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COMPUTER SYSTEM INTERFACE SURFACE WITH REFERENCE POINTS

FIELD OF INVENTION
The present invention relates to a method and system for enabling user interaction with computer software
running in a computer system. .
The invention has been developed primarily to provide a surface-based interface which allows a user to
interact with networked information and to obtain interactive printed matter on demand via high-speed networked color
printers, Although the invention will laygely be described hercin with reference to this use, it will be appreciated that the

invention is not limited w0 use in this feld.

CO-PENDING APPLICATIONS
Various methods, systems and apparatus relating to the present invention are disclosed in the following co-
pending applications filed by the applicant or assignee of the presem invention simultaneously with the present
application: )
PCT/AU00/00518, PCT/AU00/00519, PCT/AU00/00520, PCT/AU00/Q0521, PCT/AU00/00523,
PCT/AUO00/00524, PCT/AU00/00525, PCT/AUQ0/00526, PCT/AUDD/00527, PCT/AUN0/00528,
PCT/AU00/00529, PCT/AUM/00530. PCT/AU00/00531. PCT/AUQ0/Q0532, PCT/ALG0/00533,
PCT/AU00/00534, PCT/AU00/0033 5, PCT/AU00/00536, PCT/AU0/Q0537, PCT/ALG0/00538,
PCTIAUG0/00539, PCT/ALI00/00540, PCT/AUD0/0054 1, PCT/AUO0A00542, PCT/AU00/00543,
PCT/AU00/00544, PCT/AUGG/00545, PCT/AU00/00547, PCT/AUOC/00546. PCT/AUC0/00554,
PCT/AU00/00556, PCT/AU00/00557, PCT/AUQ0/00558, PCT/AUG0M0559, PCT/AU00/00560,
PCT/AU00/00561, PCT/AUD0/00562, PCT/AU00/A00563, PCT/AU00/00564, PCTFAL00/00566,

v————————————PETADB00567, PCTIAUB0/00568 PET/AT00/00569 PETAB00/0570- PET/AL00/00571;
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PCT/AUQ0/005372, PCT/AUQN00573, PCTZAUQ0/00574. PCT/AUO0/003735, PCT/AL00/00576,
PCT/AUGNODSTT, PCT/AUBDOD578, PCTIAUN0A0579. PCT/AUCOINSE], PCTIALCO/00580,
PCT/AUGC/00582, PCT/AUDD/O0587. PCT/AU00/00588, PCT/AU00/00589, PCT/ALO000583,
PCT/AU00/00593, PCT/AUGD/00550, PCT/AU00/0059t, PCT/AUCG/00592, PCT/ALO0/00594,
PCT/AU00/00595, PCT/AU00/00596. PCT/AUCD/00597. PCT/AU00/00598, PCTVALQU/00516. and
PCT/AU00/00517.

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

L _ BACKGROUND
_ . Presently, a user wishing to interact with a computer system usually docs o using a display device such as a
computer monitor and an input device such as a keyboard or a computer mouse. Whilst such interfaces are useful, they are
relatively bulky and non-portable, and can lack the immediacy and expressiveness afforded by a pen applied to paper.
Moreover. in many situations, paper is a more comfortable and convenient recording medium, due to its superior visual
characteristics and its portability. Nevertheless. information recorded on paper is generally not as accessible and
malleable as information secorded on a computer system. Furthermore, unlike a computer interface, a pen applied (o paper

generally lacks the abitity to control computer software.

OBJECT

It is an object of the present invention to combine advantages of paper-based recordal of information:and: - -

computer interfacing.

" RECTIRED SHEET RULEST) S
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SUMMARY OF INVENTION
In e first aspect of the invention, there is provided a method of enabling user interaction with computer
software running in a computer system via:
’ an interface surface contazining information relating to the éomputer software and including coded data
5 indicative ofan identity of the intecfzce surface and of at least one reference point of the interface surface; and
a sensing device which, when placed in an operative position relative to the interface surface, senses
indicating data indicative of: the identity of the intcrface surface; and a position of the sensing device relative to the
interface surface, using at least some of the coded data;

the method iticluding the steps of, in the computer system:

RECTIFIED SHEET (RULE 91)
ISA/EP




WO 00/72130 PCT/AU00/00569

-9

(a) recciving the indicaring data from the sensing devies;
(23] using the indicaling data to identify at least one interactive element relating to the computer software; and
(c) operating the computer software in accordance with instractions associated with the at least one interactive
element

5 In 2 second aspect of the invention, there is provided a method of enabling user interaction with computer
software nmniﬁg in a computer system, the method including the steps of:

providing an interface surface containing: information relating to the computer software; and coded data
indicative of an identity of the interface surface and of at least one reference point of the interface surface; and

in the computer systen:

10 @  receiving indicating data from a sensing device, the indicating data being indicative of: the identity of the

" interface surfaes and 2 position of the sensing device relative to the interface surface, the indicative data being scnsed
when the sensing device is placed in an operative position relative to the interface surface, using at least some of the
coded data;

) using the indicating data to identify at least one interactive element relating to the computer software; and

15 © operating the computer software in accordance with instructions associated with the at least one interactive
clement.

Preferably, in the first and second aspects, the interactive element is associated with a zone of the interface
surface, and step (b) includes using the position of the sensing device to identify the zone and thereby the interactive
clement.

20 In preferred embodiments of the first and second aspects, the sensing device generates movement data
indicative of its movement relative to the interface surface, usiﬁg at least some of the coded dﬁta. The method then
includes the step of receiving, in the computer system, the movement data, wherein step (b} includes usiné?hc movement
data to identify the zone'and thereby the interactive element,

Iti-a third aspeci of the invention, there is provided a system for coabling user interaction with comp{m:r

25  software running in a computer system via:

an interface surface containing information relating to the computer software and including coded data
indicative of an identity of the interface surface and of at least one reference point of the interface surface; and

a sensing device which, when placed in an opcralive position relative 10 the interface surface, senses
indicating data indicative of the identity of the interface surface and a position of the sensing device relative to the

30  interface surface, using at least some of the coded data;

the system being configured to, in the computer systeim:

(a) receive the indicating data from the sensing devict; .
(b) . usethe indicating data to identify at least one interactive clement relating to the computer software; and

_ ©) operate the computer sofiware in accordance with instructions associated with the ar Jeast one interactive

35  clemem. ‘

In & fourth aspect of the invention, therc is provided a system for enabling user interaction with computer
soflware mnniﬁg in a computer system, the system incloding:

an interface surface contaiming information relating to the computer sofiware and including coded data
indicative of an identity of the interface surface and of at Jeast one reference point of the interface surface;

40 the system being configured to, in the computer systém:

(a) receive indicaling data from a sensing device, the indicating data being indicative of the identity of the
interface surface and 3 position of the sensing device relative to the interface surface, wherein the sensing device, when
placed in an operative position selalive to the interface surface, seénses the indicating datd using at least some of the coded
data;
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®) use the indicating data 1o identify at least one interactive element relating to the computer sofiware; and
{® operate the computer software in accordance with instructions associated with. the at least one interactive

clement.

Preferably, in the third and founh aspects, the interactive element is associated with a zone of the interface
surface, the system being configured to use the position of the semsing device to identify the zone and thereby the
interactive element.

In preferred forms of the third and fourth aspecis, the sensing device gencrates movement data indicative of its
movement relative to the interface surface using at least some of the coded data. The computer system is configured 1o
receive the movement data, wherein (b) includes using the movement data to idcntify the zone and thereby the interactive
clement.

Preferably, the coded data takes the form of tags disposed on the interface surface. In a particularly preferred
form, the tags are printed onto a surface in the form of 2 pieo_é_df paper, and are configured to be read by a sensing device
in the form of an optical sensing stylus. The tags are preferably printed using an ink that absorbs near infrared Light but is
substantially invisible to a human viewer ander normal lighting conditions. When a user brings a sensing end of the stylus
close to the surface, one or more of the tags are imaged, interpreied and decoded to proﬁdc an indication of the identity of
the region from which the tag was imaged, and a position of the sensing device in relation to the surface. This information
is used to identify an interactive element, and software in an associated computer system is then operated on the basis of
instructions associated with the interactive clement.

Further aspects of the invention will become apparent from reading the following detailed description of
preferred and other embodiments of the invention,

BRIEF DESCRIPTION OF DRAWINGS
Preferred and other embodiments of the invention will now be described, by way of non-limiting example
only, with reference to the accompanying drawings, in which: -
Figure 1 is a schematic of a the relationship bstween a sample printed netpage and its online page desctiption;

“or—————25—Figure 2 is  schematic view of o intEREon belweer 7 TETPAZE Pen, A TeIpape prinler, a netpige page server, and 2

30

40

netpage application server;

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

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

Figure 5 i5 a plan view showing a structure of a netpage tag;

Pigure 6 is a plan view showing a relationship between a set of the tags shown in Figure 5 and a ficld of view of a netpage
sensing device in the form of a netpage pen:

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

Figure 8 is a perspective view of a netpage pcn and its associated tag-sensing ficid-of-view o&ne;

Figure 9 is a perspective exploded view of the netpage pen shpwn in Figure B;

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

Figure 11 is a perspective view of a {vall-mouniéd nefpage printer;

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

Figure 122 is an enlarged portion of Figure 12 showing a section of the duplexed print engines and glue wheel assembly;
Figure 13 is a detailed view of the ink cartridge, ink. air and glue paths, and print engines of the netpage printer of Figures
11 and 12;

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

Figure 15 is a schematic block diagran of duplexed print engine controllers and Memjet™ pxiﬁth:ads associated with the
printer controfler shown in Figure 14;

Figure 16 is a schematic block diagram of the print engine controller shown in Figures i4 and 15;




10

15

20

25

30

35

40

WO 00/772130 PCT/AU00/00569
-4-

]F:gnre 17 is a perspective view of a single Memjet™ printing element, as used in, for example, the netpage printer of
Figures 10 to 12; '

Figure 18 is'a perspective view of a small part of an arvay of Memjet™ printing elements;
Figure 19 is a series of perspective views illustrating the operating cycle of the Memje(™ printing element shown in
Figure 13, :

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

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

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

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

Figure 25 is n.schl;ﬁmic view of a document and page description class diagram;

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

Figure 27 is a schematic view of a terminal element specialization class diagram;

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

Figure 29 is a schematic view of 2 hyperlink element class diagram;

Figure 30 is a schematic view of a hyperlink element specialization class dizgram;

Figure 31 i3 a schematic view of a hyperlinked group class diagram;

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

Figure 33 is 2 schematic view of a digital ink class diagram;

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 {5 a schematic view of a text field class diagram;

Figure 37is 2 sdaematig view of a signature field class diagram;

 Figure 38 is a flowchart of an input processing algorithm;
Figure 38a is a detailed flowchart of one step of the flowchart of Figure 38;
Figure 39 is a schematic view of a page server command element class diagram;
Figure 40 is a schematic view of a resource description class diagram;
Figure 41 is 2 séhematic view of a favorites list class diagran;,
Figure 42 is a schematic view of a history list class diagram;
Figure 43 is a schematic view of a subscription delivery protocol;
Figure 44 is a schematic view of a hyperlink request class diagram;
Figure 45 is a schematic view of a hyperlink activation protocol;
Figure 46 is a schematic view of a:form submission protocol; e
Figure 47 is a'schematic view of a commission payment protocol;
ngm431sasdieinaﬁc\dew of a set of radial wedges making up a symbol;
Figure 49 is a schemnatic view of ating A and B symbol allocation scheme:
Figuse 50 is 2 schematic view of 2 first ring C and D symbot allocation scheme;
" “Figué 31'is 4 schematic view of % second ring C and D symbol allocation scheme;
Figure 52is a schematic view of 2 triangular tag packing;
Figure 53 is a perspective view of an icoszhedron;
Figure 54 is a perspective view of an icosahedral geodesic with frequency 3;
Figure 55 is & schematic view of a minitum tag spacing; i
Figure 56 is a schematic view of a minimum tag spacing which avoids overlap:
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Figure 57 is a schematic vi;:w of a first tag insertion case;

Figure 58 is 2 schematic view of a second tag insertion case;

Figure 59 is a schematic view of a third tag insertion case;

Figure 60 is a schematic view of a fourth tag insertion case;

Figure 61 is 2 schematic view of a-pen crientation relative 1o a surface;
Figure 62 is a schematic view of a pen pitch geometry;

Figure 63 is a schematic view of a pen roll geometry;

Figure 64 is a schematic view of a pen coordinate space showing physical and optical axes of a pen;
Figure 65 is a schematic view of a curved nib geometry;

F’:gurc 66isa schcmatlc vicw of an interaction between sampling frequency and tag frequency:
Figure 67 is a table containing equations numbered 1 to 10;

Figure 68 is a table containing equations numbered 11 to 20;

Figure 69 is a table containing equations numbered 21 to 26;

Figure 70 is a table containing equations numbered 27 1 34;

Figure 7iisa ta‘ble containing equations numbered 35 to 41;

Figure 72 s a table containing equations numbered 42 to 44,

Figure 73 is a table containing equations numbered 45 10 47:

Figure 74 is a iable containing equations numbered 48 1o 51;

Figure 75 is a table containing equations numbered 52 to 54;

Figure 76 is a table containing equations numbered 55 w 57;

Figure 77 is a table containing cquations numbered 58 1o 59;

Figure 78 is a table containing equations numbered 60 to0 63;

Figure 79 is a table containing equations numbered 64 to 74;

Figure B0 is a table containing equations numbered 75 to 86;
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Figure 81 [§ 4 @ble containing cquations numbered 8710 99;
Figure 82 is a table containing equations numbered 10010 111;
Figure 83 is a table containing equations numbered 11210 120;
Figure 84 is a table containing equations numbered 121 to 129;
Figure 85 is a table containing a set of degencrate forms of equations 64 to 71;
Figure 86 is a first part of a table containing conditons and special handling for zero pitch and zero roll; and
Figure 87 is a the second part of the table of Figure 86.
DETAILED DESCRIPTION OF PHEFEFIRED AND OTHER EMBODIMENTS
Notc Memjet™ is a trade mark of Silverbrook Research Pty Lid, Australia.

R In the preferied embodiment, the invention is configured w work with the netpage networked computer
system, a detailed overview of which follows. It will be appreciated that not every implemantation will necessarily
embody all or even most of the specific details and extensions discussed below in relation to the basic system. However,
the system is described in its most complete form to reduce Lhe need for extemnal reference when attempting to vnderstand
the context in which the prefermed embodiments and aspects of the present invention operate.

In brief summeary, the preferred form of the netpage system employs a computer interface in the form of a
mapped surface, that is, a physical surface which contains references 1o 2-map of the surface maintained in a cemputer
system. The map references can be queried by an approprime sensing device. Depending upon the specific
implementation, the map references. may be encoded visibly or invisibly, and defined in such a way that a local query on
the mapped surface yields an unambiguous map reference both within the map and ameng different maps. The computer
system can contam information about features on the mapped ‘surface; -arid such information can be retrieved based on
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map references supplied by a sensing device used with the mapped surface. The information thus retrieved can take the
form of actions which arc initiated by the compuier system on behalf of the operator in response to the operator's
interaction with the surface features.

In its preferred form, the netpage system relies on the production of, and human interaction with, 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 pape using ink which is substantially invisible to the unzided human eye. The ink,
however, and thereby the coded data, can be sensed by an optically imaging pen and transmitted to the netpage system.

In the preferred form, active buttons and hypertinks on each page can be clicked with the pen to request
information from the network or 1o signal preferences to a network server. In one embodiment, text written by hand on a
netpage is automatically recognized and converted to computer text in the netpage system, allowing forms to be filled in.
In other embddiments, signatures recorded on 2 netpage arc automatically verified, allowing e-commerce transactions to
be securely authosized.

As illustrated in Figure 1, a printed netpage 1 can represent a interactive form which can be filled in by the
user both physically, on the printed page, and “electronically”, via communication between the pen and the netpage
system. The example shows a “Request™ form containing 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 collecton of rags 4 using invisibie ink.
The corresponding page description 5, stored on the netpage network, describes the individual elements of the netpage. In
particular it describes the type and spatial extent {zone) of each interactive element (i.e. text ficld or button in the
example), o allow the netpage system to correctly interpret input via the netpage. The submit button 6, for example, has a
zone 7 which corresponds Lo the spatial extent of the corresponding graphic 8.

As iliustrared in Figure 2, the netpage pen 101, a preferred form of which is shown in Figures 8 and 9 and
described in more detail below, works in conjunction with & netpage printer 601, an Internet-connected printing appliance

for home, office or mobile use. The pen is wireless and communiceates securely with the netpage printer via a shott-range
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The netpage printer 601, a preferred form of which is shown in Figures 11 to 13 and described in more detail
below, is abic to defiver, periodically or on demand, personalized newspapers, magazines, catalogs, brochures and other
publications, all printed at high quality as interactive netpages. Unlike 2 personal computer, the netpage printer is an

appliance which can be, for example, wall-mounted adjacent to an area where the morning news is first consumed, such as

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

desktop, portable and miniamre versions.

Netpages prmted at their point of consumption combine the case-of-use of paper with the timeliness and
interactivity of an interactive mediom. »
) As shown in Figure 2, the netpage pen 101 interacts with the coded data on a printed netpage 1 and
communicates, via a shont-range radio link 9, the interaction 1o a netpage printer. The printer 601 sends the interaction to
the relevant netpage phge server 10 for intérpmtaﬁbn._ In appropriate circumstances, the page :f.ervcr sends a conésponding
message to application computer software ninning on a netpage application server 13. The application server may in wm
send a vesponse which is printed on the originating printer.

The netpage system is madccunsidmbly more convenient in the preferred embodiment by being used in
conjunction with high-speed microelectromechanical ﬁystcm (MEMS) based inkjet (M‘emjl.:t"”"") printers. In the ptéfm-rcd
form of this technology, relatively high-speed and high-guality printing is made more affordable to consumers. In its
preferred form, a netpage publication has the phyncal characteristics of a traditional newsmagazine, such as a set of letter-
size glossy pages printed in full color on both sides, bound together for easy navigation and comfortable handling.

N The netpage printer exploits the growing availability of broadband Internet access. Cable service is available
10 95% of households in the United States, 2nd cable modem service offering broadband Internet access is already
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available to 20% of these. The netpage printer can also operate with slower conncctions, but with longer delivery times
and lower image quality. Indeed. the netpage system can be enabled using existing consumer inkjet and faser printers,
although the system will operate more slowly and will therefore be iess acceptable from & consumer’s point of view. In
other embodiments, the netpape system is hosted on a private intranct. In still other embodiments, the netpage system is
bosted on a single computer or computer-enabled device, such as a printer.

Netpage pubiiacation—scwm 14 on the netpage network ars configured to deliver print-gnality publications to
netpage printers. Periodical publications are deliversd automatically te subscribing netpage printers via pointeasting and
muldcasting Internet protocols. Personalized publications are filtered and formatted according to individual vser profiles.

A netpage printer can be configured 10 support any namber of pens, and a pen can work with any number of
netpage printess. In the preferred implementation, each netpage pen has a unique identifier. A household may have a
collection of colored netpage pens, one assigned 1o ¢ach member of the family. This allows each user 10 maintain 2
distinct profile with respect to a netpage publication server or application server.

A netpage pen can also be registered with a netpage registration server 11 and linked to one or more payment
card accounts. This allows c-commerce payments to be securely authorized using the netpage pen. The netpage
registration server compares the signature captured by the netpage pen with a previously registered signature, allowing it
to authenticate the user's identity to an e-commerce server. Other biometrics can also be used to verify identity. A version
of the nerpage pen includes fingerprine scanning, verified in a similar way by the netpage registration server.

Although a netpage printer may deliver periodicals such as the moming newspaper without user intervention,
it can be configured never to deliver unsolicited junk mail. In its preferred form, it only delivers periodicals from
subscribed or otherwise authorized sources. In this respect, the netpage printer is unlike a fax machint or ¢-mail account
which is visible to any junk mailer who knows the telephone number or email address,

1 NETPAGE SYSTEM ARCHITECTURE
. Each object model in the system is-described using a Unified Modeling Language (UML) class diagram. A
class'diagram consists of a set of object classes connected by relationships, and two kinds of relationships are of interest

here: assootations and generilifalions. An association represents some kind of relationship between objects, 1.e. between
instances of classes. A generalization relates actual classes, and can be understood in the following way: if a class is
thought of as the set of a)l objects of that class, ané class A is a generalization of class B, then B is simply a subset of A.
The UML does not directly support second-order modelling - i.e. classes of classes.

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

An assﬁciation is drawn as a line joining two ciasses, optionally labelied at either end with the multiplicity of
the association. The defauk multiplicity is onc An asterisk {*) indicates a muhiplicity of ":‘nany", i.e. zero or more. Bach
association is optionally labelled with its name, and is also optionally labelled at either end with the role of the
corresponding class. An open diamond indicates an aggregation association (“is-part-of™), and is dravm at the aggregator
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.

Whien 2 class diagram is broken up into multiple diagrams, any class which is duplicated is shown with a
dashed outline in all but the min diagram which defines it. It is shown with attributes only where it is defined.

1.3 NEYTPAGES

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

to published information and interactive services. '

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




WO 00/72130 PCT/AUDG/00569

10

15

20

-8-

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 1ext, graphics and images. It also describes the
input clements on the page, including butions, hyperlinks, and input fields. A netpage allows markings made with a
netpage pen on its surface to be simultancously captured and processed by the netpage system.

Muliiple nectpages can share the same page description. However, 1o allow input through otherwise identical
pages 1o be distinguished, each netpage is assigned a unique page ideniifier. This page ID has sufficient precision to
distinguish between 2 very large nnmber of netpages.

Each reference to the page description is encoded in a printed tag. The tag identifies the unique page on
which it appears, and thereby indirectly identifics the page description. The tag also identifies its own position on the
page. Characteristics of the tags are described in more detail below.

Tags are printed in 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-stéte image sensor with
an appropriate filter. ’

A tag is sensed by an area image sensor in the netpage pen, and the tag data is transmitted 10 the netpage
system via the nearest netpage printer. The pen is wireless and communicates with the netpage printer via a short-range
radio link. Tags are sufficiently small and densely arranged that the pen can reliably image at least one tag cven on a
single click on the page. It is important that the pen recognize the page ID and position on every interaclion with the page,
since the interaction is stateless, Tags are error-correctably encoded to make them partially tolerant 1o surface damage,

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

The relationship between the page de.icn-iption. the page instance, and the printed netpage is shown in Figure
4. The page instance is associated with both the neipage printer which printed it and, if known, the netpage user who
requested it. :

30

35

40

12 NeTPAGE TAGS
121  Tag Data Content

In a preferred fonm, each tag identifies the vegion in which it appears, and the location of that tag within the
region. A tag may also contain flags which relate to the region s a whole or to the tag. One or more flag bits may, for
example, signal a tag sensing device to provide feedback indicative of a function associated with the immediate area of the
tag, without the sensing device having to refer 10 a description of the region. A netpage pen may, for example, iluminate
an “active area™ LED when in the zone of a hyperlink.

As will be more clearly explained below, in a preferred embodiment, each tag contains an easily recognized
invariant structure which aids initial detection, and which assists in minimizing the effect.of any warp induced by the

. susface or by the. s;nsi;;g—.prlm. The tags preferably tile the entire page, and are sufficiently small and densely arranged-
- that the pen can reliably image at least one tag cven on a single click on the page. -lt-is_imponam that the pen recognize the

page 1D and position on every interaction with the page, since the interaction is stateless.

" In & preferred embodiment, the region to which a tag reférs colncides with an entire page, and the region ID
encoded in the tag is th:erefore synonymous with the page.1D of the page on which the tag appears. In other embodiments,
the region 10 which 2 tag refers £an be an arbitrary subregion of 4 page or other surface. For example, it can coincide with
the zone of an interactive element, in which casc thc"tegio-n ID can directly identify the interactive element.

Table 1. Tag data
Fieid ‘Precision (bits)
won D 100
ag I 16
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Flags 4

Total 120

Each tag contains 120 bits of information, typically allocated as shown in Table 1. Assuming a maximum tag
density of 64 per square inch, a 16-bit tag ID supports a region size of up to 1024 square inches. Larger regions can be
mapped contintously without increasing the tag ID precision simply by using abutting regions and maps. The 100-bit
region ID allows 2'® (~10* or a million trillion trillion) different regions 1o be uniguely identified.

122 Tag Data Encoding

The 120 bits of tag data are redundantly encoded using a (15, 5) Reed-Solomon code. This yields 360
encoded bits consisting of 6 codewords of 15-4-bit xymbols each. The (15, 5) code allows up to 5 symbol errors to be
comected per codeword, i.e. it is tolerant of a symbof error rate of up to 33% per codeword. -

Each 4-bit symbol is represented in a spatially coherent way in the tag, and the symbols of the six codewords
are interleaved spatially within the tag. This ensures that a burst exror {an ¢rror affecting multiple spatizlly adjacent bits)
damages a mintmum number of symbols overall and 2 minimum vumber of symbols in any one codeword, thus
maximising the likelihood that the burst error cam be fully corrected.

1.2.3 Physical Tag Structure

The physical representation of the tag, shown in Figure §, includes fixed target structures 15, 16, 17 and
variable data areas 18. The fixed target structures aliow a sensing device such as the netpage pen to detect the tag and
infer its three-dimensional orientation relative to the sensor. The data areas contain representations of the individual bits
of the encoded tag data.

To achicve proper tag reproduction, the tag is rendered at a resolution of 256x256 dots. When printed at 1600
dots per inch this vields a ;ag with a diameter of about 4 mm. At this resolution the tag is designed to be surrounded by a
“quiet area” of radius 16 dots. Since the quiet area is also contributed by adjacent tags, it only adds 16 dols to the effective
diameter of the tag.

The tag includes six target structures: a detection ring 15; an orientation axis target 16; and four perspective
targets 17.

The detection ring 15 allows the sensing device 1o initially detect the tag 4. The ring is easy to detect because
it is rotationally invariant and because 2 simple comection of its aspect ratio removes most of the effects of perspective
distortion. The orientation axis 16 allows the sensing device 1o determine the approximate planar orientation of the tag
due to the yaw of the sensor, The orientation aﬁs is skewed to yield a unique orientation. The four perspective targets 17
allow the sensing device to infer an zccurate two-dimensional perspective transform of the tag and hence an accurate
three-dimensional position and oricntation of the tag relative to the sensor.

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

The overall tag shape is circular. This supports, amongst other things, optimal-teg packing on an irregular
triangular grid. In-combination with the circular detection ring 15, this makes a circular arrangement of data bits within
the tag optimal. To maximise its size, each data bil is represented by a radial wedge 510 in the form of an area boundeﬁ by
two radial lines 512, a radially inner arc 514 and a radially outer arc 516. Each wedge 510 has a minimum dimension of 8
dots at 1600 dpi and is dcﬁgned so that its base {ji.c. its inner arc 514), is at least equal o (his minimum dimension. The
tadlal height of the wedge 510 is always equal to the minimum dimensmn. Each 4-bit data symbol is represented by an
array 518 of 2x2 wedges 510, as best shown in Figure 48.

The 15 4-bit data symbols of each of the six codewords are allocaled to the four concentric symbol rings 18a
to 18d, shown in Figure 5, in interleaved fashion as shown in Figures 49 to 51. Symbols of first to sixth codewords 520
525 are allocated alternately in circular progression around the tag.
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_ The interleaving is designed to maxirise the average spatial distance bctwcm.any two symbols of the same
codeword. ‘

In order to support “single-click™ mteraction with a tagged region via a sensing device, the sensing dev'u.:e
must be zble to see at least one entire tag in its ficld of view no maiter where in the region 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 circular tag shape, the minimum diameter of the sensor field of view is obtained when the tags
are tiled on a equilateral triangnlar grid, as shown in Figure 6.

124 Tag Image Processing and Dacoding

The tag image processing and decoding performed by u sensing device such as the netpage pen is shown in
Figure 7. While a captured image is being arquired 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. The image is then thresholded and
segmented into connected pixel regions (i.e. shapes 23) (at 22). Shapes which are too small to represent tag targst
structures are discarded. The siz¢ and centroid of cach shape is also computed.

Binary shape moments 25 are then computed (at 24) for each shape, and these provide the basis for
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. _

The ring target structure 15 is the first to be focated (a1 26). A ring has the advantage of being very well
behaved when perspective-distoried. Matching proceeds by aspect-normalizing and rotation-normalizing each shape's
moments. Onee its second-order moments are nommalized the ring is easy to recognize even if the perspective distortion
was significant. The ring’s original aspect and rotation 27 together provide a useful approximation of the perspective
transform.

The axis térget structure 16 is the next to be located (at 28). Matching proceeds by applying the ring's

25
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normalizations to each shape's moments, and m};ation-i'x-onnalizing the resulting moments. Once its second-order moments
are normalized the axis target is casily recognized. Note that one third order moment is required 1o disambiguate the two
pos§ible orientations of the axis. The shape is deliberately skewed 10 one side to make this possible. Note also that it is
only possible 10 motation-normalize the axis target after it has had the ring’s normalizations applied, since the perspective
distortion can hide the axis tarpet’s axis. The axis target’s origina]r rotation provides a useful approximation of the tag’s
rotation due 1o pen yaw 29,

The four perspective target structures 17 are the last to be located (at 30). Good estimates of their positions
arc computed based on their known spatial relationships 10 the ring and axis targets, the aspect and rotation of the ring,
and the rotation of the axis. Matching proceeds by applying the ring's normalizations 1o each-shape’s moments. Once their
second-order moments are normalized the circular perspective tarfets are easy to recognize, and the target closest to each
estimated position’ is taken as a match. The original centroids of the four perspective targets are then taken to be the
perspective-distorted corners 31 of a square of kmown size in tag space, and an cight-degree-of-freedom perspéctive
transform 33 is inferred (a1 32) based on solving the well-understood equations relating the four tag-space and ixrégc-
space point pairs (see Heckbert, P.. Fundamentsls of Texture Mapping and lmage Warping, Masters Thesis, Dept. of
EECS, U. of California at Betkeley, Techinical Report No. UCBACSD B9/516, June 1989, the conitents of which ave herein
incorporated by cross-reference). ' '

‘The inferred tag-space to image-space perspective transform is used to project (at 36) each known data bit
position in tag space into image space where the real-valued position is used to bilinearly interpolate (at 36) the four
relevant adjacent pixels in the input image. The previously computed image threshold 21 is used to threshold the result to
produce the final bit value 37. _

Once alt 360 data bits 37 have been oblained in this way, cach of the six 60-bit Reed-Solomon codewards is
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decoded (at 38) to yield 20dwodcd bits 39, or 120 decoded biL-; in total. Note that the codeword symbols are sampled in
codeword arder, so that codewords are implicitly de-interieaved during the sampling process.

The ring target 15 is only sought in a subarea of the image whose retationship to the ironge guarantess that the
ting, if found, is part of a complete tag. If a complete tag is not found and successfully decoded, thien no pen position is
recorded for the current frame. Given adequate processing power and ideally a nommimimal field of view 193, an
alternative strategy involves secking another 1ag in the current image. ’ '

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

1256 Tag Map

Deéo-o'.'ﬁng a tag results in a region 1D, a tag ID, and a tag-relative pen transform. Before the tag ID and the
tag-relative pen location can be translated into an absolote location within the 1agged region, the location of the tag within
the region must be known. This is given by a tag map, & function which maps each tag ID in a tagged region to a
cotresponding location. The tag map class diagram is shown in Figure 22, as part of the netpage printer class diagram.

A tag map reflects the scheme used to tile the surface region with tags, and this can vary according to surface
type. When multiple tagged regions share the same tiling scheme and the same tag numbering scheme, they can also share
the sarne 1ag map.

The tag map for a region must be retrievable via the region ID. Thus, given a region ID, a tag ID and a pen
tansform, the tag map can be retricved, the tag 1D can be translaled into an absolute tag location within the region, and
the tag-relative pen lecation can be added to the Lag location 10 yield an absolute pen location within the region.

126 Tagging Schemaes
Two distinct surface coding schemes are of interest, hoth of which use the tag structure described earlier in

i

this section. The preferred coding schéme uses “Tocation mdlcanng tags as already discussed. An alternative codmg

N
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scheme uses object-indicating tags.

A location-indicating tag contains a tag ID which, when translated through the tag map associated with the
tagged region, yields 2 unique 1ag 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 turn is used to determine the location of the pen relative
to a user interface elernent in the page description associated with the region. Not only is the user interface clement itself
identified, but a location relative to the user interface clement is identified. Location-indicating tags therefore trivially
support the capiure of 2n absolute pen path in the zone of a particular user interface element.

An object-indicating tag contains a tag ID which directly identifies 2 user intefface element in the page
description associated with the region. All the tags in the zone of the user interface element-identify. the.user interface
element, making them all identical and therefore indistinguishable. Object-indicating tags do nof. therefore, support the
capture of an absolute pen path. They do, however, support the capture of a relative pen path. So lang as the position
sampling frequency exceeds twice the encountered tag frequency, the dispiacement from one sempled pcn position to the
next within a stroke can be unambiguously determined.

Assume a sampling wavelength of Ay and a tag wavelength of Ay, with a relationship 23 defined in EQ 38. For
two adjacent position samples P; and Py, one of EQ 39 and EQ 40 will hold.

Assuming both equations hold leads to the relationship defined in EQ 41.

Since EQ 41 contradicts EQ 38, the assumption that both EQ-39 and EQ 40 hold must be incorrect, and the
choice is therefore unambiguous, as stated.

The illustration in Figure 60 shows four tags 500 and a one-dxmensional siroke of six sample posmons 582
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which satisfy EQ 38. Possible aliases 584 of the sample positions are also shown. From inspeciion, if the distance from
one sample position 1o the next is Ag, then the distance from a sample position to the alias of the next sample position
exceeds Ag. - "

¥f the tag wavelength Ayis 4.7 mm, as discussed in earlier, then the sampling wavelength Ag must be less than
2.35 mm. If the temporal sampling frequency is 100 Hz as required for accurate handwriting recognition, then the pen
speed must be Jess than 235 mim/s to satisfy EQ 38.

With either tagping scheme, the tags function in cooperation with associated visual elements on the netpage
as user interactive elerents in that a user can interact with the printed page using an appropriate sensing device in order
for tag data 10 be read by the sensing device and for an appropriate response to be geperated in lh: netpage system.

1.3 DocuMENT AND PAGE DESCRIPTIONS i

A preferred embodiment of a document and page description ¢lass diagram is shown in Figures 25 and 26.

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

The presence of the most abstrect document description on the page server allows & user to request a copy of
a document without being forced to accept the source document’s specific formal. The uscr may be requesting 2 copy
through a printer with a different page size, for example. Conversely, the presence of the formatted document description
on the page server allows the page server to efficiently interpret user actions on a particular printed page.
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A formatted document 834 consists of a set of formatted page descriptions 5, each of which consists of a set
of formahed terminal elements 833, Each formatted element has 2 spatiaf exient or zone 58 on the page. This defines the
active area of input elements such as hyperlinks and input fiefds.

A documenl instance 831 corresponds to a formatted document 834. It consists of 2 set of page instances 830,
each of which corresponds to a page description 5 of the formatted document, Each page instance 830 describes a single

- unigue printed netpage 1, and records the page ID 50 of the netpage. A page instance is not part of a document instance if

it represents a copy of a page requested in isolation.

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

A terminal element can be a static element 843, a hyperlink element 844, a field element 845 or a page server
command element 846, as shown in Figure 27. A static element 843 can be a style element 847 with an associated style
object 854, a textﬂow element 848 with an assomamd styled text object 855, an image element 849 with an assomated
image clement §56, a graphic element 850 wul_l an associated graphic ob]ect 857, a video clip element 851 with an
associated video clip object 858, an audio clip element 852 with an associated andio clip object 859, or a script element
853 with an associated seript object 860, as shown in Figure 28.

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

In the prefemmed form of the invention, a tag map 811 s associated with cach page instance to allow tags on
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the page o be translated into locations on the page.
14 THE NETPAGE NETWORK :

In a preferred embodiment, a netpage network consists of a distributed set of netpage page servers 10,
netpage registration servers 11, netpage ID servers 12, netpage application servers 13, netpage publication servers 14, and
netpage printers 601 connected via a network 19 such as the Internet, as shown in Figure 3.

The netpage registration server 11 is a server which records relationships berween users, pens, printers,
applications end publications, and thereby amthorizes various network activities. X authenticares users and acts as a
signing proxy on behalf of authenticated users in application transactions. It also provides handwriting recognition
services. As described above, a netpage page server 10 maintains persistent information about page descriptions and page
instances. The netpage network includes any number of page servers, cach handling a subset of page instances. Since a
page server also maintains user input valoes for each mgc.,ﬁﬂmce. chiemts shch as netpage printers send netpage input
directly to the appropriate page server. The page server interprets any such input relative to the description of the
corresponding page.

A netpage ID server 12 allocates document IDs 51 on demand, and provides load-balancing of page servers
via its ID allocation scheme.

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

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

Netpape servers can be hosted on a variety of network server platforms, from manufacturers such as [BM,
Hewlet-Packard, and Sun. Multiple nempage servers can run concurrently on a single host, and a single server can be
distributed over a number of hosts. Some or all of the finctionality provided by netpage servers, and in panicutar the
functionality provided by.me ID server and the page server, can also be provided directly in a netpage appliance such as a

[
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nctpage printer; g computer workstwion, or oA ot netwswk
1.5 THE NETPAGE PRINTER

The netpage printer 601 is an appliance which is registered with the netpage system and prints netpage
documents on demand and via subscription. Each printer has a unique printer 1D 62, and is connected to the netpage
network via a network such as the Internet, ideally via 2 broadband connection.

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

The netpage printer l"eceivcs subscribed netpage documents from netpage publication servers 14. Each
document is distributed in two parts: the pags layouts, and the actual text and image objects which populate the pages.
Because of personalization, pagc-layouts are typically specific to a particular subscriber and so are poinicast 10 the
subscriber’s printer via the appropriate page server. Text and image objects, on the other hand, are typically shared with
other subscribers, and so are multicast to all subscribers’ printers and the appropriate page servers.

The neipage publicaﬁon server optimizes the segmentation of document conlent intc pointcasts and
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 document to be printed, it
can print the document.

The printer rasterizes and prints odd and even pages simultancously on both sides of the sheet. It contains
duplexed print engine controllers 760 and print engines utilizing Memjet™ printheads 350 for this purpose.
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The printing process consists of two decoupled stages: rasterization of page descriptions, and expansion and
printing of page images. The raster image processor {(RIF) consists of one or more standard DSPs 757 ranning in paraliel.
The duplexed print erigine controllers consist of custom processors which expand, dither and print page images in real

me, syfichronized with the operation of the printheads in the print engines.

5 Printers not enabled for IR printing have the option to print tags using IR-absorptive black ink, although this
restricls tags to otherwise empty areas of the page. Although such pages have more limited functionality than {R-printed
pages, they are still classed as netpages.

A normal netpage printer prints netpages on sheets of paper. More specialised netpage printers may print onio
more specialised surfaces, such as globes. Each printer supports at least one surface type, and supports &t least one tag
10 iifing scheme, and hence tag. map, for each surface rype. The tag map 811 which describes the tag tiling scheme actually . . .
used 1o print & document becomes associated with that document so that the document’s tags can be correctly interpreted.
Figuré 2 shows the netpage printer class diagram, reflecting printer-related information maintained by a
registration server 11 on the netpage network. _
A preferred embodiment of the netpage printer is described in greater detail in Section 6 below, with reference
15 o Figures i1 to 16.
1.5.1 Memjet™ Printheads
The netpage sysiem can operate using printers made with a wide range of digital printing technologies,
including thermal inkjet, piezoelectric inkjet, laser electrophotographic, and others. However, for wide consumer
acceptance, it is desirable that a netpage printer have the following characteristics:
20 - photographic quality color printing
. high quality text printing
. high reliability
. low prinl:el:‘ cost
. low ink cost
25 low paper cost
. simple operation
. nearly silent printing
. high printing speed
. simultaneous double sided printing
30 compact form factor
. low power consumption
I No comuclally available printing technology has 21l of these characteristics. -
To _enabln to production of printers with these characteristics, the present applicant has invented a new print =
‘technology, referred o as Memjer™ technology. Memjef™ is a drop-on-demand inkjet technology- that incorporates
35  pagewidih printheads Fabricated using microelectromechanical systems (MEMS) technology. Figire 17 shows 4 single
printing element 300 of & Memjet™ printhead. The netpage wallprinter incorporates 168960 priiting elements 300 to
form a 1600 dpi pagevmdth duplex printer. This printer simultancously prints cyan, megenta, yellow, black, and mfmrad
mksaswellaspapercondnionerandmkﬁmn -
The printing elemnt 300 is approximately 110 miczons long by 32 microns wide. Arrays of these printing
40

elements are formed an a silicon substrate 301 that i incorporaies CMOS logic, data transfer, timing, and drive circuits (not
shown).

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

* the fiuidic seal 305, the ink channel rim 306, the lever arm 307, the active actuator beam pair 308, the passive actuator
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beam pair 309, the active actuator anchor 310, the passive actuator anchor 311, and the ink inlet 312.

" ‘The active actuator beam pair 308 is mechanically joined 10 the passive setuator beam pair 309 at the join
319. Both beams pairs are anchored at their respective anchor points 310 and 31 1. The combination of elements 308, 309,

+ 310, 311, 2and 319 form 2 cantilevered electrothermal bend actuator 320,

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

Figures 19(a), 19(b} and 19(c) show the operating cycle of a Memjet™ printing ¢lement 300.

Figure 19(a) shows the gniescent position of the ink meniscus 316 prior to printing an ink droplet. Ink is
retained in the nozzle chamber by surface fension at the ink meniscus 316 and at the fluidic seal 305 formed between the
nozzle chamber 304 and the ink channel rim 306. - :

While printing, the printhead CMOS cirovitry disttibutes data from the print eéngine controller to the corrcot
printing element, latches the data, and buffers the data o drive the electrodes 318 of the active actuator beam pair 308.
This causes an electrical current to pass through the beam pair 308 for sbout one microsecond, resulting in Joule heating.
The temperature increase resulting from Joule hcatihg causes the beam pair 308 1o expand. As the passive actuator beam
pair 309 is pot heated, it does not expand, resulting in a stress difference between the two beam pairs. This stress
difference is partially resolved by the cantilevered end of the clectrothermal bend actuator 320 bending towards the
substrate 301. The lever arm 307 1ransmits this movement (0 the nozzle chamber 304, The nozzle chamber 304 moves
about two microns Lo the position shown in Figure 19(b). This increases the ink pressore, forcing ink 321 out of the nozzle
302, and causing the ink meniscus 316 to bulge. The nozzle rim 303 prevents the ink meniscus 316 from spreading across
the surface of the nozzle chaiber 304, X

As the temperature of the beam pairs 308 and 309 equalizes, the actuator 320 returns 1o its original position.

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

nozzle chamber is refilled by the action of the surface tension at the meniscus 316.
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Figare 20 shows a sepmenr of @ priathead 350, Tn & ncipage ponier. the length of the printhead is the full
width of the paper (typically 210 mm) in the direction 351. The segment shown is 0.4 mm long (about 0.2% of a complete
printhead). When printing, the paper is moved past the fixed printhead in the direction 352. The printhead has 6 rows of
interdigitated printing elememts 300, printing the six colors or types of ink supplied by the ink inlets 312.

To protect the fragile surface of the printhead duting operation, 2 nozzle guard wafer 330 is attached to the
printhead substrate 301. For each nozzle 302 there is 2 corresponding nozzle guard-hole 331 through which the ink
dropiets arc fired. To prevent the nozzle guard holes 331 from becoming blocked by paper fibers or other debris, filtered
2ir is pumped through the air inlets 332 and out of the nozzle guard holes during printing. To prevent ink 321 from drying,

. the nozzle guard is sealed whilc the printer is idle.
18 The Netpage Pen

The active sensing device of the netpage system is typically a pen 101, which, using its embedded controller
134, is able to capture and decode IR position tags from a page via an image sensor. The image sensor is a solid-state
device provided with an appropriate filter 1o permit sensing at only near-infrared wavelengths. As described in more detail
below, the system is sble to sense when the nib is in contact with the surface, and the pen is able to sense tags at a
sufficient rate to capture human handwriting (i.c. at 200 dpi or greater and 100 Hz or faster). Information captured by the
pen is encrypted and wirelessly transmitted (o the priniter {or base station), the printer or Bﬁc station interpreting the data
with respect to the (known) page structure. .

The prefesred embodiment of the netpage pen operates both as a nermal marking ink pen and as a non-
muarking stylus. The marking aspect, however, is not necessary for using the netpage sys‘tcxﬁ as a browsing system, such as
when it is used as an Intemnet interface, Each netpage pen is registered with the netpage system and has a unique pen [ 61.
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. Figure 23 shows the netpage pen class diagram, reflecting pen-related informaiion maintained by a registration server 11

on the netpage network.

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

The pen determines the position and orientation of its nib on the netpage by imaging, in the infrared
spectrum, an area 193 of the page in the vicinity of the nib. It decodes the nearest tag and computes the position of the nib
relative to the tag from the observed perspective distortion on the 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, r.h;: adjusted position resolution is quite high, exceeding the minimum resolution required for accurate
handwriting recognition.

Pep aclions relalive to a netpage are captured as a series of strokes. A stroke consists of a sequence of time-
stamped pen positions on the page, initiated by a pen-down event and completed by the subsequent pen-up event. A stroke
is also tagged with the page 1D 50 of the netpage whenever the page [D changes, which, under normal circumstances, s at
the commencemernit of the stroke.

Each netpage pen has a current selection 826 associated with it, allowing the user to perform copy and paste
operations etc. The selection is timestamped to allow the system to discard it after a defined time period. The current
selection describes a region of a page instance. It consists of the most recent digital ink stroke captured through the pen
reladve 10 the background area of the page. It is interpreted in an application-specific manner once it is submitted to an
application via a selection hyperlink activation. R

Each pen has a carrent nib 824. This is the nib last notified by the pen to the system. In the case of the defanlt
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TIETpage pen describert abhive, Either the inirking black ink ab or the non-nuakitig stylis nib is ciirrent. Each pen also has

a current nib style 825. This is the nib style last associated with the pen by an application, ¢.g. in response to the user

selecting a color from a palette. The default nib style is the nib style associated with the current nib. Strokes captured

through a pen are tagged with the cumrent nib style. When the strokes are subscquently reproduced, they are reproduced in
- the nib style with which they are tagged.

Whenever the pen is within range of a printer with which it can communicate, the pen slowly flashes its
*online” LED. When the pen fails to decode 2 stroke relative to the page, it momentarily activates itz “error” LED. When
the pen succeeds in decoding a stroke relative 1o the page, it momentarily activates its “ok™ LED.

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

The pen is wireless and transmits digital.ink to the netpage printer via a short-range md.'io link. 'l'he
transmitted digital ink is encrypted for privacy and secumy and packwmd for efficient transmission, but i is always flushed
On @ pen-up cvent to ensure timely handling in the printer..

When ihe pen is out-of-rangs of a printer it buffers dlgltal ink in mtemal memory, which has a capacity of
over ten minutes of continuous handwriting. When lhepen is once again within range of a printér, it transfers any buffered
digital ink.

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

A preferred embodiment of the pen is described in greater detal! in Section 6 below, with reference to Figures

8t 10. co
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1.7 NETPAGE INTERACTION

The netpage printer 601 receives data relating to a stroke from the pen 101 when the pen is used to interact
wnh a newpage 1. The coded data 3 of the tags 4 is read by the pen when it is used 10 execute a moverent, such as a
stroke. The data allows the identity of the particular page and associated interactive element- 10 be determined and an
indication of the relative positioning of the pen relative to the page to be obtained. The indicating data is transmitted to
the printer, where it resolves, via the DNS, the page ID 50 of the stroke into the network address of the netpage page
server 10 which maintains the corresponding page instance 830Q. It then transimits 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 persistently by a netpage page scrver (see below). The
page layout refers to objects such as images, fonts and pieces of tcxtl. typically stored elsewhere on the netpage network.

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

A “click” is a stroke where the distance and time between the pen down position and the subseguent pen up
position arc both less than some small maxitnum. An object which is activated by a click typically requires a click to be
activated, and accordingly, a longer stroke is ignored. The failure of a pen action, such as a “sloppy” click. to register is
indicated by the lack of response from the pen’s “ok” LED.

There are two kinds of input elements in 2 netpage page description: hyperlinks and form fields. Input
through a form field can also trigger the activation of an associated hyperlink. i
1.71 Hypedinks

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

A hyperlink clement 844 identifies the application 71 which handles activation of the hyperlink, a link ID 54
which identifies the hyperlink to the application, an “afias required” flag which asks the system to inclode the user’s

application-alias-1D-65-in-the-hyperhink-setivationand-s-descriptionwhich 15 -used-whenthe-hypertink is recorded sz
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favorite or appears in the user's history. The hyperlink element class diagram is shown in Figure 29.

When a hyperlink is activated, the page server sends a request to an application somewhere on the network.
The application is identified by an application ID 64, and the application II¥ is resolved in the normal way via the DNS.
There are three types of hyperlinks: general hyperlinks 863, form hyperlinks 865, and selection hyperlinks 864, as shown
in Figure 30. A general hyperlink can implement a request for a linked document, or may simply signal a preference to &
server. A form hyperlink submits the comresponding form to the application. A sclection hyperlink submits the current
selection o the application. If the current selection contains a single-wond piece of text, for example, the application may
rewrm a single-page document giving the word's meaning within the context in which it aﬁpears. or 2 manslation into a
different language. Each hypestink type is characterized by what information is subimitted to the application.

The corresponding hypertink instance 862 records a transaction ID 53 which can be specific to the page
instance on which the hyperlink instance appears. The transaction ID can identify user-specific data to the application, for
example a “shopping cart™ of pending purchases maintained by a purchasing application on behalf of lhc user. .

The system includes the pen's cumrent selection 826 in 2 selection hj«_'perlinlc activation. '!'hi system includes
the content of the associated form instance 868 in a form hyperlink activation, although if the hyperlink has its “submit
delta” attribute set. only input since the last form submission is included. The system includes an effective retum path in
all hyperlink activations. '

A hyperlinked group 866 is ¢ group clement 838 which has an associated hyperlink, as shown in Figure 3].
When input occurs through any field element in the group, the hyperlink 844 associated with the pgronp is activated. A
hyparlinked group can be used to associate hyperlink behavior with a field such as a checkbox. It can also be used, in
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conjunction with the “submit delta” attribute of a form hyperlink, to provide continuous input to an application. It can
thevefore be used to support a “blackboard” interaction model, t.e. where input is captured and therefore shared as soon as
it oceurs. - ’
1.7.2 Forms

5 A form defines a collection of related input fields used to capture 2 related set of inputs through z printed
netpage. A form allows a user to submit one or more parameters to an application software program running on a server.

A form 867 is a group element 838 in the document hierarchy. It ultimately contains a set of terminal field
elements 839. A form instance 868 represents a printed instance of a form. It consists of a set of field instances 870 which
correspond to the field elements 845 of the form. Each field instance has an associated value 871, whose type depends on

10  the type of the comesponding field element. Each field value records input through a particular printed form instance, e,
through cne ot m?ré printed netpages. The form class diagram is shown in Figure 32,

Each form instance has a status 872 which indicates whether the form is active, frozen, submitted, void or
expired. A form is active when first printed. A form becomes frozen once it is signed. A form becomes submitted once one
of its submission hyperiinks has been activated, unless the hyperlink has jts “submit delta™ attribute set. A form becomes

15  void when the user invokes a void form, reset form or duplicate form page command. A form expires when the time the
form has been active exceeds the forin's specified lifetime. While the form is active, form input is allowed. Input through
a form which is not active is instead captured in the background ficld 833 of the relevant page instance. When the form is
active or frozen, form submission is allowed, Any attempt to submit a form when the form is nol aclive or frozen is
tejected, and instead elicits an form status report.

20 Each form instance is associated (at §9) with any form instances derived from it, thus providing a version
histery. This allows all but the latest version of a form in 2 particular time period‘lo be excluded from a scarch.

All input is captured as digital ink. Digital ink 873 consists of a set of imestamped stroke groups 874, each of
which consists of a s¢rof styled strokes 875. Each stroke consists of a set of timestamped pen positions 876, each of

-~whichialso includes per orientation and nib force. The digital ink ¢lass diagram 15 shown in Figire 33,

25 A field element 845 can be a checkbox ficld 877, a text field 878, a drawing field 879, or a signature ficld
£80. The ficld element class diagram is shown in Figure 34. Any digital ink captured in a field's zone 58 is assigned to the
field. ‘

A checkbox ficld has an associated boolean value 851, as shown -in Figure 35. Any mark (a tick, a cross, a
stroke, a fill zigzag, eic.) captured in a checkbox field's zone causzs 2 trye value to be assigned to the field's vaiue.

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

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

_' digital signature is generated vsing the pen user's private signature key specific 1o the application wh_ich owns the form.
Online signature verification is well-understood (see, for example, Plamondon, R. and G, Lorette, “Automatic Signature

40  Verification and Writer Identification ~ The State of the Ant™, Pattern Recognition, Vol.22, No.2, 1989, the contents of

which are herein incorporated by cross-reference). o

A field element is hidden if itz “hidden™ attribute is set. A hidden field clement does not have an input zone
on a page and docs not accept input. It can have an associated field value which is included in the form data when the -
form containing the fisld is submitted.
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“Editing” commands, sach as strike-throughs indicating deletion, can also be recognized in form fields.

Because the handwriting recognition slgorithm works “ondine™ (i.c. with access to the dynamics of the pen
movement), rather than “nfﬂine.” {i.e. with access only to & bitmap of pen markings), it can recognize ran-on discretely-
written characters with relatively high accuracy, without a writer-dependent training phase. A writer-dependent model of
handwriting is automatically generated over time, however, and can be generated up-front if necessary,.

Digital mk, as alrcady stated, consists of a sequence of strokes. Any stroke which starts in a particular
element’s zone is appended o that element’s digital ink stream, ready for interpretation. Any stroke not appended to an
object’s digital ink stream is appendad to the background field's digital ink strearn. '

Digital ink captured in the backpround field is interpreted as a selection gesture. Circumscription of one or
more objects is penerally interpreted as a sclection of the circumseribed objects, although the actual interpretation is
application-specific.

Table 2 summarises these various pen interactions with a netpage.

Table 2. Summary of pen Interaékions with a netpage

Object Type Pen input Action
Hyperink  |Genaral Click [Submit action o apphcation
Form IClick [Submit form to application
[Selection Click Submit selection to application
Form field Checkbox Any mark Assign true to feld
Text Handwriting Convert digital ink to text; assign text to field
iDrawing Digital ink Assign digital ink to field,
(Signhature Signature Verity digltal ink signature; generate digital
) nature of form; assign digital signature to
| id
None———— V*'g—”cmmpm*—rﬁmmgﬂmrrém salection

The system maintains a current selection for each pen. The selection consists simply of the most recent stroke
captured in the background ficld. The selection is cleared after an inactivity timeout 1o ensurc predictable behavior,

The raw digital ink captured in every field is retained on the netpage page server and is optionafly transmitted
with the form data when the form is submitted to the application. This allows the application to interrogate the raw digital
ink should it suspect the original conversion, such as the conversion of handwritten text. This can, for example, involve
human intervention at the application level for forms which fail certain application-specific consistency checks. As an
eatension to this, the enﬁré background area of a form can be designated as a drawing l‘ield. The application can then

s decide, on the basis of the presence of digital ink oatside the explicit fields of the form, to.reute the form to 2 human

operator, on the assumption that the user may have indicated amendments to the filled-in fields outside of those ficlds.
Figure 38 shows a flowchart of the process of handling pen input relative t0.a netpage. The process consists
of receiving (at 884) a stroke from the pen; identifying (at 885) the page instance 830 to which the page ID 50 in the
sitoke refers; retrieving (at B86) the page description 5; identifying (at £87) 2 formatted element 839 whose zone 58 the
stroke intersects; determining (at 888) wh:th’cf the formatted element corresponds 10 a field elemént, and if so appending
(at 892) the received stroke to the digital ink of the field value B71, interpreting {at 893) the accumulated digital ink of the
field, and determining (at 894) whether the feld is part of 2 hyperlinked group 866 and if so activating (at £95) the
associated hyperlink; alternatively detcrmining (at 889) whether the formatied ¢lement corresponds to a hypexlink element
and if 50 activating (a1 895) the corresponding hypeslink; altematively, in the absence of an input field or hyperlink,
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appending (at 890) the received stroke to the digital ink of the background field 833; and copying (at 891) the received
stroke 1o the current selection 826 of the curremt pen, as maintained by the registration server.

Figure 38a shows a detailed flowchart of step 893 in the process shown in Figure 38, where the accumulated
digital ink of & field is interpreted according to the type of the field. The process consists of determining (at 896) whether
the field is a checkbox and (at 897) whether the digital ink represents a checkmark, and if $o assigning (at 8%8) a true
value to the field vatue; alternatively determining (at 899) whether the ficld 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 sssigning (at 901) the converted
compater text 1o the field value; alternatively determining (at 502) whether the ficld is 2 signature ficld and if so verifying
(at 903) the digital ink as the signature of the pen's owner, with the help of the appropriate registration server, creating (at
904) a digital signature of the contents of the corresponding form,:also with the help of the registration server and using
the pen OWRET's, privaté sighamrc key relating to the corresponding application, and assigning (at 905) the digital
signature to the field value.

1.73 Page Server Commands

A page server command s a command which is handled locally by the page server. It operates directly on
form, page and document instanccs. '

A page server command 207 can be a void form command 908, a duplicate form command 909, a reset form
command 210, a get form status command 911, a duplicate page command 912, a reset page command 213, 7 get page
status command 914, a duplicate document command 915, & reset document command 916, or a gel document status
command 917, as shown in Figure 39.

A void form command voids the comresponding form instance. A duplicale form command voids the
corresponding form instance and then produces an active printed copy of the current form imstance with field values
preserved. The copy containg the same hyperink transacfion IDs as the original, and so is indistinguishable from the
original to an application. A reset form command voids the corresponding form instance and then produces an active
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printed copy of the form mstance with field values discarded. A get form status command produces a printed report on the
status of the corresponding form instance, including who published it, when it was printed, for whom it was printed. and
the form status of the form instance.

Since a form hyperlink instance contains a transaction ID, the application has 0 be involved in producing a
new form instance. A button requesting a new form instance is therefore typically implemented as a hyperlink.

A duplicate page command produces a printed copy of the comresponding page instance with the background
ficld value preserved. If the page contains a form or is part of a form, then the duplicate pape command is interpreted as a
dﬁplicate_ form command. A reset page command produces a printed copy of the corresponding page instance with the
background ficid value discarded. If the page contains a form or is part of a form, then the ‘reset page command is
interpreted as a reset form . command. A gel page status commamd produces aprintodmpononmcstams of the
corrcspondmg pagc instance, including who published it, when it was printed, for whom it was printed, and the status of
any forms it contains or is part of.

Thenapegclogomd:appmmevﬂynewmumnm assocmedmth aduphmepageclemt.

When a page instance is duplicated with field values pmscrved field values are printed in their native form,
ie aclicckmarkappears nsastnndardoheckmawtgmphnc. ﬂndtextaypcan as typeset text. Onlydmmngsmdslgnmum
appear in their original form, with a signature accompanied by a standard graphic indicating successful signature
verification.

A duplicate document command pmduca a printed copy- of the comesponding document instance with
backgmund field values pmervecl I the document contains any forms, then the duplicate document command duplicates
the forms in the same way a duplicate form command does, A reset document command produces a printed copy of the:
comesponding document instance with background field values discarded. If the document contains any forms, then the
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reset document command resets the forms in the same way a reset form command does. A gel document status command
produces a printed report on the status of the corresponding document instance, including who published it, when it was
printed, for whom it was printed, and the status of any forms it contains.

If the page server command's “on sciected” attribute is set, then the command operates on the page identified

. by. the pen’s current selection rather than on the page contzining the command. This allows a menu of page server-
commands to be printed. If the target page doesn’t contain a page server command element for the designated page server
command, then the command is ignored.

An application ¢an provide application-specific handling by embedding the relevant page server command
element in a hyperlinked group. The page server acivates the hyperlink associated with the hyperlinked group rether than

10 executing the pige server command.

- A page server command clement is hidden if its “hidden™ attribute is set. A hidden command element does
not have an input Zone on a pégc. and so canno be activated directly by a user. It can, however, be activated via 2 page
server command embedded in a different page, if that page server command has its “on selected™ attribute set.

1.8 STANDARD FEATURES OF NETPAGES
15 In the preferred form, each netpage is printed with the netpage logo at the bottom o indicate that it is a
petpage and therefore has interactive properties. The logo also acts as a copy bution. In most cases pressing the logo
produces a copy of the page. In the case of a form, the bution produces a copy of the entire form. And in the case of a
secure document, such as a ticket or coupon, the bution elicits &n explanatory note or advertising page.
) The default single-page copy fenction is handled directly by the relevant netpage page server, Special copy
20  functions are handted by linking the logo button to an application.
19 UsER HELF SYSTEM .

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

single page of information, inctuding:

. status of printer connection
o status of primervorsemables B

. top-level hetp menu

. document function mena

. top-level nerpage network directory

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

30 The document function menu includes the following functions:

. print a copy of 2 document

- print 2 clean copy of 2 form .

. print the sm of a document :

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

The netpage network directory allows the user to navigate the hicrarchy of publications and services on the
network. As an aliernative, the user can call the netpage network “900™ number “yellow pages”™ and speak (o a human
operator. The operator can locate the desired document and route it to the user’s printer, Depending on the document type,

40  the publisher oc the user pays the small “ycll-:.)w pages" service fee,

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

In the following description, news is used as 2 canonical publication example to illustrale personalization
mechanisms in the netpage system. Although news is often used in the limited sense of newspaper and newsmagazine
news, the intended scope in the present context is wider.

In the netpage system, the editorial content and the advertising content of a news publication are personalized
using different mechanisms. The editorial content is personalized according to the reader’s expliciily stated and implicitly
captured intcrest profile. The advertising content is personalized according to the reader’s locality and demographic.

2.1 EDITORIAL PERSONALIZATION

A subscriber can draw on two kinds of news sources: those that deliver news publications, and those that
deliver news streams, While news publications are aggregated and edited by the publisher, news streams are aggregated
cither by a news pubiisher or by a specialized news aggregator. News publications typically comespond te traditional
newspapers and newsmagazines, while news streams can be many and varied: a “raw” pews feed from a news service, a
cartoon strip, 2 freclance writer’s column, a friend’s bulletin board, or the reader’s own e-mail.

The netpage -publication server supports the publication of edited news publications as well as the
aggregation of muliiple news streams. By handling the aggregation and heénce the formatting of news strcams selected
directly by the reader, the server is able to place advertising on pages over which it otherwise has no editorial control.

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

For each publication, the reader optionally selects specific sections. Some sections appear daily, while others
appear weekly. The daily sections available from The New York Times online, for example. include “Page One Plus™,
“National”, “lntematlonnl” “Opinion”, “Business”, “Ans/Living”, “Technology”, and “Sports™. The set of available
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SECHGHE 15 SPEcific 1 a publicaton, s 1s the defan}t subset.

The reader can extend the daily newspaper by ¢reating custom sections, cach one drawing on any number of
news streams. Custom sections might be created for e-mail and Friends® announcements (“Personal™), or for monitoring
news feeds for specific topics (“Alents” or “Clippings™).

For each section. the reader optionally specifies its sizc, either qualitatively (e.g. short. medium, or long), or
nmcncally (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.c. as a pcrcentage).

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 diis preferénce.

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

The articles which make up each section are selected and prioritized by the edltors, and each is assigned a
useful lifetime. By default they are delavered 1o all relevanit subscribers, in priority order, subject 0 space constraints in
the subscribers’ ‘editions.

In sections where it is appropriate, the reader may opuona]]y enable collaboranve filtering. This is then
applied 10 articles which have 2 sufficiently long lifetime. Each article which qualifies for collaborative filtering is printed
with rating buttons st the cnd of the zhicle. 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 considered essential reading by the
editors and are delivered to most Felevant subscribers.
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The reader optionally specifies a serendipity factor, either qualitatively (s.g. do or don't surprise me), or
numetically. A high serendipity factor lowers the threshold used for matching during collaborative filtering. A high factor
makes it more likely that the corresponding section will be filled (o the reader’s specified capacity. A different serendipity

-factor can be specified for different days of the week.

The reader also optionally specifies topics of particular inlerest within a section, and this modifies the
priorities assigned by the editors. :

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

At a global level, the reader specifies how quantities, dates, times and maonetary values are jocalized. This
invalves specifying whether units are imperial or metric, a local timezone and time format, and a local cumency, and
whether the localization consist of én situ translation or annotation. These preferences are derived from the reader’s
locality by defanlt

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

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

22 ADVERTISING LOCALIZATION AND TARGETING

The personalization of the editorial content directly affects the advertising content, because advertising is
typically placed to exploit the editorial context. Travel ads, for example, are more like]y to appear in a travel segtion than
elsewhere. The value of the editorial content to an adveriser {and therefore to the publisher) lies in its ability to aturact
large numbers of readers with the right derpographics. .

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

~ 25— _panicular- serviees;—retailers—etcs—and—particular -interests and contemsassoetaved—with ¢ 1ocal comnmnity aid
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environment. Demographics determine general interests and preoccupations as well as likely spending patterns.

A news publisher's most profitable product is advertising “space”, a multi-dimensional entity determined by
the publication’s geographic coverape, the size of its readership, its readcrs'hip demographics, and the page area available
for advertising.

In the netpage system, the netpage publication server computes the approximate multi-dimensional size of a
publication’s salcable advertising space on a per-section basis, taking into account the publication’s geographic coverage,
the section’s readership, the size of each reader’s section edition, each reader’s adverntising proportion, and each reader’s
demographic. _ ‘ |

n compan’soﬁ with other media, the netpage sysiern allows the advertising space to be defined in preater
detail, and allows smaller pieces of it to be sold separately. It thercfore allows it ta be sold at closef to its true value.

For example, the same adveniising “slot” can be sold in varying proponions 1o several advertisers, with
individual readers’ pages randomly receiving the advertisement of onc advertiser or another, overall preserving the
proportion of space sold to each advertiser.

' The petpage system allows advertising 10 be linked directly to detailed product information and ontine
parchasing. It Ltherefore raises the intrinsic value of the advertising space.

Because personalization and localization are handied amtomatically by netpage publication servers. an

advertising aggregator can provide arbitrarily broad coverage of bolh geography and demographics. The subsequent

disaggregation is cfficient because it is amomatic, This makes it more cost-effective far publishers to deal with advertising
aggregators than to directly capture adventising. Even though the advertising aggregator is taking a proportion of
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advertising revenue, publishers may find the change profit-nestral because of the greater efficiency of aggregation. The
advertising aggregator acts as an intermediary between advertisers and publishers, and may place the same advenisement
in multiple publications.

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

Once placement has been negotiated, the aggregator captures and edits the advertisement and records it on &
netpage ad server. Cofrcspondingly. the publisher records the ad placement on the relevant netpage publication server.
When the netpage publication server lays out each user’s personalized publication, it picks the relevant advertisements

from the netpage ad scrver.
23 User PROFILES
2.3.1 information Filtering
The personalization of news and other publications relies on an assonment of user-specific profile
information, including:
. publication customizations
. collaborative filtering vectors
. contact details
. presentation preferences

The customization of a publication is typically publication-specific, and so the customization information is
maintained by the relevant netpage publication scrver.
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A collzborative 'ﬁm:ring vector consists of the user’s ratings of a number of news items. It is used to céneiat;
different users’ interests for the purposes of making recommendations. Although there are benefits 1o maintaining a single
collaborative filtering vector independently of any particular publication, there are two reasons why it is more practical to
maintain a scparate vector for cach publication: there is likely 1o be more overlap between the vectors of subscribers to the
same publication than between those of subscribers to differcnt 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 arc therefore also maintained by the relevant netpage publication server.

Contact details, including name, street address, ZIP Code, state, country, tclephone numbers, are global by
nature, and are maintained by a netpage registration server. i '
Presentation preferences, including thosa for quantities, dates and times, are likewise global and maintained™ "
m thc same way. .

The localization of advertising relies on the locality indicated in the user’s contact details, while the targeting
of advertising relies on persone) information such as date of birth, gender; marital status, income, profession, education, or
quahtanve denvanves such as age range and income range. :

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

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

. ncipage registration server maintains the relationships between them, as shown in Figures 21, 22, 23 and 24. For

registration purposes, a publisher is a specizl kind of application provider, and a publication is a spb:ial kind of
applica:ion.r
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Each user 800 may be authorized to use any number of printers 802, and each printer may allow any number
of users 1o 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 oser is interacting. The server keeps track of
which publishers 2 user has authorized 1o print 10 the user's default printer. A pubhstm does not record the ID of any
particular priuter, but instead resolves the ID when it is required. -

When 2 user subscribes 808 to a publication 807, the publisher R06 (i.e. zpplication provider BO3) is
suthorized to print to a specified printer or the user’s default printer. This anthorization can be revoked at any time by the
user. Each user may have several pens 801, but a pen is specific to a single usar. If a user is authorized to use a particular
printer, then that printer recognizes any of the user's pens.

The pen ID is used to Jocate the corresponding user profile maintained by a particular netpage registration
server, via the DNS in the usual way. -

A ch terminal 809 can be authorized to print on a particular netpage printer, allowing Web pages and
netpage documents encountered during Web browsing to be conveniently printed on the nearest netpage printer.

The netpage system can collect, on behalf of a printer pravider, fees and commiissions on income earned
through publications printed on the provider's printers. Such income can include advertising fees, click-through fees, e-
commerce comemissions, and fransaction fees. If the printer is owned by the user, then the user is the printer provider.

Each user also has a netpage account 820 which is used to accumulate micro-debits and credits (such as those
described in the preceding paragraph); contact details 815, including name, address and telephone numbers; global
preferences 816, including privacy, delivery and localization settings; any number of biometric records 817, containing
the user’s encoded signature 18, fingerprint 8§19 ¢tc: a handwriting model 819 antomatically maintained by the system;
and SET payment card accounts 821 with which e-commerce payments can be mpade. -

232 Favorites List

A netpape user can maintain a fist 922 of “favorites™ - links to useful documents cte. on the netpage network.

The list is maintained by the system on the user's behalf It is orgamzed as 2 hierarchy of folders 924, a prcfcmed

émbodiment of which is shown in the class diagram in Figure 41.
233 History List

The system maintains a history list 929 on each user’s behalf, containing links to documents etc, accessed by
the user through the netpage system. It is organized as a date-ordered list, a preferred embodiment of which is shown in
the class diagram in Figure 42. :

2.4 INTELUIGENT PAGE Layout

The netpage publication server automatically lays out the pages of each user’s pc;rsonaliz:ed publication on a
section-by-section basis. Since most advertisements are in the form of pre-formatted rcctgnglcs. they are placed on the
page before the editorial content. -

The advertising ratio for & section cin be achicved with wildly varying advertising ratios on individual pages
within the section, and the ad layout algorithm exploits this. The slgorithm is configured 1o attempt to co-locate closely
tied editorial and advertising content, such as placing ads for roofing material specifically within the publication because
of a special feature on do-it-yourself roofing repairs. l

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

The entire process, including the selection of ads and the selection of editorial oon'!ent. must be iterated once
the Iayout has converged, to attempt 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.

25 DocumeNnt FORMAT
Once the document is Jaid out, it is encoded for efficient distribution and persistent storage on the netpage
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network.

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

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

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

The layout itself consists of a series of placed image and graphic objects, linked textflow objects through
which text objects flow, hyperlinks and input fickds as described sbove, and watermark regions. These layout objects are
summarized in Table 3. The layout uses a compact format suitable for efficient distribution .a.nd storage.

Table 3. Netpage layout objects

Layourt Attrihute Format of
object _ linked object
image Position -
gmage object ID LIPEG 2000
Graphic Fosition i -
Graphic object D BvVG
Textflow Textiiow 1D : -
Optional text object 1D DXML/XSL
Hyperlink Type +
Zone -
Application 1D, ete. -
Fiela  [iype -
pMeaning -
Zone o
Watermark Zone -
26 - DOCUMENT DISTRIBUTION

As described above, for purposes of efficient distribution and persistent storage on the netpage network, a
user-specific page layout is separated from the shared objects to which it refers.
When a subscribed publication is ready to be distributed, the Aetpage publication server allocates, with the

... help of the nctpage ID server 12, a unique ID for cach page, page instance, document, and docyment instance.

The server computes a set of optimized subsets of the shared content and creates a multicast channel for each

subset, anﬂ then tags each user-specific Jayout with the names of the multicast channels which wilt carry the shared

content used by that layout. The server then pointcasts cach user’s layouts to that user’s printer via the appropriate page
server, and v_vhcn the pointcasting is complete, multicasts the shared content on the specified channels. After receiving its
pointcast, each page server and printer subscribes to the multicast channels specified jn the page layouts. During the

: mi_ullicasts. each page scrver and printer extracts from the muliicast streams those objects referred to-by its page layouts.
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The page servers persistently archive the received page layouts and shared content.

Once 2 printer has received all the objects to which its page layouts refer, the printer re-creates the fully-
poprelated layout and then rasterizes and prints it. )

Under normal circumstances, the printer prints pages fastor than they can be delivered. Assuming a quarter of
each page is covered with images, the average page has a size of less-than 400KB. The printer can therefore hold in excess
of 100 such pages in its internal 64MB memory, allowing for temporary buffers etc. The printer prints at a rate of one
page per second. This is equivalent to 400KB or about 3Mbit of page data per second, which is similar to the highest
expected rate of page data delivery over a broadband network,

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

However, if the printer’s intemnal memory does fill up, then the printer will be unable to make uss.of a
multicast v.jbcn'it‘ﬁ-rsi ocmrs The netpage publicaﬁon server therefore allows printers to submit requests for re-multicasts,
When a critical number of requests is received or a timeout occurs, the server re-multicasts the corresponding shared
objects.

Once a document is printed, 2 printer can produce an exact duplicate at any time by rewrieving its page layouts
and contents from the relevant page server.

27 ON-DEMAND DOCUMENTS

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

When 2 non-netpage document is requested on demand, it is not personalized, and it is delivered via
designated netpage formatting server which reformats it as a netpage document. A netpage formatting server is a special
instance of a netpage publication server. The netpage formatting server has knowdedge of various Internet documient
formats, including Adobe’s Portable Document Format (PDF), and Hypertext Markup Language (HTML). In the casc of

— 25  uTMLiteanmakcuscofthe highc} resotutionrof the primed page o rEsEnr Web pages in i mylti-cofunn format, with 2
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table of contents. X 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 nctpage behavior, including interactivity and persistence,
available on any Internet document, no matter what its origin and format. Jt hides knowledge of different document
formats from both the netpage printer and the netpage page server, and hides knowledge of the netpage system from Web

SEIVETS,
3 SECURITY
3.1 CRYPTOGRAPHY

Cryptogrgphy is used to protéct sensitive information, both in storage and in transit, and to authenticate
pastics to atrmwamioﬁ. Th:rc are two classes of eryptography in widespread use: secret-key cryptography and public-key
cryptography. The netpage network uses both classes of cryptography. A a

Sccret-key cryplogtaphy. also referred to as symmetric cryptography, uses the same key o encrypt and
decrypt 2 message. Two parties wishing to exchange messages Vmust first arrange to securely cxchimgc the secret key.

Public-key cryptography. also referred to 23 asymmetric eryptography. uses 1wo encryption keys. The two
keys are mathematically related in such a way that any message encry;itcd using one key can 6nfy be de.crypted using the
other key. One of these keys is then published, while the other is kept private. The public key is uséd to encrypt any
message intcnded for the holder of the private key. Once encrypted using the public key, a message can only be decrypted
using the private key. Thus two parties can securely exchange messages without first having to exchange a secret key. To

__ensure that the private key is secure, it is normal for the holder of the privai¢ key to generate the key pair.
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Public-key cryptography can be used to create a digital signature. The holder of the private key can create 2
known hash of a message and then encrypt the hash using the private key. Anyone can then verily that the encrypted hash
constitutes the “sighature™ of the holder of the private key with respect to thai particular message by decrypting the
encrypted hash using the public key and verifying the hash against the message, If the signamwre is appended to the
message, then the recipient of the message can verify both that the message is genuine and that it has not been altered in
transit.

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

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

In the following discussion, when reference is made to the secure fransmission of information between a
netpage printer and a server, what actually happens is that the printer obtains the server's cenificate, authenticates it with
reference to the certificate anthority, uses the public key-exchange key in the cenificate to exchange a secret session key
with the server, and then uses the secret session key to encrypt the message data. A session key, by definition, can have an
arbitrarily short Jifetime.

3.2 NETPAGE PRINTER SECURITY

Each netpage printer is assigned a pair of unique identifiers at time of manufaciure which are stored in read:

only mzl_'{mry in the pxi\htcr and in the netpage registration server database. The first ID 62 is public and uniquely identifies
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When the printer connects to the netpage network for the first time after installation, it creates a signare
public/private key pair. It transmits the secret 1D and the public key securely to the netpage registration server. The server
compares the secret ID against the printer's secret ID recorded in its database, and accepts the registration if the IDs
match, It then creates and signs a certificats containing the printer’s public ID and- public signature key. and stores the
certificate in the registration database

The netpage regisiration server acts as a certificate authority for netpage printers, since it has access to secret
information allowing it to verify printer identity. '

When a user subscribes to a publication, a record is created in the petpage registration server database
authorizing the publisher to print the publication to the user's defanit printer or a specified printer. Every document sent.:.
to 2 printer via a page server is addressed to a particular user and is signed by the publisher using the publisher's private
signature key. The page server v&iﬁes. via the registration database, that the publisher is authorized to deliver the
publication o the speéified user. The page server verifies the signature using the publisher's public key, obtained from the
publisher's certificate stored in the registration database.

The netpage registralion Server accepls requests to add printing authorizations o the database, so long as
those requests are fnitiated via a pen registered to the printer. '

3.3 NETPAGE PEN SECURTTY

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

A metpage pen can “know™ a number of netpage printers, and a printer can “know” a number of pens. A pen
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communicates with a printer via a radio frequency signal whenever it is within range of the printer. Once a pen and printer
are registered, they. regularly exchange session keys. Whenever the pen ransmits digital ink to the printer, the digital ink
is always encrypted using the appropriate session key. Digital ink is never tansmitted in the clear.

A pen stores a session key for every printer it knows, indexed by printer ID, and a printer stores a session key
for every pen il knows, indexed by pen ID. Both have a large but finite storape capacity for session keys, and will forgeta
session key on a least-recently-used basis if pecessary. ‘ '

When a pen comes within range of a printer, the pen and printer discover whether ihcy know cach other. If

they don’t know each other, then the printer determines whether it is supposed to know the pen. This might be, for

exampie, becanse the pen belongs to & user who is registered to ase the printer. I the printer is meant to know the pen but
doesn't, then it initiales the automatic pen registration procedure. If the printer jsn’t meant to know the pen, then it agrees
with the pen to ignore it until the pen is plaﬁed in a charging cup. at which time it initistes the registration procedure.

I addition to its public ID, the pen comiains a secret key-exchange key. The key-exchange key is also
recorded in the netpage registration server database at time of manufacture. During registration, the pen transmits its pen
ID to the printer, and the printer transmits the pen I 1o the netpage registration server. The server generates a session key
for the printer and pen to use, and securely transmits the session key to the printer, It 2lso transmits a copy of the session
key encrypted with the pen's key-exchange key. The. printer stores the session key internally, indexed by the pen ID, and
transmits the encrypied session key 1o the pen. The pen stores the session key internally, indexed by the printer ID.

Although a fake pen can impersonate a pen in the pen registration protocol. enly a real pen can decrypt the
session key transmitted by the printer.

When a previously unregistered pen is first registered, it is of limited use unti] it i5 linked to a user. A
regisiered but “un-owned™ pen is only allowed to be used to request and fill in netpags user and pen registration forms, 1w
register 2 new user to which the new pen is antomatically linked, or to add a new pen to an existing user.

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

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

The “watermark™ printing process uses an alternative dither matrix in specified “watermark™ regions of the
page. Back-to-back pages contain mirror-image watermark regions which coincide when printed. The dither matrices used
in odd and even pages’ watermark regions are designed to produce an imterference effect when the regions are viewed
together, achieved by looking through the printed shest. .

The effect is similar to a watcrmark in that 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 netpage copy mechanism described in Section
1.9 above. This extends o cui:jing netpages on netpage-aware photocopiers.

Secure documents are typically generaled as part of e-commerce transactions. They can therefore include the
user’s photograph which was captured when the user registered biometric information with the netpage registration server,
as described in Section 2. :

When presented with a secure netpage document, the recipient can verify its authenticity by requesting its
statns in the usial way. The ﬁnique ID of a secure document is only valid for the lifetime of the document, and secure
document IDs are allocated npon-contiguously to prevent their prediction by opportunistic forgers. A secure document
verification pen can be developed with built-in feedback on verification faiiﬁre. to suppost easy point-of—prcsemaﬁon

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

3.5 NoN-REPUDIATION

In the netpage system, forms submitted by users are delivered refiably to forms handlers and are persistently
archived on netpage page servers. It is therefore impossibie for recipicats to repudiate delivery.

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

to repudiate.
4 - ErecTRONIC COMMERCE MODEL
4.1 SECURE ELECTRONIC TRANSACTION (SET)

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

In SET, cardholders and merchants register with a certificate authority and are issued with certificates
containing their public signature keys. The certificate anthority verifies a cardholder’s registration details with the card
issuer as appropriate, and verifies a merchant’s registration details with the acquirer as appropriate. Cardholders and
merchants store their respective private signature keys securely on their computers. During the payment process. these
certificates are used to mutually anthenticate a merchant and cardholder, and to authenticate them both to the payment
gatewsy.

SET has not yet been adopted widely, partly because cardholder maintenance of keys and certificates is
considered burdensome. Interim solutions which maintain cardholder keys and cenificates on a server and give the
cardholder access via a password have met with some success. ‘ ‘
4.2 SET PAYMENTS
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In the netpage system the neipage registration server acts as a proxy for the netpage user (i.e. the cardholder)
in SET payment transactions.

The netpage system uses biometrics 10 authenticate the user and authorize SET payments. Because the system
is pen-bascd, the biometric used is the user’s on-line signature, consisting of time-varying pen position and pressure. A
fingerprint biometric can also be used by designing z fingerprint sensor into the pen, although at a higher cost. The type of
biometric used only affects the capture of the biometric, not the authorization aspects of the system.

The first step to being able to make SET payments is to register the nser’s biometric with the netpage
registration server. This is done in a controlled environment, for example 2 bank, where the biometric can be captured at
the same time as the user’s identity is verified. The biometric is captured and stored in the regish-'ation ‘database, linked 1o
the user's record. The user’s photograph is also optionally captured“and finked to the record. The SET cardholder
registration process is completed, and the'resulting private signam're key and certificate are stored in the database. The
user’s payment card lnfommnon is-also stored, giving the netpage registration server enough information 1o act as the
user's proxy in any SET paymmt transaction.

When the user evcnmal!y supplies the biometric to complete a payment, for example by signing a netpage
order form, the pnmer semmly transmits the order information, the pen TD and the biometric data to lhc netpage
registration server. The server verifics the biometric with respect to the user identified by the pen ID, and from then on
acts as the user's proxy in completing the SET payment transaction. |
4.3 MICRO-PAYMENTS ‘ _

The netpage system includes a mechanism for micro-payments, 1o allow the user to be conveniently charged
for printing low-cost documents on demand and for copying copyright documents, and possibly also to aliow the user to
be reimbursed for expenses incurred in printing advgrtising material. The latter depends on the level of subsidy already
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provided to the user.

When the user registers for e-commeree, 2 network account is established which agpregates ﬁﬁcm—paymcnts
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.
4.4 TRANSACTIONS

When a user requests a netpage in a particuiar application context, the application is able to embed a user-
specific transaction ID 55 in the page. Subsequent input through the page is tagged with the transaction ID, and the
application is thereby able 1o establish an appropriate context for the user's input. '

When input occurs through a page which is not uscr-specific, however, the application must usc the tser's
unigue 1denutyto establish a context. A typical example involves adding items from a pre-printed catalog page to the
user's vinual “shopping cant™. To protect the user’s privacy, however, the unique user ID 60 known to the netpage system
is not divulged to applications. This is 1o prevent different application providers from easily correlating independently
accumnulated behavioral data.

The netpage registration server insiead maintains an snonymous relationship between a user and an
application via a unique alias [ 65, as shown in Figure 24. Whenever the user activates & hyperlink lagged with the
“registered™ attribule, the netpage page server asks the netpage registration server (o translate the associated application
ID 64, together with the pen ID 61, into an alias ID 65. The alias ID is then submitted to the hyperlink’s application.

The application maintains state information idexed by alias 1D, and is able to retrieve user-specific state
information without knowledge of the global identity of the uscr. N

The system also maintzins an independent certificate and private sighature key for cach of a user's
applications, to allow it to sign application transactions on behalf of the user using only ap;ilication-spociﬁc information.

To assist the system in routing product bar code (UPC) “hyperlink™ activations, the system records a favorite

25— mppiaion o behall of the et for any tumber of Product types.
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Bach application is associated with an application provider, and the system maintains an account on behalf of
each application provider, 1o allow it to cedit and debit the provider for click-through fees etc.

An aj:plicalion provider ¢can be a publisher of periodical subscribed content. The system records the user's
willingness to receive the subscribed publication, as welt as the expected frequency of publication.
4.5 RESOURCE DESCRIPTIONS AND COPYRIGHT

A preferred embodiment of a resource description class diagram is shown in Figure 40.

* Each document and content object may be described by one or more resource deseriptions 842. Resource
descriptions use the Dublin Core metadata element set, which is designed to facilitale discovery of electronic resources.
Dublin Core metadata conforms o the World Wide Web Consortium (W3C) Resource Description Framework (RDEFJ™

A resource description may identify rights holders 920. The netpage sysicm automatically transfers copyright
fees from users to rights holders when users print copyright comcnt.
5 Bouuuchnons PROTOCOLS

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

Bach protocol is illustrated by way of a sequence diagram in which the horizontal dimension is used to
represent message flow and the vertical dimension is nsed to represent time. Each entity is represented by a rectangle
containing the name of the entity and a vertical column repressnting the lifeline of the entity, During the tim£ an entity

- exists, the lifeline is shown as a dashed line. During the time an entity is active, the lifeline is shown as a dooble line.
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Becanse the protocols considered here do not create or deswroy enlities, lifelines are generally cut shorm as soon as an
entity ceases to participate in 2 protocol- ’
51 SupscairTion DELIVERY PROTOCOL .

A preferred embodiment of 2 subscription delivery protocol is shown in Figure 43.

5 A lurge number of users may subscribe to a periodical publication. Each user's edition may be 1aid out
differently, but many users' editions will share comnmon content such as text objects and image objects. The sﬁbscription
delivery protocol therefore delivers document structures to individual printers via poinicast, but delivers shared content
objects via multicast. '

The application (i.¢. publisher) first obtains a document 1D 51 for each document from an ID server 12. It
1 O .Jhen sends each document structure, including its document ID and page descriptions, o the:page scrver 10 responsible
for thc document’s newly allocated 1D. 1t inciudes its own application ID 64, the subscriber’s alias D 65, and the relevant
s¢1 of multicast chanmel names. It signs the messape using its private signature key.
The page server uses the application ID and alias ID to obtain from the registration server the corresponding
user D 60, the user's selected printer 1D 62 (which may be explicitly sclected for the application, or may be the user's
15  default printer), and the application’s certificate.
The application’s certificate allows the page server to verify the message signature. The page server’s request
to the registration server fails if the application ID and alias ID don't together identify a subscription 808. '
The page server then allocates document and page instance IDs and forwards the page descriptions, including
page 1Ds 50, 10 the printer. It includes the relevani set of mubiicast channel names for the printer to listen to,
20 It then retums the pewly allocated page IDs to the application for future reference.
Once the application has distribited all of the document structures to the subscribers’ selected printers via the
relevant page servers, it multicasts the various subsets of the shared objects on the previously selected multicast channels.

Both page servers and printers monitor the appropriate muhicast channels and receive their rcquired contznt objects: They

are then able to populate the previously pointcast document structures. This allows the pagcscrvm to add complete
25  documents to their databases, and it allows the printers to print the documents.
| 5.2 HYPEALINK ACTIVATION PROTOCOL
A preferred embodiment of a hyperlink activation protocol is shown in Figure 45.
Whien a user clicks on a netpage with a netpage pen, the pen communicates the click to the nearest netpage
printer 601. The click identifies the page and a location on the page. The priniter already knows the ID 61 of the pen from
.30 the pen connection protocol.
The printer determines, via the DNS, the network address of the page server 102 handling the panicular page
ID 50. The address may already be in its cache if the user has recenﬂy interacted with thc--sané page- The printer then
++ forwards the pen ID, its own printer ID 62, the page 1D snd click location to the page server. '
The page server loads the page description 5 identified by the page ID and determines which input element’s
35 zone 58, if any, the click lies in. Assumning the relevant input element is a hyperlink clemmt ‘844, the page server then
obtains the associated application 1D 64 and link ID 54, and determines, via the DNS, lhe network address of the
application server hosting the application 71.
The page server uses the pen ID 61 to obtain the corresponding user 1D 60 fmm the registration server ll
and then allocates a globally unique hyperlink request ID 52 and builds a hyperdink request 934. The hyperlink request
40  class diagram is shown in Figure 44. The hyperlink request reconds the IDs of the requesting user and printer, and
identifies the clicked hyperlink instance 862, The page server then sends its own server [D-53, the h_yperlink reguest 1D,
and the link ID to the applicatzon.
The application produces a response document according to application-specific logic, and cbtains 2
document JB 51 from an ED server 12, It then sends the document 1o the page server 10b responsible for the document’s

Fi
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newly zllocated ID, together with the requesting page server’s ID and the hyperdink request ID.

The second page server sends the hyperlink request ID and application ID to the first page server 1o obtain the
corresponding user ID and printer ID 62. The first page server rejects the request if the hyperlink request has expired or is
for a different application. '

‘The second page server allocates document instance and page IDs 50, returns the newly allocated page IDs to
the application, adds the complete document to its own database, and finally sends the page descriptions to the roquesting
printer.

The hyperlink instance may include 2 meaningful transaction 1D 55, in which case the first page server
includes the ransaction 1D in the message sent to the application. This allows the application to establish a transaction-
specific context for the hyperlink activation.

If the hypestink requires » user alias, i.e. its “alias required” attribute is set, then the first page server sends
both the pen ID 61 and the hyperlink’s application ID 64 to the registration server 11 Io ablain not just the user ID
cosresponding .lo the pen ID but also the alias ID 65 corresponding to the application ID and the user ID.  includes the
alias ID in the message sent to the application, allowing the application to establish 2 user-specific context for the
hyperlink activation.

53 HANDWRITING RECOGNITION PROTOCOL

When a user draws a stroke on a netpage with a netpage pen, the pen communicates the sgoke 1o the nsarest
netpage printer. The stroke identifies the page and a path on the page.

The printer forwards the pen ID 63, its own printer 1D 62, the page ID 50 and stroke path o the page server
10 in the usual way.

The page server loads the page description 5 identified by the page ID and determines which input element’s
zone 58, if any, the stroke intersects. Assuming the relevant inpul element is a text field 878, the page server appends the

" stroke to the text field’s digital ink... -

Afier a period of inactivity in the zone of the text field, the page server sends the pen 1D and the pending

trokes 1o the-registrationserver-H-for-interpretation. The regisration server idEnfies the user corresponding (o the pen,
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and uses the user’s accumulated handwriting model 822 1o interpret the strokes as handwritten text. Once it has converted
the strokes to text, the registration server retums the text ta the requesting page server. The page server appends the textto
the 1ext value of the text field.
5.4 SIGNATURE VERIFICATION PROTOCOL

Assumning the input element whose zone the stroke intersects is & signature ficld 880, the page server 10
appends the stroke 1o the sigpatre field’s digital ink.

Afer a period of inactivity in the zone of the signature field, the page server Eends the pen ID 61 and the

_ pending strokes to the registration server 11 for verification. It 2lso sends the application ID 64-associated with the form

of which the signature field is pant, as well as the form ID 56 and the current data contemt of the form: The regisuration
server identifies the user corresponding 1o the pen, and uses the user’s dynamic signamre biometric 818 to verify the
strokes as the user's signature. Once it has verified the signature, the registration server uses the application ID 64 and
user 1D 60 to identify the user’s application-specific private signatre Xey. It then uses the key 1o generate a digital
signawre of the form data, and returns the digital signamre to the requesting page server. The page server assigns the
digital signature to the signature field and sets the associated form’s statns to frozen.

The digital signature includes the alias ID 65 of the comesponding user. This allows a single form to capture
multiple users” signatures,
5.5 Form SuBMISSION PROTOCOL

A preferred embodiment of a formn submission protecol is shown in Figure 46.

Form submission occurs via a form hypertink activation. 1 thus follows the proiocol defined in Section 5.2,
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with some form-specific additions. ..

In the case of a form hyperlink, the hyperlink activation message sent by the page server 10 1o the application
71 also contdins the form ID 56 and the current data content of the form. )f the form coniains any signature ficlds, then the
application verifies each one by extracting the alias ID 65 associated with the éorrcsponding digital signature and
obtaining the corresponding certificate from the registration server 11,

56 CommissIoN PAYMENT PROTOCOL

A preferred embodiment of a commission payment protocol is shown in Figure 47.

In 2n e-commezce environment, fees and commissions may be payable from an application provider to a
publisher on click-throughs, transactions and sales. Commissions on fees and comnissions on commissions may also be
payable from the publisher to the provider of the printer.

The hyperlmk request ID 52 is used to roate a fee or commission credit from the target application provider
70a (e.g. merchant) to the source application provider 70b (i.e. publishcr), and from the source application provider 70b to
the printer provider 72, I

The target application receives the hyperlink request ID from the page server 10 when the hyperlink is first
activated, as deseribed in Section 5.2. When the target application needs to credit the source application provider, it sends
the application provider credit to the original page server together with the hyperlink request ID. The page server uses the
hyperdink request 1D o idemtify the source application, and sends the credit on 10 the relevant registration sgrver 11
together with the source application ID 64, its own server ID 53, and the hyperlink request ID. The registration server
credits the corresponding application provider's account 827. It also notifies the application provider. '

If the application provider needs to credit the 'prinr.cr provider, it sends the printer provider credit to the
original page server together with the hyperlink request 1D. The page server uses the hyperlink request ID 1o identify the
printer, and sends the credit on to the relevant registration server-together with the printer ID. The "r'i:gistration server
credits the corresponding printer provider account 814,
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—~The soirce application provider is optionally notfied of the identity of the target application provider, and
the printer provider of the identity of the source application provider.
6. NEeTPAGE PEN DESCRIPTION
6.1 PEN MECHANICS
Referring to Figures B and 9, the pen, generally designated by reference numeral 101, includes a housing 102
in the form of a plastics moulding having walls 103 defining an interior space 104 for mounting the pen components. The
pen top 105 is in operation rotatably mounted at one ead 106 of the housing 102. A scmi-transparent cover 107 is secured
to the opposite end 108 of the housing 102. The cover 107 is also of moulded plastics, and is formed from semi-
transparent matcrial in order 1o enable the user to view the stams of the LED mounted within-the 'l;ousing 102. The cover
107 includes a main part 102 which substantialiy surrounds the end 103 of the housing 102 and a projecting portion 110
which projects back from the main part 109 end fits within a comresponding slot 111 formed in the walls 103 of the
housing 102. A radio anteni;a 112 is mounted behind the projecting punion 110, within the housing 102. Screw threads
113 smrrounding an aperture 113A on the cover 107 are amunged lo receive a metal end piece 114, including
corresponding screw threads 115. The metal end piece 114 is removable 1o enablc ink cartridge replacement.
. Also mounted within thé covet 107 is 2 tri-color status LED 116 on a flex PCB 117. The antenna 112 is also
mounted on the flex PCB 117. The status LED 116 is mounted at the top of the pen 101 for good ali-around visibility.
The pen can operate both as a normal marking ink pen and as a non-marking stylus. An ink pen cartridge 118
with nib 119 and a stylus 120 with stylus nib 121 are mounted side by side within the hduﬁng 102. Either the ink
cartridge nib 119 or the stylus nib 121 can be brought forward through open end 122 of the metal end piece 114, by
rotation of the pen top, 105. Respective slider blocks 123 and 124 are mounted o the ink cartridge 118 and stylus 120,

-espectively. A rotatable cam barrel 125 is secured to the pen top 105 in opefation and arranged to rotate therewith. The
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cam barrel 125 includes a cam 126 in ths form of a slot within the walls 181 of the cam bamrel. Cam followers 127 and
128 projecting from slider blocks 123 and 124 fit within the cam slot 126. On rotation of the cam barrel 125, the slider
blocks 1230t 124 move relative to each other to project cither 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 tumning the top 105 through 907 steps, the three
states arc:

. Stylos 120 nab 121 out;
. Ink cartridge 118 nib 119 ont; and
. Netther ink cartridge 118 nib 119 cut nor stylus 120 nib 121 out.

A second flex PCB 129, is mounted on an electronics chassis 130 which sits within the housing 102. The
second flex PCB 129 mounts an infrared 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 recciving reflected radiation from the surface. The
second flex PCB 129 also mounts a radio frequency chip 133, which includes an RF trarismitter and RF receiver, and a

cantroller chip 134 for controlling operation of the pen 101. An optics block 135 (formed from moulded clear plastics)

sits within the cover 107 and projects an infrared beam onto the surface and receives images onto the image sensor 132,
Power supply wires 136 connect the components on the second flex PCB 129 to battery cantacts 137 which are mounted
within the cam barrel 125. A terminal 138 connects to (he battery contacts 137 and the cam barrel 125. A three volt
rechargeable battery 139 zits within the cam barrel 125 in contact with the battery contacts. An induction charging coil
140 is mounted about the second flex PCB 129 to enable recharging of the battery 139 via induction. The second flex
PCB 129 also mownts an infrared LED 143 and infrared photodiode 144 for detecting displacement in the cam barre]l 125
when ¢ither the stylus 120 or the ink carrridge 118 is used for writing, in order to enable a determination of the force
being applied to the surface by the pen nib 119 or stylus nib 121. The IR photodiode 144 detects light from the [R LED
143 via reflectors (not shown) mounted on the stider blocks 123 and 124.

Rubber grip pads 141 and 142 are provided towards the end 108 of the housing 102 to assist grippiag the pen
101, and 1op 103 aliso includes a clip 142 for clipping the pen 101 v 2 pocket

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

Utilising the RF chip 133 and anteona 112 the pen 101 can ransmit the digital ink data (which is encrypted
for security and packaged for efficient transmission) to the cbmputing system.

When the pen is in range of & receiver, the digital ink data is transmitted as 1t is formed. When the pen 101
moves out of range, digital ink data is buffersd within the pen 101 {the pen 101 circuitry includes a buffer arranged 1o
store digital ink data for approximately 12 minutes of the pens motion on the surface) and can be ransmilted later.

The controller chip i34 is mounted on the second flex FCB 129 in the pen 101. Figure 10 is a block diagram
illustrating in more detail the architecture of the controller chip 134. Figure 10 also shows represcntations of the RF chip
133, the image sensor 132, the tri-color status LED 116, the IR illumination LED 131, the IR force sensor LED 143, and
the force sensor photodiode 144,

The pen controller chip 134 includes & controlling processor 145. Bus 146 cnzbles the exchange of daia
berween components of the controller chip 134. Flash memory 147 and a 512 KB DRAM 148 are also included. An
analog-to-digital converner 149 is arranged to convert the anatog signal from the force sensor photodiode 144 to a digital -
signal. o

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

The controlling processor 145 cai:lures and decodes location data from tags from the surface via the image
sensor 132, monitors the force sensor photodiode 144, controls the LEDs 116, 131 and 143, and handles short-range radio
communication via the radio ranseeiver 153. It is a medium-performance (-40MHz} general-purpose RISC processor,

The processor 145, digital transceiver components (transceiver controller 153 and baseband circuit 154),
image sensor interface 152, flash memory 147 and 512KB DRAM 148 are iﬁlegmlcd in a single controller ASIC. Analog
RF componsnts (RF circuit 155 and RF resonators and inductors 156) are provided in the separate RF chip.

The image sensor is a 2155215 pixel CCD (such a sensor is produced by Malsushita Electronic Corporation,
and is described in a paper by [takura, K- T:Nobusada, N Okusenya, R Nagayoshi, and M Ozald, “A Imm 50k-Pixel IT
CCD Image Sensor for Miniature Camera System”, IEEE Transactions on Electronic Devices, Voit 47, number 1, January
2000, which is incorporated herein by reference) with an IR filter.

The controller ASIC 134 enters a quicscent state after a period of inactivity when the pen 101 is not in
comact with a surface. It incorporates a dedicated circuil 150 which monitors the force sensor photodiode [44 and wakes
up the controller 134 via the power manager 151 ona pén-down event.

The radio transceiver communicates in the unlicensed 500MHz band normatly used by cordless telephones,
or allematively in the unlicensed 2.4GHz industrial, scientific and medical (1SM) band, and uses frequency hopping and
collision detection to provide interference-free communication.

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

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

The provision of the accelerometers enzbles this embodiment of the pen 101 I.o seénse motion without
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reference 1o surface location tags, allowing the location tags to be sampled at a lower rate. Eaach ]ocauon tag ID} can then
identify an object of interest rather than a position on the swrface. For example, if the object is & user interface input
elemcﬁl (¢.g. a command button), then the tag ID of each location tag within the area of the input ¢lement can directly
identify the input element.

The acceleration measured by the accelerometers in cach of the x and y directions is integrated with respect to
time to produce an instantaneous velocity and position.

Since the starting position of the stroke is not known, only relative positions within a stroke are calculated.
Although position intcgration accumulates errors in the sensed acceleration, accelerometers typically have high resolution,
and the time duration of 2 stroke, over which errors accumulate, is short.

7. NETPAGE PRINTER DESCRIPTIONR ™
7.1 PRINTER MECHANICS

The vertically-mounted netpage wallprinter 601 is shown fully assembled in Fignrc It prints netpages on
Letter/A4 sized media vsing duplexed 842" Memjet™ print engines 602 and 603, as shown in Figures 12 and 12a. It usesa
straight paper path with the paper 604 passing through the duplexed print engines 602 and 603 which print both sidé ofa
sheet simultancously, in fall color and with full bleed. '

An integral binding assembly 605 applics a strip of giue along one edge of i:ach printed shest, allowing it to
adhere 10 the previous sheet when pressed against it This creates a final bound documcm 618 which can range in
thickness from one sheet to several hundred sheets.

The replaceable ink cartridge 627, shown in Figure 13 coup]cd with the duplexed print engines, has bladders
or chambers for storing fixative. adhesive, and cyan, magent2, yellow, black and infrared inks. The cartridge also contains
a micro ajr filter in a base molding. The micro air filter interfaces with an air pump 638 inside the printer via a hose 639.
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This provides filtered air o -the printheads to prevent ingress of micro particles into the Memjet™ printheads 350 which
might otherwise clog the printhead nozzles. By incorporating the air filter within the cartridge, the operational Jife of the
filter is effectively linked to the life of the cartridge. The ink cartridge is a l’u]ly recyclable product with a capacity for
pnmmg and gluing 3000 pages (1500 sheets).

Referring to Figure 12, the motorized media pick-up roller assembly 626 pushes the top sheat directly from
the mediz tray past a paper sensor on the first print engine 602 into the duplexed Memjet™ printhead- assembly. The two
Memjet™ print engines 602 and 603 are mounted in an opposing in-line sequential configuration along the siraight paper
path. The paper 604 is drawn into the fixst print engine 602 by integral, powered pick-up rellers 626. The position and
size of the paper 604 is sensed wnd full bleed printing commences. Fixative is printed simultaneously to aid drying in the
shortest possible time.

The papes.exits the first Mémjct‘“‘ print engine 602 through a sct of powered exit spike wheels (aligned aloing
the straight paper path), which act against a rubberized roller. These spike wheels contact the ‘wet® printed surface and
continue to feed the sheet 604 inte the second Memjet™ print engine 603.

Referring to Figures 12 and 12a, the paper 604 passes from the duplexed print engines 602 and 603 into the
binder assembly 605. The printed page passes between a powered spike wheel axle 670 with a fibrous suppont roiler and
another movable axle with spike wheels and a momentary action glue wheel. The movable axle/glue assembly 673 is
mounted to a metal support bracket and it is ransported forward (o interface with the powered axie 670 via gears by
action of a camshaft. A separate motor powers this camshaft.

The glue wheel assembly 673 consists of a partially holiow axle 679 with a rotating coupling for the glue
supply hose 641 from the ink cartridge 627. This axle 679 connects to a glue wheel, which absorbs adhesive by capillary
action through radial holes. A molded housing 682 surrounds the glue wheel, with ar opening at the front. Pivoting side
moldings and sprung outer doors are attached to the metal bracket and hinge out sideways when the rest of the assembly
673 is thrust forward. This action exposes the glue wheel through the front of the molded housing 682. Tension springs
close the assembly and effectively cap the glue wheel during periods of i macuvxty
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As the sheet 604 passes into the glue wheel assembly 673, adhesive is appliod to one vertical edge on the
front side (apart from the first sheet of 2 document) as it is transported down into the binding assembly 605.
7.2 PRINTER CONTROLLER ARCHITECTURE

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

The controlling processor handles communication with the network 19 and with local wireless netpage pens
101, senses the help button 617, controls the user interface LEDs 613-616, and feeds and synchronizes the RIP DSPs 757

-and print engine controllers 760. It consists of a medivm-performance gencral-purpose microprocessor. The controlling

processor 750 communicates with the print engine controllers 760 via a high-speed serial bus 659.

The RIP DSPs rasterize and compress page descriptions to the netpage printer’s compressed page format.
Each print engine controlicr expands, dithers and prints page images to its 2ssociated Memjei™ printhead 350 in real time
(i.¢. aLover 30 pages per mimteye.'mduptexd print engine controliers print both sides of a sheet simmltaneousty.

The master print engine controller 760a controls the paper transport and momtors ink usagc‘ in conjunction
with the master QA chip 665 and the ink cartridge QA chip 761.

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

The processor 750, DSPs 757, and digital trunsceiver components (transceiver controller 753 and baseband
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circuit 754) are integrated in a single controller ASIC 656. Analog RF components (RF circuit 755 and RF resonators and
inductors 756) are provided in a separale RF chip 762. The network interface module 625 is separate, since netpage
printess allow the network connection to be factory-selected or fieid-selected. Fiash memory 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 intetface 751 and
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, satellite transceivers, cwrent and next-generation
cellular tefephone transceivers, and wireless local loop (WLL) transceivers. Local interfaces include IEEE 1284 (parallel
port), 10Base-T and 100Base-T Ethemet, USB and USB 2.0, IEEE 1394 (Firewire), and various emerging home
networking interfaces. If an Internet connection is available on the local network, then the local network interface can be
used as the neq.:age network interface.

The 1adio transceiver 753 communica-lcs in the unlicensed $00MHz band wormally used by cordless
telephones, or altematively in the uniicensed 2.4GHz industrial, scientific and medical (JISM) band, and uses frequency
hopping and collision detection to provide interferenee-free communication.

The printer controller optionally incorperates an Infrared Data Association (IrDA) interface for receiving data
“squirted” from devices such as netpage cameras. In an aliemative embodiment, the printer uses the kDA interface for
short-range communication with suitably configurcd netpage pens.

7.21 RASTERIZATION AND PRINTING

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

The DSPs 757 rasterize cach page description and compress the rastetized page image. The main processor
stores each compressed puge image in:memory. The simplest way to load-balance multiple DSPs is to let each DSP
rasterize a separate page. The DSPs can atways be kept busy since an arbitrary number of rasterized pages can, in general,

25

30

40

be stored in memory. This strategy only leads to potentially poor DSF wiilization when rasterizing short docurnents.

Waternmark regions in the page description are rasterized to a conlone-resolution bi-level bitmap which is
losslessly compressed to negligible size and which forms part of the compressed page image. .

The infrared ([R) layer of the printed page contains coded petpage tags at a density of about six per inch.
Each tag éncodes the page ID, tag ID, and control bits, and the data content of each tag js generated during rasterization
and stored in the compressed page image. :

The main processor 750 passes back-10-back page images to the duplexed print engine controllers 760. Each
print engine controller 750 stores the compressed page image in its local memory, and staris the page expansion and
‘printing pipeline. Page expansion and printing is pipelined because it is impractical to store an entire 114ME bi-level
CMYK+IR page image in memory. .

122 PRINT ENGINE CONYROLLER

The page expansion and printing pipeline of the print engine controller 760 consists of a kigh speed IEER
1394 serial interface 659, a standard JPEG decoder 763, a standard Group 4 Fax decoder 764, a custom
hatftoner/compositor unit 765, & custom 1ag encoder 766, a line loader/formatter unit 767, and a custom interfece 768 to-
the Memjet™ printhead 350,

The print engine controller 360 operates in 2 double buffered manmer. While one page is loaded into DRAM
769 via the high speed serial intecface 659, the previously loaded page is read from DRAM 769 and passed through the
print engine controller pipeline. Once the page has finished printing, the page just loaded is printed while another page is
loaded. .

The first stage of the pipeline expands (at 763) the JPEG-compressed contone CMYK layer, expands (at 764)
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the Group 4 Fax-onmpres:wd bi-level black layer, and renders (at 766) the bi-level netpage tag layer according to the tag
format defined in section 1.2, all in parallel. The second stage dithers (at 763) the contone CMYK layer and composites
{at ‘765) the bi-level black Jayer over the resulling bi-level CMYK layer. The resultant bi-level CMYK+IR dot data is -
buifered and formatted (at 767) for printing on the Memjet™ printhead 350 via & set of line buffers. Most of these ling
buffers are stored in the off-chip DRAM. The final stage prints the six channels of bi-level dot data (including fixative) to
the Memjet™ printhead 350 via the printhead interface 768. ’

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

The print engine controller 760 contains a low-speed processor 772 for synchronizing the page expansion and
rendering pipeline, configuring the printhead 350 via a low-speed serial bus 773, and controlling the stepper motors 675,
676. .~

" In the 84" versions of the netpage printer, the two print engines each prints 30 Latter pages per minute along
the long dimension of the page (117), giving a line ratc of 8.8 kHz at 1600 dpi. In the 127 versions of the netpage printer,
the two print engines each prints 45 Letter pages per minute along the shon dimension of the page (8%4™), giving a line
rate of 10.2 kHz. These line rates are well within the opersting frequency of the Memjet™ printhead, which in the currem
design exceeds 30 kHz.

8 NeTPAGE TAGS
a1 TAG TILNG
B8.1.1 Planar Surface Tag Tiling

In order to support “single-click™ interaction with a tagged region via'a sensing device, the sensing device
must be able to see at least one eutire tag 4 in its field of view no matter where in the region or at what ori¢ntation 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 4.
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In the case where the tag shape is circular, such es the preferred tag 4 described earlier, the minimum
diameter m of the sensor field of view is obtained when the tags 500, of diameter &, are tiled on an equilateral triangular
grid, as shown in Figure 52 and defined in EQ 1. This is achieved when the center-1o-center tag spacing is the same as the
1ag diameter k. -
With a tag diameter & of 256 dots (~4 mim at 1600 dpi), m is therefore 552 dots (~3.8 mun). With 2 guict arca
of 16 dots, i.e. an effective tag diameter & of 272 dots (~4.3 mm), m increases to 587 dots (~9.3 mm).
When Ithe tags 4 are moved & distance 3 apart, where s is at least as large as &, then the minimum field of view
is given by EQ 2. ' .
When no overlap is desired in the horizontal direction between successive lines of tags 500, for example to
make tag rendering easier, the tags must be moved apart by 2 minimum amount given by EQ 3. For a 256-dot diameter
1ag, u is therefore 40 dots (0.6 mm at 1600 dpi). Since this exceeds the quict area required for the tag, the quict area ean
be ignored if tag lines are rendered 1o not overlap.
' Setting s = k + u it EQ 2 gives EQ 4. For a 256-dot diameter tag, s is therefore 296 dots (~4.7 mm at 1600
dpi), and # is 598 dots (~9.5 mmy).
8.1.2 Spherical Surface Tag Tiling
* A regular icosahedron is often used as the basis for generating an' almost regular triangular tiling of a sphere.
A regular jcosahedron, such as icosahedron 526 in Figure 53, is composed of twenty equal-sized equilateral wiangular
faces 528 sharing thirty edges 530 and twelve vertices 532, with five of the edges 530 meeting at each of the vertices 532,
To achieve the required tling, the icosahedron 526 is inscribed in a target sphere, and each triangle 528 of
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the icosahedron 526 is subdivided into an equal number of equal-sized equilateral subdivision triangles to yield the
desired total pumber of triangles. If cach edge 530 of the icosahedron is divided into v equal intervals, defining a set of
v—1 points along cach edge, and each pair of comesponding points along any two adjacent edges is joined by a line
parallel to the other shared adjacent edge, the lines so drawn intersect at the vertices of the desired equai-sized and
equilateral subdivision triangles, resulting in the creation of v triangles per triangular face 528 of the icosahedron 526, or
2007 triangles in all. Of the resuling 10v* + 2 vertices, five triangular faces meet at each of the twelve original vertices of
the icosahedron 526, and six triangular faces meet at the cach of the remaining vertices. The twelve original vettices 532
already lic on the sphere, while the remaining ventices lic inside the sphere. Each created vertex is therefore centrally
projected onto the sphere, giving the desired tiling.

A sphere approximated by & regular polyhedron in this way is refesred 10 as a geodesic, and the parameter v is
referred 1o as the frequency of the geodesic. Figure 54 shows an icosahedral geodesic 534 with v=3, i.e. with 180 faces

The closer a subdivision triangle is to the center of a face of the icosahedron 526, the further it is from the
surface of the sphere, and hence the larger it is when projecied onto the sphere, Fo minimise variation in the size of
projecied subdivision triangles, subdivison vertices can systeratically be displaced prior to projection (Tegmark, M., “An
lcosahedron-Based Method for Pixelizing the Celestial Sphere”, Apl Leters, 470, L81, Ocrober 14, 1996). If v = 1 then
uo vertices are created and the angle subtended by a triangular face at a vertex remains 60°, As v increases, however, the
surface defined by the five triangutar faces surrounding each original vertex becomes increasingly flat, and the vertex
angle of each wiangular face converges on 72° (1.e. 360° f 5). This defines the worst case for a tag tiling of a sphere. Ina
72° isosceles wiangle the base length is 1.18 times the length of the two sides. The maximum tag spacing s for the
purposes of calculating the sensor field of view is therefore close to 1.18£& With a 1ag diameter of 256 dots and a quiet
area of 16 dots, i.c. an gffective tag diameter k of 272 dots (~4.3 mm). 1 is therefore 643 dots (~10.2 mm) according to

The angle subtended by cach edge of an icosahedton at the center of the circumscribing sphere is given by
EQS

For a sphere of radius r the are length of each centrally projected edge is r8. Given a tag diameter of K in the
same Units as r, the number of tags n required to cover the sphere is given by EQ 6.

For a given n, r is limited by EQ 7.

If n is limited to 2%, 10 nlléxw the use of 2 16-bit tag 1D without requiring multiple regions to cover the sphere,

- and X is taken 10 be 4.3 mm as above, then r is limited to ~310 mm.

A typical globe has a radius of 160 mm. Its projected arc length of ~177 mm ﬁts 41 evenly spaced tags with

ncghg1hle addmonal spacing. Such a globe uses 16812 tags in total.
81 3 Arbitrary Curved Surlace Tag Tiling

A wiangle mesh can spproximaie a surface of arbitrary topography and topology without introducing
discontinuities or singulasities, with the local sealo of the mesh being dictated by the local curvature of the surface and an
error bound. Assummg the existence of a triangle mesh for a particular surface, an effective non-regular ulmg of tags can
be produced as long as each mesh triangle respects a minimum vertex ang!e and a minimum edge length. A tiling is
oons;dcrcd effective with respect to a particular sensing device if the field of view of the sensing device is guannmd 10
include at least one complets tag at any position 6f the sensing device on the surface.

. The tiling procedure starts by placing a tag ar each vertex of the mesh, so the minimum edge length is the
same as the tag diameter k. The tiling procedurc proceeds by inserting a tag at the midpoint of any edge whose length
exceeds a maximum tag scparation . As illustrated in Figure 9, the maximmm iag spacing ¢ is caleulated so that if two
adjacent tags 4a and 4b are a distance s + € apant, then there is room for another tag 4c between them, ie. EQ 8.
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However, if |h1: vericx angle between two edges of leagth s + € is less than 60°, then the inserted 1ags will
overlap.

To prevent insezved tags from overlapping, & mipimnm tag separation f is introduced, where 1 2k The
minimum vertex angle o then becomes a function of & and ¢, as shown in EQ 9. '

Clearly, when t = £,  is constrained to be 60°, i.e. the mesh is constreined t0 be equilateral. Edt'ﬁ‘{liﬁs&a;cd

in Figure 56, when 1 > &, P can be less than 60° without inserted tags overlapping.

Fhe maximum tag separation 5 must be based on the new minitntm (ag separation 1, in accordance with EQ
10.

‘When considering & particular mesh triangle, there are four distinct tag insertion scenarios. By assuming that
the minimurn vertex angle is no less than 30° (i.e. half of 60°), it can be shown that when¢ver a mesh triangle has at Jeast
one edge less than or equal to s in length, the remaining twoe edges are less than 2s in length. In practice the minimum
veriex angle'is typically at least 45°. .

in the first scenario (Figure 57) no edpes of a triangle 546 exceed 5 in length. 50 the 1agging of the triangle is
already complete.

In the second scenario (Figure 58) one edge 548 of a triangle 550 exceeds s in length, A tag 552 is inseried at
the midpoint of the edge 548 1o complete the tagging of the triangle 550,

In the third scenario (Figure 59) two edges 554, 556 of a triangle 558 exceed s in length. Tags 560, 562 arc
inserted at the midpoint of each of the two long edges 554, 556 and this may complete the tagging of the triangle 558.
Centers of the two insenicd tags 560, 562 together with the two vertices 564, 566 of the short edge 568 of the original
triangte 558 form a trapezoid. If either diagonal of the trapezoid exceeds 5 in length then a final tag 570 is inserted at the
center of the trapezoid to complete the tagging of the triangle. .

In the fourth seenario (Figure 60) all three edges 572 of a triangle 573 exceed 5 in length. A tagged vertex
574 is inserted.at the midpoint of each edge 572 and the three new vertices 574 are joined by edges 576. The tagging

procedure is then recursively applicd to each of the four resultant wiangles 577, 578, 579 and 580. Note that the new
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triangles respect the minimum vertex angle because they have the same shape as the original wiangle 573,
. The tag tling vanables are summarized in Table 4.
Table 4. Tag tiling variables

variable Meaning

i} Finimum vertex angle

k tag diameter
m minimum dismeter of sensor field of view on surface >
5 rnurt center-to-center 1ag spacing

.

Fninimum center-to-center tag spacing

8.2 TAG SENSING
821 Pen Qrientation

To allow a pen-like sensing device 10 be used as a comfortable writing instrument, & range of pen orientations A
_muost be supported. Since the pen nib is consirained to be in contact with the surface, the orentation of the pen can be

characterized by the yaw (z roration), pitch (x rotation) and roll {y mtaﬁoﬁ) of the pen, as Hlustrated in Figure 61. While
the yaw of the pen must be unconstrained, it is reasonable to consumin the pitch and roll of the pen as well as the overall
tilt of the pen resulting from the combination of pitch and roll.

Yaw is conventionally applied after piteh, such that, for example, in the case of a pen device it would define.a.
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twist about the physical axis rather than a direction in the surface plane. In a pen with a marking nib, however, the image
sensor is mounted off the axis of the pen and the pen’s image sensing ability (and hence its yaw sensing ability) is
thercfore constrained unless the pen is held almost vertically, as discussed below. Yaw is therefors applied before pitch,
allowing the full yaw range to be specified by rotating the pen relative to the surface while keeping pitch and roll constant,
5 Pitch and roll are conventionally defined as ¥ and x rotations, respectively. Here they are defined as x and y
rotations, respectively, because they are defined with respect to the x-y coordinate system of the surface, where the y axis
is the natural longitudinal axis and the x axis is the natural lateral axis when viewed by a user. In 2 right-handed 3D
coordinaie systemn, roll is conventicnally defined as positive when anticlockwise, while pitch and yaw are conventionally
defined as positive when clockwise. Here all rotations are defined as positive when anticlockwise.
10 ... The pen’s overall tilt () is related to its pitch (¢) and the roll () in zccordance with EQ 11.
The pen's tilt affects the scale at which surface features are imaged at different points in the field of view, and
therefore affects the resolution of the image sensor. Since it is impractical to sensc the area directly under the pen nib, the
pen’s tili also affects the distance from the nib 10 the center of the imaged area. This distance must be known to allow a
precise nib position to be derived from the position determined from the teg.
15 822 image Sensing
The field of view can be modeled as a cone defined by a solid half-angle o (giving an angular field of view of
20x), and an apex height of D above the surface when the opli@ axis is vertical. Although the image sensor is typically
rectangular, only the largest efliptical subaren of the image sensor is relevant 1o guarantecing that a sufficiently large pant
of the surface is imaged, as quantified carlier.
20 The infersection of the ficld of view cone with the surface defines an elliptical window on the surface. This
vnndow is circular when the optical axis is vertical,
Figure 62 illustrates the geometric relationship, for a given pimh-mlatcd tilt @ of the pen's optical axis,
between the pen’s nib (point A), the pen’s optical axis (CE), and the field of view window (FH), The tiltjs definedsobe

clockwise positive from the vertical, The equations which follow apply to both positive and negative tilt.
25 When the pen is po tilted, the window diameter (i.e. I BD I Yis given by EQ 12.
If, when the pen is not tilted, the distance from the nib to edge of the window (i.e. |ABl)is T, then the
distance § from the Tib to the center of the window (i.e. | AC|) is given by EQ 13,
When the pen is tilted by 8, the distance from the viewpoint to the surface along the optical axis is reduced to
d(ie. |GE|). given by EQ 14.
30 The width of the window (i.e. | FH |} is then given by EQ 15,
D and o must be chosen 5o tha an adequately large area is imaged throughout the supported tilt renge. The
required minimurm diametes m of the zrea is given by EQ 4, while the width of the actual imaged area is given by EQ 15.
This then gives EQ 16.
Once D and @ are determined. an image sensor resolution must be chosen so that the imaged area is
35 adequately sampled, i.¢. that the maxirmm featuce frequency is sanpled at its Nyquist rate or higher. ,
When imaged, the scale of the surface decreases with increasing dlstancc from the viewpoint and with
iincreasing inclination relative to the viewing ray. Both factors have maximum eﬁ'ect at pomt F for positive tilt and point H
for negative tilt, i.e. at the point in the window furthest from the viewpoint. Note that references to F in the following
discussion apply to H when the tilt is negative.
40 The distance of point F from the viewpoint (i.c. | EF{) is given by EQ 17.
Scaling due to the inclination of the surface relative to the viewing ray through F (EF) is given by EQ 18.
..... L If the surface fzature frequency is £, then the angular surface featute frequency w 2 F (i.e. with respect 10 the
field of view} due to both factors is given by EQ 19.
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When there is no object plane tilt (i.e. 8 = 0), this reduces to EQ 20.

The image sensor is, by definition, required to image at least the entire angular field of view. Since the pixel
density of the image sensor is uniform, it 1wust image the entire field of view a1 maximum frequency. Given an angular
field of view in image space of 2ct’, an image sensor Lt (i.e. image plane filt) with respect to the optical axis of 8', and a
sampling rate of n (where 1 = 2 according to Nqust s du:omm), the minimum image sensor resolution ¢ is given by EQ
21 and EQ 22. . ’

The cos-squared term in the numerator in EQ 22 results from the same reasoning 25 the cos-squared term in
the depominator in EQ 19.

When there is no image plane tilt (i.e. 8° =0), and the image space and object space angular ficlds of view are
equal (i.e. o = @), this reduces 10 EQ 23 and EQ 24,

When there is no object plane tilt (i.c. 8= 0) this reduces further to EQ 25.

'Whm the image piane tilt and the object plane lt are equal {i.e. 8' = 8), and the image space and object
space angular ficlds of view are equal Gi.e. o = o), EQ 22 reduces to EQ 26, '

Matching the image plane tilt to the object plane tilt therefore yields a smaller required image sensor size than
when the image sensor tilt is fixed at zero, and eliminates perspective distortion from the captured image. Variable image
sensor till is, however, a relatively cotly option in practice, and also requirss greater depth of fiefd.

Figure 63 illustrates the geometric relationship, for a given roll-related tilt 6 of the pen’s optical axis, between
the pen's nib (point A). the pen’s optical axis (CE), and the ficld of view window (FH). The tilt is again defined to be
clockwise positive from the venical. With the exception of EQ 13, the preceding equations apply equally to roll-induced
it For roll-induced tilt the distance § from the nib 1o the center of the window (i.c. =| AC|)is zero rather than as defined
by EQ 13. )

For pitch-induced tilt, the magnitude of the it range is maximised by choosing a minimurn (négaiivc) titr and
a maximum (positive} tilt which have the same image sensor requirement. Since, for pitch-induced tilt, the surface is more

. disrtant for pegative tilt than for positive tilt of the same magnimde, the minimum has—a-smalier magnitude than - the
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maximum. For roll-induced tilt they have the same magnitude.

As described above, the smallest features of the 1ag 4 are the stmactures which encode the data bits, and these
have a minimum diameter of 8 dots. This gives a maximum feature frequency fof about 7.9 per mm at {600 dpi.

As calculated according to EQ 4 above, an equilateral triangular tiling of 256-dot diamerter tags with no
overlap between successive lincs of tags requires a minimum field of view window diameter on the surface of 598 dots, or

“about 9.5 mm at 1600 dpi.

Most people hold a pen at about +30° pitch and 0° roll. The inking ball of a ball-point nib loses effective
contact with the surface beyond about +50° pitch (i.e. 40° from the honzomal) A re&onable target pitch range is
therefore ~10° to +50°., and a reasonable rolt range ~30° 10 +30°, bearing in mind greater limitations on combined pitch
and roll as given by EQ 11. |

The highly compact (1.5 mum®) Matsushita CCD i lmagc sensor (Matsushita Electronic Corporation, and is
described in 2 paper by Itakura, K T Nobusada, N Okusenya, R Nagayoshx and M Ozaki, “A lmm 50k-Pixel IT CCD
Image Sensor for Miniature Camera System”, 1EEE Transactions on Electronic Devices, Volt 47, number 1, January
2000} is suitable for use in a compact device such as a pen. It has an available resotution of 215215 pixels. Assuming
tqual image and object sﬁace angular fields of view, no imape plane tilt, and a nib-to-window distance T of 4 mm,
oplimizing the georetry using EQ 16 and EQ 24 1o achieve the desired pitch and roll ranges stated above yields & pitch
range of ~16° to +48° (64°) and a roll range of ~28° to +28° (56°) with a viewing distance D of 30 mm and an angular
field of view of 18.8° (&t = 9.4°). The available pitch range is actually ~21° to +43°, and this is mapped to close o the
desired range by pitching the optical axis at —5° relative to the physical exis. Note that the tilt rangé can be cxpanded
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slightly by optimizing a non-zero tilt of the imiage plane.
The overall pen tilt is thus confined to 2n elliptical cone whose major angle is 64° in the piich plane and
whose minor angle is 56° in the roll plane. ; '
The image sensing variables are summarized in Table 5.
Table 5. Image sensing variablas

variable meaning
Object space field of view half-angle

Image space field of view half—angle

=]

=]

Pen yaw

Object plane titt (i.e. overall pen tilt)

o o] <«

Image plane titt

Pen pitqh

Pen roll

Angular frequency in field of view

Normal viewing distance

Tilted viewing distance

Surface feature frequency

Sampling rate

Image sensor resolution

0 loelalwoyalel€els

Distance from nib 1o conier of fisld of view on suiface {(when &
= D) .
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Distance from nib to edge of field of view on
surtace (when 8 = 0)

~d

83 Taa DecoOING
8.3.1 Tag image Processing and Decoding

Tag image processing is described earlier in Section 1.2.4. It culminates in knowledge of the 2D perspective
transform on the tag, as well as the decoded tag datz.
B3.2 Inferring the Pen Transform

Once the 2D perspective ransform is obtained which accounts for the perspective’ distortion of the 1ag in the
captured image, as described earlier, the cmmspmdmg discrete 3D 1ag transform with respect to the pen’s optical axis can
be inferred, as described below in Section 8.4.

Once the discreté 3D tag transform is known, the corresponding 3D pen transform can be inferred, ie. the
transform of the pen's physical axis with respect to the surfacc. The pen's physical axis is the axis which is embodied in

_ the pen’s shape and which is experienced by. the ben’s user. It passes through the nib. The relationship between the

- physicat axis and tha optical axis is illusirated in Figure 64.

k is convénient to define three coordinate spaces. In sensor space the opiical a:us coincides with the z axis
and the the viewpoint is at the origin. In pen space the physical axis coincides with the z axis and the nib is at the origin.
In tag space the tag 4 lies in the x-y plane with its center at the origin. The tag ransform transforms the tag 4 from tag
space 10 SENsOr SpPace. _

Sensor space is illustrated in Figure 64. The labelling of points in Figure 64 i consistent with the labelling in
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Figure 62. The viewpoint is at E, the sensed point is at G, and the nib is at A. The intersection point G between the optical
axis and the surface is refemred 1o &5 the sensed point. In contrast with the geometry illustrated in Figure 62 where the nib
is considered as a point, here the nib is considered as a small sphere. If the nib is curved, then the tilt of the physical axis
affects the offset between the sensed point and the contact point between the nib and the surface. The center point K of the
spherical nib, about which the physical axis pivots, is referred o as the pivot point.

) The nib makes nominal contact with the surface at point A when the optical axis is verical, KA is defined to
be parallel to the optical axis. When the pen is lilted, however, contact is at point L, as shown in Figure 65. Given the
radius R of the nib, the distance of the pivot point K from the surface, e.g. at A or L, is always R.

The discrete tag transform includes the translation of the tag center from the sensed point, the 3D tag rotation,
and the translation of the sensed point from the viewpoint.

Given the wanshation d of the sensed point from the viewpoint in the discrets 1ag transform, and according to
EQ 14, the sénsed point is given by EQ 27,

Since the physical axis only differs from the eptical axis by a y translation and x rotation (i.e. pitch), the
physical axis lies in the y-z plane. With reference to Figure 64, where |AC| = 5 and [EC] = D Gust s in Figure 62), itis
clear that in sensor space the position of the pivot point is given by EQ 28.

The vector from the sensed point to the pivoet point is therefore given by EQ 29.

The vector from the pivpt point to the contact point is by definition a surface normal of length R It is
constructed by applying the 3D tag rotation M to a tag space surface normal, normalizing the result, and scaling by R, as
shown in EQ 30 and EQ 31.

The vector from the sensed point to the contact point is then obtained in accordance with EQ 32,

This is transformed into tag space by applying the inverse of the tag transform 3D rotation, and is then added

- to the vector from the tag center to the sensed point, 10 yield the vector from the lag center to the contact point in 12g
space, i.e. on the surface, in accordance with BQ 33.
This is finally added to the tag's absolute location, as implied by its tag ID, to yield the nib's desired absolute

40

location in the tagged region: seeEQ M.

The final stzp is 1o infer the pen's 3D orientation from the tag’s 3D orientation. The pen’s discrete rotations
are simply the inverses of the tag's discrete rotations, with the pen's pitch also including the effect of the pitch ($;,00r) OF
the optical axis with respect ta the pen's axis, as defined in EQ 35, EQ 36 and EQ 37.
8.4 INFERRING THE TAG TRANSFORM

‘The image of the tag 4 captured by the image sensor contains perspective distortion due to the position and
orientation of the image sensor with respect 10 the 1g. Once the perspective targets of the tag are found in image space, an
eight-degree-of-freedom perspective transform is inferred based on solving the well-understood equations relating the four
tag-space and image-space point pairs. The discrete wransform steps which give rise to the image of the tag are
concatenaled symbolically, and a set of simaltaneous non-linear cquations is obtained by equating cormesponding terms in
the concatepated transform and the perspective transforme. Solving these equations yields the discrete ransform steps,
which include the desired tag offset from the nib, 3D tag rotation, and viewpoint offset from the surface.
8.4.1 Modeling the Tag Transform

The transform of the tag 4 from tag space to image space can be modeled as a concatenation of the foltowing

transform steps:

- x-y translate (by tag-to-viewpoint offset}
. z rotate (by tag yaw) ’

. % rotate (by tag pitch)

b y rotate (by tag roll)
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. z'mslate (by tag-to-viewpoint offset)

. perspective project (with specified focal length)

- x-y scale (to viewport size)

These are concatenated symbolically to produce a single transform matsix which effects the tag wansform.
Table 7 summarizes the discrete transform variables used in the following sections, together with the range of each
variable.

Table 7. Discrete transform varlables and thelr ranges

Variable Abbrev. Meaning::.< Unit Range
. transform
¥ - yaw 0 O0<ys2n
¥ - piich 0 -2 <bp<n2
v - roll o —/4 <y < /4
I A tag-to-viewpoint x offset 0 -
by =] tag-to-viewpoint y offset 0 -
coSsY - c cosine of yaw 1 -1£C<1
siny D sina of yaw 0 -1<D=<1
oS E cosine of pitch 1 0<Est
sing F sina of pitch [ -1<F<1
cosy G cosine of roll: - 1 D<G<1
siny H Sine of ol 0 A<H<l
ir 7 lag-to-viewpoint z offsel - 1<0 ’
1 J inverse focal length - J=>0
S - ' viewport scale - S>0

Translate in x-y plane by r, and ¢, according to EQ 42 (where A=y, and B=t,).
Rotate about z by ¥ according to EQ 43 (where C=cos(y) and D=sin(y)), giving EQ 44.
Rotate about x by $ according to EQ 45 (where E=cos($) and F=sin(¢)), giving EQ 46.
Rotate about y by ¥ acconding to EY 47 (where G=cos(y) and Hwsin{y)), giving EQ 48, where K and L are
defined by EQ 49 and EQ 50. o
Translate in z by ¢, sccording to EQ 51 (whese J=¢,), giving BQ 52.
Perspective project with focal length M and projection plane at 2=0 acoording to EQ 53 (whege J=1/), giving
EQ54.
Seale to viewport by S according to EQ 55, giving EQ 56.
Transform a point in the x-y planc (z=0) according to EQ 57, giving EQ 58.
VFinaily. exparﬂ K and L, giving EQ 59.
8.4.2 2D Perspective Transform
Given an inferred eight-degree-of-freedom 2D perspective transform matrix as defined in EQ 60, muldply by
an unknown i to oblain ihe general nine-degree-nf-freedom form of the matrix, as shown in EQ 61.
Transform a 2D point according to EQ 62, giving EQ 63.
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843 Inferring the ‘fag Transform
8.4.3.1 Equating Coefficients

Equating the coefficients in EQ 59 with the coefficients in EQ 63 results in EQ 64 to EQ 72, being nine
non-linear equations in 1% unknowns. S

These equations are sugmented as required by the rigonometric identity relating the sine and cosine of an
angle (i.c. the sine and cogine of any one of yaw, pitch and roll), as shown in EQ 73.

Given the sine and cosine of an angle, the comresponding angle is obtained using a two-argument arctan as
shown in EQ 74.

8432  SoWing for X-¥Y Offsel

EQ 66 can be simplified using EQ 64 and EQ 65 to give EQ 75 and then EQ 76. '

EQ €9 can be simplified using EQ 67 and EQ 68 to give EQ 77 and then EQ 78.

EQ 72 can be simplificd using EQ 70 and EQ 71 to give EQ 79 and then EQ 80.

EQ 76 can be re-writien as EQ 81, and EQ 78 can be ye-written as EQ 82,
Equating EQ 81 and EQ 82 and ,éolvihg for Byields EQ 83 through EQ 85 and finally EQ 86, which defines B,
Substituting the value for B into EQ 82 and simplifying yields EQ 87 through EQ 90 and finally EQ 91, which
defines A,

This therefore gives the x-y ofisct of the lag 4 from the viewpoint, since A=t, and B=,.
8.43.3  Solving for Pitch :

From EQ 68, EQ 92 can be obtained.

From EQ 67, EQ 93 can be obtained.

From EQ 64, EQ 92 and EQ 93, EQ 94 can be obtained.

From EQ 65, EQ 92 and EQ 93, EQ 95 can be obtained.

From EQ 70,EQ 92 and_!;‘.Q 93, EQ 96 can be obtained.

From EQ 71, EQ 92 and EQ 93, EQ 97 can be obtained.

From EQ 94, EQ 98 can be obtained.

From EQ 95, EQ 99 can be obtained.

From EQ 96, EQ 100 can be obtained.

From EQ 97, EQ 101 can be obtainad.

From EQ 98 and EQ 99, EQ 102 and then EQ 103 can be obtained.

From EQ 100 znd EQ 101, EQ 104 and then EQ 105 can be obtained.

From EQ 103 and EQ 105, EQ 106 and then EQ 107 can be obtained. ~

EQ 107 only has a valid basis if G and H are both non-zero. Sinee | < W2, the cosine (G) of the roll is
always positive and hence non-zero. The sine of the roll (&) is only non-zero if the rol is non-zero. Specific handling for
zero pitch and roll is described in Section 6.7,3.10,

This therefore gives the magnitude: of the sine of the pitch, since F=sin(9), and hence the cosine (£) of the
pitch by EQ 73, according to EQ 108, '

Since j¢| < w72, the cosine (E) of the pitch is always positive, 50 there is no ambiguity when taking the square
root. The sign of the sine (F), however, must be determined by other means, a5 described in Section 6.7.3.9.

Given £ and F, the pitch is then obtained, according to EQ 109. '
8.43.4  Solving for Roll '

From EQ 103, EQ 110 can be obtained.

From EQ 73, EQ 111 and then EQ 112 can be obtained.
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This therefore gives the magnitude of the sine of the rol), since H=sin(y), and hence the cosina {G) of the 1ol
by EQ 73, according to EQ 113. :

Since (y} < 74, the cosine (G) of the roll is always positive, so there is no ambignity when taking the square
root. The sign of the sine (H). however, must be determined by other means, as described in Section 6.7.3.9.

Given G and H, the roll is then obrained according to0 EQ 114. ‘
8.4.35  Solving for Yaw

From EQ 73, EQ 92 and EQ 93, EQ 115 and then EQ 116 can be obtained.

From EQ 92 and EQ 116, EQ 117 and then EQ 118 can be obtained.

From EQ 92 and EQ 116, EQ 119 and then EQ 120 can be obtained.
i In EQ 116, and hence EQ 118 and EQ 126, the sign of the squase root is determined by the sign of i, which
can be determnined from EQ 80, giving EQ 121.

Since 1 (2,) is negative, J (1/A) is positive, and 17 < -1 (because |1} > A), ther EQ 122 holds.

Given C and D, the yaw is then obtained according 1o EQ 123,
8436  Solving for Viewport Scale

The cosine {C) and sine (D) of the yaw are by definilion never simultaneously zero. Since the cosine (£) of
the pitch s never zero, either EQ 67 or EQ 68 can therefore always be used 10 determine the viewport scale ().

If D is non-zero, then from EQ 67, EQ 124 can be obtained.

Otherwise, if C is non-zero, then from EQ 68, EQ 125 can be obtained.
8.4.3.7 Solving for Focal Length 7

Similarly, since the cosine (G) of the roll is never zero, either EQ 70 or EQ 71 can be used to determine the
inyerse focal length (J), so Jong as cither the pitch or roll is non-zero. However, the signs of the.sines (¥ and #) of the
pitch and roll may not besknown. However, the sign of the product (FH) of the sines of the pitch and roll is given by EQ
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103, as shown in EQ 126

The sign can be assigned arbitrarily to F, since the sign of J is known a priori. If gi is non-zeto. then from EQ
70, EQ 127 can be obtained.

If Ai is non-zero, then from EQ 71, EQ 128 can be obtained.

In practice, the choice between using EQ 127 and EQ 128 is based on which of gi and ki has the larger
magnitude, The inverse focal length is unknown if gi and ki are both zero, i.c. if the pitch and roll are both zero.
8.4.3.8 Solving for Z Offset

Once the inverse focal length (J) is known, the z offset (/) is obtained from EQ 80, according to EQ 129.

Again, the z offset (I} is unknown if the inverse focal length (J) is unknown, i.c. if the pitch and roll arg both
ZCTO. .

8.4.39  Determining Direction of Pitch and Roll .

The sign of the product (FH) of the sines of the plich and roll is given by EQ 126. Since —n/4 <y < /4, a
roll adjustment of +1/4 can be introduced 1o ensure the roll is always positive, without invaliditing any other assumptions.
Onoce the roll adjustment is introduced, EQ 126 gives the sign of the sine () of the pitch alone.

The roll adjustment is introduced as follows. The viewport scale (S), inverse focal Jength (), and 2 offset (1)
gre 2!l computed as deseribed. A 3D cransform matrix is created from the 2D pesspective uansform matrix. The inverses of
the viewpont scale, focal length projection and z translation are applied to the 3D malrix in reverse order. The roll
adjustmient is then applied by pre-multiplying the matrix by a r/d y rotation matrix. The roll, -iJitch and yaw are computed
as described. Since the roll is positive, the pitch direction is now known. The /4 roll adjustment is finally subtracted from
the roll to give the actual roll '

' When the rotl and pitch are both zero, the focal length and z offsel are both unknown as described above.
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However, in this case there is no need to adjust the roll since the pitch and 1ol are already known.
8.4.3.10 Handling Zero Pitch and Roll

When either the pitch or roll is zero, the general solation based on EQ 107 becomes invalid. The tzble of
Figure 85 shows the 12 degenerate forms of EQ 64 throigh EQ 71 which result when the yaw is variously zero (or 1), 172
{or 31/2), and non-zero, and the pitch and roli are variously zere and non-zero. The table of Figures 86 and 87 sets out the
required logic for detecting and handling cases where the pitch and/or roll are zero, with each case motivated by zeros
appearing in the table of Figure 85. The cases in the table of Figure 85 arc Iabelled with the case numbers from the table
of Figures 86 and B7.
CoNCLUSION

The present invention has been described with reference to a preferted embodirtient and number of specific
alternative embodiments. However, it will be appreciated by those skilled in the r¢levant fields that a aumber of other
embodiments, differing from those spacifically described, will also fall within the spirit and scope of the presemt
invention. Accordingly, it will be understood that the invention is not intended to be limited to the specific embodiments
described in the present specification, including documénts incorporated by cross-reference as appropriate. The scope of
the invention is only limited by the attached claims.
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CLAIMS

1. A method of enabling user interaction with computer software ranning in a cormputer system via:

an interface surface containing information relating to the computer software and including coded data
indicative of an identity of the interface surface and of at least one reference point of the interface surface; and

a sensing device which, when placed in an operative position relative to the interface surface, uses at least
some of the coded data to sense indicating data indicative of: the identity of the interface surface; and a position of the
sensing device relative to the interface surface;
the method including the steps of, in the computer system:

(a) receiving the indicaming data from the sensing device;
) using the indicating data to identify at l2ast one interactive element refating (o the computer software; and
©) operating the computer software in accordance with instructions associated with the at Jeast one interactive
element. '
2. A method according to claim [, wherein the interactive element is associated with a zone of the

interface surface, and step (b) includes using the position of the sensing device to identify the zonc and thereby the
interactive element.

3, A method according 1o claim 2, wherein the sensing device generaies movement data indicative of its
movement relative to the interface surface, using at least some of the coded datg, the method including the step of:

Teceiving, in the computer system, the movement data;

wherein step (b) includes using the movement data to identify the zone and thereby the interactive element.

4, A method of enabling user imeraction with computer software running in a computer system, the
method including the steps of:

providing an interface swface containing: information relating to the computer software; and coded data

___indicative of ap identity of the interface surface and of at least one referonce-pointof the-interfacesurfaceand - -~ -

in the computer system:
(a) . receiving indicating data from a sensing device, the indicating data being indicative of: the identity of the
interface surface: and 2 position of the sensing device relative to the interface surface. the indicative data being sensed
when the sensing device is placed in an operative position relative to the interface suyface, using at least some of the
coded data;

() using the indicating data to identify a1 least one interactive element relzting to the computer software; and -
© operating the computer software in apcordance with instructions associated with the at laast one interactive
clement. _ o

5. A method according 1o clzim 4, wherein the interactive element is associated with a zone of the

interface surface, and step (b) includes using the position of the sensing device to identify the .zonc and thereby the
interactive clémmL _

6. A method according to claim 5, wherein the sensing device guneratu movement data indicative of its
movement relative to the interface surface. using st least some of the coded data, the method including the step of:

receiving, in the computer system, the movement data;

wherein the step of idenlifying the at least one ineractive element .includes using the movement data to
identify the zone and thereby the interaciive element.

7. A method according to claim I or 4, whezein the interactive element is 2 hyperlink element relating to
the computer software, the meihod incloding the step of effecting, in the computer system, an operation associated with

8 A method according to claim 7, including the siep of sending, in the computer system, data (o the
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computer software indicative of the hyperlink element. _
9. A method according to claim 8, including the step of sending, in the computer system, data to the
computer softwarc indicative of 2 name and/or value of at least one field related to the computer software,
S0, A wethod according to claim 7, including the step of sending,-in the compuier syster, data to the
-5 computer software indicarive of a selected object.
11, A method according to claim  or 4, wherein the interactive element is a checkbox fisld relating 1o the
computer software, the method inciuding the steps of identifying, in the computer system, that the uscr has entered a hand-
drawn mark by means of the seasing device and effecting, in the computer system, an operation associated with the

checkbox hield.
10 12. A method according 1o claim 11, including the step of associating, in the computer system, a true
valpe with the checkbox field.

13: A method according to claim 11, including the step of sending, in the computer sysiem, data to the
computer software indicative of at least the checkbox field.
14. A method according to claim 1 or 4, wherein the interactive clement is a text fisid relating 1o the
15  computer software, the method including the steps of identifying, in the computer system, that the user has entered
handwritten text data by means of the sensing device and effecting, in the computer system, an operation associated with
the text field.
15. A method according to claim 14, including the step of converting, in the computer system, the
handwritten text data te compuler text.
20 16. A method according to claim 15, including the step of associating, in the compater system, the
computer text with the text field. A
_ 17. A method according 1o claim 14, including the step of sending, in the computer system, data 1o the
computer software indicative of at least the text field.
18. A method according to claim § or 4, wherein the interactive element is a signature field relating to the

—p5 compurer software, te et ictoding the sieps of identfying; in the Tompuer System, (hal e user has entered 8~

handwritten signature by means of the sensing device and effecting, in the computer system, an opevation associated with
the signature field.

19. A method according to claim 18, including the step of verifying, in the computer system, that the
signature is that of the user.

30 20. . A method according 1o claim 19, including the step of generating, in the computer system and using a
signature key of the user, a digital signature of at least data indicative of a name andfor value of at last one field related to
" the computer sofiware.

21. A method soconding to claim 20, including the step of associating, in the computer systern, the digital
signature with the signature ficld.

35 _ 22. A method acconding to clsim 18, including the step of sending, in the computer system, data to the
computer software indicative of at least the signature field. .

23. A method according to claim  or 4, wherein the interactive clement is a drawing ficld related to the
compuser software, the method including the steps of identifying, in the computer system, that the uscr has entered a hand-
drawn picture by means of the sensing device and effecting, in the computer system, an operation associated with the

40  drawing field. ' :

24. A methed according to claim 23, including the step of activating, in the computer system. & hyperlink.

25. - A method acoording to claim 23 or 24, including the sicp of sending, in the computer system, data to
the computer software indicative of at least the drawing feld.

26. A method according to claim 1 or 4, including the step of printing the irterface surface on demand.
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A method according to claim 26, including the step of substantially simultancously printing the

interface surface and the coded data onto a substrate.

28.

A method according to claim 27, wherein the coded data is printed onto the surface 10 be substantially

invisible to an unaided human eye.

29,

A method according to claim I or 4, including the step of retaining a retrievable record of each

intexface surface printed, the interface sutface being retrievable using the identity contained in its associated coded data.

30.

A method according to claim 1 or 4, including the step of distributing 2 plurality of the interface

surfaces using a mixture of multicast and pointcast comnrwnications protocols.

31.

A method according to claim 1 or 4, the sensing device containing an identification means that

imparts a unique identity to the sensing device and identifies it as b-élonging to a particular user, wherein the method

includes the step of monitoring, in the computer system, said identity.

32,

A method according te claim 1 er 4, including the step of providing suffictent coded data relating to

the comptter sofiware in the interface surface 10 climinate the need for a separate display device.

33.

A method according to claim 1 or 4, wherein the interface surface is printed on multiple pages, the

method including the step of binding the pages.

4.

A methed according to claim 1 or 4, wherein the coded data includes at least one tag, each tag being

indicative of the identity of the region and the position of the tag within the region.

35

A method according to claim 34, wherein each of the tags include:

first identity data defining a relative position of that tag; and
second identity data identifying the surface.

36.
37
is.

A method accosding to claim 35, wherein the surface is defined by a substrate.
A method according to ¢laim 36, wherein the substrate is laminar,
A& method according to claim 35, wherein the tags are disposed at predetermined positions on the

39,

A method according to claim 38, wherein the tags are disposed on the surface within a tessellated

pattern comprising a plurality of tiles, cach of the tiles containing a plurality of the tags.

40,

surface.

41
42
43,
44,

A method according to claim 39, wherein the tiles interlock with cach other to substantially cover the

A method according to claim 40, wherein the tles are all of a similar shape.

A method according to claim 41, wherein the tiles are wiangular, square, rectangular or hexagonal,

A method according to claim 39, wherein the tags are disposed stochastically within each of the tiles.
A method according to claim 35, wherein each of the tags includes at least one common feature in

addition te the second identity data.

45.

A methed according to claim 44, wherein at least one common feature is configured to assist finding

and/or recognition of the 1ags by associsted tag reading apparatus.

46.

A method according to claim 44, wherein the at least. one common feature is represented format

incorporating redundancy of information.

47, Amcthod according to claim 46, wherein the at least one common feature is rotatiopally sjrnxneu-ic 50
as o be rotationally invariant. |

48. A method according to claim 46, wherein the at jeast one common feature is ring-shaped.

49. A method according 1o claim 35, wherein each of the tags includes at jeast one orientation feature for

anabling a rotational orientation of the tag being read to be ascertained.

30

A method according to claim 49, wherein the at lcast one orientation feature is represented in a format

incorporating redundancy of information.
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51. A method according to claim 50, wherein the at least one orentation feature is rotationatly
asymmetric.
52, A method according 1o claim 30, wherein the at least one orientation feature is skewed along its major

. .53, A method according to claim 35, wherein each of the tags includes at least one parspective feature for
enabling a perspective distortion of the tag being read to be ascertained. '

54. A method according to claim 53, wherein the 2t least one perspective feature includes at least four
sub-features which are not coincident. - |

55. A method according 10 claim 35, wherein each tag includes a plurality of tag elements, the first and
second identity data each being defined by a plurality of the elements.

56. A method according o claim 55, wherein the tag elements are disposed in one or rmore arcuate bands
around a central region of each tag.

57. A method according to claim 56, wherein there are a plurality of the arcuate bands disposed
concentrically with respect to each other.

58. A method according to claim 57, wherein each element takes the form of a dot having a plurality of
possible values.

59. A method according 1o claim 58, wherein the pomber of possible values is two,

60. A method according o claim 58, wherein when representing one of the possible values, the tag
¢lements absorb, refiect or flnoresce electromagnetic radiation of a plledctcrmined wavelength or range of wavelengths to
2 predetermined greater or lesser extent than the surface.

61. A method according 10 claim 58, wherein the possible values of the tag elements are defined by
different relative absorption, reflection or fluorescence of electromagnetic radiation of a predetermined wavélength or
range of wavclengths: - - ' S

62. A method according to ciaim 58, wherein the tags are not substantially visible to an average unaided

"--—gs—hﬂwmdcr-daylighmrm;bimﬁghﬁngmiﬁum - . R
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63. A method according to claim 58, wherein the tags are slightly visible 1o an average unaided human
eye under daylight or ambient lighting conditions.

64, A method according to claim 58, wherein the tags are visible to an average unaided human eye under
daylight or ambient lighting conditions.

65. A mecthod according to claim 35, wherein the first identity data is represented in a format
incorporating redundancy of information.

66. A method according to claim 35, wherein the second identity data is represented in a format
incorporating redundancy of information. )

67. A method according to claim 34, wherein the tags are printed onto the surface by means of a printer.- .-

68. A method according to claim 67, wherein the printer is an ink printer. '

9. A method aoourding to claim 68, wherein the tags are printed using ink that is absorbent or reflective
in the ultraviolet spectrum or the infrared spectrum. ' |

70. A method sccording to claim 67, wherein the printer also prints additional information onto the
surface. . |
;}l. A method according to claim 70, wherein the additional information is printed onto the surface using
colored or monochrome inks.

72. A method according to claim 71, wherein the additional information is printed onto the surface using
one of the following combinations of colored inks:

CMY.
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CMYK;

CMYRGB; and

spot colour.

73. A method according to claim 34, wherein at least a plurelity of the tags are disposed stochastically

5  uponthe surface. _
74. A method according to claim 34, wherein the tags are disposed in a regular array on the surface.
75. A method according to claim 74, wherein the array is triangular. -
76. A method according to claim 74, wherein the array is rectangular.
77. A method according to claim 75, wherein the tags are tiled over the surface.

10 78. A method according to claim 34 further including additional non-tag information disposed on the

surface. T

7. A method according to claim 1 or 4, wherein the region is identified with sufficient precision
distinguish the region from 10'* other regions.

B0. A method according to claim i or 4. wherein any 10 miflimetre diameter subregion of the region

15  includes sufficient coded data to identify the region.

g1. A method according to claim 80, wherein any 10 ﬁﬂimm subregion of the region inclades
sufficient coded data to identify at least one point of the region.

82, A system for cnabling user interaction with computer software running in a compulter system via:

an interface surface containing information relating 10 the computer software and including coded data

20  indicative of an identity of the interface surface and of at least one reference point of the interface surface; and

a sensing device which, when placed in an operative position relative to the interface surface. uses at feast
some of the coded data 1o sense indicating data indicative of: the identity of the interface surface; and a position of the
sensg device relative t;': the imerface surface;

the sysiem being configured 1o, in the computer systein:

25 {a)  receive the indicating data from the sensing device;

&) use the indicating data to identify al least one interactive element relating to the computer software;
and

{c) operate the computer sofiwart in accordance with instructions associated with the at least one
interactive clement,

30 83. A system according to claim 82, wherein the interactive element is associated with a zone of the
interface surface, the system being configured to use the position of the sensmg device to identify the zone and themb} the
interactive element. - ' Lo

84. A systsm according to claim 83, wherein the sensing device generates movement data indicative of its
-movement relative to the intesface surface using at least some of the coded dala. the computer system being confignred 16
B85  receive the movement data, wherein (b) includes using the movement data to identify the zone and thereby the interactive
element. .
85. A system acconding to claim 82, funther including the sensing device. -
86. A system for enabling user interaction with compuher software nmmng in a computer system, the
system including: ' | .
40 an interface swface containing information relating to the computer software and jncluding coded data

indicative of an identity of the interface surface and of at least one reference point of the interface surface;

the system being configured to, in the computer system: .

(a}  receive indicating data from a sensing-device, the indicating data being indicative of the identity of the
interface surface and a position of the sensing device relative (o the interface surface, wherein the sensing device, when
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placed in an operative position relative to the interface surfacs, senses the indicating data using at least some of the coded
data;

[1:}) usc the indicating data o identify at least one interactive element relating to the computer sofrware;
md .

{c) - operate the computer software in accordance with instructions associated with the at least one - -
interactive element. . .

87. A system according to claim 86, wherein the interactive eclement is associated with a zone of the
interface surface, the system being configured to use the position of the sensing device to identify the zone and thereby the
interactive element.

88. A system according to ¢laim 87, wherein the sensing device gencrates movement data indicative of its
movement relative to the interface surface using at least some of the coded data, the eomhumr system being configured o
receive the movement data, wherein (b} includes uzing the movement data to identify the zone and thereby the interactive
clewment.

89. A system according to claim 86, further including the sensing device.

90. A system according to claim 82 or 86, wherein the interactive element is a hyperlink element relating
to the computer software, the computer system being configured to effect an operation associated with the hyperlink
element..

9L A system according to claim %0, wherein the computer system is configured 1o send, to the computer
software, data indicative of the hyperlink element.

92. A system according to any one of claims 82 or 86, the computer being configured to send, to the
computer software, data indicative of a name and/or value of at k=ast one ficld related tothe computer software.

93. A system according 1o any one of claims 82 or 86, the computer being configured to send, to the
computer software, data indicative of a selected abject. :

94. A system according to claim 82 or 86, wherein the interactive clement is a checkbox ficld relating to

identify that the user has entered a hand-drawn mark by means of the sensing device; and ¢ffect an operation asscciated
with the checkbox field.

95. A system according to claim 94, wherein the computer system is configured to associate a ruc value
with the checkbox field. '

96. A system according to 95, wherein the computer system is configured to send data to the computer
software indicative of at least the checkbox Feld.

97. A system according to claim 84 or B6, wherein the interactive clement is a text field relating to the
computer sofiware, the computer system being configured to: ‘ '
identify that the user has entered handwritten lext data by means of the sensing device; and cffect an operation essociated
with the text field. 7

98. A system according to claim 97, the computer system being configured to convert the handwritten text
data to computer text. ' |

99. A system according to claim 98, the compuler system being configured to associate the computer text
with the text field. 7

100. A system according to 97, the compuler system being configured to send data to the computer
software indicative of at least the text field.

101. A system according to §1 or 86, wherzin the inlcractive element is a signature field relating 10 the
computer software, the compiter system being configured to:

identify that the user has entered a handwrilten signature by means of the sensing device; and
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effect an operation associated with the signature field.

102, A system according to claim 101. the computer system being configured to verify that the signature is
that of the user.

103. A system according to claim 102, the computer system being configured to use a signatore key
associated with the user to generate a digital signature of at least data indicative of a name and/or value of at last one field
related to the compurter software,

104. A system according o claim 103, the computer system being configured to associate the digital
signature with the signature field.

105. ~ A sysiem according to claim 101, the computer system being configured to send, to the computer
software, data indicative of at least the signature field. '

106. . A system according to any one of claims 82 and 86, wherein the interactive clement is a drawing field
1elated to the computer software, the computer system being configured to:

identify that the user has eptered a hand-drawn picture by means of the sensing device; and

effect an operation associated with the drawing field. '

107. A system according to method of claim 106, wherein the computer system is configured to activate a
hyperlink.

108. A system according 1o claim 107, the computer system being configured to send, to the computer
software, data indicative of at least the drawing field.

109. A systtm acconding 1o claim 84 or £6, further including the sensing device, wherein the sensing
device includes a marking nib.

110. A system according to claim 84 or 86, further including the sensing device, wherein the sensing
device contains identifying data indicative of an identity of the user s

111. A s}stem according to claim 110, the computer system being configured to monitor the identifying

112, A system according to claim 82 or 86, the computer system including a printer 1o print the information
onto the interface surface on demand.

113. A system according to claim 112, the computer system being configured to substantially
simultaneously print the information and the coded data onto the interface surface.

114. A system according to claim 82 or 36, wherein the coded data is substantially invisible to an unaided
human eye.

115. A system according to claim B2 or 86, the computer system being configured to retain a remrievable
record of each interface surface printed, the interface surface being retricvable using the identity contained in its
associated coded data. N : o -

116 A system according to claim 82 or 86, the information being sufficiently detailed in relation 1o the
coraputer soﬁwaremax a user can interact with the computer sys:érh without the need for a separate display device.

117. A system according to claim 82 or 86, the system being configured to distribute a plurality of the
interface surfaces using a mixture of multicast and pointcast communications protocols. .

118, A sysem pecording to claim 112, wherein the printer includes a binding mechanism for binding
multiple interface surfaces, defined by multiple comesponding pages, inte a bound document.

"119. A system according 1o claim 82 or 86, wherein the coded data includes at least one tag, each tag being
indicative of the idemtity of the region and the position of the tag within the region.

120. A system according to claim 119, wherein each of the 1ags include:

first identity data defining a relative position of that tag; and

second identity data identifying the surface.
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121. A system according to claim 120, wherein the surface is defined by a substrate.
122. A system according o claim 121, whetein the substrare is laminar.
123. A system according to claim 119, whercin the tags are disposed at predetermined positions on the
surface, -

124. A system according to claim 123, wherein the tags are disposed on the surface within a tessellated
pattsm comprising a plurality of tiles, each of the tiles containing a plurality of the tags,

125. A systcm according to claim 124, wherein the tiles interlock with each other to substantially cover the
surface.

126. A system according to claim 125, wherein the tiles are all of a similar shape.

127. A system according to claim 126, wherein the tiles are wriangular, square, yectangular or hexagonal.

128. A syslem according to claim 124, wherein the tags are disposed stochastically within each of the tiles.

129. A system according to claim 120, wherein each of the tags includes at lcast one common feature in
addition 10 the second identity data

130. A systema according to claim 129, wherein the at least one common feature is configured to assist
finding and/or recognition of the tags by associated tag reading apparatus.

131, A system acéording to claim 129, wherein the at least one common feature is represented format
incorporating redundancy of infornation.

132. A system according to claim 131, wherein the at least one common feature is rotationally symmetric
$0 as to be rotationally invariant.

133. A system according 10 claim 132, wherein the at Jeast one comimon feature is ring-shaped.

134. A system according to claim 119, wherein each of the tags includes at least one orientation feature for
enabling a rotational orientation of the tag being read 1o be ascertained.

135. A system according to claim. 134, wherein the at icast one orientation feature is represented in a
formal incorporating redundancy of information.

2b

40

136. A system according to claim 135, whereini e AL Jeast uﬁe—untmn—fcatmt:ﬂrrotauonaﬂy—
asymmetric,
137. A system according to claim 136, wherein the at least one orientation feature is skewed along its major

138. A system according to claim 119, wherein each of the tags includes at least one perspective feature for
enabling a perspective distortion of the tag being read to be ascertained.

139. A system according to claim 138, wherein the at least onz perspective feature includes at least four
sub—fcamrcs the relative positions of which define  non-degenerate quadrilateral.

140. A system according 10 ctaim 120, whesein each 1ag includes a plnnhly of tag elements, the first and
second identity data each being defined by a plurality of the elements. -

141. A system according (o claim 140, wherein the tag elements are d:sposcd in one or more arcuate bands
around a central region of each tag.

142. A system accordmg 1o claim 14}, wherein there are a plumlny of the arcuste bands disposed
concentrically with respect to ¢ach othcr

143. A system according to claim 123, wherein each element takes the form of a dot having a plurality of
possible values. - o

144. A system acconding to claim 143, wherein the number of possible vafues is two.

145. A system according to claim 143, wherein when representing one of the possible values, the tag
elements absorb, reflect or fluoresce electromagnetic radiation of a predetermined wavelength or range of wavelengths to
a predetermined greater or lesser extent than the surface.
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146. A system according to claim 143, 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 wavclengths.
147. A system according to claim 143, wherein the tags are not substantially visible to an average unaided

5  human eye under daylipht or ambient lighting conditions.
148, A systern according to claim 143, wherein the tags are slighily visible to an average unaided human
eye under daylight or ambiznt lighting conditions.
149. A system according to claim 143, wherein the tags are visible to an average unaided human eye under
daylight or ambient lighting conditions.
10 150. A system according to claim 120, wherein the first identity date is represented in a format
incorporating redyndancy of information.
151. A sysiem according to claim 120, wherein the second identity data is represented in a format
incorporating redundancy of information.
152. A system according to ¢laim 119, whercin the tags are printed onto the surface by means of a printer.
15 153, A system according to ¢laim 152, wherein the printer is an ink printer.
154. A system according to claim 153, wherein the tags are printed using ink that is absorbent or reflective
in the ultraviolet spectrum or the infrared spectrum.
155. A system according to claim 152, wherein the printér also prints additiopal information onto the
surface. ) ‘
20 156. A system according to claim 155, wherein the additional information is printed onto the surface using
colored or monochrome inks. . _
. 157, A system according to claim 156, wherein the additional information is printed onto the sucface using
one of the following cox\nbman‘ons of colored inks:
. MY o
25 CMYK:
CMYRGE; and
spot colour.
158. A system according to claim 119, wherein at least a plurality of the rags are disposed stochastically
' upon the surface.
30 1539. A systemaccotding to dﬁm 158, wherein the tags are disposed in e regular array on the surface.
160. A system according to claim [39, whercin the amay is triangular. '
161. A system according to claim 159, wherein the ssray is rectangular, 7
162, A system according to claim 159, whercin the tags are tiled aver the surface.
163. A system according to claim 119, further inchuding additional non-tag information disposed on the
35  surface. _
164. A sysiem according to claim 82, 86 or 119, wherein the region is identified with sufficient precision fo
distinguish the region from 10" other regions.
165. A system acconding to claim 82, 86 or 119, wherein any 10 millimetre diameter subtegion of the
rcgibn includes sufficient coded dala to identify the region.
40 166. A system according to claim 165, whercin any 10 millimetre subregion of the region includes

sufficient information to jdentify at I=ast one point of the region.

'  167. A method according 10 any one of claims 1 to 6, 35, 38 to 43, 55 to 64 or 67, whercin the coded daia
is machine readable and the information represented by the coded data is substantially inscrutable to an unzided buman.
168, A system according to any one of claims 82 10 88, 113, 119 to 124, 140 to 149 and 152, wherein the
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coded data is machine readable and the information represented by the coded data is substantally inserutable to an
unaided human.

169. A system according to any one of claims i to 3, 35, 36, 38, 51 or 52, wherein the sensing device
senses the fndicating data indicative of the position of the sensing device also using an offset position of the sensing
device relative to the at least some-coded data. .

170. A system according 1o claim 169, wherein the sensing devios is an optical sensing device and it
determines the offset position from a location of the at least some coded data in a field of view of the sensing device.

175. A sysiem according to claim 170, wherein the sensing device also determines the offset position from
perspective distortion of the at least some coded data in the field of view.

172. A system according to claim 170, wherein the scnsing device also determines the offset position from
a refationship berween the sensing device and the field of view. _

173 A method sccording to any one of claims 82 to 84, 119, 120, 123, 136 or 137, wherein the sensing
device senses the indicating datz indicative of the position of the sensing device also using an offset posilion of the
sensing device relative to the at least some coded data.

174. A method according to claim 173, wherein the sensing device is an optical sensing device and &t
determines the offset position from a location of the at lcast some coded data in a field of view of the sensing device,

175. A method according to claim §74, wherein the sensing device also determines the offset position from

- perspective distortion of the at least some coded dafa in the field of view.

176. A method according 1o claim 174, wherein the seasing device also determines the offset position from
a relationship between the sensing device and the Reld of view,
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