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DIGITAL CAMERA WITH INTERACTIVE PRINTER 

FIELD OF INVENTION 
The present invention relates to a digital camera with an integral printer for printing an interface onto an 

surfuce to produce an interface surface, and, in particular, for printing photos as interfaces. 

The invention has been developed primarily lO produce interfilce surfaces which allow users to interact with 
networked information and to obtain interactive printed matter on demand via high-speed networked color printers. 
Although the invention will largely be described herein with reference to this use, it will be appreciated that the invention 
is not limited to use in this field. 

CO-PENDING APPLICATIONS 
Various methods, systems and apparatus relating to the present invention arc disclosed in the following co­

pending applications tiled by the applicant or assignee of the present invention simultaneously with the present 
application: · 

PCT/AU00/00762, PCT/AU00/00763, PCT/AU00/00761, PCT/AUOOJ00760, PCT/AU00/00759, 
PCT/AU00/00758, PCT/AU00/00764, Pcf/AUOOJ00765, PCT/AUOOJ00766, PCT/AU00/00767, 
PCT/AU00/00768, PCT/AU00/00773, PCT/AU00/00774, PCT/AU00/0077S, PCT/AU00/00776, 
PCT/AU00/00777, PCT/AU00/00770, PCT/AU00100769, PCTIAU00/00771, PCTIAU00/00754, 
PCT/AU00/00755, PCT/AU00/00756, PCT/AU00/00757 

The disclosures ofthelie co-pending applications arc incorporated herein by cross-reference. 

Various methods, systems and apparatus relating to the present invention arc disclosed in the following co-
pending applications filed by the applicant or assignee of the present invention on 24 May 2000: 

PCT/AU00/00518, PCT/AU00/00519, PCT/AUOO/OOS20, PCT/AU00/00521, PCT/AU00/00523, 
PCT/AU00/00524, PCT/AU00/00525, PCT/AU00/00526, PCTIAU00/00527, PCTIAU00/00528, 
PCT/AU00/00529, PCT/AU00/00530, PCT/AU00/00531, PCT/AUOOJ00532, PCT/AU00/00533, 
PCT/AU00/00534, PCT/AU00/00535, PCT/AU00/00536, PCT/AU00/00537, PCT/AU00/00538, 
PCT/AU00/00539, PCT/AU00/00540, PCTIAU00/00541, PCT/AUOOJ00542, PCT/AUOO/OOS43, 
PCT/AU00/00544, PCT/AU00/00545, PCT/AU00/00547, PCT/AUOOI00546, PCT/AUOO/OOS54, 
PCT/AU00/00556, PCJ'lAU00/00557, PCli'AU00/00558, PCTIAUOOJ00559, PCT/AU00/00560, 
PCT/AU00/00561, PCT/AU00/00562, PCT/AU00/00563, PCT/AU00/00564, PCT/AU00/00566, 
PCT/AU00/00567, PCT/AU00/00568, PCT/AU00/00569, PCTIAU00/00570, PCT/AU00/00571, 
PCT/AUOO/OOS72, PCT/AUOO/OOS73, PCT/AU00/00574, PCT/AUOOI00575, PCT/AUOO/OOS76, 
PCT/AU00/00577, PCT/AU00/00578, PCT/AU00/00,79, PCT/ AUOOJ0058 l, PCT/AUOO/OOS80, 
PCT/AU00/00582, PCT/AU00/00587, PCTIAU00/00588, PCT/AU00/00589, PCT/ AU00/00583, 
PCT/AU00/00593, PCT/AU00/00590, PCT/AU00/00591, PCT/AU00/00592. PCT/AUOOIOOS94, 
PCT/AU00/0059S, PCT/AU00/00596, PCT/AU00/00597, PCT/AU00/00598, PCT/AU00/00516, 
PCT/AU00/00517 and PCT/AUOO/OOSJ I 

The disclosures of these co-pending applications are incorporated herein by cross-reference. 
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BACKGROUND 

PCT/AU00/00772 

Cameras are used to capture photos. Traditional cameras _capture photos on film. The film is developed and 

lhe photos are printed. The negative. i.e. the original developed mm. provides a source from which new prints can be 

optained. The advent of high-quality scanning also allows a print to act as a source of copies, although not with the same 

5 quality as from a negative: If either a negative or a print is damaged, the quality of a subsequent copy is compromised. 

10 

Digital cameras captilre photos as digital images which can be both displayed and printed. A digital image 

thus acts as a digital "negative". However, many uSel's find the task of printing and otherwise managing digital images 

onerous. 

OBJECT 

It is an object of the present invention to provide a new method and system for capturing and printing a 

photo. 

SUMMARY OF INVENTION 
According to a first aspect, the present invention provides a camera for capturing an image and printing a first 

interface onto a first surface, in response to a user input. and for printing a second intedace onto a second surface.. in 

15 resi>onse to first indicating data received from a sensing device, the first indicating data being sensed by the sensing 

device from tiist coded dala, the :first interface including the first coded data, the camera including: 

(a) a camera module, including an image sensor, configured to: 

(i} receive a user input; and 

(ii) capture. ·w. the image sensor and in response to the user input, the image; 

20 (b) an input module configured to: 

25 

30 

(i) receive, from the sensing device. the first indicating data. the first indicating data being at least 

partially indicative of response data; 

(ii) generate second inclicatiDg data based on the filst indicating data, the second indicating data being at 

least partially indicative of the response data; 

(iii) send the second indicating data to a computer syatem; and 

(c). a printing module, including a printing mechanism, configmecl.to: 

(i) receive.. from the camera module, the ilnage; 

(ii) generate the first interface based at least partially oJi the image; 

(iii) print the first interface onto the fint surface using the printing mec:hanism; 

(iv) receive the response data from lhe computer system; 

(v) generate the second interface based at least pani~ly on the response dala; and 

(vi) print the second interface onto the second surface using the printing mechanism. 

Preferably, the second interface includes second coded data, wherein the printing module includes a coded 

data generator configured to generate the second coded data based on at least part of the response data. More preferably, 

35 the response data includes second region identity data indicative of at )east one identity, the identity being associated with 

'Ii 
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a region of the second interface. the coded data generator being configured to generate the second coded data based on the 
second region identity data, the second coded dala being indicative of the identity. 

In a preferred embodiment, the second interface includes visible information in addition to the second coded 
data, the visible information being based at least partially on lhe response data 

Preferably, the second coded data is also indicative of at least one reference point of the region. More 
preferably, the at least one reference point is determined on the basis ofa coded data layout. 

Preferably, the printing module is configured to receive the coded data layout from the computer system. 

In one embodiment, the camera further includes storage means for storing a plurality of the coded dala 
layouts, the printing module being configured to: 

receive, from the computer system, layout selection infonnalion indicative of one of the coded data layouts; 
and 

use the layout selection information to select one of the stored coded layouts for use in determining the at 

least one reference point. 

Preferably, the first indicating data includes location dala sensed by the sensing device from the first coded 
15 data. 

In one prefell'ecl fonn, the fint indicating data includes rust region identity dala sensed by the sensing device 
ftom the first coded data, the first region identity data being indicative of an identity associated with a region of the first 
interface, the region being at least partially indicative of the response data. 

In another pn:fened form, ~ filst indicating data includes localion data sensed by the sensing device from 
20 the first coded data, the location data being indicative of a location within the region, the location within the region being 

at least partial]y indicative of the response data. 

25 

Preferably., the second coded ~ includes at least one tag, each tag being indicative of the identity of the 
region. 

Further objects and advantages of the invention will be apparent from the detailed description that follows. 

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

Figure 1 is a schemalic of a the relationship between a sample printed nelpage and its online page description; 

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

Figure 3 illustrates a collection of netpage servers and printers interconnected via a network; 

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

Figure S is a plan view showing a structure of a netpage tag; 

Figure 6 is a plan view showing a relationship between a set of the tags shown in Figure S and a field of view of a netpage 
35 sensing device in the form of a netpage pen; 
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Figure 7 is a flowchart of a tag image proc:cssing and decoding algorithm; 

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

Figure 9 is a perspective exploded vie\Y of the netpage pen shown in Figure 8; 

Figure 10 is a schematic block diagram of a pen controller for the netpage pen; 

5 Figure 11 is a perspective view of a wall-mounled netpage printer; 

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

Figure 12a is an enlarged. portion of Figure 12 showing a section of the dupl~ed print engines and glue wheel assembly; 

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

1J and 12; 

10 Figure 14 is a schematic block diagram of a printer controller for the netpage printer; 

Figure IS is a schemalic block diagram of duplexed print engine controllers and Memjet,.. printheads associated with the 

printer conaroller shown in Figure 14; 

Figure 16 is a schematic bl~ diagram of lhe print engine controller shown in Figures 14 and IS; 

Figure 17 is a perspective view of a single Memjet™ printing element, as uied in, for example, the netpage printer of 

15 Figures 10 to 12; 

F"JgUre 18 is a peISpeClive view of a small part of an array ofMemjet'l'll printing elements; 

Figure 19 is a series of perspective views illustmling the operating cycle of the Memjet1M printing element shawn in 

F"igure 13; 

F"igure 20 is a perspective view of a short segment of a pagewidtb Melajet1'1 printhead; 

20 F"agun: 21 is a schematic view of a user class diagram; 

F"1g111C 22 is a schematic view of a printer class diagram; 

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

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

Figure 25 is a schematic view of a document and page description cla5s diagram; 

25 Figure 26 is a schematic view of a document and page ownenhip class djagram; 

Fi.gure 27 is a schematic view of a terminal element specialization class diagriun; 

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

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

Fagure 30 is a schematic view of a hyperlink clement specialization class diagram; 

30 Figun: 31 is a schematic view of a hyperlinked group class diagram; 

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

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

r I 
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Figure 34 is a schematic view of a field element specialization class diagram; 

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

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

Figure 31 is a schematic view of a signature field class diagram; 

5 Figure 38 is a flowchart of an input processing algorithm; 

Figure 38ais a detailed Oowchart of one step oflhe Oowchart of Figure 38; 

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

Figure 40 is a schematic view of a subscripcion delivery protocol; 

Figure 41 is a schematic view of a hyperlink equest class diagram; 

1 0 Figure 42 is a schematic view of a hyperlink activation protocol; 

Figure 43 is a schematic view of a fOllll submission protocol; 

Figure 44 is a schematic view of a set of user interface flow document icons; 

Figure 45 is a schematic view of a set of user interface page layout element icons; 

Figure 46 is a schematic view of a photo eollcction class diagram; 

15 Figure 47 is a schematic view of a photo clasS diagram; 

· Figure 48 is a sc:hemadc view of a photo squirting user interi'ace flow; 

Figure 49 is a schematic view of a photo browsing user inli:rface flow; 

Figure SO is a schematic view of a photo printing user interface Oow; 

Figure SI is a schematic view of an add squirted photos form; 

20 . Pigure 52 is a schematic view of a photo manager menu form; 

Figure 53 is a schematic view of a photo history list fonn; 

Figure S4 is a schematic view of a photo list form; 

Figure SS is a schematic view of a photo folder list form; 

Figure S6 is a schematic view of a copy/move to photo folder form; 

25 Fagure S1 is a schematic view of a photo folder foma; 

Figure SS is a schematic view of a photo lhuinbnails page; 

Figure 59 is a schematic view of a custom photo print form; 

Figure 60 is a perspective view of the rear of a netpage camera; 

Figure 61 is a perspective view of the front of the netpagc camera; 

30 figure 62 is an exploded perspective view of the netpagc camera; 

Figure 63 is a perspective view of a print engine; 

PCT/AU00/00772 
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Figure 64 is an exploded perspective view of the print engine; 

Figure 65 is a perspective view of the print engine with a print cartridge used with the print engine removed; 

Figure 66 is a perspective iear view of the print engine with the print cartridge shown in ghost outline; 

Figure 67 is a perspective sectional view of the print engine; 

5 Figure 68 is a perspective exploded view of a printhead su~assembly of the print engine; 

Figure 69 is a perspective cut-away view of the printhead sub-85$cmbly; 

Figure 70 is a sectional end view of the printhead su~assembly with a capping mechanism in a capped position; 

Figure 71 is a sectional end view of the printhead sub-assembly with a capping mecbaDism in an uncapped position; 

Figure 72 is a perspective view of the print carlridge; 

10 Figure 73 is a perspective exploded view of the print cartridge; 

Figure 74 is a schematic block diagram of a camera controller for the netpage camera shown in Figures 60 to 62; · 

Figure 75 is a schematic block diagram oh print engine colitroller and Memjet-0. printhead associated with the camera 

controller shown in Figure 74; 

Figure 76 is a flowchart of photo capture processing in ·the netpage ~ 

15 Figure 77 is a ftowchart of document processing in the netpage printer and camera; 

f'i.gure 78 is a schematic view of a photo document class diagram; 

Figure 79 is a flowchart of photo document rastcrimion in the netpage camem; and 

Figure 80 is a ftowchart of dedicated photo capture and printing in the netpage camera. 

DETAILED DESCRIPTION OF PREFERRED AND OTHER EMBODIMENTS 

20 Note: McogetTM is a trade mark of Silverbrook ltesearch Ply Ltd, Australia. 

In the preferred embodiment, the invcnti0n is configuted to work with the nctpage networked computer 

system. a detailed overview of which follows. It will be apprctjated that not every implcmcntation will necessarily 

embody all or even most of the specific delails and extcnsiOllS discussed below in relation to the basic system. However, 

the system is described in its most complete form to reduce th.e neecl for external reference When· attempling to understand 

25 the context in which the pJefened embodiments and aspects of the present invention operare.. 

In brief SUlllllllll)'. the preferred form of the netpage system employs a computer interface in the fonn of a 

mapped surt'ace. that is, a physical surface which contains references to a map of the surface maintained in a compurer 

system. The map references can be queried by an appropriate sensing device. Depending: upon the specific 

implementation. the map references may be encoded visibly or invisibly, and defined in such a way that a local query on 

30 the mapped surface yields an 1D1ambiguous map reference both within the map and among different maps. ~ computer 

system can contain infonnali0n about features on the mapped surface. and such information can be retrieved based on 

map references supplied by a sensing device used with the mapped sUrface. The information tlrus retrieved can take the 

form of actions which are inilimed by the computer system on behalf of the. opeiator in response ro the operator's 

interaction with the surface featmes. 

! I 
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In ilS preferred fonn. the netpage system relies on lhe production of, and human interaction wilh, netpages. 

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

Information is encoded on each page using inlc which· is substantially invisible to the unaided human eye. The ink, 

however, and thereby the coded data, can be sensed by an optically ·imaging pen and transmitted to the nei:page system. 

In the preferred fonn, active buttons and hyperlinlcs on each page can be clicked with lhe pen to request 

information from lhe network or to signal preferences to a network seiver. In one embodiment, text written by hand on a 

netpage is automatically recognir.ed and con~ to computer text in lhe netpage system. allowing forms to be filled in. 

Jn other embodiments, signatures recorded on a netpage are automatically verified, allowing e-commerce transactions to 

be securely aulhori7.ed. 

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

user bolh physically, on the printed page. and "clec:trooically", via communic;ation between the pen and lhe nctpage 

system. The example shows a ''Request" form contafuing 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 tass 4 using invisible ink. 

ne corresponding page description S, stored on the netpage network, describes the individual elements of the netpage. In 

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

example), to allow the netpage system to correctly interpret input via the netpage. The submit button 6, for example, hu a 

zone 7 which corresponds to lhe spatial extent of lhe c:mresponcting graphic 8. 

As iUuslrated in Figure 2, the netpage pen 101, a preferred fom of which is shown in Figures 8 and 9 and 

described in more detail below. wmb in conjWlction with a netpagc printer 601, an Jotemet-connectcd printing appliance 

20 for home, oftice or mobile use. The pen is wireless and communicates secmeJy with the netpage printer via a Jhort-range 

nutio link 9. 

'The netpage printer 601. a preferred fmm of which is shown in Figures 11 to 13 and described in more detail 

below, is able to deliver. periodically or on denland, pc:rsonalized newspapers, magazines. catalogs, brochures and other 

publications, all printed at high quality as interacdve neq>ages. Unlike a penonal computer, the netpage printer is an 

25 appliance which can be. for example, wall-niounted adjacent to an area wbeJe the morning news is 6Jst consumed, such as 

in a user's kitchen, near a breakfast table, or near the household's point of departure for the day. It also comes in tabletop, 

desktop, portable and miniatme versions. 

30 

Netpages printed at their point of consumption con1bine the ease-of-use of paper with the timeliness and 

interactivity of an intenu:tive medium. 

As shown in Figure 2, the netpage pen 101 interacts with the coded dala on a printed netpage 1 and 

communicates, via a short-range radio linlc 9. the interaction to a netpage printer. The printer 601 sends the interaction to 

the relevant netpage page server JO for inteJpretation. Jn appropriate circumstances. the page server sends a com:sponding 

message to application computer software ninning on a netpage application server 13. The application server may in tum 

send a response which is printed on lhe originating printer .. 

35 The nctpage system is made considerably more convenient in the preferred embodiment by being used in 

40 

COJtjunction wilh high-speed microelectromechanical system (MEMS) based inkjet (MemjetTM) printers. In the preferred 

form of lhis technology, relatively high-speed and high-quality printing is made more affon1able to consumers. In its 

preferred form. a netpage publication has the physical characteristics of a traditional newsmagazine. such as a set of letter­

size glossy pages printed in ftlll color on both sides, bound together for easy navigation and comfortable handling. 

The nc1page printer exploits the growing availability of broadband Internet access. Cable service is available 
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to 95% of households in the United States, and cable modem service oft'ering broadband Internet access is already 

available to 20% of these. The netpage printer din also operate with slower connections, but with longer deliveiy times 

and lower image quality. Indeed, the ne1p8ge system can be enabled using existing consumer inkjet and laser printers, 

allhougb the system will operate more slowly and will therefore be less aeceptable .from a consumer's point of view. Jn 

5 other embodiments, the nctpage system is hosted on a private intraoet. In still other embodiments. the nctpage system is 

hosted on a single computer or computer-enabled device, such as a printer. 

. 10 

Netpage publication servers 14 on lhe nctpage network are configured to deliver print-quality publications to 

netpage printers. Periodical publications are deliven:d automatically to subscribing netpage prinlerS via pointcasting and 

mullicasting Internet protocols. Personalized publications are filtered and formatted according to indivjdual user profiles • 

A nctpage printer can be confi~ to support any number of pens, and a pen can work with any number of 

netpagc printers. In the prefened implemcntation, each nctpagc pen has a unique identifier. A household may have a 

collection of colored netpage pens, one assigned 10 each member of the family. 'Ibis allows each user to maintain a 

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

A netpage pen can a1so be regiitered with a netpage registration server 11 and linked to one or more payment 

15 card accounts. This allows e-commerce payments to be securely authorized using the neapage pen. The netpage 

registration server compares the signaliare captured by the netpage pen with a previously registered sigilalure, allowing it 

to authenticate the user's identity to an e-commerce server. Other biOinctrics can also be used 10 verify identity. A vc:nion 

of the netpage pen includes fingeiprint scl!DDiq, verified in a similar way by the netpage a:gistralion server. 

Although a netpage printer may deliver Perlodicals such as the mormng newspaper without user inlerVention, 

20 it can be configmed never to deliver unsolicited jiink mail. In its ~d form. it only delivers periodicals from 

subscribed or otherwise authorized sources. In this mpcct, the nctpagc printer is unlike a fax machine or e-mail account 

. which is visiblero any junk mailer who knows the celephone number or emliil address. 

1 NETPAGE SYs1'EM ARcHITECIURE 

Each object model in the system is described using a Unffied Modeling Language (UML) class diagram. A 

25 class diapam consists of a set of object classes connected by relationships, and two kinds of relationships are of interest 

here: associations and generalizati.ons. An association represents some kind of relationship between objects, i.e. between 

instances of c:lasscs. A generalization relates actual classes, and can be understood .in the following way: if a class is 

thought of as the set of all objects of that class, and class A is a generalizadon of class B, then B is simply a subset of A. 

The UML docs not directly support seconcJ.order modelling- i.e. classes of classes. 

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

class, separated from the name by a horizontal line, and a list of the operati«:'DS or lhe class, separated from the attribute 

list bY a horizontal line. In the class diagrams which follow, however, operations are never modelled. 

An association is drawn as a Hne joining two classes, optionally labeUed at either end with the multiplicity of 

the association. The default multiplicity is one. An asterisk M indicates a mulliplicitY of ''many", i.e. zero or more. Bach 

35 association is optionally labelled with its name, and is also optionally labelled Bl either end with lhe role of the 

corresponding class. An open diamond indicates an aggregation association ("is-part-of'), and is drawn at the aggrcgator 

end of the association line. 

A generalization relationship ("is-a") is drawn as a solid line joining two classes, with an arrow (in the form 

of an open triangle) at the generalization end. 

: I 



-··· ······-·-------------···· -· ·····- -·--------·-----·---------------

W001/02905 PCT/AU00/00772 

9 

When a class diagram 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 iL lt is shown with aan"buces only where it is defined. 

1.1 NETPAGES 

Netpagcs are the foundation on which a netpage network is built. They provide a paper-based user intedace 

5 to published information and interactive services. 

A netpage consists of a printed page (or other surface region) invisibly tagged with references to an online 

description of the page. The online page description is maintained persistently by a netpage page server. The page 

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

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

1 0 netpage pen on its swface to be simultaneously captured and proc:essed by the netpage system. 

Multiple netpages can share the same page description. However, to allow input through otherwise identical 

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

distinguish betw~ a very large number of netpages. 

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

15 which it appears. and thereby indirectly identifies the page description. The tag also identifies its own position on the 

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

20 

Tags are printed in infrared-absorptive ink on any substrate which is infrared-reflective. such as ordinary 

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

an appropriate filter. 

A tag is sensed by an mea image sensor in the netpage pen, and tbe tag data is transmitted to the netpage 

system via the nearest netpagc printer. The pen is wireless and communicates with the netpage printer via a short-range 

radio link. Tags are sufticicndy small and densely arranged that the pen can :reliably image at least one tag even on a 

single click on the page. It is important that the pen recognize the page ID and position OD every interaction with the page, 

since lhe intenlCtion is stateless. Tags are error-correctably encoded to make them partially tolerant to surface damage. 

25 'Jbc netpage page saver maintains a unique page instance for each printed netpagc. allowing it to maintain a 

distinct set of user-supplied values for input fields in the page description for each printed nctpage. 

'Jbc relationship between the page description, the page instanc:c, and the printed netpage is shown in Figu:re 

4. 1he printed netpagc may be part of a printed netpagc document 4S. The page instance is associated with both the 

netpage printer which printed it and, if known, the netpage user who requested it. 

30 1.2 NEl'PAGETAGS 

1.2.1 Tag Data Content 
In a prefemd form. eich tag identifies the segion in which it appears, and &he location of that tag within the 

region. A tag may also contain t1ags which relate to·the region as a whole or to the tag. One or more t1ag bits may, for 

example, signal a tag sensing device to provide feedbaclc indicative of a function associated with the inunediatc area of the 

35 tag. without the sensing device having to refer to a description of the region. A netpagc pen may. for example, illuminate 

an "active uca" um when in the zone of a byperlink. 

As will be JDOtt; clcady explained below, in a preferred embodiment, each tag contains an easily recognized 
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invariant structure which aids initial detection, and which assists in minimizing the effect of any warp indllced by the 

surface or by the sensing process.·The tags preferably tile the entire page, and are sufficiently small and densely manged 

that the pen can reliably image at least one tag even on a single click on the page. It is important that the pen recognize the 

page ID and position on every intciaction with the page, since the interaction is stateless. 

5 Jn a preferred embodiment, the region to which a lag refers coincides with an entire page. and the region ID 

10 

. . .. 

encoded in the tag is therefore synonymous with the page ID of the page on whiCh the tag appears. In other embodiments, 

the region to which a tag refers can be an arbitrary subregion of a page or other surface. For example, it can coincide wilh 

the zone of an interactive element; in which case the region ID can directly identify the interactive element 

Table 1 • Tag data 

Field Precision (bits) 
RealonlD 100 
TaalD 16 
Flaas 4 
Total 120 

Each tag contains 120 bits ofinfonnation, l)'pically allocated as shown in Table 1. Assuming a maximum tag 

density of 64 per square inch, a 16-bit tag ID supports a region si7.e of up to 1024 square inches. Larger regions can be 

mapped continuously without increasing the lag ID prceision simply by Using abutting regions and maps. The 100-bit 

n:gion ID allows 21GO (-16'8 or a million trillion trillion) different mgions tO be uniquely identified. . . 

15 1.2.2 Tag Data Encoding 
The 120 bits of tag data are redundantly encoded using a (15, S) Reed-Solomon code. This yields 360 

encoded bits consisting or 6 codewords of 15 4-bit symbols each. The (15, 5) code allows up to S symbol errors to be . 

com:cicd per codeword, i.~ it is toleiant of a symbol error rate of up to 33CJI per codeword. 

Each 4-bit symbol is represented in a spatially coherent way in the tag, and the symbols of the six codewords 

20 arc interleaved spatially within the tag. 'Ibis ensures !hat a burst er.ror (an error affcc:ting multiple spatially adjacent bits) 

damages a minimum number of symboJs overall and a minimum number of symbols in any one codeWOJd. thus 

maximising the likelihood that the burst error can be fully aJl'reCtcd. 

1..2.S Physical Tag structure 
The physical representation of the~ shown in Figures. includes fixed target structures lS, 16, 17 and 

25 variable data areas 18. The fixed target sllUctures allow a sensing device 11uch as the nctpagc pen to detect the tag and 

infer its tblee-dimensional orientation n:Iative to the sensor. 'The data areas contain representations of the individual bits 

of lhc encoded tag data. 

To achieve proper tag reproduction, the tag is rendcml at a resolution of2S6x2S6 clots. When printed at 1600 

clots per inch this yields a ~ with a diameter of about 4 mm. At this resolalion the tag is designed to be surrounded by a 

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

diameter of the tag. 

The tag includes six target struc:tun:s. A detection rins JS allows the sensing device ID hUdalJy detect the tag. 

The ring is easy to detect because it is rotationally invariant and because a simple conec:tion of its aspect ratio removes 

most of the effects of perspective. distortion. An orientation axis 16 allows . the sensing device to determine the 

: I 
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approximate planar orientation of the tag due to the yaw of the sensor. The orientalion axis is skewed to yield a unique 

orientation. Pour perspective targets 17 allow the sensing device to infer an accurate two-dimensional perspective 

transform of lhe tag and hence an accurate three-dimensional position and orientation of lhe tag relalive to the sensor. 

All target structures are redundandy large to improve their inununity to noise. 

The ovemll tag shape is circular. This supports, ainong_st other things, optimal tag packing on an irregular 

triangular grid. In combination with the circular detection ring, this makei a circular anangemenl of data bits within the 

tag optimal. To maximise ilS size, each data bit is sepresented by a radial wedge in the form of an area bounded by two 

radial lines and two concenltic circular arcs. Bach wedge bas a minimum dimension of 8 dots at 1600 dpi and is designed 

so that its base (ilS inner arc). is at least equal to this minimum dimension. The height of the wedge in the radial direction 

1 0 is always equal to the minimum dimension. Each 4M>it data symbol is represented by an array of 2X2 wedges. 

15 

The lS 4-bit data symbols of each of the six codewords are allocated to the four conccnlric symbol rings 18a 

to l 8d in interleaved fashion. Symbols are allocated alternately in c:in:ular progression around the tag. 

The interleaving is designed to maximise the average spalial distance between any two symbols of the same 

codeword. 

Jn Older to support "single-click" interaction with a tagged region via a sensing device. the sensing device 

must be able to sec at least one entire tag in its field of view no matter where in the iegion or at what orientation it is 

positioned. The required diameter of the field of view of the sensing device is therefore a function of the size and spacing 

of the tags. 

Assuming a c:ireular tag shape. the mjnhmun diameter of the sensor field of 'View is obtained when the tags 

20 are tiled on a equilalaal triangular grid, as shown in Figure 6. 

1.2.4 Tag Image Processing and Decoding 
The tag image processing and decoding performed by a sensing device such as the netpage pen is shown in 

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

(at 20). The center of the range is then chosen as the binary threshold for the image 21. 1be image is then thresholded and 

25 segmented into connected pixel regions (i.e. shapes 23) (at 22). Shapes which are too small to represent tag target 

structures are discarded. The siu and cenl!Oid of each shape is also computed. 

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

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

made invariant of scale, aspect ratio and rotation. 

30 The ring target structure IS is the first to be located (at 26). A ring has the advantage of being very well 

35 

behaved when perspective-distorted. Matching proCeeds by aspect-normalizing and rotation-nonnalizing each shape's 

moments. Once irs second-order moments are nonnalit.ed the ring is easy to recogniu even if the perspective distortion 

was significant. The ring's original aspect and rotation 27 together provide a useful approximation of the perspective 

transform. 

The axis target structun: 16 is the next to be located {at 28). Matching proceeds by applying the ring's 

nonnalizations to each shape's moments, and robllion-normalizing the resulting moments. Once its second-order moments 

me nmmalizcd the axis target is easily rccognjzed. Note that one: third order moment is required to disambiguate the two 

poSSJ"blc orientations of the axis. 'lbe shape is deliberately skewed to one lide to make this possible. Note also that it is 
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only possible to rotation-normalize the axis target after it has had the ring's nonoaliutions applied, since the perspective 

distortion can hide the axis target's axis. The axis target's original rotation provides a useful approximation of the tag's 

rotation due to pen yaw 29. 

The four perspec:tive target structures 17 are the last to ~e located (at 30). Good estimates of lheir positions 

5 · are computed based on their Jcnown spatial relationships to the ring and axis targets, the aspect and rotalion of lhe ring. 

and lhe rotation of the axis. Matching proceeds by applying the ring's nonnalizations tQ each shape's moments. Once their 

second-order moments are normalized the circular perspective largets are easy to recognize, and the target closest to each 

estimated position is laken as a match. 'The. original centroids of the four perspective. targets are then taken to be the 

perspective-distorted comers 31 of a square of known size in tag space, and an eight-degree~-ftcedom perspective 

1 0 transform 33 is infened (at 32) based on solving the well-understood equations relating the four tag-space and image­

space point pairs (see Heckbert, P ., Fundamentals of Texture Mapping and Image Warping, Masters Thesis, Dept. of 

EECS, u. ofCalifomia at Berkeley, Technical Report No. UCB/CSD 891516, June 1989, the contents of which are here.in 

incoJporated by cross-reference). 

The inferred tag-spice to image-space penpective · 11"811Sfonn is used to project (at 36) each known data bit 

15 posjtion in tag space into image space where the real-valued position is used to bilinearly interpolate (at 36) the fOur 

relevant adjacent pixels in the input image. The previously compatecl image threshold 21 is used to threshold the result to 

produce the final bitvalDC 37. 

Once all 360 dala bits 37 have been obtained in this way, each of the six 60-bit Reed-Solomon codewords is 

decoded (at 38) to yield 20 decoded bits 39. or 120 decoded bits in total. Note that the codeword symbols arc sampled in 

20 codeword order. so that codewords an: implicidy de-interleaved during the sampling process. 

25 

30 

The ring target 15 is only sought in a subirea of the image Whose relalionship to the iinage guarantees 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 is 

recorded for lhe cummt fuune. Oiven adequate processing power and ideally a non-minimal field of view 193, an 

alteriialive stiaregy involves seeking another tag in the current image. 

The obtained tag data indicates du: identity of the region containing the tag and the position of the tag within 
. . . . 

the region. An accurate position 35 of the pen nib in the region, as well as the overall orientation· 35 of the pen. is then 

inferred (at 34) fi'om the perspective baDSfonn 33 observed on the tag and lhe known spatial relationship between the 

pen's physical axis and the pen's opticaJ axis. 

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

tag-relative pen location can be·uanslated into an absolute location within the tagged region. the loCation of the tag within 

the region must be known. This is given by a tag map,. a fiJDClion which maps each tag m in a tagged region to a 

corresponding localion. The tag map class diagmm is show'?- in F~ 22, as.part of the netpage printer class diagram. 

A tag map reflects the scheme used to tile the surface region with tags. and this can vmy according to surface 

35 type. When D11lltiple tagged regions share the same bling scheme and the same tag numbering scheme, they can also share 

the same tag map. 

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

transform. the tag map can be retrieved, the tag ID can be translated into an absolute tag loc:ation within the region, and 

the tag-reJalive pen location c:an be added to lhe tag location to yield an ibsOlute pen locadon within the region. 

. i I 
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1.2.6 Tagging Schemes 
Two distinct surface coding schemes are of interest, both of which use the tag structure described earlier in 

this section. The prcfcncd coding scheme uses '1ocation-indicating" tags as already discussed. An alternative coding 

scheme uses object-indicating lags. 

A localion-indicating tag conwns a tag ID wruch, when lranslated through the tag map associated with the 

tagged region, yields a unique tag location within the region. The tag-relative location of the pen is added to this tag 

location to yield the location of the pen within the region. This in tum is used to determine the location or the pen relative 

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

identified, but a location .relative to the user interface element is identified. Location-indicating tags therefore trivially 

10 support the capture of an absolute pen path in the zone of a particular user interface element. 

An object-indicating tag contains a tag ID which direcdy identifies a user interface element in the page 

description associated with the region. AJI the tags in the zone of the user interface element identify the user interface 

element. making them all identical and therefore indistinguishable. Object-indicating tags clo not, thelefore, $Upport the 

capture of an absolute pen path. They do. however. support the captun: of a mlative pen path. So long as the position 

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

next within a stroke can be unambiguously determined. 

With either tagging scheme, the tags function in coopeiation with associated visual elements on the nctpagc 

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

for tag dara to be read by the sensing device and foran appopmiie response to be generated in the netpage system. 

20 1.3 DOCUMENT AND PAGE l>EscRIPTIONS. 

A prcfemd embodiment of a document and page description class diagram is shown in Figures 25 and 26. 

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

bas a hicratchical structure whose terminal clements 839 arc 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 si7.c and ac:eording to a 

25 particular user's scale factor preference, lhe document is paginated and otherwise funnaltcd. Formatted terminal elements 

835 will in some cases be associated with content objects which are clifferent from those associated with their 

corresponding terminal elements, particularly where the content objects arc style-related. Bach printed instance of a 

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

rccoJdcd separately from input captured through other instances of the same page description. 

30 1be presence of the most abstrac:t document description on the page server allows a user to request a copy of 

a doeument without being forced to accept the source document's specific format. The user may be requesting a copy 

through a printer with a different page size, for example. Conversely. the presence of the fonnattcd document description 

OD the page Server allows the page sCrvCI to efficiently interpret user actions on a partic:uJ.ar printed page. 

A fomiattcd document 834 consists of a set of formatted page descriptions s. each of which consists of a set 

35 of fonnatted tenninal elements 835. Each formatted clement has a spatial extent or zone SB on the page. This defines the 

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

A document instance 831 conespouds to a fon'naltcd document 834. It consiats of a set of page instances 830. 

each or which ~ to a page description S of the formatted document. Each page instance 830 describes a single 

unique printed netpage 1, and records the page ID SO of the netpage. A page instance is not part of a document instance jf 
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it represents a copy of a page requested in isolation. 

A page instance consislS of a set of tenninal element instances 832. An element instance only e1tists if it 

records instance-specific information. Thus, a hyperlink instance exislS for a hJPOrlink element because it records a 

ttansaction ID SS which is specific to die page instance, and a field instance exists for a field element because it records 

5 input specific tO the page instance. An element inslanee doeS riot exist, however, for static elements such as textflows. 

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

command element 846, as shown in Figure 27. A sratic element 843 can be a style element 847 with an associated style 

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

image element 8S6, a graphic element 850 with an associated graphic object 857, a video clip clement 851 with an 

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

. 853 wilh an associated script object 860, al shown in Figure 28. 

A page instance has a background field 833 which is used to rcconf. any digital ink captmed on the page 

which does not apply to a specific input clement. 

In the preferred fOJm of the invention, a tag map 811 is associated with each page instance to allow tags on 

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

20 

1A THENETPAGENEIWORK 
In a preferred embodiment, a netpage network consisls or a distributed set of netpage page servers 10, 

netpage
0

regislration servers 11, neapage JD serveJS 12, neq,age ..,.icatioo ~ers 13, netpege pul>Jication sezvers 14. and 

netpage printen 601 connected via a network 19 such u the Internet, as shown in Figure 3. 

The nctpage registration server 11 is a server which .reconls relationships between usen. pens, printers, 

applications and publications, and thereby authorizes various network activilies. It authenticates users and acts as a 

· siping proxy on behalf of mthenticated users in application transaCti~. It abo provides handwriting recognition . 

scrvicCs. As de.scribed above. a nctp8gc page server 10 maintains persistent haroniiation about page. de.sc:riptions and page 

instances. The netpage netwodt includes any number of page servers, each handling .a subset or page instances. Since a 

25 page SeJYer also maintains user input values for each page instmec, clients such as netpagc printers send netpage input 

direclly to the appropriate page server. The page server iotmprets any such input relative to ihe description of the 

corresponding page. 

30 

35 

A netpage ID server 12 alJOClllCs document IDs Sl on demmld, and provides load-balancing of page SCIVeJS 

via its ID allocation scheme. 

A netpage printer uses the lniemet Distn"buted Name System (DNS). or similar, to resolve a nelpage page ID 

SO into the network address or Che DCtp8ge page server handling the comspondil!I page instance. 

A netpage application Seiver 13 is a server which hosts interaclive netpage applications. A netpage 

publication server 14 is an application server which publishes netpagc documents to netpage printeis. They are described 

in detail in Section 2. 

Netpage servers can be hosted on a variciy of netWork server plad'orms from manufacturerS such as mM, 
Hcwlett-Paclwd, and sun. Multiple netpage. serven c:aa run concurrently on a single host. and a single server can be 

distributed over a number of hosts. Some or all or the .nmctionaHty provided by netpage servers, and in panjcular the 

functionality provided by the ID server and the page server, can also be provided directly in a netpagc appliance such as a 

i I. 



W001/02905 PCT/AU00/00772 

15 

netpage printer. in a computer wmkslatiOn, or on a local network. 

1.5 THENElPAGEP~NTER 

The nctpage printer 601 is an appliance which is registered with the netpage system and prints netpage 

documents on demand and via subscript.ion. Each printer has a unique printer ID 62, and is connected to the net.page 

5 network via a network such as the Internet, ideally via a broadband connection. 

Apart from identity and security settings in non-volatile memory. the nctpagc printer contains no persistent 

storage. ~s far as a user is concerned, ''the network is the computer". Netpages function interactively across space and 

time with the help of the distributed netpage page servers 10, independently ofparticularnetpage printers. 

The nctpa,ge printer receives subscribed netpage documents from netpage publication servers 14. Each 

1 0 document is distributed in two parts: the page layouts, and the actual text and image objects which populate the pages. 

Because of personalization, page layouts are typically specific to a partiailar subscriber and so are pointcast to the 

subsc:n"ber's printer via the appropriate page server. Text and image objects, on the other hand, are typically shared with 

other subscn"bers, and so are multicast to all subscnbeJS• printers and the appropriate page servers. 

The netpage publication server optimi7.es the segmentation of document content into pointcasts and 

15 multicasts. After receiving the pointcast of a document•s page layouts, the printer knows which multicasts, if any, to listen 

to. 

Once the printer has received the complete page layouts and objects that define the docwncnt to be printed. it 

can print the document. 

The printer rasteri7.es and prints odd and even pages simDltaneoasly on both sides of the sheet. It contains 

20 duplexed print engine controllers 760 and print engines utilizing MCJajetm printheads 350 for Ibis purpose. 

25 

The printing process consists of two decoupled stages: rasterization of page descriptions, and expansion and 

printing of page images. The Jaster image processor (RIP) consists of one or more standard DSPs 7S7 running in parallel. 

The duplexed print engine controllen consist of custom processors which expand. dither and print page images in real 

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

Printers not enabled for JR printing have the option to print.tags using JR-absorptive black ink, although this 

restricts tags to othcnvisc empty areas of the page. Although such pages have more limited functionality than JR-printed 

pages. they are still classed as oetpa.gcs. 

A normal netpagc printer prints nctpages on sheets of paper. More specialised nctpage printers may print onto 

more specialised surfaces, such as globes. Each printer supports at least one surface type, and supports at least one tag 

30 tiling scheme, and hence tag map, ror each surface type. The tag map 811 which descn"bcs the tag tiling scheme actually 

used to print a document becomes assOciatecl with that document so that the document's tags can be correctly intetpreted. 

Figure 2 shows the nelpage printer class diagram. eflecting printer-Jclated infonnation maintained by a 

registralion server 11 on the nctpage network. 

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

35 to Figures 11 to 16. 

1.5.1 Mam)etTN Printhaads 

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

acceptance, ii is desirable rhat a netpage prinler have the following characteriStics: 

• photographic quaJity color printing 

• high quaJity text printing 

• high reliability 

• low printer cost 

• low ink cost 

• low paper cost 

• simple operation 

• nearly silent printing 

• high printing speed 

• simultaneous double sided printing 

• compact form factor 

. low power consumption 

No colJUJICJ'ciaJly available printing technology has all of tlwe characteristics 

To enable to production· of printers with these characteristics, the Jm*11l applicant has invented a new print 

technology, ieferrcd to as MmajctTM technology. MaajctTM is a drop-on-demand inijct technology that incorporates 

pagewidth printheads fabric:aied using microelectromcchanical s,stems (MEMS) technology. FJgUR: 17 shows a single 

pri~ng element 300 of a MemjetTM printhead. The nelpage wallprinter incorporates 168960 printing elements 300 to 

20 fonn a 1600 dpi pagewidth duplex printer. This printer shnultaneously prints cyan, magenta. yellow. blaclc. and infrared 

inks as well as paper conditioner and ink fixalive. 

The printing element 300 is approximalely I 10 microns long by 32 microns wide. Amys of these printing 

elements are formed on a silicon substrate 301 that incorporaleS CMOS logic:. data transfer, timing, and drive circuits (Dot 

shown). 

25 Major elements of lhe printing eJement 300 are lhe nozzle 302, the nozzle rim 303, the nozzle chamber 304, 

the tluidic seal 305, the ink cbannel rim 306, the lever arm 307,· the active actuator beam pair 308, the passive actuator 

beam pair 309, the active actuatoranchor310. the passive actuatoranchor311, and the ink inlet312. 

The active actuator beam pair 308 is mechanically joined to the passJve actuator beam pair 309 at the join 

319. Both beams pairs are anchored at their respeetive anchor points 310 and 311. The combination of elements 308, 309, 

30 310, 3 J J, and 319 form a cantilevered eJec:trothermal bend actuator 320. 

35 

Figure 18 shows a small part of an array of prindng elements 300, including a cross section 315 of a printing 

element 300. The cross section 315 is shown without ink. to clearly show the ink inlet 312 that passes through the silicon 

wafer301. 

Figures 19(a), 19(b) and 19(c) show the opeiating cycle of a MengetTM printing element 300. 

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

: I 
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retained in the nozzle chamber by surface tension at the ink meniscus 316 and at the fluidic seal 30S formed between lhe 

nozzle chamber 304 and the ink channel rim 306. 

WhiJe prinling, the printhead CMOS cin:uilry distributes data from the print engine controller to the correct 

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

5 This causes an electrical cunent to pass through the beam pair 308 for about one microsecond, iesulting in Joule heating. 

The temperature increase RSUlting from Joule heating causes the beam pair 30& to expand. As the passive actuator beam 

pair 309 is not heated, it does not expand, resulting in a stress difference bctweco the two beam pairs. This stress 

difference is partially resolved by the cantilevered end of the electrolhermal bend actuator 320 bending towards the 

substrate 301. The lever arm 307 ttansmits this movement to the nozzle chamber 304. The nozzle chamber 304 moves 

1 0 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. 1be nozzle rim 303 prevents the ink meniscus 316 from spreading across 

the surface of the nozzle chamber 304. 

As the temperature of. the beam pairs 308 and 309 equalizes, the actuator 320 returns to its original position. 

This aids in the bleak-off of the ink droplet 317 from the ink 321 in the nozzle chamber, as shown in Figure 19(c). The 

15 nozzle chamber is refilled by the action of the surface tension at the meniscus 316. 

20 

Figure 20 shows a segment of a printhead 3SO. In a netpage printer, the length of the printhead is the fUll 

width of the paper (typically 210 mm) in the direction 3Sl. The segment shown is 0.4 mm Jong (about 0.2~ of a complete 

printhead). When printing, the paper is moved past the fixed printhead in the clii"ection 352. The printhead has 6 rows of 

interdigitated printing elements 300, printing the six colors o.r types of ink supplied by the ink inlets 312. 

To protect the tiagile surface of lhe printhcad during opcntion, a nozzle guard wafer 330 is attached to the 

printhead substrate 301. For each nozzle 302 there is a com:sponding nozzle guard hole 331 through whicb·the ink 

droplets are fired. To prevent the nozzle guard holes 331 from becoming blocked by paper fibers or other debris, filtered 

air is pumped through the air inlets 332 and out of the nozzle guard holes during printing. To prevent ink 321 fiom dlying, 

the nozzle guard is sealed while the printer ia idle. 

25 1.6 THE NETPAGE PEN 
The active sensing device of the netpage system is typically a pen IOI, which. using its embedded controller 

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

device provided with an appropriate filter to permit sensing at only near-infrared wavelengths. As described in more detail 

below, the system is abJe to sense when 1he nib is in contact wi1h the surface, and the pen is able to sense tags at a 

30 sufficient tale to capture human handwriting {i.e. at 200 dpi or greater and 100 Hz or taster). Jn:fonnation captured by 1he 

pen is encrypted and wilclessly transmitted to the printer (or base station). the printer or base station interpreting the data 

with respect to the (known) page structure. 

The preterred embodimenl of the netpage pen operates both as a normal lll8lking ink pen and as a non­

marking stylus. The. marking aspect, however, is not necessary for using the nctpage system as a browsing system, such as 

35 when it is used as an Jniemet interface. Each netpage pen is registered with the netpage system and has a unique pen ID 61. 

Pigun: 23 shows the net:page pen class diagram.. reflecting pen-related infonnarion maintained by a registration server 11 

OD the netpage netwodt. 

When either nib is in contact wilh a netpage, the pen determines its position and orienlation relative to the 

page. The nib is attached to a force sensor, and the force on the nib is interp?eted reladve to a threshold to indicate 

i: 
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whether lhe pen is "up" or "down". This allows a interactive element on lhe page to be 'clicked' by pressing with the pen 

nib, in order to request, say, informalion from a network. Furthermore. lhe force is capmred as a continuous value to 

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

The pen determines the position and orien1ation of its nib on lhe net.page by imaging, in the infrared 

5 speclrllm, an area 193 of the page in the vicinity of the nib. It decodes the nearest tag and computes the position Of the nib 

relative to the tag fiom the observed penpective distortion on the imaged tag and the known geometry of the pen optics. 

·· Although the position resolution of the tag may be low. because the tag density on the page is inversely proportional to 

the .tag size. the adjusted position resolution is quite high, exceeding the minimum resolution required for accurate 

handwriting mx>gnition. 

1 0 Pen actions relative to a nctpage are captured as a series of stroklls. 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 evenL A stroke 

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

the commencement of the stroke. 

Each netpage pen has a current selection 826 associmd with it, allowing the user to perfonn copy and paste 

15 operations etc. The selection is timestamped to allow the SJstem to discard.it 8fter a defim:d time period. The current 

selection descn"bcs a region of a page inslaDCe. It consists of the most recent digital ink stroke captured through the pen 

relative to the b~ uea of the page. It is interpreted in an. applicalion-specific manner once it is submitted to an· 

application via a seJecti<m hypedink activation. 

Each pen has a current m"b 824. This is the nib last notified by the pen to the system. In the case of the default 

20 netpage pen described above; either the marking black ink nib or the non-marking stylus nib is current. Each pen also has 

a c:umnt nib style 825. This is the nib style last associated with the pen by an application. e.g. in response to the user 

selecting a cob' ft'om a palette. The default m'b style is the nib style associated wirh the current nib. SttoJtcs c:aptuRd 

duough a pen are tagged with the current nib style. When the strokes are subsequently reproduc:ed, they are reproduc:ed in 

the nib style with which they are tagged. · 

25 

30 

Whencvc:r the pen is within range of a printer with which it can communicate, the pen slowly flashes its 

"online" LEO. When the pen fails to decode a slroke relative to the page. it lllDDDlarily activates its "enor'' um. When 

the pen succeeds in decoding a suoke relative to the page, it momentarily activates its "ok'" Ll!D. 

A sequence of captwcd strokes is refemd to as digiral ink. Digilal ink forms the basis for lhe digilal exchange 

of drawings and handwriling •. for onJine ~gnition of hamlwriting, and fo.r onJine verification of signalures. 

The pen is wiRlcas and transmits cligiral ink to the netpage printer via a short-range radio link. The 

transmitted digital inlc is encrypted for privacy and security and pm:kcti7.ed for efficient transmission. but is always flushed 

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

When the pen is out-of-range of a printer it buffers digital ink in internal IDClllOI)', which has a capacity of 

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

35 digital ink. 

A pen can be registered with any number of printers, but because 8ll state dala resides in netpages bo1h on 

paper and on the network. it is largely immaterial which printer a pen is communicating with at any particillar time. 

A prcfem:d embodiment of the pen is descn'bed in grealer detail in Section 6 below, with reference to figures 

· 8to10. 

! I. 
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1.7 NETPAGEINTERACTION 

The netpage printer 601 receives data relating to a stroke from the pen 101 when the pen is used to interact 

with a netpagc 1. The coded data 3 of the tags 4 is read by the pen when it is used to execute a movement, such as a 

stroke. The data allows the idenlit;y of the particular page and associated interactive element to be dctcnnined and an 

5 indication of the relative positioning of the pen relative to the page to be obtained. The indicating data is transmitted to 

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

server 10 which maintains the corresponding page instance 830. It then transmits the stroke to the page server. If the page 

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

cache. Each netpage consists of a compact page layout maintained pCl'Sistendy by a netpagc page server (see below). The 

10 page layout refers to objeclS such as images, fonts and pieces of text, typically stored elsewhere on the netpage network. 

When the page server receives the stroke from che pen, it retrieves the page desc:Dplion to which the sll'Okc 

applies, and detmmines which elemen~ of the page description the sttokc intersects. It is then able to interpret the stroke in 

the context of the type of the relevant elemenL 

A "click'' is a stroke where the distance and time between the pen down position and the subsequent pen up 

15 position are both less than some small maximum. An object which is activated by a c1ick typically requires a click to be 

activated, and acconlingly, a longer stroke is ignored. The failure of a pen action, such as a "sloppy" cliclc, to register is 

indicated by lhe lack of response fi'om the pen's "ok" LED. 

· There are two kinds of input elements in a nctpage page description: hyperlinks and form ~elds. Input 

through a form field can also bigger the activation of an associated hyperllnk. 

20 1.7.1 Hyperllnks 
A bypaiink is a means of sending a message to a remote application, and typically elicits a printed response 

in the netpagc: system. 

A hypedink cJement 844 identifies lhe applicalion 71 which handles activation of the hyperlink. a link ID 54 

which identifies the hyperlink to the application. an "alias required" flag which asks the system to include the user's 

25 application alias ID 6S in the hyperlint activation, and a description which is used when the hyperlink is m:orded as a 

favorite or appeus in the user's history. The hyperlink element class diagram is shown in Figure 29. 

When a hypcdink is iu:tivatcd. the page server sends a request to an application somcwhcie on the network. 

'nle application is identified by an application lD 64, and tbe application ID is R!SOlved in the nonmJ way via the DNS. 

1bere are three types of hypedinks: general hyperlinks 863, form hyperlints 865, and selection hyperlinks 864, as shown 

30 in Figure 30. A genenl hyperlink can implement a request for a linked document, or may simply signal a prefelCnce to a 

server. A form hyperlink submits the corresponding form to the application. A selection hyperlink submits the current 

selection to the application. If the current selection contains a single-word piece of text, for example. the application may 

ECtum a &ingle-page document gMng the wont•s meaning within the context in which it appears. or a translation into a 

different language. each hyperlink type is characteri7.ed by what information is submitted to the application. 

35 1bc concsponding hyperlink instance 862 records a transaction ID 55 which can be specific to the page 

instance Oil which the hyperlink instance appears. The llanSaeti.OD ID can identify ~-specific data to the application. for 

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

1bc system includes the pen's current selection 826 in a selection hypcrlink activation. The system includes 

the content of the msociated form instance 868 in a form hyperlink activation, although if the hypedink has its "submit 
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delta'' attribute set, only input since the last fonn submission is included. The system includes an effective return path in 

all hyperlink activadons. 

A hyperlinked group 866 is a group element 838 which has an associated hyperlink. as shown in Figure 31. 

When input occurs through any field element in the group, the hyperlink 844 associated with the group is activated. A 

5 hyperlinked group can be used to associate hyperlink behavior with a field such as a checkbox. It can also be used, in 

conjunction with the '°submit delta" attribute of a form hyperlink. to provide continuous input to an application. It can 

therefore be used to support a "blackboard" interaction model, i.e. where input is captured and therefore shan:d as soon as 

it occurs. 

10 
1.7.2 Forms 

A fonn defines a collection of related input fields used to capture a related set of inputs through a printed 

netpage. A fozm allows a user to subnUt one or more parametezs to an application software program running on a server. 

A form 867 is a group element 838 in the document hierarchy. It ultimately contains a set of tenninal field 

ele111ents 839. A form instance 868 repmsenrs a printed instance of a fonn. It consists of a set of field instances 870 which 

correspond to the field elements 845 of the fomL. Each field instance has an associated value 871, whose type depend& on 

· 15 the type of the conesponding field element. Each field value records input through a particular printed fonn inslancc. i.e. 

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

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

expired. A form is active when first printed. A form becomes frOi.cn once it is signed or once its hezc lime is teaehed. A 

Conn becomes submitted once one of its submission hyperlinks has been activated, unless the hyperlink bas its "submit 

20 delta" attribute set. A form becomes void when the user invokes a void form, re5et form qr duplicate fonn page commilnd. 

·A form expires when its specified expiry time is Je&Ched, i.e. when the lime the form has been active exceeds the form's 

specified lifetime. While the Coma is active, form input is allowed. Input through a form which is aot active· is instead 

captured in the backpound field 833 or the relevant page instance. When lhc form is active or frozen, form submission is 

allowed. Any attempt to submit a fonn when the form is not active or frozen is rejected, and instead elicits an form status 

25 report. 

Bach form instance is associated (at 59) with m, form instances clerived from it, thus providing a version 

histmy. This allows all but the latest version of a form in a particular time period to be excluded from a search. 

All input is captured as digital ink. Digital ink 873 consists of a set of timestamped stroke groups 874, each of 

which consists ofa set or styled strokes 875. Each stroke consists of a set of timestamped pen positions 876, each or 

30 which also includes pen orientation and m"b force. 11ae digital ink class diagram is shown in Figure 33. 

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

880. The field element class diagram is shown in Figure 34. Any digital ink captured in a field's zone 58 is assigned ID the 

field. 

A cbeckbox field has an associated boolean value 881, as shown in f'ilUM 3S. Any mark (a tick, a cross. a 

35 stroke, a fill zigzag, eic.) captured in a checltbox field's zone causes a true value to be assigned to the field's value. 

A text field has an associated text val~ 882, as shown in Figure 36. Any digital ink captured in a text field's 

zone is automatically converted to text via online handwriting recognition, and the text is assigned to the field's value. 

Online handwriting recognition is weil-understood (see, for example, Tappen. C., C. Y. Suen and T. Wakalwa, "1be Slate 

of the Art in ()u.;Une Handwriting Recognition", IEEE Transactions on Pattern Analysis and Machine Intelligence, 

'I 
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Vol.12. No.8, August 1990, the contents of which are herein incorporated by cross-reference) . 

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

captured in a signature field's zone is automatically verified with respect lo 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 generared and assigned to the field's value. The 

5 digital signature is generated using the pen user's private signature key specific to the application which owns the form. 

Online signature verification is well-understood (see, for ex&mple, Plamondon, R. and G. Lorette, "Automatic Signature 

Verificalion and Writer Identification - The State of the Art", Paltcm Recognition. Vol.22, No.2, 1989, the contents of 

which are herein incorporated by cross-refemlce). 

A field element is hidden if its "hidden" atlrl.butc is set. A hidden field element does not have an input zone 

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

form containing the field is submitted. 

"Editing" commands. such as strikc-throughs indicating deletion, can also be recognized in form fields. 

Because the handwriting recognition a1gorithm worts "online" (i.e. with access lo the dynamics of the pen 

movement), rather than "oftline" (i.e. with access only to a bitmap of pen markings), it can zecognir.e run-on cliscretely-

15 written characters with relatively high accuracy, without a writer-clependent training phase. A writer-dependent model of 

handwriting is automatically gcnemted over time. however• and can be generated up-front if necessary, 

20 

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

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

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

Digital ink caplUml in the background field is intClpreted as a selection gesture. CiJ'ClllmCription of one or 

more objects is generally intmpreted as a selection of the cireumscribed objects. although the actual interpretation is 

application-specific. 

Table 2 summarises these various pen intemctions with a netpage. 

25 Table 2 ·summary of pen Interactions with a netpage 

Obect 
yperllnk 

The system maintains a current selection for each pen. The selection consists simply of the most recent str0ke 

captured in the baclcground field. The selection is cleared after an inactivity timeout to ensme predictable behavior. 

The raw digital iok captured in every field is retained on the netpage page server and is, optionally lransmitted 

SO with the form data when the fonn is submitted to the application. This allows the application lo interrogate the raw digital 

ink should it suspect the oriSinal conversion, such as the conversion of handwritten text. 'Ibis can, for example, involve 
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human intervention at lhe application level fOr forms which fail certain application-specific consistency checks. As an 

extension to this, the entire background area of a form can be designated as a chawing field. The application can then 

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

operator, on the assumption that the user may have indicated amendments to the filled-in fields outside of those fields. 

5 Figure 38 shows a flowchart of the process of handling pen illPIJt relative to a netpage. 11le process consists 

of receiving (al 884) a stroke ftom·the pen; identifying (at 885) the page instance 830 to which the page JD 50 in the 

stroke refers; retrieving (at 886) the page description 5; identifying (at 887) a formatted element 839 whose zone 58 the 

stroke intersects; determining (at 888) whether the formatted element conesponds to a field element, and if so appending 

(at 892) lhe received SIJ'Olce to the digital ink oflhe field value 871, interpretiq (at 893) the accumulated digital ink of the . . . . 

10 field, and determining (at 894) whether the field is part of a hyperlinked group 866 and jf so activating (at 895) the 

15 

associated hyperlink; altemalively determining (at 889) whether the fonnatted element corresponds to a hyperlink element 

and if so activating (at 895) the concsponding hyperlink; alternatively, in the absence of an input field or hypcrlink, 

appending (at 890) the received stroke to the digital ink of lhe background field 833; and copying (at 891) the received 

stroke to the cunent selection 826 or lhe cum:nt pen, as main-ned by the registration server. 

Figure 38a shows a detailed flowchart of step 893 in the process shown in Fig0n: 38, where the accumulated 

digital int of a field is interpreted acCording to·the type Of the field. 11ac pioc:ess consists or determining (at 896) w~ 

the field is a cbec:JtbOx arid (at 897) whether the digital ink .represents a c:heckmark. and if so auigning (al 898) a true 

valu,e to the field value; altematively determining (at 899) whether the field is a text field and if so converting (at 900) the 

digital ink to computer text, with the help of the appropriate registration server. and assigning (at 901) the converted 

20 computer text to the field value; alternatively determining (at 902} whether.the field is a signature field and if so verifying 

(at 903) the digital ink as the signablm of the pen's owner, with the help of the appropriate registration server, creating (at 

904) a digital signature of die contents of the c:onesponding form, also with the help of the registration SCIVCI' and using 

the pen owner's private signalure key relating to the corresponding appliCalion, and assigning (at 90S) ·the digital 

signature to the field value. 

25 1.7.3 Page Server Commands 
A page server command is a command which is handled locally by the page scncr; k operalCS din:c:dy on 

form, page and document instances. 

A page server command 907 can be a void form command 908, a duplicate form command 909, a reset form 

command 910, a get form status command 911, a duplicate page c:ommand 912, a reset page command !>13. a get page 

30 status command 914, a duplicate document conunand 91S, a reset document command 916, or a get document status 

command 917, as shown in Figure 39. 

A void form command voids the corresponding form instance. A duplicate form command voids the 

corresponding fonn instance and then produces an active printed copy of the current form instance with field values 

preserved. The copy contains the same hyperlink tnmsaction IDs as.the original, and so is indistinguishable from the 

35 original to an application. A reset form command voids lhe conesponding form instance and then produces an active 

printed copy of the form instance with field values discarded. A get form statns command produces a printed report on the 

status of the corresponding form instanee, including who published it. when it was printed, for whom it was printed, and 

the fonn status of the form inslallce. 

Since a form hyperlink instance contains a transaction JD, the applicalion has to be involved in producing a 

40 new form instance. A button requesting a new form instance is therefore typically implemented as a hyperlink. 

·• 

, I 
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A duplicate page command produces a printed copy or lhe corresponding page instance with the background 

field value preserved. lf lhe page contains a form or is part of a form, then the duplicate page command is inteJpreted as a 

duplicate fonn command. A reset page command produces a printed copy of the corresponding page instance with lhe 

baclcground field value discarded. Jr the page contains a form or is part of a form, then the reset page command is 

5 interpreted as a reset form command. A get page status command produces a printed report on the status of the 

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

any fonns it contains or is pan of. 

1hc netpage logo which appears on every netpage is usually associated with a duplicate page element. 

When a page instance is duplicated with .field values preserved, field values are printed in their native fonn, 

10 i.e. a checkmark appears as a standard checkmark graphic, and text appears as typeset text. Only drawings and signatures 

appear in their original fonn, with a signature accompanied by a standard graphic indicating successful signature 

verification. 

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

backgronnd field values preserved. If the document contains any forms. then the duplicate document command duplicates 

15 the fOJmS in the same way a duplicate fonn command does. A reset document command produces a printed copy of the 

corresponding document instance with background field values discarded. If the document contains any forms, then the 

reset docwnent command resets the forms in the same way a reset form command does. A get document status command 

produces a printed report on lhc sta1uS of the corresponding document instance, including who published it. when it was 

printccl, for whom it was printed. and the status of any forms it contains. 

20 Ir the.page server command's ''on selected" attribute is set, then the command operates on the page identified 

by the pen's cwrcnt selection rather than on the page containing the command. 11iis allows a menu of page server 

commands to be pJinted. If the mget page doesn't contain a page server command element for the designated page server 

c:ommanct, then the command is ignored. 

An application can provide application-specific handling by embedding the relevant page server command 

25 clement in a hyperlinked group. The page server aclivates the hyperJink associated with the hyperHnked group rather than 

execuling the page server command. 

A page server COnillland element is hiddea if its "hidden" attribute is seL A hidden command element docs 

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

server command ~ in a different page. if that page server command has its "on selected" attribute seL 

30 1.8 STANDARD FEATURES OFNETPAGES 

35 

In the prefened form. caCh netpage is printed with thc netpage logo at the bottom to indicate that it is a 

netpage and then:fore has interactive propcnjes. The log0 also acts as a copy button. In most cases pressing the logo 

produces a copy of the page. In the case of a form, the button produces a copy of the come fonn. And in the case of a 

secure document, such as a ticlcet or coupon. the button elicits an cxplanaEory note or advertising page. 

The default single-page copy function is handled direcdy by the relevant netpage page server. Special copy 

functions are handled by linlcing the logo button to an applicadon. 

1.9 USER HELP SYsTEM 

In a prefcm:d embodiment, the nctj>age printer has a single button labelled "Help". When pzessed it cJicits a 
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single help page 46 of information, including: 

.. 
• 

• 

• 

• 

status of printer connection 

status of printer consumables 

top-level help menu 

document function menu 

top-level netpage network directOry 

The help menu provides a hierarchical manual on how to use the netpage system. 

The document runclion menu includes the following functions: 

print a copy of a document 

PCT/AU00/00772 

10 • print a clean copy of a form 

15 

• print the status of a document 

A document function is initiated by selecting the document and ~ pressing the bUltOn. The status of a 

document indicates who published it and when, to whom it was deiivered, and to whom and when it was subsequently 

submitted as a form. 

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

the user can request mnote diagnosis over the network. 

2 PeRSONAUzED PUBLICATION MODEL 

In the following description, news is used as a canonical publicatioJi. Cxample to illusllite personalization 

mechanisms in the nctpagc system. Although news is often used in the limited sen8e of newspaper and newsmagazine 

20 news. the intended scope in the present context is wider. 

In the netpagc system, the editorial content and the advertising content of a news publicali0n are pcnonaliml 

using different mechanisms. The editorial content is personalized according to the ielder's explicitly stated and implicitly 

captured interest profile. The advertising content is personali7.ed aa:oJding to the reader's Joc:ality and demographic. 

2.1 EDfroRw..f'ERSONMJZATION 

25 A mbsaiber can draw on two kinds of news sources:- those that deliver news publicalions, and those that 

deliver news stream. While news publications are aggregated and edited by 1he publisher,. news stn:ams are aggregated 

either by a news publisher or by a specialized news aggregator. News publications typically c:onespond to traditional 

newspapers and newsmagazines. while news streams can be many and vuied: a "law" news feed from a news service, a 

cartoon strip, a freelance writer's column, a friend's bulletin board, or the reader's own e-mail 

30 The netpage publicalion server supports the publication of edited news publications as well as the 

aggregation of multiple news streams. By handling the ~galion and hence. the fonnatting of news streams. selected 

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

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

aeating a petS011alized version of each. 1be resulting daily editions are printed and bound rogether into a single 

35 newspaper. The vuious members of a household typically expiess their different interests ind tastes by selecting different 

: I 
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daily publications and then customizing them. 

For each publication, the reader optionally selects specific sections. Some sections appear daily, wlUle others 

appear weekly. The daily sections available from The New York Times online. for example, include "Page One Plus", 

"National", "International", "Opinion", "Bnsiness", "Arts/Li"Ving", "Technology", and "Sports". The set of available 

5 sections is specific to a publication, as is the default subset 

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

news streams. Custom sections might be created for e-mail and ftiends' announcements ("Personal;, or for monitoring 

news feeds for specific topics ("Alerts" or ''Clippings"). 

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

1 0 numerically (i.e. as a limit on its number of pages), and the desired proportion of advertising, either qualitatively (e.g. 

high, normal, low, none), or numerically (i.e. as a penientage). 

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

longer articles. Each article Is ideally written (or edited) in both short and long forms to support Ibis preference. 

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

15 reader. for example to provide children's and adults' versions. The appropriate version is selected according to the 

reader's age. The reader can specify a "reading age" which takes precedence over their biological age. 

20 

The llJticles which make up each section are selected and prioritized by the editors, and each is assigned a 

useful Jifetime. By default they are delivered to aJI relevant sllbscribers. in priority order, subject to space constraints in 

the subscribers' editions. 

In sections where it is appropriate, the reader may optionally enable collaborative filtering. 1bis is then 

applied to articles which have a sufftciendy long lifetime. Bach article which qualifies for collaborative filtering is printed 

with rating buttons at the end 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. 

Articles with high priorities and short lifetimes are therefore effectively consideml essential reading by the 

25 editors and are delivered to most relevant subscribers. 

30 

35 

The reader optionally specifies a scrc:ndipity factor, either qualitatively (e.g. do or don't SUlprise me), or 

numerically. A high serendipity factor lowers the threshold used for matdling during collaborative filtering. A high factor 

makes it more likely that the corresponding section will be tilled to the reader's specified capacity. A diffmmt serendipity 

factor can be specified for different days of the week. 

'lbc reader also optionally specifies topics of particular interest within a section, and this modifies the 

priorities assigned by the editors. 

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

optionally specifies a preference for fewer images or smaller images or both. If the number or size of images is not 

reduced. then images may be delivered at lower quality (i.e. at lower resolution or with greater compression}. 

At a global level, the reader specifieli how quantilies; dales, times and monetmy values are localiml. 'Ibis 

involves specifying Whclher units are imperial or metric, a local timezone and mnc format. and a local cumncy, and 

whether the localization consist of in situ translation or annotation. These preferences are derived from lhe reader's 

locality by default. 
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To n:duce reading difficulties caused by poor eyesight, the reader optionally specifies a global preference for 

a larger presentation. Both text and images are scaled accordingly, and less infonnation is accommodated on each page. 

The language in which a news publication is published, and its corresponding text encoding, is a property of 

the publication and not a preference expressed by the user. However, the netpage system can be configured to provide 

5 automatic translation services in various guises. 

2.2 ADvERTISING LocALlzATION AND TARGETING 

The personalization of the editorial content directly affects the advertising content. because advertising is 

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

elsewhere. The value of the editorial content to an advertiser (and therefore to the publisher) lies in its ability to attract 

10 large numbers of readers with the right demogniphiC:s. 

Bffective advertising is placed on the basis of locality and demographics. Locality derennines proximity to 

particular services, retailers etc., and particuiar interests and concerns associiated with the local community and 

environment. Demographics determine general Interests and preoccupations a5 weU as likely spcinding patterns. 

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

15 the publication's geographic covenge, the size of its readership. its readership demographics, and the page area available 

for advertising. 

In the netpage system, the netpage publication server coPl)>Dles the approximate muld-dimensional size of a 

publication's saleable advertising space on a per-section basis, taking into account the publication's geographic eoverage. 

the section's readership. the size of each reader's section edition, each reader's advertising proportion, and each reader's 

20 demographic. 

In comparison with other media. the netpage system allows the advertising sPace to be defined in greater 

detail, and allows smaller pieces of it to be sold separately. It therefore allo\vs it to be iold at c:loscr to its llUe value. 

For example. the same advertising "slot" can be sold in varying proportions to several advertisen, wilh 

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

25 proportion of space sold to each advertiser. 

The netpage system allows advertising to be· nDlced diJectly to detailed product information and online 

purchasing. It therefore raises the intrinsic value of the advertising space. 

Because personalization and localization are handled automatically by netpage publication servers, an 

advertising aggregator can provide mbitrarily broad covenge of both geography and demograpbic:s. The subsequent 

30 disaggregation is eff'icient because it is automatic. This makes it more cost-cffcctive for publishen to deal with advertising 

aggregators lhaD to direcdy captme advertising. Even though the advertising aggiegator is t!*in& a proportion of 

advertising revenue. publishers may find the change profit-neuttal because of the greater efficiency of aggregation. The 

advertising aggregator acts as an intermedimy between advertisers and publishers, and may place lhe same advertisement 

in multiple publications. 

35 It is worth noting that ad placement in a netpage publication can be more complex than ad placement in lhe 

publication's traditional counterpart, because. the publication's advertising space is mote complex. While ignoring lhe fUU 

complexities of negotiations between advertisers, advertising aggregatms and publishers, the preferred form of the netpage 

system provides some automated support for these negotiations, including support for automaleel auctions of advertising 

; I 
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space. Automation is particularly desirable for lhe placement of advertisements which generate small amounts of income, 

such as small or highly localized advertisements. 

Once placement has been negotiated. the aggregator captures and edits the advcniscmcnt and records it on a 

nctpage ad server. Correspondingly, the publisher records lhe ad placement on lhe relevant netpage publication server. 

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

from the netpage ad server. 

2.3 USER PROFl.ES 

2.3.1 Information FllterJng 

The personalization of news and olher publications relies on an assortment of user-specific profile 

10 information, including: 

publication customizations 

• collaborative filtering vectors 

• contact details 

• presentation prefe'rences 

15 The custommtion or a publication is typically publication-specific, and so the customization infonnalion is 

maimabled by the relevant netpage publication server. 

A collabOJ'ative filtering vector consists of 1he user's ratings of a number of news items. It is used to cmrelate 

different users' intercsls for the pmposes of making recommendations. Although lheM are benefits to maintaining a single 

collabolalive filtering vector independendy of any particular publication, there are two reasons why it is more prac:tical. to 

20 mainrain a separate vector for each publication: there is likely to be more overlap between the vectors of subscn"bers to the 

same publication than between those of subscribers to different publications; and a publication is likely to want to present 

its users' collaborative filtering vectors as part of the value of its brand, not to be found elsewhere. Collaborative filtering 

vectors are thaeforc also inaintaiacd by the relevant nctpage publication server. 

Contact details, including name, street address, ZIP Code, state, country, telephone numbers. arc global by 

25 natUrc, and are mainlaincd by a nctpagc registration server. 

Plesentation prefelenc:es. including those for quantities, dales and times. are likewise global and maintained 

in the same way. 

The localization of advertising relies on the locality indicated in the user' a contact details, while the targeting 

of advertising reljes on personal informalion such as dale of birth. gender; marital Slatus, income, pmfession. education, or 

30 qualitative derivatives such as age range and income range. 

For those users who choose to reveal personal information for advertising purposes, the information is 

maintained by the relevant netpagc tcgistralion server. In lbe absence of such mfonnation, advertising can be targeted on 

the basis of the demographic associated with the user's ZIP or Z1P+4 Code. 

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

35 net:page registration server maintains the relationships bctwccn them, as shown in Figures 21, 22, 23 and 24. For 

registration purposes. a publisher is a special kind of application provider, and a publication is a special kind of 

application. 
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Each user 800 may be aulhori7.ed to use any number of printers 802, and each printer may allow any number 

of users to use it. Each user has a single default printer (at 66), to which periodical ·publications are delivered by default, 

whilst pages printed on demand are delivered to the printer through which the user is interacting. The server keeps track of 

which publishers a user has aulhorized to print to the user's default printer. A publisher does not record the ID of any 

5 particular printer, but instead resolves the ID when it i!I required. The user may also be designated as having 

adminisirative privileges 69 on the printer, allowing the user to authorize other users to use the printer. This only has 

meaning if the printer requires administrative privileges 84 for such operations. 

When a user subscribes 808 to a publication 807. the publisher 806 (i.e. application provider 803) is 

authorized to print to a specified printer or the user's default printer. This authorization can be revoked at any time by the 

10 user. Each user may have several pens 801, but a pen is specific to a single user. If a user is authorized to use a panicular 

printer, then that printer recognizes any of the user's pens. 

'Ihe pen ID is used to locate the corresponding user profile maintained by a particular netpage registration 

server, via the DNS in the usual way. 

A Web terminal 809 can be authorized to print on a particular netpage printer, allowing Web pages and 

15 netpage documents encountered during Web browsing to be conveniently printed on lhe nearest neipage printer. 

The netpage system can collect. on behalf of a printer provider, fees and commissions on income earned 

through publications printed on the provider's printers. Such income can include advertising fees, click-through fees, e­

commerce commissions, and transaction fees. lflhe printeris o~ by~ user, then lhe userjs the printer provider •. 

Bach user also has a netpage account 820 which is used to accumulate micro-debits and credits (such as those 

20 described in the preceding paragraph); contact details SlS, including name. address and te~ne numbeis; global 

preferences 816, including privacy, delivery and loCarization settings; any number ofbiomecric rec::onfs 817. conlaining 

the user's encoded signatwe 818, fingC!print 819 etc; a handwriting model Bi9 automatically maintained by lhe system; 

and SET payment card accounts 821, with which e-commerce payments can be made. 

Jn addition to the user-specific netpage acc:ount, each user also has a netpage. account 936 specific to each 

25. - printer the user is authoMecl to use. Each printer-specific account is used to accumulaJe micro-debits and aedits related to 

the user's activities on that printer. The user is billed on a regular basis for any outstanding debit balances. 

30 

A user optionally appears in the netpage user direc:tOJy 823, allowing olher users to locate and direc:t e-mail 

(etc.) to the user. 

2.4 INTELLIGENT PAGE LAYOUT 

'Ihe netpage public81ion server automatically lays out the pages of each user's personalized publication on a 

section-by-section basJs. Since most advenisements m8 in the form of pre-formatted rectangles, Ibey m8 placed on the 

page before the editorial content. 

The advertising ratio for a section can be achieved with wildly varying advenising ratios on individual pages 

wilhin the section, and the ad layout algorithm exploits this. The algorithm is configured to attempt to co-locate closely 

35 tied editorial and advertising content, such as placing ads for roofing materiaJ specifically within the publication because 

of a special fe~ on do-it-yourself roofing repairs. 

The editorial content selecled for the user, including text and associated images and graphics, is then laid out 

according to various aesthetic mies. 

: I 
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The entire process, including the selection of ads and the selection of editorial content, must be iterated once 

the layout has converged, to anempt to more closely achieve the user's stated section size preference. The section size 

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

2.5 DOCUMENT FORMAT 

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

nelWOrk. 

The primary efficiency mechanism is the separation of information specific to a single user's edition and 

infonnation shared between multiple useJS' editions. The specific information consists of the page layout. Tue shared 

information consists of the objects to which the page layout refers. including images, graphics, aiid pieces of tex.L 

10 A text object contains fully-fonnatted text represented in the Extensible Markup Language (XML) using lhe 

Extensible Stylesheet Language (XSL). XSL provides precise control over text fonnatting independently of the reSion 

into which the text is being set. which in this case is being provided by the layouL The text object conlains embedded 

language codes to enable automatic lranslation, and embedded hyphenation hints to aicl with pamgmph formatting. 

An image object encodes an image in the JPEG 2000 wavelet-based compressed image format. A gmphic 

15 object encodes a 2D pphic in Scalable Vector Graphics (SVG) :fonnat. 

The layolit itself consists of a series of placed image and graphic objects, linked textflow objects through . 

which text objects flow, byperlinks and input fields as described above, and watermark regions. These layout objects are 

sumnwi7AS<l in Table 3. The layout uses a compact fomlat suitable for efficient distn'l>Ution arul storage. 

20 Tabla 3 - netpage layaut obfacts 

25 

Layout Attribute Format of 
obiect linked oblect 

mage Position 
mana ob1aet ID JPEG2000 

Graphic 'osition 
:1raohlc obiect ID SVG 

rextflow extflowlO 
~one . 
1nt1nnal text nb1-.t ID KMUXSL 

Hyperlink ·we . 
~ne .. 
oolfcatlon ID etc. . 

l=ield we 
leBnlnQ . 
nne 

watermark :One 

2.6 DOCUMENT DISTRIBUJION 

As described above. for purposes of efficient disb'ibution and persistent storage on the netpage network, a 

user-~ific page layout is sep~ from the shared objects to which it refers. 

When a subscribed publication is ready to be distributed, the netpage publication server allocates, with the 

help of the netpage ID server 12, a unique ID for each page, page instance, document, and document instance. 

The server computes a set of optimized subsets of the shared content and creates a multicast channel for each 
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subset, and then tags each user.specific layout with the names of the multicast channels which will carry the shared 

content used by that layout. The server then pointcasts each ~·s layo~ to that user's printer via the appropriate page 

server, and when the pointc:asting is complete, muld.casts the shared content on lh11: specified channels. After receiving its 

pointcast, eacll page server and printer subsc:ribes to the multicast channels specified in the page Jayouts. During the 

5 multicasrs. cacll page server and printer exlraetS from the multicast streams those objects referred to by its page layouts.. 

The page servers persistendy archive the =eived page layouts and shared content 

Once a printer lw n:c:eivcd all the objects to which its page layouts refer, the printer re-creates the fully­

popu1atecl ]ayout and then rastcrizes and prints it. 

Under normal circumstances, the printer prints pages faster than they can be delivered. Assuming a quarter of 

1 0 each page is covered with imageS, die average page has a sir.e of less than 400KB. The pnnter can theref'ole ho1d in excess 

oflOO such pages in its internal 64MB memory, allowing for temporaiy buffers etc. The printer prints at a rate of one 

page per second. 'Ibis is equivalent to 400KB or about 3Mbit of page daaa per second, which is similar to the highest 

expected rate of page dab. delivery over a broadband network. 

Even under abnonnal ciil:umstanCes, such as when the printer runs out of paper, it is likely that the user will 

15 be able to replenish the paper supply betom the printer's 100-page internal storage capacity is exhausted. 

20 

However, if the printer's internal memory dcics fill up, then the printer will be unable to mike use of a 

mu1licast when it fir.st occurs. The ne1pa&e pnblicalion server lberefore allows printers to submit requests for :re-multicasts. 

When a critical number of t"equests is received or a timeout occun. the. server re-multicasts the corresponding shared 

objects. 

Once a document is printed, a printer can produce an exact duplicate al: any time by retrieving its page layouts 

and contents &om the relevant page server. 

2.7 ON-DEMAND DOCUMENTS 

When a netpage document is iequested on demand. it can be penonalir.c:d and delivered in much.the same 

way as a periodical. However, since ·lhele is no shaR:d content, delivery is made diredly to the requesting printer without 

25 the use of multicast. 

When a non-netpage document is requested on demand. it is not personalized. and it is delivcn:d via a 

designated netpage formatting server which refmmats it as a netpage docwnenL A netpage formalting server is a special 

instance of a netpage publicalion server. 1be netpage formatting server has knowledge of various Internet document 

formats, including Adobe's Portable Document F~ (PDF). and HypelteXt Markup Language (HTML). In the case of 

30 H1ML, it can make use of the higller :resolution of the printed page to present Web pages in a multi-coJumn format, with a 

table of contents. It can automatically include all Web pages directly linked to the requested page. The user can tune this 

behavior via a preference. 

The netpage formatting server makes standard nelpage behavior, including interactivity and persistence, 

available on any lntemet document, no matter what its origin and format. .It hides knowledge of different document 

35 formals from both the net.page printer and the netplige page server, and hides knowledge of the net.page system from Web 

serve1s. 

; I 
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3 SECURITY 

3. 1 CRYPTOGRAPHY 

Cryptography is used to protect sensitive information, both in storage and in transit, sncl to authenticate 

parties to a transaction. There are two classes of cryptography in widespread use: secret-key cryptography and public-key 

5 · cryptography. The netpage network uses both classes of cryptography. 

Secret-key cryptography, also referred to as symmetric cryptography, uses the same key to encrypt and 

decrypt a message. Two parties wishing to exchange messages must first arrange to securely exchange the secret key. 

Public-key cryptography, also refemd to as asymmetric cryptography, uses two encryption keys. The two 

keys are mathematically related in such a way that any message encrypted using one key can only be deaypted using the 

10 other key. One of these keys is then published, while the other is kept private. The public key is used to encrypt any 

message intcndecl for the holder of the private key. Once enaypted using the public key, a message can only be decrypted 

using the private key. Thus two parties can securely ex.change messages without first having to ex.change a secret key. To 

ensme that the private key is secure, it is normal for the holder of the private key to generate the key pair. 

Public-key cryptography can be used to create a digital signablre. The holder of the private key can create a 

15 known hash of a message and then encrypt the hash using the private key. Anyone can then verify that the encrypted hash 

constituteS the "signature" of the holder of the private key with respect to rhat particular message by deciypting the 

encrypted bash using the public key ancl verifying 1he hash against the message. If the signature is appended to the 

message, then the recipient of the message can verify both that the message is genuine ancl that it has not been altered in 

transit. 

20 To mate public-key cryptography work, there bas to be a way to distribute public keys which prevents 

impcrsouation. This is normally done using certificates and certificate authorities. A certificate authorit.y is a ll'Ustcd third 

party which authenticates the connection between a public key and someone's identity. 1bc certificate anthority verifies 

the person•s identity by examining identity documents, aJid then creates and signs a digital certificate containing the 

person's idendt.y details and public key. Anyone who trusts the certific:ate aurhorit.y can use the public key in the 

25 certificate with a high degree of certainty that it is genuine. 'Ibey just have to verify thai the certificate has indeed been 

signed by the certificate authorit.y, whose public key is well-known. 

In most transaction environments, public-key cryptography is only used to create digital signatures anc1 to 

securely exchange secret session key&. Secret-key ceyptography is used for all other purposes. 

In the rollowing discussion, when reference is made to the recure transmission of information between a 

30 netpage printer and a server, what actually happens is that the printer obtains the server's certificate, authenticates it with 

reference to the certificate authority, uses the public key-exchange key in the certificate to exchange a seciet session key 

with the server, and then uses the secret session key to encrypt the message data. A senion key. by definition. can have an 

arbitrarily short lifetime. 

3.2 NETPAGE PRINTER SECURITY 

35 Each netpage printer is assigned a pair of unique iclentificrs at time of mmmfac1me which are stored in read-

only memory in the printer anc1 in the ncipage icgistration server database. The first ID 62 is public and uniquely identifies 

the printer on the netpage network. The seconc1 ID is secICt. and is used when the printer is first registered on the network. 

When the printer connects to the netpage network for the first time after installation, it creates a signature 

public/private key pair. It lrallsmits the secret ID and the pubJic key securely to the netpage regisliation server. The senrer 
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compares the secret ID against the printer's secret ID recorded in its database. and accepts the registration if the IDs 

IDlllCb. ft lhen creates and signs a certificate containing lhe printcr"s public ID and public signature key. and stores the 

certificate in the registration database. 

The netpage registralion server acts as a certificate authority for netpage printers, since it has access to secret 

5 information allowing it to verify printer identity. 

When a user subscribes to a publication, a record is crealed in the netpage. registration server database 

authorizing the publisher to print the publication to the user's default printer or a specified printer. Bvezy document sent 

to a printer via a page server is addressed to a particular user and. is signed by the publisher using the publishcr"s private 

signature key. ThC page server verifies, via the registration database, that the publisher is authorized to deliver the 

10 publication to the specified user. The page server verifies the signature using the publisher's public key, obtained from the 

publisher's certificate stored in the registration database. 

15 

The netpage registration server accepts. requests to add printing authorizalions to the dalabase, SC> long as 

those requests are initiated via a pen registered to the printer. 

NETPAGE PEN SEcURITY 

Bach netpage pen is assigned a unique identifier at rime of maaufac:ture which is stored in read-only memory 

in the pen and in the netpage :registration mer database. The pen. ID 61 uniquely identifies the pen on the netpage 

network. 

A neipage pen can "know" a number of netpage printers, and a printer can "know" a number of pens. A pen 

communicates with a printer via a radio frequency signal whenever it is within range of the printer. Once a pen and printer 
. . . 

20 are registCrcd, they regularly exchange session keys. Whenever the pen transmits digital ink to the printer, the digital ink 

is always encrypted using the approprillle session key. Digital ink is never aransmittecl in the clear. 

A pen stores a session key for evay printer it knows, indexed by printer ID, and a printer stores a session key 

for every pen it knows, indexed by pen ID. Both have a large but finite storage capacity for session keys. ancl will forget a 

session key on a least·reccntly-usecl basis if necessary. 

25 When a pen comes within range of a printer. the pen and printer discover whether they 1cnow each other. If 

30 

they don't know cadl other. then the printer determines whether it is supposed ID know the pen. This might be, for 

example, because the pen belongs to a user who is registered to use the printer. If the printer is meant lo know the pen but 

doesn't, then it initiates the automatic pen registralion procedure. If the printer isn't meant to know the pen. then it agrees 

with the pen to ignme it until the pen is placed in a charging cup. at which lime it initiates lhe regisbatioa procedure. 

In addition to its public ID, the pen conlains a secret key-exchange key. The ttey.exclumge key is also 

recorded in the nerpage registration server darabase at time of manufacture. During registtatlon, the pen lraDSDllts its pen 

ID to the printer, and the printer transmits the pen JD to the netpage registration server. The server geDC1ates a session key 

for the printer and pen to use, and securely transmits the session key to the printer. It also transmits a copy of the session 

key encrypted with the pen's tey-cxchangc key. The printer stores the session key internally, indexed by the pen lD, and 

35 transmits the encrypted session key to the pen. The pen stores the session key internally, indexed by the printer m. 

Although a fake pen can impenonate a pen in the pen registration protocoL only a real pen can deCJypt the 

session key transmitted by the printer. 

When a previously unregistered pen is first regiatered, it is of limited use until it is linked to a user. A 

: I 
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registered but ''un-owned" pen is only allowed to be used to request and fill in netpage user and pen registralion forms. to 

register a new user to which the new pen is automalically linked, or to add a new pen to an existing user. 

The pen uses seaet·key rather than public-lcey encryption because of hardware performance constraints in the 

pen. 

5 3A SECURE DoCUMENTS 

The netpage system supports the delivery of secure documents such as tickets and coupons. The netpage 

printer includes a facility to print watermarks. but will only do so on rcqueat from publishers who are suitably authorized. 

The publisher indicates its audwrity to print watermarks in its cerlificate, which the printer is able to authenticate. 

The "watermark" printing process uses an alternative dither matrix in specified "watennark" regions or the 

1 0 . page. Back-to-back pages contain mirror-image watermark regions which coincide when printed. The dither matrices used 

in odd and even pages' watermark regions are designed to produce an inrerference effect when the regions are viewed 

together, achieved by looking through the printed sheet. 

20 

25 

The effect is similar to a watermark in lhat it is not visible when looking at only one side of the page. and is 

lost when the page is copied by normal means. 

Pages of secure documents cannot be copied using the built-in nctpagc copy mechanism described in Section 

1.9 above. This.extends to copying neipages on netpage-aware photocopiers. 

Secure documents am typically generated as part of e-commeme transactions. They can thelCforc include the 

user's photograph which was captured when the user registered biomelric information wilh the netpage registration server, 

as described in Section 2. 

When presented with a.secure nctpage document. the recipient can verify its BDthenlicity by requesting its 

status in the usual way. The uniqoe ID of a secure document is only valid for the lifeli111e of the document. and secure 

document ms are allocated non-contiguously to prevent rheir prediction by opportunistic forgers. A secure document 

verification pen can be developed with built-in feedback on verificalion failure, to support easy point-of-presentation 

document verification. 

Cearly neither the watermadt nor the user's phoiograph arc secure in a ayplOgraphic sense. 'Ibey simply 

provide a significant obstacle to casual forgery. Online document verification, particularly using a verificalion pen, 

provides an added Jevcl of security where it is needed, but is still not entirely bnmune to forgeries. 

3.6 NON-REPUDIATION 

In the netpage system. foDIJS submitted by users arc deli\rered reliably to fonns handlers and are persistently 

30 ud1ived on netpage page servers. It is therefore impossible for recipients to repudiate delivery. 

35 

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

to repudiate. 

4 ELECJRONIC COMMERCE MODEL 

4.1 SECURE ELECTRONC TRANSACTION (SET) 

The netpage system uses the Secure Electronic Transaction (SET) system as one of its payment systems. SET, 

having been developed by MasterCard and Visa. is organized around payment ca.rds, and this is fCflccted in the 
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terminology. However, much of the system is independent or the type of accounts being used.. 

In SET, cardholders and merchants· register with a certificate authority and arc issued with certificates 

containing their public signature keys. The certificate authority verifies a canlho1der's regiSlration details with the card 

issuer as appropriate, and verifies a merchant's registrarion details with the acquirer as appropriate. Cardholders and 

5 merchants store their respecti\re private signature keys securely on their computers. During the payment process. these 

certificates are used to mutually authenticate a merchant and cardholder, and to authenticate them both to the payment 

gateway. 

SBT has not yet been adopted widely, partly because cardholder maintenance of keys and certificates is 

considered burdensome. Interim solutions which maintain · cardholder keys· and certificates on a server and give the 

10 cardholder access via a password have met with some success. 

4.2 SET PAYMENTS 

In the netpage system the netpage registration server acts as a prolly for the netpage user (i.e. the 'cardholder) 

in SETpa}'DIBDt tran~ons. 

The neipage system uses biometrics to authenticate the user and authorize SET payments. Because the system 

15 is pen·based. the biometric used is the user's on-line signature, consisting of timc--varying pen position and pressure. A 

fingerprint biometric c:an also be used by designing a fingerprint sensor into ~ pen, although at a higher cost. The type of 

biometric used only affects the captme 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 controlled environment. for example a bank, where the biometric can be captured at 

20 the same time as lhe user's identity is verified. The biomebic is c:aptured and stored in the iegistration database, linked ID 

the user's record. The user's photograph is· also optionally i:aptiJred and linked tO the record. The SBT cardholder 

registralion process Is completed, and the resulting private signatme key and c:enificate are stoled in the database. The 

user's payment card infonnation is also stored, giving the netpase registration server enough information to act as the 

user's proxy in any SET payment transactian. 

25 When the user eventually supplies the biometric 10 complete a payment, for example by signing a netpage 

order form, the printer securely transmils · the order iliformation, the pen ID and the biometric data to the netpage 

registration server. The server verifies the biometric with respect tO lhe user identified by the pen ID, and ftom then on 

acts as the user's proxy in completing the SBT payment transaiction. 

4.3 MICRO-PAYMENTS 

30 The netpage system includes a mechailism for micro-paymentS, to allow the user to be conveniendy charged 

for printing low-cost documeliti on demand and for copying cOpyright c!OCuments. and pos110Jy aJso to allow the user to 

be reimbursed for expenses incurred in printing advertising material. 'The latter depends on the level of subsidy already 

provided to the user. 

When the user registers for e-commerce. a network account is established which aggregates micro-payments. 

35 'The user receives a statement on a regular basis. and can settle any outstanding debit balance using the standard payment 

mechanism. 

'The network account can be extended to aggregate subscription fees for periodicals, which would also 

otherwise be presented to the user in the form of individual statements. 

i I 
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4A TRANSACnONS 

When a user :requests a netpage in a particular application context, the application is able to embed a user-

speci6c transaction ID SS in the page. Subsequent input through the page is tagged with the ttansac:tion ID. and the 

application is thereby able lo establish an appropriate context for the user's input. 

When input occurs through a page which is not user-specific, however, the application must use the user's 

unique identity ~o establish a contexL A_ typical example involves adding items from a pre-printed catalog page to the 

user's virtual "shopping cart". To protect the user's privacy, however, the unique user ID 60 known to the netpage system 

is not divulged to applications. This is to prevent different application providers from easily correlating independently 

accumulated behavioral data. 

10 1be netpage registration server insi:ead maintains an anonymous relationship between a user and an 

application via a unique alias. ID 65, as shown in F"agure 24. Whenever the user activates a hyperlink tagged with the 

"registered" attribute, the netpage page server asks the netpage registration server to translate the associated application 

ID 64, togcdler with the pen lD 61, into an alias ID 65. The alias ID is then submitted to the h.yperlink's application. 

The application mainrahis state information indexed by alias ID, and is able to retrieve user-specific state 

15 information without knowledge of the global identity of the user. 

1be system also maintains an independent certificate and private signature key for each of a user's 

applications, to allow it to sign application transictionl on behalf of the user using only application-specific infonnalion. 

To assist the system in routing product bar code (UPC) "hyperlink" activalions, the system records a favorite 

application on behalf of the user for any number of product types. 

20 Each application is associated with an application provider, and the system maintains an account on behalf of 

25 

each application provider, to allow it to ciedit and debit the provider for click-through fees etc. 

An application provider can be a publisher of periodical subscribed content. 1.'be system m:ords the user's 

wi11iDgness to receive the subscn"bed publication, as well as the expected ftequenc:y of publication. 

5 CoMMUNICA110NS PROTOCOLS 

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

entities such as pens. printers and serven utilise a set of defined protocols to cooperatively handle user interaction with 

the net.page system. 

Each protoc:ol is illustrated by way of a sequence diagram in whic:h. the horizontal dimension is used 10 

represent-message flow and the venic:al dimension is used to represent time. Each entity is represented by a rectangle 

30 containing the name of the entity and a vertical colunm 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 are generally cut· short as soon as an 

entity ceases to participate in a protoeol. 

35 
5.1 SUBSCAIP110H DELIVERY PROTOCOL 

A preferred embodiment of a subscription delivery protoeol is shown in Figure 40. 

A large number of users may subscribe to a periodical publication. Each user's edition may be laid out 

differently, but many users' editions will share common content such as text objects and image objects. The subscription 
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delivery protocol therefore delivers document structures to individual printers via pointcast, but delivers shared content 

objects via multicast. 

The application (i.e. publisher) first ob1ains a document ID SI for each dociument from an ID server 12. It 

then sends each document structui'e, including ils document ID and page de~ptions, t0 the page server 10 responsible 

5 for the document's newly allocated ID. It includes ilS own application ID 64, the subscriber's alias m 65, and the relevant 

set of multicast channel names; It signs the message using its private signature key. 

10 

15 

The page server uses the application ID and alias ID to obtain from the registration server the corresponding 

user ID 60, the user's selected printer ID 62 (which may be explicitly selected for the awlication, or may be the user's 

default printer), and the application's certificate. 

The application's certificate allows the page server to verify the message signaiure. The page server's request 

to the registration server fails if the application ID and alias ID don't together identify a subscription aos; 

The page server then allocates document and page inst8!lce .IDs and forwards the page descripliOns, including 

page ms SO, to the printer. It includes the relevant sel of multicast channel names for the printer to listen to. 

It then rerums the newly allocated page IDs to the application for fiJlure reference. 

Once the application has distributed all of the dOClllllCDt structures to the subscribers' selected printers via the 

ldevant page servers, it multicasts the various subsets of the shared objects on th_e previously seleeled multicast channels. 

Both page servers and printers monitor the appropriate multicast c:hailnels and receive their iequfred content objects •. They 

are then able to populate the pevioUs!y · pointaist ~t struclUres. This allows the page servers to add complete 

documents to lheir databases, and it allows the printers to print the documents. · 

20 6.2 ltYPERUNK ACTIVATION PROTOCOL 

25 

A prefeaed embodiment of a hypedinlt activation protocol is~ in Fipre 42. 

When a user clicks on a netpage with a netpqe pcm. lhe pen communicates the click to the nearest netpa.gc 

printer 601. The click identifies the page and a location on the page. The printer already lcnows the JD 61 of the pen from 

the pen connection protocOI. 

The printer determines. via lhc DNS, the netWorlc adchis of the page server JQa handling the particular page 

JD SO. The addieu may already be in its cache if die- user has n:ciCntly interacled with the same page.. The printer then 

folWards the pen ID, its own printer m 62, the page ID and click location to the page server. 

The page server loads the p8ge description S identified by the page JD and determines which input element's 

zone SS. if any, the cliclc lies in. Assuming the releWnt input element is a hyperlink element 844. lhe page server then 

30 · · obtains the ass0c.iated. application ID 64 and· link ID 54, and deterinines, via the DNS, the network: acidress of the 

application server hosting the application 71. 

The page server uses lhe pen ID 61 to obtain the corresponding user JD 60 from the registmtion server J 1, 

and then allocates a gJobaJly unique hypedinlc request ID 52 and builds a byperlink: request 934. The bypedinlc request 

class diagram is shown in Figure 41. The hyperlink request records the JDs of the iequesting user and printer, and 

35 identifies the clicked hyperlink instanec 862. 1be page server then sends its own server ID 53, the hyperlink request ID, 

and the link ID to the application. 

The application produces a response document according to appfu:ation-spec:ific logic. and oblains a 

document JD SI from an ID server 12. It then sends the document to the page server lOb responsible for the docu111CDt's 

r I 
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newly allocated ID. together with the mquesting page server's ID and the hyperlink request ID. 

The second page server sends the hyperlink request JD and application ID to the first page server to obtain the 

corresponding user ID and printer JD 62. The first page server rejects the request if the hyperlink request has expired or is 

for a different application. 

5 The second page server allocates document instance and page IDs SO. returns the newly allocated page IDs to 

the application, adds du: complete document to its own database, and finally sends the page descriptions to the requesting 

printer. 

The hyperlink instance may inclu~ a meaningful transaction ID SS, in which case the first page server 

includes the transaction ID in the message sent lo the application. 'nlis allows the application to eslablish a transaclion-

10 specific context for the hyperlink activation. 

If the hyperlink requires a user 8lias. i.e. itS "alias required" attribute is set. then the first page server sends 

both the pen ID 61 and the hyperlink' s application ID 64 to the registration server 11 to obtain not just the user ID 

corresponding to the pen ID but also the alias ID 65 corresponding to the application ID and the user ID. It includes the 

alias ID in the message sent to the application, allowing the application to establish a user-specific context for 1he 

15 byperlink activation. 

6.3 HANDWRmNQ RECOGNmDN PROTOCOL 

When a user draws a sboke on a netpage with a netpage pen. the pen communicates the stroJce to the nearest 

netpage printer. ~e stt0ke identifies the page and a palb on the page. 

The printer fmwards the pen ID 61, ilS own printer ID 62. the page 1D SO and sboke path to lhe page server 

20 10 in the usual way. 

The page server loads the page description S identified by the page ID and delmnines which input element's 

zone SS, if any, the sboke intersects. Assuming the relevant input element is a text field 878. the page server appends the 

sboke to the text field's digital ink. 

After a period of inactivity in the zone of the text field. lhe page SClVCr sends the pen ID and the pending 

25 sbokes to the registration server 11 for inteJpretadon. The registration server identijies the user corresponding to the pen, 

and uses the user's accumulalecl handwriting model 822 to interpret the suokes as handwritten text. Once it has converted 

the slrokcs to text, 1he nsgistration seiver mums the text to the requesting page server. The page server appends the text to 

the text value of the text field. 

5.4 SIGNATURE VERIFICATION PROTOCOL 
30 Assuming the Input element whose zone the stroke intersects is a signature field 880, the page server 10 

appends the sboke to the signature field's digital ink. 

After a period of inactivity in the zone of the signllUle field, the page server sends the pen ID 61 and the 

pending slroltes to the nsJistration 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 cummt data content of the form. The registration 

35 server identifies the user corresponding to the pen, and uses the user's dynamic signalure bimnetric 818 to verify the 

sbobs as the user•s signanm:. Once it has verified the signatuic, the registration server uses the application ID 64 and 

user ID 60 to identify the user's application-specific private signature key. It thea uses the key to genemte a digital 

signature of the form data, and returns the digital signature to the requesting page SCJVer, The page seiver assigns the 
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digital signature to the signature field and secs the associated form•s status to frozen. 

'lbe digital signature includes the alias ID 6S of the corresponding user. This allows a single form to capture 

'11Ultiple users• signatures. 

5.5 FOAM SUBMISSION PROTOCOL .. 

A prefen'ed embodiment of a form submission protocol is shown in Figure 43. 

Form submission occurs via a form hyperlink activation. It thus follows the protocal defined in Section S.2, 

with some form-specific additions. 

In the case of a form hyperlink, the hyperlillk activation message sent by the page server 10 to the application 

71 also contains the form ID 56 and the current dara content of the fonn. If the form contains any signanare fields, then the 

1 0 application verifies each one by extracting the alias ID 6S associated with the corresponding digital signature and 

obtaining the corresponding certificate from the registration server 11. 

6 NETPAGE PEN DEscRIPTION 

6.1 PEN MECHANICS 

Referring to F'.igurc.s 8 and 9, the pen. generally designated by reference numeial JOI, includes a housing 102 

15 in the form ofa pWtics mou1cling having walls 103 defining an interior space 104 for m0unting the pen componems. The 

pen top lOS is in operationJOtatahly mounted atone end 106ofthe housing 102.A semi-transpam>t cover 107 is secured 

to the opposite end 108 of the housing 102. 'The cover i07 is. also of moulded plastics, and is' fonned from semi­

transparent material in order to enable the user to view the status of the LED mounted within the housing 102. The cover 

107 includes a main part 109 which substantially surrounds the end 108 of the housing 102 and a projecting portion 110 

20 which projects back from the main part 109 and fits within a corresponding slot 111 fonncd in the walls 103 of the 

housing 102. A radio antenna 112 is mounted behind the projecting portion 110, withbi the housing lOl. Screw threads 

113 surro1U1ding an aperture 113A on the cover 107 are arranged. to receive a metal end piece 114. including 

corresponding screw threads 115. 1be metal end piece 114 is removable to enable ink cartridge replacement. 

Also mounted within the cover 107 is a Iii-color status LBD 116 on a flex PCB 117. The antenna 112 is also 

25 mounted on the flex PCB 117. 1he status LED 116 is mounted at the top of the pen 101 for good all-around vin"bility. 

111e pen can operate bolh as a nmmal marking ink pen aod as a non-maddng stylus. An ink pen camidge 118 

with nib 119 and a stylus 120 with stylus m'b 121 are mounled side by side within the housing 102. Either the ink 

cartridge nib 119 or the stylus nib 121 can be brought foiward through open end 122 of lhe metal end piece 114, by 

rotation of the pen top 105. Respective sJider blocks 123 and 124 ant mounted to. the ink carlridge 118 and stylus 120, 

30 respc:ctiveJy. A rotatable cam barrel J2S is seam=d to lhe pen top 105 in opendon and arranged to rotate therewith. The 

cam barrel 125 includes a cam 126 in the form of a slot within the walls 181 of the cam baael. Cam followers 127 and 

128 projecting from sJideJ' blocks 123 and 124 fit within the cam slot 126. On rotation of the cam barrel 125, the slider 

blocks 123or124 move relative to each other to project eilber the pen nib 119 or stylus nib 121 out through the hole 122 

in the metal end piece 114. The pen 101 has three states of operation. By turning the top 105 through 90" steps. the three 

35 states are: 

• Stylus 120 nib 121 out; 

• Ink cmtridge 118 nib 119 out; and 

! I 
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• Neither ink cartridge 118 mb 119 out nor stylus 120 nib 121 out. 

A second flex PCB 129, is mounted on an electronics chassis 130 which sits wi!hin the housing 102. 11ae 

second flex PCB 129 mounts an infi'ared LED 131 for providing infrared radiation for projection onto the surface. An 

· image sensor 132 is provided mounted on the second flex PCB 129 for receiving reflected radiation from the surface. The 

5 second flex PCB 129 also mounts a radio frequency chip 133. which includes an RF transmitter and RF receiver, and a 

controller chip 134 for controlling operation of the pen 101. An optics block 135 (fanned from moulded clear plastics} 

sits within tht! cover 107 and projects an infrared beam onto the surface and receives images onto the image sensor 132. 

Power supply wires 136 connect the components on the second flex PCB 129 to batteJy contacts 137 which are mounted 

within the cam barrel 12S. A tenninal 138 conneclS to the battery contacts 137 and the cam barrel 12S. A three volt 

10 rechargeable battery 139 sits within the cam barrel 125 in contaCl with the battery contacts. An induction charging coil 

140 is mounted about the second flex PCB 129 to enable recharging of the battery 139 via induction. The second flex 

PCB 129 also mounts an inftared LED 143 and infrared photocliode 144 for detecting displacement in the cam barrel 125 

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 lhe surface by the pen nib 119 or stylus nib 121. The IR photodiode 144 detects light from the IR LED 

15 143 via reOectors (not shown) mounted on the slider blocks 123 and 124. 

Rubber grip pads 141 and 142 arc provided towards the end 108 oftbe housing 102 to assist gripping the pen 

101, and top 105 also includes a clip 142 for clipping the pen 101 to a pocket. 

6.2 PEN CONTROLLER 

The pen 10 l is arranged to detennine the position of its nib (stylus nib 121 or ink cartridge nib 119) by 

20 imaging, in the infrared 1pecuum. an area of the &urfsce in the vicinity of the nib. It record& the location data from the 

nearest location tag, and is arranged to calculate the distance of the nib 121 or l 19 from the location tab utilising optics 

135 and conlroller chip 134. The conlroller chip 134 calculates the orientalion of the pen and the nib-to-tag distance from 

the perspective distortion observed on the imaged tag. 

Utilising the RF chip 133 and ~tenna 112 the pen 101 can transmit the digital.ink: data (which is encrypted 

25 for security and packaged for efficient transmission) to the computing system. 

When the pen is in range of a receiver, the digital ink data is transmitted as it is fonned. When the pen 101 

moves out of range, digital ink data is bufferccl within the pen JOI (the pen 101 circuitry includes a buffer arranged to 

store digital ink data for approximately 12 minutes of the pen motion on the surface) and can be transmitted later. 

The controller chip 134 is mounted on the second flex PCB 129 in the pen 101. F'igwe 10 is a block diagmm 

30 illustrating in more detail the architecture of the conlroller chip 134. Figure 10 also shows representations of the RP chip 

133, the image sensor 132, the tri-c:olor status LBD 116, the JR illumination LBD 131, the IR force sensor LED 143, and 

the force sensor pholOdiode 144. 

The pen conbUller chip 134 includes a c:ontrolling processor 145. Bus 146 enables the exchange of data 

between components of the conbUller chip 134. Flash memory 147 and a 512 KB DRAM 148 are also included. An 

35 analog-to-digital converter 149 is arranged to convert the analog signal from the force sensor photodiode 144 to a digital 

signal. 

An image sensor interface 152 interfaces with the image ~or 132. A transceiver controller 153 and base 

band circuit JS4 are also included to interface with the RP chip 133 which includes an RF citcuit 1SS and RF resonators 

and inductms 156 connected to the anteniia I 12. 
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The controlling processor 145 caplUreS and decodes location "6 from lags ft'om lbe surface via the image 

sensor 132, monirms the force sensor photodiode 144, controls the LEDs 116, 131 and 143, and handles short-range radio 

communication vi~ the radio transceiver 1S3. It is a medium-pertonnance (-40MHz) general-pmpose RISC processor. 

The processor 14S, digital transceiver components (transceiver controller 1S3 and baseband circuit 1S4), 

5 image sensor interface IS2, tlash memory 147 and Sl2KB DRAM 148 are integrated in a single controller ASIC. Analog 

RF components (RF circuit !SS and RF resonators and inductors 156) are provided in the separale RF chip. 

The image sensor is a 21S:x21S pixel CCD (such a sensor is produced by Matiushita Electronic Corporation, 

and is described in a paper by ltalaira. K T Nobuslida, N Okusenya. R Nagayoshi, and M Ozaki, "A Imm SOk-Pixel IT 

CCD Image Sensor for MiniatUre Camera System", IBBB Transactions on Blectroni~ DeVices, Volt 47, number 1, January 

10 2000, which is incorporated berehl by reference) with an IR filter. 

The controller ASIC 134 enters a quiescent state after a period of inactivity when the pen 101 is not in 

contact with a surface. It incorpOfateS a dedicated circuit ISO which monitor$ the force sensor photocli.ode 144 and wakes 

up the c:ontroller 134 via the power manager IS 1 on a pen-down cvenL 

The radio lransceiver communicates in the unlicensed 900MHz band normally used by cordless telephones, 

15 or alternatively in the unlicensed 2.4GHz industrial, scientific and medical (ISM) band. and uses ftequency hopping and 

collision detection to provide interferen~f'rec communication. 

In an alternative embodiment, the pen incorporateS an lnfrmed Data .Association (lrDA) intedace for short­

range communication with a base sration or nctpagc printer. 

Iii a fUrther embodiment, the pen iol includes a pair of orthogonal accelerometer& mounred in the normal 

20 plane of the pen 101 axis. 1be accelerometers 190 ~shown in Figures 9 arid 10 in ghost outline. . 

The provision of the accelerometers enables this embodiment or the. pen .. 101 to sense motion without 

reference to smface location tags, allowing the location tags to be sampled at a lower rate. Each location tag ID can then 

identify an object of interest rather than a position on the surface. For example. if the object is a user intedace input 

el~nt (e.g. a command button), thCn lhe tag ID of~ localion tag within the area of the input element can dim:tly 

25 identify the input element. 

'lbc acceleralion measured bY the aCc:eleromctcrs in each of lhc x and y dircC:tions is intcgraled with respect to 

time to produce an instanlallCous velocity and position. 

Since the starting position of the scroke is not known. only n:lative positions within a stroke an: calculated. 

Although position integralion accumulates e.rrors in the sensed acc:eJeratiOn. acc:elerometen typic:alJy have high resolution, 

30 and the time duration of a stroke. over which errors accumuJate. is short. 

7 NETPAGE PRINTER DESCRIPTION 

7.1 PRINTER MECHANICS 
The vertically-mounted netpage wallprinter 601 is shown fully assembled in Figure 11. n prints netpages on 

Lettcr/A4 sized media using duplexed 8~" Memjetna print engines 60.2 and 603, as shown in Figures 12 and 12a. It uses a 

35 stiaight paper path with the paper 604 passing through the duplexed print engines 602 and 603 which print bolh sides of a 

sheet simultaneously, in full color and With tull bleed. 

An integral binding assembly 60S applies a sbip or glue along one edge of each printed sheet, allowing it to 

: I 
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adhere IO the previous sheet when pressed against iL This c:realeS a final bound document 618 which can range in 

thickness from one sheet to several hundred sheets. 

The replaceable ink cartridge 61:1. shown in Figure 13 coupled with the duplexed print engines. has bladders 

or chambers ror storing fixative. adhesive, and cyan, magenta. yellow, black and in:fi"ared inks. The carnidge also contains 

5 a micro air filter in a base molding. The micro air filter interfaces with an air pump 638 inside the printer via a hose 639. 

10 

This provides filtered air to the prinlheads to prevent ingress of micro particles into the Memjet™ printheads 3SO which 

might otherwise clog the printhead nozzles. By incorporating the air filter wilhin the caltJ:i.dge, the operational life of the 

filter is effectively linked to the life of the c:anridge. The ink cartridge is a fully recyclable product with a capacity for 

printing and gluing 3000 pages (1500 sheets). 

Referring to Pi.gun: 12. the motorb:ed media pick-up roller assembly 626 pushes the top sheet direclly from 

the media tray past a paper sensor on the first print engine 602 into the duplexed Memjet1N printhead assembly. The two 

Memjet'IM print engines 602 and 603 are mounted in an opposing in-line sequential configuration along the straight paper 

. path. The paper 604 is drawn into the fiISt print engine 602 by integral, powered pick-up rollers 626. The position and 

size of the paper 604 is sensed and full bleed printing commences. Fixative is printed simultaneously to aid drying in the 

15 shortest possible lime. 

The paper exits the first Memjet1N print engine 602 through a set of powered exit spike wheels (aligned along 

the straight paper path), which act against a iubberized roller. These spike wheels contact the 'wet' printed surface and 

continue to feed the sheet 604 into the second Memjetn. print engine 603. 

Referring to Figures 12 and 12a, the paper 604 passes from the duplexed print engines 602 and 603 into the 

20 binder asacmbly 605. The printed page passes between a powered spike whee) axle 670 with a fibrous support roller and 

another movable axle with spike wheels and a momentary action glue wheel. The movable axldg]ue assembly 673 is 

aiounted to a metal ·support brackel and it is ttansported forward to interface with the powered axle 670 via geals by 

action of a camshaft. A separate motor powers rhis camshaft. 

The glue wbeel assembly 613 consists of a partially hollow axle 679 with a rotating c:ou.pling for the glue 

25 supply hose 641 from the ink Clllttidge 627. 'Ibis axle 679 connects to a glue wheel, which absmbs adhesive by capiUmy 

action through radial holes. A molded housing 682 surrounds the glue wheel. with an opening at the front. Pivolhlg side 

moldings and sprung outer cloors are attached to the metal bracket and hinge out sideways .when the rest of the assembly 

673 is thrust forward. 'Jbjs action exposes the glue wheel through the front of the molded housing 682. Tension springs 

close the assembly and effcc:tivoly cap the glue wheel during periods of inactivity. 

30 As the sheet 604 passes into the glue wheel assembly 673, adhesive is applied to one vemcal edge on the 

front side {apart from the first sheet of a docwnent) as it is transported down into the binding assembly 605. 

1.2. PRINl"ER CONTROLLER ARCHrTECTURE 

The netpage printer controller consists of a controlling ptoc:essor 750, a factory-installed or field-installed 

network interface module 625, a radio transceiver (transceiver controller 753, baseband circuit 754, RF circuit 755, and 

35 RP resonators and inductors 756), dual raster image proc:essor (RIP) DSPs 7S7. duplexed print engine controllers 760a 

and 760b, flash memoiy 658, and 64MB of DRAM 657, as illustrated in Figure 14. 

The controlling processor handles communication with the network 19 and with local wiJeless netpage pens 

101, senses the help button 617, controls the user intcdace LEDs 613-616. and feeds and synchroni7.es the RIP DSPs 757 

and print engine conlrollen 760. It consists of a medium-performance general-purpose miQ'OPl'Occssor. 1bc controlling 
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processor 750 communicates wilh the print engine controllers 760 via a high-speed serial bus· 659. 

The RIP DSPs rasterizc and compress page descriptions to the netpage printer's c:olripressed page format. 

Each print engine controller expands, dithm and prints page images to its associated Memjet'l'MI printhead 350 in real time 

(i.e. at over 30 pages per minute). The duplexed print engine controllers print both sides of a sheet simultaneously. 

5 The master print engine contioller 760a controls lhe paper trlnsport and monitors ink usage in conjunction 

with the master QA chip 665 and the ink clrtridge QA cllip 761. 

The printer controJler'.i Oasb memory 658 holds &he software for bolh the proc;essor 750 and the DSPs 757. as 

well as configuration data. 'Ibis is copied to main memory 657 a1 boot lime- . 

The processor 750. DSPs 757. and digital transceiver components (transceiver collln>ller 753 and baseband 

10 circuit 754} are integrated in a single conuoller ASIC 656. Analog RP com~ (RP cimdt 755 and RF resonators and 

inductors 756) are provided in a separare RP chip 762. The network interface module 62S is separate, since. netpage 

printers allow the network connection to be factOly-seJec:ted or field-selected. _Flash memmy 658 and . the 2x256Mbit 

(64MB} DRAM 657 is also off-chip. The print engine controllers 760 are provided in separate ASICs. 

A variety of network interface modules 625 are provided, each providing a netpage network interface 751 and 

15 optionally a Jocal computer or network interface 752. Netpage network Internet interfaces include POTS modems, Hybrid 

Fiber-Coax (HFC) cable modems, ISDN modems. DSL modems. sale)Jite uansceivc:rs, c:unent and next-generation 

c:ellular telephone transceivers. and wireless local loop (WlL) transceivm. Local interfaces include IEEE 1_284 (parallel 

port), lOBase-T and lOOBase-T Ethernet, USB and USB 2.0, IEEE 1394 (Firewire), and various emerging home 

networking: interfaces. If an Internet connection is available on the local network, then the locaJ network interface can be 

20 · used as the netp8ge network interface. 

The radio transceiver 753 conmmicates in the unlicensed 900MHz band normally IJSed by conlless 

telephones, or alternatively in the unlicensed 2.4GHz industrial. scientific and medical (ISM) band, ~ uses fiequency 

hopping and collision dcteclion to provide interference-free communication. 

The printer controller optionally incorporates an Infrared Data Association (lrDA) interface for :receiving data 

25 41SCJ.uirtecl" tiom devices such as netpage camems. Jn an alternative embodiment. the printer uses the lrDA interface for 

short-range communication with suitably configured netpage peDs. 

30 

7.2.1 RASTERIZATION AND PRINTING 

As shown in Figure 77, once the main processor .1SO has ieceivecl (at 440) the document's page layouts and 

page objects into memory 657 (at 441), it runs the appropriate RIP software on the DSPs 757. 

The DSPs 757 rasterize (al 442) each page description and comptess (at 443) the :rasterized page image. The 

main processor stores each compressed page image in memory 657 (at 444). The simplest way to load-balance multiple 

DSPs is to lei each DSP rasterize a separate page. The DSPs can always be kept busy since an arbitrBry number of 

rasteri7.ed pages can, in general, be stored in memory. 'Ibis strategy only leads to potentially poor DSP utilization when 

rasterizing short documents. 

35 Watermark regions in the page description arc rasterized to a contone-resolution bi-level .bicmap. which is 

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

The infrared (IR) layer of the printed page contains coded netpage tagS at a density of about six per inch. 

Each tag encodes the page ID, tag JD, and control bits, and lbc data content of each tag is generated during rasterization 

i I 
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and stored in the compressed page image. 

'lbe main processor 750 passes back-to-back page images to the duplexed print engine controllers 760. Each 

print Cllgine controller 760 stores the compressed page image in its local memory 1(1}, and starts the page expansion and 

printing pipeline. Page expansion and printing is pipelined because it is impractical to store an entire 114MB bi-level 

5 CMYK+IR page image in memory. 

The-print engine controller expands the compressed page image (at 445). dithers the expanded contone color 

data to bl-level dots (at: 446), composites the expanded bi-level black layer over the dithered contone layer (at 447), 

renders the expanded netpage tag data (at 448). and finally prints the ftllly-rendered page (al: 449) to produce a printed 

netpage 1. 

10 7.2.2 PRINT ENGINE CONrROLLER 

The page expansion and printing pipeline of the print engine controller 760 consists of a high speed lBBE 

1394 serial interface 6S9, a standard JPEG decoder 763, a standard Group 4 Fax decoder 764, a custom 

halftoner/compositor unit 76S, a custom tag encoder 766, a line loader/formatter unit 767, and a custom interface 768 to 

the Memjet111 printhead 350. 

15 The print engine controller 360 operate& in a double buffered manner. While one page is loaded into DRAM 

769 via the high speed serial interface 659, the previously loaded p.ge is read from DRAM 769 and passed through the 

print engine controller pipeline. Once the page has finished printing, the page just loaded is printed while another page is 

loaded. 

The first stage of the pipeline expands (at 763) the JPEG-compressed contone CMYK layer, expands (at 764) 

20 the Group 4 Pax-compressed bi-level black layer, and tenders (at 766) the bi-level netpage lag layer according to the tag 

· format defined in section 1.2. all in parallel. The second stage dithers (at 765) the contone CMYK layer and composites 

(at 765) the bi-level black layer over·the resulting bi-level CMYK layer. 1be nsuJrant bi•level CMYK+JR dot data is 

buffered and formatted (at 767) for printing on the Memjet'IM printhead 350 via a set of line buffers. Most ofthcse line 

bufJeis am stored in the off-chip DRAM. The final stage prints the six channels of bi-level dot data (including fixative) to 

25 the Melqjet111 printhead 3SO via the printhead interface 768. 

When several print engine controllers 760 are used in. unison, such as in a duplexed configuration, they me 

synchronized via a shared line sync signal 770. Only one print engine 760. selected via the external master/slave pin 771, 

genentes the line sync signal 770 onto the shared line. 

'lbe print engine controller 760 contains a low-speed processor 771 for synchronizing the page expansion and 

SO tendering pipeline. configuring the printhead 350 via a low-speed serial bus 773, and controlling the stepper motors 67S, 

fU6. 

In the 8~" versions of the netpage printer, the two print engines each prints 30 Letter pages per minute along 

the Jong dimension of the page (11 j, 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 mirlute along the short dimension of the page (SW'). giving a line 

35 rate of 10.2 kHz. These line rates arc well within the opemting frequency of the Memjet• printhead. which in the cummt 

design exceeds 30 kHz. 

. 8 NETPAGE PHOTOGRAPHS 

Photographs taken with a digital camera can be printed as netpages. A user can then obtain a pristine copy of 
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a photo via the original print. even if lhe original print is scvaely degraded. The photo's digital image is persistently 

stored on the netpage network, and the printed photo is a nctpage linked IO the digital image. 

A user can archive and organize a c:ollcction of photos via a nctpagc photo manager application. They c:an 

organize their photo c:ollection into a set of folders. delete unwanted photos .from lhe collection, and search for photos in 

5 the collection. 

10 

15 

A photo user can add photos to their netpage photo collection in several ways. They can take photos using a 

normal digital camera and "squirt" lhe photos to a receptive device whic:h has access to the netpage network. The squirting 

interface can be a radio interface (suc:h as Bluetooth) or an infrared inl:etfac& (such as lrDA). The receptive device can be a 

mobile phone. a fixed or mobile netpage printer, etc. 

They can also take and print photos using a netpage camera, i.e. a digital camera containing a netpage printer 

and a wireless netpage network intedace, as descn"bed in section 9 below. lt' lypically transmit& photos to the netpage 

network as lheY are taken. It can defer transmission until its loc8l storage tills up, or until the user explicitly requests 

· ·transmission. The netpage system can pre-allocare page IDs lO netpagc c:8meras on request. to allow them lo print netpage 

photos while off-line. 

A photo user can grant other users (suc:h as family members) access to particular folders in their photo 

collection. Uscn can thus easily share photos without having to get together and sWap ncgalivcs or prints. This may be 

particularly comrenicnt when the photo user is travelling. Even if using a netpage camera. the photo user may choose to 

defer printing of photos while travelling, and instead retrieve and print the phOtos on returning home. e.g. in the form of 

printed pages suitable for inclusion in a normal photo album. 

20 8.1 APPUCATI°" DRAWING NOTATION 

Each application user interface tlow is illuslraled as a collection of doc:uments linked by command anows. A 

conunand mow indicates lhat the target document is printed as a result of the user pressing the conesponding command 

_ button· on the source page. Some command arrows are labelled with multiple commands.~ by slashes ('rs). 

indicating that any One of the specified cnmmands causes.the target document to be printed. Although multiple commands 

25 may label the same command arrow, they typically have moei...t side-effects. 

In application terms. it is important to dislinguisb between netpage doclllllebts and netpage forms. Documents 

contain printed information, as well as command buttons which can be psessecl by the user to request further information 

or some other action. Forms, in addition to behaving like nonm1 documents, also conlain input fields which can be filled 

in by the user. They provide the system with a data input mechanism. It is also userul to distinguish between cloauncnts 

30 which contain generic infonnation and docwncnts which.contain information specific to a particular interaction between 
. . 

the user and an application. Generic: documents may be pre-printed publications such as magazines sold at news stands.or 

advertising posters encountered in public places. Forms may also be pre-printed, including, for example., subscription 

forms encountered in pre-printed publications. They may, of course. also be generated on-the-fly by a netpage printer in 

response to user requests. User-specific documents and forms are normally generated on the tly by a netpage printer in 

35 response to user requests. Pigum 44 shows a generic document 990, a.generic fonn 991. a user-specific document 992, 

and a user-specific Conn 993. 

Netpages which participate in a user interface tlow arc further descnbed by abstract page layouts. A page 

layout may contain various kinds of elements, each of which has a unique style to differentiate it from the others. As 

shown in Figure 4S, these include fixed information 994, variable information 99S, input fields 996. command buttons 

l I 
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997, draggable oommands 998, and text hypcrlinks or hypertext links 999. 

When a user interface flow is broken up into multiple diagrams, any document which is duplicated is shown 

with dashed outlines in all but the main diagram which defines it 

8.2 PHOTO CoLLECTION OBJECT MODEL 

With :r:eference to the photo collection class diagram shown in Figure 46, the photo manager 400 manages 

photo collections on behalf of a number of usen. Each photo user 402 is a netpage user 800 (Figure 2 l ), and the details of 

the photo user derive. by default, from the details of the cmresponcling netpage user. 

A netpage user may have any number of cameras 401, each oI which has an m by which it identifies itself to 

the netpage system in much the same way that a nctpage pen does. A camera, like a pen, is associated with only one 

10 netpage user, allowing the system to uniquely associate any input from a camera with a single user. 

Each photo user has a collection 4ff1 of photos, Optionally organized 404 into a set or named folders 405. 

Each folder has an optional access list 403, indicating which other photo users arc granted access to view the photos in the 

folder. 

With reference to the photo class diagram shown in Figure 47, each photo 408 in the photo coUection has a 

15 caption, a~ date and time. and a capture location (e.g. ir available fi'om a GPS receiver in the cameia). Each photo 

has a photographer 415. Each photo has a full-size image 417,413 and a corresponding thumbnail image.416,413. Each 

photo records a set or camem settings 414, including focus. zoom, exposure, whether the flash was used, and the type and 

model of the camera. Actual camera settings are cameia-specifie. A photo may have an associated audio annotation 411, if 

captured by the camera. and a text annotation 410. If the photo was captured and printed by a camera which applied an 

20 artistic: effect to the photo, then the artistic: effect 409 is :recorded so that the photo can be i:cproduced with or without the 

cffcct. 

If the photo was squirted from a camera, then it is assoeiatecl with a sqUjrt group 412 which contains all the 

photos whic:h were squirted u a group. This p!O"kfes a useful unit of oiganization when presenting the photo collection to 

the user. 

25 8.3 PHDTDCou.EcrlON USER INTERFACE 

8.3.1 Natpage Camera Photo Capture 
When a user takes a photo using a netpage camera, the camera automatically ttansmits the photo to the 

netpage s,stem. Since the camera is uniquely associated with a particular net.page user, the photo manager automatically 

adds the phoro to the user's photo collection. N. describecl earlier, the camera may transmit the photo to the netpage 

30 system as soDD as it is taken. or it may defer transmission until a~ opportune time. 

8.3.2 Photo Squirting 
When a user squirts a collection of photos to a netpage printer, the printer sends the photos to the photo 

manager. If the camera is known to the netpage system, then the camera manager adds the photos to the corresponding 

user's photo collection. Hthe camcJa is not known. then the camera manager produces an Add Squirted Photos form 418 

35 {FlgUIC 51) which allows the user to provide their identity by pressing the <add photos> button. The page shows the first 

and last photo in the squirt group. The photo manager optionally :requires the user to sign the form to allow theit identity 

to be verified. 
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The photo squirting user inlerface flow is muslnlted in F"q:ure 48. 

8.3.3 Photo Browsing 
The Photo Manager Men11 form 420 (Figure 52) provides a <photo histol)'> button giving the user acceu to 

their photo collection presented by date. and a <photo folders> blltton giving the user access to their photo collection via 

5 their named photo foldClll. The photo manager optionally requires the user to sign the fonn to allow their identity to be 

verified. The user obtains the photo manager men11 via the netpage directory or~ previously created bookmark. 

'The photo manager men11 also provides a <photo albums> button. giving lite user access ID their photo 

albums. 

When presented by date. the photo ~lection is organir.ed into a hierarchy of squirt groups, days, weeks. 

10 months and years. R.lllher than presenting a strict hiemrchy, however, the top-level histoiy list also includes recent squirt 

gro11ps, days, weeks and months. If. a group would contain only one subordinate group.then. only one group is presented. 

For example, ifa particular week contains only a single squirt group, then the week is presented as diJectly containing the· 

corresponding photo list. 

The <photo histcny> bunon on the photo manager menu produces a PhotoHistmy Ust form 421 (Figure 53). 

15 Bach bistmy list form shows a list of date or date range entries, and each date acts as a fl»lerlink to a more detailed history 

list or photo list. Multiple entries can be selected via their selection checkbc>xes and subsequently copied to a folder via 

the <copy selected> button, or printed as a set of thumbnails via the <print sete~ button. 

A terminal date byperlink produces a Photo List fonn 419 (Figure 54). Each photo list form shows the 

thumbnail of each photo in the list, together with its c:aption, capture date and time, and c:apture location. Multiple entries 

20 can be selected via their selec:lion chcc:kboxes and ~11CDdy copied to a folder via the <cop)' selected> b11tton. printed 

as a set of thumbnails via lhe <print selected> button, or deleted via the <delete selected> button. Each entry has a <print> 

button and a <eustom> button, both described below. 

The <photo foldeis> blltton on the photo IDllDllgeJ' menu produces a Phom Folders form 422 (YIJllll: SS). The 

photo folders form shows a list of the user's named folder entries, and each folder name acts as a hyperlink to a Photo 

25 Folder fonn 423 (figure S7). 1be photo folder form shows the thumbnail of each photo in the folder, together with its 

caption, capture date and time, and captme location. Multiple entries can be selected via their selection checlcbo.xes and 

subsequently moved to another folder via the <move selected> button, copied to another folder via the <copy selected> 

b\ltton, printed as a set of thwnbnails via the <print selected> button. or deleted via the <delete selected> buuon. Each 

entry has a <prinl> button anh <custom> button, both described below. 

30 

35 

The caplioo fields on the photo list.and pboto folder fo.nm are text entry fields which allow the mer ID 

provide captions where none are present or to change captions as desired. After entering a number of captions, the user 

presses the <update captions> button to 11pdate the photos' captions. 

A photo tn11st be deleted from both the photo histmy list and any folders in which it appears to become fully 

inaccc.m'ble via lhe photo manager. It still remains accessible, however, via any netpage print of the photo. 

The <copy selected> (or <move sclcCtcd>) b11tton on the photo histoiy list, photo list and photo folder pages 

produces a Copy (or Move) to Photo Folder form 424 (Figwe 56), containing a list of the user's named photo Colden, 

each with a <copy to> (or <move to>) button. The form also contains a <copy lo new> (or <move ID new:>) button 

together with a text field allowing the user to name and select a new folder as the destinalion for the copy (or move). 

i I 
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The photo browsing user intedace flow is ill1JS1rated in Figure 49. 

8.3A Photo Printing 
The <print selected> button on a photo history list, photo list or photo folder form produces a Photo 

Thumbnails page 425 (Figure 58), showing an may of thumbnails of the designated photos. Each thumbnail acts as a 

5 hyperlink which produces a full-page (e.g. 12xs• m 6x4" depending on paper size) print of the photo. 

Each photo entry on a photo list or photo folder form has an associated <print> button which produces a full· 

page print of the photo. Each entry also has a <custom> button which produces the Custom Photo Print fonn 427 (Figure 

S9) which allows the user to specify custom print options. 

The custom print fonn shows the thumbnail, caption, capture date and time. and capture location of the 

10 selecred photo. ·The user can specify the number of copies of the photo to be printed, and the size od the photo. Sizes 

include 6x4", 12x8", and various multi-page poster sizes. The <print> button produces the requested printed copies of the 

photo. Depending on the paper size of the printer, the selected photo size may cause the photo to be :repeated to fill the 

page (e;g. four 6x4" photos on a 12x8" page), or split across multiple pages (e.g. four 6x4" pages for a 12xs· photo). 

Each printed photo 426 acts as a hyperlink which produces a Custom Photo Print form 427. Alternatively, the 

15 photo acts as a hypedink which produces a full page print of the photo. 

The photo printing user interface flow is illustrated in Figure SO. 

9 THE NETPAGE CAMERA 

The netpage camera. generally designated by reference numeral 1200 in the dmwings, is a digital camera 

containing a netpage printer and a netpage netwOrk interfaee. It prints photos "instantly'' as 6><4" netpages as they are 

· 20 taken. and typically transmits the photos to the netpage networldmmecliately via a long-nmge netpage netWodc interface 

such as a mobile telephonddata in~ This makes the photos persistent and allows the printed netpage photos to 

become immediate]y interactive. As desaibed in section 8.3.4 above, a netpage photo typic:alJy acts as a nctpage hyperlink 

to obtaining another copy of itself. Since the copy is derived from the digital ''negative" of the photo stored persisrently on 

a page server on lbe netpage network, the copy is guatanteed to be pristine even if the original printed photo has become 

25 degraded. 

30 

35 

'lbe netpage camera can also defer tnmsmlssion until its local storage fills up, or until the user explicitly 

requests ttansmission. The camera's netpege netWOJk interface may be a short-range infl'arecl (e.g. lrDA) or r.ulio 

frequency (e.g. Bluetooth) interface. only suitable for lllmsmitting photos to another netpage device, such as a netpage 

printer, when within local range of the other device. 

The netpage system can pro-allocate page IDs to a netpage camera on request, to allow the C8ID8Ja to print 

netpage photos while off-line. The consumable print cartridge S04 which supplies the camera with paper and ink, and 

which is descnued in detail in section 9.3 below, can contain a pre-allocated block of page IDs in its internal flash 

memmy. Since the number of "pages .. which can be proclw:ed li'om a single print caI1rldge has an upper limil. a block of 

page 1Ds can be effidently pre-allocated, even if never folly used. 

The netpage camera. in a preferred embodiment. also acts as a fully-tlcdged interactive Detpage printer, thus 

incorporating a netpage pen interface. It mediates the usual interactions between a nelpage pen and the net.page network, 

as described elsewhere in this specification, and prints netpages on demand in response to user pen actions. It typically 

prints page content desiped for 12x8" pages on 6x4" pages, and this is acceptable in many cases because "photo" sized 
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pages an: viewed at a shorter distance than· full-size pages. Pages can of course also be printed at their normal scale, with 

their content adapted to the smaller page siz.e.. 

9.1 NETPAGE CAMERA PREFERRED EMBODIMENT 

A prefmed embodiment of the netpage camera 1200, according to the. present invention, is illustrated in 

5 Figures 60 to 62. The netpagc c:amera 1200 is a poc:ket-sized c:amera ineorporating fix.ed-~us optics 1228 and a compact 

print engine 500 (described in detail in seetion 9.2 below). The print engine includes a monolithic 4" (IOOmm) page­

width Memjet'nl printhead 350 (Figure 20), and &CQOmmodates ·a removable print cartridge.504 (shown fUlly in Figure 72) 

which supplies the print engine with the print medium (i.e. paper or the like) in roll fomJ, as well as colored inks. The 

print cartridge includes 18'x4" of print medium. i.e. enough for dllrty-six 6x4" photo prints. 

10 The camera body is formed from a rear molding 1210 and a front molding .1222. A rotating door 1226 iD the 

base provides access to the print cartridge 504 and the CR2 battety 1212. The tront molding includes a rubberized grip 

area 1224. 

The rear molding 1210 (Figure 60) accommodates an LCD indicator 1204, which provides an indication of 

shots/prints remaining and battety life remaining; a print button 1202 which allows the user to re-print the last photo 

15 taken; a viewfinder 1206; and a photo size slider 1208 which allows ihc user to select one or several pn:-defined photo 

upect ratios ranging from classic to panoramic. Since the print engine 500 incorporates a guillotine, a continuous range of 

upect ratios are supported by the print engine, all printed 4" wide. 

20 

25 

30 

35 

The mmt molding 1222 (Figure 61) accommodates the lens 1218 and the take button 1220. The take button 

~lows the user to capture a photo, and produces an immediate print of the~ 

In a pJefemd embodiment. the print cartridge 504 di~ whether a photo is printed as a normal photo or as 

an interactive netpage photo. In an altemalive embodiment. the user specifies how a photo is printed. To support the 

printing of netpages, the print carttidge 504 includes a supply of inft'arecl ink, as well as the. usual cyan •. magenta and 

yellow (CMY) colored inks. Because of.the lower printing speed of the nelpage camera. i.e. about 3"/s rather than about 

12"/s for an A41Letter netpage printer, the print cartridge does not include a supply of fixative. 

'lbe print cartridge also dictates whether the netpage camera operates as an intenctive netpage printer. If a 

non-netpage print cartridge is ~ then the camera is prevented from operaling as an intenlctive netpage printer. 

As illustrated in Figure 62, the camera body houses fixed focus optics 1228; the main PCB 1232; and the 

print engine SOO. These are interconnectecl via a flex PCB 1230. 1he flex PCB also connects the LCD indicator 1204. 

·buttons 1202 and 1220, and the slider 1208 to the main PCB. 

The main PCB 1232 holds the cameia controller 656; a 32MB DRAM 657; an RP chip 762 containing the 

analog components of the :radio transceiver used for short-range communication with the netpage pen; and a cellular · 

phone interface 751 for long-nnge communication with seivers on the nelplige network. 

The optics 1228 are direcdy coupled with a CCD image sensor (776 iD F"igme 74). which in tum interfaces 

with the camera controller 656 on the main PCB. In an alternative embodiment, a CMOS image sensor is utilized. 

The print engine 500 includes a print engine controller 760 which communicares with the camera controller 

656 on the main PCB. The print engine conlJOIJer controls the Melajet'DI printhead 350 and the stepper motors, as 

described in section 7.2.2. 

The preferred embodiinent of the neapage camera prints single-sided, The interconnection or the camera 

; I. 
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controller 656, a single print engine controller 760 and a single printhead 350 is illustrated in Figure 75. 

1be architecture of the camera controller is illustrated in Figure 74. It shares its architecture with that of the 

printer controller (Figure 14), but incorporates an image sensor interface 775 to allow the processor 750 to capture an 

image via the image sensor 776. The camera controller docs not include the RIP DSPs 757 of the printer controller, 

5 instead relying on the processor 750 to rasterize netpagc page descriptions and perfonn image processing on photos. 

9.2 NETPAGE CAMERA PRINT ENGINE 

A preferred embodiment of the netpage camera print engine. generally designated by reference nwnetal 500, 

is illustrated In Figures 63 to 71. The print engine SOO inc1udes a print engine assembly 502 on which a print cartridge 

504 is removably mountable. 

1 0 1be print cartridge 504 is a receptacle containing consumables such as a supply of print media and various 

types or .iok. 

The print engine assembly 502 comprises a first sub-assembly 506 and a second, printhead sub-assembly SOB. 

The sub-assembly 506 includes a chassis 510. 1be chassis 510 comprises a first molding 512 in which ink 

supply channels 514 are molded. The ink supply c:hanneJs 514 supply inks from the print cartridge 504 to a printhead 350 

15 (F"sgures 68 to 70) or the printhead sub-assembly SOB. The printhead 350 prints in four colors or duce colors plus ink 

which is visible in the inftarecl light speetrum only (hereinafter referred to as 'infrared ink'). Acconliogly. four ink supply 

channels 514 are defined in the .molding 512 together with an air supply channel 518. The air supply channel SIB.supplies 

air to the printhead 350 to inhibit the build up of foreign pardcles OD a nozzle guard of the printhead 350. 

1be chassis SlO further includes a cover molding 520. 1be cover molding 520 supports a plimp 522 thereon. 

20 The pump 522 is a suction pump. which draws air through an air filter in the print cartridge S04 via an air inlet. pin S24 

and an air inlet opening 526. Air is expelled through an outlet opening 528 into the air supply channel 518 of the chassis 

510. 

1be chassis SJO IUrther suppons a first drive motor in the form of a stepper motor 675. 1be stepper motor 

61S drives the pump 522 via a first gear lnin 532. The stepper motor 675 is also connected to a drive roller 534 (figure 

25 68) of a roller assembly 536 of the print cartridge 504 via a second gear lnin 538. The gear lnin S38 engages an 

engagable element 540 (Figure 65) carried at an end of the drive roller 534. The stepper motor 67S thus con1ro1s the feed 

of print media 542 to the printhead 350 of the sub-assembly S08 to enable an image to be printed OD lhe print media 542 

as it passes beneath the prinlhead 350. It also to be noted that, as the steppir motOr 675 is only operated to advance the 

print media S42. the pump S22 is only operational to blow air over the printbead 3SO when printing takes place on the 

30 print media 542. 

1be molding S12 of the chassisSlO also soppons a plurality of ink supply conduits in the form or pins 544 

which are in communicalion with the ink supply chinnels · 514. The ink supply pins 544 are received through an 

elastomeric collar assembly S46 of the print cartridge 504 for drawing ink :fiom ink chambers or reservoir& 548 (Fagure 

68) in the print cartridge 504 to be supplied to the pnritbead 350. 

35 A second motor 676, which is a DC motor, is supported on the cover molding 520 of the chassis 510 via clips 

552. 1be motor 676 is provided to drive a separating means in the form of a cutter arm assembly SS4 to part a piece of the , 
print media 542, after an image has been printed thereon. from a remainder or the print media. The motor 676 c:arries a 

beveled gear 556 on an output shaft thereof. The beveled gear 556 meshes with a beveled gear SS8 carried on a worm gear 

SQ> of the cutter assembly 554. The wonn gear SQ> is roratably supported via bearings 562 in a chassis base plate 564 of 
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the prinlhead sub-assembly SOS. 

This cutter assembly SS4 includes a cutter wheel 566, which is supported on a resiliently flexible arm 568 on 

a mounting block 570. The worm gear 560 passes through the mounting block 570 such that, when the wonn gear 560 is 

rotated, the mounting block 570 and the cutter wheel 566 traverse the chassis base plate 564. Tile mounting block 570 

5 bears against a lip 572 of the bas.e pl&tc 564 to inhibit rotation of the mounting block 570 relative to the wonn gear 560. 

10 

Further, to effect cutting of the print media 542, the cutter wiled 566 bears against an upper housing or cap portion 574 of 

the printhcad sub-assembly SOS. This eap portion 574 is a mclal portion. Hence. as the cutter wheel 566 traverses the 

capped portion 574, a scissors-like cutting action is imparted to the print media tO separate that part of the print media S42 

on which the image has been printed. 

The sub-assembly 506 includes an ejector mechanism 576. The ejector mechanism 576 is carried on the 

chassis 510 and has a collar 57S having clips 580, which clip and affix the ejector mechanism 576 to the chassis 510. The 

coUar 578 supports an insert 582 of an· elastomeric material therein. The elastomeric insm 582 defines a plurality of 

openings S84. ne openings 584 close otr inlet openings of the pins 544.to inlu"bit the ingress of foreign particles into the 

pins 544 and, in so doing, into the channels 514 and the printhead 350. In addition, the insert 584 defines a land or 

15 platfonn 586 which closes off an inlet opening of the air inlet pin S24 for the same piirposes. 

20 

A coil spring SSS is arranged between the chassis 510 and the collll:r S78 to urge the collar S78 to a spaced 

position relative to lbe chassis 510 when the cartridge 504 is removed from the print engine 500, as shown in greater 

detail in Figure 66 of the drawings. The ejector lnechanism 576 is shown in its rctnK:ted position in Figure 67 of the 

drawings. 

The printhead sub-assembly SOS includes, as clescribed above. the base plate S64. A capping mechanism 590 

is supported disp)aceably on the base plate S64 to be displ8'lC8blc towards. and away from the printhead 3SO. The capping 

mechanism 590 includes an elongate rib 592 arranged on a carrier 593. The carri~ is supported by a disp)acement 

mechanism 594, which disp]aa:s the rib S92 into abulmeDt with the printhead 350 when the printhead 350 is inopentive. 

Conversely, when the prindlead 350 is operational, the displacement mechanism 594 is operable to retract the rib 592 out 

25 of abUlmeDt with the printhead 350. 

30 

35 

1he printbead sub-assembly S08 includes a printhead sappon. molding 596 on which the prinfhead 350 is 

mo1111ted. 1be moJding 596, together wil:h an lnsen 599 manged in the moldins 596. defines a passage S9S through which 

the print media 542 passes when an image is to be printed thereon. A groove 700 is defined in .the molding 596 through 

which the capping mechanism S90 projects when the capping mechanism 590 is in its capping position. 

An ink feed arrangement 702 is supported by the insert 599 beneath lbe cap portion S74. The ink feed 

ammgemcnt 702 comprises a spine portion 704 and a casing 706 mounted on the spine portion 704. 'lbe spine portion 

704 and the casing 706, between them. define ink feed galleries 708 which are in communication with the ink supply 

channels 514 in the chassis SI 0 for feeding ink Via passages 710 (Figure 70) to the printhead 350. 

An air supply chamlel 711 (Figure 71) is defined in the spine portion 704, alongside Iha printhead 350. 

Electrical signals are provided to the printhead 350 via a TAB film 712 which is held captive between the 

insert 599 and the ink feed arrangement 702. 

The molding S96 includes an angled wing portion 714. A flexible printed circuit board (PCB) 716 is 

supported on and secured to lbe wing portion 714. The flex PCB 716 makes electrical contiict with the TAB film 712 by 

being ufged into engagement with the TAB film 712 via a rib 718 of the insert 599. ne flex PCB 716 suppOltS busbars 

: I 
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720 thereon. The busbus 720 provide power to the printhead 3SO and to the other poweml componenlS of lhe print 

engine SOO. Funher, a camera print engine control chip 760 is supponed on.the flex PCB 716 together with a QA chip 

(66S in Figure 75) which authenticates thal the cartridge 504 is compatible and compliant with the print engine SOO. For 

this purpose, the PCB 716 includes contacts 723, which engage contacts 72S in the print cartridge S04. 

As illustrated more clearly in Figure 70 of the dtawings. the printhead itself includes a nozzle guard 722 

arranged on a silicon wafer 724. The ink is supplied to a nozzle array (Figure 18) of the printhead 350 via an ink supply 

member 726. The ink supply member 726 communicates with oudets of the passages 710 of the ink feed arrangement 702 

for feeding ink to the array of nozzles of the printheacl 350, on demand. 

9.3 NETPAGE CAMERA PRINT CARTRIDGE 

A prefened embodiment of the netpage print cartridge, generally designated by reference numeral 504, is 

illustrated in Figures 72 and 73, and, in the context of the print engine 500, in Figures 63 to 67. 

The print cartridge 504 includes an ink cartridge 1012 and a housing 1014. As illustrated more clearly in 

Figure 73, the housing 1014 is defined by an upper molding 1016 and a lower molding 1018. The moldings 1016 and 

1018 clip together by means of clips 1020. The housing 1014 is covered by a label 1022 which provides an attractive 

15 appearance to the cartridge 504. The label 1022 also carries information to enable a user to iase the cartridge 504. 

The housing 1014 defines a chamber in wbicb the ink canridge 1012 is received. The ink canridge 1012 is 

fixedly supponed in the ~ber of the housing 1014. 

A supply of print media 1026 comprising a roll 1030 of paper S42 wound about a former 1028 is received in 

the chamber of the housing 1014. 'The fonnei' 1028 is slidably received over the ink cartridge 1012 and is rotalable 

20 relative thereto. 

As illustrated in Figure 72, when the upper molding1016 and lower molding 1018 are clipped together, an 

exit slot 1032 is defined through which a tongue of the paper S42 is ejected. 

As illustrated in Figure (ii, the cartridge S04 includes a roller assembly 536 which serves to de-curl the paper 

542 as it is fed from the roll and also to drive the paper 542 through the exit slot. The roller assembly 536 includes a drive 

25 roller 534 and two driven rollers 1040, which together provide positive traction to the paper 542 to control its speed and 

position as it is ejected from the housing. 

The drive roller 534 includes a drive shaft 1046 which is held rotatably captive between mating recesses and 

defined in a side wall of each of the upper molding 1016 and the lower molding 1018, :respectively, of the housing 1014. 

An opposed end 1052 of the drive roller 534 is held rolatably in suitable formations (not shown) in the upper molding 

30 1016 and the lower molding 1018 of the housing 1014. 

35 

The drive roller 534 is a two shot iJUection molding comprising the shaft 1046 which is of a high impact 

polystyrene and on which an: molded a bearing means in the fonn of elastomeric or rubber roller portions 1054. These 

portions 1054 positively engage the paper 542 and inhibit slippage of the paper S42 as the paper S42 is fed from the 

canridge S04. 

The end of the roller S34 projecting from the housing 1014 has an engaging formation in lhe fonn of a 

cnicifonn arrangement 540 (Figure 72) which mate& with a geared drive interface (not sllown) of a printhead assembly of 

a device, such as a camera. in which the print cartridge 504 is installed. This arrangement ensures that the speed at which 

she paper 542 is fed to the printhead is synchronised with printing by the printhead to ensure accurate registration of ink 
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on the paper S42. 

The ink cartridge 1012 includes a container 1058 which is in the foon of a right circular cylindrical extrusion. 

The container lOSS is extrUded. from a sufuible synlhetic plastics material suCh as polystyrene. 

In a preferred embodiment of the invention, lhe printhead with w~ the print cartridge 504 is used, is a 
. : ~ 

multi~olored prinlhead. Ai:coi:-Jingly, the container JOSS is divided ~ID a plurality of. more particularly, four 

oompartments or re~ 54S. Each reservoir 548 houses a ditTerent colof or type of ink. In one embodiment. the inks 

contained in the reservoirs 548 are cyan, magenta, .yellow and black inks. Jn .another erilbodiment of the invention, three 

different colored inks, being cyan, magenta and yellow inks. are 8ccommodated in three of the reservoirs 548 while a 

fourth reservoir 548 houses an ink which is visible in the infrared light spectrum only. 

One end of the ~bu.ner 1058 is closed off by an end cap I~'. ~e end cap 1062 has a plurality of openings 

1064 defined in it. An e>pelling 1064 is associ!lted with each reservoir 548 so that almospheric pressure is maintained in 

the reservoir 548 at that end of the container 1058 having the end cap 1062. 

A seal arrangement is received in the con~ JOSS at ~ end having the end cap 1062. The seal 

ammgement comprises a ~t shaped pellet 1068 of gelalinous materi~ slidably .received in each reservoir 548. The 

15 gelatinous material of the pell~ 1068 is a compound made of a~ ru~ and a hydrocarbon. The hydrocarbon . 

is a white mineral oil. The thennoplastic rubber is a copolymer which imparts sufficient rigidity ID the mineral oil so that 

the pellet 1068 retains its fmm it norma:i operating ~ while ~tdng sliding of the pellet 1068 within its 
; . 

associated reservoir 548. A suitable thermoplastic rubber is that sold under tile registered ttademarlt or "Knlton" by the 

Shell Chemical Company. The copolymer is present in the compound :in an amount sufficient to impart a gel-like 

20 consistency to each pellet 1068. Typjcally, the copolymer, depending oli the type used, would be ~tin an amount of 

approximately three percent to twenty percent by mass. 

Jn use. the c:omPound is heated so that it becomes fluid. Once each reSCIVOir 548 has been charged with its 

particular type of ink. the ~und. in a molten state, is poured into eacb RsCrvoir 548 where the compound is allowed 

to set to form the pellet 1068. Atmospheric pressure behind the pellets 1068, that is, at that end of the pellet 1068 facing 
: ; .... :·1 . 

25 the end cap 1062 ensures th!¢~ as ink is withclraWn from the reservoir 548, di~ pellets 1068, which me self-lubricating, 

slide towards an opposed end of the container toss. The pellets 1068 thus inbi~itcontamination or the ink in the reservoir 

548 and also inhibit drying out of the ink in the .reservoir 548. The pellets 1068. '1"' hydrophobic further to inhibit leakage 

of ink from the reservoirs S48. · 

The opposed end or lhe container 1058 is closed oft' by an ink collar molding 1070. Baffles carried on the 
: . . . 

30 molding 1070 receive an elastomeric seal molding S46. The elastomeric seal. molding 546, which is hydrophobic, has 

35 

sealing c:urtains defined therein. Bach sealing curtain has a slit so lhat a mating pin from the printhead assembly is 
. :: ;:.·: 

inscitablc through the slits into fluid communication with the :reseivoirs 548ofthecontainer1058. Hollow bosses project 

from an opposed side of the ink collar molding 1070. Each boss is shaped to fit snugly in its associaled reservoir 548 ror 

locating the ink collar molding on the end of the container JOSS. 

The ink collar molding 1070 is retained in place by means of a carrier or fascia molding 1082. The fascia 

molding 1082 has a four lelif clover shaped window 1084 defined therein throUgh which the elastomeric seal molding S46 

is accessible. 1be &scla molding 1084 is held captive between the upper moiding 1016 and the lower molding 1018 of the . . 

housing 1014. The fascia molding 1084 and webs 1086 and 1088 extending from an interior surface of the upper molding 

1016 and the lower molmng 1018 respectively, of lhe housing 1014 defiiie a compartment 1090. An air filter 1092 is 
· .. 

40 received in the compartment 1090 and is serainc:d in place by the fasc;ia molding 1084. The air filter 1092 coopcmtes with 

'I 
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the printhead assembly. Air is bt6W\\ across a noule guard of a printhead asseffitiit to effect cleaning of the nozzle guard. 

This air is fillmd by being drawn through lhe air filler 1092 by means of a pin which is received in an inlet opening 1094 

in the fascia molding 1082. 

When lhe print cartridge 504 has been assembled, a membrane or film 1096 is applied to the outer end of the 

5 fascia molding 1082 to effectively seal the unit 1084. This membrane or film 1096 is pim:ed or ruptured by lhe pins. for 

use. The film 1096 inhibits the ingress of detritus into the ink reservoirs S48. 

An authentication means in the form of an authentication chip 761 is received in an opening 725 in lhe fascia 

molding 1082. The authentication chip 161 is intmogated by the print engine controller 760 to ensure that the print 

cartridge 504 is compatible and compliant with the device. 

10 Embodiments of the authentication or QA chip 761 are described in the present applicant or assignee's co-

pcnding application number 09/113,223 entitled .. A System for Authenticating Physical Objects", the contents of which 

are herein incoJponited by cross-refemice. 

9A PAGE ID MANAGEMENT 
Nelpagcs are identified by a page ID SO (Figure 25) of up to 100 bits in length. To pre-allocate a block of 

15 page IDa for a print cartridge 504, a 100-bit suining page JD ls stoled in the authentication chip 761 in lhe print cartridge. 

in one embodiment, the starting page JD is stored in fiash memory in the authentication chip, and is incremented every 

time a page is printed. It lheiefore always represents the next available page ID. In another embodiment, the starting page 

ID is stored in a ~OM of the authentication chip, and a separate page count is mainbrined in the flash memosy of the 

authentication chip. The page count is incremented eveiy time a page is printed. The next available page ID is then 

20 repmented by the sum of the starting page ID and the page counl The page count register can be quite short, since die 

number of pages which can be produced from a singJe print cartridge is bounded. Pot example, in the- prefened 

embodiment the print cartridge can produce thirty-six 6x4" pages, requiring a page count register 6 bits wide. In pnctice, 

since the print engine 500, by incorpomting a guillotine. can produce arbitrarily short pages. a wider page count tcgister is 

warranted. A 10-bit register, for example. supports 1024 S.4mm pages. 

25 9.6 PHOTO CAPrURE DATA FLow 
Photo capture commences when the user presses the take button 1220. As illustrated in Pigure 76, the 

processor 750 captures (at 430) an image via the CCD image sensor 776. In the process of tnmsfening the image to 

memory (at 432), the processor linearizes (at 432) the intensity response of the image via a lookup table pre-computed 

based on the known gamma of the image sensor 776. At the same time the processor accumulates histograms for each 

30 color channel. 1bc image captured fiom the image sensor typically uses a device-specific red. green and blue (RGB) color 

space. 

35 

The black and white: points of each channel are determined from its respective histogram. and the dynamic 

range of each channel is expanded (at 434) to fill the full dynamic range. As a side-eft'ect, the image is white balanced 

(shown at 433, but aclUally implicit in 434), since the individual white points become aligned. 

Most color image sensors cantain a set of identical sensing elements which have a gooci spectral response 

throughout the visible spectrum. An image sensor is typically overlaid with a color filter consisdng of an ROB mosaic, 

thus limiting a given sensing element's spectral response to the color of the red. green or blue filter tile above it. The 

mosaic is usually manged as a checkerboard of green tiles interspersed with alternating Jines of red and blue, known as 

the Bayer color filter may, thus yielding twice as many green sensing elements as red or blue ones. This is consistent with 
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the human visual system's greater sensitivity to frequencies in the green part.of the spectrum. lmage processing must 

therefore take place after image capture to fully populate each mutually Spar$e plane of the captured ROB image. 

After range expansion, therefore, the sparse Bayer image is resa.mpled (at 43S) using appropriate filter 

kernels. 

5 The ROB image is lhen converted (at 436) into a device-indepeltdent color space (such as sROB. L •a~•. 

etc.). sharpened (at 437), and finally compressed (at 438) before· being siofed in memory (at 439). Compression may 

utilize JPEG, or other suitable contone image compression scheme. 

The stapes of range expansion through coinpression are exeaited as a pipeline, without intermediate storage 

of an entire image. Storage of the entire image is only required after miwi:I capture because histograms are being 

10 aa:umulaled. 

Once stored in memory, in compRmed form and in a devicC-independent color space. the image is ready to 

wrapped in a netpage document and fed to the netpage document rasterizer.c• 442 in FiguR 77) as a srarting point to 

being printed. 

The various image prol:essing steps described above are well known and understood by those skilled in the 

15 art. 

20 

If the photo is being prinllld as a netpage, then the photo is also queued for tnnsmission to a photo manager 

on the netpage network. as described in section 8. As described earlier, the photo may be transmiued lmmecHarely, or 

transmission may be deferred. 

9.6 NETPAGE DocuuarDATA Ft.ow 
The flow of a netpage document,, from receipt tiom the ~- netwmk to printing as a netpage. is described 

in section 7.2.1 above. 

That description applies equally to the netpage cameia.· althoUgh .rasterizadon is cmied out by rbe processor 

750 rather than the RIP DSPs 757, which me absent ftom the camera CODbUller 656. 

In the case of a photo, the camera creates a page descripti00 Which reflects the user's photo size setting 

25 (selected via rhe photo size slider 1208). The page.description dictates the si7.e and aspect ratio ofrhe photo (e.g. classic 

versus pano131Dic). and bas the capability ofreprcscnling n-up mangcmears (C.g. passport photos) as wdJ as multi-page 

tilings. 

Figure 78 shows a netpage document and its page descriptions._containing one or more formatted image 

elements representing the captun!d photo. 

30 Once the photo document is passed to the rasterlzer (at 442 in Figum 77). a number of transformations 

35 

typically take place. As shown in Pigue 79, the image is first deconipressed (at 450); then scaled (at 45 I) to the contone 

resolulion of the camera's prinler, as weJI as possibly cropped. dependitig on the user's selected aspect rado; then possibly 

tiled (at 452); and :finally converted to the prlntre's device-specific: CMY color space (at 453). n rhea proceeds through 

lhe normal netpage printing pipeline. 

In the preferred embodiment, the image sensor has a spatial resolution. of ISOO><IOOO pixels, and images are 

printed at a contone resolutiOn of 267 pixels per inc:h. 

When a photo is printed without being printed as a netpage, it passes through lbr same printing stages, with 

r I 
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the exception that netpage tag nitiderlng (at 448 in Figure 77) is disabled. 

9.7 DEDICATED PHOTO DATA FLOW 

In an alternative embodiment, illustrated in Figure 80, the netpage camera contains a dedicated pipeline for 

· capturing, processing. rendering and printing a photo. The pipeline may be embodied in software or hardware. It contains 

5 most of the same steps as the photo capture and general netpage printing processes. although it dispenses with a general­

purpose netpage document rasterizer in favour of photo-specific processing, removes the conversion of the photo image to 

an intennediate device-independent color space, and removes the intermediate compression of both the photo image and 

the page image. ll thus provides a significantly more efficient photo capture and rendering pipeline, with. particular 

applicability to the capture and printing of non-netpage photo images. 

10 In the prefemd embodiment, however, intermediate compression of the photo image is considered 

advantageous, since the image must be transmitted to a server. 

CONCLUSION 

The present invention has been described with reference to a pret'e.rred. embodiment and number of specific 

alternative embodiments. However, it will be appreciated by those skilled in the relevant fields '1lal a number of other 

15 embodiments, differing ftom those specifically described, will also fall within the spirit and scope of the present 

invention. Acc:orclingly, it will be undentood that the invention is not intended to be limited to Ille specific embodiments 

described in the present specification. including documents incorporated by cross-reference as appropriate. The scope of 

the invention is only limited by the attached claims. 
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CLAIMS 
I. A camera for capturing an image and printing a first interface onto a first surface., in response to a user 

input, and for printing a second inrerfacc onto a second surface, in response to lint indicating data received from a sensing 

device. the first indicating data being sensed by the sensing device ftom first coded data, the first interface including lhe 

5 first coded data. lhe camera including: 

10 

·(a) a camera module., including an image sensor, configured to: 

(i) receive a user input; and 

(ii) capture. via the image sensor and in n:sponse to the user input, the image; 

(b) an input module configured to: 

(i) receive., from the sensing device. lhe first indicating dala, the first indicating data being at least 

partially indicative of response data; 

(ii) generate second indicating dala based on the first indicating data, lhe second inclic:aling data being at 

least partiBlly indicative of the response dala; 

15 (c) 

(iii) send the second indicating dala to a computer system; and 

a printing module, including a printing mechanism, configured to: 

20 

.25 

(i) 

(ii) 

(iii) 

(iv) 

(v) 

(vi) 

receive, from the camera mod11le., the image; 

generate lhe first interface based at least partially on lhe image; 

print the first interface onto the first surface using the printing mechanism; 

receive the response data from the computer system; 

generate lhe second interface based at least partially on the response d• and 

print the second interface onto the second surface using the printing mechanism. 

2. A camem according to claim 1. the aec:ond interface including second coded data, wherein the printing 

module includes a coded data generaror configured to generate the second coded data based on at least part of the 

response data. 

3. A camera according to claim 2, the response data including second n:gion identity data indicative of at 

least one identity, the identity being associated with a region of the second interface, the coded data gene:rator being 

configured to generate the second coded data based on the second region identity data, the second coded data being 

indicative of the identity. 

4. A camem according to an:>i one of the preceding cJaims, wherein the second interface includes visible 

30 information in addition to the second coded data, the visible information being based at least partially on the response 

data. 

S. A camera according to claim 3, wherein lhe second coded data is also indicative of at least one 

reference point of the region. 

6. A camera according to claims. wherein the at least one reference point is determined on lhe basis of a 

35 coded dala layout. 

i I 
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7. A camera according to claim 6. wherein the printing module is configured to receive the coded data 

layout from lhe computer system. 

B. A camera according to claim 6, further including storage means for storing a plurality of the coded 

data layouts, the printing module being configured to: 

5 receive. from the computer system, layout seleclion information indicative of one of the coded data layouts; and 

10 

use the layout selection information to select one of the stored coded layouts for use in determining the at least one 

reference point. 

9. A camera according to claim 1. wbeiein the first indicating data includes location data sensed by the 

sensing device from the first coded data. 

10. A camera according to claim 1. wherein the first indicating data includes first region identity data 

sensed by the sensing device from the fust coded data, the first region identity data being indicative of an identity 

associated with a region of the first interface, !he region being at least partially indicative of the response data. 

11. A camera according to claim 10, wherein the first indicating data includes location data sensed by the 

sensing device from the first coded data. the location data being indicative of a location within. the region. the location 

15 within the region being at least partially indicali.ve of the mponse data. 

12. A camera according to any one of claims l to 3 or S to 11, wheiein the second coded data includes at 

least one tag. C8'h tag being indicative of the identity of the region. 

13. A camera according to claim 12, wherein the second coded data includes a plurality of the tags, the 

coded data generator being configured to ascertain a position of each lag prim to printing, the respective positions being 

20 determined on the basis of a coded data layout. 

14. A camera according to claim 13. wherein the c:oded data generator is configured to receive the coded 

data Jayout from the c:omputer device prior to printing the second coded data. 

15. A camera ac:cording to claim 7, fiJrthcr including storage means for storing a plurality of the coded 

dala layouts. the c:oded data generator being configured to: 

25 receive, from the c:omputer device, layout selection information indicative of one of the c:oded data layouts; and 

generate the second coded data based on the layout selection infomwion. 

16. A camera according to claim 13, when:in each of the tags .includes: 

first iclcntity data defining a rclali.vc position of thu tag; and 

second identity data identifying the surface. 

30 17. A camera according to any one of claims 1 to 3 or S to 11, the camera being configured to print the 

second interface onto the second surface on demand. 

J B. A camera according to any one of c:lallm 1 to 3 or 5 to 11. wherein the second interface is printed over 

a plurality of the pages. 

19. A camera according lo claim l, wherein lhe filst and/or second surfaces are defined by a substrate. 

35 20. A cameJa according lo claim 19, wherein the subslratc is laminar. 
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21. A camera according to claim 12; wherein the tags are disposed a1 predetermined positions on the 

second surface. 

22. A camera according to claim 21. Wherein the tags are disposed on the surface within a tessellated 

pattern comprising a plurality of tiles, each of the tiles containing a plurality of the tags. 

5 23. A camera acconling to claim 22. wherein the tiles interloclt with each other to sub"1antially cover the 

surface. 

24. A camera according to claim 23, wherein tbe tiles are all or a similar shape. 

25. A camera according to claim 24, wherein the tiles are triangular, square. rectangular or hexagonal. 

26. A camera according to claim 22, wherein the tags are disposed stochastically within each of the tiles. 

10 n. A camera according to claim 12, wherein each or the tags includes at least one common feature in 

addition to the second identii;y data. 

28. A camera according to claim 27, wherein at least one common feature is configured to assist finding 

and/or recognition of the tags by associated tag reading apparatus.. 

29. A camera according to claim 27, wherein the at least one common feature is represented in a format 

15 incorporating n:dundancy of information. 

30. A camera according to claim. 29, when:in the at least one common feature is rotationally symmetric so 

as to be rotationally invarianL 

31. A~ according to claim 29, wherein the at least one common feature is ring-shaped. 

32. A camera according to claim l:Z. wherein each of the tags includes at least one orientation feature for 

20 enabling a rotational orientation of the tag to be ascertained by associated tag reading apparatus. 

33. A camera according to claim 32, wherein the at least one orientation featme is represented in a format 

incorporating redundancy of information. 

34. A camera according to claim 33, wherein the at least one orientation feature is rotationally 

asymmetric. 

25 3S. A camera according to claim 33, wherein the at least one orientati~n featme is skewed along llS major 

axis. 

36. A camera acconling to claim 12, wherein each of the tags includes at least one perspective feature for 

enabling a perspective distortion of the tag to be asCertained by assoclared tag reading appatatus. 

37. A camera according to claim 36, wherein the at least one perspective feature includes at least four sub-

30 features which are not coincidenL 

38. A camera according to claim 12, wherein each tag includes a pliualii;y of tag elements. the first and 

second identity data each being defined by a plurality of the elements. 

39. A camera according to claim 38, wherein the tag clements are disposed in one or more arcuate bands 

around a central region or each tag. 

35 40. A camera according to claim 39, wherein there are a plurality of the an:uate bands disposed 

concenlrically with respect to each other. 

: I 
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41. A camera according to claim 40, wherein each element takes lhe fonn of a dot having a plurality of. 

possible values. 

42. A camera according to claim 41, wherein the number of pos51l>le values is two. 

43. A camera according to claim 41, wherein when representing one of the possible values. the tag 

5 clements absorb, reflect or fluoresce electromagnetic radiation of a predetennined wavelength or range of wavelengths to 

a predetermined greater or lesser extent than the second surface. 

44. A camera according to claim 41, wherein the possible values of the tag elements are defined by 

different relative absorption, reflection or fluorescence of electromagnetic radiation of a predetermined wavelength or 

range of wavelengths. 

1 0 45. A camera according to claim 4 t, wherein the tags arc not subSlantially visible to an average unaided 

human eye under daylight or ambient lighting conditions. 

46. A camera according to claim 41, when:in the tags are slightly v.isiblc to an average unaided human eye 

under daylight or Bmbient lighting conditions. 

47. A camera acc:ording to claim 38, wherein the cags are v.isible to an average unaided human eye under 

15 dayJight or amblent lighting conditions. 

48. A camera according to claim 13, wherein the first identity data is represented in a format incorporating 

redundancy of information. 

49. A camera according to claim 13, wherein the second identity data is represented in a format 

incorporating fCdundancy of information. 

20 SO. A camera llCClOnling to claim 49, wherein the printing mechanism is an ink printing mechanism. 

Sl. A camera according to claim SO, wherein the tags arc printed using ink that is abSOibeat or reflective 

in the ultraviolet spec:CnuD or the inlhlred spectrum. 

S2. A camera according to claim st. wherein the pdnting mechanism includes a separate ink channel for 

printing the tap. 

25 53. A c:anaa according to claim 50. wherein the printing module is ronfigured to print the second coded 

data and additional information substantially sinmltaneously onto the second surface. 

S4. A camera according to claim 53, wherein the additional information is printed onto the second surface 

using colored or monochrome inks. 

SS. A camem according to claim 54, wherein the additional infmmation is printed onto the second surface 

30 using one of the following combinations of colored inks: 

35 

CMY; 

CMYK; 

CMYRGB;and 

spot color. 

56. A camera acco{lling to any one of claims 9 to 11. wherein at least a plurality of the tags are disposed 

stochastically upon the second surface. 
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57. A camera according to any one of claims 9 to 11, wherein the tags are disposed In a regular array on 

the second surface, in accordance with the coded layout data. 

58. A camera according to claim 57, wherein the array is triangular. 

59. A camera according to claim 57, wherein the array is rectangular. 

5 60. A camera according to claim 57, wherein the tags are tiled over the second surface. 

61. A camera according to claim 18. funher including a binding mechanism for bi!iding the pages into a 

bound document. 

62. A camera according to claim 53, wherein the second surface is defined by a face of a page, the 

printing module further including dual printing mechanisms for printing opposite faces of the page simultaneously. 

10 63. A camera according to any one or claims l to 3 ·or S to 11; wherein the printing mechanism includes 

an inkjet printhead for printing ink onto the second surface. 

64. A camera according to claim 63, wherein the printhead is a drop on demand inkjet printhead. 

6S. · A camera according to claim 64, wherein the printhead is a pagewiddl printhead. 

66. A camera according to claim 65, wherein the printhead is configured to deliver a plurality of ink 

15 colors onto the second surface with one printing pass. 

67. A camera according to claim 65, wherein the printhead includes electr°'thennaJ bend actuators to 

eject the ink onto the surface. 

68. A camera according to any one of claims 67, wherein the printing module includes two sets of 

printheads, configured to print oppome surfaces ofa page substantially simultaneously. 

20 69. A camera according to claim 67, including a forced filtered air deliVCI)' mechanism for keeping 

nozzles of the printhead relatively free of paper dust. 

70. A camera according to claim 67, wherein the printhead includes moving nozzle chambers. 

71. A camera according to claim 70, wherein the printing module includes two sets of printheads, 

configured 10 print opposite surfaces ora page substantially simultaneously. 

25 72. A camera according to claim I, wherein the first indicating data includes user identity data, the user 

identity data being indicalive of user data. 

73. ·A camera according to claim 72, wherein the user identity data is supplied from storage means 

associated with the sensing device. 

74. A camera according to any one of claims I to 3, S to 11, 15 or 16, wherein the first interface surface is 

30 on the camera. 
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