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The disclosures of these co-pending applications are incorperated herein by cross-reference,
BACKGROUND
Presently, a user of a computer system typically interacts with the system using a monitor
for displaying information and a keyboard and/or mouse for inputting information. Whilst such an
interface is powerful, it is relatively bulky and non-portable. Information printed on paper can be
easier to read and more portable than information displayed on a computer monitor. However, unlike

a keyboard or mouse, a pen on paper generally lacks the ability to interact with computer software.
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a keyboard or nouse, a pen on paper generally lacks the ability to interact
with conputer software. NPS035-SG 2 OBJECT It is an object of the present
i nvention to conbi ne advant ages of pen on paper and conputer systens.
SUMMARY OF | NVENTI ON The present invention relates to a sensing device for
sensing region identity data and generating novenent data when the sensing
device is noved relative to a region of a surface, the region identity
data being indicative of an identity ot the region, the novenent data being
i ndicative of the novenent of the sensing device relative to the region,
the surface having disposed upon it coded data indicative of at |east one
regi on associated with the surface, the sensing device including: region
identity sensing neans configured t @BH§de the region identity data using
at least sone ofy Jsfaﬂogi@a%@l &Q%@&ent IREARR 1 BRADIND QadTRARS oﬁg fdn%[,é?%&o
generate the novenent data; and conmmunications nmeans configured

comuni cat ®PHE ¥%EGon i dentity data and the novenent data to a corrputer
system Preferably, the noti orSIMVIARYIg)anmN confi gured to generate the
novenent data us g de referably, the
coded data is al ggeqi)rg%?tc%%?%% r%%es ° al ﬁ'r'l'g df’me fr Sen?“&r%%cc’f’ by n"{a? Bt the
region, thevwsing snvespshirghretnsie dryiccs nﬁqvgluﬂetdfe toa gele pbt airfadectherovenent

data on t hegiba@insiyQhia bl nd&NR J1dn RENLR 1S r@ﬂqma]ﬂ&vmﬁc% il 148, Engicﬁl{vel east
one of thegrtﬁf er encegﬁgl nts. In an alternative enbodi nent, ﬁe coded dat a

i ncl udes p@rioUrEngY 8hih tLsing frEichistaignto tedrrdom, e suirrchapag ﬁ‘@}’o\i“éh‘f"i’ng‘ﬁr ed to
gener at e t ¢vdedrion érdieative dizet laasodne te@ﬁn hk&ﬁia&d efth thd@rfsoe sagmgiwcé:ﬂclﬁdmgfmv enment
relative to at | ﬁcg nents. rther odi nent ,
t he novenent sengﬁg% lngan%h‘fn}h( u es %% ﬁ?g)asg oﬁeregéf’(]:léee tﬁ?" l%?%sr]?gatsgn i ng
means, t hesomgeltherddid®ti sensi ng means being configured to sense

accel eration of hhﬁmwﬁﬁglﬁ@ns&m@u@et@&ekateménﬁaﬂe%ﬁdafa%@t' ve to the surface
regi on, the novenent sensi n? ans Cﬁ conf |gk!Jg %enerate t he
movenent data by PerrSHicEarE §%{’%Ff FEgEte rf;ﬁ“?“oﬂe“ Pedia it ng
advant agesmofmtmhdataie esgmphter spsent | on Wi I | become apparent fromthe foll ow ng
description of e ﬁﬁfngf I th reference
to the acco any?#r%fgg%lgﬁggvfoﬁgg mEEQ%Eé%P@F g%‘%&%ﬁﬁvﬁ&%r éqge?red and
ot her errbo'ﬂfinﬁs@‘ﬁ?%fﬂﬁﬁ"‘ieﬁéatﬁ nvention will now be described, by way of non-

limting exanpl eMarlpyeferabiyl the E@ERIRNE Bsol iidah@ R E SRARROYicRBndHEWs BOE: 1 N
whi ch:

i

region, the motion sensing means being configured to generate the movement data on the basis of the

sensing device’s movement relative to at least one of the reference points,

In an alternative embodiment, the coded data includes periodic elements, the motion
sensing means being configured to generate the movement data on the basis of the sensing device’s
movement relative to at least one of the periodic elements.

In a further embodiment, the movement sensing means includes at least one acceleration
sensing means, the acceleration sensing means being configured to sense acceleration of the sensing
device as it is moved relative to the surface region, the movement sensing means being configured to
generate the movement data by periodically sampling the acceleration.

Features and advantages of the present invention will become apparent from the following
description of embodiments thereof, by way of example only, with reference to the accompanying
drawings.

BRIEF DESCRIPTION OF DRAWINGS
Preferred and other embodiments of the invention will now be described, by way of non-
limiting example only, with reference to the accompanying drawings, in which:

Figure 1 is a schematic of a the relationship between a sample printed netpage and its online page
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Figure | is a schematic of a the relationship between a sanple printed
netpage and its online page NPS035-SG 3 description; Figure 2 is a
schematic view of a interaction between a netpage pen, a netpage printer, a
net page 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 dgscription; Figure 5 is a plan view
showi ng a structure of a netpage tag; Figure 6 is a plan view show ng a

rel ati onship between a set of the tags shown in Figure 5 and a field of

vi ew of a netpage sensing device in the formof a netpage pen; Figure 7 is
a fIOV\char@eS@iﬁJti@,tag i mge processing and decoding algorithm Figure 8 is a
per Spect i VBl £Wa Qe SR a&qmga&o@&%eﬁ SncBIRQE @ﬁlf;&l. é@&te%qa%agg
field-of-view cone; Figure 9 1s a perspective explo | vi'ew tHe net page
pen shown ?eﬁ’%mj&f*ap%eamlmgmﬂéerm is a schematic block diagramof a pen
control | erFifaé 3 illitraiel PRYRDPEI S HAWRerd ﬁdﬁu@ﬁlﬁt&cﬁm&&d vﬁa netfbrgure 11 is a
per specti v W 0 t page printe gure, 12 is a section
t hr ough thgglir egg? ﬁSCth?"ﬁewer‘fg[};aaﬁglehdlﬁ‘fe?n etrgr 0 a.ii"aﬁ@g mﬁ‘&u‘?’“&“"l‘f‘é is an
enl ar ged péssaipdm of Figure 12 showi ng a section of the dupl exed print

engi nes ang ggggpmg}shmgg&wmﬁiagl% K43 1s a detailed view of the ink
cartridge, |nk alr and gl ue paths, and print engi nes of the netpage

printer off ‘?‘Fﬁﬁ?églaiile‘ﬁﬂlﬂw’fﬁareﬁ‘@fﬁ]i“%bel‘ﬂ?e’il gsehoidheripes ghore indiigyeaid aud aﬁ‘?khm of a
printer cmﬂvfewlofafetpfa@rsedshgdméiﬁ&ghﬁbf{lﬁe@ﬁge@hgvm |n Figures 11 and 12;
Figure 15 |, ack dla ramof du d print engine control l ers
and Menj etﬁ‘%‘lprll§ Pﬁﬂﬁ%{&aﬂ OE ?ce mﬁﬂ e‘ioﬁmgal 0|nn ér controll er shown in

Fi gure 14;Figurgie aperpeqtise WWHEW*F Rren pyiddie RSS@lasﬁgtaamr@flg fiehdeofpyreivigbneengi ne

controll erF@R@M@ baaspEdug&&agde&%eaeﬂhééapage%b:ggﬁé\ﬁléﬁgaésa perspective view of
or exanple, the netpage

a single |nt|n as u
print er o?@ g’eg{? i Rhyage) bl‘%&S’aﬁ%Eflﬁ@eﬁ%)ﬂ‘r@efaf°f§%”§‘ﬁégeﬂ’?\f€°“m%E%?S 8404 g |
part of arf;array of MenjetTM printing elements; Figure 19 is a series of

perspect i gyl ﬁ‘@@ar_dels{»éd%%%&' ngglﬂgom" lueg,géer}gngycl e of the MenmetTM printing

el ement shown i n Figure ure perspective view of a short
segment ofFl&‘“‘p‘é@%‘d‘?ﬁ%@ﬁ‘%ﬁtlwhﬁﬁh?\‘éeﬁ’é%?cpﬂmeﬁfﬁwe1121 is a schematic view
of a user KHasRaGH aAGhladFdd portion of Figure 12 showing a section of the duplexed print engines and

glue wheel assembly;

Figure 13 is a detailed view of the ink cartridge, ink, air and glue paths, and print engines of the
netpage printer of Figures 11 and 12;

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

Figure 135 is a schematic block diagram of duplexed print engine controllers and Memjet™ printheads
associated with the printer controller shown in Figure 14;

Figure 16 is a schematic block diagram of the print engine controller shown in Figures 14 and 15;
Figure 17 is a perspective view of a single Memjet™ printing element, as used in, for example, the
netpage printer of Figures 10 to 12;

Figure 18 is a perspective view of a small part of an array of Memjet™ printing elements;

Figure 19 is a series of perspective views illustrating the operating cycle of the Memjet™ printing
element shown in Figure 13;

Figare 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;
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Figure 22 is a schematic view of a printer class diagram Figure 23 is a
schematic view of a pen class diagram NPS035-SG 4 Figure 24 is a
schematic view of an application class diagram Figure 25 is a schenmatic
view of a docunment and page description class diagram Figure 26 is a
schematic view of a docunent and page ownership class diagram Figure 27
is a schematic view of a term nal elenent specialization class diagram
Figure 28 is a schematic view of a stajic el enent specialization class
diagram Figure 29 is a schematic view of a hyperlink el ement class
diagram Figure 30 is a schematic view of a hyperlink el enent
specialization class diagram Figure 31 is a schematic view of a

hyper | i nkebiggs Bupa chastc divadhaspplidiiguiae ddgans a schematic view of a form
cl ass di agg; :Fl . | I I€ digital ink class

di agram Fllslgdt?rze5 f%&ﬁnﬁg‘g‘g%&h%ﬁg%%&s%g&h%fd &gﬁp f’g{lﬁ&g%é%%nt speci al i zati on
cl ass di agFiay 26 it yhamatiosdew of 2 docymenbppgdippas ovpeasirslessgliagtimc kbox fi el d cl ass
di agram Frigu¢ B i3Bschénatic S&NEAREhibal VIERM: Phcidizdibndlasé dik£h; Cl ass di agr am
Figure 37 ls a2gslcgs% en}agicc .é/i ew totf a Si ?L}r%}at ur e field class diagram Figure
38 is a floREhart SF8n THpUE SPICSEREL PRF AR FFT ARF™Bi gure 38a is a

det ai | ed fFigwelPas 4 scimanraevsdf @ pyperflink dkaneht chwsolvrgrtn; of Figure 38; Figure 39 is

a schemat | ﬁg&%chheauamﬁgn%gm&mm&&cﬁbﬁmamfakagé& diagram Figure 40
is a schematic_ view of a resource description class diagram Figure 41 is a

schemat i ¢ VBB It 2 sshomatiorsvt of 8 bypedipked prgwpclags disgragyy Figure 42 is a schematic
vi ew of a Figsé 3iya dchehdaticlieSsE a thind gl Bdagradr;l gure 43 is a schematic view of a
subscripti l.j Vv rotocol.:. ~Figure 44 is a schematic view of a

hyper | i nk lﬁéﬂ%%é%a%@é?scVéﬁwaog?glﬁﬁmml‘f?lésﬁgléagrﬂ% is a schematic view of a

hyper | i nk Eeuré 3Adt 4 sshempticoticscad b field glpropnt speciblization depssdidgemmt i ¢ view of a form
subm ssi oNpiREOIsQED chematid vHH &2 a SbcbSx Ghl anC View of a commi ssion paynent
protocol; _Figure 48 is a schematic view of a pen optical path; Figure 49
is a fIO\Aclﬁﬁﬁ%%?aSéheg’f‘?co‘ﬁeé”%éﬁf‘n%fbcﬁfsdl&?ﬁ‘i@hm and Figure 50 is a schematic
vi ew of a Figwe 3iigi selmaticnilewalf a signatitedgldalis driA] LED DESCRI PTI ON OF PREFERRED
AND OTHEREQ@ I-!\ﬁglg X 1.8t TN is a trade mark of Sil verbrook
Research Pty thd us_tafta %ng%pu{\éﬁggf%eg%oe efred enbodi ment, the invention is
conf i gur edFiguee iReisie dptpitet Dewrbarhd oysaige of the flowchart of Figure 38;

Figure 39 is a schematic view of a page server command element class diagram;

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 schetnatic view of a form submission protocol;
Figure 47 is a schematic view of a commission payment protocol;
Figure 48 is a schematic view of a pen optical path;
Figure 49 is a flowchart of a stroke capture algorithm; and
Figure 50 is a schematic view of a raw digital ink class diagram.
DETAILED DESCRIPTION OF PREFERRED AND OTHER EMBODIMENTS

Note: Memjet™ is a trade mark of Silverbrook Research Pty td, Australia.

In the preferred embodiment, the invention is configured to work with the netpage
networked computer system, a detailed overview of which follows. It will be appreciated that not
every implementation will necessarily embody all or even most of the specific details and extensions

discussed below in relation to the basic system. However, the system is described in its most complete
NP3035-5G



net wor ked conputer system a detailed overview of which follows. It will be
appreci ated that not every inplenentation will necessarily enbody all or
even nost of the specific details and extensions discussed belowin
relation to the basic system However, the systemis described in its nost
conplete NPS035-SG 5 formto reduce the need for external reference when
attenpting to understand the context in which the preferred enbodi nents
and aspects of the present invention operate. In brief sumary, the
preferred formof the netpage system enploys a conputer interface in the
formof a mapped surface, that is, a physical surface which contains
references to a map of the surface naintained in a conputer system The
map ref er eloe rgne tyacgiforcrkedalgference wipp pieppimtteundgamg itr gonthatih eiich Bependi ng
upon the s;s}@;sﬁefdleﬁbadmk@gm& sw%ep}e%nmama%ﬁe%@nces may be encoded
visibly or II’]VISI efined 1n such a way that a | ocal query on the
mapped surface vyi rﬁgsuﬁ‘ﬁ]aryd]’l“al?ﬁf?&ﬂé‘ﬁ%l oh#p IGRIPLVETR EUHE HOTHPERT AR map and
anong diff ﬂrtl&ﬂﬂinnl’maﬁlapp_ﬂlﬁuﬁdalm ise4 pHyY&GI QFfhcs aMich EaRindieftrenddt Aramipiopie about
feat ures OQHfg.he %&macom uerS tandThseun(%a regrencerraagllbgn G(%‘I% be retrl eved
based on nap fererences: suppli 8a by LRALFREUEYIELTELY & R PHE mapped
surface. TiesinigriedeenRencndhing 1tphlu§m SReLifif enpéqdlemawntthﬁkean tsrehas probe @ctdedns whi ch
are initiaggely Qb’mﬁﬂﬁy,%ﬁ@@éﬁk&lrm%\/cﬁta%k QR pﬁ,bﬁlqaermn D BappOPGLRL Yeld By T €SPONSE

to the operator's |nteract| on With e surface Teatures. In its preferred
form the FRETREGE LAPLTRACT o wibinghe g andAmaes Mt ThesomPpichFifpm can
i nt er act i ornaktifformaginpdge Seatukh ©8 he atiaPped 3GEBe, Ghid fvel tnforgtiaP Rin0s r&ﬂd/ed mages

printed on,ondip; %aéﬁpeg&sgupplgyhyammgnemn&d wk& mﬁlnnt & S%Satcg Ve x?

Information I's enco page~using I n subsa
i nvi si bl e e retfered gom fakieie ﬂqmﬁ"ﬂct@yseﬁhwhﬁ@ initipked bh@m@nter sattRen inbehalﬂgifﬁut he coded

data, can opeletoslﬁ&s@ﬂsebé'ma@eﬁt@}gﬁ@}ab%nmﬂbﬁa‘ada%m@m transmtted to the
net page system Lln t he orm acti but t ons, and qI;lyperl i nks on

referr
each page can be cff 8’[?@8 ‘ﬁnf fhﬁélem?férfystt??’ FEGUES e MPBPRRL o B t he

net wor k orintwct®h gitla hetppgef Breencasges of text, @ﬁt»hmlaki igiagoy/@inted binordingy paperitodi ment ,

text wri Ul GelNodd inRhloio 188 Baaggse mférmmqyﬁcs&sﬂoil ¥ch GERARNE B8 ARG £ONVET ted

to corrputer text in the net (? stem oW ng ed in In
ot her enbodbsastAlly nvisiblgiethe praie @{*}B‘F@@dmeé# bowset-gadyderehy dhegaded daeiceml| | y
verified, t@lstmoaiibngn @nleﬂlmgﬁgpehaﬂnﬁaﬁﬁﬁe@mh&ﬁtp@esﬁeﬁur ely authorized. As

st ated  FAME o R S b B RSP el PR 1
page, and ree Itcer;eqlreannfelaiahql"fronvihan@wwhuntomalmferéyeetswee metivbri sgream lande t he
net page SysihSdlhenl A&t SHREDY anERAMBipdde ;'sB@taﬂa%éatu; QRGN R RALIE oLhiTR: and

address fields and a submt button.” The netpage consists of graphic data 2
printed usPHg Y SiBFeYTHk: a“"“’a’ﬁcf"”t’f‘&ﬂ’é’ﬁ ﬁH%i’t%I% T ierbodinents, signatyes|resetdebn of
tags 4 usiag nbtﬁﬁgb&bblt@uahfhky vehifi@l, fIiving 8- Paiittidd GarRRGéens todaes&ﬁﬂelphmﬁﬁﬁzﬁ st ored

on the netpage n eﬁ r| e i ndi.vi dual f t net page.
%;8 dSted
In particul ar ? esery ?nntteq ol C?i Tar Selle%tméeﬁszE‘fezorhme hlc%fc each

i nteracti e f@F‘b‘ﬁéhthe fger '@.th nheszqalln‘, _P@thel plmted thatﬂé feléchoridaldy” ewagvpinadication al | ow
the net pagRmesmSheph bl B tpBssyNend. Theh REAL shbiAUR cdibd tilfoRShiBEE e add1©

address fields and a submit button. The netpage consists of graphic data 2 printed using visible ink,

and coded data 3 printed as a collection of tags 4 using invisible ink. The corresponding page
description 5, stored on the netpage network, describes the individual elements of the netpage. In
particular it describes the type and spatial extent (zone) of each interactive element (i.e. text field or
button in the example), to allow the netpage system to cotrectly interpret input via the netpage. The
submit button 6, for example, has a zone 7 which corresponds to the spatial extent of the
corresponding graphic 8.

As illustrated in Figure 2, the netpage pen 101, a preferred form of which is shown in

Figures 8 and 9 and described in more detail below, works in conjunction with a netpage printer 601,
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submt button 6, for exanple, has a zone 7 which corresponds to the spati al
extent of the corresponding graphic 8. As illustrated in Figure 2, the

net page pen 101, a preferred formof which is shown in Figures 8 and 9 and
described in nore detail below, works in conjunction with a netpage printer
601, NPS035-SG 6 an Internet-connected printing appliance for hone, office
or nobile use. The pen is wireless and comunicates securely with the

net page printer via a short-range radig link 9. The netpage printer 601, a
preferred formof which is shown in Figures 11 to 13 and described in nore
detail below, is able to deliver, periodically or on demand, personalized
newspapers, nagazi nes, catal ogs, brochures and ot her publications, all
printed atashingretepuakét¢dyprmting appliaeqediont howe, sftepagebile \snl Thk gerais perese nad

conput er, a,m.m.%@@aaegmmgﬁeﬁa&ﬁmemmshm PG gan be, for exanple,
wal | - mount ed adj acent to an area where the norning news is first consuned,
such as in a usg}‘e ethage: RIISH 601n & Arefegredyfopm kE wWhith i sbsva in Bigupely totlf @nd

goui ehol d' &escﬁlﬁédntn fabre dﬁaarﬂemwge isf gule 'to!’l@ehd&y perloiicallly S onC @RS, ipBrsdualdk €t OP,
esktop, portabl e and ture versi es.prin ei r point
of consunpti ¢ apersm% Ry ﬁata?és o gsuaéle 0 %‘Ef%?(%vu “f“ﬁ% atdlflgh%"la %é8%s and

i nteract i vintesactiyf nmgqsriﬂnékf’amﬂsmel quephiterrthe nawags Inonter is an afpilignge which cad wefonet page
pen 101 i n&&hAstyvan Woﬁrkbdtaaﬁceﬁtqg%gar%lﬁre% ﬁorﬁﬁé 1@%@% firfd CORARE, she1Bh a

communi cates, via a short-ran radi o |ink he interaction to a netpage
printer. THE'skyphepmay adrpakiabis % oF Rgg" @ﬁbfé’ﬁeéeléﬁaﬂmtoé depar for e datt 1t A8t page
page servewonﬁﬁnfabnétop,ﬁésetbmlpataalbh@nmmht&evamafsopr| ate ci rcum;tances t he page
server sends a cQL %%D%c&& Hessa %Oésgm%glp miu%at{hon c m{) rerWl(aLvaare
runni ng on a net patg appli ca on server e app Teati o server: may in
turn send ‘Hﬂehpféﬂsaﬁéwwcﬂiv*fve%ﬂﬁ#r%memeé@non the originating printer. The
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printed iﬂaspf)ﬁsk{vhlaal;ﬁrmeeenia@&dguﬁmié@ﬁmerbound toget her for easy navigation

and confortabl e nd The n rinter I o]

avail ability of Ef?oa tf"t”‘h’tq graﬁe‘tpmgdgf? lggorecfﬁ‘b‘ie’ée ot & 6Wr pmld%mg‘\ﬁé‘l‘ﬁgbbl eto
95% of houwdhing ded momh@nwmédgh&mﬂ egrockrbmedibli@! sysche (MEMENage indifef er i ng
broadband Aty %Eﬂ%nnéﬁcﬁ% p&e?er@h %oﬁﬁgymve@moﬁgl ﬁelawelﬁfﬁgﬁ)sgéedfa&eag% quatdf Nnetpage

pl’l nter can a FFEel’ ate sl ower connecti ons, anger del i very
ti mes and ArERes g@fﬁﬁ@ﬂ?‘ﬂgﬂo cPRIFREY In faclred fager negvg,etr@hlf%ta)ﬁ hpgehanabl ed
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The netpage printer exploits the growing availability of broadband Internet access. Cable
service is available to 95% of households in the United States, and cable modem service offering
broadband Internet access is already available to 20% of these. The netpage printer can also operate
with slower connections, but with longer delivery times and lower image quality. Indeed, the netpage
system can be enabled using existing consumer inkjet and laser printers, although the system will
operate more slowly and will therefore be less acceptable from a consumer’s point of view. In other
embodiments, the netpage system is hosted on a private intranet, In still other embodiments, the
netpage system is hosted on a single computer or computer-enabled device, such as a printer,

Netpage publication servers 14 on the netpage network are configured to deliver print-
quality publications to netpage printers. Periodical publications are delivered automatically to

subscribing netpage printers via pointcasting and multicasting Iniernet protocols. Personalized
NPS8035-8SG



enbodi nents, the netpage systemis hosted on a private intranet. In stil

ot her enbodi nents, the netpage systemis hosted on a single conputer or
conput er - enabl ed device, such as a printer. Netpage publication servers 14
on the netpage network are configured to deliver print- quality
publications to netpage printers. Periodical publications are delivered
automatically to subscribing netpage printers via pointeasting and

mul ti casting Internet protocols. Personalized NPS035-SG 7 publications are
filtered and formatted according to individual user profiles. A netpage
printer can be configured to support any nunber of pens, and a pen can work
with any nunber of netpage printers. In the preferred inplenentation, each
net page pepnbhatongary filtaedand fodmntd abjogling tindiodisbhalpebfikmy have a col | ection of
col ored netpage Q%@age%ﬂﬁe%h%ﬁﬁ%u}eg toes%f;danrmmﬁ]rber O@Leng N { lichword NI S

al l ows each user to nmaintain i nct profil respect to a netpage
publ i cat i o¥fits & pyRrT Frcteasp Pt fbe Redrird Pnplemeﬁettowgfél “EJ'EWG earhant Wiue e
r egi st er edidwitifir. .@.hdﬂﬁ&hﬁlagﬁy ﬁe&gh sdiedbh StoBRE M@;fagelékns’;l&d ahdlga&ﬁd edcPmeRE Or nore

payment ¢ artQh %C CP u{:}ﬁssallows ea&a pscr {oom\l\gntaﬁ%ac 1stm<;[ B OF le Q;ﬁﬁ’respe n%%)%% ggbﬁxg urely

aut hori zed” 'Us| n age regist %?nconpares
t he S|gnatWﬂ@NEa@mum€¢mb? the netpage pen with a preV|oust regi stered

signature, allowangyplde pgpcaalafs@smeglaasﬁmmene&g@r@smﬁﬁ Rlrdr Y zuﬁ i3Redo
comerce server. Qther "biometrics can also be used to verify identity. A

versi on of °%15 TRE 3R FEhacoqurs Titedows weparsie RmeRa ke elcubeizgd in a
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|ntervent|on it never Fiver unso i junk mail.
Inits pr efoETmeTsel st (Pthet biomages yanchtsp b esedtopyerily dldititn hsversion pf basistregeifoed or

ot herw se ﬁu&dapﬁdgz@mmr@e@nﬁédnhatdﬂmﬁ.rﬁ@%pﬁﬁhetpafg@@gm&m&eer printer is
unli ke a fax nacgk e or mai | acc % égyl |l e to any junk mailer
EP?“"Q’H Inc SR

who knows t he H‘oﬁ*f’é“’ﬁ%iﬁﬁlé‘r‘f gy immﬁ%@ag@f
ARCHI TECT UREt ﬁa&émnmb}t eqitbe podighred nevdr redeByes tiddticitest bk @11 I BOprefated gorad, iUni f i ed

Model i ng L%{gﬁ}éﬁ&% Cridles 6ih ?ags%nﬁﬁd%g&ﬁe%se%ﬁ&%dsso%%&% ﬁmr& %? \th%%lépa‘gi a set

of obj ect asses connect ed y relationships

rel at i onsherisT imaliksp fpmaghinss cpmeil accouns whieh invibiblage a&humlg@w@r #hd bngwd bhs. An
associ at i oBlefheRy RSB bSma &BsKi Nd of rel ationship between objects, i.e.

bet ween i nstances, of c#asse eneralization relates actual classes, and

A
can be undér st ood 'A%t YSTF%?$%U\EE%81%y: if a class is thought of as the set
of all objects &fchiohjadt modchmshe spvtah is Hagibedusing a dnifiedEpdelisgZabguage (OMLE| ass B,

then Bis ﬁgsm!g M@A%stcﬁggmﬁfcoélsts-gpgset %eg Qﬁsies'?:g&negé ggetl%tlxnsﬁib’so B{ag&' YOWn as a

second- or der nDde ling - 1.e. classes of" cl asses. ass I's
rect angl e iz ef rlagpniin® ﬁretOH@teﬁaﬁére@ﬁwﬁﬁ@nwég@efalrzetl% A0 49Spréatign fepreentnf  t he
attri but essofé kibdnef relhi@Sgip b&ﬁ@&r(ﬁjeaﬁi ik. ﬁa@ﬂ%énhj&taﬂc’%m chiysed A@@ﬁekaziguﬁ&aﬂelaies ne, and

a list of t el a %sr %Itld %nge dersto dem%)egﬁﬁmg%gy Csis{s:fj}%m% hfeas%te set olPUl e list

by a hori Zont a I’'ne. 18 S iagr
objects of that class, and class A is a generalization of class B, then B is simply a subset of A. The

UML does not directly support second-order modelling - i.e. classes of classes.

Each class is drawn as a rectangle labelled with the name of the class. It contains a list of
the attributes of the class, separated from the name by a horizontal line, and a list of the operations of
the class, separated from the attribute list by a horizontal line, In the class diagrams which follow,
however, operations are never modelled.

An association is drawn as a line joining two classes, optionally labeiled at either end with
the muitiplicity of the association. The default multiplicity is one. An asterisk (*)} indicates a
multiplicity of “many”, i.e. zero or more. Each association is optionally labelled with its name, and is
also optionally labelled at either end with the role of the corresponding class. An open diamond

indicates an aggregation association (“is-part-of’), and is drawn at the aggregator end of the
NPS035-8G



however, operations are never nodelled. An association is drawn as a line
joining two classes, optionally labelled at either end with the
multiplicity of the association. The default rTLI|tI plicity is one. An
asterisk (*) indicates a multiplicity of "many", i.e. zero or nore. Each
association is optionally labelled wwth its name, and is also optionally
| abel l ed at either end with the role of the correspondi ng class. An open
di anond indicates an aggregation assogiation ("is-part-of'), and is drawn
at the aggregator end of the NPSC35-SG 8 association |line. A
generalization relationship ("is-a") is drawn as a solid line joining two
classes, with an arrow (in the formof an open triangle) at the

general i zaatsi;ooiaticmrhide When a class diagramis broken up into nultiple

di agrans, any cl g Egﬁ|“ I line in
all but the main %@%a?n% 41% gg?r%\&ﬁsﬁfé(?‘gqlg gmhl%g%t(%i%?%ﬁg%t es
only V\/nere‘mfot”(Pé*leé‘é”PlOﬁ@d’Peﬂﬂﬂ@glﬁETPMﬂESalN@topaI@j’es are the foundation on which

a Ble_t pﬁgg ne}g WOTI KvhisSa d0ddd %lig;amm%ketahpmodﬁm@lem@@ﬁls mka&ﬁa&dnmbﬁ&rduplmtaﬁ; afce to
pu I she I.NT O n,an IL.nter I ve .servi ECQI’ISI S O a
printed pad&™ ‘6&‘&%‘%"%5? ofife iy, “?ﬁi‘&f“&’ﬂfla?% g’f]b?e)fi]n‘is %g‘cf Ft%?”?? ences to

an online ehbsweietii dfincdf the page. The online page descri pt| on is

mai nt ai nedq per si gepAkLy Dby a netpage page server. The page description
describes the visible |ayout and content of the i ncl udi ng text,

graphi cs and i nmade®Base e ér SundaEencan; Hhish 2 MpfeAep AT éq@%ﬁiez PigHde hearprage,

i ncl udi N9 batddlubed Mberfadd yi3RblIshdd iFormaidd andHRbthetild RIVil&s. A net page al | ows mar ki ngs

made with a netpage pen on. it faceto be s eou apt ured and
processed by the%ne BB et tsan?"”%ﬁi PEH[08 Offet ?5‘5%"33”%0 %l‘yy nme page
descripti oaneremm\ﬂepnlmt desaipliowt tha pagt- lthhmdlugﬂmge @Bdmemulsseamt@@nwreaénﬂpages to
be distingyy a%il%gge RaGEvaeTRAgR dles%nﬁéﬁ LA 8. \HQIBIQM uPR CordiAES el day - Thi' S

page | D has sufficient precision to disti nglw sh ween a very |arge number
of net page@hding trrty Erbics prdeimpgss.tIh alsy, degeribae O ek ‘?1‘6‘??“‘? on diecsgedrelAng print ed
tag. The tagodsd®périif esd ilpa ﬁewalmuepa@a@mw@ ihaiMile € Madet with D@ hg:, peaBal ith her eby
indirectly tifies t tion, also identifies its
own posi ti o{r—lfgcg%bteﬁmﬁamousqy%ﬁar act ruces’edlgg{ﬁ%?e%aﬁesy%%’bs are described in nore
detail bel ow. Ta@{@lﬂakéetpag?weehmﬁhq sathe pace desaiptor Povare, foplovompw thyouglybst r at e

whi ch i s i fhdakatkntiaf gag&ttd weehsungmﬁéa A QbpAleNPdsHoR@P fique PR idehibts, aRied
eye b t are easily sensed by a

wavel engt hs in e to

sol i d- st at@g@d%&’ﬁ%@ﬁ’géﬁmwnﬁﬂ d’é??gﬁg’%‘b"ﬁ?‘ﬁa%% drgoppmgher ofRepgss- | 5 sensed by an
area i mage sensoEachmeftrénee mehqq:ageedepﬁmonaﬂdlcddhcemtaa;gmddatag Tihe tap idemBied hé ed t o
the net paggqysLes) yiidh i %geapse&rd%&}eb e%@,ad&'aﬁﬁtasrpa%eﬂe&n&?g T el ess and

conmuni cat es page pri n er via a s Tags
are suf fi cileiiigsyis evpopition e thd @pes<horagierishen giebr tegs are desprdbed 1 i more detail beiow

Tags are printed in infrared-absorptive ink on any substrate which is infrared-reflective,

such as ordinary paper, Near-infrared wavelengths are invisible to the human eye bui are easily sensed
by a solid-state image sensor with an appropriate filter.

A tag is sensed by an area image sensor in the netpage pen, and the tag data is transmitted
to the netpage system via the nearest netpage printer. The pen is wireless and communicates with the
netpage printer via a short-range radio link. Tags are sufficiently small and densely arranged that the
pen can reliably image at least one tag even on a single click on the page. Tt is important that the pen
recognize the page ID and position on every interaction with the page, since the interaction is
stateless. Tags are error-correctably encoded to make them partially tolerant to surface damage.

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

The relationship between the page description, the page instance, and the printed netpage
NPS035-SG



pen can reliably inmage at | east one tag even on a single click on the page.
It is inportant that the pen recognize the page ID and position on every
interaction with the page, since the interaction is stateless. Tags are
error-correctably encoded to make them partially tolerant to surface
damage. The net page page server naintains a uni que page instance for each
printed netpage, allowing it to maintain a distinct set of user-supplied
values for input fields in the page degcription for each printed netpage.
The rel ati onship between the page description, the page instance, and the
printed netpage NPSO35-SG 9 is shown in Figure 4. The page instance is
associated with both the netpage printer which printed it and, if known,

t he net page shesenin hipge ¢ che ewt ddtaict is alsofatbdEHRAGHE HAGPage bridterwhichgribbat i Cont ent
In a prefe&ﬁqpm£gﬁqk gﬁ&@m£ ok dGRLk i es the region in which it appears,
and the |ocation of tag “Wthin the region. Atag may al so contain

fl ags whi ch2rel aNETRAGE TS regi on as a whole or to the tag. One or nore
flag bits 1@y, foagbi¥RMInentsi gnal a tag sen5|ng device to provide feedback

i ndi cative of a funct associ at th the .imedi ate area qof the_tag,

wi t hout the sensIL'h g@"\‘?ﬁgé‘g’n ffﬁ"&}{/tia%ée”tt‘ °s ﬂ?f%ﬁ”“t“b‘%é?@?ﬁrﬁoﬁdg}ﬁq%?“‘?lﬁé regi on.
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the zone of, aodayo@qrdré Rl blﬁsmaw ok ¢ pfévgzgmpL%rJeys}ngxd%&' raep%v%g'f&\%acr na

preferred enbodi nent, each contalns_an €asi recogni zed 1 nvari ant
structure ifiratxe of ajlenction rsroarate é”f%é’ﬁl"@‘ﬁed‘aéenﬁea\/ﬂflﬂl?ﬁaﬂa%il‘%lt e jsesipg #8Vise zi ng t he
ef fect of @Rg waea tb udue@dom tﬁeh&:&w& hasQe fn oy, (htRuGRNBHPPiLOeasS. The

t ags preferabkﬁ P he)g e ;- page, and are sufficiently small and
densel y arrange% Aat fﬁn 0en RediRk el i ably i mage at | east one tag even on
a single click ons vfﬂlévewgeclealﬂstexplsmﬁdrbpbwilanprefenejtembbr@rnqnenachelggg:tﬁinzent he page

| D and posiatilyQthoffzed BVEEM sinRbfS AfidhiaQ0 inMat RielRE, RRGEeh RGRAGE m!in!ﬂﬁzﬁé"&ce raction
is stateless. In a preferred enbodi ment, the region to which a tag refers

coi nci des THCEHST &b Wamiindpeed B’é@%s“’faﬁﬁﬁbﬁq‘@e‘rsé‘é%ﬁsﬁ ﬁ‘eé%%@’&b]ﬂ’ fletifénttag i s

t her ef or e iy anyAOWSicishttymhlhend raagﬂy hrbngll dtah@e mg& relbihirhap 8 at 1dakt@nd @g

appears. |n_othe inents, re a ef.ers. can be an

r bt rary SebiSin RTRE TR 1 LMok RRllnd o MO, B O B SIRRED

coi nci de WWﬁﬁﬂﬁﬁemibﬁ@ﬂ@P%ﬁan%@emﬁ@@mveS@F@ﬁent in mhlch case the regi on

I D can directly ifeptid ehibtRinnt B AGbA ¥eneh e ¥B Alfors AOME vhth o afiredated

FleIdPreC|S| qn (bl&S) ﬁfglqg | D100 F g | D16 Hz%
encode e tag 18 there

e region Ore SYynonymous wi ﬂgm page ID of the page on which
the tag appears. In other embodiments, the region to which a tag refers can be an arbitrary subregion
of a page or other surface. For example, it can coincide with the zone of an interactive element, in
which case the region ID can directly identify the interactive element.

Table 1 - Tag data

Field Precision (bits)
Region ID 100
iTag ID 16
Fiags 4
Total 120

Each tag contains 120 bits of information, typically allocated as shown in Table 1.
Assuming a maximurn 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 continuousty without increasing the tag ID
precision simply by using abutting regions and maps. The 100-bit region ID allows 2'® (~10* or a

million trillion trillion} different regions to be uniquely identified.
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Total 120 Each tag contains 120 bits of information, typically allocated as
shown in Table 1. Assuming a maxi mumtag density of 64 per square inch, a
16-bit tag I D supports a region size of up to 1024 square inches. Larger
regi ons can be mapped conti nuously w thout increasing the tag ID precision
sinmply by using abutting regions and maps. The 100-bit region ID allows
2100 (1030 or a mllion trillion trillion) different regions to be

uni quely identified. NPS035-SG 10 1.2.,4 Tag Data Encoding The 120 bits of
tag data are redundantly encoded using a (15, 5) Reed-Sol onon code. This

yi el ds 360 encoded bits consisting of 6 codewords of 15 4-bit synbols each.
The (15, 5) code allows wup to 5 synbol errors to be corrected per
codeword, 1.28. | {TagPatadineeding of a synbol error rate of up to 33% per
codeword. Each 4-hi fzo%?{s%*?%% dzitz§ar£ r%mﬁlmyén@&ea Rinta P2 k@éd's&om b s WRY in

thetag, and the sy SI X codewords are interl eave gatla y
wit hi n t heYigldgs60 ‘FﬁP‘?d QM?SégﬂgtqﬁéfodaW%%féﬂS &bt yrbplasicl Thafls, Sasrediorhg

mul tiple smb isalrhtyol @ebsa6 BéordtddSpbr DAVRESFe. @ isThlEiVdM BRI RFrorGhte SHUFIO| S
overal | %ﬁ or ngdnl mim nunber of synbols in any one codeword, thus

maxi ni si ng FIKE T hood that the burst error can be fully corrected.

1. 2. 3 Physical T&gh3thitgothal ie reflieniphip sismtidlly celpreatsen tnabd tam ardfthetsjrabotsaf, shown

in Figure e sk R5deWol8Sar (A IBL BTy SHHEE BE Ofhis chitres Bt 2 thifst 3RS NALIAD! € data

areas 18. The fixed target structures allow a sensing device such as the
net page pe?ffef“‘lﬁ‘g deitiptet SP"L‘tﬁ]éY dingerh RES) idpmages ¢ Py ptbe; dhevabnrrreb bt at i on
rel ative tQinfulué: SARS of symtdidn arf @hdcoddwRAISthE:Gikkiaisthg FHR Pike@iS@A tat thavst @for t he
individualagbgﬁ%yf th% encoded tag data. To achi eve proper tag
reproductlon is rendered at a resolution of 256x256 dots. Wen
printed at12800 BbY%c%EPQSWM“@hI s yields a tag with a dianeter of about 4

nun. At thl s res Qhé-lﬁh!yﬁc!al relsra%mzﬁ%g of e Qg%aog,ﬁmlg@e D encRbs HOUNER sR¥nds " qui et
area" of Iééls 16 ince the quiet area is also _caontributed b

y
adj acent t 17 gndy5 Vﬁf’%?iaiiatd §’e¥618d76"€§i’“fdd"’fﬁ?‘i &rvatifeg pliomASeRting ARos FucB s ke t ag.
The tag i nﬁhﬂgbe;ﬁn & detebiathget agitinfacitsulire:sdimésiohdt @thia@in rélitivg tolthe @hdooWae t he

sensi ng de&’a‘tacageagc%ntalh%hlte% ﬁrly aliohs Me%%&vuﬂlg%ést e EI;I(-: t?edlgaglag |s easy to detect

because it 1s rotati I nvari ant an ecause a sSi er| e correction of
its aspect ratioTpetisyerronep e rapfodictien. & fagdy mudgfed ploy spobigen of@S@28t dtst i on.  An

orient ati oWh@hisred 1@doldge§/§er§ﬁa§th§s%§m Qgg d,ﬁ;va &&n&e@ofdae&@i Bl thiDRsoMRRE OXi mat e
pl anar ori nt ation aw of the sensor.

The
ori ent at i off® & fssdeﬁ‘gém‘LrRé’Wc’F“Ge‘Wyeﬂ Gulﬁt aﬁ’ﬁl TS P deit Siorsote avish e s glae spective
targets 17coatkibwett by hdjacs® mgs, ngnlgedds tadots@ thedfRttivadiammee uf thd gy, t WO- di nensi onal

perspective tr arllﬁef L mclgries %19 & %eﬁgmgtﬁrgs m'e&?egtxo% Q‘Jtn%(i% %ﬁo%/ts %etsQJsSg dgfllcnff‘ nsi onal

pOSItI on and ori énta I on o ative
initially detect the tag. The ring is easy to detect because it is rotationally mvanant and because a

simple correction of its aspect ratio removes most of the effects of perspective distortion. An
orientation axis 16 allows the sensing device to determine the approximate planar orientation of the
tag due to the yaw of the sensor. The orientation axis is skewed to vield a unique orientation. Four
perspective targets 17 allow the sensing device to infer an accurate two-dimensional perspective
transform of the tag and hence an accurate three-dimensional position and orientation of the tag
relative to the sensor.

All target structures are redundantly large to improve their immunity to noise.

The overall tag shape is circular. This supports, amongst other things, optimal tag packing
on an irregular triangular grid. In combination with the circular detection ring, this makes a circular
arrangement of data bits within the tag optimal. To maximise its size, each data bit is represented by a
radial wedge in the form of an area bounded by two radial lines and two concentric circular arcs. Each
wedge has a minimum dimension of § dots at 1600 dpi and is designed so that its base (its inner arc),

is at least equal to this minimum dimension, The height of the wedge in the radial direction is always
NPS035-5G



Al'l target structures are redundantly large to inprove their imunity to
noi se. The overall tag shape is circular. This supports, anongst other
things, optimal tag packing on an irregular triangular grid. In
conmbination with the circular detection ring, this makes a circul ar
arrangenment of data bits within the tag optinmal. To maxim se its size, each
data bit is represented by a radial wedge in the formof an area bounded
by two radial |lines and two concentrigicircular arcs. Each wedge has a

m ni mrum di mension of 8 dots at 1600 dpi and is designed so that its base
(its inner arc), is at least equal to this m nimum di mension. The hei ght
of the wedge in the radial direction is always NPS035-SG | | equal to the
m ni mum di ¢med 8 tenminiEae dimérdpint Eadiat-bit daryioatiol is spreeprdiyan b ob3x<2ardgs.r ay of 2x2
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the tag. Therdsabhduedmé@g i S designed to maxi m se the average spati al

di stance between._any two. synbols of the sane codeword. I.n order to support
Mool esol ok 1 ARePsiE s MRS et ROk SOrA iSRG B Lo fhe
sensi ng deswinkds afdssanpeodzybrd. t 0 see at | east one entire tag in its field of
view no matter whgy, _r{oﬁlgk&@“smﬁﬁgiic@“m%fact% w2 Lo Rl FEPE AL § QRkidelichi®, the

posi tioned, The required dianeter of the field of view of the sensing

devi ce is FrEEIFdFREE beahie {9 Shetdpsteneenticsw i fitifiddefofargo graterder ke

AsSsumi Ng areglbd & Wil vehiat driagativh A Reosificiel. Mheltbdilin dibinRERIf e el of ey FeRSMEind | el d of
view is obtai i@%greo ear%f"%thle1 L ags,.are %ci I %gthé)tg 8 equi l ateral triangular grid,
as shown in Eigure 6. 1.2 8 98y fiage Processi ng and Decoding The tag i mage
processi ng and déswdinng openldr drgeiebehthe anigmws idageteresfi toresenyge Aeld of vine inet page
pen i s shoyhidediwiich 8dka@s ofe (i Unla@qAaCARLMERS lidBO8vSn Bgl-PE acquired fromthe
i mage sensi)%, th(ﬁ I(%i/na C ra,nge fﬁf the image is determned (at 20). The
center of Mfid rah@Magefraes¥ngartPediNg hinary threshold for the inmage 2

1. The inmage is Thaiy inkgepshatitletd ancdiipeaifentdtg aisdatitg Rotnaaiaete pitpagd  egi ons
(i.e. shapes. t pes Lech are too small to represent. tag
target st r%?:tlslzfr%)ewélé glr%égd‘% g’c\gggead?aptw@%gn ag‘?isgbegﬁécqg%ﬁdt érmtl)l} i Fa%eegec 01r’st%eape is
al so conpudvawiic Bhgs af e aggiedetropipadt(y 295 Thecenter pithe renspsthee chogea s elhingior  each
shape, andnde$h6im Gor e @idgl €1 trtEimadd astheh tirhol &l REBEMRAL Mo bQR@kk PReltRloget
structures, Cﬁzntr% s%gp% rm?r!rfgi&tss are q%/l their nature invari a(gt %f

posi tion, 4hHdBHFHE LAsFRFS AT 100 3PF AR POk B PRt STUPEE S ATt dand
rotation. THaeizednthcpntraid gfcthchshapeis blsir @mpbedt s t he first to be | ocated (at 26).

A ring has the aﬂi‘ﬂ@rg glﬂgeel\?é&éeﬂts Qﬁjargglenvc%ﬁl}éut&f;(!ﬁl 24%@%65938%{%&3? Rravigenﬂc]je

perspective-distorted. t chi ng proceeds aspect-normal iz :

rot at i on- EFRT Fbseiyntldeqtingizgre stycsHEME! ships aemprisarsychrfdesiederriatbnent s
are nor mal drp&dioh, AR dah Bikasilly a@ABMridnOofLRGOFFZRiQHORLId. t he perspective
distortion was SJI‘I%nAnfg Ita(%gac': gtfuctll-rg ?5 Esltﬁlegﬁrést ttr)(:)l‘geI lgclatlic]gl kat %pﬁ? 1gnt1g hazip gxe advantage of

being very well behaved when perspective-distorted. Matching proceeds by aspect-normalizing and

rotation-normalizing each shape’s moments. Once its second-order moments are normalized the ring
is easy to recognize even if the perspective distortion was significant. The ring’s original aspect and
rotation 27 together provide a useful approximation of the perspective transform.

The axis target structure 16 is the next to be located (at 28). Matching proceceds by
applying the ring’s normalizations to each shape’s moments, and rotation-normalizing the resulting
moments. Once its second-order moments are normalized the axis target is easily recognized. Note
that one third order moment is required to disambiguate the two possible orientations of the axis. The
shape is deliberately skewed to one side to make this possible. Note also that it is only possible to
rotation-normalize the axis target after it has had the ring’s normalizations applied, since the

perspective distortion can hide the axis target’s axis. The axis target’s original rotation provides a
NP3035-5G



rotation 27 together provide a useful approximtion of the perspective
transform The axis target structure 16 is the next to be |ocated (at 28).
Mat chi ng proceeds by applying the ring's normalizations to each shape's
nonents, and rotation-normalizing the resulting nonents. Once its
second-order nonents are normalized the axis target is easily recognized.
Note that one third order nonent is required to disanbiguate the two
possi bl e orientations of the axis. Theg, shape is deliberately skewed to one
side to make this possible. Note also that it is only possible to
rotation-normalize the axis target after it has had the ring's
normal i zations applied, since the perspective distortion can hide the axis
target's awellapiiremaion sf thegtngabta®nded igpanghw 20t at i on provi des a NPS035- SG 12
usef ul appr oxl rrat'fhé)ﬂurq;ers}%elat%/e t&ruc(tlg'gsalwa%%quﬁtotbg p{ﬁ (yt%w %90 eﬂ?&te% our

perspective target structures 17 are | ast ocat’e Good
esti mat es Oldeirppiiops apemprieifescd Peﬂleﬁlﬁaﬁm @aﬂat)a?é@slaw @ hefise RAGHiEHat i al

rel at i onshingsspécd aldnbtation b tha fitl, AXd the toaﬁ@ﬁtfshe axib. VBt AHP Qfkeedd ai)ﬂtqag ien of the

rlng, and the r n of .the axis roceeds b t he
i ng s mor e dePishe el SiapaLOieE iR RePaahEERaedY s BB 8F cor
nonent s ar ercHerprabdce dargehiare @yt wranizp erdsiretaétvbsetde gob sstimatel @ity it 0

recogni ze, ta@eaqstahamtlam%gﬁtl%a%hs t,pth@%tt p&SedtiB R BRShd @R kPbe haken as a

mat ch. The original centroids of e four perspective targets are then
taken to bRFPHEVEPEGrsHEURTS - ‘Eff’stqﬁtft afknoEmsirs iniae gpceg andonn fisdt-degr e?(?fown si ze
in tag spaﬁ&donaﬁsebpadﬂvﬂagmmdsegmeenaf(at 3f2]’l&&ﬂ(bﬂ’hcﬂﬂﬁ§tﬂ£ﬁ&lhtﬂ&cr§td’o&@éﬁfaﬁﬁnm 33 is
![ Efee][ 25? ,E gg“‘?@“" Bur tarﬁjsp?(:@rmag e1|1n§ &5 ace Bomt ﬁ’fms : Ir}fs?e&(bz&é%o%ee ta?s or%gextgrel ating
Fundanenthﬁm@EEmé%mmﬁeWmnh@degmaﬁumtdﬁyecvﬁiﬁﬁng'Omﬁeﬁemsaﬂﬁe$ﬂ5% Dept .
of EECS, UrechicalGodpbit RE.RicB/&ID B81KSln Y989 J&%ﬁ@dtscakvma?as)ﬁamﬁ\tgcoram %D
89/ 516, June 1289 the contents of which are herein incorporated by
Cross- refe?@ﬁ&sﬁﬂ“ﬁhe inferred tag-space to i nage-space perspective
transform i s usedhdiofepedajgespice (oamags@acea&abecntem@m:ﬂatu&dbj ;imJﬁHD&l iG)edwahin tag
Space |t OubRss SPIEFNAPLE b nleo e BLUSHARIR b QulaSrckiBi o o

bi linearly interpo rel evant I xel's'in the
i nput i magElineTeintgpelye éﬁéﬁ)ythe wﬁﬁm’eéi adigparty @ixelp me@hetp@t imgge; thjsefdmtlb

t hreshol d toh@utscaﬁlbgemuts@olmqmaetothtaahotd thaksul tolprotade i 34l vit Giee7al | 360 data
bits 37 have bee eed-

[
Sol omon codewor d mﬁal§3§§ﬂ%g :ﬁqm éf ‘%wﬁféﬁﬁﬁiﬁmﬁgﬁﬁﬁgﬁmB?@g%ﬁgmﬁbr 120
decoded bi $denion codptratls. is ddodded (at Fato yiehie20 dadéadibitcB 9sgrriRpdesodad i§ts setnmpll Bele i n
codeword Of,f&f, coﬁamtchatnbapqre\@atp@a B aetaelotd@t &4 maﬂa,de\toms%te' fRN&H during the
sanpl i ng process. rlqg target 15 1s only sought Iin a subarea of the
i mge mhos%E?%W%QQWﬂﬁ§ﬁﬁﬁn BERPESSi mage  guarantees that the ring, if found,
is part of a conph&in th@gls i énlya;oﬁgaﬁphaibaeatcaglehrﬁaga@tosélemndsmdmesﬁb@sessf ul | y

decoded, t hegntgeg ﬂgt?{fxe Ros! I’i‘%‘d Iss I‘ e %rcgn%gete ?ag Ifhaecog] %antls n()taflgl?ﬂd % ven
adequate %?%ce53|ng po anhd a non-mni ma view 193, an

al t er nat i vaucesssfully ég)ydqdnthgri we pen p0s1t1on is recorded for the current ﬁ'ame Gwen adequate

processing power and ideally a non-minimal field of view 193, an alternative strategy involves

secking another tag in the current image.

The obtained tag data indicates the identity of the region containing the tag and the
position of the tag within the region. An accurate position 35 of the pen nib in the region, as well as
the overall orientation 35 of the pen, is then inferred (at 34) from the perspective transform 33
observed on the tag and the known spatial relationship between the pen’s physical axis and the pen’s
optical axis.

1.25 Tag Map
Decoding a tag results in a region ID, a tag ID, and a tag-relative pen transform. Before

the tag ID and the tag-relative pen location can be translated into an absolute location wiihin the
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seeking another tag in the current inmage. The obtained tag data indicates
the identity of the region containing the tag and the position of the tag
within the region. An accurate position 35 of the pen nib in the region, as
well as the overall orientation 35 of the pen, is then inferred (at 34)
fromthe perspective transform 33 observed on the tag and the known
spatial relationship between the pen's physical axis and the pen's optical
axis. 1.2.5 Tag Map Decoding a tag resylts in a region ID, a tag ID, and a
tag-rel ative pen transform Before the tag ID and the tag-rel ative pen

| ocation can be translated into an absolute |location within the NPS035-SG
13 tagged region, the location of the tag within the regi on nust be known.
Thi's is gitegnd Byiom thedgative pf thatag fiiche Ggioninist be neps Teisslyivtraly d e hap, @ t agged
region to t hown in
Figure 22, ﬁlggg{ %@?Bg#ggﬁgta%g?%ad tgé%ﬁdr %E%?ﬁo%%ﬁ%%ﬂé&%%%gﬁ %gegt%%‘glﬂn%pi efl ects
t he schenedlfl‘ﬁé?’éﬂsﬁhewﬂllf@“{e%a%WPé@@n%@P&HteWaﬁﬁl%’é@@s and this can vary

according to surfqaggenetpxéf&etsm&mmﬁaus&dtpk& tﬁe%&%greﬁiﬁﬂiﬂﬂﬁ@gssﬁam& dahlGarpame
tiling schene and the sa nun‘oe(i1 Sg% h@;& an also share the
t

same tag nBPFOHENR Y &Wn&f‘%m R ggEshTe oe HlUASHES r egi on
| D. Thus, tgg neheraig sbgnothey @y ale shirethe faide apoam pen transform the tag map can
be retrieved, th@hé@&nipqo&%&l&%&ﬁb@%e%bﬁ%dtﬂélggus’i}{h)aﬁﬁ@g}&&?a reélélﬁﬂ pcation

within the reglon ag-relative pen location can dto the

tag | ocati8hrad a?‘?"é’laEFf“é’ﬁ %Pd%v@t‘:éﬂ bsasiriqvesk e f2g 1P Vﬁﬂtbmr%slf%n@@gebm%m 1.2.6

Taggi ng Sc@@mﬂ mmdthstdgia@tan@me R @@ati0O pinNgatmR@NRSad@iiQo BiF tdgMdcaioasd , both

of whi ch use; ! ag str 1qctu descrl bed earlier in this section. The
edana soue%: oca on wi "

preferred xodin ocagtl on-indi cating” tags as already

di scussed.1.2f aI ﬂ'meWn@edl ng schene uses object-indicating tags. A

| ocati on-i ndi cat irRg i@ HRRE WdiR sthehBrd £ MREE om W GBIt £:88R 1R Rk of:dr OUgh
the tag v\ﬁPe'E assocjated wth the tagged region, vyi el ds a uni que tag

| ocati on Fibsd arier lne‘ﬁ’ﬁ 6?F“°‘*rﬂ"ée P‘ﬁﬁ“?"e?‘)é’tnﬁ \7@‘3“1? seatPgHogrdicapne” pEh 2 s added
to this tagreidpdaduisod Ahalteyaietodiipacene fkd dicihdidati tpeN W t hin the region.

Thi's inturn is l‘100::1 ntlr(l)dlcglt?tﬁ rngogtgmst Q%ECH pcilow%er(ljiranslta}gd hrtgl tl ye to a

user interface e erren 1’ ONn asSsocCl a e regl on.
Not only iassopihted piflefhe itqgeférrﬁa@ewelﬁfemﬂaueltagsleqaﬁoq it tho reeldn lemagaelaﬂlvmatl on

relative ti@eatitheorthe §én ik SHa&T b A:apQbBIBRNS vibl® thb BbeMbh b 1@ Gen diBAthd ©f6d. Eld Cat i ng
tags therefore triviall (E)ort Hl'g cargture of an absoJ ute pen path in
the zone olP“E‘lﬁé‘F“tdﬁBa‘%%‘mﬁ ﬁ‘?‘fﬂ“é’ ST EPBHRENE MCRReDIF 6P RdPCREET ng tag
cont ai NS adebcaigrion Bssodidtgihwidhi theeregidny Nodeivt ib fhie @@r aterfsee relempit @selfadetified| ement i n
the page AESA8 B! g% tﬂé&ﬁ%ta-}a‘éedel leheds § %ﬁ?{?eﬂdcﬁﬂn-uﬁutmé ch é&?ﬁeh&ahﬁe Zone

of the user Intertace el enent entl e user Inte ment maki ng
t hem al | i ensttithe strtussd 2n #haghete pep @ath in the zone of a particular user interface element.

An object-indicating tag contains a tag ID which directly ideniifics a user interface
element in the page description associated with the region. All the tags in the zone of the user
interface element identify the user interface clement, making them all identical and therefore
indistinguishable. Object-indicating tags do unot, therefore, support the capture of an absolute pen
path. They do, however, support the capture of a relative pen path. So long as the position sampling
frequency exceeds twice the encountered tag frequency, the displacement from one sampled pen
position to the next within a stroke can be unambiguously determined.

With either tagging scheme, the tags function in cooperation with associated visual
elements on the netpage as user interactive elements in that a user can interact with the printed page
using an appropriate sensing device in order for tag data to be read by the sensing device and for an
appropriate response to be generated in the netpage system.

1.3 DOCUMENT AND PAGE DESCRIPTIONS

A preferred embodiment of a document and page description class diagram is shown in
NPS035-3G



i ndi stingui shabl e. Cbject-indicating tags do not, therefore, support the
capture of an absolute pen path. They do, however, support the capture of
a relative pen path. So long as the position sanpling frequency exceeds
twice the encountered tag frequency, the displacenment from one sanpled pen
position to the next within a stroke can be unanbi guously determ ned. Wth
ei ther tagging schene, the tags function in cooperation with associ ated
visual elements on the netpage as usgy interactive elenents in that a user
can interact with the printed page using an appropriate sensing device in
order for tag data to be read by the sensing device and for an appropriate
response to be generated in the netpage system 1.3 DOCUMENT AND PAGE
DESCRI PTI OMgwed 2prmeif2er r ed enbodi nent of a document and page description
class di agram i Slnslﬂé) aéensybgég)g&uéeﬁhps%ef +&H5tﬁ§regll‘éve?sn% 1% mos Elas%emﬁle%?t page
ree

system a docunent escrl ed at eve nost abstract | evel
t he docunetht d‘B’B’G¢’ﬁ§§6 BasH wiprareligs] starctuet whgeet iggninalypleyacatst 889 gierasiociagpd ittt s 839

are associ @hed owjh&m4o@&ﬁtaetla£t oglac}tﬁeektssqmjeaucﬁhagasméc&xac @lateaaetcﬁmﬁeﬁm style
ects, . etc. cethe ourre inted,on a.printer

obj ect e r
OPEPCLS oy R o8 e v Garl Besecar e aoke [ssa piRieti oo Bk ) o
factor preéerende,doturentdaesinadtad ghepagsi formt&@d Famghitat threninall ebeenefto$3Fadtit ed.

Format ted e51d Hal v&)Qumed éluﬁc%ﬁte%noﬂ,JLcts JHn SRMBERATRS PRe %&%%h %@%@w th
content objects which are different fromthose associated wth elr

cor r es pondi°AgPendieaierainal lpmagpisrragiculyslyvhpre fhe senfept oRisest @c terckisAEeirigs] ects are
styl e-r el ah@fhce &L fochdnt biIthagd B Silsa A&EiHRE s@m&@lﬁ,&ﬁamw apét pRged infoug £0

descri bed s r at el oW i nput captured ph{ articul ap page
i matance. SH0CRS D6 Pues ALl SasPara g e i e bt A HPRR of hor
i nst ances 1 samt page deagrivtigrage descri ption. The pr esence of the nost abstract

docunment descri p'frheqﬂ?esEHae ie M&ﬁ&ﬁ%ﬁrﬁeﬂé&\é@m%mﬂéﬁ&e Lever Ju%»gsuﬁﬁér g copy of
a docunment w thout heing forced to accept the source docunent's specific

format. ‘@’e?ﬁ%?pyﬁ’ﬁ? ‘Ef@m‘?“éﬁﬁlé’gtttieﬁé fagoed B‘WCGPWP"O‘“I?EJ‘H"' %Pc‘ﬂ?‘?“?ﬁ wreifigifermaty
di ff er ent Trrg@ersthayehe de@iesti®Xx anppye throufon paiitgelih, a HifferefrRgLARE fod fexdniper,
for mt 1 e ORGHIE e HERELIPE O fia hAGHBAEBELYR Al WS G ARGG e SOT VT

to eff|C|entI hte user actions on a part printe
formatted %Ueru?@ﬁftleﬂ%uptemmﬁsﬁemcsonmn apagigylar pfint¢dpageat t ed page descri pti ons 5,

each of which cmsxlnﬁ&@ RbunRntSBl Hsish QF FBdt toednﬁlaetw};@aldes&hﬁaﬁrst sacB3p. Each

formatted el enent atla extent or_zo the p

defines t NEUREPTE ¢ gt"‘es&t% rf"ﬁ’ffﬂtte“&n@r?geﬁ’f"gs §%cﬂa°5§° greﬂnf‘ﬁkggsd’ns(?a“a’ nput
fields. A decument 58 nsthapge Mﬂemmme&qmmd@ofmpaeremenm¢mdhﬁmmw{mﬁ 834. It
consists of,as8&t of page instances 830, each of which corresponds to a
page descri pt| on 5 of the formatted docunent Each page instance 830
describes a si ngF"é“"t‘]lﬁlie’éf&@ta?fﬁ|31”11t@Hesﬁ@ﬂb‘a@éo@aﬁeéﬁﬁu@@égﬁ“d%C‘-t“ﬁ%s Yageof D 50 of

t he page instances 830, each of which corresponds to a page description 5 of the formatted document.
Each page instance 830 describes a single unique printed netpage 1, and records the page ID 50 of the
netpage. A page instance is not part of a document instance if it represents a copy of a page requested
in isolation.

A page instance consists of a set of terminal element instances 832, An element instance
only exists if it records instance-specific information. Thus, a hyperlink instance exists for a hyperlink
element because it records a transaction ID 55 which is specific to the page instance, and a field
instance exists for a ficld element because it records input specific to the page instance. An element
instance does not exist, however, for static elements such as textflows.

A terminal element can be a static element 843, a hyperlink element 844, a field element
845 or a page server command element 846, as shown in Figure 27. A static element 843 can be a
style element 847 with an associated style object 854, a textflow element 848 with an associated

styled text object 855, an image element 849 with an associated image element 856, a graphic element
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net page. A page instance is not part of a docunment instance if it
represents a copy of a page requested in isolation. A page instance
consists of a set of termnal elenent instances 832. An el enent instance
only exists if it records instance-specific information. Thus, a hyperlink
i nstance exists for a hyperlink elenent because it records a transaction

I D 55 which is specific to the page instance, and a field instance exists
for a field el enent because it recordssi nput specific to the page instance.
An el enent instance does not exist, however, for static elements such as
textflows. Atermnal element can be a static elenent 843, a hyperlink

el ement 844, a field elenent 845 or a page server command el enent 846, as
shown i n R5§urt af Assocktedigadphic olgéce AENY videhclip @lambre 851 witht apl agsoghtehaded cBal 7 Wit h
an associ a&b?e@t @%ﬂneaucﬁpltlﬁacetlenéézkﬁ @nﬁ ﬁf(atsioblﬁmﬂ ﬁhﬁ%ﬁﬁiybjééﬁsgm& anl‘H:@ el@rﬁe%PC' at ed
styl ed text object an 1 mage el enent an associ ated | nage

el enent 85%3 v @"r%ﬁiﬁ?ﬁ‘?‘&‘i%’f*@ﬁ@?ﬁ 60NP§B’3’5“§@“TE‘? 850 with an associ ated graphic
obj ect 857, a vi @te@gecins:mmelh&rmwckg%&id \fsu&fs:sm;hmmecatoadcow shoQligeehli i Obj ect
858, an auq'!ll t?ueg ntB elg‘%hdoesngta . toa em cs%ou%lgte audio clip object 859, or
a script ef*Bient W BE0CH S SET Fpt™obj ect 860, as shown in
Figure 28. A pagélthmtfawé@nhaéthammm@gartmm@ Sﬁlelaﬁc’%@wmmhpaigsinﬁtm to
record anytOang&tL lon 00 geﬁ%@&%l@t@diﬁt@l&mﬁn&ﬁ% pWfti ch does not apply to a
speci fic input e enen In the preferred formof the invention, a tag nmap
811 is assbii at ea“WTTﬁA%TWB%e instance to allow tags on the page to be
translated into [mﬁfd:r&ﬂSmﬁbHuﬂeﬁt&a ROSE nethork cdislts difa IRAGRedNR0A\GEiked Freal
preferred enbo age net ns S a di strlbute set of
net page pagemggr gf rﬁ.gbsgqﬁgtg‘éerseﬁr‘ \é\ég?pa%? at’on lge’ﬁ? cSPyipation, SeLS dle3 I D
servers 12netpaget pybliretion ppvire &t |anﬂ1ne§@zwm§r31@,l commedtad vifea prtitk é:%munclow ervers
14, and nefyRAGEsREAIESHOL connected via a network 19 such as the
Internet, as sho in Figure 3. The netpage registr i_orlu,s rver 11 is a
server which recdfPre g%‘ﬁ“&‘f?&ﬁ?rb% ThEazERn ik fegerds glétﬁ’g Pﬁgi"ﬂ?"@u‘l&e{s’

appl i cat i opess, @ridergubplicat@bs o Publafidng el dbybyauhbiord Zeisus uatwodiustivies. \Ior K
activities, tes behal f
o aut hent esrisyR b7 dhd RLES Hafen RO bl BPaibcalodRl g 5 Utielh 2
handwr i t i ngnaeiont i ase @W@@rhﬁ%@ng %%Ogﬂé@csﬁli"ﬁ@d%%%e‘i RoYred pRRge” Paye

server 10 déﬁrhrnioaﬁdilﬁanﬁ%&&lst&h @fdrmhtidh %mag@&s@pﬁm adaqg@ heneE I Tt hagpge and page

i nstances. The netpa rk i ncl ude e servers, each
handl i ng aneﬂ?g%’gﬁudgﬁ‘ 'ﬁ‘g’ SEFATES eagl? %B‘gmg §%§é°{p§%"rl§‘f§? 51°06° BNt ai ns
user i nputsewal als@snafmms e&c hpy agess ifrstchipage, inshdecslie®s sicdy nagagh etigagendr i nt er s
send net pRage.d Hktirdhy &Chl prfro%nllté‘sa%@l%}@é?pfﬂe% &Wéﬁm&ﬁ;'}e\(s%y sléﬂ%ﬂaﬁge

server interprets any such input ative description of
cor r espondichefrathedescriptipa ehhgreresprdimg e 12 al | ocat es document | Ds 51 on
demand, and pr oviad@gagecOBdserver 12 allocates document IDs 51 on demand, and provides load-

balancing of page servers via its ID allocation scheme.

A netpage printer uses the Internet Distributed Name System (DNS), or similar, to resolve
a netpage page ID 50 into the network address of the netpage page server handling the corresponding
page instance.

A netpage application server 13 is a server which hosts interactive netpage applications. A
netpage publication server 14 is an application server which publishes netpage documents to netpage
printers. They are described in detail in Section 2.

Netpage servers can be hosted on a varety of network server platforms from
manufacturers such as IBM, Hewlett-Packard, and Sun. Multiple netpage servers can run concurrently
on a single host, and a single server can be distributed over a number of hosts. Some or all of the
functionality provided by netpage servers, and in particular the functionality provided by the ID

server and the page server, can also be provided directly in a netpage appliance such as a netpage
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bal anci ng of page servers via its ID allocation schenme. A netpage printer
uses the Internet Distributed Name System (DNS), or simlar, to resolve a
net page page ID 50 into the network address of the netpage page server
handl i ng the correspondi ng page instance. A netpage application server 13
is a server which hosts interactive netpage applications. A netpage
publication server 14 is an application server which publishes netpage
docunents to netpage printers. They gge described in detail in Section 2.
Net page servers can be hosted on a variety of network server platforns from
manuf acturers such as IBM Hew ett-Packard, and Sun. Miltiple netpage
servers can run concurrently on a single host, and a single server can be
di st ri but emingy éra ampuariverkstgon.lvostadocalBemerkor al | of the functionality

provi ded bysnetp@g@Néghﬁﬁﬁaﬂignd in particular the functionality provided
by the ID server and the server, can also be provided directly in a

net page appl i anc&bsispeesniy %ét‘spa&dépha%lp%'s@sﬁlsfﬁfdp‘f‘#‘ e @ptpagk sysismaghput er
wor kst at i OfintsGktp£38 détulm@adn dBRindARKvia subscHptbiENEHRACERSs RiBhiliEERnE® a2et page

printer 601dllsscoxaaecn%ot8 ﬂ{eangtga%e \égworp ja% nr egricglgcgr ege Wtet Qt E ezﬁlyrélgf:% oggb system and

prints netpage ocumnen via subscrip *h prirnter has a
uni que prigpmetionD 62, and is connected to the netpage network via a

network such as kﬂ§:h&£%ﬁﬂﬁ$ ‘fgaﬁhl%nMﬁ%n%mQ&%%QQ%&Qnr%%ﬂﬁ E%IQerApart
fromidentity and security settings in non-volatil e net page

printer d@ﬁ?ﬁﬁ%@mﬁﬁmﬁé?ﬁﬁeﬁeﬁf“§Fﬁ?§g@mﬂﬁ§ ﬁ&ﬂ“&@k§‘U§EWWW? EBWeEET ned,
"t he net wolictibBinkR&ivel et Qiace. andNErhgRigaBe hefpltfl Gk dBfibktaIl RS bhdé 8dryersIDl 0SS

space and he he he distributed netpage page servers 10,
independeﬁ%+§§%mhﬁg? 8& ar ﬁ@fpége printers. The netpage printer receives

subscri bed net padks thteemesiites récpivan spistiibad) ectppab Hocomenitsofiom gepage puplidation Each

docurment ls%rvelrk $4 ﬁshmt,eﬂmﬂte dasmue@ﬁltuso pahbee@a@q’aybﬁaemﬂe,acen%xm@mﬁgé ual text
and i mage V\/f‘l1 ate es. BGCEUSG of person izati on,

page | ayou‘t"’sec éuw "IE BB &%H‘F Ao bgqa'fsp e P[ef? Zab"é’r PETRYYE a?@ﬁ’é"él}y BEFCE so are
poi nt cast pagictliveuistibsiCani Bedrt goifeabtrié i subbcaibdri @rid@PiaOly dppopriapage: S\erver .

Text and | f@ggld Agg%{)jgcts 91‘1-I Qﬁle areh%?kﬁlly i gd &?ﬁgetﬁeglsibgcri’%g?rag&jso%é h ot her

subscri bers, SO are tlcas ers' printers and the
approprlal@m%%@é”@éﬂveﬁ§sPWﬁ@Sﬁ@ﬂﬁagemﬁﬂhwweﬁﬁﬁﬁn server optim zes the

segnentation of dﬁ&hﬁ@gﬁ p&ﬁé&ﬁ&niervbﬂﬁﬁmzﬁﬁﬂletsggﬂﬁﬁt&mﬁﬂﬁl dmﬂntaﬂt GafdnS intdf t €r
recei vi ng

-ast of ~a docunent' s out.s, rinter knows
o b (TR PR ARG TREPE s Bt PRSI T RIERES FeBBF ed { he
conmpl ete ﬁagauﬂay@uts%anﬂmwh?bﬁes:that define the docunent to be printed,
it can print t heoﬂ&%ﬁﬂker has received the complete page layouts and objects that define the
document to be printed, it can print the document.
The printer rasterizes and prints odd and even pages simultaneously on both sides of the
sheet. It contains duplexed print engine controllers 760 and print engines utilizing Memjet™
printheads 350 for this purpose.
The printing process consists of two decoupled stages: rasterization of page descriptions,
and expansion and printing of page images. The raster image processor {RIP) consists of one or more
standard DSPs 757 running in parallel. The duplexed print engine controllers consist of custom
processors which expand, dither and print page images in real time, synchronized with the operation of
the printheads in the print engines.
Printers not enabled for IR printing have the option to print tags using IR-absorptive black
ink, although this restricts tags to otherwise empty areas of the page. Although such pages have more
limited fanctionality than IR-printed pages, they are still classed as netpages.
A normal netpage printer prints netpages on sheets of paper. More specialised netpage

printers may print onto more specialised surfaces, such as globes. Each printer supporis at least one
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The printer rasterizes and prints odd and even pages sinmultaneously on both
sides of the sheet. It contains duplexed print engine controllers 760 and
print engines utilizing MenjetTM printheads 350 for this purpose. The
printing process consists of two decoupl ed stages: rasterization of page
descriptions, and expansion and printing of page inmages. The raster inage
processor (RIP) consists of one or nore standard DSPs 757 running in
paral l el . The dupl exed print engine cqgrtrollers consist of custom
processors whi ch expand, dither and print page inmages in real tineg,
synchroni zed with the operation of the printheads in the print engines.
Printers not enabled for IR printing have the option to print tags using

| R- absor pt susiee bipa ekd suppoks at Bhdt bretaghilibgdscieme.asd kehettap niapdor chad sofabayme Be enpt y
areas of tHe pAGe: whl Gggﬁaﬁs B GL) RAQ AR YD LR b b LiholAE blGBA! | LY

than | R-printed pages, are sti assed” as net pages. A nor net page
printer pr@ﬁ?@wﬁﬁﬁﬁﬁﬁ@§m@%ﬁ%ﬁ@%?%mﬁwmﬁﬁﬁ@¥Cmﬂﬁﬁﬁmgbé%@%ﬁ?%ed net page

printers may prl Figmelittsﬁom&@ne%ﬁ@:trﬁﬁek sl didfahAfa8tinS ptakr-Afiteg lih@stEon Each
printer su t one E%? 35-SG 17 surface type, and supports at

| east one Eﬁb?ﬁﬁﬁ@ SEverd el eas "8y Wap, for each surface type. The
tag map 811 mhlchmdéscdnb@ﬂmﬁmefﬂagdnwbmwgﬁsmmﬂmbahcg@ahkwmmsHEMbm6pr|nt a
docunent q%gwqﬁhw@§§gg 1Wlif that document so that the docunent's tags
can be correctly |nter reted. Figure 2 shows the netpage printer class

di agr am erFectWﬁ@HS rﬂ@WﬁW§lated informati on naintained by a

r ﬁg| stration ser \merneﬁgageeght&ﬂ*@n BRtRAgRg fitenOnhdde whh lpmfa %ﬁe&dd@iﬁb@ﬁingglnt of

t he net pag rlnter lescri at. et ai Sec el ow,
with ref ertgcnhge lmﬁ“ e depy lg‘dg’l%ezo EGE-' fSWEdlase{ ﬁlﬁﬁuﬁ’? CRE ﬁpé“ &8 ™het page
system canwa,aEOEWS |C¢rgung¢r peTEanSe, fiteiel éesmbiehthfa ayyiettege rpaintgrehagd thd ifdlbviag
printing egharliggies, including thermal inkjet, piezoelectric inkjet,

| aser electrophotographlc and others. However, for w de consuner
acceptance’, it iRoguarhicasiiy elspining et page printer have the fol | ow ng
charact eristi cs: highghatyogttaphing qual ity color printing high quality text

printing high re%{qbbhg | ow printer cost | ow i nk cost | ow paper
cost S|nple operatron “nearly silent printing
fow printer cost

. low ink cost

. low paper cost

. simple operation

. nearly silent printing

. high printing speed

. simultaneous double sided printing

. compact form factor

. low power consumption

No commercially available printing technology has all of these characteristics.

To enable to production of printers with these characteristics, the present applicant has
invented a new print technology, referred to as Memjet™ technology. Memjet™ is a drop-on-demand
inkjet technology that incorporates pagewidth printheads fabricated using microelectromechanical
systems (MEMS) technology. Figure 17 shows a single printing clement 300 of a Memjet™
printhead. The netpage wallprinter incorporates 168960 printing elements 300 to form a 1600 dpi
pagewidth duplex printer. This printer simultaneously prints cyan, magenta, vellow, black, and
infrared inks as well as paper conditioner and ink fixative.

The printing element 300 is approximatety 110 microns long by 32 microns wide. Arrays

of these printing elements are formed on a silicon substrate 301 that incorporates CMOS logic, data
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hi gh printing speed sinultaneous double sided printing conpact form
factor | ow power consunption No conmercially avail able printing technol ogy
has all of these characteristics. To enable to production of printers with
t hese characteristics, the present applicant has invented a new print
technol ogy, referred to as MenjetTMtechnol ogy. MenjetTMis a
drop-on-denmand inkjet technology that incorporates pagew dth printheads
fabricated using m croel ectronechani calg systens (MEMS) technol ogy. Figure
17 shows a single printing elenment 300 of a MenjetTM printhead. The

net page wal | printer incorporates 168960 printing elements 300 to forma
1600 dpi pagew dth duplex printer. This printer sinultaneously prints
cyan, nagetmrnster, gihd, end,dritad cdrelits (nantlown).nf r ared i nks as wel | as paper

condi ti oner and Mlj%rhklé&ts'o‘fﬁxeggnﬁ Qfefnéhﬁhé”bga{@{hgg&% 3600 103, RRRL %1 gt el y 110

mcrons long by 32" mcrons w rrays _ eseégcrlntlng el ements are
formed on 20Z&¢ Fhegbes 384, dhet fuidicesed PS5t thratnk ichoaest Fur346-ase lewDam HYi e adiag a
N:DSOSS- SG ?;b&atﬁlr paam i 304, iﬂliﬂi FaGhive ABGat6H e pmhﬂ@y in alct(vsl Qluasdd Qi#ﬂar- 3 IW@r
el ements of the printjng,.e nt .30 re the nozzle 302, the nozzle rim
303, the %aﬁsivfla%tg)aéqﬁ?ﬁ%%gl%@E%ﬂ‘#ﬁ?tsbﬁdi c seal 305, the ink channel rim
306, the | ever aflha &0 acthdie beratpaiv 808 imotchraicaly jbednn theparsivg 88@jatot brempaissi ve

actuator begm Rahh 380 Both bikfs B he¥ GncAbl G reg}a@&QQ&c}%}Qomtéﬁ@ andP3BGhYE
actuator anchor 311, and the ink inlet 312. The active actuator beam pair

308 is nectPHRingion |9 <jearatet®t 60% AY: Sk opd 81% fmy gt Brilyesheipiphemalggndt t he
join 319. Rahdbrdzeans pairs are anchored at their respective anchor points
310 and 311. The.. conbipation of el enents 308,. 309 3 and 319 form
a cantilevered el 8&trotHer e ag(—’ﬁ?fgo Actialof 9““!‘-‘?“‘33}9% ﬂ%’jdisnﬁ(%v\%"s% smal |
part of ansegiopalp abh pyintipgtl¢aregt 360.diverross s8G@ 313 nelowd iviliguianks oaberly skecthé on 315

of a pri ntjpgiee18 MR HassdWoueh BE sifidc@SafeSREL 1 ON 315 i's shown without ink, to
clearly show the_ i inlet 312 that passes. through the silicon wafer 301.

_ink h ;

Fi gures 19(a), 15’@35’3 G 1?@’26‘)‘1 lgﬁb%"?’ﬁﬁ"%@?‘&ﬁc}?@ & YemEt b priniiog Elepet m
printing eloenment 300. Figure 19(a) shows the quiescent position of the ink
meni scus 316 pri r sl ent DKt l.et . k.is retai.ned i.n the
nozzl e chamber bglrglérh(ri)?@cle&{ etﬁr%g]mgg% épé§tuﬁ'g&?%kn%_{nnéeﬁ]452uéais§p§ _erto grﬁ%m%lfn l?lhe
flui di c sedprlsdsk & gtaed inthe wadnchenber hp e tebiamddie MOdenird 3tthad antke channel
:uh m 306. tvﬁhjidi@seﬂ@b%ﬂ-tr{é@bﬁt\fréaﬁmf)ﬁdzflé aﬁﬁ&rmt ﬁéﬁﬁ%ﬂaﬁﬂebﬁn@i@l rit bult ets ﬂat atl;] rom

e print engine__contro r to rrect pripting el ement, | atches e
data, and bufferﬁﬁ@“’ﬁ’ﬁ%’a& Bmi?}eF‘{;gM?)ﬁemé‘f“@’cF‘F‘f} §§ data from the print engine

controller to the correct printing element, latches the data, and buffers the data to drive the electrodes

318 of the active actnator beam pair 308. This causes an electrical current to pass through the beam
pair 308 for about one microsecond, resulting in Joule heating. The temperature increase resulting
from Joule heating causes the beam pair 308 to expand. As the passive actuator beam pair 309 is not
heated, it does not expand, resulting in a stress difference between the two beam pairs. This stress
difference is partially resolved by the cantilevered end of the electrothermal bend actuator 320
bending towards the substrate 301. The lever arm 307 transmits this movement to the nozzle chamber
304. The nozzle chamber 304 moves about two microns to the position shown in Figure 19(b). This
increases the ink pressure, forcing ink 321 out of the nozzle 302, and causing the ink meniscus 316 to
bulge. The nozzle rim 303 prevents the ink meniscus 316 from spreading across the surface of the
nozzle chamber 304.

As the temperature of the beam pairs 308 and 309 equalizes, the actuator 320 returns to its
original position. This aids in the break-off of the ink droplet 317 from the ink 321 in the nozzle
chamber, as shown in Figure 19(c). The nozzle chamber is refilled by the action of the surface tension
at the meniscus 316.

Figure 20 shows a segment of a printhead 350. In a netpage printer, the length of the
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318 of the active actuator beam pair 308. This causes an electrical current
to pass through the beam pair 308 for about one m crosecond, resulting in
Joul e heating. The tenperature increase resulting from Joule heating
causes the beampair 308 to expand. As the passive actuator beam pair 309
is not heated, it does not expand, resulting in a stress difference
between the two beampairs. This stress difference is partially resolved
by the cantilevered end of the electroghermal bend actuator 320 bending
towards the substrate 301. The |lever arm 307 transmts this novenent to the
nozzl e chanber 304. The nozzl e chanber 304 noves about two microns to the
position shown in Figure 19(b). This increases the ink pressure, forcing

i nk 321 oupringkadtidibe b zitkieof 80 BaperygicAlad §i mg) ih e dirdation3eh T8cgneddsbotnds  bul ge.
The nozzl eolil?mﬁn% abid t%‘éﬁ}“éfﬁ céuh};?eééorg&th%gpﬁlg&l%n%éthg P ich v%@ﬁast Rggoss the

surface of 0zz ure o eam pairs
308 and 30@1ﬂé’ﬁﬁﬁalplﬂ23e‘§rect{°hé5?aé“ﬂ1ﬁa¥@}€a@@® 6rravpiigterdigitiiadsprining] ddpimants 3¢Posi ti on.

e dihm%& ﬁi&?ﬁsmesmm‘mf S TR i’Z%e'f "o
Do he acton of 16 eth il st S praeld anrar e o a2l B0 shows
a segnent skched prihapringea BGate BM1. Borrvathprgrte 192 iditess a cérivepohdimgiotricoduatine .
NPS035- SG {9, i ﬁ%@%dh%é he dIOngs 4 JLD ﬁfprz‘ﬁaﬁ t&%géle cpﬁo(feg (;bg 3}%&0 my in
the direction

he segnment shown IS . nun ng out
conpl ete p\’wﬂ%‘&ﬁy‘fd ‘W?@ﬁf e qE qthey debrify éftf;s@alﬁﬁris H“Elpff‘?ﬂl%f% &agltf infef333 %ﬂféed
printhead éudof e nehble @6dd Rles Abdg plil@ig PId fERARALL 123 Frofd dnMS thohoAB e@irdlisi t at ed

printing el ts 300, .p |nt|ng the six colors or types of ink supplied by
the ink inf gl%gsa“qﬁliﬂl?pﬂ%erbs cj)ff'ect the fragile surface of the printhead during

oper ati on, 1.& nozZheNgtpagelPeraf er 330 is attached to the printhead substrate
301. For each nozgl ﬁtl%%mkggs&e oP 8 pGOAL sétpmdts,@&uy%&h%l IHth dusinp gl € 331

t hrough which the ink d ets are fired prevent the 'nozzl e guard hol es

331 from Weedkd F@“ﬂ}eb&éea able, fosapsue a8 drende I%POSBIP’I‘]@BS %%? page vipjap {iiged air s

punped t hr @ugh Thdtighag sbnsbrii £§oﬁd—&ae?dfﬁﬁdproﬁﬂﬁdvﬁtﬁaﬁ hpropaaziier @pasd sbehes during
rintin SO pr.event |nk o th Qzzl rd i seal ed while

!tohe pri gt ef mg”méluﬁr a’%ﬁ%hs H;‘ g‘ifﬂ% de(?aﬂq} ll%vé&aé nsllnﬁsga&"’?faet\(/)lSE::neSE= of the
net page sywheptejnp @Woeﬁ‘tt [wgth dlemlfﬁcqmd the\pndhabla g isgnge gssit a enffréedtimi to

cont rol | ercaddfh huhsh Iﬁaﬂwﬁnﬁg%&ét@w&ﬁ oﬁg}&teQ%Q@@HL B 5 intdRatbRGndel G a page

via an i mage sensor. e |na e sensar is a solid-state device provided
with an apPf BPri SEPE] F”’t eledl EapsRited I fhe iPRger (g baginiafion ety PriniEr 0% pasy

wavel engt hsatiodf\mtetpesiay thdxiack with resfetteo tekaiwn) fned ﬂmcturé he systemis able to sense
when the nib is o] sense
tags at a suffi c:rgen%g&?%?g&b(}gﬁe& Otfta]% r tbl{%gﬁél Sg‘)v(\)/rhll |a%§ ff Iﬁarﬁn '?k %80 dpi or
gr eat er antdpoe rpymygking gevselhe mqﬂﬁlpa)frsmt ﬁ@WV@raﬁtnatr@ePsw for, ysimg Hrerpeipage

encrypt ed §8eh W 4 BlbRGG! Ysidaf, 3RE W Whead: i Qsell R arhichbEihter08. rRASRpEL3td 8N) , the
printer or

reglsaia'gd with the netpage system and has a unique pen ID 61. Figure 23 shows the netpage pen class
diagram, reflecting pen-related information maintained by a registration server 11 on the netpage
network.

When either nib is in contact with a netpage, the pen determines its position and
orientation relative to the page. The nib is attached to a force sensor, and the force on the nib is
interpreted relative to a threshold to indicate whether the pen is “up” or “down”. This allows a
interactive element on the page to be ‘clicked’ by pressing with the pen nib, in order to request, say,
iformation from a network. Furthermore, the force is captured as a continuous value to allow, say,
the full dynamics of a signature to be verified.

The pen determines 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

computes the position of the nib relative to the tag from the observed perspective distortion on the
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station interpreting the data with respect to the (known) page structure.
The preferred enbodi nent of the netpage pen operates both as a normal

mar ki ng i nk pen and as a non-marking stylus. The marki ng aspect, however,
is not necessary for using the netpage systemas a browsing system such
as when it is used as an Internet interface. Each netpage pen is

regi stered wth the netpage system and has a unique pen ID 61. Figure 23
shows the netpage pen class diagram jeflecting pen-related infornation
mai ntai ned by a registration server 11 on the netpage network. Wen either
nib is in contact wwth a netpage, the pen determnes its position and
orientation relative to the page. The nib is attached to a force sensor,
and t he f cimaged g abdbe kmbion geSmetiymf he pam@pted Aﬂtﬁdualt thy/@sition resotutisnas the tag mhw

i ndi cate ' I it ive

el ement o\rll\[n:tel h‘ge[reca;:;l%e?ﬂgﬁg dond &ﬂgﬁ I%ge ﬁ ely Jp&r&nﬁ i&mg%m S5 %8&9‘% n order
t 0 requestRosigepreso “P%‘flﬁ)ﬂ%‘ﬁ’f'lﬁ]bﬁmf’ffdﬁlﬁfhﬁ W%‘fewlu“%ﬁeﬂ’fé% W@“ﬂt@t Madwrgpge | s
capt ured agcogniiént i nuous value to allow, say, the full dynanmcs of a
signature to be yerified _.The pen determ nes osition and orl ntatlon
of its nib on th e“rw"é?"ﬁéﬁﬁ‘*‘w P ABRIEHES caphred f‘sr?ese‘i“ﬁf’{)é‘?‘@a AFEcPHit °5h ar ea
193 of t hesepage of md-dgped ©h pesttignsah thelpageninibated Hy agecdoe svehtved svepleed by t ag and
conput es -t §esRARlehipluyHvert. m%umeqs Jls%h%gédw&;m&h@p%%)%@&aie Pk B engﬁaistﬁg ved
perspective distortion on SG 20 inmaged ta an& known

geomet ry o2t Rehasgss. Wi @éer H%Pﬂelwaﬂlgﬁ*mecrsfelslafd%ﬁ W@?PC?@W ﬁ‘FF‘Eﬂlie of the tag may
bﬁ | ow, becausehEM Ik@&e(ibeﬁlﬁdstaYCuﬁEhthél@u@ﬁm ds@mhté&lﬁi’ﬂﬁmabﬂoﬁﬁg)ﬂn@ruﬁdrwalj to

the tag siz the a resol.ution u eedi ng
the nini nupm%zr’ esoru ?%asg’ © er"’mlmﬁasee% {dbersgacél euf a %Staﬁlgeddwlgfv |thegs'ySt dIC Pen
actions redfigtd dﬁéﬂﬂti@mapﬁ@tlﬁ@ugmmedwm depcgibles agegn ey paesmadncstﬁrc@ises of A stroke

consi sts Ot]cae fost 1%&9“2@[91@11!&&0& le eﬁtﬂﬁm%ﬁ %e ?&Qelﬂﬂ§ b%e%ﬁ&g@lﬂ:d%@of@ﬁ:%@ge
initiated own event ‘and conp he subsequent pen-up

event. A slf ’rsc‘J‘R"éertgd a8 e applcadnmspecifie ‘Hié‘ced%\’@@b’f“ﬁe%@ BFPbRE e Eohenever
t he page Hyprridraogesn. whi ch, under normal circunstances, is at the

commencenent of mﬁp%ﬁa%&mn%@ﬁe%n%mp@gsmre?a@t DB, BUL SN SELESHAON 826

associated with e user errormtcCo e oper ations
etc. The s@ﬁ‘fééthed?faqltswmgﬁé@t%m@é abcn'e,aiﬂleow mprking bladk dniboor diegemmatking  af t er

a defined &ﬁm&ee&gﬂk Ezﬂéﬂgencagwm cu%@rlt%ts-lyﬁrmgiefhﬁrﬂ- @@ﬁnb @tyﬂé@.@d Rciatq a page
i nst ance. consj sts t he npst recent di |taI strok

ca
t hr ough t h‘%l PP &1 ReP é"“P’b CEHRTIRR U S%\ 2 ac?Pl"‘i & "ﬁ’éb‘é‘“’ They ‘%aﬁ‘s
i nt er pr et edb style &nheapiphtyle abacarrd syl die fourg:nimein SevkcOcup@redl thraugh & pdansre thggeld t 0 an

2Pl | Cat | ot b SOHT Pl JADAEL LD RGI AL O SASTRED. DT peL T et

nib 824. This I1s the nib last noti e pen to stem Tn the
case of t hub ¢ds with whichdepagsegstn descri bed above, either the nmarking bl ack
ink nib or the nomed¥® ltie@n isStithinUangdoba b&t&%tﬁ@vﬂfch uEacébmaﬁmca@el g@ phas a

current ni sl?ow?} leisﬁ"es 81% 5‘bnli-£fl:]’i ]§E]5 S\N‘ttlelqethen}i)eg fe%]ts %ecoc?e a stro e e altnafét t%dthe page, it
momentarily activates its “error” LED. When the pen succeeds in decoding a stroke relative to the
page, it momentarily activates its “ok” LED.

A sequence of captured strokes is referred to as digital ink, Digital ink forms the basis for
the digital exchange of drawings and handwriting, for online recognition of handwriting, and for
online verification of signatures.

The pen is wireless and transmits digital ink to the netpage printer via a short-range radio
link. The transmitted digital ink is encrypted for privacy and security and packetized for efficient
transmission, but is always flushed on a pen-up event to ensure timely handling in the printer.

When the pen is out-of-range of a printer it buffers digital ink in internal memory, which
has a capacity of over ten minutes of continuous handwriting, When the pen is once again within

range of a printer, it transfers any buffered digital ink.
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with the pen by an application, e.g. in response to the user selecting a
color froma palette. The default nib style is the nib style associated
with the current nib. Strokes captured through a pen are tagged wth the
current nib style. Wen the strokes are subsequently reproduced, they are
reproduced in the nib style wth which they are tagged. Whenever the pen
is wwthin range of a printer with which it can conmunicate, the pen slowy
flashes its "online" LED. When the pen;fails to decode a stroke relative to
the page, it nonmentarily activates its "error™ LED. Wen the pen succeeds
in decoding a stroke relative to the page, it nonentarily activates its
"ok" LED. A sequence of captured strokes is referred to as digital ink.

Di gi tal ink forms pehenbasgistddwit 4o gutiegoftpaihters potizrye atlfstad darvesiges iand
handwri ti n&tpageprboﬂndn R errﬁﬁoo%é L.QRoRf i Nand %M}J iode38ria1 ARGHT Bloer Q gﬂeh e
verification of ures. pen I's W releéss and transmts Igital ink
to the net‘iﬁ&@’émﬁfli%‘fl@ratﬂwaa“&“%ﬁm-range radio link. The transmtted
digital ink is en@feye@k«eehla‘o@;memfmaﬁem iEREbriBRGH Erbdiey d@ftin RGeS bt wiior
efficient 5{&&@%@ SSi n, 10but is always flushed on a pen-up event to ensure
tinely handirng 1 thé printer. Wien the pen is out-of-range of a printer
it buffersldigit METPRekINFERACTIRNTr nal nenory, which has a capacity of over

ten mnutes of c . el kg, o thin
onoe oSt of SEABHRYBRRIELL B0 D (RS, R0l A TIFRRERN L,

pen can be“s?detginéefaé?‘@ﬂla\/ﬂe‘@’?geén?‘eﬁ%ﬂ%é‘ a bt thertaen t ésread by the reediguis is vedto st at e
dat a resi deé&uieln: me@bpAagRAc BO4 Rrokd) ThAREE aBévWd EXidbde de&hM@dfrﬂfwlai bagk Snd ar gel y
i mmat eri al V\@llatgy r't@e%emmt?ﬁ con I’]IdC tlnigth ]tt “’é rticul ar
time. A préetferre i e?eefnﬁne SENE™ e"élé’r.%ma““”ﬁ"s‘ Peat er°f&tail in
Section 6 hleiwve thwagfhto be elﬂ@rreéri@emﬂ@atﬁg drter ie ran@mittesl t4 e pzinte?, WETE RAGR]ves,

| NTERACTI Q, E@QN@%@Q@@IIPSG BHES suBRlinth Qfeledioik MatR of @b adeba ggpargs)se%,eﬁid oke from
the pen 10 1 whe pen is wused to interact wiith a ne The coded

data 3 of ‘fkhfé ﬂfﬂ&&éﬂs zile 0@%@5%1%3?% iRtAnprcfq O Thtbipp trapsmyits thy stgrye dhe péseeséreﬁre a
novemnent , I the haga Srasre@hdydleatified ieanttaitiier sablle0M&: theh@inteth@ntalrbady Rdve thbedmsr ticul ar
page and els ract | enent. 1o di cation
page, and 498961 8k Sk ILELAGILNE 1SL OB, 0,06 (EhELILASS A0S Aokl

obt ai ned. Priisteptlydly @aetpang p@aﬁﬁver &eq bemérﬁhe page layeyt tefees tppﬁumsespch apfreses i t

resol ves, foé @dbB&s NS, yhRAYRBEE clhddh@Dorthe dehpeetbitviike i Nto the network
address of the n Qﬁatgeaeé e server mai_nt ai ns, the correspondi ng

page instance 830. et ’%fﬁ’é’?ﬁﬂfes"‘mf'lifi?@tﬂ?ed’ﬁ'é AR RRElEEPPR  I1f the
page was rvegdnilic|sitokedppiibs, frideltheimineg whigtealdmcatrof git pak dgsciifienthelstekqinterécar nay

al ready hafv@ﬂ&,bﬁolquﬂlre%me &Iokélnﬁle &J]eﬁtvo@ﬂl% BEH TN bleidhe, | 1S Cache. Each

net page consi sts of ayout "mal nt al ne ersistentl by a
net page page ser éthc{"s‘éé Stf?é? B’er el'ﬁéanﬁ?a@’é timg peyeen thsfoert dovp gosgisp exkthe such as
i mages, subsequent pen up position are both less than some small maximum. An object which is activated by a

click typicaily requires a click to be activated, and accordingly, a longer stroke is ignored. The failure
of a pen action, such as a “sloppy” click, to register is indicated by the lack of response from the pen’s
“ok” LED.

There are two kinds of input elements in a netpage page description: hyperlinks and form
fields. Input through & form field can also trigger the activation of an associated hyperlink.
1.71 Hyperlinks

A hyperlink is a means of sending a message to a remote application, and typically elicits a
printed response in the netpage system.

A hyperlink element 844 identifies the application 71 which handles activation of the
hyperlink, a link ID 54 which identifies the hyperlink to the application, an “alias required” flag which
asks the system to include the user’s application alias ID 65 in the hyperlink activation, and a

description which is used when the hyperlink is recorded as a favorite or appears in the user’s history.
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fonts and pieces of text, typically stored el sewhere on the netpage
networ k. When the page server receives the stroke fromthe pen, it
retrieves the page description to which the stroke applies, and determ nes
whi ch el enent of the page description the stroke intersects. It is then
able to interpret the stroke in the context of the type of the rel evant
element. A "click” is a stroke where the distance and tine between the pen
down position and the subsequent pen up position are both |ess than sone
smal | maxi mum An object which is activated by a click typically requires
a click to be activated, and accordingly, a |longer stroke is ignored. The
failure of a pen action, such as a "sloppy" click, to register is

i ndi cat ed By hitledink eledenoflasy dgponsaodriofigthed.pen' s "ok" LED. There are two
kinds of input ek\@l@@qt@p&m{am%&‘a@alethp% QEIC LR L Qe ¥PEE LbdiiioRnd Torm

fields. Input through a formf can al so tl’l% ger the activation of an
associ at eosof‘i'f‘/‘ﬂt?feloi“m@ ne‘fm? Hhe FEPE}@WPIE is entifiediByine ppulipation I &f. snd s gprdipatisendi ng a
message t O feiRl & ﬁma}nia(l@iyl v the BRI Theydir€@iet Ype bf pdiBnka gedalrai Wyb&khks esponse

in the net sy st p t 844|d ntl Ilcation
71 whi ch HomorELiek & r%‘%ré\”‘%‘f"“ arperl@%% 5 512"“’“6{“ #%‘%’ﬂ“ﬁﬁ}’f
i dent i f i escan mpldngpeardqueskiot plinkivaloamphti @ atay gmply agnal'famfasmc equirredt fofdh ag whi ch

asks the Sﬁéfﬁérﬁmsﬁlﬂmk e kéﬁ@%oﬁ SRS th§ap§ﬁbgdldncﬁgéle%n%bﬂeﬁﬁk 4119111%6' cﬁrrénhe
hyper i nk actlvatlon nd a escription which is used when the hyperlink

i s recordeylegignp t}“‘a%?alfcmf’é 151be aspRidriectiptropfias Ll vordicse o it forguapBs- SG 22
The hyper]| mm'ppedaedmy révhrAl @ Single-f4gE adbuinSnt FiRBYWhe wdrdfsi ngpaig Wifhin dh@Bea ihyper | i nk

is activat Xbﬁ apagre server eq_‘l#es ;5 an_appl i cation %pmawhere
I . T
on the netWork. > ap ﬁnscaéo?gnoﬁgsjﬁ?re SPGB PSS R F SR ST B 64, and

t he appli c‘ahatief?ﬂnaw@lﬁ@bm@sdibthedpﬁhthWe normal way via the DNS. There are

three types of hm&&b@&ﬁlinggﬁ&ﬂ[ﬂ@mm&eﬁh'r&gﬁs a&@;ﬁmioﬁ)rnmshmechlcwké 865,
and sel ection hg/&lerl i nks 864, as sh own in Fi gure ) ﬁgenera hyper | i nk

can i npl enBRECAC PR BREE Wptanee P Hhiqhipbaper %Bﬁtﬁ’@ﬁf‘ppeaéﬁ‘ T\*Fd?“sé WpIRcaidghdy a
pr ef er encesstrepaifis daty @rthe applicaion foterpad 4 ‘Rlopsitherrt 6f defing@ofkLs pamdinay formto

the appli Cl%’tapglghasﬁzﬁ)?ﬂhc?i&oglloggehgy&%eulsé?k submts the current selection to

t he application e current selection contains a single-wrd piece of
text, for exanpl &he systmeinglsdss ithe et o prrivtyrelpieniPal in a selerorehypetlink addeiinrent

gi vi nlg thernaafs&msndugaﬁaa@mtoF e aésmteeqmnexstah néerssslm.l ﬁlzﬁh hﬁerﬁﬂc&@@ﬁ@on or a g
translation, i a. different, | an ac perlink t i s _characterize
by what iNP¢ %‘rﬁﬁe Sperigk ey s 'T"E'gyﬁ% awﬁ&teéﬁ’pﬂnﬁ SRS B ﬂlel'%g%(?ﬁr“fb@ésb‘%dl ng
hyper | i nk i imgbdzidde 8§62m nelodes aisstigctive @vaaethiioal hidorisbaaiiatiods. can be specific
to the page Instgmgsermed AuSQsé he g;aﬁg%renw%gg DELARCE, gpolaq&{ Ryperfifle as

transaction I D can identi user - specl icatlon, for
exanple a® %"ﬁ’o‘ﬁﬁfﬁ"lﬁ‘ 3 alpen 1611““ %%%%W(fﬁ&%@e?fﬁ# Fi‘f’ éﬁ"ﬁééﬁe hymecligk 84t chasi ng

appl i cat i asoamedehidlide @dup ihacausar A hyperlinked group can be used fo associate hyperlink

behavior with a field such as a checkbox. It can also be used, in conjunction with the “submit delta”

attribute of a form hyperlink, to provide continuous input to an application. It can therefore be used to
support a “blackboard” interaction model, i.e. where input is captured and therefore shared as soon as
it occurs.
1.7.2 Forms

A form defines a collection of related input fields used to capture a related set of inputs
through a printed netpage. A form allows a user to submit one or more parameters to an application
software program running on a server.

A form 867 is a group element 838 in the document hierarchy. It ultimately contains a set
of terminal field elements 839. A form instance 868 represents a printed instance of a form. It consists
of a set of field instances 870 which correspond to the field elements 845 of the form. Each field

instance has an associated value 871, whose type depends on the type of the corresponding field
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The systemincludes the pen's current selection 826 in a selection
hyperlink activation. - The systemincludes the content of the associated
forminstance 868 in a formhyperlink activation, although if the
hyperlink has its "submt delta"” attribute set, only input since the |ast
formsubm ssion is included. The systemincludes an effective return path
in all hyperlink activations. A hyperlinked group 866 is a group el enent
838 which has an associ ated hyperlink,,;as shown in Figure 31. Wen input
occurs through any field elenment in the group, the hyperliink 844
associated wth the group is activated. A hyperlinked group can be used to
associ ate hyperlink behavior with a field such as a checkbox. It can al so
be used, idengonEahtlil eamewictids inpre tifaiptonpatticaled prisféd foai stinby 1.€ tinfugtaodk or m
hyperllnk,m&g @ﬁﬂ%é g ﬁ% rﬁggg% 1%8%%m58h%ﬂ Ilcation It can therefore

be used to support boar d* 1 nteract i nodel e. where input is
captured and t heFeshdpre agngpedys asamog vish Wdtcatﬁfc‘t*tﬂihgr thelforfﬂ B agtiyp. 97 f or m

defines a Gohilesbi@6r &i)queha‘&rﬁtds hditpwhetﬂﬁedt iSntdas & dorinOe€oRial 1#68n 8ok &liat ed set

of 1 nput rn a orm all a user to mt one or
oor & har arite) & B felie BbRied PR S%Ss i wirmi s tpihs PolRt e i S Vo A
form 867 ide ypghidups vl “evbmittdel83 8titribnte tdt e o brwms viid ehartiehvyer invibkesid taidrat el y
contains afoﬁt?treset%nn o€ E0R fordd ﬁ%&oﬁa&%ﬁeﬂff&m&é&w éhefn%%ie RRLARGE: &

represents a printed instance o form It consists of a set of field

i nst ances BYF SkprPEHRcl ePpdird lfme Nhilejths) formels aqiign famgopyt ispliqwse Ifyt m  Each
f:c el ﬂ i NSthdthe fd&'tﬂt&wh&? 1s&1|81d$a6@d§gt§ﬁdcad/@btli§% 8tk baett@asle ﬁttwﬁ ddﬁa%[&deﬁlt fpe t he tépe
of the corr ondi ng f.ie el enent ue records
i nput thr ougaf?gag‘glar P LRt 2B oﬁ'(t%ré’ Tf(()Br mSUiblﬁlsS?m i3 auowe Aﬂy aL gahsabone or nore
printed nefepages the e wfnetranm@ befyzends lamtmudglsswmtwmﬁﬁn gamseep82. Each form
instance has a s&&tq&m&z&nms Qﬁodd&ql(&%f%ﬂ\@ﬁtf&%{ indt436es (0T I5Sm BC Y €,

frozen, submtted, void o ex ired ormis active when first printed. A
form becon’ﬁ%"‘?“?gd’z"éﬁl"%‘&t@ytqt "‘Q°WS§P Gty lategt Yegsiomohbiophiae p%‘ti‘ﬂ‘t?f fireerisghce one
of |ts subwbssicodediiyperdatchks has been activated, unless the hyperlink has

its "submt del ti]lm%%t 1£énFtu}et?a 1tal|&t{)1% tarﬂne%cf?consmts o?a set\éylt%%st%m??e L{I_SEI’ I nvokes

a void form reset orm page conman rmexpires
when t he tirenes BHe each Pfrwlh@ilsw@@érpf ageitof gigledstiokes 335- thaeh strofiervbrpisty pée pdt ok d
lifetinme. MWkkpeBé doQhidh b7, éiél{df\&fﬁwh $1QiRBIIdBNP orfeftatitn hAWRSorct. MAVMigitaf N OUGH &
form whi ch 1 S t active | %\%é}ead captured in the background f| el d 833 of
the rel eva‘ﬂlfc?fé‘gégmtlﬁg'f’%t? iEf{dn the formis active or frozen, form

subm ssion is al P\d“mﬂdlemm%SabﬂlEmpheckme Seldb8i71 a text fifld 878 avvering flakl sﬂst)mna i s not
active or £LOZeRkH S50l ﬂe%td%ftmﬁggt hﬁ&%@@w% ncftgtufe 33 nly QLB fike HeaiPPOT ¢ -
Each forminstance I's assocl ate any forminstan erived
fromit, thifdserofiorsgedtopefiddon history. This allows all but the | at est
ver si (r)]n of a for mchRkidx BA hisG b@bcididdMBolRE Milka 1,120 sHIGn eXtGduttdBdafy i a
search.

{a tick, a cross, a stroke, a fill zigzag, etc.) captured in a checkbox field’s zone causes a true value {o
be assigned to the field’s value.

A text field has an associated text value 882, as shown in Figure 36. Any digital ink
captured in a text field’s zone is automatically converted to text via online handwriting recognition,
and the text is assigned to the field’s value. Online handwriting recognition is well-understood (see,
for example, Tappert, C., C.Y. Suen and T. Wakahara, “The State of the Art in On-Line Handwriting
Recognition”, IEEE Transactions on Pattern Analysis and Machine Intelligence, Vol.12, No.8,
August 1990, the contents of which are herein incorporated by cross-reference).

A signature field has an associated digital signature value 883, as shown in Figure 37, Any
digital ink captured in a signature field’s zone is automatically verified with respect to the identity of
the owner of the pen, and a digital signature of the content of the form of which the field is part is

generated and assigned to the field’s value. The digital signature is generated using the pen user’s
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Al'l input is captured as digital ink. Digital ink 873 consists of a set of
ti mest anped stroke groups 874, each of which consists of a set of styled
strokes 875. Each stroke consists of a set of tinestanped pen positions
876, each of which also includes pen orientation and nib force. The digital
ink class diagramis shown in Figure 33. Afield elenent 845 can be a
checkbox field 877, a text field 878, a drawing field 879, or a signature
field 880. The field elenment class diggramis 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 fprehtdsignaorkey pedifdes tha agplicssonvelichewhohe foan. Opbicgigadid @rifidatorfis el d' s
value. A t\@éfltunfiérs@(log (@@%r Mﬁsﬁ&koﬁﬁoﬁdf{ taﬁci(é L\()?eltty QAlﬁgrémc %na%p%ﬁl:ﬁo gure

36. Any digit ink Ccaptured in a text fiel zone 1s automatically

converted W’ét%t IdW‘gcaB‘?ﬂ T Ake ﬁ'&ﬁd\ﬁnﬂ}et’?rhgl’?f@’é'opg:ﬁ?%“@h Vol.2n Ho2h B8ty i s

assi gned t @nkMieoffwhizh g Berat@intsporatdd by fress eanchvg)i t| ng recognition is

vvel | - under st ood . £ . e, per.t and T. V\akahara
"The State of thg‘%%ﬁteimeﬁ&m{cg% it hl%ﬁp) ﬁn Tl ?ﬁte(‘:A cc)i“ WRER ?lcll)&ralaemef‘tlfﬁﬁ‘

Tr ansact i oRge @rnpRotemR pmm«y@esnoamepmmmlmn hani¢ ellabaogaﬂif@ldvvmwm@,zs No. 8,

August  1991ude @Rk @h&fmemgbﬂm R iubAGQY POr ated by
cross-reference). A signhature field has an associated digital %nature

val ue 883, as shdkfifmgrFommads é“°§?sSuﬁﬁﬁ“o‘@]i'sg’i‘df‘"'é‘lmgldﬂﬁl%éﬁtW@‘élref%m #4483 gnat ur e
field s zofenfisisaut omatically verified with respect to the identity of the
owner of the pen di gital_si e.of the, cont f t he f [ m of
which the field Fgc%%grﬂ}% hlalé(gm%m moﬁ%pﬁl a%ofilthénsgl gsne0 <(a &Y™ al ue.

The di gi t adbyrashigrrdttenr ren inpvepenrrathedhasoiiipet be. w@tna@@epﬂlx to NPS@@W@@ 24

private sigpahdy e cislerycogx@z%%tdntals&aelwaﬁa&ra%cmtm %1&@1@19%%&0} Bnd.or m

Online signature veri yat| under st for exanpl e

Pl anondon, ? ﬂ“eéﬁeé?e"éf’m L'SrEe ase‘ %u%%‘{ep??dﬁf é‘}?gegtﬂ(} eha\‘}jé‘i“f“ﬁ b“a"l‘“i“’c‘iﬁt‘cag’hd Witer
| denti fi Cagen@med-ov&hme&ibwaetvg aﬂcinh:egdhbrhieduﬂ%ntxénaaesae;cognl tion, Vol.22, No.2,
1989, the cont eﬁkﬁﬂ%né’é’i@%r&lﬁg{sz{tq% g%se 7 a SAGRLR L AL&T ysir&re %Eg %{ence) A

field element is . attribute 1s en field
el ement doeRertisEer clamsis zens i WB@#“J“Z@)H’E‘ csrpert siggd %ﬁae%@sdyﬁ@tmtan@@w i nput .
It can haV&yadﬁc)l&Sﬁ)DQﬂp&td&ﬂtofzinQijict‘éadlgi@l M btfehim liSappénd€d 1 dRObabidrobtendids M dat a
when t he f‘? {,:H ontaining the field is submtted. "Editing" comands, such
as strike-1H ofci‘bslrfgmf ndi cati ng del etion, can also be recognized in form
fields. Because bDizalhialndwmturddi imgthe émkgrnmtdi ol & gerordddmswo sdgtidnopdsiue” (1 .
Wi th aCCeSErchfclififn oHRANER offecid RGPl BRSARNL b solloA el BRscrBld | 1 ne”

(i.e. wth access only to_ a bitmp of pe kings), It can recogni ze
run- on di sPjee: é‘lﬁif’“%ﬂi‘etaﬁ‘éﬂ“’éfl‘iﬁ?‘%ﬁ?f‘éra@’hﬁﬂ“f’WPF‘é@%t| vel y high accuracy, wthout
a witer-dependemibled stiiirRg tiRRaGRous fen\iitdric@éns dapengagd nodel of handwiting
is automatically

Table 2 - Summary of pen interactions with a netpage

Object Type Pen input Action

Hyperlink General Click Submit action to application
Form Click Submit form to application
Selection Click Submit selection to application

Form field Checkbox |Any mark Assign true to field
Text Handwriting Convert digital ink to text; assign text to

field

Drawing Digital ink Assign digital ink to field
Signature  |Signature Verify digital ink signature; generate
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generated over tinme, however, and can be generated up-front if necessary,
Digital ink, as already stated, consists of a sequence of strokes. Any
stroke which starts in a particular elenment's zone is appended to that
elenment's digital ink stream ready for interpretation. Any stroke not
appended to an object's digital ink streamis appended to the background
field's digital ink stream Digital ink captured in the background field
is interpreted as a selection gesture.;s Crcunscription of one or nore
objects is generally interpreted as a selection of the circunscribed

obj ects, although the actual interpretation is application-specific. Table
2 summari ses these various pen interactions with a netpage. Table 2 -
Summary of| pen intgeractiong with a net peigieat Spjaoe FyfpePessidnmigitiAct|i on
Hyper|linkGeneral A | ckSubm tf action to gg,l,dt&@wfgm FornmC i ckSubmt| formto
applicatign-SelectlionCick$ubmt selection to application Form
fiel dChecki®hy mafkssign t¢iFEmeEiPlgne| dAsxigdigialdly tP coFRFERAIRFEIN dilgital i nk
to text; assign text to fleld DraW| ngDi gltal inkssign digital Thk to field

Si gnat ur eSi gnat ureVer.i f ital ener at e NPS03 25 None
3 Peumcr i pet on drepis vaftyadet G- Ph fhr-ais) TS ek sriR et o o
field [ Assingh redéng)istrckb camkedtlo tigulrarlgrrtinds 8¢l Clth orlecTibreis Siegied aftaran mtactivive a

current seﬁﬁ&gtltp&sjrpﬁrem{gbgﬁﬁm The sel ection consists sinply of the nost
recent stroke ca;%ture In the background field. The selection is cleared

after an inactivi F‘i/rawtdigﬁﬁd‘ﬂ‘tcaﬁtﬁfe‘bﬁ%?%ﬁ‘é‘? Bdtated 19T & BePRgs PRSP servFR adrigw
di gital i ndpticaps tﬂarnaﬁtnédrmm\t&rfym{ dalvehed Ge fofth @lsﬂﬁdtte@ﬁb mh@pn@ﬁmgﬁs fARge server

d i tted
St £t ed b SPReldh b RASHe S Mellial Do AP Ror B5iob it B  0ga o

subm tted ca
the raw di @pte&ionwﬁkanmm wxt] Thisseas ferckanipleeinprivedioman intgwemiien & ithgmpplisaiech as t he

conver si onjeRf fohﬁﬁpsvwmcﬁltfﬁree&%ph&mépeaﬁ@ eonilgéncﬁea@a@ I8 an exresm&nwg tHRUARN
i ntervention g@t he application |level for forns whic ertain

applicati offties pageropd agl |a§?ré’n‘i?§} ‘&ﬂ?sﬂ?ﬂ"’éed aA§ W’@)&e@ng’@oﬂ’l’]ﬂ%ﬂ@rﬁ% theg he
entire bacdgiieunde disBaf G pRsch@rofiiigituh ink Outl@SthQeraticd dicidsofahedbramongutd hel d. The

applicati OflF RN, ﬁuﬁl%‘ operator, on the assumption that the user may have indicated amendments to the
filled-in fields outside of those fields.

Figure 38 shows a flowchart of the process of handling pen input relative to a netpage. The
process consists of recetving (at 884) a stroke from the pen; identifying (at 885} the page instance 830
to which the page ID 50 in the stroke refers; retrieving (at 886) the page description 5; identifying (at
887) a formatted element 839 whose zone 58 the stroke intersects; determining (at 888) whether the
formatted element corresponds to a field element, and if so appending (at 892) the received stroke to
the digital ink of the field value 871, interpreting {at 893) the accumulated digital ink of the field, and
determining (at 894) whether the field is part of a hyperlinked group 866 and if so activating (at 895)
the associated hyperlink; alternatively determining (at 889) whether the formatted element
corresponds to a hyperlink eclement and if so activating (at 895) the corresponding hyperlink;
alternatively, in the absence of an input field or hyperlink, appending (at 890) the received stroke to
the digital ink of the background field 833; and copying (at 891) the received stroke io the current
selection 826 of the current pen, as maintained by the registration server.

Figure 38a shows a detailed flowchart of step 893 in the process shown in Figure 38,
where the accumulated digital ink of a field is interpreted according to the type of the field. The
process consists of determining (at 896) whether the field is a checkbox and (at 897) whether the
digital ink represents a checkmark, and if so assigning (at 898) a true value to the field value;
alternatively determining (at 899) whether the field is a text field and if so converting (at 900) the

digital ink to computer text, with the help of the appropriate registration server, and assigning (at 901)
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decide, on the basis of the presence of digital ink outside the explicit
fields of the form to route the formto a human operator, on the
assunption that the user nay have indicated anendnents to the filled-in
fields outside of those fields. Figure 38 shows a flowhart of the process
of handling pen input relative to a netpage. The process consists of
receiving (at 884) a stroke fromthe pen; identifying (at 885) the page
instance 830 to which the page ID 50 4n the stroke refers; retrieving (at
886) the page description 5; identifying (at 887) a formatted el ement 839
whose zone 58 the stroke intersects; determ ning (at 888) whether the
formatted el enment corresponds to a field elenent, and if so appending (at
892) the ribcenved ehpudkextio the tibld vahiegilembtiveln Retadinnp &t $02kwigkthoigthafelddyd ,

i nter pr eti srﬁat(n@tﬁelg gt;ﬁ)lf gohz@nf?iﬁ tdmbb}?theeﬂglgi M ets%e slgﬁ‘;}furp(tf tﬁer}y@n .I: évﬁllardmt]?tﬂg

determ ning (at 894) whet her fie i nkéd group 866
and if so lae@tqf\?ﬁtamﬁ@ﬂetafegawyn SefvRie CTSRER F %@badwbeﬂaﬁuwwf thg pengepts gk the | y

get er Im n|k n@lnésa&ud&g Q)nnvmt»hﬁrthetﬁ’é@ off @he iRgstr@dn génemtusmgmé beﬁnﬁe&dspnme a
yperlink e SQ _acti vatl at 895

hyper | i nk; tflreerynrglfmn\%eq Y COmRPEe 3 g'gaﬁ(g: anggase] Fﬂa?g({g%l %PSI%M%%perI i nk,
appendi ng thaficld8D¥. t he recel ved stroke to the digital ink of the
backgroundy fzel dpR3serddtEonfiiiadd (at 891) the received stroke to t he
current selection 826 of the current pen, as nuintained th

registration ser(dPe® EIVFUPEMIBYS & (pREang “@@Péﬂaé@edflf)@y%%ﬁhf P%F S?Yeédt 893 in

t he processpemfonictlydn g phe adBocunihaiiseméche accunul ated digital ink of a
field is interpreted accordln Q t.he type of th e process

consi sts of det ergrlﬁ NG ( ‘896%7 beaVOIX%fTﬁco an(f%?tg Ju%wat E) ox a‘ﬁd (at
897) whet h¥P, 4 tasst forfi gmlﬂahd $18ka gebforre statms comppand|Pd b lardaplicate mdcqnﬁnaetb%és%l gni ng
(at 898) arelef e)!&ﬂn%ﬁd bg hb& pfageestaq,smhrh@d 914ahtdﬁ‘5hea3é hotghet: dehfihddB] ng (at
899) whet her %) tsgga(l t ext ld a sQ_converting %at 900) t he

di gi tal inR®t %ﬁﬁ?ﬁ’?‘@?ﬂd 2 Pra%%ownleﬁétaﬁ%??m&?d%lﬁé‘s BHBpEIEEE registration
server, and a55| v gorfabmB0d yoidsNiRSOB35pHGEn Hrih h&anco Aeplicae foamogpuiatd text to
thefleld ; Y eld is a
si'gnat ur e FIaS caRepFFREkint Bidhet BTk, %3%99@ 5] T b b
signature Wﬂﬁ%@ﬂpﬂﬂ*ﬁ SﬂI%WWG%TﬁMPh Eontaifs| the sgpe tlsmer lép'ﬁqﬂ@fptrqn@eas the

regi strat i &HinBednd &F is 1rﬁi’s@%ﬁxblﬁ§le frah th9 Qﬂﬁmaﬁtodih gppthaakms hgaal R oRiaddiBigg ONt ent s

of the co res LN for t he hel o t he strati on server
ond et o bt SRS e el 2D P Bridlech AU REGE By 51 TR BUp S i

corres pondﬁalﬁgvaapq)ﬂwcardtd @nget fond saes ccgmamgprémesmteﬂ Ireport| pig iht: atatus dithat ur eto
the field yald&uind fhm3ndAGE m§ﬁ&1}{g%h RS, ﬁleﬂ%ﬁas%%héé@rfoﬁm%é

command whi ch 1s handl ed IocaIIy by the page server. oper at es d|rectly
on form pAgEdarHhyeELRsECf hHiSTbiRt@ee A page server cormand 907 can be a

void form Commndm&O;Bfonﬁ h@luainkeataecefdaﬁmamwon 88) Ine @Jpﬁ(ﬁﬁ@thaf;(ﬂf B8 command

910, a get. status co i cate pa zhlz a reset
page commenc ?Viﬁl PrRMge af)eé”e s atfrllfg %8%%55&“@?[%5‘“%& msa“els SR nt

command 91tBpically 1mplemented as a hyperlink.

A duplicate page command produces a printed copy of the corresponding page instance
with the background field value preserved. If the page contains a form or is part of a form, then the
duplicate page command is interpreted as a duplicate form command. A reset page command
produces a printed copy of the corresponding page instance with the background field value
discarded. If the page contains a form or is part of a form, then the reset page command is interpreted
as a reset form command. A get page status command produces a printed report on the status of the
corresponding page instance, including who published it, when it was printed, for whom it was
printed, and the status of any forms it contains or is part of,

The netpage logo which appears on every netpage is usually associated with a duplicate

page element.
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reset docunment command 916, or a get docunent status command 917, as shown
in Figure 39. A void formconmand voids the corresponding forminstance. A
duplicate form command voids the correspondi ng forminstance and then
produces an active printed copy of the current form 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 formcommand voids the corresponding forminstance
and then produces an active printed copy of the forminstance with field
val ues di scarded. A get form status command produces a printed report on
the status of the corresponding forminstance, including who published it,
when it was prinbéey a page insthvoenis idbpliveal with field vahebs prasecied, figld fadwesus partadsn of  t he
form i NSt 36enaitd RGE 2. { OlMIABHA I ol BREANGEEARGANRS o LLAPRACLE O | D
the application has to be invo I'n producing a new forminstance. A
button r eqfss f<iigOBy ﬁréwn$SdP4ﬁlaﬂﬁ'§fte%4ﬁ*E@r i dhetr pedgingt e with §pnetare pporRipie@ nent ed
as a hyperbyidtlandafl dippik inaRitRg PRGSAL QffiRRGeqQ@ECces a printed copy of the

corresponding page, L 0st ARG Wih.d heuackanannd, 1 £l g value, preserved. 1f

the page contain§ @ tormor 1s
comand i sintapte Wt bickgomd falddvblbs pateeed. dF the clovwrem chont#fny @g dbrmpaie domand

produces adx%fldaﬁtdg s;QQcY;m%d Bli}ﬁca‘z‘eQ fue mpﬁ%mﬂeﬂ&g% dﬁﬁl?art%ﬁr?co%m dohe
backgr ound ield di scar ded fpa ge contains a formor 1Is part

of a form fﬁar?Oflﬁ’éntrce@@tndﬁéPg‘ec%ﬁ%m%o i it Oppspeiag docyment instanse with o m
command. Avagetoupfed silak u&cmmmﬂ qadsdaﬂucxﬁﬁalas zﬁlﬁrlfﬁﬁgdhdh&ﬁm{eiet adtuhdpe St atus
of the corres ndi st ance, _incl ed it, when it
was printed, Tor v%gaﬁﬁ |p R R tu O%ma?&)?dt%‘r’s Ao{‘:e§ r&ocum BERES i ¢

cont ai ns o@m@nwwce@fa prlfFWeremétOpéigétatu@gﬁhmn@hordpaé@menomstwewluﬁleg page is
usual l'y as@]fb(?uﬁkﬁ'eq ltvwﬁeﬂlt@aw 4 @&momfe@gsepﬁﬁde@ BRNke staNE’§Q§y5fo§§ wbnMflen a page

i nstance is duplicated th field values preserved el d val ues are
printed in theiff ‘W&F?V&WTIG?‘FW“F s gon sgfoctaf o tHERF R Sk} &‘F§°r§§a“§°l§f"‘§ﬁa%r d
checkmar k ¢ pqghidentifiahibly he xén’sapp@a telecin rathey hes ed tht ﬁagte confairling ik @wmagls and

Si gnat ur eSrARRGAT hily LARLL w0 Shal, Lk Bl ikl QRALHLS ARSPIRGOT ed by

a standard gra g successfu I gnat ur I cation
duplicate %ﬁ@&rwﬁ@mnd@bw%f?dthp Bignted agg SPYY prmEnd Spythofommaed igigrards pondi ng

docunment i nst anmayyh&dﬁmb@ﬁ lpgm&mha‘amlsgecifahluﬁ&gmg%ﬁeerdms@me lefevinbgigglocunent
contains any forns hen FXPEIE‘%‘@‘E docurrent co licates the

forms int ee‘s"ﬁ’f%‘a%a "‘éntdrb?) FIB‘F% BRI rgeges EA%P&r BHEE
command prweituisdspalinged gniue cithenthan egdouting the o@e segpamtiamly docunent instance with

background fi el dﬂﬁaké‘?e?veﬂ'e&&ﬁ"aﬁa&’%ﬁmerh Llli‘c%nqpﬁsu%a& CRRhR RSe@AYnidddd M5, then

the reset docunent™ "command resets the orns In the sane way a reset form
command do@amand desteniclges fivkhave ar ypy; gone OB mpagi D Ffbﬁ{!f@é%e ativster dirstly Pebort on
t he st at ususaf it thiehGRld a6 panadiga §par R conitfahdd®edded AG| ditittefCpage, if that

page server command has its “on selected” attribute set.

1.8 STANDARD FEATURES OF NETPAGES

In the preferred form, each netpage is printed with the netpage logo at the bottom to
indicate that it is a netpage and therefore has interactive properties. The logo also acts as a copy
button. In most cases pressing the logo produces a copy of the page. In the case of a form, the button
produces a copy of the entire form. And in the case of a secure document, such as a ticket or coupon,
the button elicits an explanatory note or advertising page.

The default single-page copy function is handled directly by the relevant netpage page
server. Special copy functions are handled by linking the logo button to an application.
1.9 USER HELP SYSTEM

In a preferred embodiment, the netpage printer has a single button labelled “Help”. When

pressed it elicits a single page of information, including:
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who published it, when it was printed, for whomit was printed, and the
status of any forns it contains. |If the page server command' s "on sel ected"”
attribute is set, then the command operates on the page identified by the
pen's current selection rather than on the page containing the comand.
This allows a nmenu of page server commands to be printed. If the target
page doesn't contain a page server command el enent for the designated page
server command, then the conmand is iggored. An application can provide
application-specific handling by enbedding the rel evant page server
command el enment in a hyperlinked group. The page server activates the
hyperlink associated wth the hyperlinked group rather than executing the
page server conmsang.of wingagenss@gmver conmand el enent is hidden if its

"hi dden" aftri buéﬁusi&prﬁﬁhonﬁmgﬂiélde” command el enent does not have an input
zone on a page and so cannot be activated directly by a wuser. It can,
however, bt actiVeldEdhslp me® page server command enbedded in a different
page, if that pag@nsetuMes: w@pmmand has its "on selected"” attribute set. 1.8
STANDARD F.EATUREtS g: NETPAGES In the preferred form each netpage is
printed with t he®REtPATEIBTE A IHE bottomto indicate that it is a

net page and t her &hdrelp nikasprovidees dabrchi@! 1pameq) ex owas use Tha@ctppgestah.SO acts as a
copy button. In ASESHdAN 1 r ces a copy of the page.
In the case of anﬂg(;(%rr:ﬁmEt he %ogtntgg%&a%%tgeﬁ%%ogﬂ%ﬁ%ggoggof the entire form And
in the cast of argbrypecigdedment, such as a ticket or coupon, the button
elicits ane expl agat HDadkn BRY 6F aGbrmadver ti si ng page. The default singl e-page

copy functjon is handled directly by the rel evant netpage page server.
Speci al copy funpc”t"?‘g% a%ﬁr"ga‘i?é‘fﬁf%d by linking the logo button to an

application. 1.9AUSERekEDRISWSfEdIbY siaplypette teduenbeidharnthingtahepaget page
printer hag g &k&%@m@gmr&f!@g&h@&qﬂdﬁﬁp g%u 3%1\%% it R %%1?,:!0 kvLorflt Gl s a

d
si ngl e page_of information, including: 35-SG 28 0 status of printer
connect i ondegvesdaant o whpm gpd whenit wesophseatently wbmitied ssg frpevel hel p nenu a
docunent funct i omhdBpbgetheinofk-dieM@) alvek prRgeer Rehaditk it ieRfchPbfpuliReionel p menu

prov o0 bt ShLeRl, ENSL AN RbBE I BELBNS RSN e
a docunent “yellpwmagent and spdale torp vojey orsfatas. Fhe opar@orpan lotate thedesiredtdogmedt aad docunent
route it to the user’s printer. Depending on the document type, the publisher or the user pays the small
“yellow pages” service fee.
The help page is obviously unavailable if the printer is unable to print. In this case the
“error” light is lit and the user can request remote diagnosis over the network.
2 PERSONALIZED PUBLICATION MODEL
In the following description, news is used as a canonical publication example to illustrate
personalization mechanisms in the netpage system. Although news is often used in the limited sense
of newspaper and newsmagazine news, the intended scope in the present context is wider.
In the netpage system, the editorial content and the advertising content of a news
publication are personalized using different mechanisms. The editorial content is personalized
according to the reader’s explicitly stated and implicitly captured interest profile. The advertising
content s personalized according to the reader’s locality and demographic.
21 EDITORIAL PERSONALIZATION
A subscriber can draw on two kinds of news sources: those that deliver news publications,
and those that deliver news streams. While news publications are aggregated and edited by the
publisher, news streamns are aggrepated either by a news publisher or by a specialized news
aggregator, News publications typically correspond to traditional newspapers and newsmagazines,

while news streams can be many and varied: a “raw” news feed from a news service, a cartoon strip, a
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A docunent function is initiated by sinply pressing the button and then
touchi ng any page of the docunent. The status of a docunent indicates who
published it and when, to whomit was delivered, and to whom and when it
was subsequently submtted as a form The netpage network directory all ows
the user to navigate the hierarchy of publications and services on the
network. As an alternative, the user can call the netpage network -900"
nunber "yel |l ow pages" and speak to a,gunman operator. The operator can

| ocate the desired docunent and route it to the user's printer. Depending
on the docunent type, the publisher or the user pays the small ~"yell ow
pages" service fee. The help page is obviously unavailable if the printer

i s unabl e fr@lapriwiter’s dofumin/y fienda daletiliard, @ Kheasader’s bghd-mdis 1 it and the user can

request renote d'rgagﬁlegﬁée puBch%onerr%err&ﬁip‘é\QJ e pibiIR UM o0 g%@}a&%ﬂ ON MODEL

In the follow n used as a canoni I cat1on

exanpl e t o%§l #su %rﬂ%ﬁf@éﬂtwpéi sotiinlci Beae iSenamrrEivhbaRdlisgrbe szeentiom andpheae B/t em

Al t hough n@Miting o0fclve ﬁrebi&%@ledté@l .ﬁirb@y Il Brk kredbr, SRNSRer idb1cNE PRRADRtisBE Bn
newsnmagazi ne news,. the i r%ﬂﬁ? ed .scope IR t he present context is wider. In
t

the net pag@EEyEY & Hhict ¥ fbe DI ACRSR¥Bht and the advertising content of a
news publ i cati offhasubscper dailialai dedyd nexspapg Wi keing nte orechianemiveting Tiees

editori al Qﬂtfaﬁd?;}, ahécrmﬁgsa%&ﬂaﬁz%&lverﬁ&%@wﬁ &Qe ;egzlu&g@mlg@(g&% ars piRlbET LY
stated an g@ icitly captured interest profil vert|S|ng cont ent

i s personal 65'6@6@&%16 povspaRe- Fheyarips ’§°‘1“6¥§8F 7 bapsehpld vaieHy Groaphiter 2. 1

EDI TORI AL der@ONRebtd Ad kacRd b5 s@&b@&ﬁffe&ﬁfdaﬂﬁ@bmhm £ HeErsikinBEls heh, news
sources: those tpa% ti.ons and.t hgose that deliver news

h
streans. Wiile nodis ac(a aglfhca%r r%he readpr ognonglfgr selects s%eaxﬁg Isleam)éla I%f)%case% )?ni ;ﬁ)ge

ions ar
publlsher<h¢ewéﬂ®@heanwmaWEHﬁggﬁ@gm@ewmewmh@pﬁvahﬂﬁeWémpﬁb$agmmwﬁnr by a

SpeCla"ZQQmﬂﬁMﬁmmégﬁ&ﬁgﬁéﬂ$s %@Mﬁmpuﬂkﬁ&ﬁ&hﬁném&Mp'@ﬁ&&%f@gﬁgﬁ%ﬂ?nd to
traditional newspapers and newsmagazi nes, while news streams can be many

and var i ed TedmolpgyandSperist dheret ot ATpisble fasans dPrsitisds o POl i Rt o

NPS036- SG &@8sef r eel ance witer's colum, a friend's buIIetln board or the

reader's own e- gg-be rea an &%n&)@??mlg ?“'rs%ag b'ggrre]:ansn? ir:u\E/H%II;l S?cﬁ 3, each one drfxl 0%1 of

publi cation of news grega
mul tiple rfe\/\sﬂYslmfr@em@f neRy snemﬁl Featpry Breticus) gright e | comtedyrier h@mbemt Friends’

format t i NGanRfunBEs FPEERAB), B! BE R Gitdktthg B6Hd YeelY ok NBecitRARMEs (allBwSEF VEr 1S
able to plgﬁﬁfaq¥ert|5|ng on pages over which it otherw se has no

editorial The subscriber builds a daily newspaper by sel ecting one
or nore contri buFerregehnessn, mnﬁmkm@mhmmﬁﬂwﬁmﬂnemaabﬂmgmampeﬂsonahhmed

version of,&a6N,, &Qfoxrlﬁﬁl%;hﬁﬂge g‘aa“l[‘ﬁ b EME&%fé‘arg B ﬂetof%ﬁreﬁﬁr% %‘df' g

together |ntoaS|n e newspaper e varl ous ers
typically *’éi)(f‘ﬁﬁ‘sé’gbﬂﬂﬁqﬁé‘iaiﬂtamﬁiyﬁﬁf%P’é‘hﬁo@ﬁlﬁ leragea. oaﬁweﬂcagx @8 ahyPEENEL | ng
different daily prdatddeailsb GptHndRdxpkddREa FroBROE b Msetnk@W of shorter articles or

a small number of longer articles. Each article is ideally written (or edited) in both short and long
forms to support this preference.

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

The articles which make np each section are selected and prioritized by the editors, and
each is assigned a useful lifetime. By default they are delivered to all relevant subscribers, in priority
order, subject to space constraints in the subscribers” editions.

In sections where it is appropriate, the reader may optionally enable collaborative filtering,.
This is then applied to articles which have a sufficiently long tifetime. Each article which qualifies for

collaborative filtering is printed with rating buttons at the end of the article. The buttons can provide
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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,sgeach one drawing on any nunber of
news streans. Custom sections mght be created for e-mail and friends’
announcenents ("Personal "), or for nonitoring news feeds for specific
topics ("Alerts" or "dippings"). For each section, the reader optionally
speci fi es megsyshoe (e.ni tiked| and (jdislikeda) mukdrgyit rhawe likelysimorebders wilbehithento rae thé ong) , or
nunerical l yz4d . €. as a limt on its nunber of pages), and t he desired
proportion of advertl sing, either qualitatively (e gh, normal, | ow,
none), or numeri AHicley ¥ith high prigrites fad shost Wgimes a’f”r]g‘erﬁfé‘&d"éfm%fiﬂgc?"ﬁ&ﬂe‘bnal ly
expr esses asepﬁaefeed‘u@m@ﬁlefeﬂrorsand ﬁ@&vefhﬂﬁﬂl&fstr@lﬁ:vaﬁﬂﬁfs&rﬂnérsartl cles or a snall
Bg{rﬁe;hgit ! gzge[ g‘ﬁ‘gtezli 160 T?lonaFy spec: 1es a S?reri%ﬁ)% Sfa!:tgrealhey%ua ltativ%\\ﬁ I(c'eér ?0 orl 8[1 ITE.S) a: 20
be writt ensupoise )i or adderipally. ol lﬁshéplempltv éxptof lewgs thothreghotdhysad g nescpier dueidg

sophi st i cadolisarafe mmgr@ﬁgefa@tanakeswmytﬂat@Jayrbsgadag gécwn%m& fd adul ts’
versions. The a %é riate versjon is selected accord %)rto the reader's

age. The rBafeR ﬂé*ﬁ%dcﬁaravlwawﬁ@aaﬁ SFigrdigya faciRhsag fe %Paq@g dieepdaict over
their biolagwell age. The articles which make up each section are sel ected
and prioritized ] d usef.ul eti me. By
default they ar e}fgee{e%hgre%g I”?’Elaﬁ ?e@'%esl@%} %ﬁ%[é%ﬁg%gr“%&nlaﬁe%rl ority order,
subj ect t omaife e pipnseseatientddy the oditye. subscrl bers' editions. In sections

where it is appr @mgpahe,fthte PeedeE e@ﬁaﬁa SRYecRRLFeRhd W&paﬂim%igla@&%@tl ve
filtering. hena asufflgt}lentlylong

R % g rt| gdpefs whi ¢
lifetime. ‘E&ceﬁe a’F‘FF‘*@ ¢ 0%1?11 SP&E} i aﬁ’fe ST B IPEBSF AT T &
printed w thiaundtn mgizboft imagsisabt redveedetheh iohges mey B deliched at [hive doalint @asit can
provide NPSO3R:105n 30wid e f,:rgsgfb ge (e.g. "liked" and "disliked ), making
ers w o}

it nore likely that rea ther torate the article. Articles with
high priorities &htiEldRdrel fpfeader rredficgpe qreites dites. s edmopeanyvabierese der ed

ESE enti g| lbﬁﬁgriﬁ ngnsh.yvolvbdi‘sp&ﬁtbrihg)ﬁvﬁeﬂﬁf\dm@-% ih@kih1 e bR eic, taélodiDﬁxﬁez?&'aﬁd/ i "
subscri ber e rea es a seren actor, either
qual it at | Vtg 11:1:&? da loca cu.rrenc nl?{he%/t}ﬁ_ lg aﬁzagonnc&lsmt %fe Fi! ﬁ%&}a&é qrﬁnno&g\n% gh

ser endi pi tl}he&@cﬁﬁ‘mmdsmq:rswﬂwlimle@lafﬁdquhtubse@faﬁbr mat chi ng during

col | aborative fi i} QhddGeadifh mﬁgmuésfcgisafby%&eaeaat IR r&ddr lofstiohM i} gkgiﬁewe

correspondi ng section w || hé reader's speci capaC| ty. A
di fferent SLPERHFHIE PradEesPreeaititne Bathdet pdduages pre geafed é?céﬁtng‘éia%?é i

information is accommodated on each page.

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

2.2 ADVERTISING LOCALIZATION AND TARGETING

The personalization of the editorial content directly affects the advertising content,
because advertising is typically placed to exploit the editorial context. Travel ads, for example, are
more likely to appear in a travel section than elsewhere. The value of the editorial content to an
advertiser (and therefore to the publisher) lies in its ability to attract large numbers of readers with the
right demographics.

Effective advertising is placed on the basis of locality and demographics. Locality
determines proximity to particular services, retailers etc., and particular interests and concerns

associated with the local community and environment. Demographics determine general interests and
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the week. The reader also optionally specifies topics of particular
interest wwthin a section, and this nodifies the priorities assigned by
the editors. The speed of the reader's Internet connection affects the
gquality at which inmages can be delivered. The reader optionally specifies
a preference for fewer inmages or snmaller images or both. If the nunber or
size of images is not reduced, then inmages nmay be delivered at | ower
quality (i.e. at |ower resolution or spith greater conpression). At a

gl obal level, the reader specifies how quantities, dates, tines and
nonetary values are localized. This involves specifying whether units are
inperial or nmetric, a local timezone and tine format, and a | ocal
currency, m@andemiebidrewcltdydkdopaldingpdtteton consi st of in situ translation or

annotation. Thege.pt E.Ib%hmcﬁc?st B bbXedis a&@mﬁé‘%pécs’aq(?;{ultﬁd1$&§l§xlal ty by
default. To reduce readin Iculties caused oor % ght, the reader

opt i onal | yerEy&eFgned bythe %B‘E?&?n Dragrahis fREreD Fheamf (jé‘?ad sisrfesdedlih.  Bot h
text and I@ﬁ@@ﬁmaﬁem&ﬁﬁhgﬂmﬁ@ﬁﬂﬂﬂﬂﬂghﬁnmagd less information is
accomodat ed on each pa The | angua ubl.icatian is
publ i shed, and |f5805$# SHER |¢Fnt&§ﬁgggﬁ§%§mwﬂcmm%n W% ’Dm?ma B he

publ i cat i ohmepsignaheite of qop@h@ﬁm’ﬁceeleebtepa@srsw &tpscetOhe mssptlon meee‘ta@:ng ithe

net page SygtRme tﬁ@-ﬁhbﬁ&u&psn% E%glyh@%%&agp rRVictRn UL AR fe DL | fe%r services
i n various QUISGS . SI NG LOCALI ZATI ON AND' TARGETI NG The

per sonal i ZSEi°BAER: pHdeadd s pdrerisre Repsrtionrndarhaeadeny deresElis t he adverti si ng
content, becaust @ey@isin Bithgher ediy, PheQitiphge sphedCAldwi Be @dupitifing sphdaao Beli t or i al
context. T l r I r travel
cect i on t rhehin @8 ol ol 1ATR sBacBlites IRih Ll St 8 1PRAREE a1
advert|seﬂmééﬁéCbﬁE#E$§W@mbe the publisher) lies inits ab|I|ty to attract

| arge nunbers of péead@is th\ensm eIdb&mufg' bt Hemngap birkse p@ohfoﬁst {o\66veral
advert|5|qg_ | a ed‘gp hasis o F&ﬁcal|t¥% gd deno %Phlcs Locality
det er ni nes ?Wgrﬁl VSR P AT Rt o) TR g P AT oo AT 8T t i cul ar
|nterestszaaﬁxnmad&aaswma&smmmﬁmmdﬁmmthﬂdhemhabaMEmonnunlty and

envi ronment. ?}P&'ggssys@ﬁlt g.llrlmsna%v 6" 3l vd MhiGh &fk %ddemhfdgplfézz.hﬁG 31

preoccupatlons as we spen @@g pat terns. news pu S nost
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publication's geo%l g i c coverage, the section's readership, the size of
each read eﬁ’,ve% though vertising 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 acis as an intermediary between advertisers and publishers, and may place the same
advertisement in multiple publications.

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

Once placement has been negotiated, the aggregator captures and edits the advertisement
and records it on a netpage ad server. Correspondingly, the publisher records the ad placement on the

relevant netpage publication server. When the netpage publication server lays out each user’s
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section edition, each reader's advertising proportion, and each reader's
denographic. In conparison with other nedia, the netpage systemallows the
advertising space to be defined in greater detail, and allows snaller
pieces of it to be sold separately. It therefore allows it to be sold at
closer to its true value. For exanple, the sane advertising "slot" can be
sold in varying proportions to several advertisers, wth individual
readers' pages randomy receiving the sadverti senment of one advertiser or
anot her, overall preserving the proportion of space sold to each
advertiser. The nel page systemall ows advertising to be linked directly to
detailed product information and online purchasing. It therefore raises

t he i ntri ne¥senalized pebligftion, i @ickdhearitiagtiahgrispauefrom Beodwserdpersonal | zati on and
| ocal i zatig@p ar eyggisiigpresut omatically by netpage publication servers, an
advertising_aggregator, can provide arbitrarily broad coverage of both
geogr aphy 4nd dE%ﬂBF§BHF@§F“Qhe subsequent di saggregation is efficient
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of the greater effulicl.eNGY.af aagr egation. The advertising aggregator. acts
as an internediary between advertisers and publishers, and may pl ace the
same advetti sen¥A®ctdfiidtyl tiple publications. It is worth noting that ad
pl acement 4 n a ngtpagen pebliceat i on can be nore conplex than ad pl acenent
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i ncl udi ng: i cation custom zations
Contact details, including name, street address, ZIP Code, state, country, telephone

numbers, are global by nature, and are maintained by a netpage registration server,

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

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

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

Each user, pen, printer, application provider and application is assigned its own unique
identifier, and the netpage registration server maintains the relationships between them, as shown in

Figures 21, 22, 23 and 24. For registration purposes, a publisher is a special kind of application
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col | aborative filtering vectors contact details presentation preferences
The custom zation of a publication is typically publication-specific, and
so the custom zation information is maintained by the rel evant netpage
publication server. A collaborative filtering vector consists of the user's
ratings of a nunmber of news itens. It is used to correlate different

users' interests for the purposes of nmaking recommendati ons. Although

there are benefits to maintaining a si;pgle collaborative filtering vector

i ndependently of any particular publication, there are two reasons why it
is nore practical to maintain a separate vector for each publication

there is likely to be nore overlap between the vectors of subscribers to
the sane poMiet, adtaipolicital albetimaed of dppivetiocaf subscribers to different
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owned by the user, then the user is the printer provider.
Each user also has a netpage account 820 which is used to accumulate micro-debits and
credits (such as those described in the preceding paragraph); contact details 815, including name,
address and telephone numbers; global preferences 816, including privacy, delivery and tocalization
seftings; any number of biometric records 817, containing the user’s encoded signaiure 818,
fingerprint 819 etc; a handwriting model 819 automatically maintained by the system; and SET
payment card accounts 821 with which e-commerce payments can be made.
232 Favorites List
A netpage user can mainiain a list 922 of “favorites” - links to useful documents eic. on
the netpage network. The list is maintained by the system on the user’s behalf. Ii is organized as a
hierarchy of folders 924, a preferrred embodiment of which is shown in the class diagram in Figure
41.
2.3.3 History List

The system maintains a history list 929 on each user’s behalf, containing links to
NPS035-SG



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

requi red. When a user subscribes 808 to a publication 807, the publisher
806 (i.e. application provider 803) is authorized to print to a specified
printer or the user's default printer. This authorization can be revoked
at any tine by the user. Each user may have several pens 801, but a pen is
specific to a single user. If a user i authorized to use a particul ar
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
net page registration server, via the DNS in the usual way. A Wb term na
809 can bedmutdne piczedhsstdbyphd usdr tlosuglathp attagcydtar. Itnedrpaige! a9n dad-@deredaist, owi ng
Véb pages fﬁ}s%errgagﬂeog&em@ HiEENL ﬁm\@pﬁ%@ﬁ,@d@%ﬂgwmm Meb_browsing to be
conveni ent printe nearest netpage printer. The netpage system
can coIIec%4 on BEHAIGENHPACE LAYOWt er provi der, fees and commi ssions on
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i ncone can incl, advertisin

e h f ees,
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paynment cawdirgepgsnts 821 wit h which e-conmmerce paynments can be nade. 2.3.2

Favorites List ATREIAGHE IRl sfedld TR Y Ak irRiubihs texOd QbcintlP¥ALL LES" -
links to useful documents etc. on the nefpage network. The list is

mRi Nt ai nedBHCE ffdhed i whaAcenrdite e vaTewsresthe e st f 1t is organi zed as a
hi er ar chy of foIdmr&m&&ﬁmaalmmﬂ&gme@admaﬂhndaﬁﬁnmaﬁkammbﬁhmhﬁlehemn in t he

class dia 3 Histor I St S nalnt

i atory Ol Bl Qalehe bt ikt 86 Slotrnd Bhee UGN UBLE B RGNS s
docunent s ssgtien siorrdassel Tbg/sertive sigesspfertige Wg*wwehe brne@tgba@en SRFECIVET time, | S

or gani zed Agwag d@fiRaR i8-8 vhriaBlns, @ preferred enbodi nent of which is shown
in the Clgﬁi diagramin Fuﬁ%re 42. 2.4 | NTELLI GENT PACGE LAYQUT The net page
publ i cati ofi® ser vEPCUNRVORERMATal | y Iays out the pages of each user's

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

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

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

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

The layout itself consists of a series of placed image and graphic objects, linked textflow
objects through which text objects flow, hyperlinks and input fields as described above, and

watermark regions. These layout objects are summarized in Table 3. The layout uses a compact
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personal i zed publication on a section-by-section basis.
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2.6 DOCUMENT DISTRIBUTION

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

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

The server computes a set of optimized subsets of the shared content and creates a
multicast channel for each subset, and then tags each user-specific layout with the names of the
multicast channels which will carry the shared content used by that layout. The server then pointcasts
each user’s layouts to that user’s printer via the appropriate page server, and when the pointcasting is
complete, multicasts the shared content on the specified channels. After receiving its poinicast, 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

NPS035-5G



AttributeFormat of objectlinked object InmagePosition |Inmage object |DPEG
2000 G aphi cPosition G aphic object 1DSVG Textfl owTextfl ow | D Zone Opti onal
text object |IDXMUXSL HyperlinkType Zone pplication ID, etc. FieldType
Meani ng Zone ~ate7r-nmarkZone 2.6 DOCUMENT DI STRI BUTI ON As descri bed above,
for purposes of efficient distribution and persistent storage on the

net page network, a user-specific page |ayout is separated fromthe shared
objects to which it refers. Wen a supscribed publication is ready to be
di stributed, the netpage publication server allocates, with the help of the
net page |1 D server 12, a unique ID for each page, page instance, docunent,
and docunent instance. The server conputes a set of optim zed subsets of
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rate of page data delivery over a broadband network.

Even under abnormal circumstances, such as when the printer runs out of paper, it is likely
that the user will be able to replenish the paper supply before the printer’s 100-page internal storage
capacity is exhausted.

However, if the printer’s internal memory does fill up, then the printer will be unable to
make use of a multicast when it first occurs. The netpage publication server therefore allows printers
to submit requests for re-multicasts. When a critical number of requests is received or a timeout
occurs, the server re-multicasts the corresponding shared objects.

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

27 ON-DEMAND DOCUMENTS

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

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

The netpage formatting server makes standard netpage behavior, including interactivity
and persistence, available on any Internet document, no matter what its origin and format. It hides

knowledge of different document formats from both the netpage printer and the netpage page server,
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creates the fully-popul ated | ayout and then rasterizes and prints it. Under
normal circunstances, the printer prints pages faster than they can be
delivered. Assunming a quarter of each page is covered with imges, the
average page has a size of less than 400KB. The printer can therefore hold
in excess of 100 such pages in its internal 64MB nenory, allow ng for
tenporary buffers etc. The printer prints at a rate of one page per second.
This is equivalent to 400KB or about ;3Mdit of page data per second, which
is simlar to the highest expected rate of page data delivery over a

br oadband networ k. Even under abnormal circunstances, such as when the
printer runs out of paper, it is likely that the user will be able to
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can then verify that the encrypted hash constitutes the “signature” of the holder of the private key with
respect to that particular message by decrypting 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 authority can use the public key in the certificate with a
high degree of certainty that it is genuine. They just have to verify that the certificate has indeed been
signed by the certificate authority, whose public key is well-known.

In most transaction environments, public-key cryptography is only used to create digital

signatures and to securely exchange secret session keys. Secret-key cryptography is used for all other
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3.1 CRYPTOGRAPHY Cryptography is used to protect sensitive information,
both in storage and in transit, and to authenticate parties to a
transaction. There are two cl asses of cryptography in w despread use:
secret- key cryptography and public-key cryptography. The net page network
uses both classes of cryptography. Secret-key cryptography, also referred
to as symmetric cryptography, uses the sane key to encrypt and decrypt a
message. Two parties wi shing to exchange nessages nust first arrange to
securely exchange the secret key. Public-key cryptography, also referred to
as asymretric cryptography, uses two encryption keys. The two keys are

mat hematically related in such a way that any nessage encrypted using one
key can onduypolze decrypted using the other key. One of these keys is then
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pur poSes. server database authorizing the publisher to print the publication to the user’s default printer or a
specified printer. Every document sent to a printer via a page server is addressed to a particular 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 mamifacture 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
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In the foll ow ng di scussion, when reference is nmade to the secure

transm ssion of information between a netpage printer and a server, what
actually happens is that the printer obtains the server's certificate,
authenticates it with reference to the certificate authority, uses the
public key- exchange key in the certificate to exchange a secret session
key with the server, and then uses the secret session key to encrypt the
message data. A session key, by definiion, can have an arbitrarily short
lifetime. 3.2 NETPAGE PRI NTER SECURI TY Each net page printer is assigned a
pair of unique identifiers at tinme of manufacture which are stored in
read-only nmenory in the printer and in the netpage registration server
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Although a fake pen can impersonate a pen in the pen registration protocol, only a real pen
can decrypt the session key transmitted by the printer.

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.

34 SECURE DOCUMENTS

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

in its certificate, which the printer is able to anthenticate.
NPS035-8G



nunber of pens. A pen conmunicates with a printer via a radi o frequency
signal whenever it is wwthin range of the printer. Once a pen and printer
are registered, they regularly exchange session keys. Wenever the pen
transmts digital ink to the printer, the digital ink is always encrypted
using the appropriate session key. Digital ink is never transmtted in the
clear. A pen stores a session key for every printer it knows, indexed by
printer ID, and a printer stores a segsion key for every pen it knows,

i ndexed by pen ID. Both have a large but finite storage capacity for
session keys, and will forget a session key on a |east-recently-used basis
if necessary. \When a pen conmes within range of a printer, the pen and
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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 ELECTRONIC COMMERCE MODEL
4.1 SECURE ELECTRONIC TRANSACTION (SET)

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

In SET, cardholders and merchants register with a certificate authority and are issued with
NPS035-SG



40 The "watermark"” printing process uses an alternative dither matrix in
specified "watermark" regions of the page. Back-to-back pages contain
mrror-image watermark regi ons which coincide when printed. The dither
matrices used in odd and even pages' watermark regions are designed to
produce an interference effect when the regions are viewed together,

achi eved by | ooking through the printed sheet. The effect is simlar to a
watermark in that it is not visible when | ooking at only one side of the
page, and is | ost when the page is copied by normal neans. Pages of secure
docunents cannot be copied using the built-in netpage copy nmechani sm
described in Section 1.9 above. This extends to copyi ng net pages on
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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 netpage 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 exampie 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 leve! of subsidy already provided to the user,
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NPS035- SG 41 certificates containing their public signature keys. The
certificate authority verifies a cardholder's registration details with
the card issuer as appropriate, and verifies a nmerchant's registration
details wth the acquirer as appropriate. Cardhol ders and nerchants store
their respective private signature keys securely on their conputers.
During the paynent process, these certificates are used to nmutually

aut henticate a nerchant and cardhol deryp and to authenticate themboth to

t he paynent gateway. SET has not yet been adopted wi dely, partly because
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registration server. [The server.y t he_.bi o resp ect to the
user i dentTFiFELBEPIFHIE HaR T a]%fﬁggé r‘?ﬁ‘f“ﬂé‘hﬁgﬁe J;e %e’]&‘?\l\%ﬁ‘éﬂﬁ % proxy in
conpl et i nghypdmink Sigged hyinergistrdngdsts banetphgdpabd SRE-aFMA HvES{T{Ee Fhistratiat page
system i ”%H%§uﬂnl§£@%§£bc?é’t@df cm,gﬁpsmg%%ﬁh thd Pendb 6PV meahagslﬁrsgt o be

conveni ent]y charged prin | ow- coSt docunents on enan for
copyi ng chVPWﬁH?mﬁﬁb%@ﬁ@ﬁ?%ﬂméﬂﬁﬂ%b%%?%?wmalso to allow the user to be
rei nbursed for expeps@sticn AR Gtate AnffHnhtith | ikligked 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 system maintains an
account on behalf of each application provider, to allow it to credit and debit the provider for click-
through fees etc.

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

of publication.
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advertising material. The latter depends on the |evel of subsidy already
provided to the user. NPS035-SG 42 When the user registers for e-conmerce,
a network account is established which aggregates mcro-paynents. The user
receives a statenent on a regular basis, and can settle any outstanding
debit bal ance using the standard paynent nmechani sm The network account can
be extended to aggregate subscription fees for periodicals, which would
al so otherwi se be presented to the usgg in the form of individual
statenents. 4.4 TRANSACTI ONS When a user requests a netpage in a particular
application context, the application is able to enbed a user-specific
transaction ID 55 in the page. Subsequent input through the page is tagged
wi th the t4.8nsacResourtEDEsERETIONERCANDIOIPYRIGHT ON i S t hereby able to establish
an appropri ?‘t ec g%ge?e)ﬁled én%%dik‘lhn? of 2135 lgrcesdeécrnxﬁ}(j)h 'clasmg ok Q%Km 255 %940?[ hrough a
page which is not user-speC|F|c, owever, the appfication Mist use t he
user's uni que i dE#hideymensandspridyt phidqt ipayde Aeseribed byang groserksowgedepstintionny ol ves
addi ng it egyB. RekduRB IR ciibrsbd (S BEhiis 8bre neBdaRaBtedt Qet | WHRh USREigRd W thdilHAl
"shopp|ngwﬁart".wjgﬁ%yotect t he yser's priyvac howeyer @he unj que user

e

ID 60 know*t6™ YIS GOt R Coffoetieh feyiormt B e pFalidin¥® Thi's i s
to pr eventonshrduivefS 01 RappdeiDeatiption Fpmewild@DE).f r om easily correl ating

i nd dent | ted. ' : T ' '
| ndependent |y acaumibald-RENaN) AL Rl AunE MELARRC,LETLIRLALLPN server

i nstead mai ntai ns an anonynous Tel ati et ween user
appl i cat i ofrasferycogyright feps &om perde rigfys Bedersydienpgriprint prPPigginoae®4. \Whenever the
user activmtes acobwcArioRkPRAGE6E W th the "registered"” attribute, the

net page page servyer asks.the neﬁ) gﬂe reqgi sfration servg}r to translate the
associ at ed appl i P BH PR g" Hép W the CSERES PR Y al i as 1D
65. The athé epageDysten.tehBins suglond tehe dridtas tddeetayrpetilise mket of dafipddi peadcolorm  The

applicati o&oﬂgpdiﬁgglﬁaﬁlﬁeggr%egacgmvgﬁl%tngtﬁ&e Ladexed by alias ID, and is able to
nitte :

retrieve user-sgem fic state information wthout know edge of the gl obal
identity of the G¥Brprotorpissilfustraten by w8y plaf AtasES diagram e epish denorizadrt [ f i cat e
and pri vat@mskignatudao kpyschOmes@a€ Do find Be WERE! SRR & Gall it RpresehiQin@l | OW it

to S! gn apl‘?alctlx gnq'l%y! io.rr]e %e?i@& %Ctairé?: 3 1&9 s ngglgla!tﬁe 110]c top Se u%igrrangsaivgl%c gc')len
appl i cation-speci fic Thrormation: . 10 assi st the syStem™ R Yot i*nd™pr oduct
bar code (tkiP@mntinhippkfelinenkthe @bty Ruaing bnigme anloiteyrstsahn liffioco sy as ofdashet i t e

appl i cati Ofhe GhrifeM@lihe Lf cnbilD R HSB  the 191 RY¥nPIMEDE BouBi 1Y, BEAYGE tE ¥RBSo1s EACh
application i s associ at ed h an application provider, and the system

W t I.C:
mai nt ai ns QAF9eEE bEsitR 106 Freafel grsfropgatt ﬂﬁel‘&?ﬁﬁfﬁ geugrally ppt SPH\?T’ e as ap GO | ow i t
to credit medpdbiicipatehre: gostavi. der for click- through fees etc. An

appl i cati of, provigder..Saty BaePERLaker of periodical subscribed content.

The system
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 common 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 1D 51 for each document from an
1D 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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records the user's willingness to receive the subscribed publication, as
wel | as the expected frequency of publication. N PS035-SG 43 4.5 RESOURCE
DESCRI PTI ONS AND COPYRI GHT A preferred enbodi nent of a resource description
class diagramis shown in Figure 40. Each docunent and content object may
be descri bed by one or nore resource descriptions 842. Resource
descriptions use the Dublin Core netadata el enent set, which is designed to
facilitate discovery of electronic regources. Dublin Core netadata
conforms to the World Wde Web Consortium (WBC) Resource Description
Framework (RDF). A resource description may identify rights hol ders 920.
The netpage system autonmatically transfers copyright fees fromusers to

ri ght s hol phes srvetienques & e peibtrationcopsrfrily i theapplicativi . [D SndCGAIDNIoCADE@NG
PROTOCOLS A &ML GALd @RS protocol defines an ordered exchange of nessages
between entitres. In the netpage system entities such as pens, printers
and servers util iTaerage sayer fen gllordie decumens ek erss inpiance Mo fosrardschs paand e
user i nter@edibGuas, \Mctubmg paze MBS WAGEhSY SR M indhRIShd FRYDE Qk of Bultidadi Uhkeat €d by
way of a seguenc fall(_:]tr(flsrp3 |tn whi ch the horizontal dinension is used to
represent Message Lf”fl nd the vertical dinension is used to represent
time. Each enti ityheugﬁmﬁlees\émlbehtddyaaDbﬂethaﬂ;g)hemmfmfammﬁfgentdwe nane of the

entity and a ver bh&ahe g{gh&d{m he§ BREGREN fGhd urhdnf Sl Bfthd NEsARE Y-
Buring the tine an entj exists, the lifeline is shown as a dashed |ine.

During t heslyiiferrinirseaiz the fg?levagt Pags PUES 1t q’i‘é“"l"“itsf thg yapenssebsety R\ shagedpbigeitibl e
l'ine. Becaust: fréi@ufly @leaedidticat ORGheBRElpdIe ety ol @ndBinteh hRailop he kppelpfidid Oy

enti {165, DAL BERL8 SUIETEL il AN0eAS 00 B3 A EUALE pecaces (0
enmbodi mentPreyfougy peitenstrdogymien strugfes. s wliqys die pegylserias tg hdsignmplete ficguants 13, A

large nunb@éu@&b@é%sltms&ua%&rm@? rirkt Be docR@érk:0di Cal publication. Each
user's ed ferently, but many users' editions wll

rﬂ‘%#\o Fﬁy LI TF le] : :
share co cont'&rff §'ﬁ@ﬁ VAION ERPTOSBY ect s ~and i mage obj ects. The
subscription del A\p&feyrecpesnﬂ:bmmaitoﬁah@peﬁfnﬁa@vdﬁhjmemlsdmum@ue%r uctures to

I ndi vi dual print Sngn dsé}cﬁc% Cr%agiwpl}ﬁl %%F% ?rﬁesp%n C .gfrigagers]&h nltxck?btjneCt s via

mul ti cast. The app 1cation ocunent 1D 51
for each CRSEESTEFRaEe PERHT £AL- D‘~‘1§l§r‘ piifiey the ppge apthadrcation dn the pede Tercuiment

structur e,ahhﬂgkﬁbdzlsﬂlgmS}Sofdﬁgéhrmﬂithd:ﬂ%@dﬂﬂkcmgﬁn&@scri ptions, to t he page
server 10 respon? bl e %Pr t.he dotgel%ﬁé; EA%/{]fal | ocat ed ID It ] ncludes
its own applica Prelmming R FFB%FFVO 3 Beprgsserves Ao % el evant
set of rmulthd @asttlarcxiamneﬂo The dtess dnby alrsddg he intits eacheeif tha ger lus repgitly ngrapted vat e
Signat ure Y@ sJiEpaDA9fe pHikdifln 36 thdlen BRRL LGAMRNDIER bl afbP t o

obtain fromthe regrstrati on server
location to the page server.

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 TD 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 353, the hyperlink request ID, and the link I to the
application. ‘

The applicaticn 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 requesiing page server’s ID and
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t he corresponding user ID 60, the user's selected printer 1D 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
al lows the page server to verify the nessage signature. The NPS035- SG 44
page server's request to the registration server fails if the application
ID and alias ID don't together identify a subscription 808. The page
server then allocates docunent and pagg instance |IDs and forwards the page
descriptions, including page I1Ds 50, to the printer. It includes the

rel evant set of nulticast channel nanes for the printer to listen to. It
then returns the newy allocated page IDs to the application for future

r ef er ence. thOmpelithrequespB)-i cati on has distributed all of the docunent
structures to thQ‘hc.s&Qﬁ&:ngp%rsenéﬂe%ﬁ;eﬁﬂkngﬁdegtﬂgma¥%@atﬁa@ﬁ){o%e%¥s@&tg page

servers, it nultjcasts the various subsets of ared ects on the
previ ous| ySEET 18 oplair b frrieRonding uses B pd penterdB6R. The st @éer%?’éf?fsf‘*l%dh%?‘l“?ﬁ ers

nmoni t or themp@bmﬂfﬂe@fe&hasmu’ed@&&taraailif&fbﬂeabﬁmamﬁl recel ve their required
content objects. e re then 0 pul ate t VI ous |ntcast
document struct ur essexc’ilﬁlpﬁe arto aﬁoc?t?? Jocuéd%% Hésél?(i?éurls i l%flg ¥ ¥ocunent s
to their dkeaadasgedDs tonibe dpplicatidnoedds ﬁlheonp’ﬂeterﬂoemsntttg ltppwmdatabhe agbfmbent s. 5.2

HYPERLI NK A6aEiNApdde @N ARG L repefinghiir. ed enbodi nent of a hyperlink
activation proto shown in Figure 45. Wen a user clicks on a netpage

col is
with a netpage pgﬁ Wﬂ%@ﬁ“‘@&ﬁ%ﬁ‘ﬂ?@%@mﬁgﬁ%“ﬁﬁcw 1P 3> tihehichrasg the st net page
printer 60dage ¥drer ddcludds thedesbdeddnd® i pagee addoatht agpditation TOR dlbe page. The

printer ol pgag KuaR | DSl Red0 LS ASQL LA LAG, BN connect | on

pr ot ocol . e printer erm ne Vior k address of the
page server 10a Fifa*hthPqiilglkf?qh’éﬂsﬁaﬁerF‘@E}Ilarmpdg%feﬂ@e@‘)@mmltﬁes &tidhee ds fipny

al read¥hbepagasehk§sefc@@&stuefpeﬂm%m&etht elk}@éhﬁkeﬁaD Bilchtdbn m&@%%&@g@uﬁgﬁ %egve;[]ﬁ same
page e er e rds e o) inter e page
R0e o or i B S et e Rpbt g B et ot S R B DS et oo
descripti ohhe EpplichEert §0f and chebyyer (Th.lt pralgdes 1o alin dD dhe the migsipe Sent Whihe Epplidafidt

el enent’s ARRE agapph(tamaﬂg fstaibllllﬁ ﬁJel‘ %gcﬁ%lc cgrﬁe)ét Br m@ﬁ@&m&&&% rel evant | nput

el enent |s a enent he page server then obtains the
associ at ed® éppll %WWT'N%FG‘@G&HG”FE‘WCPD 54, and deternines, via the DNS,

t he network addrmsn@ﬁseltaammbue@aalne@agswweﬁetﬁh@@&nnge bea@orARRlckeAhd on 71.
The page ser uses the pen ID. 6 Q,0 n the cor ondi ng user 1D 60
fromthe r%eiffi StF Ié?afegr?ggaggwen?f’ ijrﬁ%ddﬁnﬁ%ﬁthﬁmg%“gtaé’g C ‘BT BBal 'y uni que
hyper |i nk requesiThd fingPforrmals bheapénd® 64, its leypprinkar k62, g s 1D 9B stidkepdy per | i nk

request cltg%%pggeggge@mlh&emgl% in Figure 44. The hyperlink request records
the | Ds of the requesting user and {grlnter and identifies the clicked

hyper | i nk i nst andke Pagprverriqads thenasesdepopiptiontSHdentificd hy dhej rage Fhiid Jespripines | D 53,
t he hyper | whidh ifippopi@sht’sl Zbhe 586 ady e dubokekintbbdcis Quskufing the relevant input element is a

text field 878, the page server appends the stroke to the text field’s digital ink.

O

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.

54 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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application. The application produces a response docunment according to
application-specific logic, and obtains a docunent ID 51 froman |ID server
12. 1t then sends the docunent to the page server 10b responsible for the
docunent's newWy allocated ID, together with the requesting page server's

| D and NPS035-SG 45 the hyperlink request ID. The second page server sends
the hyperlink request ID and application IDto the first page server to
obtain the corresponding user ID and pginter ID 62. The first page server
rejects the request if the hyperlink request has expired or is for a

di fferent application. The second page server allocates docunent instance
and page IDs 50, returns the newy allocated page IDs to the application,
adds the cuwnjpkendD dbeevant witothe fogn ofwhidiaitealgaaies fiddvd pdri, madell ys thefornd® t he page
descri pti 0fSinf e bidnd GHYERL mherfsr;nnm ishfon Q&&ﬂdwﬁ& thmsr%&%@pom i ncl ude

a meani ngful transaction ID 55, |c case the first page server
i ncl udes tRéetR b el bR ey ?Si#m?’ﬁé‘g‘i‘i‘é‘éfs‘aﬁ%ﬁ%egdﬁ tq ‘C?ﬂfyﬁée siplkss Pelie PSS Thi s
al | ows t hesignaapl Greeit ha@laedﬁ@i ﬁ&ﬁ@h&b&ﬁbr@gx@rﬁt&ﬁmfhseﬂh&@ﬁ&hﬂohﬂ) semaa @s&t for t he

hyper | i nk I%Cé()lt Bﬂtlg’r{he Ser’s app%cauxe pecx.%cﬁ)%wgtef‘e %%llatiw%igft It'ﬂlen usesatlh Ige Eo ge)éeé%ed S b ot h

"alias reqwred ute s page’ Serv
t he pen | B @gitaksipgaterh of theforaydajapded stupg Pileidipid] sigmturelo 84 regessting page exgies fTheat i on

server 1l @se&@ftaaalgéss O tighdl Siknatul8o S Snaluld HAI hESRURIERLarl QPR | D but
also the alias ID 65 corresponding to  the application ID and the user ID

It include¥*™he alias IDin the nessage sent to the application, allow ng
t he application T dgkbddohish iwludsate dped 63 ﬁﬁ@&&mpbndhgms&.mshy@&rd i nk

activationg, ggﬁgm %Dytg{(guﬁg%'g ON PROTOCOL When a user draws a stroke

on a net pgqg wth a pen pen communi cates the stroke to the
nearest n %age B‘PRMﬁ@M'SS'PH@RﬂQC@ke identifies the page and a path on the

page. The print eApfmmd&moﬂe&mls@nﬁémb&t%c@ia@ho%wlﬂe4kD 62, the page
| D 50 and stroke ‘8’3 to the pa e server e usual way. The page

i.n th
server |oads the PRGEHEOR PP Bh2 o mARRT |"érd"aib‘3? firflws gallgas (s Pé?i‘&f"l
det er m nesdefinehd incection pAf wid ls@mefnin-specfionédithds. 1 f any, the stroke i nt ersects.

Assum ng the rel %vmselggg%m%%ﬁgﬁgt% hg,p ?mkt“‘%%“"ﬁhﬂk S‘%ﬁ\g ngby &ié e server

appendsthe stro tothe te ita rloarof
i nacti vi t yl%tythe %“%%71@f309?¥@“15&@tf0f?1|[€l56aﬂdt%“ﬁ%éﬁt%@mﬁépf theloers ithee pen | D

and the pemdi dgais! dp keiiutcickl) e 0 bfplifaddd A Sk B 1) elialiBf al BlapTPEet at i on.
er egl strat.l

erver entifies the cor.respond pen, and
uses the uagsemr“ateﬁg@] Wﬁstp%%mﬁgﬁwﬂgﬁ“ﬁegmﬁrﬁg‘é g5 core ﬁo?%gfﬁg@feh‘-foﬂle st rokes
as handwr ithdregisttatioetservedbe it has converted the strokes to text, the

registratigg sepNfhisdi&lpUveniPTb&st to the requesting page server. The
page server appends the text to the text value of the text field.
A preferred embodiment of a comumission payment protocol is shown in Figure 47.

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

The hyperlink request ID 52 is used to route a fee or commission credit from the target
application provider 70a (e.g. merchant) to the source application provider 70b (i.e. publisher), and
from the source 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 IID. 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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5.4 SI GNATURE VERI FI CATI ON PROTOCCOL Assum ng the input el enent whose zone
the stroke intersects is a signature field 880, the page server 10 appends
the stroke to the signature field' s digital ink, After a period of
inactivity in the zone of the signature field, the page server sends the
pen 11D 61 and the pending strokes to the registration server | | for
~verification. It also sends the NPS035-SG 46 application ID 64 associ ated
with the formof which the signature fjzeld is part, as well as the formID
56 and the current data content of the form The registration server
identifies the user corresponding to the pen, and uses the user's dynam c
signature bionetric 818 to verify the strokes as the user's signature.
Once it has veri fidedplhsios prgvidedr ureds to trbdi theqgintet mraviden i séy thegirintes@svideh e

applicati Of}edh tl?o @é oﬁé]gai H%@ rserveJr IB ngrtuﬁ{h lﬂg%%emni{ I ﬁl% ﬁbs%e éage ﬁarveﬁ(uses the

application-specif rivate si gnat ure . en uses t

generate WPY “6‘1‘?"&1’“ g dsptify e pnteripad ﬁ@#ﬁﬁhe(fmon t&rﬁ*&f"?@%ﬁ%ﬁ@ﬁ%“@ﬁgl t al
si gnat ur e fgteh@ithtRpHest IDNThe RRBLatDL MR credild 18e coRAPEITME pritd prdsiddr §RSunt he
digital signpature to the signature field and sets the associated fornis

status to ftrozen. The digital signature includes the alias ID 65 of the
correspondi ng us@&he sofitee sipElichtionereyiders isngplienaflo metified of dpt idenstynefl thé et user s'

si gnat ur esapplﬁa&n%méu@% kN BROT Dk enfty BE I s%ﬁ&@éapl%%qg}ooaﬁat of a form

subm ssion_protocol is_shown in Figure 46. Form subm ssion occurs via a
f orm hyper®i nk alETPOSE PRHPESERPEMNs fol | ows the protocol defined in Section
5.2, with &one fBEmMSCﬂ-&QICéI c additions. In the case of a form hyperlink,

t he hyperlink aC|vat|o sent b r 10to e
application 71 aF c%to ne§ "’a‘ggftgr 5 n%rgF Cﬁﬁg’?ﬁi ?er'eé‘ﬁetn“ﬂ’ﬁ‘iab (ﬂontent of
the form inffludtﬁﬁehous’uwrlﬁi it formnd aahghcsmtglidalgthu\@lgfwaéd 193 definlne pn intedoragppd | cat i on
verifies e@a@m%&t@ym@wﬁﬁﬁdﬂ% i eﬁi 85 il I ofeatioR ARGl AoGedlh b2 hd'e
correspondij ng.d ?“3 signature an ai ning the corrésponding certificate
from the P&gf e Eanédo%e"r {Fay-trapgparest (@vmw %Wf@ﬁ?mwe%r@%@m%

pr ef err ed lendeddIrend coddr 160 i€ ARIGf aBiiGR ppaysmis mmﬁcﬁeﬁlsenh&raﬁm&t&aﬁ gure

47. 1N an g GONIRLEE gnyet{m%”%he sl 888 BRIRY depRRYA0! € Trom

er on. c |ck “ﬁ
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sal es. Coni¥ susludess menin pagicl§d afh@h subgstntitlly shamyads die @éﬁ?ﬁ @fshedmsmzalw atdso be

payabl e fr@m&lﬁgepommmm@éh ﬁrsge&shﬁdpﬁ&a/m@l%mgznid@ean@msramaaczﬂta@ponaf riink
request ed to oy Ifhee or SSI on credit fromthe target
appl i catl 5 %fn&fgrm %‘53‘@ 5! é"ffa?ﬁ &‘ﬁ‘&%é‘}z ‘%é“t%%fleés %%ﬁ‘ﬂfefi(?%ﬁ“lddi‘fe provi der
70b (i.e. mm@tmgﬂmero)xllcalwdhmfhebcmsm@a)zswmeﬁppmsm@mﬁﬁg faraparndan3A@b to the
printer prtQ doqgrlm?%e a&ﬂ&f%@[ \A%?Je q‘%&i énﬁ%ge!:eoﬂﬁ! rlﬁ(}%iﬁé%&re&&ﬁd@s&% ! ltﬂn% s ' equest

IDfromth e page server
115, The metat 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 103, 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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hyperlink is first activated, as described in Section 5.2. Wen 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 IDto
identify the source application, and sends the credit on to the rel evant
registration server |I. |. together with the source application ID 64, its
own server |ID 53, and the hyperlink reguest ID. The registration server
credits the correspondi ng application provider's account 827. It also
notifies the application provider. NPS035-SG 47 If the application
provider needs to credit the printer provider, it sends the printer

provi der @retint By tominfite op il ¢fi thradeh 96fgeps te thee stetegpet her with the hyperlink
request IR The gage §8hL YAl Uses the hyperlink request ID to identify the
printer, and sends the credif on to the relevant registration server

t oget her with thekp¥rideedis gDl i9vpeandegi stration server credits the
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117. The dnrtremtion &R forse tam@pmmtmm@ne byhige Iﬁelnm)b IPCH styhi¥ aibTIRE Taé ® us LED
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The pen can operate as a normal narking |n pen and as a hon- narki ng
styl us. HmFﬁH23ﬁ@H2%artr|dge 118 with nib 119 and a stylus 120 with stylus
nib 121 are nnunkﬂﬂa%hﬁgmby4smda4mmk@kﬂMmi@emmﬂu§ﬁﬂgoﬂQﬁmnﬁh%Qﬂmzkhe i nk

cartridge nslzs? gn]f)%ﬁ%g 812 petnr] 81 %ﬁd%opul%S leo mcjfuzdes a c p IAB%or c lppll% sztne pen toradpoct:kg rough
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 distértion
observed on the imaged tag.
Control data from the location tag may include control bits instructing the pen 101
to activate its “active area” LED (this is in fact one mode of the tri-color LED 116, which becomes
yellow when the pen determines, from the control data, that the area that is being imaged is an “active

area”). Thus, a region on the surface which corresponds to the active area of a button or hyperlink
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open end 122 of the nmetal end piece 114, by rotation of the pen top 105.
Respective slider blocks 123 and 124 are nounted to the ink cartridge 118
and stylus 120, respectively. A rotatable cambarrel 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 formof a slot within the walls 181 of the
cam barrel. Camfollowers 127 and 128 projecting fromslider blocks 123
and 124 fit within the camslot 126. Qg rotation of the cam barrel 125,
the slider blocks 123 or 124 nove relative to each other to project either
the pen nib 119 or stylus nib 121 out through the hole 122 in the netal
end piece 114. The pen 101 has three states of NPS035-SG 48 operation. By
turni ng t heattepndos! b hetvag thisAEDs tieips the iive of the e vt feedbadkr that the bﬁto}ﬂotls 120
nib 121 ou j .t Jidge 118
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second fIempd?@&cka&dﬁwdmtsc@mdceﬁtﬁwue&nhﬁtlorwl for providing infrared
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t he surf acensisfnd a saeoerchf filne tarREBpeh291 pdsisionsiro the g fage, nigiedby fen-dgpmenay chi p
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chip 134 for control gl eration of e pe . tics
(formed froHRdt H@&a*ec‘r‘@ T P PSR {5i“BRS)or 5401”% aw%lﬁf W%h‘éﬁfﬁfw a porTinYOHY
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i mage sensgr 2. . r p. 13 connect t h nt s t he
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cam bar r el digipbexchangeof drawings a&@@ﬂ@ﬁﬁm@tgn-tm rechgnitiob aof aadwyiting mdfotos-idd7 and
the cam bayfiglatidhd@sigidlellr €€ volt rechargeable battery 139 sits within the
cam barrel 125 in contact with the battery contacts. An induction charging
coil 140 is nounted about the second flex PCB 129 to enabl e rechargi ng of

the battery 139 Utiksing nighRI dhipnl33 Mdeaneaeanel tf Ipa]wa’GB tﬂaa,ﬁm thd ﬁgmnﬁm BitH an

i nfrared il gctin acenent in
the cam @Fe?lg?%g%g%g%ﬁf d‘%ﬁ)a%e stgtfc 4%? S(S)l? t eeclmr]l1 lglf:l%rygtgﬂlﬂdge 118 is
used for witi ngWthnth?)Pfﬁé?mtf@g‘é‘PfaiﬁFféwﬁ'a thejdigita} ik daid ¥ oppswitted d3at if Brmsd. bei ng

applied t OWEéilQhoSﬂéﬂ fi@iclﬁovbé’ouft bﬂ'a@@ NighhiOniddh® iObufSiey bidein Bk Benlidl (hel G 16R

phot odi ode . 144 d romt 143 via reflectors (not shown)
nount ed on 1?%@”? 5%? Eﬁ%ﬁ J“.’qu’re ‘ﬂﬂm}l‘gﬁé_mﬁﬁrb%@?x‘ﬂ?tfbupﬁ’ﬂgtesl"if“eﬁﬁﬂ 142 are

provi ded tm:anqtsﬂietdnéace)raddchﬁaemszmmldn@um ng 102 to assist gripping the pen
101, and top 105p c%amng}%ég{%sis Rodal eh Bn &14&0&9&1@91&@50%5 E}&he}]@ﬁuﬂeﬂﬁés?t to a

pocket 6. 2 PEN CONT I's arrange term
posi ti on of @ Pleck dipm dIlpkiRgn APt d%?hﬂ‘WChF?‘r‘R‘fec)éFhP F‘?DH@}E‘I chip 184. Fiegie 199isd nagi ng,
i n the i nfsharsaerapetibduiihe RAcEY B3, 6 irhfBesbl IBAGR 1i-BoldrhQwyi 0 st e ®f t he

nib. It illumination LED 131, the IR force sensor LED 143, and the force sensor photodiode 144.

The pen controller chip 134 includes a controlling processor 145. Bus 146 enables the
exchange of data between components of the controller chip 134. Flash memory 147 and a 512 KB
DRAM 148 are also included. An analog-to-digital converter 149 is arranged to convert the analog
signal from the force sensor photodiode 144 io a digital signal.

An image sensor interface 152 interfaces with the image semsor 132. A transceiver
controller 153 and base band circuit 154 are also included to interface with the RF chip 133 which
inciudes an RF circuit 155 and RF resonators and inductors 156 connected to the antenna 112.

The controlling processor 145 captures and decodes location data from tags from the
surface via the image sensor 132, monitors the force sensor photodiode 144, controls the LEDs 116,
131 and 143, and handles short-range radio communication via the radio transceiver 153. It is a

medium-performance (~40MHz) general-purpose RISC processor.
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records the location data fromthe nearest |location tag, and is arranged to
calcul ate the distance of the nib 121 or 119 fromthe | ocation tab
utilising optics 135 and controller chip 134. The controller chip 134
calculates the orientation of the pen and the nib-to-tag distance fromthe
perspective distortion observed on the imged tag. Control data fromthe

| ocation tag may include control bits instructing the pen 101 to activate
its "active area" LED (this is in factsgone node of the tri-color LED 116,
whi ch becones yellow when the pen determ nes, fromthe control data, that
the area that is being imaged is an "active area"). Thus, a region on the
surface which corresponds to the active area of a button or hyperlink
NPS035- SG 49 nay The rexoeddds.t disiat ttinsediver tohmmndnBDtragteivien gotihiger USRrandf t he
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transmt the digital ink data (which is encrypted for security and
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the surface} andpgorts transnmitted |ater. The controller chi p 134 is

nmounted on the s c nd f n.the, . Fi bl ock

di agram il | ust ra?S 1§cu?s5<5 ﬁ’lﬁ’?’ %é’ ?ql PHE 8 ’I”%%F’f”éegt o™ ‘fﬁ’é‘c tﬁ’ﬂ’f %I ler chip
134. Fi gur tebpicltgois implrowged lphegptatbady 1I8A s ibfstrdtddaciefatehilypn Fi38e 48. ITee | nage
sensor  132,,t Nembrsks aceLtqsns %5%%&%@ récﬁaﬁm £ md Bﬁaljexl 18T dﬂg%h&%4 Darﬁg éen

the IR force sensor force sensor photo
control | er eé‘ﬁlsﬂ‘“i%]é% ‘ﬁ(ﬂbﬁf}e’% leas E?(Qﬁf“i‘ B Fcpddens bt &5 §’6‘1‘Sln§45 imagg entq iBERnabl es
t he exchasnger Bb. Ad:&'lﬁysbﬁiil\l&ﬁﬁteﬂﬁﬂﬁﬁﬂ@ﬁtﬁs of the controller chip 134. Flash

ggm;%’t éf712‘gdi 2"[‘?6 4] tlcaP a 1t°. dem Oeﬁ?/%&?eﬁwetral 29 4 F%ltéjge miage sensornﬁE Opthgto di gl tal

193 of the imaged surface which intersects the field of view cone 192 within required tilt ranges (see

later). The primary focussing clement is the objective lens 160. This is also used in reverse to project
illumination from the IR illumination LED 131 onto the surface within the field of view. Since it is
impractical to place both the image sensor 132 and the IR LED 131 at the focus of the objective, a
beam splitter 159 is used to splif the path and separate relay lenses 157 and 161 in each path provides
refocussing at the image sensor 132 and the IR LED 131 respectively. This also allows different
apertures to be imposed on the two paths.

The edges of the image sensor 132 act as the field stop for the capture field, and the
capture path is designed so that the resulting object space angular field of view is as required (i.e. just
under 20° for the application of this embodiment). The illumination path is designed to produce the

same object space field of view as the capture path, so that the illumination fills the object space field
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signal fromthe force sensor photodiode 144 to a digital signal. An inage
sensor interface 152 interfaces with the i mage sensor 132. A transceiver
controller 153 and base band circuit 154 are also included to inter-face
with the RF chip 133 which includes an RF circuit 155 and RF resonators
and inductors 15 6 connected to the antenna 112. The controlling processor
145 captures and decodes |ocation data fromtags fromthe surface via the
i mge sensor 132, nonitors the force sgnsor photodi ode 144, controls the
LEDs 116, 131 and 143, and handl es short-range radi o communi cation via the
radio transceiver 153. It is a nediumperformance (-40MHz) general - purpose
Rl SC processor. NPS035-SG 50 The processor 145, digital transceiver
conponent sof(viewawilt geiiven poenand elifoerityl 53 and baseband circuit 154), image
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primary focussing elenent is the objective |ens This is also used in
reverse t dmﬁgn@} infrared spectrum, an area of the surface in the Vlcmlty ofthe nib 119, 121. It decodes

the nearest tag data and computes the position of the nib 119, 121 relative to the location tag from the
observed perspective distortion on the imaged tag and the known geometry of the pen optics 135 (see
later). Although the position resolution of the tag may be low, the adjusted position resolution is qguite
high, and easily exceeds the 200 dpi resolution required for accurate handwriting recognition (see
above reference),

Pen 101 actions relative to a surface are captured as a series of strokes. A stroke consists
of a sequence of time-stamped pen positions on the surface, initiated by a pen-down event and
completed by the subsequent pen-up event. A stroke is also tagged with the region ID of the surface
whenever the region ID changes, i.e. just at the start of the stroke under normal circumstances. As
discussed above, each location tag includes data indicative of its position on the surface and also
region data indicative of the region of the surface within which the tag lies.

Figure 4% is a diagram illustrating location tag and stroke processing in the pen 101. When

the pen 101 is in the pen-up state, the pen controller 134 continuously monitors the force sensor
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illTumnation fromthe IR illumnation LED 131 onto the surface within the
field of view Since it is inpractical to place both the inage sensor 132
and the IR LED 131 at the focus of the objective, a beamsplitter 159 is
used to split the path and separate relay |enses 157 and 161 in each path
provi des refocussing at the i mage sensor 132 and the IR LED 131
respectively. This also allows different apertures to be inposed on the
two paths. The edges of the i mage sensgr 132 act as the field stop for the
capture field, and the capture path is designed so that the resulting

obj ect space angular field of viewis as required (i.e. just wunder 20 for
the application of this enbodinent). The illumnation path is designed to
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si gnat ure $8% “Léi(v\b/hécr%llﬂmésauéjea’ﬁ tgesé% ™01 determ nes the posi tion and
orientation of its nib 119, 121 on the surface by imaging, in the infrared
spectrum ﬁﬂle@rﬁﬁvﬂ%uaﬁﬂﬁcwokaﬁse inthe vicinity of the nib 119, 121. It
decodes the nearest tag data and conputes the position of the nib 119, 121
relative to the location tag fromthe observed perspective distortion on

the i maged tag arQigicigniknown geonmfit y of t hepRagiedPti CF 135 (:mee latr).
Al though fhe position tresol utj on of theltag VAR be |l ow, the adjusted
position resol UtIOH 1S quite

pen ID - 128 -

nib ID - 128 -

absolute time ms 64 -

last system time ms 64 -

region ID - 100 -

time offset ms 32 49.7 days

tag 1D - 16 -

x offset 20 pm s9 +10mm

v offset 20 wm S9 +10mm

x rotation (pitch) degree S7 +00°

NPS035-5G



hi gh, and easily exceeds the 200 dpi resolution required for accurate
handwiting recognition (see above reference). Pen 101 actions relative to
a surface are captured as a series of strokes. A stroke consists of a
sequence of tinme-stanmped pen positions on the surface, initiated by a
pen-down event and conpleted by the subsequent pen-up event. A stroke is
al so tagged with the region ID of the surface whenever the region ID
changes, i.e. just at the start of thes;stroke under normal circunstances.
As discussed above, each location tag includes data indicative of its
position on the surface and also region data indicative of the region of

the surface within which the tag lies. Figure 49 is a diagramillustrating
| ocat i on | afptaéidrodlj r oke procepsi rigeréen t he pen $01. Whep the ppen 101 (s in
t he pen- up—state—thepen—controtler—134 continyoushyrenitors the-foqce

~J UG, T T CT J CuUTITe T 11 A A=k Yy T \=4l A LA A4
sensor  NPEBEEodes phot odi ofe %% or | a pen-agmn condli tion %t ep 164).
VWhile thelpereis in a pen-dowh state, the pen sontrolfer 1342:onti nugusly
capt ur es 165—166—and—decodes—t67+tagdata—fromtocati-on—tags—f+romthe
surface, infers the pen 101 position and orientation relative to the
surface, 168 andWhppbrss 1§lvenneipts ithecoppputicgtspstemothe fratreligr 13é netifist thegireendat a
(i ncl udi nGytiRGed AY nlaba 790kl BRiutd 0P EBAd AD12S YR SimE FobGined flonl the 1S
bei ng conti nuously nnnltqrquf O a pen-uF event the pen controller 134
s afieseth %

encrypts 1578°® Rerde U tliny ¢ SHEHT 195coPPRe A rigin gR @enmtiotkeid the RF
chi p 133 anebskafnbentigtalliiiPrecedived frbve the @i L1 ad@rdingBt T pen NI tRentsh@brodifte itpen
sanples t ni i rder. to,detern ne.whet her the stroke has been
conpl eted W%]} gh grﬁ&%ﬁ@o&% %cc %’3 gera_frjngnﬁeed%é) Pfg r ﬂgm now St ?}g e Ehetfgrln%uém%t arted
174. Assuniiign & ideaids bnadsiwper these is gotsithan pgipen fsing ofedrted yiisth s yomping spiewe essi ng

al gor i t hm ¥e§ @8 whbHmportabt € §/st@ROMlich8IMOfen 1 18RIy AR BHRPHE e b, 1 MABR, t he pen

is active. Lf the pen is out of range of a computin stemto transmt to,

then it bUPF ISR POWPRE 1 Rrrich BL e piing ot Phofenisibin R 1o ba

buf f er ed degprtdalThe nk Mhaiows the icompueng sywikth e Rlentdn gicto hibastyhengiuiling inlsyst em

Wen the pgn;se LBtigs Yo hSq f C - t di gi tal

i nk and insté%a ﬁlégﬁ%? i?gé%ﬁﬁﬁ?'T%f?ﬁﬁéﬂggﬂ?‘fﬁzgﬁgi e%??%%%%% o wite

with the p@Ar Yigeh nitrigeipe ued. Fertesanplreil g isorifesnib 1rihkeine ag9d diegpomiing nk

g ransmitt le;;;istéﬂ fEy idke p&ﬁﬁbinh%ed&fck rohtgutfbeaﬁaa Uﬁﬂnﬂ&é&sﬁéﬂ)ﬁlﬁlis ﬁiﬁﬁdbﬁ @y M 11115 ak
iagram i tratin e structure of t. raw.digi ink.. Digital in

whton 1's. Bt BT S Vi b adhe T LR P B i i e s

stored i n Ardvecesmmedificopatbakoutmit.gi tal ink which is transmtted to the system

Table 4. Raw di gt &b bR l&f QQMQ%%§ cgn{f%\flegilgi ;e@tjrdsi tﬂé(el&bgédttm&sﬁjcé 'thgrfas{ ange

conponent (bits) . , . .
absoluté time notified to the system. For each pen 101 position 177, in the stroke the controller 134

records the X and y offset of the pen nib 119, 121 from the current tag, the x, y and z rotation of the
pen 101, and the nib force. It only records the tag ID 178 (data identifying tag location) if it has
changed. Since the tag frequency is significantly smaller than the typical position sampling frequency,
the tag ID is constant for many consecutive pen 101 positions, and may be constant for the entire
stroke if the stroke is short.

Since the pen 101 samples its positions and orientation at 100 Iz, pen 101 positions in a
stroke are implicitly clocked at 100 Hz and do not need an explicit timestamp. If the pen 101 fails to
compute a pen 101 position, e.g. because it fails to decode a tag, it must still record a pen 101
position to breserve the implicit clocking, It therefore records the position as unknown, 179 allowing
the computing system to later interpolate the position from adjacent samples if necessary.

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

Since the region ID is constant for many consecutive strokes, the pen only records the
NPS035-SG



pen 1D-128- nib I D 128- absolute tinmens64- |ast systemtinmens64- region

| D-100- tinme offsetns3249.7 days tag | D 16- x offset20 p.nS910mm vy of fset 20
pnS910mMm x rotation (pitch)degreeS790 NPS035-SG 53 y rotation
(roll)degreeS7900 z rotation (yaw) degreeS7360 z force-8255 Wien the pen 101
connects to the conmputing system the controller 134 notifies the system

of the pen ID, nib ID 175, current absolute tine 176, and the |ast absolute
time it obtained fromthe systempriog to going offline. This allows the
systemto conpute any drift in the pen's clock and tineshift any digital
ink received fromthe pen 101 accordingly. The pen 101 then synchroni ses
its real-time clock wwth the accurate real-tine clock of the system The
pen | D al | weisn {hevhaohphanden d80. Jiris benmesohé dgint I ymitliidy peoviawk evithtlhe@rpen i s nor e
than one pgRbRi Ng operated with the conputing system Pen ID may be
inportant 1n systens which use the pen to identify an owner of the pen, for
exanpl e, and i ntEFeEenAYIhaogtpe B B 13 Perpesngag F‘E)éﬂ’ apd e negictberpedfhner. In
ot her enbodlitiomang GcdrddiahibiBorGtrol3a 75. ITRIE bdcbrid the hivaDRhPickiPadbcla@dSith s
computing gystemto identify which nib, stylus nib 121 or ink cartridge
nib 119, is presently bei ng used. The conputing systemcan vary its

oper at i on dependEprl conppaamt affastece bpis b ingofyepdyd preBe ak lisedin Tebdadhpl e, if the ink
cartridge nib 119 is being used the conputing system may defer producing

f eedback out put because i medi ate feedback is provided by the ink markings
made on the surface. Were the stylus nib 121 is being used, the conputing
system may produce i medi ate feedback output. At the start of a stroke the
pen controller 134 records the elapsed tinme since the last absolute tine
notified to the system For each pen 101 .position 177, in the stroke the
controller 134 records the x and y offset of the pen nib 119, 121 fromthe
current tag, the x, y and z rotation of the pen 101, and the nib force. It
only records the tag ID 178 (data identifying tag location) if it has
changed. Since the tag frequency is significantly smaller than the typical
position sanpling frequency, the tag IDis constant for many consecutive
pen 101 positions, and may be constant for the entire
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stroke if the stroke is short. Since the pen 101 sanples its positions and
orientation at 100 Hz, pen 101 positions in a stroke are inplicitly

cl ocked at 100 Hz and do not need an explicit tinmestanp. If the pen 101
fails to conpute a pen 101 position, e.g. because it fails to decode a
tag, it nust still record a pen 101 position to preserve the inplicit
clocking. It therefore records the position as unknown, 179 allowng the
conputing systemto later interpol ate 4he position from adjacent sanples if
necessary. Since the 32-bit tine offset of a stroke has a finite range
(i.e. 49.7 days), the pen 101 optionally records an absolute tinme 176 for
a stroke. This becones the absolute tinme relative to which |[|ater strokes'
time offsets are neasured. Since the region IDis constant for nany
consecuti Veaadd. ﬁgﬁgmktelggnﬁgggn?ghyesr ecords the NPSO35-SG 54 region |ID when
it changes 180. This becones the region IDinplicitly associated with |ater
pen positions. Since a user may change the nib 119, 121 between one stroke
and the nﬂwhmnhhﬁmﬁpﬂmmﬁl optionally records g gt TD TOr a stroke I7S.
Thi s becofe he—pt-b—t+b—+pH-eity—asseciated—wWih-later—strokes.—Eagh
conponent H?””““??%ke has an entropy coded prefli’x, as listed in Table|5.
NPS035- SG @fknchalpkrepolitionRaw st r oke conponent pr ef|itres ram/stroke

conponentsBg5%%%—ramrpEﬂ"pﬁsr%rOﬁe—uﬁkﬁemﬁ peRR tHonto—tag—ehangetd 00
end of stroke 1l region changel1100 nib changgl iq%l time changellll10jA
10mm st r okendefstrtkesecond dur ati on spans two or t|Hi@e tags, contains 10(
posi tions TR ) ‘lﬂ% —and therefore as a size of ﬁli.ddut 5500—tts—OEntine
continuous—digital ink capture therefore requilres a maximumitransm s$ion
speed of EdeKﬁﬁs and of fline continuous digitdlldlnk capture requirés
about 40 dB:mOT DUTTEr nenory per mnute. 1 q1pgn 5 51Z2KB DRAMZ8tan

t her ef orel—-hold—over 12 mnutes of continuous digital ink Tine region and
ni b changes happen so infrequently that they have a negligible effect on
‘the required transmhssitok: &peadond Ridratiiif ok € DMhte td6 AbdtdiRNAY positions

samples, and therefore has a size of about 5500 bits. Online continuous digital ink capture therefore

requires a maximum transmission speed of 5.5 Kbps, and offline continuous digital ink capture
requires about 40 Kbytes of buffer memory per minute. The pen’s 512KB DRAM 48 can therefore
hold over 12 minutes of continuous digital ink. Time, region and nib changes happen so infrequently
that they have a negligible effect on the required tranémission speed and buffer memory. Additional
compression of pen 101 positions can reduce transmission speed and buffer memory requirements
further.

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

6.5 OTHER PEN EMBODIMENTS

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

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

The provision of the accelerometers enables this embodiment of the pen 101 to sense
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conpression of pen 101 positions can reduce transm ssion speed and buffer
menory requirenents further. Each raw stroke is encrypted using the
Triple-DES al gorithm (Schneier, B, Applied Cryptography, Second Edition,
Wley 1996, the disclosure of which is incorporated herein by cross-
reference) before being transmtted to the conputing system The pen and
conputing system exchange session keys for this purpose on a regular
basis. Based on a conservative estimatsg of 50 cycles per encrypted bit,
the encryption of a one-second 5500 bit stroke consunes 0.7% of the
processor's 45 time. 6.5 OTHER PEN EMBODI MENTS In an alternative

enbodi nent, the pen incorporates an Infrared Data Associ ation (IrDA)

i nterface Mmeion yilgut refermy ¢o wdamimitioatagosliowint khe docigms eestd &t sampledit alwtepage
printer. |fwapatiol 6] 1o LHPQH th@ﬁeémfytan iy u;lté}ést }aﬁ,&l thgqgi,o&uom fhe gﬂfa%r te hogonal

accel erometers mounted in the nornmal plane of pen 101 axis

accel er ometEPempledt thy ehicgtiprimeriMerfepepprbdengntdpg C‘?Eﬂﬂaiﬂﬁ bypysthendgtagilRef  The

provi si on @f:hlbd’a&onaﬁgoﬂﬂlﬁmm&hﬁﬂtﬁe iffeddnest chihdiScts iRady iempu dfmdnhe pen 101 to
sense NPS035- SG §? ef ergnce to suhgpge Iogatlon t ags
a

wi th Qu
al | owi ng the loc |%cﬁg1 81011 S0 be L’éae afceﬁmmf"ters B RS OF A8 Y BHEHOP IR at i on

tag ID cam@ﬁ@%ﬂm@echrtyﬂaﬂtommd@e@n @#taniamoesr\@btltyraatmnom han a position on

the surface. Fogm@mg ﬂogltuglh&f t&biu%ﬁ:tis n§t Bows Sht ragtﬁé I)@sﬁﬁnsl ‘QM el ement
(e.g. a command button), then the tag ID of _each FOC&'[IOI’I tag Wi thin the

area of t hsé“’]fen‘"’ﬁ‘bfal°§1af5ﬁéﬂﬁ‘°‘@3ﬁ’°sdﬂ°f‘é‘8‘igra§’°‘l HERIAEY ST 1 i) frpsed esgleREon, The
accel er at | seelaeasutgdeally hivh biglhecdition aaehe fifie tiatRAGNa Afokd, deer Xhidh errdfs
directions,j ulalquﬁ'glrtat ed with respect to tine to produce an i nstant aneous
vel ocity and position. Since the starting position of the stroke is not
known, onl% rel aNFTPACHDRINEERGESCRATIONi n a stroke are cal cul ated. Al though
posi tion iy egrabkiRferMECH¢sAt €S errors in the sensed accel erati on,

accel eroneters t%%l cal%g have hi gh r@sol ution, and the tine duratl on of a
stroke, over whi CFf BTy Lounied agipgee Apiprinie604 pshewn folly agepploda Fispee N
DESCRI PTI GiNnts fetdagdfdh mmw%gm1eyarsv;’ G/Rtnje;f“ ﬁiﬁiﬂéﬁgﬁék ane hﬁ%gg as

wal | printe 0l.ds s : r S net pages
on Letter/ &%Fegam?rep%:l@ lg%lkn&ées Iaé é’?feﬁgfﬁjmﬁgg %af)ﬁrﬁo as?ll?éotli’rﬁg% nes 602 and
603, as shpiwed print Pigipay @3 ar@z‘i%whicmw bofhtsidgssd g slaetstrnuaangmly,pa@épolqaandq with

t he paper B@4upasgi ng t hrough the dupl exed print engines 602 and 603 which
print both sides of a lsjheet simyl taneously, in full color and wth full

bl eed. An int egr &F "ERLTPeSCBHBH A Boiss APHP Pedvealowg prordgrof b @risitbng one

edge of eabdwt, pidawidgedto 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
sheet directly from the media tray past a paper sensor on the {irst print engine 602 into the duplexed
Memjet™ printhead assembly. The two Memjet™ print engines 602 and 603 are mounted in an
opposing in-line sequential configuration along the straight paper path. The paper 604 is drawn into
the first print engine 602 by integral, powered pick-up rollers 626. The position and size of the paper

604 is sensed and full bleed printing commences. Fixative is printed simuitaneously to aid drying in
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sheet, allowng it to adhere to the previous sheet when pressed against it.
This creates a final bound docunent 618 which can range in thickness from
one sheet to several hundred sheets. The repl aceable ink cartridge 627,
shown in Figure 13 coupled with the duplexed print engines, has bl adders
or chanbers for storing fixative, adhesive, and cyan, nagenta, yellow,
black and infrared inks. The cartridge also contains a mcro air filter in
a base nolding. The mcro air filter g;nterfaces with an air punp 638
inside the printer via a hose 639. This provides filtered air to the
printheads to prevent ingress of mcro particles into the MenjetTM

print heads 350 which m ght otherw se clog the printhead nozzles. By

I ncor por at hngortdyepossibie tiel t er within the cartridge, the operational life of

the filter is ef frﬁ&ﬁabé{-%kﬂé dd ﬂ%%ﬂ'& 31 eLléutle i?@fthngu ££a 6@ 0} o'wgrgg exﬂ.-léﬁﬁe I nk

cartridge is a fully recy ct Wt pacity for ting and
gl ui ng 300@“6&&@@“6f@&@méW@éﬁkrmﬂﬂﬁﬁéW@ﬂhg“ﬁﬁmﬁigaﬁéﬂ@ mﬂ%é“ﬁ@ﬂ%&?zed
medi a pi ckwiePls bdatabiae ‘A&SRERE YurB2BnPUSRRS 1ot h dleQRker D %méiéeéoﬁ@wexxje&ﬁ om t he
media tray ast gﬂﬁaper sensor on the first print engine 602 into the
dupl exed printhead assenbly. The two Menjet TM print engi nes 602
and 603 are m) u nR@fd'nng’]to &igure0l2p0d i 2aghd papdr lApasSSHtsMtiel daﬂ»lexea)lbrfn't @gibatsion al ong

the strai %ﬁ 6&8191% rthe%ﬁ{dg' ass-el_lgﬁy pﬁ{e (}:Egtg'd }ljaﬁ flalss%m%%%a p ere f I I’ %m 19{ | nt

engi ne 602 by integra omere ers SI ron and size
of the pap&f Wltb@ﬁbri"ss S‘é?éﬂ“s’@liefaﬁ’olm?thﬂflm ls axle it snikp W@ee@mmgary Fitizat i ve i s

|tor| nt e$ hSl gl mﬁaewtsh@oaﬁl@a@d/ghe%éémﬂ 617313?'1:{8815@@{’»? aSﬁta‘iZuphJélgbﬁJiitﬁt%ﬁtﬁs IOOSSIt bl ?
i me. e i irs nt engi ne rough a set o
power ed exi p° Edkgrwa@/r{ é’}e?fa‘(ea‘f’b‘ th/b@wﬁf%ﬁﬁe id V‘%tg?agiqﬁl‘ﬁ“t“ﬁa &° Y* whi ch
act agaimﬁwuﬁqu@emwmeusmmﬂhér These spi ke wheels contact the "wet'

printed surface apd gﬁ@%éeph'sgenibgr éﬁecgnsﬁsgeof§%§1§lgifr61%ﬂmb Q}El&? 5%9“%1;115%8%'}9 Menj et TM

print engine 603. Referrin ures gaper passes
from the copRiasEs theefun pural PSﬁéél %mtheaﬂfdareése §2t Bris #ls 637 prearcisdsaeinbl y 605.

The pri nt echeflagic ABGBS adBEIVARS NagAll40 YEH:E Chrcwpt KﬂmWﬂ%' Aaﬁdlléﬁd ahﬁﬁrf Bk hda
fibrous su ar nd, anot her a wi t.h e eels and a
nonent ary Sgl(% | %)Sntﬁe glh}e e A 1 OPFHEE aﬁ%ﬁﬁ Z PWO%T 7% RIS %%W%O%Gfgo‘ims nmount ed
to a net alasapged © ﬂk?r%?@lkbl@ckamd hibgej ogt sidepayn Spow theogst pthavasechbly 673 inthewsf ace wit h

the power egral enib#HonVdxPosaRd SudWneBGhbQR 1Rfrofk & LBNALL hoving S@PR@LE Mot or
powers this CagEVﬂ?ﬁ“aﬂ¥%ﬁllue wheel assenblg 673 consists of a partially

hol | ow ax| €574 eifeRtgrely capubn gs ghecbfuripgerigls gEIDSHEN v hose 641 from
the ink cartri dges 62 gheefld04 asdes! ifto Grié L he ormbe Gtsemtlp 68, alhbide VPRI, to Wi Ch

absor bs a%ﬁl@&h ctﬁhlaym?ﬁ‘gﬂtv\klea(ra art%%xr‘nl er}irgtsm‘egugpdoléuange gf'ishl 1s¥ra.nop {tpﬂcgol d?d housi ng

682 surrounds an opening a I'votl ng side
mol di ngs dbdPingdipe assebb0ér doors are attached to the netal bracket and

hi nge out %2 dewaggnitheontroe drR®FenpEcTukie assenbly 673 is thrust forward.

This action eXPOoses t he gl ue wheel throy gh the front of the nol ded housing
682 Tension he netpage piinter controller consists of & controlling processor 750, a factory-installed

or field-installed network interface module 625, a radio transceiver (transceiver controller 753,
baseband circuit 754, RF circuit 755, and RF resonators and inductors 756), dual raster image
processor (RIP) DSPs 757, duplexed print engine controllers 760a and 760b, flash memory 658, and
64MB of DRAM 657, as illustrated 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
feeds and synchronizes the RIP DSPs 757 and print engine controllers 760. It consists of a medium-
performance general-purpose microprocessor. The controlling processor 750 communicates with the
print engine controllers 760 via a high-speed serial bus 659,

The RIP DSPs rasterize and compress page descriptions to the netpage printer’s

compressed page format. Each print engine controller expands, dithers and prints page images to its
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springs close the assenbly and effectively cap the glue wheel during
periods of inactivity. As the sheet 604 passes into the glue wheel assenbly
673, adhesive is applied to one vertical edge on the front side (apart
fromthe first sheet of a docunent) as it is transported down into the

bi ndi ng assenbly 605. 7.2 PRI NTER CONTROLLER ARCHI TECTURE The net page
printer controller consists of a controlling processor 750, a
factory-installed or field-installed sgetwork interface nodule 625, a radio
transcei ver (transceiver 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
menory 658asssogiadd MeARB" pinthDIAW B5%] tipes(i.¢. lal ayet30 adgedper minkie)g Teeludléked frive
Contr0|'i”Q%Bé&ﬁ&§§85ﬁﬂﬁ&ﬁ&&§oﬁiH&Hﬂhﬁ%&&gﬁé“‘th the network 19 and with

Q
| ocal wireless netpage pens 101, senses t hel p button 617, controls the
user interface LEBsM&ESrELEneinegntrdlleratffa santols the @prcp Ainsrost and Eromiiop isps 757
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fact ory- selieetactaNbos M LHaSELG!. E6hal ik@mb iNFRADIREE QDR ARl L), 2p2RBMI t
(64MB) DRAM 657 is also off-chip. The Erlnt engi ne controll'ers 760 are
provi ded 19 d&Faat EhaeghadSB ﬂ‘dvlﬁq &0IEBF i Gisoiere). Ardoyarions smgigige berse 625 are
provi ded, reackingrigtefadisnf ad lnahd) agRcctine s\u4ilble bi @ flagencfmik, anrd iRabdabnal |y a

| ocal co . e i n e 752.. t page network Internet
interf acggdéf“ﬁl(::klﬁ%gg%%%%d&é%ggﬁgﬁeﬁ%ﬁtl%ﬁgCoax (HFC) cabl e nodens, | SDN
nmodens, DSL nodé&kpsradia mangdeivpn 783 compsiseipsyie ths unlicgnsedePMER Hand @smalipewsed at i on

cel lul ar tigl SRREONEILbRESE Gite%ﬁfiﬁly AR unlicensed 2.4GHz industrial, scientific and medical
(ISM) band, and uses frequency hopping and collision detection to provide interference-free
communication.

The printer controller optionally incorporates an Infrared Data Association (IrDA)
interface for receiving data “squirted” from devices such as netpage cameras. In an alternative
embodiment, the printer uses the I'DA interface for short-range communication with suitably
configured netpage pens.

7.241 RASTERIZATION AND PRINTING

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

The DSPs 757 rasterize each page description and compress the rasterized page image.
"The main processor stores each compressed page image in memory. The simplest way to load-balance

multiple DSPs is to let each DSP rasterize a separate page. The DSPs can always be kept busy since
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wireless local |oop (WL) transceivers. Local interfaces include | EEE 1284
(parallel port), 10Base-T and 100Base-T Ethernet, USB and USB 2.0, |EEE
1394 (Firewire), and various energing hone networking interfaces. If an

I nternet connection is available on the |ocal network, then the | ocal
network interface can be used as the netpage network interface. The radio
transcei ver 753 comrunicates in the unlicensed 900Hz band nornmally used
by cordl ess tel ephones, or alternativeby in the unlicensed 2.4GH
industrial, scientific and nedical (1SM band, and uses frequency hopping
and collision detection to provide interference-free conmunication. The
printer controller optionally incorporates an Infrared Data Association
(1rDA) i nnertfitspenufnger of meaized nages daat i eénsgll by ttaa!'in fopragry. dbiy Ftoesy eilckrdas

net page CapBb@ialiylf3ordstpalifAkA Il SteriGHPAG: fRhentst N€ printer uses the IrDA
interface for shqrt-range comunication with suitably configured netpage

pens. 7.2.1 RASTEfRfeme W%Nﬁhppé}gﬂﬁsfﬂtgt‘%@‘éraffﬁ?e%|ar?°’t5?”6é"é%%‘t?ﬁ bils! has
recei ved abithay ehitlf i eblebiherotipenairntéghgiflage ahayiaibtfGmapk of pagmmpatiemks, |t
runs the 3@8 opriate RIP software on the DSPs 757. The DSPs 757 rasterize
each page Cri El)'bfaon and conpress the rasterized page i mage. The nmain
processor st or es Tesaiafaredodiyrlesss efdhepripeed ippaggentdins qrdadortpaze Hige atsd deplitesf way to

| oad- bal anggut sXpet il Eacp%ga%ndoaestﬂge ﬂagetIDeﬁglhb RRPcdnBRtbRl hdEnddRLRAEALE Page.
The DSPs caghalwa usy si nce PS035- SG 59 an arbitrary nunber of

rasterized™ @ge‘§g8%fﬁ‘ede‘fuﬁn%é%e§‘r""é‘f’“mﬂém@‘il’é‘rt@&o‘flﬂfesffeéﬁ‘ﬁcwgﬁ'hl s strategy only
| eads to potent Ikd dyin pOCssoDB nabsed hazlabibauk pafreimagea st B¢ tipleRy B0 ne
docurent s. o YiBkiek g ksagﬁegw@égme%ﬁ.}aﬁer%g%ﬁgsﬁl%raogges% Le Sl pefl Lo @
cont one-resol ution bi ess ressed to
negl i gi bl emgropeandirvifi Rage F<BAFien qaépqmtleg pigefies. E@m@@@e@dpag@g isipipelized The
infrared (Eiea)lsehﬁyﬁii)ra@tfcaitt@ﬁor@id ontire i 4pE0S 1L QUMAIKASR fRdRMNeLRAGE tags at a
density of Qboufémﬁ % |nch Each tag encodes the page ID, tag ID, and
control he N&%?H‘E%t of each tag is generated during
rasteri zat | on anahestam‘adanswn i erigiogpipdas eltihpapecnginggetrol BT8O waisiats pf DC eSS or

750 pass eshlg]a%&d&@aéﬂﬁa@ls sPAARAIBERS 2 Lighaled ﬁé&l@%@%ﬁ% Jf maarﬁ a%gs Fax

controllers rint engine contro stores npressed
page i magelFHen & |peuiom HEfvpiromemsiprstvdr 1%, thevsiorg e eseprders 76 aliel print i ng

pi pel i ne. 1}5’@@%@;&@@&&7@#\ af Wbufbrh iﬂEeifihg 75% 13 pﬁhjetﬁ@%ﬁtﬂ%ﬁ%@we it is
75 PRI ENGI R AT LRG0 PRt B pAie BHEem s TG giaset i ne of
t he print lexlgl me RRAM (76 Viethe BED spohshidtigerfafe 659, thd grlviape &ddddpkfe 4384 seri al
interface GadprvIbAREtbailh B 6 Egint Cohnrofer FbANG ¥t £ QWP
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 CMYXK layer and composites (at 765) the bi-level black layer over
the resulting 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
data (including fixative) to the Memjet™ printhead 350 via the printhead interface 768.

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

The print engine conirolier 760 contajos a low-speed processor 772 for synchronizing the

page expansion and rendering pipeline, configuring the printhead 350 via a low-speed serial bus 773,
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decoder 764, a custom hal ftoner/conpositor unit 765, a customtag encoder
766, a line loader/formatter unit 767, and a custominterface 768 to the
Menj et TM pri nt head 350. The print engine controller 360 operates in a
doubl e buffered nmanner. While one page is |oaded into DRAM 769 via the

hi gh speed serial interface 659, the previously | oaded page is read from
DRAM 769 and passed through the print engine controller pipeline. Once the
page has finished printing, the page doust |loaded is printed while another
page is |loaded. The first stage of the pipeline expands (at 763) the

JPEG conpressed contone CMYK | ayer, expands (at 764) the Goup 4

Fax- conpressed hi-|level black |ayer, and renders (at 766) the bi- |evel
net page t agpdicenrelingthesapkr mgtots§7%. At t ag format defined in section 1.2, al

in parallel. Thelmgwdve@&@g,@mglns sgm (AL thd B5) prit &, mémmrb@mt%%e&eﬁyer and
conposites (at 765) the bi-leyvel b yer over he resulting bi-Ievel

CMWYK | ayer PAESFPer iglitg pleugfhe Igpe digepsipn eﬁvm@ﬁsﬁlaétglvagtadmr stfRtdHaat léHQi
formatted {atin #67)” xfeﬁi’onspcffltl&tﬂel@@e @fntérN@e Mo jiteddificp Edcn brit@od 13680 pagbgapea set of
line buffers t are.store chi p DRAM
The final %]?gag@%'the %hmlt gmgﬁn)‘(}k@ %ﬁ%eé/z .8 B ip T egver (92r]d{tzdaesae h(‘? HeF udi ng
fixative) o veheavilvheetrdiingrfraqtenead BEWewie® plighept, iwhich dathe icmter fegige 768.
When sever gleci 4otz engi ne controllers 760 are used in unison, such as in a
dupl exed confl uration, they are synchronized via a shared I|ne sync

si gnal 770°O¥iP$%Mne print engine 760, selected via the external

mast er/ sl ave pi ntiel/feseg@diedtioh B bbdialedching wit Rer&bgidal profefd aaﬁ&&&%& har ed

i ne. The print control |ler J cont ai a Io e or 772

f or synchr%n%zfﬁseg gmmm“ee%%gan5|§%mgﬁﬁl?%n B PPHG® Sfﬁ”ﬁﬁﬁgd% &hf'f guri ng
t he pri nt hielehnBEdis hapa sunibenvef sfheredhbgiandnts) diffanige FHB thoseNREBIGBly §63c8:0d, awilt]
control li nﬁsottﬂﬁwﬁﬁzﬁ!ﬁp%t ARE Q553 B pre@ABnvehtldn L AVBorBiNAy, 10l B 8RS dlape

net page printer, the two int engines each prints 30 Letter pages per
mnute al o @‘”t"??@"‘? Brigt erﬁgﬁé‘? B iBfed i dhe satgiic (podjmentyidgeriRpd 4o e mesiht e of
8.8 kHz at spddidariondipiluding rodulmentd AEorpoeited b BSssabferedte adPpoRGE. Phelstdpebf thé he two
print engi; C t pages per mnute along the short

di mension o ﬁmﬁ%“%gﬂ£hggiééﬂkgd§§%5 aline rate of 10.2 kHz. These line
rates are well within the operating frequency of the MenjetTM print head,
which in the current design exceeds 30 kHz. CONCLUSI ON The present

i nvention has been described with reference to a preferred enbodi nent and

nunber of specific alternative enbodi nents. However, it will be appreciated
by those skilled in the relevant fields that a nunber of other
enbodi nents, differing fromthose specifically described, wll also fal

within the spirit and scope of the present invention. Accordingly, it wll
be understood that the invention is not intended to be limted to the
speci fic enbodi nents described in the present specification, including
docunents incorporated by cross-reference as appropriate. The scope of the
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invention is only limted by the attached clainms. NPS035-SG 61 CLAIMS 1. A
sensing device for sensing region identity data and generating at |east one
of novenment data and position data when the sensing device is noved
relative to a region of a surface, the region identity data being
indicative of an identity of the region, the novenent data being indicative
of the novenent of the sensing device relative to the region, the position
data being indicative of the positiomnof the sensing device relative to
the region, the surface having di sposed upon it coded data indicative of
at | east one region associated with the surface, the sensing device
including: a region identity sensor configured to sense the region identity
data using at |least sone of the coddehlM8ta; a notion sensor configured to
generate at |east one of the novenent data and the position data; an
identifier menmory configured tQ store a sensing device identifier, the
sensi ng debice gd%‘ﬁf‘g ‘ﬁg’é‘? fopepsing reedmadently dap 408 EPaine dhigassene phaoveB@S i ng

devi ce fr odmacind gositioefsd wign e wingigsSdeoite & hBvedan@ive foypesionain 8 safa@&ORBHRIE at or

conf i gur ed C ' 0 r Pl f.the region.identity dat t he
novenent dlg%ngt,y d?%e pgoig‘?%alggenoqgféf gnuﬁoéﬁleﬁ%gmé’eﬁ%?ﬂ%‘gm é\(}?t%%“}gd“é% ™ iogt}le to a
conput er sHeEReat o the sensiag d¢virg reletive écethe exgivn.dihn gosition dhtabeingl indipdties ef the t he
comuni cat @kitibsSofGRNEds QY B&e tebative O MELHYiRAHE PR 1N ing TNpSse®@fpoh R@ode8 BlON _
identity d.a%ia,_ tge novenent data, the position data and the sensing device
i dent i fi er "I A BHIT B KO 1k it the epnpig diyicedncludinge s i ng devi ce
according 10 cl a Mg, uerell e, LASILL | er ooy comprises, a read- only
merory. 4, A sensing devrca acToryrng SrEC BT PR feoufIaR 81 4 58 BFChn sensor
i s confi gubetdedslagenerate at | east one of the novenent data and the
position data using at |east sone of the coded data. 5. A sensing device
according to cl af fien sspies Fefigridie saesfe of lerstone pidhegpayemanirigiacad thyposipn g
plurality dfsreference points of the region, the notion sensor being
configured to generate at |east one NPS035-SG 62 of the novenent data and
t he position data idamiifidneneipergicenfigiredato stogas tendmpadcaife idbraifierpie sasite &Ride POSi ti on
of the sengl.ngd6¥ &ondufh mgfﬁg&sﬂ,a%tse&sﬁggéﬁcgﬁsm%&ells@r%- Lgiv%se&%@es i nts. 6.
A sensing device according to claim4, erein the coded data includes
periodi c ¥t s, the notion sensor bei ng configured to generate at | east
one of the novenent data and the position data on the basis of at |east

one of the novenbHPHAHEPSEIEFEhe SPUPHEE SRS HPraehhcasivneiviatathe at | east

movement data, the position data and the sensing device identifier to a computer system.

2. A sensing device according to claim 1, wherein the communicator is configured to
communicate one or more of the region identity data, the movement data, the position data and the

sensing device identifier to the computer system in encrypted form.

3. A sensing device according to claim 1, wherein the identifier memory comprises a read-
only memory.
4, A sensing device according to claim 1, wherein the motion sensor is configured to generate

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

5. A sensing device according to claim 4, wherein the coded data is also indicative of a

plurality of reference points of the region, the motion sensor being configured to generate at least one
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one of the periodic elenents. 7. A sensing device according to claim5 or
claim6, wherein the notion sensor is configured to sanple the position of
the sensing device relative to the at | east one reference point or periodic
el enment, thereby to generate the novenent data. 8. A sensing device
according to claim11, further including a timer configured to generate a
time reference as the sensing device is noved relative to the surface
region. 9. A sensing device according o claim8, wherein the conmuni cator
is configured to conmunicate tinme reference data to the conputer sytem
the tine reference data being indicative of the tinme reference of at |east
one of the novenent data and the position data as generated by the tiner.
10. A senséfiy npeghepedaneedbihe pasigor drtacindlierpasls, of westehnoftirenceonrmuand pattion

conmuni catﬁshe\eenwg&ebﬁmﬁmfesst&aé%mmefefeace%omd'0 frequency signal. 11. A
sensing device according to claim 10, wherein the radio frequency signal

conprises a Bluetooth signal. NPS035-SG

6. A sensing device according to claim 4, wherein the coded data includes periodic elements,
the motion sensor being configured to generate at least one of the movement data and the position
data on the basis of at least one of the movement and position of the sensing device relative to at least

one of the periodic elements.

7. A sensing device according to claim 5 or claim 6, wherein the motion sensor is configured
to sample the position of the sensing device relative to the at least one reference point or periodic

element, thereby to generate the movement data.

3. A sensing device according to claim 1, further including a timer configured to generate a

time reference as the sensing device is moved relative to the surface region.

9. A sensing device according to claim 8, wherein the communicator is configured to
communicate time reference data to the computer sytem, the time reference data being indicative of
the time reference of at least one of the movement data and the position data as generated by the

timer.

10. A sensing device according to claim 1, wherein the communicator communicates with the

computer system via a radio frequency signal.

11 A sensing device according to claim 10, wherein the radio frequency signal comprises a

Bluetooth signal.
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