gabsorbs
near i nfr aewgoftheghdedgere and substansigly-simuliaricpusly gengiatiigilicanovement daanan vi ewer under

normal lighting conditions. Wien a user_ brings a sensing end of the stylus
close to the surfacedengfis fpm hefpdicape daehe drayie fiskdeand npged, interpreted and

decoded to provide an _indication o th? igent'tg %f the regjon from
operates the computer software af least partially based on reliance on“the movement

data and instructions associated with the drawing field.
Preferably the system includes a printer.
Preferably the printer prints the form and coded data substantially simultaneously.

Preferably, the computer system is configured to associate the movement data with the

drawing field.

Preferably, the drawing field is associated with a visible drawing zone defined on the

interface surface.

Preferably the system is configured to perform written gesture recognition on at least some

of the movement data. The written gesture may inchude a selection gesture.

Preferably, the selection gesture includes circumscribing or underlining at least some of the

information.

In a particularly preferred form of each of the aspects, the coded data takes the form of tags
printed onto a surface in the form of a piece of paper, the tags being configured to be read by a
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whi ch the tag was i maged. The novenent data can be generated in any of a
nunber of ways. In one form the coded data includes information

i ndi cative of positions of points within the region, and the novenent data
is based on coded data sensed by the sensing device as it is noved
relative to the surface. Alternatively, the novenent data can be generated
in ways not related to the coded data, such as by use of acceleroneters

wi thin the sensing device or by physical rollerballs or wheels associated
with the sensing device. Further aspects of the invention will becone
apparent fromreading the foll ow ng detailed description of preferred and

ot her enbodi pents of t ven F referred
I L A

non- | i mi t thatgbsesoanaf lefrem IgghtW@hlbﬁteﬁleltYem@lette a fripean yéswerrpden yirmgl halrtaw ngs in
whi ch:  Fi gth&itidns $/néh S&BEFRL acseefng%meofrﬂels@tug eBshb me Bet.yesh oamee%phle printed

netpage and its onlrneg escription; Figure 2 is a schematic view of a
i nt er act i oReFEt Weer ey Fga’@‘edeﬁéﬁ‘ to Zroide arigicaipn ofetheridentity qbipp regien B e
server, anshichthatdegenag@pl i cation server; Figure 3 illustrates a collection

of netpage servers and printers int erconnect ed via a network; Figure 4 is a
schemati ¢ vi ew oTheandygmgpnt datarcer besgeeratad i ey of 2 mmperiofives henphge tereed t s

online pagg:. QGRS Mﬂﬂa%,mﬁa&uhﬁpoén&é oBpokbks AR MR Wee R W {ﬁgm@veﬁéxftuﬁé yre of a
net page ta ]ga Figure 6 is | an view showi ng a relationship between a set

of the tag¥s¥By rirtaeeaiwﬂesmg deviee &S meﬂed Trlagg tothe spripst Aligetiedhsi ng
devi ce i n thbenolienn dafa @n metgaagedplemzaysﬁiogtm&dﬁo i cadddl cawchal bs Bf ua dfag i mage

proc essi ngac@ygﬂge%{ss Iﬂ-u_rgthgls %)1 C or e)gglymca? ]mllsrba ls RV%&FSCE\ISSIO}:/!E%e&/ Wi W Of a

net page pen an associ a ag S -VI ew COne,; |gure 9is
a per spectriev&l}lgelﬁ‘pqeoded vi ew of the netpage pen shown in Figure 8, NPX026-SG
5 Figure 10 is a_schematic bl ock diagramof a pen controller for the

net page pen showiihsf apmegjtipfdte imreatioq wi ec‘l’—f‘iegi‘ﬂlraéﬁngfl‘mi gadipg thefollowing idefalled ew of a
wal | - mount @ecrip@inpagelepsdianid @licy coffiogithe®s ckhelifeiosect i on t hrough the | ength of

t he net pageprinter of Figure 11; Figure 12a is an enlarged portion of
Figure 12 showi ng a secti oORRGIF RESCRIMPONIDRAWING®NgI nes and gl ue wheel
assenbly; Figure 13 is a detailed view of the ink cartridge, ink, air and
gl ue paths, and blefplﬁqd agql]gtpqq@glbqglfmepqq@f the invention will now be described, by way of non-

limiting example only, with reference to the accompanying drawings, in which:

Figure 1 is a schematic of 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;
Figure 5 is a plan view showing a structure of a netpage tag;

Figure 6 is a plan view showing a relationship between a set of the tags shown in Figure 5 and a field

of view of a netpage sensing device in the form of a netpage pen;
Figure 7 is a flowchart of a tag image processing and decoding algorithm,
Figure 8 is a perspective view of a netpage pen and its associated tag-sensing field-of-view cone;

Figure 9 is a perspective exploded view of the netpage pen shown in Figure 8;
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net page printer of Figures 11 and 12; Figure 14 is a schematic bl ock
diagram of a printer controller for the netpage printer shown in Figures

11 and 12; Figure 15 is a schematic bl ock di agram of dupl exed print engine
controllers and Menj et TM printheads associated with the printer controller
shown in Figure 14; Figure 16 is a schematic block diagram of the print
engi ne controller showmn in Figures 14 and 15; Figure 17 is a perspective
view of a single MenjetTM printing el egent, as used in, for exanple, the
net page printer of Figures 10 to 12; Figure 18 is a perspective view of a
smal|l part of an array of MemjetTM printing el enents; Figure 19 is a series
of perspectihye:04l S¥Renlalid itk ﬁﬁgrmgfatlgaﬁco%&feﬁu g%efaxg%g& Rbwrl b BioMEID 55 TM
printing elenment shown in Figure 13; Figure 20 1S perspective view of a
short segn®nt of a pagewi dth Menjet TM printhead; Figure 21 is a schematic
view of a ﬁser cl ass di.agram Figure 2 is a schematic view of a printer

class di agrgify ! i irgiryioel s bR PO BWHf a pen cl ass di agram
Figure 24 is a.schemati.c vi 0 applicatiop class diagram Figure 25 is
a schenati%@ﬁ?gﬁf% e d%n@%%méﬁggﬁﬁgégﬁgggfgg%?%ﬁﬁcIass di agram Figure

26 is a SCReERYJGs ¥ S).0d poﬁtioqQ,fﬁgigagﬁz Ql@\gmg?geg‘i&%ﬁfé%ﬁ&&e&ﬂuﬁ?%ggi:saﬁﬁam

Figure 27 iS a schematic view of "a term na ement specla tron cl ass
di agram #Pgriedasgelhs 4 schematic view of a static el ement specialization
class diagram ..  Figure 29 is a schematic view of a hyperlink el epent class
di agram A & 36 fealeg ent i PER AR B 1 ) Bl5 PRI Pefegines of the

speci al i zatetrage peihtass Fgrasgin and 12; Fi gure 31 is a schematic view of a

hyper|i nked group class diagram Figure 32 is a schematic view of a form
cl ass di ag¥igmg 14 iFs gyhmetigdgock diagram efremintes aontyollentprdife neipatp griirttea bhojvn ko Figuees s
diagram N BX026-SG 6 Figure 34 is a schematic view of a field el enent
speci alization class diagram Figure 35 is a schematic view of a checkbox
field cl asEgaé BYs AthenfatiQhlocR didGarh Sf dpISEH B trighe Vin@WlcBfanEMEm¥E™ fringksds C| ass

di agram Fug%£$ ggmﬁﬁmeréfgag%ﬁ&ﬁu%he“éﬂﬁ a signature field class diagram

Figure 38 S wchart Of an | npu Sgocéssing algorithm Figure 38a is a

detai | ed fhHNCRAL L schtfna@Wook b Rarbe el pinde ggmwohergﬁowﬁn%%s $Pang 151 gure 39 is
a schematic view of a page server conman el ement class di agr am
: Figure 17 is a perspective view of a single Memjet™ printing element, as used in, for example, the

netpage printer of Figures 10 to 12;

Figure 18 is a perspective view of a small part of an array of Memjet™ printing elements;
Figure 19 is a series of perspective views illustrating the operating cycle of the Memjet™ printing
element shown in Figure 13;

Figure 20 is a perspective view of a short segment of a pagewidth Memjet™ printhead,
Figure 21 is a schematic view of a user class diagram;

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

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

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

Figure 25 is a schematic view of a document and page description class diagram;

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;

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;
NPX028-SG



Figure 40 is a schematic view of a resource description class diagram
Figure 41 is a schematic view of a favorites |list class diagram Figure 42
is a schematic view of a history list class diagram Figure 43 is a

schematic view of a subscription delivery protocol; Figure 44 is a
schematic view of a hyperlink request class diagram Figure 45 is a
schematic view of a hyperlink activation protocol; Figure 46 is a

schematic view of a form subm ssion prgtocol; and Figure 47 is a schematic
view of a comm ssion paynent protocol. DETAI LED DESCRI PTI ON OF PREFERRED
AND OTHER EMBODI MENTS Note: MemjetTMis a trade mark of Sil verbrook

Resear ch Pf:%u.rlrgﬁpis &&H&%&ak&h%\@ of a IﬂQld quﬁenp%ggxa%ganglg (aa%m? g nt, the invention is

confi gured er system a detailed
overvi ew oflgmﬁftlha%qmamewqftacwlfbpxwwmlmt ed that not every

i npl enent atlgﬂa:se/vgLkn@ﬁﬁ@ﬁ@@dﬂakemﬁmﬁ@kydl@aln or even nost of the specific
details an di scussed s gﬁﬁg@rel ation to the basic system
However , é/ n?u‘ﬁvé%‘)rfl Blé‘lft”ir%f%dt tonplete formto reduce the
need for engtewﬁakaﬂcacfcmnexﬁmenmhﬁmeamgelg@tthmg to understand the context in

uhi oh Lhe FREelSHs ARG apga: A0 ASRSELA hkig, Present Tnvent] on

operate. In brief sunmmar erre form net page system enpl oys
a corrputerFIE‘Hf%"rlfaﬁéﬁmﬂﬁwﬂ“h‘écapﬂfﬁﬁﬁfﬁfw&“%ﬁb%ﬁn@hﬁfd%@m that is, a physical

surface \Ahnglhemma@hd&ﬁudf@éﬂf@mss@.sceti@c@nmsmmg&m surface maintained in a
conputer system reference n be guerl ed by an appropriate

sensi ng deVfte’ I%Sﬁgerﬁfl Yol rﬁ%s%tﬁ i%92% 1ol ement ation, the map
referencesFiglag/‘ﬂbeaehm@dre*dewqt“laélstbﬂyylst@tasmdmam bly, and defi ned in such a way

that a | ocgl,-gasy ysceéaaaame‘mggﬁ&nﬁﬁb&fdag@wx}o%ws an unanbi guous nap
reference both wthi he map and anong different maps. The conputer system

can cont af‘ﬁ“??ﬁ‘b?ﬁﬁ?ﬁa%“%‘bﬁﬁflypﬁé‘alﬁﬁﬂ“é%°]6%ﬁd1a$f@n»napped surface, and such
i nf or mat i OFigieads ibeschediatid waned a hipadieithcontidBidotsel er ences suppl i ed by a sensing

devi ce useg e&g}sascﬁm@gggdﬂfg rface. .Th emtlcl’(l)f orjmation thus retrieved can
take the fofm of actions wh BB A Sa My the conputer system on

behal f of ¥1§€e470@@@19@1@1&0Ylwqfeswmgl@npUHFMem@p@r ator's interaction with the

surface featurecﬁsmu.rzn béstmlﬁi'l@mf@ﬁPﬁ@ﬁfﬁREd‘RNﬂ@Tﬁ@ﬁ%hﬁB’éﬁlﬁiﬁN&@' ies on the
production of, and human N PX026-SG 7 interaction with, netpages. These are

pages of tBof Megyear atedeypak ¢hpiyrEogs Resserehd oHO S aar y paper, but  whi ch
work like inter am thy @refigiad paGREmend, MeOhE@AtiinOR coffigeidd @l @drkomthee Iﬂetﬂigge usi ng

i nk whi ch 1116 or g el:%p%{yf- h@l xLl,y &%Yl%f?%\gllwew wthEE fo! Q@s‘ dvgubl?)g qlﬁ‘)rr]ec%%ég i nk,

however , code can e sense Ty i magi ng
pen and tr %mfgnml?r@dtaw Vﬂlheecwwbra?gvéocwg pesven et pflke Spfrceﬁfc eimlbdm# @remwnact ive

butt ons angschysekib Mesia@R CBCksiP 868m GBRRE telsdstel8icWribdd if #A8nost complete
form to reduce the need for external reference when attempting to understand the context in which the
preferred embodiments and aspects of the present invention operate.

In brief summary, the preferred form of the netpage system employs a computer interface
in the form of a mapped surface, that is, a physical surface which contains references to a map of the
surface maintained in a computer system. The map references can be queried by an appropriate
sensing device, Depending upon the specific implementation, the map references may be encoded
visibly or invisibly, and defined in 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 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
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pen to request information fromthe network or to signal preferences to a
network server. In one enbodinent, text witten by hand on a netpage is
automatically recogni zed and converted to conmputer text in the netpage
system allowing fornms to be filled in. In other enbodi ments, signatures
recorded on a netpage are automatically verified, allow ng e-conmerce
transactions to be securely authorized. As illustrated in Figure 1, a
printed netpage 1 can represent a integactive formwhich can be filled in
by the user both physically, on the printed page, and "electronically", via
communi cati on between the pen and the netpage system The exanple shows a

"Request " fnfefamoﬁmg %Et?dg%?‘%@éﬁt%&goftgg%}aﬁ?% aLmq!aQe@F&{gg ogoaggrm ftton The

net page consi sts Finted usin oded
data 3 pri Weggvek lige @tﬂap@étwebrwaaﬂ I '@@tm 1€1§11°ﬁ€fd|0|ﬁ\ﬁﬁ§ll Hgpegusing énic vrfn@ is

corres pondsua@np@gamsgmas e kiR hlﬁnans;@mdn@ BoicR@, 7€ IHRRBAh UM, cafleSCr i bes

t he i ndi vi dualle emerg'ﬁl of the n tha&%ﬁﬁd %artl cular it describes the
type and spaf ® PRt ("Fsheye St Pt B KEPEPE B enent (i.e. text field
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zone 7 which corresponds to the spatial extent of the correspon

gr aphi ¢ 8. mRediment, fexf pritfea by ]i‘aﬁd o agigipeeeds aufpﬁétwﬁbftr?ia@@ecb@ﬁ copgerted & Cﬂfllé‘feér red
form of whietthin th& neidagamystiri) alldwi@UH@s tBheaed Q. Ialaﬂeldﬁﬁ&fuhéﬂﬁdmgnﬂurgﬁ’é&rdé@t ai |l
bel ow, works in COI’]] W net page print

| nt er net - cONNERTESA P ?nﬁtnca?l Vmﬁe(ra]‘%wmg ’gm LS TR ’f”fs it esf)cﬁ‘re%ﬁtf"f“éedtjse The
pen is wreless aﬁdlust@wﬂrmﬁnguet‘alt, es’nggbmp&eyl o tebreselta inerhqiagempwhiciten vi a a
short -r angg diR@in®y eRker Both Jﬁ%ﬁcaﬂ?tol?%%nﬂé dﬂ&eeﬁndagévtrmﬁnaﬁi?’e%%cfnﬁ‘ﬁma&oﬁn of

which is shown in Figures escribed in nore detail below, is
abl e to defefireythe b"era%fa? petegs sy dhe gramrinthowh Rediest] orrepntinigapepses s,
nmagazi nes, addxaisaﬂetdga;d abngahhikes Tmmp@gekwﬁmspmbgm}ﬂﬁtdaaaaam@d ﬁsm@ﬁdsi&teeld(, at high

quality as ti v I K ersQl conput e t he net page
printer i sangrfg%gp??’g gncrgltc\?\ﬁlg (%%glg%tﬁmbe thef 3 uasmg mml corﬁ%p()h‘%"égdp 0] acent

to an ar eadefgiietios % Heredrpr A mgtv%emwwk, ¢e$°r1§qs t@dﬁéﬂﬂmbﬂeﬂ@% laf the nétwpee In user' s

Ki t chen, neafua 1bc[e§§;késa1§3ttyﬁeam @atlapéxteaﬁ@&ne)t e ols bRl eiitnént I@iQ' @t 5ot ofleparture
port ab and m_ni ature

for the day. It als abl et op,

versi ons. a%&? ‘ﬁét?sexwpf ﬁrttg%%gtt&t”ﬁ@ﬁg 5P C‘BT“‘E?’ %‘Brﬁ‘df‘l?“bﬁag‘ﬁﬁﬁ?ﬁﬁ% Toge
ease- of - uswbmf bpoped, fv tlamplaechasta wak iMebish adtkspondsed abid spatidl yexefit @Mthe
interactivg,, ggﬁggdﬁghr GS:shovvn in Figure 2, the netpage pen 101 interacts
wi th the coded da printed netpage 1 and conmunicates, via a
short-range radi GSI'JFWF@‘CQ‘H Figae 2.rfhocreimesd R5h 101 a@raferd fge obwhish is showkie N
PX026- SG 851@%5'8'&;@1’9 £ bessRd s Iﬁdaaadetamga&a%tmnl Joguﬂcr& Wil aMgRt pridet pRge page

server 10 foqr interpretation. In a Or opr at e c mstances, -t he e
server sends a cortespdndi ﬁgp?r%gnsage p°|5| o‘f’? FrBtht ‘érw“el§

runni ng omoamwe@apag@endpmthtbmetp@gvmpwash@t-rmiéheadmhplt? cation server may in
turn send a The netpage printer 601, a preferred form of which is shown in Figures 11 to 13 and

described in more detail below, is able to deliver, periodically or on demand, personalized
newspapers, magazines, catalogs, brochures and other publications, all printed at high quality as
interactive netpages. Unlike a personal computer, the netpage printer is an appliance which can be, for
example, wall-mounted adjacent to an area where the morning news is first consumed, such as in a
user’s kitchen, near a breakfast table, or near the household’s point of departure for the day. It also
comes in tabletop, desktop, portable and miniature versions.

Netpages printed at their point of consumption combine the ease-of-use of paper with the
timeliness and interactivity of an interactive medium.

As shown in Figure 2, the netpage pen 101 interacts with the coded data on a printed

netpage 1 and communicates, via a short-range radio link 9, the interaction to a netpage printer. The

NPX026-SG



response which is printed on the originating printer. The netpage systemis
made consi derably nore convenient in the preferred enbodi nent by being
used in conjunction with high-speed m croel ectromechani cal system ( MEVS)
based inkjet (MenjetTM printers. In the preferred formof this

technol ogy, relatively high-speed and high-quality printing is nade nore
af fordable to consuners. In its preferred form a netpage publication has
the physical characteristics of a traglitional newsmagazine, such as a set
of letter-size glossy pages printed in full color on both sides, bound
together for easy navigation and confortable handling. The netpage printer

exploits t r eQ n te AGE
service i sg;lg]\t/egu6 eS ?%%é%bx“ }(glusgelﬁjgﬂE d%%?% I%ﬁi ﬁ??gdco@fla ezahonacﬁd cabl e
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and | aser printefiss neglagchougpistnivde @ygdoeiywided conepied af e pofegedsintodiyerand Wi | |
therefore Qﬁoelng%s%d %P&‘ﬁ}aﬁcﬂm Siof L0 &d%ﬁ&&g&@@orme&aﬂ&h e v¥ME basda T T

enbodi nent s e netp a%; ystem | hosted on a ate Intranet. n still
n

ot her enboMemisitispringerse @Feltr?fmfé fyp of iniqchnology t“éft!l"%lhhl@ Dredgnbhigomplity er or
conput er - eprabheel nd@Mh@e atfosd4BIB tcﬁﬁms’ﬁm&ﬁ lmtt@ﬁrefe&@tf&a-ggnmeé ﬂ)tﬁﬁ&ﬂh&ﬂm§ﬁ5 vers 14
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publ i cati NS o RETPAGE éarr]m Wﬁ%ﬁg?zgla’. B2 B ?flﬁ’ﬁlz(?ﬁ' SSéP"’ée &t er ed
aut omat i cainiffl coier onsha@s@qss; ltwmogmerﬁag@smmgammrasd opmépriphds ntdliagt i ng and

mul ticasting Int Qﬁ@&tpa@rp%t@p&bﬁns e SANARAGhy oPHBLIL 6] th AP BLE ik t o1 ed

and formatted accord to individual user é)ro Il A netpage printer can
be confi guitEHe t*soa"élli‘b’ﬁé? P> /aﬁﬂ/hoﬁﬁh%‘@rmg’r‘ Usites tat?nﬁlda?atﬁ%ﬁo‘i%‘riie%? RIEeTigg t h any
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user to nadvitmica by %@bﬂlumﬁ exiptitgf *FOIﬂ@mm ltﬂhetrae@ pese tpritteys, althmglpfatgefstplumﬂil cation

server or apRleinfal dely S8 kMPherctbe @@tegaag&pmpﬁ&ammﬁbﬁfer Diick 6O &f &lr Wi th @
net page r 11 and |inked t one or_npre a%rrent card

e%}mématl on server
accounts. Y SR8 SHIFST E dofidy et r%’ats P di gihsy e 288 usi ng
t he net pagetppeiysteitiehased @ﬂg&gkegﬁ@&fﬁhmmteseﬁmmdeﬁma{ees ptili@. Si gnat ure

captured by the aebRegscREn N aREShOHSLReH SLELRD o Lalatne.

allowing it to aut I cate the user to an CONMEr ce server.
O her bi onielity @ablisgtiansaiosertises pEs- tPGﬂQﬂ@Pll P13b11¢aé@qwq gelivied; atagiageplipfio t he

net page pegibschith h@ﬁ& blifige Rrﬁrﬂomtcaéiiﬁ R Rliticaégl InteBSk prBtodblsS iPlsbniized@Y DY
t he net page i str rver. At 4} % netg gﬁpp“ nter may deliver
peri odi cal%‘blgcﬂtg Syeh g el aﬂ’@ff&‘l@ﬁé"p‘g Vi 8T RPX026- SG 9 user
i ntervention, it Agapag@rigonhi iguoefituréwenpron ageluinyeof ping ehd Cpehegh yaink mai | .
In its pr e\tdﬁlragl)eﬁilrx{ngrdﬁetf)a%e printers. In the preferred implementation, each netpage pen has a unique

identifier. A houschold may have a collection of colored netpage pens, one assigned to each member

of the family. This allows each user to maintain a distinet profile with respect to a netpage publication

server or application server.

A netpage pen can also be registered with a netpage registration server 11 and linked to

one or more payment card accounts. This allows e-commerce payments to be securely authorized

using the netpage pen. The netpage registration server compares the signature captured by the netpage

pen with a previously registered signature, allowing it to authenticate the user’s identity to an e-

commerce server. Other biomeirics can also be used to verify identity. A version of the netpage pen

includes fingerprint scanning, verified in a similar way by the netpage registration server.

Although a netpage printer may deliver periodicals such as the morning newspaper without
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only delivers periodicals fromsubscribed or otherw se authorized sources.
In this respect, the netpage printer is unlike a fax machine or e-nai
account which is visible to any junk rmailer who knows the telephone nunber
or email address. 1 NETPAGE SYSTEM ARCHI TECTURE Each object nodel in the
systemis described using a Unified Mdeling Language (UML) cl ass di agram
A cl ass diagram consists of a set of object classes connected by

rel ationships, and two kinds of relatponships are of interest here:

associ ations and generalizations. An association represents sonme kind of
rel ationship between objects, i.e. between instances of classes. A

general iz aﬁs'eﬂﬂte'lrv éﬁ %%an @%Lﬁf%l;re&ﬁe@%%@&e}we@H&olﬁcﬁ&i S]Eltg( Pdlg rt? Brgtgrgedl fa'mt Qe

foll ow ng wa l'ass tho ects of that

cl ass, andm&)r %?&%efsmeil%iméls §en @ybévnbezlaf ptaawis authiprizsd somrces; Ydls BPpos f@lnﬁ%ﬁgy a

subset of ﬁmtememzéemfm;d@mnmte nchil @Gk WhiSiR PRIbLe 586 GAE nfifld §ho RRASIET N -
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separ at ed 1rotheTmaEr§Y$JyMARhﬂTElczmt al line, and a list of the operations
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the generali i.on.en a8l agnam is brok i nto |pIe
di agr ans, %nit%% t%f;soé' & dllasg,h arate aroxin en%né dby% honzo tsl Line, and[eeﬂlsy R’ é]:\e o%era&lo line in
al | but t hiée plessrsertrated rieam tbmfft@hutﬁbﬂt by e gorjzpntal Ihtle ihsths hlmmdlawmmmwlacthtﬁomwt es

only wher endylvet, % Q@lt)ﬁsqg:qleve;mgdeh{lﬁTPAGES Net pages are the foundati on on which
a net page netvvorﬁ uilt. They provide a_pap er-nﬁé? user interface to
R Pe

publ i shed i nf or rrétl?%?fw&ﬁ“dﬁ AP PR e IS S AR op LateReTe e of a
printed page nfubiplicy @ rheSassdciatd. Mg Hamt mulplisiiybis yoné. aggesebrivi {* indicetbes ences t o

an onl i ne d&l iRk B&Pfo‘; EQ@ o;pzﬁ‘c% Eac-l'_nrlgsoé?ﬂljoﬁ B%Ft%?fﬁﬁ Iéﬁﬁﬁﬁ (}viuPﬁs gﬂ §Ia§d is

mai nt ai ne persi'st ent a net g page se Cri ptl on
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A generalization relationship (“is-a™) is drawn as a solid line joining two classes, with an
arrow {in the form of an open triangle) at the generalization end.

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

1.1 NETPAGES

Netpages are the foundation on which a netpage network is built. They provide a paper-
based user interface to published information and interactive services.

A netpage consists of a printed page (or other surface region) invisibly tagged with
references to an online description of the page. The online page description is maintained persistently

by a netpage page server. The page description describes the visible layout and content of the page,

including text, graphics and images. It also describes the input elements on the page, including
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10 buttons, hyperlinks, and input fields. A netpage allows markings nmade
with a netpage pen on its surface to be sinultaneously captured and
processed by the netpage system Miltiple netpages can share the sane page
description. However, to allow input through otherw se identical pages to
be di stingui shed, each netpage is assigned a uni que page identifier. This
page I D has sufficient precision to distinguish between a very |arge nunber
of netpages. Each reference to the pagg description is encoded in a printed
tag. The tag identifies the wunique page on which it appears, and thereby
indirectly identifies the page description. The tag also identifies its
own posi ti C i r scribed in nore
det ai | beI@@F%T?égﬁgggggantedgléq% %3@%1 gg&ggn%%%%m%hquﬁ]wnonusbstrate
whi ch is i f#ffpcstechy-simeftqnaquply captured gslpirpcepsed by thic peipage ﬁy%i‘pler Near -i nfrared

wa?/e:jengt hs are iMiMipRindbed Gn bR RO PRY Gestiptior HBwS @S tol Mo 8PS 8FoughY @
SOl | st ate

sor riate filt Ata s.sensed by an
area i nageOtgeé‘f% ﬁe“f‘ﬁp?aﬁ%s t%et %ﬁl@@wﬁﬁﬁnwc ‘%?&’a%%%asf%ﬁg ANYe; P%g%t‘ giHem! lg’f
t he net pagegsistenfiicieal prehisiome distgbistrivtwageefylirgeingmber Fhepgen is wirel ess and
communi cat es W t '%a&*}]%fred;%&ge%g? ésé?lg% Vo 4 *L%Ea fed %Qgﬁle g%ei?ufie]l. K. Tags

are sufficiently sma rrange an re

i mage at | WHEE PASH high ’é%?ﬁ%ﬁ‘déh%qbﬁg@éﬂc 1“%‘1@@@%%@ C}ﬁ&g@mﬂl?heltag ais?rportant
tﬂat t he pﬁéhnﬁéselﬁ&gﬂph oZﬁonHﬂ%e@@@ECHa&taﬂﬁl:slaﬂﬁé tagsafe dENIritRY Bmyord ditaR bk, 1 ON \l/)\/:th
t he page, since the inter ctl t at el ess s.Are error-correctably
encoded to make tﬁ%rﬂeﬁ’é’f‘t{e @a'?dd’ﬁgfpi?{ﬁ"’ffﬁ %Iiﬁ'rs?béggg Hg%éé"ﬁmf’ﬁ slliYhage page
server nai sitteds pslinary ey Nearpeiged vasteagic erefiyisibbac e priantye tutnetepdgensed al | owi ng

it to mai nli;yaalsghdastgéﬁ;% @&gorg,ggmoaﬁjprgﬁg{e—ﬁﬁ&ppl ied values for input fields in
t he page déscription each printed netpage. The rel ati onship between

the page descri pthi%®fis Set’%‘ié%%‘g‘éea%f sEftopin the PEiPgR Berpitl et dpfa fsapitied s shown
in Figure @ .thehbpagpagRmividxiheanses i hespagaes;sﬁﬁt &hfe[dn‘iﬂvilﬂaleh@ﬁchco&nhﬂm&&& pag@e pr| nt er
which printed it. and, ,if kno ser uest e

NETPAGE TA age]}mﬂter wal_a shoxbaraf]%{: r@d ’fagf 1cn v slmlgilé an fdens n,? au'ran%eh qlgat {h

i denti fi espephm rpleglvermgwﬂ%moewas tvela«pm:sawgb ch@m)d the wage| 1bis oot tht thetmat tag

W thin t herekBlbOme p@etmganwm@dn%a &prtlﬁer&n&l @%m@ﬁyageh sih@l @l ﬁue}atauanhﬁ regi on
as a whole or to the One or for exanple, signal a

tag sensind" il Egéa’ietﬁmﬂr%‘irficﬁ'ély F‘lﬁ%‘ﬁﬁ‘a?d‘if’ke tP??H?aEEPY*\?'QraHftO S Ao associ at ed
with the i medi atke ady@ge pdee tséreer tndufhtaindlat Jnipié pida dnst@qSion epchl @int@enetdagyyi Ng t o

f t . | e,
1 i nat e bl Sl LRGLR0A AELRAIRARD, Wk R
be nore cl@grinptegngitagd ned bel ow, in a preferred enmbodi nent, each tag

contai ns an eas The/re @AY VeBREL hd¥BE dBMptichl ﬁluﬁigy nSantl) |aﬁ‘dlh@-ﬂ>rﬂ1$ed nfpdet al
det ecti On’ Wnllﬁgure !3 1§§g§ ﬂstgncngllsnalssgllated Vglth bosﬁ the nelpage printer which printed it
and, if known, the netpage user who requested it.
1.2 NETPAGE TAGS
1.21 Tag Data Content
In a preferred form, each tag identifies the region in which it appears, and the location of
that tag within the region. A tag may also contain flags which relate to the region as a whole or o the
tag. One or more flag bits may, for example, signal a tag sensing device to provide feedback
indicative of a function associated with the immediate area of the tag, without the sensing device
having to refer to a description of the region. A netpage pen may, for example, illuminate an “active
area” LED when in the zone of a hyperlink.
As will be more clearly explained below, in a preferred embodiment, each tag contains an

easily recognized invariant structure which aids initial detection, and which assists in minimizing the

effect of any warp induced by the surface or by the sensing process. The tags preferably tile the entire
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effect of any warp induced by the surface or by the sensing process. The
tags preferably tile the entire NPX026-SG 11 page, and are sufficiently
smal | and densely arranged that the pen can reliably inmge at | east one tag
even on a single click on the page. It is inportant that the pen recognize
the page I D and position on every interaction with the page, since the
interaction is stateless. In a preferred enbodi nent, the region to which a
tag refers coincides with an entire page, and the region ID encoded in the
tag is therefore synonynous with the page I D of the page on which the tag
appears. In other enbodi nents, the region to which a tag refers can be an

arbitrary subregi o . iagaﬁ%gl I t n

coi nci de m?gﬁa%ﬂggggh%Rgﬁmgﬁgﬁﬁ%%?g%%§%£%%$%ﬁ@%ﬁ?f%%b |cﬁﬁ%gg%w%%e regi on
| D can di r &€t pia singlertligkf op therpass Hisdmpretentyhet B¢ pamasspgnizy g pege ID andpagticdana

Fi el dPr eci si@ftdrRtibrSyithmMRgh@sidcPLO Btefd@nliddbe 1k ags Total 120 Each tag

contains 120 bits of information, typically allocated. as shown in Table 1.
Assumi ng a maxi Yrﬁ%"r e&@ﬁ‘g‘%l“?enb fhe 6‘%9’5 éorw%‘éli‘é?géeffrﬁ Epcidgs wigh afy eptirg page. | b
supports aadgiregipndD zecodkl inughe tagis tieBRote youngmnens wills the page AvigErpageagivhits can be
mapped congj i i LK { I, Sk i by
a1 g abut v i ey phiben Bl AR o it AR 0 B3 A SURRISE ™ 1030
or a il ?forPagy eriothepriripce; For prsppledi san spiptide wiligheraae efgn Beeragtiegisapsy. in
i denti fi edwhidh cdsezhe FatghnDatba deR@Q dedigy tldiBrerddle binlese. Of tag data are
redundant |y encoqgé ys%Q%?g (15, 5) Reed-Sol onon code. This yields 360
encoded bits consi8ting*®f 6 codewords of 15 4-bit synbols each. The (15,
5) code al|l owFieldip tjo Presigwbdbits®dr fors to be corrected per codeword, i.e. it
IS toleranﬁaggﬁﬁ synbpf—error—rate of up to 33% per codeword. Each 4-bit
synbol is tepresented 1n a spatiallly coherent way in the tag, and the
synmbol s of[TaglRe si x [#dewords are|interl eaved spatially within the tag.
This ensurjgggdhat a [purst error (an error affecting nultiple spatially
adj acent bitS)—damages a n LN )unber of synbols overall and a m ni mum
nunber of |¢ i wrd, thus maxi msing the |ikelihood that
the burst error can be fully corrected. 1.2.3 Physical Tag Structure The
fgyg'etc a'st e gg&&t e Borins 1108 o8 infm O, | P hidals? WioSated as' shn A Rale €€

. Assuming a maximum tag density of 64 per square inch, a 16-bit tag ID supports a region size of up to

1024 square inches. Larger regions can be mapped continuously without increasing the tag ID
precision simply by using abutting regions and maps. The 100-bit region ID allows 21 (~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 symbot errors to be corrected per codeword, i.e. it is tolerant of a symbol error rate of up to
33% per codeword.

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

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
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15, 16, 17 and variable data areas 18. The fixed target structures allow a
sensi ng device such as the netpage pen to detect the tag and infer its

t hree-di nensional orientation relative to the sensor. The NPX026-5G 12
‘data areas contain representations of the individual bits of the encoded
tag data. To achi eve proper tag reproduction, the tag is rendered at a
resol ution of 256x256 dots. When printed at 1600 dots per inch this yields
atag with a dianmeter of about 4 mm At this resolution the tag is
designed to be surrounded by a "quiet area"” of radius 16 dots. Since the
quiet area is also contributed by adjacent tags, it only adds 16 dots to
the effect ter The .t ag..i ncl SLx target structures.
A detectloﬁxﬁlﬁéc mn?mem&% gﬁggﬁgﬁﬁgb de theem;f)hlfg%}mfilally detect the tag.
The ring i s easy Toechiet proter be caporslectipt, thesagrloteaderedmadl tesohitipy off 256266 datdl because

a sinple gatIRakd AN dols ber iR REGelds 3tdy Qith SHRNES of TS 4 B, WhiGis RkJiQGRS Of
perspective di'stortion. An orientation axis 16 allows the sensing device

to det er ni $ie g elesignpd 9bp Atonndsd BPhaarq“’B‘rﬁ“‘énP%ff“f"ﬁrW(S‘f’ts t¥ee the gyetawes38°t he yaw
of the sensatibutddty adjidettdza fitioBl adid i SdoitsIo &k&%&d/eﬁﬁmétérefﬂeﬁg un| que _

ori entation. Foui, RElSRESLLNE.] AMIELS Alulhol:L8SRRNR! g deries Lo [ nfer
an accurate two-di mensi onal spective ‘Iranstsrm nd hence an
accur at e t nitieley- dicptethrstan (Tht Hm)ls MSV mwd%nfcbeeﬂweems atttﬂtmﬂllmnwhet fm@lgecm@ ative to

the sensorgmgl loordedfi@eds létarslse&t Mﬁ@?ea@{}e% hRdbndartad ¥ df%xg;%cﬁvg didBERVRat hei r
|rmun|ty to n0| Se. The Othﬁgan]{lga sh ape is circul ar hi s Su:)pOI‘tS

amongst ot FsPE oKy LS aligye "‘ﬁ"a‘i?l&‘F‘ﬁ‘amed‘f‘F BHOTPHeeearictAtoathle ar grid.

I N conbi natag due tnite Raw BithCietisotl IThs orfdethtn takio B skdwiad) to hdd surmk ©Scnfatié Fa| ar
arrangenen W R kD i T i Lts .size, each
data bit |%ﬂ¥%%%§&%ﬁ$ég%'mv esmm%ﬁﬁf&@gjgﬁ&ﬁggx awqmyﬁmenk%ﬁpgﬂggwﬁounded
by two radiratorn ofele @ndnd hpycccmeamty ﬂl@evéimewnérpoa"ri@s@d Passhtioneidbetapas a
ﬁlﬂlﬁUﬁ]dlﬁﬁﬂ&Mﬂﬁeﬁﬁmg dots at 1600 dpi and is designed so that its base
(its inner arc), .. is at |east @T$ Lo t hi s m pi.mum di nensi on. The hei ght
of the wedge in CHEFHHFLSHTELPIBY e @ mEss b Fmr " ™ e ni ni mum

di mensi on. Each 4h@mmmma@&mgyanMmm§m$®@mﬁsemmedobmwmmﬁamﬁm@ugbmﬂmg wedges.
The 15 4-bjf, qalfaS¥ 8f 1 CaGHN0% ildEneSdiny1 & AAENRX I dto the
four concentric g¥ &ipnég 18aat(§1183h ﬁéfntegﬁgaggda% aﬂ%é%&%%gnbols
are al | ocatr@eeeart e HEEt Ylinihlhg @lirerTo Pt s StcottcheleB i & rerreeniedy 2 The
interl eavi ﬁ%iuﬁd@&fﬁgiﬁﬁﬂoﬂa@ arBBBokde S 8 twadlammfjsagﬂws Pbdntlc oblusit a&cgacbelt yveEn
any two s ols of .the sane co r ort '"sin clic

i nteracti on R e R onde}\//é?éf%go ‘épeﬁ“gll’s ‘%Slﬁiegisoc&é?%?tha%e (i ’@%gf“ﬁ)g devi ce
must be abkb et ltagt m@étoamsmeam@mmwﬂerl@ght&gthﬂ WEdgt & thei rediad digfctioniiealvayes mat t er
wher e 10 {0 o Gk AlRhy O?Qslh&atsmo?@rép& schiSa BRI, ARG eJ1E T equi red

di aneter of the f Vi ew e séensin evice is therefore a

function of the g pezlé 4&){1{d]atg Wp]ﬁ@f e@qh of ﬁ@suf cé)égwords are allocated to the four concentric

symbol rings 18a to 18d in intcrleaved fashion. Symbols are allocated alternately in circular

progression around the tag.

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

In order to support “single-click” interaction with a tagged region via a sensing device, the
sensing device must be able to see at least one entire tag in its field of view no matter where in the
region or at what orientation it is positioned. The required diameter of the field of view of the sensing
device 1is therefore a function of the size and spacing of the tags.

Assuming a circular tag shape, the minimum diameter of the sensor field of view is
obtained when the tags are tiled on a equilateral triangular grid, as shown in Figure 6.

1.2.4 Tag Image Processing and Decoding

The tag image processing and decoding performed by a sensing device such as the netpage
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Assum ng a circul ar tag shape, the m ninum di aneter of the sensor field of
view is obtained when the tags are tiled on a equilateral triangular grid,
as shown in Figure 6. 1.2.4 Tag | mage Processi ng and Decodi ng The tag inage
processi ng and decodi ng perforned by a sensing device such as the netpage N
PX026- SG 13 pen is shown in Figure 7. Wile a captured image is being
~acquired fromthe image sensor, the dynam c range of the inmage is

determ ned (at 20). The center of the jange is then chosen as the binary
threshold for the inmage 21. The image is then threshol ded and segnented
into connected pixel regions (i.e. shapes 23) (at 22). Shapes which are

oo SR R 9018 S 4y AT 05 877, 0

centroid SO C ute
conput ed (@wangigtangesf ﬂlw@a\e ig #aqyemede(wdmt Rleesrentey uobtw @@etlshb,en chygesag the bipary

subsequent wsﬂog@@&nenﬂag% af. a8d imafd it BdnlifBBeldddRit & athenSDARRoMBNRRINES] réfidas DY their
and can made i nvari ant of scal e,

nat ur e |nv %s tion e easi

aspect ratft g %ngaé?"r apes flich PR Sﬁ‘f‘lgtétrepﬁs?’u%‘g (st sfEeyres g discprdedst ¢ o pe
| ocat ed (aThezﬁéand,éennmngfdamhetphsaad&ompmacge of being very well behaved when
erspective-di st L8

I?ot alto i on-nor mal i %&%&‘Qhag@’ﬁ&n%%ls'29m@ﬁ@&%ﬁﬂ%&’(&é?ﬁ?ﬁ}ﬁﬂ%e ong%ge:la Vﬁg%%rrent s

are nor mal fsiggr ﬁ‘l’?@q‘r'eiﬂﬁlig“’ca?l@ tera% yirueyrep denghihens mopens 3¢ by their paresip@rant ve

distorti onomoslagmaﬁb&@gltymaarélevahma‘sm@&sb&tra@anaﬁm&i and rotation 27

t oget her provide usef ul t f th spect transform The
axis target str uc?u"né gt tg‘@’g’ﬁg)é nE"t “ftéo geelo‘faf?gé{ggé‘ }?é)%‘e *RBRYEKIhg
proceeds beingappivplt hehated avhed prgbetiveolisated 26tdhiog srot«edséa@hpeshamhmgrmdre nts,

and rotati Igaﬁ&%mulzg At sm,@ s Pt | ORG its KRB m§HGE abelrBrmBifg M H0f der
nmonents are normalized the axis tar I's easily recognized. Note ~that one

third ordef SHbIPEFOL% e?ff‘élqﬁtilff REFPECEY %%%l"@&a%ﬁ%&hemg hefggpysrsct and

ori ent at i onat@f27tdaahd ioside ahlReful agﬂaa@ﬁaubﬁofdelperaﬁﬁa& einyfoskewed to one side to
make this possib Note als tht i S

rotation-nor mal i lzn?a‘:' Phe &% Stmc?‘%rt? g@ S af flex:? 9 ? %caage(ahatdgk eMat? fgrageeds by

nor mal i zat drolie the phg’e dormelizafves tolvech shape’s promeritsy enddptetiopmbrmelring i hiutfiez t he axi s

target's agbsints T(ﬁH%e megona@fdg%nsen@ bl Qb lizch e akil AP Qééil B8 eduI%&£ ul
appr oxi mat | on of s . rotation due to pen yaw 2 per spective

target strifittCRRe 015;: * PRt gz o %I%mwéuaredla?mepsiﬂa? Ortmﬂont%f&ﬁ s dbimt o5  of
t hei r posi shape nsdetibeeatatnsikprtdad oleassie do ﬂaﬂcett}hepdssﬂmm aEﬁ)&fai ials ohlglpadsibBAShi ps to
the ring r s tafi the.rin nd the
oraton api@ouhd! FEs ol EndSPRE pdlh: LB Sllaond (fudy Dk L

nor mal | zatReEpestiveclistonion cathhifrethe %%ﬁfssam@?@éxlﬁ Iff@e?s mwelrrdta@ndmvidnnwe nts are
nor nal i zedusgﬂmpprg,mﬁ@uﬁ@ffthe%rssagﬁhuﬁéeolgeag,g@jgs are easy to recognl ze and the
target closest g}é est | mat ed

osit
ori ginal centroi of pfrﬁpgct*‘%fﬁgetps c}? éhesl"ﬁ?t@g? E’Ca’éﬁaéatls??e oofiéf?é’ﬁltef o be the
per spect i v -ddir postivtsect ©opne@rbssed dn béir mosgipatiabrefionkiye wnthsiingend axistagptss pace,

and an ei glﬂé ésge%ggnﬁq{)tﬁfoﬁ of the ring, and the rotation of the axis. Matching proceeds by applying the

ring’s normalizations to each shape’s moments. Once their second-order moments are normalized the
circular perspective targets are easy to recognize, and the target closest to each estimated position is
taken as a match. The original centroids of the four perspective targets are then taken to be the
perspective-distorted corners 31 of a square of known size in tag space, and an eight-degree-of-
freedom perspective transform 33 is inferred (at 32) based on solving the well-understood equations
relating the four tag-space and image-space point pairs (see Heckbert, P., Fundamentals of Texture
Mapping and Image Warping, Masters Thesis, Dept. of EECS, U. of California at Berkeley,
Technical Report No. UCB/CSD 89/516, June 1989, the contents of which are herein incorporated by
cross-reference).

The inferred tag-space to image-space perspective transform is used to project (at 36) each
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freedom perspective transform33 is inferred (at 32) based on solving the
wel | -under st ood equations relating the four tag-space and i nage-space
poi nt pairs (see Heckbert, P., Fundanentals of Texture Mapping and | nmge
War pi ng, Masters Thesis, Dept. of EECS, U. of California at Berkel ey,
Techni cal Report No. UCB/ CSD 89/516, June 1989, the contents of which are
herein incorporated by cross-reference). The inferred tag-space to

i mage- space perspective transformis uged to project (at 36) each NPX026- SG
14 known data bit position in tag space into i nage space where the

real -valued position is used to bilinearly interpolate (at 36) the four

rel evant a t oNEs |: ed i mage
t hreshol d %‘f@@%é’g éﬁd(ﬁ n!l %gssﬁa%f I(‘id&pwe érgeﬁg%ﬁih %E(t}ﬁ %3’ Slylo H ng%ath t val ue
37. Once a?llmegb'omﬁlézelate tS?‘t3§) By f%@%ﬁvﬁ%éﬁa%tpﬁeﬁé‘dthie r\npvwr@gwﬁge PreaHy of t he
Si X 60- bi t coRpaelt imHe teemld 10l 4Dl Seshdd lﬂ@&@ﬂi&ﬂ)r&(ﬁie &3 altb@ vyumeﬁd 20 decoded

bits 39, or 120 deco t i total at th ols are
sanmpl ed in codemg}f gﬁg maﬁm a?”%%b%ﬁ%% § émYﬁ%ﬁ EQFI (%gﬂigg?erleaved
during t hesétawplcvdqgorpsrlaéees@d (aﬂﬁetwwwﬂtdaqog@tbﬂ&& orsl2@)dﬁcgde$bugrhrbtal Nota subar ea
of the inegg M&%&&@Lﬁﬁab@@é@hﬂmé&ntc@&wbﬁﬂ% O WAl AALGRES ag'ehﬁr;phél aling, if
found, is part of a conplete tag. If a conplete tag I's not found and
successfulF%”%%%%H@ﬂ eﬁﬁ@ﬁm%ﬁ°$§n position is recorded for the current
frame. G ven adeqﬂt&ﬁz@ targdt OGS Gy sa@hpﬁ‘ﬂl@dbar&ﬂﬂftﬂedﬁ@l: wosaremecshsm RidiFRhact i €l d of
V|em1193 ive e vol ve ot her f |n t he
current %mygﬁtaFH§E e g%miga”m c%f%% t% ﬁgﬁ?ﬁ?lm diad regi on
cont ai ni ngSUPCIﬁ@ﬁlllagle@ﬂﬂd thqe no petsnth@n ipfecerihd for ghe vwiuirdwi fram$y eGlVe@md@mate An

accurat e pQslelsis gfrgm@é B idRS PRh-Mihihal Feld BLVIELTON A RS LraREy mbdiRs OVeral |
orientation 35 o pen, is then inferred (at 34) fromthe perspective

transform ??%kmgﬁﬁ‘gllﬁ(?%&‘dﬁﬁ“?‘?’ib‘mf’%g and the known spatial relationship

bet ween the pen' Thpbiysiedads dud mdiedtd thehidendigdfIhe Gfibrn Calaintgithe tad azl the Tag Map
Decodi ng n n ag-relative pen

tr anst or m Popap R he el el pRiub dre 0 B ETEL LA DO

t r ansl at edthf Arvesllamicrsion |3é1t°é the pemtis diep wf%‘rm fpt Bhiefrony the gerepestivgiransiorne Az

| ocati on 0dpsdrit@ oh 8@ tadlahd thd ko spa@ eBBonIMS berddBn 168 M. phyklRhiSixik SndGheiRRs DY a tag
map, a fun?i |10n whi ch maps each tag IDin a tagged region to a

cor r espondi™itf &cati on. The tag map class diagramis shown in Figure 22,
as part of1.ehe n&agpblge printer class diagram A tag map reflects t he schene

used to tile theogaaﬁﬁlggﬁg m%g{s%agiémﬂs 398 aﬁaateuly.r a8 Pt tl?maﬁe?&éd' ng to

surface ty When mu t agg regio r schene and

t he sane 'Ba@g R ek fop ﬁg—r@}fémﬁ@ logafieaycag b trgglated @Waaﬂeab%oh@ lgegtien Yﬂ&gl #ap.

tagged region, the location of the tag within the region must be known. This is given by a tag map, a

function which maps each tag ID in a tagged region to a corresponding location. The tag map class
diagram is shown in Figure 22, as part of the netpage printer class diagram,

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

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

Two distinct surface coding schemes are of interest, both of which use the tag structure
described earlier in this section. The preferred coding scheme uses “location-indicating” tags as

already discussed. An alternative coding scheme uses object-indicating tags.
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The tag map for a region nust be retrievable via the region ID. Thus, given
aregion ID a tag ID and a pen transform the tag map can be retrieved,
the tag ID can be translated into an absolute tag location within the
region, and the tag-relative pen |ocation can be added to the tag | ocation
to yield an absolute pen location within the region. 1.2.6 Taggi ng Schenes
Two di stinct surface coding schenes are of interest, both of which use the
tag structure described earlier in thiss section. The preferred coding
schenme uses "location-indicating"” tags as already discussed. An
alternative coding schene uses object-indicating tags. NPX026-SG 15 A

| ocati on-indi cat iy I ted t hrough
the tag map assogllg(fil]'é1 8&%%4:&“ 59%8 IrBev%%nw B aﬂsate&{hr %hg ?g ma

| ocati on \Aﬁs’é‘iﬁiaﬁdWﬁbﬂwéﬁgﬂﬂe@%@e{d&gﬂm@}eé@a 19@5“1011 ‘G@m the regio. THQéagﬂelﬁtWFs added

to this ta@cdﬁ&ﬁ@ﬁﬂe@@n ik dvd t@lttﬁ'stﬁél@cah&lct@-hbl@ﬂzewcatfol?@f tﬁ\@ﬂ@n Wtﬁuhih@re%ﬁ? Thi€gi on.
This in turn is ?Léllrsfgﬂftto det rm ne the | ocation of ggl relative to a

user interPdEBESF e t&f‘? 0BRSSt Y LELFIBYE D A 1S %gﬁ‘ﬁte Rk $he page r egi on.
Not only i @esdrh@nmssecxatemertﬁmgom Ne @yt is ithe Sigdr intdride@ndcndent dekif ibatifiedt, buk @cat i on
relative tharum?reluév% ?ﬁs@&t@%@e gén%ﬁﬁpﬁeﬂtlﬁed E&Q& ?fﬂd%gt g%ﬁsmf&@ é:rjﬁnagl cating

t ags therefore trivia upport the capture of an a in
t he zone o?lpla’“p'%fr"ﬁﬂ“@mf&? ahsefeip Pqﬂrwtbrﬂfﬂéf‘(?eneé’lf e pastipplar yspy Hé%fa%f(,eiemﬁlﬁdl cat i ng tag

cgnt ai ns g tag | @nvdajeahndabaﬁx@cttaé York:AE N 1355 lms;vha,-huﬁeatlyllwnmeé aCRer iﬁﬂe%ﬁnt in

the page dgscriptjon associate tags.in the zone
ot heusesenent B el SR, Fsoehh v 5 8%, &0 0 et b BPEPEHEM - ki g
t hem al | i derfice cineandentifyethe fugr dnterfaped Elerhanf guakish alrime 21l @eftiat and nbkirf@t | Ng t ags
do not, thﬁm{ngﬁsﬁab@ %R&Gﬁdlcta&hﬁ tgg@% %tethglfefo@ns@poﬁp&ﬁaa%m&e@p an AL Rk LRy do,
however support the capture 0O relative pen p as the

posi ti on sEfpihege: oy SHeyt t%‘i(‘if‘é‘é’d§fﬂﬁlaﬁ‘§ Wﬁ@‘ﬂéﬁﬁb’ﬂwsé‘i’eéﬂ“t@@mwl’éauency

t he di spl ak@p@tt edoéc@invaiiahs anfhefd PRNreqRaS), meompmmmemﬂe@ﬁte sbpiddigan @ St roke
can be unarrbLﬂgHoHlsl%gdd%ler g“lgtl:ecgnbeuna[tbl ecl)uglhg ggl ng schene, the tags
function it cooperation Wt ReaSsociat &d Ve sual "“el ements on the net page as
user interactiveVathesthantizzging sthome, the !-;ﬂsseﬁmgtan ip geaperaien witht d¥sochated pisvaht ed page

using an agifeaRbh Ab BetHENRiuog BN lifeQlchinOh IBE 2 f:0 cal ﬁ@ra@%ﬁ theQrilia poad by the
sensing device and for an _appropriate response to be generated In the

net page sy¥P8AT *PPOBTHCEIINERTV AN BAGE FEER to TreeRshA spres devired SBb di ment
of a docunapioprisredespageto tegadrat@lih handdagsgstdi. agram i s shown in  Figures 25
and 26. In,the n gaqﬁ. nt is described at three levels. At
the nost a gtract%| eve i’ﬁ’yt he cumswtmg836 has a hierarchical structure
whose term nal eldninted c8Bdimgnteof 4sloeyeienitantipagh ddscrivtiomalashdiagnist sckoyngd0 such
as text objigeds3s5 add@¥t styl e objects, inmage objects, etc. Once the docunent
is

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

The presence of the most abstract document description on the page server allows a user to
request a copy of a document without being forced to accept the source document’s specific format.

The user may be requesting a copy through a printer with a different page size, for example.

NPX026-5G



printed on a printer with a particul ar page size and according to a
particul ar user's scale factor preference, the docunent is paginated and
otherwi se formatted. Formatted term nal elenents 835 will in sone cases be
associated wth content objects which are different fromthose associ ated
with their corresponding term nal elenents, particularly where the content
objects are style-related. Each printed instance of a docunent and page is
al so described separately, to allow input captured through a particular
page i nstance 830 to be recorded separately frominput captured through

ot her instances of the sane page description. The presence of the nost
abstract d I ot erver allows a er.to request
2 copy of | CoBER, ol BRERRl o T Beu B BB b B bR BEL Bttt <
speci fic f spivee efficimls intpspspt upppgetipns op eppgisyler pygedpagppy t hrough a printer with
af d![ Lf e:; ent {3 ?gg A(ijoﬁﬁﬁecf ?fcut@@ﬁ’agﬂ_al ct%glsisNPc?ﬁQ?st@th@@rﬁaﬁtté@%E@éQfe&ﬁ;l)t?()ils i, Q@g{hﬁff esence

o] e for ed .docunen escription on e_page server allows the page
server to BPF} EPdit? ieh?fefg‘ﬁ}agfid tggwpﬂ‘iﬂefnﬁﬁ?' @ﬁc%afo‘ﬁ‘ﬁf‘etdi peyhang mtidd page.
A for mat t ecktaiogunerid o8 84 panBiisdefined fhe actise bre:0df ifpor disitehte shelpaggpedBdECHt pt | ons

5, each of;, whigh consists of a set of formatted term nal elenents 835.
Each formatted el enent has a spatial extent or zone 58 on the page. This
defines the acti vetoamsat Wﬂ?eﬁéEQO@PEW%M§O§E@4 deaumpyy 83k [ticeniists afrpcket of nput
fields. A ghgeusmits %30,5&@@@1;&3 J;orfeq;roﬁ@ggg@gg@ déflri;ﬁi?ﬁ \?ﬁf@%‘ to%dauapwﬁmégt 834. It
consists o set o e i nstances each o ich corresponds to a
page descr llgaﬁ?f”ﬁﬁ maangf 8%%?? SCRRSY AP SR F Avase Eaieog e Pisg ﬁ’aﬁ&gﬂ%%

descri bes wmtmganglpezeinsiagpgds ot panobddonetapaigeande, if iarpresescotogdgoftalpezepagaei D 50 of
the netpage,Apage instance is not part of a docunent instance if it
represents a copy of a page requested in_ isolation: A page instance

consi sts of a set*R3e PR GoaTistself @ e 9t tefoH alpfecatingayces 83 Aajelsmer (nstpiyst ance
only exi st &nly dxisistif if @R BStarchSleARCIRoAAAG. T, aihifcOhRMtthROexiskIbS hyRdhy per | i nk

i nstance exists, for h erlti nk. . €, t .bhecause it records a‘{r action
1D 55 whi crirar e FrBEl el ab T R EATE e PRC RSt e 8EE exi ot s
for a fi el dstareemsttionpeielisiementtbeqapss drrepords mputtspesifie & thd mret iostinbe Apalgeent nst ance.

~ An el ement jnsunBSdod HoLexlD BSwe0Q oiliSdiemcBOWRY Rltexilo@d, Static el ements such as
textflows. A termnal elenment can be a static el enent 843, a hyperlink

] y
el ement 844, a f i efepna Ymspican beAsiad clemeat . alaprink clegmrdf 2 Pd Flswen 846, as
shown in F4guwr e pRé serfer Strmhdng eleh@n4st asSHA3vnGA Righe 22 A sityleRmelt @mednh b847 W th

o e5s0e, ahasBiol Pyt Bt ol LT L0 LTI, R,
el ement 85®leddexgpligshise. aa ineagp elemengi0 with acpssaviateigmese iclanend 8 §r oguivhi clobjrect 857,
a video clisp vahenRAbcidalraphit BbjaR 396 8 QRELANBLIMEARS! Gl & 2sQRLELYHIBRE, an
23?: gt Cle: g?%}ge!%tte ggg,na;[n aﬁgoz cl}g etlerlller?i%Sg xswvlstlg gnl aas';[ogi(r::llteci;1 eln{l {o(?:lilg: lo‘tlajgzt 85%1, oercatscréigé gl’emgli; a
853 with an associated script object 860, as shown in Figure 28.
A page instance has a background field 833 which is used to record any digital ink
captured on the page which does not apply to a specific input element.
In the preferred form of the invention, a tag map 811 is associated with each page instance
to allow tags on the page to be translated into locations on the page.
1.4 THE NETPAGE NETWORK
In a preferred embodiment, a netpage network consists of a distributed set of netpage page
servers 10, netpage registration servers 11, netpage ID servers 12, netpage application servers 13,
netpage publication servers 14, and netpage printers 601 connected via a network 19 such as the
Internet, as shown in Figure 3.
The netpage registration server 11 is a server which records relationships between users,

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

i nstance has a background field 833 which is used to record any digital ink
captured on the page which does not apply to a specific input elenent. In
the preferred formof the invention, a tag map 811 is associated with each
page instance to allowtags on the page to be translated into |ocations on
the page. 1.4 THE NETPAGE NETWORK I n a preferred enbodi nent, a netpage
network consists of a distributed set gf netpage page servers 10, netpage
registration servers 11, netpage ID servers 12, netpage application servers
13, netpage publication servers 14, and netpage printers 601 connected via
a net wor k A SHED 8. LAP sl B 108N RS SNEWA: b fileBHLE1 Rier T GpAIELRATS

regi stration server 11" §"a server I'ch records re aflonshlpgp etween
users, pefrssacinm. 4t dyegprovidpphapdvaitingresogaitien sotrisks datdseivsd abarrda pétensepage

aut hor i ZeSseM@i 100kkEn Rt poRkKnt JFbrindiich a6t pabd ddM:rBeR BudSfapelifstAbls NBRGLEEAL €S users
and acts as a Si 0 uthenticated users_in application

nj n roxy on behal f
transact i off&"° ?8%4"%%5%‘\7? YeeeeHEAAE 1 ‘“ﬁéé‘g’@%f’ RAg{03A0pSs; Yngg 2 Pagg
descri bed sbvevase naintmdts peg @ppagess feenchengelifktanmi clicats Ash poleHags tpeimérs bend Or Mat i on
about page CL . pti ] Sl k. i ncl udes
pag neg)?&p%ﬁlﬁ) tdir&:’t‘lg toaﬁlg alggc%ﬁath g%%as%g‘ The 191 © Qe%ep ?&gx&aﬁ%&r\’&gh nput

any nunber of e servers, andl 1ng a subBset of page rnstances. Since
a page seiclpir pbedrsoiigirbineerependingpigat val ues for each page instance,

clients such as neiAgeIPEdt 8F SilEaBddochdhPases1 Mo Wmald, 88 bloYiddsOoddhe
appropriat§1 age .server. TQggfﬁge.server interprets any such input
relative t& HBER TS BAS HEOS8¥PE&spondi ng page. A netpage | D server
12 al | ocat es docémetpige pidgersies G IntkewaRistribugidNape Systethe ENB D archimiba loaesoiverg  of

page serv eJ &tp\c{éeqa %etlﬁ Sb Qlt@t!hé 1%%@0}14 zﬂ@reé %?tﬁ@%;pa% ﬁ%s&@&%mﬁﬁﬁgﬂﬂ&{om&éﬁ&ﬁm& he

I nternet D erle ed Nane System (DNS i'mlar, to resolve a hetpage
page | D 50PEH¥ e networ k address of the netpage page server handling the
correspondi ng pageipigd SipltkGien seReNiagSeraibRh hG R it@R i EGREYRE apbBeatiéns A Server

whi ch hosts inter.active netpage lications. .A. neftpade publication server
T Te noS i EhR ek Koo B R Do RRR 04 BB el IR AERAR b Bh ST SO
print ers. i Heparedsabpdiedetiinn Betiani2l in Section 2. Netpage servers can be

hosted on a vari RbyaeefseR6l WRK KoeSRI¥EonPh ALAGY 8 LhRMR sdRPYIACLN 855 such as
| BM Hew ett-Packard, i pl. e net page servers can run

and Sun. Milt
concur r ent P3Putagiers sugh #7d PY-: Bodtt Taghtd: apd Spm filtiple a51RA&T SRV &Pt siiit ed over
a nunber ofn hxi@teshostS@n®a sigle adrler 6fn He Rigtribfiteth@kt OMadbed of hisOvdIngbad ald yf et page

, e i t i it i ded. by the | d
SErvers aﬂ&'ctxbnﬂht? ?gotr\{ldg#'l E}ﬁﬁ%pageesewﬂ,c gng Ong ?Lrhcu?’af H’l’é %cgo%gm{ érowgeed bgﬁf:? gﬁ 2 \e/ eg u gﬂ

t he page server, e provide rectly in a netpage a
as a net pageer and the page server, can also be provided directly in a netpage appliance such as a netpage
printer, in a computer workstation, or on a local network.
1.5 THE NETPAGE PRINTER

The netpage printer 601 is an appliance which is registered with the neipage system and
prints netpage documents on demand and via subscription. Each printer has a unique printer ID 62,
and is connected to the netpage network via a network such as the Internet, ideally via a broadband
connection.

Apart from identity and security settings in non-volatile memory, the netpage printer
contains no persistent storage. As far as a user is concerned, “the network is the computer”’. Netpages
function interactively across space and time with the help of the distributed netpage page servers 10, _
independently of particular netpage printers.

The netpage printer receives subscribed nétpage documents from netpage publication
servers 14. Each document is distributed in two parts: the page layouts, and the actual text and image
objects which populate the pages. Because of personalization, page layouts are typically specific to a

particular subscriber and so are pointcast to the subscriber’s printer via the appropriate page server.
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printer, in a conputer workstation, or on a |ocal network. 1.5 THE NETPAGE
PRI NTER The netpage printer 601 is an appliance which is registered with

t he net page systemand prints netpage docunents on denand and vi a
subscription. Each printer has a unique printer ID 62, and is connected to
t he net page network via a network such as the Internet, ideally via a
broadband connection. Apart fromidentity and security settings in

non-vol atil e nenory, the netpage printgr contains no persistent storage.
As far as a user i's concerned, "the network is the conputer”. Netpages
function interactively across space and tinme with the help of the

01 St r 1 DUt SELOGUAAGR BRAE o HE\ALP1hd e LARPSRLE Ul ¥dle BRI Sl & 101 PAGE
printers. The netpage printer receives subscrl net page docunents from
net page puﬁﬂ?@%ﬁ%@ﬁ“S@@ﬁ%éﬁﬁﬂiﬂm“Eé@ﬁmﬂﬁﬁaﬁ%ﬁ¥wﬁs dlstrlbuted in two parts:
t he page | ayout STh@-Hdpa@@ﬁubﬁEahb&ﬁEer\feﬁXSﬁunﬁ@Q te NBGRentafd] & CloSumbhti da&elﬁq.nyl ate the

pages. Becau e of personali.zation, pa ay uts are, typically specific to a
particul ar? Cf)‘sstsczr“idb Ay Ay rﬁ?eémﬁ&]i? n‘?)@éﬁt 0? {’?ﬂ‘&lefgdﬁé rPORS e BPCht er vi a
t he appr ophpaim@ag@wmrlﬁw,mWOQG SG 18 Text and i nage objects, on the
other hand, are ofRI GablikerSBATELy b padt RFGAT BETBiec 808 Rl
multicast to all subscribers grlnters and e appropriate page servers.

The net pag®@cHit tp barrintsdh itcar Rrigt hodrb es t he segnment ation of docunent
content into poird gast Sstaixek aﬁwbﬁﬂtmtaﬁdevé\flsagés srnmaiewslpgnbmmaualoﬂmeast of a

docunent's | ayou the printer ch nulticast ny, to

[ aten t o, “Bhok PRES PP THE S CErLE e b AR SPEm AR e YBiER and

obj ects thiamth%ﬁﬁﬁﬂe‘ortﬂh@uq:d@cunent to be printed, it can print the docunent.
The printer rast V. p on both
sides of the shgfé%ﬁﬁi?gaﬂg%ﬁs?a%ﬁéégﬁ%ﬁ l%rs:?ag%s %%Sﬁﬁ%h%%?%ﬁ%ﬁégmo and
print engi HESPHSR P RIgIRANPIse Figecs f‘}eﬁ%ﬁ@gﬁ&e PROsERsqr GRIP} gopsstynt ppsos @oreThe
printing p{t@wmmv&u ifingOth ﬁaMﬂbldﬁ%QiﬂﬂEﬁﬂl psﬁta@gﬁe cdn@8lleRl dodstt bOFus@h page
descri ptions rintin erastefr i mge

) nd p S.
processor lir?ﬁeﬁ?rs Wo ﬁ]%?xg Qd‘ . anad g a%m%gesqm feald arsdn %@5 ki 7815 e SBERERYCT n
parallel. ﬂfmm@mdk@x@@nyrenmes engl ne controllers consist of custom
processors whi ChP&ﬁQ@Memﬁéé@ﬁkﬁﬂ@gﬂ&%%oﬂﬁ)g?oﬂrﬁptgggﬁsd raa%lpn&elg;%k

synchroni zed with the operation of printheads 1n_t print engines.
Printers nBf 2HNae “é%lreft’é“r“ PR “b?ﬂileﬁ‘Y‘FerFQlPHé‘(Fés Y e pegst Hlebpeeh 6“013 P3ERY MV B¥E usi ng

| R- absor ptlinved ﬁlhcaﬁimhtylt]ﬁkm—ﬁhﬂdd@%htthh;lrsgtﬂleﬁiséd a@h&paigﬁgs to otherw se enpty
ar eas Of t he pagg noél.latl %?]%%gppl%}lfl g@a?%pagisab\r/leshe S O p?_})e{ IMOIG %pecuhllse% nal I t y

than I R-printed pages, y ar e assed
printers may prini onto more specialised surfaces, such as globes Each prmter supports at least one

surface type, and supports at least one tag tiling scheme, and hence tag map, for each surface type. The
tag map 811 which describes the tag tiling scheme actually used to print a document becomes
associated with that document so that the document’s tags can be correctly interpreted.

Figure 2 shows the netpage printer class diagram, reflecting printer-related information
maintained by a registration server 11 on the netpage network.

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

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

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

characteristics;
. photographic quality color printing
. high quality text printing
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A normal netpage printer prints netpages on sheets of paper. Mre
speci ali sed netpage printers may print onto nore specialised surfaces,
such as gl obes. Each printer supports at |east one surface type, and
supports at |east one tag tiling schene, and hence tag map, for each
surface type. The tag map 811 which describes the tag tiling schene
actually used to print a docunent becones associated wth that docunent so
that the docunent's tags can be correcfly interpreted. Figure 2 shows the
net page printer class diagram reflecting printer-related information
mai ntai ned by a registration server 1 | on the netpage network. A preferred
enbodi nent, of the netpage printer is described in greater detail in Section
6 below, with reference to Fi gures | 1 to 16. 1.5.1 MenjetTM Pri nt heads
The net pagt syst lempagiercoperate using printers made with a w de range of
di gital printingewtigehdol ogi es, including thermal inkjet, piezoelectric
i nkj et, |aser electrophotographic, and others. However, for w de consuner
accept ance, it iE’W&é%eF‘fﬁétm e that a netpage printer have the follow ng
characteristics: simghaieagssaphi ¢ quality color printing high quality text
printing I\PXOZG-I:;“é%yls% nthiin%Q reliability | ow printer cost | ow i nk cost
| ow paper cost + Si rrpFe opegr ation nearly silent printing hi gh printing
speed si nul t anebelprigtngisbesd si ded printing conpact formfactor | ow power
consunption No CopRBLGLHh: @¥@pd@d € printing technol ogy has all of these
characteristics. To epable to production of printers with these
characteristics, “PRE PFREEAT applicant has invented a new print
t echnol ogys r ef ebiv@owdr conagnphdanj et TM t echnol ogy. MenjetTMis a
dr op- on-demand inkij .ech .t h i [ ) wi.dt h print heads
fabricated usi ng@ﬁ%ﬁ‘ﬁ@g?‘%ﬁ%@ at?lnlg(%té Oﬂg)&sagag{n(g{h%‘?ﬁﬁ%% EChnol ogy. Figure
17 shows a singl d°spablstty prgdustieand printge Krith thesg chaseeieaistiFivithepirésent hrpdiehnt Male
Qgg gage_ Wednldatclt DAY prinf VeBAIML, 38 Eed 168 BR M P kddhdolRGy. SlcRFRALS: i3QQnliGnd@r M a

pi

inkjet technology that incorporates pagewidth printheads fabricated using microelectromechanical
systems (MEMS) technology. Figure 17 shows a single printing element 300 of a Memjet™
printhead. The netpage wallprinter incorporates 168960 printing elements 300 to form a 1600 dpi
pagewidth duplex printer. This printer simultancously prints cyan, magenta, yellow, black, and
infrared inks as well as paper conditioner and ink fixative.

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

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

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

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

Figures 19(a), 19(b) and 19%(c) show the operating cycle of a Memjet™ printing element
300.
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pagew dth duplex printer. This printer sinultaneously prints cyan, magenta,
yel l ow, black, and infrared inks as well as paper conditioner and ink
fixative. The printing elenent 300 is approxinmately 110 microns |ong by 32
mcrons wide. Arrays of these printing elenments are fornmed on a silicon
substrate 301 that incorporates CMOS |logic, data transfer, timng, and
drive circuits (not shown). Major elenents of the printing elenent 300 are
the nozzle 302, the nozzle rim303, thg nozzle chanber 304, the fluidic
seal 305, the ink channel rim 306, the |ever arm 307, the active actuator
beam pair 308, the passive actuator beam pair 309, the active actuator
anchor 310, the } 1 k.inlet 3 The
active actuator g%%ﬁ?%@%ﬁ%é%%%‘m& gﬁfl céﬂﬁmkr%%%ﬁ%g%tﬁrgf ﬁé’rmmémmg

act uat or b&amstgak is retdg imthe pgee phomber 3y QIIfaBdﬁﬂﬁl% @dh?slﬂlplamssuséﬂ@mémﬁer ed at
their respagdii 48 306RRE bédRdeR the neklo ciafter 3d4land b Bk cicaiEbinadsi on of el ements

308, 309, 310, 3 and, 319 form ti.l evered, el ectrothermal bend
actuator 320. Fi qure Pigingy %n‘ﬁheg‘ﬂﬁﬁ%%p%ﬁc?‘%fi’s hut%fr‘?c‘afiyt?‘ﬁ'f hS At P8G° el enent s

300, i ncl uahntdlerato ¢ osreect prietil ielbmer 1dched theadapy dnd buffeg tiel derrentriv@@0clectthdes Cr 0SS

section 31fji o§th§ Q&Wacmattopl%% %1%8 105 &Ls@@aru' %ﬁ&?%ﬂ% 545%@011% dﬁe bg%}Z t hat

passes throu he silicon wa ures c) show
t he oper at®4f O%Wahoubfmeam%ﬁﬁoe# wrﬂm ﬁtJP heating gt teny @@ ureNnqOREIEbaE

Fi gure 19(%5&3@%@@@@%@5@@@&:%% &x'pﬂia mmet;mmaéfuafwwaﬁq)hbss@lﬁmprl or to
prlntlngahn 1S retai ozzl e chanmher surface

i .
t ensi on at tﬁcp & do 4 n° Ip %nélurs?S & aheRd eﬁeécer‘hemfndtg%mé’éjgﬁm B rS U bet ween
t he nozzl edlfférn@ni)@rpaﬁfamy esdvetl fog thendenidbrardehd pi e 386rothbifnial eengd metwrtar3g) t he

print head MG GdrdUiclsibe-dd Soh IR %&%m@%%aﬁsmm Hsve%m@c} m@ﬁbga@&arﬁﬁepnt rol ler

to the correct printing el enment, |atches the data, and fers e data to
drive the elbenerie shanergioh moyes aboutp ierons 19 the RAsitioReskiAFIE8 YY) ThHiF s causes
an el ectri ma&asdsu:remrﬁesm PasS idkBe Do b thRzARIBP) anP@biding HdGnkf virhis@ld S1stto ONE

m cr osecong N Joul €, he ti ng. %g ature increasg,resulting
from Joul e ullf‘eaﬁer?azzcaus%dé pteﬁ'mtsoeam Fﬁ?’r us3 eﬁ[ msgpea mr%cfcrofsth “refacﬁa{satéll ve
act uat or bwask ¢hairer 339 is not heated, it does not expand, resulting in a

stress di fferencgmm@kwsémabﬁhése&lpﬁ@ms%u@eq@t;ﬁ ﬁ%&%sgﬂh&&%%ce i's

partially resol ved b canti | d en e el ectrothermal bend
SRR e SR ey LR A S S R Y T R R AR

transmts cthhmls:r mhmnﬁgmelﬂb)eﬂremleehmh&ﬂheﬁued BPdie actlitieof o 2ittae: taiarber 304
noves abouatt chigns to the position shown in Figure 19(b). This

i ncreases t e |n pressure, forcing ink 321 out of the nozzle 302, and
causi ng the ink FieviF 20 shows 2 egmsnt 95 @ nyiathead 360- dp 2 Aptaage prnt@OBe bpah/eﬁfb% the ink

meni scus  JHathédd WhSHN FRH 0P Ge BHEADBicdlN €105kt iR 48 diRktidnl381. The segment shown is
' 0.4 mm long (about 0.2% of a complete printhead). When printing, the paper is moved past the fixed
printhead in the direction 352. The printhead has 6 rows of interdigitated printing elements 300,

printing the six colors or types of ink supplied by the ink inlets 312,

To protect the fragile surface of the printhead during operation, a nozzle guard wafer 330 is
attached to the printhead substrate 301. For each nozzle 302 there is a corresponding nozzle gnard
hole 331 through which the ink droplets are fired. To prevent the nozzle guard holes 331 from
becoming blocked by paper fibers or other debris, filtered air is pumped through the air inlets 332 and
out of the nozzle guard holes during printing. To prevent ink 321 from drying, the nozzle guard is
sealed while the printer is idle.

1.6 The Netpage Pen

The active sensing device of the netpage system is typically a pen 101, which, using its

embedded controller 134, is able to capture and decode IR position tags from a page via an image

sensor. The image sensor is a solid-state device provided with an appropriate filter to permit sensing
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nozzl e chanber 304. As the tenperature of the beam pairs 308 and 309
equal i zes, the actuator 320 returns to its original position. This aids in
the break off of the ink droplet 317 fromthe ink 321 in the nozzle
chanber, as shown in Figure 19(c). The nozzle chanber is refilled by the
action of the surface tension at the nmeniscus 316. Figure 20 shows a
segnent of a printhead 350. In a netpage printer, the length of the
printhead is the full width of the papgr (typically 210 nm in the
direction 351. The segnment shown is 0.4 mmlong (about 0.2% of a conplete
printhead). When printing, the paper is noved past the fixed printhead in

the direct Jbt%gly%gg mﬁ‘mg “B{;e?l [}létﬁseﬂg dl:l ec@mrlg«y}@ d&iﬂ l&e %ve[hgls%lehlaig ?lge a) Iﬁg I ng

el enents 3 e”sI x colors or pes of "I nk
inlets 312“’h€!f<5hf=p¥lms eltfontaﬁémwlagsmfaée st fhae@ laﬁblft feeense tagﬁqﬁea%ﬁi@m raﬁ:q«)

operati on, caamam&ﬂlaﬂmlﬁ@g (V\afatezroo 3§Qr brSater 3td B0 PR Ar £1fer]. BRorRHoR tHRAM b? ubstrate
301. For gch nozzl e corr.es onddpre nozzl e %uard e 331

is
Chr ough wh PSR R BT Qe it i TR et e Ene e ot e BT hel e
331 from mmimtemgeuhgme&a@dmtbyesmtpemeﬂmmBagasmamher debris, filtered air is

purtped ¢ ough e Giieds Uyl ipeddd ANty Bk DQ2LGOHALH: QLGS dUr! N9

printing. To preven 321 from % e nozzle guar whi | e
t he pr|nte?‘F%aﬂ%ﬂ%mm%gSﬂThéthFbagémﬁé OW%@B&dPiW%“@@h@TWE%dEvF@ﬁmof t he
net page systtefiai §brbyr@1th@§tJ:rH s@chPE MhekOllis wWdia6 B IntbfreNBreifics. Eaanin@dgqﬁn is

controller 134 apture and de n s froma page
T an i negE kLB nens SR e o e PSR T e Do W PR B et
with an aquagaqm,lreﬁesmé ipkt-elated @fwtmntmasl@nsdl hy) a eeBXORE sSG@r A1 oattheoripyge

near - i nfraggagdpavel engths. As described in nore detail below the systemis
able to sense when the nib is in contact wwth the surface, and the pen |s

able to sense tag@emeither &bt iF iR jcarpdct Migh @ Retpagee H15t RGP CeFRIFASH 1P ZAVARRI 09 ng (|
at 200 dpi orﬁﬁta@meaatﬁé toamd pa]g@OThHZubOlE aftadlsel @6 ) fordeNER6TRIdI tRNfocaPh e @b by he

pen I S encf %%&e?eq rglr%lve 1o a sl%o%c& X) lflﬁlfaa?srrlllf}ht etge O I ?P p{rhnt\’%ra.t-éh%rall?ﬁssreespect

station), f'er “of ron 1n a
to the (kn@tﬁmﬂvealgleensmmpagwberh@@ﬁ)rbeﬁJeeﬁqmdvﬂb#bmm it ords to shavehastypage pen

oper at s bgfohnadsn Bond @ héRric Rfachie, kﬂa%or&q@camqa%c@nﬁ%ml@amgw%syyl us. The
mar ki ng asggﬁ‘bp however, is not n cessary usi ng the netpage system as

a browsing BRTc o AT A BRI s used as an Internet interface. Each
net page pen is thwﬁkwmmﬁwmm@hwﬁh@mﬂehmagal&Msm&ﬁmamﬂmh&ﬁbanmghgue pen I D

61. Figurey, @%ﬁﬁ@@ﬁ@ uﬁ\g%g@l%& P}%%?th??&lg &'u%sv%;mg déc%ﬁ sGELLNG e el ated
i nformati on nmal nt regi stration server Te net page 4 het wor k.
When ei t hetomaptes thesposiorcefiirecnil refgiivetio e gt ffpmgbe otiswd merppeetéfﬁ disinftioesn the s
posi tion afleed tag and the known geometry of the pen optics. Although the position resolution of the tag may
be low, because the tag 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 of time-stamped pen positions on the page, initiated by a pen-down event and completed by
the éubsequent pen-up event. A stroke is also tagged with the page TD 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 period. The current selection describes a region of a page instance. It consists of
the most recent digital ink stroke captured through the pen relative to the background area of the page.
It is interpreted in an application-specific manner once it is submitted to an application via a selection

hyperlink activation.
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orientation relative to the page. The nib is attached to a force sensor,
and the force on the nibis interpreted relative to a threshold to

i ndi cate whether the pen is "up" or "down". This allows a interactive

el enent on the page to be "clicked by pressing with the pen nib, in order
to request, say, information froma network. Furthernore, the force is
captured as a continuous value to allow, say, the full dynamcs of a
signature to be verified. The pen detepm nes the position and orientation
of its nib on the netpage by imaging, in the infrared spectrum an area
193 of the page in the vicinity of the nib. It decodes the nearest tag and

conputes the posiglinQm, Bf , &H@m%l@za{ %ngl:slth\é%lbtlghﬁonﬁedtbgﬁle&%thg%Ecrg%% ved

per spective distortion on try o t he pen

opt 1 0. Al St di el qsmaewro%smé@@gw. b B metkise blagk IHeP o1l moeErkBECaLSe

the tag defgistih SRurt-RCERAGE A% HadlY QUSRInYo BNORO! THiOR &b nbQrylehi istiQiaktl ze, the
i resluIion s quite excee 1 Ni

adj usted sitio the m ni pum

resol utio n%%‘et(lﬁelf f g’ﬂanfag? gL E S‘%’&ﬁ(ﬁ?/\ﬁh? %S?’ﬁ8e°t%ac°8§ﬁ$‘%ﬁ‘ W%ﬁf?g He %g’f’]it ons

rel ati ve tub stylndtthage stale esseedaptl wit theasrat sierStelss odptustintiohes a péh @¢ taghkd

CONSi St Of e élﬁg,yﬁﬂ%@k%&ﬂtﬁzesua&égpgf&seq&;ﬂmab&ukeqnﬁeﬁpe L061PAYE ke
initiated b pen- down event and conpl eted t he’ subsequent pen-up
event. A s?l\yﬁfﬂ%“’iﬂ’sw%qhé‘&yﬂrﬁ&g%ﬁé with the page ID 50 of the netpage whenever
the page | D chamgesyer Wi (2h is withgerhngd QF g@ﬁntﬁ"lvﬁlﬁmh&nﬁﬁ&mrﬁlﬁmﬁé theliRn

comencene he slroke urrent selection 826
associ at ed’ ?/‘\AVI fqasgl?s iS5 PRB% Iﬁ%]F?ﬁ'p nntﬁe engfgﬂs Qie ge ARy %P%ge’oger ations
etc. The s@tm@nbﬁctwsteq ltsri‘ersqr’ah@édwhe@ ﬂal ﬂemwccehfé mﬁ@b@mat@mkh IS]@'fafIB(!b et after

a defined %ahggngggﬂtggyacgﬂgsgsuggq%b sel ection describes a region of a page
instance. It consists of he nost recent digital ink stroke captured

through the pen PeFFTy e FRIEhEokasReFEd ffrs died i Digfibink fyas the hagis fog

i nterpret etle dgitArRxBRPE L EbViOR-8P Bttt BN Blihc QR of BindiHing, khert 0 an
applicatiof,.yi el ection hyperlink activation. NPX026-SG 22 Each pen
has a currenglt ‘%?%a%%f&' I's’is the nib last notified by the pen to the
system In the &bsuensfwirles apbfagemit diggal ldethpoapagensioier Hedshatbeapes =did t her t he

mar ki ng bl gikrictfondMidd q;gﬁslhﬁ( 1 QRLryFRA KdrBivacy add ééém@' gl lpgck&y,&f Bhtmcdach pen
al so has a current ni st 825. This is the ni ast associ at ed

with the pEFHPRPHPPIPE ‘fsﬁ‘??r?“age“d‘p T P ESHB HERY ]P"‘B‘s %‘ﬁ@%?&?e el ecting a
col or from a pal &theethe fidnas ehebaugh of Nprintes it Phiters digiththiak iniieensit yérprg seolci at ed
with the c Qkes th the
current i b Ergred Gpurtd Al SERHLEH LERHAL vheP B0 o818 SAGRRE v D e
r epr oducedfes ot trsinieh it franseryjaey Wflered digilcrk- t hey are tagged. Whenever the pen

is within range (Afpeacaarbb &g@&rewmm%u@ﬂ%r bitpria@#, 1okt MataR dath BBiaReN slowy
flashe5|ts "onl. i fails.to dec d‘%‘%strokerelatlveto
n

the page, TP ﬁﬁ’?fgn‘f“ PPy a“é\hcf“ t&]/]%tnﬁtg’g v &35 Al PIE AR Bucceeds
i n decodi n@mam@tanuéoathraednapmlatma he

A preferred embodiment of the pen is described in greater detail in Section 6 below, with

reference to Figures 8 to 10.
1.7 NETPAGE INTERACTION

The netpage printer 601 receives data relating to a stroke from the pen 101 when the pen is
used to interact with a netpage 1. The coded data 3 of the tags 4 is read by the pen when it is used to
execute a movement, such as a stroke. The data atlows the identity of the particular page and
associated interactive element o be determined and an indication of the relative positioning of the pen
relative to the page to be obtained, The indicating data is transmitted to the printer, where it resolves,
via the DNS, the page ID 50 of the stroke into the network address of the netpage page server 10
which maintains the corresponding page instance &30. 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
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page, it nonmentarily activates its "ok" LED. A sequence of captured strokes
is referred to as digital ink. Digital ink forns the basis for the digital
exchange of draw ngs and handwiting, for online recognition of
handwriting, and for online verification of signatures. The pen is
wireless and transmts digital ink to the netpage printer via a short-range
radio link. The transmtted digital ink is encrypted for privacy and
security and packetized for efficient ,stransm ssion, but is always flushed
on a pen-up event to ensure tinely handling in the printer. Wien the pen is
out-of-range of a printer it buffers digital ink in internal nmenory, which
has a capagi 1 e i A0 i ting. Wen.the pen
is once ag{'j}li ﬂtfllyr\?vl]g{ tlcb\régersrg }é/%gnemo%%g' %arp ?&?tée%?%}&%lét?&togzﬁg@g%%%enﬂ?ﬂ%ﬁ T é‘é di gi tal
i nk. A penpegsistinthchyraggivage@pgsdenir (ise baig)nihaipege lyput grfirnioebiscts dyeh ashimeause al |

Ist at e dat afoﬁtfeﬁiagﬁsesaﬂpxt,ﬁﬁﬁoamtﬁﬁedlmme@61_1 mawag@mm&nt the net \r/]vorf it is
argely i mmateri iC rinter a pen is omyni cating w at any
particul ar tine. "RehPRpaEF ?eé"ﬂr @??B'Sﬁtf‘%é’ﬁ]feffﬁmg "JeRTFES t(l]gga@? itiaB%’Bt“?“ﬁogr eat er
detai|l i n Bedtthoumole dppllenand detetrines mwbiie elemaeofite phgegliscamioB th erdk®intelsects. NETPAGE
| NTERACT! Chl; HE oAb BAGSc: Ble kW€ Lo AU PGRUNES ol el oihbt0 Lo @ stroke from

the pen 101 when the pen I's used to interact wth a netpage 1. The coded
data 3 of the tads ki & asisekg “hre thp distprep anghig betpreqngha pse dovpgosidoeapdithe g
movenent , SbelieRpeBupToti@inQre bdl RstadnRordd sraMGadidien. iad 8REd: wvicOf actitb@dpag t i cul ar

page and associated .interactive. el nt to be determ ned and. ap.indication
D e el deT GE-y EviebniThg op STrbe b aH ReobfigBbrrshilig agd Tnp byt

obt ai ned. dhee sstencath avg “diwbd click, toregivenik intlieedtbe the ek @Firdspringer fiomutegrees | t

resol ves, «ytpgshe DNS, the page ID 50 of the stroke into the network
address of the netpage page server 10 which maintains the corresponding
page instance 83&herg fre fedinds pfinputgloments e netpgs Rege deseingen: hrgdilsspd B | f t he
page was r&aRMguy thiotghiforin fRM chiulsa Riggahela@ivativh b Qssodidd@Mydeh@k. pri nt er may

al r eady haﬁﬁtheH idress N PX026-S G 23 of the relevant page server in its
cache. ch net pag consi sts of a conpact page | ayout naintai ned
persistently by & hetlphije yangef selingameisegdo dyehgodrplichtia. gpd geicilayglnisar ef er s

t 0 obj ect S, HHE hsRBselilBIRGage iR S and pi eces of text, typically stored
el sewhere on the net page net work. \VWen the page. server receives the stroke

fromthe pen, itAr&Pry cpirfd4 ggifiey de eprlistticp Al Pich fprdiehadtipdion of Gk e
appl i es, agertitt Slinkiln&swhidhi iddatifieh eeByprliak o th eppfi@ugéen, S0k kptite@Nflak RAicHt r oke

o SECL e b st UAARNB LRSS BRI o
time bet wedeprripting vibish isgepdrvherohd ypaskinkasvecordadas adaybdte erreprers jrethe usgy sistsivt i on ar e
both | ess thiakedQNBesiBldss B TIRbwAN FRREEEt Which is activated by a
When a hyperlink is activated, the page server sends a request to an application
somewhere on the network. The application is identified by an application ID 64, and the application
ID is resolved in the normal way via the DNS. There are three types of hyperlinks: general hyperlinks
863, form hyperlinks 863, and selection hyperlinks 864, as shown in Figure 30. A general hyperlink
can implement a request for a linked document, or may simply signal a preference to a server. A form
hyperlink submits the corresponding form to the application. A selection hyperlink submits the current
selection to the application. If the current selection contains a single-word piece of text, for example,
the application may retun a single-page document giving the word’s meaning within the context in
which it appears, or a translation into a different language. Each hyperlink type is characterized by
what information is submitted to the application.
The corresponding hyperlink instance 862 records a transaction ID S5 which can be
specific to the page instance on which the hyperlink instance appears. The transaction 1D can identify

user-specific data to the application, for example & “shopping cart” of pending purchases maintained
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click typically requires a click to be activated, and accordingly, a |onger
stroke is ignored. The failure of a pen action, such as a "sloppy" click,
to register is indicated by the | ack of response fromthe pen's "ok" LED.
There are two kinds of input elements in a netpage page description:
hyperlinks and form fields. Input through a formfield can also trigger
the activation of an associated hyperlink. 1.7.1 Hyperlinks A hyperlink is
a means of sending a nmessage to a renmoiye application, and typically elicits
a printed response in the netpage system A hyperlink el enent 844
identifies the application 71 which handles activation of the hyperlink, a
link 1D 5 link to the appllcatlon an "alias
required” 4? a%bgﬁﬂ£&$tﬁﬁbﬁgﬁon%$§%1to i nclude the user's application
alias 1D 65 i n t Abe fryipra dclodg ﬂe?caep v atreatrclegtiqn 820 mdesslertiop hypetinippstivation s used

\r/]\:hen t he hmapdtdnﬂiﬁcull&s theaf,tedﬂd (R SssBcift@Veil fRan0d seaﬁ.ﬁsﬁ)hﬁ hyperllzlhlh&ubha% SW]
istory. erli engn SS i.s sho e : en a
hyper | i nk ;@O‘&E%( gmkg?fiéts : %%‘ ‘ig? \fgﬁgbué%ﬁtd ydnpr“é aftéo L%‘Bﬁ‘l“?cati on
sonmewher e Bincldeg. Tietsmmmluiﬁhen d@pﬁwmmnﬂlm@hyﬁ@mlaﬁvs@n&ay an application
ID 64, and the am& &ﬁﬁ(g@%oup' 85 %y EGRULEL B whb@ha[;% q&éma\{xﬂyﬁ%ﬁk}a@e DNS.

There are three t genera h i nks
hyper | i nksshgghin Fawer He et F‘E}H Offy‘iﬁélFP"rg ey Wel&ﬂ%?gt ig {5 gFPupribEgalic 846, A
gener al  hy@eicaied kyith GiNgrbud ik QEERE. A hpEULSE gfoQ[E cal bel ke Q@&mg&lsﬂm@r may

! h
sinply si gﬁe%maw&ﬁe{ﬁ i;el{gl! gsac%fc%boxeﬁcan als euS 111[0"‘(% Cﬁ?}lvg ||enﬁu %{al, )

correspondi ng cation ts the
current s@k@ﬂ%Nbﬁmtﬂundmmammbw@ﬂvmmwmsm@nuheam&mMenﬂcsehﬂﬁmﬁbnm@bmtains a

si ngl e-wor g, f;bh%@‘gla&f)oa}(ﬁ)ﬂterac{l&rmﬁéaxrgp\lv]%re indull€ cﬁ%&@d'a&ﬁhér&&e M LEbA0 @
si ngl e- page docunent giving the word's neaning within the context in which

it appears'®§f™a translation into a different |anguage. Each hyperlink type
i s characterezedFbyns what information is submtted to the application. The

correspopd!ng hy?ﬁ;ll£%m%g%&egggo§ %wdnmmﬁ%ﬁﬁum%ﬁﬁﬁﬁﬁggkgﬂaimn§%1WQ'Ch can
be specific to i'nstance FIFAR T st ance appear s.

The tr ansattopghs drimed atﬁpagfd Arfpiof ajlowy jaespr-tg p)éel!tfomzord@t@ata@etmh ¢o aappplicgiae i on, for
exanpl e a soahaPpbith Rt on@fedrgndi Ng purchases mai ntai ned NPX026-SG 24 by a
pur chasi ng application_on behalf of the user. The systemincludes the pen's

{
current selectloﬁ%§§§3FﬁaémﬁﬁF%%??gﬁ‘ﬁgﬁ@FPFWRmEEFFVEPWSﬁeY“Tﬁ@s%?%tem
i ncl udes t dfecrpindltfield kledéntstiRe AaBB0iAitatectd’ fepiesents A Bitirdad GBtafk6 8f 4 farnAlt kakis

hyper | i nk (?fcatgetv& leANsstanddl SROHIR do esg{;ﬁst{%g%h [£1):9 nl;gagas of e tH O FQ&' ta’

attribute set, y I nput since t orm sub I's 1ncluded. The
system i nc‘lﬂﬁﬂ’éﬂshaﬁﬁ“ eppciatadvplee F8: whete Hae Herewls gp |theﬁymaf |thermrr@p,qniimaﬁ¢l‘éns A

hyper | i nkegden@hOBRh 866 vik rétods RR tRduBNRHHicBRG MRl Fhn BAGicaRe. A882E bled
hyperlink, mc?fe printed netpages. The form class diagram is shown in Figure 32.

Each form instance has a status 872 which indicates whether the form is active, frozen,
submitted, void or expired. A form is active when first printed. A form becomes frozen once it is
signed. A form becomes submitted once one of its submission hyperlinks has been activated, unless
the hyperlink has its “submit delta™ attribute set. A form becomes void when the user invokes a void
form, reset form or duplicate form page command. A form expires when the time the form has been
active exceeds the form’s specified lifetime. While the form is active, form input is allowed. Input
through a form which is not active is instead captured in the background field 833 of the relevant page
instance. When the form is active or frozen, form submission is allowed. Any attempt to submit a
form when the form is not active or frozen is rejected, and instead elicits an form status report.

Each form instance is associated {at 59) with any form instances derived from it, thus
providing a version history. This allows all but the latest version of a form in a particular time period

to be excluded from a search.
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shown in Figure 31. Wen input occurs through any field elenent in the
group, the hyperlink 844 associated with the group is activated. A
hyper|i nked group can be used to associate hyperlink behavior with a field
such as a checkbox. It can also be used, in conjunction with the "submt
delta"™ attribute of a formhyperlink, to provide continuous input to an
application. It can therefore be used to support a "blackboard"
interaction nodel, i.e. where input isycaptured and therefore shared as
soon as it occurs. 1.7.2 Fornms A forn1def|nes a collection of related
input fields used to capture a related set of inputs through a prlnted
netpage. A form %lll 3)\{1@13 Spidng s ta]sl%ﬁpmigtltal%ﬁ(%79 ongRJc?f RG' Pt%ae;[ terpsed 5o
application softwa 8 ram ru nning on a A ¥orme6ris a group
el ement 8380ypp 8T4neach @éwwéhftonﬁtsecrfalrsew styled s'mk@sl &?ﬁtF@str@kﬁﬁoawﬁsof asgef of
term nal fi@sam@d@mbﬁon@% eoft SOMITh bIBSHARL EpeR 6Ronla BRI BS QP Toe AT b €

i nst ance of rm ]t cons|sts_of a set of field instances 870 which
correspondm¥gﬁf e WA VB RS 845 of the form Each field instance has
an associ at ed valAueld@Rkibent $0aebd apekiche field @77, onxtifible 818y pérawihg fdkR79, or a
correspondj i r i h a
part ol ar ks ek g0, MR Narcle 6l dlh f JRAPLRER IS dghlhchitihl

net pages. "$29RPASdS sasgncdiodhgiiakh i s shown in Figure 32. Each form instance

has a status 872AVHHé&ﬁbxlﬁﬁﬂlhﬁiénQ&oM&i@ltﬂ&&Eantvhlﬁe $80 dNshoSn FEEILNE35. WEPRLR,
formis tive

subm tted, d or e first printe A form
bocones. {1 @JEh SRS TPk £ &P alh) SROPa i HeuBRO B e Pa e of i t s
submi ssi onbewyymmed th tk Selifasaldseen acti vat ed, unl ess the hyperlink has its
"submit delta” ahh%hqghqm§§}mm%mk9ﬁ£1QﬁEQﬁE%m%Qhﬂlwﬁgar%@Qmﬂ%ﬁ&wfﬂﬁOKes a
void form reset formor duplicate form page comman formexpl res when
the tinme tHEUEHMNA Fedelaarre ibpuompéallycopwted 1 frat Yippalipchaadyaiting feengniios et i ne.
Wi | e the dnanxsisagsighaten the Gesisivild Onlis hﬁldlwﬁﬁ&@decoélﬂﬁﬂﬁs wdllhlﬁ&u;@;bd ged Orm
which is n acti t ro fi 833 of the
rel evant ptgbgam?l?is?%)ﬁ%ed QS% e‘iaﬁggf‘g?kﬁgimsm%gggte 0? %nggnglﬁ l?or i 'Sfibni ssi on
i s al | owedRechgnijion} tefip Transpctivadopd Pattern Agpyyis wh(éMaplh@ Istiges Vobi2, 2618 ve or
frozen is Kgh&§s@0ne @Rthid IMuERMe fldifihdofhoRRa bPLbk-fkddntly, report. Each form

instance is associated (at. 59) with any forminstances derived fromit,
thus providing & SEBIEr Bt b &t gstopiatedrdipiial signprrgaalug 883, 33 shoya Figwie &5 iy er si on
of a f or m digitabinlp&ptuted il Ddigntiel{y'e kdnd @ aubMatdllyexttled dz&ldreépmm the dadityoh. N

Y026, 56 2 Pl LR £ 3RS0 dledbhah of Bcon Pl il £ 60101 5t

of a set t1 nmesta roups ch con5|§afns of a set
of styled gnrériernd ggnedra dly ﬁgldrsdklee &bﬁélglsaﬂ signgfureqis genprapd using| theerep gseped pen

pﬁSl Ej i ons GikGe 31%@@1& 1ef SP\Mmmb th@-'aﬁﬁcdtﬂp‘]vﬂi&%@ﬁ@fo&ﬁ lo%mea,fgha%le *Rflcafddds f Or ce.
The digita well—understood?see forle)? rfarglamon on, {mam!l(nx Lore%ur gutomatlc Signature Verification
and Writer Identification — The State of the Art”, Pattern Recognition, Vol.22, No.2, 1989, the

contents of which are herein incorporated by cross-reference).

A field element is hidden if its “hidden™ attribute is set. A hidden field element does not
have an input zone on a page and does not accept input. It can have an associated field value which is
included in the form data when the form containing the field is submitted.

“Editing” commands, such as strike-throughs indicating deletion, can also be recognized in
form fields.

Because the handwriting recognition algorithm works “onling” (i.e. with access to the
dynamics of the pen movement), rather than “offline” (i.e. with access only to a bitmap of pen
markings), it can recognize run-on discretely-written characters with relatively high accuracy, without
a writer-dependent training phase. A writer-dependent mode!l of handwriting is automatically

generated over time, however, and can be generated up-front if necessary,
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A field element 845 can be a checkbox field 877, a text field 878, a
drawing field 879, or a signature field 880. The field el enent class
diagramis shown in Figure 34. Any digital ink captured in a field s zone
58 is assigned to the field. A checkbox field has an associ ated bool ean
val ue 881, as shown in Figure 35. Any mark (a tick, a cross, a stroke, a
fill zigzag, etc.) captured in a checkbox field s zone causes a true val ue
to be assigned to the field s value. A text field has an associated text
val ue 882, as shown in Figure 36. Any digital ink captured in a text
field s zone is automatically converted to text via online handwiting
recognition, ang.j i i t i ‘s.value. . . i ne
handwri ti ng recogﬁ%gﬁ%%§§%m§gFﬁég%%@%gﬁégﬁﬁ%g%éﬁg&%%%mﬁﬁgﬁﬁﬁégﬂ%ﬁﬁﬁert, C.
C. Y. Suen apaiticylar sigrealteross is appprdedIp shapelepfent' sytigitalink sigqanomeafly fepintegpreghiied- t i ng
Recogni t i OAny stlokdhot agfedids aChd WSt OfeiRBnk @FAmAD Bl p¥Sik® toamb&%mm Bield’s
Intelligence, Vol.12, No.8, August 1990, the contents of ich are herein
incorporat%@w%wkg?ﬂﬁs-reference). A signature field has an associ at ed

di gi tal signatur ®igral ik BBBed &s the havkaronml Eeldus éntdpfetedAmy a selleqfibd @bsturaak
captured ip; i.anat i ' i I a e L. respect
o the 1 defs o Bt b ¢ nikronfyé BBy SR LGk o B bEfbhlcd, " 210
cont ent of “We§E: Athquah Be actupli iepiprepiEonts appligatiossusgifie. | s  generated and assi gned
to the field s vahsiez sublbigrisdi @dst Abio®p@NatudBnsdwthgaageat ed usi ng the pen
user's private signature key specific to the application which ows the
form Online signature verification is well-understood (see, for exanple,
Pl amondon, R and G Lorette, "Autonmatic Signature Verification and Witer
Identification - The State of the Art", Pattern Recognition, Vol.22, No. 2,
1989, the contents of which are herein incorporated by cross-reference). A
field elenment is hidden if its "hidden" attribute is set. A hidden field

el enent does not have an input zone on a page and does not accept input.

It can have an associated field value which is included in the formdata
when the formcontaining the field is submtted. "Editing" conmands, such
as strike-throughs indicating deletion, can also be recognized in form
fields. Because the handwiting recognition algorithmworks "online" (i.e.
Wi th access to the dynam cs of the pen novenent), rather than "offline"
(i.e. wwth access only to a bitmap of pen markings), it can recognize
run-on discretely-witten characters with relatively high accuracy, w thout
a witer-dependent training phase. A witer-dependent nodel of handwriting
is automatically generated over time, however, and can be generated
up-front if necessary, N PX026-SG 26 Digital ink, as already stated,

consi sts of a sequence of strokes. Any stroke which starts in a particular
el enent’'s zone is appended to that elenent's digital ink stream ready for
interpretation.
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Any stroke not appended to an object's digital
t he background field's
background field is interpreted as a sel ection gesture.
nore objects is generally interpreted as a selection of the
al t hough the act ual
Tabl e 2 summari ses these various pen interactions
NPX026-S G 27 Table 2
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Figure 38 shows a flowchart of the process of handling pen I nput

to a netpage.

relative

Th The system maintains a current selection for each pen. The selection consists simply of the

most recent stroke captured in the background field. The selection is cleared afier an inactivity

timeout to ensure predictable behavior.

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

optionally transmitted with the form data when the form is submitted to the application. This allows

the application to interrogate the raw digital ink should it suspect the original conversion, such as the

conversion of handwritten text. This can, for example, involve human intervention at the application

level for forms which fail certain application-specific consistency checks. As an extension to this, the

entire background area of a form can be designated as a drawing field. The application can then

decide, on the basis of the presence of digital ink outside the explicit fields of the form, to route the

form to a human operator, on the assumption that the user may have indicated amendments to the

filled-in fields outside of those fields.

Tigure 38 shows a flowchart of the process of handling pen input relative to a netpage. The

process consists of receiving (at 884) a stroke from the pen; identifying (at 885) the page instance 830

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

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

formatted element corresponds to a field element, and if so appending (at 892) the received stroke to
the digital ink of the field value 871, interpreting (at 893) the accumulated digital ink of the field, and
determining (at 894) whether the field is part of a hyperlinked group 866 and if so activating (at 895)
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process consists of receiving (at 884) a stroke fromthe pen; identifying
(at 885) the page instance 830 to which the page ID 50 in the stroke
refers; retrieving (at 886) the page description 5; identifying (at 887) a
formatted el ement 839 whose zone 58 the stroke intersects; determning (at
888) whether the formatted el ement corresponds to a field elenment, and if
so appending (at 892) the received stroke to the digital ink of the field
value 871, interpreting (at 893) the agcunulated digital ink of the field,
and determning (at 894) whether the field is part of a hyperlinked group
866 and if so activating (at 895) NPX026-5G 28 the associated hyperli nk;
alternativgly ) \Mpgm f d

corres pond%é taésgsgt M Hﬁ%kg%fng%%t dean (g{) @%():t%g@f tﬁh% { %ﬁg@ggem

corres pond?oﬂasl’?ﬁ?bé? Plhﬁkefllﬂkaqleﬁf@?tnaéﬁllf/& getivating t(‘%‘ie%@b@@ﬁwsﬂﬁ‘f‘d%hﬁpﬂm f| el d

or hyper | i imataPIp.an et Agkercabf 8 Pt AeliBor hRERInY, @pbeAditeqB96)qhe rEdaﬁecpbuakettal i nk of

t he backgrgu teld 833; an j n at 8 the receiyv roke to the
current s@? eé’fa’:i 3’% Og%%ac%( & ?“ﬁ‘g ﬁglgrlgﬁeﬁ’gi %@ﬂlfg (gég) 9%‘??1?%??"&28‘ tot purrent

r egi str at i sketde B6enf the Fingutipen, 88windigiby the Wgttaiidngervdr] owchart of st ep 893 in
the process showpj,d ski GUEE, ﬁ&ﬂedm& Lﬂ"s?epas%wl: ?&segs Qﬂom mhgdrm% of a

field is mtergreted according to the type of the process
consi sts ofPefethe TRl et ifoeha ﬁﬂ‘éﬁﬁ’é‘?mlﬁ‘ﬁ‘éa‘fc?ré‘% tq the &P‘?:ﬁfe‘é?(%gc Tand (at
897) whet hlﬁ‘bceisl’ben.msdlogkl&a‘ﬁnnin@ Kat I3ef) V@SR tE @eld:f@a&kem;ok ,an(ﬁ@dsg'?f whdheA&S1 gNi NQ

(at 898) atrue val ue efleldvalue nativ r.m ning (at
899) whet hep tj’ﬁﬂé r?presTncf ? Checmt s FI9RF &Y &SRR 1 ﬂ 59%5) co‘ﬁ\)’?‘a‘r1 fontge fel%#] g’ﬂ?ﬁ)) t he
digital i nﬂtemiwellfmfmm@mgt(%%t?% whiethdy theHfeldhie b exbfield dnd ibgoproprtingafeed00eye st rat i on
server, an&igﬁﬁﬁlhg@bxﬂﬁte( @t R netb h%&%g%?ﬂ&&%&%ﬁ%? ab B dgntng &by field

val ue; alter nat| vel y determ ni whet her the fiel 5| ghat ure
Frel'd and 6 CRumyLPIPYR G 0 AF PO HEHIGh farmrie (A7) HEtet Graatire. of t he
pen' s ownetignatwie fibld bdilaf solvedifpingfat J0REthagitabipk isalieGigh@gt Sitthedleh’ OSWBE Witlethe

creating ( ) i ent. of t he Q espondl ng
form al so]%E Ot?%étﬁﬁpg' t?retg%atﬁ%%wr%}égrieagﬁ Eﬁ% 2 2§ 1rtal E/e tt}lglc?\néenﬁhé&lpen
owner's prioFapeding iff(jﬁaﬁlﬁsrr"éﬂlwe}p@rf %lfw@“%tl?nls%f e@rqslesﬁlem@n Fvgresopivite at i on,
and assi gniigagut &ty DOEm) «f HEcottbPbrlail aslighiad, WidGisdRling (8055 uleh iteY hddre td- 7- 3
Page Serve er ﬁ({mgnds A page server command is a comand ich is handled

| ocal |y by™% e server. It operates directly on form page and
docunent |h'$3ancEage$ermgzynsmnder command 907 can be a void form comrand
908, a duplicate gn;lr;gﬁg form
stat us command Qngémeﬁup |cgr%delgg§8%&élg§ﬁah§%§ %&‘gé&g%gsgg{?%%é%eg?%mnd
913, a getorgragRdisetyon e pagraptiiooment imstagieh| | cat e docunent command 915, a
reset document cgm@av&a&maewoacgﬁkad&@mmmﬁwmsadﬁ R R SlfnandS Shown
in Fi gure% v g voi ds the %g res ndl n forn%!ﬁ]gstance
dupl | oat o TBrieeb R OLAT B et e met  hen
produces arsetipies vampnd ft3ed e @pae sofus térgnapd P H4e Atduflioneriocument command 915, a

reset document command 916, or a get document status command 917, as shown in Figore 39.

A void form command voids the corresponding form instance. A duplicate form command
voids the corresponding form instance and then produces an active printed copy of the curtent form
instance with field values preserved. The copy contains the same hyperlink transaction IDs as the
original, and so is indistinguishable from the original to an application. A reset form command voids
the corresponding form instance and then produces an active printed copy of the form instance with
field values discarded. A get form statns command produces a printed report on the status of the
corresponding form instance, including who published it, when it was printed, for whom it was
printed, and the form status of the form instance.

Since a form hyperlink instance contains. a transaction ID, the application has to be

involved in producing a new form instance. A button requesting a new form instance is therefore
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instance with field val ues preserved. The copy contains the sanme hyperlink
transaction IDs as the original, and so is indistinguishable fromthe
original to an application. A reset form command voids the correspondi ng
forminstance and then produces an active printed copy of the forminstance
with field values discarded. A get form status conmand produces a printed
report on the status of the corresponding forminstance, including who
published it, when it was printed, forpgwhomit was printed, and the form
status of the forminstance. Since a form hyperlink instance contains a
transaction ID, the application has to be involved in producing a new form
i nst ance. Eg 2 new forminstance is therefore NPX026-SG 29
typically ?pp&iﬁge&r?e&%f{é ggagﬁé}p erlink. A duplicate page command produces a
printed copy of %P]&ﬁtﬁli)%ﬁ@ﬁ’é@ﬁg’mda@%a prinsydaapet thi comespirdingprek getensad fi el d
val ue pr ESﬁﬁWlﬁﬁbaclkgﬁ‘ouB@ﬂel@%ﬁ pEcedied) I0fe Bagk @Jnmh@'é fdr® oPBlphrt & a 8, @eMbe t heN the
duplicate B get command is.int erprdet edd ? gmgl i cat orm comand. A reset
page comand " prideutds g B PIFPEE Y 3 gy SBFeafen iy SpPREd N dFFigPER 68 P t ance
with the blacd(@soeu pdhtddi @byl of deu@rresgorsima rragedinstirkee tolite tizabpekes@nd dicld svale f Or m or
is part of f ggmﬁg reset
form commﬂ%mfd%r mmetp?g%&@?atfﬁg%gg%mn ro ucesr%gﬂpgéel%nt e%‘td‘r?sglf)tg t gn t he
status of PR&eseidR wapaidi e Pﬁ%ﬁ‘gﬂé@ﬁ%ﬂf%a%erpdchcﬂ%ie HPhe rutis shisel it

when it Wasrpbiding agel ﬁitanw(ﬂiﬁluhﬁag was puﬂﬁlﬁﬂemﬁte%enaﬂdrast Pites ! Bf Whondft vARY forms
it contains art The net page | o ich appears on every netpage
i s usual | ypaggoa%ﬁ?tah ta(:ius‘)??nﬁfomsd“m ﬁa%a%m’p gtge el enent. \When a page i nstance
is duplicated w fhe ﬁetpegedogpa*huré@pmmesepwechetpﬁgeei whuatly lassedatcarveth prduplicaed | n
their natiyf gé&{eﬂg i.e. a checkmark appears as a standard checkmark

gr aphi c, text appears as _typeset text. | y draw ngs and si gnatures
appear in the| r OERE PREY ftEee d\’/ﬂh‘f"r‘Fdé{mEiﬁ@‘ﬂéi‘thﬂFFéreﬁ%‘bﬁf)‘éﬁ‘il‘@ﬂmb?me&’%tandard
graphic i ntmucﬁmvm@nﬁuece&ﬁéhﬂark&lpgaaﬁtauﬁetaﬂcafdl cﬂlhdkﬁﬁrk(gﬁpmA afitlifgktl R aflOoCUNENt
comand pr Lint ed the carres ocunent instance
with backg&%ge?\%%flénel Vat Stjaléss1 %(uérgsealpewdm e¥01¥%t% Ppodurrenlgn%tb’rﬁta arnh a‘%y f orns,
t hen the W&Gt@@&kgeaphie@élﬁ@mSue@mﬂﬁlampwf@moes the forns in the sane way a

duplicate form carmmgnr Qed&%entcdﬁnﬁaﬁ@ﬁ%du@é&%%ﬁﬁt@&cﬁp@?‘@é’&n&fn&qﬂg@&mﬁm@“ nt ed
copy of the corresgﬁg&w docupent 1 ns g}g round field val ues

di scar ded. ™% K el oRtiE preseLr r‘r’ﬁcumfﬁéﬂ“t‘f‘??ea“? deBf: Boctifrent
comand r edelicate iveméo bdmnanmdﬂph@tesa;mmm il sineSval a Halitarclonm@mmehadioRs. A get
docunent dA@JsH ocnfiATURAl LAHEES o%er %H%Béngnﬁ? adclifer? (A2 uf { the
cor r espondi ocunent | nstance, Phe u en it was
printed, f'zﬁﬁkgwweﬁwﬁqici valgs dﬁ?arqﬂi@ di the aiﬂ@m@ﬁew@wm 4y fegts, ey theotesyts ddctmenbnt ai ns.
| f the pag®mbeddviedesGRTFRRGL She' @Re $8Y 8 ¢ds@A0rmAdotiiakUERs. 145 g8 Qboumbdd 8Bt he
comand oper at e

and prc%uces a printed report on the status of the corresponding document instance, including
who published it, when it was printed, for whom it was printed, and the status of any forms it contains.

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 a2 menu of page server commands to be printed. If the target page doesn’t contain a page
server command element for the designated page server command, then the command is ignored.

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

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

page server command has its *“on selected” attribute set.
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the page 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 comuand el ement
for the designated page server comand, then the command is ignored. An
application can provide application-specific handling by enbedding the

rel evant page server conmand el enent in a hyperlinked group. The page
server activates the hyperlink associayed wth the hyperlinked group

rat her than executing the page server conmand. A page server command
element is hidden if its "hidden" attribute is set. A hidden commuand

el enent dogg ”Ots%&%%uﬁﬂmhﬂ&gﬁpﬁgﬂﬁeﬁﬁ a page and so cannot be activated
directly by a wuser. Tt can, however, be activated via a page server
command enbeddedld the are@irtd forre reachymtpege i prigtddavith thagwragelogent tbobatamdo has its
"on sel ect galiuAhitlid BUutpHetnd HENORGaSReARN pBpTANBARD FEATURES, G5, NETPAGES

In the preferred form each netpage is printed with the netpage | ogo at the
bottom t o PYHPHTCREEsR BEssing the g PRALHIGEPYh e PirerTR 6 e Ao bePulet i ve
propert i esprodibs alcqgef it abiredtins Afdin ghe CBP YT a sButel ddtumeht/ budDS b ti@AISE SoupseSSi NQ

t he | ogo pyoduces. f the ..l Nn the case of a form the button

pr oduces a&%%%§n%¥ﬁ?ﬁ%$§ﬁ%?¥%ﬂ(58%?g§$&ﬁ¥% the case of a secure docunent,
such as a ticket Thy dafaylysiople-page epyldenctianris bjufled disecthbsethpfeberant oatyrenedse or
adverti si N@rdaGReial LhE reRARYVAL naSlByenBAGR: 16QMNtdh Wit Piatios handl ed directly
by the relﬁgant e%ﬁ%%ﬁ age server. Special copy functions are handl ed by
| i nki ng t h&®l ogo™B ¥¥n application. 1.9 USER HELP SYSTEM In a
preferred enbodi enjrsferted embidingaigde patpapd @htehids a singdé Mgbelatizlidd ‘Tialp?. aled | ed

"Hel p". Wh &md%%ﬁééggmﬁéelé&ﬁﬁ&ﬁmﬁm%kEEE% page of information, including:
status of printer connéctron status of printer consumables top-I|evel
hel p menu * docungéis of RISt $B#eCtBnu  t op- | evel net page network directory The
hel p menu Qrovi desusaf Hnf @h&bhiaal manual on how to use the netpage system
The docunent functjo nu includes the follow ng functions: print a copy
of a documnent ﬁ?eﬁghgg@F@an copy of a form print the status of a
docunent A docundaimditfivetionomens s i nitiated by sinply pressing the button and

then touchjng antxp—ﬁ’:@lfg getpage network directory
The help menu provides a hierarchical manual on how to use the netpage system.

The document function menu includes the following functions:

. print a copy of a document
. print & clean copy of a form
. print the status of a document

A document function is initiated by simply pressing the button and then touching any page
of the document. The status of a document indicates who published it and when, to whom it was
delivered, and to whom and when it was subsequently submitted as a form,

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

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

2 PERSONALIZED PUBLICATION MODEL
In the following description, news is used as a canonical publication example to illustrate

personalization mechanisms in the netpage system. Although news is often used in the limited sense
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of the docunment. The status of a docunent indicates who published it and
when, to whomit was delivered, and to whom and when it was subsequently
submtted as a form The netpage network directory allows the user to

navi gate the hierarchy of publications and services on the network. As an
alternative, the user can call the netpage network "900" nunber "yell ow
pages" and speak to a human operator. The operator can |ocate the desired
docunent and route it to the user's pgjinter. Depending on the docunent
type, the publisher or the user pays the small "yell ow pages"” service fee.
The hel p page is obviously unavailable if the printer is unable to print.

di agnosi o sy iier B Bheeh G i S0 BIEABREAN OB T The” ©
fol | owi ng descri pt ihsretppgeveystins, the editopal cantert ot itheaddvesiisingi ontenit o sexeammpl e to

illustrat epubp@a&pmalﬂe&araimem uBBL hﬁf@ﬂe&rﬁechﬂlshberﬂaeédﬁﬁﬂﬁco%}éﬁtt RNPershlaliR@Ugh news
is often used.in the I ense NPX0 and

aper
newsrmagazi HETHEG, “‘tﬁ’é ef ?ﬁxé’ ‘ii@'dsméetf‘oa%"? ‘lelﬁéapﬁ’fe é’é‘ﬁf“ BV\ﬁfF) ﬁ‘rﬂ FertiFinger . 1 n

t he net pagensmst enpnalifed acedilinowitlalreaddintoeaiity aathdentolyephédver ti si ng content of a
news publjgati ognREeARSHRSGN Iz‘kﬁﬁp using different nechanisns. The
editorial content Is ersona I ze according to the reader's explicitly
stated and inpli érﬂrﬂ?syn*@afﬁ% fipw gn petkindeef mewsserirgep: dhoseTths dedigy @pws pblisgiiong ont ent
is per sonaAddzt@csde aaC @it Ngws arememael@rs bkt h&wgﬁéhdte@lexrm@rt&pw e 2.1

EDI TORI AL PERSONALI ZATI ON A subsc can dr aw on Ki nds ofd news
sources: tHB4E AGY WSFT\EF 2R ﬁ ef B HE P ‘5]??8 f RY LS PEREP GBI ver news
streans. WeglegntomeMesyvspullicktvad iypirdly aoresgd) roemlttle@l asvapapels treichelyymapdrines,

publ i sher, wm@m&raﬁ@%b@&%ﬁgmﬁgﬁa Gty Slb 1L B, FreDEUR D URLISNGH,, 07 DY 3
speci al i zed news aggregator. ications typica fy correspond to
traditi onaﬁeeﬁé‘iﬁg‘fﬁ‘%é?"é‘“@nﬂﬁ‘ g‘iaﬁ’e%f the rigeris@whetiall st r eans can be many
and varied: a "raw nmg@p&mdonf sreﬁén ﬁp}fdﬂy\ﬂm @ﬁnlvm&eof Alit€bdelvO publiskibdss a

freel ance vvrlf ter s (;é)l um, alt re eng Sgea é bo rd or. 1 he %ad 's own
e-mai | . ThEThat Pagespany EatEl L85 vEFPmE o *S5TBTPR & |oen°eo edi ted
news publ i @smﬂttmasf mys stgaihd selgged dimcthidy rﬂeg‘attiwrdtﬁ f@fverrmbhiq tplpleardwistisgs peans. By

handl i ng t{h%es%g&%ﬁgﬁlﬁbtﬁé}w@m RERG&Kit Bl f Ormat ting of news streans sel ected
directly by the reader, the server is able to place advertising on pages

over which it ot HBf MosabsLuldiG ¢y npyspagp: IE:YO??{GF*E‘E OneT Fp ™t SR HUE neE | ds a
dai |y newspapetonRymsatand d prgoned Odimldi’ﬁli'fEacﬁ (011113 femhﬁﬂg A cRiGMB are pHifitd M@t i ons,

and creati %‘;ﬂ:éaf]tageﬁbls%g' %Igg%vﬁgal;é it vanou A Mhers S nbuShill bip %H/d%%}'g gg's“ ons

are printe srngl e newspaper’.
menber s of differpndintseehising tﬂtﬁﬁifryc,selﬁqﬂyg @ﬁﬁ%@ﬂé@ﬁy purbigations ghidfifep pustgmizing t?:elrlest s and

tastes by sel ect ippGadhighbiRERB mdRIdb bpRARly s6iBdd PRTicRHords N8R Sk PRb&E N t hem
daily, while others appear weekty. The daily sections available from The New York Times online, for

example, include “Page One Plus”, “National”, “International”, “Opinion”, “Business”, “Arts/Living”,
“Technology”, and “Sports”. The set of available sections is specific to a publication, as is the default
subset.

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

The reader also optionally expresses a preference for a large number of shorter articles or

a small number of longer articles. Each article is ideally written {or edited) in both short and long
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For each publication, the reader optionally selects specific sections. Sone
sections appear daily, while others appear weekly. The daily sections
avai l abl e from The New York Tines online, for exanple, include "Page One
Plus", "National", "lInternational™, "Opinion", "Business", "Arts/Living",
"Technol ogy", and "Sports". The set of avail able sections is specific to a
publication, as is the default subset. The reader can extend the daily
newspaper by creating custom sections,;,each one drawing on any number of
news streans. Custom sections mght be created for e-mail and friends
announcenent s ("Personal"), or for nmonitoring news feeds for specific
topics (" A%er S mtmm ré&%azngs") For each section, the reader optionally
specifies REES eI R her gualitatively (e.g. short, nmedium or long), or
numerically (i. eAnaethmwwhvbemmﬁﬂswnehﬁﬁﬂndﬁ&$ag@s¢mlam@mbWEfdeghded
proporti onsopmsuc@eyeme éadeg for SlabPR o SHMAde cﬁ:ﬁ’érén‘%%d/acﬁﬁs gemars e afRIRRE, | OW,

none), or nunperi cal as a percentage). The reader al so optr onal |y
expr esses ‘aafsrfrér%r%rr&éwd&g to,the 2adE’s PRGrAdE FERGT canyBReiies “repding pgcp whigh takes g |
nunber of frandpede oddrttict biebgicdEaeh article is ideally witten (or edited) in

both short and l Ee xclag)ér%]zﬁ e%p%%chfs c{&ljarrnsarg geéec#ég Qn%r OItltI;]zlrsé ép ons rr%‘ na%? An

article may al so witten t'o ‘mat ch the
expect ed Wphpssigied ampedi liffmg. By defadidkey afefieiwered@ﬁ%reéﬂvmsupWUWSd@ pobrity dren' s

and adul tsorde,leﬁ dc00 Spacel RRURRP AR bRt Bers \L8iSIsON 1S sel ected according to the
reader's age. reader can s eC|fy a "readi ng age" which takes

precedence over SFHPISTTIEE 4 WRIPPrRtyethe s9eder iy eptop e%h‘.f&?%ﬂ%%ﬁﬁﬁ%ch
section arﬁmseﬁenmgﬁdan@mpswhﬂﬂhm&eﬂﬁb&mbh@geﬁumoﬁa$aamdwmd&@hmksﬁassigned

a useful i 1&%&% ﬁltayng segr@l{éh hntﬁ gﬁryg b%{to%s gt%llle AE Efecﬁie a&t(i)cleahle thfo 11{3e i IBl:r_md%

subscribers, in priority to space constraints in
subscri ber® cag@hdisedng “lifed” @é @?‘%?i’s) mﬁerrget pgre il@lyalﬁb’feefbrsr“ali kothet @ate dader nmay

optional | yar@iabl e col | aborative filtering. This is then appl i ed to
articles whrchh ve a suft crently o] fetine, rtrcle

Gual ies for cOrrshaThetebarprie et A Lt aeleRpen Py BtiPedns at
the end ofesmhtellmctmg@bréleedﬂheammtd;h@redarmq;rrelvmdteubsmereasy choice (e.g.
"liked” and "di Slhdt@ghe) oprb¥BIf ;isgmﬁeg argeénelphr igel)rym&lb,a&ualrt&ﬁge S%m bd ot her to

rate the article. ArticCles wt priorities and short etines are
t her ef or e WPFERY \PéP‘VnBEE?H&W‘“e*am“"é%% Eter lgrert b lirehgldpyedifpranaisling drige and are
del i ver ed dotiabomsie ﬂlte{[@Vzaﬁigh ﬁu&&&késbt&ﬁo‘ﬁe hkl_lﬁﬁlafiﬁﬂd)&ésmﬁﬁhg Quagdnlwill Eeﬁﬁ‘ﬁdlfl es a

ser endi pl ttx fear‘c% e%\rs K ec acx‘é’g%lcﬂlf%eren sere act%r cang ecd?eﬁ?or dh II_SG%I’ %ed fOI‘) !

or nuneri cal i pl ovvers
mat chi ng dthfr‘f-rqwlg col I aboratr ve fi I terr ng A hi gh factor makes it nore

likely that the Qs &REPAIUREISSFkinA YoMs!df plEeutat hleRH within a section, and this
modifies the priorities assigned by the editors.

The speed of the reader’s Internet connection affects the quality at which images can be
delivered. The reader optionally specifies a preference for fewer images or smaller images or both. If
the number or size of images is not reduced, then images may be delivered at lower quality (i.e. at
lower resolution or with greater compression).

At a global level, the reader specifies how quantities, dates, times and monetary values are
localized. This involves specifying whether units are imperial or metric, a local timezone and time
format, and a local currency, and whether the localization consist of in sifu translation or annotation.
These preferences are derived from the reader’s locality by default.

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

The language in which a news publication is published, and its corresponding text
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to the reader's specified capacity. A different serendipity factor can be
specified for different days of the week. The reader also optionally
specifies topics of particular interest within a section, and this
nodifies the priorities assigned by the editors. The speed of the reader’'s
I nternet connection affects the quality at which i nages can be delivered.
The reader optionally specifies a preference for fewer inages or smaller

i mages or both. If the nunber or size;of inmages is not reduced, then

i mges nmay be delivered at |ower quality (i.e. at |ower resolution or with
greater conpression). At a global |evel, the reader specifies how
quantities,, V. zed,, This invol ves
speci fyi ng V\ﬁﬁ%hg? p;o ?f g;? uﬁﬁgﬂlg& gﬂd){mt a%r&gri?ncg ressei? gy%%: uster ﬁgg%ﬁréthg nd tine
format, aneFtrasd syl ca@hﬂqoeﬁzevd towrmldvmqméfr frftﬂﬁélon sseades imanrionreusensi st of i n

Situ transpati onAngRa@matLa&AmeNmG@ﬁ,@j erences are derived fromthe
i default. To redua?e rea |nﬁ¥)d| fficulties caused by poor

reader's Iocallti ¥ :
eyesi ght, the reAlePerpaRgof yie ogrgent, dirgefty, gHyetsihe ALRRNRE 9P a | ar ger
pr esent at i moauscBaldutising 4 tygicedly plaged esexglon tiscditogial caneariivalgidy forardahplee &6

i nformati ol S, ogg%p te T uage. 4 Jews
publlcatlonm%s éfﬁ QElegﬂ?gg&g%fgggmgﬁgg o AR t ext NE§§E£Q§% encodlng
is a pr ope#dwﬁ%ir (and{berqferp loitiepblishe diggin ﬁ?ﬂblhéy tsﬁ'é*ﬁfékﬂéﬁ@énb@swf @@Q@Mﬂ%@et he
user. HoweNgf dembgiephichet page system can be conflgured to provide automatic
transl ation serv n, var.i ous guj ses. RTIS NG L LI ZATI ON AND
TARGETI NG The. peF BRI MOSETr e dif; G55 iobIoegin i, CuErge! oMY ect o t he
adver ti si ndptecainds gméximitybe cradcdaragwgry, irgiilkg dts dn;l atigildr yintpkesasc @d doaeedx pl Oi t
the edit Or dakiafR@RPKL joool LbhitAHS onvlriime XA Spti bffermlFR it appear
in atravel section fhan el seaﬁgrgl S val ug 1? ﬁe edﬁtgﬁpéﬁé%%%?ent to
an advert?@E?@?QHHSWﬁéﬁé?%¥%m@6%Pﬁ@mbubl|sher) lies inits ability to
attract |large nunhewspamgkﬁﬁﬂﬁﬁsmﬂﬁmhpbmﬂtmm&@hkmgeﬁugrapﬂmc&mmﬁﬁﬁﬁctive
advertisin ocal i and aphics. locality
deternlnesg%&é?gan§g¥oeglﬂﬁh %mgaéPff?g’ %%S lgﬁ? 1S T i cul ar
interests @mdgrmwsendthepamevada@fowdﬁnhsmge Iocal comruni ty and

environment . EE”QQ&@H&#&§sﬂ@&ﬁ&ﬁhﬁﬁgﬂﬁﬂﬁﬁ&hshQ&Q% ﬁhétﬁﬁﬂmmBEQQQEMpatlonS
as well as_likely spend |ng§@atterns news S nost profitable

product i sTHEEr se p's Saé?a%ﬁclVPmmgn@P@.Oaﬁawer-seé?ﬂn. Bagjs. kP& A ned by
t he pubI|a&&mmnhsmgﬁa@map@bgmeWﬁmmga:hdhfmﬁmzemaﬂmiﬂﬁsﬁeademﬁhm@xslts

reader shi psectx%%@&?tg) ga%ér s Mrtlts ]ﬂrgqaé %n,% eachrea er sdbmo 14 Rir advertisi ng. In
the netpage systeni % Ication server Bu es the approxinate
mul ti - In companson w1th or_her media, the netpage system allows the advertising space to be

defined in greater detail, and allows smaller pieces of it to be sold separately. It therefore aliows it to
be sold at closer to its true value.

For example, the same advertising “slot” can be sold in varying proportions to several
advertisers, with individual readers’ pages randomly receiving the advertisement of one advertiser or
another, overall preserving the proportion of space sold to each advertiser.

The netpage system allows advertising to be linked directly to detailed product
information and online purchasing. It therefore raises the intrinsic value of the advertising space.

Because personalization and localization are handled automatically by netpage publication
servers, an advertising aggregator can provide arbitrarily broad coverage of both geography and
demographics. The subsequent disaggregation is efficient because it is automatic. This makes it more
cost-effective for publishers to deal with advertising aggregators than to directly capture advertising.
Even though the advertising aggregator is taking a proportion of advertising revenue, publishers may
find the change profit-neutral because of the greater efficiency of aggregation. The advertising

aggregator acts as an intermediary between advertisers and publishers, and may place the same
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di nensi onal size of a publication's sal eabl e advertising space on a
per-section basis, taking into account the publication's geographic
coverage, the section's readership, the size of each reader's section
edition, each reader's advertising proportion, and each reader's
denographic. In conparison with other nedia, the netpage systemallows the
advertising space to be defined in greater detail, and allows smaller
pieces of it to be sold separately. Itytherefore allows it to be sold at
closer to its true value. For exanple, the sane advertising "slot" can be
sold in varying proportions to several advertisers, wth . individual

r eaders’ pgggﬁeﬁggggﬂh m%%ﬁﬁ%¥$@9 the advertisement of one advertiser or
anot her, overa preserving e proportion of space sold to each

advertiser. The Mt yritjaoiingdhabad picdmeppisn aokiragd ublicagpnicen Hgenote coelek tthinréct |y to
det ai | ed ppidué in thé FuBfidiBnbQRdANE QBhdPR, RESNAS hidHeatidds deReESE Qf6: £ai ses
the intrinsic value_of the advertising space. . Because personalization and
| ocal i zat i BA® a?’@ﬂ%a%eelan%% IicgﬁqlT’%‘eﬁgfnﬁ%’f‘ﬁ%?@%beBﬁB} ARSI PRr s, an
adverti si ngeagoore galt pblishay tdwr pefeske @mbiof thamktbage Byseadproddee sageaubdmatzot h
geogr aphy ! : Su nt__dj regation i.s. efficient
because i t&P%rtaﬁ)? % ?a%gﬁagﬁllss;ﬁ%g?(uzgs Ql??()qprr% r éutgllcn&o‘gd?iglé; cggé);f ?%"é"“?%% Bibl i shers
to deal w fFoBREoR Y PatHgladytdlatonils ritvancnt of advediesprnis which gensragdiwall t i si ng.
Even t houghnduht€oas¥@E, tich by haREIKBGMcRzed Rvdritkhdd@. @ proportion of

advertising revenue, publishers may find the change profit npeutral because
of the greater e???@#gﬁ??t%TgﬁﬁQ?%éﬁ?i%%¥£$ﬁ$“§ﬂ9@¥f? ?%bmﬁﬂgﬁPﬁﬂﬁ¥or acts

as an i nt emdedpds i olpeteesrnd saivee ICoirspmgingty theputidisics kerrds, thean dlaceaiynt ph diee t he
same NPXO0 ZIQIC% ﬁépa@g $9Eﬁlt:élt1§1? @&ﬂ,& WﬂennML tnle %gg pQIHQ:LtfoE %Er{fé? g%rs olu{ edef? uL%?’IU h

noting that ad placenent 1n a netpage publication can be nore conplex than
ad pl acenksrenaligpdppiication itipick tharplewntadvegfiserpepin £pm 6 aFiags aete because t he
publ i cati om3s aduees ProrFligs Space is nore conplex. Wiile ignoring the full
conpl exi ti of oti.ations between advertisers, advertising aggregators
and publisﬁ%ﬁs, Fﬁ%“ﬁW@?EﬁFﬁagforn1of t he netpage system provi des some

aut omat ed suppoithe feppnatiréee! negetd dlier piEsatismn eliesdh agessuppo ptusdrepecifiut onat ed
auctions of@duekhdisd BousRAce. Automation is particularly desirable for

t he placenent of advertisenents which generate small anounts of inconeg,
such as snhl| orPRigPoRizlitsed adverti senents. Once placenent has been
negoti at eds the aggoagaimengapidy es and edits the advertisement and
records it_on a QE%Q? qhad server. Correspondi ngly, the publisher records
the ad pl acenent ~on e relevant netpage publication server. Wen the

net page publ i cat iromnigien peferchays out each user's personalized publication,
it picks the rel gyanta@uast bf GMRbiSitbd WMuypReN iR SLRETME w M 3 USER
PROFILES 2.3.1 Information Filterin

customization information is maintained by thge relevant netpage publication server.

A collaborative filtering vector consists of the user’s ratings of a number of news items. It
is used to correlate different users® interests for the purposes of making recommendations. Although
there are benefits to maintaining a single collaborative filtering vector independently of any particular
publication, there are two reasons why it is more practical to maintain a separate vector for each
publication: there is likely to be more overlap between the vectors of subscribers to the same
publication than between those of subscribers to different publications; and a publication is likely to
want to present its users’ collaborative filtering vectors as part of the value of its brand, not to be
found elsewhere. Collaborative filtering vectors are therefore also maintained by the relevant netpage
publication server.

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

Presentation preferences, including those for quantities, dates and times, are likewise
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The personalization of news and other publications relies on an assortnent
of user-specific profile information, including: publication

custom zations collaborative filtering vectors contact details
presentation preferences The custom zation of a publication is typically
publ i cation-specific, and so the custom zation information is maintained
by the rel evant netpage publication server. A collaborative filtering
vector consists of the user's ratings @f a nunber of news itenms. It s
used to correlate different users' interests for the purposes of naking
reconmmendati ons. Although there are benefits to maintaining a single

col | abor at | I j ndependently of any particul ar
Li¥ia {{lh l&iﬁ&h&ﬂn Eﬁ@ AN

publ i cati on, reasons why it is nore practical to maintain a
separate vector fTb?IO@a@ﬁonﬁa@eﬂ@eﬁﬁe@qonthh@ﬁ@tmdlqatekeme1{8@ sigentarpietilpver | ap
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net page regipstZmt4 Cdle.server. Pr esent ation preferences, including those for

quantities, date nd tinmes, are.likew s SG 35 bal and
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locality ideiiGat ad themetpize ragieation seconhagiindist mbdiapships bitivbee tetacastsbevget i ng of
adver ti si NBg &l 185, 98 JRESH @Meglgﬁa&rmgem S Q;%&Fil @y Blapdiflasiogender

marital status, |ncone, prof essi on, education, or qualitative derivatives
such as ag¥°¥ deh g apiicption sepsciakignd of malcailose users who choose to reveal
personal infor rTB.'Ehcﬁmsef' 800 skl be firlitioSiked @ PRelin @GSy offphifters B2 ﬁﬂ laa;h !pﬁ&ﬂ]erluﬁy

mai nt ai ned the gy.an el |str sence of
such inf ornlrjr%ta?yonﬁm advert ¥C'sulsentt %g%ﬁ] s gg:asma %efa Snﬁ?r aei %)até) |w§1 coPe”f’ &t

denogr aphi knbkggaae ﬁlatde’d’ewi th dem whilst pages pAhtRd o deZiaﬁdlrate Gditered Eabdﬁpmer pen,

printer, amhgh%ich%uaf ¥R 1ing@ W sGRP LdcFatabiR whish ABRLENSH el thSauB¥ied NI que
i denti fi er, and &ge ne egiﬁlge regi stration server naintains the rel ationships

bet ween t h@ArA e B rl‘i’i“"gﬁ plisher dogsyiot roverdfhey{Doof a“YFPGﬁ““}l"é@P%“frrlé‘h on
pur poses, iastdibkitehas D sheaitspepiral ki nd of application provider, and a

publication is Apalf giugeL SIMSJHHesOgOS ap leil.lﬁ;li’%'ﬁtiog %07, the publisher 806 (i.e. application
provider 803) is authorized to print to a specified printer or the user’s default printer. This
authorization can be revoked at any 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 regisiration server, via the DNS in the usual way.

A 'Web terminal 809 can be aunthorized 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 earned through publications printed on the provider’s printers. Such income can include
advertising fees, click-through fees, e-commerce commissions, and transaction fees. If the printer is
owned by the user, then the user is the printer provider.

Each user also has a netpage account 820 which is used to accumulate micro-debits and

credits (such as those described in the preceding paragraph); contact details 815, including name,
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Each user 800 may be authorized to use any nunber of printers 802, and each
printer may allow any nunber of users to use it. Each user has a single
default printer (at 66), to which periodical publications are delivered by
defaul t, whilst pages printed on demand are delivered to the printer

t hrough which the user is interacting. The server keeps track of which
publ i shers a user has authorized to print to the user's default printer. A
publ i sher does not record the ID of ang particular printer, but instead
resolves the ID when it is required. Wien a user subscribes 808 to a
publication 807, the publisher 806 (i.e. application provider 803) is

aut hori zed pr i Ch bl i . the user.s default printer.
This aut hﬁd{%s;ﬁ %%p}%g%g%%erg’egillofg%gg%feg{megtr%gbr’ fnlgfrlrl%lago nv? %’e@i‘é@r a.nd e({aclzlﬁatg)ger may
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printed on the provider's printers. Such incone can include advertising
fees, click through fees, e-comerce comm ssions, and transaction fees. |f
the printe23Bs ohwteglist the user, then the user is the printer provider.
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user can maintain a lis favorites” I nks to useful docunents

etc. on trEfERYiEhgeangles fisy ¥e plagsdon therasy beforpdbepdisarinlegntens t he system on the
user's behal f. | trhd siveti@aRioas BSctidn cdiibe badeCdlywiBfwilli® haleins adlddsingaatpk ef errr ed
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configured to attempt to co-locate closely tied editorial and advertising content, such as placing ads
for roofing material specifically within the publication because of a special feature on do-it-yourself
roofing repairs.

The editorial content selected for the user, including text and associated images and
graphics, is then laid out according to various aesthetic rules.

The entire process, including the selection of ads and the selection of editorial content,
must be iterated once the layout has converged, to attempt to more closely achieve the user’s stated
section size preference. The section size preference can, however, be matched or average over time,
allowing significant 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.

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
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The systemmaintains a history list 929 on each user's behal f, containing
links to docunents etc. accessed by the user through the netpage system
It is organi zed as a date-ordered list, a preferred enbodi nent of which is
shown in the class diagramin Figure 42. 2.4 | NTELLI GENT PACGE LAYQUT The
net page publication server automatically |ays out the pages of each user's
personal i zed publication on a section-by-section basis. Since nost
advertisenents are in the formof prexformatted rectangles, they are

pl aced on the page before the editorial content. The advertising ratio for
a section can be achieved wwth wildly varying advertising ratios on

i ndi vi dual ﬁ%Qﬁil gEﬂ&&;&Qﬁc?%&ﬁh &Of%gg the ad | ayout algorithmexploits
this. The algorithmis "¢on ure o attenpt to co-locate closely tied
editorial and ad@@@%P@ﬂﬁ@m@@ﬁg%hﬁmmﬁﬁﬁﬁ“§§mﬁ@§bpﬂ§E@@@bhﬁéwmwé@%ng

nat eri al sp@mﬁmﬁ@hk )Ext&hsﬁl:hﬁ Bryldh€et PuHahdgs AXIIPNXNEEIUER pRbiscaRO V@ terdt €at ur e
itori.al content selected for the

on do-it-ypursel n e e

user, |nclﬁﬂ?ﬁﬂgﬁg%Fn Nh gg?d%??ﬁ@& £ﬁ555§“5ﬁ8mm§$hﬂﬁwgglm?§“fﬁéﬁm$ald out
accordlng provided rbyy olislageets tThe taxCotjagt esiainy hwbaiddi Inguaye ooks &, enable hwehhang t he
sel ection phyats AhkdE Sl Abh R Blidiihbld-gh ciRRENt, st be iterated
once the |ayout has converged, to atte to nore osely achi eve the
user's stated sABEPISA OBpcs Gucpdes P inREe . ‘$W@G§@@}Wﬁﬁb§$%é°%W@$@ﬁéﬁ@é can,
however, b@miibGhgRic BiecidhddaOE2 D0 Shic lid I¥Blable wcloswaﬂgcsmmwémaant day-to- day
variations. 2.5 QQQUNﬁNI o dacunen

encoded for effidrent dret ¥ %‘ﬁgﬁmgﬁoIE%?EPaeam{ggigrg%%sB@ﬁdﬁﬁﬁmﬁetpage
net wor k.  Téhgects rthmeghywhadbf texgi @mety tlywc haniligin dnd itdue figldpasr daséribed alfové, hdr mat i on

speci fic tQudmsi @%koﬁs THSE iy t%g}eété Q0 @Rt QFIRL b OTheSRRNEHDLLMBER
mul tiple users’ itiaons he specific information consists of the page

| ayout . Thimehsitblp foreflsioprgisBriongusiongs of the objects to which the page

| ayout N PX026-SG 37 refers, including inmges, graphics, and pieces of
text. A text object contains fully-formatted text represented in the

Ext ensi bl e Markup Language (XM.) using the Extensible Stylesheet Language
(XSL). XSL provides precise control over text formatting independently of
the region into which the text is being set, which in this case is being
provi ded by the | ayout. The text object contains enbedded | anguage codes to
enabl e automatic translation, and enbedded hyphenation hints to aid with
paragraph formatting. An imge object encodes an imge in the JPEG 2000
wavel et - based conpressed inage format. A graphic object encodes a 2D
graphic in Scal able Vector G aphics (SVG fornat.
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The |l ayout itself consists of a series of placed i nage and graphi c objects,
| inked textflow objects through which text objects flow, hyperlinks and

i nput fields as described above, and watermark regions. These | ayout
objects are sunmarized in Table 3. The | ayout uses a conpact fornat
suitable for efficient distribution and storage. NPX026-SG 38 Table 3 -

net page | ayout objects Layout AttributeFornmat of objectlinked object

| magePosi tion- | nmage object | DPEG 2000,3G aphi cPosition G aphic object |DSVG
extflowext!llow | D one Optional text object IDW/XSL Hyperlinkype Zone
Application ID, etc. FieldType Meani ng- Zone- Waternmarkone 2.6 DOCUMENT

DI STRI BUTI ON As descri bed above, for purposes of efficient distribution and
persi stent_storage on the netpage network, a user-specific page |ayout is
separ at ed Tabdms t Metpagedpvayt ebjpelst s to which it refers. Wen a subscri bed
publicatidn Lgydueady 10 Daufluld ' | DUTED, F&iHat BEL PRYJE publication server
allocates,| with the help of the netpjage ID server 12, a unique |ID for each
page, pagd i ®2®&hce, document, and do®USERPIeFhst ance. The server conputes
a set of dpiagen zed |podxmat s of the shjared content| and creates a nulticast
channel fqr each s Vr‘n"aet,o ."g'* ther—tg F'?EMAL(S usert specific layout with the
nanes of tlhe mul tiCaSt @Fannel S whih ﬁ?‘i’q carry the shared content used
by that | g$wabic ThePsstioner then poi ngcasts

Graphic object ID SVG
T extflow Texiflow 1D -
Zone -
Optional text object ID XML/XSL
Hyperlink Type -

Zone -

Application 1D, etc. o
Field Type -
Meaning -

Zone -

\Watermark |[Zone -

2.6 DOCUMENT DISTRIBUTION

As described above, for purposes of efficient distribution and persistent storage on the
netpage network, a user-specific page layout is separated from the shared objects to which it refers.

When a subscribed publication is ready to be distributed, the netpage publication server
allocates, with the help of the netpage TD server 12, a unique ID for each page, page instance,
document, and document instance,

The server computes a set of optimized subsets of the shared content and creates a
multicast channel for each subset, and then tags each user-specific layout with the names of the
multicast channels which will carry the shared content used by that layout. The server then pointcasts
each user’s layouts to that user’s printer via the appropriate page server, and when the pointcasting is
complete, multicasts the shared content on the specified channels. After receiving its pointcast, each
page server and printer subscribes to the multicast channels specified in the page layouts. During the
multicasts, each page server and printer extracts from the multicast streams those objects referred to
by its page layouts. The page servers persistently archive the received page layouts and shared
content,
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each user's layouts to that user's printer via the appropriate page server,
and when the pointcasting is conplete, nmulticasts the shared content on

t he specified channels. After receiving its pointcast, each page server
and printer subscribes to the nulticast channels specified in the page

| ayouts. During the multicasts, each page server and printer extracts from
the nmulticast streans those objects referred to by its page | ayouts. The
page servers persistently archive the jeceived page | ayouts and shared
content. NPX026-SG 39 Once a printer has received all the objects to which
its page layouts refer, the printer re- creates the fully- populated | ayout
and then rasteri It he printer
prints pages fas?§§3% mp&ﬁ%maWﬂauﬂgQgﬁés ‘S&ﬁé%ﬂﬁgr%n Baﬁ?g? of each
page is coV@W@éwﬁﬂWﬁ@WHﬁéegmﬁ@ﬁéwev§W&@@mhe@§Hhas a size of Iess t han

400KB. The print %d&%&nﬁaﬂﬁﬂ’c@ﬁs&h&s R FinleNpr@XCRSSE ler HAOLSUGR 1PAARSed. N TtS
i nternal 64MB mermra¥t8roé gown for tenporary buffers etc.. The printer
n
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make use of a rrul?if’ ?nc'flﬁ‘go %ﬁ'ﬂ‘ﬁl FEFPPsy Ed&%gd’&‘gn&‘ ﬁ’élf’spoéfb‘gpﬁﬁb fti 155‘5’%1?’0n
server t hetsgftigruser afill abler tepitrashshe pager spplrbifore g pesers 10®page temal sdrgast S.

Wen a critihgaliBlagRes of requests is received or a timeout occurs, the
server re-nulticasts the correspondi ng shared objects. Once a docunent is
printed, a print &PVeEn Ethedunee Bmahmpaerydiags) et Benghe i ’MurPé upaple to |
retrievi Ngmike Ssefdl § GrultiSdgOntes it ﬁﬂdoc@tﬁﬂﬁ‘ﬁ&h{eﬁnaéerpﬂlﬁﬂcﬁtﬁﬁ sdret dwate aPAGgQrikas ver. 2.7

bO;I— F[))EII‘\ASA\EE i Z reﬂlﬁst%/\gor- re—mulrl 5St %%n QQ:CP ct”ﬁnumber of re esg%;[; ?egen% P ?ggﬁ'xggll’t it can

ivere as a’p
However , sqwn'eeﬁlemeererngﬂttwtsshv&me@pm}@mSémdObmetb| very is made directly to

the requesting pPoudt LiochdaNBUrinkdl H58: O Fthtd 58Skt AER: 2 AP AmP 8} Page
docunent is requested on denmand, it is not personalized, and 1t is

del i ver ed ¥iPgvize ‘H@%ﬁegaﬁ%ﬁ”‘éad??éﬁeﬁ%@ﬁ“‘F“b’i"}‘fﬁﬁﬂiﬂaﬁf‘g*e’é’%‘r ver which reformats it as

a net page zIDcune@n-DEAaNmBO@MERTS Or matting server is a special instance of a
netpage Pt | oot bl FABE ol DSBS KLY LSl B8 G o0
For mat ( PDFych thensdmetyipe pg eRariodipnt. I&Ppye@an;glefa@ee (isHPMbared ¢ontenthdelivers & mlde HTML, i t
can nake UgRctBfto the requesting printer without the use of multicast.
When a non-netpage document is requested on demand, it is not personalized, and it is
delivered via a designated netpage formatting server which reformats it as a netpage document. A
netpage formatting server is a special instance of a netpage publication server. The netpage formatting
server has knowledge of various Internet document formats, including Adobe’s Portable Document
Format (PDF), and Hypertext Markup Language (HTMLY}. In the case of HTML, it can make use of
the higher resolution of the printed page to present Web pages in a multi-column format, with a table
of contents. It can automatically include all Web pages directly linked to the requested page. The user
can tune this behavior via a preference.
The netpage formatting server makes standard netpage behavior, including interactivity
and persistence, available on any Internet document, no matter what its origin and format. It hides
knowledge of different document formats from both the netpage printer and the netpage page server,

and hides knowledge of the netpage system from Web servers.
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t he hi gher resolution of the printed page to present Wb pages in a
multi-colum format, with a table of contents. It can automatically
include all Wb pages directly linked to the requested page. The user can
tune this behavior via a preference. The netpage formatting server makes
standard net page behavior, including interactivity and persistence,
avai l abl e on any Internet docunent, no matter what its origin and format.
It hides know edge of different docungnt formats from both the netpage
printer and the netpage page server, and hides know edge of the netpage
system from Wb servers. NPX026-SG 40 3 SECURITY 3.1 CRYPTOGRAPHY
Cryptograpfly is 4sgfhay0 protect sensitive information, both in storage and
intransit, and to aut hent i cat e parties to a transaction. There are two
cl asses of3&rypt§@ﬂﬁﬁﬁ§“ﬁh wi despread use: secret- key cryptography and
public-key crypt eghd ylstta@thﬁt)@ag@smmkmusoe&nb@trtge&tm&eﬁu efd to

crypt ography Secret-key cr al so referre 0 .as %énnetrlc

crypt ogr ap mﬁ?&%“?ﬁg’tﬁﬁ% 3ﬁﬁr S35t ofSRateH Vﬁﬁ? THESEAFE Two
parties mﬁbhlagm@nmgxemamgﬁckas@agasqmnsﬂmfmm&k:aawahqemtbmhsﬁﬁmsefy
exchange t ?ﬁ et key. Public-key cryptography, also referred to as
asynnetrlc cryp ography, uses two encryption keys. The two keys are

mat hematical | y réﬁﬁ% oY CFyRtogTaRl, also yekred teat symRyriredeieg@he Heh Yiptaad kovlsi ng one
key can ontnyryhenaiee@f,pt eessbgel o bdies AHARE 1k BYhankdBesizest MBS BrskBYSeeits t hen
publ i shed, while s kept private. The public key is used to
encrypt any ‘ﬁ%%?@&@l f%ﬁ%&ﬁ for the holder of the private key. Once
encrypt ed u5|ng Phtdic-payb kiyptodcappty, dsomedigmd eto canaspmingtrib engeganhpt eds usé ng t he
private ry%tt;n WSys L0 Me%é &émm&a&m@eym%ﬁtm Bl 59 5204 efhpa@ut Tirst

havi ng to ex ange a Ssecre X ensure that t rlvate key IS Secure,
it is nor n%?fnghmketfﬁaél%lbaém@te P t'i%ﬁ'qﬂt?&’t“‘é ‘R‘é’y"f theegeﬁer%qn@utlﬁ*e Wiy pair.

Publ i c- keymesmwmﬂ@m@ﬂhﬁ'mammhﬁka&edmdﬁe&m@&h@nequgmh&hﬂ&mngMamemeThe
hol der of the at e d then

nown
encrypt 1 e RS YR SRl B8, 2 SEOH PO b BATRRRRO R (e
encrypt ed Was%ut@n@mwsmcwﬂeem@m}mmw@m firki davling| telexchapde atshaet bevi vat e key

Wi th respeSlnal-OmbtiRlonPal L GULALe, Hﬁ%ﬁﬂﬁfopﬂ{e REGE Yitd J20ad RS (ERGEMPERED hash
using the public key and verifying the hash against the nessage. If the

si gnat ur e f¥P&hpended to the nessage, then the recipient of the nessage
can verify both Phﬂmk@hﬁmﬁ@ﬁﬂﬁgﬁdﬁﬁwg&n&mﬁ@d@ﬂﬂ&@hﬁ&'Hﬁhﬂaﬁoﬂmﬂmhﬂen

al tered I %éate a 1%_ lé] of 91 FhelCln %rh%&h.gm ﬂva%ehc@yr%.ng a§ to be a

way to dlst ute prevents |npers £ 6n
normal |y d@n@em‘serlﬁfghaéete tﬂcwpteeltaéscomﬁwe@:eﬁ tsispgterat of tbamlt&ﬁ.r)pt‘ the puigate iy w:th

respect to that particular message by decrypiing the encrypted hash using the public key and verifying
the hash against the message. If the signature is appended to the message, then the recipient of the
message can verify both that the message is genuine and that it has not been altered in transit.

To make public-key cryptography work, there has to be a way to distribute public keys
which prevents impersonation. This is normally done using certificates and certificate authorities. A
certificate authority is a trusted third party which authenticates the connection between a public key
and someone’s identity, The certificate authority verifies the person’s identity by examining identity
documents, and then creates and signs a digital certificate containing the person’s identity details and
public key. Anyone who trusts the certificate anthority can use the public key in the certificate with a
high degree of certainty that it is genuine. They just have to verify that the certificate has indeed been
signed by the certificate authority, whose public key is well-known.

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

purposes.
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certificate 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 exanmning 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 wiwth a high degree of
certainty that it is genuine. They jus} have to verify that the certificate
has i ndeed been signed by the certificate authority, whose public key is
wel | -known. I n nost transaction environnents, public-key cryptography is
only used to creg %edﬂﬁwﬁ alscﬁésfaﬁ' rﬁﬁ el i %?éeeféurﬁif'séfcw%x&a%ﬂg%n sgeret
session keys. Secret cryptogra I's used her purposes. N
PX026- SG 41£f°mt191h@fvrem } @ﬁmazﬁgnmeéemﬁ% whifrstallydprpews it @atithe prplgieobtais t he
secur e tr afsEnesd &nlﬁeite iR AOPE Wﬂfketfé@ﬁc‘é@ﬁtﬂeb@rtiﬁ@it@@lﬁemprdsdaftlﬁ'buﬁieﬂeya server,
gbtains the ser '

what actual | rinter r's

Corti 11 ot EMUIRE R e SFEAT o HEHE pRes SHOR 125 Thdedtres oY 05 BslE hor i ty,

uses the pubttsessikeiey temhfangemés@ge flate. Bhressioekdy] $y dehtiton @n éxe hanggradly secr et

sessi on key Witd,d he server, and then uses the secret session key to

encrypt the nessage data. A sessi on key, by definition, can have an

arbitrari|$2 shoNFTRAFE BRINTRB SEQURTYNETPAGE PRI NTER SECURI TY Each net page

\% i nth er is assi gﬁaﬂ napargagﬁm@}is Mn&@pa&@ﬁﬂﬁdﬁﬁ kd@dtFied bt thlc B meHur-bfR Whakt Ur e
ic are_store read- on the printer an page

Fegi ot rat | B SeE0 P ot ARt brE el e prgbrp SrfinsF s Fre g y

i denti fi esllx ¢2eis pwbilip pr@runigpelt idemﬁgtﬂpagmtenettm)mah)ageTl‘rmrosleEmmdcohtDID ssgetret and

is used wWhgQ s8R Wakd fM el 1 fifd Ederdd®F s b&K&H Oon the network. Wen the
printer connects to the netpage network for the first time after

instal lation, it Whes @ap’é‘gerémg’ieij%’étﬂ&f’r’&?tpﬁﬁi’me'i‘”e‘/kpff"i e fist wenelgpippaliation, i r anspi t s
t he secr etcrdalds am@aﬁMumukphme Héjab‘alrSKﬁﬁéhﬁrﬁl:s)ﬂletsa:rdt [TRand AR hptdig Reylse@icBits @ 1 ON
?g:‘:\cl)reae dThneeir?ggeerresgisgatfon rga)l'.\éeé %C se (=1y comge[reiestthe S?]Cl’e?r el s tt Ithtg_ ?I?llttg' IS [se?:%e?{l]) I’B(ioﬁg ;T‘g.t c L D

It then criaa é§abawdar§|agmts &le e@!stratlml efalneele ool di thmrrgeateh andpignng exrtifsatpubl ic |1 D

and publ i Cooghiding tose! Wy,puamdmsmr fiblid BenaGR kiyf £BLEred MhetdBificHeBi @Lration
dat abase. The net e regi stration server acts as a certificate authority

for net pag@ePrigitd é‘r”‘ “since it has access to secret information allow ng
it to verify pri mheexfetpagieegisitrtt;pn safVee Actstas @ Satificatd hebdrinesnetpageqrifeeld| sineait | on, a

record is E%@és?ﬂséc&t&ﬂ%aﬁ@&ﬁ%ﬁﬁ%ﬁ% e%&&ttérﬁi@mﬁserver dat abase aut hori zi ng

t he publisher to print ation ser's default printer or a
specified printe elE%/éﬁeyS“HWE'Bﬁ%Cn% pahlipption, @ regondris preand iy fhy netpasagreisedtion er i s
addr essed Jeﬁexadaaaers& ihbkigih tAS gﬁbhs]ﬁng ﬂnﬁt B¢ BbaLkiEY oL RURIEaN S S N t he
pu bl'i sher pecFl)tr eld \Iéramtg' ]’*?vegrr('ig'(gulﬁll%net sent X) a prmter \Ha egpages seeitv\ére 12 ac%/d.%gsle goeaspartlculaar' user
and is signed by the publisher using the publisher’s private signature key. The page server verifies, via
the registration database, that the publisher is authorized to deliver the publication to the specified
user. The page server verifies the signature using the publisher’s public key, obtained from the
publisher’s certificate stored in the registration database.
The netpage registration server accepts requests to add printing authorizations to the
database, so long as those requests are initiated via a pen registered to the printer.
3.3 NETPAGE PEN SECURITY
Each netpage pen is assigned a unique identifier at time of manufacture which is stored in
read-only memory in the pen and in the netpage registration server database. The pen ID 61 uniquely
identifies the pen on the netpage network.
A netpage pen can “know” a number of netpage printers, and a printer can “know” a

number of pens. A pen communicates with a printer via a radio frequency signal whenever it is within
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the regi stration database, that the publisher is authorized to deliver the
publication to the specified user. The page server verifies the signature
usi ng the publisher's public key, obtained fromthe publisher's
certificate stored in the registrati on database. The netpage registration
server accepts requests to add printing authorizations to the database, so
| ong as those requests are initiated via a pen registered to the printer.
3.3 NETPAGE PEN SECURI TY Each net page gen is assigned a unique identifier
at tinme of manufacture which is stored in read-only nenory in the pen and
in the netpage registration server database. The pen ID 61 uniquely
identifies,t N n ow' a
nunmber of'%ég%feggn%%hpggs E%%%Q%ﬂﬂ?%%ﬁ%1%%§h@%tg%gfwe%ﬁm%%gﬂmm Y pens. A
pen connuhWb@@@smﬂmﬂhmﬁﬂﬁﬁNwﬂéﬂﬂwpém@ﬂm@@ﬂ@dﬁﬁéqﬂ%&ewwgw fﬂWMEh@Ver it is
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usi ng t he stagprsespion kdydorsess paurit koeys, indixgd byagen MM KBottshanea/lae but finigstokdged 1 n t he
clear. A Pefhehf B ERiofSE 3 A WiYa £lon € éé%uleggt-ke@%ﬁyugea bam&messarfdexed by
printer ID " an printer stores a session ever knows,

i ndexed by pen | EYheIB%)P?’i‘ RECFSVIRI raReg ef bprintar thy Eeé agg W&gé‘m&e&ﬁ’é@fw shey or
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regi stered 1o use printer printer 1s meant to know %e pen but
doesn' t, tihetil the pep fiplapediinachpnging ehne 2 ibich Enedeipitiatgsdigiredistrafionp BRcf¥®cedure. | f
the pri nter isn' In adABiAdIL o frCpukiRaDy, thdfh&nﬁﬁ&mshlﬁbﬁﬁtkeﬁr eﬁ@afn@zﬂ&y\lﬂh&kbyiehﬁan@en to
ignore it until the.pen.s placed in a cha ch tinme it
initiates Fhe Fegis K}egtnll &S ISP ST VY c?g ToR oez ?f?“é‘an\{‘\p P ]55“5; the pen
cont ai ns amgﬁ@h%nﬂ&evLQM%MGMQﬁmH@woﬂmm@mmeVﬁékmhan@mﬁwéymugnﬁwgnm¢ecorded
in the netRAGR LRSS Bld OfheSELY Ghnefhth ata,@s&@n @y £br chepriifer BRI L84 During
registration, the pen transmts its pen ID to the printer, and the printer

transmts THE %‘?ﬁsu}lﬁ‘bteéesfl?f’ekey F?é’f‘ed%@@r F@&P Eppmiy aocﬁpyscglﬂ\‘?é"rsmmﬁ‘?ée‘é‘?@?%r

gener at es -@ithsieged’ okeyleehadeOkeyt The pfidtérRioes thameeksiqacay hemblBeindeasicthy ds@alinel y
transmts X i of the
seos on Koy SRBBSNCHEN L0} 05 (Db bl oLl 38 L BNAT R, B30 O o1 s
the sessi diie@ynpriPernal |y, indexed by the pen ID, and transmits the

encrypted sessi omﬂkoagh d Bk E}ecaﬂﬁ@ersaﬁ%a P&in Gt wnee%ls&mnﬁﬁs&u @Rty K &M pen
internally, indexe ID AIthough a fake pen can inpersonate

a pen in tRRIHER e é&“ﬁ‘g‘%/lfeéfri”ﬁ‘% ‘P‘H “only a real pen

When a previously unregistered pen is ﬁrst registered, it is of limited use until it is linked

to a user. A registered but “un-owned” pen is only allowed to be used to request and fill in netpage
user and pen registration forms, to register a new user to which the new pen is automatically linked, or
to add a new pen to an existing user.

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

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

The “watermark™ printing process uses an alternative dither matrix in specified
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can decrypt the session key transmtted by the printer. Wen a previously

unregi stered pen is first registered, it is of limted use until it is
linked to a user. A registered but "un-owned" pen is only allowed to be
used to request and fill in netpage wuser and pen registration forns, to

regi ster a new user to which the new pen is automatically linked, or to
add a new pen to an existing user. The pen uses secret-key rather than
public-key encryption because of hardwgre performance constraints in the
pen. 3.4 SECURE DOCUMENTS The net page system supports the delivery of
secure docunents such as tickets and coupons. The net page printer includes
a facility. by Kk i m
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added Ieve‘POtWeb’é@%Wflett%/fOWe it is needed, but is still

35 NON-REPUDIATION

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.

4 ELEGTRONIC COMMERCE MODEL
4.1 SECURE ELECTRONIC TRANSACTION (SET)

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

In SET, cardholders and merchants register with a certificate authority and are issued with

certificates containing their public signature keys. The certificate authority verifies a cardholder’s
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not entirely immune to forgeries. 3.5 NONREPUDI ATION I n the netpage
system forns submtted by users are delivered reliably to forns handl ers
and are persistently archived on netpage page servers. It is therefore

i npossible for recipients to repudiate delivery. E-comrerce paynents nade
t hrough the system as described in Section 4, are also inpossible for the
payee to repudiate. 4 ELECTRONI C COMVERCE MODEL 4.1 SECURE ELECTRONI C
TRANSACTI ON ( SET) The net page system uges the Secure El ectronic Transaction
(SET) systemas one of its paynent systens. SET, having been devel oped by
MasterCard and Visa, is organized around paynent cards, and this is
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has not yehzbeensamenymﬂnmndely, partly because car dhol der mai ntenance of
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car dhol der (iacicesgholdes isSHigepwwortdndactives. met Wi th some success. 4.2 SET
PAYMENTS In the Rgt ﬁé@pgg‘e syt GO bﬁdﬁx‘%ufé?&%ﬂ&uéaégﬁe%ér?ﬁd a‘&ﬁlm%z@'éﬁ%ayﬁls&té as a

proxy for the netpage user (i he car dhol d T paynent
transact i oﬁscauserﬁeSYﬁteP s RgRsbassPehebioprsicdsydiinthrsrrs g eﬁlgamrﬁé?fﬂselge&m%e user
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The type of bi omghd fisg s4p ﬁ)d;eag Lue RfdfaRCie ﬁa{?ﬁeuﬁ@sqg WeRtethe usgmndme&wtﬁl C, not
t he aut hori zati on aspects of_the system first ste bei ng able to
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a bank, Vm@a%t%red and stored in the registration database, linked to the user’s record. The user’s photograph is
also optionally captured and linked to the record. The SET cardholder registration process is
completed, and the resulting private signature key and certificate are stored in the database. The
user’s paymeni card information is also stored, giving the neipage registration server enough
information to act as the user’s proxy in any SET payment transaction.

When the user eventually supplies the biometric to complete a payment, for example by
signing 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 ID, and from then on acts as the user’s proxy in completing the SET
payment transaction.

4.3 MICRO-PAYMENTS

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

When the user registers for e-commerce, a network account is established which
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the bionmetric can be captured at the sane tine as the user's identity is
verified. The bionetric is captured and stored in the registration
dat abase, linked to the user's record. The user's photograph is also
optionally captured and linked to the record. The SET cardhol der
registration process is conpleted, and the resulting private signature key
and certificate are stored in the database. The wuser's paynent card
information is also stored, giving thesnetpage registration server enough
information to act as the user's proxy in any SET paynent transaction. Wen
the user eventually supplies the bionmetric to conplete a paynent, for
exanpl e by _sianing a net e order for the printer securel rapsmts
the or der TRPERR e R ERE IS uBf HElve) Reflenbidn B b gl OB 0 Yo B0 e
regi st r at i owstagdipadsbit balphes usjey thestandasd pappensmechaispi onetric with respect to the
user identified ankR@ﬂﬁﬁ%thmb@&éaﬁ&ﬂ@h&ﬁﬁ%h&m%§§%§ﬁé§mﬁﬁﬁmﬂ§§&mﬁhprOXy in
i PAYMENTS The net page

conpleting the SE aynent trapsaction, 4.3 M

system i nc‘f’?}lfiié’ésoﬁiff@’@ﬁgerﬂ@?ﬂtefj& erﬁs?frnbtgi)fﬁ?ﬁ‘éfh‘%dé‘?duflémﬁ‘i“?% the user to be
conveni ent4.¥ chamgesdaé¢monspri nti ng | ow cost docunents on demand and for
copyi ng copyrigh n | bl | S0 ] qw 1 he user. to be
rei mbursed for ex%&gﬁgs)gsgrnﬂg%%sﬁ?r%%Q%GEQ%EWF I N p1§cgu %g(r)l%ix{éi ﬁé‘t’pr%lg%ng]??gfé The

| att er deplesarbedgrpssriyescifie fraisactdn Ui Wg Pagk- Sebsaperd inyvl tfewphths pegeds weeed . When

the user reg&d @hScioR D ne AIERIGEn iRnESTWOK ko SGRRNA aphrSprafeatidxt Sh@d Whi ch
NPX026- SG 45 %%%regates m cro- paynents. The user recelves a statenment on a

regul ar ba®F$™Xhd can settle any outstanding debit bal ance using the
st andard paynent Whec hgniosans tHingzh ngtagsowidchaic 0@ usdr-sieaific, hewexd, eiadgdicdtion

aggr egat e ﬁ&?&%ﬁ&%&@'ﬁm&&é"i en&tgrm &ezﬁl';sﬂgic xmsoqm&mmﬂwlw@'am qlher wi se be
- presented to the user 1n the formof individual statenents. 4.1%_
TRANSACTI GRemr p\remrisfed cojos pegg e be gsers Hevahgerping cait” pkr rptect Fhg msea pprieeyat i on
ggn_t exth tmeﬁﬂmeiuﬁiqaeiu%ni ﬁ)_lélb\hﬁtotﬂﬁQet@@ﬁ@ﬁ%@isH&Q[w@&ﬁ@ﬁﬂpii&é&nﬁﬁ!ﬂﬁ%‘Q& ihon I D

I n the page....oubsequent | nput_.thro. t.he els ta t e
ransact; GHETE SRR P sV RGO o P e sy A Fhiron)

appropri atétacontext for the wuser's input. Wen input occurs through a page

whi ch is not usefpSREGES dkbatraAVENE instchd FaBRR! ALAbABBus AMShstSRdellfa USETr " S
unique identity to establish a context. A tygil cal "exampl e i nvolves addi ng

itens frofandierlication uia 2 uuiqus plirg oy & sheymiih Bieyre & Whengyer hgBer 2cdatsppi ng
cart". To IppalidGigeididthUiRetcBtcid’ andie, the RAYWRYREe sehvCasiiNieGidPagd S@fstrdtibh 60 known

to the netpags, SysheMeiuSolols Al IFdel 0 ARG AL b 61 TS b s PP even!
di fferent application provi eFs“f1°om éas fy correfating i nanepen ently
accunul at ekhelgbid &V isthembubriiitedio the hyperlink’s application.

The application maintains state information indexed by alias ID, and is able to retrieve
user-specific state information without knowledge of the global identity of the user.

The system also maintains an independent certificate and private signature key for each of
a user’s applications, to allow it to sign application transactions on behalf of the user using only
application-specific information.

To assist the system in routing product bar code (UPC) “hyperlink™ activations, the system
records a favorite application on behalf of the user for any number of product types.

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

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

of publication.
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The netpage regi stration server instead nmaintains an anonynous rel ationship
between a user and an application via a unique alias ID 65, as shown in
Figure 24. \Wenever the user activates a hyperlink tagged with the
"registered" attribute, the netpage page server asks the netpage
registration server to translate the associated application |ID 64,

together with the pen ID 61, into an alias ID 65. The alias IDis then
submtted to the hyperlink's applicatign. The application maintains state
information indexed by alias ID, and is able to retrieve user-specific
state informati on without know edge of the global identity of the user. The
systen1als? ”a'nh@&ﬂ&céBE%ﬂﬂﬁBﬁQEKHEo#H%Eﬁ{fiCate and private signature key
for each o a user Ications, to allowit to sign application
transactions on @Gﬁﬁﬁﬁd@ﬂm@h@m@§%¢$%@¢ﬁgm@ﬁmyh“dbﬁﬁméﬁbmﬁﬁﬂ@g@@ﬂ#ic

i nformation. To @so'ﬁlds&lmmen&xﬁ&[@mjécnmamtdesa%e%p&ﬂ@; m&afescﬁgei@es&w&)s

"hyperlink” tivations, the s e rec a favorite a on on
behal f of ?“I"rafg‘iﬁ%“é‘ig dFSS‘i‘P“é{‘FN“%‘ﬂ?%‘éhﬁm ?f’re gﬁlﬁac‘%e“tei}tpsét WhighR fies I“? %%{l‘tf’tf’)n i's
associ at eddiswbtely ah clagohic gesburces. DN@Mi@@wpwamﬁibhﬁxmysiﬁm1W®thB&ﬂ§kan
account on er, toallowit to credit and
debit the %?bV| ep@$%gglp?%%&£ (%ghgﬁwﬁggﬁietc An application provider can
be a publisher ofr pemPolsiEiaion sigh e ts dpldere R0, Thrpelragy seteppueegienllys t he
user's W | {rink @p$righOfeds 6@ IR t4 ABsTLRGCHID 8@rsPHR chs Akt @Rentds Wel | as the
expect ed féﬁﬁuen % oflgublhgation. NPX026- SG 46 4.5 RESOURCE DESCRI PTI ONS
AND COPYRI % PPN ABRRCHE Nt of a resource description cl ass
di agram i s shown A mmfigeatias #Otocol Hefmbs al ogian® michaagrchf oonbgentictwaly) @btesfay be
descri bed [ i ptions
use 1 he. Dubl PR, oISyl AT s IRRGE WRY (RRS niBdS v P S B ORRT Pt e
di scovery %Wp%ﬁ%ﬂxm%ﬁ?E@?§§Hﬁﬁfﬁg”mfﬁﬁﬂﬁﬁﬁéﬁre netadata conforms to the
World Wde Wb @amslmstsdoum B d Besayee sERsitE idpia@nin FARIBUO RdizéddDF) . A
resource descriptio fag:) ntlf gmf hg{d .S 920. T g netg ?e system
aut omati cal 'y ot Pansr e r rese messa&%tﬂo‘fvees F'eorﬁauserngm’% & PRI HET d8F s when
users pri nEacleelpysr 1ngreswﬂtbentrect@glmﬂgcwﬁa@d@f PPRETHHC d$ Yertcgrlami cat | ons

pr ot ocol Cm%&Qﬁégﬁ@h@&ﬂ%ﬁ&gaﬁﬁﬁﬁﬁﬁgﬁm9&eﬂﬁﬁﬁ@gﬁésm§ﬂMﬁ£%sﬁﬂ&h£5£§md|n the
net page system entities such gens rinters and servers utilise a set

of defined “ﬁr%"c"’&%@fe &me g onpy ShrsH At ?/léfF'?‘c I‘Fasﬁ‘a’i’”é‘s a el g ecprreiths prafgcelh t he

net page syﬁhﬁamﬂﬁaehomﬁe&ﬂeahmnﬁymﬁhuﬁmmakﬁﬂe@mmM@ymaﬁxamS@ﬂueﬂﬁﬁmﬁlagran1

in which the horizon dinpnsion is used to represent message flow and
dtgﬁ‘e clpaemapro 0C

t he vertlca nsron 15 used to represent tine.
SuBSCRIPTION DELIVERY PROTOCOL

A preferred embodiment of a subscription delivery protocol is shown in Figure 43.

A large number of users may subscribe to a periodical publication. Each user’s edition
may be laid out differently, but many users’ editions will share commen content such as text objects
and image objects. The subscription delivery protocol therefore delivers document structures to
individual printers via pointcast, but delivers shared content objects via multicast.

The application (i.e. publisher) first obtains a document ID 51 for each document from an
ID server 12. It then sends each document structure, including its document ID and page descriptions,
to the page server 10 responsible for the document’s newly allocated ID. It includes its own
application ID 64, the subscriber’s alias ID 65, and the relevant set of multicast channel names. It
signs the message using its private signature key.

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

The application’s certificate allows the page server to verify the message signature, The
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Each entity is represented by a rectangle containing the nane of the entity
and a vertical columm representing the |[ifeline of the entity. During the

time an entity exists, the lifeline is shown as a dashed I|ine. During the
time an entity is active, the lifeline is shown as a double |ine. Because
the protocols considered here do not create or destroy entities, lifelines

are generally cut short as soon as an entity ceases to participate in a
protocol. 5.1 SUBSCRI PTI ON DELI VERY PR@IOCOL A preferred enbodi nent of a
subscription delivery protocol is shown in Figure 43. A Iarge nunber of
users may subscribe to a periodical publication. Each user's edition may
be laid o cont ent
such as tg%%g&%éﬁggaé&xj Q#%ggg&M%HQQ%glf %$%h%§é§%%%?%n dﬁ? urypprotoco
t herefore @%PﬁVéW§“@6%Uﬁ%nt structures to individual printers via

poi nt cast, but dehd D¢ Serveh AL 810642 taBdkne A RLELHHES inVihiRe MOH etnh GAwdrds tiféneage
applicatio obt ai

lish d
Goburent | PRt TR0 ey bbe itk 10an s S5 Dbt Fmooet P e,
i ncl udi ng natss fdobumient to lifkrdnd page descriptions, to the page server 10
responsi bl e for Etiﬁﬁnfm&rﬂ%%wﬁa}ﬂ%\ﬁé@ﬁa 'nbs%ﬂ& héaFPonfL}mt{n@?JféJQlﬁé i ts own

application ID 64, the subscrib i as 5, and the relevant set of
mul ti cast channePhgsahe@pliqation hgp %@bﬁtﬂealh‘ﬁ%‘&é“%‘i Hycpresstoghg sphtedbesi gnat ur e
key. The M@&eéﬁﬁﬂéﬁ%a&ﬁﬁ%lﬁaﬁ@a@ﬂ%&bﬁ aﬁmﬂﬁbad@laﬂﬁoﬁlshbaas &fmletsﬁar@bﬂ)ﬁbtﬂ from

t he reglst 4?? on.server . qe corre p user 4 nmms o m thpser S selected
printer T Eh* Y Be X eit Ty gaé SR A" P MRE A BB APERE BN, or
maybe t he g gast §h@eﬂ1sau1dtrecpw¢ mele rréqulredrvdnteﬂh ebieqtp Il’hefya@tq e ablecte mopuatectie e. The

appl i cat i og}ev%ugﬁg&magtcde&eeﬁls&%@es TR 2R fhe DRI iE erd @ a¥iBbinbi¥ie iR EmdRES 20€
signature. The X026- SG 47 page server's request to the registration

server faltp‘grqaﬁb*lsﬁe“ﬁﬁﬂ]ﬂ‘i“ﬁﬁﬂ’ er tppa e dpiments D don' t together identify a
subscri pti®n 808HyrERENPAgRVATERPROTdCOEN al | ocat es docunent and page instance
I Ds and forwards th?’er@%&neoodlnexﬁcfl telrl?nﬂa?tlvalltll?)c rg%!:oﬁ] s %ge PlxDs 4§0 to the
printer. It includes rel evant °8 IREGES annet° Rames for the
printer to |ist eWhPIDauS#Itcli«tkhemaIre@mm@apmﬂgﬂ@mtyemm:mtne@esrﬂagbckltmeto t he

appl i cati oa.tQ thetsdg& hiRerl601. & eﬁce iaebIHES thk BEoc AP ikt QR tRGRLirhd frinRpt €d al |
of the doga;r E ructures to the subscribers' selected printers via the

rel evant B 40 65 o theppn frogyfRgRen p4RacclopPrdifel subset s of the shared
objects on the ﬂih@ﬂntet.l@ieyhuﬁ@,lM@WWeMbt@&ﬁhddﬂdﬂﬁdﬁﬂﬂ&lpﬁge sBodrhogiagiinser ver s
and print etﬁé}ga%{?l'a} F ﬁ@%ﬂ&E Ln%FaGt‘rea En& Abe &E@G{lﬁﬂaz? re%%qy Lgeglye their

required content hey are previ ously
poi nt cast Wchatant Pt ffmnmee@en fqrh’iarés tbfr mee\% it h‘elq?atgel%rtb@ase IP@neﬁek conpl ete
docunent s b@iiodthk pacdadhases, and it allows the printers to print the
docunent s.

The page server loads the page description 5 identified by the page ID and determines
which input element’s zone 58, if any, the click lies in. Assuming the relevant input element is a
hyperlink element 844, the page server then obtains the associated application ID} 64 and link ID 54,
and determines, via the DNS, the network address of the application server hosting the application 71,

The page server uses the pen ID 61 to obtain the corresponding user ID 60 from the
registration server 11, and then allocates a globally unique hyperlink request ID 52 and builds a
hyperlink request 934. The hyperlink request class diagram is 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 own server ID 53, the hyperlink request ID, and the link ID to the
application,

The application produces a response document according to application-specific logic, and
obtains a document ID 51 from an ID server 12. It then sends the document to the page server 10b

responsible for the document’s newly allocated ID, together with the requesting page server’s 1D and
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5.2 HYPERLI NK ACTI VATI ON PROTOCCL A preferred enbodi ment of a hyperlink
activation protocol is shown in Figure 45. Wen a user clicks on a netpage
wi th a netpage pen, the pen communicates the click to the nearest netpage
printer 601. The click identifies the page and a | ocation on the page. The
printer already knows the ID 61 of the pen fromthe pen connection
protocol. The printer determ nes, via the DNS, the network address of the
page server 10a handling the particulgr page |ID 50. The address may
already be in its cache if the user has recently interacted wth the sane
page. The printer then forwards the pen ID, its own printer ID 62, the page
I D and cli o the page server. The page server |oads the page
descri ptl oﬁg}gpkrggﬂgdu?%?gi by the page ID and determ nes which input

el ement's zone 5&he sepondpage Sef‘f’%"‘ese sithe leynertigls repyest Upgad mplisesion Hetothsi fisymase i nput
el ement i Ssedver 0 Y¥REH the BdtreQlomtimtker 88 4nd philker IDAFYETHS BfsViREe e tejdad thd Bfuedt he

associ at ed, ion and determ nes, via the DNS,
the net Workﬁgg’ﬁ’ﬁg’gksw%“fm#ﬁé"puﬁ‘g?r1ctjﬁrtai%fﬁreg%ﬁpég?uoﬁosti ng the application 71.
The page server Ubescdnlgagoenver BlGdestdoowisttansmntelued pge AdsPorgngensdy | D 60
fromthe —SRGKAEAIROD GOk Rfichlacsd ol cénhb% ARG &S o S ARa! sl AU
hyperlink request ID 52 an l'ink request 934. The hyperlink
request cI%é@ﬂﬂlpégﬁrdé‘*ﬁﬁlﬂngmé%@mqqeﬁm@@ffe 44 The hyperlink request records
the IDs of the r Eﬂ&ﬂ@@ér]mgnsuﬁ@rmaﬁﬂﬂlu&ralnﬁkﬁlﬁzﬁgful ansaciidaptss fik eEcH AR telfrgked
hyper | i nk |nsta nce seyrver then ds its. o rver | D 53,
Ehe hy per | 14 Fi0 s g RRAID Ao o 3 FEBS Sappdiof Bhisr ool
applicati owpimatmw@@blahnegnpmmp@zﬁeumﬁomwgcwmoappl [ cat| on-specific

logic, and obtaifige Qﬂﬁc%ﬁﬁﬂ& ah@r@lﬂasﬁ'éqgl“ﬁﬁs}egiu%@réﬁﬁﬁut%gsetlﬂﬁentﬂ{%%stsends
the document to the g? e server responsi bl'e for the document's newy

al | ocat ed P9 spayErhért deem Pl aF‘b‘&ﬁ@%’?’i‘ﬂbs ﬁB%&jétwgé? %ﬁoﬂger?gﬁt%ma S9UPX026- SG
48 the hypElrtb bmhnﬁceﬁmte&tusdrﬂ) cola@oiing 0l A JR b8 elso/iReE SIS cdid‘b@ohc}h@&ﬂ i nk
request 14QN, e I the fir server

correspondl n pﬂ%ggn% and uﬁerr:aatlgr IP% ﬁalshrga}gl rStop esf%mtsmetrhv rp??ag?néct s the
request i #llowigethy gnpleationik esfaé@eﬁef-#mfsﬁ@}mw @dﬂlehyppréﬁ«?@‘twa@wl fferent

appl i cati ofz The HagsaENOREOGRIABN PRo@kbiOcat es docunent i nstance and page

| Ds 50, returns Rw]? neler al |l ocated page.|Ds to the application, adds the
conpl et e docurment” £ PEsUeiirt WatcH4EPagy e £ Pfieder oo %ﬁf‘&sﬂﬂtﬁﬂlﬁ@nﬁt&ﬁ@e

descri pti osnskdtotht hercstaetpa@s printeg Tpe suokecitlentiflds ehe agp ed aipate oh s pagaice may i ncl ude
a nmeani ngful tra r

el ades ¢ he ¢ r antaepiebRr{ss dved D el GATE IS B dlplely SRATACRAE )

al | ows the‘o%@melswﬂ%lﬁﬂleas"élﬂaabl ish a transaction-specific context for the

hyperlink acti vatrhOphge 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,

After a period of inactivity in the zone of the text field, the page server sends the pen ID
and the pending strokes to the registration server 11 for interpretation. The registration server
identifies the user corresponding to the pen, and uses the user’s accumulated handwriting model 822
to interpret the strokes as handwritten text. Once it has converted the strokes to text, the registration
server returns the text to the requesting page server. The page server appends the text to the text value
of the text field.

5.4 SIGNATURE VERIFICATION PROTOCOL

Assuming the input element 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

ID 61 and the pending strokes to the registration server 11 for verification. It also sends the
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If the hyperlink requires a user alias, i.e. its "alias required" attribute
is set, then the first page server sends both the pen ID 61 and the
hyperlink's application ID 64 to the registration server 11 to obtain not
just the user ID corresponding to the pen ID but also the alias ID 65
corresponding to the application ID and the user ID. It includes the alias
IDin the nessage sent to the application, allowing the application to
establish a user-specific context for ghe hyperlink activation. 5.3
HANDWRI TI NG RECOGNI TI ON PROTOCOL When a user draws a stroke on a netpage

wi th a netpage pen, the pen comuni cates the stroke to the nearest netpage
printer. printer
For ver ds t A2 3SR Bl ShE e koo o (ia® fulic By bR RE o3, 0L C
path to t?ﬁeﬂnﬁ)é’gé“fseéfrdﬁ@rcoqwt plrfhet tygn. lha ragistipiinp servd ddepdigethe wencerespendids t he

p?ge descriofid A ard et luietedynwctsig&a@aa&nénﬁa a8 d@lwmtﬂﬁes as WRugrs | nput
el enent's zone

st roke |ntersects mn rel evant
out ol onittioe ke  bas 3 b Sl e GRS R Pre i SRR BB pra 1 o
the text fiDedodd glemwifygthd wbrsiapiicatibh-brecifiaprivete bigtugfkey. e uses thy kiyno tdheatzone of
the text fé(ﬁ%lgl sidnbtfire BABEIGEIAS d§e%QR%etdkgﬁalggﬁauLQo ’ udsf p %%@éu Doyt rokes

to the registration server Interpretation. e reg Fstration server
identifi espaﬁﬁ@f‘fa"saé?gﬂéélﬁtd@%é‘ﬁ'@ﬁ“w ths sigparpakd and selp ‘B‘sfé@clﬁ%foﬂ%%mt@ to
accunul at eghziandwri ti ng nodel 822 to |nterpret t he strokes as handwitten
text. Once it hasg, cC rted t.he strokes t, the ati.on server
returns the text§¥38?ﬁ “?%aﬁe§ﬁﬂﬁ‘5%§6%“é§? ec%ﬁgmﬁ{ e f@s?bgﬁﬁends t he
text to thengtednn tyeabue mugipleubres’ tigntired. el d. 5. 4 S| GNATURE VERI FI CATI ON
PROTOCOL Aggum ngotigudnidditn FoSoiat Whose zone the stroke intersects is a
signature field 880, the page server 10 appends the stroke to the
signature field & PGt gpbofiprat of barsubpipon potped)fs shvét Fight4p- i n the zone of
the signature fi ebs, sutmhleslqaagamsaﬁ\é&bmsmdﬁnﬂ havagen It hid Bllovansk pbecgpendi ng
strokes to EQ $ h%%rat s ﬁxggmécméig verification. It also sends the
NPX026- SG‘% AT CAr ORI e R LE R PATed™ Wi th the form of which the
signature field Isthpese of adomigbdriingghe Fyperlingraptivaon nB@agerseht bhiie page syt dat a

content  of 14 ) e lafiiBRiiod MCaldo @B esHs 1R bR DR ol Pl m@[ﬂfdat; EfRntloPfhe HRETE the
corresponding to the pen,_ and uses the user's dynam c signature bionetric

818 to ver‘?ﬂﬁﬁ%@s o FIBNBE 5o g “\i%’ﬂmf’é“m ‘?PSW&?“E}P%" by eHeeiRthenEs 8T 11 ed

t he si gnat assoeiated trigh thegjrﬁﬁpbﬂﬁrlgoﬁ’gﬁsl&[guﬂlﬁre uRiedtainle &&ppﬂrdsmnmgmniﬁ&teﬁﬂmﬁnd user
ID 60 to i er's application-specific private signature key. It
t hen uses tﬂ%@é%(tia}{ous@r@erg?]er ate a digital signature of the formdata, and
returns th&8digi F&MM'§$'QNBMMEETP%PTPﬁ@- requesting page server. The page

server assigns t Rgdlingh &rdodigbd DAL dfuistioh fatBonBirRAL b tEwi in@lefreand sets the

associated forms status to f rozen.
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) io the source application provider 70b (i.e. publisher), and
from the source 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 sends the credit on to the relevant registration server 11 together with the
source application ID 64, its own server ID 53, and the hyperlink request ID. The registration server

credits the corresponding application provider’s account 827. It also notifies the application provider.
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The digital signature includes the alias ID 65 of the correspondi ng user.
This allows a single formto capture nultiple users' signatures. 5.5 FORM
SUBM SSI ON PROTOCCOL A preferred enbodi nent of a form subm ssion protocol is
shown in Figure 46. Form subm ssion occurs via a form hyperlink activation.
It thus follows the protocol defined in Section 5.2, with sone
formspecific additions. In the case of a formhyperlink, the hyperlink
activation nessage sent by the page sgfver 10 to the application 71 also
contains the formID 56 and the current data content of the form If the
form contai ns any signature fields, then the application verifies each one

by extracting thggl, })}ﬁ%& ﬁ%rgéder g6 Erg&tecﬁ'e p‘MmtePp Mﬁr ﬁ?&g&ﬁ%%ﬂ%hﬁgm&!r gital

Si gnat ure and obtaln correspon cert icate

regi strati %Wltéeﬂroerlgqai pags SW@@M%&IMBqupw prret wsey el
enbodi ment nypériidk rsc@meh&ﬁhfp@ym aRd SLhAGR crddf oemmemmageusten%erl n an

e-commerce e n S and conmm ssion able from an

appl i cati ofte® ?‘8@‘1“5"9 GEISFERRIT G Y ‘g‘k" P%SP EE ‘T PRNEIEPBhs and
sal es. Comgitssi ons on fees and conmm ssions on conmi ssions nmay al so be

e aest |5 TR R Sl BB T8 R
appl i cat i owPisrippipEEideramd the pringer pigides whihe ifenfity of hesoytseapekcaugypravidelt i on provi der
70b (i.e. Qubl|shgﬁmﬁgp@mbgimﬁmmﬁhe source appllcatlon provi der 70b to the
printer pr ¥|derP The target application receives the hyperlink request
I D fromthe page ?&M?EP '*® when t he hyperlink is first activated, as
described in SecRmhntmZMmWhénmﬂBemmaﬂgemmmpphmgamﬁanmﬂ@@d@nm@mmﬂ@uit t he
source ap%.}l&d@mzﬂs@@m?gfma Jfaieméssmimﬁ%ﬁ&g G | BB ARFioGpRdi Lo
the original page server together wt request he page
server useX¥4facpiise e P‘?ﬂ@"‘l“”@tﬂﬁl’é%irhel@ o I?Hémqpfrvloﬁ Fféatabg’d%ﬂ“@éd #pprientat i on,
andhseﬂds 108 &f @e@Pising A02.1 0 s&xhteaﬂs@keeuamr e §$1ﬁ3’ﬂttb @R o‘i)ﬁi:’)s)ﬂeeé’ndgﬂm rB;met her .
wth the sour D 5 and 't e nyper in
request | g Cl%% 3@?&%"?@@ %Sos(gr fuled ptlaF“c&lafld 18? He cﬁé’?nrses HERETRY 4SS i cati on
provi der' sinaguleno piablg Hig usef to vavgly: stats of the BER meunged mlithig dhe ihening t @vTidepver

NPX026- SG £ ilcfuadshemAPPr B3 LILRRA srBEtQ}ﬁhiﬂﬁ‘sﬁn&ﬁ&‘sQﬁe L@ 168 66hd ndullfs R IHS £

provider, it sends the printer provider credit to the original page server
t oget her VIPIFFipRROTERRJ&0 PhiffkPrriadiesh Tympthe miin par J¥ and fiparithigaggrrespradingy per | i nk
request | RidtQ11 shedmddiih yhetvaRs 108 1oN e housil d 05 @ndEdio talténg It B0k inoieditehihd e r el evant
reglstratlon serve h wi.th th r i nt 18 The re Qn server
Cradi t ot HOsBR EBlsn o A il bl 1470 Bl AR L o LEGLER R B

appl i cat i othe preViDYere afrangedpie feeaiel rgetﬂ\hetdipﬁq'ceblmomche% cprsprniling/scesfv thrpads t ar get

115. The metal end piece 114 is removable to enable ink cartridge replacement.
Also mounted within the cover 107 is a tri-color status LED 116 on a flex PCB 117. The
antenna 112 is also mounted on the flex PCB 117. The status LED 116 is mounted at the top of the

pen 101 for good all-around visibility.

The pen can operate both as a normal marking ink pen and as a non-marking stylus. An ink
pen cartridge 118 with nib 119 and a stylus 120 with stylus nib 121 are mounted side by side within
the housing 102. Either the ink cartridge nib 119 or the stylus nib 121 can be brought forward through
open end 122 of the metal end piece 114, by rotation of the pen top 105. Respective slider blocks 123
and 124 are mounted to the ink cartridge 118 and stylus 120, respectively. A rotatable cam barrel 125
is secured to the pen top 105 in operation and 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. The pen 101 has three states of
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application provider, and the printer provider of the identity of the
source application provider. 6. NETPAGE PEN DESCRI PTION 6.1 PEN MECHANI CS
Referring to Figures 8 and 9, the pen, generally designated by reference
numeral 101, includes a housing 102 in the formof a plastics noul ding
having walls 103 defining an interior space 104 for nounting the pen
conponents. The pen top 105 is in operation rotatably nounted at one end
106 of the housing 102. A sem -transpajent cover 107 is secured to the
opposite end 108 of the housing 102. The cover 107 is al so of noul ded
plastics, and is formed fromsem -transparent material in order to enable
the user t hin the housing 102. The
cover 107£F%L$M%%£Sg§%%&ﬁﬁoy&m&%%g%ﬁﬁzgﬁ“@ﬁgg %%%lally surrounds the end
108 of the hou5|%@bﬂ@Qm@ﬁﬂiat projecting portion 110 which projects back
fromthe nain pa&kmgggwqmgmﬁlpsthﬁhln a corresponding slot 111 formed in
the walls 103 of_the housin radio antenna 112 is nounted behind the
proj ecting’ porti OHDEE cmﬁf¥%ﬂﬁnpﬁgyﬂﬁﬂgﬂﬂﬁs@BQmI%k?%M/threads 113
surroundi ng an apestoud 8exIHCIAI29Nis ntotmedcnn\aereleatﬁmcmhasﬁmmg@chﬁ vithietei ve a
metal end lugdy r on d The net al
end pi cce ‘PrE gk ke g ek B9 AT BRI R bILERE By P

nmount ed wi Phpraiegtive orie the purfpgey Ap dmage senpar 43 i progidest wn@z@ the gogrd flgx PCRRx PCB

117. The ﬁz@tf&ﬂéb@wé Zeflécted MdB R0 T hE G, 1 Secbdagiex PEIB1bLTs0 mmﬁs Shab us LED
116 is noupted a

of .the__pen 101 f Qod a I-ar Lbility.
The pen cafr®bper §@ﬁgﬁgﬁlﬁﬁ% F“WEPV?%%FF%%“%éH %ﬁﬂ“ gmﬁa foFrarklng
styl us. Amontrd{lmgpgmtmapt thé¢ phgd O1L BB opdiick hlock 135 {fbSued fram anositlad] dlesr dades)Mits h st yl us
nib 121 ar R o i e ink
cartridge nlﬂ %%%gg}ﬁ?qgigﬁlﬁus %ﬁ% H!Qnggﬁﬁnggg%ﬁﬁ &Q%%fmééggﬁ %%u h
open end 1¥@gecFusphis2 foway Sumwmm défeconteat thigpmpesenit pofie tspond Hex Heh1Pdp 105
Respect i Vebafibry d@kacd [ OTKS chldSmovaidd wiRd thd lcfin BREN BOA t@minh 638 Mndald hé dge 118

and stylu respgectively. Ar tabl e c iS S cured to the
pen top 18‘?%“#’ et & |mc1)&nM%?1 Eda é%'t gdhr ¥oop 66?}5fg§a ehbé?eé’wl%? fits i 8 &M barrel
125 incId@eé1a5manm&@@miﬁEbh@kaﬁm%OAnmmshmmmmmmgmmlﬁh@nmamﬂsbdﬁm@of t he

cam barrel secog@mxff‘aBl IQWGEabiea'Zch gofjﬂ?c%aﬁl}yoi 3@%5{&9&1&{ QHQ s%nl;olng'l ﬁéx IJ@IBQQQK s 123
and 124 fit wthin the cam sl ot rotation of the cam barrel 125,

the sli deraISSI“E?E’Pé%a“liEﬁo'ﬁ“’(S‘rLE?ZW Aghiftaped phgtedinde {44 farfetietise figecepenyip de&t® e t her
the pen thnQHQSwmmem&ymuﬁﬂﬂtmo&Eﬂeﬁmhmhhﬁnghu&m&nhﬂM@1ﬂ32mﬂ&mhh&anEtal
end piece th of NP

urning. ¢ reppitbatEp g e L S B uPha T U0 dhah RHERC", 50"
nib 121 oummmmﬁk1&éﬂﬁwbd§@f@mﬂmﬂRHEEHEBG@ﬁdhawdGwN@mmhewmmﬁwndambbrdge 118
nib 119 oug,ersstdibys 120 nib 121 out.

Rubber grip pads 141 and 142 are provided towards the end 108 of the housing 102 to
assist gripping the pen 101, and top 105 also includes a clip 142 for clipping the pen 101 to a pocket.
6.2 PEN CONTROLLER

The pen 101 is arranged to determine the position of its nib (stylus nib 121 or ink cartridge
nib 119} by imaging, in the infrared spectrum, an area of the surface in the vicinity of the nib. It
records the location data from the nearest location tag, and is arranged to calculate the distance of the
nib 121 or 119 from the location tab utilising optics 135 and controller chip 134, The controller chip
134 calculates the orientation of the pen and the nib-to-tag distance from the perspective distortion
observed on the imaged tag.

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

When the pen is in range of a receiver, the digital ink data is transmitted as it is formed.

When the pen 101 moves out of range, digital ink data is buffered within the pen 101 (the pen 101
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A second flex PCB 129, is nmounted on an el ectronics chassis 130 which sits
within the housing 102. The second flex PCB 129 nounts an infrared LED 131
for providing infrared radiation for projection onto the surface. An inmage
sensor 132 is provided nounted on the second flex PCB 129 for receiving
reflected radiation fromthe surface. The second flex PCB 129 al so nounts a
radio frequency chip 133, which includes an RF transmtter and RF
receiver, and a controller chip 134 f controlling operation of the pen
101. An optics block 135 (formed fromnoul ded clear plastics) sits wthin
the cover 107 and projects an infrared beamonto the surface and receives

i mages onto t. ensor 36.connect_the
component < igHPY e EEERe F8kea Bigm S DB By L PeS B Wiret o o
nmount ed wi métion ot hesudans) dod randt trdb@@itteddat¢rer m nal 138 connects to the battery

contacts 137 andrih@unbAR RBMELL mbdmed ofihk 68 éPbER [@Qﬁ‘@éﬂ-ﬁa}@ﬂ ehetgery 139
sits within the cam barrel 125 in contact with the attery contacts. An

i nduct i on & RBegk dagrapdiistreingyin more defaih e dohifpratt ofthsontigliar pitiRyl 3 Figure3@plsa 29 t o
enabl e r ecdhawdgiprGetdtiofshve thb RF Lip y33lt']l@m\égeasehsﬂdl32tthdlﬁ coldhsetus REDNL, the @x PCB 129

al so nmountg an in 143 a ra phot odi o for detecting
di spl acerren‘tlmmatmfl{*iéﬁcam élg‘qorceﬁensir;%ﬂvﬁén Jetgff'% esefl??rphofg]log‘%ﬂ 20 or the ink
cartridge 118 i sTheses chollgychip j1yinclipdes @ cofdrpllingpreqyssbd @SaBUSdéQ erbiendt i on of

the force Q@fiaﬁ% 2B bebked QulphRnts Bf hAGRuwdidr e3P ahsiinBnokd 170hd S5 ks ni b
121. The IR ot odi ode 144 detects light fromthe IR LED 143 vi a

ref | ect or sPRAGL4% A6t st ARrnaRe-torieind cpryerer 145) i aaneefi Jaycagkayt toapalogy pper
grip pads sgil famdhelfde aiiser ghotodiodd @ tb 6 ditatisegrdhhe end 108 of t he housi ng 102

(o oot 9 OGS bl 0l R e HCEE B S
arranged twegdierelShipfbaseancheispit i%wr%?soihtcbld?ﬁtbﬁ(t%ﬂﬁw‘ﬁ%l ﬂmlﬁ U_bﬂ’ll%rwhiclhk

cartridge indhidas &@@)cuamlhﬁﬁghpgasonhﬁrsamndu&% am@lm%&@q& helMendin18r €a of the
surface in the wrﬁlnlttr .of the nllg | t (ga %F Ioctlonéit?afromthe
nearest |ocation taf™ RSy 4R GBI e 5L 4 a\“ﬁce“of‘ﬁl@ta PR ERE™ ™ the nib

121 or 119uffsce Riattizdmipe sabdr @32, traldtotstthel fhrgd wgpoodibiodisdelidh candlsdenEPelllser chip
134. The Cf%”tah@ﬁiseﬁmicﬁhcﬂes s%%raﬁg%lrgdiu %ﬁ&mwﬁn Qi LA Itr ceRr 1 ds'EGIt RE a”d the

nib-to-tag distanée fromthe perspecfive distortion serve on t e i mged
tag. Util |@?df’i'glReﬁ%m‘m‘:e&‘HP%H@g?eﬁ‘hH“%’PﬁFéﬁ%amTﬂfthe pen 101 can transnit the
digital ink dataTnd ‘;‘,\lal:e@éar l185 ecllgifab/ phRekivkO tonspRhdnisi (nsaigr pakiRgads faad

efficient Lr ni ssi ut.i ystem ., W IS in range
of a recei ve(r’g‘m%i °““d‘%3'% fngfge Seml?r Hlaggellgﬂt raszlnn%errnmfyt &t ac{:gﬁlzicﬂﬁ%&ggﬁﬁe When
t he pen 10ftegrgwds asogle @htrollan®fdC. Adirlge REtonipprientd RFevirpwt 1BbEkidFadoniotsehd t he pen

101 (the pjg&hctq,g%f{)lmP?Qgﬁed%@%p%tgﬁp&g_ﬁ;y includes a buffer arranged to
store digital ink for approximtely 12 mnutes of the pen nption on

the surface) and The ipagrasepser i g 10%2d g pjxelt &GP (such a sensor is produced by Matsushita
Electronic Corporation, and is described in a paper by Itakura, K T Nobusada, N Okusenya, R

Nagayoshi, and M Ozaki, “A 1mm 50k-Pixel IT CCD Image Sensor for Miniature Camera System”,
IEEE Transactions on Electronic Devices, Volt 47, number 1, January 2000, which is incorporated
herein by reference) with an IR filter.

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

The radio transceiver communicates in the unlicensed 900MHz band normally used by
cordless telephones, or alternatively in the unlicensed 2.4GHz industrial, scientific and medical (ISM)
band, and uses frequency hopping and collision detection to provide interference-free communication,

In an alternative embodiment, the pen incorporates an Infrared Data Association (IrDA)
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The controller chip 134 is nounted on the second flex PCB 129 in the pen
101. Figure 10 is a block diagramillustrating in nore detail the
architecture of the controller chip 134. Figure 10 also shows
representations of the RF chip 133, the i mage sensor 132, the tri-color
status LED 116, the 1R illumnation LED 131, the IR force sensor LED 143,
and the force sensor photodi ode 144. The pen controller chip 134 includes a
controlling processor 145. Bus 146 enahl es the exchange of data between
conponents of the controller chip 134. Flash nenory 147 and a 512 KB DRAM
148 are al so included. An anal og-to-digital converter 149 is arranged to

convert t g Apel Qo ok 83k LAM NG AL 5o EERLBARLOY ode 144 to a

digital ‘sign e sensor Interface ' aces with the i mge
sensor 132. A tr inhadethgresmbodigenty B per 10158ckagdes| atais eof Ipghegoral peseleromdl®d ar e

al so i ncl ud@slicd & thtoBkal AER oMbt Fenti BEaxBFTIC RERerbRctertiN0GH: shdvdGh Hig@S 93 RF
circuit 15%“?9% RF. resonators and i nductors 156 connected to the antenna

112. The ¢ MY processor 145 captures and decodes | ocation data from
tags fromthe siihd progsion & thehecdamgerssantgo rthid 3@hodimemi df drepet M@ boese sensor

phot ;Odi Odem(}n%ﬁl witﬁbg%feghé .th Jﬁﬁacls EDaQtiorl l’.]a?si~| al]o&/ﬁl .tt@ @cgatgoﬁga ] L@@gs ?@%Lt%lsl?wef s a

short-range radi o communi cation via the radi o transcel ver

medi um per®ritahleestion Ay theidentify an ghjpgh pisiperry Btherthagedesipn on hhaufsocessor
é45, bdi gi t 1t edafnBIB.SE0 SbRKt ICORRORNERAESnut aaﬁb?ae.'g.\éesmzﬁ@? ltaﬁt@JF])! 8dn HeQs} BRE g
aseband ci r.cui 54).. .1 mge nsor .interface 152 ash nenory 147 an
S1okB. DRAVPE L d TR el Lo RR TRty b BRECERIR Y oo Re
conmponent s ( RF ciThecasedlerdish namdreRby the siorktogrisrs amekch iohtheiatand § dirbipnsais e

provi ded iBed e SERAPAL 6 tiFE 1o pRidRbe al MGark RIS RN pdsflio? 215%215 pi xel  CCD
(such a sensor is produced by Matsushita El ectronic Corporation, and is

described in a p3erthyfartiseapesition ofdherstigiiy cgigigrowiy opfy eeivy gosities YWilad oshi |
and M Ozakitrpke'#e ddmnlaOkaiBbuet poditon Gk rdtivm grRurDeIS Qfrok @ thb/kdhbed tatbeRrafiarer a
Systeni, | EEE Transactions.on Electronjc Devices, .Volt 47, nupber 1,
Tanuary 2055 Ba RS0 G RELE R M SRR ors Sike PSR
filter. Thascumwhteripfor ASI C 134 enters a quiescent state after a period of

i nactivityrwhen hbEgrBEPrRNERbeb&sHYN | N contact with a surface. It
i ncorporates a dedicated circuit 150 which nonitors the force sensor

phot odi ode” 144 aRAYNTERMESHYICS he control I er 134 via the power manager 151 on
a pen-down eventhe vEhieallyadinded nepiys GallaEr €0 RIS Ssenbled AEFigur!11.aensed

900MHz band. nor.nmal | b cordless.te ne or alternpat. I in the
ol e g Gt of 1 54 ik R G Al R R 0, i SEDIE LY (" (1S
frequency shoppedguand? adl 1R 30 wes dekiggtrrmen pitiowith by paber G0A resihpthongehd r ee

comuni cat §,Qxed b ki 408 Ldok %ﬁic@N%EPﬂﬂtﬂL?déé of als KBt sRENaNECQ PR B516S AN
I nfrared Data Association (IrDA) X026- SG 53
with full bleed.

An integral binding assembly 605 applies a strip of glue along one edge of each printed
sheet, allowing it to adhere to the previous sheet when pressed against it. This creates a final bound
document 618 which can range in thickness from one sheet to several hundred sheets.

The replaceable ink cartridge 627, shown in Figure 13 coupled with the duplexed print
engines, has bladders or chambers for storing fixative, adhesive, and cyan, magenta, yellow, black and
infrared inks. The cartridge also contains a micro air filter in a base molding. The micro air filter
interfaces with an air pump 638 inside the printer via a hose 639. This provides filtered air to the
printheads to prevent ingress of micro particles into the Memjet™ printheads 350 which might
otherwise clog the printhead nozzles. By incorporating the air filter within the cartridge, the
operational life of the filter is effectively linked to the life of the cartridge. The ink cartridge is a fully
recyclable product with a capacity for printing and gluing 3000 pages (1500 sheets).

Referring to Figure 12, the motorized media pick-up roller assembly 626 pushes the top
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interface for short-range communication with a base station or netpage
printer. In a further enbodi nent, the pen 101 includes a pair of orthogonal
accel eroneters nounted in the nornmal plane of the pen 101 axis. The

accel eroneters 190 are shown in Figures 9 and 10 in ghost outline. The
provi sion of the accel eroneters enables this enbodi nent of the pen 101 to
sense notion without reference to surface |location tags, allow ng the

| ocation tags to be sanpled at a | owers, rate. Each location tag ID can then
identify an object of interest rather than a position on the surface. For
exanple, if the object is a user interface input elenent (e.g. a command
button), t h 0 r f the input
el ement ca%l fhtrr%gyt{"%gthé Qeéﬂ ?aY% ?apépg&%ﬁs “1% de t%ﬁltmég 5(:6?:2 é)rt}getc%uglﬁxecrimasured
by the acc%@ﬂﬁm@@wsd FSFPn@hfcﬁhQ)ﬁVOtM@ﬂmmammt 9ﬂgdlpsr @etand 6 irs mojmiedeigrat ed wi th

respect tOgdpbdi® if- Qnegecfa%glecomufaf@taﬁﬂg 0 SRRt aasér%h t'Dﬁe aa};@r RO drdvnto SI NCE
t he startln? position of the stroke 1s not known rel ative positions

within a &ffSesrrengel? Ew&gféldpowzs’fef‘ ﬁﬁbwomq%.%ﬁ P?S}%gﬂdatzf efritedErimul at es
errors in tilas eensad fdchel efifihg oymen@e Fekk: GNEhed Smuapioaay foidiang ik gh
resolutiong and the.tine duration of a stroke, over which errors

accunul ate, 1s Stl‘F ‘7> NETPAGE PRI NTER DESCRI PTION 7.1 PRI NTER MECHANI CS
The vertically- nﬁtmmaed epitst thrafiyet Marli¢t T rorint cogine6@2 tirgigh howef pavietey exdswabl ed i n
Figure 11. it (ﬁgﬁeeta&ngﬁ& e@ggq@paa Odaﬁls tv@ﬁc/h/a\é 2hiffd riBze4 B8 NMoheUplexed 8%

Memj et T"' print engines hown in Figures 12 and 12a. It
uses a st r‘aleealh'e‘)ﬂ&afﬁ@r Wﬁaﬁqﬁteﬁn‘-“trﬁcetaﬁ‘é“ﬁ%ﬁ%‘éfo Tgudheshess90h gtq e seRgAMemEt™ dupl exed
print engipeseng@d2sand 603 Whl ch print both sides of a sheet simultaneously,

in full color and . with fu An i ral dj ssenbl
applies a strip g‘?f g8 Fgf” H aB‘?gzqetHegp@P%?&e“g%ﬁs ﬁﬁf“tﬁetc{(g@g‘egﬁ%fng gslqggwl ng it
to adhere #nd 6ﬂhiet0pheémdwsﬂmslﬁeé&5 Wheaniniod prgs padscabravaas & poviered Fifikeswigeleslt es a

final boungh +iQ% HAERLuPIBroMHabd LunsBE roPRBSxL Rt Jﬁik%«ﬂe%ﬁ%mfarxﬂd?ﬂe&ﬁ&? Sfifet to
sever al hundred sheets. The replaceable ink cartri 7, shown i n Figure

13 coupl ed'i el e BRIAYIS PR BTRbL ShyisRanted g ‘B‘P“’id@@?% brggketoand iier s f or
storing f mmipomel foREIE iint@fccaith By dwerddBGR BY@ yia iedrd BWctid @ckcaditds. A nfrared

i nks. The car Lid9 e als Sgagn@ﬁa%l ns a mcro air filter in a base nolding. The
mcro air T1lter erraces with an air punp 638 inside the printer via a

hose 639. This prTchmgblesvhﬁl heerbddo i wonstiss of hepartiphy Frilheads 67D witr evanine i ngr ess
of mcro paibing kR sheight @upmemdvi%m 8bm HRKNEARRE 8 73PHs YW &b SHnilio 2 Qlber Wi se

clog the print Edng% S. @orporatlrlljgthe air filter within the
cartridge, "iHe¥ ‘%bétfs 78 55’1“"’1 5’f°ép1 g thrgugly radjal holgsg écr{“il‘ifglh?“l”ﬁr?ﬁ%d to the
i fe of themraaddthd ghggevhec vethiambpetiag it te dge. Hiwtiog sidahﬂo;dmgs"zadymﬁngbhta dpasmduct

wth a cap r ef erring
to Fi gur o 1o oL Rruiodtbhe, Bt it By sHNPAPRE of do SRR BhulS P1
top forward. This action exposes the glue wheel through the front of the molded housmg 682. Tensmn

springs close the assembly and effectively cap the glue wheel during periods of inactivity.

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 transporied down into
the binding assembly 605,

7.2 PRINTER CONTROLLER ARCHITECTURE

The netpage printer controller consists of a controlling processor 750, a factory-installed
or ficld-installed network interface module 625, a radio transceiver (iransceiver controller 753,
baseband circuit 754, RF circuit 755, and RF resonators and inductors 756), dual raster image
processor (RIP) DSPs 757, duplexed print engine controllers 760a and 760b, flash memory 658, and
64MB of DRAM 657, as illusirated in Figure 14.

The controlling processor handles communication with the network 19 and with local

wireless netpage pens 101, senses the help button 617, controls the user interface LEDs 613-616, and
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N PX026-S G 54 sheet directly fromthe nedia tray past a paper sensor on
the first print engine 602 into the duplexed Mem etTM printhead assenbly.
The two Menj et TM print engines 602 and 603 are nmounted in an o0pposing
in-l1ine sequential configuration along the strai ght paper path. The paper
604 is drawn into the first print engine 602 by integral, powered pick-up
rollers 626. The position and size of the paper 604 is sensed and ful

bl eed printing commences. Fixative is @rinted sinultaneously to aid drying
in the shortest possible tinme. The paper exits the first MenjetTM print
engi ne 602 through a set of powered exit spike wheels (aligned along the
straight p r - Whi NS I U hl T _spi ke
wheel s con?§§€mf éﬂkﬁg%ﬁkgg?%?%H%g%?$§@3ﬁ3%3 @%ﬁ%?ﬁ%%h?%£§%8%“?%§%§heet 604
into the segerdngkericetmmospicrero®gl ke GEBlingRefossstor AY commmiieyiss wih the and

12a, the paREimgdbnRAsS 8 Jid Anlshad snlbexad print engines 602 and 603 into

t he bi nder asse 05...The printed page passes between a powered spike

wheel axle 670%‘%{9@3%?%%’5 st ptrpre 0F1%8r AR %h 6t ﬁ‘ér“ef?ggfa?ﬂnée’éxl e with

spi ke wheedosipmsrell pgeriompn tRachypriacéngioncongdliseexpinde HitherF lasl privus phjedmapd efigl ue

assendl y 643./a (HRHEHinQs o s 1S HRD O dveiPlo PGk Eher Ale). Ind Rpledeli RAFPOT L d
th the p 9 I IE)y Act

forward to interface v _ ower ed” ax e’ gears ction of a
canshaft . swsnseopEnian erintbethyidep ohoeshest siyltgncenshyshaft . The gl ue wheel assenbly

GEB clonsi sts Iof ?@ﬁ&%ﬁ@ﬁ#ﬂéné&' Jﬁ%ll&x‘}(}@a @%8913%@8%;&9{? i 409 %oﬁlwé%m ng f ort

t he glue supply hose romthe ink_cartridge. , is axle connect s
to a glue'“%EgéP?m%ﬁ?ﬂﬁ%gﬁ§@ﬁ8§y%ﬁﬁ§§?ﬁ@ﬂﬁymf s L P& on t hrough radi al
hol es. A nol ded MAbusinrgctBdler slksk oundg 638Heldg thd eofttaedbr, bothi thdpramssa@yéhi ng at
the front. Rhbvekb ' NG ; - re.attached to
the net al %‘rﬁ ac etﬁg?\%g ﬂ'i&nﬁg‘g‘l o%L. Q%? %@g’g yﬁgﬁ%ﬁ%nﬁ%@? 6%? attq? Pfg fJ%é’senbl y 673
is thrust forwaltePrawsisy ARt 7T pusialitgescyten eomparse (ehseeitrgrontpllsr f r ont  of
t he mﬁl de?ﬁ%&m.aMmg%uitTﬂﬁ%%gm&@ ]Eﬂ FSle ChRSRr WBE ﬁs.ﬁa@@ﬂag Nr avigoRhek eCtivel y
cap the g e rj riods of i tivity. As the eet asses
into the d&ggucté%?mé§§§%ﬁ&?”%7%f“%ﬁ%@2§@$m?gwéﬁbfféﬁm?ﬁﬁgﬁgm7@2ﬁ??cal edge
on t he fr omtwos iderfdcapaduie 26 Greefalee, fince sétpagh pratersodllow thd octwork nénhection tote | S

transport eﬂctg’g—%cieg'gﬂieldts%ct&i. ﬂggh rllfgmgr?%o l:lﬁle @%6MZH ?64 i m G%I 3 LER

ARCHI TECTURE net page printer controller consists of a controlling
processor S5gnip- Bhefrgptiepginpcpoiiens T68 @re prsvidgd ipsegarptn 481 ed network interface
modul e 625, a radi @ik INSERGN Siiterfatd ABRIGE I6YE bre GREUIQ| @ prévading 2 Raspband

circuit 754 F ci.rcuit 755, d RF.resonators and i.nductaors 756),. dual
L eror i ool 1ol anf BRaon A0S s LSRR O S o el e Bt o1 o
760a and 7B8tret itbriesds invldoPGISoaEems HebridGibkB ek (DRAMbLESbderass ISDN mgémsat ed i n

Figure 14.pgp, modems, satellite transceivers, current and next-generation cellular telephone transceivers, and

wireless local loop (WLL) transceivers. Local interfaces include IEEE 1284 (parallel port), 10Base-T
and [00Base-T Ethernet, USB and USB 2.0, IEEE 1394 (Firewire), and various emerging home
networking interfaces. If an Internet connection is available on the local network, then the local
network interface can be used as the netpage network interface.

The radio transceiver 753 communicates in the unlicensed 900MHz band normally used
by cordless telephones, or alternatively in the unlicensed 2.4GHz indusirial, 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 the I'DA interface for short-range communication with suitably

configured netpage pens.
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The controlling processor handl es communi cation with the network 19 and
with ocal wreless netpage pens 101, senses the help button 617, controls
the user interface LEDs 613-616, and NPX026-SG 55 feeds and -synchroni zes
the RIP DSPs 757 and print engine controllers 760. It consists of a nmedium
per f or mance general - purpose m croprocessor. The controlling processor 750
comuni cates with the print engine controllers 760 via a hi gh-speed seri al
bus 659. The RIP DSPs rasterize and cagpress page descriptions to the

net page printer's conpressed page format. Each print engine controller
expands, dithers and prints page inages to its associated MenmetTM

print head i Ngl i I t over 30 pages per mnute). The dupl exed
pri nt end?%g coﬁf%%h?%ﬁé?ﬁgéfﬁﬁnggth si des of a sheet sinmultaneously. The
mast er print engPne theomdin prodeeser 756 has reasived ekl gerified the dprament’s pags hoevts aahd

moni tors i]%%ob%%ﬁgﬁuﬂs'ﬁm(a bpinke RirQBawird &b diispemsst er QA chip 665 and the ink
cartridge chip 761. e printer controller!s flash nenpry 658 hol ds the
software for bot ﬁhet PRPs P b aglerdss cacpppee dgschPlion andssprespghe rasiarizigpage image.

conf i gur at Tiemathagkdessof kb1Ss ¢ash @apieel] fHage ifitBdelin M@woDy. YheGhnpleaitwal @dbadibhinfee The
processor 7 S. [ igital tran LV C n ranscei ver
controllermé$g§E§§§; gigggﬁgP%f@%%?fq%@ﬁfiéfgm?ﬁ?zﬁ?@?gﬁg%%mé&gﬁﬁg?e

cont r ol | eranagit@noBgber AfrabtesgedFees 63pBmenstes be LR ig juemayy. (Thiy SHtegyehbRpFads

resonat or sy aatehubIyGIBP il vikfraRiiok #6dad-indsSeparate RE chip 762. The
net wor k interfacgﬁgnd | e 625 i s separate, since petpage printers allow the

network connect i OFFEFHESORE AR {1g PiEe SeFBEPBYS BFetrbied-ceBrEcTa ot ed menory
658 and t hgtrdx 2EiGMo lobsleéBddviBpredSiANhEbFible Szeahdehichdbifns pdui gf the Jdmgprepsed pige engi ne
controllerg 760 are provided in separate ASICs. A variety of network
interface nodul es 625 are provided, each providing a netpage network
interface 751 andhopfirgh@R) lgyenof thepiinted pagsrrepinotodyariege ke At efief 752,

Net page nefvsRifslk ped iAtHe EAB tagi cAdoBETiRGRSe 1) Gk WO Qind EHh&olBRE @B the it EMn@nFir ber - Coax
(HFC) cablelpndens thﬁgN nDQens, EﬁP gndens sa%ellite transcei vers,
current andohesd SRRt A PO A TR PRI S Ore PEBHS R Y VRAE {80 er s, and  wi rel ess

| ocal | oop (W.L) Thy mnis oeres®r 330 pagseaback-mtbedf meremagendd el duplelddbprihP8ying par al | el
port), | OBag&suls 788 _%aéfpgrﬁﬁl%ﬁ‘gixig (Eﬂtrbﬂgrnﬁb’stou§%e%gnplu_§ﬁ ga'gg ma%ggﬁt%ﬁgaﬁ

(Firewire), and various energing home networking interfaces. If_
| nternet CBHEE 95T 1&e 2AgRTPRBPEANE RrintReripioa Pass etPasior andirFetive ispelinsd a
net wor kK i néeediufedCieingabticalto st&e ch dabre i DRIBIEIEATM VITRPIK inapd i@ kage. The radi o

transceiv 53 i j he unlicensed 900MHz band normal |y used
by cordl egéz' el e%ﬁ@ﬂg@'ﬁ%‘?&g@f@%ati vely in the unlicensed 2. 4G+

i ndustrial, sci efbd fagcexameionmudipgaling pipklBRPL bharrdt eaing cangelbr Tq0agussiioya hoppi ng
and col I'i Sliji?nspge@tlgl@ﬁ V08 &l RE@ML 99, h BhRELSPRN G 78, 2 GRITRL&PUIRR. The
F{ : B:[A\)e ' Coc&cgdgrl |7g4r, .'P B:El;to(?nn a]iLllﬂgnell'/crg)(@:mggsgg'r gxgite%’ﬁ?na Icgszoinanaegden?g:’fera 7'96% Sa? (illnea tion
loader/formatter unit 767, and a custom interface 768 to the Memjet™ printhead 350.
The print engine controller 360 operates in a double buffered manner. While one page is
loaded into DRAM 769 via the high speed serial interface 659, the previously loaded page is read
from DRAM 769 and passed through the print engine controller pipeline. Once the page has finished
printing, the page just loaded is printed while another page is loaded.
The first stage of the pipeline expands (at 763} the JPEG-compressed contone CMYK
layer, expands (at 764) the Group 4 Fax-compressed bi-level black layer, and renders (at 766) the bi-
level netpage tag layer according to the tag format defined in section 1.2, all in parallel. The second
stage dithers (at 765} the contone CMYK layer and composites (at 765) the bi-level black layer over
the resnlting bi-level CMYK layer. The resultant bi-level CMYK+IR dot data is buffered and
formatted (at 767) for printing on the Memjet™ printhead 350 via a set of line buffers. Most of these

line buffers are stored in the off-chip DRAM. The final stage prints the six channels of bi-level dot
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interface for receiving data "squirted" from devices such as netpage
caneras. In an alternative enbodinent, the printer uses the IrDA interface
for short-range communication with suitably configured netpage pens.
NPX026- SG 56 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
processor stores each conpressed page inmage in nenory. The sinplest way to
| oad- bal ance nultiple DSPs is to |let each DSP rasterize a separate page.
The DSPs cgp, A%Ln‘é@ﬁ’ Sfm%e)ﬁc?{% y@é{]%éfm SinthEsd 356 Ma %%_brlinttﬂ’eg‘c{ﬂte Wner of rasterized
pages can, | gen&raf‘, e stored T n nenory. hi's stra egy only leads to
potenti al | y poor WhgPseyeril firipta¢ngion coutreliersy 28 tasy wsgd ingundshig rsechoks du araiplexed

VAt er mar kK £oe@HuRfsh, By bl SynPBetE-el 61 Glshddddl 10 sk SichB P10 Dhig 8k fridt fhgine 760,
contone-resolution bi-level bitmap which is [oss| ess conpressed to

negl i gi bl eselgffﬁde“%heoexwldwstff(ﬂaﬁ%%yﬁtgeberatﬁsH@hewwrsgg@ é?fy Piodes sharsdige. The
infrared (I R) | aykspriaf entiiecoptdilat 70 c@neiis a (dvpead piocsad Tk heyipageizihags at a
density of___ a . S| .. inch. E ] nco h I.D | D, and
controf bipef gttt xitunk Bichee, EARQHEA: BRGRACSO VIR IRABE o hR0,

rast eri zat4nd pengpltineghegteppsr inptors BT, €6npr essed page i mage. The main processor

750 palslses bf;uég- trﬂéﬂl@@!,@’kv@s'i’cﬁ_ 8 of HBHRSed giméa,ﬁhma;p«amw gifdsicidn p%h-ﬂtgis@mer |
controllers . Eac rjint engine control] e stores t conpresse
page i mage’*Fh pFrtlgm‘ft?)g?f[% eﬁ@?ﬁo‘p‘g‘?m‘%‘gﬂ%etpé’?et lg’r?éwﬁé‘d@e e AS; anﬁa‘) printing
pi pel i ne. ®adgethexIyarsioniof drcletpage plidtanghd S0 pripehdimee chch hdoatidettdr pagesper

i mpracti cal; t.0.:51.9EndP 8 Mok 65 by Loy el 1 MK, ' [.n menory.
75 2 PR NETERED RE ecfo%%%%&?gﬁ%’% A )é%ga%}_on tgﬁil_ '@%%ﬁ%%%% i ne of
the print @ngetheitkptherwppive feg@ryor dheshemipf™ amthwfighvh@gee@e lcEEE degigu seri al
interface £5%4s38x8tandard JPEG decoder 763, a standard Group 4 Fax decoder
764, a custom hal ftoner/conpositor unit 765, a customtag encoder 766, a

line |oade™H¥#Mhtter unit 767, and a custominterface 768 to the MenjetTM
print head 350. Thig p¢sbmitnvenign e bepribsdlel etth 3hdenopie rnagheisred Bmiadieothde

buf f er ed D&Lr k] 8 . inle X I aPRAM, (L &ifils, il gh speed
o al 1 P ot YUK Bifie DALy, HoRBRES il RS Blndk Aol B BT CP2RG
passed 1 hrigkiegh ks st enbesg pies ikl Gferpg et e specifenly dirertisadl has
finished dMoief Wifigh thd H@it BRG0Pk YSthe beRBaRchiin MMdesilifLy, Wil 8 @athANmpage is

| oaded. The first stage of ,th i peline expand at 763). the
PR comr e it R e Rede on Byt BF sRohe “rhediikes doshed af g promn
Fax- conpr epsédativn-ihdudal doduaedts ihayrerajed & drossaefelencs ay apbroghGi6) Thehseopb of the

invention is only limited by the attached claims.
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| evel netpage tag | ayer according to the tag format defined in section 1.2,
all in parallel. The second stage dithers (at 765) the contone CWK | ayer
and conposites (at 765) the bi-level black |ayer over the resulting
bi-1evel CMyK | ayer. The resultant bi-level CMYK+I R dot data is buffered
and formatted (at 767) for printing on the MenjetTM printhead 350 via a
set of line buffers. Mdst of these line buffers are stored in the off-chip
DRAM The final stage prints the six cgannels of bi-level dot NPX026-SG 57
data (including fixative) to the MenjetTM pri nthead 350 via the printhead
interface 768. Wen several print engine controllers 760 are used in

uni son, such as in a duplexed configuiakion, they are synchronized via a
shared Iine sync signal 770. Only one print engine 760, selected via the

external npster/gl.@wgdRE ena&%%,usaeaaaclaﬂg@w REnputel SR Gurding 0k cdffuepNt 0 the

shared line. The print engine controller 760 contains a | ow speed processor
772 for syHUfFBfi zi ng the page expansion and rendering pipeline,

configuring the pr.inthead 350 via.a | ow speed serial bus 773, . d
contr o ing t no BaRhRGat Kbl ol SRR ARy Bmed Wit g s o
net page prdéortdedata indientivavof priawing dinldi the sodsdidlhta permrisiog 3 @lvradityt frsubspatiply per

m nut e al ofdintBRial-@RGHIRARE RRHREG § PlicRAGRd bdlm)angdi Ving a line rate of
8.8 kHz at 1600 dpi. I'n the 12" versions of the netpage printer, the two

g_ri nt engi nfest ﬁaac Eengaigl d{b'(én;a/:? %cma;hta@bla@aglle_sn B;Qfati;rﬂd@i%i&rﬁgﬁlziﬁggmtﬁehi_?_tﬁﬁﬂ@r][ _

I rensi on o e page " I.n lne ra . . ese line
rates .arémﬁ%ffaﬁff i g?ﬁ%“@%é&%%Fﬂgmﬁ?ﬁﬁ%ﬁﬁ%@mg?g?HémkhnjetTM pri nt head,
which in the Curéﬁ&%@g@%%%%&“&?@%ﬁgé?%gdﬁuﬁ@ﬁg&u&}US|CN The present

i nventi on has beeén reference’to a preferred enbodi nent and

number of speci gge_ﬁerﬁéstaem@tdny%fﬁlemf_éﬁtrmataﬁd pHAWBEE,, thd hoWinkd: 26 wRPT eci ated
by those skilled in the relevant fields that a nunber of other

~ enbodi ment8%icagyF ‘Tfétf"is?f@m$ P e Wﬁ?é“e‘gﬁ?%"ﬁ‘i"? fodby w‘?faa%gl&fﬁqeﬁef‘cwosw {atabgipg o f g |
Wi t hi n t heindi@iivd df tha pdlsiscoEe: Qlosifidaeclpive®ahtintériveenifican. Accordingly, it wll
be understood that the invention is not intended to be limted to the
speci fi c enbodi nbreghadasiydingéelstépn ot mdhegrmmwensysicmpeci fi cati on, i ncl udi ng
docunents incorporated by cross-reference as appropriate. The scope of the
i nventi on ®s onl §eeingitedidicpine defefron batenung deYi® ns. NPX026- SG 58 CLAIMS 1. A

met hod of enabling user interaction with conputer software running in a
conput er @/ ste rﬁe‘&%fvﬁ‘.g atprson Yo qroxemetti g ot tg%i‘?f‘%‘ﬁ“ﬁ‘f’tﬁ §oP He s qeiﬁ‘FF? rel ating

to the computer JOLEWANEaANd, KASEUSID Licating data; and

(@ operating the computer software at least partly in reliance on at least one of the movement

data and the position data, and in accordance with instructions associated with the drawing field.

2. A method according to claim 1, the method further including the sieps of, in the computer

system, associating at least one of the movement data and the position data with the drawing field.

3. A method according to claim 1, including the step of sending, in the computer system, data

to the computer software indicative of at least the drawing field.

4. A method according to claim 2, wherein the drawing field is associated with a visible

drawing zone defined on the interface surface,
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coded data indicative of a drawing field, the coded data conprising a
plurality of substantially wundifferentiated marks positioned relative to a
predeterm ned pattern; and a sensing device which, when placed in an
operative position relative to the interface surface, senses at |east sone
of the coded data and, using the sensed coded data: generates indicating
data indicative of the drawing field; and generates at |east one of

novenent data and position data, the ngvenent data being indicative of the
sensing device's novenment relative to the interface surface, the position
data being indicative of the sensing device s position relative to the
nterface surfacg, bhe. IRLNQd. LGl 4l NQ. bRSASEERS Al orlhRublGugOMPUL er
system (@) receiving hesih |cat|n ronﬂ?ﬁ S|ng evice; (b)
receiving at |east one of t he nnvenent data and the p05|t|on data fromthe
sensing device; (c) identifying the drawing field fromthe indicating
data; and £d) Opﬁh%choTrJi@ 16 ORRUL REerehthd WRE 6 Aharil i@@tﬂéast?@rﬁ&liy)&etbrﬁmfeﬂ iance
on at Ieast one, ata and the position data, and in

accor dance %FFW“P% aPﬁ%?EBWg%§§§5%P§FEH with the drawing field. 2. A nethod
according to claim1, the nmethod further including the steps of, in the
conputer system associating at |east one of the movement data and the

position data W g Iﬂmﬁn@cﬁac@&@ﬂ! ﬂaglain{ Flvﬂerclﬁ the'%reﬁ&érmgd |t§a &Qﬂlgllu&g atpﬁraﬁ!y%k' m 1,

including the step of sending, in the conputer sys dat a

conput er s¥ftware indicative of at |east the draw ng f|eId 4 A nethod
according to claim2, wherein the drawing field is associated with a
visible drawi ng zone defined on the interface surface. N PX026-SG 59 5. A

et hod acce! Of O heug] Bl MG SR AERE ARE2 P Lralily of possibl e
val ues. 6. 'A netho accor&l he value of a mark is at

| east partially determ ned by its position relatlve to the predeterm ned
pattern. 7. A nethod according to claiml, wherein the predeterm ned

pattern ingl udeSAalemdeacaAralhytoefm i i\fhesmﬂ&maﬁmmeaenederaﬁﬁ%aémgwmmﬁé aim?7
wherein the lin are not . visibl.e. ah E tEccg dt%g1to claim1l,

wher oi n_ t HE*HEPKe A O Iy s PURf st bt £ PRk B8 spaci ng of 't he
centers of at |east one pair of adjacent marks is |ess than about 12mm 10.
A met hod according to claim1, wherein each mark has a m ninumradius and a

maxi mum rgdi us apdmWheEediR tb PEiml B Qbn Barb B K mbit ol BB ARkk4Sudk S
greater than 40% of the length of that mark's maxi numradius. 11. A nethod

accor di ng PEsapd vhTran the fragth php marks mpiopn pdipsd preateyithandl’apt by kaetti thahe coded

dat a mark’s maximum radius.

1. A method according to claim 1, wherein any 10 millimetre diameter area of the coded data

indicative of an interactive element includes sufficient information to identify the drawing field.

12. A method of enabling user interaction with computer software running in a computer

system via:

an interface surface containing information relating to the computer software and including
coded data indicative an identity of the interface surface, the coded data comprising a plurality of

substantially undifferentiated marks positioned relative to a predetermined pattern; and

a sensing device which, when placed in an operative position relative to the interface

surface, senses at least some of the coded data and, using the sensed coded data:

generates indicating data indicative of the identity of the interface surface; and
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i ndicative of an interactive elenent includes sufficient information to
identify the drawing field. 12. A nethod of enabling user interaction with
conput er software running in a conputer systemvia: an interface surface
containing information relating to the conputer software and incl uding
coded data indicative an identity of the interface surface, the coded data
conprising a plurality of substantially undifferentiated marks positioned
relative to a predeternmned pattern; ggd a sensing device which, when

pl aced in an operative position relative to the interface surface, senses
at | east sonme of the coded data and, using the sensed coded data: generates
I ndi cat ng dat a egtgltgsaa I Vq one 0%’ movemex%n(}a{ataXd 08l ongatl ee{nf ‘?églgnts éfba.ce and
NPX026- SG 60 gener at és a |'Bast "one of rovefen ‘a and position %ata t he
novenent diadieptireiftly seisinglflavist s wevegkni rtlive ok ingrfadewifee; the mv@n@t?tbemzel ative
to the i ntiﬁ&1$aﬁ%f§féEénﬁﬂg%ev&ehsepoﬂﬁ)(ﬁlr&lﬁt@@toq}ﬁtuﬁaﬁ@é sﬂl%ce' ndi cative of the
sensing device's position relative to the interface surface; the method

i ncl udi ng the st@psetidd.inciuBing st BPMtRIcoBYE §8km: (a) receiving the
indicating data fromthe sensing device; (b) receiving at | east one of the
novenent d@t a andesiving tpdslichtingdatgdfitnathé seongtdadcesensi ng device; (c)
performng witten gesture recognition in relation to at | east one of. at

| east sonmedbf t hiscamngehfeastonglefithe; moyerent data apdsthesositiqyrdipta §Hm tha scnpiessderippn  dat a;
and (d) in the event that a witten gesture is recognised, operating the
conput er skt em REROTMARCEHERATHES (RPIBALLIPHE fofatien P Hriestqes¥ci ated with the
written gesture and t?e inte %ace surface.. 13. A nethod according to claim
12, wherein the sele%‘?%ﬁmﬁg UPYPHEPEY at | east one of circumscribing
and underlining at nformation. 14. A nethod according to
claim12, wherein poqﬁ%&g%%etﬁﬁgﬁﬁfg%e i sposed on the interface surface,

the sen5|qg deV'QQmP%kHQmQQPRhﬂﬁrQQm&QsQ%&bQQiQﬁ&h& %ﬁﬁéﬁmHBSh&hQQne|e”Ents
as it is used to .draw the hand-drawn user inpu %o t he surface, the

met hod i ncteEfifAY HRESSrdps sroclen ¥ty wr ﬁ“émﬁﬁcuféﬁ’éﬁff‘acaaﬁawl nthe formof a
| ocus of the sensing device in relation to the surface by ascertaining

rel ative displacenent of the sensing device over tine with respect to at

| east one pf the |8 t lL.afm 12,
vherei n eabh mark thaed klmE L IRRE, ik & TRUOREAEERGT 18, fckh
according @%wmﬁawnaamﬂmh$EW%ﬁhm%%@wv%%v@b@@ma mark is at least partially
determ ned by its position relative to the predeterm ned pattern. 17. A

met hod according to claim 12, wherein the predeterm ned pattern includes a

plurality ﬁf

A method according to claim 12, wherein position elements are disposed on the interface
surface, the sensing device being configured to periodically sense position elements as it is used to
draw the hand-drawn user input onto the surface, the method including the step of generating the
movement data in the form of a locus of the sensing device in relation to the surface by ascertaining

relative displacement of the sensing device over time with respect to at least one of the position

clements,
15. A method according to claim 12, wherein each mark has a plurality of possible values.
16. A method according to claim 15, wherein the value of a mark is at least partially

determined by its position relative to the predetermined pattern.

17. A method according to claim 12, wherein the predetermined pattern includes a plurality of
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NPX026- SG 61 |ines. 18. A nethod according to claim 17 wherein the |ines
are not visible. 19. A nethod according to claim 12, wherein the marks have
centers and wherein the relative spacing of the centers of at |east one
pair of adjacent marks is |l ess than about 12nm 20. A method according to
claim 12, wherein each mark has a m ninmumradius and a maxi num radius and
wherein the length of a mark's mnimumradius is greater than 40% of the

l ength of that mark's maxi mumradius.421. A nmethod according to claim 12,
wherein any 10 milimetre dianmeter area of the coded data indicative of an
interactive elenent includes sufficient information to identify the draw ng
field. 22.,A systemfor enabling user interaction with conmputer software
running in a computer systemvia: an interface surface containing
information relating to the conputer software and including coded data
indicative of a drawing field, the coded data conprising a plurality of
substantialdy uaGehbeicendihgdb QlGim B kS iR BS lidcs B0RS vikiglat i ve to a
predeterm ned pattern; and a sensing device which, when placed in an
operative position relative to the interface surface, senses at |east sone
of the coded data and, using the sensed coded data: generates indicating
data i ndi c#tive oOfmethhéaccading fotclpinpi2, whezein tht antkaloee Sueh aseyhegindhegendr at es at

| east one @Ecﬂﬁ%‘f&m{ﬂs@%@e&@%pgﬁ&aﬁjﬁ&ﬂtnﬁiﬁ%%les§ g ARy SFRNt data bei ng

i ndi cative of the sensing device's novenent relative to the interface
surface, the position data being indicative of the sensing device's
position relative to the interface surface; the conputer system being

confi gured2t o: (A)metledekawsatiigh® dlaﬁdilaatvhda@u dah andlt ban 4 hénimen sddnig akewi ce; (b)

Cansi ng. dchr Eam RGeS ol TRUATR e T Ry AR s BRRG b R R b

i ndi cat i ngelidi#t Bk amexipyy radiper at e t he conput er softmare at Ieast partly in
reliance on at | east one of the novenent data and the position data, and
in accordance with instructions associated with the drawing field. 23. A

system accprding,to claim22 he ut er em further bei configured
to associ a @' Alégg%mgﬁgm ﬁ@ﬁ?ygy?%mﬁﬁﬁﬂ g“ﬁﬁ?ﬁ%?%ﬁmggta with
t he draw n@tafm@lame oPap, mtﬁaﬁyesttlwta@bldwduﬁigent ploghatipmtp 22ntify hedrewingfifer system
being configured to send data to the

22. A system for enabling user interaction with computer software running in a computer

system via:

an interface surface containing information relating to the computer software and including
coded data indicative of a drawing field, the coded data comprising a plurality of substantially

undifferentiated marks positioned relative to a predetermined pattern; and

a sensing device which, when placed in an operative position relative to the interface

surface, senses at least some of the coded data and, using the sensed coded data:
generates indicating data indicative of the identity of the interface surface; and

generates at least one of movement data and position data, the movement data being
indicative of the sensing device’s movement relative to the interface surface, the position data being

indicative of the sensing device’s position relative to the interface surface;
the computer system being configured to:
(a) receive the indicating data from the sensing device;

(b) receive at least one of the movement data and the position data from the sensing device;
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conputer software indicative of at |least the drawing field. 25. A system
according to claim23, wherein the drawing field is associated with a
visible drawi ng zone defined on the interface surface. 26. A system
according to claim 22, wherein each mark has a plurality of possible

val ues. 27. A system according to claim 26, wherein the value of a mark is
at least partially determned by its position relative to the
predeterm ned pattern. 28. A system aggording to claim 22, wherein the
predeterm ned pattern includes a plurality of Ilines. 29. A system
according to claim 28 wherein the lines are not visible. 30. A system

accordi ng ép cl ai;m; ‘nggggkﬂﬁ%Q%F@%&Qﬁ%g%¥%m§enters and wherein the
of at ast’

relative paci ng of the centers one pair of adjacent nmarks is

| ess than gpout %D%m@me%mpumm@r& REE PLA) B%ihQe Gh & 18y MMELGRACh mark
a the length of

has a m ni mumradi us and a _maxi num radi us_and wherein _ a

mar k' s mi nfeaiid happstien date. 49d Eppcordanop yih BEostiops sireltrwgte Grvitafsld  NPX026- SG
63 mark's ‘maxi numradi us. 32. A system according to claim 22, wherein any
10 mllimetre dianmeter area of the coded data includes sufficient

! nfor mat | Of% t 0. Ag)%{g&lafx%rdgnh? cqgng\%,% cgﬁl %lteg Syst§r§ 'furfﬁ‘er%giﬁt c%mig%lted ?ona%slgtl:i!atg g user
interaction with conputer Softwar & runﬁfng in a coan%er systemvia: an

i nterface #ied areef Gomevement Atz 40 1o pepiion date withithetdravipetfioldt he conput er software
and including coded data indicative an identity of the interface surface,
the coded data conprising a plurality of substantially undifferentiated
mar ks positjoned,relative.to a.predeterm ned ttern, and a nsi ng device
Whi ch, Pahert pl acaa e il P o8 PRSP E AP es R e ] s e
surface, semgey setwalcamirhtigofia leat tht Bewioptiddl dat a and, using the sensed coded
data: generates indicating data indicative of the identity of the interface
surface; and generates at |east one of novenent data and position data, the
novenent data being indigativ _of the sensing device's novenent relative
to the interface® SUIFACE IR HE% P BBt HEmNEFY S riteedtd Vi orisitihe
sensi ng dedtivoeE SnepioBietl biothe melfat burlacet 0 t he i nterface surface; the conputer
system being configured to: (a) receive the indicating data fromthe
sensing device; (b) receive at |east one of the novenent data and the
position data fromthe sensin?_device; (c) performwitten gesture

recogni ti off-i n ré&paeratrore prolna i pheagipcagi marighas p plyakity elgrisivlsvalitie novenent
data; and

27. A system according to claim 26, wherein the value of a mark is at least partially determined

by its position relative to the predetermined pattern.

28. A system according to claim 22, wherein the predeterthined pattern includes a plurality of
lines.

29. A system according to claim 28 wherein the lines are not visible.

30. A system according to claim 22, 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 12mm.

31. A system according to claim 22, wherein each mark has a minimum radius and a maximum

radius and wherein the length of a mark’s minimum radius is greater than 40% of the length of that
NPX026-SG



at | east sonme of the position data; and (d) in the event that a witten
gesture is recogni sed, operate the conputer software in accordance wth
instructions associated with the witten gesture and the interface surface.
34. A system according to claim33, wherein the selection gesture includes
circunscribing or wunderlining at |east some of the information. NPXO26- SG
64 35. A system according to claim 33, wherein position elenents are

di sposed on the interface surface, thg sensing device being configured to
periodically sense position elenents as it is used to draw the hand-drawn
user input onto the surface, the systemthe conputer system being
configured, to  generate the movement data in the formof a |ocus of the
sensi ng deV|ce inrelation to the surface by ascertaining relative

di spl acenent of the sensing device over time with respect to at | east one
of the position elements. 36. A system according to claim 33, wherein each
mar k has aspl ur akisfsimOtcopRsd DA 2¥ @Heteis anyd § mildm&i AL Biraess Of 1k ddgedtdaraCl @i m

36, whereint partlally determined by its
posi tion reﬁmgfv%ﬁﬁgngqgmm?éﬂ%?%bﬁ$ EﬂmﬁzT@e A system according to
claim 33, wherein the predeternlned pattern |ncludes a plurality of [Iines.

39. A systemaccording to claim 38 wherein the lines are not visible. 40. A

syst em accey, di ngatQu&id af BadiBe WSk Rod Bn @@i{plﬁt%r BRVEre GERALE" S « 20Hpudaer ei n

the relative spacing of the centers of at |east one pair of adj acent marks
is |ess th¥f*@K8ut 12nm 41. A systen1accord|ng to clai m 33, wherein each
mark has a m ni num. radiu m d wherein t he Iength of a
mark' s mi ni mum radic l%c? Ssll§1r‘°'glg(sr"3 &t almngt'??%rﬁmtlfﬁ%i%’f‘g tt"ﬁhee CP%I?’i‘bef ﬁ’ﬁgfmf“ﬁl gk s

naxi mum r agidedsdatadipdicafivesapgdentity a€ the intkirfagy stdace | teri qnl@3iatavwhregrdving a plwaliyOof

mllimetr esugdteﬁmgfﬁﬁdlf?e'}a%ﬁat&fmah@Eosﬁigﬁ%@gelﬂl%t@a pfe&l&elrﬂfﬂ%at%'rq fdgci ent i nformation
to identify the drawi ng field. NPX026-

a sensing device whlch, when placed in an operative position relative to the interface

surface, senses at least some of the coded data and, using the sensed coded data:
generates indicating data indicative of the identity of the interface surface; and

generates at least one of movement data and position data, the movement data being
indicative of the sensing device’s movement relative to the interface surface, the position data being

indicative of the sensing device’s position relative to the interface surface;

the computer system being configured to:

(a} receive the indicating data from the sensing device;
(b) receive at least one of the movement data and the position data from the sensing device;
(c) perform written gesture recognition in relation to at least one of:

at least some of the movement data; and
at least some of the position data; and

(d) in the event that a written gesture is recognised, operate the computer software in

accordance with instructions agsociated with the written gesture and the interface surface.

34, A system according fo claim 33, wherein the selection gesture inchuedes circumscribing or

underlining at least some of the information.
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3s. A systemn according to claim 33, wherein position elements are disposed on the interface
surface, the sensing device being configured to periodically sense position elements as it is used to
draw the hand-drawn user input onto the surface, the system the computer system being configured to
generate the movement data in the form of a locus of the sensing device in relation to the surface by

ascertaining relative displacement of the sensing device over time with respect to at least one of the

position elements.
36. A system according to claim 33, wherein each mark has a plurality of possible values.
37. A system according to claim 36, wherein the value of a mark is at least partially determined

by its position relative to the predetermined pattern.

38. A system according o claim 33, wherein the predetenmined pattern includes a plurality of
lines.

39. A system according to claim 38 wherein the lines are not visible.

40, A system according to claim 33, 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 12mm.

41. A system according to claim 33, wherein each mark has a minimum radius and a maximum
radius and wherein the length of a mark’s minimum radius is greater than 40% of the length of that

mark’s maximum radius.

42, A system according to claim 33, wherein any 10 miilimetre diameter area of the coded data

includes sufficient information to identify the drawing field.
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