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METHOD AND SYSTEM FOR DELIVERY OF A NEWSPAPER OR MAGAZINE

FIELD OF INVENTION
The present invention relates generally to methods, systems and apparatus for interacting with computers by

means of printed matter and sensing devices. More particularly, the invention Telates to delivery of a newspaper or
magazine, utilizing such methods, systems and apparatus.

The invention has been developed primarily to allow a large number of distributed users to interact with
networked information via printed matter and to obtain interactive printed matier on demand via high-speed networked

~ color printers. Although the invention will largely be described herein with reference to this use, it will be appreciated

that the invention is not limited to use in this field. -
' CO-PENDING APPLICATIONS

Various methods, systems. and apparatus relating to.the present invention are disclosed in the following co-
pending applications filed by the epplicant or assignee of the present invention simultaneously with the present
application: : "

NPA0O1, NPAQO2, NPAOO4, NPAOOS, NPAOOS, NPA0O7, NPACOS, NPA0O9, NPAG10, NPA012, NPAOI6,

NFAO017, NPAQ18, NPAO19, NPAO20, NPAO21, NPAO30, NPA03S, NPAO4S, NPAD7S, NPBOO, NPBOOZ,

NPK002, NPK003, NPK004, NFK00S, NPMO0O01, NPM002, NPM003, NFMO04, NPPOOS, NEPQOS, NPPO16,

NPPO17, NPN0OL, NPPOO1, NPP0O3, NFPOO7, NPP0OS, NPP018, NPS001, NPS003, NPS020, NPTOO01,

NPT002, NPT003, NPT0G4, NPX001, NPX003, NPX008, NPX011, NPX014, NFX016, 1152, IIM52, M)10,

M1, MI12, MJ13, MT14, MI15, MJ34, MI147, M58, MJ62, MI63, MJ64, MIES, MI66, PAKD4, PAKOS,

PAK.06, PAKO7, PAKOS, PECO1, PECOZ, PEC03, FPO1, PP02, FP03, PPOM4, PPb?, PPO8, FPO9, PP10, PPI 1,

PP12, PP13, PP14, PP15, PP16, and PP17.

The disclosures of these co-pending applimuns are incorporated hcmn by cross-reference. Fach application
wtanpomﬂyldmnﬁedbynsdonketnmnbcr This will be replaced bythcomapmdmg?C’l‘ApphmﬁmNumber
when availsble,

BACKGROUND

"t Papertis widdly used to display and record: infornistion. Printédinformation is easier to read than

information displayed on & computer screen. Hand-drawing and handwriting afford greater richness of expression than
input via a comptrter keyboard and miouse. Marcover, paper doesn’t run on batierics, can be read in bright light, moge
robustly accepts coffec spills, and is portable and disposable. : : '

" ‘Onliné publication has many advantages over-traditional paper-based publication. From a consumer’s point
of view, mfmﬁmunvnlubleondanmd,mfonmnmmbemngmdmhypﬂmxthnks ‘searched and

'ammnatwellypetmm

From the piblizher’s point of view, ﬁncosuefpu'mhng and phiysical d:stn‘buhonm climinated, and the
 publication bécames more atifactive to thcadmumwhopayfornbecause it can be targeted to specific demographics
' and linked 5 product sites: ‘ : *

* Online publication also has disadvantages. Comjniter screens are infegiar to paper. Axtheaamcquahlyasa
migazine pige; sn SVGA computer screen displays only sbout a fifth as much information ‘Both CRTs and LCDs have
trightness and contrast problems, parucularlywhcnambxcmhghtm strong, wh:lcmkonpaper being reflective rather
than emissive, is both bright and sharp in ambient light,

Pcople obtain news from a variety of sources - network and cable television, radio, daily newspapers, and
weekly newsmagazines. In the United States, although the various news media'ire healthy and profitable, per capita
news consumption is somewhat in decline as a new generation of young adults hdve less time to read, and favor
television entertainment ever news. Yet six out of ten adult Americans read a newspaper every day,
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There is ongoing conflict between newspapers’ mass distribution model, and advertisers’ need for micro-
targeting. This conflict, coupled with edvertisers® desire for higher-quality printing of color images, is motivating a shifi
from run-of-press (ROP) advertising to inserts. The downside to inserts is that editorial context is lost.

Fearing the online migration of advertising, traditional news publishers from both broadcast and print have
ventured into Internet-based news delivery, wanting fo establish a presence at whatever cost before newcamers become
entrenched. Most newspapers are still reporting losses from their cnline operations.

Online news delivery offers a number of advantages. Breaking news can be delivered as soon as it happens.
News can be customized for individeal readers aceonding to their preferences and geographic locations. Readers can
explare stories to arbitrary depth, follow links to related resources, and search archival material. Readers can participate
in discussion groups and contribute to opinion polls. The news itself can incorporate audio and video clips, and can
include live transmissions, converging with broadcast. - -

Onlinc news delivery #lso has disadvantages. Computer screens are of limited size and quality compared
with print. Few people enjoy reading a story of any length on a computer screen. Camputers are not portable in the wide
sense that a newspaper is. The news may be more timely, but the time and place in which it can be consumed are more
constrained than with a newspaper.

OBJECT

It is an object of the invention 1o combine advantages of printed and online publications to facilitale delivery

of a newspaper or magezine.

SUMMARY OF INVENTION
In accordance with the invention, there is provided a mcthod of delivering a newspaper or msgazine,

including.
formatting information ofmemwspapqwminamm
. _the information including at least ane user interactive clement which ensbles a user to indicate  request for

ﬁmhainfmmﬁmmhﬁngmwmmsoﬂhcﬁempap&mmgaﬁncwmuwﬁngﬁththedunanu.singusmaing

dzﬁwwhichisudqxedwmnmﬁtdmindimﬁugmewmmewmpMMmd
printing the information at a printer netwocksd with the comptter system 80 25 to produce the newspapes or
Preferably, the further information relates to editorial content. Altematively, the further information relates
to advestising material, which may be included in the forzuatted information on the basis of demographics of the user.
meaably.thc‘ncwspaperormagm'ﬁeimlud;gco&ddamindiwﬁu of an jdeatity of the newspaper or-
magazine end of the at Jeast one interactive clement and wherein the dats includes receiving, in the computer system,
hdiwﬁngdmﬁumthcsmsins&eviuregarding.thcidq;ﬁlyofthcncwspaperurmngazincapdqfqpoa_iﬁonofthc

-sensing device relative to the newspaper or magazine in order to identify the newspaper or magazine and determine

when the sensing device is used 1o interact with the:clement. The method may further include receiving, in the
compiter system, movement data regarding movement of the sensing device relative to the newspaper or magazine, with
the sensing device preferably sensing device sensing its movement relative to the newspaper of magazine using the
coded data, and identifying the response in the computer system from the movement being et least partially within a
zone associated with the interactive element.

Preferably, the sensing device includes an identification code specific 1o a particular user and the method
includes monitoring use of the sensing device in the computer system.

The method may further include printing the newspaper or magazine on demand and preferably printing the
formatted information on & surface of a surface-defining structure and, at the same time, printing the coded data on the
surface with the coded data preferably being substantjally invisible in the visible spectrum.

-
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Preferably, the method includes retaining a retrievable record of the printed newspaper or magazine, the
newspaper of magazine being retrievable using the identity data as contained in the coded data,

Preferably, a plurality of newspapers or magazines may be distibuted using a mixture of multicast and
pointcast communications protocals.

In the event the newpaper or magazine is printed on multiple pages, th:methodmayalsomcludebmdmg
the pages,

In another aspect, there is provided a gystem for delivering newspaper or magazine, including:

& computer system with g publication server adapted to select and format information of & newspaper or
magazine;

a printer for printing the information s¢ as to produce the newspéper or magazine, with at least one
interactive element to ensble a user to indicate a request-for further information relating to content of the newspaper or
magazine; and

& sensing device used to indicate the request and adapted to transmit data to the computer'system and the
publication server is preferably adapted to include s least a portion of the content as advertising material, with the
advertising material prefarably included with refarence o user content preferences.

The systern may further inclnde an advertising server for providing the advertising material to the
publication server and may also further include a registration server where demographic data of the user is stored for
access by the publication server, in order to allow the advertising material to be demographically targeted.

Preferably, the newspeper or magazine includes coded data including data indicative of the interactive
element and identifying data indicating the newspaper or magarine and/or 2 particular portion of the newspaper or
magazine. : -

. The compuier system is preferably adapted-1o receive movement data regarding movement of the sensing
device relative to the newspaper or metgazine, and interpret said movement of the sensing device as it relates 1o said at
least one element. More preferably, the-scnsing device senses its own movement relative to the newspaper or magazine
using the coded data.

The sensing device may include en identification code specific to a particular user and the computer system
is arranged o monitor the use of the sensing device.

Preferably the sensing device includes a marking nib. :

Mmﬂy,thcmwspapc;q-magaﬁmhmﬂdmanﬁmdanuﬁc&dcﬁnhgmmm
the primter prints the newspaper or magazine on demand and the printer is arranged to print the coded data at the same
time as printing the newspaper or magazine on a surface-defining structure, with the coded data preferably being
substantially invisible in the visible specfrum. . . Rl

Thesystunptfaablymcludwadatabasefork&pmgammblemado{mchnewmpc:ormaganne
generated, each newspaper or magazing being retricvable by using its identity, es included in its coded data.

Freferably, the printer includes a binding means for binding the newspaper or magszine in the event the
newspapum‘nmgmcmcludmaplmnhtyofpag&

BRIEF DESCRIPTION OF DRAWINGS :
Preferred and other cmbodjmcms of the mvcmmn will now be described, by Way of non-hmmng exampie

only, with reference to the accompanying dmwmgs, in which:

Figure 1 is a schematic of a the relationship between & sample printed netpage and its online page description;

Figure 2 is a schematic view of a inicraction between a netpage pen, a netpage printer, a netpage page server, and a
netpage application server;

F ot}
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Figure 3 illustrates a collection of nctpage servers and printers intercannected via a network;

Figure 4 is a schematic view of a high-level structure of & printed netpage and its online page description;

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

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

netpage sensing device in the form of a netpage pen;

Figure 7 is a flowchart of a tag image processing and decoding algorithm;

Figurc 8 is a perspective view of a netpage pen and its associated tag-sensing ficld-of-view cone;

Figure 9 is a perspective exploded view of the netpage pen shown in Figure 8;

Figure 10 is a schamatic block diagram of a pen controller for the netpage pen shown in Figures 8 and 9;

Figure 11 is a perspective view of e wall-mounted netpage printer,

Figure 12 is a section through the length of the netpage printer of Figure 11

Figure 122 is an enlarged portion of Figure 12 showing a section of the duplexed print engines and glue whee] assembly,

Figure 13 is a detailed view of the ink cartridge, ink, air and glue paths, and print engines of the netbage printer of

Figures 11 and 12; ~

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

Figure 15 is  schematic block diagram of duplexed print engine controllers and Memjef™ printheads associated with

the printer controlier 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 e perspective view of a single Memjet™ printing element, a3 used in, for example, the netpage printer of

Figures 10 t0 12; _

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

- Figure 19 is & series of perspective views illustrating the operating cycle of the Memjet™ grinting element shown in
- Figure 13~~~ ‘ R :

Figure 20 is.a parspective view of a short segment of a pagewidth Metmjet™ printhead;
Figure 21 is a schemnatic view of a user class diagram;

‘Figmzzis'aschmﬁcvicwoflpuilﬁﬂ'el_asdiagmn;

Figure 23 is a schematic view of a pen class diagram;
Figure 24 is a schematic view of an application class diagram;

- Figure 25 is a schematic view of a documnent ‘and pagée description ¢lass diagram;

Figure 26 is' a schematic view of a docament and page ownership class diagram;
Figure 27 is a schematic view of a terminal element specislization class disgram;
Figure 28 is n schematic view of a static @lénient specialization class diagram,
Figure 29 is a schematic view of a hypérlink element class diagram;

Figure 30 is a schematic view of a hypertink element specializationi class'diagram;
Figure 31 is a schematic view of & hyperlinked 'group class diagram;

Figure 32 is a schematic view of a farm class diagram;

Figure 33 is a schematic view of a digital'ink class diagram; '

Figure 34 is a schematic view ofa ficld clement spicialization class diagram;
Figure 35 is a schematic view of a checkbox field class diagram;

Figure 36 is a schematic view of & text field class diagram;

Figure 37 is a schematic view of a signature field class disgram;

Figure 38 is a flowchart of an input processing elgorithm;
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Figure 38a is a detailed flowchart of one step of the flowchart of Figure 38;

Figure 39 is a schematic view of a page server command ¢lement ¢lass diagramg

Figure 40 is a schematic view of a resource description class diagram;

Figure 4] is a schematic view of a favorites list clase diagram;

Figure 42 is a schematic view of & history list class diagram;

Figure 43 is a schematic view of a subscription delivery protocol;

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

Figure 45 is a schematic view of a hyperlink activation protocol;

Figure 46 is a schematic view of a fopm submission protocol; and

Figure 47 is a schematic view of & commission payment protocol.

DETAILED DESCRIPTION:OF PREFERRED AND OTHER EMBODIMENTS
Note: Memjet™ is a trade mark of Silverbrook Research Pty Lid, Australia.

In the preferred embodiment, the invention is configured to wark with the netpage netwprked computer
system, a detailed overview of which follows. It will be appreciated that not evexy implementation will necessarily
embody all or even most of the specific details and extensions discussed below in relation 1o the basic system. However,
the system is described in its most camplete form o reduce the nced for external reference when attempting to

~ tmderstand the context in which the preferred embodiments and aspects of the present invention operate.

In brief summary, the preferred form of the netpage system employs a compuier interface in the form of &
mapped surface, that is, a physical surface which cantains references to a map of the surface maintained in & compniter
system. The map references can be queried by an appropriate sensing device. Depending upon the specific
implementation, the map references may be encoded visibly, or invisibly, and defined in such a way that a local query on
the mapped surface yields an unsmbiguons map reference both within the map #nd among different maps. The computer
systancmoontammfunnaMnabmfeanmonthcmappedsmﬁce,mdstmhmfo:mauoncanbctwlevedbasodm
maprcfumamphedhyaanmgdmocusedwﬁhthqmappedmﬁcc The information thus retrieved can take the
fmdammwhehmmﬂﬂedbyﬁcmpmammbdnmofmcopmummmmcws
interaction with the surface features.

hmwmfmmmmmummmmuﬁmhmmmmmﬂyw
Mmmﬁmmmmmwdmmm but which work like interactive web pages.
hfmmaummmoodedmemhpagewngukwmchmmbsmumymmﬂemmcmdodhmnm'Ihcmk,
however, and thereby the coded dats, can be sensed by an optica? _'magmgpmandmmummmcnwm

In the preferred form, active buttons and hype s n each page can be clicked with the pen to request
m{umahmﬁmﬁcmﬁmdampgndmfmmnmnﬂm Inoncunbodm:mt,tmcgmﬁenbybmdma
netpagcxsautmnamanyrcmgmmdmdcmvcmdmcmng‘u{q £x _Iglthen:tpagcsystg:g.;allomgforms:tobqﬁllodm.
In other embodiments, s@amumdedmanetpagemqmmﬁuuyvaiﬁetaﬂaﬁngmmmm@mw
be securcly authorized, .

As illustrated in Figure 1, amntedneq:agelmreprwmtammmvefmmwhxchmbeﬁuedmbythe
user both physically, on the printed poge, and “electronically”, via communication, betwoen the pen and the netpoge
system. The example shows a “Request” form oontammgnamcandaddressﬁclds 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 netwaork, describes the individual elements of the netpage.
In particular it describes the type and spatial extent (zone) of each inteructive element (ie. text field or bution in the
example), 1o allow the netpage system to correctly interpret input via the netpage. The submit button 6, for example, has

E
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a zone 7 which corresponds to the spatial extent of the comesponding graphic 8.

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

The netpage printer 601, a preferred form of which is shown in Figures 11 to 13 and described in more
detail below, is able to deliver, periodically or on demand, personalized newspapers, magazmes, catalogs, brochures and
other publications, all printed ot high quality as interactive netpages. Unlike a personal compurter, {he netpage printer is
an appliance which can be, for example, wall-mounted adjacent to an arca where the mering news is first consumed,
such as in & user’s kitchen, near a breakfast table, or near the household’s point of departure far the day. It also comes in
tabletop, desktop, portable and ministure versions. ,

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

As shown in Figure 2, the netpage pen 101 interacts with the coded data on a printed netpage 1 and
communicates, via a short-range radio link 9, the interaction 1o a netpage printer. The printer 601 sends the intersction
to the relevant netpage page server 10 for interpretation. In appropriate circwmnstances, the page scrver sends a
corresponding message to application computer' software runming on a netpage application server 13. The application
server may in tom send a response which is printed on the originating printer.

The netpage system is'made considerably more convenient in the preferred embodiment by being used in
conjunction with high-speed microelectromechanical system (MEMS) based inkjet (Memjet™) printers, In the preferred
form of this tectmology, relatively high-speed and high-quality printing is made more affordable to conswmers. In its
preferred form, a netpage publication has the physical characteristics of a traditional newsmagazine, such as a set of

letter-zize glossy pages phnted in Tl 6alor on both sidés, botind Together for éasy navigation and comforfablé handling,

'The netpage peinter exploits the growing availability of broadband Internet mccess. Cable service is
available to 95% of households i the United States, and cable modem service offering broadband Intemet atcess is

" plready avsilable to 20% of thesc. The nctpage printer can also operate with slower connections, but with longer

delivery times and lower image quality. Indeed, the netpage system can be cnabled using cxisting 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 rictpage system is hosted on a private intranet. In still other embodiments, the
netpage system is hosted on & single compistér or compiter-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 publicitions are delivered automatically to subscribing netpage printers via pointcasting

“and multicasting Internet protocols. Personalized publications are filtered and formatted according to individual user

profiles.

A netpage printer can be configured to support any number of pens, and a pen can work with any number of
netpage printers. In the preferied implementation, each netpage pen has a unique identifier. A’ household may have 2
collection of colored netpage pens, one assigned to each member of the family. This allows each user to maintain a
distinct profile with respect to & netpage publication servér or application server. ‘

A netpage pen can elso be registeréd with a ‘nefpage registration sexver 11 and linked to one or more
payment card accounts. This allows e-commerce payments to be securely authorized using the netpage pen. The netpage
registration server compares the signature captured by he netpage pen with a previously registered signature, allowing it
to authenticate the user’s identity to an e<ommerce server. Other biometrics can also be used to verify identity. A

j,.
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version of the netpage pen includes fingerprint scanning, verified in a similsr way by the netpage registration seyver.

Althongh = netpage printer may deliver periodicals such as the moming newspaper without user
intervention, it can be configured never to deliver unsolicited junk mail. In its preferred form, it only delivers periodicals
from subscribed or otherwise authorized sources, In this respect, the netpage printer is wnlike a fax machine ar e-mail
account which is visible to any junk mailer who knows the telephone nutnber or emajl address.

1 NETPAGE SYSTEM ARCHITECTURE

Each object mode] in the system is described using & Unified Modeling Language (UML) class diagram. A
class diagram consists of a set of chject classes connected by relationships, and two kinds of relationships are of interest
here; associations and generalizations. An association represents some kind of relationship between objects, i.c. between
instmmofdnsss.Ag:nﬂalimﬁmrelatwacmalclassas,sndcanbelmdu:toodinthc_foﬂmﬁngway:ifaclasis
thought of as the set of all objects of that class, and class A is a generalization of class B, then B is simply & subset of A,
The UML docs not directly suppart second-order modelling - i €. classes of classes,

EachclasiSdrﬁwnasaredmglelabelledwiththcnamcoﬂheclass.Itcomainsalistofgmamﬂ)um of
the class, scparated from the name by a horizontal fine, and a list of the operations of the class, separated from the
attribute list by a harizontal line. In the class diagrams which follow, however, operations are never modelled.

An association is drawn as a line joining two classes, optionally labelled st either end with the multiplicity
of the association. The default multiplicity is one. An asterisk (*) indicates a multiplicity of “many”, i.e. zero or more.
Each association is optionally labelled with its name, and is also optionslly labelled &t either end with the role of the
corresponding ¢lass. An open diamond indicates an apggregation association (“is-part-of”), and is drawn at the aggregator
end of the association line.

Agmerahzauon relationship (“is-a™) is drawn as a solid line joining two classes, with an arrow {in the form
ofmopcntmngle)ltthegmuhzanmmd.

When a class diagram is broken up into multiple disgrams, any class which is duplicated is shown with &
dashedowineinaﬁs{‘nﬂmmaiamwmchdcmiutisshawnwmmmmlywhmnisdeﬁm_

1.1 NeweAoss
thpag-mthefowﬂauonmmchan:qngenetwk:sbmltmlnmdcnpapa-basedmmtafacc
to published information and interactive services.

An@agemsﬁofa;mﬁedpagc(mdhnmfmmgtm)m’blymggedwuhnfmlo-onlmc
description of the page. The online page description is maintained persistently by a netpage page sarver. The page
description describes the visible leyout and content of the page, mcludmg!mu,gmplummdmgm.ltalsodesmbcsthe
input elements on the page, including buttons, hypcﬂmks,andmputﬁelds Andpageallomnuﬂnngsmadcmtha
ncqragcpmmmmnfnmmbenmmmnwuslywpmedmdmmedbymencqmgesystm

Mul&plencgaagacans!mmthesamepagedmpmn. However, 10 allow fnput through otherwise identical
pagalobedwhngmshod,cxchnetpagusasmgnedamquepagudmﬁﬁcr Thlspagcll)hassufﬁc:mtpromsmnto
d.lsungmshbctwacnavaylmgcmnnbcrufnctpagu ' '

Eachrcfmcctothcpagc description is encoded in a printed tag. The tag identifies the unique page on
which it sppears, and thereby indirectly identifies the page description. The tag also identifies fis own position on the
page. Characteristics of the tags are described in more detail below, C

Tagsmptmmdmmﬁ'ared-ahsorpnvemkonmymbstmewmchnsm&amd-rcﬂcdnc,suchasordinmy
paper. Near-infrared wavelengths are invisible to the human cye but ase easily sensed by a solid-state image sensor with
an appropriate filter. l - g .

A iag 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 natpage printer via a short-range

A-J" .
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radio link. Tags are sufficiently smail and densely arranged that the pen can relisbly image at least one tag even on a
single click on the page. It iz impartant that the pen recognize the page ID and position on ¢very interaction with the
page, since the interaction is stateless. Tags are emror-comrectably encoded to make them partislly tolerant to surface
damage.

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

The relationship between the page description, the page instance, and the printed netpage is shown in
Figure 4. ﬂepagemﬂmuamatedmthbothtbcndpagemnterwhﬁmmodnand. if known, the nctpage nser
who requested it
12 NETPAQE TAGS

1.21 Tag Data Content
In a preferred form, cach tag ndcm:ﬁesﬂlcmmwhlchrtappws. and the location of that tag within the

region. A tag may also contain flags which relate to the region a2 a whole or to the tag. One or more flag bits may, for
mnmlc,signnlntagmﬁngdeﬁcewpmﬁdefwdbackindiwﬁve.ofaﬁmdimmmvmhﬂwh;medimmof
the tag, without the sensing device having 1o refer to a description of the region. A netpage pen may, for example,
illuminate an “active area” LED when in the zone of a hypedink.

As will be more clearly explained below, in a preferred emboediment, cach tag cantains an easily recognized
inmimtsNthwhichaidshiﬁaldgt;cﬁm,qndvﬁkhassistshminimizhgthecﬂ'ectofmywmpindmedbythe
surface or by the sensing process. The tags preferably tile the entire page, and are sufficiently small and densely
arranged that the pen can reliably image at least one tag even on & single click on the page. I is important that the pen
recogmzethcpagcl])mdpomtmonmymtanchmmmthcpage,smccthemt:mcuonlssmdcss.

Inaprefamdanbodmmmhcregxmmwhmhaugmfe:scmd&smthmmmc and the region ID
moodcdmthchguﬁud‘mmmmsm@_'tgi_pagcmofthcpngengw_hmhthelagappms lnotha
anbodmls.lhcmglmtowhchamgmfmmnbemubmwsub(eg!mnfapagenrothermm For example, it
mm&%hmdmm%wdmuﬁ.mwhchmmemmmdn&ﬂy:dmhfythennﬂnﬁwe
eleinent. . : c

Table 1 - Tag data
i Fleld Precision (bits)
ion ID 100 .
ag 1D 16
jags N .
otal 4120 ..

Eachtag contains 120 bits ofmfonnmml,typlmﬂy a]locatedas:huwn in Tnblc L Assummg A maximun
tngdmmtyorﬂpusquarcmch,als-bnmgn)mppmsamglmmofupto 1024 squm'emdm Largu'reglonsmn
bcmppedwuhnunuslyvn&houtmeamgtheugﬂ)premsmnmplybyumg aburung reg:omandmap& The 100-bit
region ID aliows 2'® (~10™ or a million triftion trillion) diffcrent regions to be uniquely ;qg:_quﬁed

1.22 Tag Data Encoding
The lIObusoftagdatamremmdantlycncodedmga(ls S)Rmd-Solomnnoodc This yields 360

encoded bits consisting of 6 codewords of 15 4-bit symbols éach. The (15, 5) code allows up 10 5 symbol emors to be
con’ecledpercédi.:wwd,Le.iti.s!nlmnt61_‘asyﬁ1bolumrm!cofiqﬂ633%pcfoodc\vmd.

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

1.2.3 Physical Tag Structure
The physical representation of the tag, shown in Figure 3, includes fixed target structures 15, 16, 17 and

variable data areas 18. The fixed target structures allow a sensing device such as the netpage pen to detect the tag and
infer its three~dimensional orientation relative to the sensor. The data areas contain representations of the individual bits
of the encoded tag data.

To achieve proper tag reproduction, the tag is rendered at a resolution of 256x256 dots. When printed at
1600 dots per inch this yields » tag With & diameter of sbout 4 mm. At this resolution the tag is designed 1o be
surrounded by a “quiet area™ of radius 16 dots, Since the quiet area is also contributed by adjacent tags, it only adds 16
dots to the effective diameter of the tag.

The tag includes six target structures. A detection ring 15 atlows the sensing device to initially detect the
tag. The ring is easy to detect because it is rotationally invariant and because a simple correction of its aspect ratio
removes most of the effects of perspective distortion. An crientation axis 16 allows the sensing device {p determine the
approximate planar erientation of the tag dus 1o the yaw of the sensor. The orientation axis is skewed to yield a mique
orientation. Four perspective targets 17 allow the sensing device to infer &n accurate two-dimensional perspective
transform of the tag and hence an aconrate three-dimensional position and orientation of the tag relative to the sensar.

All target structures areruhmdantly large to improve their immunity to noise,

‘The overall 1ag shape is circular. This supports, amongst other things, optimal tag packing on an irregular
Wgﬁd.hmhinﬂimﬁththcchuﬂndctmﬁonﬂng,thismakﬁacitctﬂarmgmmtofdambitsvmhinths
1ag optimal. To maximise its size, each data bit is represented by a radial wedge in the form of an area boundzd by two
radial lines and two concentric circular arcs. Each. wodge has a minimum dimension of 8 dots at 1600 dpi and is
desgnedmmmbese(:wmum},matmmmthmmmmdﬁmmmThchnghtofthevmdgemthc
radial direction is always.equal to the minimum dimension. Each 4-bit data:symbol is represented by an army of 2x2
wedges.

,mlsmtdmasy_mbohofad:ofﬂwsb(wdewmd;mnﬂomﬁwmcfwmmticsymbolringsl&a
to 18d in interleaved fashion. Symbols are allocated altemately in circular progression aroumd the tag.

’Ihcinluieavingisdmignedtommdmisethcavqﬁgespgﬁal‘dislmcebamenanym'osymbolsof_‘thqm
mmu.d- | 7

Inq'dcrlosuppm‘t“smgl&chck"mteraﬁmnmthntaggodrcglmmasmmngdencc,thzsmmngdeﬂcc
.mustbcnblr.tnmuleastmmmgmnsﬁrldof“ewmmmwh;:tcmﬁmmgmnwatwhatmcnhhmn:s
pomuoued,Thcreqmmddumdu-oftheﬁeldofwcwoﬂhcscnmngdev:oeisthcrcforeaﬁmctxmofthes:zeand
spacing of the lags.

. Ammmgnmhgmmcmmmmmmdm:mﬁddofnew:sobmmwh:nihctags
muledmaeqtmwalmmgulnmd,nsshmmhgmﬁ
125 Tag Image Processing and Decoding 7 _

'I'hctagimageprocwsinganddecodingquormedbyamsingdeviceamhasthemtpagepmisshownin
Figure 2, Whﬂcampnnedmgcwbaugacqmredﬁmthcmgcm thedynammrangc of the image is-
dctc::mmed(at201‘Iheomterof!herangewmmchosmasthebmarythresholdforthcmgeﬂ 'l'hclmagelsthm
thresholded and ssgmented into connected pixel regions (i.c. shapc523)(at22) Shapawlncharctoosmalltorcpmscnl
msmrgamammdxmdedTthmdoaﬁmzdofcachshapemdwcqmpum

Binary shape moments 25 are ther computed (at 24) for each shapc and these provide the basis for
subsequently locating target structures. Central shape moments are by their nature invariant of pesilion, and can be
easily made invariant of scale, aspect ratio and rotation.
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The ring target structure 15 is the first to be located (at 26). A ring has the 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 distartion
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 proceeds by applying the ring’s
nomnalizations to each shape’s moments, and rotation-normalizing' the sesulting moments. Once its second-order
moments are normalized the axis target is easily recognized. Note that oge third order moment is required to
disambignate the two possible orientatians of the axis. The shape is deliberstely skewed o one side to make this
possible. Note also that it is only possible to rotaticn-normalize the mis target afler it has had the ring’s nommalizations
apphed,mthepasped:vedastahonmludcthzmstargetsm The axis target’s ariginal rotation provides a

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

The four perspective target structures 17 are the last to be Iocated (at 30). Good estimates of their positions
are computed based on their known spatial relationships to the ring and axis targets, the aspect and rotation of the ring,
and the rotation of the axis. Matching proceeds by applying the ring’s narmalizations 1o each shape’s moments. Once
their second-arder moments are normalized the circular perspective targets are easy to recognize, and the target closest
to each estimated position i3 taken as a match. The original centroids of the four perspective targets are then taken to be
the perspective-distarted comers 31 of a square of known size in tag space, and an eight-degree-of-freedom perspective
transform 33 is inferred (at 32) based on solving the N:Il-lmdctstood equations relating the four tag-space and image-
spave point pairs. _ '

5'mmfmug;spmwﬁmgc;m'pmpwﬁww@iisuﬂmmjea (at 36) cach kiiown data bit

_'pomuanmtagspax;emtomgcapacewhmthcwal-valuedpmumnsusecltobﬂmeulymictpohtc(at 36) the four

‘relevent adfacent pixels in the inpui itnage. The previously computed image threshiold 21 is used to threshold the Tesult
0 produce the final bit value 37.

T Omcall%ﬂdmhtsﬂhnvebemobtamedmthmway,mhoﬁhcmﬁO—b:tReed—Solnmmco&mﬂsls
devoded (at 38) o yield 20 decoded bits 39, ar 120 decoded bits in total. Note that the codeword symbols are sampled in

" codeword ander, so that codewords arc implicitly de-interlcaved diing the sampling process.

’Ihcn'ngta:getlsisunlysmgminnsubaxmoﬁheilmgcwhoserelaﬁmahiptotheimagcgu.mmeeedml
mcms.:ffmmd.lspm‘lofaemnpletetag,Ifacomplelcugmmfo\mdmdmﬁdlydmodcd.lhmmmposmm
mrmﬂedforlhccurrmtﬁamc lemmqmmwomngpuwmdxdaﬂyanon-nunmal field of view 193, an
altamhvesuatcgymvolmsechngmothettagmthcmmtmgc

Thzobtmnedmg dﬂam&mthcldenmyoflhemgzmmmmgthchgmdthepomumoﬂhemg

— vmhmthereglon.Anaocmatepomuon% oflhcpcnm'bmﬁcreglm, a3 ‘well as thic overall orientation 35 of the pen, is

then inferred (at 34) from the perspective transform 33 obmedmthctagmdmeknownwmlmlaumshpremm
the pen’ sphys:ca.lmsandthcpm & optical axis.

126, Tag Map
S Deoodmgatagr::sdlsmarcg:mll) a tag ID, andamg-rdauVepmtransfonn.Beforethctagmmdthc

tag-relative pen location can beuunslatcdmm an absoluté location mthmmctaggedrcglm, the location of the tag
Mthmthereglonmustbeknown.Th:smgwatbyntagmap,aﬁmchqnwhchmapseachtagﬂ)matagged_regmntoa
corresponding location. The tag map class diagram is shown in Figure 22, as past of the netpage printer class diagram.

A tag map reflects the scheme used to tile the swface region wit.h-tags, and this can vary according to
surface type. When multiple tagged regions share the same tiling scheme and the same tag numbering scheme, they can
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also share the same tag map.
The tag map for & region must be retrievable via the region ID. Thus, given a region ID, a tag ID and a pen
transform, the tag map can be refrieved, the tag ID can be translated into an absolute tag location within the region, and
the tag-reletive pen Jocation can be added to the tag location to yield an absolute pea location within the region.

1.2.7 ‘Tagging Schemes )
Two distinct surface coding schemes are of interest, both of which use the tag struchure described earlier in

this section. The prefemred coding scheme uses “location-indicating™ tags as already discussed. An alternative coding
scheme uscs object-indicating tags. . )

A location-indicating tag contains a tag ID which, when translated through the tag map associated with the
hggedmgim,yiddsumiqmﬂglwgﬁmwiﬁnthemgim.mmgnhﬁvehuﬁmofihepmisaﬂdedtothistag
location to yield the location of the pen within the region. This in turn is used to determine the location of the pen
relative to & user interface element in the page description associated with the region. Not only is the user interface
element itself identified, but a location relative 1o the user intexface element is identified. Locationyindicating tags
therefore trivially support the capture of an absolute pen path in the zone of A particular user interface element,

An object-indicating tag contains & 1ag I which directly identifies a uscr 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
element, making them all identical and therefore indistinguishable. Object-indicating tags do not, therefore, support the
capture of an absolute pen path. They do, however, support the capture of a relative pen path. Se 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 schems, the tags function in cooperation with associsted visual elements on the netpage
23 uscr interactive clements 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 foran appropriste response to be genereted in the netpage aystem,

13 DOCUMENT AND PAGE DESCRIPTIONS
AycfamdmbodlmmlofadonnnmtmdpagedescnpﬁﬂnehssdmgmmnshommFigutesZSandZtS

mwmemummmwumwmummlmmmm
hmnhimmhwdmmmﬂdunMSHmmawdmthmobjeﬂsMOmdlastmdobjccts
textstyleobjecls,nmgeobjeds,etc Onocthedocmnmtmgmwdmnmnmw:thapam:uhrpascmcmdmdmg
mapammususumlcfamwmmedounmntmpagmahdmdmhmsefmm Formatied terminal
e]uncmaS?.Smﬂmmmbcmﬂndmmcmtanobjmmchmdﬁmﬁmnthmnsmatedvmhthcu'
mmpondmgtmmnﬂd:nmt&pnhmlmiymmmcmtmtobjmmﬂylmnod.Eachmmtcdmstanccofa
dwmcntmdpageunlsoddm'bedscpumtcly,lon]lowmpmcapuuedthrwghapmﬁmlarpagcmmnocswlobe
m@mﬂyﬁmme@wmmomamﬂmﬁofmememedmmm _

Thcprwcnccofthcmnstabsﬁactdoctmmtdcsmpﬂononthepagcmnﬂmﬁm&mqu&awpyof
adocmnmlwnhoutbcmgformdtoacwptthcsomcedmcmsspemﬁcfonnat.Thcusermayberequamgaoopy
f.hrough a printer with a different page size, for cxample Convursely, the presence of the formatted document
dmmptmnmthcpagesavernllmﬂwpages:rvermefﬁamﬂymtﬂpmumammmnpammPnMedpage

AmedmmmtSMmstsofasetoffommedpagedmpumss eachofwhzchconslstsofasd
of formatted terminal clements 835, Eachformaﬂoddmnauhasaspahalmmtorme 58 on the page. Thlsdcﬁnwﬂlc
active area of input elements snchashypeﬂmksandmpm fields.

A document instance 331 cnnespmdsmafomaﬂeddocmntsu 1t consists of & set of page instances
830, each of which corresponds 1o 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 parl of a document

—
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instance if it represents a copy of a page requested in isolation.

A page instance coasists of a set of temninal clement instances 832. An element instance only exists if it
records instance-specific information. Thus, a hyperlink instance exists for & hyperlink element because it records a
transaction ID 55 which i3 specific to the page instance, and a field instance exists for a field 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 clement 844, a field elenent 845 or a page
server command element 846, as shown in Figure 27. A static element 843 can be & style element 847 with an
associated style object 854, a textflow element 848 with an associsted styled text object 855, an image element 849 with
an associated image element 856, & graphic element 850 with an associated graphic object 857, a video clip element 851
mthanaasonatedwdeochp object 858, an andio clip element 852 with an associated audio clip object 859, or a script
element 853 mthmassomatadsmptob;wtm as shown in Figure 28.

A page instance has a background field 833 which is used 1o record any digital ink captured on the page
which does not apply to a specific input element. ¥

In the preferred form of the invention, a tag map 811 is associated with each page instance 1o allow tags on
the page to be translated into locations on the page.

14 THE NETPAGE NETWORK
In a prefared embodiment, a netpage network consists of a distributed set of nctpage page servers 10,

netpage registration scrvers 11, netpage ID servers 12, netpage application servers 13, netpage publication servers 14,
and netpage printers 601 connected via & network 19 such ag the Internet, as shown in Figure 3.

The netpage registration sezver 11 is a server which records relationships between users, pens, printers,
applications and publications, and thereby authorizes various network activities. It authenticates users and acts as a
signing proxy on behalf: of authenticated users in application transactions, It also provides handwriting recognition
services. As described -above, a petpage page server 10 maintains ‘persistent information. about page descriptions and
page instances, Thenemagemkuwludsmynmbcrofpagemcm, eachhmnﬂmgasubsetofpagc instances,

Smccapagcsqvanlsomannamsusampmvalmfumd:pagemstmee chcmssmhusnctpageptmtusamd

n:tpagcmpmmrccﬂytotlwappmgmcpagemer chagcmummeuanysunhmMMVcwlhc
desu1pﬂ<mofthcmwpnndmgpage

Am-.tpegeleav:rl! allocates document IDs 51 on demand, and provides load-balancing of page servers
via its ID allocation scheme.

Ancmagepnntxusesﬂwhtand&mbtﬁedecSysm(DNS),mmlar torcsolveanetpagcpage
msomlhcndwmiaddrmofthcmtpagcpagcmuhmdlmgmemmpmdmgpagemﬂmm

Anetpagcapphmunmcr 13 is asuvawhmhhostsnmmm“nctpage apphcations A netpage
publication server 14 is sn application server which publishes netpage documents to nctpage printers. They are
dmmbedmdctaﬁmSechonZ

thpagcmasmbchostedmavmctyofnetworkmerphﬁomsﬁnmmam:facﬁnrssuchasIBM,
Hewl:tt-Packard, and Sun. Multiple netpage servers can run concurrently on A smgle host, and a single server can be
distributed over a mxmber of hosts, Some or all of the ﬁmmnnaht}' pmudedbynetpagc smcm, and in particular the
ﬁmctmualxtypromdodbyﬂlemsewernndthcpagemer,unalsobepromdoddarecﬂymanetpageappimncesmhas
anetpagcmntﬂ,mammmmkstauon,oronalocalnctwodc.
1.5 THE NETPAGE PRINTER ,

The netpage printer 601 is an appliance which is registered with the netpage system and prints netpage
documents on demand and via subscription. Each printer has a unique printer ID 62, and is connected to the netpage
network via a network such as the Internet, ideally via & broadband connection.
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Apart from identity and security seftings in non-volatile memory, the netpage printer contains no persistent
storege. As far as a user is concemed, “the network is the computer™. Netpages function interactively across space and
time with the help of the distributed netpage page servers 10, independently of particular netpage printers.

The netpage printer reccives subscribed netpage documents from netpage publication servers 14, Each
document is distributed in two parts: the page layouts, and the actua} text and image objests which popuiate the pages.
Because of persopalization, page layouts are typically specific to a particular subscriber 2nd 5o are’ pointcast to the
subscriber’s prinier via the appropriate page server. Text and image objects, on the other hand, are typically shared with
other subscribers, and so are multicast to all subscribers’ printers and the appropriate page servers.

The netpage publication server optimizes the segmentation of document comtent into pointeasts and
multicasis. Afier receiving the poimicast of a document's pege layouts, the printer knows which multicasts, if any, to
listen to,

Once the printer 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 controflers 760 and print engines wtilizing 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) cansists of one or more standard DSPs 757 running in paratlel.
The duplexed print engine cantrollers 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.

FPrinters 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, Althoungh such pages have more limited functionality than IR-printed
pages, they are still classed as netpages.

" A normal nétpage printer prints nietpages on sheets of paper, Mafe specialised nietpage printers may print
onto more specialised surfaces, such as globes. Bach printer supports at least one surface type, and supports at least ane
tag tiling scheme, and hence tag map, for each surface type. The tag map 811 which describes the tag tiling scheme
actually used 10 print a document becomes associated with that document o that the document’s tags can be comrectly
Figure 2 shows the netpage printer class diagram, reflecting primter-related mformation maintained by a
registration server 11 on the netpage network,

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

151 Memjet™ Printheads
Thcncq)agesynmcmopamusmgpmnmmadcmﬂiamdcmgeofd@talmnmgtechnologm

lmludmgmcrma! m¢ p1=zoelectnc mkjct, las:rclecfmphotogmphm,andothax Hmver for wide comsumer
acceptance, itis dcs:rable that a netpage pnntcr have the fol]omg characteristics:

. photosmphlc trlmht)' color printing
:  bigh quality fext printing

. high reliatility

. Jow printer cost

. low ink cost

- low paper cost

. simple operation

.
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. nearly silent printing

. high printing speed

. simultaneous double sided printing
. compact form factor

. lcﬁrpowur consumption

No commercially avnilable printing technology has all of these chamcteristics.

To enable to production of printers with these characteristics, the present applicant has invented a new print
tecimology, referred to as Memjet™ technology. Memjet™ is a drop-on-demand inkjet technology that incorporates
pegewidth printheads fabricated nsing microclectromechanical systems (MEMS) techmology. Figare 17 shows & single
printing element 300 of a Memjet™ printhead. The neipage wallprinter incorporates 168960 printing elements 300 to
farm a 1600 dpi pagewidith duplex printer. This printer simultancously prints cyan, magenta, yellow, black, and infrared
inks as well as paper conditioner end ink fixative.

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

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

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

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

Figures 19(a), 19(b)md19(c)showtheopmunscyc1eufamermmmgdm3oo :

Figure 19(a) shows the quicscent pocition of the ink meniscus 316 prior to printing an ink droplet. Ink is
retained in the nozzle chamber by surface tension at the ink meniscus 316 and at the fluidic scal 305 formed between the
nozzle chamber 304 and the ink channe] ritn 306.

While printing, the printhead CMOS circuitry distributes 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 actuator beam pair 308.
This causes an clectrical current 1o pass. through the beam pair 308 for about one microsecond, resulting in Joule
hunmgfnutuqxumntummmnzumhuglhmakmk]nnmgcmmesmequmpmusoslocnwmd.Asﬂm]nﬁmm
| mt'mnireMMgmamdxﬁumubdwmmmbmm
'Ihxssuessdaﬂ'mcempanmuyrwolvedbythecamﬂw:rcdmd of the eléctrotherimial berid actuator 320 bending
towards the substrate 301. The lcvcrmn307 transmits this movement o the nizle chamber 304, The nozzle chamber
304 moves about two microns 1o the position shown in Figure 19(b). ‘I‘hxsmcmasesthemkmme fmt:mgmk32] out
of the nozzle 302, mdcausmglhemkmenmsBIGtoblﬂga1hcnozzlcnm303prevmtslhcmkm¢mscus 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 retwrns to its original
position. 'I‘hxsndsmtlwbrmk—oﬁ‘oﬂhcmkdmplet 317 from the ink 321 in the nozzle chamber as shown in Figure
1%{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 8 netpage printer, the length of the printhead is the full

-
&

i




10

15

20

25

30

35

40

WO 00772233 : PCT/AU00/00522
-15- .

width of the paper {typicaily 210 mm} in the direction 351. The scgment shown is 0.4 muu long (about 0.2% of a

complete printhead). When printing, the paper is moved past the fixed printhead in the direction 352. The printhead has

6 rows of interdigitated printing elements 300, prinling the six colors or types of ink supplied by the ink inlets 312.

To protect the fragile surface of the printhead during operation, a nozzle guard wafer 330 is attached to the
printhcad substrate 301. For each mozzie 302 there is a comrespanding nozzle guard hole 331 through which the ink
droplets are fired. To prevent the noezle guard holes 331 from bocoming blocked by paper fibers or other debris, filtered
aiy is pamped through the air inicts 332 and ot of the noe2le guard holes during printing To prevent ink 321 from
drying, the nozzle guard is sealed while the printer is idle.

18 The Netpage Pen

Theacnvesmnngdemeofthcncqngcsystunlstypmauyapmlol whzch,usmgttsembcddedoonuuner
lM,hable_wmphmammmapoﬂum-mgsi-ﬁmnpagc.-mmnnage sensor. The image sensor is a solid-state
device provided with an appropeiate filter to permit sensing at enly near-infrared wavelengths. As described in more
detail below, the system s able to sense when the nib is in contact with the surface, snd the pen is able tg sense tags at &
sufficient rate io captare humean hemdwriting (i.c. at 200 dpi or greater and 100 Hez or faster). Information ceptured by
the pen is encrypled and wirelessly transmitted o the printer (or base station), the printer or base station interpreting the
data with respect to the (known) page structure.

‘The preferred embodiment of the netpage pen operates both as a nornma] marking ink pen and as a nos-
marking stylus. The marking aspect, however, is not necessary for using the netpage system as a browsing system, such
as when it is used as an Intemet interface. Each netpage pen is registered 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 jtg 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, information from a network. Furthermare, the force is captured as s contimeous value 1o
allow, say, the full dynamics of s signature to be verified.

: The pen determines the position and oricntation of its nib on the netpage by imaging, in the infrared
specirum, an area 193 of the page in the vicinity of the nib, It decodes the neavest tag and computes the position of the
nib relative to the tag from the cbserved perspective distortion on the imaged tag and the known geametry of the pen
optics, Although the position resolution of the tag may be low; because the tag density on the page is inversely
proportional to the tag size, the adjusted position resolution is quite high, exceeding the minimmm resolution required
for accurate handwiiting recognition. - . ;...

: Pen actions relative to & netpage are caplured as 2 series of strokes. As&okcconsxstsofasequcnccoftnnc-
Mpedpmpomuonsonthcpagc,mmmdbyapen-douncvmtmdcomplctodhythcmxbsequentpm—upevmt.A
stroke is also tagged with the page ID 50 of the netpage whenever the page ID changes, which, under normal -
cirtumstances, is at the conmnencement of the stroke. .-

- Each netpage pen has a current selection 826 associated with it, allowing the uscr to perform copy and paste
opertions cic. The selection is timestamped to allow the systam to discard it sfler a defined time period. The current
selection describes a region of a page instance, It consists of the most recent digital ink stroke captured through the pen
relative to the background area of the page. It is interpreted in an application-specific manner once it is submitted to an
application via a selection hyperlink activation. '

Each pen has a current nib 824. This is the nib last notified by the pen to the systemn. In the case of the
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default netpage pen described above, cither the marking black ink nib or the non-marking stylus nib is cwrent. Eack pen
also hag a current nib style 825. This is the nib style last associated withi the pen by an application, ¢.g. in response to
the user selecting a color from a palette. The default nib style is the nib style associated with the current nib. Strokes
captured through & pen are tagged with the current nib style. When the strokes are subsequently reproduced, they are
reproduced in the nib style with which they arc tagged.

Whenever the pen is within range of a printer with which it can communicate, the pen slowly fiashes its
“online” LED. When the pen fails to decode a stroke relative to the 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 capturcd strokes is rcfrred to as digital ink. Digital ink forms the basis for the digital
exchange of drawings and handwriting, for enline recognition of handwriting, and for nline verification of signatures.

The pen is wireless and transmits digital ik to the netpage piinter via e short-range radio link. The
transmitted digital ink is encrypted for privacy and security and packetized for efficient transmission, but is aiways
flushed on a pen-up event to ensure timely handiing 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 bandwriting. When the peat is once again within range of a printer, it transfers any
buffered dipital ink.

‘A pen can be registered with any number of printers, but because all state data resides in netpages both on
paper and on the network, it is lergely immaterial which printer a pen is communicating with at any particular time.

A preferred embodiment of the pen is described in greater detail in Section 6 below, with reference to
Figures 8 to 10.

1.7 NETPAGE INTERAGTION T
The netpage printer 601 receives data relating to a stroke from the pea 101 when the pen is used to inferact

- ———with anetpage 1. The coded dala 3 .of the tags 4. is.read by the pen when it is used to execnte a movement, such as a
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- styoké, ‘The data allows the identity of the particular page end associated interactive clement to be determined and an

indication of the relative positioning of the pen relative to the page to be obtained. The indicating date is transmitted to
the printer, where it resolves, via the DNS, the page ID 50 of the stroke into the network address of the nefpage page
gerver 10 which maintains the correspanding page instance 830. It then transmits the stroke to the page server. If the
page was recently identified in an carlier stroke, then the printer may atresdy have the address of the rclevent page

- server in its cache. Fach netpage consists of a compact page layout maintained persistently by & netpage page server (see

below). The page layout refers to objects such as images, fonts and pieces of text, typically stored elsewhere on the
netpage network

‘When the page server receives the stroke from the pen, it retrieves the page description to which the stroke
applics, and determines which element of the page description the stroke intersects. It is then able to interpret the stroke
-in the context of the type of the relevant element.

A “click™ is a stroke whexe the distance and time between the pen down position and the subsequent pen up
position are both less than some small maximum. An object which is activated by a click typically requires a click to be
activated, and accoedingly, a longer stroke is ignored. The failtre of 8 pen action, such as a “slappy” click, to register is
indicated by the lack of response from the pen’s “ok™ LED,

There are two kinds of input clements in a netpage page description: hyperlinks and form ficlds. Input
through a form field can also trigger (he activation of an associated hyperlink.

174 Hyperlinks
A hyperlink is a means of sending a message to a remote application, and iypically elicits a printed response

in the netpage systemy.
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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 es a
favorite or appears in the user’s history. The hyperlink element class diagram is shown in Figure 29.

When a hyperlink is activated, the page server sends a request to an application somewhere on the network.
The application is identified by an application ID 64, and the application ID is resolved in the normal way via the DNS.
There are three types of hyperlinks: general hyperlinks 863, form hyperlinks 865, and selection hyperlinks 864, as
shown in Figure 30. A general hyperlink can implement a request for a linked document, or may simply signal a
preference to a server. A form hypesdink submits the correspending form fo the spplication. A selection hyperlink
submits the cirrent selection to the application. If the cumrent selection contains a single-word piece of text, for example,
the application may retumn a single-page document giving the word’s meaning within the context in which it appears, or
a translation into a different language. Each hypezlink type is characterized by what information is submitted to the
application. ¥

The corresponding hyperlink instance 862 reeords a transaction ID 55 which can be specific ta the page
instance on which the hyperlink instance appears. The transaction ID can identify user-specific data to the application,
for example a “shopping cart” of pending purchases maintained by 8 purchasing application on behalf of the user.

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

A hypertinked group 866 is a group element 838 which has an associated hyperlink, as shown in Figure 31.
When input occurs through any field elemnent in the gronp, the hyperlink 844 associated with the group is activated. A
hyperlinked group can be used to associate hyperlink behavior with a field such as a checkbox. It can also be used, in
conjunction with the “submit delta™ attribute of a form hyperlink, to provide continuous inptt to an application. It can
therefore be used to support a “blackboard™ interaction model, i.e. where input is captured and thereforc shared as som
as it occurs.

172 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 spplication softevare program running on a server.

A form 867 is a group element 838 in the dorument hieraychy. It uitimstely contains a set of terminal field
elements 839. A form instance 868 represents a printed ingtance of a form. It consists of a set of field instances 870
whichomcspondtotheﬁcldclqnm 845 ofthcfmm._@ad;ﬁelﬂinstanoehasanassociatedvalue&?l, whose type
depends on the type of the corresponding ficld ejement. Each field vajue records input through a particular printed form
instance, 1.e. through one or more printed netpages. The form class diagram is shown in Figure 32,

Each form mstance has a status 872 which indicates whether the form is active, frozen, submitted, void or
cxpired. A form is active when first printed. A form becomes frozen once it is signed. A form becomes submitted once
ane of its submission hyperlinks has been activated, wnless the hyperlink has its “submit delta™ attribute set. A form
becomes void when the user invokes a void form, reset form or duplicats fonn page command. A form expires when the
time the form has been active exceeds the form’s specified lifctime. While the form is active, form input is allowed.
Input through & form which is not active is instead captured in the background field £33 of the relevant page instance.
When the form is active or frozen, form submission is allowed. Any attempt to submit a form when the form is not
active or frozen is rejected, and instead elicits an form status report.
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Each farm instance is associated (at 59) with any form instances derived from it, thus providing a version
history. This allows all but the latest version of a form in a particular time period 1o be excluded from & search.

All inpnit is captured as digital ink. Digital ink 873 consists of a s¢t of timestamped stroke groups 874, each
of which consists of & set of styled strokes 875, Each stroke consists of 2 set of tinestamped pen positions 876, each of
which also includes pen orientation and nib force. The digital ink class disgram is shown in Figure 33.

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

A checkbox field has an associated boolean value 821, as shown in Pigure 35, Any mark (a tick, & cross, a
stroke, a fill zigzag, etc.) captured in & checkbox field's zone canses a true value to be assigned to the field’s value,

A text field has an associated text value 882, as shown in Figure 36. Any digital ink captured in & text
field’s zone is automatically converted to text via cnline handwriting recognition, and the text is assigned to the field’s
value. Online hendwriting recoguition is wellaumderstood (see for example Tappat, 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 1930).

A signature field has an associaled digital signature value 283, 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 private signature key specific to the application which owns the form.
Online signature verification is wellunderstood (see for exsmple Plamondon, R. and G. Lorette, “Auntomatic Signature
Verification and Writer Identification — The State of the Art”, Patiern Recognition, Vol.22, No.2, 1989).

A ficld element js hidden if its “hidden” sftribute is sct. A hidden ficld element does not have an input zone
on a page and docs 1ot accept input. It can have an associated field value which is included in the form data when the
form containipg the field is submitted.

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

Becanse the handwriting recognition algorithm works “online™ (i.e, with access to the dynamics of the pen
movement), mather than “offlipe™ (i.¢. with access only to a bitmap of pen markings), it can recognize nun-cn discretely-
written characters with relatively high accuracy, without a writer-dependent training phase. A writer-dependent model of
handwriting is automatically gencrated over time, however, end can be generated up-front if necessary,

D:gmlmhasmudysuwimmoﬂnqmofsunkQ.MymmchMmamm
dmmtsmmq;pmﬁedto&atdmmt’sdngﬁalmks&m.reaﬁyfmmtupﬁaﬂm Anymoknnotnppmdedtoan
object’s digital ink stream is appended to the background field’s digital ink stresm.

Digital ink captured in the background field is inferpreted s a selection gestire. Circumscription of one or
more objects is gmanllymtuprcted as a selection of the circumscribed objects, allhougl the ‘#ctual interpretation is
application-specific.

Table 2 summarises these various pen interactions with a natpage,

Table 2 - Summary of pen interactions with anetpage 1

Object "~ Type . Peninput Action
Hyperlink General IClick [Submit action to application
Form Click ISubmit form to application
Selection Click ISubmit selection to application
Form field  {Checkbox  {Any miark Assign true to field
[Text Handwtiting Convert digital ink to text; assign text to field
Drawing Digital ink Assian digital ink to field
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Signature ISignature Verify digital ink signature; generate digital signature
of form; assign digital signature to field
Naone - Circumscription Assign digital ink to current selection

The system maintains a cument selection for each pen. The selection consists simply of the most recent
stroke captured in the background field. The selection is cleared after an inactivity timeout to ensure predictable
behavior.

The raw digital ink captured in every field is retaiped on the netpage page server and is optionatly
tanamitted with the form data when the fonm is submitted to the application. This allows the application to interrogate
the raw digital ink should it suspect the original conversion, such as the conversion of handwritten text. This can, for
example, involve buman intervention at the application level for forms which feil certain epplication-specific
consistency checks, As an extension to this, the entire backgroimd area of a form can be designated as a drawing field.
The application can then decide, on the basis of the presence of digital ink outside the explicit fields of the form, to
route the form to a buman 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 o a netpage. The process consists
of receiving (at 884) a stroke from the pen; identifying (at 885) the page instance 830 to which the page ID 50 in the
stroke refers; retrieving {at B86) the page description 5; identifying (at 887) a formatted element 839 whose zone 58 the
stroke intersects; determining (at 838) whether the formatied element comesponds 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
(ct 895) the associnted hyperlink; altematively determining (at-889) whether the formatted element corresponds to &
hyperlink clement and if so activating'(at 895} the corresponding hyperlink; aiternatively, in the absence of an input

'ﬁcld(xhypcdmk,appmdmg(atS%)thcmvedmkemthedlglialmkoftheba&gmmhdﬁcldaﬁ and copying (at
- 891) the received stroke to the cumrent selection 826 of the current pen, s maintained by the registration server.

Figure 382 shows - 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 end (af 897) whether the digital ink represents a checkmark, and if so assigning (st
898) a true value to the ficld value; altematively determining (at '899) whether the field is a text field and if so
converting (at 900) the digital ink 1o comparter text, with the help of thé eppropriate registration server, and assigning (at
901) the converted computer text to the ficld value; altematively determining (at 902) whether the field is a signature
field and if so verifying (at 903) the digital ink as the signature-of the pen’s owner, with the help of the appropriate
registration server, creating (at 904) a digital signature of the coritents of the corresponding form, also Wwith the help of

the registration server and using the pen owner’s private signature key relating to the cotresponding application, and
assigring (at 505) the digital signature to the field value.

1.7.3 Page Server Commands
Apagcscrvcrcommandxsacommandmchmhandled loeallybythc page setver, It operates dlrectlynn

fonn. page and docwment instances.

Apagcscrvcrcommand%?mbcavmdfmcmnmmdms aduphmf.:fomcommand 909 a reset form
command 910, a get form status command 911, a duplicate page command 912, a reset page command 913, a get page
status command 914, 2 duplicate document command 915, & reset document command 916, or a get document status
command 917, as shown in Figure 39. '

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

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

A duplicate page cammand produces a printed copy of the corresponding page instance with the background
field value presexved. If the page cortains & 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 cammand is
interpreted as & reset form command. A get page status command produces & printed report on the status of the
corresponding page instance, inctuding who published it, when it was printed, for whom it was printed, end the status of
sny forms it contains or is part of.

The netpage Jogo which appears on cvery netpage is usually associated with a duplicate page element.

When & page instance is duplicated with field values preserved, ficld values are printed in their native form,
ie. a checkmark appears as a standard checkmark graphic, and text appears as typeset text Only drawings and
signatures appear in their original form, with a signature sccompanied by & standard graphic indicating successful
signature verification.

A duplicate document command produces a printed copy of the corresponding document ‘instance with
background field values preserved. If the document contains any forms, then the duplicate document command

. duplicates the forms in the same way a duplicate form command docs. Arm&docinn'entcommandpmdﬁnmaprmted

copy of the corresponding document instance with background field values discarded. If the document contains any
forms, then the reset document command resets the forms in the same way a reset form command does, A get document
status command produces & printed report on the siatus of the corresponding document instance, includiog who
published it, when it was printed, for whom it was printed, snd the status of any forms it contains,

If the page server command's “on selected™ attribute is set, then the commam! operates on the page
identified by the pen’s current selection rather than on the page containing the command. This allows & menu of page
gerver commands to be printed. If the tarpet page docan’t contain a page server command clement for the designated
page sexver command, then the command is ignored.

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

A page server command element is hidden if its “hidden™ attribate is set. A hidden command element does
not have an input zone on a page and so cannot be activated directly by a user. }t can, however, be activated via a page
server command embedded in a different page, dthﬂpagesuvercommandhasns “on selected” stiribute set.

1.8 STANDARD FEATURES OF NETPAGES
In the preferred form, each netpage is printed with the netpage logo at the bottom fo indicate that it is a

netpage and therefore has interactive properties. The logo also acts s 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 docment, such as a ticket or coupon, the button clicits an explanatory note or advertising page.
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The default single-page copy fimction is handled directly by the relevant netpage page server, Special copy
functions are handled by linking the logo button to an applicatian.
1.8 User HELP SYSTEM
In & preferred embodiment, the netpage printer has a single button labelled “Help™. When pressed it elicits
a single page of infoymation, including:

. status of printer connection

. status of printer consumables

. top-level help mequ.

. document function menu

. top-leve] netpage network directory

The help menu provides a hierarchical manual on how to use the natpage system.
The document function menu includes the following functions;

. print a copy of a docuraent v
. print a clean copy of a form
. print the status of a document

A document fanction is initiated by simply pressing the bution and then touching any page of the document.
The status of a docurnent indicates who published it and when, to whom it wus delivéred, and to whom and when it was
subsequently submitted as a foom.

The netpage netwak directory allows the user to navigate the hierarchy of publications and services on the
netwurk. As an altemnative, the user can call the petpage network “900” number “yellow pages™ and speak 1o 2 human
operator. The opcrator can locate the desired document and Toute 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 obviotitly unavailable if the printer is unable to print-n this case the “error™ light s lit
andthcusa’canreqummdinpudsovcrﬁmm

2 . . PERSONALRED PUBLICATION MoDEL ‘
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24 Enrorial PERSONALIZATION

" A snbsgiiber can draw 6n two kinds of news sources: those that deliver-news publications, and those that

-~ deliver news streams. While news publicatioris are aggregated and edited by the publisher; news streams are aggregated

either by & ricws publisher or by a specislized news sggregator. News publications typically comespond o traditional
newspapers and newsmagazines, while news streams can be many and veried: & “raw” news feed from » news service, 8
cartoon strip, a freelance writer’s columm, a friend's bulletin board,; or the reader’s ovn ‘e-mail. -

" The netpage publication server supports the publication of edited news publications as well as the
aggregation of multiple news streams. By handling the aggregation and hence the formatting of news streams selected
directly by the reader, the sexver is able to place advestising on pages over which #t otherwise has no editorial control.

The subscriber builds a daily newspaper by selecting one or more contributing news publications, and
creating  personalized version of each. The resulting daily editions are printed and bound together into a single
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newspaper. The various members of a houschold typically express their different interests and tastes by sclecting

different daily publications and then customizing them.

For each publication, the reader opticnally sclects specific sections. Some sections appear daily, while
others appear weekly. The daily sections available from The New York Times online, for example, include “Page One
Flus”, “National”, “International”, “Opinion™, “Business”, “Aris/Living”, “Technology”, and “Sports™. The set of
available sections is specific to a publication, as is the default subset.

The reader cen extend the daily newspaper by creating custom sections, each one drawing onmynumb-cro[
news streams. Custom sections might be created for e-mail and friends” announcements (“Personal™), or for monitoring
news feeds for specific topics (“Alerts” or “Clippings™).

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

The reader also optionally expresses a prefarence for a large number of shorter articles or s &mall number of
longer articles. Each article iz 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 sclected according to the
reader’s age. The reader can specify & “reading age” which takes precedence over their biological age.

The articles which make up cach section are selected and pricritized by the editors, and each is assigned a
useful lifetime. By default they are delivered to all relevant mbsm‘bers mpnonty order, subject to space constraints in
the subscribers® editions.

In sections whiefe it is appropriate, the reader may optionally enable collaborative fiktering. This is then
applied to articles which have s sufficiently long lifetime. Each article which qualifies for collaborative filtering is

" pirinted with fiting bittons et s &d of the nﬁcle.Theblntonscanmndeaneasydnmne (cE *1Ed" and “disiiked"),
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making it more Jikely that readers will bother to rate the article,
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Thcmhophanﬂlyweaﬁesamm&pﬂyfactor athuqualﬂ&vcly(eg.domdon'tmnpmcme),or
nuerically. A high sumdsptty&dmhmthcﬂumholdmedfmmﬂchmgdlﬂmgooﬂnbmuvcﬁlm A high
ﬁnmmkuummhkdymmcmmmdmngnwmbemledwhmda’upmﬁcdcapmty A different
samdxpﬂyfactormbespmﬁcdfordxﬂ‘amtdaysoﬁhcweek

ncrﬁdﬁﬂmophmanyspeuﬁwwpmsofpmucmmmwmnammmdmmmmﬁame
priogities assigned by the editors. . _ ’

The speed of the reader’s Intemet cannection affects the quality at which images can be deliversd. The

. reader optionally specifies a preference for fewer images or smaller images or both. If the number or size of images is

ot reduced, then images may be delivered at Iower quality (i.e. at lower resolution or with greater compression),

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

To reduce reading difficultics caused by poor eyesight, the reader optionally specifies & global preference
for & larger presentation. Both text and images ave scaled accordingly, and less information is accommodated on each
page.
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The language in which a news publication is published, and its comesponding text encoding, is a property of
the publication and not & preference expressed by the user. Howerver, the netpage sysiem can be configured to provide
auntomatic translation services in various guises.

As may be appreciated from the above the netpage system altows for an entire newspaper or magazine o be
printed accarding to individual preferences. The information of the newspaper or magazine is formatted at a publication
mMadvaﬁﬁngmbehmhﬂedﬁmnanadvcrﬁsings:rvu',ifmlmm,mdingtommfmm The
newspaper of magazine is then printed at a netpage printer with appropriate coded data/tags to allow for user interaction
with a sensing device, such as the netpage pen, in a manner described above, in arder to request further information
refating to contents of the newspaper or magazine. The further information may refate to either editorial content or
advertising material and is prefersbly printed o demand at the printes following a request for same.

22 ADVERTISING LOCALIZATION AND TARGETING -
nepumdmmdmeemmumtmtmmﬂynﬂmmeadvahmgmmmmmmgm

typically placed to exploit the editorial context. Travel ads, for example, are more likely 1o appear inwa travel section
than elsewhere. The value of the editorial content to an advertiser (and therefare 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 commumity snd
environment. Demographics determine general interests and preaccupations as well as likely spending patterns.

A news publisher’s most profitable product is advertising “space”, & multi-dimensional entity d¢ermined by
the publication’s geographic coverage, the size of its readership, its readership demographics, and the page area
available for advertising,.

In the netpage sysiem, the netpage pubhmummmmtmmcnpwmmmﬂh-dmmmmnl size of a
publicition’s saléable advertising space on a per-section basis, taking into.account the publication’s geographic
oomgc,thcaecnonarudadnp,themze ofenchmderssedxmodmm,eachrmdcrsadvuumgpmporum,md
m:.hmder ‘s demographic, © :

o In cotnparison with other media, the netpage system’allows the advestising space to be defined in greater
detail, and allows smallerpieces of it to be sold separately. I therefore allows it to'be sold &t closer to its true value.

For example, the ‘same advertising “slot” can be sold in varying propoftions to several advertisers, with
individud] readers” pages fomdomly Teceiving the advertisemient of one advutxsn‘oranoihu' ovmllprcsemngthe
proportion of space sold 6 ‘cach advertiser. : ‘

Thendpgesymdlmuvaumngmbehnkeddmlymddaﬂedmo@mmfmanmmdmhm
purchasing, It therefore raises the intrinsic value of the advertising space. '

Because personalization and localization are-handied automatically by netpage publication servers, an
advertising aggregator can provide' arbitrarily broad coverage ‘of both' geography and demographics. The subsequent
disaggregation is efficient because it is automatic. This makes it more cost-effective for publishers to deal with
advertising aggregators than to' directly capture advertising. Even though the advertising aggregator is taking &
proportion of advertising fevenue, pilblishers may find the chige piofiticutral because of the greater éfficiency of
qgegahmhcﬁv@mngwwmnmmmmmvmmdpubhﬁm& and may place the
same advertisement in multipte pubhcaums -

It is worth noting that d placement in & netpage publication can be maore complex than ad piacement 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

”~
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netpage system provides same antomated support for these negotiations, including support for automated auctions of

advertising space. Automation is particularly desireble 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. Carrespondingly, the publisher recards the ad placement an the relevant netpsge publication server,
‘When the netpage publication server lays out each user’s personalized publication, it picks the relevant advertisements
from the netpage &d server. -

Accardingly, & user may be provided with a netpages, which may more generaliy be referred o as a printed
document with user interactive elements, formatted in accordance with their own preferences, with additional content
targeted sposifically to demographics of the user, The interactive element(s) relating to the targeted content atlow the
user to request further information relating to that content. - The targeted content may relate to advertising materia! and
the firther information may be provided in the form of an sdvertising brochure, The manner in which the intersctive
clement(s) arc printed in the document and with which the sensing device is used to interact with the element(s), to
indjcate a request for fuxther mfonnauon, are as described above.

23 User PROFILES
231 intormation Fiftering
The personalization of news and other publications relies on an assortment of user-specific profile

. publication customizations

. collaborative fittering vectors
. contact details i
. presentation preferences.

. _The customization of & publication is typmﬂy_pubhcahon—qmmﬁc,md sa the customization information is

mnmtamedbythcrelcvmﬂmtpngepubhcanonm S

Awﬂmwvcﬁ!tumgvmormofmcusu’smungsofanmnbaofncwsxtms.ltuusedto
comrelate different users’. inferests for the purposcs of_,n‘:nqk;ng recammendations. Although there are benefits to
mnim:.inhagasinglem&bwﬂinﬁhdnsvedmhdqﬂmﬂyofmmﬁmﬂmwbﬁmﬁm,tbuemtmrmWhy
uumeptwhcdmmnngnnupnnteveotorforeachp;hhcahon.thueulﬂmlytobemeov«lapbctwemlhe

.vectmsofmhsm’basmthcmcpubhunmthanbetmtha&ofmbsmbastodlﬁ'mpubhcaums;anda

publication is likely to want to present its users” collabarative filtering vectors as part of the value of its boand, not to be
cmamhmmmmmm%mmm@mmmmgmmw
mmrqmdmmnmmadbynmgemﬁrmmm o
Prmmuonlrz{mu, including those faqmmmcs. datmmdt;ms,mlikemse global and maintained
in the seme way. o .
Thzlocalmhmofadvausmgrehesmthclocahtymdxmedmihcnsa’s omnmdanﬂs,whncﬁze

- targeting of advertising relies mpersmml information such as dats. ofbmh. gendcr marital status, income, mfesmml,

education, or qualitative derivatives such as age range and income range. _

For those users who choose 0 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+HA Code,

Each user, pen, printer, application provider and application is assigned its own unique identificr, and the
netpage rcg_istmtion server maintsins the relationships between them, as shown in Figores 21, 22, 23 and 24. For
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registration purposes, a publisher is & special kind of application provider, and a publication is a special kind of

application.

EanthOOmaybéauthotﬁadtouseynmnbaofminmssm and each printer may allow any number
ofuscrstouscn.Ea.chuserhasamgledeihultprmtzt(atéG),towhmhpmodxcnlpubhunmmdehvuedbydcfmh,
MpagspnntedmdmdmdchvaedbmcmmlathnughwmchmzwmmmThcmerkeqmm
ofwhdxpubhshusamhnstmhmmedtopnmtnlheusasdefaultpmm Apubhshadoesnotreoord!hcl])ofany
parucularpnnm bmmsteadmsolmthcmwhmnisuqmmi

Whmnusermbm‘basoswapubhmw‘l ‘lhcpubhsbe:BOG(:.e. application provider 803) is
nmhnrmdwprmltoaspeuﬁedlnntqurthcusu’sdcﬁmltpnnter T‘hnmnhmm<mennberevokedatmyhmcby
the user. Eachusu’myhnvcaevcmlpmsol bm.apenmspecxﬁntoamgleusa Ifauscrmamhmmdtousea
particular printer, mmthntpm:termoognmmyoﬂhcusa'spms

mmmmumdmlmmemnupmdmgmpmmemmmnwdbyammm:rchm
suva,mlthNSmﬂleuamlway '

AWebtcnnmn]Sanbeawhmmdmpnntonapamcnlundpagepmw allowing Web pages and
netpage documents encountered during Web browsing to be conveniently printed on the nearest netpage printer.

The netpage system can collect, on behalf of a printer provider, fees and commissions on income eaned
through publications printed o the provider's printers- Such moomecanmc.lndeadvcrtmng fees, cllck-through fees, e
commucceommimiuns,andtramdioﬁfeu.Eiﬁcp’intqisomodbytheusq,ﬂxmtheuseristhcpﬁntumvider.

Each user also has a netpage account 820 which is used to accumulate micro-debits and credits (such ss
those described in the preceding paragraph); contact details 815, including name, address and telephone numbers, globe!
preferences 816, including privacy, delivery and localization scitings, any number of biemetric records 817, containing
the user’s encoded signature 818, ﬁngapumtawetc;ahmdummgmoddsmmimmnymmmamodbymesystan,
mdSEIpnymmtmdamnﬂs&lvathwhnhemﬁﬂi&é&paymaﬂsmﬁ_‘mﬁe. D

232 Favorites List S
AmtpageusummammnhstQZZof“tamts” lmhtouscfuldoammlsetn.mtheneqaagc

mmmMBmmmmwmemmmw;wmf h:sumtdasahxumhyoffoldunnl 8
pefqnadunbndxmenlofnrhmhlsshmmﬂmclusdmgmnmﬁgmeﬂ ‘

233 History List
mmmammhaMQmMumsbmmmmwdmmmw

byﬂxeus:rthroughthenetpagesyslmItmorgmiudasadam-mﬂuedhst,apmfmndunbodmmtoﬁvlnchmdlm
in ths ¢lasd diagram in Figure 42.

2.4 INTELLIGENT PAGE LAYSUT s -
: Thcn:tpagcpubhcaﬁmmuaummallylaysomthcpagwofewhuscr’spatsmhzodpubhcaﬁonma

section-by-section basis. Smmﬁﬁvmmmummmcfmdm{mmmmmeyamphwdmm
pagchr.fomthcedxmdmt R TR : oA

“The -advertising ratio for a section ¢an be achicved with wildly varying advertising ratios on individual
pages within the section, and the ad layoot algorithm exploits this. The algorithm-is configured to aftempt to co-locate
closely tied editorial and advertising content, such as placing ads for roofing matérial specifically within the pablication
beuuseofaspema]feaﬂnemdo-ﬁ-yomsdfmoﬁngrcpans St : .

The editorial content selected for the user, m.clu.dmgtextandamocmtedlmagesandgmphl.mthenlmd
ot according to various aesthetic rules. !

The entire process, including the selection of ads and the selecuonofedxtonal content, must be iterated
once the layout has converged, to atta:rq;ttomom closaly achieve the user’s stated section size preference. The section

~
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size preference can, however, be matched on average over time, allowing significant day-to-day variations.

25 DocuMENT FoRMAT
Once the document is laid out, it is encoded for efficient distribution and persistent storage on the nétpage

network.

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

A text object contains fully-formatied text represented in the Extensible Markup Language (XML) using the
Extensible Stylesheet Language (XSL). XSL provides precise control over text formatting independently of the region
into which the text is being set, which in this case is being provided by the Iayout. The text object comtains embedded
language codes to enable mmﬁotmdaﬁm.mdqnbeddedhyphﬁnﬂimhinwmaid“impunmphfmmng.

An image object encodes an image in the JPEG 2000 wavelct-based compressed image format. A graphic
object encodes a 2D graphic in Scalable Vector Grsphics (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 ficlds as described above, and watermark regions. Thesc layout objects are
summarized in Table 3. The layout uses a compact format suitable for efficient distribution and storage.

Table 3 - netpage layout objects

Layout Aftribute Format of
object linked object
image osition
Image object ID LPEG 2000
Graphic Position -
Graphic object ID VG
Textflow Textflow ID s
’ Zone ' -
‘ Optional text object 1D DIMLIXSL
Hyperlink Type
Zone
) Application 1D, etc. -
Fleld Type : -
eaning :
[Zone -
Watermark [Zone -
28 DocumeNT DISTRIBUTION .

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

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

The scrver 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 pointeasts each user’s layonts to that user’s printer via the appropriste page
server, and when the pointcasting is camplete, multicasts the shared comtent on the specified channels, After receiving
its poinicast, cach page server and printer subscribes to the multicast channels specified in the page layouts. During the
multicasts, cach page server snd printer extracts from the multicast streams those objects referred to by its page layouts.
The page servers persistently archive the reccived page layouts and shared content.

Once a printer has received all the abjects to which its page layouts refer, the printer re-creates the fully-
populated layout and then rasterizes and prints it.

L b
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Under normal circumstances, the printer prints pages faster than they can be delivered. Assuming a quarter
of cach page is covered with images, 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 memory, allowing for temporary buffers eic. The printer prints at a rate of
one page per second. This is equivalent to 400KB or about 3Mbit of page data per second, which is similar to the
highest expected rate of page data delivery over a broadband network.

Even tmder sbnormal circumstances, such a5 when the printer runs out of paper, it is likely that the user
will be able to replenish the paper supply befare the printer’s 100-page intemal storage capacity is exheusted,

However, if the printer’s internal memory docs 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.

Onwadocmtumnwd,apnmum;mduwmmaqﬂmmumylmchymnspay
layouts and contents from the relevant page server, - .

27 ON-Dsmanp DocuMeNTs
When & netpage document is requested on demand, it can be personalized and delivered in much the same

way as a periodical. However, since there is no shared content, delivery it made directly to the sequesting printer
without the use of multicast.

When 2 non-netpage document is requested on demand, it is not personalized, and it is delivered via a
designated netpage formatting server widch reformats it as a netpage docyiment. A netpage formatting server is a speciat
mstance of a—nctpasc publication seever. The netpage formatting server has knowledge of various Internet document
formats, including Adobe’s Parteble Document Format (PDF), and Hypertext Markup Langusge (HTML). In the case of
HTML, it can make use of the higher resolution of the printed page to present Web pages in a muiti-colomn format, with
a table of contents. nmmtmnmcaliymdudenuWebpagudmctlyhnkcdtothcmquwtedpegc.Th:mcannmc
this behavior via a preference.

-The netpage founa&ngmcrmakaﬂmdudnetpagebdnum including interactivity and permistence,
available on any Intemet docoment, no matter whet its crigin and format, It hides knowledge of different document
farmats from both the netpage printer and the netpage page server, and hides knowledge of the netpage system from
Web servers.

3 SecuriTy ‘
3.1 CRYPYOGRAPHY o

Cryptography is used to protect gensitive information, both in storage and in transit, and to suthenticate
pamestoatrmmchon.mnzmtwoclawdmmtdgmphymmdsprmdusc mﬂ-kzyuyptogmphymdpnbho-kzy
cryptography. The rictpage network uses both classes of ciyptography. -

" Secretkey cryptography, also réferred to as symmetric cryptography, uses the same key to encrypt and
decrypt a message. Two parties wishing to exchange imessages must first arrange to securely exchange the secrel key.

Public-key cryptography, also referred to as @symmetric cryptography, uses two encryption keys, The two
keys arc mathematically related in such a way that any message encrypled using ane key can only be décrypted using the
ofher key. One of these keys is then published, while thie other is kept private. The public key i3 used 1o encrypt any
message intended for the holder of the private key. Once encrypted using the public key, a ressage can only be
decrypted using the private key. Thus two partics can securely exchange messages without first having to exchange &
secret key. To ensure that the privatz key is secure, it is normal for the holder of the private key to geaerate the key pair.

Public-key cryptography can be used to create a digital signatupe. The holder of the private key can create a
known hash of a message and then encrypt the hash using the private key. Anyone can then verify that the encrypted
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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 signsture 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 sltered in

transit.

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

In most transaction environments, public-key cryptography is only used to create digital signatures aod to
securely exchange secret session keys. Secretkey eryptography is used for all other purposes. '

In the following discussion, when reference is made to the secure tamsmission of information between a
neipage printer and a sexvér, what actually happens is that the printer obtains the server’s certificate, authenticates it
with reference to the certificate authority, uses the public key-cxchange key in the certificate to exchange a secret
session key with the scrver, and then uses the secret session key to encaypt the message data. A session key, by
definition, can have an arbitrarily short lifetime.

3.2 NETPAGE PRINTER SECURITY

Each netpage printer is assigned a pair of unique identifiers et time of menufacture which are stored in
read-anly memory in the printer and in the netpage registration server database: The first ID 62 is public and mniquely
identifies the printer on the netpage network. The secand ID is secret and is used when the printer is first registered an

- thenetwork - - o - . e R S C s S

‘When the printer connects to the netpage netwark for the first time after installation, it creates a signature
public/private key pair, It ‘transmits the secret ID and the public key securely to the netpage registration server. The
server compares the secret ID against the printer”s secret ID recarded in its'database, and accepts the registration if the
IDs match | then creates and signs a certificate containing the printer’s public ID and public signature key, and stores
the certificate in the registration database,

The neipage registration server acts as a certificate authority for netpage printers, sfnce it has access to
mumfmannnnowmgntonfypmtum:mny R

. Whmamsubmwmapubhmm,nmdsumdmﬂngeregIMmmadmbase
amhmmgthepubhdlummmmcwbhcanmmﬂmusasdafmﬁtmnlaaaspmﬁcdm Every document sent
1o 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 verifics, via the registration database, that the publishes is authorized to deliver the
publication to the specified user. The page server verifies the signature using the publisher's public key, obtained from
thcpubhshcrscemﬁmstwedmtheregjstmuon database.

Mnmgemgmnonmawocpumqmwddprmmgammnmummmedmbasgmlmgas
those roquests are initiated via a pen registered to the printer.

33 NETPAGE PEN SECURITY

Each netpage pen is assigned a unique identifier at time of manufacture which is stored in read-only
memory in the pen and in the netpage registration server datsbase. The pen D 61 uniquely identifies the pen on the
netpage network,

A netpage pen can “know” a number of netpage printers, and a printer can “know” & number of pens. A pen
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communicates with & printer via a radio frequency signal whenever it is within range of the printes. Once a pen and

printer arc registered, they regulasly exchange session keys. Whenever the pen transmits digital ink to the printer, the

digital ink is always encrypted using the appropriate session key. Digital ink is never transmitted in the clear.

A pen slores a session key for every printer it knows, indexed by printer ID, and a printer stores a sessjon
key for cvery pen it knows, indexed by pen ID. Bath have a large bt finite storage capacity for session keys, and will
forget a session key on a least-recently-used basis if necessary.

When s pen comes within range of a printer, the pen end printer discover whether they know each other. If
they don’t know each, other, then the printer determines whether it is supposed to know the pen. This might be, for
example, because the pen belongs to & user who is registered to use the printer. If the printer is meant to know the pen
but docsn’t, then it itiates the automatic pen registration procedure. If the peinter isn’t meant to know the pen, then it
agroes with the pen to ignore it until the pen is placed in a charging cup, at which time it initistcs the registration
procedure.

In addition to its public ID, the pen contains & secret key-exchange key. The key-exchange key is also
recopded in the netpage registration server database at time of manufacture. During registration, the pen iransmits its
pen ID to the printer, and the printer transmits the pen ID to the netpape registration server. The server gencrates o
session key for the printer and pen o use, and securely trensmits the session key to the printer. it also transmits & copy
of the session key encrypted with the pen’s key-cxchange key, The printer stores the session key intemnally, indexed by
the pen ID, and transmits the encrypted session key to the pen. The pen stores the session key internally, indexed by the
printer ID.

Although a fake pen can impersonate a pen in the pen registration protocol, only a real pen can decrypt the
session key transmitied by the printer. . :

When 2 previously unregistered pen is first registered, it is of limjted use until it is linked to & user. A

“registered but “un-owned” pedi is only allowed to be used to request-and fill in netpage user and pen registration forms,
-3 toregisier 8 new user to which the new pen is automatically linked, or to 2dd a new pen to an cxisting user.
25 .

The pen uses secret-key rather than publickey encryption because of bardware performance constraints in
the pen.

34 Secure DOCUMENTS
: The netpage system supports the delivery of secure docurnents such as tickets and conpons. The netpage

printer inciudes a facility 1o print watermarks, but will enly do so on request from publishers who are suitably

- wuthorized. The publisher indicates its authority to print watenmarks in its cerfificate, which the printer is able to
- anthenticate, -

. -+...The “watermark™ printing process uses an altemative dither matrix in specified “watermark™ regions of the
page. Back-to-back pages contain mimor-image watenmark regions which coincide when printed. The dither matrices

© used in odd and even pages’ watermark regions are designed to produce an interforence effect when the regions are

viewed together, achicved by looking through the printed sheet.

The effect is similar to a watermark in that it is not visible when looking at only one side of the page, and is
lostwhénthepageiscopiédbymalmms. ' N

Pages of sceure docunients cannot be copicd using the built-in netpage copy mechanism described in
Section 1.9 above. This extends to copying netpages on netpage-aware photocopiers,

Secure docwments are typically genersted as part of e~ ommerce transactions, They can therefore include the
user’s photograph which was captured when the user registcred biometric information with the netpage registration
server, as described in Section 2.
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When presented with a sccure netpage document, the recipient can verify its authenticity by requesting its
statns in the usual way. The unique ID of a secure document is only valid for the lifetime of the document, and secure
document [Ds are allocated non-contiguously to prevent their prediction by opportunistic forpers. A secure document
verification pen can be developed with built-in feedback on verification failure, to support casy pomt-of-presentation
document verification.

Clearly neither the watermark nor the user's photograph are secure in a eryptographic sense. They simply
provide a significant obstacle to casual forgery, Online document verification, particularly using a verification pen,
provides an added leve} of security where it is needed, but is still not entirely immune to forgeries.
a5 NON-REPUDIATION

In the netpage system, forms submitted by users are delivered reliably to forms handlezs and are persistently
archived on netpage page servers. It is therefore impossible for recipients to repudiste dejivery.

E-commerce payments made throtigh the system, as described in Section 4, are also impossible for the payee

to repudiate. ]
4 FELECTRONIC 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 & certificate anthority and are issued with certificates
containing their public signature keys. The eertificate authority verifies a cardholder’s registration details with the card
issuer as appropriate, and verifies a merchant’s registration details with the acquirer as appropriate. Cardholders and
merchants store their respective private signature keys securcly ont their computers. During the payment process, these
certificates are used to mutually anthenticate a merchant and cardholder, and to authenticate theny both to the payment

SET has not yet-boen adopted widely, partly because cardholder maintenance of keys and certificates is
considered burdensome. Interim solutions which maintain cerdholder keys and certificates on a server and give the
cardholder acoess via a password have met with some success.

42 SET Payments

In the netpage ‘system the netpage registration server acts-as a proxy for the netpage nser (ie. the
candholder) in SET payment transactions,
sysiem is pen-based, the biometric used is the user’s on-line signature, consisting of time-varying pen position and
pressimre. A fingerprint biometricican ‘also be used by designing a fingerprint sensar into the pen, although at a higher
cost. The type of biometric used only affects the capture of the biometric, not the authorization aspects of the system.

Thc'ﬁrststep‘tobeing'ahlctomakcSETmmtsistorcgistu‘them;u?sbiomclricmdththcnetpagc
registration server. This is done in a controlled environment, for example a bank; where the biometric can be captured at

-~ the same time as the user’s identity is verified. The biometric is captured and stared in the registration database, linked

to the user’s record. The user’s photograph is also optionally captured and linked 10 the record: The SET cardholder
registration process is conmpleted, snd the resulting private signature key and certificate aré stored in the database. The
user’s payment 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 pay:ﬁcnf, for example by signing a netpage
order form, the printer securely transmits the order information, the pen ID and the biometric data to the netpage
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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 inciudes a mechanism for micro-payments, 1o allow the user to be conveniently charged

for printing low-cost documents on demand and for copying copyright documents, and possibly afso to allow the user to
be reimbursed for expenses incurred in printing advertising material. The latter depends on the level of subsidy already
provided to the user.

When the user registers for ocommerce, a network account is established which agpregates micro-
payments. The user receives a statement on a regular basis, and can sctile any ontstanding debit balance using the
slandard payment mechanism.

Thenatwmkmmcmbemmdedtoaggmgatemhamphmfwsforpmodmjs which would also
otherwise be presented to the user in the form of mdividual statements,

4.4 TRANSACTIONS
When & user requests a netpage in a particular npphmhmwnmmcnpphmonnnblc toc.mbed a user-

specific transaction TD 55 in the page. Subseqment input throngh the page is tagged with the transaction ID, and the
application is thereby able 1o establish an appropriate context for the user’s input.

When input occurs through a page which is not user-specific, however, the application must use the user’s
mnique identity to establish a context. A typical example involves adding items from a pre-printed catalog page to the
user’s virtual “shopping cart”, To protect the user’s privacy, however, the unique user ID 60 known to the netpage
system is not divulged to applications. This is to prevent different application providers from easily correlating
independently accumulated behavioral data.

The netpage registration server instead maintains an anomymous relationship between a user and an
apphcaummalmquenhasﬂ)tﬁs asshmangurcM Whenever the mm&vﬂmuhypalmkmggedmﬂxthc
memmmmmmmmemmmwmmmmu epplication

1D 64, together with the pens ID 61, into an alias ID 65. The alias ID is then submitted to the byperlink ‘s application,

* ! The application maintains state infopnation indexed by aliaz ID, and is sble to retrieve user-specific state
information withiout knowledge of the global identity of the user.
The system also maintains an independent certificate and private signature key for cach of a user's
epplications, 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 (UPQ) “hyperlink™ activations, the system records a
favorite application on behalf of the user for any number of product types. :
' Each applitation is associated with an application provider, and the gystem msintains an account on behalf
of cach application provider, to-alow it to credit and debit the provider for click-through fecs etc.
Anapplxcauon]rov:d:rmnbeapubhshaofpmodmal subsmbedeomuu.'l’hcsysmmordslheusas
Mllmgnzestomemvelhasubm‘bed pubhcauon,aswellastheoq)octedfmqumcy of publzcauon.

4.5 RESOURCE DESCRIPTIONS AND COPYRIGHT
. A preférred embodiment of a resource description class dingram is shown in Figure 40.

Each docrment and content object may be described by one or more 1esource dcscnpumsstu Resource
descriptions use the Dublin Core metadata element set, which is designed to facilitate discovery of electronic resources.
Dublin Core metadata conforms to the World Wide Web Consortium (W3C) Resource Description Framework (RDF).

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

A communications protocol defines an ordered exchange of messages between entitics. In the netpage
system, cntities such as pens, printers and servers ulilise a set of defined protocols to cooperatively handle user
interaction with the netpage system.

Each protocol is illustrated by way of a sequence diagram in which the horizontal dimension is used to
represent message flow and the vertical dimension is used ta represent time. Each entity is representad by a rectangle
containing the name of the entity and a vertical column represeating the lifeline of the entity. During the fime an entity
exists, the lifeline is shown as a dashed line. During the time an entity is active, the lifeline is shown as a double line.
Because the protocols cansidered here do not create or destroy entities, hfehnesuegcuemllymnshmassoonnsan
entity ceases to participate in & protocol. i

51 SusscriPTion DELIVERY PrROYOCOL
Apmfmedanbodsmmtofuubsmpnmdghvuymmocolmshawanmﬁ

A large nomber of users may subscribe to a periodical publication. Each user’s edition may be laid ot
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.c. publisher} first obtains a document ID 51 for each document from an ID server 12. It
then sends each document structure, including its document ID and page descriptians, to the page server 10 respensible
for the document’s newly allocated ID. Tt includes its own application ID 64, the subscriber’s alias ID 65, and the
Televant set of multicast channel names. it signs the message using its private signature key.

Th:pagemammeuppﬁmﬁmmmdaﬁumwobtam&mﬂwmgimﬁmmthemmdm
user ID 60, mcusa’sselwtodpnmerll)éz(whxchmnybee:qxhc:ﬁysdcctndforthcapphuhm,ormybethcuw’s
dcfauhpumu-),mdthcapphcmnnawuﬁme izl

Theapphcﬂonsmﬁmteanmthepagemutomfymcmnw The page server's
request to the registration server fails if the spplication IIY and alias ID don't together identify & subscription 808,

The page server then -sllocates document and. page instance IDs and forwards the page descriptions,
including page [Ds 50, to the printer. It includes the relevant set of multicast channel names for the printer to listen to.

1t then returns the newly allocated page IDs to the application for future reference.

Once the application has distributed all of the document structures (o the subscribers’ selected printers via
the relevant page servers, it multicasts the various subsets of the shared objects on the previously selected multicast
channels. Both page servers and printers monitor the appropriate mmiticast channels and receive their required content
objects. They are thesi‘able to populate the previonsly pointeast docwnent stractures. Thlsallowsthcpage servers to add
cmnplctcdnmnn:ﬂstothmrdatabas&mdﬂaﬂowsihepnﬂmmprmﬂhcdommts '

52 HYPERLINK ACTIVATION PROTOCOL -
A preferred embodiment ofahypahnkacuvauonprotooolxsshownmﬁgme45

Wh:naus:rchcksonanetpagcmthanetpagepm,lhepmoommmnmwﬂwchcktothenmwtnelpage
printer 601_ The click identifies the page and a location on the page. ﬁcm‘mta’alrmdyknowsthemm of the pen
from the pen connection protocol.

The printer determines, via the DNS, the network address of the page server 10a handling the perticular
page ID 50. The address may already be in its cache if the user has recently interacted with the same page. The printer
then forwards the pen ID, its own printer ID 62, the page ID and click location to the page server.

The page server loads the pege description 5 identified by the page I and detarmines which input
element’s zone 58, if any, the click lics in. Assuming the relevant input element is a hyperlink element 844, the page
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server then obtains the associated application [ 64 and link ID 54, and determines, via the DNS,; the network address

of the application server hosting the application 71.

The page server uses the pen ID 61 to cbtain the comesponding uter ID 60 from the registration seyver 1,
and then allocates a globally unique hyperlink request ID 52 snd builds a hyperlink request 934. The hyperlink request
class diagram is shown in Figure 44. The hypedlink request records the IDs of the requesting user and printer, and
identifies the clicked hyperlink instance 862, The page server then sends its own server ID 53, the hyperlink request ID,
and the link ID to the application.

The application produces 2 response documend according to applicstionspecific logic, and obtains a
document ID 51 from an D server 12, It then sends the document to the page server 10b responsible for the document's
newly allocated ID, together with the requesting page server’s )dnd the hyperlink request ID,

The secandpege server sends-the hyparlink request 1D and application ID 10 the first page server to obtain
the carresponding user D and printer ID 62, The first page server rejects the request if the hyperlink request has expired
or is for a different application. .

The second page server aflocates document instance and page IDs 50, retums the newly allocated page IDs
to the application, adds the complete document to its own database, and finally sends the page descriptions to the

The hyperlink instence may inciude a meaningful transaction ID 55, in which case the first page server
includes the transaction ID in the message sent to the application. This allows the application 1o establish a transaction-
specific context for the hyperlink activation.

If the hyperlink requires & user alias, i.e. its “slias required” attribute is st, then the first page server sends
both the pen ID 61 and the hyperlink’s application ID 64 1o the registration server 11 fo obtain not just the user ID
carrespanding to the pen ID bt 2lso the alias 1D 65 corresponding to the spplication I and the user ID. It inchudes the
ahnsH)mﬁcmmgemtothcnpphuuon,allmngthcnpplmuonmmbhshaM-specxﬁccmnenfo;the
llypcrlmkndl‘vntlm.

.5.3 . Hnwmmﬂscocmpmocm.

When s user draws a stroke on a setpage with a netpage pen, the pen communicates the stroke to the
wmagémﬁna‘mmﬁﬁnﬁﬁuﬁepagemdnwhmlhepaga

The printer forwards the pen ID 61, its own printer ID 62, the page ID 50 and stroke path to the page server
10 in the usual way,

The ‘page server loads the page description § identified by the page ID and determines whick input
cle.m:m’smS&Lfmy,th:mkemtasec!s.Assmmng:herdcmmmdmtuuextﬁdd8?8 the page server
appends the stroke to the text field’s digital ink: .

Afer a pesiod of inactivity in the zone of the text ficld, the page server sends the pen ID and the peading
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 finodel 822 {0 interpret the strokes as handwritten text, Once it has
converted the strokes fo text, the registration servm‘retmnsthctcxttolhcreqmungpage server. The page server
appmdsthctantothcmmoﬁhcwnﬁcld.

54 SIGRATURE VERIFICATION PROTOCOL
Ammmg&cmpmdmmmmcs&okcmmtsmammﬁdd 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 application ID 64 associated with the form
of which the signature field is part, as well as the form ID 56 and the current data content of the form. The registration
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server identifies the user corresponding to the pen, and uses the user’s dynamic signature biometric 818 to verify the
sﬁokﬁuthcm‘ssignnm.Onceithasveriﬁedmesignnm,thcregiknnﬁmmumtheappﬁmﬁmmmmd
user ID 60 to-identify the user’s spplication-specific private signature key. It then uses the key to genernte a digital
signature of the form data, and returns the digital signature to the requesting page server. The page server assigns the
digital signature to the signature field and sets the associated form’s status to frozen.
‘The digital signature includes the alias ID 65 of the cotresponding user. This allows a single form to capture
multiple users® signatores.
55 FORM SUBMISSION PROTOCOL
Apmfm’edanbodnnmtnhfmnwhmmonpmtocolmdwvmmﬁgme%
Form stbmission occurs via a form hyperlink activation. It thus follows the_!npmcol defined in Section 5.2,
In the case of a form hyperlink, the hyperlink activation message sent by the page server 10 1o the
application 71 also contains the form ID 56 and the current data content of the farm. If the form contaips any signature
ficlds, then the application verifies cach ane by extracting the alias ID 65 associated with the cotresponding digital
signature and obtaining the corresponding cextificate from the registration server 11,

5.6 CoMMISSION PAYMENT PROTOGOL
Aprd‘umd embodiment of a cormmission payment protocol is shown in Figure 47.

Inanc-oomchecnmnnmmx, foasmdcommxsmunsmaybepayableﬁmnmnpphmuonpmnderma
pubhshcronchck-thmughs,tmnsacuonsandsales Commxssmnsunfcﬁmdcommxsmcmsoncommmsmnsmayalsobc
payable from the publisher to the provider of the printer.

ThehypcdmkmqumtIDSZnusedtotoute afee oroommmmu'edntﬁomthctargeupphcauonmm
70a (e.g.mud:am)tothe source q)plmhmponda’?()b (e pubhshcr) andﬁunthcsomceapphcauonpmwda‘mb

Vtetheprm:crpmudcr'n

mmmﬁe&a;nmmmwmmmﬁmmmmiommehwmkmm
activated, as described in Section 5.2 Whmthetmgdapphcahmmedstouedﬁtbcmeeapphcahonp!mdcr it
mds&cappheﬂmmwhraednbthcmgmdpagemamgmmﬂwhypdﬁnkmqtmm The page server
usmthchypedmkmmmﬂ)midumfythcmmmmm,andsmdsme,gcggmlgtherelcvmmmauon
server 11 together with the source application ID 64, its awn server ID 53, and the hyperlink request ID. The registration
server credits the corresponding spplication provider’s account 827. It also notifies the application provider.

.M the spplication provider needs to credit the printer provider, it sends the printer provider credit to the
original page server together with the hyperlink request ID, mpagemmm:hypﬁﬁkmqmmmimﬁfyme
printer, mdsmdsiheaednnnmﬂ:erdmnuegxsmuonma‘mgethq’wuhmmﬂ) ‘Ihercgmmousuver
credusﬂ::omespmdmgmnhprondu‘mmlsu .

The source application provider is optionally notified ofthczdmktyofthc mget apphmtlmprondm‘ and
the printer provider of the ideatity of the source application provider.

6. NETPAGE PEN DESCRIPTION
6.1 PeN MecHaNiCS

Refering to Figures 8 and 9, the pen, generally designated by reference numeral 101, includes & housing
102 in the form of a plastics moulding having walls 103 defming an interior space 104 for mounting the pen
components, ThcpmloplOSmmopmnunrotaiablymountedatnnccnd 106 ofthchcmsmg 102. A semi-transparent
cover 107 is secured to the opposite end 108 of the housing 102. The cover 107 is also of moulded plastics, and is
farmed from semi-transparent material in order to enable the user to view the status of the LED mounted within the
housing 102. The cover 107 includes a main part 109 which substantially surrounds the end 108 of the housing 102 and
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a projecting portien 110 which projects back from the main part 109 and fits within a comresponding slot 111 formed in
the walls 103 of the housing 102. A radio antenna 112 is mounted behind the projecting portion 110, within the housing
102, Screw threads 113 surrodtiding an aperture 113A on the cover 107 are amanged to receive a metal end piece 114,
including corresponding screw threads 115. The metal end piece 114 is removable to enable ink cartridge replacement.
Also mounted within the cover 107 is a tri-color status LED 116 on a flex PCB 117, The antenna 112 is also
mounted on the flex PCB 117, The status LED 116 is mounted at the top of the pen 101 for good all-aronnd visibility,
The pen can operate both aa & normal merking 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 metzl end piece 114, by
rotation of the pen tap 105, Respective slider blocks 123 aud 124 are mounted ¢o 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 therewjth, The
cam barrel 125 includes a cam 126 in the form of a slot within the walls 18] 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 barrdd 125, the slider
blocks 123 or 124 move rclative to cach other to project either the pen nib 119 or stylus nib 121 out through the hole
122 jn the metal end piece 114. The pen 101 has three states of operation. By tumning the top 105 through 90° steps, the
three states are:

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

A second flex PCB 129, is mounted on an electronics chassis 130 which sits within the housing 102. The
second flex PCB 129 mounts en infrared LED 131 for providing infrared radiation for-projection onto the surface. An
image sensor 132 is provided mounied on the sccond flex PCB 129 foc yeceiving reflected radiation from the surface,

- -—The second flex PCB 129 also mounts-a radio frequency chip 133; which includes an RF transmitter and RF receiver,
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40

und & controller chip 134 for controlling operation of the pen 101, An optics block 135 (formed from moulded clear
plastics) sits within the cover 107 and projects an infrared beam onto the surface and receives images onto the image
sensor 132, Power supply wires 136 connect the components on the second flex PCB 129 to batiery contacts 137 which
are mountcd within the cam barrel 125, A terminal 138 connects to the battery contacts 137 and the cam barre] 125, A
three volt rechargeable battery 139 sits within the cam bamet 125 in contact with the battery contacts. An induction
charging coil 140 is mounted about the second flex PCB 129 to enable recharging of the battery 139 via induction. The
second flex PCB 129 also mounts sa infrared LED 143 end infrared photodiode 144 for detecting displacement in the
cam barrel 125 when either the stylus 120.0r the ink cartridge 118 is used for writing, in order to cuabie a determination
of the foroe being applied to the surface by the pen nib 119 or stytus nib 121. The IR photodiade 144 detects light from
the JR LED 143 via reflectors (not shown) mounted on the alider blocks 123 and 124.

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

6.2 PEN CONTROLLER
The pen 101 is arranged to determine the position of its nib (stylus nib 121 or ink cartridge nib 119) by

i:q:aginﬁ,inﬂwinﬁaredwectrmn,mwoﬁhe surface in the vicinity of the nib. It records the location data from the
nearest location tag, and is airanged to calculate the distance of the nib 121 or 119 from the location {ab utilising optics
135 and controller chip 134. The controller chip 134 calculates the orientation of the pen and the nib-to-tag distance
from the perspective distortion observed on the imaged tag. k

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

When the pen is in range of a receiver, the digital ink data is transmitted as it is formed. When the pen 101
moves out of range, digital ink data is buffered within the pen 101 (the pen 101 circuitry includes a buffer arranged to
store digital ink data for approximately 12 minutes of the pen motion on the surface) and can be transmitted Iater.

The controller chip 134 is mounted on the second flex PCB 129 in the pen 101. Figure 10 is a block
diagram illustrating in more detail the architocture of the controller ¢chip 134, Figure 10 also shows representations of
the RF chip 133, the image sensor 132, the tri-color status LED 116, the IR illumination LED 131, the IR force sensor
LED 143, and the force sensor photodiode 144.

The pen controller chip 134 includes a controlling proocssor 145, Bus 146 enables the exchange of data
between components of the controller chip 134. Fiash memory 147 end a 512 KB DRAM 148 are also included. An
analog-to-digital converter 149 is axranged to convert the analog signal from the forco scnsor phatodiode 144 to a digital
signal.

An image sensor interface 152 interfaces with the image sensor 132. A transceiver controller 153 and base
band circuit 154 are also included to interface with the RF chip 133 which includes en RF circuit 155 and RF resonators
and inductors 156 connected 1o the antenna 112,

The cantrolling processor 145 captures and decodes location data fram 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
radic communication via the radio transceiver 153. 1t is a mediumn-performance {~40MHz) general-purpose RISC
processor.

The processor 145, digital {ransceiver components (transceiver confroller 153 and beseband civevit 154),
image sensor interface 152; flash memory 147 and 512KB DRAM 148 arc intcgrated in a single controller ASIC. Analog
RFemnpmans(RFcnunt 155 and RF resonators and inductors 156) are provided in the separats RF chip.

The image sensor is a 215x215 pbel CCD (such a sensar is prodnced by Matsushita Flectronic-Corporation,
and is deseribed in a paper by Halawra, K T Nobusada, N Okuseaya, R Nagayoshi, and M Ozaki, “A iram S0k-Pixel IT
CCD Enage Sensor for Miniature Camera System™, JEERE Tramsactions on Electronic Devices, Volt 47, number 1,
Jennary 2000, which is incorparated herein by reference) with an IR filter.

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

The redio transceiver communicates in the unlicensed 900MHz band normaily used by cordless telephones,
«muwymmwzmmmmmmmmmmMﬁmmm
collision detection to provide interference-free communication.

hmakmahmmbodmmtthepwmmﬂcsmhﬁmmmmucnﬂmA)mmfmshm
mgcoummumeaﬂonmthabasestahonornctpagem

In a further embodiment, the pen 101 includes a pair of orthegonal accelerometers mounted in the normat
plane of the pen 10] axis. The accelerometers 190mﬂommF1gma9mlemghostmu!mc

The provision of the accelerometess enables this embodiment of the pen 101 to sense motion without
reference to surface location tags, alluwmgthelocuuonmgstobemmpledatalowamtaﬁachlocaunntagll)canthm
identify an object of interest rather than a position on the surface. For example, if the ijcct is a user interface input
element (e.g. 2 command button), then the tag ID of cach location tag within the area of the input element can directly
identify the input clement.

The acceleration measured by the accelerometers in each of the x and v directions is integrated with respect
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to time to produce an instantancous velocity and position.
Since the starting position of the stroke is not known, only relative positicns within a strokc are calculated.
Although position integration asccumulates esrors in the sensed scceleration, accelerometers typically have high
resolution, and the time duration of a stroke, over which errors accumulste, js short,

7. NETPAGE PRINTER DESCRIPTION
71 PRINTER MECHANICS
The vertically-mountod netpage wallprinter 601 is shown fully assembled in Figure 11. It prints netpages on

Letter/A4 sized medin using duplexed 8%” Memjet™ prind engines 602 and 603, as shown in Figures 12 and 12a. It
uses a straight paper path with the peper 604 passing through the duplexed print engines 602 and 603 which print both
adsofaa@ctmultaneoualy,mﬁxﬂwlotmdm&ﬁ:ﬂbleed. :

AnmtegralbmdmgamnblyGOSapphmasleofglueulm:ganccdgcofeachpnnwdshect,allmngnw
ntﬂuctolhcpmwoussheetwhmpmcdagmnstltmsmaﬁnalbmmd document 618 which can range in
thickness from one sheet to several hundred sheets. .

The replacesble ink cartridge 627, shown in Figure 13 coupled with the duplexed print cugines, has
bladders or chambers for storing fixative, adhesive, and cyan, magenta, yellow, black and infrared inks. The cartridge
also comtains 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™
peintheads 350 which might otherwise clog the printhead nazzles. By incorporating the air filter within the cartridge, the
operational life of the filter is effectively linked to the life of the cartridge. The fuk cartridge is a fully recyclable product
with a capacity for printing and gluing 3000 pages (1500 sheets).

Rcfcmngtol-‘xgm12,themotonzcdmedmpmk—upml]dambly626push¢cthcmpsheetduectlyfmm
th:nw&nmypastnpap:rmmlhcﬁmtmmmgmeﬁozmthcdwlmndMmuet"“pwm!headamnbly The
tsro Meanjet™ print eagines 602 and 609 ere mouated in an opposing i-line sequeatial configuration along the straight
paper path. The paper §04 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 snd full bleed printing commences. Fixative is printed simultancousty 1o 2id drying
in the shortest possible time, . oo ey

'Ihcpapa'ontsthcﬁmMunjd"‘mmﬁ&thtwghaadofmedentsmkcwhnls(ahgned
along the straight peper path), which act against & rubberized roller. These spike wheels contact the “wet’ printed
surface and continue to feed the sheet 604 into the second Memjet™ print engine 603.

Referring to Figures 12 and 12a, the paper 604 passes from the duplexed prin{ engines 602 and 603 into the
binder asscmbly 605. The printed page passes between a powered spike wheel axle 670 with a fitrous suppott roller and
enother movable axle with spike wheels and a momentary, nqionglncwhecl. The movable axle/glue assembly 673 is
mom:dcdtoamctalmwponbrackztandnmlrmspomdfnmmﬂwmtufaoemthmcpmueda)dcﬂomgeamby
achonofamshaﬁ.Amtemotorpowmthswmshaﬂ.

The glee wheel assembly 673 consists of npaﬂmlly hollow axle 679 vm]:tamtatmg coupling for the glue
supply hose 641 from the irk carwridge 627. This axte 679 coninects o a glue wheel, which absorbs adhesive by capillary
action through radial holes. A molded housing 682 surrounds the gloe wheel, with an opening at the front. Plvotmg side
moldings and sprung outer doors are attached to the metal bracket and hinge out sideways when the rest of the assembly
673 is thrust forward. This action exposes the glue wheel through the front of the molded housing 682. Teasion springs
¢lose the assembly and effectively cap the glue wheel during petiods of inactivity.,

As the sheet 604 passes into the glue wheel assembly 673, adhesive is applied to one vertical edge on the
front side (apart from the first sheet of a document) as it is transported down into the binding assembly 605.
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1.2 PRINTER CONTROLLER ARCHITECTURE

The netpage printer controller consists of a controlling processor 750, a factory-installed or field-installed
network intesface module 625, 8 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 netwark 19 and with local wireless netpage pens
101, senses the help button 617, controls the user interface LEDs 613-616, md feeds and synchronizes the RIP DSPs
757 and print engine controllers 760. K 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.

'IthIPDSPsmste:iZeandeompums‘pagedesdipﬁonsto the netpage printer’s compressed page format.
Each print engine controller expands, dithers and prints page-images 1o its associated Memijet™ printhead 350 in real
time (i.e. at over 30 pages per minute). The duplexed print engine controllers print both sides of a sheet simultancously.

The master print engine controller 760a controls the paper transport and monitors ink usage in conjunction
with the master QA chip 665 and the ink cartridge QA chip 761,

The printer controller’s flash memory 658 holds the software for both the processor 750 and the DSPs 757,
as well as configuration data This is copied to main memory 657 at boot time.

The processor 750, DSPs 757, and digital transceiver components (transceiver controller 753 and baseband
circuit 754) are integrated in a single controller ASIC 656. Analog RF components (RF circuit 755 and RF resonators
and inductors 756) are provided in a separate RF chip 762. The network interface module 625 is separate, since netpage
printers allow the network connection to be factory-selected or field-selected. Flash memory 658 and the 2x256Mbit
(64MB) DRAM 657 is also off-chip. The print engine controllers 760 are provided in scparate ASICs.

A variety of netwosk interface modules 625 sre provided, each providing a netpage network interface 751
and optionally-a local computer or nétwask interface 752. Netpage network Internet interfaces include POTS modems,
Hybrid Fiber-Coax {HFC) cable modems, ISDN modems, DSL modems, satellite transceivers, current and next-
generation cellular telephone transceivers, end wircless local loop (WLL) transceivers. Local interfaces include IREE
1284 (paraflel port), 10Base-T and 100Base-T Ethemnet, USB and USB 2.0, IEEE 13%4 (Firewire), and various
emerging home networking interfaces, If an Intemet cormection is available op the local netivark, then the Jocal network
interface can be nsed as the netpage network interface.

The radio transceiver 753 communicates in the unlicensed 900MHz band noomally used by cordless
telcphones, or alternatively in the wnlicensed 2.4GHz industrial, scicntific and medical (ISM) band, and uses frequency
hopping and collision detection to provide interferegice-free communication.

The printer controller optionally incorporates an Tafrared Data Association (IEDA) interface for recciving
data “squirted” from devices such as netpage cameras. hannlta:nauvcmbodlmmt,thepmtu'usestheh’DAmtaface
for short-range comnmunication with suitably configured netpage pens.

7.21 RASTERIZATION AND PRINTING ‘
Once the main processor 750 has received and verified the document’s page layouts and page objects, it

runs the eppropriate RIP software on the DSPs 757, .

The DSPs 757mstameschpagedm1ptmnandwmpmssthcmstamdpagcmgc 'Ihcmampm
stores cach compressed page image in memory. The simplest way to load-balance multiple DSPs is to let each DSP
rasterize a separate page. The DSPs can always be kept busy since an arbitrary number of rasterized pages can, in
general, be stored in memory. This strategy only leads to potentially poor DSP utilization when rasterizing short
documents.

Watermark regions in the page description are rasterized to 2 contone-resolution bi-level bitmap which is

-
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losslessly compressed to negligible size and which forms part of the compressed page image.

The infrared (IR) layer of the printed page contains coded netpage tags at a density of about six per inch.
Each tag encodes the page ID, tag ID, and contro] bits, and the data content of each tag is generated during rasterization
and stored in the compressed page image.

Thema.inmw'lso'pnssesback-to-backpagcimagwlothedq:lexedpﬁntmgincconﬁnllas?ﬁo.cmh
print engine controller 760 stores the compressod page image in its local memory, and starts the page expansion and
printing pipeline. Page expansion and printing is pipelined because it is impractical to store an entire 1314MB bi-level
CMYK+IR page image in memory.
722 PRINT ENGINE CONTROLLER

‘The page expansion and printing pipelinte of the print engine controller 760 cansists of a high speed IEEE-
1394 serial interface 659, a standard JPEQ deccoder 763, a standand Gronp 4 Fax decoder 7564, a custom
halfioner/compositor unit 763, a custom tag encodar 766, a line loader/formatier unit 767, and a custom interface 758 to
the Mcmjet™ printhesd 350. .

The print engine controller 360 operates in a double tufiered manner. While one page is loaded into DRAM
769 via the high speed serinl interface 659, the previousiy loaded page is rezd from DRAM 769 and passed through the
print engine controller pipeline, Once the page has finished printing, the page just loaded is printed while another page
is loaded. :

The first stage of the pipeline expands (at 763) the JPEG-compressed contone CMYK, layer, expands (at
764) the Group 4 Fax-compressed bi-level black layer, and rendeys (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 (st 765) the contene CMYK layer and
compogites (at 765) the bi-level black layer over the resulting bi-leved CMYK layer. The resultant bi-leve} CMYK+IR
dat data is buffered and formatted (at 767) for printing on the Memjet™ printhead 350 via a sct of line bufers. Most of

_ thﬁe!mebuﬂusmstmedmthcnﬁ'-cmpDRAM.Theﬁmlstagepnnlsthcsncchmnclsofb:-lcveldotdata(mcludmg

Mw)mmmjawmmdammmmuﬂdmmms

Whmmdmmmgmcuﬂmﬁm?ﬁﬁmmdmummﬁabumadnplaedmﬁgmummcym
thmh:dmaahmdhneqmagnﬂm.mlymmmmﬁﬂ,sdmcdmﬂmmmwmmm
771, generates the line sync signal 770 onto the shared line.

mmmMa?wma-lmmmmmmmmmm
andrmdmngptpdmc,WstbcprmiheadﬁOmalow-spwds«mlhusTB andounu'ollmgthest:ppu*mmms
675, 676. ’

In the 8% versions of the netpage pritifer, the two print engines ‘each prints 30 Letter peges per minute
along the ong dimension of the page (11™), giving a Liné rate of 8.8 kHz at 1600 dpi. In the 12" versions of the netpage
pmnu' thcm;nmtmgmueach;mnsﬁmpagupermmmalongtbeshoﬂdnnmunofthcpage(sﬁ”). giving
almcmcoflozk}h'l‘lwsehnzratesmwcllmthmthcnpemungﬁeq\mncyortthcm_ret""pnnthead, which in the
currend design exceeds 30 kHz.

Ctmm.uston ‘
Thcprmentmvmumhasbomdm‘bedmthrefamccmapmfmedunbod:mm:andnmbaofspeuﬁc

alternative embodiments. However, it will be appreciated by those skilled in the relevant fields that a number of other
embodiments, differing from those specifically described, will also fall within the spirit and scope of the present
invemtion. Accordingly, it will be understood that ihe invention is not intended to be limited to the specific embodiments
described in the present specification, including documents incorporated by crosseference as appropriate. The scope of
the invention is only limited by the attached claims.

>
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CLAIMS

1. A method of delivering a newspaper or magazine, including:

fonnatﬁnginformaﬁmofthcneusp@aormgazineinammpmsymnn;

the information including at least one user interactive element which enables & user to indicate a request for
further information relating to contents of the newspaper or magazine by interacting with the clement using a sensing
device which is adapted to transmit data indicating the request to the computer system; and

mmmthemfmummnmmnnamntedwmmzomammasmmmemmpmm
magazine.

2, A method as cleimed in claim ] wherein the further information relates o editorial content.

3. Ameﬂmdasdmmedmnhnnlwhuuntheﬁuﬂumfmmumrdmiq_wadmngmtmal

4. Amethodudaunedmclmn}whmnlhcgdmhmgmﬂmﬂumdudedmthcfmamd
information on the basis of demographics of the user. _

5. A method as claimed ¢laim 1, wherejn the newspaper or magazine includes coded data indicative of
midmﬁtyofﬂmmwkpmmmpﬁnemdofﬁcﬂlaﬁmeimumiwdmmmﬁnfhcdatainr.ludm
receiving, in the computer system, indicating data from the sensing device regarding the identity of the newspaper or
magezine and of & position of the sensing device relative to the newspaper or magazine in order to identify the
newspaper or magazine and determine when the sensing device is usod 1o interact with the clement

6. A method as claimed in claim 5, including receiving, m the computer system, movement data
regarding movement of the sensing device relative to the newspaper or magazine.

7. A method as claimed in claim 6, including the sensing device sensing its movement relative to the
mwwmagﬁneuﬁng&emdcddﬂgmdﬁmﬁ&hg&emh&cm@gmﬁmmemmt

being atlustpuhaﬂymlhmammamdmththcmawedm

w80 A method as claimed in claim 1, whﬁanthesmmngdcnundudumldmhﬁmumcodcmﬁc
wapmuuﬂausamdmcmdhodmdudamumngmedﬂwmngd;v;;mmsmm
s im0 9o Amethod as claimed in claim I, nx:ludmgmmhngthencwquuwmgmneondmmd.
-7 10 - A method as claimed in claim 5, mdudmgpntdmsﬁefmﬂedmfmﬁmonamofa
mmmmmemﬂwMMmmm

S R Amdhodudmmdmdmlbuhnhmdudespmﬂnglhewdedmmbcmbmmmnymmble

mthem‘blespwtrmn.

12. Amzthodasclmadmchsmi mdudmgte!mnmgaMemblerecmﬂoﬂhcprmedmwspapam
mhmmw@mﬂem%ﬂmﬁyd&aummmmm
- 13, Am:thodasalumedmchnnl mcludmgdxm‘bunngapluralﬁyofmspapusormammumg

- nmmﬂmmmnmdmmMﬂmmmcmmsmh

Mgy

e 14. Amethodaschm:wddmnl murh:dlmencwspapam'magmnelspmledonmuluplepngesand
mwh:chthemcﬂmdmcludesbmdmgthcpaga

15. A system for delivering newspaper or magazine, including:

"a caiiiptiter system with a publication server adapted to select and format informetion of 8 newspaper of
@ printer for printing the information so s to produce the newspaper or magazine, with at least one
" interactive element to eneble a user 1o indicate a request for further information relating to content of the newspaper or
magazine; and '

a sensing device used to indicate the request and adapied to transmit data to the computer system.

-
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16. A system as claimed in claim 14, wherein the publication server is adapted to include at least a
portion of the content as advertising material,

© 7. Asystem as claimed in claim 15, wherein the advertising material is included with reference to user
content preferences. )

18. A system as claimed in claim 14, further inciuding an advertising server for providing the
advertising material to the publication server,

19. A system as claimed in claim 14, further including a registration server where demographic data of
the user is stored for access by the publicetion server, in order to allow the advertising material to be detnographically
targeted.

20. A sysiem as claimed in claim 14, wherein the newspaper or magazine includes coded data including
data indicative of the interactive element and identifying data indicating the newspaper ar magazine and/or a particular
portion of the newspaper or magazine.

21. A system as claimed in claim 19, wherein the computer system is adapted to receivé movement data

- regarding movement of the sensing device relative to the newspaper or magazine, snd interpret said movement of the

sensing device as it relates to said at least one clement.

22. A system as claimed in claim 21, wherein the scnsing device senses its own movement relative to
the newspaper or magazine using the coded data,

23. A system as claimed in claim 14, wherein the sensing device includes an identification code specific
to a particalar user and the computer system is arranged to momitor the use of the sensing device.

24. A sysiem as claimed in claim 14, wherein the sensing device includes a marking nib.

25. A system as claimed in claim 14, wherein the newspaper or magazine is printed on a surface of a
surface-defining stracture and wherein the printer prints the newspaper or magazine on demand. -

.26, - -A-system as claimed in claim 19, whesein the printer is sranged 1o primt the coded data at the same
time as printing the newspaper or magazine on a strface-defining structure.

27. A system as claimed in ¢laim 19, wherein the coded daia is substantially invisible in the visible
spectrum. -

28. A system as claimed in claim 19, including a database for keeping a retrievable record of each
newspaper of magazine genetated, each newspaper or magazine being retrievable by using its identity, as included in its
codad data. .

29. A syslem as cleimed in claim 14, wherein the printer includes a binding meens for binding the
nmwwmgﬁmhch@me?m@ammgmhdtﬂuaplmﬁtyofm.
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