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METHOD AND SYSTEM "FOR DELIVERY OF A NEWSPAPER OR MAGAZfNE 

FIELD OF INVENTION 
The piesent invention relates genemlly to methods. systems and apparatus for interacting with computers by 

5 means of printed matter and sensing devices. More particuiarly. the invention relates to deliveiy 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 inteiact with 

lldworked information via printed matter and to obtain interactive printeclmatter on demand via high-speed netwmked 

color prinb:rs. Although the invention will latgely be described herein with refetcnce to this use. it w.ill be appreciated 

10 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-

peruting applications filed by the applicant or assignee of the present invention simultaneously with the present 

application: 

1~ NP.A.001,:NPJU>02,JiilP.A.004,:NP.AOOS,:NP.A.006,NP.A.007,:NP.A008,JiilP.A.009,JiilP.A.010,:NP.A.012,lilP.A.016, 

}iU>.A.017,NP.A.018,:NP.A.019,NP.A.020.NP.A.021,:NP.A.030,:NP.A.035,:NP.A.048,:NP.A.075,lilPBOOJ,NPB002, 

NPK002, NPK003, NPK.004, NPK.005, NPMOOt, NPM002, :NPM003, NPM004, NPPOOS, :NPP006, :NPP016, 

NPP017, NPNOOl, NPPOOl, NPP003, NPP007, NPP008, NPPOlS. NPS001, NPS003, NPS020, NPTOOl, 

NPT002, NPT003. NPT004, NPXOOl, NPX003, NPX008, NPXOl 1, NPXlll4, NPXOI6, us2. DM52, W10, 

20 MJI J, MJJ2, MJ13, MJJ4, MJ15, MJ34, MJ47, MJS8, MJ62, MJ63, MJ64, MJ65, MJ66, P.AK.04, PAKOS, 

PAK06, PAK.07, PAK.08, PECOl, PEC02, PBC03, PP01, PP02, PP03, PP04, PP07, PP08, PP09, PPlO, PPl l, 

PP12,PPl3,PP14,PP15,PP16,andPP17. 

The disclosures of these co-pending applications are inc:oipOI'8ted herein by aoss-refen:nce. Each application 

is tcmporarily ideutified by its docket number. This will be replaced by the corresponding PCT Application Nwnber 

25 when available. 

BACKGROUND 
Paper is widely used to display and record info.nnation. Printed .information is easier to read than 

infonnation displayed on a computer screen. Hand-drawing and handwriting afford greater richness of expression than 

input via a comput.er keyboard and mouse. Moreover~ paper doesn't run on batteries, can be read in briglrt light, more 

30 tobusUy accepts coft'ec spi'lls. and is portable and disposable. 

Clnline pliblication has many advantages over 1raditional paper-based publication. From a consumer's point 

of view, information is available on demand, infonnation can be navigated via hypertext links, searched and 

automatically petSOD81ized. 

From the publisher's point of view, the costs of printing and physical distribution are eliminated, and the 

35 publication becomes more attractive to the advertisers who pay for it because it can be t.aigeted to specific demographics 

and linked to product sites. 

Online publication also has disadvantages. Computer screens are inferior to paper. At the same quality as a 

magazine page. an SVG.A computer screen displays only about a fifth as much infonnation. Both CRTs and LCDs have 

brightness and contrast problems. particularly 'Mien ambient light is strong, while ink on paper, being reflective xather 

40 than emissive. is both bright and sharp in ambient light. 

People obtain news from a variecy of sources - networlc and cable television, r:adio. daily newspapem, and 

weekly newsmagazines. ln the United States, although the various news media are.healthy and profitable, per ca.pita 

news consumption is somewhat in decline as a new generation of young adults have less time to read. and favor 

television entertainment overnews. Yet six out of ten adult.Americans read a newspaper every day. 
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· There is ongoing amtlict between newspapers' mass distribution.model, and advertisera' need for .micro-

1argeting. This conflict, coupled with advertisers' desire for higher-quality prin1ing of color hnages. is motivating a shift 

tiom run-of-press (R.OP) advertising to inserts. The downside to inserts is 1bat editorial context is lost. 

Fearing the on1ine migration of advertising, traditional news publishem ftom both broadcast and print have 

5 wntmed into Internet-based news delivery, wanting to establish a presence at whatever cost before newcomers become 

entnmched. Most neW8papers are still rq>OJtins losses ftom their on1ine operatimis. 

Online news delivery offas a munber of advantages. Breaking news can be delivered as soon as it happens. 

News can be custcmUzed for individual readers according to their preferences and geographic locations. Readen can 

explme stories to arbitrary depth, follow links to .n:Jated .resources. and sean:11 mchival material. Readers can participate 

1 0 in discussion groups and contribute to opinion polls. The news itself can incmpmate audio am1 video clips. and can 

include live tnmsmissians, converging with broedcast. 

Online news delivery also has disadvantages. Computer screc::ns are of limited size and quality compared 

with print Few people enjoy reading a story of any length on a computer screen. Computers are not portable in the wide 

sense that a newspaper is. The news may be more timely, but the time and place in whieh it c:an be ccmsumed are more 

15 constmined than with a newspaper. 

OBJECT 
It is an object of the invention to combine advantages of printed and on1ine publications to tilcilitate delivery 

of a newspaper or magazine. 

SUMMARY OF INVENTION 
.20 In acccmlanc:e with the invention, there is provided a method of delivering a newspaper or magazine. 

.including: 

fOIDJatting information of the newspaper or magazine in a computer system; 

the infonnation including at least one user interactive element which enables a user to indicate a request for 

further information .reJating to Cl>Jltents of the newspaper or magazine by intelacting with the element using a sensing 

25 device which is adapt.ed to transmit data indicating the request to the computer system; and 

30 

printing the infmmation at a printer networked with the computer system so as to produce the newspaper or 

Preferably, the further infmmation relates to editorial content. Alternatively, the further information ie1ates 

to advertising material, which may be included in the fonnatted infonnation on the basis of demographics of the user. 

Preferably, the newspaper or magazine includes coded data indicative of an identity of the newspaper or 

magazine aml of the at least o1ie interact:i:ve element and wherein the data includes receiving, in the COlllpl1ter system. 

incfu:ating data fto.m the sensing device regarding the identity of the newspaper or magazine am1 of a position of the 

sensjng c,levice relative to the newspaper or magazine in order to identify the newspaper or magazine and determine 

when the sensing device is used to interact with the element The method may further include receiving. in the 

35 computer system. movement data regarding movement of the sensmg device relative to the newspaper or magazine, with 

the sensing device preferably sensing device sensjng its movement relative to the newspaper or magazine using the 

coded data, and identifying the response in the comput.er system fi:om the movement being at least partially within a 

zone associated with the interactive element. 

Preferably, the sensing device inc:1udes an identification code specific to a particular user and the method 

40 includes monitoring use of the sensing device in the computer system. 

The method may further include printing the newspaper or magazine on demaml and preferably printing the 

fODDBtted information on a surface of a surface-definin structure and, at the same time, printing the coded data an the 

surface with the coded data preferably being substantially invisible in the visible spectrum. 

-
'· 
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Preferably, the method includes .retaining a :retrievable .RCOld of the printed newspaper or magazine, the 

newspaper or magazine being n:tri.evabJe using the identity data as contained in the coded data. 

Prefi:rably, a pl.umlity of newapepers or magazines may be distributed using a mixture of multicast and 

pointcastcommunicati.aDs protocols. 

In the event the newpaper or magazine is printed on multiple pages, the method may also include binding 

the pages. 

In another aspect, there is pro'licied a system for deliw.ring newspaper or magazine. including: 

a computer syst.em with a publication sem:r adapted to select and famiat infmmation of a newspaper or 

magazine; 

10 a printer for printing the infonnaticm so as to pJOduce the newspaper or magazine, with at least one 

intaactive element to enable a user to indicate a request for farther infomiation relating to content of the newspaper or 

magaZine; and 

a sensing device used to indicate the .request and adapted to transmit data to the computer syst:eJn and the 

publication server is preferably adapted to include at least a portion of the content as advertising material, with the 

15 advertising material preferably included with refen:nce to user content preferences. 

The system may further include an advertising seivc:r for providing the advertising material to the 

publication server and may also further include a .regisbation server where dcmogmphic data of the user is stored for 

access by the publication server. in order to allow the advertising material to be demogmphically targeted. 

Preferably, the newspaper or magazine includes coded data including data indicative of the interactive 

20 element and identifying data indicating the newspaper or magazine and/or a particular portion of the newspaper or 

magazine. 

The comput.c:r system is preferably adapted to receive movement data regarding movement of the sensing 

device relative to the newspaper or magazine, and inteipret said movement of the sensing device as it relates to said at 

least one element. More preferably, the sensing device senses its own movement relative to the newspaper or magazine 

25 using the coded data. 

The sensing device may include an identification code specific to a particular user and the computer syst.em 

is manged to monitor the use of the sensing device. 

Preferably the sensing device includes a marking nib. 

Preferably, the newspaper or magazine is printed on a sudBce of a surface..defini structure and wherein 

30 the printer prints the newspaper or magazine on demand and the printer is manged to print the coded data at the same 

time as printing the newspaper or magazine on a surface-defining structure, with the coded data prefetably being 

substantially invisible in the visible spectIUm. 

35 

The system preferably includes a database for keeping a retrievable recotd of each newspaper or magazine 

generated, each newspaper or magazine being retrievable by using its identity, as included in its coded data. 

Preferably, the printer includes a binding means for binding the newspaper or magazine in the event the 

newspaper or magazine includes a plurality of pages. 

BRIEF DESCRIPTION OF DRAWINGS 
Prefemd and other embodiments of the invention will now be described. by way of non-limiting example 

only. with reference to the accompanying drawings, in which: 

40 Figure l is a schematic of a the relationship between a sample printed netpage and its online page desc:ription; 

Figure 2 is a schematic view of a interaction between a netpage pen, a netpage printer, a netpage page server, and a 

netpage application server; 
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Figme 3 illustrates a collection ofnetpage servers and printers infeR:oJmected via a network; 

Figure 4 is a schematic 'View of a high-level structure of a printednetpage and its on1ine page description; 

Figure S is a plan view showing a strw:ture of a netpage tag 

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

5 netpege sensing device in the form of a netpage pen; 

Figure 7 is a flowchart of a tag image procesaing and deroding a1gorltbm; 

Figme 8 is a pempective view of a netpage pen and its asliociated tag-sensing field-of-view cone; 

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

Figme 10 is a sthematic block diagram of a pen controller for the netpage pen sbOWl1 in Figures 8 and 9; 

10 Figure 11 is a perspective view of a wall-mounted netpage printer; 

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

Figure Ila is an enJarged portion of Figure 12 showing a section of the duplexed print engines and glue wheel assembly; 

Figure 13 is a detailed 'View of the ink cartridge, ink. all' and glue pa1hs. and print engines of the ne1page printer of 

Figures 11 and 12; 

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

Figure IS is a schematic block diagram of duplexed print engine controlle:rs and Mmajet™ printheads associated with 

the printer controller shown in Figure 14; 

Figure 16 is a schematic block diagram of the print engine controller shown in Figures 14 and IS; 

Figure 17 is a perspective view of a single Memjet™ printing element, as used m, for example, the netpege printer of 

20 Figilres 10 to 12; 

Figure 18 is a perspective view of a small part of an may ofMemjet™ printing elements; 

Figure 19 is a series of perspective views i11uslrating the operating cycle of the MenVetnc printing element shown in 

Figure 13; 

Figure 20 is a perspective 'View of a short segment of a pagewidth MentjefD' prin1head; 

25 Figure 21 is a schematic view ofa user class diagram; 

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

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

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

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

30 Figure 26 is a schematic view of a document and page ownership class diagram; 

Figure 27 is a schematic view of a tmninaJ. element speeialiWiQD. class diagram; 

Figure 28 is a schematic view of a static element specialization class diagram; 

Figure 29 is a schematic view of a hypcrlink element class diagram; 

Figure 30 is a schematic view of a hyperlink element speciali7.ation class diagram; 

35 Figure 31 is a schematic view of a hyperlinked group class diagram; 

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

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

Figure 34 is a schematic view of a field element specialimtion class diagram; 

Figure 35 is a schematic view of a checkbox: field class diagram; 

40 Figure 36 is a schematic view of a teirt field class diagram; 

Figure 37 is a schematic view of a Signature field class diagram; 

Figure 38 is a flowchart of an input processing algorithm; 

-, 
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Figme 38a is a detailed flowclwt of one step of the llo'wcbart ofFigme 38; 

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

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

Yigure 41 is a schematic view of a favorites list class diagram; 

5 Figure 42 is a schematic view of a histoiy list class diagmm; 

Figure43 is a schematic view of a subscription delivmy p:otocol; 

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

·Figure 45 is a schematic view of a hyperlink activation protoc:oJ; 

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

10 Figure 47 is a schanatic view of a commission payment pmtocol. 
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DETAILED DESCRIPTION OF PREFERRED AND .OTHER EMBODIMENTS 
Note: Memjetnc is a trade mark of Silverbrook Rcsemch Pty Ltd, Austmlia. 

In the preferred embodiment,. the invention is configured to work with the nelpage networlced computer_ 

system. a detailed overview of which follows. It will be appreciated that not m:ey implementation will necessarily 

15 embody all or even most of the specific details and extmsicms discussed below in mation to the basic system. However, 

the system is desmlled in its most complete fonn to reduce the need for ex:temal refenmce when attempting to 

understand the context in which the preferred embodiments and aspects of the pn:sent invention operate. 

Jn brief summary, the preferred farm of the Mtpage system employs a computer intelface in the fmm of a 

mapped surface, that is, a physical surface which contains re!ePm.ces to a map of the surface maintained in a computer 

20 system. The map teferences 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 quecy on 

the mapped sudiu:e yields an unambigu.ous map reference both within the map and among different maps. The computer 

system can contain .infmmation about features on the mapped surface, and such info.nnatian can be retrieved based on 

map references supplied by a sensing del'ice used with the mapped surface. The infonnation thus retrieved can take the 

25 fonn of actions which are initiated by the computer system on behalf of the operator in response to the operator's 

int.enction with the surface features. 

In its prefened fonn, the netpage system relies on the production of. and human inteniclion with, netpages. 

These are pages of text, graphics and images printed on ordinaly paper, but which work like interactive web pages. 

Jnfi>nnation is encoded on each page using ink which is substantially invisible to the unaided human eye. The ink. 
30 however, and thereby the codecl data, can be sensed by an optically imaging pen and 1rlmsmitted to the netpage system. 

In the prefer.red fonn. active but.tans and hyperlinb on each page can be clicked with the pen to request 

infonnation :from the .network or to signal preferences to a network server. In one embodiment, text written by hand on a 

nefpage is automatically recogoj7.ed and converted to computer text in the netpage sy*nl, allowing forms to be filled in. 

In other embodiments. signatures recorded on a netpage are automaticalJy verified, allowing e-commerce transactions to 

35 be securely authorized. 

As illustrated in Figure 1, a printed netpage 1 can represent a interactive form which can be filled in by the 

user both physically, an the printed page, and "electronically", via comnmnication between the pen and the netpage 

system. The example shows a "Request" fonn cmrtaining name and address fields and a submit button. The netpage 

consists of graphic data 2 printed using visible ink. and coded data 3 printed as a collection of tags 4 using invisible ink. 

40 The cmresponcling page description 5, stored on the .netpage network. describes the individual elements of the netpage. 

ln particular it describes the zype and spatial extent (zone) of each interactive element (i.e. text field or button in the 

example). to allow the :netpage system to com:ctJy :interpret input via the netpage. The submit button 6, for example, has 
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a zone 7 which ccmesponds to the spatial extent ofthe corresponding gmphic 8 •. 

As illustrated in Figure 2. thenetpage pen 101, a preferred fcmnofwhichis shown in Figures 8 and 9 and 

described in more detail below, wmb in conjunction with a netpage printer 601, an Intemet-connected printing 

appliance for home, oftiee or mobile use. The pen is wireless and communic:atcs securely with the netpage printer via a 

5 short-range ndio link 9. 

The netpage printer 601, a preferred form of which is Jhown in Figmes 11 to 13 and described in more 

detail below, is able to deliver, periodically or.. on demand, personaliml newspapers, magazines,. catalogs, brochures and 

other publications. all printed at high quality as brteractive netpeges. Unlike a personal camputer, the netpage printer is 

an appliance which can be. for example, wall-momited adjacent to an 8leB where the morning news is first consumed, 

10 such as in a users kitdlm, near a breakfast table, or near the household's point of departure for the day. It also oomes in 

tabletop, desktop, portable and miniature versions. 

Netpages printed at their point of consumption combine the ease-of:.use of paper with the timeliness and 

brteractivity of an Urteractive medimn. 

As shown in Figme 2, the netpage pen 101 interacts with the coded data on a printed ne1page 1 and 

15 commmiicates, via a short-range radio link 9, the interaction to a netpage printer. The printer 601 sends the inte:raction 

to the relevant netpage page server 10 for intmpretation. Jn appmpriate circamstanceS. the page server· sends a 

coaesponding message to application computer software rmming on a netpage application server 13. The application 

server may in tum smc:t a response which is printed on the originating print.er. 

The netpage system is made cxmsiderably more convenient in the p1efi=ued embodiment by being used in 

20 ·conjunction with high-speed microe1eclromec system (MEMS) based inkjet (Mendet™) printers. Jn the preferred 

form of this tec1mology, relatively high-speed and high-quality printing is made more aft"onfable to consumers. In its 

prefem:d fonn, a netpage publication has the physical chamcteristics of a traditional .newsmagazine. such as a set of 

letter-size glossy pages printed in full color on both sides. bound together far easy navigation and comfortable handling. 

The ne1page printer exploits the growing availability of broadband Internet access. Cable service is 

25 available to 95% of households in the United States, and cable modem service offering broadband Intemet access is 

aJready available to 20% of these. The ne1page printer can also operate with slower connec:tions. but with longer 

delivery times and lower image quality. Indeed, the netpage system can be enabled using existing Ci>nsumer inltjet and 

laser printers. although the system will operate moxe slowly and will therefo.n: be less acceptable from a c:onsumer's 

point of view. In other embodiments, the netpage system is hosted on a private inttanet. In still other embodiments, the 

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

Netpage publication servers 14 cm the netpage network are configored to deliver print~ty publicati.ODS 

to netpage printers. Periodical publications are delivered automatically to subscribing netpage printers via pOintcasling 

and multicasting Internet protocols. Personali7.ed publications are filtered and farmatted according to individual user 

profiles. 

35 A netpage printer can be configured to support any number of pens. and a pen can wmk with any number of 

netpage printers. Jn the preferred implementation, each netpage pen has a unique identifier. A household may have a 

collec:ti.on of colored netpage pens. one assigned to each member of the family. This allows each user to maillfajn a 

distinct profile with respect to a netpage publication server or application Server. 

A netpage pen can also be registered with a netpage registration Server 11 and linked to one or more 

40 payment card accounts. This allows e-c:omJl1e[Ce payments to be securely authorized using the netpage pen. The netpage 

registration server compares the signature captured by the netpage pen with a previously registered signature. allowing it 

to authenticate the user's identity to an e-commc:rce server. Other biometrics can also be used to verify identity. A 
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veision of the netpage pen includes fingerprint lll:8ft11ing. verified in a similarway by 1he lle\pllgeregislrati.on server. 

Althoogh a netpage printer may deliver periodi.c:als m:h as the mm.ning newspaper without user 

intervention, it can 1Je co.ntigured never t.o deliver unsolicit.ed junk mail. Jn its prc:feaed fonn. it only deliYeIS periodicals 

from subscribed ar otherwise authorized sources. In this respect. the netpage printer is unlike a fax machine or e-mail 

5 account which is visible to any jUDk mailer who knows the telephone number or email addiess. 

1 NETPAGESVSTEM ARcHITECTURE 
Each object model in the systan is desaibed using a Unified Modeling Langnage (UML) class diagram. A 

class diagnun consUts of a set of object classes coonected by n:Jatiomhips. and two kinds of :relatiansbips are of interest 

hen:: associations and generali2:ation. An usociation represents so.me kind of relaticmsbip between objects. i.e. between 

10 instances of classes. A generali?.ation relates actual classes, and can be understood in the following way: if a class is 

thought ofas the set of all objects oftbat class, and classA is a generali1.ation of class B. then B is simply a subset of A 

The UML does not directly support second-Older modelling - ie. classes of classes. 

Each class is drawn as a rectangle labelled with the name of the class. It contains a list of the attributes of 

the class, separated from the name by a hmnonta1 line, and a list of the operations of the class, separated ftom the 

15 attribute list by a horizontal line. In the class diagr:ams whic:h follow. however. operations are never modelled. 

An association is drawn as a line joining two classes. optionally labelled at either end with the nmltiplicity 

of the association. The default multiplicity is one. An asterisk(*) indicates a multiplicity of ''many". i.e. 7.eIO or more. 

Each association is optianally labelled with its name, and is also optionally labelled at either end with the .role of the 

conesponding class. An open diamond indicates an aggregation association ("is-part.of'). and is dtawn at the aggregator 

20 end of1he association line. 

A generalization relationship (4s-aj is drawn as a solid line joining two classes. with an mow (in the fonn 

of an open 4rianglc) at the generali7.ation end. 

When a class diagmm is broken up into multiple diagrams. any class which is duplicated is shown with a 

dashed outline in all but the main diagram which defines it It is shown with attributes only where it is defined. 

25 1.1 NETPAOES 
Netpages are the foundation on which a netpage network is built They provide a paper-based user interface 

t.o published infonnation and interactive services. 

A netpage co.mists of a printed page (or other SUiface region) invisibly tagged 'With references to an online 

description of the page. The online page desaiption is maintained persist.ently by a netpage page server. The page 

30 description describes the visible layout and content of the page, including text. graphics and images. It also describes the 

input elements on the page, including buttons, hyperlinks. and input fields. A netpage allows markings made with a 

netpage pen on its surface to be simultaneously captured and processed by the netpage system. 

Multiple nelpages can share the same page description. However. t.o allow input through otherwise identical 

pages to be distinguished, each netpage is assigned a unique page identifier. This page ID has sufficient precision to 

35 distinguish between a vmy laige number of netpages. 

Each reference to the page description is encoded in a printed tag. The tag identifies the unique page on 

which it appears. and Uu:reby indiP:ctly identifies the page description. The tag also identifies its own position on the 

page. Characteristics of the tags are described in more detail below. 

Tags are printed in inftan:d-ebSOiptive ink. on any substrate which is inftared..reflective. such as ordinaxy 

40 paper. Near-infrared wavelengths are invisible to the human eye but are easily sensed by a solid-state image sensor with 

an appropriate filter. 

A tag is sensed by an area bnage sensor in the netpage pen. and the tag data is transmitted t.o the netpage 

system via the nearest netpage printer. The pen is wireless and communicates with the netpage printer via a short-range 
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mdio link. Tags are SDfliciently small and de:osely ammged that the .pen can mliably image at least one tag even on a 

single click cm the page. It ia important that the pen rec:ogoi7.e the page ID and position on eveiy interaction with 1be 

page. aim:e the interaction is stateless. Tags me mor-c:omctably enc:oded to make them partially tolerant to surface 

~ 

5 The netpage page server maintains a unique page .instance for each printed netpage. allowing it to mamtain 

a distinct set of user-6Upplied values for input fields in the page description for each printed netpage. 

The relationship between the page description, the page instance, and. the printed ne1page ia ahawn.in 

Figure 4. The page instance is assnciated with both the netpage printer which prlntecl it and, ifknoWn, the netpage user 

who r:equested it. 

10 1.2 
1.2.1 

NETPAGE TAGS 
Tag Data Content 
In a preferred fonD. each tag identifies the region in which it appears. and the location of that tag within the 

region. A tag may also contain flags which Ie1at.e to the region as a whole or to the tag. One or mare Oag bits may. for 

example; signal a tag sensing device to provide feedback indicative of a function associated with the immediate area of 

15 the tag. without the sensing ~ce having to refer to a description of the region. A netpage pen may, for example. 

illuminate an "active uea" LED when in the zone of ah~ 

As will be more clearly explained below, in a preferred embodiment, each tag contains an easily recognized 

invariant strw:tUie which aids initial detection, and which assists in mjtrimjzing the effect of any wmp induced by the 

surfaec or by the sensing process. The tags pnlleiably tile the entire page. and are Slltli.cient.ly ~l and densely 

20 manged that the pen can reliably image at least one tag even on a single c1iek on the page. It ia imporault that the pen 

recognize the page ID and position on eveiy interaction with the page. since the interaction is stateless. 

Jn a pref med embodiment, the region to which a tag refers coincides with an entire page. and the region ID 

. encoded in the tag ia therefore synono.mous with the page ID of the page on which the tag appears. In other 

embQdiments, the n:gion to whim a tag mers can be an arbitrmy subregim of a page or other surface. For example, it 

25 can coincide with the zone of an· :intePlctive element. in which case the region ID can directly identify the interactive 

element 

Table 1 - Tag data 

Field Precision (bits) 
Reaion ID 100 
raatD 16 
i:taas 4 
rotat 120 

Each tag contains 120 bits of information. typically allocated as shown in Table 1. Assumhig a maximum 

30 tag density of64 per square inch, a 16-bit tag ID supporls a iegion size of up to 1024 square inches. Larger regions can 

be mapped continuously without increasing the tag ID precision simply by using abutting regions and maps. The 100-bit 

Mgioa ID allows 2100 (-1030 or a million trillion trillion} different regions to be uniquely identified. 

1.2.2 Tag Data Encoding 
The 120 bits of tag data are Rdundantly encoded using a (IS. S) Reed-Solomon code. This yields 360 

35 encoded bits consisting of6codewordsof15 4-bit symbols each. The (15, 5} code allows up to S symbol eams to be 

comcted per codeword. i.e. it is tolerant of a symbol eaor mte of up to 33% per codeword. 

Each 4-bit symbol is represented in a spatially eohercnt way in the tag. and the symbols of the six 

codewords are interleaved spatially within the tag. This &mSW"eS that a burst error (an error affecting multiple spatially 

· mljacent bits) damages a minimum. number of symbohi overall and a minimum number of symbols in any one codewoid. 
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thus maximising the likelihood that the burst enor can be 1Wly comcted. 

1.2.3 Phystcar Tag Structure 
The physical representation of the tag, shown in Figure 5, includes fixed 1arget structun:s 15, 16, 17 and 

variable data areas 18. The fixed target structures allow a sensing dev.ice such as the netpage pen to detect the tag ll!ld 

5 infer its tlm:e-dimensional ori.entation relative to the sensor. The data areas contain IqJieSCntatioDs of the individual bits 

of the encoded tag data. 

To achieve proper tag xeprodueli~ the tag is rendered at a resolution of2S6x256 dots. When printed at 

1600 dots per inch this yields a tag with a diameter of a.bout 4 mm. At this resolution. the tag is designed to be 

iUIIOUDded by a "quiet area" of radius 16 dots. Since the quiet area is also contributed by adjacent tags, it only adds 16 

10 clots to the effective diameter of the tag. 

The tag includes six target structures.. A deteet.ion ling IS allows the sensing deYke to initially detect the 

tag. The ring is easy to detect because it is rotatiOll8lly invariant and because a simple correction of its aspect ratio 

mnoves most of the effi:cts of perspective distortion. An orientation axis 16 allows the sensiDg device to determine the 

approximate planar or.ient.ation of the tag due to the yaw of the sensor. The orientation axis is skewed to yield a unique 

15 orientation. Four perspective targets 17 allow the sensing device to infer an acc:mate two-dimensional perspective 

111msform of the tag andheru:e an accurate thm>dimcnsfonal position and orientation of the tag relative to the scna. 

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

'Ihe overall tag shape is circular. this supports. amongst other things, optimal tag packing on an itn:gular 

1riangular grid. In COJllbination with the cin:u1ar detection ring. this makes a cin:uJar arrangement of data bits within the 

20 1ag optimal To maximise its size. each data bit is represented by a radial wedge in the fmm of an area bounded by two 

mdial lines and two c:o.ncentric circular am.. Each wedge bas a minimum. dimension of 8 dots at 1600 dpi ll!ld is 

designed so that its base (its inner m). is at least equal to this minimmn mmension. The height of the wedge in the 

radial direction is always equal m the minimum dimension. Each 4-bit data symbol is reptesentri by an may of 2x2 

wedges. 

25 The 15 4-hlt data symbols of eadl of the six codewords are allocated to the four concentric symbol rings 18a 

to 18d in interleaved fashion. Symbols are allocated altemately in circular progr:ession around the tag. 

The interleaving is designed to maximise the average spatial distance betw=n any two symbols of the same 

Jn order to support "single.dick" interaction with a tagged region via a sensing device. the sensing device 

30 must be able to see at least. one entire tag in its field of view no matter where in the ICgion or at what orientation it is 

positioned. The n:quired diameter of the field of view of the sensing device is therefore a function oi the si7.c and 

spachig of the tags. 

Assuming a circular tag shape. the mUrimum diameter of the sensor field of v.iew is obtained when the tags 

are tiled on a equilateral triangular grid, as shown in Figin 6. 

35 1.2.S Tag Image Processing and Decoding 
The tag image processing and decoding pcrfonned by a sensing device such as the netpage pen is shown in 

Figure 7. While a captured image is being acquixed from the iJnage sensor. the dynamic .range of the image is 

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

1bresholded and segmented into connected pixel xegions (i.e. shapes 23) (at 22). Shapes which are too small to represent 

40 tag target structures are discarded. The size and centtoid of each shape is also computed. 

Binary shape moments 25 are then computed (at 24) for each shape. and these provide the bas.is for 

subsequently locating target structures. Central shape moments are by their natme invariant of position. and can be 

easily .made invariant of scale. aspect ratio and rotation. 
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The ring target structure 1~ is the first to be located (at 26). A dug has the advantage of being very well 

behaved when perspective-distorted. Matdling proceeds by aspect-nonnaJizing and totatimHlonnaJi each shape's 

moments. Once its second-order moments are normalized the ring is easy to recognize even if the perspective distortion 

w significant The ting's orlginal aspect and rotation 27 together provide a use1bl approximation of the perspective 

5 .transform. 

The axis target structure 16 is the next to be located (at 28). MatdJing proceeds by apptymg the ring's 

nmmalizations to each shape's :momedt.s. and rotation-normaJ;zing the resul.ting moments. Once its second-order 

JllOIDm1ts are D.OIDl8lized the axis target is easily m:ognized. · Note that one thitd ·order JllOID£nt is· iequired to 

disambiguate the two possible orientations of the axis. lhe shape is dehl>erately sbwed to o.oe side to make this 

10 possible. Note also that it is only possible to rotati.on-nannalize the axis target after it has had the ring's nonnal;7.8tions 

applied, since the perspective distmtion can hide the axis target's axis. The axis target's original rotation provides a 

useful apptoximation of the tag's rotation due to pen yaw 29. 

The four perspective target structures 17 are the last to be located (at 30). Good estimates of their positions 

are computed based on their known spatial relatioDships to the ring and axis targets. the aspect and rotation of the ring, 

15 and the rotation of the axis. Matching proceeds by applying the ring's nonnali7.ations to each shape's moments Once 

their Second-order moments are nmmaJized the circular penpective targets are easy to iecognize. and the target closest 

to each estimated position is tabm as a match. The original centroids of the four perspective targets me then takCll to be 

the perspectiv~ comers 31 of a square of known si7.e m fag ipace. and an eight-degree-ot:.fteedom perspective 

tnmsf'onn 33 is inferred (at 32) based on solving the well-understood equatiODS reJating the four tag.space and UrJap 

20 space point pairs. 

The inferred tag-space to image-space pmipeclive tnmsfOJDl is used t.O project (at 36) each known data bit 

position in tag space into image·space where the real-valued position is used to bilinearly interpolate (at 36) the fOW" 

Ielevant 8'ljacent pixels in the input image. The previously campuied image threshold 21 is used to threshold the result 

to produce the final bit value 37. 

25 Once all 360 data bits 37 have been obtained in this way, each ofthe six 60-bit Reed-Solomon codewords is 

decoded (at 38) to yield20 decoded bits 39, or 120 decoded bits in total. Note that the codeword symbols are sampled in 

codeword order, so that codewords are implicitly de-interleaved during the sampling pr0cess. 

The ring target IS is only sought in a subarea of the image whose ieJationship to the image guanm.tees that 

the ring, if found. is part of a complete tag. If a complete tag is not found and successfully decoded. then no pen position 

30 is recorded for the cummt ftame. Given adequate processing power and ideally a non-minimal field of view 193. an 

altemative stmtegy involves seeking another tag in 1he cummt image. 

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

within the region. An accurate position 3S ofthe pen nib in the region. as well as the overall orientation 3S of the pen, is 

then infeaed (at 34) from the perspective transform 33 observed on the tag and the known spatial relationshi~ between 

35 the pen's physical axis and the pen's optical axis. 

1.2.6 Tag Map . 
Decoding a tag results in a region ID, a tag ID, and a tag-relative pen transfonn. Bcfme the tag ID and the 

tag-ielative pen location can be translated into an absolute location within the tagged region. the location of the tag 

within the region must be known. 1.'bis is given by a tag map, a function which maps each tag ID in a tagged region to a 

40 cmresponding location. The tag map class diagram is shown in Figure 22, as part of the netpage printer class diagram. 

A fag map reflects the scheme used to tile the sud8ce region with tags. and this can vary according to 

surface type. When multiple tagged regions share the same tiling scheme and the same tag numbering scheme, they can 
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also share the same tag map. 

The tag map for a region must be retrievable via the region ID. Thus, given a region ID. a tag ID and a pen 

tmnsfonn, the tag map can be Ietrieved, the tag ID can be translated into an absolute tag location. within the region. and 

the tag-relative pen location can be added to the tag location to yield an absolute pen location within the region. 

5 1.2.7 Tagging Schemes 
Two distinct surface ~ schemes are of interest. both of which use the tag structure described earlier in 

this section. The p:refemd coding scheme uses "loc:ation-indicating" tags as &heady discussed. An altem.ative coding 

scheme uses object.mdicating tags. 

A location-indicating tag contains a tag ID which. when translated through the tag map associated with the 

10 tagged region. yields a unique tag location within the iegion. The tag-n:Jati.ve location of the pen is added to this tag 

location to yield the location of the pen within the region. This in t1Dn is used to determine the location of the pen 

selative to a user interface element in the page description associated with the region. Not only is the user interl8ce 

element itself identified, but a location n:lative to the user interface elc:ment is identified. Location-indicating tags 

therefore trivially sapport the capture of an absolute pen path in the zone of a particular user interface element 

15 An object.-indicating tag contains a tag ID which directly identities a user interfBce element in the page 

description associated with the region. All the tags in the zone of the user interface element identify the user inh:diu:e 

element. making them all identical and therefore in.distinguishable. Object-indicating tags do not. th«e(o1"e. support the 

capture of an absolute pen path. They do. however, support the capture of a .relative pen path. So long as the position 

sampling frequency exceeds twice the encountered tag fiequency, the displacement from one sampled pen position to the 

20 next within a stroke can be unambiguously determined. 

25 

With either tagging scheme, the tags furu:tion in cooperation with associated visual elements on the netpege 

as user interactive elements in that a user can interaet with the printed page llSiJlg an appropriate sensing device in order 

for tag data to be read by the sensing device and for an appropriate response to be generated in the netpage system. 

1.3 DOCUMENT AND PAGE DESCRIPTIONS 
A preferred embodiment of a document and page description class diagram is shown in Figures 25 and 26. 

In the netpage .system a document is descnl>ed at three levels. At the most abstract level the document 836 

has a hiemn:hical s1ructuie whose 1enninal elements 839 are associated with content objects 840 such as text objects, 

text style objects, image objects. etc. Once the document is printed on a printer with a particular page size and according 

to a particular users scale JBctor preference, the document is paginated and otherwise fonnatted. Formatted terminal 

30 ele.ments 835 will in some cases be associated with content objects which are different ftom those associated with their 

com:sponding teonina1 element\. particularly when: the content objects an: style-related. Each printed instance of a 

document and page is also described separately, to allow input captured through a particular page instance 830 to be 

i=o.rded separately fi:om .input captured through other instances of the same page description. 

The pn:senc:e of the most abstmct document description on the page sener allows a user to request a copy of 

35 a document without being fcmed to accept the S01l117 document's specific fonnat The user may be requesting a copy 

through a printer with a different page size, for example. Conversely, the p.n:sence of the fonnatted document 

description on the page server allows the page server to efficiently interpret user actio.Ds on a pa:rticutar printed page. 

A fonnatted document 834 consists of a set of formatted page descriptions 5, each of "1hich consists of a set 

of formatted ter.mirud elements 835. Each formatted element has a spatial extent or zone SS on the page. This defines the 

40 active area of input elements such as hyperlinks and input fields. 

A document instance 831 conesponds to a formatted document 834. It consists of a set of page instances 

830, each of which coaesponds to a page description 5 of the fonnatted document. Each page instance 830 describes a 

sfugle unique printed netpage I, and :records the page ID 50 of the netpage. A page instance is not part of a document 
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instam:e if it repmsents a copy of a page requeated in .iaolation. 

PCT/AUOO/OOS22 

A page instance consists of a set of temllna1 element instani:ea 832. An element instance only exists if it 

eeords instam:e-specif informatiOn. ~ a hyperlink instance exists for a hyperlink element because it ecords a 

transaetion JD SS 'Which is specific to the page mstance. and a 1ie1d instance exists for a field e1emmt because it recards 

5 input specific to the page instance. An element instance does not exiat, however, for static elemen1s such as 1exttlows. 

A terminal element can be a static element 843, a hyperlink element 844, a field element 845 or a page 

server command element 846, as show.n in Figure 27. A static element 843 can be a style element 847 with an 

associated style object 854, a textflow element 848 with an associated styled text object SSS, an image element 849 with 

an associated hnage element 856, a grapbic element 850 with an associated graphic object 857, a video clip element 851 

10 with an associated video clip object 858, an audio clip element 852 with an associated audio clip object 859, or a script 

element 853 with an associated script object 860, as shown in Figure 28. 

A page instance has a background tield 833 which is used to record any digital ink c:aptun:d an the page 

which does not apply to a specific input element. 

In the prefemd fonn Of the hlvention, a tag map 811 is associated With eaeh page instance to allow tags on 

15 the page to be translated into locati0ns on the page. 

20 

1A THE NETPAGE NE'l'WORK 
In a preferred embodiment, a netpage :netWOlk consists of a distributed set of ru:tpage page servers 10, 

netpage Iegistration servers 11, netpage ID servetS 12. netpage application servers 13, netpage publication servers 14, 

and netpage printers 601 conneeted via a netwmk 19 such as the Jntanet. as shown in Figure 3. 

1be netpage registmtion server 11 is a server which .records relationships between users, pens, printers, 

applications and publicati.ODS. and thereby authorizes various network activities. It authenticates users and acts as a 

signing proxy on behalf of authenticated users in application 1nmsacticms. It also po'Vides ·handwriting i:ecognition 

services. As described above. a netpage page server 10 maintains persistent info.rmatio.n about page descriptions and 

page instances. The ru:tpage network includes any number of page servers, eaeh handling a subset of page instances. 

25 Since a page server aJso maintains user. input values for each page instance, clients such as netpege printers sen.cl 

netpage input directly to the appropriate page server. The page server interprets any such input relative to the 

description of the conesponding page. 

Anetpage JD server 12 alloc:ates document IDs SI on demand. and provides load-balancing of page servers 

via its ID allocation scheme. 

30 A netpage printer uses the lntemet Distributed Name System (DNS), or similar, to resolve a netpage page 

JD SO into the :netWOlk add!ess of the netpage page server handl;ng the corresponding page instance. 

A netpage applicatiOn server 13 is a server which hosts inte:r8ctive netpage applications. A netpage 

publication server 14 is an application server which publishes netpage documents to nelpage printers. They are 

described in detail in Section 2. 

35 Netpage servers can be hosted on a variety of network server pJatfonns ftom .manufacturem such as mM. 
Hewlett-Packard, and Sun. Multiple netpage servers can nm concur:n:ntly on a siJJgle host, and a single server can be 

distributed over a number of hosts. Some or all of 'the fUnctionaley provided by netpage servers, and in particular the 

fUnctionality provided by the JD server and the page server, can also be provided directly in a netpage appliance such as 

a netpage printer, in a computer WOibtation. or on a local netwodc. 

40 1.5 THE NETPAGE PRINTER 
The netpage printer 601 is an appljance which is registered with the netpage system and prints netpage 

documents on demand and via subscription. Each printer has a unique pr.inter ID 62, 8Jld is c:onnected to the netpage 

network via a network such as the Intemet, ideally via a broadband conneetion. 
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Apart 1hml identity and security settiJJss in JIOll-VOJatile memoxy, the netpage printer contains no persistent 

storage. As far as a user is concemed, "the network is the computer". Netpages function inta:actively across space and 

time with the help of the distributed netpage page servers 16, independently of particular ne1page printers. 

The .netpage printc::r receives subscribed ne1page documents ftom netpage publicaticm servers 14. Each 

5 doeument is distributed in two parts: the page layouts. and the 81.ltual text and image objects wbidt populate the pages. 

Because of personalization_ page layouts are typically specific to a particular subscriber and so are pointcast to the 

subscriber's printer v.ia the appropriate page server. Text.and image objects, on the other~ are typic:aJly shared with 

other subscribers. and so an: multi.cast to all subscribers' printers and the appropriate page servers. 
The netpage poblicatian server optimizes the segmentation of document cont.alt into pointcasts and 

10 multi.casts. After receiving the pointcast of a document's page layouts, the printer knows wbic:h multi.easts. 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 clowrnenl 

The printer mster.izes and prints odd and even pages simultaneously on both sides of the aheet. It contains 

15 duplexed print engine controllers 760 and print engines utilizing Me:mjetTM printheads 350 for this pmpose. 

20 

The printing proeess amsists of two decoupled stages: IUterization of page descriptions, and expansion md 

printing of page :images. The wter image processor (RIP) consists of one or more standatd DSPs 757 running in parallel. 

1be duplexed print engine contmllers consist of eustom pmcessozs which expand. dither and print page images in mil 

time, synchronized with the operation of the printheads in the print engines. 

Priateis not e.oabled for IR printing have the option to print tags using JR-absotptive black ink. although tbiS 

1estrlcts tags to otherwise empty areas of the page. Although such pages have more limited fimetianality than IR~ 

pages. they are still classed as netpages. 

A nonnal netpage printer prints net.pages on sheets of paper. More specialised netpage printers may print 

onto more specialised surfaces. sud!. as globes. Each printer supports at least one surface type. and supports at least one 

25 tag tiling scheme, and hence tag map. for eadl smface type. The tag map 811 whidt describes the tag tiling scheme 

actually used to print a document becomes associated with that document so that the document's tags can be correctly 

interpreted. 

Figute 2 shows the net.page printer class diagram. retlecting printer-relat.ed information maintained by a 

registration sem:r 11 on the netpage network. 

30 A preferred embodiment of the netpage printer is described in greater detail in Section 6 below. with 

n:ferencetoFigmes 11to16. 

1.5.1 Memjet111 Printheads 
The nelpage system can operate using printers made with a wide .mnge of digital printing technologies, 

including thermal inltjet, piezoelectric inltjet. laser electrophotographic. and others. However, for wide consumer 

35 accepta.nce, it is desirable that a netpage printer have the following chamcteristics: 

photogxapbic quality color printing 

high quality text printing 

high reliability 

• low printer cost 

40 • low ink cost 

.. low paper cost 

• simple opemtion 
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• nearly silent printing 

• high printing speed 

• simultaneous double sided pJin1ing 

• compact foml tactor 

5 • low power consmnption 

No commerclally available printing technology has all of these c:hanu:teristic 

To enable to production of printers with these cbaractaistics. the present applicant has invented a new print 

technology, nfcrled to as MemjetTM tecbnology. Mem.jetm is a drop-on-deiDand jDkjet technology that incorpmates 

pagewidth printheads tabricated using microeleclJomeclumical systems (MEMS) technology. Figure 17 shows a single 

10 printing element 300 of a Mmajet?M printhead. The netpage wa1lprinter incorporates 168960 printing elemmts 300 to 

form a 1600 dpi pagewidth duplex printer. This printer simultaneously prints cyan, magenta. yellow. black, and inftared 

inks as well as paper conditioner and ink fixative. 

The printing element 300 is approxjmately 110 mic:nms long by 32 micn:ms wide. Armys of these printing 

elements are Conned on a silicon subatrate 301 that incorpo.rates CMOS logic. data transfer, timing, and drive circuits 

15 (not shown). 

Major elements of the printing element 300 are the nozzle 302, the Jl07Zle rim 303, the nozzle chamber 304, 

the :Ouidic seal 305, the ink channel rim 306, the lever arm 307, the active actuator beam pair 308, the passive actuator 

beam pair 309. the active actuator anchor 310, the passive actuator anchor 311, andthe ink inlet 312. 

The active actuator beam. pair 308 is merJtaniClllly joined to the passive actuator beam pair 309 at the join 

20 319. Both beams pairs are anchored at their respective anchor points 310 and 311. The combination of elcments 308, 

309, 310, 311, and 319 fmm a cantilevered elec:trotheonal bend actuator 320. 

Figme 18 shows a small part of an army of printing elements 300, including a cross section. 315 of a 

printing element 300. The cttlSS sectiOn 315 is shown without ink. to clearly show the ink inlet 312 that passes through 

the silicon wafer 301. 

25 Figmes 19(a), I 9{b) and 19( c;) show the operating cycle of a MentjetTM printing element 300. 

Figure 19(a) ~the quiescent position of the ink meniscus 316 prior to printing an ink droplet. Ink is 

retained bl the nozzle chamber by Blliface tension at the ink meniscus 316 and at the fluidic seal 305 fmmed between the 

nozzle chamber 304 and the ink channel rim 306. 

While printing. the printhead CMOS cin:ui1Iy distributes data from. the print engine c:ontro1ler to the ccmect 

30 printing element, latches the data. and buffers the data to drive the eleetrodes 318 of the active actuator beam pair 308. 

This causes an electrical current to pass through the beam pair 308 for about one microsecond, reso1ting bl Joule 

heating. The temperature increase resulting :from Joule heating causes the beam pair 308 to expand • .As the passive 

actuator beam pair 309 is not heated. it does not expand. resulting in a stress difference between the two beam pairs. 

This stress diffenmce is partially resolved by the cantilevered end of the electrothennal bend actuator 320 bending 

35 towards the substrate 301. The lever ann 307 transmits this movement to the nozzle chamber 304. The nozzle chamber 

304 moves about two microns to the position shown in Figure 19{b ). This increases the ink pressure. forcing ink 321 out 

of the nozzle 302, and causing the ink meniscus 316 to bulge. The J102Zle rim 303 prevents the ink meniscus 316 from 

spreading across the surface of the nwzle chamber 304 . 

.As the temperature of the beam pairs 308 and 309 equalizes. the S:CtUator 320 mums to its origjna1 

40 position. This aids bl the break.oft' of the ink droplet 317 from the ink 321 bl the nozzle chamber, as shown in Figure 

19(c). The nozzle chamber is n:filled by the action of the smfac:e tension at the meniscus 316. 

Figure 20 shows a segment of a printhead 350. In a netpage printer, the length of the prlnthead is the full 
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Vlidth of the paper (typically 210 mm) in the direction 351. The segment shown is OA mm l<mg (about 0.2% of a 

complete printhead). When printing. the paper is moved pest the fixed printhead in the dUecti.Oll 352. The printhead baa 

6 rows of:interdigitated p:int.ing elements 300, printing the six colom or types of ink supplied bytheinkhilets 312. 

To protect the 1blgile surface of the printhead during operation. a nozzle guard wafer 330 is attached to the 

5 printhead substrate 301. For each nozzle 302 there is a corresponding nozzle guard hole 331 through which the ink 

droplets ate fired. To prevent the nozzle guard holes 331 from becoming blocked by paper :fiba:s or other debris, faltered 

air is pumped tbmugb. the air .inlets 332 and out of the ~guard holes during printing. To prevent ink 321 ftom 

drying. the DOZ.zle guard is sealed while the printer is idle. 

10 
1.8 The Netpage Pen 

The active sensing device of the netpage system is typically a pen 101, which. using its em.bedded c:on1roller 

134, is able to capture and decode IR position tags from a page via an image sensor. The image sensor is a solid-state 

device provided with an appropriate .fi1t.er to pennit sensing at only near-infrared wavelengths. As described in mote 

detail below, the system is able to sense when the nib is in contact with the surface, and the pen is able to sense tags at a 

snfticient .rate to capture human handwriting (i.e. at 200 dpi or greater and 100 Hz or faster). Infonnati.on captured by 

15 the pen is enc:ryptcd and wirelessly transmitted to the printer (or base station), the printer or base station interpreting the 

data withmspect to the (kno'Ml) page stroclute. 

The preferred embodiment of the nelpage pen operates both as a nonnal marking ink pen and as a non-
.marking stylus. The marking ~however, .is not necessacy for usllig the netpage system as a browsing system, such 

as when it is used as an Intemet interface. F.ach netpage pen is registered with the netpage system and has a unique pen 

20 ID 61. Figure 23 shows the nelpage pen class ~ reflecting pen-related infonnation maintained by a registration 

sem:a: 11 on the netpage netwodc. 

When either m'b is in contact with a lldlpage. the pen deteanines its position and orientation relative to the 

page. The Dib is attached to a force sensor, and the force on the nib is intapreted 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 

25 pen ni~ in order to request, say. infonnation from a network. Furthermore, the fcm:e is captured as a eontinuous value to 

allow, say, the full dynamics of a signature to be verified. 

The pen determines the position and orientation of its nib on the netpage by imaging, in the infhlred 

specb:um. an area 193 of the page in the vicinity of the m'b. It decodes the nearest tag and computes the position of the 

nib relative to the tag :from the observed perspective distortion on the imaged tag and the known geometty of the pen 

30 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 minimmn resolution required 

for accumte handwriting recognition. 

Pen actions relative to a netpage are captured as a series of strokes. A stroke consists of a sequence of time­

stamped pen positions on the page. initiated by a pen-down event and completed by the subsequent pen-up event. A 

35 stroke is also tagged with the page ID SO of the netpage whenever the page ID changes, which. under normal 

cimnnstances, is at the commencement of the stroke. 

Bach netpage pen has a c:um:nt se1ec:tion 826 associated with it, allowing the user to perfonn copy and paste 

operations etc. The selection is timestamped to allow the system to discard it after a defined time period. The current 

selection describes a region of a page instance. It consists of the most recent digital ink stroke captured through the pen 

40 reJative to the backgrowul area of the page. It is inteJpretecl 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 m'b last notified by the pen to the system. Jn the case of the 
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dctiluh netpage pen described above, either the maddng black ink nib or the non-mmfdng stylus m'b.is cumm.t Each pen 

also has a current nib style 825. This is the nib style last associated with the pen by an appli~ e.g. in response to 

the user selecting a color fi:om a palette. The detault nib style is the nib style associated with the cmrent m"b. Strokes 

captured 1hrough a pen me tagged with the cmrent nib style. When the strokes me subsequently n:produced. they me 

5 reproduced in the m'b style with which they me tagged. 

Wbenm:r the pen is within nnge of a printer with which it can communicate. the pen slowly flashes its 

"online" LED. When the pen 1Bils to decode a stroke relative to the ~ it momemtsrily activates ita "eo:of' LED. 

When the pen succeeds in decoding a stroke relative to the page, it momentarily activates its "ok" LED. 

A sequence of captured strokes is referred to as digital ink. Digital ink fmms the basis for the digital 

1 0 exchange of drawings and handwriting. ~or online recognition ofhandwriting. and for on1ine verification of signatures. 

The pen is wireless and mmsmits digital ink to the netpage printer via a short-mnge mdiO link. The 

tnmsmitted digital ink is c:na:ypted for privacy and security and pacltetized for efficient tmnsmission. but is always 

flushed on a pen-up event to ensure timely handling in the printer. 

When the pen is out-of.nmge of a printer it buffers digital ink in intema1 memmy, which has a capacity of 

15 over ten :minutCs of continuous handwriting. When: the pen is once again within range of a printer, it transfers any 

buffered digital ink. 

A pen can be registered with any number of printers. but because all state data r.esides in ne1pages both on 

paper and on the netwock, it is largely immaterial which printer a pen is comnumi&ating with at any particuJar time. 

A pn:fmed embodiment of the pen is described in greater detail in Section 6 below, with Rfenmce to 

20 Figures 8 to 10. 

1.7 NETPAGEINTERACTION 
The netpage printer 6ol receives data relating to a stroke from the pen 101 when the pen is used to inter:act 

with a DC1page I. The coded data 3 ofthe tags 4 is n:ad by the pen when it is used to execute a movement, sw:h as a 

stroke. The data allows the identify of the particular page and associated .int.emctive element to be detemrined and an 

25 :indicati.on ofthe relative positioWng of the pen relative to the page to be obtamed. The indicating data is transmitted to 

the printer, where it resolves, via the DNS, the page ID SO of. the stroke into the netwmk address of the nelpage page 

server 10 which maintams the comsponding page instance 830. It then 1ransmits the stroke to the page server. If the 

page was :recently identified in an earlier stroke, then the printer may already have the address of the relevant page , 

server in ita cache. Each netpage consists of a compact page layout maintained persistently by a netpage page server (see 

30 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 ftom the pen, it retrieves the page description to which the stroke 

applies. and determines which element of the page dc:scription the stroke intersects. It is then able to interpret the stroke 

in the context of the type of the Idevant element. 

35 A "click" is a stroke where the distance and time between the pen down positi-On 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 accordingly, a longer stroke is ignored. The failure of a pen action. such as a "sloppy" click, to register is 

indicated by the lack of response from the pen's "olc" LED. 

There are two kinds of input elements in a nctpage page description: hyperlinks and fonn fields. Input 

40 through a form field can also trigger the activation of an associated hyperlink. 

1.7.1 Hyperllnks 
A hyperlink is a means of sending a message to a .remote application, and typically elicits a printed n:sponse 

in the ne1page system. 
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A hypcrlink element 844 identifies the application 71 which bandies aativation of the hyperJink, a link ID 

54 which identities the hyperlink to the application, an •aJias xeqaixecl" flag 'Which asks the system to include the user's 

application alias ID 6S in the hyperlink aativation.. and a description which is used when the hyper:link is .recorded as a 

favorite or appears in the user's histoty. The hyperlink element class diagram is shown in Figme 19. 

When a hypedink is activat.ed, the page server sends a request to an applicatioJl IODleWh.en: on. the netwodc. 

The application is identified by an application. ID 64, and the application ID is xesolvecl in the nonna1 way via the DNS. 

There an: three types of hyperlinks: general hyperlinks 863, fonn hypedinks 865, and .selection hypedinks 864, as 

shown in Figure 30. A general hyperlink can implement a xequest for a linked docoment, or may simply signal a 

preference to a server. A form bypedink submits- the co.nesponding fmm to the applic:ation. A selection hyper.link 

10 submits the cummt selection to the application. If the current selection contains a single-v.wd pic:ee of text. fur example. 

the appli.caticm may return a single-page document giving the word's meaning within the context m which it appeam. or 

a tamsla1ion into a ditrerent language. Each hyperlink type is cbatacterized by what infonnation is submitted to the 

applic:ation. 

The cottesponding hyperlink imtmce 862 recan1s a 1nmsaction ID SS which can be specific to the page 

15 instance on which the hyperlink instanc:e appears. The transaction ID can identify user-specific data to the application. 

for example a "shopping cart" of pending purchases maintained by a purchasing application on behalf of the user. 

The system includes the pen's CUII'CD.t selection 826 in a selectian hyperlink activation. The system includes 

the content of the associated fonn instance 868 in a fo.nn hyperlink. activation. although if the hyperlink has its "submit 

delta" attribute set, only input since the last fonn submission is included. The system includes an effective return path in 

20 all hyperlink actiwtions. 

A hyperlink:ed group 866 is a group element 838 which has an associated hypedink, as shown in Figure 31. 

When. input occurs through any fteld element in the group, the hyperlink 844 associat.ed with the group is activated. A 

hyperlinked group can be used to associate hyperlink behavior with a field such as a chec:kbox. It can also be used, in 

c:onjunction with the "submit delta" attn'bute of a fonn hyperlink. to provide con1inuoua input to an application. It can 

25 1herefore be used to support a "blackboard" interaction model, i.e. wheze input is captured and therefore shared as soon 

as it occ:um. 

1.7.2 Forms 
A form defines a collectiOll of related input fields used to capture a related set of inpllfs through a printed 

netpage. A fonn allows a user to submit one ormoie ~to aa application software progmm running ona server. 

30 A form 867 is a group element 838 in the document hienu'cby. It ultimately contains a set of tenninal field 

elements 839. A form instance 868 represents a printed instance of a furm. It consists of a set of field. instances 870 

which conespond to the field elements 845 of the fonn. Each field instance has an associated value 871. whose type 

depends on the type of the coo:espcmding field cJ.el:nent Each field value teCOids input through a particular printed fonn 

instance, i.e. through one or more printed netpages. The fonn class diagram is shown in Figure 32. 

35 Each form instance has a status 872 which indicates whether the form is active. frozen. submitted, void or 

expired. A fonn is active when first printed. A form becomes ftozen once it is signed. A fonn becomes submitted once 

one of its submission hypedinks has been activated, unless the hyperlink has its "submit delta .. atttibute set. A fonn 

becomes void when the user invokes a void fonn. n:set fa.rm or duplicate fonn page command. A funn expires when the 

time the fonn has been active exceeds the fonn's specified lifetime. While the fom is active, form input is allowed. 

40 Input through a form which is not active is instead captured in the background field 833 of the relevant page instance. 

When the fonn is active or :frozen. fomt submission is allowed. Any attanpt to submit a flmn when the fonn is not 

active or fi:ozen is rejected, and instead elicits an fonn status report. 
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Eacll form instance is associated (at 59) with any foon instances derived ftom it, thus pmviding a version 

history. This allows all but the latest version of a fotm in a particular time period to be excluded mun a search. 

All input is captured as digital ink. Disita1 ink 873 c:onsists of a set of timestamped stroke groups 874, each 

of which consists of a set of styled strokes 875. Each stroke c:onsists of a set of timestamped pen positions 876, each of 

5 which also includes pen orien1ation and nib fmce. The digital ink class diagram is shown in Figme 33. 

A field element 845 can be a checkbox field 877, a text field 878, a drawing field 879, or a signatme field 

880. The field element class diagnm. is shown in Figure 34. Any digital ink captured in a field's mne 58 is assigned to 

thetield. 

A checkbox .field has an associated boolean value 881, as shown in Figure 35. Any mark (a tick, a cross, a 

10 Slroke, a fill zipag, etc.) captmed in a chabox field's zcme causes 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 Q}Jtured in a text 

field's zone is automatically converted to text via online IJandwriting recognition. and the text is assigned to 1he field's 

value. Online handwritiDg .recognition is well-understood (see for example Tappe.rt. C., C.Y. Suen and T. Wakahara, 

'"The State of the Art in On-Line Handwriting Recognition", IEEE Tnmsaction8 on Pattern Analysis and Machine 

15 lnteU:igence. Vol.12,No.8,August 1990). 

A signature field has an associated digital signature value 883, as shown in Figure 37. Any digital ink 

captured in a signature field's zcme 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 genemted and assigned to the field's value. The 

digital signature is gcaerated using the pen user's private signature key specific to the application which~ the form. 

· 20 Online signature ver.ifi.cation is well-understood (see for example Plamondon, R. and G. Lorette. .. Automatic Signature 

Verification and Writer Identification - The State of the Art", Patt.em Rec:ognition. Vol22, No.2, 1989). 

A tield element is hidden if its "hidden" attribute is set A hidden field element does not have an input zone 

on a page and does not accept input. It can have an associated :field value which is included in the form .data when the 

fmm containing the field is submitted. 

25 "Editing" eommands, such as strike-1hroughs indicating deletion, can also be recognized in form fields. 

30 

Because the handwriting reeogniticm algorithm wo.rks "online" (ie. with ac:cesa to the dynamics of the pen 

movement). rather than "ofiline" (ie. with access only to a bitmap of pen mmkillgs). it can JeCOgDize nm-on discretely­

written cbaracters with n:Iati.vely high acairacy, without a writer-dependent 1mining pbaSe. A writer-dependent model of 

handwriting is automatically generated over time, Jio\wwer, and c:an be generated up-fimt if necessary, 

Digital ink, as aJready stated, consists of a sequence of strokes. Any stroke which starts in a particular 

element's zone is appended to that element's digital ink stream, ready for interpretation. Any stroke not appended to an 

object's digital ink stream is appended to the background field's digital ink stream. 

Digital ink captured in the background field is mterpreted as a selection gesture. Circumsc:ription of cme or 

more objects is generally interpreted as a selec:ti.cm of the circumscribed objects, although the actual interpretation is 

35 application-specific. 

Table 2 summarises these various pen interactions with a netpage. 

of 

Form field 
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The system maintains a cummt selection for each pen. The :sd.ection. consists simply of the most n:cent 

stroke captured in the badcgmund field. The selection is cleared after an inactivif;y timeout to ensure predictable 

behavior. 

The iaw digital ink captured in ewry field is Jetained on 1he nelpage page server and is optionally 

tranamitted with the fmm. data when the fmm is submitted to the application. This allows the application to int.em>gate 

the nw digital ink should it saspect the original conversion. sudi as the conversion of handwritten text. This can. for 

e:xample. involve human intervemion at the application level for fonns which fail eertain application-specific 

cansistcncy checks. As an extension to this. the entire background area of a farm can be designated as a drawing field. 

10 The application can then decide, on the basis of the presence of digital ink outside the explicit fields of the fonn. to 

route the fOnn to a human opemtor, 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 ofhandling pen input relative to a net,page. The proc:ess consists 

of receiving (at 884) a stroke ftom the pen; identifying (at 885) the page :instanGe 830 to which the page ID 50 in the 

15 stroke Jefea:s; retrieving {at 886) the page desc:ription. S; identifying (at 887) a formatted element 839 whose zone 58 the 

stroke intetsects; determining (at 888) whether the formatted element com:spcmds to a field element. and if so 

appending (at 892) the ieceived stroke to the digital ink of the field value 871, intapreting (at 893) the accumulated 

digital ink. of the field, and determining (at 894) whether the field is part of a hyperlinked group 866 and if so activating 

(at 895) the associated hyperlink; altematively detenuiiling (at 889) whether the fonnatted element corresponds to a 

20 hyperlink element and if so activating (at 89S) the conesponding hyperlink;. altematively. in the absence of an input 

field or hyperlink. appending (at 890) the n:ceived stroke to the digital ink ofthe background field 833; and copying (at 

891) the received stroke to the wrrent selection 826 of the cum:nt pen, as maintained by the registmtion server. 

Figure 38a shows a detailed tlowcbart of step 893 in the process shown in Figure 33, where the 

accumulaU:d digital ink of a field is interpieted accarding to the type of the field. The pxocess conaist.s of determining (at 

25 896) whether the field is a checkbax and (at 897) whether the digital ink iq>resents a~ and if so assigning (at 

898) a true value to the field value; altematively determining (at &99) whether the field is a text field and if so 

converting (at 900) the digital ink to computer text. with the help of the appropriate registration sener, and assigning (at 

901) the c:onvert=l computer text to the field value; alternatively detennining (at 902) whether the field is a signature 

field and if so verifying (at 903) 1he digital ink as the signature of the pen's owner. with 1he help of the appropriate 

30 registration server. creating (at 904) a digital signature of the contents of the com:sponding fonn. also with the help of 

the registration server and U8lng the pen owner's private signature key relating to the comsponding application. and 

assigning (at 905) the digital signatme to the field value. 

1.7.3 Page Server Commands 
A page se.rver command is a command which is hand.led locally by the page server. It opemtes directly on 

35 fimn, page and document instances. 

A page server command 907 can be a void fmm command 908, a duplicate fonn command 909, a reset fotm 

command 910, a get fonn status command 911, a duplicate page command 912. a reset page command 913, a get page 

status command 914, a duplicate document command 915, a reset document commarid 916, or a get document status 
command 917, as shown in Figure 39. 

40 A void fOlm command voids the corresponding funn instance. A duplicate form command voids the 
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corresponding fonn instance aad ~ pmduces an active printed copy of the current form instance with field values 

preserved. The copy contains the simle hyperlink tramaCtion IDs as the original. and so is indisl:inguisbale from the 

original 1o an application. A reset f~ comtnand voids the corresponding fmm instance and then produces an 8ctive 

printed copy of the fonn instance with field values discalded. A get form status command produces a printed report on 

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

and the farm status ofthe fomi ~. 

Since a fmm hyperlink instance contains a transaction ID. the application bas 1o be involved in producing a 

new form instance. A buttcm reque$fiDg a new fomlinstance is tben=fme fypically implemented as ahyperlink. 

A duplicate page command produces a printed copy of the correspanding page instance with the backgnnmd 

1 0 field value preserml. lfthe page contains a form 01' is part of a fomi, then the duplicate page command is intapreted as 

a duplicate fmm cmnmand. A reset page COllllD8Dd produces a printed copy of the corresponding page instance with the 

baekgmund field value discarded. If the page C0111ains a form 01' is part of a fonn, then the reset page command is 

interpreted as a reset form eommand A set page status command produces a printed report on the status of the 

corresponding page instance, including who published it, when it was printed, fOl' whom it was printed, and the status of 

15 any fonns it C0111ains or is part of. 

The nelpage logo which appears on every .netpage is usually associated with a duplicate page element 

When a page instance is duplirated with field values preserved. field values are printed in 1heir native fmm. 
i.e. a chec1anar\ appean as a standard cbeckmark graphic. and text appears as typeset text. Only drawings and 

signatures appear in their original fann, with a signature accompanied by a standard graphic indicating success.tbl 

20 iignature verificatian. 

A duplicate document command produces a printed copy of the corresponding document instance with 

backgr01m.d field values pieserved. If the document contains any forms. then the duplicate document command 

duplicates the fODDS in the same way a duplicate fm:m oommand does. A reset document command produces a printed 

copy of the c:om:sponding document instance with background field values discarded. If the document contains any 

25 forms. then the reset document command resets the fonns in the same way a reset form command does. A set document 

status command produces a printed report on the status of the corresponding docume:ol instance, including who 

published it, when it was printed, for whom it was printed, and the status of any fonns it contains. 

If the page server command's "on selected" attribute is set. then the command operates on the page 

identified by the pen's cmrent seleetion rather than on the page cmrtaining the Mm1Dand This allows a menu of page 

30 server commands to be printed If the target page doesn't contain a page server command element tor the designated 

page server command, then the command is ignored. 

35 

An application can provide applic:atian-sp handJing by embedding the relevant page server COllllD8Dd 

eleme:nt in a hyperlinked group.· The page server activates the hyperlink associat.ed with the hyperlinked group rather 

than executing the page server command. 

A page server command element is hidden if its "hidden" attribut.e is set A hidden command element does 

not have an input zone on a page and so cannot be activated directly by a user. It can, however, be activated via a page 

irerver command c:rnbedded in a different page. iftbat page server command has its "on selected" attn'bute set 

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

40 netpage and therefore b8s interactive properties. The logo also acts as a copy button. Jn most cases pressing the logo 

produces a oopy of the page. In the case of a fonn, the buttcm produces a c:opy of the entire fonn. And in the case of a 

secure document, such as a ticket or coupon. the button elicits an explanatOiy note or advertising page. 
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The defiwlt single-page copy .fundion is handled directly by the .relevant netpage page server. Special copy 

fimcticms are .bandied by linking the logo button to an application. 

1.9 USER HELP SYSTEM 
Jn a piefem:d emboctiment,. the netpage printer has a single button labelled "Help"'. When pressed it elicits 

a single page of information. including: 

• 

• 
• 
• 
• 

status of printer c:onnection 

status of printer consumables 

top.level help menu 

document furu:tion menu 

top.level netpage network directmy 

The help menu prondes a bieran:hical manual an how to use the netpage system. 

The document function menu includes the following fimcticms: 

• print a copy of a document 

• 
15 • 

print a clean copy of a fbnn 

print the status of a document 

A document fim.ction is initiated by sUriply pressing the button and then touching any page of the document. 

The status of a document indicates Who published it and when. to whom it was delivered, and to whom. and when it was 

subsequmtly submitted as a fonn. 

The netpage network directory allows the user to navigate the hi~ of publications and services o.n the 

20 netwmk. As an alt.emative. the user can call the .netpage netwoit "900" number "yellow pages" and speak to a human 

operator. The operator can locate the desin:d document and route it to the user's printer. Depending on. the document 

type. the publisher o.rthe user pays the small "yellow pages» service fee. 

The help page is obviously unavailable if the printer is unable to print Jn this case the "error" light is lit 

and the user can request remote diagnosis over the networl.c. 

25 2 PERSONALIZED PuBLlcATION MODEL 
Jn the following description. news is used as a carumical publication example to illustmte petSODa1i7.atio 

mechanisms in 1he netpage system. AI1hough news is often used in the limited sense of newspaper and newsm.agazine 

news. the intended scope in the ptesent context is wider. 

Jn the netpage system. the editorial content and the advertising content of a news publication are 

30 personalized using different mechanisms. The editorial content is personalized accordfug to the reader's explicitly stated 

and implicitly captuR:d interest profile. The advertising content is personalized according to 1he reader's locality and 

demographic. 

2.1 EDITORIAL PERSONALIZATION 
A subscriber can draw on two kinds of news sources: those that deliver news publicati.o.ns. and those that 

35 deliver news stteams. While news publications me aggtegated and edited by the publisher. news stieams ate aggregated 

either by a news publisher or by a specialized news aggregator. News publications typically comspond to t1'8ditional 

newspapers lll1d newsm.agazines, while news streams can be many and varied: a "raw" news feed from a news service, a 

ca:rtoon strip. a freelance \\'liter's column. a fiiend's bulletin board, or the Railer's own e-maiL 

The netpage publication server supports the publication of edited news publications as well as 1he 

40 aggregation of multiple news streams. By handling the aggregation and he.nee the fonnatting of news streams selected 

directly by the reader, the server is able to place advertising on pages over which it otherwise has no editorial control. 

The subscriber but1ds a daily newspaper by selecting one or more contributing news publications, and 

creating a personalized version of each. The xesulting daily editions are printed and bound together into a shigle 
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newspaper. The ·various membeES of a household typically express their different interests aru1 tastes by selecting 

different daily publications and then customizing them. 

For each publk:ation, the reader optionally selects specific sections. Some sections appear daily, while 

otbas appear weekly. 1be daily sections available fiom The New York Times online, for example, include "Page One 

5 Plus .. , "National", "l:nk:maticmal", "Oi)inion", "Busmess", "ArtslLi'Ving", -i'echiiology". aru1 "Sports". The set of 

available sections is specific to a publication, as is the default subset. 

10 

The reader can extend the daily newspaper by creating custom sections. Cach one drawing on any number of 

news streams. Custom sections might be created far e-mail and friends' llllllOUDCelllellts ("'Personal"), or for monitoring 
. . 

news feeds for specific topics (" Aierta" or "Clippings"). 

For each section. the reader optionally specifies its si7.e. either qualitatively (e.g. short, medium, or long), or 

numerically (ie. as a limit on its ~umber of pages), and the desited proportion of advertising, either qualitatively (e.g. 

high. nonnal. low, none). or numerically (ie. as a pen:entage). 

The Ieade:r also optionii1ly expresses a preference for a large munber of shorter articles or a small number of 

longer articles. Each article is idealiY written (or edited) in both short and long fc>nns to support this~. 

15 An article may also be written (or edited) in different versions to match the expected sophistication of the 

reader, for example to provide c:bildren's and adults' versions. The appropriate ftl'Sion is selected acconling to the 

· reader's age. The Ieade:r can specify a "'leading age" which takes piecedence over their biological age. 

The articles which make up each section me selected and primitiz.ed by the editors, and each is assigned a 

useful lifetime. By default they are &:livered to all re1eYant subscribers. in pridrity Older, subject to space constmints in 

20 the subscribers' editions. 

In sections where itis 8pp.ropriate. the reader may optionally enable collaborative filtering. This is then 

applied to articles which have a'sufticiently long.~ Each article '\Wich qualifies for collabozative filtering is 

printed with rating buttons at the Cod Of the article. The buttons can provide an easy choice (e.g. "liked" and "disliked'). 

making it more likely that readers will bother to rate the article. 

25 Articles with high priorities and ~ lifetimes me therefore effectively c:oDsiderecl essential reacting by the 

editors and are delivered to most iel!want subscribers. 

The reader optionally specifies a serendipity factor, either quali1atively (e.g. do or don't surprise me). or 

numerically. A high serendipi~ factor lowers the threshold used for matching during collabomtive filtering. A high 

factor makes it mme lila:ly that the corresponding section will be filled to the n:ader's specified capacity. A clift"erent 

30 serendipity factor can be specified for clift"erent days of the week. 

The n:ader also optionally specifies topics of particular interest within a section, and this modifies the 

priorities assigned by the editors. 

The speed of the Ieader's Internet connection. affects the quality at which images can be delivered. The 

ieader optionally specifies a~ for fewer images or smaller images or both. If the nmnber or size of images is 

35 not :redw:ed, then images may ~ delivered at lower quality (ie. at lower resolutioli or with greater compression). 

40 

At a global level. the reader specifies how quantities. dates. times and monetary values are locali7.ed. This 

involves specifying whether units are imperial or metric, a local timezone and time format. and a local cummcy, and 

whether the localimtion consist of in situ tnmslation or annotation. These piefen:nces are derived from the reader's 

locality by default. 

To reduce reading difficulties caused by poor eyesight. the reader optio.nally specifies a global preference 

for a larger presentation. Both text and :images are scaled accordingly, and less information is accommodated on each 

page. 
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The .language in.whir.ha news pubW:ation is published, and~;~ text encoding, is a ptOperty of 

the publication and not a~ expn:ssed by the user. However. al~e system can be configured to provide 

automatic translation seniees in various guiaes. 

As may be appreciated .from the above the netpage system allows for an entire newspaper or magazine to be 

5 printed according to incti:vidual prcferences. The information of the newspaper or magazine is fonnatted at a publication 

server where advi::rtising .may be ineluded mm an advertising server, if relevant, according to usc::r preferences. The 

newspaper or magazine is 1he:n printed at a netpage printer with appiup.riate coded data/tags to allow far user inte.rac1ion 

with a sensing device, sudl as the .nelplge pen. in a manner described above. in ender to request further information 

relating to ccmt.ents of the newspaper or magazine. The further infonna1ion may relate to either editorial content or 

10 advertising mataial and is pn:.fel;ably print.eel on de:manc1 at the printer following a :request for same. 

2.2 AovERnslNa locAUZATIONAND TARGETING 
The pe.rsonali7.ation of the editorial content clirectly atTects the advertisblg COJltent, because advertising is 

typically placed to exploit the editorial context Travel ads, for example. are more likely to appear in a travel section 

than elsewhere. The value of the editorial c:ont£nt to an advertiser (and therefore to the publisher) lies in its ability to 

15 attract large munbers of .readers with the right demographics. 

Effective advertising is placed on the basis of locality and demographics. Locality detcnnines proximity to 

particular services, ietaile:rs etc.. and particular interests and concerns associated with the local community and 

emiromnent. Demographics detennine general interests and preoccupati.ons as well as likely spending patterns. 

A news publisher's most profitable product is advertising "space", a multi-dimensional entity determined by 

20 the publication's geographic coverage, the size of its readership. its readership demograpbic:s, and the page area 

available for advertising. 

In the netpage system. the netpage publication server computes the appraximato multi-dim.c:nsio.nal size of a 

publication's saleable advertising space on a per-section basis, 1ak:ing into account the publication's geographic 

coverage. the section's readership. the size of each .reader's section edition, each reader's advertising propo.rtian, and 

25 each reader's demographic. 

In <:Ompllrison wi1h other media. the netpage system allows the advertising space to be defined in greater 

detail, and al.lows smaller pieces of it to be sold sepamtdy. It therefo.r:e allows it to be sold at closer to its true value. 

For example, the same advertising "slot" can be sold in wrying proportions to several advertisers. with 

:individual readers' pages randomly receiving the advertisement of one advertiser or another. overall preserving the 

30 ptopOrtion of space sold to each advertiser. 

The netpage system allows advertising to be linked directly to detailed product :infmmation and o.nline 

purchasing. It 1hercfare raises the intrinsic value of the advertising space. 

Because personalization and locali7.ation are handled automatically by netpage publication servers, an 

advertising aggregator can provide arbitmrily broad covemge of both geography and demographics. The subsequen~ 

35 disaggregation is efficient because it is automatic. This makes it mare cost-effective for publishers to deal with 

advertising aggregators than to directly captute advertising. Even though the advertising aggregator is taking a 

proportion of advertising ~ publishers may find the change profit-neutral because of the greater efficiency of 

aggregation. The advertiajng aggregator acts as an intennedimy between advertisers and publishers. and may place the 

40 
same advertisement in multiple publications. 

It is worth noting 1hat ad placement in a netpage publication can be more complex than ad placement in the 

publication's traditiOllBl counterpart, because the publication•s advertising space is mo.re complex. While ignoring the 

full complexities of negotiations between advertisers, advertising aggregators and publishers. the preferred Conn of the 
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netpage system provides same autoniated support for these negotiations. including support for automated auctions of 

advertising space. Automation. is particularly desimble for the placement of adverlisements which generate small 

amounts of income. such as small or higbly localized adverti8ements. 

Once plaeement has~ ilegotiated. the aggregator captures and edits the advertisement and records it on a 

5 · netpage ad server. ConespondiDgly; the publisher rec:orda the ad placement on the relevant netpage publication server. 

When the netpage publication server lays out each user's personalized publieatian, it picks the Idevant advertisements 

fi:om the ne1page ad sem:r. 

Aa:mdiDgly. a user may be provided with a netpages. which may more generally be refmed to as a printed 

docmnent with user .interactive ~. fOJDJatted in accordance with their 0M1 peferences. with additional c:ontent 

10 targeted specifically to de:mographics ofthe user. The interactive elcment(s) relating to the targeted content allow the 

user to request tmthcr infcmnation relating to that contA:nt. The tatgeted con1ent may relate to advertising material and 

the further information may be provided in the form of an advertising broc:IJ.me. The JDaDD« in which the intemdive 

clement(s) are printed in the document and with which the sensing device is used to interact with the element(s). to 

indicate a request for further information, ate as described above. 

15 2.3 USER PRoFus 
2.3.1 Information Fllterlng 

The perscmali7.ation of news and other publications relies on an assortment of user-specific profile 

information, including: 

• publication customizations 

20 • collabomtive filtering.~ 

• cont.act details 

• presentation prefer~ 

The custommtion of a.publication is typically publication-specific, and so the customi7.&ti.on infomudion is 

maintained by the relevant netpage publication server. 

25 A collaborative filtering vector consists of the user's ratings of a number of news items. It is used to 

ccmelate different users' interests for the pmposes of making recommendations Although there are benefits to 

ma;ntamjng a single collaborative filtering vector independently of any particular publication, there are two reasons why 

it is more practical to maintain a separate vector for each publication: there is likely to be more overlap between the 

vectors of Sllbscribers to the same publication than between those of subscribers to different publications; and a 

30 publication is likely to want to present its users' collaborative filtering vectors as part of the value of its bnmd, not to be 

found elsewhere. Collaborative filtering vectors ate therefore also mainfJrined by the relevant netpage publication server. 

Contact details, includiDg name, street address. ZIP Code, state, country, teJepbone numbers, are global by 

nature, and are maintained by a netpage registmtion server. 

Presentation prefercnces, including those for quantities, dates and times. are likewise global and maintained 

35 inthesameway. 

The localization of advertising !dies on the localify indicated in the user"s contact details, while 1he 

tmgeting of advertising !dies on personal information such as date of birth. gender. marital status. income, profession, 

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

For those users who choose to reveal personal info.nnation for advertising purposes. the infonnation is 

40 maintained by the relevant netpage iegistration server, In the absence of such infomiation, advertising can be targeted on 

the basis of the demographic~ with the uscr•s ZIP or ZIP+4 Code. 

Each user, pen, ~. application provider and application is assigned its own unique identifier, and the 

netpage registration server maintains the relationships between them, as shown in Figures 21, 22, 23 and 24. For 
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iegistmtion purposes. a publisher is a special kind of application provider, and a publication is a special kind of 

application. 

Each user 800 may be authorized to use any nmnber of printers 802, and each printer may allow any number 

of use.rs to use it. Each user has a single cfe&m1t ptinte:r (at 66). to which periodical publications am delivered by default. 
5 whilst pages printed on demand are delivered to the printer through which the user is illtcraeting. The server keeps tmck 

of which publishers a user has authorif.ed to print to the user's default printer. A publisher does not reconl the JD of any 

particular printer. but instead .resolves tbe ID when it is required 

When a user subscribes 808 to a publicati.m 807, the publisher 806 (i.e. application ptMder 803) is 

mithorl1.ed to print to a specified ptinte:r or the user's cfe&m1t printer. This authorit.atian can be ievoked at any time by 

10 the user. Each user may have sevem1pens801, but a pen is specific to a single user. Jf a user is authorized to use a 

particular printer, then that printer recognizes any oftbe user's pens. 

The pen. ID is used to locate the co.msponding user profile maintained by a particular netpage registration 

semir, lia the DNS in the usual way. 

A Web terminal S09 can be authorized to print on a puticular netpage printer. allowing Web pages and 

15 netpage doc:nments encount.ered during Web browsiDg to be conveniently printed on the nearest netpage printer. 

The net:page systrm. can collect, on behalf of a printer pIOVider, fees and commissions on .income earned 

through publications printed on the piovide:r's printers. Such income can include advertising fees, click-through fees. e­

commen:e cnmmissio.ns. and transaction fees. Jfthe printer is owned by the user, then the user is the printer provider. 

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

20 those described in the pn:ceding pamgraph); eontact details 815, including name, address and telephone numbers; global 

preferences 816, including pri\IBC)', delivery and localization settings; any number of biometric records 817, containing 

the user's c:nc;oded signature 818. fingeJprint 819 etc; a handwriting model 819 automatically maintained by the system; 

and SET payment card accounts 821 with which e-c:ommerce payments can be made. 

2.3.2 Favorites Ust 
25 A netpage user can maintain a list 922 of "favorites" - links to use.th1 documents etc. on the netpage 

network The list is maintained by the system on the user's behalf. It is organized as a hienm:hy of folders 924. a 

preferm:d embodiment of which is shown in the class diagram in Figure 41. 

2.3.3 History Ust 
The system maintains a histoiy list 929 on each user's behalf, containing links to documents etc.. accessed 

30 by the user through the netpage system. It is organit.ed as a dafe.ordered list, a preferred embodiment of which is shown 

in the class diagram in Figme 42. 

2A INTELLIGENT PAGE LAYOUT 
The netpage publication server automatic:ally lays out the pages of each user's personalized publication on a 

section-by-section basis. Since most advertisements are in the form of pre-fonnatted JeCtangles, they are placed on the 

35 page before the editorla1 content. 

The advertising ratio for a sec:tion can be achieved with wildly mying advertising mtios on individual 

pages within the section, and the ad layout algorithm exploits this. The algorithm is configured to attempt to c~locate 

closely tied editorial and advertising eontent. such as placing ads for roofing material specifically within the publication 

because of a special feature on do-it-yomself roofing repairs. 

40 The editorial content selected for the user, including text and associated images and graphics, is then laid 

out according to various aesthetic .rules. 

The entire process, including the selection of ads and the selection of editorial content, must be iterated 

once the layout bas conve.tged, to attempt to more closely achieve the user's stated section size p:eference. The section 
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·sU.e prefetm can. however. be mat.cbed Oii avenige Oftl' time. .allowing significant day.to-day variations. 

2.5 DocuMENT FORMAT 
Once the ~ is laid out, it is encoded for efticient dislnlmtion and persistent storage on the netpage 

network. 

5 The primary efticiency DM"&lumism is the separation of information specific to a single users edition and 

infomlation shared bet\WeD. multiple users' editi.ODS. The specific infomlation CODsists of the page layout. 1he shaml 

inf'lDDation consists of the objects towlUch the page 1ayoutrefers. including images, graphics. and pieces of text . . . . . . 

A text object contains fidly~fomiatted text~ in the Extaw"ble Markup Language (XML) wring the 

Extensible Stylesbeet Language (XSL). XSL provides precise control over text formatting independently of the legion 

10 into which the text is being set. which in this case is being provided by the layout. The text object contains embedded 

language codes to enable automatic tnmslaticm. and embedded hyphenation hints to aid with paragraph fonnatting. 

An image object encodes an image in the JPEG 2000 wavelet-based eompressed image format A 81J1Phic: 
object encodes a 20 graphic in Sc:alable Vector Graplaic:s (SVG) format. 

1be 1ayollt itself consists of a series of placed image and graphic objects, linked textflow objects through 

15 which text objects flow. hyperlinks and input fields as described above, 8nd watenDark. regions. These layout objects are 

s11mmari7J!d in Table 3. The layout uses a compact fonnat suitable for efficient distribution and storage. 

Table 3 - netn1 •e lavout obJects 
Layout Attribute Format of 
oblect linked oblect 

Image Position 
lmaae obiect ID JPEG2000 

!Graphic Position -
3raohic obiect ID SVG 

rextflow rextnow ID 
Z:one 
:>ctional text object ID ICML/XSL 

liypertink fype 
zone .. 
Annlication ID, etc. .. 

Field . TVDe .. 
Meanina ,. 
Zone 

Watermark Zone 

2.8 DOCUMENT DISTRIBU1'ION 
20 As described above, for purposes of eflic:ient distribution and persistent storage on the netpage network, a 

user-specific page layout is separated from the shared objects to which it Iefers. 

When a subscribed publication is ready to be distributed, the netpage publication server allocates. with the 

help of the ne1page ID server 12, a unique ID for each page, page instance. doc:ument, and document :instance. 

The server computes a set of optimjzed subsets of the shared content and creates a multicast channel for 

25 each subset. and then tags each user-specific layout with the names of the multicast channels which will c:any the shared 

content used by that Jayout. The secve:r then po.intcasts each user's layouts to that user's printer via the appropriate page 

server. and when the pointcasting is complete. multic:asts the shared contG1 011: the specified channels After receiving 

its pointcast, each page server and printer subscribes to the multicast channels specified in the page layouts. During the 

multic:asts, each page server and printer extracts fiom. the multicast streams those objects referred to by its page layouts. 

30 The page servers persistently an:hive the received page layouts and shared c:ontent. 

OMe a printer has n:c:eived all the objects to which its page layouts refer. the printer tl>C1'eates the fidly­

populated layout and then I8Sterizes and prints it. 
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Under namud cUcumstances, the printer prints pages faster than they can be delivered. .Assuming a quart.er 

of each page is covered with images, the avemge page .has a size of less 1han 400KB. 1be printec can theld"o.re hold in 

excess of 100 sudr. pages in its intemal 64MB memmy. allowing for t.rmpomry butl'ecs eh:. 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 

5 highest expeded iate of page data delivery over a broadband netwurk. 

Even under abnmmal ciP:umstances. such as when the printer IU11S out of paper, it is likely that the user 

w.i1I be abletozephmish the paper supply befurethe printer's 100-pageintemal storage capacity is exhau*d. 

However, if the printer's int.etnal memmy does fill up. then the printer will be unable to make use of a 

multicast when it first occurs. The netpege publicatian server therefore allows printers to submit requests for re-

10 multicasts. When a critical munber of requests is n:ceived or a tUneout occurs. the sem:r n>multic:asts the 

conesponding shared objects. 

15 

Once a document is print.ed. a printer can produce an exact duplicate at any time by retnmng its page 

layouts and contents from the relevant page server. 

2.7 ON-DEMAND DOCUMENTS 
When a netpage document is requested cm demand. it can be personali7.ed and delivered in much the same 

way as a peliodieal. However. since the.re is no shared content, delivery is made directly to the requesting printer 

without the use of multicast. 

When a non-netpage document is requested on demand, it is not personalli:ed. and it is delivered via a 

designated netpage fo.nnatting server which refonnats it as a netpage document A netpege formatting server is a special 

20 instance of a netpage publica1ion sem:r. The netpage fonnatting server has knowledge of various Jntemct document 

fcmnats. in.eluding Adobe's Portable Docmnent Fmmat (PDF). and Hypertext Marlcup Language (Hf.ML). Jn the case of 

HTML. it can make use ofthe higher resolution of the printed page to present Web pages ina JJWlti-columnfonnat. with 

a table of contents. It can automatically include all Web pages din:ctly linked to the requested page. The user can tune 

this behavior-via a piefenm.c:e. 

25 The net,page formatting server makes standard netpage behavior, including interactivity and persistence. 

available on any Internet document. no matter what its origin and format It hides knowledge of different document 

formats 1iom both the netpage printer and the netpage page server, and hides knowledge of the netpage system from 

Web servers. 

3 SECURITY 
30 3.1 CRYPTOGRAPHY 

Cryptography is used to protect semitive infoimation, both in stmage and in transit, and to authenticate 

parties to a transaction. 'There are two classes of i::ryptography in widespread use: secret-key c:cyptography and public-key 

cryptography. The netpage network uses both classes of cryptography. 

Secret-key cryptography, also referred to as symmetric c;cyptography. uses the same key to enccypt and 

35 degypt a message. Two parties-Msbing to exchange messages .must first mange to securely exchange the secret key. 

Public-key cryptography. also refened to as asymmetric cryptography. uses two encryption keys. The two 

keys are mathematically Idated in such a way that any message encrypted using one key can only be declyptecl using 1he 

other key. One of these keys is then published. mle the other is bpt private. The public key is used to encrypt any 

message intended for the holder of the private key. Once encrypted using the public key, a message can only be 

40 decrypted using the private key. Thus two parties can securely exchange messages without first baving to exchange a 

secret key. To ensure that the private key is secure. it is no.nnal for the holder of the private key to generate the key pair. 

Public-key cryptography can be used to create a digi1al signature. The holder of the private key can create a 

known hash of a meuage and then encrypt the hash using the private key. Anyone can then verify that the enceyptcd 
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. hash constitutes the "signatme"' ofthe holder ofthe private key with n:spect to that particu1ar message by decrypting the 

cnccypted hash using the public key and verifying the hash against the message. If the signature is appended to the 

message. then the recipient ofthe message can verify both that the message is genuine and that it has not been altered in 

1ransit. 

To make public.key c:ryptogtaphy wodc, there has to be a way to distribute public .keys which prevents 

impersonation. T.his is :normally clone using certificates and cerlificate authorities. A certificate authority is a trusted 

third party which 81rtbmticates the c:cmneetian between a public key and someone's iclentily. lbe certificate authmify 

verifies the person's identity by examllring identity documcn1s, and then creates and signs a digital c:ertificate cmmrining 

the person's identity details and pl\blic key. Anyone who trusts the cerliticate authority can use the public key in the 

10 c:ertific:ate with a high degree of certainty that it is genuine. They just have to verify that the certiticat.e has indeed been 

signed by the certificate authority, whose public key is well-known. 

Jn most transaction environments, public-key c.typtography is only used to create digital signatures and to 

securely exchange secret session keys. Secret-key cryptography is used for all other purposes. 

Jn the following diseussion, whm iefim:nce is made to the aecure tm>smission of infonnation between a 

15 netpage printer and a server, what actually happens is that the printer obtains the server's c:ertificate, authenticates it 

with reference to the c:er:tifiCate authority, uses the public key-exchange key in the certificate to exchange a secret 

session key with the server, and then uses the secret session key to eru:cypt the message data. A 8"sion key, by 

definition. can have an arbitrarily short lifetime. 

3.2 NETPAGI! PRINTER SECURITY 
20 Eacll netpage printer is assigned a pair of unique identifiers at time of manufactme which are stmed in . 

read-only memory in the printer and in the netpage registmtion server database. The first ID 62 is public and uniquely 

identifies the printer on the netpage network. The second ID is secret and is used when the printer is first registered on . 

the networ.k. 

When the printer connect$ to the netpage netwmk for the first time after installaticm, it creates a sisnature 
25 public:/pri.vate key pair. It transmits the secret ID and the pl\blic key sec:mely to the netpage registration server. The 

server compares the secret ID against the printer's secret ID reeon:led in its database, and accepts the registration if the 

IDs matclL It then cxeates and signs a certificate ec:mfaining the printer's public ID and public signature key, and stmes 

the certificate in the registmtion database. 

The netpage n:gistration server acts as a certificate authority far ndpage printers. since it has access to 

30 secret infonnation allowing it to verify printer identity. 

When a user subscribe& to a publication, a record is ereated in the nctpage registration server database 

authorizing the publisher to print the publication to the user's default printer or a specified printer. Evezy document sent 

to a printer via a page server is addressed to a particular user and is signed by the publisher using the publisher's private 

signature key. The page server verifies, via the regist!ation database, that the publisher is authori7.ed to deliver the 

35 publication to the specified user. The page server verifies the signature using the publisher's public key, obtained fum 

the publisher's certificate stored in the :tegist:ration database. 

40 

The netpage regist!ation server accepts requests to add prin1ing authorizations to the database, so long as 

those requests are initiated via a pen iegistered to the printer. 

3.3 NETPAGE PEN SECURITY 
Eacll netpage pen is assigned a unique identifier at time of manufactme Which is stored in Jead-only 

memocy in the pen and in the netpage n:gistration server database. The pen ID 61 uniquely identifies the pen on the 

.nelpage network. 

A netpage pen can "know'' a nmnber of netpage printers. and a printer can "know" a number of pens. A pen 
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COJmllUllil:ate with a printer via a ndio .fi:equcncy signal whenever it is within nmge of the printer. Once a pen and 

printer are registered, they l'egl11arly exdumge session .keys. ~ the pen tnm8mits digital :ink to the printer. the 

digital ink is always enceypted using the appropriate session key. Digital .ink is never tnmsmitted m the clear. 

A pen stores a session key for every printer it knows, .indexed by printer ID. and a printer stores a session 

5 key for ever.y pen it knows, indexed by pen ID. Both have a large but finite stmage capacity for session keys. and will 

forget a session key on a least-recently-used basis if necessaiy. 

When. a pen ecmtes within range of a printer,. the pen and printer discover whether they know each. other. If 

they don't know each other. then the printa- determines whether it is supposed to know the pen. This might be. far 

example. because the pen belongs to a user who is xegjstered 1o use the printer. If the printa- is ineant to know the pen 

10 but doesn't. thm it initiates the automatic pen iegislmtian procedure. If the printer isn't meant to know the pen. then it 

agrees with the pen to ignore it unb1 the pen is placed in a charging cup, at which time it .initiates the registmtion 

pocedure. 

Jn addition to its public ID, the pen contains a secret key-exchange key. The key-exchange key is also 

:recorded in the netpage regislmtion server database at time of manufacture. During iegistration, the pen tnmsmits its 

15 pen ID to the printer, and the printer 1nuJSmits the pen ID to the iu:tpage registmtion sem:r. The server genemks a 

session key for the printer and pen to use, and securely transmits the session key to the printer. It also tmnsmi:ts a copy 

ofthe session key eru:cypt.ed with the pen's key-exchange key. The printer stores the session key intemally, indexed by 

the pen m. and transmits the enceypted session key to the pen. The pen stores the session key intemally, indexed 'by the 

printa-ID. 

20 Altbough a fake pen can impersonate a pen in the pen n:gistration protocol, only a .teal pen can deaypt the 

session key transmitted by the printer. 

When a previously umegistcred pen is fitst regist£red, it is of limited use until it is linked to a user. A 

registered but "an-owned" pen is only allowed to be used to request and fill in netpage user and pen registmtion fonns, 

to iegister a new user to which the new pen is automatically linked, or to add a new pen to an existing user. 

25 The pen "USes secret-by mther than public-key encryption because of hardware perfunnance CODSttaints in 

the pen. 

3.4 SEcuRI! DocUMENTS 
The netpage system supports the delivery of secure documents such as tickets and coupons. The netpage 

printer includes a facility to print watermarks. but will only do so on request from publishers who are suitably 

30 authorized. The publisher indicates its authorlty to print watermadcs in its certificate, which the printer is able to 

authenticate. 

The "wat.ennalk" printing process uses an altemative dither matrix in specified "watermark" regions of the 

page. Back-to-back pages contain mirror-image watermark regions which coincide when printed. The dither matrices 

used in odd and even pages' watmnarlc regions are designed to produce an intelfaence effect when the regions axe 

35 viewed together, achieved by looking thmuf)i the printed sheet. 

40 

The effect is similar to a watemuak in that it is not l'ildble when looking at only one side of the page, and is 

lost when the page is copied by nonnal means. 

Pages of secure documents cannot be copied using the built-in netpage copy medianism described in 

Section 1.9 above.. This extends to copying netpages on netpage-awao: pbotocopiem. 

Secure documents are typi.cally generated as part of e-commerce tnmsacti.ons. They can therefme include the 

user's photogaiph which was captured when the user registered biometric info.nnation with the netpage registnltion 

sem:r, as described in Section 2. 
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When piesented with a secure Detpage document, the recipient can ·vcriiY W. authenticity by requesting its 

status in the usual way. The unique JD of a secure document. is only ~d for the lifetime of the document, and secure 

doeument IDs are allocated non-ccmtiguous1 to prevent their piediction by opportunistic forgers. A secure document 

verification pcm can be developed with built-in feedback on verification failure, to support easy point-of,.preaentati.on 

5 document verification. 

Clearly neither the watermark: nor the user's photograph are secure in a cryptographic sense. They simply 

pmvide a significant obstacle to casual forgery. Online documcnt verification. particu1arly using a verification pen. 

pmvides an added level of security where it is needed, but is still not entiiely immune to fatgeries. 

3.5 NON-REPuDIATION 
10 Jn the netpage system. fm:ms 81lbmitted by users are delivered reliably to forms handlers and are persistently 

. archived on netpage page servers. It is 1h.en:fme impossible for recipients to repudiate delivay. 

E-commace payments made through the system. as described in Section 4, are also impossible for the payee 

to rq>Udiate. 

4 ELECTJUJNIC COMMERCE MODEL 
15 4.1 SECURE ELECTRON1c1'RANsAcnoN (SET) 

The netpage S.)'Sb:m uses the Secure Electnmic Transaction (SEl) system as one of its payment systems. 

SET, llaving been developed by MasterCard and Visa, is mgani7.ed around payment cards. and this is reflec:ted in the 

tenninology. However, much of the system is independent ofthe type of accounts being used. 
Jn SET, c:ardholders and merchants register with a certificate authorify and are issued. with certificates 

20 containing their public signature keys. The certificate authority verifies a cardholder's registration details with the c:ard 

issuer as appropriate. and verifies a m.ai:himt's regisfnd:ion deCails with the acquirer as appropriate. Cardholders and 

merchants stare their respective private signature keys securely on their computers. During the payment process, these 

cerlificates are used to mutually authenticate a men:hant and cardholder, and to authenticate them both to the payment 

gateway. 

25 SET has not yet been adopted widely, partly because cardbolder maintenance of keys and certificates is 

considered burdensome. Interim solutions which maintain carc1ho.lder keys and certificates on a server and give the 

cardholder access vlit a password have met with some success. 

4.2 SET PAYMENTS 
In the netpage system the netpage registration server acts as a proxy for the netpage user (ie. the 

30 c:anlholder) in SET payment transaeticms. 

35 

The netpage system uses biometrics to authenticate the user and authorize SET payments. Because the 

system is pen-based, the biometric used ii the user's cm-line signature, consisting of time-varying pen position and 

pressure. A fingerprint bi.om.etric can also be used by designing a fingerprint sensor into the pen. although at a higher 

cost. The type ofbiomelric used only aft'ecta the capture of the biometric, not the authorization aspects of the system. 

The first step to being able to make SET payments is to register the user's biometric with the netpage 

registration server. This is done in a c:ontrolh:d 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 rec:ard. The user's photograph is also optionally captmed and linked to the zecord. The SET cardholder 

egistration process is completed, and the rem1ting private signature key and certificate are stored in the database. The 

40 user's payment card information is also stored. giving the netpage registration server enough infonuation to aet as the 

user's proxy in any SET payment transaetion. 

When the user eventually supplies the biometric to complete a payment, for example by signing a netpage 

order fmm, the printer securely transmits the order :infcmnaticm, the pen ID and the biometric data to the netpage 
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registration server. The server verifies the biomelr.ie with respeet to the user identified by the pen ID. and from then on 

ads as the user's proxy in completing the SET payment tnmsaetion. 

4.3 MICRO-PAYMENTS 
The netpage system iru:ludes a J:m!Chanism for micio-payments, to allow the user to be conveniently charged 

5 far printing low-cost documents on demand and for copying copyright documen1B. and possibly also to allow the user to 

be reimbursed for expenses ineum:d in printing advertising matecial. The latter depends on the level of subsidy already 

provided to the user. 

When the user registers for e-c:ammerce, a netwmk account is established which aggregates micro­

pa:yments. The user receives a statement on a regular basis. and can settle any outstanding debit balance using the 

10 standard payment mechanism. 

The netwmk account can be ex.tended to aggregate snbscript:ion fees for periodicals. which would also 

otherwise be presented to the user in the form of individual st.atements. 

4A TRANSACTIONS 
When a user requests a netpage in a particular application context. the application is able to embed a user-

15 specific transaction ID SS in the page. Subsequent input through the page is tagged with the transaction ID. and the 

application is theleby able to establish an appropriate ccmtext for the user's input. 

When input occurs through a page which is not user-specific, however, the application must use the user's 

unique identity to establish a context. A typical example involves adding items from a pre-pr.int.ed 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 

20 system is not divulged to applications. This is to prevent different application providers from easily correlating 

independe:n1Iy accum.ulated behavioral data. 

The netpage registration server instead maintains an anonymous relatiousbip between a user and an 

application via a unique alias ID 65, as shown in Figure 24. Whenever the user activates a hyperlink. tagged wi1h the 

"legistered" attribute. the netpage page server asks the netpage registration server tD 1nms1ate the associated application 

25 ID 64, together with the pen ID 61, into an alias ID 65. The alias ID is then submitted to the hyperlink's application. 

The application maintains st.ate infonnation indexed by alias ID, and is able to retrieve user-specific state 

infonnation without knowledge of the global identity of the user. 

The system also maintains an independent certificate and private signature key for each of a user's 

applications, to allow it to sign application tnmsactions on behalf of the user using only application-specific information. 

30 To assist the system in routing product bar code (UPC) "hyperlink." activations, the system records a 

favorite application on behalf of the user for any number of product types. 

Each application is associated with an application provider. and the system maintains an account on behalf 

of each application provider, to allow it to credit and debit the provider for click-through fees etc. 

An application provider can be a publisher of periodical subsmlled content. The system .records the user's 

35 willingness to receive the subscribed publication. as well as the expected frequency of publication. 

4.5 REsoURce DESCRIPTIONS AND COPYRIGHT 
A prefem:d embodiment of a resource description class diagram is shown in Figure 40. 

Each document and content object may be described by one or more xesoun:e descriptions 842. Rcsoun:e 

descriptions use the Dublin Core metadata element set. which is designed to facilitate discovery of electronic resources. 

40 Dublin Core metadata ccmfonns to the World Wide Web Consortiwn (W3C) Resowce Description Fra:meworlc (RDF). 

A resource description may identify rights holders 920. The netpage system automatically tnmsfers 

copyright fees from users to .rights holders when users print copyright content 
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s- CoMMUNICATIONS PROTOCOLS -
A commvnicati.ons pmtoco1 defines an o¢ered exclJange of messages betw=n entities. In the netpage 

system. entities such as pens. printers and servers utilise a set of defined protoc:o1s to cooperatively handle user 

.interaction with the netpage system. 

5 Each piotocol is illustrated by way of a sequence diagram in which the horlzontal ctimensian is used to 

represent message flow and the ~ dimension is qsed to represent time. Each entity is rep.resented by a rectangle 

contamiDg the name of the entity and a vertical column representing the lifeline of the entity. During the time 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 considered here do not create or destroy entities,, lifelines ~ genenilly cut short as soon as an 

10 entity ceases to participate in a protocol. 

5.1 SUBSCRIPTION DELIVERY PR01'DCOL 
A preferred embodimen1 of a subscription deliveiy protocol is show.n in Figure 43. 

A luge number of ~ may subsc:n'be to a periodical publication. Each user's edition may be laid out 

differently, but many users• editions will sbme common content such as text objects and image objects. The subsc:ription 

15 delivery protocol therefore delivers document structures to individual printers 'Via pointcast, but delivers shared content 

objects 'Via multicast. 

The application (ie. 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 descript:i.ons, to the page server 10 :responsible 

for the document's newly allocated ID. It includes its O'Wll application JD 64, the subscriber's alias JD 6S, and the 

20 Ielevant set of multicast channel names. It signs the message using its private signatµre key. 

The page server uses the application ID and alias ID to obtain ftom the ~on server the con:esponding 

user ID 60, the user's selected printer ID 62 (which may be explicitly selected for the application, or may be the user's 

defimlt printer). and the application's certitic:ate. 

The application's certificate allows the page server to verify the message signature. The page server's 

25 iequest to the registration server fails if the application ID and alias JD don't together identify a subscription 808. 

The page server then- allocates document and page instance IDs and forwards the page descriptions, 

including page IDs SO, to the printer. It includes the relevant set of multicast cbmmel names for the printer to listen to. 

It then returns the newly allocated page IDs to the application for futme refen:nce. 

Om:e the application has distnl>uted all ofthe document stmctures to the subsc:nl>ers' selected printers 'Via 

30 the Ielmmt page servers, it multicasts the various subsets of the shared objects on the previously select.ed multicast 

channels. Both page servers and printers monitor the appropriate multicast channels and recieive their Rquired content 

objects. They arc then able to populate the previously pointcast document structures. This allows the page servers to add 

complete documents to their databases, and it allows the printers to print the dooinnents. 

5.2 HYPERLINK.AcTlvATION PROTOCOL 
35 A preferred embodiment of a hyperlink activation prot.ocol is shown in Figure 4S. 

When a user clicks on a netpage with a netpage pen. the pen communica1es the click to the nearest ne1page 

printer 601. The click identifies the page and a location on the page. 1he printer already 1cnows the ID 61 ofthe pen 

.from the pen connection protoc:ol. 

The print.er determiru:s. via the DNS. the netwodc address of the page server 10a handling the particular 

40 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 page deacripti0n · s identified by the page ID and detennines wbic:h input 

element's zone 58. if any, the click lies in. Assuming the relevant input element is a hyperlink element 844, the page 
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aerva: then obtains the ~application ID 64 and link ID 54, and;~;nes,. via the DNS, the network address 

of the application server hosdng the applicaticm 71. ·,. : ' 

The page server uses the pen ID 61toobtainthecon:espo.ndinguserID60 from the iegistration server 11, 

and then allOl:llfn a globally unique hyperlink request ID S2 and builds a hyperlink request 934. The hyperlink .request 

5 class diagram is shown in Figure 44. The hyperlink n:quest records the IDs of the .requesting user and printer, and 

identifies the clickecl hyperlink instance 862. The page server then sends its own server ID S3, the hyperlink .request ID, 

and the link. ID to the application. 

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

doaunent ID 51 .from an ID server 12. It then sends the document to the page server lOb responsible for the document's 

10 newly allocated ID. together with the requesting page server's ID and 1he hyperlink i:equest ID. 

The second page savm: sends 1he bypcrlink request ID and application ID to the first page server to obtain 

the corresponding user ID and printer ID 62. The fust page server rejects the .request if the hyperlink request has expired 

or is for a cliffen:nt application. 

The second page server allocates document instance and page IDs SO, returns the newly allocated page IDs 

15 to the application, adds the complete document to its own database, and (anally sends the page descriptions to the 

requesting printer. 

The hyperlink instance may include a meaningful transaction ID SS, in which case the first page server 

includes the 1l'8nsaction JD in the message sent to the application. This allows the application to establish a tmnsaction­

specific context for the hyperlink activation. 

20 If the hyperlink .requixes a user alias. i.e. i1s "alias required" attribute is set. then the first page server sends 

both the pen ID 61 and the hyperlink'a application ID 64 to the ~on server 11 to obtain not just the user ID 

corresponding to the pen ID but also the alias ID 65 co.rresponding to the application ID and the user ID. It includes the 

alias ID in the message sent to the application. allowing the application to establish a user-specific context for the 

hyperlink activation. 

25 5.3 HANDWRITING REcooHmoN PROTOCOL 

30 

When a user draws a stroke on a neq,&ge with a netpage pen. the pen communicates the stroke to the 

nearat netpage printer. The stroke identifies the page and a path on the page. 

The printer forwards the pen ID 61, its own printer ID 62, the page ID SO and stroke path to the page server 

10 in the usual way. 

The page server loads the page description S identified by the page ID and detemrines whi<:h input 

element's zone SS. if any, the stroke intersects. Assuming the relevant input element is a text field 878, the page server 

appends the stroke to the text field's digital ink. 

After a period of inactiviey in the zone of the text field. the page server sends the pen ID and the pending 

strokes to the regisbation server 11 for interpretation. The registration server identifies the user corresponding to the 

35 pen. and uses the user's acc:nmulated handwriting model 822 to inter;pret the strokes as handwritten teid. Once it has 

converted the strokes to text. the registration server returns the text to the requesting page server. The page server 

appends the text to the text value of the text field. 

5.4 StGNATUREVSUFICATION PROTOCOL 
Assuming the input element whose zone the stroke intersects is a signature field 880, the page server 10 

40 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 fonn 

of which the signature field is part, as well as the form ID 56 and the current data content of the foun. The registration 
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server identifies the user corresponding to the pen. and 1l8eS the user's dynamic sipatute biometric 818 to verify the 

strokes as the user's signatme. ~ it has verified the ilignature, the registration server uses .the application ID 64 and 

user ID 60 to identify the user's ~on-specific private Signature key. It then ~ the key to generate a digital 
~ . . 

signature of the fmm data. and :retjmis the digital signature to the requesting page server. The page server assigns the 

5 digital signature to the signature .field and sets the associated fcmn's status to ftaze:n. : · 

The digital signature~ the alias ID 6S of the coaesponding user. This allows a single fmm to capture 

multiple users' signatures. 

5.5 FORM SUBMISSION PROTOCOL 
A preferred emboclimcilt of a form submission protocol is shown in Figure 46. 

10 Fmm submission occurs via a form hyperlink acti~Ol). It thus follows the protocol defined in Sec:tion 5.2, 

with some fOIJJHpeCific additions..• 

In the case of a f~ hyper.link, the hyperlink activation message sent by the page server 10 to the 

application 71 also contains the fol:m ID S6 and the cmrent da1a content of the fo.nn. If the fonn contains any signature 

.fields, then the application verifies each one by exliaC:ting the alias ID 65 associated with the com:sponding digifal 

15 signature and obtaining the~ certificate from the registration server 11. 
-~ 

5.6 COMMISSION PAYMENT PROTOCOL. 
A prefem:d embodim!=at of a commission payment~ is shown in Figure 47. 

In an e>cmmDCrCe cnyircminent, fees and c:ommission8 may be payable. from an applicaticm provider to a 

publisher on click-througbs, ~Bild sales. Commissions on fees and eommissions on commissions may also be 

20 payable from the publisher to the proVider ofthe printer. 

The hyperlink request ID S2 is used to route a fee or commission credit from the target application provider 

70a (e.g. merchant) to the scnm:e ~provider 70b (i.e. publisher), and fiom the source application provider 70b 

to the printer provider 72. 

The target applicati~ receives the hyperlink request ID from the page server 10 when the hyperlink is first 

25 activated, as descnDed in Section S.2. When the target application needs to CJ:edit the source application provider, it 

sends the application provider ~to the original page ~together with the hyperlink request ID. The page server 

uses the hyperlink request ID to ideDtify the somce application, and sends the credit cm to the televant registmtion 

server 11 together with the source application ID 64, its own server ID 53, and the hyperlink request ID. The registration 

server credits the com:sponding ~cation provider's account 827. It also notifies the application provider. 

30 If the application provider needs to c:redit the printer provider, it sends the printer provider credit to the 

origjnal page server together with the hyperlink request ID. The page server uses the hyperlink request ID to identify the 

printer, and sends the credit on to the relevant registration server together with the printer ID. The .registration server 

credits the cmrespondiDg printer provider account 814. 

The source appli~ provider is optionally notified of the identity of the target application provider, and 

35 the printer provider ofthe identity of the source application provider. 

6. NETPAGE PEN DESCRIPTION 
6.1 PEN MECHANICS 

Refening to Figure~ 8 and 9, the pen. generally designated by refenm.ce numeral 101, includes a housing 

102 in the form of a plastics moulding having walls 103 definiog an interior space 104 for mounting the pen 

40 components. The pen top 105 is in operation rot.atably mounted at one end 106 of the housing 102. A semi-transparent 

cover 107 is secured to the ~te end 108 of the housing 102. The cover 107 is also of moulded plastics, and is 

fmmed from semi-tnmspan:nt :lnateriaI in order to enable the user to v.iew the status of the LED mounted within the 

housing 102. The cover 107 includes a main part 109 which substantially sunounds the end 108 of the housing 102 and 
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a pt0jecting portion 110 ~ch pp>jects back fi'mn the main part 109 and.fi~ ~ a coaeapondiDg slot 111 formed .in 

the walls 103 oftbehl>11SiJJ8102~Aradioarrtmua ll2ismo1D1tedbchiruf~f>mjectingportion 110. within the housing 

102. Screw thn:ads 113 surrounding an apertme 113A on the cover 107 are mranged to m:eive a mdal end piece 114, 

including c:om:spomling saewthreads 115. The .metal end piece 114 is removable to enable ink cartridge I£P].acem.ent 

5 Also Jll01Blted within 1be cover 107 is a tri-color status LED 116 on a flex PCB 117. The antenna 112 is also 

mounted on the flex PCB 117. The status LED 116 is mounted at the top of the pen 101 for good all-around visibility. 

The pen can operate both as a ncmna1 maddDg ink pen and as a llOll-marJclng stylus. An ink pen cartridge 

11 & with nib 119 and a stylus 12<> with stylus nib 111 are mounted side by side within the housing 102. Either the ink 

cartridge nib 119 or the stylus mo 121 can be brought forward through open end 122 of the metal end piece 114, by 

10 mtation of the pen top 105. Respective slider blocks 123 and 124 are mount.ed to the ink carlrldge 118 and stylus 120, 

n:spect.ively. A rotatable cam bam:l 12S is secuted t.o the pen top 105 in opemtion and amagecl to totate therewith. The 

cam bmel 125 includes a cam 126 in the form of a slot within the walls 181 of the cam ban-el. Cam followers 127 and 

12S projecting fiom. slider blocks 123 and 124 fit within the cam slot 126. On rotation of the cam barrel 12s. the slider 

blocks 123 or 124 move relative to eadl other to project either the pen nib 119 or stylus nib 121 out through the hole 

15 122inthemetalendpiece114. The pen 101 basthn:e states of operation. By turning the top 105 through 90° steps. the 

three states are: 

• Stylus 120 nib 121 out; 

• Ink cartridge HS nib 119 out; and 

• Neitherinkcartridge 118mo ll9outnorstylus 120nib 121 out. 
20 A second flex: PCB 129, is mounted on an eleetro.nics chassis 130 w.bich sits within the housing 102. The 

second flex PCB 129 mounts an inftmed LED 131 for providing inftated tadiation for p.roj=tion onto the SUtface. An 

image sensor 132 is provided mounted on the second flex PCB 129 for .receiving reflected radiation :from. the surf8ce. 

The second flex PCB 129 also mounts a J&dio fteqwmcy chip 133. 'Mlieh includes an RF transmitter and RF receiver, 

and a controller chip 134 for controlling operation of the pen 101. An optics block 135 (fonned :from moulded clear 

25 plastics) sits within the cover 107 and projects an inftued beam onto the smface and :receives images onto the image 

sensor 132. Power supply wires 136 connect the components on the second flex PCB 129 to battery contacts 137 which 

are mounted within the cam barrel 125. A teonina1 1.38 connects to the battery con1acts 137 and the cam banel 125. A 

three Yolt rechargeable batte:r:y 139 si1s within the cam bmel 125 in contact with the batte:r:y contact& An induction 

charging coil 140 is mounted about the second flex.PCB 129 to enable n:charging of the battery 139 via induction.. The 

30 second flex PCB 129 also mounts an mtiared LED 143 and infrared photodiode 144 for detecting displacement in the 

eam barrel 12S when either the stylus 120 or the ink cartridge 118 is used for writing. in order to enable a determination 

of the force being applied to the surface by the pen m"b 119 or stylus nib 121. The lR. photodiode 144 deteets light :from 

the Ill LED 143 via :reflectors (not sbawn) mounted on the slider blocks 123 and 124. 

Rubber grip pads 141 and 142 are provided towards the end 108 of the ho1lsing 102 to assist gripping the 

35 pen 101. and top 105 also includes a clip 142 for clipping the pen 101 to a pocket 

6.2 PEN CONTRouER 
The pen 101 is arranged to determine the position of its nib (st.ylua nib 121 or ink cartridge nib 119) by 

imaging. in the inftared spectrum, an area of the surface in the vicinity of the mo. It records the location data from the 

nearest location 1ag. and is arranged to ca1cu1ate the distance of the nib 121 or 119 from the location tab utilising optics 

40 135 and con1roller chip 134. The controller chip 134 calculates the orientation of the pen and the nib-to-tag distance 

:from the penpective distortion observed on the .imaged tag. 

Utilising the RF chip 133 and antenna 112 the pen 101 can 1lansmit the digital ink data (which is enaypted 
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for security and packaged for efticient transmission) to the computing system. 

When the pen is in.range ofa i:eceiva-, the digital ink data is transmitted as it is formed. When the pen 101 

moves out of mnge, digital ink data is buffered VJitbin the pen 101 (the pen 101 circuitry includes a buffer manged to 

store digital ink data for approximately 12 minutes of the pen motitm on the smface) and can be tnmsmitted later. 

5 1be controller chip 134 is mounted on the second flex PCB 129 in the pen IOI. Figure 10 is a block 

diagtam illustmting in :mare detail the architecture of the controller chip 134; Figure 10 also shows iepresentations of 

the RF ehip 133, the image sensor 132, the tri-coJor status LBD 116, the JR illuminatitm UID 131, the IR force sensor 

LED 143, and the force sensor photodiode 144. 

The pen contmlle:r chip 134 hlcludes a eontmUmg processor 145. Bus 146 enables the exdwlge of data 

10 between components ofthe contmller chip 134. Flash mammy 147 and a 512 KB DRAM 148 are also included. An 

analog-to-digital converter 149 is ammged to convert the analog signal from the force sensor photodiode 144 to a c)jgi.tal 

signal. 

An image sensor intmface 152 intafaces with the image sensor 132. A transceiver controller 153 and base 

band circuit 154 are also included to interface with the RF chip 133 which includes an RF cin:uit 155 and RF resonators 

15 and inductors 156 c:onnected to the antenna 112. 

The con1rolling processor 145 captures and decodes location data mun tags from the surtace via the image 

sensor 132, monitots the force sensor photodiode 144, controls the LEDs 116, 131 and 143, and handles short-mnge 

ndio communic:ation via the radio tmnsceiver 153. It is a medimn-perfonnance (-40MHz) general-purpose RISC 

processor. 

20 The processor 145, digital transceiver components (1raDSCe.i.ver controller 153 and baseband circuit 154). 

image sensor intmface 152, flash 111cmoty 147 and 512KB DRAM 148 are integrated in a single controller ASIC. Amllog 

RF camponmts (RF ciiwit 155 and RF resanatars and inductors 156) are provided .in the .separate RF chip. 

The image sensor is a 215x21S p.ixel CCD (such a sensor is produ!)ed by Matsushita Electronic Corporation, 

and is desc:r.ibed in a paper by Itakma, K T Nobusa.da. N Okusenya, R Nagayoshi. and M ODki, "A Imm SOk-Pixcl. IT 

25 CCD Image Sensor for Miniature Camera System.", mEB Transactions on Electronic Devices, Volt 47, number J, 

January 2000, which is inco.rporated herein by reference) with an IR filter. 

The contmller ASIC 134 enters a quiescent state after a period of inactivity when the pen 101 is not in 

contact with a surtace. It :inc:oipoI&tes a dedicated cUcuit 150 which monitms the farce serum photodiode 144 and wakes 

up the controller 134 via the power manager 151 on a pen-down event. 

30 The Ddio transcei:ver communicates in the unlfoensed 900MHz band nmmally used by cordless telephones~ 

or alternatively in the unlicensed 2.4GHz industrial, scientific and medical (ISM) band, and uses fu:quency hopping and 

collision detection to provide interferenc:e..ftee communication. 

Jn an altemative embodiment, the pen .iru:m:parates an Infrared Data Association (IrDA) hlterface for shart­

mnge communicatian with a base station or netpage printer. 

35 In a further embocliJnart, the pen 101 includes a pair of mtbogona1 accelerometers mounted in the nomia1 

plane of the pen JO I axis. The accelerometers 190 are shown in Figures 9 and 10 in ghost outline. 

The provision of the acce1erometers enables this embodiment of·the pen 101 to sense motion without 

reference to smface location tags, allowing the location tags~ be sampled at a lower iate. Bach locaticm tag ID can then 

identify an object of interest rather than a position on the surface; For example, if the object is a user interface input 

40 element (e.g. a command button). then the tag ID of each location tag within the area of the input element can directly 

identify the input element 

The acceleration measured by the accelerometers in each of the x and y directions is integrated with respect 
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to time to produce an~ veJ.ocify and position. !• .. ,., :·J 
Sinee the stariifig J,osmon of the stroke is not known. only ~ positions within a stroke are calculated. 

Although position :integmtian aec\D'DUlates mars in the sensed acc:e1tration, acce1erometers typically have high 

resolution, and the time dmation of a stroke, over which eo:ors accumulate, is short. 

5 7. NETPAGE PRINTER DescRIPnoN 
7.1 PRINTERMECHANICS 

1he vertically-mounted nefpige wallp.rinter 601 is .shown fully assembled in Figure 11. It prints :netpages on 

I..ett.er/A4 si7.ed media using duplexed sw• Memjetns print engines 602 and 603, as shown in Figures 12 and 12a. It 

uses a sfmight paper path with the piper 604 passing through the duplexed print engines 602 and 603 which print both 

10 sides of a sheet simultaneously. in .tWl eolor and with filll bleed. 

An .ia1egD1). binding 8SSClllbly 605 applies a strip of glue along one edge of each printed sheet. allowhig it to 

adhere to the previous sheet vAllm pressed against it This creates a final bound document 618 which can .range in 

thickness from one sheet to seveza1 hundred sheets. 

The repia=d>1e ink carlrldge 627, shown in Figule 13 coupled with the duplexed print engines. has 

15 bladdea's or chambers for storing fixative, adhesive, and cyan. magenta. yellow. black and .infrared inks. The cartridge 

also contains a micro air filter in a base molding. The micro air fil1er interfaces with an. air pump 638 inside the printer 

via a hose 639. This prov.ides .filtmd air to the printhesds to prevent .ingress of micro particles into the MemjetTM 

prlntheads 350 which might otherwise clog the printhead nozzles. By~ the air filter within the cart.ridge, the 

opemtional life of the fil1er is etrectively linked to the life of the cartridge. The ink. cartridge is a fillly recyclable product 

20 with a capacity for printing and gluing 3000 pages (lSOO sheets). 

Referring to Figure 12. the motmized media pick-up roller assembly 626 pushes the top sheet din:ctly from 

the media 1my past a paper sensor on the first print engine 602 :into the duplexed Memjet;TM printhead assembly. The 

two .MemjetTM print engines 602 and 603 are mounted in an opposing in-line sequential ccmfipration along the sb.1Ught 

paper path. The paper 604 is drawn into the first print engine 602 by integral. powered pick-up rollers 626. The position 

25 and si7.e of the paper 604 is sensed and full bleed printing commences. Fixative is printed simultaneously to aid drying 

in the shortest possible time. 

30 

The paper exits the first Memjct'IM print engine 602 through a. set of powered exit spike wltec:ls (aligned 

along the straight paper path). which act agajnst a iubbcrized roller. These spike wheels contact the •wet• printed 

surface and continue to feed the sheet 604 :into tbe second MeagctN print engine 603. 

Refeaing to Figures 12 and 12a, the paper 604 passes fiOJn the duplexed print e:ngines 602 and 603 into the 

binder assembly 605. The printed page passes between a po\\Ued spike wheel axle 670 with a fibrous support roller and 

another movable axle with spike wheels and a momentaty action glue wheel. The movable axlefglue assembly 673 is 

mounted to a metal support bracket and it is tmnsported forward to inter.face with the powered axle 670 via gears by 

action of a camsbaft. A separate motor powers this camshaft. 

35 The glue wheel assembly 673 comists of a partially hollow axle 679 with a rotating coupling for the glue 

supply hose 641 from the ink cartridge 627. This axle 679 connects to a glue wheel. which absoibs adhesive by capillaxy 

adion through radial holes. A molded housing 682 surrounds the glue wbeel. with an opening at the ftonl Pivoting side 

moldings and spnuig outer doors are attaChed to the mcla1 bracket and hinge out sideways when the rest of the assembly 

673 is thrust forward. This action exposes the g1Ue wheel 1brough the front of the molded housing 682. Tension springs 

40 close the assembly and effectively cap the 'g'hie Wheel during periods of inactivity. 

As the sheet 604 passes into the gltle wheel assembly 673, adhesive is applied to one vertical edge on the 

ftont side(apartfrom the first sheet ofa document) as it is tmnsporteddDwn into the binding assembly 605. 
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7.2 PRIN'IER CONTRou.ER ARcH1TEc'rURE 
The netpage printer con1roller consists of a controlling processor 750, a filctory-installed or tield-inslalled . . ~ . . . . 

network .interlace module 625, a J#dio ..-ver (tnmsceiver c:on1lOlle.r 753, baseband circuit 754, RF cin:uit 755, and 

RF resonators and inductors 756~. dual mater image processor (RIP) DSPs 757, duplexed print engine eo.ntIOlkn 760a 

5 and 760b, t1asb memory 658, and ~MB ofDRAM 657, as illustrated in Figure 14. 

The c:on1rolling pmce8.sor handles CODllllUDic:ation with the network 19 and with local 'Wireless neq,age pens 

101, senses the help button 617. mmrols the user inter&ce LEDs 613-616, and feeds and synchrani7.es the RIP DSPs 

757 and print engine controll~ 760. It consists of a medium-perfomumce general-purpose .mic:roprocesso. The .· . 

controlling processor 750 communic8tes with the print cnsine controllers 760 via a high-speed serial bus 659. 

10 The RIP DSPs JBsterize and compress page descriptions to the netpage printer's compressed page fcmnat. 

15 

Each print engine controller exPmds, dithers and prints page images to its associated MentjetTM printbead 350 in real 

time {i.e. at O'R:l' 30 pages per minute). 1'he duplexed print engine controlle.rs print both sides ofa sheet simultaneously. 

The master print engine controller 760a contro1s the paper tnmsport and monitors ink usage in conjum:tion 

with the master QA chip 665 and. the .ink cartddge QA chip 761. 

The printer controlli:r"s flash memmy 658 holds the software for both the processor 750 and the DSPs 757, 

as well as configuration data. Thia is copied to main memory 657 at boot tiine; 

The processor 750, J)SPs 757, and digital tnmsceiver c:ompcments (transceiver controller 753 and baseband 

circuit 754) are integrated in a Single con1JOller ASIC 656. Amdog RF components (RF cin:uit 755 and RF resonators 

and inductors 756) are provided in a separate RF chip 762. The networlt interfiu:e module 625 is separate. since netpage 

20 printers allow the network co.nneetion to be factory-selecte or :field..aelec:ted Flash memory 658 and the 2x256Mbit 

(64MB) DRAM 657 is also oft'~p. The print engine controllers 760 are provided in separate ASICs. 

A variety of netwtirt interface modules 625 are provided. each providing a netpage network inted"ace 751 

and optionally a local computer or netwOik interfiu:e 752. Netpage networlt Internet inter.filces include POTS modems, 

Hybrid Fiber-Coax (HFC) cable modems. JSDN modems. DSL modems, satellite txansceivers, cum:nt and next-

25 genemtion cellular telephone transceivers, and wireless local loop (Wll) transceivers. Local interfaces include 1BEB 

1284 (parallel port). lOBase-T and lOOBase-T Ethemet,. USB and USB 2.0, IEEE 1394 (Filewire). and various 

emerging home netwodcing interfaces. If an Jntmet connection is available on the local network, then the local network 

interface can be used as the netPage network interfiu:e. 

The radio tmnsceiver 753 CoJD1D1micates in the unlicensed 900MHz band nmmally used by cordless 

30 telephones, or altematively in the unlicensed 2.4GHz industrial. scientific and medical (ISM) bend. and uses fi:equency 

hopping and collision detection to p.rovide inte:d'enmce-free communication. 

The printer contfoller optionally incotpOiates an Jnftared Data Association {lrDA) interface for receiving 

data "squirted" from devices such as netpage cameras. In an alternative embodiment. the printer uses the JrDA interface 

for short-range communicati~ with suitably configured ne1p8ge pens. 

35 7.2.1 RAsTERIZATIDN AND PRINTING 
Once the main processor 750 has :received and verified the document's page layouts and page objects. it 

nuJS the appropriate RJP ~on the DSPs 757. 

The DSPs 757 ~each page description and compress the~ page image. The main processor 

stores each compressed page image in memory. The simplest way to load-balance multiple DSPs is to let each DSP 

40 rasterize a sepmate page. The DSPs can always be kept busy since an arbitmy number of rasterized pages can. in 

general, be stored in memmy. This strategy only leads to potentially poor DSP utili7.ation when :msterizing short 

documents. 

Watermark regions in the page description are msterized to a contone-resolution bi-level bitmap which iB 
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losalessly compressed to negljgi"ble size and which forms part of the ~page image. 

The infi'med cm:) ~ of the printed pagc contains coded n .... at a dmsif¥ of about six per .inch. 

Each tag em:odes the page ID. tag ID. and control bits. and the data content of each tag is generated during rasterizat:ion 

and stored in the compessed page image. 

5 The main processor7SO passes back-to-back page images to the duplexed print engine '10Dt:rollers 760. Each 

print engine controller 760 stores the compressed page image in its local memory. and starts the page expansion and 

printing pipeljne. Page expansion and prin1ing is pipelined because it is impnctica1 to store an entire 114MB bi-level 

CMYK+JR page image in memory. 

7.2.2 PRINT ENGINE CoNrRou.ER 
10 The page expansion and printing pipeline of the print engine controller 760 c:ansists of a high speed IBEE 

1394 serial interface 659. a standard JPEG decoder 763, a standard Group 4 Fax: decode:r 764. a custom 

balftoner/compositor unit 765, a custom tag encoder 766, a line loader/fomiatter unit 767. and a custom intaface 768 to 

the MemjetTM printbcad 350. 

The print engine controllcr360 operates in a double buffered manner. While cm.e page is loaded into DRAM 

15 769 via the high speed serial inted8ce 659, the previously loaded page is read ftom DRAM 769 and passed 1brough the 

print engine controller pipeline. On<:e the page has finished printing. the page just loaded is printed while another page 

is loaded. 

The first stage of the pipeline eiqiands (at 763) the JPEG-compressed contone CMYK layer, expands (at 

764) the Group 4 Fax-compressed bi-level black layer. and n:nden (at 766) the bi-level :netpage tag layer according to 

20 the tag format defined in section 1.2, all in parallel The second stage dithers (at 765) the contone CMYK. laycr and 

composites (at 765) the bi-level black layer over the resulting bi-level CMYK layer. The resultant bi-level CMYK+JR 

dot data js buffered and fonnatted (at 767) for printing on the Mem.jetTM printhead 350 v.ia a set of line buffers. Most of 

these line buffers are stored in the off-chip DRAM. The .final stage prints the six channels ofbi..J.evel dot data (including 

fixative) to the Memjet™ printbead 350 via the printhead interface 768. 

25 When several print engine controllers 760 are used in unison,, such as in a duplexed configuration, they are 

sy.ncbronized via a shared line sync signal 770. Only one print engine 760, selected via the external master/slave pin 

771. generates the line sync signal 770 onto the shared line. 

The print engine controller 760 contains a low-speed proces!Ol' 772 for sync:bronizing the page expansion 

and rendering pipeline. configuring the printbead 350 via a low-speed serial bus 773. and controlling the stepper motors 

30 675,676. 

In the SW' versions of the netpage printer. the two print engines each prints 30 Letter pages per minute 

along the long dimension of the page (11'"). giving a line .rate of 8.8 kHz at 1600 dpi. In the 12" versions of the netpage 

printer, the two print engines each prints 45 Letter pages per minute along the short dimension of the page (8Ya''). giving 

a line mte of 10.2 kHz. These line .rates are well within tbe operating ftequency of the Mcmjetna printhead, Which in the 

35 current design exceeds 30 kHz. 

CONCLUSION 
The pxesent invention has been described with refc:nmce to a peter.red embodiment and number of specific 

altemative embodiments. However, it will be appreciated by those skilled in the relevant fields that a number of other 

embodiments, differing from those specifically descn"bed. will also fall within the spirit and scope of the present 

40 invention. Accordingly, it will be understood that the invention is not int.ended to be limited to the specific embodiments 

c1esa:ibed in the present specification, including documents .inco.rpomted by cross-reference as appropriate. The scope of 

the inwntion is only limited by the a1tached clallns. 
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CLAIMS 
1. A method of delivering a newspaper or magazjne, including: 

fcmnatting information of the newspaper or magazine in a computer system; 

the information inc1udiDg at least one user interactive element which enables a user to indicate a request for 

5 ti1rther infunnation i:e1atiDg to c:onmts of the newspaper or magazine by interacting with the element using a sensing 
{ . . 

device w.bich is adapted to transmn data indir.ating the request to the computer system; and 

printing the infcmnati,on at a printer networked with the computer system so as to produce the newspaper or 

magazine. 

2. A method as claimed in claim 1 wherein the further information relates to editorial content 

10 3. A method as claimed in claim 1 wherein the further information relates to advertising material. 

4. A method as claimed in claim 3. wherein the advertising material is :inc1uc1ed in the fmmatted 

infonnation on the basis of demographics of the user. 

S. A method as cJaimed claim 1. wherein the newspaper or magazine lllcludes coded data indicative of 

an identify of the newspaper or magazine and of the at least one interactive element and wherein the data includes 

15 receiving. in the computer system. indicating data 1iom. the sensing device regarding the identify ofthe newspaper or 

magazine and of a position of the sensing device Jelative to the newspaper or magazine in order to identify the 

newspaper or magazine and def.ermine when the sensing device is used to :intaact with the element. 

6. A method as c)ajmed in claim S, including receiving. in the computer system. movement data 

:tegarding movenumt of the sensing device J:elative to the newspaper or magazine" 

20 7. A method as cJaimed in cJaim 6, including the sensing device sensing its movcmmt Rlative to the 

newspaper or magazine using the coded data. and identifying the response in the computer system from the movement 

being at least partially within a zone associated with the interactive element. 

8. A method as claimed in cJaim 1. wherein the sensing device :includes an .identificatim1 code speeific 

to a particular user and the method includes monitoring use of the sensing~ in the computer system. 

25 9. A JMthod as claimed in claim 1, including printing the newspaper or magazine on demand. 

10. A method as claimed in claim s. including printing the fm:matted information on a surl8ce of a 

surface..defini structure and, at thf: same time. printing the coded data on the smface. 

l l. A method as claimed in claim 10 which includes printing the coded data to be subshmtially invisible 

in the visible spectrum. 

30 12. A method as claimed in claim S, including retaining a retrievable .record of the printed newspaper or 

magazine, the newspaper or magazine being retrievable using the identity data as contained in the coded data. 

13. A method as claimed in claim 1, :including distn"buting a plurality of newspapers or magazines using 

a mixture of multicast and pointcast eommnnications protocols. 

14. A method as claimed claim 1, in which the newspaper or magazine is printed on multiple pagea and 

35 in which the method includes binding the pagea. 

15. A system for delivering newspaper or magazine, ~luding: 

a computer system with a publication server adapted to select and format information of a newspaper or 

magazine; 

a printer for printing the information so as to produce the newspaper or magazine. with at least one 

40 interaetive element to enable a user to .indicate a zequest for further infonnaticm. relating to content of the newspaper or 

magazine; and 

a sensing device used to indicate the requeat and adapted to transmit data to the computer system. 

\ \ll\ll\ \\\\\\Ill\\ \\l\l \\\\I\ 
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1(;. A ~ as claimed in claim 14. wherein the pub~ se:rvc::r is adapted to include at least a 
', : -~,::.;:/ ~". 

portion of the content as advertising material. ·· :' 

17. A system as claimed in claim 1 S, wherein the advertising lll8f£rial is included with reference to user 

content prefi:rences. 

5 18. A system as claimed in claim 14, further including an achertising server for providing the 

advertising material to the publicatiao server. 

19. A system as claimed in claim 14. further induding uegistratiaauerver where demographic da1a of 

the user is stored for access by the publication server, in Older to allow the advertising matcria:I to be demographically 

targeted. 

10 2(1. A system as claimed in cWm. 14, wherein the newspaper or magazine includes coded data including 

daia indicative of the interactive elem.en~ and identifying data indicating the newspaper or magazine and/or a particular 

portion of the newspaper or magazine. 

21. A system as claimed in claim 19, whe:tein the computer system is adapted to receive movement data 

· n:ganling movement of the sensing device relative to the newspaper or magazine, and interpret llllid movement of the 

15 sensing device as it rclata to said at least one element. 

22. A system as claimed in claim 21, wherein the sensing dev:i.c:e senses its own movement relative to 

the newspaper or magazine using the coded data. 

23. A system as cJaimed in claim 14, wherein the sensing device includes an identification code specific 

to a pat1icu1at user and the computer system is manged to monitor the use of the sensing device. 

20 24. A system as claimed in claim 14, wherein the sensing device includes a marking m'b. 

25. A system as claimed in claim 14, wherein the newspaper or magazine is printed on a sutface of a 

surface-defining sfru&:t1lre and wherein the printer prints the newspaper or magazine on demand. 

26. A system as c1aimed in claim 19, Wherein the printer is ammged to print the coded data at the same 

time as printing the newspaper or magazine on a surface..defini structure. 

25 27. A system as claimed in e1aim 19, whei'ein the coded data is substantially in'risible in the visible 

30 

spectrum. 

28. A system as claimed in cbllm 19, including a database for keeping a :retrievable RCOid of each 

newspaper or magazine generated, each newspaper or magazine being retrievable by using its identity, as included in its 

coded data. 

29. A system as claimed in claim 14, wherein the printer includes a binding means for binding the 

newspaper or magazine in the evetlt the newspaper or magazine includes a plurality of pages. 
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