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IDENTITY-CODED SURFACE

FIELD OF INVENTION

The present invention relates generally to a method of defining 2 region in relation 1o a sorface, and to a
region so defined.

The invention has been developed primarily to provide the bhasis for a surface-based interfaée which aliows a
uscr to input and interact with information via a network, and to obtain interactive printed matter on demand via high-
speed networked color printers. Although the invention will largely be described herein with reference to this use, it will
be appreciated that the invention is not limited to use in this field.

CO-PENDING APPLICATIONS
Various methods, systems and apparatus relating to the present invention are disclosed in the foilowing co-
pending applications filed by the applicant or assignee of the present invention simultaneously with the present
applicarion: '
PCT/AUM/00518. PCT/AUQU/00519, PCT/AU0G/00520, PCT/AUN0/00521, PCT/AUOC/00523.
PCT/ALU00/00524, PCT/AU00/00525, PCT/AUC0/0526, PCT/AUR0A03Y7. PCT/AUD0/00528,
PCTIAUQM/00329, PCT/AUG0/00530, PCT/AUCQWIO053 1, PCT/AUQM003532, PCT/AUON00533,
PCT/AU00/00534, PCT/AU00/00535, PCT/AU00/00536, PCT/AUQ0/00337, PCT/AUCD/00538,
PCTIAUDD/00539, PCT/AUDOO0540, PCT/AUDD/D054T, PCT/AUDDO0542, PCTIAUC0/00543,
PCT/ALIONO0344, PCT/AUGG/00545, PCT/AUGN/00547, PCT/AUOMWI0346, I-PCT,’AUOOIOOSSG‘,
PCT/AL00/Q0556, PCT/AUQO/Q0S57, PCT/AUQG0558, PCT/ALQ0MAS39, PCT/AU0/MS60,
PCTIAUOOIOOS&I, PCT/AUQ00/00562, PCT/AUD0/00563, PCT/AUG0/00564, PCT/AUDD/00566,
FCT/AUG0/00567. PCT/AU0G/60568, PCT/AU00/00569. PCT/AUO0/00370, PCT/AU00/G057E,
FCT/AU00/G0572, PCT/AU00/00573, PCT/AUL0/R0574, PCT/AUO0MAQ0575, PCT/AUG0/00576,
PCT/AU00/00377, PCT/AUOD/A0578, PCT/ALO0A0579, PCT/ALIOY/00381, PCT/AU00/00580,
PCT/AUDD/00582. PCT/AUO0/0G387, PCT/AL00/00588, PCT/AUCU/C05RS. PCT/AU00/00583,
PCT/AUGH/00393. PCT/AU00/00590, PCT/AUN/00591, PCT/AUQ0/00542, PCTIAU00/00594.
PCT/AUD0/00595, PCT/AUDD/00596. PCT/AGONOD3YT, PCTIAUD0/DS9E. PCT/AU00/00516. and
PCT/AU00/00517.

The disclogures of these co-pending applications are incorparated herein by cross-reference.

3

BACKGROUND

Presently, the majority of forms for accepting input from a user are either printed on paper or displayed on 2
computer screch. With a paper-based form, the user writes information on the form by hand, usually in spaces or boxes
provided adjacent printed questions or instructions. The information is later keyed into a computer system for online
storage processing and storage. With a screen-based form, the user enters information into the form via a computer
keyboard. Both of these approaches have disadvantages. The screen-based approach is convenient to the form rcciﬁient.
but requires thar the user have access 1o a compuler system. By contrast, the paper-based approach only requires the user
10 apply pen 10 paper. but requires the form recipient to wait for manual delivery of the form and perform data entry of its

content.

RECTIFIED SHEET (RULE 91)
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DBJECT

It is an object of the present invention 1o combine advantages of paper-based forms and immediate oniine

information capture.
SUMMARY OF INVENTION
5 In a first aspect of the invention, there is provided a region defined in relation to a surface. coded data being

disposed within the region, wherein the coded data includes identity data for identifying the region.

Preferably, the coded data takes the form of at least one tag. In a preferred form, there are a plurality of lags
that substangially 1)l the region,

Preferably, each of the tags within a region are identical to each other, but are distinct from tags in a plurality

10 of oter regions.
In ane preferred embodiment, the tags are positioned stochastically within the region. In an alternative

.
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preferment, the tags are positioned in a regular array within the region.

In a second aspect of the invention, there is provided a method of producing a sarface baving a region, the
method including the steps of: ‘

(a) defining coded data, the coded data being indicative of:

a region identity associated with the region; and

a plurality of points within the region;

()] disposing the coded data within a regton on the surface

Preferably, in the first and second aspect, the coded data takes the form of at lzast one tag. In a preferred
form, there a plurality of the tags substantially fill the region.

Preferably, each of the tags within 2 region are identical to each other, but arc distinct from tags in a plurality
of other regions. - .

Ina particularly preferred form, the tags are printed onto a surface in the form of a piece of paper, and are
configured 1o 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 hurnan viewer under normal lighting conditions.
When a user brings a sensing end of the stylus close to Lﬁe surface, onc or more of the tags are jmaged, interpreted an'd
decoded to provide an indication of the identity of the region from which the tag was imaged. This information can be
used in a number of useful ways, including controlling a computer via interactive clements.

Further aspects of the invention will become apparegnt 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 desc:ribed: by way of non-limiting example

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

Figure 1 is a schematic of 5 the relationship between a sample printed netpage and its online page description;

Figure 2 is a schematic view of a interaction between 2 netpage pen, a Netpage plinter, a netpage page server, and a
petpage applicanon server;

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

Figure 4 is 2 schematic view of a high-leve] structure of a printed netpage and its online page description;

Figure 5 is a plan view showing a saqucture of a netpage tag:

Figure 6 15 a plan view showing a relationship between a set of the tags shown in Figure 5 and a field of view of 2 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 pen and its associated tag-sensing field-of-view cons; )

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

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

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

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

Figure 12a is an eniarged portion of Figure 12 showing a section of the dupiexed print engines and glue wheel assembly;
Figure 13 is 2 detailed view of the ink canridge, ink, air and glue paths, and print engines of the netpage printer of Figures
11 and 12;

Figure 14 i5 a schematic block diagram of a printer controller for the netpage printer shown in Figures 11 and 12;

Figure 15 is a schematic block diagram of duplexad print engine controllers and Memjet™ printheads associated with the
primeer controller shown in Figure 14;

Figure 16 is a schematic block diagram of the print engine controller shown in Figures 14 and 15;

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

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

Figure 19 is a serigs Of perspective views illustrating the operating cycle of the Memjer™ printing element shown in

Figure 13;

Figure 20 is a perspactive view of 2 short segment of a pagewidth Memjet™ printhead;
Figure 21 is a schematic view of a user class diagram;

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

Figure 23 is a schematic view of 2 pen class diagram;

Figure 24 {s a schematic view of an application class diagram;

Figure 25 i5 a schematic 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 a static element specialization class diagram:
Figure 29 is a schematic view of a hyperlink eiement class dizgram;

Figure 30 is 2 schematic view of a hyperlink element specialization class diagram;
Figure 31 is a schematic view of a hypetlinked group class diagram;

Figure 32 1s a schematic view of a form class diagram;

Figure 33 is a schematic view of a digital ink class dtagram:

Pigure 34 is a schemaric view of a field element specialization class diagram;
Figure 35 is a schematic view of a checkbox field class disgram;

Figure 36 is 2 schematic view of a text field class diagram;

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

Figure 38 is a flowchart of an input processing algorithm;

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 elass diagram;
Figure 40 15 a schematic view of a resource description class diagram;

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

Figure 42 is a schematic view of a history list class dizgrarm;

Figurs 43 is a schernatic 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 activarion protocol;

Figure 46 is a schematic view of a form submission protocol;

Figure 47 is a schematic view of 2 commission payment protocol;

Figure 48 is a schematic view of a st cf raddial wedges making up a symbol;
Figure 49 is a schematic view of a ring A and B symbol allocation scheme;
Figure 58 is a schematic view of a first ring C and D symbol allocation scheme;
Figure 51 is a schematic view of a second ring C and D symbol allocation scheme;
Figure 52 is a schematic view of a triangular tag packimg;

Figure 53 1s a perspective view of an icosahedron;

Figure 54 is a perspective view of an icosahedral geodesic with frequency 3;
Figure 55 is a schematic view of a minimwm tag spacing;

Figure 56 is 2 schematic view of a minimum tag spacing which avoids overlap;

Figure 57 is a schematic view of a first tag insettion case;

PCT/AUON/ 00570
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Figure 53 is a 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 a schematic view of a pen orfentation relative to 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;
Figure 66 is a schematic view of an interaction besween sampling frequency and tag frequency;
Figurc 67 is a table containing equations numbered 1 to 10;
Figure 68 is a table containing equations numbered 11 to 20;
Figure 69is a laI;le containing equations numbered 21 to 26;
Figure 70 is a table containing equations numbered 27 1o 34;
Figure 71 is a table containing equations numbered 35 to 41,
Figure 72 is a table conaining equations numbered 42 to 44;
Figure 73 is a table containing equations numbered 45 1o 47,
Figure 74 is a table containing equations numbered 48 to 51;
Figure 75 is a table containing equations numbered 52 to 54,
Figure 76 is a table coniaining equations numbered 55 to 57,
Figure 77 is a table containing equations pumbered 58 0 59,
Figure 78 is a table containing equalions numbered 640 63;
Figure 79 is a table containing equations nutnbered 64 to 74;
Figure 80 is a table containing equations numbered 75 to 86;
Figure 81 is a table containing equations numbered 37 to 99;
Figure 82 is a table containing egquations numbered 100 10 1115
Figure 83 is a table containing equations numbered 112 to 12(;
Figure 84 is a table containing equations numbered 121 to 120;
Figure 85 is a table containing a set of degenerate forms of equations 64 to 71;
Figure 86 is a first part of a 1able containing conditions and special handling for zero pitch and zero roll; and
Figure &7 is a the second parnt of the table of Figure 86.
DETAILED DESCRIPTION OF PREFERRED AND QTHER EMBCDIMENTS _
Note: Memjet™ is a trade mark of Silverbrook Research Pty Lid, Australia. .

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

in brief surmmary, the preferzed form of the netpage system employs a compuier interface in the form of a
mapped surface, that is, a physical surface which contains references to a map of the surface maintained in a computer
system. The map references can be, queried by an appropriste 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 among different maps. The computer
system can contain information sbout features on the mapped surface, and such information can be retrieved based on
map references supplied by a sensing device used with the mapped surface. The information thus retrieved can take the
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form of actions which are initiated by the computer systern on behalf of the operator in response o the operator's
interaction with the surface features. .

In its preferred form, the netpage system relies on the production of, and mman 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 page using ink which is substantially invisible to the wnaided human eye. The ink,
however, and thereby the coded data, can be sensed by an oprically imaging pen and transmitied to the netpage system.

In the preferred form, active buttons and hypeslinks on each page ¢an be clicked with the pen 1o request
information from the network of 1o signal preferences (o a network server. In one embodiment, 1ext writien by hand on a
netpage is awtomatically recognized and convened to computer text in the netpage systern, allowing forms 1o be filled in,
In other embodiments, signatuses recorded on a netpage are automatically verified, allowing e-commerce transactions 1o
e securely author_i.zcci: .

As iliustrated in Figure 1, & printed netpage ! 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 fizlds and a submit button. The netpage
consists of graphic datz 2 printed using visible ink, and coded data 3 printed as a collection of tags 4 vsing invisible ink.
The corresponding page description 5, stored on the netpage network, describes the individual elements of the netpage. In
particular it describes the lype and spatial extent (zone) of each interactive element (i.e. text field or button in the
examptle). to allow e netpage system 1o correctly interpret input via the netpage. The submii buston 6, for example, has a
zone 7 which corresponds tw the spatial extent of the corresponding graphic 3.

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

The netpage printer 601, a preferred form of which is shown in Figures 11 10 13 and described in more derail
below, is able to deliver, periodically or on demand, personalized newspapers, magazines, catalogs, brochures and other
publicarions. all printed at high quality as imteractive neipages. Unlike a personal computer, the nelpage 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 deparmire for the day. It atso comes in tabietop,
_desktop, portable and miniature versions.

Netpages printed at their point of consumption combine the easc-of-use of paper with the timelincss and
interactivity of an interactive medium. .

As shown in Figure 2, the netpage pen 101 jnteracts with the coded data on = ;?ﬁhtc& netpage | and
communicales, via a short-range radio Yink 9, the imteraction 1o a netpage prinier. The printer 601 sends the interaciion o
the relevant netpage page server 10 for interpretation. In appropriate circumstances, the page server sends a corresponding
messzge to application computer software running on A netpage application server 13. The application server may in tum
send a response which is printed on the originating prinker.

The netpage system is made considerably more conveniem in the preferred embodiment by being used in
conjunction with high-speed microetectromechanical system (MEMS) based inkjet {Mernjet™) printers. In the preferred
form of this technology. relatively high-speed and high-quality printing is made more affordable 10 corsumers. In its
preferred form, a netpage publication has the physical characteristics of a traditional newsmagazine, such as a set of lstter-
size glossy pages printed in full color on both sides, bound togcther for casy navigation and comfortable handling,

The netpage printer exploits the growing availability of broadband Internet access. Cable service is available
to 85% of households in the United States, and cable modem service offering broadband Intemet access is already
available to 20% of these. The netpage printer can also operate with slower connections, but with longer delivery times
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and Jower image quality. Indeed, the netpage system can be enzbled using cxisting consumer inkjet and laser primters,
although the system will operate more slowly and will therefore be less acceplablé from 2 consumer's point of view. In
other embodiments, the netpege system is hosted on a private intranet, In still other embodiments, the natpage system is
hosted on a single computer or computer-enabled device, such as a printer.

Netpage publication servers 14 on the netpage network are confipured to deliver print-quality publications o
netpage printers. Periodical publications are delivered amornatically to subscribing netpage printers via pointeasting and
multicasting Intemet protocols. Personalized publications are fittered and formatied according to individual user profiles.

A netpage printer can be configured to support any number of pens, and a pen can work with any number of
netpage printers. 1n the preferred implementation, each netpage pen bas a unique identifier. A household may have a
collection of colored netpage pens, one assigned to cach member of the family. This allows each user 10 maintain a
distinct profife with respect 10 a netpage publication server or application server.

A netpage pen ¢an also be registered with a netpage registeation server 11 and Jinked to one or more payment
card accounts. This sllows e-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 netpage pen includes fingerprint scanning, verified in a simitar way by the netpage regisuation server.

Although a2 nctpage printer may deliver periadicals 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 machine or e-mail account
which is visible to any junk mailer who knows the tclephone 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 diagyam consists of a set of object classes connected by relationships, and (two kinfls of relationships are of interest
here: associations and generalizations. An association represcats some kind of relationship between objects, ie. between
imstances 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 all objects of that class, and class A 1s a generalization of class B, then B is simpiy a subset of A.
The UML does not ditectly support second-otder modelling - i.e. classes of classes.

Each class is drawn as a rectangle labelled with the name of the class. It contains z list of the artributes of the
¢lass, separated from the name by a horizontal line, and a list of the operalions of the class. separated from the attribute
tist by 2 horizontal line. In the class diagrams which follow, however, operations are never modelled.

An association is drawn as a line joining two classes, optionally labelled at either end with the multiphicity of
the association. The default multiplicity is one. An asterisk (*) indicates & multiplicity of “many”, ;Lc“. ’Z.cro or more, Bach
azsociation is optionally labelled with its pame, and is also optionally labelled at either end with the role of the
corresponding class. An open diamond indicates an aggregation association (“is-part-of”), and is drawn at the aggregator
end of the association line.

A generalization relationship (“is-a”} is drawn as 2 solid line joining two classes, with an arrow {in the form
of an open triangle) at the generalization end.

When a ciass diagram 35 bfoken up into muitiple diagrams, any class which is duplicated is shown with a
dashed outline in all but the main diagram which defines ir. It is shown with attributes only where it is defined.

1.1 NETPAGES

MNetpages are the foundation on which a netpage network is buih. They provide 2 paper-based user interface
to published information and inleractive scrvices.

A netpage consists of a primted page (or other surface region) invisibly tagged with references 1o an online
description of the page. The online page description is maintained persistently by a netpage page server. The page
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description describes the visible layout and eontem of the page, including text, graphics and images. It also describes the
input tlements on the page, including buktons, hyperlinks, and input fields. A netpage allews markings made with a
netpage pen on its surface to be simultancously capuured and processed by the netpage system.

Multiple netpages'can share the same page description. However, to allow input through otherwise identical
pages 1o be distinguished, cach netpage is assigned a unique page identifier. This page ID has sofficient precision to
distinguish between 2 very large number of netpages. '

Bach reference 1o the page description is encoded in a printed tag, The tag identifies the unique page on
which i 2ppears, and thereby indirectly identifies the page description. The tag also idemtifies #ts own position on the
page. Characteristics of the tags arc described in more detail befow,

Tags are printed in infrarcd-absorptive ink on any substrate which is infrared-reflective, such as ordinary
paper. Near-infrared wavelengths are invisible 1o the human eye bul are easily sensed by a solid-state image sensor with
an approprizte Glter.

A tag is sensed by an area image sensor in the netpage pen, and the tag data is transmitted to the netpage
system via the nearest netpage printer. The pen i5 wireless and communicates with the netpage printer via a short-range
radio tink, Tags are sufficiently smnall and densely arranged that the pen can reliably image at least one tag even on =
5 e click on the page. It is important thal the pen tecognize the page D and position on every interaciion with the page,
since the interaction is stateless. Tags are error-correctably encoded to make them partially tolerant to surface damage.

The netpage page server maintains a unique page instance for each printed netpage, allowing it to maintain a
distinct set1 of user-supplied values for input fields in the page description for each printed netpage.

The relationship between the page description, the page instance, and the printed netpage is shown in Figure

4. The page instance is associated with both e netpage prister which printed it and, if known, the netpage user who

requested it.
1.2 NeveaGe Tags
1.2.1 Tag Data Content

In a preferred form, each 1ag identifics the region in which it appears, and the location of that tag within the
region. A tag may aso contain flags which relate to the region as 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 arca of the
tag. withou( the sensing device having to refer 10 a description of the region. A netpage pen may, for example, illurinate
an “active area” LED when in the zone of a hyperfink.

As will be more clearly explained below, in a preferred embodiment, each tag contains an easily recopnized
invaniant structure which aids initfal detection, and which assists in minimizing the cffect of any warp induced by the
surface or by the sensing process. The tags preferably lile the entire page, and are sufficiently smaii and densely arranged
that the pen can reliably image at least one 1ag cven on a single click on the page. 1t is important that the pen recognize the
page 1D and position on every interaction with the page, since the interaction is stateless,

In a preferred embodiment, the region to which a tag refers coincidgs with an entire page, and the region ID
encoded in the tag is therefore synanymous with the page [ of the page on which the tag appears. In other embodiments,
the rcgion to which a tag refers can be an arbitrary subregion of a page or other surface. For example, it can coincide with
the zone of s interactive element, in which case the region 1D can directly identify the interactive element.

Tabte ). Tag dala

Field Precision (bits)
Region 1D 100 __]
Tag 1D 16

lags 4
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ITotal 11 20 ]

Each tag contains 120 bits of information. typically allocased 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 continuously without increasing the rag ID precision simply by using abutting regions and maps. The 100-bit
region ID allows 2'® (~10% or a million trillion trillion) different regions to be uniquely identified.

122 Tag Data Encoding

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

Each 4-bit symbo] 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 evror (an error affecting multiple spatiatly adjacent hits)
damages a minimum number of symbols overall and a minimum number of symbols in any one codeword, thos
maxirmising the likelihood that the burst error can be fully corrected.

1.2.3 Physical Tag Structure

The physical represcntation of the tag, shown in Figure 5, includes fixed target structures 15, 16, 17 and
variable data arcas 18. The [ixed target strucmres allow a sensing device such as the netpage pen to delect the tag and
tnfer its three-dimensional orientation relative to the sensor. The data areas conlzin representations of the individual bits
of the encoded fag data.

To achieve proper tag reproduction, the tag is rendered at a resolution of 256x256 dots. When printed at 1600
dows per inch this yields a tag with a diareter of about 4 mm. At this resolution the 1ag is desigred to be surmounded by a
“guiet arca” of radius 16 dots. Since the quict area is also contributed by adjacent tags, it only adds 16 dots to the effective
diameter of the tag.

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

The detection ring 13 allows the sensing device to initially detect the tag 4. The ring is easy 10 delect becanse
it is rotationally invariant and because a simple ecrrection of its asﬁecl ratio removes reost of the effects of perspective
distortion. The orientation axis 16 allows the sensing device lo delermine the approximate planar orientation of the tag
due to the yaw of the sensor. The orientation axis is skewed to yield a unigue orientation. The four perspective targets 17
allow the sensing device to infer an accurate two-dimensional perspective transiorm of the tag and hence an accurate
three-dimensional position and orientation of the tag relative to the sensor.

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

The overall tag shape is citcular, This supports. amongst other things, optimal tag packing on an iregular
trianguiar grid. in combination with the circalar detection ting 15, this makes a circular arrangement of data bits within
the tag optimal. To maximise its size, each dam bit is represented by a radial wedge 510 in the form of an area bounded by
two radial lines 512, a radially inner arc 514 and a radially oulcr arc 516. Each wedge 510 has 2 minimum dimension of §
dots at 1600 dpi and is designed so that its base (i.c. its jnner arc 514), is at least equal to this minimum dimension. The
radial height of the wedge 510 is always equal to the minimmm dimension. Each 4-bit data symbol is represcnted 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 allocated to the four concentric symbol rings 18a
to 18d, shown in Figure 5, in interleaved fashion a5 shown in Figurcs 49 to 51. Symbols of first to sixth codewords 520-
525 are allocated alternately in circular progression around the tag.

The interleaving is designed to maximise the average spatial distance between any two symbols of the same
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codeword.

1n order to support “singie-click” inferaction with a tagged region via a sensing device, the sensing device
must be able 1o sce at least one enlire tag in its field of view no matter where in the Tegion 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 ficld of view is obtained when the tags
are tiled on a equilateral triangular grid, as shown in Figure 6.

1.24 Tag Image Protessing and Decoding

The tag image processing and decoding performed by a sensing device such as the netpage pen is shown in
Figure 7. While a captured imnage is being acquired from the image sensor, the dynamic range of the image is determined
{at 20). The center of the range is then chosen as the binary threshold for the image 21, The tmage is then thresholded and
segmented info connected pixel regions (ie. shapes 23} (at 22). Shapes which are too small to represent tag target
structures are discarded. The size and cenmoid of each shape is also computed.

Binary shape moments 25 are then compuled (at 24) for cach shape, and these provide the basis for
subsequently locating target structures. Central shape moments are by their narure invariant of position, and can be easily
made invariant of scale, aspect ratio and rotation.

The 1ing target structure 15 is the first 1o be located {at 26). A ring has the advantage of being very well
behaved when perspective-distorted. Matching proceeds by aspect-normalizing and rotetion-normalizing each shape’s
moments. Once its second-order moments are normalized the ring is easy 10 recognize even if the perspective distortion
was significant. The ring’s original aspect and rotation 27 together provide a useful approximation of the perspective
transform.

The axis target structure 16 is the next 10 be located (at 28). Matching proceeds by applying the ring’s
normalizations 1o each sbape’sl moments, and rotation-normalizing the resulting moments. Once its second-order moments
are normalized the axis target is easily recognized. Note that one third order moment is reguired to disambiguate the two
possible orientations of the axis. The shape is deliberately skewed (o one side to make this possible. Note also that it is
only possible to rotation-normalize the axis targef atter it has had the ring’s normalizations applied, since the perspective
distortion can hide the axis target’s axis. The axis target's oniginal rutation provides a useful approximation of the tag's
rotation duc to pen yaw 29. )

The four perspective target strucures 17 ate the last 1o be located (at 30). Good estimates of their positions
are computed based on their known spatial relationships to the ring and axis targets, the aspect and rotation of the ring,
and the rotation of the axis. Matching proceeds by applying the ning's normalizations to ¢ach shape’s moments. Once their
second-order moments are normalized the cironlar perspective targets are easy \o recognize, and the lar-gﬂ closest 1o each
estimated position is taken as 2 yuatch. The original centroids of the four perspective targets are then taken to be the
perspective-distorted comers 31 of a square of known size in tag space, and an eight-degree-of-frecdom perspective
wansform 33 is inferred (at 32) based on solving the well.undersiood equations relating the four tag-space and image-
space point pairs.

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-valusd pesition is used 1o 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 all 360 data bits 37 have boen obtained in this way, each of the six 60-bit Reed-Solomon codewords is
decoded (al 38) 1o yield 20 decoded bits 39, or 120 decoded bits in total. Note that the codeword symbaols are sampled in
codeword order, so that codewords are implicitly de-interleaved during the sampling process.

The ring target 15 fs only sought in a subarea of the image whose relationship to the image suarantees that the
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ring, if found, 15 pan of a compiete tag. If a complete tag is not found and successfully decoded, then no pen position is
recorded for the current frame. Given adequate processing power and ideally a non-minimal ficld of view 193, an
alternative strategy involves seeking another 1ag in the cument image,

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

1.2.5 Tag Map

Decoding a tag results in a region [D, a tag ID, and a tag-relative pen transform. Before the tag 1D and the
tag-relative pen locatjon can be tanslated into an absolute location within the tagged region, the location of the tag within
the region must be léﬁown. This is given by a tag map, a function which maps each tag ID in a 1agged region 1o a
corresponding 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 nwmbering scheme, they can also share
the same 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
transform, the tag map can be retrieved, the tag ID can be wanslated into ap absolute tag location withio the region, and
the tag-relative pen location can be added to the tag location to yield an absolute pen location wiihin the region.

1286 Tagging Schemes

Two distinet sarface coding schemes are of interest, both of which use the tag, stmcture described earlier in
this section. The preferred coding scheme uses “location-indicating™ [ags as aiready discussed. An alternative coding
scheme uses object-indicating tags.

A location-indicmilng tag contains a tag ID which, when translated through the tag map associated with the
tagged region, yields a 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
10 a user interface element in the page description associated with the region. Net only is the user interface element itself
identified, but a location relative to the user interface element is identified. Location-indicating tags therefore uivially
support the capture of an absolute pen path in the zone of a perticular user inlerface element,

An object-indicating tag contains a tag 1D which directly identifies a user interface element in the page
description associaled with the region. All the tags in the zone of the user interface element identify the user interface
element, making them ali identical and therefore ndistinguishable. Object-indicating tags do not, therefore. support the
capture of an absolute pen path. They do, however, suppon the capture of a relative pen path. 56 Ion;g as the position
sampling frequency exceeds twice the encountered tag frequency, the displacement ffom one sampled pen position to the
wext within a siroke can be unambiguoasty determined. )

Assume a sampling wavelength of s and a tag wavelength of A, with a relationship as 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 asspmption that both EQ 39 and EQ 40 hold must be incorrect, and the
choice is therefore unambiguous, as stated.

The iliustration in Figure 60 shows four 1ags 500 and a one-dimensional stroke of six sample positions 582
which satisfy EQ 38. Possible aliases 584 of the sample positions are also shown. From inspection, if the distance from
one sample position to the next is Ay then the distance from 2 sample position to the alias of the next sample position
exceeds .
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I the tag wavelength A7 is 4.7 mum, as discussed in earlier, then the sampling wavelength A5 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 fess than 235 mmv/s to satisfy EQ 38.

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

1.3 DOCUMENT AND PAGE DESCRIPTIONS

A preferred embodiment of a document and page description class diagram is shown in Figures 235 and 26.

In the netpage system a document is described at three levels. At the most abstract leve] 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, etc. Ouce the decument is printed on a printer with a particular page size and according to 2
particular user’s scale factor preference, the document is paginated and otherwise formatied. Formarted terminal elements
835 will in some cases be associaied with content objects which are different from those associated with their

corresponding terminal elemenis, particularly where the content objects are style-refated. Each printed inswance of a

.document and page is also described separately, 1o 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 abstract document description on the page server atlows a user to request a ¢copy of
a document without being forced to accept the source document’s specific format. The user may be requesting a copy
through a printer with 2 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.

A formatied document 834 cousists of a set of formatted page descriptions 3, each of which consists of a set
of formarted terminal elements 833. Each formatted element has a spatial extent or zone 58 on the hage. This defines the
active area of input elements such a5 hyperlinks and input fieids.

A document instance 83} corresponds to a formated document 834, 1t consists of a set of page instances 830,
each of which corresponds to a page description 3 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 insiance if
it represents a copy of a page requested in isolation.

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

A termina) element can be a static element 843, a hyperlink element 844, a field eleméi:i 845 or a page server
command element 846, as shown in Figure 27, A static element 843 can be a styie element 847 with an assocjated style
object 854, a texiflow ¢lement 848 with an associated sryled text object 855, an image elermnent 849 with an associated
image element 856, a praphic element 850 with an associated graphic object 857, a video clip clement 851 with an
associated video clip object 238, an audio clip element B52 with an associated audio clip object 859, or a script clement
853 with an associated script object 860, as shown in Figure 28,

A page instance has a background field 833 which is used o record any digital ink captured on the page
which does not apply 10 2 specific input element.

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

1.4 THE NETPAGE NETWORK

In a preferred embodiment, a nelpage network consists of a distributed sei Of netpage page servers 10,

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

The petpage registration server 11 is a server which records relationships between wsers, pens, printers,
applications and publications, and thereby authorizes various network acbvities. It aothenficaies users and acts as a
signing proxy on behalf of authenticated users m 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, each handiing a subset of page instances. Since a
page server also maintains user input values for each page instance, clients such 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 1Ds 51 on demand, and provides load-balancing of page servers
viaits 1D aJlocatior}_ schcme

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

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

Metpage servers can be bosted on a variety of network server platforms from manufacturers such as IBM,
Hewiett-Packard, and Sun. Multiple netpage servers can mn concurrently on a single host, and a single server can be
distnbuted over a number of bosis. Some or all of the funciionality provided by neipage servess, and in particular the
functionality provided by the 1D server and the page server, can also be provided directly in a netpage 2ppliance such as a
netpage printer, in a computer workstation, or on a Jocal network.

1.5 THE NETPAGE Pmn{ren _

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 connecled to the netpage
network via a network such as the Intemnet, ideally via a broadband connection.

Apart from identity and secarity settings in non-volatile memary, the netpage printer contains no persistant
storage. As far as a user is concemed, "the network is the computer”. Netpages funcuon interactively across space and
lime with the help of the distributed netpage page servers 10, independently of particular netpage printers.

The netpage printer receives subscribed neipage documents from ncipage publication servers 14. Each
document is distributed in two parts: the page layouts, and the actual text and image objects which populate the pages.
Because of personalization, page layouts are typically specific o a particolar subscriber and so we poinicast o the
subscriber’s printer via the appropriate page server. Text and image objects, on the other hand, are:typiéally shared with
other subscribers, and so are molticast 1o all subscribers’ printers and the appropriale page servers.

The netpage publication server optimizes the segmentation of document content into pointcasts and
multicasts. After receiving the poinicast of a document's page layouts, the printer knows which muliicasts, if any, to listen
to.

Once the printer has received the complete page jayouts and objects thal define the document to be printed, it
can print the document.

The printer rasterizes and prints odd and even pages simultaneously on both sides of the sheet. It contains
duplexed print engine conirollers 760 and print engines wilizing Memjet™ printheads 350 for this purpose.

The printing process consists of two decoupled stages: rasterization of page descriptions, and expansion and
printing of page images. The raster image processor (RIP) consists of one or more standard DSPs 757 nnning in paralle],
The duplexed print engine controllers consist of custom processors which expand, dither and print page imapes in yeal
ime, synchronized with the operation of the printheads in the print engines.
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Printers not enabled for IR printing have the option to print tags using IR-absorptive black ink, although this
Testricts tags to otherwise empty areas of the page. Although soch pages have more limited functionality than IR-printed
pages, they are still classed as netpages.

A normal netpage printer prints netpages on sheets of paper. More specialised netpage printers mzy print onto

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

tiling scherne, and hence tag map, for each surface type. The tag map 811 which describes the tag tiling scheme actually
used to print 2 document becomes associated with that document so that the document's tags can be correctly interpreted.

Figure 2 shows the netpage printer class diagran, reflecting printer-related information maintained by a
registration server 11 on the netpage network.

A pieferred embodiment of the netpage printer is deseribed in greater detail in Section 6 below, with reference
to Figures 11 to 16. s
1.5.1 Memjet™ Printheads

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

acceptance, it is desirable that a netpage printer have the following characteristics:

. photographic quality color printing
. high quality text printing

. high reliability

. low printer cost

- {rw ink cost .
- low paper cast

* simnple operation -,

- nearly silent printing

. high printing speed

. simultaneous double sided printing
. compact form factor

. low power consumption

No comimerciat(y available prigting technology bas all of these characteristics.

To enabie 10 production of printers with these characteristics, the present applicant has invented a new print
technology, referred to as Memjes™ technology. Memjet™ is a drop-on-demand inkget technology that incorporates
pagewidth printheads fabricated vsing microeleciromechanical systems (MEMS) technology. Figure 17 shows a single
prinung element 300 of a Memjet™ printhead. The netpage wallprimer incorporates 168960 pﬁ'niiﬁg elements 300 to
form a 1600 dpi pagewidth duplex printer. This printer simultaneously prints cyan, magenta, yellow, black, and infrared
inKks as well as paper conditioner and ink fixagive.

The printing element 300 is approximately 110 microns long by 32 microns wide. Arrays of these printing
clements are formed on a silicon substrate 301 that incorporates CMOS logic, data trapsfer, liming, and drive circuits (not
shown).

Major elements of the printing element 300 are the nozzic 302, the nozzle rim 303, the nozzle chamber 304,
the fluidic seal 305, the ink channel rim 306, the lever arm 307, the active aciuator beam pair 308, the passive aciuator
beam pair 309, the active actuator anchor 310, the passive actuator anchor 311, and the ink inlet 312.

The active achrator beamn pair 308 is mechanically joined to the passive actuator beam pair 309 at the join
319. Both beams pairs are anchored ar their respective anchor points 310 and 311. The combination of elements 308, 309,
310, 311, and 319 form a cantilevered electrothermat benrd actuator 320,
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Figure 18 shows a small part of an array of printing elemnents 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 element 300.

Figure 19(a) shows the quiescent position of the ink meniscus 316 prior to printing an ink droplet. Ink is
retained in the nozzle chamber by surface tension at the ink menisens 316 apd a1 the fluidic seal 305 formed between the
pozzle chamber 304 and the ink channel vim 306.

While printing, the printhead CMOS circuiiry distributes data from the print engine controiler to the corect
printing ¢lement, lalches the data, and buffers the data to drive the electrodes 318 of the active actuator beam pair 308.
This causes an electrical current to pass through the beam pair 308 for about one microsecond, resulting in Joule heating.
The temperature ipcrcase resulting from Joule heating causes the beam pair 308 to expand. As the passive actuator beam
pair 30% is not heated, it does not expand, resuliing in a stress difference between the two beam pairs. This stress
difference is partially resolved by the cantilevered end of the electrothermal bend actuator 320 bending towards the
substrate 301. The lever arm 307 transmits this movement to the nozzle chamber 304. The nozzle chamber 304 moves
about two microns to the position shewn in Figure 19(b). This increases the ink pressure, foreing ink 321 out of the nozzle
302, and causing the ink meniscus 316 to bulge. The nozzle rim 303 prevents the ink meniscos 316 from spreading across
the surface of the nozzle chamber 304, )

As the temperature of the beam pairs 308 and 309 equalizes, the actuator 320 retumns o its original position.
This aids in the break-off of the ink droplet 317 from the ink 32! in the nozzle chamber, as shown in Figure 19(c). The
nozzle chamnber is refilled by the action of the surface tension at the meniscus 316.

Figure 20 shows a segment of a printhead 350. In a netpage printer, the length of the printhead is the full
width of the paper (fypically 210 mm) in the direction 351, The segment shown is 0.4 mm Jong (about 0.2% of a complete
printhead). Whern printing, the baper is moved past the fixed panthead in the direction 352, The printhead has 6 rows of
interdigitated printing elements 300, printing the six colors ar types of ink supplied by the ink inlets 312.

To protect the fragile surface of the printhead during operation, a nozzle guard wafer 330 is aijached to the
printhead substrate 301, For each nozzle 302 there is a comesponding nozzie guard hole 331 through which the ink
droplets are fired. To prevent the nozzie guard holes 331 from becoming blocked by paper fibers or other debnis, fillered
air 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 while the printer is idle.

1.6 The Netpage Pen

The active sensing device of the netpage system is typically a pen 101, which, using iis embedded controtler
134, is able o caprure and decode IR position tags from a page via an image sensor. The image‘s'ensor is a solid-state
device provided with an appropriate filter to permit senising at only near-infrared wavelengths. As described in more détail
below, the system is able to sense when the nib is in contact with the surface, and the pen is able lo sense fags at a
sufficient rate to capture human handwriting (i.e. at 200 dpi or greater and 100 Hz or faster). Information capiured by the
pen is encrypted and wirelessly transmitted to the printer (or base station), the printer or base station interpreting the data
with respect to the (known) page structure.

The preferred embodiment of the netpage pen operates both as a normal marking ink pen and as a non-
murking stylus. The marking aspecl, however, is not necessary for using the netpage system 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 [D G1.
Figure 23 shows the netpage pen class diagram, reflecting pen-related jnformation maintained by a registration server 11
an the netpage network.

When sither nib is in contact with a netpage, the pen determines Ws position and orientation selative to the
page. The nib is atached to 2 force sensor, and the force on the nib is interpreted relative to 2 threshold to indicate
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whether the pen i3 “up” or “down”. This allows = interactive element on the page to be ‘clicked” by pressing 'with the pen
pib, in order to request, say, information from a network. Furthermore, the force is captured as a comtinuous value to
allow, say, the fll dynamics of a signature m‘r_x: 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 1ag 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 reselution of the 1ag may be léw, because the tag density on the page is inversely proportional to
the tzg size, the adjusted position resolution is quite high, exceeding the minimum resolution required for accurate
handwriting recognition.

Pen actions relative to a netpage are captured as a series of sﬁokes. A stroke consists of a sequence of time-
stamped pen poshio:is on the page, injtiated by a pen-down event and completed by the subscquent pen-up event. A stroke
is also tagged Wiﬁl the page 1D 50 of the nctpage whencver the page ID changes, which, under normal circumstances, is at
the commencement of the stroke.

Each netpage pen has a current selection §26 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 peried. The curent
selection describes a region of a page instance. It consists of the most recent digital ink stroke captured through the pen
relative to the background arez of the page. It is interpreted in an application-specific manner once it is submitted o an
application via 2 setection hyperlink activation.

Each pen has a current nib 824. This is the nib last notified by the pen to the system. In the case of the default
netpage pen described abaove, either the marking black ink nib or the non-marking stylus nib is current. Each pen also has
a current nib style 825. This is the nib style last associated with the pen by an app!icalio‘n, e.g. in response o the user
selecting a color from 2 pale{te. The default nib style is the nib style associated with the current nib, Smokes captured
through a pen are tagged with ﬁ:c current nib style. When the strokes are subsequently reproduced, they are reproduced ic
the nib style with which they are tagged.

Whenever the pen is within tange of a printer with which it can communicate, the pen slowly flashes its
“online” LED. When the pen fails to decode a stroke relfative to the page, it momentarily activaies its “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 referred to as digital ink- Digical 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 shon-range radio link. The
transmitted digital ink is encrypted for privacy and security and packetized for efficient transmission, but is always flushed
on 2 pen-up event o ensure limely handling m the printer. e )

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

A pen can be regisiered with any number of printers, but becausc all state data resides in netpages both on
paper and gn the network, it is largely immaterial which printer 2 pen is communicaling with at suy particular time.

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

1.7 NETPAGE INTERAGTION

The netpage printer 601 receives data relating to a stroke from the pen 101 when the pen is vsed to interact
with a netpage 1. The coded data 3 of the tags 4 is read by the pen when it is used to execute a movement, such as a
stroke. The data allows the identity of the particular page and associated interactive element to be determined and an
indication of the relative positioning of the pen relative to the page to be obtained. The indicating data is transmitted 10
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the printer, where it resolves, via the DNS, the page ID 50 of the stroke into the network address of the retpage page
server 10 which maintains the corresponding pape instance 830. It then transmits the stroke to the page server. If the page
was recently identified in an eariter stroke, then the printer may already have the address of the relevant page server in its
cache. Each netpage consists of 2 compact page layout maintained persistently by a netpage page server (see below). The
page layout refers to objects such as inxiges, fonts and pieces of text, typically stored elsewhere on the netpage network.

‘When the page server receives the stroke from ihe pen, i retrieves the page description to which the stroke
applies, and determines which element of the page deseription the stroke intersects. 1t is then able to interpret the stroke in
the context of the type of the relevant element.

A “click™ is a stroke where the distance and time between the pen down position and the subsequent pen op
position are both less than some small maximum. An object which is activated by a click typically requires 2 click 1o be
activated, and accqrdingly. a longer stroke is ignoted. The faflure of a pen action, such as a “sloppy” click, to register is
indicated by the Iabk of response from the pen's “ok” LED.

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

1.7.1 Hyperlinks

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

A hyperlink element 844 identifies the application 71 which handles zactivation of the hyperlink, a link ID 54
which identifies the hyperlink to the application. an “alias required” flag which asks the system to include the user's
application atias 1D 65 in the hyperlink activation, and a description which is used when the hyperlink is recorded as a
favorite o1 appears in the user”s history. The hypetlink element class diagram is shown in Figure 29,

When a hyperlink is activated, the page server sends 2 Tequest 1o an application somewhese on the nepwork,
The application is 1dentified b’y- an application 1D 64, and the application ID is resolved in the normal way via the DNS.
There are three types of hyperiinks: general hyperiinks 863, form hyperlinks 865, and selection hyperlinks 8064, as shown
in Figure 30. A general hyperlink can implement a request for a linked document, or may simply signal a preference to a
server. A form hyperlink submits the corresponding form to the application. A selection hvperlink submits the current
selection to the application. If the current selection contains a single-word piece of text, {ur example, the application may
return a single-page document giving the word's meaning within the context in which it appears, or a transiation into a
different language. Each hyperlink type is characterized by what information is submitted o the application.

The comresponding hyperlink instance 862 records a transaction 1D 55 which can be specific to the page
instance on which the hyperlink instance appears. The transaction 1D can identify user-specific data to the application, for
example a “shopping cart” of pending purchases maintained by a purchasing application on bchalf Ic‘nf‘thé. user.

The system includes the pen's current selection 826 in a selection hyperlink activation. The system includes
the content of the associated form instance 868 in a form hyperlink activation, although if the hyperlink has its *‘submit
delta™ artribute sei, only input since the last form submission is included. The system includes an effective veturn path in
all hyperlink activations.

A hyperlinked group 866 is a group ¢lement 838 which has an associated hyperlink, as shown in Figure 31.
When input occurs through any field element in the group, the hyperlink 844 associated with the group is activated. A
hypetlinked group can be used to associate hyperlink behavior with a field such as a checkbox. It can also be used, in
conjunction with the “subinit delta” attribute of a form hyperlink, 10 provide continuous input to an application. Y can
therefore be used 1o support a “blackboard” interaction model, i.e. where input is capivied and therefors shared as soon as
it oceurs.

1.72 Forms
A form defines a colicction of relaied input fields used to capture a related set of inputs through a printed
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netpage. A form allows a user to submit one or more parameters to an application software program running on a sgsver,

A form 867 is a group element 838 in the document hierarchy. it ultimately contains a set of termminal 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 1o the field ¢lements 845 of the form. Each field mstance has an associated value 871, whose type depends on
ﬂ')e type of the corresponding field element. Each field value records input through a particular printed form instance, i.e.
through onc or more printed netpages. The form class diagram is shown in Figure 32.

Each form instance has a status 872 which mdicates 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 jts submission hyperlinks has been acrivated, unless the hyperiink has its “submit delta™ attribute set. A form becomes
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 a{:tive’ exceeds the form's specified liferime. While the form is active, form input is allowed. Input through
2 form which is ﬁcl active is instead capturad in the background field 833 of the rclevant page instance. When the form is
active or frozen, form submission is allowed. Any attempt to submit a form when the form is not active or frozen is
rejected, and instead elicits an form status report, A

Each form instance is associated (at 59) with any form instances derived from it, thus providing a version
history. This allows all but the latest version of a form in a panicular time period 1o be excluded from a search.

All input is captured as digisal ink. Digital ink 872 consists of a set of timestamiped stroke groups 874, each of
which consists of # set of styled strokes 875. Each stroke consists of a set of timestamped pen positions 876, each of
which also includes pen orientation and nib force. The dighal ink class diagram is shown in Figure 33,

A field element 845 can be a checkbox field 877, a text field 878, a drawing field 879, or a signaturc field
820. The feld element class diagram is shown in Figure 34. Any digilal ink captured in a field’s zone 58 is assigped 1o the
field. . .

A checkbox ﬂcid.has an associated boolean value 881, as shown in Figure 35. Any mark (a tick, a cross, a
stroke, a fill zigzag, etc.) captured in # checkbox ficld’s zone causes a rue value to be assigned to the field's value,

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

A signature field has an assvciated digital signawre value 883, as shown in Figure 37. Any digital ink
capiured in a signature field’s zone ts automatically verified with respect to the identity of the owner of the pen, and a
digital signature of the content of the form of which the feld is part 13 generated and assigned 10 the field’s value. The
digital signature is generaied using the per user’s private signatere key specific 1o the application which owns the form,
Online signature verification is well-understood (see for exampie Plamondon, R. and G. Lorette, “Automatic Signarure
Verification and Writer Identification - The State of the Art”, Patiern Recognition, Vo122, No.2, 1989).

A field element is hidden if its “hidden™ attribatc is set. A hidden field efement does not have an input 2one
on a page and does not accept input. It can have an associated field value which is included in the form data when the
form containing the field is submitted. .

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

Because the handwriting recognition algorithm works “online™ (i.e. with access to the dynamics of the pen
movement), rather than “offline” (i.e. with access only to z bitmap of pen markings). it can recognize tun-oun discretely-
written characiers with relatively high accuracy, without a wrilerdependent training phase. A writer-dependent model of
handwriting is automatically generated over time, however, and can be generated up-front if necessary,

Digital ink, as already stated, consists of a sequence of strokes. Any stroke which starts in a particular
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clement's zone is appended to that etermnent’s digital ink suweam, ready for interpretation. Any stroke not appended Lo an
ohject’s digital ink stream is appended to the background field’s digital ink stream.

Digital ink captured in the background field is interpreted as a selection gesture. Circumscription of one or
more objects is generally interpreted as a seleciion of the circumseribed objects, although the actval inerpretation is
application-specific.

Table 2 summarises these various pen interactions with a netpage.

Table 2. Summary of pen interactions with a netpage

Object Type Pen input Action
Hyperink General Click Submit action to application
Form™ -, Chick SGbmit form 1o appiication
S;election Click Submit selection to application
Farm fieid Checkbox mark Assign true to field
iText Handwriting Convert digital ink to text; assign 1ext 1o field
Drawing Digital ink Assign digial ink 1o field
ISignature Signature \Verify digitat ink signature; generate digital
pignature of form; assign digital signature to
jeid
None - Circumseription ssign digital ink to current selection

The system maintains a current selection for each pen. The selection consists simply of the most recent siroke
captured in the background field. The selection is cleared after an inactivily imeout to ensure predictable behavior.

“The raw digital ink captured in every field is retained on the netpage page server and is optionally ransmitied
with the fortn data when the fornn is submitted to the application. This allows the application to interrogate the raw digital
ink should it suspect the originaj conversion, such as the conversion of handwritten text. This can, for example, involve

human interventon at the application level for fonms which fadl certain appiication-specific consistency checks. As an

_ extension o this, the entire background area of a form can be designated as a drawing fietd. The application can then

decide, on the basis of the presence of digital ink outside the explicit ficlds of the form, to route the form 10 a human
operator, of e assumption that the user may have indicated amendments to the filled-in ficlds outside of these fields.

Figure 38 shows a flowchart of the process of handling pen input telative to a netpage. The process consists
of receiving (at 884) a stroke from the pen; identifying (at 885) the page instance §30 to which the page ID 50 in the
stroke refers; retrieving (ot £§6) the page description 5; identifying (at 887) a formatted element 8.‘%9' w'hose zone 58 the
stroke intersects; determining {at 388) whether the formatied etement comresponds o a field elemeny, and if so appending
(at 892) the received stroke to the digital ink of the ficld value 871, interpreting (at 893) the accumulated digital ink of the
field, and determining (at 894) whether the ficld is part of a hvperlinked group 866 and if so activating (at 895) the
associated hyperiink; alternatively determining (at 889) whether the formatted element corresponds o a hyperlink element
and if so activating (at 895) the corresponding hyperlink; alternatively, int the absence of an input field or hypertink,
appending (at 890) the received streke to the digital ink of the background field £33; and copying {(at 891) the received
stroke to the current selection 826 of the current pen, as majntained by the registration server.

Figure 38a shows 2 detailed flowchart of step 893 in the process shown in Figure 38, where the accumulated
digital ink of a field is interpreted according to the type of the field. The process consists of determining (a1 896) whether
the fleld is a checkbox and (at 897) whether the digital ink represents a checkmark, and if so assigning (at 898) a mue
value to the field value; alternatively determining (at 899) whether the field is a text fizld and if so converting (at 900) the
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gigital ink 1o computer text, with the help of the appropriate registration server, and assigning (a1t 901) the converted
computer ext to the ficld value; allematively determining (at 902) whether the field is a signature field and if 50 verifying
(a1 903) the digital ink as the signatore 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 owner's private signature key relating to the comesponding application, and assigning (ar 905) the digital

signarure (o the field value
1.7.3 Page Server Commands

A page server cormmand is 2 command which i5 handied locaily by the page server, It operates directly on
form, page and document instapces. )

A page server comunand 907 can be a void form command 908, a duplicate form command 909, a reset form
command 910, a_gct. form states command 911, a duplicate page command 912, a Teset page conunand 213, a get page
stams command 914, a duplicate document command 915, a reset document command 916, or a get document status
command 917, as shown in Figure 39.

A void form command voids the coivesponding form instance. A duplicate form command weids the
comesponding form instance and then produces an active printed copy of the current form instance with field values
preserved. The copy contains the same hyperlink transaction IDs as the original, and so is indistinguishable from the
originat 1o an application. A resel form command voids the coresponding form instance and then produces an active
pritied copy of the form instarce with field values discarded. A get form status comrnand produces a printed report on the
status of the comresponding 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 TD, the application has to be involved in producing a
new form instance. A bution requesting a new {orm instance is therefore typically implemented as a hyperlink.

A duplicate page t‘;ﬂmmand produces 2 printed copy of the comesponding pege instance with the background
ficld value preserved. If the page contains a form or is part of a form, then the duplicate page command is inierpreted as a
duplicate forrn command, A reset page command produces a printed copy of the corresponding page instance with the
background field value discarded. i the page contains a form or is part of a form, then the reset page command is
interpreted as a reset form command. A get page status command produces a printed repont on the status of the
corresponding page instance, including who pubiished it, when it was printed, for whom it was printed, and the status of
any forms it containg or is part of.

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

When 2 page instance is duplicated with ficld values preserved, field values are printed in their native form,
i.e. a checkmark appears as a standard checkmark graphic, and text appears as typeset text. Only &rawings and signatures
appear in their original form, with a signalure accompanied by a standard graphic indicating successful signature
verification,

A duplicate document command produces a printed copy of the cotresponding document instance with
background field values preserved. If the document contains any forms, then the duplicate document command duplicates
the forms in the same way a duplicate form command does. A reset document comimand produces a printed copy of the
comespanding document instance with background field valves discarded. 1€ the document containg any forms, then the
reset document command resels the forms in the same way 2 reset formt command does. A gef document status command
produces a printed report on the status of the corresponding document instance, including who pubiished it, when it was
printed, for whom it was printed, and the status of any forms it contains.

I the page server command’s “on seiected” attribute is set, then the command operztes on the page identified
by the pen’s cumrent selection rather than on the page containing the command. This allows a menu of page server
commands lo be printed. If the targer page doesn’t contain a page server command element for the designated page server
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command, then the comumand is ignored.

An application can provide application-specific handling by embedding the relevant page server command
¢lement in a hyperlinked group. The page server activates the hyperiink associated with the hyperlinked group rather than
executing the page 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 page and so cannot be activated directly by a user. It can, however, be activated via a 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

In the preferred form, each netpage is printed with the netpage logo at the bottom lo indicate that 1:1 isa
netpage and therefore has interactive properties. The logo also acts as a copy button. In mast cases pressing the Jogo
produces a copy of Lﬁe“ page. In the case of a form, the button produces a copy of the entire form. And in the case of a
secure documnent, such as a ticket or coupon, the button elicits 2n explanatory note or advertising page.

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

1.9 User HELP SYSTEM ' ‘
ln a preferred embodiment, the netpage printer has z single button labelled “Help”. When pressed it elicits a

single page of information, including:

. status of printer connection

. status of printer consumables

. top-level help menu

» document function menu

. top-level netpage network directory

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

The document function menu includes the following functions:

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

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

The netpage nerwork directory allows the user 10 navigate the hierarchy of publications and services on the
network, As an alternative, the user can call the netpage newwork “900" nomber “vellow pagcs': and speak to a human
operator. The operator can locate the desired document and routs it to the user’s printer. Depending on the document type,
the publisher or the user pays the small “yellow pages™ service fee.

The help page is obviously unavailable if the printer is unable 1o print. In this case the “error’ light is lit and
the user can request remote diagnosis over the network.

2 PERSONALIZED PUBLICATION MODEL

In the following description, news is used as a canonical publication example to illustrate personalization
mechanisms in the netpage system. Althongh news is often used in the Hmited sense of newspaper and newsmagazine
news, the imtended scope in the present context is wider.

In the netpage systern, the editorial content and the advertising content of a news publication are personalized
using different mechanisms. The editoriat content is personalized according 1o the reader’s explicitly stated and implicitly
captured interest profile. The advertising content is personalized according to the reader’s locality and demographic.
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2.1 EDIMORIAL 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 aggrepated and edited by the publisher, news strearns are aggregated
either by a news publisher or by a specialized news aggregator. News publications typically correspond to traditional
newspapers and newsmagazines, while news streams can be many and varied: a “raw™ news feed from a news service, a
carioon strip, a freeiance writer's column, a friend’s bullelin board, or the reader's own e~mail.

The netpage publicadon server supports the publication of edited aews publications as well as the
aggregation of multiple news sireams. By handling the aggregation and hence the formatting of news streams selecied
directly by the reader, the server js 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 editions are printed and bound logether into & single
newspaper. The various members of a househald typically express thetr different interests and tastes by selecting different
daily publications and then censtomizing them.

For each publication, the reader optionally selects specific sections. Somc sections appear daily, while others
appear weekly, The daily sections available from The New Y-ork Times onling, for example, include “Page One Plug”™,
“National”, “lnternational”, “Opinion”, “Business”, “"Ants/Living”, "Technology”, and "Sports”. The set of available
sections is specific to 2 publication, as is the default subset,

The reader can extend the daily newspaper by creating custom sections, each one drawing on any number of
news streams. Custom sections might be created for e-mail and friends” announcements (“Personal™}, or for monitoring
news feeds for specific topics (“Alerts™ or “Clippings”™). : N

For each section, the reader opticnally specifies its size, either qualitatively {c.g. short, medium, or long), or
numerically (i.e. as a limit on its number of pages), and the desired proportion of advertising, either qualitatively (e.g.
higf., rormal, low, none), or nu\rmricali}' (i.e. as a percentage).

The reader also optionally expresses a preference far a large number of shorter articles or a stoall number of
longer aniicles. Each article is ideally wiitten (or edited) in both short and long forms to support this preference.

An article may also be writien (or edited) in different versions 1o match the expected sophistication of the
reader, for example to provide children’s and adulis’ versions. The appropriate version is selected ascording 1o the
reader's age. The reader can specify a “reading age” which takes precedence over their biological age.

The articles which make up each section are selected and prioritized by the editors, and each is assigned a
useful lifetime. By default they are delivered to all relevant subscribers, in priority order, subject 1o space consiraints in
the subscribers’ editions. _

In sections where it is appropriate, the reader may optionally cnabie collaborative hlte:"iug‘ This is then
applied to articles which have a sufficiently long lifetime. Each article which gualifies for collaborative filtering is printed
with rating buttons at the end of the anticle. The buttans can provide an casy choice (2.g. “liked” and “disliked"), making it
more likely that readers will bother to rate the aticle.

Articles with high priorities and short lifetimes are therefore effectively considersd essential reading by the
editors and arc delivered to most retevant subseribers.

The reader optionally specifies a serendipity factor, either qualiatively (e.g. do or don't surprise me), or
mumericaily. A high serendipity factor lowers the threshold used for marching during eollaborative filtering. A high factor
makes it rnore likely that the cotresponding section will be filled to 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 interest within 2 section, and (his modifies the
priorities assigned by the editors.

The speed of the reader’s Internet connection affects the quality au which images can be delivered. The reades
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optionally specifies a preference for fewer images or smaller images or both. If the number or size of kmages is not
reduced, then images may be defivered at lower quality {i.c. at lower resolation or with greater compression).

Al a global level, the reader specifies how quantities, dates, times and monetary values are localized. This
involves specifying whether umits are imperial or metric, a local imezone and time formsar, and a local curmrency, and
whether the localization consist of in sine translation or annotation. These preferences are derived from the reader’s
locality by default.

To reduce réading difficulties caused by poor eyesight, the reader optionally specifies a global preference for
a larger preseniation. Both text and images are scaled accordingly, and less information is accommodated on each page.

The language in which a news publication is published, and its corresponding text encoding, is 2 property of
the publjcation and not a preference expressed by the user. However, the netpage systam can be configured 1o provide
automatic translation services in various guises.

2.2 ADVERTISING LOCALIZATION AND TARGETING

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

Effective adventising is placed on the basis of locality and demographics. Locality determines proximity to
particnlar services, felailers ete, and particular interests and concemns associated with the local community and
environment. DBemographics determine geperal interests and preoccupations as well as likely spending pattermns.

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

In the netpage sy.v:tem. the netpage publication server computes the approximate multi-dimensionat size of a
publicalion's saleable advertising space on 2 per-section basis, taking into account the publication’s geographic coverage,
the section’s readership, the siz¢ of cach reader’s section edition, each reader’s advertising proportion, and each reader’s
demographic.

In comparison with other media, the netpage system allows. the advertising space 1o be defined in greater
detail, and allows smaller pieces of it to be soid separately. It therefore allows it o be sold at closer to its true value,

For example, the same advertising “slot” can be sold in varying proporions 10 several advenisers, with
individual readers’ papes randomily receiving the advenisement of onc advertiser or another, overall preserving the
proportion of space sold 1o each adveriiser.

The netpage system allows advestising to be linked ditectly 1o detailed produch infoiﬁmﬁon and online
purchasing. It therefore raises the intrinsic value of the adventising space. ’

Because personalization and localization are handled suromatically by netpage publicanion servers, an
advertising aggregator can provide arbitrarily broad coverage of both geography and demographics. The subssquent
disaggreganion is efficient because it is automatic. This makes it more cost-effective for publishers to deal with advertising
aggregarors than to directly capture advertising. Even though the adventising apgregator is taldng a2 proportion of
advertising sevenue, publishers may find the change profit-neytral becanse of the greater efficiency of aggregation. The
advertising aggregator acts as an intermediary between advertisers and publishers, and may place the same advestisement
in multiple publications.

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

Once placement has been negotiated, the aggregator captures and edits the advertisement and records it on a
netpage ad server. Correspondingly, the publisher records the ad placement on the relevant netpage publication server.
‘When the netpage publication server lays om each user's personalized publication, it picks the relevant advertisements
from the netpage ad server.
2.3 User PROFILES
2.3.1 Information Filtering

The personalization of pews and other publications relies on an assortment of user-specific profile

information, including:

. publicationcusiomizations

. collaborative filtering vectors
- contact details

- presentation preferences

The customization of a publication is typically publication-specific, and so the custornization information is
maintained by the relevant netpage publicali.on sarver, _

A collaborative filtering vector consists of the user’s tatings of 2 number of pews items. 1t 15 used 10 correlate
different users’ interests for the purposes of making recommendations. Although there arc benefits to maintaining a single
collaborative filtering vector indepeadently of any particular publieation, there are two reasons why it is more practical to
maintain a separate vector for each publication: there is likely te be more overlap between the vectors of subscribers to the
same publication than between those of subscribers to different publications; and a publication is likely to wart to present

its users’ ¢ollaborative filtering vectors as part of the value of jts brand, not 10 be found elsewhere. Collaborative filtering

" wectors are therefore also maintained by the relevant netpage publication server.

Contact details, including name, street address, ZIP Code, state, country. telephone numbers, are gjobal by
nature, and are majntained by a nelpage registration server.

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

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

For those users who choose to reveal personal information for advertising purposes, the information is
maintained by the relevant netpage registyation server, o the absence of such information, advcni‘sing- 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 js assigned is own unique identifier, and the
netpage registration server maintains the relationships between them, as shown in Figures 21, 22, 23 and 24. For
registration purposes, # publisher is a special kind of application provider, and a publication is a special kind of
application.

Each user 800 may be authorized to use any number of printers 802, and cach printer may allow any number
of users to use it. Each user has a single defanlt printer (2t 66). to which pericdical publications are delivered by default,
whilst pages printed on derpand are delivered to the printer through which the vser is interacting. The server keeps track of
which publishers a user has authorized to print to the wser's default printer. A publisher does not record the 1D of any
particular printer. but instead resolves the 1D when it is required.

‘When a user subscribes 808 1o a publication 807, the publisher 806 (i.e. application provider B03) is
atthorized to print to a specified printer or the user's default printer. This authorization can be revoked af any time by the
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user. Each user may have several pens 801, but a pen is specific to a single user. If a user is authorized to use a panicular
printer, then that printer recognizes any of the user's pens.

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

A Web terminal 809 can be authorized to print on a particular netpage printer, allowing Web pages and
netpage documents encountered during Web browsing 1o be conveniently printed on the nearsst netpage printer.

The netpage systern can collect, on behalf of a printer provider, fees and commissions on income earned
through publications printed on the provider's printers. Such income can include advertising fees, click-through fees, e-
comimerce commissions, and transaction 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 cradits (such as those
described in lhq preceding paragraph); contact details 815, including name, address and telephone numbers; global
preferences 816, including privacy, delivery and localization settings: sny number of biometric records 817, containing
the user's encoded signamure 818, fingerprint 819 cic; a handwriting mode! 819 aniomatically maintained by the system;
and SET payment card accounts 821 with which e-commerce payments can be made,

2.3.2 Favorftes List

A netpage user can maintain a list 922 of "favorites” - links 1o useful documents etc. on the netpage network.
The list is maintained by the system on the user’s behalf. It is organized as a hierarchy of folders 924, a preferrred
embodiment of which is shown in the class diagram in Figure 41.

2.3.3 History List

The system maintains a history list 929 on each user's behalf, containing links, to documents ete. 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,

24 INTELLIGENT PAGE LAYOUT

The netpage publication server automatically lays out the pages of each user's personalized publication on a
seclion-by-section basis. Since most advertiserents are in the form of pre-formatied rectangles, they are placed on the
page before the editorial content.

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

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

The entire process, including the selection of ads and the selection of editorial content, must be iterated once
the layout has converged, to ancmpt to more closely achieve the wser's stated section size preference. The section size
preference can, however, be matched on average over time, allewing significant day-to-day variations,

2.5 DocumENT FORMAT

Cnee the document is laid out, it is encoded for efficient distribution and persistent storage on the netpage
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 contzins fully-formatted text represented in the Extensible Markup Language (X(ML) using the
Extensible Stylesheet Language (XSL). XSL pravides pracise control over text formatting independently of the region
imto which the text is being set. which in this case is being provided by the layout. The text abject contains embedded
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language codes 1o enable automatic translasion, and embedded hyphenation hints to aid with paragraph formatting.

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

The layout wself copsists of a series of placed image and graphic objects, linked textflow objects throngh
which text objects flow, hyperlinks and input ficlds as described above, and watermiark regions. These layout objects arc
summarized in Table 3. The Jayout uscs a compact format suitable for efficient distribution and storage.

Table 3. Netpage layout objects

Layout Attribute Format of
object ' linked object
image {Position '
image object 1D JPEG 2000
(Graphic FPosition "
[Graphic abject o SVG
Textflow [Textfiow D -
lZone I
IOptional text object 1D CMLIXSL
Hypefink Type -
ong N
iapplication ID, etc. a .
Field Type .
Meaning - a
iZone -
\Watermark ong r
2.6 DOoGUMENT DISTRIBUTION

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

When a subscribed publication is ready to be distributed, the netpage publication server allocates, with the
help of the netpage 1D server 12, a unique 1D for each page, page instance, document, and document instance.

The server computes a sei of optimized subsets of the shared content and creates a multicast channel for gach
subset, and then tags each user-specific layout with the names of the multicast channels whic-l; twil[ carry the shared
content used by thar layout. The server then poinicasts each user’s fayouis to that user’s printer via the appropriate page
server, and when the pointcasting is complete, muiticasts the shared content on the specified channels. After receiving its
pointcast, cach page server and printer subscribes to the multicast channe!s specified in the page layouts. During the
multicasts, cach page server and printer extracts from the mwlticast sueams those objects referred to by its page layouts.
The page servers persistently archive the received page Jayouts and shared content.

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

Under normal circumstances, the privter prints pages faster 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, altowing for emporary buffers eic. The printer prints at a rate of one
page per second. This is eguivalent to 400KB or abont 3Mbit of page data 'per second, which is similar to the highest
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expecied rate of page data delivery over a breadband network.

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

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

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

2.7 ON-DEMAND DOCUMENTS

When a -;;e-xpage document is requested on demand, it can be personalized and delivered in much the same
way as g pcriodic;l. However, since there is no shared content, delivery is made directly to the requesting printer without
the use of multicast.

When a non-netpage document is requested on demand, it is aot personalized, and it is delivered via a
designated netpage formatting server which reformats it as a netpage document. A netpage forrnaiting server is a special
instance of a netpage publication scrver. The netpage formalting server has knowledge of varicus Internet document
formats. including Adobe's Portable Document Format (PDF), and Hypertext Markup Language (HTML). In the case of .
HTML, it can make use of ihe higher resolution of the primied page to prescnt Web pages in a multi-column format, with a
table of contents. It can automatically include all Web pages dircctly linked Lo the requested page. The user can tune this
behavior via a preference. .

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

formats from both the netpage i)rimcr and the netpage page server, and hides knowledge of the netpage system from Web

SETVErS,
3 SECURITY
31 CRYPTOGRAPHY

Cryptography is used to protect sensitive information, both in storage and in frapsit. and to authenticate
parties to a wansaction. There are two classes of cryptography in widespread use: secrel-key cryptography and public-key
cryptography. The netpage network uses both classes of cryptography.

Secret-key crypiography, also refered (o as symmeiric cryptography, uses the same key to encrypt and
decrypt @ message. Two parties wishing to exchange messages raust first arrange to securcly exchange the secret key,

Public-key cryptography, also referred to as asymmetric cryptography, uses two enc:;-ypﬁbn keys. The two
keys are mathematically related in such a way that any message encrypted using one key can only be decrypted using the
other key. One of these keys is then published, while the other is kept private. The public key is used to encrypt any
message intended for the holder of the private key. Once encrypted using the public key, a message can oniy be decrypred
using the private key. Thas two parties can secucely exchange messages without first having to exchange a secret key. To
ensure that the privale key is secure, it is normal for the holder of the private key to generate the key pair.

Public-key cryptography can be used to create a digital signature. The holder of the private key can create 3
known hash of a message and then encrypt the hash using the private key. Anyone can then verify that the encrypted hash
constimtes the “signature” of the holder of the privaie key with respect to that particular message by decrypting the
encrypted hash using the public key and verifying the hash against the message. If the sighature 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
fransit.

To make public-key cryptography work, there has lo be a way to distnibute public keys which prevents
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impersonation. This is normally dope using certificares and certificate authorities. A cantificate suthority is a trusted third
party which anthenitcates the connection between a public key and someone’s identity. The certificate authority verifies
the person’s identity by examining identity documents, and then creates and signs a digital certificate containing the
person’s identity dct.aiis and public key. Anyone who tusts the cenificate authoriry can use the public key in the
certificate with a high depree of certainty that it is genuine. They just have fo verify that the certificate bas indeed been
signed by the centificate anthority, 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 transmission of information between a
netpage printer and a server, what actually happens is that the printer obtains the server’s certificate, authenticates it with
reference (a the cerrificate authority, uses the public key-exchange key in the certificate to exchange a secret session key
with the scrver,. and then uses the secret session key t0 encrypt the message data. A session key, by definition, can have an
arbitrarily short lifetime.

3.2 NETPAGE PRINTER SECURITY

Each netpage printer is assigned 2 pﬁr of unique identifiers at time of manufacture which are stored in read-
only memaory in the printer and in the netpage registration scrver database. The first ID 62 is public and uniquety identifies
the printer an the nctpage network. The second 1D is secret and is used when the prinier is first registered on the network.

When 1t;e printer connects 10 the netpage network for the first 1ime afier installation, it ereates a signature
public/private key paic, It transmits the secret [D and the puhlic 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 tegistration if the IDs
match. It then creates and signs 2 certificate containing the printer’s public ID and public signature key, and stores the
certificae in the regisiration daiabase.

The netpage registration scrver acts as a certificate authority for netpage printers, since it has access 10 secret
information allowing it to verify printer identity.

When 2 user subscribes to a publication, a record s croated in the netpape registration server database
authorizing the pubiisher 10 print the publication to the user's default printer or a specified printer. Every document sent
10 a printer via a page server is addressed to a particular user and is signed by the publisher using the publisher's private
signature key. The page server verifies, via the registration database, that the publisher is anthorized to deliver. the
publication to the specified user. The page server venifies the signature using the publisher’s public key, obtained from the
publisher’s cenificate stored in the registration dasbase.

The netpage registration server aceepts requests to add printing authorizations to the database, so long as
those requests are initiated via a pen registered to the printer, B
3.3 NETPAGE PEN SECURITY

Each netpage pen is assigned a urique identifier at bme of manufacture which is stored in read-only memory
in the pen and in the netpage registration server database. The pen 1D 61 uniquely identifies the pen on the netpage
network.

A netpage pent can “know" a namber of netpage printers, and a printer can “know” a number of pens. A pen
communicates with a printer via a radio frequency signal whenever it is within range of the printer. Once a pen ang printer
are registered, they regularly exchange session keys. Whenever the pen transmits digital ink 1o the printer, the digital ink
is always encrypted using the appropriate session key. Digital ink is never transmitted in the clear,

A pet1 stores a session key for every printer it knows, indexed by printer ID, and a printer stores a session key
for every pen it knows, indexed by pen ID. Both have a large but finite storage capacity for session keys, and will forget a
session key on a least-recentiy-used basis if necessary.

When a pen comes within range of a printer, the pep and printer discover whether they know each other. If
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they don't know each other, then the printer determines whether it is supposed to know the pen. This might be, for
example, because the pen belongs to 2 wser who is registered to use the printer. If the printer is reant to know the pen but
doesn’y, then it initiates the automatic pen Tegistration procedure. If the printer isn’t meant to know the pen, then it agrees
with the pen to ignore it until the pen is placed in a charging cup, at which time it initiates the registration procedure,

In addition to its public 1D, the pen contains 2 secret key-exchange key. The key-cxchange key is also
recorded in the netpage registration server database at time of sanufacture. During registration, the pen transmits its pen
1D to the printer, and the printer transmits the pen ID to the netpage registration server. The server generates a session key
for the printer and pen 1o use, and securely transmits the session key to the printer. It also transmits a copy of the session
key encrypted with the pen’s key-exchange key. The printer storés the session key internally, indexed by the pen 1D, and
wansmits the encrypted session key 10 the pen. The pen stores the session key internally, indexed by the printer ID.

Al:hqug'h‘-a‘fakc pen can impersonate a pen in the pen registration protocol, only a real pen can decrypt the
session key _Lrans;mtted by the printer.

When a previously enregistered pen is first registered, it is of limiied use until it is linked to a user. A
regisiered but “un-owmned” pen is only allowed to be used to request and fill in netpage user and pen registration forms, 1o
register a new user to which the ncw pen is automatically ]inkéd. or to add a new pen to an exisiing wser.

The pen uses sccret-key rather than public-key encryption because of hardware performance constraints in the
pen.

3.4 SECURE DDCUMENTS

The netpage system supports the delivery of sccure documents such as tickeis and coupons. The netpage
printer includes a facility to print watermarks, but will only de so on request from publishers who are suirably authorized.
The publisher indicates ils authority to print walermarks in its certificate, which the printer is able to authenticate.

The “walermark” printing process uses an alternative dither matrix in specified “watermark” regions of the
page. Back-to-back pages con;a'm mirror-image walermark regions which coincide when printed. The dither matrices used
in odd and even pages' watermark regions are designed to produce an interference effect when the regions are viewsd
together, achieved by looking through the printed sheet.

The effect is similar to a watermark in that it is not visible when [ooking 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 to copying netpages on netpage-aware photocopiers.

Secure documents are typically generated as part of e-commerce transactions. They c¢an therefore include the
usey’s photograph which was captuared when the vser registered biometric information with the netpage registration server,
as described in Section 2. v

When presented with a secure netpage document, the recipient can verify its anthenticity by requesting its
status in the nsval way. The unique ID of u secure document is only valid for the Nfetime of the document, and secure
document [Ds are allocated non-contiguously to prevent their prediction by opportunistic forgers. A secure document
verification pen can be developed with buili-in feedback on verification failvre, to suppon easy point-of-presentation
document verification,

Clearly neither the watermark nor the user's photograph are secure in a cryptographic 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 stll not eniirely immune 10 forgeries.

3.5 NON-REPUDIATION

In the netpage sysiem, forms submitted by users are delivered reliably to forms handlers and are persistently
archived on netpage page servers. It is therefore impossible for recipients to repudiate delivery.

E-commerce payments made through the system, as described in Section 4, are also impossible for the payee
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-9 .
10 repudiate.
4 ELccTRotic COMMERCE MoDEL
4.1 SECURE ELECTRONIC TRANSACTION {SET)

The netpage system uses the Secure Electronic Transaction (SET) system as one of its payment systems. SET,
having been deveioped by MasterCard and Visa, is organized around payment cards, and this is reflected in the
erminclogy. 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 authorily verifies a cardholder’s registration details with the card
issuer as appropniate, and verifies a merchant’s segistration details with the acquirer as appropriate, Cardholders and
merchants store their tespective private signature keys securely on their computers. During the payment process, these
certificates are usgd-.ig mutually authenticate 2 merchant and cardholder, and to authenticate thern both to the payment
gateway.

SET has not yet been adopted widely, parily because cardholder maintanance of keys and cenificates is
considered burdensome. lnterim solutions which maintain cardholder keys and certificates on a server and give the
cardholder access via a password have met with some snecess.

4.2 SET PAYMENTS

1n 1he netpage system the netpage regisitation seTver acts as a proxy for the netpage user (i.e. the cardholder)
in SET payment tansaciions.

The netpage system uses biometrics to authenticate the user and authorize SET payments. Because the system
is pen-based. the biometric used is the user’s on-line signature. consisting of time-varying pen position and pressure. A
fipgerprint bipmetric ¢an also be used by designing a fingerprint sensor into the pen, although at a higher cost. The type of
biomeiric used only affects thc_papturc of the biometric, not the authorization aspects of the system.

The first step o being able to make SET payments is to register the user's biomctric with the netpage
registration server. This is done in 2 contrelled environment, for example a bank, where the biometric can be captured at
the same titme as the user's identity is verified. The biometric is captured and stored in the registration database, hinked to
the user's record. The user’s photograph is alse optionally captured and linked to the record. The SET cardholder
registration process is completed, and the resulting private signature key and certificate are stored in the database. The
user’'s payment card information is also stored, giving the netpage registration server enough information to act as the
user’s proxy in any SET payment ransaction.

When the user eventually supplies the biometnic to complete a payment, for example by signing a netpage
order form, the printer securcly transmits the order information, the pen ID and the biometric data to the nelpage
registration server. The server verifies the biometric with respect to the user identified by the peﬁ“lD, émd from then on
acts as the user's proxy in completing the SET paymen trmsaction.

43 MICRO-PAYMENTS

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

When the user registers for e-commerce, a network zccount is established which aggregates micro-payments.
The user receaives a statement on a regular basis, and can settle any ounistanding debit balance using the standard payment
mechanism.

The network account can be extended to aggregaie subscription fees for periodicals, which would also

otherwise be presented to the user in the form of individual statements,



10

15

20

25

30

35

40

WO 00/72250 20 PCT/AUMD/00570

4.4 TRANSACTIONS

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

When input cccurs through a page which is not user-specific, however, the application must use the user's
unique identity to establish a context. A typical example involves adding items from a pre-printed catalog page to the
user’s virtual “shopping can™ To protect the user’s privacy, however, the unigue user ID 60 known to the netpage system
is ot divulged to applications. This is to prevem differem application providers from epsily comrelating independently
accumulated behavioral data.

The netpage registration server instead maintains an anonymous relationship between a user and an
application via a pnigiesalias 1D 65, as shown n Figure 24. Whenever the user activales a hyperlink tagged with the
“registered” attribute, the netpage page server asks the netpage registraiion server to franslate 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 indexed by alias ID, and is able 10 retrieve wser-specific state
information without knowledge of the global identity of the user,

The system also maintains an independent cenificatc and private signaiure key for each of a user's
applications, to allow it to sign application transactions on behalf of the user using only application-specific information.

To assist the system in routing product bar code {UPC) “hyperlink™ activations. the system records  favorite
application on behalf of the user for any number of product types,

Each application is associated with an application provider, and the system maintains an account on behalf of
each application provider, to allow it to credit and debit the provider for click-through fees ete.

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

4.5 RESOURCE DESGRIPTIONS AND COPYRIGHT _

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

Each document and content object may be described by one or more resource descriptions 842. Resource
deseriptions use the Dublin Core metadata element ser, which is designed to facilitate discovery of electronic resources.
Dublin Core metadata conforms to the World Wide Web Consortiom (W3C) Resource Description Framework (RDF).

A resource description may identily nghts holders 920. The netpage sysiem automatically transfers copyright
fees from users to rights helders when users print copyright content.

b COMMUNICATIONS PROTOCOLS _

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

Each protocol is illustrated by way of a sequence diagram in which the horizontal dimension is used to
represent message flow and the vertical dimension is used to represent time. Each entity is represented by z rectangle
containing the name of the entity and a vertical column representing the lifeline of the entity. During the time an entity
exists, the lifeline is shown as a dashed line. During the time an entity is active, the lifeline is shown as a double line.
Because the protocols considered here do not create or destroy entities, lifelines are generally cut short as soon as an
enlity ceases to participate in a protocol.

5.1 SuBSCRIPTION DELIVERY PROTOCOL

A preferred embodiment of a subscription delivery protocal is shown tn Figure 43.

A large number of users may subscribe to a periodical publication. Each user’s edition may be laid out
differently, but many users’ editions will share common content such as lext objects and image objects. The subscription
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delivery protocol therefore delivers document structures to individual printers via pointcast, but delivers shared contemt
abjects via multicast.

The application (i.e. publisher) first obtains a document ID 51 for each document from an ID server 12. It
then sends each document structure, including its docurment I and page descriptions, to the page server 10 responsible

‘for the document’s newly allocated ID. It includes its own application 1D 64, the subscriber’s alias 1D 65, and the relevant

set of molticast channel names. It sipns the message using its private signamre key.

The page server uses the application ID and afias 1D to obtain from the registration server the corresponding
user 1D 60, the user’s selected printer 1D 62 (which may be explicitly selected for the application, or may be the vser's
default printer), and the application’s certificate.

The app@ication’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 30, to the printer. It includes the relevant set of multicast channel names for the printer to listen to.

Ii then returns the newly allocated page iDs to the application for future reference,

Once the application has distributed 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 previousiy selected multicast chaanels.
Both page servers and printers monitor the appropriate multicast channels and recetve their required cantent objects. They
are then able to populare the previously pointcast document structures. This allows the page servers to add complete
documents 1o their databases, and it allows the printers 1o print the documents.

52 HYPERLINK ACTIVATION PROTOCOL

4 preferred embodiment of a hyperlink activation protocol is shown in Figure 45.

When a user cliclgs on a netpage with a netpage pen, the pen communicates the click to the nearest petpage
printer 601. The click identifies the page and 2 location on the page. The printer already knows the [D 61 of the pen from
the pén connection protocol.

The printer determines, via the DNS, the network address of the page scrver 10a handling the particular page
1D 50. The address may aiready be in its cache if the user has recently interacted with the same page. The prinier then
forwards tne pen 1D, its own printer 1D 62, the pape 1D and click location (o the page server.

The page server loads the page description 5 identified by the page ID and determtines which imput element’s
zong 58, if any, the click lies in. Assuming the relevant inpur element is a hyperlink element 844, the page server then
oblains the associated application 1D 64 and link ID 54, and determines, via the DNS, the network address of the
appiicanon server hosting the application 71. N .

The page server uses the pen ID 61 o obtain the cormesponding nser ID 60 from the fcgistraﬂon server 11,
and then allocates 2 globally unique hypeslink request TD 52 and builds a hyperlink request 234, The hyperlink request
class dizgram is shown in Figure 44. The hyperlink request records the 1Ds of the requesting user and printet, and
identifies the clicked hyperlink instance 862. The page server then sends its own server ID 53, the hyperlink request [D,
and the link ID to the application.

The application produces a response document according to application-specific logic, and obfains a
document 1D 51 from an 1D server 12. 11 then sends the document to the page server 10b responsible for the document’s
newly aliocated 1D, wogether with the Tequesting page server's ID and the hyperlink request ID.

The second page server sends the hyperlink request ID and application ID to the first page server to obtain the
comresponding vser D and printer 1D 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 docuinent instance and page 1Ds 50, retumns the newly ailocated page 1Ds to
the application, adds the complete document to its own database, and finally sends the page descriptions 1o the requesting
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printer.

The hypedink instance may inclode a meanipgful transaction ID 55, in which case the first page server
includes the transaction 1D in the message sent ta the application. This allows the application w0 establish a transaction-
specific context for the hyperlink activation,

If the hyperlink requires a 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 1D 64 to the registration server 11 to obtain not just the user ID
corresponding to the pen ID but also the alias ID 65 corresponding to the application 1D and the user ID. It includes the
alias ID in the message sent to the application, allowing the application to establish a user-specific context for the
hyperlink activation.

53 HANDWRITING RECOGNITION PROTOCOL

When a user draws a stroke on a netpage with a netpage pen. the pen communicates the stroke fo the nearest
netpage printer. The stroke identifies the page and z path on the page.

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

The page server loads the page description 5 identified by the page 1D} and determines which input element’s
zone 58, if any, the stroke intersccts. Assuming the relevant inpot element is a text field 878, the page server appends the
stroke to the iext field's digilal ink.

After a period of mactivity in the zone of the text feld, the page server sends the pen ID and the pcndiné
strokes 1o the registration server 11 for interpretation. The registration server identifies the aser corresponding to the pen,
and uses the user's accumulated handwriting modet 822 {o interpret the strokes as handwritten text. Once it has converted
the strokes to text, the registration server setumns the text to the requesting page server. The page server appends the text to
the text value of the text field.

54 SIGNATURE VERIMCATION PROTDCOL

Assuming the input element whose zone the stroke intersects is a signature field BE0, he page server 10
appends the stroke to the signature fiedd's digital ink.

After a period of inactivity in the zone of the signature field, the page server sends the pen ID 6] and the
pending strokes to the registration server 11 for verification. It also sends the applicalion 1D 64 associated with the form
of which the signature field is part, as well as the form 1D 56 and the current data content of the form. The registration
server identifies the user comresponding to the pen, and uses the user's dynamic siguature biometric 818 to verify the
strokes as the user’s signature, Once it has verificd the signature, the registration server uses the application ID 64 and
user 1D 60 to identify the user's application-specific private signature key. It then uses the key to generate a digital
signature of the form data, and retums the digital signature to the requesting page server. The p:age.Sewer assigns the
digital signature to the signature field and sets the associated form'’s status to frozen.

The digital signature includes the alias ID 65 of the coresponding user. This allows a single form to capture
multiple users’ signatures.

5.5 ForMm SuBmissioN PROTOCOL

A preferred embodiment of a form submisston protocol is shown in Figure 46.

Form submission occurs via a form hyperlink activation. it thus follows the protoco! defined in Section 5.2,
with some form-specific additions.

in the case of a form hypeslink, the hyperlink activation message sent by the page server 10 o the application
71 also contains the form ID 56 and the current data content of the form. If the form contains any signature fields, then the
application verifies each one by extracling the alias ID 65 associated with the corresponding digital signanue and

obtaining the corresponding certificate from the registration server 11.
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56 COMMISSION PAYMENT PROTOCOL

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

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

The hyperlink request ID 52 is nsed Lo route a fec or cormission credit from the 1arger applicarion provider
70a (c.g. merchant) to the source application provider 70b (i.e. publisher), and from the souree application provider 70b to
the printer provider 72.

The target application receives the hyperlink request 1D from the page server 10 when the hyperlink is first
activated, as described in Section 5.2. When the targer application needs 1o ¢redit the source application provider, it sends
the application provider credis 1o the original page server together with the hypertink request ID. The page server uses the
hypertink reqne'st ID to identify the source application. and sends the credit on to the relevant registration server 11
together with the source application ID 64, its own server 1D 53, and the hyperlink request ID. The registration server
credits the corresponding application provider's accoum 827, 1t also notifies the application provider.

If the application provider needs to credit the primter provider, it sends the printer provider credit o the
original page server together with the hyperlink request ID. The page server uses the hyperlink request ID to ideniify the
prinier, and sends the credit on to the relevant registration server together with the printer 1D, The registration server
cradits the corresponding printer provider account 814,

The source application provider is optionally notified of the identity of the target application provider, and

the printer provider of the identity of the source application provider. \
6. NeTPAGE PEN DESCRIPTION
6.1 P&EN MECHANICS

Referming to Figures 8 and 9, the pen, generally designated by reference numeral 101, includes a housing 102
in the formn of a plastics moulding having walls 103 defining an {nterior space 104 for mounting the pen comtponents. The
pen top 103 is in aperation rotatably mounted ai one end 106 of the housing 102, A semi-transparent cover 107 is secured
to the opposite end 108 of the housing 102. The cover 107 is also of mouvlded plastics, and is formed frem semi-
fransparent material in order 1o enable the user to view the status of the LED mounted within the housing 102. The cover
107 includes a main part 109 which substantially surrounds the end 108 of the housing 102 and a projecting portion 110
which projects back from the main part 109 and fits within a corresponding slot 111 formed in the walls 103 of the
housing 102. A radio antenna 112 js mounted behind the projecting portion 110, within the housing 102. Screw threads
113 surrounding an aperture 113A on the cover 107 are arranged 1o receive a melal end piege 114, including
corresponding screw threads 115. The metal end piece 114 is removable to enable ink cartridge rq;laccnmu

Also mounted within the cover 107 is a tri-color status LED 116 on a flex PCB 117. The antenna 112 is also
mountzd oa the flex PCB 117. The status LED 116 is mounted at the top of the pen 101 for good all-arcand visibiliry.

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 2 stylus 120 with stylus nib 121 are mounted side by side within the housing 102. Either the ink
cartridge nib 119 or the stylus nib 121 can be brought forward through open end 122 of the metal end piece 114, by
rotation of the pen top 103. Respective slider blocks 123 and 124 are mounted to the ink cartridge 118 and stylus 120,
respectively. A rotatable cam barrel 125 is secured to the pen top 105 in operation and arranged to rotate therewith, The
cam barrel 125 includes a cam 126 in the form of a slot within the walls 181 of the cam barrel. Cam followers 127 and
128 projecting from slider blocks 123 and 124 fit within the cam slot 126. On rotation of the cam barrel 128, the slider
biocks 123 or 124 move relative 1o each other to project either the pen nib 119 or stylus nib 121 out through the hole 122
in the metal end piece 114. The pea 104 has three states of operation. By taming the top 105 through 90° steps, the thyce
States are:
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. Stylus 120 nib 121 out;
- Ink cartridge 118 nib 119 out; and
. Neither ink cartridge 118 nib 119 out nor stylus 120 nib 12} 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
mage sensor 132 is provided mounted on the second flex PCB 129 for recetving reflected radiation from the surface, The
second flex PCB 129 also mounis a radio frequency chip 133, which inclndes an RF transmitter and RF receiver, and a
controller chip 134 for controlling operation of the pen 101. An optics block 135 (formed from moulded clear plastics)
sits within the cover 107 and projects an infrared beam onto the surface and receives images onto the image sensor 132.
Power supply wires }36 cannect the components on the second flex PCB 129 to battery contacts 137 which are mounted
within the cam barrel 125. A terminal 138 connects lo the battery contacts 137 and the cam barrel 125. A three volt
rechargeable bat&w 139 sits within the cam bamrel 125 in contact with the battery contacts. An induction charging coil
140 is mounted about the second flex PCB 129 1o enable recharging of the banery 139 via induction. The second flex
PCEB 129 also mounts an infrared LED) 143 and infrared phum;liodc 144 for detecting displecement in the cam barrel 125
when either the stylus 120 or the ink cartridge 118 is wsed for writing, in order 1o enabie a determination of the fotce
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 slider blocks 123 and 124, _

Rubber grip pads 141 and 142 are provided towards the end 108 of the housing 102 to assist gripping the pen
101, and top 105 also includes a clip §42 for clipping the pen 10} to a pocket.

6.2 PEN CONTROLLER .

The pen 101 is arranged to delermine the position of its nib (stylus nib 121 or ink canndge nib 119) by
imaging, in the infrared spectrum, an area of the surface in the vicinity of the nib. It records the location data from the
nearest location tag, and is mﬁnged to calculate the distance of the nib 121 or [19 from the location tab utilising optics
135 and controller chip 134, The controller chip 134 calculales the orientation of the pen and the nib-to-tag distance from
the perspective distortion observed on the imaged tag,

Utilising the RF chip 133 and antenna [ 12 the pen 101 can transmit the digital ink data (which s encrypted
for secunty and packaged for efficient transmission) to the computing system.

When the pen is in range of a receiver, the digital ink data is transmitted 3s it is formed. When the pen 101
moves out of range, digital ink data s buffered within the pen 101 {the pen 101 circuitry includes a buffer arranged ro
store digital ink data for approximately 12 minutes of the pen motion on the surface) and can be transmitted Jater.

The controtler ¢hip 134 is mounted on the second flex PCE 129 in the pen LC1. Figure 10is a block diagram
illustrating in more detail the architecture of the controller chip 134. Figure 10 also shows reprcsc;l‘r.armns of the RF chip
133, the image sensor 132, the tri-color status LED 116, the IR iflumination LED 131, the IR force sensor LED 143, and
the force sensor photodiode 144.

The pen controller chip 134 includes a conuolling processor 145. Bus 146 enables the exchange of data
between components of Lhe controller chip 134. Flash imemory 147 and a 512 KB DRAM 148 are also included. An
analog-to-digilal converter 149 is aranged to convert the analog signal from the force sensor photediode 144 to a digital
signal. l

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

The controlling processor 145 captures and decodes location data from tags from the surface via the image
sensor 132, momnitors e force sensor photodiode 144, controls the LEDs 116, 131 and 143, and handles shon-range radio
communication via the radio transceiver 153. It is a medium-performance {(~40MHz) gencral-purpose RISC processor.
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The processor 143, digital pansceiver components (transeeiver controller 153 and baseband circuit 154),
image sensor interface 132, flash memory 147 and 512KB DRAM 148 are integrated in a singte controller ASIC. Analog
RF components (RF circuit 155 and RF resonators and inductors 156} are provided in the separate RF chip.

The image sensor is 2 215x215 pixel CCD (such a sensor is produced by Matsushita Electronic Cosporation,
and is described in a paper by Itakura, K T Nobusada, N Okusenya, R Nagayoshi, and M Ozaki, “A Imm S5Ok-Pixe] IT
CCD Image Sensor for Miniature Camera System”, 1EEE Transactions on Electronic Devices, Volt 47, number 1, January
2000, which is incorporated herein by reference) with an IR filter.

The controlter ASIC 134 enters a quigscent state after a period of inactivity when the pen 101 is not in
contact with a surface. It incorporates a dedicated circuit 150 which monitors the force sensor photodiode 144 and wakes
up the conteoller 134 via the power manager 151 on a pen-down event.

The ;adfouansoeiver communicates in the unlicensed $00MHz band normally used by cordless telephones,
or alternatively in the unlicensed 2.4GHz industrial, scientific and medical (ISM) band, and uses frequency hopping and
collision detection to provide interference-free communication.

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

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

' The provisien of the accelerometers enables this embodiment of the pen 101 to sense motion without
reference to surface locanion tags, allowing the location tags o be sampled at a lower rate. Each location tag 1D cap then
idemify an object of interest rather than a position on the surface. For example, if the gbject is a user interface input
element {e.g. a command button), then the 1ag T} of each localion tag within the area of the input element can directly
identify the input elerent. .

The acceleration x;leasurcd by the accelerometers in each of the x and y directions 1s integrated with respect to
time to produce an instantaneons velocity and position.

Since the starting position of the stroke is rot known, only retative positions within 2 stroke are calculated.
Although pasition integration accumulates ertors in the sensed acceleration, acceleromerers typically have high resolution,
and t¢ time duration of a stroke. over which errors accumulate, is short.

7. NeTPAGE PRINTER DESCHIPTION
74 PRINTER MECHANICS

The vertically-mounted netpage wallprinter 601 is shown fully assembled in Figure 11. It prints netpages on
Lener/A4 sized media using duplexed 8'%" Memjet™ print engines 602 and 603, as shown in Figares 12 and 12a. Ituses a
straight paper path with the paper 604 passing through the duplexed print engines 602 and 603 wh‘ic'h'print both sides of a
sheet simultanesusly, in full color and with full bleed.

An iategral bmding assembly 605 applics a strip of glue along one edge of each printed sheet, allowing il to
adhere to the previous sheet when pressed against it. This creates a final bound document 618 which can range in
thickness from one sheet o several hundred sheets.

The replaceable ink cartridge 627, shown in Figure 13 coupled with the duplexed print engines. has bladders
or chambers for storing fixative, adhesive, and cyan, magenta, yellow, black and infraved inks. The cariridge also contains
a micro air filter in a base molding. The micro air filter interfaces with an air pump 638 inside the printer via 2 hose 639,
This provides filtered air to the printheads o prevent ingress of micro particles into the Memjet™ printheads 350 which
mighs otherwise clog the printhead nozzles. By incorporating the aiv filter within the cartridge, the operational life of the
filter is effectively linked to the life of ihe cariridge. The ink cariridge is a fully recyclable product with 2 capacity for
printing and gluing 3000 pages (1500 sheets).
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Referring 10 Figure 12, the moterized medis pick-up rofler assembly 626 pushes e top sheer directly from
the media tray past a paper sensor on the first print engine 602 into the duplexed Memjet™ printhead assembly. The two
Mernjet™ print engines 602 and 603 are mounted in an opposing in-ling sequential configuration along the straight paper
path. The paper 604 is drawn into the first print engine 602 by integral, powered pick-up rollers 626. The position and
size of the paper 604 is sensed and full bieed printing commences. Fixative is printed simuitaneocusly to aid drying in the
shortest possible Hme.

The paper exits the first Memjet™ print engine 602 through a set of powered exit spike wheels (aligned along
the straight paper path), which act against a robberized roller. These spike wheels contact the “wet’ printed surface and
continue to feed the sheet 604 into the second Memjet™ print engine 603.

Referring (o Figures 12 and 123, the paper 604 passes from the duplexed print engines €02 and 603 {nta the
binder assembly 605, Fne printed page passes between a powered spike wheel axie 670 with a fibrous support roller and
another movable axle with spike wheels and a2 momentary action glne wheel. The movable axle/glue assembly 673 is
mounted fo a metal support bracket and it is transported forward to interface with the powered axle 670 via gears by
action of a camshafl. A separate motor powers this camshafi.

The glue wheel assembly 673 consists of a partially hollow axle 672 with 2 rotating coupling for the glue
supply hose 641 from the ink cantridge 627. This axfe 679 connects to a glue wheel, which absorbs adhesive by capillary
action trough radial holes. A molded housing 682 surrounds the glue wheel, with an 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 gine wheel through the front of the molded housing 682. Tension springs
close the assembly and effectively cap the glue wheel during periods of inactivity.

As the sheer 604 passes into the glue wheel assembly 673, adhesive is applied 1o one vertical edge on the

front side (apart from the first sheet of a document) as it is transported down into the binding assembly 605.

1.2 PRINTER CONTHOLLER ARGHITECTURE

The netpage printsr controller consists of a controlling processor 750, a fagctory-instailed or field-instafled
petwork interface module 625, a radio transceiver (transceiver controller 753, baseband circuit 754, RF circuit 755, and
RF resonators and inductors 7363, dual raster image processor (RIP) DSPs 757, duplexad print engine controllers 760a
and 760, flash memory 658, and 64MB of DRAM 657, as iHustrated in Figure 14

The controlling processor handles communication with the network 19 and with Jocal wireless netpage pens
101, senses the help button 617, controls the user intecface LEDs 613-616, and {eeds and synchronizes the RIP DSPs 757
and print engine conuollers 760. It consists of a medium-performance general-purpose microprocessor. The controlling
processor 750 communicates with the print engine controllers 760 via a high-speed serial bus 659_.‘

The RIP DSPs rasterize and compress page descriptions to the netpage printer's compressed page format.
Each print engine controller expands, dithers and prints page images to its associated Memjet™ printhead 350 in reat time
{i.e. at over 30 pages per mipute). The duplexed print engine controllers print both sides of a sheet simultancously.

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

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

The processor 750, DSPs 757, and digital transceiver components (transceiver controller 753 and baseband
circuit 754) are integrated in a single controlier ASIC 656. Analog RF components {RF circuit 755 and RF resonators and
inductors 756) are provided in a scparate RF chip 762. The network interface module 625 is separate, since netpage
printers allow the network connection 10 be factory-selecied or field-sclected. Flash memory 658 and the 2x256Mbit
(G4MRB) DRAM 657 is also off-chip. The print engine controllers 760 are provided in separate ASICs.
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A variety of network interface modules 625 are provided, cach providing a netpage network interface 751 and
optionally a local computer or network interface 752. Netpage network Internet interfaces include POTS modems, Hybrid
Fiber-Coax (HFC) cable modems, ISDN modems, DSL modems, satellite ansceivers, current and next-gencration
cellular telephone transceivers, and wireless local loop (WLL) transceivers. Local interfaces include IEEE 1284 (parallel
port), 10Base-T and 100Base-T Ethernet, USB and USB 2.0, IEEE 1394 (Fircwire), and various emetging home
ﬁetworking interfaces. If an Internet connection is available on the local network, then the local network interface cap be
used as the netpage network interface.

The radio transceiver 733 communicates in the unlicensed 900MHz band normally used by cordless
relephones, or altermatively in the unlicensed 2.4GHz industrial, scientific and medical (ISM) band, and uses frequency
hopping and collision deiection 1o provide interference-free comnmunication.

The p_riﬁtercomrollcr optionally incorporates an Infrared Data Assoctation {IrDA) interface for receiving data
“syuirted” from (ievices such as netpage cameras. In an alternative embodiment, the printer uses the DA interface for
short-range communication with suitably configured netpage pens.

7.2.1 RASTERIZATION AND PRINTING

Omnce the main processar 750 has received and verified the document’s page layouts and page objects, il runs
the appropriate RIP software on the DSPs 757,

The DSPs 757 rasterize ¢ach page description and compress the rasterized page image. The main processor
stores each compressed page ymage in memory. The simplest way to load-balance multiple DSPs is to lct each DSP
rastenze a separare page. The DSPs can always be kept busy since an arbitrary number of rasterized pages can, in general,
be stored in memory. This strategy only leads to potentially poor DSP uitlization when rasterjzing short documents.

Watermark regions in the page description are rasterized to a contone-resolution bi-level bitmap which is
losstessly compressed o negligible size and which forms pant of the compressed page image.

The infrared {IR)l}aycr of the printed page contains coded natpage tags at a density of about six per inch.
Each tag encodes the page 1D, tag ID, and control bits, and the data content of each tag is generated during rasterizaiion
and stored in the compressed page image.

The main processor 730 passes back-to-back page images to the duplexed print engine controllers 760. Each
print engine controtler 760 stores the compressed page image in its local memory. and siants the page expansion and
printing pipeline. Page expansion and brinting is pipelined boeanse it is impractical o store an entire 114MB bi-level
CMYK+IR page image in memory.

7.22 PRINT ENGINE CONTROLLER

The page expansion and printing pipeline of the print engine controller 760 consists of a high speed IEEE
1304 serial interface 659, a standard JPEG decoder 763, a simdard Growp & Fax dechder 764, a cusiom
halftoner/compositor unit 765, a custom tag encoder 766, a ling loader/formatter unit 767, and a custom interface 768 10
the Memjet™ printhead 350.

The print engine contrelicr 360 operates in 2 double buffered manner. While one page is loaded into DRAM
769 via the high speed senial interface 639, 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 siage of 1he pipeline eapands (at 763) the JPEG-compressed contone CMYX layer, expands (at 764)
the Group 4 Fax-compressed bi-level black layer, and renders (at 766) the bi-level netpage tag layer according to the tag
format defined in section 1.2, all in parallel. The second stage dithers (at 765) the contone CMYK layer and composites
{at 763} the bi-leve! black layer over the resulting bi-level CMYX layer. The resultant bi-level CMYX+IR dot data is
buffered and formatted (at 767) for printing on the Memjet™ printhead 350 vis a set of Jine buffers. Most of these line
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buffers are stored in the off-chip DRAM. The final stage prints the six channels of hi-level dot data (including fixative) to
the Memjet™ printhead 350 via the printhead interface 768.

When several print engine controllers 760 are used in unison, such as in 2 duplexed configuration, they are
synchronized via a shared line sync signal 770. Only one print engine 760, selected via the external master/slave pin 771,
generates the line sync signal 770 onto the shared line.

The print engine 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.

Jns the 844" versions of the netpage printer, the two print engines each prints 30 Letter pages per minute along
the long dimension of the page (117, giving 2 linc rate of 8.8 k}z at 1600 dpi. In the 127 versions of the netpage printer,
the two print engi_l;cs #ach prints 45 Letter pages per minute along the short dimension of the page (8%47), giving a line

rate of 10.2 kHz. These line rates are weli within the operating frequency of the Memjet™ printhead, which in the curreat

design exceeds 30 kHz.

B NETPAGE TAGS

8.1 TAG TILING

8.1.1 Planar Surface Tag Tiling

In order to sapport “single-click™ interaction with 2 tagged region via 2 sensing device, the sensing device
must be able to see at least one entire tag 4 in its field of view no matter where in the region or at what orientation it is
positioned. The required diameter of the field of view of the sensing device is thercfore a function of the size and spacing
of the tags 4. : .

In the case where the tag shape is cireular, such as the preferred tag 4 described earlier, the minimom
diameter m of the sensor field of view is obuined when the tags 500, of diameter k, are tiled on 2n equitaicral triangular
grid, as shown in Figure 52 and defined in EQ 1. This is achieved when the center-to-center tag spacing is the same as the
tag diameter k,

Witk a tag diameter & of 256 dots (~4 mIn at 1600 dpm), m is therefore 552 dots (-8.8 mm). With a quiet area
of 16 dots, i.e. an effective tag diameter £ 0£ 272 dots (~4.3 mm), m increases to 587 dots (~9.3 mm).

When the tags 4 are moved a distance s apart, where 5 1$ at least as Jarge as k, 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 10
make 1ag rendering easier, the tags must be moved apart by a minimum amount given by EQ 3. For a 256-dot chameter
13g, u is therefore 40 dots {(~0.6 mm at 1600 dpi). Since this exceeds the quiet arca required for the tag, the quiet area can
be ignored if tag lines are rendered 10 not overlap. .

Setting 5 = & + & in EQ 2 gives EQ 4. For 2 256.dot diameter tag, 5 is therefore 296 dots (~4.7 mm at 1600
dpi), and m ts 598 dots (~9.5 men).

812 Sphericat Surface Tag THing

A regular icosahedron is often’used as the basis for generating an almost regular tiangular tiling of a sphere.
A regular icosahedron, such as icosahedron 526 in Figure 53, is composed of rwenty equal-sized equilateral triangular
faces 528 sharing thirty edges 530 and twelve vertices 532, with five of the edges 530 meeting at cach of the vertices 532.

To achieve the required tiling, the icosahedron 526 is inscribed in a target sphere, end each triangle 528 of
the icosahedron 526 is subdivided into an equal number of equal-sized equilateral subdivision tnangles to yield the
desired total number of triangles. If each edge 530 of the icosahedron is divided into v equal intervals, defining a set of
v—1 points along each edge, and each pair of corresponding points alopg any two adjacent edges is joined by a line
paralie} to the other sharcd adjacent edge, the lines so drawn intersect at the vertices of the desired equal-sized and
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equilateral subdivision triangles, resulting in the creation of v triangles per triangular face 528 of the icosahedron 526, or
200* mriangles in all. Of the resulting 10v% + 2 vertices, five riangular faces meet at sach of the twelve original vertices of
the icosahedron 526, and six triangular faces meet at the each of the remaining vertices, The twelve original vertices 532
atready Jie on the sphere, while the remaining vertices lie inside the sphere. Each created vertex is therefore centrally

projected onto the sphere, giving the desired tiling,

A sphere approximated by a regular polyhedron in this way is referred 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
528.

The closer a subdivision triangle is to the center of 2 face of the icosshedron 526, the further it is from the
surface of the S])ht?}'t, and hence the larger it is when projetied onto the sphere. To minimise vatiation in the size of
projecied subdivision triangles, subdivison vertices can systematically be displaced prior to projection (Tegmark, M., “An
Icosahedron-Based Method for Pixelizing the Celestial Sphere”, Apl Letters, 470, L81, October 14, 1996). If v = 1 then
no 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 triangular faces surrounding cach original vertex becomes increasingly flat, and the vertex
angle of each triangular face converges on 72° (i.e. 360° / 5). This defines the worst case for a tag tiling of a sphere. In a
72° isosceles triangle the base length is 1.18 times the length of the two sides. The maxunum tag spacing s for the
purposes of calculating the sensor field of view is therefore close to 1184 With a tag diameter of 256 dots and a quiet
arca of 16 dots, i.e. an effective tag diameter k of 272 dots (~4.3 mm), m is therefore 643 dots (~10.2 mm) according to
EQ 2.

The angle subtended by each edge of an teosahedron ar the center of the cirgumscribing sphere is given by
EQ5

For a sphere of radios r the arc length of each centraily projected edge is r8. Given a tag diamneter of K in the
same unils as r, the number of tags r required to cover the sphere is given by EQ 6.

For 2 given n, ris limited by EQ 7.

if n is limited to 2", to allow the use of a 16-bit tag ID without requiring multiple regions to cover the sphere,
and X is taken to be 4.3 mm as abave, then r is limited to ~310 mea.

A typical globe has a radius of 160 1un. its projecied are length of ~177 mm fits 41 evenly spaced tags with
negligibie additional spacing. Such a globe uses 16812 tags in total.

8.1.3 Arbitrary Curved Surface Tag Tiling

A wmangle mesh can approximate a surface of arbitrary topography and topology without introducing
discontinuities or sinpgularities, with the Jocal scale of the mesh being dictated by the local curvature of the surface and an
error bound. Assuming the existence of 2 triangle mesh for a particular surface, an effective non-}égular titing of tags can
be produced as long as each mesh triangle respects 2 minimum vertex angle and 2 minimum edge length. A tiling is
considered effective with respect to a particular sensing device if the field of view of the sensing device is guaranteed to
include at least one complete tag at any poéiﬁon of the sensing device on the surface.

The tiling procedure starts by placing a tag al each veriex of the mesh, so the minimum edge length is the
same as the tag dizmeter k. The tiling procedure proceeds by inserting a tag at the midpoint of any cdge whose length
exceeds a maximum tag separation 5. As illustrated in Figure 9, the maximum tag spacing 5 is calculated so that if two
adjacent tags 4a and 4D are a distance 5 + £ aparl, then theye is room for another tag 4¢ between them, i.e. EQ 8,

However, if the vertex angle between two edges of length s + € is less than 60°, then the inserted tags will
overlap.

To prevent inserted tags from overlapping, a minimum tag separation ¢ is introduced, where ¢ 24 The

minimum ventex angle o then becomes a function of k and 1, as shown in EQ 9.
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Clearly, when ¢t = £, B is constrained 1o be 60°, i.e. the mesh is constrained to be equilateral. But as illustrated
in Figure 56, when t > k, P can be less than 60° without inserted tags overlapping.

The maximum tag separaton s must be based on the new minimum tag separation #, in accordance with EQ
10.

‘When considering a particalar mesh triangle, there are four distinct tag insertion scenarios. By assuming that
the minimum vertex angle is no less than 30° (i.e, half of 60, it can be shown that whenever a mesh wiangle has at ieast
one edge less than or cqual to s in Jength, the remaining two edges are less than 25 in length.. In practice the minimum
veriex angle is typically at least 45°,

In the first scenario (Figure 57) no edges of a triangle 546 exceed £ in length, so the tagging of the triangle is
already complete.

In the second scenario (Figure 58) one edge 548 of a 1iangle 550 exceeds s in length. A 1ag 552 is inserted at
the midpoint of the edge 548 to complete the tagging of the triangle 550.

In the third scenarie (Figure 59) two edges 554, 556 of a tnangle 558 exceed s in length. Tags 560, 562 are
inseried 2t the midpoint of each of the two long edges 554, 556 and this may complete the tagging of the tiangle 558.
Centers of the two inserted tags 560, 562 together with the two vertices 564, 566 of the short edge 568 of the original
wiangle 558 form a trapezoid. If either diagonal of the wrapezoid exceeds s in length then a final tag 570 15 inserted at the
center of the wapezoid 10 complete the tagging of the triangle.

In the fourth scenario (Figure 60) all three edges 572 of a triangle 573 exceed s 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 applied to each of the four resultant triangles 577, 578, 579 and 580. Note that the new
triangles respect the minimum vertex angle because they have the same shape as the original triangle 573.

The tag tiling varjables are summarized in Table 4,

Table 4. Tag tlling variables

variable Meaning
B minimum vertex angle
. —
k tag diameter
m Iminimum diameter of sensor field of view on surface
s axirnum cenler-to-center tag spacing
t rminimum center-to-center tag spacing

8.2 TAG SENSING
B8.2.1 Pen Orientation

To allow a pen-fike sensing device to be used as a comfortable writing instrument, a range of pen orientations
must be supponed. Since the pen nib is consirained o be in contact with the surface, the orientation of the pen can be
characterized by the yaw (z rotation), pitch {x rotation) and roll (y rotation) of the pen, as illustrated in Figure 61. While
the yaw of the pen must be unconstrained, it is reasonable to constrain 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 pitch, such that, for example, ir the case of a pen device it would define a
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
therefore constrained uniess the pen is held atmost ventically, as discussed below. Yaw is therefore 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,
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FPitch and roll are conventionally defined as y 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 a right-handed 3D
coordinate system, roll is conventionally 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.

The pen's overall iilt () is related 1o its pitch (¢) and the roli {y) in accordance with EQ 11.

The pen’s tilt affects the scale at which surface features are imaged at diferent points in the field of view, and
therefore affects the Teselution of the image sensor. Since it is impractical 10 sense the area divectly under the pen nib, the
pen’s tilt also affeets the distance from the nib to the center of the imaged area. This distance must be known to allow a
precise nib position o be derived from the position determined from the (ag.

8.2.2 lmgge 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
2ar), and an apex beight of D above the surface when the optical axis is vertical. Although the image sensor is typically
rectangular, only the largest elliptical subarea of the image sensor is relevant 1o guarantecing that a sufficiently large parnt
of the surface is imaged, as quantified earlier.

The intersection of the field of view conc with the surface defines an elliptical window on the surface. This
window 35 circular when the optical axis is vertical,

Figure 62 illuswates the geometric relationship, for a given pitch-related tilt 6 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 tilt is defined to be
clockwise positive from the vertical. The eguztions which follow apply to both positive and negative 1l

When the pen is not tilted, the window diameter (i.c. | BD ) is given by EQ 12.

If, when the pen.is not tifted, the distance from the nib to edge of the window (.. [ABl)is 7. then the
distance S from the nib to the center of the window (i.e. |AC ‘) is given hy 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.

The width of the window (i.c. | FH ) is then given by EQ 15.

D and o must be chosen so that an adequately large area is imaged throughout the supported tilt range. The
required minitom diameter m of e area is given by EQ 4, while the width of the attua) 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
adequately sampled, i.2. that the maximum fearure frequency is sampted at its Nyguist rate or higher.

When imaged, the scale of the surface decreases with increasing distance from thé viewpoint and with
increasing inclination relative o the viewing ray. Both factors have maximum effect at point F for positive tilt and point H
for negative tilt, ie. at the point in the window furthest from the viewpoint. Note that references to F in the foltowing
discussion apply to H when the tilt is negative.

The distance of point F from the viewpoint (i.e. |EF|} is given by EQ 17.

Scaling dne to the inciination of the surface relative to the viewing ray through F (EF) is given by EQ 13.

If the surface feature frequency is f, then the angular surface feature frequency w at F (i.e. with respect to the
field of view) due to both factors is given by E€) 19.

When there is no object plane Lilt {i.c. & = 09, 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 must image the entire field of view at maximum frequency. Given an angular

field of view in image space of 2, an image sensor tilt (Le. image plane M) with respeci o the optical axis of 8°, and a
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sampling rate of n (where r 2 2 aceording to Nyquist's theorem), the mintroum jmage sensor resciution g is given by EQ
21 and EQ 22.

The cos-squarad tetm in the numerator in EQ 22 results from the same reasoning 28 the cos-squared term in
the denominator 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 o EQ 23 and EQ 24.

When there is no object plane tilt (i.e, B = 0) this reduces further to EQ 25.

When the image plane tilt and the object plane il are equal (i.e; €' = @), and the irnage space and abject
space angular fields of view are equal {i.c. " = 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 tilt is, however, a relatively cotly opticn in practice, and also requires greater depth of fcld.

Figure 63 ilhustrates the geomerric relationship, for a given roll-related tilt © of the pen’s opiical axis, between
the pen’s nib (point A}, the pen’s optical axis (CE). and the ficld of view window (FH}. The il is again defined to be
clockwise positive from the vertical. With the cxception of EQ 13, the preceding equations apply equally to roll-induced
tilt. For roll-induced ult the distance S from the nib to the center of the window (i.e. lAC i) is zcro rather than as defined
by EQ 13.

For pitch-induced tilt, the magnitude of the tilt range is maximised by choosing a minmimum (negative) tit and
2 maximum (positive) tilt which have the same image sensor requirement. Since, for piteh-induced tilt, the surface is more
distant for negative tilt than for pesitive tilt of the same magnitude, the minimum hes“a smaller magnitude than the
maximum For roli-induced ikt they have the same magnitude.

As described abave, the smallest feazures of the tag 4 are the structures which encode the data bits, and these
have a minitaum diameter of 8 dots. This gives a maximum feature frequency fof about 7.2 per mun at 1600 dpi.

As caleulated according 1o EQ 4 above, an equilateral triangular tiling of 236-dot diameter tags with no
overiap between successive tines of tags requires a minimum field of view window diameter on the surface of 598 dots, or
about 9.5 rm at 1600 dpi,

Maost 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° pirch (i.e. 40° from the horizontal). A reasonable target pitch range is
therefore —107 to +50°, and 2 reasonabile roll range —30° to 430", bearing in mind greater limitations on combined pitch
and roll as given by EQ 11.

The highly compact (1.5 mm®) Matsushita CCD image sensor (Matsushita Electropic Corporation, and is
described in a paper by liakura, K T Mobusada, N Okusenya, R Nagayoshi, and M Ozaki, “A lmn; 50k-Pixel IT CCD
Image Sensor for Mintatore Camera System”, IEEE Yransactions on Elecronic Devites, Volt 47, number 4, January
2000) is snitable for use in a compact device such as a pen. It has an available resolution of 215x2135 pixels, Assuming
equal image and object space angular fields of view, no image plane tiit, and a nib-to-window distance T of 4 mm,
oplimizing the geometry using EQ 16 and EQ 24 to achieve the desired pitch and 1oll ranges stated above yields a pitch
range of —16° 10 +48° (64°) and a roll range of —28° 10 +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 actoally ~21° to +43°, and this is mapped to close (o the
desired range by pitching the optical axis at —5° relative to the physical axis. Note that the tilt range can be expanded
slightly by optimizing 2 non-zero silt of the image plane.

The overall pen tile is thus confined to an elliptical cone whose major angle is 64° in the pitch piane and
whose minar angle is 56° in the roll plane.

The image sensing variables arc summarized in Table 5.
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Table 5. Image sensing variables

variable meaning

Object space field of view half-angle

Q

Image space field of view hall-angle

]

Pen yaw

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

@l @ <

Image plane tilt

Pan pitch

Pery roll

Angutar frequency in field of view

Normal viewing distance

“Tilled viewing distance

Surface feature frequency

Sampling rate

Image sansor reselution

n Rl Gl E]€le

Distance from nib to center of field of view on surface {(when &
= {))

Distance from nib to edge of field of view on N

~}

surface (when 86 = 0)

83 Tac DECODING
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 data.
8.3.2 inferring the Pen Transtorm

Once the 2D perspective transform is ebtained which accounts for the perspective distortion of the tag fn the
captured image, as described earlier, the corresponding discrete 3D tag transform with respect to the pen's optical axis can
be inferred, as described below in Section 8.4

Once the discrete 3D tag transform is known, the correspending 3D pen transform can be inferred, i.e. the
ransform of the pen’s physical axis with respact to the surface. The pen’s physical axis is the axis which is embodied in
the pen’s shape and which is experienced by the pen’s user. It passes trough the nib. The relationship between the
physical axis apd the optical axis is illustrated in Figure 64.

It is convenient to define three coordinate spaces. In semsor space the optical axis coincides with the z axis
and the the viewpoint is af 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 a1 the origin. The tag transform transforms the tag 4 from tag
space Lo sensor space.

Sensor space is illustrated in Figure 64. The labelling of points in Figure 64 is consistent with the labelling in
Figurc 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 referred to as the sensed point. In contrast with the geometry illustrated in Figure 62 where the nib
is considered as a point, bere the nib is considered as a smal) sphere. 1f the nib is curved, then the Bt of the physical axis
affects the offset between the sensed point and the comact point between the nib and the surface. The center point K of the
spherical nib, about which the physical axis pivots, is referred 1o as the pivot point.
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The nib makes nominal contact with the surface at point A when the optical axis is vertical. KA s defined to
be parallel to the oplical axis. When the pen is tilted, however, conlact 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, €.8. 2t A or L, is always R.

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

‘ Given the translation d of the sensed point from the viewpoint in the discrete tag transform, and according to
EQ 14, the sensed potnt is given by EQ 27.

Since the physical axis only differs from the optical axis by a y translation and x fatation (i.e. pitch), the
physical axis lies in the y-z plane. With reference to Figure 64, where lac!=5and lecl=o (just as in Figure 62), it is
clear that in sensor space the position of the pivot point is given by EQ 28.

The v_gct(‘}r'fmm the sensed point o the pivot point is therefore given by EQ 29,

The vector from the pivot point lo the contact point is by definition a surface normal of length R It is
constructed by applying the 3D tag rotation M Io 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 peint is then obtained in accordance with EQ 32,

This is transformed into tag space by applying the inverse of the 1ag wansform 3D rotation, and is then added
to the vector from the tag center 1o the sensed poinl, to yield the vector from the lag center to the contact point in tag
space, i.c. on the surface, in accordance with EQ 33.

This is finally added to the tag’s absolute location, as implied by ity tag 1D, 10 yield the nib's desired absolute
location in the tagged region: see EQ 34,

The final step is to infer the pen’s 3D orientation from the tag’s 3D orientation. The pen’s discrete rotations
are simply the inverses of the 1ag’s diserete rotations, with the pen’s pitch also including the effcct of the pilch (Dspnsor} OF
the optical axis with respect 1o 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 caplured by the image sensor contains perspective distortion due to the position and
arientation of the image sensor with respect (o the tag. Once the perspective targéts of the tag are found in image space, an
cight-degree-of-freedom perspective transform is inferred based on solving the well-undersiond equations relating the four
tag-space and image-space point pairs. The discrete transform steps which give rse to the image of the g are
concatenated symbolically, and a set of simultaneous non-lingar equations is obtained by equaring correspanding terms in
the concatenated wransform and the perspective transform. Solving these equations yields the discrete ransform steps,

which include the desired tag offset from the nib, 3D tag rotadon, and viewpoint offsel from the surface. .

341 Modeling the Tag Transform
The transform of the 1ag 4 from (ag space to image space can be modeled as a concatenation of the following
wansform steps:
. %-y translate (by tag-to-viewpoint offset)
. z rotate {by tag yaw)
. X ratate (by tag pitch)
. ¥ Totate (by tag roll)
. Z translate (by tag-to-viewpoint offset)
. perspective project (with specified focal Jengih)
. x-y sgale (10 viewport size)

These are concatenated symbolically to produce 2 single transform matrix which effects the lag transform.
Table 7 summarizes the discrete mransform varishles used in the following sections, together with the range of ¢ach
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variable.

- 45 -

Table 7. Piscrete transform variables and thelr ranges

Variable Abbrev. Meaning Unit Range
transform
. yaw Q 0sy<2n
- pitch 0 ~R2< <2
¥ - roll 0 -4 <y < d
I A tag—lo-vieivpoim x offset 0 -
t B tag-to-viewpoint y offset 0 -
cosy c cosine of yaw 1 -1<Cs1
siny D sine of yaw D -1<D<1
cosg E cosinz of pitch 1 0<FE<
sing F sine af pitch 0 H<F<i
cosy G cosine of roll 1 0<G<t
siny H sine of roll i) ~t<H<?
iz ! tag-to-viewpoint z ofiset - 1<0
1/A J inverse tocal length - . Jd=0
5 - viewport scale - §>0

Translate in x-y plane by 1, and 1, accerding 10 EQ 42 (where A=y, and B=t,).

Rotate about z by v according to EQ 43 (where C=cos(y) and D=sin(y)), giving EQ 44.

Rotate zhout x by ¢ according to EQ} 45 (whete E=cos{¢) and F=sin(¢)). giving EQ 46.

Rotate about ¥ by w according to EQ 47 (where G=cos{y)} and H=sin{y}}, giving £ 48, where X and £ are

defined by EQ 4% and EQ 50.

EQ 54.

842

Translare in z by 1, according to EQ 51 (where /=p,), giving EQ §2.
Perspective project with focal length A and projection plane at z=0 according to EQ 53 (where J=1/A), giving

Scale to viewport by § according to EQ 55, giving EQ 56. )

Transform a point in the x-y plane (2=0} according to EQ 57, giving EQ 58.

Finally, expand X and L, giving EQ 5%.

2D Perspective Transform

Given an inferred eight-degree-of-freedom 2D perspective transform matrix as defined in EQ 60, multiply by

an unknown f (o obtain the general nine-degree-of-freedom form of the matrix, as shown in EQ 61.

8.43
8.4.3.1

Transform a 2D poim according to EQ 62, giving EQ 63.

Intarring the Tag Transform

Equating Coefficients

Equating the coefficients in EQ 5% with the coefficients in EQ 63 results in EQ 64 w EQ 72, being nine

non-linear equations in 11 unknowns.

These equations are angmented as sequired by the tngonomeiric identity relating the sine and cosipe of an

angle (i.c. the sioe and cosine of any one of yaw, pitch and roll}, as shown in EQ 73.
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Given the sine and cosine of an angle, the comesponding angle is obtained vsing 2 two-argument arctan as
shown in EQ 74.

8.4.3.2  Solving for X-Y Offset

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

EQ 69 can be simplified using EQ 67 and EQ 68 to give EQ 77 and then EQ 78.

EQ 72 can be simplified using EQ 70 and EQ 71 to give EQ 7% and then EQ 80.

EQ} 76 can be re-written as EQ 81, and EQ 78 can be re-written as EQ 82.

Equating EQ 81 and EQ 82 and solving for 8 vields EQ 83 through EQ 85 and finally EQ 86, which dafines 8,
Substituting the value for B into EQ 82 and simplifying yields EQ 87 through EQ 90 and finally EG 91, which
dofines A. o

This ﬁmrcfore gives the x-y offset of the tag 4 from the viewpoint, since A=, and B=t,.
8.4.3.3 Sclving 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, E() 95 can be obtained.

From EQ 70, EQ 92 and EQ 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 oblained.

From EQ 95, EQ 99 can be obtained.

FromEQ 96, EQ 100 can be obtajned.

From EQ 97. EQ 101 can be obtained.

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

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

From EQ 103 and EQ 185, EQ 106 and then EQ 107 can be obtained.

EQ 107 only has a volid basis if G and H arc both non-zero. Since Jy) < 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 roli is non-zero. Specific handling for
zero pitch and roll is described in Section 6.7.3.10.

This thercfore gives the magnitude of the sine of the pitch, since F=sin{¢). and hence the cosine (£) of the
pitch by EQ 73, accordjng‘ to EQ 108. .

Since [¢f < 142, the cosine (E) of the pitch is always positive, so there is no ambiguity when taking the square
root. The sign of the sine (F), however, must be determined by other means, as described in Section 6.7.3.9.

Given E and F, the pitch is then obtained, according to EQ 109.

B.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.

This therefore gives the megnitude of the sine of the roll, since H=sin(y), and hence the cosine (G) of the soll

-by EQ 73, according to EQ 113.

Since jyj < w4, the cosine (&) of the roll is always positive, so there is no ambiguity when taking the square
root, The sign of the sine (&), however, must be determined by other means, as described in Section 6.7.3.9.
Given G and H, the roll is then obtained according to EQ 114.
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8.4.3.5 Solving for Yaw

From EQ 73, EQ 92 and EQ 93, EQ 115 2nd then EQ 116 can be obtained.

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

From ¥ 92 and EQ 116, EQ 119 and then EQ 120 can be obtained.

In EQ 116, and hence EQ 113 and EQ 120, the sign of the square root is determined by the sign of ;, which
can be determined from EQ 80, giving EQ 121.

Since I (¢,) is negative, J (1/4) is positive, and {f < ~1 (because || > &), then EQ 122 holds.

Given C and D, the yaw is then obtained sccording to EQ 123,
8.4.3.6 Solving for Viewport Scale

The cosine {C) and sine (D) of the yaw are by definition never simultaneously zero, Since the cosine (E) of
the pitch is ncvér.zcr;)','o;‘xhcr EQ 67 or EQ 68 can therefore always be used to determine the viewpont scale (5).

i 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 abtained.
8.4.3.7 Solving for Focal Length

Similarty, since the cosine (G) of the roll is never zero, either EQ 70 or EQ 71 can be used to determine the
inverse focal length (), so long as either the pitch or roll is noa-zero. However, the signs of the sines (F and 4 of the
pitch and rol} may not be known. However, the sign of e product {FH) of the sines of the pitch and roli is given by EQ
103, as shown in EQ 126.

The sign can be assigned arbitrarily to F, since the sign of 7 is known a prioni. If 2i is non-zero. then from EQ
70. EQ 127 can be obtained. .

1f ki 15 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 #f are both zere, i.e. if the pitch and roll are bath zero.
8.4.3.8 Solving for Z Oftset

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

Again, the z offset (F) 15 unknown if the inverse focal iength (/) is unknown, 1.e. if the pitch and roli are borh
2eT0.
8.4.3.9 Determining Direction of Pitch and Rofl

The sign of the product {FH) of the sines of the pitch and roll is given by EQ 126. Since —1/d <y < 14, a
roll adjusunent of +7/4 can be introduced o ensure the roll is always positive, without invalidating any other assumptions.
Once the rol) adjustinent is introduced, B 126 gives the sign of the sine (F) of the pitch alone. - N

The roll adjustment is introduced as follows. The viewpon scale (5, inverse focal Jength ), and z offset V)
are all computed as described. A 3D transform matrix is creaed from the 2D perspective transformn matrix. The inverses of
the viewport scale, focal length projection and z wanslation are applied to the 3D matrix in reverse order. The roll
adjustment is then applied by pre-multiplying the matrix by 2 w4 y rotation matrix. The roll, pitch and yaw are computed
as described. Since the roli is positive, the pitch direction is now known. The ©/4 rolf adjusiment is finally subtracted from
the roil 1o pive the actual roll.

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

When either the pitch or roll is zero, the general solution based on EQ 187 becomes invalid. The table of
Figure 85 shows the 12 degenerate forms of EQQ 64 through EQ 71 which result when the yaw is variously zero (or @), /2

(or 37/2), and non-zero, and the pitch and roll are variously zero and non-zero. The table of Figures 86 and 87 sets out the
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required logic for detecting and handling cases where the pitch andfor roll are zero, with cach case motivated by zeros
appearing in the table of Figure 83. The cascs in the table of Figure 85 are labelled with the case numbers from the 1able
of Figures 86 and 87.

CONCLUSION

The present invention has been described with reference to a preferred emboditnent and number of specific
alternative embodiments. However, it will be 2ppreciated by those skilled in the relevant fields that a number of other
embodiments, differing from those specifically described, will also fall within the spirit and scope of the present
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 documents incorporated by cross-reference as appropri ate. The scops of

the invention is only limited by the auached claims.
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CLAIMS
1. A region defined in relation to a surface, coded data being disposed withiny the region, wherein the
coded data includes identity data for identifying the region. )
2. A region according to ¢claim 1, wherein the coded data takes the form of at least one tag.
3. A region according to claim 2, wherein the tags substantially fill the region.
4. A region according to claim 3, wherein the tags within each region are icdentical to each other, but are

distinct from tags in a plerality of other regions on the surface of on other surfaces for which other regions are defined.

5. A region according to claim 2, wherein the tags within each tegion are positioned stochasticatly within
that region. 7

6. . Ategion according to claim 2. wherein the tags within each region are positioned in a regular array.

7. A region according 1o claim 2, wherein the tags within each region are substantially uniformly
distributed within that region.

g, A segion according to claim 2, whesein the tags are disposed on the surface such that the relative

spacing af their centras is less than about 12mm.

9 A region according to claim 8, wherein the relattve spacing is less than about 3mm.
10. A region according 1o ¢laim 9, wherein the relative spacing is Jess about 1mm,

11. A region according to claim 9, wherein the region is defined as the entire surface.
12 A region according to claim 2, wherein the surface is defined by a substrate.

13 A region according to claim 12, wherein the substrate is Jaminar. N

i4. A region according to claim 2, wherein the tags are disposed at predetermined positions on the
surface.

15. A region according to claim 14, wherein the tags are disposed on the surface within a tessellated
paftern comprising a phurality of tiles, each of the tiles containing a plurality of the tags.

16. A region according to claim 15, wherein the tiles interlock with each other to substantially cover the
surfaca.

17 A region according to claim 16, wherein the ti}é5 are all of a similar shape.

18 A region according to claim 17, wherein the tiles are trianpular, square, rectangular or hexagonal.

19. A region according to clam 15, wherein the tags are disposed stochastically within each of the tiles.

20. A region according to claim 1, wherein the region is identified with sufficient precision to distinguish
the region from 1.5 % 10™ other regions.

2% A region according to claim 2, whersin each of the tags inchides ar least l;hefcommon feature in
addivion to the identity data.

22 A region according to ¢laim 21, wherein the at least one commeon feature is configured (o assist
finding and/or recognition of the tags by associated tag reading apparatus.

23, A tegion according to claim 21, wherein the af least one common feature is represented in a format
incorporating redundancy of information.

24, A region according to claim 23, wherein the at least one common feature is rotationally symmetric o
as o be rotationally invariant.

25. A region according to claim 23, wherein the at least one common feature is ring-shaped,

26. - A region according to claim 2, wherein cach of the tags includes at least one orientation feature for
enabling a rotational orientation of the tag being read to be ascenained.

27 A region according 1o ¢laim 26, wherein the at least one oriemtation feature is represented in a format
incorpotating redundancy of information.
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28. A region accarding to ¢laim 27, wherein the at least one ofientation featire is rotationally asymmetyic.,
29. A region according to claim 27, wherein the at least one orientation feature 15 skewed along its major

a0, A region according to claim 2, wherein each of the tags includes at least one perspective feature for
enabling a perspective distortion of the tag being read 1o be ascertained.

31. A region according to claim 30, wherein the at least one perspeciive feature includes at least four sub-
features which are not coincident.

32. A region according to claim 2, wherein each tag includes a plurality of tag elements, the identity data
being defined by a plurality of the elements.

33. A region according to claim 32, wherein the tag elemenis are disposed in at least one arcuate band
around a central region .éfteach tag.

4. A region according io claim 33, wherein there are a plurality of the arcuate bands disposed
concentrically with respect 1o cach other.

3s. A region according to claim 34, wherein each element takes the form of a dot having a plurality of
possible values. '

36 A region according to claim 33, wherein the number of possible values is two.

37. A region according to claim 35, wherein when representing one of the possible values. the tag
elements absarb, reflect or fluoresce electromagnetic radiation of a predetermined wavelength or Tange of wavelengths to
a predetermincd greatcr or lesser extent than the surface.

38. A region according 10 claim 35, wherein the possible values of the tag elements are defined by
different relative absorption, reftection or fluorescence of electromagnetic radiation of a ;:redCIBmﬂned wavelength or
range of wavelengths. _

39, A region acém-ding to claim 35, wherein the tags are not substantially visible to an average unaidad
human eye under daylight or ambient lighting condidons. '

40, A region according to claim 35, wherein the tags are slightly visible to an average unaided human eye
under daylight or ambient Yghting conditions.

41, A region according to claim 32, wherein the tags are visible to an average unaided human eye under
daylight or ambient lighting conditions.

42, A region according to claim 1, wherein the identity data is represented in a format incorporating
redundancy of information.

43. A region according to claim 2, wherein the tags are printed onto the surface by means o_f a printer.

44. A region according to ¢laim 43, wherein the printer is an ink printer. e

45, A vegion according to claim 44, wherein the tags are printed using ink that is absorbent or reflective in
the ultraviolet spectrum or the infrared spectruim.

46. A 1egion according to claim 43, wherein the printer a]sc: pritits additional information onto the
surface. )

47. A region according to claim 46, wherein the additional information is printed onto the surface using
colored or monochrome inks.

48. A region according to claim 47, wherein the additional information is printed onto the surface using
one of the following combinations of colored inks:

CMY;

CMYK;

CMYRGB; and

spot colour.
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49. A region according 10 claim 2, wherein at least a plurality of the tags are disposed stochastically upon
the surface. '

50. A mgimi according to claim 49, wherein the identity data of each of the tags includes position dala
indicating the tag’s position in relation Lo either the surface or a plurality of the other tags,
51. A region according to claim 50, wherein the tags are disposed in a regular array on the surface.
52. A region according to claim 51, wherein the amay' is triangular.
53. A region according to claim 52, wherein the tags are tiled over the surface
54. A region zccording to claim 53, wherein the array is rectangular.
5. A region according to claim 54, wherein the tags are tiled over the surface.
56. A region according to claim 2, further including additional ron-tag information disposed on the
surface. o

57. A region according to claim !, wherein any 10 millimetre diameter subregion of the region includes
sufficient coded data to identify the region.

58. A region according to claim 58, wherein any 10 millimetre diameter subregion of the region inchudes
sufficient information to identify at least one point of the region.

59. A surface, including a region according to any onc of the preceding claims.

60. A method of producing a surface having a region, the method including the steps oft

(a) defining coded data, the coded data being indicative of:
aregion identity associated with the region; and
a plurality of points within the region; : N

(b) disposing the coded data within a region on the surface.

&1. A method according to claim 60, wherein the region is identified with sufficient precision to
distinguish the region from 1.5 x 10* other regions.

62. A method according to claim 60, wherein the coded data includes at least one tag, each tag being
indicative of the region identity and the position of the tag within the region.

63. A method according to claim 60, including the step of providing a substrate defining the surface,

64. A method according to clzim 60, wherein the substrate is laminar.

65. A method according to claim 62, whergin step (b) includes the sub-step (b){i} of disposing the rags in
areguiar array withun the region.

66. A method according to claim &3, wherein the sub-step (b)(i} includes the sub-step of disposing the
tags i a reclangular array within the region. _ )

67. A method according to claim 65, wherein the sub-step (b)(i} includes the sd"b-"s,téﬁ of disposing the
tags in a wiangular array within Lhe region.

68. A method according to claim 65, wherein step (b){i) includes the sub-step of tiling the tags over the
region.

69, A method acconding to claim 62, farther including the step of adding a cornmon feature to the tags in
addition 1o the identity data

70. A method according to claim 69, wherein the common feature 1s configured to assist location and/or
recognition of the tags by associated tag reading apparatus.

Ti. A method according 10 claimn 70, wherein the common features are represenied in a format
incorporating redundancy of information,

72. A method according to claim 62, further including the step of providing each of the tags with at leas
one oricntation feature for enabling an orientation of the tag being read 1o be ascertained.

73. A method according 10 claim 72, wheyein the at [east one orientation feature is represeated in a format
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incorporating redundancy of information.

74. A method according 1o claim 62, wherein each tag includes a plurality of tag clements, the identity
data being defined by 2 plurality of the elements.

5. A method eccording to claim 62, wherein step (b) includes the sub-step of disposing the tags on the
surface such that the relative spacing of their centres is Jess than about 12mm.

76. A method according to claim 75, wherein the relative spacing is less than about 3mrm.

77. A method according to claim 75, wherein the relative spacing is less about tmm.

78. A methed according to claim 62, wherein the tags are positioned stochastically within the region.

79. A method according to claim 62, wherein the tags substantially uniformly diswributed within the
region.

80.  A-method according 0 claim 60, wherein the region is defined as the entire surfacc.

81, A method according o claim 62, wherein the iags are disposed 2t predetennined positions on the
surface.

B2. A method according to ¢laim 62, wherein each of the tags includes at least one common feature in
addition to the identity data. l

83, A method according to claim 82, whercin the at least one common feature is configured to assist
finding and/or recognition of the tags by associated tag reading apparatus. 7

g4 A method according to claim 82, wherein the at Jeast one common feature is represented in a format
incorporating redundancy of infoomation.

85. A method according 10 claim 82, wherein the at least one comnon fealure is rotationally symmetric so
as 10 be rotationally invariant. )

86. A mcthod\ according to claim 82, wherein the at least one commen' feature is ring~shaped.

87, A methodraccording to claim 62, wherein each of the tags includes at least one orientation feature for
enabling a rotational orientation of the tag being read to be ascertained.

88. A method according to claim 87, wherein the at least one orientation fearure is represented in a format
incorporating redundancy of information.

g9, A method according to claim B8, wherein the ar least one orzntaton feature is rotationally
asyrmetric.

80. A method according {o claim 88, wherein the at least one orientation feature is skewed along its major
axis.

91, A method according 1o claim 62, wherein each of the tags includes at feast one perspective feature for
enabling a perspective distorntion of the 1ag being read to be ascertained. ' :

52. A method according to claim 91, wherein the at least one perspective feature includes at least four
sub-features which are not coincident.

03, A method according to claim 62, wherein each tag includes a plurality of tag elements, the identity
data being defined by a plurality of the elements.

04, A method according to claim 93, wherein the tag elements are disposed in at Jeast one arcuate band
around a central region of cach tag. .

95. A method according 10 claim 94, wherein there are a plurality of the arcvate bands disposed
concentrically with respect to each other.

96. A method according to claim 95, wherein each clement takes the form of a dot having a plurality of
posstble values.

97. A methed according 1o claim 96, wherein the number of possible values is two.

5%, A method according to claim 96, whesein when representing one of the possible values, the tag
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elements 2bsorb, reflect or finoresce electromagnetic radiation of a predetermined wavelength or range of wavelengths 1o
a predetermined greater or lesser extent than the surface.

99, A method according to claim 96, wherein the possible ‘'values of the tag elements are defined by
different relative absorption, reflection or fluorescence of clectromagnetic radiation of 2 predetermined wavelength or
range of wavelengths.

100. A method according to claim 96, wherein the tags are not subsiantially visible to an average unaided
human eye under daylight or ambient lighting conditions.

101, A method according to claim 96 wherein the tags are slightly visible to an average unaided human eye
under daylight or ambient lighting condifions.

102. A method according to claim 96, wherein the tags are visible to an average unaided human eye under
daylight or ambient lighting conditions.

103. A method according to clair 60, whercin the region identity is rcpresented in a format incorporaling

“redundancy of information.

104. A method according to claimn 62, wherein the tags are printed onto the surface by means of a printer.
105. A method according wo clairm 104, wherein the pricter is an ink primer.

106. A method according to claim 105, wherein the tags are printed using ink that is absorbent or reflective

in the uktraviolet spectrum or the infrared spectrum.

107. A method according to claim 104, wherein the printer also prints addivional inforination ontv the
surface.

188. A method according to claim 107, wherein the additional mformation is printed onto the surface using
colored or monochrome inks.

109. A method gecording to claim 108, wherein the additional informayon is printed onto the surface using
one of the following combinations of colered inks:

MY,

CMYK;

CMYRGB; and

spot calour,

110. A method according to ¢laim 60 whercin any 10 millimetre diameter subregion of the region includes
sufficient coded data to identify the region.

111. A method according to claim 110, wherein any 10 millimetre diameter subregion of the region
includes sufficient information to identify at least one point of the region. _

112. A region according to any one of claims 1 to 6, 35, 38 to 43, 55 to 64 or 67, wﬁbi‘qiﬁ the coded data is
machine readable, and the information represented by the coded daia is substantially inscrutable to an unaided human.

113. A method according to :my one of claims 82 1o 88, 93 or 96 10 99, wherein the coded data is machine
readable, and the information represented by the coded data is substantially inscrutable to an unaided human,



PCT/AU00/00570

SNONINGNGNGNONGNG
ORI
Se e e se et edetess!
ORRORRERIRORER0

ADDR 1
TEXT FIELD
ADDR 2
TEXT FIELD

4%@@@%@%@%
\ROEORO=0R0O-0EOX0=0
SRR

%% e Yo Ye Yo Yo ve
ORORORERERRERD
S s s ReRen et ens

LY a4
111111

1773
]
NN
—
1
I
/
]
—d—"'i--‘

REQUEST FORM
S

SUBMIT
GRAPHIC

WO 00/72250
/ *
Z



WO 00/72250

2173

NETPAGE
APPLICATION [—~— 12

SERVER

V)

NETPAGE
PAGE SERVER | ¢

)

NETPAGE
FreiNTER | 607

VN

PCT/AU0/00570



WO 00/72250 PCT/AUQD/00570

3/73

- REG \D
10 . SERVER SERYER

10
[
@ PAGE PAGE _8
SERVER SERVER
-0 NETWORK ~6O01-
_79_

PUB
SERVER L‘Ej

N s

APP
8‘ SERVER

5




WO 00772250 PCT/AU00/00570

4/73

NETPAGE PAGE SERVER !
. -10- CONTENT ;
; OBJECT ;
a J
! *|  GRAPHIC :
: ELEMENT :
: 51 .
! DOCUMENT <>_*L PAGE *1 INTERACTIVE | !
+ | DESCRIFTION DESCRIFTION ELEMENT )
5 | 5
v | DOCUMENT * | pPAGE * FIELD f
. INGTANCE KO INSTANCE O— VALUE ;
: PAGE 1D ¢——f \
R B SR = < !
____________________________________ N

NETPAGE * ViSIBLE ,

DOCUMENT fL NETPAGE GRAPHIC DATA|

!
1 INVISIBLE
5| CODED DATA

INVISIBLE
4 TAG

PAGE ID «~
POSITION

FPHYSICAL WORLD

e wm mm mE SR o mE = SR T R e U WE N mr mr N WS e T AR MR e m A e o m

§
]
1
}
L]
t
I
1
i
50
+* ’ 1
H
¥
{
]
[}
13
i
[}
1]
]
I



PCT/AU00/00570




W0 00/72250 PCT/AUBD/D0579

6/73
ACQUIRE IMAGE DECODE
& SET THRESHOLD | 2C ( DATA 1
h 4
IMAGE & X\~ <1 REED—SOLOMON -
THRESHOLD j DECODE S

v
THRESHOLD | ( ENCODED )
&SEGMENT [ 22 | DATA
SHAF’E 23 | SAMPLE
LisT 55— DATA POINTS

cowu*re 3D PEN
MOMENTS XFORM
\ 4

| SHAPE 25 Z47 INFER
MOMENTS ) 3D PEN XFORM
¥

FERSPECTIVE
XFOEM 5

FIND
RING TARGET |~ 26

¥ g
ROTATION " 27 INFER
& ASPECT | F’ERSF’ECTWE XFORM[ ™" 9%
4
FIND CORNER
¥ axis akGET | T 4C C POINTS )\/ .
v
w2y | FIND PERSPECTIVE 50
) TARGETS [




WO 00/72250 PCT/AUG0/00570

7173

101




WO 00/72250 PCT/AU00/00570

8/73

121




PCT/AU00/00570

WO 00r72250

9/73

IE

JOSNAS
FOVYNI 30D
Glexgle

300IA0L0Ad |1 Sxa | a3
SOSNAS |} -093TEov || dO0SN3s adl el 1331 SALvIS
i O ORIV AFEP | rowviidn | 010051
MR AN :
QQNM Vo m,iw N@M @:m VAN

e — — e — —

Gyl ANOD VLDIA-0L-O0TYNY

10

0123133

e

A/ BOSNIS
AOVIA

N@\
=~

10

0517 \MOd-Na-

od T0AINOD ANV VLIVQ 'SS3YAaY 05530034

i
10 1 17 i ca 1L
|
LU dFovNvYW WYHA ANOWAN wnodln  W-N ¥31103LIN0D
&l ¥aIMod || 90553204 aNzIG HSV 4 ANYEESYI N—/d3AIZ0SNYL

145/ mi

\J\ b:mu%.:u
Gl

mmo_.uacz_ kS
mmo.Emomum

ogl cll

— e o — — — - b o— = — —




WO 00/72250

o001
SN

10/73
T
608 T o13
\-~\
614
F—
TN 616
I
[ T 617
T
610
N
™
\\_’_\
606
\w ”J
f\
\ -
S
619
l-\“"'\i .
-

PCT/AU00/00570



PCT/AUD0/00570

WO 00/72250

11773

.w_

llllllll

12

FIG.




PCT/AU00/08570

WO 00/72250

12/73

)
Q
©
4 1..
Q O
) \\ N o . X N
SUSSESSSTSSIANR SRS ©
NG —
N‘ z/ ﬁlﬁ TS Q 9
w B
/r / | | -\f ©
.— a =f i o, o _T_, 2
JN® Ww O |
LN : \Q!
f7 /U ra \\\\\\\\-N /—
N
7 ://, " ~ % o / w
N W
N M 0 !
NN p /
NIN / 10
N — W / ©
N i
/M/ -
a ,

602
“
~

™\
™
AN
A N
e
669

FIG. 124




PCT JAU00/00578

WO 00772250

43173




PCT/AUBNOD570

WO 00/72250

vl Ol
;;;;;;;;;;;;;; 5T eso  4so U9 999
AOVANAING F OVAAAN | ¢ | yowan NG NOLLNG 53]
WIOMIAN || YIOMIAN | ERNNE
207 JOVdIEN | 1 [ HevH enrg 13H EEo
tlt\/ﬂllllN/r - -~ =% ‘
B e B e T REETEE T T~ |||||Hﬂf...
424 !
oL 4/ 131V |
|
P\r . < Xz MW _
SNg T0YINOD ANY Y1Vd ‘5533aay “
T U1 T
124574 B2 _
A% Y :
< > LIND3D HITIOAINOD| !
4/1 WVI¥3S a3348-HOH =450 did | ] 409539033 | anvdasva AHvum\,_momz(\& !
< e
i | R Ray Ay vt ..--HMWHHHHHJ
L8/ 052

~ =

oNd Y1448 d4345-HOH

HNJHI0

B f

SAOLINANI ¥
SACLYNOSTH

409/ 9G9 _ 43
@ P Mw E09/ mm.m\_\ =
SATI0HINOD | | $3TI0HINOD St s Ht
ANIONI ANIONT — —~ 95/
INI¥d FAVIS | | INTSd HLSw 29/




PCT/AU00/005T70

WO 00772250

15173

Gl Ol
F— = T TR T T T e e e e e 9 -
_ | _959
_ $ATTI0HINOD _
| HAINIS \\\”\
| |
£6G9 MW
| _
_ ~— _
| 409/ SNg WINAS A3346-HOM eooy | 1224
| |
RTAT wwor . AL Do
b 13ATI0EINOD 2119 VO JF1I03INOD |1 dIHD YO
| 3NIONT Saevi k1 “anong | ¥ 2OGIELEYD
| INRA 3AVTS IN¥d HIGW NT NI
T L] |
| _
” sng VINAS d3FLS-MOT “
_ |
I | gVaHLINING L AVAHINGA | !
P EPERE LEWIN P
qoag | T — lepae

—— w— . S S mEE g s At e MR e AR e E S e e o e

2



PCT/AU00/00570

WO 00/72250

16/73

dVdHINRI

OLL armaw [~-oge Lo/ G9L . oo/
s Y R S .
INAG |
a7 v Mmmw%w? NOLISOAN0D
YIS tt AYIHINIEL INA [AANCLATYH
e R S A

_
s R Lo || WS || WS
mmw wa 13A37-14 13A37-19 ANCLINOD

i 0 A
] 40553903d \.
_ sNd T03INOD ONY YLvd ‘S533AaY
O R 1 S
bl a1 viy3s aaadsmot | V3G i {47 1viy3s a3zds-HoM
_r-i-!@. ,,,,, . ang _f-!.-.@.?-{
GLL : 6599
T\ ~ U snga 1vidas a334s-HoH

4/1 13T1IVavd

1L

m@nﬂ%ﬁ v~ [ e T

AAAOINT
OV1L

A3d023d
XY YO

A43d0203d
o340

SNd YId4S d33ads-MOT

L o o o en o et W G am e e mmm e Mam e r mee o



1773

FIG. 17



PCT/AU00/0057D

WO 00/72250

18/73

300

500 300

WA
N \r&/

/ )
T
i

) ’
¥
WE 0

W/
>

w,,

l
1 Ko

Vi

A

A\
'0&..;.&“\/ o
A\ ) A
@@/vv\, ,

(A

AV ,,/
-

Iy

)

\.\
3

FIC. 15

.f_”
A

Y
)

e A

LY L ... ’/hu g
@,,w /fi« w\u,ﬂ//’ VR
._,,_\u\. \//«X./\&\. /ﬁ AN




WO 00/72250 PCT/AU00/00570

19/73




20/73

oy 2

..0:::'.. // 1 /////A
- b,
%,
\m N
| // )

Wi

..
.l'.l'.
e { /£ :

)
\
5
&0

S



WO 00/72250 PCT/AU00/D0570

21173

A .
NEUTgEéE E L\/525

66 DIRECTORY
N o
DEFAULT
E00 BT
\  NETPAGE +* __*| NETPAGE *;  NETPAGE
» FRINTER | USER ' PEN !
Tt ' USER ID | TTTTEmTTEet )
E02 60
NETPAGE
CONTACT
ET15~ DETALS . CUCSOEURNT ~_ S20
NAME BALANCE
ADDRESS
TELEPHONE :
* SET
PAYMENT o 821
216 GLOBAL - CARD
" 7| PREFERENCES ACCOUNT INFO
PUB 516G KEY
PRIVOST, PRIV SIG KEY
LOCALIZATION SECRET
817~ BIOMETRIC |~ HANDWRITING | 822
AN
SIGNATURE FINGERPRINT
S1E~A “BIOMETRIC BIOMETRIC [ 19
SIGNATURE FINGERPRINT

FIG. 21



WO 00/72250 PCT/AUDLA0570

22173
A
WEB * % *|  SURFACE
TERMINAL NETRISE TYPE
TERMINAL 1D FRINTEE 1D
PUB SIG KEY A G
— PUB 5IG KEY *
LOCATION
0 ~ 62 e
- 80z
NETPAGE NETPAGE Bi1
PRINTER. FROV PRINTER *
ACCOUNT PROVIDER
BALANCE PRI PROV 1D IR
TAG D
o4 815 800 |[béTion
22| N
\  NETPAGE ., B2
\ USER
NIB __*| NETPAGE CURRENT
PEN SELECTION
NIB 1D PENID +— _ CAPTURE TIME
KEY-EXCH KEY |\ |REGION
~ 0 &7 |PAGE ID
824 ~ Ol T
S01 8265
STYLE NS
B25 ~ e P ;
SHAPE
S1ZE
COLOR 830
TEXTURE

FIG. 25



WO 00/72258 PCT/AUO0/O0570
23/73
NETPAGE NETPAGE
NETPAGE
-——| i APPLICATION APP PROV
PUBLISHER FROVIDEE ACCOUNT
— APP PROV D BALANCE
06 Py
503 EZ27
* *
PUBLICATION > APPLICATION
APPLICATION 1D
2H7 CERTIFICATE 4
804 &4 N
' o)l APPLICATION FAVORITE
SUBSCRIPTION USER 55 | APPLICATION
FREQUENCY Qb?glg EE\;—“ PROGDUCT TYPE
* PRIV SIG KEY —~ %
EO5 E25
or| S~
. NETPAGE i NETPAGE |
' PRINTER | USER ;

b e o e o =4 Ao e



WO 00/72250 PCT/AUG0/00570
24/73
PAGE 5% i RESOURCE 1 | CONTENT Of
SERVER W + DESCRIPTION ! OBJECT
SERVER D «—1~ S~ OBJECT 1D
% E41 E40
B 3
DOCUMENT >—  DOCUMERT
DOCUMENT ID
APP 1D ™ 55’7 AN
USER 1D L N
/,_/ ;‘ ----------- ':
E36 51 GROUF i TERMINAL
ELEMENT ' ELEMENT
O;I e am o oam o vEgem e omy o o w -
B354 B3 E35 B39
N\ T F
FORMATTED * PAGE * | FORMATTED |*
DOCUMENT [ pEscriFTion T = ELEMENT
PAGE GIZE
SCALE FACTOR 5f_/ ZONE e
USER ID 3\
832 55
DOCUMENT * PAGE *|  ELEMENT
INSTANCE 0—01 1N5TANCE/ O INSTANCE
DOC INST 1D " [PAGEID «
CREATION TIME CREATION TIME
USER. ID USER ID -
PRINTER 1D PRINTER 1D BACKGROUND
gy FIELD
&31 850 &1 |DIGITAL INK
PR e Ay y /_/
TAG . E35



WO 00v72250 PCT/AUD0/00570

25173
1 NETPAGE 0.1 _*; k) I
: Uste T DOCUMENT  } | APPLICATION |
U e e . 836 N -
800 | %! FORMATTED | 504
i1 DOCUMENT {“"554
vl 831
. P .- L) P mm e --—--- "
' %y DOCUMENT f;_o_-}_: NETPAGE
1 I' INSTANCE : ' : FRINTER :
] ]
KL PAGE  ix] soz
' INSTANCE !
S350
. sTATC |
! '
' ELEMENT ;"‘/845
poo o T 1
| HYPERLINK
i ElemEnT O
TERMINAL LT :
ELEMENT <]— ..............
F/ — FIELD :,v845‘
539 | CLEMENT '
1 PAGE SERVER 1
——  COMMAND I~ 846

\  ELEMENT .



PCT/AUGG/AOST)

WO 00/72250
26173
STYLE * STYLE
ELEMENT OBJECT
847 szLED 854
TEXTFLOW | *
ELEMENT [ OpERT
TEXTFLOW ID 545 Eb5
IMAGE * IMAGE
ELEMENT OBJECT
STATIC &49 56
ELEMENT <]_ GRAPHIC * GRAPHIC
— ELEMENT . OBJECT —
5435 E50 E57
VIDEO CLIP | * VIDEO CLIP
ELEMENT ~ OBJECT .
E51 EHE
AUDIO CLIP | AUDIO CLIP
ELEMENT OBJECT —
_ 852 E59
e B GBoECT
B55 60

FIG. 25




WO 00/72250 PCT/AUD/00570

27773
HYFPERLINK | TERMINAL 1
ELEMENT “‘D; ELEMENT !
APPLICATION D T < |
Pl . .
ALIAS REQD &39
DESCRIPTION 54
/_/
eq44 *{
FORMATTED \  FORMATTED
HYPERLINK _[>; ELEMENT
&61 535
HYPERLINK y  ELEMENT
INSTANCE “—[> INSTANCE
TRANS ID «— | 77~ T
= ™ 832
862 55
GENERAL
HYPERLINK. ~ 865
oo mm T H
| HYPERLINK. i SELECTION
' ELEMENT <} avPERLINK [~ 204
E44

FORM
HYPERLINK [~ &6

SUBMIT DELTA

FIG. 30



WO 00/72250 PCT/AU00/00570

28/73
LI e i - :- ———————————— 1,
: ROUP 1 HYPERLINKED \  HYPERLINK
: E(L;ElgENT 4 — GROUP — ' ELEMENT !
S — )
B35 B66 E44

FIC. 51

! GROUP i
E ElEMENT 98

1 b I 1
) FIELD ' v TERMINAL
FORM — O—— glepenT :_[> ELEMENT !

APPLICATION ID TN Pommmees R,
FORM ID

LFETIME ) 845 839

~ i

56 | FORMATTED D FORMATTED 1

E67 NEXT FIELD | ' ELEMENT !
VERSION 59 H ———————— .C\...

*

) ]
FORM S FIELD l>: ELEMENT
INSTANCE INSTANCE v INSTANCE

EXPIRY TIME —~ X
~ E70 - 832
B6sS |
i FORM . FIELD
1 STATUS ! vate [ &7
A J DIGITAL INK
&72

FIG. 32



PCT/AUG0/00570

WO 00/72250
29/73
DIGITAL * S5TROKE
INK KC—1  GrOUP
CREATION TIME : -
B75 pay
E74 ?
ol
] ]
NIB .
STROKE —u—' SiE
~ o U
E75 N BI5
PEN
POSITION
TIME OEFSET
XY POSITION
XYZ ROTATION
Z FORCE .
/_/
E76
' CHECKBOX |
i TREp . 877
. TEXT |
: FIELD f"‘“"978
FIELD e Er T T a
ELEMENT <|“ o .
' DRAWING .
FIELD NAME e N 879
HIDDEN : *___"jf_E_LD :
555—/ [T ‘-
| SR ss0
: '

e e = = = =



WO 00/72250 PCT/AUM/005T0

30/73

——————————————

1 ¥
CHECKBOX N D
FIELD \ ELEMENT ! -

_____________

579/ % /_%97 5%/ 871

_________ <.
CHECKBOX ' FELD I
FIELD ——-|>.
VALUE :____Vf_LﬁUF____.:
BOOLEAN
FIG. 35

——————————————

TEXT ; FIELD :
FIELD “D; ELEMENT !

e # 682 sim 871

TEXT t b

¢\ FIELD

FIELD —-[ ! !
VALUE . YALUE

TEXT

——————————————

SIGNATURE |~ N FIELD :
FIELD -——-{>| ELEMENT !

b e - -

~ %
B850 885 gas 871
~ . Wl
SIGNATURE . X
; FIELD .
pEps —Db e
DIGITALSIG | TTTTTTTTTTTT ‘




WO 0072250
31/73
RECEIVE
STROKE ~ 884
IDEEQEY . 855
R%ngg*i - BE6
IDENTIFY
PAGE |~ EE7 :
FLEMENT 292
/._/
APPEND
STROKE TO FIELD
DIGITAL INK
INTERPRET |
DIGITAL INK

AFPEND STROKE
TO BACKGROUND
FIELD DIGITAL INK

v

COPY
STROKE TO
SELECTION

ACTIVATE
HYPERLINK

v

E91

FIC. 55

PCT/AU00/00570



- e Em Ew v G A AW e En Am Em Em mr Wh A M W mr m me S MR AL B mp o e B W o

WO 00/72250

E96

32/73

PCT/AUD0/00570

1

597 :

CONVERT VERIFY !

| | GRaRe® | |

898 3 7 il :

ASSIGN ASSIGN CREATE ;

TRUE AS TEXT AS ~1 DIGITAL '

FIELD VALUE FIELD VALUE | 904 | SIGNATURE ;

901 ASSIGN DIGITAL :

905 ~—1 SIGNATURE '

AS FIELD VALUE :

v A '

-893- - "o
v

FIG. 584




WO G0/72250

33/73

PCT/AUD0/00570

3

PAGE SERVER
COMMAND |~ 906
ELEMENT

HIDDEN

PAGE SERVER
COMMAND [ 207

ON SELECTED

AN
FORM
COMMAND
PAGE
COMMAND
DOCUMENT
COMMAND

<

FIG. 59

vOID
FORM ~ 908
s |eoo
Yorm o or0
GET FORM
STATUS 91t
e Lo
Yage o3
GET PAGE
STATUS [~ 914
DUPLICATE
DOCUMENT 915
RESET
DOCUMENT [~ 916
GET
DOCUMENT |~ 917
STATUS




WO 0/72250 PCT/AU00/00570

34/73

Tttt
EoOLRCE L ! DOCUMENT ‘~ 836
o ] |
SUBJECT mmmmeme oo : S DER
il I R
CONTRIBUTOR l";f"“"'"" BALANCE
i 540 5
IDENTIFIER 921
SOURCE . .
COVERAGE
P AN HOLDER 1D
842 916 P
920 o1
COPYRIGHT pmen o £ I .
| NETPAGE
FEE , USER
/_/ /—/ -----

919 E00

FIG. 40




PCT/AU00/00570

WO 00772250
35/73
!  NETPAGE 1____| FAVORITES
. USER - st . [~ 9%2
A oK
B00
%
*|  FAVORITES
ENTRY [~ 925
DESCRIPTION
AN
924 o925
\__\ /_/
FAVORITES FAYORITE
FOLDER TEM
*? AN
FAVORITE FAYORITE FAVORITE
DOCUMENT PAGE HYPERLINK
APPLICATION 1D
DOC INST ID PAGE D APPLIC
*1 * 1 ALIAS REQD
926 927 TRANS ID
y T - - l .'""": """ 1 \-\
| DOCUMENT . PAGE 928
| INSTANCE ' ' INSTANCE .‘
&E31 B30

FIG. 41



PCT/AU00/00570

WO 00772250
36/73
oottt
. NETPAGE «_____| HISTORY
'+ USER LT " 929
E00 ?
*
HISTORY
ITEM ~ 950
DESCRIPTION
CREATION TIME
AN
HISTORY HISTORY HISTORY
DOCUMENT PAGE HYPERLINK
DOC INST ID PAGE {D AFPPLICATION D
. , LINK 1D
~ % Py ALIAS REQD
931 : 932 : TRANS 1D
\ DOCUMENT 1 PAGE \ 933
' INSTANCE ' ' INSTANCE
B37 B30




PCT/AUON/00570

WO 00772250
37173
APPLICATION 1D PAGE REG PRINTER
(PUBLISHER) SERVER SERVEE. SERVER
P ~~ ~ 1~ -
71 |[eEr D" TI 210 no eor
I | |
- I i l
DOC D «— 51 | | i
- | | i
—3> | |
APP ID, «— &4 t I
ALIAS ID, «—— 65 : |
gggu”r?zi NT '
E )
DIGITAL SIGNATURE, NI !
MULTICAST CHANNELS |
< USER ID. < &0 :
PRINTER ID, «— &2
CERTIFICATE I
Soeerd,
PAGES, .
MULTICAST CHANNELS
< 50— PAGE ID5
= —S
OBJECTS (MULTICAST)
_______ &E41 62 .
: PAGE L *| HYPERLINK | * 1 HYPERLINK
' SERVER | REQUEST i INSTANCE
oottt REQUEST ID - oL
| NETPAGE || CXARTIIME - IN __} NETPAGE
, USER PRINTER ID . PRINTER |
/_/ r../ 52 L\ o
E00 954 B02

FIG. 44




WO 00/72250

PCT/AU00/00570

38/73
PAGE REG D PAGE
PRINTER 1| cervER A || sERver || AFF || server ||servER B
eor [[PeNB. T 102 71 2 10b
PAGE ID, | ! | : :
CLICK PEN ID, < o1 | | :
|| apPiD) < 64 ! !
50 |[STeeRD «60 | | }
(ALAS D)+~ 65 | | |
r i
53—, SERVER ID, = | {
gﬁ -, HREQ ID, , :
5:' L"Irhé?r{«% ID) = *
; EALIAS D) CETID '
|
] -
: DOC ID % 51 |
| |
| SERVER 1D, HREQ D, =1
| APP ID,
DOC ID. DOC
HREQ 1D
APP 1D
USER 1D, =
PRINTER 1D «— 52
- 50— PAGE IDS

FAGES

FIG. 45




PCT/AUM/00570

w0 00/722580
39/73
REG ID PAGE
PRINTER || oemvir Al SERVER APP SERVER || SERVER B
/“/ : —>¢\‘\ i\"\ /—/ /“/ f‘/ I
&01 FEN 1D, 102 | 11 71 12 10b
| = |
PAGE ID,
CLICK TPEN D+ &1
APP D « 54
50 | TeER D+ 60
ALIAS 1D +— 65

53— SERVER ID,

52— |HREQ D,
54— LINK D,

|
55— ITRANS ID, [T<ALAS ID
| ALIAS ID, LAS
gt
; CERTIFICATE|
' 1
i “GET ID”
|
: T DOCID - 51
|
. o
: SERVER (D, HREQ ID,
| APP ID, DOC |D, DOC
T HREQ 1D
APP ID
USER D, >
PRINTER ID <« 682

=

l
|
!
!
|
l
I
!
I
!
I
|
|
|
{
|
|
I
!
!
I
|
I
e

-
-

50—+ PAGE IDS

FIG. 46

FPAGES




WO 00/72250

PCT/AU06/00570

40/73
APP . APP
PAGE REG PRINTER
Terery || sErRvEr || server || RRURY < || PROVIDER
2005 TAREQ D, o o Lo L 72

CREDIT A : '[ :
x | |
&4 | APP D, 1 ;
55» SERVER D, |
52— 'HREQ ID, | l
ICREDITA ! \ |
, ' SERVER ID, |

, ' HREQ ID,
1 CREDITA ;
< ! HEEQ 1D, ‘
, CREDIT B i
1 |
&2—» PRINTEER 1D, :
CREDIT B ]
|
CREDIT B g

FIG. 47



WO 00/72250 PCT/AU00/00570

41773




PCT/AUG0/0570

42173

FIG. 50

FIG. 51



PCT/AUD0/00570

WO 00/72250

43773




44/73

550

532

525

FIC. B3




WO 00/72250 PCT/AU00/00570

45/73

FIG. 55

4z

f] ¥

} L 1

LI vl i

A

it v L

\\\ 'lv\ 3]
~ FA YRS ‘o,
AN LA 40




WO 00/72250 PCT/AUB0/00570

46173

FIG. 55



WO 00/72250 PCT/AUM/00570

47173

FIG. 60



WO 00/72250 PCT/AU00/00570

48/73

SURFACE

FIC. o1




WO 00/72250 PCT/AU00/00570

A9/73

_ optical
z A F;’:lxi-?;
Y nit
- surface




WO 00/72250 PCT/AU00/00570

50/73

: optical
4 * .F;w_cie

surface




WO 00/72250 PCT/AUN/QO570

51173

physical

optical
axis

axis




WO 00772250 PCT/AUD0/00570

52/73

physical
axis

tilted
surface

OO NO NGO
0 = B EE e~ 582

r [ |

r.ar ] r "
a2 vt L B b&4

FIG. 66



WO 00/72250 PCT/AUG0/00570
53/73
EQ
NUMBER EQUATION ]
2
m = k(— + 1)
1 J3
2s
m=—+k
2 J3
2
e,
3 J3
m = 1K
4 T3
5 © = 2arcsin —-—2—5) = 63.4° = 1.11 radians
J10+2./5
2
no= 10v2+2 = mLQJ +2
6 K
rsl-g n__—2
7 8] 4 10
8 s=>2k
ok
o B = 2211’(:81112r
10 s=2t

FIG. 67



PCT/AU00/00570

WO 00/72250
54/73
EQ
NUMBER EQUATION
1 sinb = cosdcosy
12 2Dtanc
13 S = T+ Dtana
14 d = D-Stanf
15 dcosB(tan(0 + a) — tan(6 — o))
16 dcosO(tan(0 + o) — tan(0 - at)) = m
dcos9
17 cos (6] + o)
18 cos(|[6| + a)
o o = j;dcose
cos (|6] + )
on = L2
20 0 2
cos o

FIGC. 65




WO 00/72250 PCT/AU00/00570

55/73
EQ
NUMBER | EQUATION
01 g = 2(1'n(1)0082(|9'l + o)
22 g = 2a'nfdcos Gcosz(|9'| +a')
| cosz(lel + o)
2
23 g = 2anfdcosBcos o
Cosz(|9| +a)
_ 2onfd
24 1= 3
cosO(1 — tan|f|tana)
25 q4p = 2anfD
26 q = 2anfdcos®

FIG. 69




WO 00/72250 PCT/AU00/00570
56/73
EQ
NUMBER EQUATION
27 0
Psensed = 0
—d
28 0
Ppivor = )
R-D
29 5 0 .
Vpivot—sensed = Ppivot—Psensed = S
R-D+d
30 > 0
N = M|g
1
5 >
31 - rN
Vcomact—pivot =R -
i
-
> > >
32 Veontact - sensed = Vconmcr—pivot‘"Vpivot—sensed
> > 12
a3 Vcomact—tag = Vsensed—tag+M Vconmcr—sensed
>
34 Pcanracr = Ptag + Vcontacr—tag

FIG. 70



WO 00/72250 PCT/AU00/00570
57173
EQ
NUNMBER EQUATION
35 Ypen = "Viag
36 ¢P€n = _q)tag—(bsensor
37 Wpen = —wmg
A
T
38 |Ms<7%
39 Piy1—P; = Ag
40 APy - P = Ag
Ao = 2T
41 § 2




WO 00/72250 PCT/AUM/00570

58173
] 1
Q O
Z 38
- o+ o = |\
= O A N
o T =<
o -
N O
——
DD—*OH\
Cﬁbco
chmo'__‘t! l
S o - o oS O — LQRoo
S - O ) '
meoo | T°7° y
i QIUOD -
o =
e LDQool N
= o ~
=
g2 2 3




WO 00772250

PCT/AUD0/0D570

FIG. 73

59/73
Sl
QQQQJCQ
o+ +
WO R
< Q Q
< <
pad
o
E ok"f-r.)
>
O
|
R R
R3ES
AR
S .
C OO - c oo
o B o e Do
, I
o R R o -~ O -~ O O
S = T == Y v EH bcmlot
I i I
[a)
A = e
-
g3 % ¢ =




PCT/AU00/00570

VL Ol

100 0]

11oo| ,
oorol = <
0001 g

60/73

aog+rdagy =1| %

6v

ag-ov =X
-1 0 0 0o |
MH =19 oHq 040 +HA HD-94d ¢
=ty =t
204 +7aV A= 40 qd
| TH+¥D HA DA-HAD HAA+DHD 8y
NOILYND3 WNN

03

WO 00772250




PCT/AUM/00570

61/73

G/ Ol
1+ +XH-TO)M rod (D40 +HOr (HD - 04 ]
0 0 .0 0 Ced. o
708 +3dV - a0 aa =TWHA="H
| TH+YD i DA -H4D HAA+9D | b
1700
0000 4
ooto] - A
.o 00 J £S
[ 0 0 0 |
[+¥H-TD  DF DID +HA HO=D4a | _ il = Sw
404+3av = d- a0 aa
| TH+XD HA Dq-HAD HAd+HD z8
NOILYND3 WNN
03

WO 00/72250




PCT/AU00/00570

62/73

WO 00/72250

/L Ol
.
0
ot o= ld
X LS
L -
1+ +dH-19) roq (9AD +HA) Ho ~0da)r ]
0 0 0 0 oS 4
(284 +TAV)S AS- 08 2as =TAHAN =N
(7H +¥D)S HAS (Da-HADIS Amma+oua._ 95
1000
0100
sosol = #
0008 gg
NOILYND3 NNN
o3




PCT/AUDO/00570

WO 00772250

63/73

LL Ol4

0
(g +3aV)S +£708 +X4dS
] (HADE + HAAY + DA - 00V)S +£(0a ~HAD)S + x(HAd +92)8

T+ (] + D409 +04AV + HOV-HADI +&(D4D + HAO +X(HD ~ DA

64

0
(Fng +7Aav)s +£q28 +x4ds
i (TH +3D)S + &(ODT - H4D)S + X(HAQ +5I)S

T+ (7 + YH - 1O + (940 + HO)L + X(HD — 04|

8g

NOILLYNDZ

WAN
o3




WO 00/72250 PCT/AUG0/00570
64/73
EQ
NUMBER EQUATION
50 abc
MpZDinf “idef
h 1|
61 ai bi ci
Mp = |diei fi
gi hi 1]
62 X
P2 MperZD Y
1
63 aix + biy + ci

Py = \dix+eiy+fi
gix+hiy+{

FIG. 75



PCT/AU00/00570

WO 00772250
65/73
EQ
NUMBER EQUATION
64 %’- = CG+DFH
o %f = CFH-DG
o E; = ACG-BDG + ADFH +BCFH
di
67 S - DE
ei
68 5 CE
fi _
60 S = ADE + BCE
70 gi = J(DFG—CH)
71 hi = (DH+ CFG)
79 i = J(BDH—ACH + ADFG + BCFG+1) + 1
73 sin28+c0328 =1
74 B = arctan(sin®, cosQ)

FIG. 79



WO 00/72250

PCT/AU00/00576

66/73
ECQ
NUMBER EQUATION
s % = A(CG + DFH) + B(CFH - DG)
¢c = Aa+ Bb
76 N
fi
-7 s A(DE) + B(CE)
L |f=Ad+Be
g |1 =AJ(DFG-CH)+BI(DH+CFG)+1J+1
i= Agi+Bhi+I1J+1
80 .
c—Bb
81 A = a
_ f-Be
82 A=
c-Bb _ f-Be
83 a d
a4 cd - Bbd = af - Bae
g5 B(ae—-bd) = af-cd
_ af-cd
B6 " ae-bd

FIG. 60



WO 00/72250 PCT/AU00/00570
67/73 '
E
NUM%ER EQUATION ,
af~c
87 f—(ae ~b ¢
B d
1 = flae —bd)—e(af—cd)
88 B d(ae — bd)
A = aef—bdf —~aef + cde
89 - d(ae — bd)
A= bdf + cde
a0 ~ d(ae - bd)
A== bt+ ce
91 ae - bd
; el
g2 C= ES
di
93 D= ES
€ d
04 a = EG+EFH
-d e
= — —-F
95 b E G+ B H
—e d
_ 4y € pe
97 h= ESH+ESF G
E = eG+dFH
88 B a
99 - b

FIG. &1



WO 00/72250 PCT/AUB0/D0570

68/73
NUEJI%ER EQUATION

ES = —-eH+ dFG

100 g
dH + eFG
101 ES - h
| eG+dFH _ —dG+eFH

102 a - b

FH _ad+be

103 G  ae-bd

—eH+dFG _ dH + eFG

104 g h
FG _dg+eh
105 H ~ dh-eg
FHXFG _ (ad +be)(dg +eh) _ 72
106 G " H = (ae-bd)(dh-eg)
F =+ (ad+ beHdg + eh)
107 (ae—bd)(dh - eg)
E = irJl—FZ
108
109 ¢ = arctan(E, F)
LB B (y e bidi—cg)) , (ad+ Do)
110 F G G (ad + be)(dg + eh (ae — bd)

_ . [(ad+be)(dh—eg)
" N{ae~bd)(dg + eh)

=

s L
Kis
FIC. 82

_ —
-_— —

H
111 . r——l—Hz

Qlin




WO 0072250 PCT/AU00/00570

69/73
NURBER EQUATION
1
He ——
112 T
+ —-———5‘+1
e
G = tJ1-H
113
114 y = arctan(G, H}

BRC
-] +|l=1 =1
115 E E

116 S _ i___w
i E
e E
C = =X ——————
117 E
i»\}d2+e2
C = e
118 .
i4d2+e2
d E
D = = x e
118 E :
i-Jd2+ez
d
D = ——
120
+ (,1!2+e2

FIC. 83




WO 00/72250 PCT/AUD0/00570
70/73
EQ
NUMBER EQUATION
oy | i(1-Ag—Bh) = 1J+1
122 sign(i) = —sign(1 ——Ag——Bh)r
123 v = arctan(D, C)
di
124 S = DE
el
125 $ = CE
. . (ad+ be
126 sign(FH) = mgn(ae -—de
J = ' gi
127 - CH + sign(FH)DFG
J = l hi
128 DH + sign{FHYCFG
;. (i=Agi-Bhi—1)
129 = 7

FIG. &4



PCT/AUG0/00570

WO 00/72250

71173

Gg ol

rod0 | ro4a SH4D | SHda
+HQ | +fHD- | teg+pY | $32 s3a |lag+ev | +690- | +899 | H'O | 43 | @D | oF
PHF rod4¥ IpY 0 o3F |ag+ey | (89)+ | SH4F | HO | 49 | 1F0 | a¥
ro4F | (PH)F leg S37 0 jgg+ey | SH4F | soF | HD [ 43 | 01F | BF
rHA PHO- |leg+py | SO ea JlagHev| sod- | 90 | HD | 01 | 4O | 9¢
[HF 0 SvF 0 ST 199 (so-)F 0 HD | 0 | 1¥0 ] Qe
0 {rH)* SOF ST 0 ey 0 SOF | HO | 0'L | 0'LF | ee
r49 r4ag | leg+py | S30 s3a | lag+ley | Sa- 80 o't | 43 | ao | oF
0 r4¥ Py 0 sar | (sg)F | (8)F 0 o'y | 43 | 1F0 ]| 4az
r4% 0 1eg S3F 0 SVF 0 ST 'y | 43 [ 0'LF ] ez
0 o | s4 SO sa |og+ey | sqQ- 89 6'L | 01 | a0 ] ol
0 0 |.Sv*F 0 st | (sg@)F | (8)F 0 o'y | 0L {1F0] al
0 0 sSgF ST 0 SYF 0 S¥ 0'b | 0L | 0¥ ] Bl
I 1B Il 18 Ip 1 1q e Ho | 49 | @0 | osed




WO #0/72250

72173

PCT/AU00/00570

description

case

condition

handling

zero pitch &
zero roll

=h=90

zero roll

2a

2b

]
™y
I
a-
i
)

Zc

S

handle via 2a or 2b

Ge—1
H«(

F « sign(E—J)a/l —E2

S

FIG. 86




WO 00/72250 PCT/AU00/00570

73/73
description case condition handling
zero pitch 3a (b=d=h=0 . )
G-
e
I_{.‘_] — :—g
S €
3b a=¢e=g=20 b
G« F
HJ _ b
S d
3¢ ¢
a _ .
A handie via 3a or 3b
3 E«1 N
F«0
H = sign(%—q N1 = G2
non-zero pitch 4 (g #0) A (h#0) | handle via general solution

& non-zero roll

FIG. &7




International application No,
PCT/ AUGOIOOS’TD

INTERNATIONAL SEARCH REPORT

A, CLASSIFICATION OF SUBJECT MATTER
GO6K 15/06, 7/10

Int. CL. 7

According to Intemmational Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documnentation searched (classification system followed by classification symbols)
IPC GOGK. 7/10, 9/00, 19/06; GOOF 3/023, 3/033 -

Documentation searched other than mimmum decumentation to the extent that such documents are included in the fields searched

AU: IPC AS ABOVE .

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

WPAT, USPTO

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant 10 claim No.

X US 5661506A, LAZZOUNI et al, 26 August 1997

PX WO 99/50787A, XEROX CORPORATION, 7 October 1999

1-113

1-113

X US 5852434A, SEKENDUR, 22 December 1993 1-59

Further documents are listed in the continuation of Box C See patent family annex

* Special categories of cited documents: e

"A" document defining the general state of the art which is
not sonsidered (o be of particular relevance

"E" earlier application or patent but published on or after "X
the international filing date

"L documnent which may throw doubts on priority claim(s)
or which is cited to establish the publication date of Y
another citatien or other special reason (as specified)

"o+ document referring to an oral disclosure, use,
exhibition or other means

upn document published prior to the intematianal filing -
date but later than the prierity date claimed

tater docutnent published afier the international filing date or
priority date and not in conflict with the application but cited to
understand the principle or theory underlying the invention
document of particular relevance; the claimed invention cannot
be considered novel or cannot be considered to involve an
inventive step when the document is taken alone

document of particular relevance; the claimed invention cannot
be considered to involve an inventive step when the document is
combined with one or moere other such documents, such
combination being obvious to a person skilled in the art
document member of the same patent family

Date of the actral completion of the international search

Date of mailing of the international search report

4 July 2000 V Boswsy Zooos
Name and mailing address of the I[SA/AU Authorized officer™~d
AUSTRALIAN PATENT OFFICE
PO BOX 200, WODEN ACT 2606, AUSTRALIA
S KAUL

E-mail address: pot@ipaustralia gov.an

Facsimile No. (02) 5285 3929

Telephone No : {02) 6283 2182

Form PCT/ISA/210 (second sheet) (July 1998)




INTERNATIONAL SEARCH REFPORT

International application No.

PCT/AUD0/00570
C {Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT ‘
Catepory* Citation of document, with indication, where appropriate, of the relevant passages Relevant to
claim No.
X US 5477012A, SEKENDUR, 19 December 1995 1-39
X US 5818026A, MELLING et al, 6 October 1998 1-59
PA WO 99/39277A, INTERVAL RESEARCH CORPORATION, 5§ August 1999
P.A WO 99/34277A, INTERVAL RESEARCH CORPORATION, 8 Tuly 1999
A WO 97/32262A, COBBLESTONE SOFTWARE INC, 4 September 1997

Form PCTASA/210 (continuation of Box C) (July 1958)




INTERNATIONAL SEARCH REPORT International application No.
Information on patent family members PCT/AU00/00570

This Annex lists the known "A™ publication level patent family members relating to the patent documents cited in the
above-mentioned mternational search report. The Australian Patent Office is in no way liable for these particulars
which are merely given for the purpose of information.

Patent Document Cited in Search Patent Family Member _
Report
Us 3852434 AU 45298/96 US 5477012 WO 0722959
EP 892971
Us 5477012 AU 45298/96 WO 9722959 Us 5852434
EP 862971
WO 9939277 AU 15894/99
WO 9934277 AU 19371/99
WO 9732262 AU 19852/97 CA 2247924 EP 954801

END OF ANNEX

Form PCT/ISA/210 (citation family annex) (July 1998)




(72]%m A £ - TRFRATE
ERF - i E AR
[T41 L RREBNYG  FEREENSREERS TGRSR
%

KEA {fTE
(4] & BAZER  WIRIRRSH R
(71mE MMRMEEXO—
AR 43, L B 5 SO T BRI 9 TN
SIS EAEFH A RO A, 1 1L 4 4%
FRER MR 4 — eyl
P4 B B B A & T e X
i X LR T — R R K
1, B D i i X K 5 AR R 3R SE
MR E R 5 FF k.




