
;}~e3e@@<N6Tl7NPA006 .1 METHOD AND SYSTEM FOR DELIVERY OF A NEWSPAPER OR
MAGAZINE FIELD OF INVENTION The present invention relates generally to
methods, systems and apparatus for interacting with computers by 5 means of
printed matter and sensing devices. More particularly, the invention
relates to delivery of a newspaper or magazine, utilizing such methods,
systems and apparatus, The invention has been developed primarily to allow
a large number of distributed users to interact with networked information
via printed matter and to obtain interactive printed matter on demand via
high-spend networked color printers. Although the invention will largely be
described herein with reference to this use, it will be appreciated that
the invention is not limited to use in this field. CO-PENDING APPLICATIONS
Various methods) systems and apparatus relating to the present invention
are disclosed in the following copending applications filed by the
applicant or assignee of the present invention simultaneously with the
present 15 application: PGT/AUOOJ00518, PC1YAU00I00519, PGT/AU00~00520,
PGT/AUOOI00521) Pf:T/AU00/00523) PGT/AU00/00524) PGT/AUOOrf0p525,
PCT/AU00~I~00526) Pf,:T/AU00/00527) PC77AUOON0528, PC1YAU00/00529)
PGT/AUOt7d00530, PGT/AU001~00531) PGT/AU00/00532, PGT/AU00/00533)
PGT/AU00/00534, PCT'/AU00I00535, PCT/AUOOV~00536, PCT/AUOOd~00537)
Pt:T/AUOOV00538, PGT/AU00100539) PGT/AU00/00540, PGT/AUOOIn0541)
PGT/AU00/00542, PCT'/AU00/00543) PGT/AUOO/OOS44) PGT/AU0010p545)
PGT/AU00100547, PGT/AUOOV~00546, PGT/AUOOV~00554) PCT/AU00/00556,
PGT/AUOOi100537, PC1'/AUOOi100558) PGT/AUOOJ~00559, PC1'/AU00/00560)
PCT/AUOOI00561) PGT/AUOt?/0p562, PCT/AU00/00563) PGT/AUOQ/00564)
PCf/AUOQIi00565, 1'CT/AUDOI~OOS66) PCT/AUOOil00567, PCT/AUOOV00568)
pCT/AU00i100569, PCT/AUOOI~00570, -P~A~I~rP~'~ApI00~AA0332;
-Fa'/AU00~0373,-FGTIAU00/003-74; 4~I'-/AU00/00573; . PCT/AUOOV~00576,
Pf:T/AU00100577) PGT/AUOOVi00578, PGT/AUOOI00579) PCT/AU00/00581)
PCT/AUOOV00580, Pf:T/AU00I00582) PGT/AUOOV~00587) PGT/AU00/00588,
PGT/AU00/~00589, PGT/AU00/00583) Ptyl'/AU00/00593) PGT/AUOOV~OOS90,
Pf:TlAU00J~00591) Pt:T/AU00/00592) PGT/AUOOV00594) PGT/AUOOi100595)
PC7YAUOOV~00596, PGT/AU00/00597) PGT/AU00/00598) 30 PGT/AU00ro0516, and
PCT/AU00/0051 ~ The disclosures of these co-pending applications are
incorporated herein by cross-reference. BACKGROUND Paper is widely used to
display and record information. Printed information is easier to read than
information 35 displayed on a computer screen. Hand-drawing and handwriting
afford greater richness of expression than input via a computer keyboard
and mouse. Moreover, paper doesn't run on batteries, can be read in bright
light, more robustly accepts coffee spills) and is portable and disposable.
Online publication has many advantages over traditional paper-based
publication. From a consumer's point of view, information is available on
demand, information can be navigated via hypertext links, searched and
automatically 40 personalized. From the publisher's point of view, the
costs of printing and physical distribution are eliminated, and the
publication becomes more attractive to the advertisers who pay for it
because it can be targeted to specific demographics and linked to product
sites.     NPA006 -1aOnline publication also has disadvantages. Computes
screens are inferior to papa. At the same quality as a magazine page, an
SVGA computer screen displays only about a fifth as much information. Both
CRTs and LCDs have brightness and contrast problems, particularly when
ambient light is strong) white ink on paper) being reflective rather than
emissive) is both bright end sharp In ambient light. 5 People obtain news
from a variety of sources - network and cable television, radio) daily
newspapers) and weekly newsmagazines. In the United States, although the
various news media are healthy and profitable, per capita news consumption
is somewhat in decline as a new generation of young adults have less time
to read, and favor television entertainment over news. Yet six out of ten
adult Americans read a newspapar every day.   wo oor/2233 -2
PC'T/AU00/00522 There is ongoing conflict between newspapers' mass
distribution model) and advertisers' need for micro- targeting. This
conflict, coupled with advertisers' desire for higher-quality printing of
color images, is motivating a shin from run-of-press (ROP) advertising to
inserts. The downside to inserts is that editorial context is lost Fearing
the online migration of advertising, traditional news publishers from both
broadcast and print lave 5 ventured into Internet-based news delivery,
wanting to establish a presence at whatever cost before newcomers become
entrenched. Most newspapers are still reporting losses from their online
operations. Online news delivery offers a number of advantages. Breaking
news can be delivered as soon as it happens. News can be customized for
individual readers according to their preferences and geographic locations.
Readers can explore stories to arbitrary depth, follow links to related
resources, and search archival material. Readers can participate 10 in
discussion .groups and contribute to opinion polls. The news itself can
incorporate audio and video clips) and can include live transmissions,
converging with broadcast. Online news delivery also has disadvantages.
Computer screens are of limited size and quality compared with print. Few
people enjoy reading a story of any length on a computer screen. Computers
are not portable in the wide sense that a newspaper is. The news may be
more timely) but the time and place is which it can be consumed are more 15
constrained than with a newspaper. OBJECT It is an object of the invention
to combine advantages of printed and online publications to facilitate
delivery of a newspaper or magazine. 



SUMMARY OF INVENTION In accordance with the invention, there is provided a
method of delivering a newspaper or magazine, including: formatting
information of the newspaper err magazine in a computer system; _--- the
information including at least one user interactive element which enables a
user to indicate a request for further information relating to contents of
the newspaper or magazine by interacting with the element using a sensing
25 device which is adapted to transmit data indicating the request to the
computer system; and printing the information at a printer networked with
the computer system so as to produce the newspaper or Preferably, the
further information relates to editorial content. Alternatively, the futher
information relates to advertising material) which may be included in the
formatted information on the basis of demographics of the user. Preferably)
the newspaper or magazine includes coded data indicative of an identity of
the newspaper or magazine and of the at least one interactive element and
wherein the data includes receiving, in the computer system) indicating
data from the sensing device regarding .the identity of the newspaper err
magazine and of a. position of the sensing device relative to the newspaper
or magazine ;in order to identify the newspaper or magazine and determine
when the sensing device is used to interact with the element. The method
may further include receiving, in the 35 computer system, movement data
regarding movement of the sensing device relative to the newspaper or
magazine, with the sensing device preferably sensing device sensing its
movement relative to the newspaper or magazine using the coded data, and
identifying the response is the computer: system from the movement being at
least partially within a zone associated with the interactive element
Preferably, the sensing device includes an identification code specific to
a particular user sad the method 0 includes monitoring use of the sensing
device in the computer system. The method may further include printing the
newspaper or magazine on demand and preferably printing the formatted
information on a surface of a surface-defining structure and) at the same
time, printing the coded data on the surface with the coded data preferably
being substantially invisible in the visible spectrum. r    wo oon2233
PGT/AU00/00522 -3Preferably, the method includes retaining a retrievable
record of the printed newspaper or magazine) the newspaper or magazine
being retrievable using the identity data as contained in the coded data.
Preferably, s plurality of newspapers or magazines may be distributed using
a mixture of multicast and pointcast communications protocols. 5 In the
event the newpaper or magazine is printed on multiple pages, the method may
also include binding the pages. In another aspect) there is provided a
system for delivering newspaper or magazine, including: a computer system
with a publication server adapted to select and format information of a
newspaper or a printer far printing the information so as to produce the
newspaper or magazine) with at least one interactive element to enable a
user to. indicate a request for further information relating to content of
the newspaper or magazine; end a sensing device used to indicate the
request and adapted to transmit data to the computer system and the
publication server is preferably adapted to include at least a portion of
the content as advertising material) with the 15 advertising material
preferably included with reference to user content preferences. The system
may further include an advertising server for providing the advertising
material to the publication serve and may also further include a
registration server where demographic data of the user is stored for access
by the publication server, in order to allow the advertising material to be
demographically targeted Preferably) the newspaper or magazine includes
coded data including data indicative of the interactive 2~ element and
identifying data indicating the newspaper or magazine and/or a particular
portion of the newspaper or magazine. The computer system is preferably
adapted to receive movement data regarding movement of the sensing device
relative to the newspaper or magazine, and interpret said movement of the
sensing device as it relates to said at  least one element. More
preferably, the-sensing device senses its own movement relative to the
newspaper or magazine 25 using the coded data. The sensing device may
include an identification code specific to a particular user and the
computer system is arranged to monitor the use of the sensing device.
Preferably the sensing device includes a marking nib. 



Preferably, the newspaper or magazine is printed on a surface of a
surface-defining structure and wherein the printer prints the newspaper or
magazine on demand and the printer is arranged to print the coded data at
the same time as printing the newspaper or magazine on a surface-defining
structure, with the coded data preferably being substantially invisible in
the visible spectrum. The system preferably includes a database for keeping
a retrievable record of each newspaper or magazine generated, each
newspaper or magazine being retrievable by using its identity, as included
in its coded data. 35 Preferably, the printer includes a binding means for
binding the newspaper or magazine in the event the newspaper or magazine
includes a plurality of pages. BRIEF DESCRIPTION OF DRAWINGS Preferred and
other embodiments. of the invention will now be described, by way of non
limiting example only) with reference to the accompanying drawings, in
which: Figure 1 is a schematic of a the relationship between a sample
printed netpage and its online page description; Figure 2 is a schematic
view of a interaction between a netpage pen, a netpage printer, a netpage
page server) and a netpage application server) . .   WO 00/72233 ~
Ptr'f/AU00/00522 -4 Figure 3 illustrates a collection of netpage servers
and printers interconnected via a network Figure 4 is a schematic view of a
high level structure of a printed netpage and its online page description;
Figure 5 is a plan view showing a structure of a netpage tag; Figure 6 is a
plan view showing a relationship between a set of the tags shown in Figure
5 and a field of view of a 5 netpage sensing device in the farm of a
netpage pea; 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 cone; Figure 9 is a perspective
exploded view of the netpage pea shown is Figure 8; Figure 10 is a
schematic block diagram of a pen controller for the netpage pea shown is
Figures 8 and 9; Figure 1.1 is a perspective view of wall-mounted netpage
printer, Figure 12 is a section through the length of the netpage printer
of Figure 11; Figure 12a is an enlarged portion of Figure 12 showing a
section of the duplexed print engines and glue wheel assembly; Figure 13 is
a detailed view of the ink cartridge, ink, air and glue paths, and point
engines of the netpage printer of Figures 11 and 12; ~ 5 Figure 14 is a
schematic block diagram of a printer controller for the netpage printer
shown in Figures 11 and 12; Figure 15 is a schematic block diagram of
duplexed print engine controllers and MemjetTM printheeads associated with
the printer controller shown in Figure 14; Figure 16 is a schematic block
diagram of the print engine controller shown in Figures 14 and 15; Figure
17 is a perspective view of a single MemjetTM painting element, as used in,
for example, the netpage printer of Figures 10 to 12; Figure 18 is a
perspective view of a smell part of an array of MemjetTM printing element
Figure 19. is a sales of perspective views illustrating the operating cycle
of the MemjetTM printing element shown is Figure 13 Figure20 is a
perspective view of a short segment of a pagewidth MemjetTM printhead;
25Figure21 is a schematic view of a user class diagram;Figure22 is a
schematic view of a printer class diagram;Figure23 is a schematic view of a
pen class diagram;Figure24 is a schematic view of an application class
diagram;Figure25 is a schematic view of a document and page description
class diagram;30Figure26 is a schematic view of a document and page
ownership class diagram;Figure27 is a schematic view of a terminal element
specialization class diagram;Figure28 is a schematic view of a static
element specialization class diagram;Figure29 is a schematic view of a
hyperlink element class diagram;'Figure30 is a schematic view of a
hyperlink element specialization class diagram;35Figure31 is a schematic
view of hyperlinked group class diagram;Figure32 is a schematic view of a
form class diagram;Figure33 is a schematic view of a digital ink class
diagram;Figure34 is a schematic view of a field element specialization
class diagram;Figure35 is a schematic view of a checkbox field class
diagram;Figure36 is a schematic view of a text field class diagram;Figure37
is a schematic view of a signature field class diagram;Figure38 is a
flowchart of an input processing algorithm; r:   wo oon2233 -5Figure 38a is
a detailed flowchart of one step of the flowchart of Figure 38; Figure 39
is a schematic view of a page server command element class diagram; Figure
40 is a schematic view of a resource description class diagram; Figure 41
is a schematic view of a favorites list class diagram; 5 Figure 42 is a
schematic view of a history list class diagram; Figure 43 is a schematic
view of a subscription delivery protocol; Figures 44 is a schematic view of
a hyperlink request class diagram; Figure 45 is a schematic view of a
hyperlink activation protocol; Figure 46 is a schematic view of a form
submission protocol; and Figure 47 is a schematic view of a commission
payment protocol. PGT/AU00/00522 



DETAILED DESCRIPTION OF PREFERRED AND OTHER EMBODIMENTS Note: MemjetTM is a
trade mark of Silverbrook Research Pty Ltd) 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 15 embody all or
even most of the specific details and extensions discussed below in
relation to the basic system. However) the system is described is its most
complete form to reduce the need for external reference when attempting to
understand the context in which the perferred embodiments and aspects of
the present invention operate. In brief summary. the preferred form of the
netpage system employs a computer interface in the form of a mapped
surface, that is) a physical surface which contains references to a map of
the surface maintained in a computer 20 system The map references can be
queried by an appropriate sensing device. Depending upon the specific
implementation, the map references may be encoded visibly. or invisibly,.
and defined in such a way :that a local query on the mapped surface yields
an unambiguous map reference, both within the map and among different maps.
The computer system can contain information about features on the mapped
surface, and such information can be retrieved based on map references
supplied by a sensing device used with the mapped surface. The information
thus retrieved can take the 25 form of actions which are initiated by the
computer system on behalf of the operator in response to the operator's
interaction with the surface features. In its preferred form, the netpage
system relies on the production of, and human interaction with) netpages.
These are pages .of tact, graphics., and images printed on ordinary paper,
but which work like interactive web pages. lnformation is encoded an each.
page,., using ink which is substantially invisible to the unaided human
'eye.. The ink, 30 however, and thereby the coded data, can be sensed by an
optically imaging pen and transmitted to the netpage system. In the
preferred form;. active buttons and hyperlinks,on each page can be clicked
with the pen to request information from the network or to signal
preferences to a network server. In one embodiment, text written:by hand on
a netpage is automatically recognized and converted to computer text in the
netpage, system, allowing forms to be filled in. 1n other embodiments,
signatures recorded on a netpage are automatically verified) allowing
e-commerce transactions to 35 . be securely authorized. As illustrated in
Figure.1, a printed netpage 1 can represent a interactive form which can be
filled in by the user both physically, on the printed page, and
"electronically", via, communication between. the pen and the netpage
system. The example shows a "Request" form containing .name. and address
fields and a submit button. The netpage consists of graphic data 2 printed
using visible ink, and coded data 3 printed as a collection of tags 4 using
invisible ink 40 The corresponding page description 5, stored on the
netpage network, describes the individual elements of the netpage. In
particular it describes the type and spatial extent (zone) of each
interactive element (i.e. text field or button in the example), to allow
the netpage system to correctly interpret input via the netpage. The submit
button 6) for example, has r.   wo oonZ~33 ~ PcnAUOOioosiZ -s a zone 7
which corresponds to the spatial extent of the corresponding graphic 8. As
illustrated is Figure 2) the netpage pen 101 ) a preferred form of which is
shown in Figures 8 and 9 and described is more detail below) works in
conjunction with a netpage printer 601) as lnternet-connected printing
appliance for home) office or mobile use. The pen is wireless and
communicates securely with the netpage printer via a 5 short-range radio
link 9. The page printer 601, a preferred form of which is shown is Figures
11 to 13 and described in more detail below) is able to deliver)
periodically or on demand) personalized newspapers) magazines) catalogs,
brochures and other publications) all at high quality as interactive
netpages. Unlike a personal computer) the netpage printer is an appliance
which can be) for example) wall-mounted adjacent to as area where the
morning news is first consumed, such as is a user's kitchen, near a
breakfast table, or near the household's point of departure for the day. It
also comes in tabletop) desktop) portable and miniature versions. Netpages
printed at their point of consumption combine the case-of-use of paper with
the timeliness and interactivity of an interactive medium. As shown in
Figure 2, the netpage pea 101 interacts with the coded data on a printed
netpage 1 and 15 communicates) via a short-range radio link 9) the
interaction to a netpage printer. The printer 601 sends the interaction to
the relevant netpage page saver 10 for interpretation. In appropriate
circumstances, the page server sends a corresponding message to application
computer software running on a netpage application server 13. The
application server may in turn send a response which is printed on the
originating printer. The netpage system is made considerably more
convenient in the preferred embodiment by being used in 20 conjunction with
high-speed microelectromechanical system (MEMS) based inkjet (MemjetTM
printers. In the preferred form of this technology) relatively high-speed
and high-quality printing is made more affordable to consumers. In its
preferred form) a netpage publication has the physical characteristics of a
traditional newsmagazine, such as a set of letter-size glossy pages printed
in full color on both sides, bound together for easy navigation and
comfortable handling.  The netpage printer exploits the growing
availability of broadband lnternet access. Cable service is 25 available to
95% of households in the United States, and cable modem service offering
broadband Internet access is already available to 20% of these. The netpage
printer can also operate with slower connections, but with longer delivery
times and lower image quality. Indeed, the netpage system can be enabled
using existing consumer inkjet and laser printers, although the system will
operate more slowly and will therefore be less acceptable from a consumer's
point of view. In other embodiments, the page system is hosted on a private
intranet. In still other embodiments, the netpage system is hosted on a
single computer or computer-enabled device, such as a printer. Netpage
publication servers 14 on the netpage network are configured to deliver
print-quality publications to netpage printers. Periodical publications are
delivered automatically to subscribing netpage printers via pointcasting
and multicasting lnternet protocols. Personalized publications are filtered
and formatted according to individual user  35 A netpage printer can be
configured to support any number of pens, and a pen can work with any
number of netpage, printers. In the preferred implementation, each netpage
pen has a unique identifier. A household may have a collection of colored
netpage pens, one assigned to each member of the family. This allows` each
user to maintain a distinct profile with respect td a netpage publication
server of application server. A netpage pen can also be registered with a
netpage registration server 11 end linked to one or more 40 payment card
accounts. This allows e-commerce payments to be securely authorized using
the netpage pen. The netpage registration server compares the signature
captured by the netpage pen with a previously registered signature,
allowing it to authenticate the user's identity to as e-commerce server.
Other biometrics can also be used to verify identity. A r A~'   WO 00/7Z233



PGT/AUOO/OOSZ2 version of the netpage pen includes fingerprint scanning)
verified in a similar way by the netpage registration server. Although a
netpage painter may deliver periodicals such as the morning newspaper
without user intervention, it can be figured 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 o-mail 5 account which is visible to any
junk mailer who knows the telephone number or email address. NETPAGE SYSTEM
ARCHITECTURE Each object model in the system is described using a Unified
Modeling. Language (UML) class diagram. A class diagram consists of a set
of object classes connected by relationships, and two kinds of
relationships are of interest here: associations and generalizations. An
association represents some kind of relationship between objects, i.e.
between 10 instances of classes. A generalization relates actual classes,
and can be understood in the following way: if a class is thought of as the
set of all objects of that class) and class A is a generalization of class
B) then B is simply a subset of A. The UML does not directly support
second-order modelling - i.e. classes of classes. Each class is drawn as a
rectangle labelled with the same of the class. It contains a list of the
attributes of the class, separated from the name by a horizontal line) and
a list of the operations of the class, separated from the 15 attribute list
by a 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 multiplicity of the
associatian. The default multiplicity is one. An asterisk (i) indicates a
multiplicity of "many", i.e. zero or more. Each association is optionally
labelled with its name, and is also optionally labelled at either end with
the role of the corresponding class. An open diamond indicates an
aggregation association ("is-part-of), and is drawn at the aggregator 20
end of the association line. A generalization relationship ("is-a") is
drawn as a solid line joining two classes, with an arrow (in the farm of an
open triangle) at the generalization end. When a class diagram is broken up
into multiple diagrams. any class which is duplicated is shown with a
dashed outline is all but the main diagram which defines it It is shown
with attributes only where it is defined. 25 1.1 NETPAGES Netpages are the
foundation on which a netpage network is built They provide a paper-based
user interface to published information and interactive services. A netpage
consists of a printed page (or other surface region) invisibly tagged with
references to an online description of the page. The online page
description is maintained persistently by a netpage page server. The page
30 description describes the visible layout and content of the page)
including text, graphics and images. It also describes the input elements
as the page) including buttons, hyperlinks, and input fields. A netpage
allows markings made with a netpage pen on its surface to be simultaneously
captured and processed by the netpage system. Multiple netpages can share
the same page description. However, to allow input through otherwise
identical pages to be distinguished, each netpage is assigned a unique page
identifier. This page ID lies sufficient precision to 35 distinguish a very
large number of netpages. Each reference to the page description is encoded
in a printed tag. The tag. identifies the unique page on which it appears;
and thereby indirectly identifies the page description. The tag also
identifies its own position on the page. Characteristics of the tags are
described in more detail below., Tags are printed in inhered-absorptive ink
on any substrate which is infrared reflective) such as ordinary . paper.
Near-infrared wavelengths are invisible to the human eye but are easily
sensed by a solid-state image sensor with an appropriate filter. 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
is wireless and communicates with the netpage printer via a short-range r:
WO 00I72233 ' PCT/AU00/00522 _g_ radio link. Tags are sufficiently small
and densely arranged that the pen can reliably image at least one tag even
on a single click on the page. It is important that the pen the page ID and
position on every interaction 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 set
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 the netpage printer which painted it and) if known,
the netpage user who requested it, 10 12 NETPAGE TAGs 1.2.1 Tag Data
Content In a preferred form, each tag identities the region in which it
appears) and the location of that tag within the 



region. A tag may also 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 sing
device to provide feedback indicative of a function associated with the
immediate area of 15 the tag) without the sensing device having to refer to
a description of the region. A netpage pen may, for example, illuminate an
"active area" LED when is the zone of a hyperlink. As will be more clearly
explained below, in a preferred embodiment) each tag contains an easily
recognized invariant structure which aids initial detection, and which
assists is minimizing the effect of any warp induced by the surface or by
the sensing process. The tags preferably tile the entire page, and are
sufficiently small and densely arranged that the pea can reliably image at
least one tag even on a single click on the page. It is important that the
pen recognize the page ID and position an every interaction with the page,
since the interaction is stateless. In a preferred embodiment, the region
to which a tag refers coincides with an entire page, and the region ID
encoded is the tag is therefore synonomous with the page m of the page on
which the tag appears. In other embodiments, the. region to which a tag
refers can be an arbitrary subregion of a page or other surface. For
example) it 25 can coincide with the zone of an interactive element, is
which case the region ID can directly identify the interactive element.
Table 1- Tag data FieldPrecision bitsRegion ID100Tag ID16FlagsTotal120 Each
tag contains 120 bits of information, typically allocated as shown in Table
1. Assuming a maximum tag density of 64. per square inch;. a 16-bit tag ID
supports a region size of up to 1024 square inches. Larger r~egians can be
mapped continuously without increasing the tag ID precision simply by using
abutting regions and maps. The 100-bit region ID allows 2100 (-1030 or a
million trillion trillion) different regions to be uniquely identified.
1.2.2 Tag Data Encoding The 120 bits of tag data are redundantly encoded
using a (I5) 5) Reed-Solomon code. This yields 360 35 encoded bits
consisting of 6 codevvords of 15 4-bit symbols each. The (I5) 5) code
allows up to 5 symbol errors to be corrected per codeword, i.e. it is
tolerant of a symbol error rate of up to 33% per codeword. Each 4-bit
symbol is represented in a spatially coherent way in the tag, and the
symbols of the six codewords are interleaved spatially within the tag. This
ensures that a burst error (an error affecting multiple spatially adjacent
bits) damages a minimum number of symbols overall and a minimum number of
symbols in any one codeword) r   WO 00I72233 ~ PGT/AU00/00522 _g_ thus
maximising the likelihood that the burst error can be fully corrected.
1.2.3 Physical Tag Structure The physical representation of the tag, shown
in Figure 5) includes fixed target structures 15) 16, 17 and variable data
areas 18. The fixed target structures allow a sensing device such as the
netpage pen to detect the tag and infer its three-dimeasionsl orientation
relative to the sensor. The data areas contain representations of the
individual bits of the encoded tag data. To achieve proper tag
reproduction, the tag is rendered at a resolution of 256x256 dots. When
printed at 1600 dots per inch this yields a tag with a diameter of about 4
mm. At this resolution the tag is designed to be surrounded by a "quiet
area" of radius 16 dots. Since the quiet area is also contributed by
adjacent tags, it only adds 16 dots to the effective diameter of the tag.
The tag includes six target structures. A detection: ring 15 allows the
sensing device to initially detect the tag. The ring is easy to detect
because it is rotationally invariant and because a simple correction of its
aspect ratio removes most of the effects of perspective distortion. An
orientation axis 16 allows the sensing device t9 determine the approximate
planar orientation of the tag due to the yaw of the sensor. The orientation
axis is skewed to yield a unique 15 orientation. Four perspective targets
17 allow the sensing device to infer an accurate two-dimensional
perspective transform of the tag and hence an accurate three-dimeasional
position and orientation of the tag relative to the sensor. All target
structures are redundantly large to improve their immunity to noise. The
overall tag shape is circular. This supports, amongst other things, optimal
tag packing on as irregular triangular grid. In combination with the
circular detection ring, this makes a circular arrangement of data bits
within the 20 tag optimal. To maximise its size each data bit is
represented by a radial wedge in the form of an area bounded by two radial
lines and two concentric circular arcs. Each wedge has a minimum dimension
of 8 dots at 1600 ,dpi and is designed so that its base (its inner arc), is
at least equal to this minimum dimension. The. height of the wedge in the
radial direction is, always equal to the minimum.dimension. Each 4-bit data
symbol is represented by an array of 2x2 _ wedges. 25 .The 15 4-bit data
symbols of each of the six code words are allocated to the four concentric
symbol rings 18a to 18d in interleaved fashion. Symbols 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 In order to support "single-click" interaction with a tagged
region via a sensing device) the sensing device must be able to see at
least one entire tag 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 therefore a function of the size and spacing
of the tags.  Assuming a circular tag shape, the minimum diameter of the
sensor field of view is obtained when the tags are tiled on a equilateral
triangular grid) as shown in Figure 6.  35 1.2.5 Tag Image Processing and
Decoding The tag image processing and decoding performed by a sensing
device such as the netpage pen is shown in Figure 7. While a captured image
is being acquired from the image sensor) the dynamic range of the image is
determined (at 20). The center of the range is then chosen as the binary
threshold for the image 21. The image is then thresholded and segmented
into connected pixel regions (i.e. shapes 23) (at 22). Shapes which are too
small to represent 



40 tag target structures are discarded. The size and centroid of each shape
is also computed. Binary shape moments 25 are then computed (at 24) for
each shape, and these provide the basis for _ subsequently locating target
structures. Central shape moments are by their nature invariant of
position) and can be easily made invariant of scale) aspect ratio and
rotation. r: f..,   wo oon22a3 -10 PCT/AU00100522 The ring target structure
15 is the first to be located (at 26). A ring has the advantage of being
very well behaved when perspective-distorted. Matching proceeds by
aspect-normalizing and rotation-normalising each shape's moments. Once its
second-order moments are normalized the ring is easy to recognize even if
the perspective distortion was significant The ring's original aspect and
rotation 27 together provide a useful approximation of the perspective 5
transform. The axis target structure 16 is the next to be located (at 28).
Matching proceeds by applying the ring's normalizations to each shape's
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 required to disambiguate the two
possible orientations of the axis. The shape is deliberately skewed to one
side to make this possible. Note also that it is only possible to
rotation-normalize the axis target after it has had the ring's
normalizations applied) since the perspective distortion can hide the axis
target's axis. The axis target's original rotation provides a useful
approximation of the tag's rotation due to pen yaw 29. The four perspective
target structures 17 are the last to 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) ~ 5 and the
rotation of the axis. Matching proceeds by applying the ring's
normalizations to each shape's moments. Once their second-order moments are
normalized the circular perspective targets are easy to recognize) and the
target closest to each estimated position is taken as a match. The original
centroids of the four perspective targets are they taken to be the
perspective-distorted comers 31 of a square of known size is tag space) and
an eight-degree-of freedom perspective transform 33 is inferred (at 32)
based on solving the well-understood 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-valued position is
used to bilinearly interpolate (at 36) the four __ relevant adjacent pixels
in the input image. The previously image threshold 21 is used to threshold
the result  to produce the final bit value 37. Once all 360 data bits 37
have been obtained is this way) each of the six 60-bit Reed-Soloman
codewords is decoded (at 38) to yield 20 decoded bits 39) or 120 decoded
bits in total: Note that the codeword symbols are sampled in codeword
order, so that codewords are implicitly de-interleaved during the sampling
process. The ring target 15 is only sought is a subarea of the image whose
relationship to the image guarantees that the ring, if found, is part of a
complete tag. If a complete tag is not found and successfully decoded, then
no pen position is recorded for the current frame. Given adequate
processing power and ideally a non-minimal field of view 193, an
alternative strategy involves seeking: another tag is the current 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 orientation 35 of
the pen) is then inferred (at 34) from the perspective transform 33
observed on the tag and the known spatial relationship between 35 the pen's
physical axis and the pen's optical axis. 1.2.8 Tag Map Decoding a tag
results in a region ID, a tag 1D, and a tag-relative pen transform. Before
the tag ID and the tag-relative pen location can be translated into an
absolute location within the tagged region, the location of the tag within
the region must be known. This is given by a tag map, a function which maps
each tag ID in a tagged region to 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 numbering scheme,
they can    WO 00r12233 ~ PGT/AU00/00522 -11 also share the same tag map.
The tag map for a region must be retrievable via the region 1D. Thus, given
a region 1D, s tag ID sad a pen transfamr) the tag map can be rr.~ttievod)
the tag 1D csa be translated into as absolute tag location within the
region) and the tag-relative pen location can be added to the tag loca~ia~n
to yield an absolute pen location within the regia~n. 1.2.7 Tagging Schemes
Two distinct surface coding schemes are of interest, both of which use the
tag strucdrre described earlier in this section. The preferred coding
sclrenre uses "location-indicating" tags as already discussed. An
alternative coding scheme uses objectandicating tags. 



A location indicating tag contains a tag >D which) when translated through
the tag map associated with the tagged region, Yields a unique tag location
within the region. The tag-relative location of the pen is added to this
tag location to yield the locatia~n of the pen within the region. This in
turn is used to determine the location of the pen relative to a user
interlace element in the page description associated with the region. Not
only is the user interface element itself identi6od, but a location
relative to the user iataface dement is identified. Location-indicating
tags therefore trivially support the capture of an absolute pea path in the
zone of a particular user intuface element. ~ 5 An object indicating tag
contains a tag )D which directly identities a user interface element in the
page description associatod with the regia~n. All the tags in the zone of
the user interface element identify the user inteaface element) making them
all identical and therefore indistinguishable. Object-indicating tags do
not, therefore, support the of an absolute pea path. Thry do) however)
support the capture of a relative pen path. So long as the position
sampling frequency excads twice the encountered tag frequency) the
displac~t horn one sampled pen position to the next within a stroke can be
unambiguously detenniaed. With either tagging scheme".the tags function ire
cooperation with_associated visual elements on the netpage as user
iatagctive elements in that a user can interact with the peiatod page using
as appropriate sensing device is order _. _ for tag data to be read by the
seo~ng, device sad far an ~~n~~~urse to be _in.the. a
8_____._.__._--n~eg_,..... _. ... _ ._ 1.3 DocuNta~r ~ PAGE Dt~c~sto~s A
preferred embodiment of a document and page descciptioa class diagram is
shown is Figures 25 sad 26. la the netpage system a doamrmt is described
at.thm levels. At the most abstract level the document 836 has a
hierarchical struoriu~e whose terminal elements 839 are associated with
content objects 840 such as text objects) text style objects, image
objects) etc. Once the document is. printed on a printer with a particular
page size and according to a particular user's scale factaU preference, the
t is paginated and othavvise fozmatt~od. Fotmatt~ terminal elements 835
will is some cases be associated with content objects which are different
Emmn those associated with their ~P~B ~1 ~~.. p~~l~lY wham the contort
objects are style-related. Each printod instance of a docum~t and page is
also descn'bod separr<tely, to allow input.captured tluuugh a particular
page instance 830 to be ~~y ~ ~~ over instances of the same page
description. The price of the most abstract document desctiption.on the
page server allows a user to request a.copy of 35 . a document
without,being, forced to accept the source doa~ent's specific fa~aat. The
user may be requesting a copy through a printer with a dilteratt page sin)
for, example. Conversely, the presence of the fomrafted document ,.. .
description on the page server allows the page server to efficiently
interpret user actions on a particular paitttod page. A formatted document
834 consists of a set of fottuatted page descriptions 5, each of which
camsists of a set of formatted terminal elements 835. Each formatted
element has a spatial extent or zone 58 on the page. This defines the 40
active arcs of input elements such as hyperlinks and input fields. A
document instance 831 ca~sponds to a formatted document 834. ~lt consists
of a set of page instances 830) each of which..corresponds to a page
description 5 of the fornatted document. Each page instance 830 desaibes.a
single unique painted netpage l) and records the page 1D 50 of the netpage.
A page instance is not pad of a document r.   WO 00I72233 '
Ptr'T/AU00100522 _12_ instance if it rrrprrsmts a copy of a page requested
in isolation. A page instance caatsists of a set of terminal element
instances 832. An element instance only exists if it records
instance~pecific information. Thus, a hyperlink instance exists for a
hyperlink element because it records a transaction 1D 55 which is specific
to the page instance) and a field instance exists for a field element
because it r~oords 5 input specific to the page instance. An elaneat
instance does not exist, however, for static elematts such as textflows. A
terminal element can be a static element 843) a hyperliak element 844, a
field element 845 or a page server oomand element 846, es shown in Figure
27. A static element 843 can be a style element 84? with an associated
style object 854) a taatilow dement 848 with an associated styled text
object 855) sa image element 849 with as associated image elan~t 856, s
graphic element 850 with an associated graphic object 857) a video clip
element 851 with an associated video clip object 858) as audio clip element
85~ with an associated audio clip object 859) or a script element 853 with
as assoastod eaipt object 860, as shown in Figure 28. A page instance has a
background field 833 which is used to reenact say digital ink c~uod oa the
page which does not apply to a specific input element. In the preferred
form of the invention, a tag map 811 is associated with each page instance
to allow legs on 15 the page to be translated into locations on the page.
!.4 THE NETPAGE NEmowc In a preferred embodiment) a netpage network
consists of a distributed set of netpage page servers 10, netpage
registration servers 11, netpage 1D wavers 12) adpege application servers
13) netpage publication servers 14, and netpage printers 601 oomn~e~d via s
netvurork 19 such as the Internet, as shown in Figure 3. The netpage reg;
stration server 11 is a server which raids relationships between users)
peas) printers, applications and publicatia~ns) and thereby authorizes
various aetarnzk activities. It authenticates users end acts as a signing
proxy oa bebaif~ of authenticated users in application traasactiams: It
also pacovides hendvutiting recognitiaa _ .... .._. .. _____~c~,ps.
d~6~8~~~~0~maica$inst~nfozrnation..alxurLpag~ptiams_and_ _ __. . ._. . _.
._.. page instances. The netpage natvuorJc includes any number of page
savors) each handling a snbsd of page instances. Since a page server also
isaiNairus user input values for each page instance, clieais suc3i ~as
netpage pdinteas sand netpage input dir~ectlY to the appropriate page sa~r.
The page server iataparets any such input relative to the description of
the coawspomding page. A netpege )D server 12 allocates document >Ds 51 on
demand, and provides load-balancing of page servers 30 A netpage p~iata
uses the Internet Distributed Name Systan (DNS~ or similar, to resolve a
netpage page >D 50 into the netwoQk.addi~s of the netpage page serves
handling the caarespoanding page instance. A artpage~ application server 13
is a server which hosts interauxive netpage applications. A netpage
publication server 14 is an application server which publishes netpage
documents to netpege printers. They are d~ibed in detail in Scares 2. 35
Netpage a~ervec~s can be hosted on a variety of netwrndc server platfa~rms
fina~ iaariufacturers such as IBM, Hewlett-Packard, sad Sun. Multiple
netpage servers can run concu~aattly on a single host; and. a single saver
can be distriburted over a number of hosts. Some or all of the
functionality provided by netpage servers, and in particular the
functionality provided Iby the ID server and the page server, can also be
provided directly is a netpage appliance such as a netpage printer, in a
computer arorkstation, or on a local network. !.5 THE NETPAGE PRINTER The
neapage printer 601 is an appliance which is registered with the netpage
system and prints netpage documents on demand and via subs~~iption, Each
printer has a unique printer ID 62, and is connected to the netpage network
via a network such as the Internet, ideally via a broadbend connection. r 



wo oon2z33 -13 PcnAUOOioosii Apart from identity and security settings in
nonvolatile memory) the netpege printer contains no pa~istmt sta~rage. As
far as a user is concerned, "the network is the computer". Netpnges
fimctia~a interactively across space and time with the help of the
distributed netpage page servers 10) independently of particular nelpage
printers. The netpage prints receives subscribed netpage doctuaents from
netpage publication savers 14. Each 5 document is distributed in tvun
parts: the page layouts) and the actual text and image objects which
populate the pages. Because of personalizatioa) page layouts are typically
specific to a particular subs~xiber sad so are poiatcast to the
subscxiber's printer via the appanpaiate page servo. Text and image
objects) on the other hand, are typically shared with other subscribers)
sad so are multicast to all subscabers' printers sad the app~riate page
servers. The netpage publication serva~ optimizes the se~mentatian of
document caatent into pointcasts sad 10 multicasts. After neoeiving the poi
of a doamunt's page layouts) the printer knows which multicasts, if say, to
listen to. Once the printer has received the o~plde page layouts and
objects that define the do~ment to be printed) it can print the doc~m~ent
The printer rasteaizes and prints odd and evm pages simultaneously on both
sides of the sheet It contains '~ 5 duplacod print engine ooatrollers 760
and print engines utiliring Memjet"~ priutheads 350 for this purpose. The
printing process oomsists of taw deoot>plod stages: rasterizatioa of page
descriptions, and expansion and printing of page images. The raster image
processor (RIP) consists of one or more standard DSPs 757 naming in
parallel. The duplexed print engine eoMrollers consist of custom processors
which expand) dither and print page images in seal time, synchroa~ized with
the operation of the printheads in the point engines. 20 Painters not
enabled for IR printing have the option to print tags using IR-absorptive
black ink) although this ~~ tags to otha~wise empty areas of the page.
Although such pages have maze limited fuactianaiity than IR-printed pages;
they are still classed as ndpages. ' _. __._____ ~.a~~ ~ ~ o .
~ial's~d~retrmt~may~int orrto more specialised stnfaca) such as globes.
Each paints supports at least one surface type) and supports at least one
25 tag tiling. scheme, and;.hence tag map, for .each surface typo. The
tag.map 811 which dexribes the tag tiling scheme: acdrally used to print a
doarmeat beoomas associated with that docum~eat so that the doarmeat's tags
can be ca~tly Figure 2 shmva the netpage prig class diagram, teilecting
printer-related information maintained by a ion server.:l 1 on the netpage
netviroaic. 0 . A preferred embodiment of the natpage printer is desar'bed
in grrater detail in Section 6 below) with reference to Figures 1 i ao 16.
. .1.5.1 ~ ~ Memjet"' Printheads ~ . T~..B~. ~ ~8. p~~ ~ with a wide range
of.digital printing technologies) including then~nal..inkjet,,
.Piezoeleclzic inkjet, laser, electivphotographic,. .and athecs. However,
for wide consumer 35 aoxptance, it is desirable.that a netpage painter have
the following cLaracteristics:  photographic quality color printing  high
quality react Printing  high reliability  low printer cost 40  low inlc
cost  low paper cost  simple operation r. A.'   wo oon2233 -14  nearly
silent printing  ~8h P~~g ~  simultaneous double sided printing  compact
form factor 



low power canstnmption PGT/AU00/00522 No commercially available pointing
technology has all of these charactaiatics. To enable to production of
printers with these characteristics) the present applicant has invented a
new paint technology. referred to as MemjetT~ technology. Memjet~ is a
drop~ut.demaad inkjd technology that incorporates pagewidth printheads
fa6sicxted acing micmelecttomochaaical systems (rrIEMS) technology. Figure
17 shows a single 10 ~ painting element 300 of a Memjd~ priatheed. The
netpege wallprinter incorporates 16896bprinting elements 300 to fawn a 1600
dpi pageavidth duploc printer. This printer simultaneously prints cyan)
magenta, yellow, black, and infiand inks as melt as papa conditiarleer and
inlc fixative. The printing element 300 is apptmdmately 110 microns long by
32 microns wide. Arrays bf these printing elements are foamed on a silicon
substrate 301 that incorporates CMOS logic, data transfer) timing, and
drive circuits 15 (not shown). Major elements of the printing element 300
are the noale 302) the noale >irn 303) the na~ule chamber 304, the fluidic
seal 305) the inlc channel rim 306) the lever arm 307, the active actuator
beam pair 308, the passive actuator beam pair 309) the active actuator
anchor 310, the passive actuator anchor 311, and the ink inlet 312. The
active actuator beam pair 308 is meclmaically joined to the passive
actuator beam pair 309 at the join 20 319. Both beams pairs are anchored at
their respodive anchor points 310 and 311. The combination of elements 308)
309, 310, 311, and 319 form a caatilevaed electtotheanal bend actuator 320.
Figure 18 shows a small part of an array of printing elements 300,
including a moss section 315 of a _. _ element 300. The cross section 315
is shown without to c emery avow 1~e -3f ~~t passes tbinug~- _. _ the
silicon wafer 301. 25 Figures 19(a)) 19(b) sad 19(c) ahawthe operating
cycle of a Memjef~ printing element 300. Figure 19(a) shows the quiescrat
positia~a of the ink meniscus 316 p~zior to printing an ink dmplet. Ink is
ntaiaed is the noels chamber by surface tension at the ink meniscus 316 and
at the fluidic seal 305 formed the novle chamber 304 and the ink chmnel rim
306. While printing, the printhead CMOS ararihy distn'btrtes data fmm the
print eagin~e caatzolla to the correct 30 ..printing element) latches the
data, sad buffos the data to drive the electrodes 318 of the active
acdrator beam pair 308: This tenses an electrical ciatrnt to pass through
the beam pair 308 for about one mind) resulting is Joule hue. .~ t~
increase resulting 5oora Joule heating causes the beam pair 308`''to
expend. As the passive actuator beam pair 3U9 is not heatod) it does not
expand, resulting in a stress diffei~eace br<ween the tvw beam pairs. 'Ibis
stress di>fermcc is peitially resolved >;y tt~e catitileverod end of the
elec~othamavl bend actuator 320 beading 35 towards the substrate 301. The
lava arm 3U7 transmits this movement to the na2zle chamber 304. The noale
chamber 304 moves about two microns to the position shown in Figure 19(b).
This inurases the ink pressure) forcing ink 321 out of the noule 302) and
causing the ink meniscus 316 to bulge. The noule rim 303 prevents the ink
meniscus 316 from spreading across the surface of the aoule chamber 304. As
the temperature of the beam pairs 308 and 309 equalizGS, the actuator 320
r~rns to its original 40 position. This aids in the brrak-off of the ink
droplet 317 from the ink 321 in the noule chamber) as shown in Figure I
9(c). The noale chamber is refilled by the action of the surface tension at
the meniscus 3I6. Figure 20 shows a segment of a printhead 350. In a
netpage printer, the length of the printhead is the full   WO 00I72233 '
PGT/AU00/00522 -15 width of the paper (typically 210 mm) in the direction
351. The segment shown is 0.4 mm long (about 02Yo of a complete printhead).
When printing) the paper is movod past the fixed printhead in the direction
352. The ptinthcad has 6 rows of iatadigitated painting elemtnts 300)
printing the six colors or types of ink supplied by the ink inlets 3l2. To
prated the fragile surface of the priathead during operation, a nozzle
guard water 330 is attachod to the printhead substrate 301. For each male
302 there is a corresponding nozzle gaard hole 33l through which the ink
droplets are fired. To prevent the na~le guard holes 331 from becoming
blocked by paper fibers or other debris, filtered air is pumped through the
air inlds 332 sad out of the nozzle guard holes during printing. To prevent
ink 321 ~ocn drying) the node guard is sealed while the printer is idle.
1.6 The Netpage Pen The aclivc~aensing device of the aetpage systan is
typically a pen 101 ) which, using its embedded controller 134) is able to
capture and docode IR.position tags: a page via an image arn~r. The image
sensor is a solid-state device provided with as appropriate fitter. to
permit sensing at only near-infiand wavelengths. As d~ribed is more detail
below) the system is able to aa~ when the nib is in contact with the
surface, and fhe pen is able tQ sense tags at a sufEcient rate to capture
human handwriting (i.e. at 200 dpi or greater and 100 Hz or faster).
Information captured by the pea is encrypted cad wirelessly transmitted to
the printer (or base station)) the painter or base station interpt~eting
the data with respect to the (lmown) page afiuctmo. The preferred
embodiment of the netpage pea operates both as a nom~el marking ink pea and
as a noa marking stylus. The marking aspect, however) is not n~essa~y for
using the neipage system as a browsing system) such as when it is used as
as Internet interface. Each netpage pen is registered with the netpage
system cad has a unique pen 1D 61. Figure 23 shows the netpage pen class
diagram, reflecting pea-related information maintained by a registration
server 11 on the netpage network. When earlier nrb is in canted with a
netpage) the pen determines its. position and orientation relative to the _
_ __
.--pege~he_nib=is-aktachod~o-ad'once-seasoc,.sad-the..farce.an-the-aibas
antapr~ded. retat;ve t~ a t~d~~__ _ .. whether fhe pen is `Stp" or "down".
This allows a interactive element on the page to be 'clicked' by prying
with the 25 pea nib, in order 1o request, say, infomration tram a network.
Furthermore, the force is captured as a ooattimrous value to 



allow) say, the full dynamics of a to be verified. 'the pea determines the
p~aaitian and orientation of its nib on the aetpage by imaging) in the
infrared sperm) an area 193 of the page in the vicinity of the nib. It
decodes the nearest tag and computGS the position of the nib relative to
the tag from the obsavod pe~pa~ive distortion on the imaged tag and the
known gea~metry of the pen 30 optics. Although the position resolution of
the tag may be low, because the tag density on the .page is inversely
proportional to the tag size, the adjusted position resolution is quite
high) eaooxding the minimum resohitioa rwuirod far anauate handwriting
recognition. .. _ . Pen actions relative to a netpege are captured as a
series of std. A stroke consists of a sequence of time stamped pea
positions on the page) initiated by a pea~owa event sad completed by the
subsoqusat pea-up event. A 35 stroke is also tagged with the page ID SO of
the ne~ege whenever the page 1D changes) which, under normal circumstances)
is at the oommenoement of the stroke. Each netpage pen has a cumeat
selection 826 associated with it) allowing the.~user to perform copy and
paste operations ate. The selection is tinnestamped to allow the system to
discard it after a defined time period. The cutreat selection describes a
region of a page instance, a consists of the most recent digital ink stroke
capturod through the pen 4~ relative to the background area of the page. It
is inta~prcted is an application-specific manner care it is submitted to an
application via a selection hyperlink activation Each pen has a current nib
824. This is the nib last notified by the pea to the system In the case of
the   WO 00/T2233 PGT/AU00/00522 -16 default netpage pen described above)
either the marking black ink nib or the rear-marking stylus nib is current.
Each pen also has a current nib style 825. This is the nib style last
associated with the pea by as application) e.g. is response to the user
selecting a color from a palette. The default nib style is the nib style
associated with the cuQent nib. Strokes captured thmugh a pea are tagged
with the ciureat nib style. When the strokes are subsequently reproduced,
they are 5 repmoduced in the nib style with which they are tagged. Whenever
the pea is within range of a psiater with which it can communicate, the pea
slowly Clashes its "aniline" LED. When the pea fails to decode a stmke
relative to the page, it ma~tarily activates its "e~' LED. Whey the pen
succeeds is decoding a stroke relative to the page) it momentarily
activates its "ok" LED. A sequence of capaund strokes is referred to as
digital ink. Digital ink forms the basis fns the digital exchange of
drawings and handwriting) for online r~ition of handwriting, and for online
verification of s>gnatauec. The pin is wireless and transmits digital ink
to the netpnge printer via a short-range radio link. The transmitted
digital ink is encrypted for privacy and security sad packetized for
ef&cieat tran~ission, but is always flushed on a pen-up event to ensure
timely haadting in the printer. When the pen is out-of-range of a printer
it bulfers digital ink in imams! memory, which has a capacity of 15 over
ten minutes of continuous handwriting. Whoa the pea is once again within
range of a printer) it transfas any buffered digital ink. A pea can be
registered with any number of printers) but because ell state data resides
in netpages both on paper and on the netarork, it is largely immaterial
which prints a pen is communicating with at any particular time. A
preferred embodiment of the pea is descn'bed in greater detail is Section 6
below, with reference to 20 Figures 8 to 10. 1.T NETPAGE INTERACTION ' The
actpage printer 601 receives data.rrla<ing to a stroke from the pea 101
when the pea is used to interact stroke. The data allows the identity of
the particular page and associated interactive element to be dcteaninod and
as 25 indication of the rraative positioning of the pea relative to the
page to be obtained. The indicating data is transmitted to the printer)
v~here it resolves) via the DNS) the page )D 50 of the stroke into the
ndwnak address of the netpage page saver 10 which maintains the
carespomding page instaibce 830. It then transmits the stroke to the page
server. If the page was rncmtly identified is as earlier stroke, th~ea the
printer may already have the address of the relevant page server is its
cache. Each netpage consists of a compact pogo layout maintained
petaiatmtly by a netpage page server (see 30 below). The page layout refers
to objects such as images) !oats and piers of text, typically stored
eL9cvvhere on the neqmge network. _ _ .. When the page server receives the
atrok~..t~oai the pen, it retrieves the page description to which the
sttnke ...... . . applies) and deter which element of the pogo description
the stroke intersects.-It is then able to inteipa~et the stroke in the
context of the type of the relevant elemeaC 35 A "click" is a sfmke where
flue distance and time betvveat the pea down position and the subsequent
pea up position are both less than some small maximum. An object which is
activated by.a click typically requires a click to be 8~~t~) and
accardiagly, a longer stmke is ignored. The failure of a pen action,
such.as a "sloppy" click) to register is indicated by the lack of response
fIOnl the pen's "ok" LED. There are two kinds of input elements in a
netpage page description: hyperlinks and fog fields. Input 0 through a form
field can also trigger the activation of an associated hypalink , 1.T.1
Hyperllnks A hyperlink is a means of sending a message to a remote
application, and typically elicits a printed response in the netpage
system.   



wo oonz233 pcTiAUOOioos22 __ A hyperlink dement 844 identifies the
application 71 which handles activation of the hyperlink, a link ID 54
which identifres the hyperlink to the application, as "alias required" nag
which asks the system to include the user's application alias ID 65 in the
hyperlink activation, and a description which is used when the hyperlink is
recorded as a favorite or appears in the user's history. The hypalink
element class diagram is shown in Figure 29. 5 When a hyperlink is
activated, the page server sends a roquest to an application somewhere on
the netwodc The application is identified by an application lD 64, and the
application 1D is resolvod is the normal way via the DNS. There are three
types of hypalinlcs: general hyperlinks 863) rotor hypaliaks 865, sad
selection hypalinks 864 as shown in Figure 30. A general hyperlink can
implement a request for a linked doarment) or may simply signal a prefavaoe
to a saver. A farm hypalink submits the oorrrsponding form to the
application. A selection hyperlink submits the cvarent eeleetion to the
application. If the cvaent selection cantsias a single-vwrd piece of text)
for example, the application may ntma a angle~age document giving the
word's meaning within the context in which it appears) or a translation
into a different language. Each hyperlink type is characterized by what
information is subitted to the application. The corrrspoading hyperlink
instance 862 records a uansactian m 55 which can be specific to the page 15
instance on which the hyperlink instance appears. The transaction TD can
identify user-specific data to the application) for example a "shopping
cart" of pending purchases maintained by a ptaxhasing application on behalf
of the user. The system includes the pat's cusent selection 826 in a
selediaa hyperlink activation. The system includes the content of the
associated form instance 868 in a form hyperliak activation, although if
the hyperlink has its "submit delta" attribute set, only input since the
last form submission is included. The system includes an effective return
path in 20 all hypedink activations. A hypaiirtked gewrp 866 is a group
element 838 which has as essociatod hyperlink) as shown in Figure 31. whoa
iap~ occurs through any field element in the group) the' hyperliak 844
associated with the group is activated. A hype~nT~group can be used-to
associate h --' --~ehavioc aiith s Geld s~'as a c~6~ox It can also eb~used;
-in .. . __ conjunction with the "submit delta" attribute of a font
hypedink, to provide caatinuous input to an application. It can 25
therefore be usod to support a "blackboard" interaction model, i.e. where
input is captured sad therefore shared as soon as it oaaus. 1.7.2 Fot~ms '
A form defines a collection of rrlatod input fields used to capture a
related set of inputs thmugh a printod netpnge. A form allows a user to
submit one or more pmumttas to ea application aoftwate program nmning on a
saver. 30 A form 867 is a gmup daaent 838 in the document hierarchy. It
ultimately contains a set of terminal field elements 839. A form instance
868 r~epre~ts a printed instance of a form. It cad of a set of Geld
instances 870 which oorrespoad to the Geld dements 845 Qf. the form. ;Each
field instance has an associated value 871, whose type . dcpatds. on the
type of the. oorrespaatdittg field dement. Each Gdd value records input
through a particular p~ria>od form instance) i.e. thmugh one or more
printed netpages. The form class diagram is shown in Figure 32. 35 Each
form instaa~ce Has a status 872 which indicates whether the form is active)
frozen) submitted, void or expired. A form is active whey first printed. A
form becomes ~ once it is signed. A form becomes submitted once ame of its
submission hyperlinks has been activated, unless the hypalink has its
"submit delta" attribute set. A Corm becomes void when the user invokes a
void form) reset form air duplicate farm page command. A form expires when
the time the form has been active exceeds the form's specified lifetime.
While the form is active, form input is allowed. 40 Input through a form
which is not active is instead capturod in the backgtouad field 833 of the
relevant page instance. when the form is active or frozen, form submission
is allowed. Any attempt to ~ subm it a form when the form is not active or
frozen is rejected) and instead elicits an form status report   wo oon2233
PCT/AU00/00522 _18_ . . , ~ form instance is associated (at 59) with any
farm instances derived from it) thus providing a version history. This
allows all but the latest version of a farm in a particular time period to
be excluded firom a search. A11 input is captured as digital ink. Digital
ink 873 consists of a set of tirnestampod stroke groups 874) each of which
consists of a set of styled strokes 875. Each stroke consists of a set of
timatamped pen positions 876) each of 5 which also includes pea aaientation
and nib force. The digital ink class diagram is ahowa is Figure 33. A field
element 845 can be a checkbox field 877) a text field 878) a drawing field
879, on a signature Geld 880. The field element class diagram is shown in
Figure 34. Any digital ink caphu~ed in a field's zone 58 is assigned to the
field. A w6ackbox field has sn associated boolean value 881, as shown in
Figure 35. Any mark (a tick, a cross) a 10 stroke) a fill zigzag, ere.)
capaund is a checkbox field's za~ae causes a true value to be assigned to
the field's value. A text field has en associated text value 882) as shown
in Figure 36. Any digital ink captured in a tact field's torte is
automoatically converted 1o text via online handwriting recognition, and
the text is assigned to the field's value. Online handwriting reoogaitioa
is well-understood (see for example Tappert, C.) C.Y. Suen and T. Wakahara,
"Tbe State of the Art in On-F,itte Handwriting Recognition", IEEE
Transac~ims on Pat~tetn Analysis and Machine 15 Intelligence) Vol.l2, No.B,
August l990). A signature field has an associated digital signawrc value
883, es shown in Figure 37. Any digital ink captured in a siBna~dur field's
za~ne is automatically verified with rrspect to the identity of the owner
of the pen) and a digital of the content of the farm of which the field is
part is generated and assigned to the field's value. The digital sigaat~ue
is generated using the pea user's private sigoadz<e key specific to the
application which owns the form 20 Online sigraturc verification is
well-understood (see for example Plamondon, R and G. Lorette) "Autaanatic
Signature Verification and Writes IdartiGcatiaa -The' State of the Ad")
Pattern Ro~ibiaw) Vo1.22, No2) 1989). A fill elematt is hidden if its
"hidden" attribute is set. A hidden field rlet>ratt does not have an input
zone on-a pa8en~ scrap n~~caii eve as assoca,a'~t e~, d-vaTue 'wE-rcTi ~s
me u~ m re omttFre _ farm containing the field is submitted. 25 "Editing".
camtoands) such as strike-thnoughs indicating deletia~u, can also be
rooog~ed in corm fields. Because the hendvvtiting r~itioa algorithm works
"online" (i.e. with access to the dynamics of the pen movemeat~ rather than
"ofiline" (i.e. with access only to a bibmap of pea madangs~ it can
recognize nm-on discretely_ written chscarxas with relatively high
aecruacy, without a wrfta-depet~t training phase. A writer-dependent model
of handaziting is automatically generated over time) however, and can be
generated up-front if n~ooe~y, 



30 ~8~1 ~. as al~dY ~al~" oomsists of a sequence of strokes. Any stroke
which starts is a pmiicular element's zone is appended to that element's
digital ink stream) ready for interpretation. Any str~ok~e not appended to
an objed'a digital ink stcram is appended to the bac7cgmund field's digital
ink stream. Digital ink caphaod is the background field is iatapcetod as a
selection gesture. Cirsaanscription of one or more objects is getmcally
intapaeted as a s~a~on of the cinyrmsaibed objects) although the acdral
iatapretatioa is 35 application-specific. Table 2 summarises these various
pert intaactioas with a netpage. Table 2 - Summary of Den intertactiens
with ~ n~nsna Ob actT ( aPen in ut 1ActionHyperlinkGenerallickSubmit action
to a lication-.ormlickubmit form to a licationelectionlickubmit selection
to a licationForm fieldheckboxmarksi n true to fieldextHandwritinonvert di
ital ink to text' assi n text to fieldDrawinOi ltal inksign digital ink to
field   wo oon2233 ~ pcr~auooioos2i -ts digital ink signature; generate
digital n; assign digital signature to field i digital ink to current
selection The system maintains a current selection for each pen. The
selection consists simply of the most recent stroke captured in the
background field. The selection is cleared after an inactivity timoout to
ensva~e predictable behavior. 5 The raw digital ink capdund in every field
is fed oa the netpage page server and is optionally transmitted with the
fa~tm data when the farm is submitted to the application. 'Ibis allows the
application to interrogate the raw digital ink should it suspect the
original conversion, such as the conversion of haridvvricten text This can)
for example, involve huaoaa int~ervattion at the application level for
fonas which fail catein applicatia~n-spxific oomsisteacy chxks. As an
extension to this) the entire background area of a form can be designated
as a drawing Geld. The application can then decide, on the basis of the
prrsarce of digital ink outside the explicit fields of the fomr) to route
the form to a human opa~aterc, on the assurnptia~a that the user may have
indicated amendments'to the filled-in fields outside of those fields.
Figure 38 shows a flowchart of the process of handling pen input relative
to a netpage. The prncGSS consists of receiving (at 884) a stroke from the
pen; idartifying (at 885) the page instance 830 to which the page ID 50 in
the 15 stroke refers; retrieving (at 886) the page description 5;
identifying (at 887) a formatted element 839 whose zone 58 the stroke
inter9ects; determining (at 888) whether the formatted element corresponds
to a field element, sad if so appending (at 892) the received stroke to the
digital ink of the field value 871 ) interpreting (at 893) the accumulated
digital ink of the field, end determining (at 894) whether the Geld is part
of a hyperlinked group 866 and if so activating (at 895) the associated
hyperlid~ alternatively detaznining (at 889) whdhei the fo~tted element
corresponds to a ' hyperiink demerit and if so activating (at 895) the
oorrapanding hypalinl~ alternatively, in the absence of an input _...___ .
...._ find or hypniiak, appending (at 89t)) the received stroke to the
digital ink..of the bnckg~ouad-fieTd$~an~"-caPY~B (err _____._ 891 ) the
received stroke to the eut:em. selection 826 of the cturmt pea, as
maintained by the ragistratioa server. Figure 38a shows a ddailed
flovuch,art of step 893 is the process shown in Figure 38) where the
acctmmulated digital ink of a field is >atapreted aocaading to the type of
the field. The p~rooe~ of determining (at 25 896) whether taro field is a
cheekbaac sad (at 897) whether the digital ink reprrsrnts a cheelaaerJc,
and if so aqsigning (at 898) a true value to the Geld value; alternrtively
ddamining (at 899) whether the field is a text Geld and if so conaating (at
900) the digital ink to oarnptrta text) with the help of the appropriate
registration server, and assigning (at .901 ) the converted computer text
to the Geld value;) alternatively detantiniag (at 902) whether the field is
a signature field and if so verifying (at 903) the digital ink as the
sigaattu~e of the' par's owner, with the help of the appropriate 30
registration server) creating (at 904) a digital aigrrature of the oontarts
of the corresponding farm, also with the help of the registtntion saver and
using' the pea owner's private signature key relating to the cotrespoading
application) and assigning (at 905) the digital sigpaha~e to the field
value. 1.7.3 Page Server Commands A page server command is a command which
is handled locally by the page server. It operates directly on 35 form,
page and doa~ot irrstsnoes. A page server command 907 can be a void form
oaanmand 908) a duplicate form command 909) a reset form caanmand 910) a
get form status connnaad 911, a duplicate page commend 912, a reset page
wmmand 913) a get page status oommartd 914, a duplicate document command
915, a read document cocpmand 916) or a get document status command 917) as
shown in Figure 39. 40 A void form command voids the corresponding form
instance. A duplicate form command voids the i:   WO 00r12233
PCT/AU00/00522 -20 coarsponding foaa instance and then produces as
active-printed copy of the current form instance with field values
preserved The copy contains the same hyperlink transaction >Ds as the
original) and so is indistinguishable fi~om the original to as application.
A reset form command voids the corresponding form instance and then
produces an active printod copy of the form instance with field values
discarded. A get form status command produces a printed report on 5 the
status of the coarsponding fozm instance) including who published it) when
it was printed) for whams it was printod, and the form status of the form
instance. Since a font hyp~link instance contains a transaction 1D, the
application has to be involvod is producing a 



new form instance. A buttar< toquatiag a new form instance is therefore
typically implemented as a hyperlink. A duplicate page oornnaand produces a
printed copy of the co~diag page insGmoe with the background 10 Geld value
pcrsawed. If tha~pnge contains a form or is pad of a farm) then the
duplicate page command is interpreted as a duplicate form ooanmand. A reset
page command produces a ptiatod copy of the oomsponding page instance with
the background field value discardod. If the page contains a farm or is
part of a farm) then the reset page oo~mnnand is iataprrted as a reset
fozat command. A get page status command produces s printod c~epot~t at
tile status of the corresponding page instance) including who published it,
when it was printed) for whom it was printed) and the status of 15 any
forms it caitsins or is part of. The netpage logo which appears on every
netpage is usually associated with a duplicate page element. When a page
instance is duplicatod with 5eld values preservod, 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 drawings and signatures
appear in their original farm) with a signature accompanied by a standard
graphic indicating successful 20 signature verifioetia~n. A duplicate
elocument command produces a printed copy of the ooti~sponding document
instance ~~ :. backgrotmd field values prrsnved. If the document oontatps
any farms, then the duplicate doctttuent command __. _ _. _ ~~~ f~ ~ ~e
same-way a duplicate foam command does. A reset~oaument command- aces
e'pim~ .. copy of the corresponding document instance with backgound field
values discarded. If the document contains any 25 foams) rhea the reset
docimoent command resets the fa~nas in the. same way a reset farm commend
does. A get document status commend produces a printed report on the status
of the corresponding document instance) including who published it, when it
was printod) for whom it was printed) and the status of say farms it
car~tains. If the page server eammand's "on selected" attribute is set)
then the command operates o~n the page identified by the pen's cu~at
selection rather rhea oa the page containing the command. This allows a
menu of page server oor<unaads to be printed. If the target page doesn't
contain a page server ~mmand element far the de~nated page server commend)
they the oaamnaad is ignored. Aa application can provide
application-spocifrc handling by emboddiag the relevant page server
ca~mmand element in a hypaliaked ~. The pegs server aetiaates the hyperlink
associated with the hypaiinkal group rather than ax~e~ting the page server
command. 35 A page server command element is hidden if its "hidden"
attribute is set. A hidden command clement 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 n ditferrnt page, if that
page server command has its "an selected" attn'bute set. 1.8 STANDARD
FEATURES of NETPACES In the preferred farm) each netpage is printed with
the netpage logo at the bottom to indicate that it is a 40 netpage and
therefore has interactive properties. The logo also acts as a copy )?utton.
In most oases pressing tha logo produces a copy of the page. 1a the case of
a form, the button produces a copy of the entire form And in the case of a
secure document, such as a ticket or coupon) the button elicits an
explanatory note or advertising page.   wo oon2233 PCT/AU00/00522 -21  The
default siaglo-page copy function-is handled directly try the relevant
netpage page servo. Special copy functions are handled by linking the logo
button to an application 1.9 Usat H~ Strst~t Ia a preferred embodiment, the
netpage printer has a single button labelled "Help". When pressed it
elicits 5 a single page of information) including:  status of pointer
connection  status of printer consumables  top-level help menu  document
function menu 10  top-level netpage advrorlc dira~y The help mean p~ruvides
a hierarchical manual on how to use the ndpage system. The doctmient
fimctian menu includes the following functions:  print a copy of a document
print a clean copy of a form 15  priest the status of a document A doauueat
fimdioa is initiated by simply pressing the button and rhea touching any
page of the document. The status of a document indicates who published it
and when) to whom it was delivered, and to whom and when it was
subsequently submitted as a form. The netpage netv~ro~rk directory allows
the user to navigate the hierarchy of publications and services on the
network As na attanative) the user can call the netpage network "900"
number `fellow pages" and speak to a human operator. The operator can
locals the desired document and route it to the user's.printer. Depending
on the document type) the publisb~er err the user pays the small "yellow
pages" service fee. __. ... _.. _._~;
~lp~o.~-~~~ywailablcifthe:priat~r::y~-unable-to-print:-In_this~ese-t "
r"-light_~_ht_ __ . . and the user can rtqu~st remote diagnosis over the
nctv~roalC. 



25 2 Pmesowu.tzEn PUBLIGlTION MooEt. 1n the following desaipbon, news is
used as a canonical publication ample to illustrate pasonalization
mechanisms is the netpage system. Although news is often used in the
limited sa~se of newspaper and acvvsrnagazine news, the intended scope in
the prat contact is wider. 1n the netpage system) the editorial content and
the advertising content of a acws publication ere 30 personalized acing
different mechanisms. The editorial contort is persamalized according to
the reader's explicitly statad sad implicitly captured interest paofile.
The advertising content is pasartalizcd ecoardiag to the reader's locality
and demographic. 2.1 1:01Tf)RIAL P~tsot~t~.aanotr A sabscn'ber can draw on
two kinds of news sources: those that deliver nevus publications, and those
that deliver news streams. while acavs publications are aggregated and
edited by the publisher; nears strrams are aggregated either by a news
publisher or by a specialized news aggregator. News publications typically
oozrapond to traditia~nal newspapers and newsmagazines, while news strrams
can be many end varied: a `haw" news feed firm a news service, a cartoon
strip) a firelaace writer's column, a fiiead's bulletin board) or the
reader's ovira einail. The netpage publiartion server supports the
publication of edited news publications as well as the 40 aggregation of
multiple news streams. By handling the aggregation and hence the formatting
of news streams selected directly by the reader) the server is able to
place advertising on pages over which it otherwise has no editorial
control. The subscriber builds a daily ncvvspaper by selecting one or more
contributing news publications, and craabng a Personalized version of each.
The resulting daily editions are printed and bound together into a single a
WO OOI7Z233 ~ PGT/AU00/00522 aewspapa. The various members of a household
typically exp~s -their diffaeat interests and tastes by selecting different
daily publications and then customizing them. For each publication, the
reader optionally selects specific sections. Some sections appear daily)
while others appear weekly. The dar7y sections available from The New York
Times online) for example, include "Page One 5 Plus") "National")
"lntanatiarlel", "Opinion") "Business", "Arts/L.iving") 'Tochnology", and
"Sports. The set of available sections is specific to a publication, as is
the default subset. The reader can extend the daily newspaper by creating
custom sections) each one drawing ova nay number of news steams. Glrstoat
sections might be cfor o-mail sad friends' artnoiznaraertts ("Persarral"),
or for monitoring nears feeds for specific topics ("Alats or `'Clippiags'~.
For each section) the dada optionally specifies its size, either
qualitatively (e.g. short, modium) or long)) or numerically (i.e, as a
limit a~n itswumber of pages and the desired prnpoction of advertising,
either qualitatively (e.g. high) normal, low, none)) or numerically (i.e.
as a pacmt$ge). The reader also optionally acpressa a preference for a
large number of shorter articles or a sanall number of longer articles.
Each article is ideally written (err odited) in both short and long forms
to support this preference. An article may also be written (or edited) in
difloreat versions to match the expected sophistication of the reader, for
example to paovide children's sect adults' versions. The apptnpriate
version is selected according to the reach's age. The reader can specify
a'Sreading age" which takes pmeoodence ova their biological age. The
articles which make up each section are selected sad priaritizsd by the
editors, and each is assigned a useful lifetime. By default they are
delivered to all r~elevaat subscribers, in priority order, subject to space
constraints in 20 the subscribers' editions. '1n sections where it is
appropsiete, the reader may optionally enable collabasative filtaiag. This
is then applied to articles which have a sufficiently long lifetime. Each
article which qualifies for collaborative Glteriag is making it more likely
that readers will bother to rate the article. 25 Articles with high
prcoritics and shoat lifetimes are therefore eBectively oansidaed essential
reading by the editors cad are delivered to most relevant subsaibas. The
reads optiomatly specifies a aereadip'rty factor, either qualitatively
(e.g. do or don't surprise met or numerically. A high samdipity factor
lowrrs the threshold used for matching during collaborative filtaiag. A
high factor makes it mare likely that the car~aponding section will be
filled to the r~eada's specified capaaty. A differrat 



30 serardipity factor can be specified far diflanat days of the creek. The
reader also optionally specifies topics of particu>at interest within a
section, and this modifies the priorities assigned by the editors. The
speed of the rrsda's Iatanet oanzxdian affects the quality at which images
can be delivered. The reads optianally.specifies a pr~efereace far fea~a~
images err smaller images err both. If the number or size of images is 35
not reduced, then images may be delivered at lowtr quality (i.e. st lowrr
resolution or with gr~eata canipressioa). At a global level) the reads
sport ~fiGa how.quaatities, dates) times and monetary values are localized.
This involves specifying whether uoits.are imperial or metric) a local
timezone cad time. format) end a local crranacy, and whether the
localization consist of in situ translation or annotation. These
preferences are derived from the reader's locality by default 40 To reduce
reading ditTiculties caused by poor ry~ight, the rrada optionally specifics
a global preference for a largo presentation. Both tart cad images are
scaled accordingly, and less information is accommodated oa each page.   WO
00r12233 -23 PfT/AU00/00522 The language in which a news publication is
published, and its coirtspandiag text encoding, is a properly of the
publication and not a preference exprGSSed by the user. However, the
netpege system can be configured to provide automatic translation services
in various guises. As may be appreciated from the above the netpage systrm
allows far as entire newspaper or magazine to be painted acooa~ding to
individual prefereaoes. The infoation of the newspaper or magaane is
formatted at a publication server where advert>sing may be included from an
advertising serve, if relevant, according to user preferences. The newspnpa
or magazine is then printed at a netpege printer with 8ppropriate coded
dataltags to allow for use iataaction with a sensing device, such as the
adpege pen, in a manner described above, is order to request further
information relating to contents of the newspaper rg. magazine. The further
infarmatioa may relate to either editorial content or adv~fising material
and is preferably printed on demand at the printer following a request fee
same. 2.2 Aw~nsttro Locu.a~ro~t own Tuto~aao The pasartalization of the
editorial carttent directly affects the advertising contest, because
advertising is typically Placed to exploit the editaa~ial context. Travel
ads, for example, are more likely to appear in a travel section than
elsewhere. The value of the editorial content to en advertiser (and
therefa~re to the publisher) lies in its ability to 15 attract large
numbers of readers with the tight demographics. Effeaive advertising is
phuod on the basis of locality and demographics. Locality determines
proximity to particular services, retailers etc., and particular interests
sad concerns associated with the local community and environment.
Demographics determine general interests and preoccupations as well as
likely sp~eading patt~ans. A news publisher's most profitable product is
advertising "space") a mufti-dbnensional entity determined by 20 the
publication's geographic coverage) the size of its readership, its
readership demographics) and the page area available for adver~sing. Ia the
netpage system) the netpage publication server caraputes the. appraoamate
mufti-dimensional rim of a
_____~cation'.s.~aeleable~d,~stising_spac~_ens~~diQn_ ~esis, .taking.
into..acootu<t l~k~.Pttbli_cation's Beograghic ._... coverage, the
sectioa'a readership, the size of each reada~'s section edition, each
teada''s advertising proportion, and 25 each reader's dhic. In ooznpa<isoa
with other media) the netpage systan allows the adva~tisiag space to be
defined in greater detail; sad allows smaller pieces of it to be sold
seperately. It therefore allows it to be sold at closer to its true value.
For example, the acme advertising "slot" can be sold in varying propaatians
to several advertises) with individual readers' pages randomly receiving
the advertiseureat of one advettyser err another) overall preserving the 30
prnpoman of apace sold to ~eash advertiser. The netpage system allows
advertising 1o be linked directly to detar~od product infarmatiari and
entree p~uchasing. It therefore raises the intrinsic value of the
advertising apace. Because persone~izatiarr sad localization are handled
automatically by netpage publication servers, an advertising aggregator can
pmvlde arbitrarily broad ooversge of both geography and demographics. The
subsequent 3 'rJ disaggregation is e!I'raent because it is automatic. This
makes it more cost~'cctive far publishers to deal with advertising
agg<egatars than to directly capture advertising. Even though the.
advertising aggregator is taking a propa~tion of advertising revenue,
publishers may find the change profit-neutral because of the greater
efficiency of aggregation. The advertising aggregator acts as an
intermediary bdwnm advertisers sad publishers, and may place the same
advertisement is multiple publications. 



40 It is worth noting that ad placement in a nctpage publication can be
more complex than ad placement in the publication's traditional
counterpart, because the publication's advertising space is more complex.
While ignoring the full complexities of negotixtior~s between advertisers,
advertising aggregators and publishers, the preferred form of the   WO
00r12233 PGT1AU00100522 -24 .~;itetfage system provides soma automated
suppaat for these negotiations) including support for automated auctions of
advntising space. Automation is particularly desirable for the placement of
advertisements which generate small amounts of income, such as small or
highly localized advertisements. Once place~t has been negotiated, the
aggregator captures and edits the advertisement end records it on a n~age
ad server. Correspondingly) the publisher rrxamds the ad placement on the
relevant actpage publication server. Whw the netpage publication saver lays
out each user's personalized publication) it picks the relevant
advertisements firm the netpage ad sawn. Acoaadingly) a usx may be provided
with a netpages) which may mace generally be refeard to es a printed
document with user interactive elements) foanosfted in aecocdaace with
their own parferaaca, with additional content 10 targeted specifically to
de~ag~hics of the user. The mtaacEive elemeat(s) rrlating to tbc tergded
ooateat allow the user to request further information relating to that
oonteat. The targeted oonteat may relate to advertising material and the
further information may be provided in the form of an advertising brochure.
The manner in which the interactive elemmt(s) are printed in the doamuat
and with which the sensing device is used to interact with t4e elemeat(s))
to indicate a request for feather information, are as descn'bed above. 15
2.3 tJsart PrtoFa.as 2.3.1 Information Filtering The personatizatian of
nevus and other publications relies on an assorirnent of user~specific
profile information, including:  publicatiarl customizations 20
collaborative filtering vedaa~s  contact details  presentation prdere~oa _
.. . . ..~e ~'~~ of a~blication is typicall. _._.__..li~~on~pocifie and so
the customization information is _. _ __.._. ___._.._, _.__._ . ...~..--.Y
p!~ ._. ____..._...___ -~..--____ ._...____.__----_-_...._ . ..... _ ..
maintained by the relevant netpege publication server. 25 A ool)abarative
trltniag vector consists of the user's ratings of a number of news items.
It is used to oarnlsLe di~ereat nsets'.; .i~a~ats far the purposes of.
making recamsneadauons. Although there are benefits to maintaining a single
col>abarahve f ha~iag vector independently of say particular publication)
there are two reasons why it is more practical to maiata>a. a separate
vector far each publication: there is L7cely to be mere overlap behween the
vectaa~s of subs<xr'bcra to the same. publication than betweat those. of
subscribers to di~'ereat publicatia~ and a 30 publication is likely to want
to pa~mt its users' collabaaative finning vectors as part of the value of
its. bread) not to be found elsewhere. Collsbarative.filtaing vaxors are
therefore also maiatamed by the relevant netpegc publication server.
Contra. details, imclttding asrae) street address) ?.~P Code, state)
ootmtty) telephone: nuarbers) era global by natume, pad ere maiatau>,od by.
a page teen. server. : . . Presmtatiopp~amoes, including those. for
quantities) dates, and times, are Ir'kewiae .global.and maintained ~~~~y. .
, ... fhe localization of advertising relies .on the locality. indicated
in. the .user's contact details) while the taigetiag of advertising
rrlies,m pasandl informatiari such es date.of birth) gender) marital
status,. incarne, .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 40
maintained by the relevant adpage registration server. In the absence of
such infoanation) advertising can~be targeted on the basis of the
demographic associated with the user's ZIP or ZIP+4 Code. '. Each user,
pen, printer, application provider and application is assigned its own
unique identities) and the netpage registration server maiNains the
relationships between them, as shown in Figurrs 2I , 22, 23 and 24. For r.
wo 00n2233 PGTIAU00/00522 - 25  Nation purposes; a- publisher is a special
kind of application provider) and a publication is a special kind of
application Each user 800 may be authorized to use any number of pointers
802) and each painter may allow any number of users to use it. Each user
has a single default printer (at 66~ to which periodical publications are
delivered by default, 5 whilst pages printed aoi demand are deliverod to
the printer through which the user is ~taading. The server keeps track 



of which publishers a user has authorized to print to the user's default
printer. A publisher does not t~ecord the 1D of any particular pointer) but
instead resolves the 1D when it is reqttir~ed. When a user subscribes 808
to a publication 807) the publisher 806 (i.e. application po~ovider 803) is
authorized to point to a specified printer or the user's default printer.
This autharizstioa can be revoked at any time by . _. , . v ~0 the user.
Each user may have several pens 801) but a pen is specific to a single
user. If a usa is authcrcized to use a . particular pointer, they that
pointer recognizes any of the user's peas. The pen )D is used to locate the
oomespaotding user profile maintained by a partiatlar netpage registration
server) via the DNS in the usual way. A Web terminal 809 can be authorized
to print on a particular netpege printer) allowing Web pages and ~ 5
netpage its encountered during web browsing to be conveniently pointed on
the nearest netpage printer. The netpage systan can collect) on behalf of a
priata provider) fees and commissions on income earned through publications
printed on the ponvider's printers. Such income can include advat~ng fees,
click-through fees) ocommerce commissions) and transaction fees. If the
printer is ownod by the user) then the user is the pointer provider. Each
user also has a aetpage account 820 which is used to accumulate
micro-debits end credits (such as 20 those described in the proceding
paragraph); contact details 815) including name) address and telephone
numbers; global . ~ .... , : ;.. ~~~ 816, including poiascy, delivery and
lo~lization settings; any number of biomdiic records 8I7, containing the
user's encoded sig~u~e 818) fingerprint 819 etr a handwriting model 819
automatically maiatainod by the system; _._ __~:~.~~t:~~~-e,;o~y~~~~
_._-_._= ..__.__. _._ . .... . 2.3.2 Favorites L(st 25 A oxtpege user am
maintain a list 922 of "favorites" - links to useful documasts etc. on the
netpage n~wralC. The list is maintained by the system an the user's behalf.
It is orgaaize~f as a hierarchy of folders 924) a preferred embodirnerrt
ofafiich is shown in the class diagram in Figure 41. 2.3.3 History L.Ist
The system maintains a histaoy list 929 on each nser's behalf; cemotain'tng
links to dowmeats ate. s 0 by the user through the netpage system It is
organized as a date-orda~ed lisd) a pcd'emed embodiuwit of which is shown
in the class diagram in Figure 42. 2.4 IHrE~uoEltT P/WE Lmour .. .. . _ . .
.~ o,~~~ ~ automatically lays oat the pages of each u.9er's pasaoalized
publication on a sa;tiao~by-saxia~n basis. Siax most sdvertisemeats are.in
the faom ~of pre.faomatted rodsmgles, they ere placed on the 35 page
befaoe.the editorial oao~t. The .advertising ratio for a section can be
achieved with wildly varying advertising ratios an indiaidual pages within
the section, and fhe ad layrout algorithm exploits. ibis. .The nlgorithm'is
oon5gtund to attempt to co.:locate closely tied editaiiad and adverliaiag
caortent) such as Placing ads for roofing material specifically.withia the
publication because of a special feature our do-it-yourself roofing
repairs. The editorial content selocted fos the user) including tear and
associated images and graphics, is then laid out according to various
aesthetic rules. The entire process) including the selection of ads and the
selectia~n of editorial content, must be iterated once the layout has
converged, to attempt to more closely achieve the user's stated section
size preference. The section r. W   wo oo~22s3 rcriAUOOioos2i -26 size
preference can, however, be matched on averrrga ova time) allowing
significant day to-day variations. 2.5 DocuMErrr Fowanr Once the document
is laid out, it is encoded for etfrcient distribution and persistent
storage on the netpagc 5 The primary efficiency mechanism is the separation
of information specific to a single user's edition and infom~ation sluund
betvuiorn multiple users' editianc. The specific infozmation consists of
the page layout. The shared infaamution consists of the objects to which
the page layout refers) iachtding images. graphics, and Pieces of tact. A
text object contains fully-fottact repr~ted in the lble Markup language
(J~.) using the Fa~nsible Stylesheet Language (XSL). XSL paovides precise
control ova tact formatting independently of the region into which. the tad
is being set, which is this case is being pmovidod by the layout The text
object contains embedded langtaage codes to enable automatic translation)
and anbedded hyplteaatian hints to aid with paragraph formatting. An image
object encodes an image in the JPEG 2000 wavelet-basod carapressed image
faamat. A graphic 



object encodes a 2D graphic in Scalable Vectar Graphics (SVCI) fomrat The
layout itself consists of a Series of placed image and graphic objects)
linked textflow objecxs through 15 which text objects flow, hypalinks and
input fields as des~en'bed above) and watermark regions. These layout
objects are summarized in Table 3. Tha layout uses a compact format
suitable for e~cient distribution and storage. Table 3 - netpage layout
oblects Layoff ob actAitrlbuteFormat of linked ob actImagePositionImo a ob
ed 10PEG 2000raphicosidonra hic ob'ect IDVGextflowextflow IDone_.___ .._...
... ..  erfink. O onalxeoct-ob act-ID-. ____ _ a i~(S~ __. __ _ _ __ _. . _
.._ _.__... .. _onelication ID etc.fieldaeaninoneatermarkone 2.8 Doctntte~T
DtsTwstmoht 2~ As dcsaribed above) fair pub of eflicieat distribution and
persistent storage art the netpage network, a usa~pecific page layout is
mepsrated from the shared objects to which it refers. ~ a s>ibsat'bed
publication is ready to.be:distributed) the netpage publicatiar< servo
allocaus) with the help of the netpage >D saver.l2, a unique )D fair each
page) page instances doatmad) and doamuat instance. The servo oomptrtes a
set of optimized subsets of the shared contest and aeata a multicest
cbsanel for 25 each subset, and then tags each user-specific layout with
the mores of the mntticast channels which will carry the shared content
used by that layout. The saves then pointcasts each user's layouts to that
user's priata via the appropaiatc page servo) and when the poistcasting is
cazaplete, multicasts the ahar~ed contem on the specified cbstmels. After
receiving its poiatcast, each page server and printer subscribes to the
multicast channels specified in the page fayrouts. During the multicasts,
each Page saves and prints extracts from the multicast streams those
objects referred to by its page layouts. The page savers persistently
archive the rrceived page layouts and shared content:. Once a Printer has
received all the objects to which its page layouts refer, the printer
re-cz~ates the fullypopulated layout and then rasterizes and prints it.
wo ooni~3 ~ PcriAUOOioosia -27Under noaaal circurnstsaces, the printer
prints pages fasts rhea they can be delivered. Assuming a quarts of each
page is covered with images) the average page has a size of less than
400KB. The priata can therefore hold in excess of l00 such pages in its
intrernal 641v1$ memory) allowing for temporary buffers etc. The printer
prints at a rate of a~ne page per second. This is equivalent to 400KB or
about 3Mbit of page data pa second, which is similar to the 5 highest
acpoctod rate of page data delivery ova a broedbsad netwrnk. Even ands
abnormal circumstances, such es when the prints runs out of papa) it is
likely that the user will be able to replenish the paper supply before the
printer's 100~ege internal storage capacity is exhausted. However, if the
printer's iatemal memacy does fill up, then the prints wilt be aaable to
make use of a multicest whey it first occtus. The netpsge publicatiar,
saves therefa~re allows painters to submit requests for romulticasts. ~ a
critical rumba of requests is received or a timcout ocaus) the saver
ro-multicasts the coaespomding shared objects. Once a document is printed,
a printer can produce an exact duplicate at any time by retrieving its page
layouts and contents from the relevant page saver.  2.T ON-0~taruD
Doct~a~rTs ~ 5 whey a netpage doamrent is requested on demand) it can be
pasoaalized and delivered in much the same way as a periodical. However,
since there is no shared content) delivery is made directly to the
requesting Printer without the use of multicast. wh a non-netpage document
is reqt>Iated on demand, it is not personalized, and it is delivered via a
designated aetpage formatting server which reformats it as a aetpage
document. A netpage formatting servo is a special iastaace of a~netpage
publication saves. The nerpage formatxing serve has knowledge of various
Internet document formats) including Adobe's Portable Document Format
(PDF)) and Hypertodt Mazintp Language (Ii'1Zv11.). In the case of HTML) it
can make use of the higher resolution of the printed page to present web
pages in a muhi-column faanoat, with a table of contents. It can
autaroatically include all web .pages directly linked. to the requested
page. The. user can tune --_ __._._____.-_ _- _ ___. this behavior via a
prtferena. 25 The netpage formatting server makes standard netpage
behavior) including interactivity and persistence, available on any
Internet doamunt, no matter what its aeigia end format. It hides knowledge
of di~errut doaunent fa~ats from both the netpage priata and the netpage
page lava) end hides knowledge of the netpage system from web aawaa. 3
SgcxrRrtY 30 s.~ CRYPTOGRAPHY Cryptography is used to protect sensitive
information, both in storage and in transit) and to authenticate parties to
a tcamsaction) There ere two classes of cryptography in widaprrad use:
secret-key cryptography and publicacey .. . ~Y .~ a ~ ~ ~.~Y. " ' ___..
Secret-key ayp2ogtaphy, also refeaed to as symmetric cryptogtaphY) uses the
same key to encrypt and 35 decrypt a nussage. Two parties w>Shiag to
e>ochange messages must 5rst arrange to securely exchange the scrret key.
Public-key ayp2ography, also referred to as asymmetric a ptogrsphy, ages
two eruayption trays. The tyro keys are mathematically related in such a
way that any message encrypted using one key coo only be decrypted using
the other key. Orue 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
mG~sage can only be decrypted using the private key. Thus two parties can
securely exchange messages without first having to exchange a secret key.
To ensure that the private key is secure) it is normal for the holds of the
private key to generate the key pair. Public-key cryptography can be used
to orate a digital signature. The holds of the private key can create a
kaowa hash of a message and then encrypt the hash using the private key.
Anyone can then verify that the tncryptcd r  
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holder of the private key with respect to that particular mG~age by
decrypting the encrypted hash using the public key and verifying the hash
against the message. If the signature is appended to the message, then the
recipient of the message can verify both that the message is genuine and
that it has not been altered ut transit. 5 To make publio-key cryptoraphy
work, there has to be a way to distribute public keys which prevents
impersonation This is normally done using certificates and certificate
authorities. A certificate authority is a trusted third party which
authenticates the oonaection betvueca a public key and saneaae's identity.
The certificate authority verifies the person's identity by amminiag
identity documents, and they ereata and signs a digiW artificate containing
the pKtaoa's identity details and public key. Anyone who trusts the
certificate authaa'rty can use the public key in the 10 certificate with a
high degree of catai~y that it is genuine: They just have to verify that
the oatificate has indeed been signed by the certificate authority, whose
public key is well-known. In most transaction envimnmeats) public-key
ayptographY is only used to create digital signatures end to securely
exchange secret sGCSiaat keys. Sxret-key cryptography is used for all other
purposes. Ia the following discussion, when reference is made to the secsne
haasmission of information between a 15 netpage printer and a saves, what
actually happens is that the printer obtains the server's certificate)
authenticates it with reference to the oatificate authority) uses the
public kry-exchange key in the certificate to exchange a secret session key
with the server) sad then uses the saxet session key to encrypt the message
data. A session key) by definition) can have an arbitrarily short lifetime.
3.2 N~ACe Pw~t SECURITY Each netpage printer is assigned a pair of unique
identifiers at time of manufacha~e which are stored in read-amly memory in
the printer sad in the netpage r~istratioa aava database. The first II7 62
is public sad uniquely identifies the.paiata on the netltage artwork. The
second 1D is soart and is nsod when the painter is first registaod on When
the printer ~nneds to the netpage network for the first time after
installation, it creates a signature 25 gubliclpaivate key pair. h
transmits the secret 1D sad the public key secerely to the netpage
registration server. The server oounparrs the seal ID against the printer's
aecret.1D recaaded is its database) and accepts the registration if the IDs
makh. It they creates and signs a certificate oontainiag the painter's
public 1D and public signature kayr, and stoats the certificate is the
r~tatiat database. The netpage registratia~a saves ads as a certificate
authority fan netpege printers, since ~it has acce,SS to 30 secret
infa~rmation allowing it to verify printer identity. Whra s user subscn'bes
to a publication) a rxord is cr~tod in the netpage registration lava
database authacizing the publisher to paint the publication to the
usa's:default printer or a specified painter. Every docttmeat sent to a
printer via a page saver is addressed to apartiatlar user and is signed by
the publishes using the publisher's private sigaadtre key. The page saver
verifies) via the. registration database) that the publisher is authorized
to deliver the 35 publication to the specified user. The page saver
verifies the signattme using the publisher's public key, obtained firm the
publisher's certificate stoa~ed in the registration database. The netpage
registration lava accepts requests to add printing atttbarizations to the
database, so long as those requests are initiated via a pen registered to
the painter. 3.3 N~noe Par SECURITY Each netpage pen is assigned a unique
identifier at time of manufachue which is stored in rmad~nly manory in the
pen and in the netpage registration server database. The pen ID 61 uniquely
identifies the pea oa the nctpage network. A netpage pen can "lrnoaP' a
number of netpage printers, and a printer can "latow" a number of pens. A
pen r   WO 00I72233 ~ PGT/AU00/00522 -29 ooanmuaicates with a pu~iater in a
radio frequaicy signal whenever it is within range of the painter. Once a
pen and prints' are regista~d) they regularly exchange session keys.
Whenever the pea transmits digital ink to the printer) the digital ink is
always encrypted using the appropriate session key. Digital ink is never
transmitted in the clear. A pen stores a session key for every printer it
knows) indexed by printer 1D) and a printer stores a session 5 key for
every pen it knows, indexed by pen 1D. Bath have a large but finite storage
capacity for session keys, and will forget a session key on a
least-recmtlyusod basis if n~sary. When a pea oo~mGV within range of a
prints, the pea and prints discover whether they know each other. If they
don't lavow each other) then the prints dines whdha it is supposed to knave
the pen. This might be) for example, bocsuse the pea belaogs to a user who
is reed to use the prints. If the pointer is rocaat to know the pen but
doesn't, then it initiates the autaraatic pen ragis~ia~a procedure. If the
prints isn't measit to know the pen) they it agrees with the pea to ignore
it until the pea is placed is a c>~ng cup, at which time it initiates the
registration 1n addition to its public )D, the pen contains a secret
kry-axchange key. 'Ihe key~xGhaage key is also recorded in the neilmge
r~isttatioa server database at time of manufacture. During registration,
the pea transmits its 15 pea 1D to the printer, sad the prints transmits
the pea ID to the netpege registration server. The servo generates a
session key far the printer and pea to use, and socurely transmits the
session key to the printer. It also transmits a copy of the session key
eaaypted with the pea's key-exchange key. The printer stores the session
key internally) indexed by the pea 1D, and transmits the encrypted session
key to the pea. The pen stores the session key internally) indexed by the
printer 1D. 20 Although a fake pen can impasanate a pen in the pen
registration protocol) only a real pen can decrypt the 



.. session key transmitted by the prints. Whey a previously ururgista~ed
pen is first reg~a~ed) it is of limited use until it is linked to a user. A
_. _ -~ ,.~wa~".~_iovvodrto-be~sodto-r~st~trd=f ll-ia~tet~go user-and
pea-registration-fota~s; __ to register a new uss to which the new pen is
automatically linked, or fo add a new pea to an adsting user. 25 The pea
uses sand-kay rather than publicrkey eaayption bocause of hardware
perfono~anco constraints in the pea. 3.4 StcxntE Doctnsotrs The adpage
aysum sr>ppaets the delivery of samre documents ouch as tickets sad
coupons. The netpage prints includes a facility to print watermarks, but
will only do so on rnque~ from publishers who are suitably 30 authorized.
The publisher indie~ its authority to pciat watermadcs in its cstif>cate,
which the printer is able to authenticate. t.. .The'wate~ar)C" pti~ag prod
uses aqslte~ive dither matrix is specified .`~vat~ark:;regioas of the page.
Back-to-back pages aria minor-image regions which coincide when priat~ed.
The dither mat:ices need is odd and evm pages' wrdmmark regions are
designed to produce an intafereace e$'ect when the regions are 35 vieamd
together) achieved by looking rhroag>a the primal sheet. The elfed is
similar to a wata~marlc in that it is not visible when looking at only one
side of the page, sad is lost when the page is copiod by normal mesas.
Pages of sa~u~e docannents carmot be copied ~,~ the built in netpage copy
mahanism described is Saxian 1.9 above. This extends to copying rretpages
on netpage-aware photocopiers. 40 Secure documents are typically generated
as part of e-cowmsce tnmsactions. they can thsefore include the user's
photograph which was captured whey the user registered biometric
infonaation with the netpage registration server) as described in Section
~.   WO 00I72233 -30 PC'C/AU00/00522 When p~ted with a 'wane nelpage
document, the recipient can verify its authenticity by requesting its
status in the usual way. The unique ID of a secure doatment is only valid
for the lifetime of the doctmment, and secure document IDs are allocated
non-contiguously to prevent their prediction by opporhmistic forgers. A
secure document verification pen can be devdopod with built-in feedback an
verification failure, to support easy point-of presentation document
verification Clearly neither the watttmark nor the urn's photograph are
secure in a cryptographic sense. Thry simply pmovide a significant obstacle
to casual forgery. Online doamtatt verification) particularly using a
verification pen) provides an added level of security where it is needed,
but is still not entirely immune to forgeries. 3.5 Not-R~uowro~t In the
netpage systan, farms submitted by users are delivered reliably to foams
handless and nre persistently atrbived oa netpage page savers. h is
therefore impossible for recipients to repudiate delivery. E-commerce
payments made through the systan) as described in Section 4) are also
impossible for the payee to repudiate. 4 E~c~eoMC Coke MoosL 15 4.1 sty
ELECTRONIC TRANSACTION (sE'n The netpage system near the Secure Electronic
Transaction (SET) system as one of its payment systems. SET, having been
developed by MastetCard and Visa) is organized around payment cards) and
this is reflected in the terminology. However) much of the ayste~m is
independent of the type of aecouats being used. In SET) cat~olders and
merchants register with a certificate authority and arc issued with
certificates 20 containing their public signature keys. The certificate
authority verifies a cardholder's registration details with the card issuer
as appropriate, and verifies a merrhaat's registration details with the
acquits as appropriate. Cardholders and its store their tespative private
keys securely on their . Ihaing the payment ptncas) these oatificata are
used to mubualty atdhatticaxe s marbeat and elder, and to authenticate them
both to the payment _._._._..____...._._:. -_...._ .
_____...__.__.____..._... _._-_-__._..___._...__..-_ _._ _.. ......__. . ..
25 SET has not yet been adopted widely) pertly because cardito(der
msintensnoe oC keys end certificates is 



considet~ed butdatsome. Iataim soltitiaos which maintain cardholder keys
and certificates on a servo and give the cardholder areas via a passvuacd
have met with some success. 4.2 SET Pads In the netpage system the netpagc
ration save acts as a proxy for the netpage user (i.e. the 30 cardholder)
in SET payment Laos. The netpage system uses bianu~rics to authenticate the
user sad atrthorize SET pnymmts. Because the system is pat-based) the
biomehic used is the user's on-line signature, consisting of timo-vatying
pen position and pc~me. A fingerprint biametric ~cen also be used by d~niag
a..tmgetlumt sensor into the pen) although at a highs cost. The type of
biantettic used only aBects the of the biomcttic, not the atrth~arizatian
aspects of the system. 35 The first step to being able to make SET payments
is to r~egista the user's biomettic with the netpage registration server.
This is dome in a oontmlled environment, for example a bank, where the
biametric can be captural at the same time as the user's identity is
verified. The biometric is captained and stared in the rtian datab~ese)
linked to the user's record. The user's photograph is also optionally
captiand and linkAd to the teoatd. The SET catdholda registzation process
is completed, and the temtlting private signature key and certificate are
stored in the database. The 40 user's payment card iafotmatian is also
stated, giving the adpage registration server enough infatlnation to act as
the user's proxy in any SET payment lzansadion. , Wha~ the user evartually
supplies the biometric 1o complete a payment, for example by signing a
netpage order form, the printer securely transmits the order information)
the pen IG and the biomettic data to the nctpage r.   WO 00I72233 '
PGT/AU00/00522 -31  registration saver. The saver verifies the biometric
with respect to the user identified by the pea 1D, and from they on acts as
the user's proxy in completing the SET payment transaction. 4.3
M~to-PA~narrs The netpage system includes a mfor micro-payments, to allow
the user to be coavenieatly charged ~J for printing low-cost documents on
demand and for espying copyright documents, and possibly also to allow the
user to be reimburaod for acpenses incurred in printing advertising
material. The latter depends on the level of subsidy already provided to
the user. Whey the user registers four e.caameroe) a netwnr)c aesotmt is
establistud which aggregates micro payments. The user receives a statemaat
on a regular basis) and can settle any outstanding debit balance using the
standard payment mechanism. The network aocouat can be acteaded to
aggregate s<rbsaiptioa foes for periodicals, which would also otherwise be
presented to the user is the form of individual statements. , 4.4
TwwsncnoNs When a user requests a aetpage in a particular application
context) the application is able to embed a usaspecific transaction 1D 55
in the page. Subsoqueat input through the page is tagged with the
transaction 1D, and the application is thereby able to establish as
appropriate context for the user's input. When input occurs through a page
which is not user-speciFrc) however) the application must use the user's
unique identity to establish a context. A typical example involves adding
items from a pre-p~riated catalog page to the user's virtual "shopping
cart". To protect the user's privacy, however, the unique user m 60 known
to the netpage 20 system is not divulged to applications. This is to
prevent different application providers from easily correlating
independently accumulated behavioral data. The netpege registtntion saves
instead raaiatains as aaaaymous relationship between a user and an
applicatiaut via a unique alias 1D 65, as ahowa in Figure 24. Whenever the
user activates a hyperlink tagged with the _ . . _.. _: _ . . . .. ~ ~b~-~
a pie server asks the netpage iegistratia~n saverto traasTate
tGe-associate~catiotr - . ... __.._ _ _ __ 25 1D 64, together with the pea
1D 61, into as alias 1D 65. The alias ID is then submitted to the
hypaliak's application. The applicatiaa maintains state information indaced
by alias 1D, and is able to retrieve user-specific state iafa~ation without
knowledge of the global identity of the user. The system also maintains as
mde~dmt caret' crate and private signature key for each of a user's
applications) to allow it to sign application ~sactions oa behalf of the
user using only applicatiao-spocific informatia~a. 30 To assist the system
in tcrrting product bar code (UPC) "hypalink" adivatiaas) the system ruoxds
a favorite appluxtioa on behalf of the user far any number of proud types.
Each application is associated~with an application provides, and the system
maintains an account on behalf of each appiicatioa provider, to allow it to
ce~edit and debit the provide for click-through fees etc. . An application
provider can be a publishes of periodical subscribed oonteat. The system
records the user's 35 anllingness to receive the subscn'bed publication) as
vuell as the ~ted frequency of publication. 4.5 RESOURCa Dtacrs aHO
Cotmtrottr A preferred embodiment of a resource de~saiption class diagam.is
shown in Figure 40. Each document and content objexl. may be described by
acre or more resourx desaiptioas 842. Resource desexiptions use the Dublin
Core metadata element set, which is designed to facilitate discovery of
electronic resources. 40 Dublin Core metadata conforms to the Vllorld Wide
Web Consortium (W3C) Resour~oe Desa~iptioa Framework (RDF). 



A resource description may identify rights holders 920. The netpage system
automatically transfers copyright fees from users to rights holders when
users print copyright content. r. J; ~   wo oon223s -32 pcnAUOOioos2i 5
CoatMUencnnoHS PROTOCOLS A communications protocol defines as ordered
exchange of messages between entities. In the netpage system, entities such
as peas) printers and servers utilise a set of defined protocols to
cooperatively handle user interaction with the netpage system. Each
pratoool is illusaated by way of a oequeace diagram in which the horizontal
dimension is used to npres~t message flow and the vertical dimension is
used to rrpr~at time. Each entity is repa~ated by a rectangle containing
tha name of the entity and a vertical ooluma representing the lifeline of
the entity. Dining the time as entity exists) the lifeline is shown as a
dashed line. During the time as entity is naive, the lifeline is shown as a
double line. Because the protocols camsidered here do not scare or destiny
entities, lifelines are generally cut short as soon as an 10 .... ~tity
ceases to participate,ia.a protocol. , . . . . . . 5.1 SuescwPTtoH DAY PRA
A preferred eaibodimeat of a subscription delivery protocol is shown in
Figure 43. A large number of users may subsat'be to a periodical
publication. Each user's oditiar may be laid out diflereatly, but many
users' editions will share comntou neatest such as text objects sad image
objects. ~'he subscription 15 delivery protocol therefore delivers document
strvcturrs to individual p~rintas via pointcast, but delivers shared
content objects via multieast The application (i.e. publisher) first
obtains a doctuoeat 1D 51 for each document from an 1D server 12. It they
sends each document structure) including its doctaneeat 1D sad page
descriptions, to the page saver 10 responsible for the document's newly
allocated )D. It includes its own application 1D 64, the subscriber's alias
1D 65) and the 20 relevant set of multicast channel names. It signs the
message using its private signature key. The page server uses the
application ID and alias ID to obtain from the regististion servo the
caarapoading user 1D 60, the user's selected painter )D 62 (whidt may be
explicitly selected for the application, or may be the user's ...._ .
default printers sad the application's certificate. __._ __:____ -_ .: _
....____.._.__ ~ B~E~ti~'s ~ bows the page a~ to vale message s.~he Pogo
sa~~'~ _ 25 request to the regishation server fails if the application )D
sad alias ID don't together identify a subscxiptiaa 808. The page sernr
rhea allocates matt and page iostanoe IDs and fararards the page
desaiptions, including page IDs 50, to the data. It includes the relevant
set of multicast channel names for the prints to listen to. It then rduzas
the ttcarly allocated page IDs to the applicatiaa for firdu~e reference.
Oaoe the application has distn'butod all of the doa~mt sttu~es to the
subscrt'bers' selected printers via 30 the relevant page servers, it
multicasts the various subsds of the shared objects oa the previously
selected multicast channels. Both page servers and printers monitor the
approp~te multicast channels and rexeive their t~oquirnd ca~nteat objects.
They are then able to populate the previously po>ata~st document s~u;~es.
This allows the page savers to add complete documaris to their databases,
and it allows ttie peintas to print the documents. 5.2 HYPERLkJK A~CTNATION
PROTOCOL 35 A preferred embodiment of a hyperliak activation protocol is
shown is Figure 45. VVhea a user clicks oa a netpege with a rtetpage pea)
the pea communicates the click to the nearest netpage printer 601. The
click identtf' tes the page sad a location on the page. The Printer aLrady
laroars the ID 61 of the pen from the pea connection pmtoool. The printtr
determines) via the DNS, the network address of the page server 10a
handling the particular 40 page ID 50. The address may already be in its
cache if the user has recently interacted with the same page. The printer
then forwards the pen ID, its own printer )D 62, the page 1D and click
location to the page saver. The page servo loads the page description 5
identified by the page iD and determines which input element's zone 58) if
any, the click lies ia. Assuming the relevant input element is a hypalink
element $44, the page r. 



WO 00I72233 ~ PGT/AU00/00522 -33 server they obtains the associated
application )D 64 and link 1D 54, and deteanina, via the DNS, the network
address of the application server hosting the applicatiaa 71. The page
server uses the pea )D 61 to obtain the coaesponding user ID 60 from the
registration server 11, and then allocates a globally unique hyperlink
request 1D 52 and builds a hyperlink request 934. The hyperlink request
class diagram is shown in Figure 44. The hyperlink request records the IDs
of the requesting user and printer) and identifies the clicked hyperliak
instance 862. The page server then sends its own server )D 53, the
hyperlink request m, and the link 1D to the application. The application a
response document according to application-spxific logic) and obtains a
document 1D 51 fmm as ID server 12. h then scads the document to the pegs
server l Ob respamsible for the document's newly allocated )D) together
with the reqtxsting page server's )D and the hyperlink request 1D. The
sxamd page server scads the hyperlink request ID and application ID to the
first page server to obtain the corresponding user ID and printer 1D 62.
The first page server rejects the request if the hyperlink roquat has
aspired or is for a different application The second page saver allocates
dacvmaent inslaace and page IDs 50) rrhuas the newly allocated page 1Ds to
the application, adds the carnplete doatment to its own database, and
finally scads the page descriptions to the requesting prints. The hyperlink
instance may include a meaningful transaction )D 55, is which case the fwst
page server includes the transaction 1D in the message sent to the
application This allows the application to establish a transadionspecific
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 scads both the pea ID 61 and the hyperlink's application ID 64 to
the registration server 11 to obtain not just the user ID corresponding to
the pea 1D but also the alias ZD 65 coarsponding to the application iD sad
the user 1D. It includes the _ _ ._.._- ~t~~~ m_~.tt.~m~~
~r_~.lho-application;--allo~dng the .applioali~ts~establish a u~eciGc.
cont~ foF-the . ____.._ hyperlink adivatian. 25 5.3 IiaNt~wnrtwo R~oortmo~t
PROTOCOL Whey 'a user draws a stroke on a netpage with a netpage pen, the
pen communicates the stroke to the nearest aetpage prints. The stmke
identifies the page and a path oa the page. The p~riN,er fararards the pea
ID 61, its own prints ID 62) the page 1D SO and stroke path to the page
server 10 in the usual way. The page saver loads the page desmiption 5
ideati6ed by the page ID and determines which input element's zone 58, if
nay, the afmke intas~ts. Asstmatag the relevant input elem~eat is d tact
field 878, the page server appeals the stroke to the text field's digital
ink: After a period of inactivity in the zone of the text field, the page
server sends the pen 1D and the pending strokes to the regislratian server
11 fa mtap~tatioa. The registration server identifies the user
corresponding to the 5 pea, and uses the usrt'a aaumulated hend~aziting
iuodel 822 to interpret the strokes as handwritten text. t~nce it has
converted the strokes to text) the registration server returns the text to
the requesting page server. The page server appends the text to the text
value of the text field. 5.4 StONATURE VEWFICATION PROTOCOL Assuming the
input element whose zone the stroke intersects is a signature field 880)
the page server t0 40 appends the stroke to the signature Gelds digital
ink. After a period of inactivity in the zone of the signature field) the
page server scads the pen ID 61 and the pending strokes to the registration
server 11 for verification. It also sends the application ID 64 associated
with the form of which the signature field is part, as well as the form 1D
56 and the current data content of the form. The registration   WO 00r12233
_34_ PCT/AU00/00522 



server identifies the user corresponding to the pen) and uses the user's
dynamic signature biometric 818 to verify the strokes as the use's
signature. Once it has verified the signature, the registration save uses
the application 1D 64 and use 1D 60 to identity the use's
application-specific private signature key. h then uses the key to generate
a digital signature of the form data) and redoes the digital signature to
the requesting page serve. The page serve assigns the 5 digital signature
to the signature field and sets the associated form's status to frnden. The
digital signature includes the alias )D 65 of the corresponding use. This
allows a single foan to captuc~e multiple users' sigoatuzes. 5.5 FORM
SueHttssION PROTOCOL A preferred anbodimatt of a fa~nn submission protocol
is shown in Figure 46., Form sui~mission oavts via a farm hypalink
activation. It thus folloars tire protocol defined in Sedioa.52, with some
fon~sfic additions. 1n the case of a foam hypalink, the hypalialc
activation message and by the page serve 10 to the application 71 also
contains the fame 1D 56 and the cu<reat data content of the form. If the
form cantatas any signature fields) then the application unifies each one
by wctiscting the alias ID 65 associated with the cartesponding digital 15
signature and obtaining the corrresponding certificate fmm the registration
serve 11. 5.6 COMMISSION PAYIiAENT PROTOCOL A preferred embodiment of a
commission payment protocol is shown in Figure 47. In an e-commerce
environment) fees and commissions may be payable firm an application
provides to a publisher oa click~hroughs, transactions sad sales.
Commissions on fees and commissions oa comznissions may also be 20 payable
from the publishes to the provides of the printer. The hyperlink reqtust )D
52 is used to route a fee or commission aedtt from the target application
pmaide 70a (e.g. marbeat) to the source application provide 70b (i.e.
publisher), and fmm the source application pmvida 70b _._. _
__...___t_o.thep intapmvider_n-_..__ _-__.._....... ._.. _ _. . ..._ _
_.._.._ _.._:__,.:.__.___ ___...-_ .. ... .. ~e ~~ application recdves the
hypalink request m from the page save 10 when the hyperlink is first 25
activated, as desaribod in Section 52. When the target application needs to
nadir the source application provide) it scads the application pmvida nadir
to the original page nave together with the hypalialc request >D. The page
nerve uses the.hypalink roquest )D to identify the source application, and
sends the audit an to the relevant registration serve 11 together with the
source application ID 64, its own server 1D 53) and the hypalink rrquest
1D. The regishation save credits the carnesponding applicatia~n provider's
account 827. It also notifies the application pmvida. 30 If tire
application provider needs to credit flue painter provider) it aeods the
printer provide crodit to the original page save together with the
hyperlink request )D. The page server uses the hypalink request )D to
identify the p~ta. ~ snide the a~edit ott to the relevant r~tration saver
together with the printer m. The registration saves credits the
caarsponding prints provider account 814. The. source application provide
is optionally nafiified of the identity of the target applicatia~a
provides, sad 35 the prints provide of the identity of the source
application provider. 6. NL~ACe Pi:N Dt=scwPrION 6.1 Pal MECHANICS Refeaing
to Figures 8 and 9, the pen) generally designated by reference numeral 101,
includes a housing 102 in the form of a plastics moulding having walls 103
defining an interior space 104 for mounting the pen 40 components. The pen
top 105 is is operation rotatably mounted nt one end 106 of the housing
102. A scent-transparent cove 107 is secured to the opposite end 108 of the
housing 102. The cove 107 is also of moulded plastics, and is formed from
semi-tra:~spacrnt material in order to enable the user to view the status
of the LED mounted within the housing 102. The cover 107 includes a main
part 109 which substantially surrounds the end l08 of the housing 102 and
WO 00r12233 PCTIAU00/00522 -35 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 is mounted behind the
projecting portion 110, within the housing 102. Screw threads 113
surrounding an apariwo 113A on the cove i 07 are arranged to receive a
metal end piece 114, including corresponding screw threads 115. The metal
end piece I 14 is removable to enable ink carriidge replacement. 5 Also
mounted within the cover 107 is a tricolor status LED I 16 o~n a flex PCB I
17. The antenna 112 is also mounted a~n the flex PCB 117. The status LED
116 is mounted at the top of the pea I01 for good all-around visibility.
The pen can operate both as a naanat matldng ink pen nerd as a non-madcing
stylus. An inlc pen cartridge I 18 with nib 119 and a stylus 120 with
stylus nib 121 are mounted side by side within the housing 102. Either the
ink cartridge nib 119 of the stylus nib 121 can be brought forward through
open end 122 of the metal end piece 114, by rotatia~n of the pea top 105.
Respective slide blocks 123 and 124 are mounted to the ink cartridge 118
and stylus 120) respectively. A rntatable tern barrel 125 is sxut~ to the
pen top 105 in operation and arranged to rotate therewith. The cam barrel
125 includes a cam 126 is the fog of a slot within the walls l81 of the cam
barrel. Cam followers 127 and 128 projecting from slider blocks 123 and 124
Ht within the tern slot 126. On rotation of the cam barrel 125) the slide
blocks 123 or 124 move relative to each other to project either the pen nib
119 or stylus nib 121 out through the hole 15 122 in the metal end piece
114. The pea 101 has throe states of operation. By fuming the top 105
through 90 steps) the three states are:  Stylus 120 nib I21 out;  Ink
cartridge 118 nib 119 out; and  Neither ink cartridge 118 nib 119 out nor
stylus 120 nib 121 out. 20 A second flex PCB 129) is mounted oa en
electronics chassis t 30 which sits within the housing 102. The second flex
PCB 129 mounts. an infiared LED 131 for providing infrared radiation for
projection onto the surface. Ace image season 132 is pitnvided mountod oa
the second flat PCB l29 for receiving reflected radiation frame the
surface. _ __ -__--_-The:.saond ~Ie~PCB 12~1sQ.mouats :a isdiocyship_133;
~hich includes..an.RF.~ansmitter:~ad:R~receiva~-__.....___ _ 



and a controller chip 134 for controlling opaatioa of the pen 101. An
optics block 135 (formed from moulded clear 25 plastics) sits within the
cove 107 and projects an ink beam onto the surface end receives images onto
the image sensor 132. Power supply wires 136 conned the oompoaeats on the
earned flex PCB 129 to battery contacts 137 which one mounted within the
cam barrel 125. A terminal 138 coruxets to the battery contacts 137 and the
cam barrel 125. A three volt rechargeable battery 139 sits arithia the cam
baarl 125 in coated with the battery contacts. Ace induction charging coil
140 is mounted about the second flat PCB 129 to enable raLargiag of the
battery 139 via induction. The 30 seoomd flex PCB 129 also mounts as
infrarod LED 143 and infrared photodiode 144 for detecting disphuanent is
the 'cam bea~el 125 when either the stylus 120 err the ink cartridge 118 is
used for writing, in order to enable a determination of the force being
applied to the surface by the pea m'b I 19 or stylus nib 121a The IR
photodiode 144 detects light from the IR L 143 .via reflecxaas (not shown)
mounted on the elide blocks 123 sad 124. Rubber grip pods 141 sad 142 are
p~ovidod towards the end 108 of the horsing 102 to assist gripping the 35
pea 101, and top 105 also includes a clip 142 for clipping the pea 101 to a
pocket. 6.2 Pat Cot~tntot~t The pea 101 is arranged to determine the
position of its nib (stylus nib 121 or ink cartridge nib 119) by imagipg)
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
arranged to calculate the distance of the nib I21 or 119 firnn the location
tab utilising optics 40 135 and coatrolla chip 134. The coatrolla chip 134
calculates the orientation of the pen sad the nib-to-tag distance from the
perspective distortion observed on the imaged tag. Utilising the RF chip
133 and anteans 112 the pea 101 can transnut the digital ink data (which is
encrypted   WO 00I72233 PGT/AU00/00522 -36 for security and packaged for
efEcient transmission) to the computing system. When the pea is in range of
a receiver, the digital ink data is transmitted as it is formed. When the
pea 101 moves out of range, digital ink data is bu0br~ed within the pen 101
(the pen 101 circuitry includes a buffer arranged to store digital ink data
for approximately 12 minutes of the pen motion on the surface) and can be
transmitted later. 5 The controller chip 134 is mounted oa the second flex
PCB I29 in the pea 10l. Figure 10 is a block diagram illustrating is more
detail the arrhitectune of the controller chip 134. Figure 10 also shows
reprrsaitations of the RF chip 133) the image serene 132) the tricolor
status LED I16) the IR illumination LED 131) the 1R force sensor LED 143,
and the force sensor photodiode 144. The pen controller chip 134 includes a
oo~mlling proxssar I45. Bus 146 enables the exchange of data 10 bdvveen
compo~neats of the caatmller chip 134. Flash memory 147 and a 512 KB DRAM
148 arse also included. An analog-to~ligital converts 149 is arranged to
convert the analog signal fimn the force sensor ~totndiode 144 to a digital
signal. Aa image seasar interface 1 S2 interfaces with the image sensor
132. A transceiver oa~olkr 1 S3 and base band circuit 154 are also includod
to interface with the RF chip 133 which includes as RF cirenit 155 and RF
resonators ~ 5 and inductors 1 S6 camaoctod to the antenna 112. The
controlling processor 14S captures and decodes location data from tags from
the surface via the image sensor 132, monitors the force sensor photodiode
144, controls the LEDs 116) 131 and 143, sad handles short-range radio
communication via the radio transceiver 153. It is a medium-perfozmanoe
(-40MHz) general-purpose R1SC processor. The prnc~sor 145) digital
transceiver components (tianscdver controller 1 S3 sad baseband circuit
154), image sensor interface 152; flash memory 147 and S12KB DRAM 148 are
integrate ia'a single ~noller ASIC. Analog RR ooarpaaeats (RF cizarit 155
and RF resonators and IS6) are provided in the separate RF chip. ___ .
.___..~ ~e.~ a 215x215 pnce~ (and a ~osoruoea~a~uhi~EI~iW iic Corporation;
._. ._. and is descxibod is a papa by ltakura) K T Nobusada) N Okusenya, R
Nagayoshi, sad M O~ski) "A lmm SOk-Fixel TT 25 CCD Image Sensor far
Miniaiure Camera System") )1~E Transactions oa Flecxmaic Devices) Volt 47)
number l, January 2000, which is inpaaparated herein by reference) with an
1R filter. The controller ASIC 134 eaters a quiescent state after a period
of inactivity when the pea 101 is not in oamtau with a su<face. It
iacapoantas a dodicat~ed cizGait 1 SO which ma~nitoas the fac~ce sensaa~
photodiode 144 sad wakes up the controller 134 via.the power manager 151 oa
a pen-down event. The radio traasodver communicates in the unlicensed
900MHz band normally usod by.oordless telephones, err alternatively in the
unliocased 2:4GHz industrial, scientific and medical (1SM) band, sad uses
froquatcy hopping and collision detaxion to provide intafa~ence-flee
communication. ' In an altenuative embodiment) the pen iaca~pba~ates an
Infrared Data Association (IrDA) interface for shart range communication
with a base station or netpage painter. 35 1n a further embodiment, the pea
101 includes a pair of orthogonal sooelerometers mounted is the normal
place of the pea 101 axis. The accelerometers 190 sre shown is Figures 9
and 10 in ghost outline. The provision of the accelaometess enables this
embodiment of the 'pen 101 to sense motion without reference to surface
location tags) allowing the location tags to be sampled at a lower rate.
Each location tag 1D can then identify an object of interest rather thaw a
position on the surface. For example, if the object is a user interface
input 



40 element (e.g. a command button), then the tag ID of each location tag
within the area of the input element can directly identify the input
element. The acceleration measured by the accelerometers in each of the x
and y directions is integrated with respect   WO 00I72233 -37 to time to
produce an instantaneous velocity and position PCT/AU00/00522 Since the
starting position of the stroke is not known) only relative positions
within a stroke are calculated. Although position integration accumulates
errors in the sensed acceleration, accelerometers typically have high
resolution, and the time duration of a stroke, over which errors
accumulate, is sha~rt. 5 7. N~rvae Pwt~trEx Descr~noH 7.1 P~ Mecwwtcs The
vertically movmtod netpage wallp~inta GOl is shown fully assembled in
Figure 11. It paints netpages on Letter/A4 sized media using duplexod 8Y~"
MemjdT'~ print eagirues 602 and 603) as shown in Figures 12 and 12a It uses
a straight paper path with the paper 604 passing through the duplexed print
engines 602 and 603 which print both 10 sides of a sheet simultaneously) in
full color end with full bleed. . An integral binding assaably 605 applies
a strip of glue along one edge of each printed sheet, allowuig it to adhere
to the previous shit when pied against it. This orates a final bound
document 618 which can range in thiclmess from one sheet to several hundrod
sheets. The replaceable ink cartridge 627, shown in Figure 13 coupled with
the duplexed print engines, has 15 bladders or chambers for stcxing
fixative, adhesive) and cyan) magenta) yellow, black sad infrared inks. The
cartridge also contains a micro sir filter in a base molding. The micro air
filter interfaces with as air pump 638 inside the prints via a hose 639.
This provides filtered air to the printheads to event ingress of micro
particles into the MemjetT~ printheads 350 which might otherwise clog the
printhead nozzles. By incorporating the air filter within the cartridge)
the operational life of the filter is effectively linked to the life of the
cartridge. The ink cartridge is a fully recyclable product 20 with a
capacity for printing and gluing 3000 pages (1500 sheets). Referring to
Figure 12) the motorized media pick-up roller assembly 626 pushes the top
sheet directly from the media tray~'past a paper season on the first print
engine 602 into the duplexed Memjet'~'~ priathead assaubly. The two Manjet~
print engines 602 and 603 are mounted in an opposing in line sequential
configuration along the straight __ _ . __ _ _~e=_~ ~ ~~ ~ ~ f~ pit engine
602 by integral) poa~ pick-up rollers 62~' 'h~tion25 and size of the papa
604 is sensed sad full blood printing commences. Fixative is printed
simultaneously to sad drying in the shortest possrble time. the papa exits
the lrtst MemjetT" print engine 602 through a set of povverod exit spike
wheels (sligned along the straight papa paths which act against a rubbaiud
roller. Those spike wheels contact the `wet' printed surface sad continue
to feed the sheet 604 into the seca~nd Memjet~ print engine 603. 30
Rafeaiag to Figures 12 sad 12a, the papa 604 passes from the duplexed point
engines 602 and 603 into the binder assombly 605. The pointed page passes
betw~n a povNa~d spike wheel axle 670 with a fibrous support roller sad
another movable. axle with spilue wheels and a momentary action glue wheel.
The movable,axlelglue assembly 673 is mountod w a natal support boacket sad
it is >ranspoctod forward to interface with the powicred axle 670 via'
gears by action of a camshaft. A ante motor powers this camshaft. 35 The
glue wheel assembly 673 consists of a partially hollow axle 679 with a
rotating coupling for the glue supply hose 641 from the ink cartridge 62?.
This axle 679 connects to a glue wheel, which absorbs adhesive by capillary
action thtough radial holes. A moldod housing 682 surrounds the glue wheel,
with as opening at the front. Pivoting side moldings sad apoung outer doors
are attached to the metal bracket and hinge out sideways when the rest of
the assembly 673 is thrust forward. This action exposes the glue wheel
through the front of the moldod housing 682. Tension springs 0 close the
assembly sad eB'ectively cap the glue wheel during periods of inactivity.
As the sheet 604 passes into the glue wheel assembly 673) adhesive'is
applied to one vertical edge oa the front side (apart from the first sheet
of a document) as it is txsasported down into the binding assembly 605.
WO 00r12233 -38 PGT/AU00/00522 7.2 PRINTER CONTROUER AitcHrt~crutm The
netpage prints controller consists of a controlling processor 7S0, a
factory-installed or &eld-installed network interface module 625, a radio
transceiver (transceiver controller 753, basebaad circuit 754, RF circuit
755, and RF resonators sad inductors 756), dual raster image processor
(RIP) DSPs 757) duplexed print engine controllers 760a 5 and 760b, flash
memory 658) sad 64MB of DRAM 657) as illustrated in Figure 14. 



The controlling processor handles communicatia~n with the network 19 and
with local wireless netpage peas 101) senses the help button 617, controls
the user interface LEDs 613-616, and fends and synchrnni2es the RIP DSPs
757 and print engine controllers 760. h consists of a medium~erfarmunce
general purpose microp~rooessor. The controlling pro~r 750 communicates
with the print engine controllers 760 via a high-speed serial bus 659. The
RIP DSPs rasterize and compress page descciptia~ns to the netpage printer's
compressed page format Each print engine oamtrollcr expends) dithers and
paints page images to its associated Memjet"' printhead 350 is real time
(i.e. at ova 30 pages per minute). The duplaced print etrgine controllers
print both sides of a sheet simultaneously. 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.
15 The printer controller's flash memory 658 holds the software for both
the procG~sor 750 and the DSPs 757) as well as coa&gruation data. This is
copied to main memory 657 at boot time. The processor 750, DSPs 757, sad
digital transceiver components (transceiver controller 753 and baseband
circuit 754) are integrated in a single controller ASIC 656. Analog RF
componarts (RF circuit 755 and RF resonators sad inductors 756) are
provided is a separate RF chip 762. The network interface module 625 is
separate, since netpage ~ printers allow the network c~n~ction to be
factory-selected or field-selected. Flash memory 658 and the 2x256Mbit
(64MB) DRAM 657 is also oQ~ip. The print engine controllers 760 are
provided in separate ASICs. A variety of network iata~faoe modules 625 are
panvided, each providing a netpage netv~rork interface 751
_..__.___-.~~~~a-~~- ~~~~.-732:
~tetpage-natvvarklntaaet-iatafaoes-include-POTS-modems, _ _ Hybrid
F'ber~oa~c (IlFC) cable modems, ISDN modems) DSL modems) satellite
transceivers, current and next25 generation cellular telephone
transceivers) and wireless local loop (WLL) treasceivers. Local interfaces
include IEEE 1284 (parallel port), lOBasa.T and 100Base-T Ethea~et) USB and
USB 2.0, Il~ 1394 (Firewire), sad various emerging home natw~orldng
i~afaces. If an mtanet c~a~tim is available on the local netaunrk, then the
local netwerk iatartace can be used as the netpnge netwark interface. The
radio tiansodver 753 communicates in the unlicensed 900MHz band na~oally
used by cordless ~ telepha~nes, or alternatively in the unlicensed 2.4GHz
industrial) scientific and medical (1SM) band, and uses &rquency hopping
and collision detediaa to provide interferrnco-tree oammunication. The
prints controller optionally iacaaparates an Infrared Data Associatia~a
(IrDA) iatafaoe for receiving data "squirted" from deviceq snch as netlmge
cameras.1n ea sitemative embodiment, the printer uses the IrDA interface
for short-range oommunicatiaa with suitably oonGgured netpage pens. 35
7.2.1 RASTERIZATION ANO PtZtHTING Once the main processor 750 has rrceived
and verified the document's page layouts and page objects, it rues the
appropriate RIP softwatt on the DSPs 757. The DSPs 757 rasterize each page
description and compress the tasterized page image. The main processor
stores each compressed page image is memory. The simplest way to
load-balance multiple DSPs is to lot each DSP ~ rastaize a separate page.
The DSPs can always be kept busy since as arbitrary number of rasterizod
pages can, in general) be stored in memory. This strategy only leads to
potentially poor I)SP utilization when rastesizing short documents.
Watermark regions in the page description are rasterized to a
contone-resolution bi-level bitmap wl>ich is   WO 00I72233 -39 losslessly
compressed to negligible size and which forms part of the compressed page
image. Pfr T/AU00/00522 The infrared (Ilt) lays of the printed page
contains coded netpege tags at a density of about six pa inch. Each tag
encodes the page 1D) tag >D) and control bits, and the data content of each
tag is geaaated during rastaization sad stored is the oompressod page
image. 5 The main pancessor 750 passes baclcto-back page images to the
duplcxed print eng;ne controllers 760. Each print eagirre coatrolla 760
stares the compressed page image in its local memory, end starts the page
expansion and p~riating pipeline. Page expansion and painting is pipelined
because it is impractical to store as entire 114MB bi-level CMYK+IR pnge
image is memay. 



T.2.2 PwHr Ewoa~te CONTRpU.ER 10 The page expaasiou and printing pipeline
of the print engine cotitrolla 760 of a high speed IEEE 1394 aerial
interface 659, a staadai~d JPEG deeoda 763, a standard Group 4 Fax deooda
764, a custom halfta~ner/oompositor unit 765, s custom tag encodes 766) a
line loada/formatkr unit 767) sad a custom interface 768 to the Memjet''w
printhcad 350. The print engine oontrolla 360 operates is a double
bufferrod manna. While one page is loaded into DRAM '~ 5 769 via the high
speed serial iataface 659, the previously loaded page is read fmm DRAM 769
sad passed thmugh the print engine controller pipelines. Once the page has
finished printing, the page just loaded is printed while another page is
loaded. The first stage of the pipeline expands (at 763) the JPEG~ contone
CMYK lays, expands (at 764) the Group 4 Fax~ampressod bi level black lays)
sad readers (at 766) the bi-level netpage tag lays according to 20 the tag
format defined in section 1.2, all in parallel The second stage dithers (at
765) the coatone CMYK lays sad composites (at 765) the bi-level black lays
ova tha resulting bi-level CMYK layer. The resultant bi-level CMYK+IR dot
data is buffered sad f(at 767) for prir>bag on the Memjet'r'~ p<iathead 350
via a set of line buffers. Mast of _. tllin~~ffu~ars~ ' _DBAL~.~.~~~
pad.the_sixchannels_of.bi-leeeLdot_data (iaclud'm~. _.__ ~tive) to the
MemjetM priatha~d 350 via the piiathead interface 768. 25 Whey several
point engine controllers 760 are used is unison, such es in a duplexed
tier, they are synchmni?~ed via a shared lice sync :igml 770. Only acre
print engine 760, selected via the external master/slave pin 771 )
generates the line sync signal 770 onto tha shared line. The print engine
fillet 760 camtains a low speed procer~sar T72 far synclunaizing the page
rxpansioa sad rendering Pipeline) coafigraing the paintheed 350 via a
low~peod serial bus 773, sad controlling the stappa motors 675, 676. Ia the
8Y~" vasians of the netpage pimti'r, the two print angina each prints 30
letter pages pa minute along the long dimension of tha page (11'i, giving:a
line rate of 8.8 kHz at 1600 dpi. la the 12" versions of the netpage
prints) the two print engines each prints 45 l:dta pages per minute along
the short dim~eosioa of the page (8y~'~, giving a line rate of 102 kHz.
TMae line rates are well within ttLe operating of the MemjetTU priathead)
which is the 35 assent design exceeds 3o kHz. CoNa-ustoht The pre~t
inaratiaa has been described with trference to a prefeaed embodiment and
numbs of specific eltemative embodiments. Iioarova) it will be apprxiatod
by those skilled in the relevant fields that a rumba of other embodirneuts,
differing from those specifically descdbad, will also fall within the
spirit and scope of the present 0 invention. Aocor~dinglY, it will be
understood that the iavmtioa is not intended to be limited to the specific
embodiments described in the present specification, including documents
incorporated by cross-refaerrce as appropriate. The scope of the invention
is only limited by the attached claims.   WO 00I72233 : PGT/AU00/00522 -40
CI~IMS 1. A method of delivering a acavspapa or magazine) including:
formatting information of the newspaper or magazine in a computer system;
the informatia~n including at least one user interactive element which
enables a user to indicate a request for 5 further information rrsatiag to
contents of the newspaper or magazine by interacting with the element using
a sensing device which is adapted to transtait data indicating the request
to the computer system; and printing the iafo~stion at a printer netwu~Ced
with the ooompnta system so as to produce the nearspapa or magazine. 2. A
method as claimed in claim 1 wha~ein the furtiur infaanation relates to
editorial conceal 3. A method as clsimod is claim 1 wherein the fiatha
iotaatian relates to advertising aiataial. 4. A method as claimed in claim
3) wha~eia the advriti~ag material is inch~ded in the formatted infaation
an the basis of d~aphics of the user. 5. A method as claimed claim i)
wherein the newspaper err magazine includes coded data indicative of as
identity of the newspnpa or magazine and of the at least one interactive
element and wherein the data includes ~ 5 receiving) in the computes
system) indicating data from the sensing device regarding the identity of
the newspaper or magarine and of a position of the sensing device relative
to the newspaper or magazine in order to identify the acovspapa or magazine
and determine when the sensing device is used to interact with the elwient.
6. A method as claimed is claim 5) including receiving) is the cvmputa
system, movement data regarding movement of the sensing device relative to
the nearspapa or magazine. 20 ?. A method as claimed in claim 6, including
the sensing device sensing its movement relative to the nearspapa .or
magazine using the coded data) and idrntifying the response in the computes
system from the movement being at least partially within a zone associated
with the interactive element _.. . . _.r ... . . ... __. __ .8.....__._...A
method as.claimad.ia.claim l~~u~i4t~e device includes ea identification
code specific to a particular user and the method includes mamitoring use
of the aa>sing device in the camputa system. 25 9. A mathod as claimed is
claim i) including printing. the newspaper or memo on demand 10. A method
as claimed in claim 5, including printing the fa~e~d infa~ation on a
surface of a surfaco-defrning at<nodu~e and, at the same time, printing the
ended data aathe:u<faa. 11. A method as claimed in cisim 10 which includes
printing the coded data to be substantially invisible is the visible
spectrum. 



30 12. A method as claimed in claim 5) inchidiag rerniaing a t~rievable
record of the printed nearspaper err magazine) the netvapeper or magazine
being ret<iavable using the identity data as contained is the coded data.
13. A mahod as claimed is claim 1, including dista'btrting a phuslity of
nrvvspnpers or magazines using a mixdrre of mulficast and poinuxst
coznmuaications prctocol$. .. 14. A method as clsim~ claim 1) in which the
ncovspaper a magazine is printed on multiple pages and 35 in which the
method includes binding the pages. 15. A system for delivering nevvspapa or
magazine,including: a campute~ system with a publication server adapted to
select and format information of a newspaper' or megai;ae; a printer for
printing the infa~,ation so es to produce the newspaper or magazine, with
at least one 40 interactive element to enable a user to indicate a request
for further information wasting to content of the newspaper or ~d a
seztsing device used to indicate the request and adapted to transmit data
to the computes system. r.   WO 00r12233 PCT/AU00/00522 -41  16. A system
as claimed in claim 14) wherein the publication saver is adapted to include
at least a pa~tion of the content as advertising material. 17. A system as
claimed in claim 15) wherein the advertising material is included with
reference to user content prete:~eaca. 5 18. A system as claimod in claim
14, further including an advertising serve for providing the advertising
material to the publication server. 19. A system as claimed in claim 14)
tudtLer including a reg~ratia~n servo where danogmphic data of the user is
stored for access by the publication server, is order to allow the
advertising material to be demographically targeted. . . 20. A system as
claimod in claim 14, wha~ein the newspaper err magazine includes coded data
including data indicative of the interactive element and identifying data
indicating the ncvvspaper err magazine endlor a particular portion of the
newspaper or magazine. 21. A system as claimed in claim 19) wherein the
computer system is adapted to receive movement data regarding movement of
the sensing device relative to the acwspapa or magazine, and int~ret said
movement of the sensing device as it relates W said at least one clement.
22. A system as claimed in claim 21) wherein the sensing device senses its
own movement relative to the ncvvspapa or magazine using the coded data.
23. A system as claimed in claim 14, wherein the sensing device includes an
identification code specific to a particular user and the computes system
is arranged to monitor the use of the sensing device. 24. A system as
claimed in claim 14) wherrin the sensing device includes a madang nib. -. .
25. A system as claimed in claim 14, wherein the ncvvspapa or magazine is
printed on a surface of a sacfaoe-de5a>ag artucbme and wharaa the printer
prints the neWrspaper a marine oa dememd. _ __ ___-_...-_~~~~_-~
0~~-9~~~~~~-~~$taha-same-_. . _ _ time es priNing the aearspaper oT
magazine oa a surface-de6niag stnncd~re. 1 25 27. A system ns claimed in
claim 19) the oodod data is substantially invisible in the visible 28. A
system as clainlod in claim 19, including a database fa keeping a
retrievable record of each acarspaper or magazine gmaated, each newspaper a
magazine being net<ievable by using its identity, as included in its coded
data. 30 29. A system as claimod in claim 14, wha~ia the painter includes a
binding mesas far binding the newspaper err magazine in the event the
newspaper or magazine includes a plurality of pages. t
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