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| METHOD AND SYSTEM FOR SEARCHING CLASSIFIED ADVERTISING

FIELD OF INVENTION

The present invention relates generally to methods, systems and apparatus for interacting with computers.
More particularly. the invention relates 1o enabling searching of classified advertising utilizing such methods, systems and

PO . -

apparatus.

The invention has been developed primarily 1o allow a large number of distributed users to interact with
networked information via printed matter and optical sensors. thereby to obtain interactive printed matter 'on demand via
high-speed networked color priniers. Although the invention wili largely be described herein with reference to this use, it

will be appreciateq that the invention is not fimited to use in this field.

CO-PENDING APPLICATIONS
Various methods, systems and apparatus relating 1o the present invention are disclosed in the following co-

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

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

application:
PCT/AU00/00762.  PCT/AUO00/00763,  PCT/AUG0/00761, PCTIAUQ0/R0760,  PCT/AU00/00759,
PCT/AU00/00758,  PCT/AUO00/00764,  PCT/AUQ0/00765, PCT/AUQO/Q0766,  PCT/AU00/00767,
PCTrAU00/00768, PCT/AUQ00/00773,  PCT/AUC0/00774,  PCT/AU00/00776,  PCT/AUQ0/00777,
PCT/AU00/00770,  PCT/AU00/00769.  PCT/AU00/00771, PCT/AU00/00772,  PCT/AU00/00734,
PCT/AU00/00753, PCT/:AUQ0/00756,  PCT/AUC0/00757 S

Various methods. systems and apparatus relating lo the present invention are disclesed in the following co-

pending applications filed by the applicant or assignee of the present invention on 24 May 2000:

PCT/AU00/00518, PCT/AU00/00519, PCT/AUD0/00520, PCT/AU00/G0521, PCT/AUQ0/003523,
PCT/AU00/00524, PCT/AUIG0/00525. PCT/AUQ0/00526, PCT/AUQ0/GO527, PCT/AU00/00528,
PCT/AUQ0/00529, PCT/AU00/00530, PCT/AUO0/0053 1, PCT/AU00/00532, PCT/AU00/00533,
PCT/AU00/00534, PCT/AUG0/00533. PCT/AUO0/003536, PCT/AU00/00537, PCT/AUD0/00538,
PCT/AUDO/00539. PCT/AL00/00540, PCT/AUQ0/C0541, PCT/AU00/00542, PCT/AU00/00543,
PCT/AUQ0/00544. PCT/AU00/005435, PCT/IAUQ0/C0547, PCT/AU00/00546, PCT/AU00/005 54,
PCT/AU00/00556, PCT/AU00/00557, PCT/AUO0/00558, PCT/AUQ0/0559, PCT/AU00/00560,
PCT/AUQ0/00361, PCT/AU00/00562, PCT/AUOQ0/C0563, PCT/AUQ0/00564, PCT/AUOQ/OR566,
PCT/ALUO0/00567, PCT/AUOO/00568, PCT/AUOG/00569, PCT/AUOO/OOS?G, PCT/AUD0/G057],
PCT/AU00/0572, PCT/AU00/00573. PCT/AUOG/Q0574, PCT/AU00/00575, PCT/AUCO/B0576,
PCT/AUG0/00577. PCT/AU06/00578, PCT/AU00/00579, PCT/AUQ0/00581, PCT/AUGO/00580,
PCT/AUQ0/00582, PCT/AUQ0/G0587, PCT/AUQ0/00588, PCT/AUQ0/00589, PCT/AUQ0/00583,
PCT/AU00/00593, PCT/AU00/00590, PCT/AUD0/Q0591, PCT/AU006/00592, PCT/AUOD0/00594.
PCT/AU00/00595,  PCT/AU00/00596. PCT/AUD0/00597, PCT/AUGO/00598, PCT/AUQG/00516,

PCT/AU00/00517 and PCT/AUO0/0051 )

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

RECTIFIED SHEET (RULE 91)
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BACKGROUND
Classified advertising is well known, allowing sellers of goods or services to list advertisements offering
those gaods ar services in newspapers, magarines, and other printed publications. Potential buyers can search these
classified advertisements looking for items of interest. Classified advertising is increasingly being delivered over the

Interner, offering such added facilities as online searching.

OBJECT
It #s an object of the present invention to provide 2 new method and system for enabling searching of

classified advertising.

SUMMARY OF INVENTION
According to a first aspect, the present invention provides a method of enabling searching of classified

advertising, the method including the steps of:

providing a user with a form containing information refating to  listing search transaction, the form inciuding

coded data indicative of an identity of the form and of at ieast one reference point of the form;

receiving, in a computer system, indicating data from a sensing device regarding the identity of the form and
a position of the sensing device relative to the form, the sensing device. when placed in an operative pasition relative to

the form. sensing the indicating data using at least some of the coded data; and

identifying, in the computer system and from the indicating data, at least one parameter relating to the listing
=
search transaction.

Preferably, the parameter relating to the listing search transaction is associated with at least one zone of the
form and the method includes identifying, in the computer system and fram the zone relative to which the sensing device

1s located, the paramezer.
Preferablv also, the method includes:

receiving, in the computer system, data regarding movement of the sensing device relative to the form, the

sensing device sensing its movement relative to the form using at teast some of the coded data: and

identifying, in the computer system and from said movement being at fcast partially within said at ieast one

zone, said at least one parameter of the listing search transaction.

According to a second aspect, the invention provides a method of enabling searching of classified advertising,

the method including the steps of:

providing a user with a form containing information relating to 2 listing search transaction, the form including

coded data indicative of at least one parameter of the listing search transaction;

receiving, in a8 computer system, data from a sensing device regarding said at least one paramneter and
regarding movement of the sensing device relative to the form, the sensing device, when moved relative 10 the form,
sensing the data regarding said at least one parameter using at least some of the coded data and generating the data

regarding its own movement relative to the form; and

interpreting, in the computer system, said movement of the sensing device as it relates to said at least one

parameier.

According to a third aspect, the invention provides a method of enabling searching of classified advertising,
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the method including the steps of:
providing a user with a form including coded data indicative of an identity of the form;

receiving, in a computer system, data from a sensing device regarding an ideatity of the user and regarding
the identity of the form, the sensing device containing the data regarding the identity of the user and sensing the data

regarding the identity of the form using at least some of the coded data; and

identifying, in the computer system and from the data regarding the identity of the user and the identity of the

form, a listing search transaction.

Preferably, the coded data is also indicative of at least one parameter of the listing search transaction, and the
method includes receiving, in the computer system, indicating data from the sensing device regarding the at least one
parameter of the iis_’ting_ search transaction, the sensing device sensing the indicating data using at least some of the coded

data.

According 1o a fourth aspect, the invention provides a system for enabling searching of classified advertising,

the system inciuding:

a form containing information relating to a listing search transaction, the form including coded data indicative

of an identity of the form and of at least one reference point of the form; and

a computer system for receiving indicating data from a sensing device for identifying at least one parameter
relating 1o the listing search transaction, the indicating data being indicative of the identity of the form and a position of
the sensing device relative to the form, the sensing device sensing the indicating data.gsing at least some of the coded

data.

Preferably. the parameter refating to the listing secarch transaction is associated with at least one zone of the

form.

Preferably also, the system includes the sensing device, the sensing device sensing its movement relative fo

the form using at least some of the coded data.

According to a fifth aspect, the invention provides a system for enabling searching of classified advertising,

the system including:

a form containing information relating to a listing search transaction, the form including coded data indicative

of at least one parameter of the listing search transaction; and

a computer system for receiving data from a sensing device regarding said at least one parameter and
regarding movement of the sensing device relative to the form, and for interpreting said movement of the sensing device
as it refates 1o said ar least one parameter, the sensing device, when moved relative to the form, sensing the data regarding
said at least one parameter using at least some of the coded data and generating the data regarding its own movement

relative to the form.

According te a sixth aspect, the invention provides a system for enabling searching of classified advertising,

the system inciuding;
a form including coded data indicative of an identity of the form; and

a computer systemn for receiving from a sensing device data regarding an identity of a user and the identity of
the form, and for identifying, from said received data, a listing search transaction, the sensing device containing the data

regarding the ideatity of the user and sensing the data regarding the identity of the form using ar Jeast some of the coded
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data.

Preferably, the coded data is also indicative of at least one parameter of the listing search transaction, the
computer sysiem receiving indicating data from the sensing device regarding the at least one parameter, and the sensing

device sensing the indicanng data using at least some of the coded data.

Accordingly, the present invention provides a systern and a method which utilizes one.or more forms capable
of interacting with a computer system. Whilst the novel method and system of the present invention may be used in
conjunction with 2 single computer system, in a particularly preferred form it is designed to operate over a computer

network, such as the Intemet.

Physicaily, the form is disposed on a surface medium of any suitable structure. However, in a preferred
arrangement, the form is disposed on sheet material such as paper or the like which has the coded data printed on it and
which a[lows-finterac:ion with the computer system, The coded data is detectabie preferably, but not exclusively, outside
the visible spectrum. thereby enabling it to be machine-readable but substantially invisible to the human eye. The form
may also include visible rr:aleria! which provides information to a user, such as the application or purpose of the form, and

which visible information may be registered or comelate in position with the retevant hidden coded data.

The system also includes a sensing device to convey data from the form to the computer system, and in some
instances, to contribute additional data. Again, the sensing device may take a variety of forms but is preferably compact
and easily portable. in a particularly preferred arrangement, the sensing device is'conﬁgured as a pen which is designed to
be able 10 physically mark the form as well as to selectively enable the coded data from the form to be read and
transmitted to the computer system. The coded data then provides control information tonfigured such that designation

thereof by 2 user causes instructions (o be applied to the software running on the computer systern or network.

The nature of the interaction between the form and the sensing device and the data that each contributes to
the computer system may vary. In one arrangement, the coded data on the form is indicative of the identity of the form and
of at least one reference peint on that form. In another embodiment, the form inciudes coded data which is indicative of a
parameter of the form, whereas the sensing device js operative to provide data regarding its own movement relative fo that
form 1o the computer system together with coded data from the form. in yet another arvangement, the form includes the
coded data which at least identifies the form, and the sensing device is designed to provide, to the computer system, data

based on the form coded dara, and also on data which identifies the user of the device.

In a preferred arrangement, the system and method also employs specially designed printers to print the form.
Further these printers constitute or form part of the computer system and are designed to receive data from the sensing
device. As indicated above, the systern and method of the invention is ideally suited to operate pver a network. In this
arr. ngement, the printers are fully integrated into the network and allow for printing of the forms on demand and also for

distributing of the forms using a mixture of multicast and pointcast communication protocols.

Accordingly, in a preferred form, the present invention provides methods and systems which use a paper and
pen based interface for a computer system. This provides many significant benefits over traditional computer systems. The
advaniage of paper is that it is widely used to display and record infarmation. Further, printed information is easier to read
than information displayed on a computer screen. Moreover, paper does not run on batteries, can be read in bright light, or
robustly accepts cofiee spills or the like and is portable and disposable. Furthermore, the system allows for hand-drawing

and handwriting to be captured which affords greater richness of expression than input via a computer keyboard and

mouse.

The present invention therefore provides a novel method and system for enabling searching of classified
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advertising making use of novel interacrive surface media.

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 | is a schematic of 2 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,

Figure 3 illustrates a collection of netpage servers and printers interconnected via a network;
Figuredisa §c'néfnﬁlic 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 2 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 netpage

sensing device in the form of a netpage pen;

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

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

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

Figure 10 is a schematic block diagram of a pen controfler for the netpage pen shown in ﬁgures 8and 9;

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

Figure 12is a section through the length of the netpage printer of Figure 1,

Figure 12a is an enlarged portion of Figure 12 showing a section of the duplexed print engines and giue wheel assembly;

Figure 13 is a erailed view of the ink cartridge, ink, air and glue paths, and print engines of the netpage primser of Figures
Il and12;

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 Memjet™ printheads associated with the

printer controller shown in Figure 14;
Figure 16 is 2 schematic block diagram of the print engine controller shown in Figures 14 and 15; .-

Figure 17 is a perspective view of 2 single Memjet™ printing element, as used in, for example, the netpage printer of

Figures 1010 12;
Figure 18 is a perspective view of a small part of an array of Memjet™ printing elements;

Figure 19 is a series of perspective views itlustrating the operating eycle of the Memjet™ printing element shown in

Figure 13;
Figure 20 is a perspective view of a shor segment of a pagewidth Memjet™ printhead;
Figure 21 is a schemnatic view of a user class diagram;

Figure 22 is a schernatic view of a printer class diagram;
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Figure 23 is a schematic view of a pen class diagram;

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

Figure 25 is a schematic view of 2 document and page description class diagram;
Figure 26 is a schematic view of a document and page ownership class diagram;
Figurc 27 is a schematic view of a terminal element specialization class diagram;
Figure 28 is a schematic view of a static element specialization class diagram;
Figure 29 is a schematic view of a hyperlink element class diagram;

Figure 30 is a scl'fn:'matic view of a hyperlink element specialization class diagram;
Figure 31 is a'.schematic view of a hyperlinked group class diagram;

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

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

Figure 34 is a schematic view of a field element specialization class diagrarn;
Figure 35 is a schematic view of a checkbox field class diagram;

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

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

Figure 38 is a flowchart of an input processing algorithm;

Figure 38a is a detailed flowchan 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 3 subscription delivery protacol;

Firure 41 is a schematic view of a hyperlink request class diagram;

Figure 42.is a schematic view of a hyperlink ;ctiva[ion protocol;

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

Figure 44 is a schematic view of a set of user interface flow document icons;
Figure 45 is a schematic view of a set of user interface page layout element icons;
Figure 46 is a schematic view of a classifieds class diagram,

Figure 47 1s 2 schematic view of a paviment class diagram;

Figure 45 15 a schematic view of a classifieds user interface flow:

Figurc 49 is a schematic view of a place classifieds listing user interface flow;
Figure 50 is a schematic view of a classifieds main page;

Figure 51 is a schematic view of a classifieds subcategary and listings page;
Figure 52 is a schematic view of a search results page;

Figure 53 is a schematic view of a place a listing - step | form;

PCT/AT00/00775
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Figure 54 15 a schematic view of 2 place a listing - step 2 form;

Figure 35 is a schematie view a place a listing - step 3 form; and

Figure 56 is a schematic view of 2 listing confimnation page.

DETAILED DESCRIPTION OF PREFERRED AND OTHER EMBODIMENTS —
Note: Memjet™ is a trade mark of Silverbrook Research Pty Ltd, Australia.

In the preferred embodiment, the invention is configured te work with the netpage networked computer
system, a detailed overview of which follows. It will be appreciated that not every implementation will necessarily
embody all or even most of the specific details and extensions discussed below in relation to the basic system. However,
the system is described in its most complete form 1o reduce the need for extemnal reference when artempting to understand

the context in which the preferred 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 surfzce. that is, a physical surface which contains references to a map of the surface maintained in a computer
system. The mazp 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 focal query on
the mapped surface vields an unambiguous map reference both within the map and among different maps. The computer
systern ¢an 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
form of actions which are initiated by the computer system on behalf of the operatar in response to the operator’s

interaction with the surface features.

In its preferred form, the netpage system relies en the production of, and human interaction with, netpages.
These are pages of text, graphics and images printed on ordinary paper, but which work like interactive web pages.
Information is encoded on each page using ink which is substantially invisible to the unaided human eye. The ink,

however, and thereby the coded dara, can be sensed by ar optically imaging pen and transmitted to the netpage system.

In the preferred form, active butions and hyperlinks on each page can be clicked with the pen 1o request
information from the network or to signal preferences ic 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 m:
In other embodiments. signatures recorded on a netpage are automatically verified, aliowing e-commerce transactions to

be securely authorized.

As JNustrated in Figure 1, a printed netpage 1 can represent a interactive form which can be filled in by the
user both physicaliy, on the printed page, and “electronically”, via communication berween 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 colflection of tags 4 using invisible ink.

The corresponding page descripticn 3. stored on the netpage neswork, describes the individual elements of the netpage. In

particular it describes the rvpe and spatial extent (zone) of each interactive element {i.e. text field or bunon in the
example), to allow the netpage system to correctly interpret input via the netpage. The submit button 6, for example, has a

zone 7 which cormresponds to the spatial extent of the correspending graphic 8.

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

for home, office or mobile use. The pen is wireless and communicates securely with the netpage printer via a shori-range
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radio link 9.

The netpage printer 601, a preferred form of which is shown in 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, 21l printed at high quality zs interactive netpages. Unlike a personal computer, the netpage printer is an
appliance which can be, for example, wall-mounted adjacent to an area where the moming news is first consumed, such as
in a user’s kitchen, near a breakfast table, or near the household’s point of departure for the d-ay. It also comes in tabletop,

desktop, portable and miniature versions,

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

interactivity of an interactive medium.

As shown in Figure 2, the netpage pen 101 interacts with the coded data on a printed netpage 1 and
communica[ef;, via a short-range radio tink 9, the interaction 1o a netpage printer. The printer 601 sends the interaction to
the relevant netpage page server 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 tumn

send a response which is printed on the originating printer.

Tre netpage system is made considerably more convenient in the preferred embodiment by being used in
conjunction with high-speed microelectromechanical system (MEMS) based inkjet (Memjet™) printers. In the preferred
formn 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  raditional newsmagazine, such as a set of fetter-

size glossy pages printed in full color on both sides, bound together for easy navigation $nd comfortable handling.

The netpage printer exploits the growing availability of broadband lnternet access. Cable service is avaifable
10 95% of houscholds in the United States, and cable modem service offering broadband Intermnet access is already
available to 20% of these. The netpage printer can 2lso operate with slower connections, but with longer delivery times
and lower image quality. Indeed, the netpage system can be enabled using exisling consumer inkjet and laser printers,
although the system will operate more stowly and will therefore be less acceptable from a consumer's point of view. in
other embodiments, the netpage systern is hosted on a private intranet. In still other embodiments, the netpage system is

hosted on a single cornputer 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

rnuiticasting Internet protocols. Personalized publications are filtered and formatted according to individual user profiles.

A netpage printer can be configured to support any number of pens, and a pen can work with any number of
netpage printers. 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 to a netpage publication server or application server.

A nctpage pen can also be registered with a netpage registration server 11 and linked to one or more payment
card accounts. This ailows 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, aliowing it
to authenticate the user’s identity 10 an e-commerce server. Other biometrics can also be used to verify identity. A version

of the netpage pen includes fingerprint scanning, verified in a similar way by the netpage registration server

Although a netpage printer may deliver periodicals such as the moming newspaper without user intervention,

it can be configured never to deliver unsolicited junk mail. In its preferred form, it only delivers periodicals from
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subscribed or otherwise authorized sources, In this respect, the netpage printer is unlike a fax machine or e-mail account

which is visible 1o any junk mailer who knows the telephone number or email address.

1 NETPAGE SYSTEM ARCHITECTURE
Each object model in the system is described using a Unified Modeling Language (UML) class diagram. A

ciass diagram consists of a set of object classes connecied by relationships, and two kinds of relationships are of interest
here: associations and generalizations. An association represenis some kind of relationship between objects, i.e. between
instances of classes. A generalization relates actual classes, and can be understood in the following way: if a class is
thought of as the set of all objects of that class, and class A is a generahization of class B, then B is simply a subset of A,

The UML does not directly support second-order modelling - 1.e. classes of classes.

Each tlass is drawn 2s a rectangle labelled with the name of the class. It eontains 2 list of the attributes of the
class, separated from the name by a horizontal line, and a tist of the operations of the class, separated from the attribute

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

An association is drawn as a line joining two classes, optionaliy labelied at either end with the multiplicity of
the association. The default multiplicity is one. An asterisk (*} indicates 2 multipiicity of “many”, i.e. zero or more. Each
association is optionally labelled with its name, and is also optionally iabelled at either end with the role of the
corresponding class. An open dizmond indicates an aggregation association (“is-part-of”), and is drawn at the aggregator

end of the association line.

A generalization relationship (“is-a”) is drawn as a sohid line joining 1wo classes, with an arrow {in the form

of an open triangle) at the generahization end.

When 2 class diagram is broken up into multiple diagrams, any class which is duplicated is shown with a

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

1.1 NETPAGES
Netpages are the foundation on which a retpage 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
descniption describes the visible layout and content of the page, including text, graphics and images. [t also describes the
input elements on the page, including buttons, hyperlinks, and input fields. A netpage allows markings made with a

netpage pen on its surface to be simultancously caprured and processed by the netpage system.

Multiple netpages can share the same page description. However, 1o allow inpul through otherwise identical
pages to be distinguished, each nerpage is assigned a unique page identifier. This page 1D has sufficient precision to

distinguish between a very large number of netpages.

Each reference 1o the page description is encoded in a printed 1ag. The 1ag identifies the unique page on
which it appears, and thereby indirectly identifies the page deseription. The tag 2lso identifies its own position on the

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

Tags are printed in infrared-absorptive ink on any substraie which is infrared-reflective, such as ordinary
paper. Near-infrared wavelengths are invisible to the human eye but are casily sensed by a solid-state image sensor with

an apprapriate fifter.
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A 1ag is sensed by an area image sensor in the netpage pen, and the tag data is transmitted to the netpage
system via the necarest netpage printer. The pen is wireless and communicates with the netpage printer via a short-range
radio link. Tags are Sufﬁcientlylsmal! and densely arranged that the pen can reliably image at least one fag even on a
single click on the page. It is important that the pen recognize the page ID and position on every interaction with the page,

since the interaction is staieless. Tags are error-correctably encoded to make them partially tolerant to surface damage.

The netpage page sefver maintains a unique page instance for each printed-netpage, dllowing it¥o 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 printed netpage may be pan of a printed netpage document 45. The page insiance is associated with both the

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

1.2 NETPAGE TAGS

1.2.4 Tag Data Cantent
In a preferred form, each 1ag identifies 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 10 the tag. One or more flag bits may, for
example, signal a tag sensing device to provide feedback indicative of a function assoctated with the immediate area of 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 in the zone of a hyperlink.

As will be more clearly explained below, in a preferred embodiment, each-tag containg an easily recognized
invariant structure which aids initial detection, and which assists in mirimizing 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 pen can reliably image at least one tag even on a single click on the page. it is important that the pen recognize the

page 1D and position on every interactian 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 [D
encoded in the tag is therefore synonvimous with the page 1D of the page on which the tag appears. In other embodiments,

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

. the zone of an tnteractive element, in which case the region 1D can directly identify the interactive element.

Table 1 - Tag data

Field Precision (bits)
Region ID 100
[Tag ID 16
Flags 4
[Total 120

Each tag contains 120 bits of information, typically allocated as shown in Table 1. Assuming a maximum tag
density of 64 per square inch, a 16-bit tag ID supports 2 region size of up to 1024 square inches. Larger regions can be
mapped continuously without increasing the tag 1D precision simply by using abutiing regions and maps. The 100-bit

region ID allows 2'® (~10°" 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 ({5, 5) Reed-Solomon code. This yields 360
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encoded bits consisting of 6 codewords of 15 4-bit symbols each. The (15, 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 spatialiy within the tag. This ensures that a burst error (an error affecting muitiple spatially adjacent bits)

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

maximising the likelihood that the burst error can be fully corrected.

1.23 Physical Tag Structure
The physical representation of the 1ag, shown in Figure 5, includes fixed target structures 15, 16, 17 and

variable data areas 18. The fixed 1arget structures allow a sensing device such as the netpage pen to detect the 1ag and
infer its three-dimenisional orientation relative to the sensor. The data areas conzain 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 vields a tag with a diameter of about 4 tnm. At this resolution the tag is designed to be surrounded by a
“quiet area” of radius 16 dots. Since the quiet area s 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 deiect 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 .f.{.-nsing device to determine the
approximate planar orientation of the tag due to the yaw of the sensor. The oriemation\axis is skewed to yield a unique
orientation. Four perspective targets 17 aflow the sensing device to infer an accurate two-dimensional perspective

transform of the tag and hence an accurate three-dimensional position and orientation of the tag relative 10 the sensor.
All target structures are redundanily large to improve their immunity to noise.

The overall 1ag shape is circular. This suppons, armongst other things, optimal tag packing on an irregular
triangular grid. In combination with the circular detection ring, this makes a eircular arrangement of data bits within the
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 § 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 s represented by an array of 2x2 wedges.

The 15 4-bit dara symbols of each of the six codewords are allocated to the four conceatric symbol rings [8a

to 18d in interleaved fashion. Symbols are allocated alternately in circular progression around the tag.

The interleaving is designed 10 maximise the average spatial distance between any two symbols of the same

codewaord.

In order to support “single-click™ interaction with a tagged regicn via a sensing device, the sensing device
must be able 10 see at least one enuire tag in its field of view no matter where in the region of at what orientatien 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 1ags.

Assumiing a circular tag shape, the minimum diameter of the sensor field of view is obrained when the tags

are tited on a equilateral wianguler grid, as shown in Figure 6.
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1.24 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 2 capured 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 tag target

structures are discarded. The size and centroid of each shape is also computed. T -

Binary shape moments 25 are then computed (at 24) for each shape, and these provide the basis for
subsequently locating targer structures. Central shape moments are by their nature invariant of position, and can be easily

made invariznt of scale, aspect ratio and rotation.

The ring targer structure 15 is the first 10 be located (at 26). A ring hlas the advantage of being very well
behaved when pér-speczive-distoned. Marching proceeds by aspect-normalizing and rotation-normalizing 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 logether provide a useful approximation of the perspective

transform.

The axis target structure |6 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 1s deliberately skewed to one side 10 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 roration provides a..'{xseful approximation of the tag's

rotation due to pen vaw 29.

The four perspective target structures i7 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,
and the rotation of the axis. Matching proceeds by applying the ring’s normalizations to each shape’s moments. Once their
secand-order moments are normalized the circular perspective targets are easy to recognize, and the target closest 1o each
estimated position is taken as a match. The original centroids of the four perspective 1argets are then taken ro be the
perspective-distortzd comners 3! of 2 square of known size in 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 (see Heckben, P., Fundamentals of Texture Mapping and Image Warping, Masters Thesis, Dept. of
EECS, U. of California at Berkeley, Technical Repont No. UCB/CSD 89/516, June 1989, the contents of which are herein

incorporated by cross-reference).

The inferred 1ag-space to image-space perspective transform is used to project (at 36) each known data bit
posilion In tag space into image space where the real-valued position is used to bilinearly interpolare (at 36) the four
relevant adjacent pixels in the input image. Fhe previously computed image threshold 2§ is used 1o threshold the result to

produce the final bit value 37.

Once all 360 data bits 37 have been obtained in this way, each of the six 60-bit Reed-Solomon codewords is
decoded (at 3§) 10 yield 20 decoded bits 39, or 120 decoded bits in tatal. Note that the codeword symbols are sampled in

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

The ring target 13 is only sought in 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
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altemnative strategy involves secking another tag in the current image.

The obtained tag data indicates the identity of the region conaining the tag and the position of the tag within
the region. An accurate position 35 of the pen nib in the region, as weli as the overall oricntation 35 of the pen, 1s then
inferred (at 34) from the perspective transform 33 observed on the tag and the known spatial refationship between the

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

1.2.5 Tag Map
Decoding a tag results in a region 10, 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 1tagged 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 pari of the netpage printer class diagram.

A taz map refiects the scherne used to tile the surface region with tags, and this can vary according to surface
type. When multipie tagged regions share the same siling scheme and the sarme tag numbering scheme, they ¢an also share

the same tag map.

The iag map for a region must be retrievable via the region ID. Thus, given a region ID, a tag 1D and a pen
transform, the tag map can be retrieved, the tag ID can be translated into an absolute tag location within the region, and

the tag-relative pen location can be added 1o the tag location to vieid an absolute pen {ocation within the region.

1.2.6 Tagging Schemes .
Two distinet surface coding schemes are of imeresy, both of which use the tag structure described earlier in

this sectian. The preferred coding scheme uses “location-indicating” tags as already discussed. An altemnative coding

scherne uses objeci-indicating 1ags.

A locziion-indicating tag contains a tag [D which, when translated through the tag map associated with the
ragged region, vi=.ds a unique tag tocation within the region. The tag-relative location of the pen is added to this tag
focation 1o vield the location of the pen within the region. This in tum is used to determine the location of the pen relative
to a user interface slement in the page description associated with the region. Not only is the user interface element itsetf
identified, but a location relative to the user interface element is identified. Location-indicating tags therefore trivially

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

An object-indicating tag contains a tag |D which directly identifies a user interface element in the page
description associated with the region. All the tags in the zone of the user interface element identify the user interface
element, making them all identical and therefore indistinguishable. Object-indicating tags do not, therefore, support the
capture of an absolute pen path. They do, however, support the capture of a relative pen .path. So long as the position
sampling frequency exceeds rwice the encountered tag frequency, the displacement from one sampled pen position to the

next within a stroke can be unambiguously determined.

With either tagging scherne, the tags function in cooperation with associated visual elements on the netpage
as user interactive ¢lemenis in that a user can interact with the printed page using an appropriate sensing device in order

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

13 DocumMeNT anb PAGE DESCRIPTIONS
A preferred embodiment of a document and page deseription ¢lass diagram is shown in Figures 25 and 26.

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




10

15

20

25

30

35

WO 01/02977 PCT/AU00/007TS

-4 -

has a hierarchical structure 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 factor preference, the document is paginated and othenwise formatted. Formatted terminal elements
835 will in some cases be associated with content objects which are different from those associated with their
corresponding terminal elements, particularly where the content objects are style-related. Each printed instance of a
document and page is also described séparate]y, to allow input captured through a particular-page instanee 830 to be

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

The presence of the most abstract document description on the page server allows a user to request a copy of
a document without being forced to accept the source document’s specific format. The user may be requesting a copy
through a prirter with a different page size, for example. Conversely, the presence of the formatted document description

on the page §cn"é'r‘allows the page server 1o efficiently interpret user actions on a particular printed page.

A formatted document 834 consists of a set of formatted page descriptions 5, each of which consists of a set
of formatted rerminal elements 835. Each formarted element has a spatial extent or zone 58 on the page. This defines the

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

A document instance 831 comresponds to a formatted document 834, It consists of a set of page instances 830,
each of which corresponds to a page description § of the formatted document. Each page instance 830 describes a single
unique printed netpage 1, and records the page 1D 50 of the netpage. A page instance 1s not part of a document instance if

it represents a copy of a page requested in isolation.

A page instance consists of a set of terminal element instances 8§32. Ag.element instance only exists if it
records instance-specific information. Thus, a hyperlink instance exists for a hyperlink element because it records a
transaction 1 55 which is specific to the page insiance, and a field instance exists for a field element because it records

input specific 1o the page instance. An element instance does not exist, however, for static elements such as texiflows.

A terminal element can be a static element 843, a2 hyperlink element 844, a field eiement 845 or a page server
command element 846, as shown in Figure 27. A siatic element §43 can be a style element 847 with an asscciated style
object 854, a textflow ciement 848 with an associated stvled text object 835, an image element 849 with an associated
image element 836, a graphic element 850 with an associated graphic object 857, a video clip element 851 with an
associated video clip cbject 858, an audio clip element 852 with an associated audio chip object §59, or a seript element

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

A page instance has a background field §33 which is used to record any digital ink captured on the page

which does not apply to a specific input element,

In the preferred form of the invention, a 1ag map 811 is associated with each page instance 1o atlow tags on

the page to be translated into locations on the page.

1.4 THE NETPAGE NETWORK

In a preferred embodiment, a netpage nenwork consists af a distributed set of netpage page servers 10,
netpage registration servers 11, netpage ID servers 12, neipage application servers |3, netpage publication servers 14, and

netpage printers 601 connected via a petwork 19 such as the Internet, as shown in Figure 3.

The netpage registration server 11 is a server which records reiationships berween users, pens, printers,
applications and publications, and thereby authorizes various network activities. It authenticates users and acts as a

signing proxy on behall of authenticated users in application fransactions. It also provides handwriting recognition
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services. As described above, a netpage page server 10 maintains persistent information about page descriptions and page
instances. The netpage nerwork includes any number of page servers, each handling 2 subset of page instances. Since a
page server also mainiains user input values for each page instance, clients such as netpage printers send netpage input
directly 10 the appropriate page server. The page server interprets any such input relative to the description of the

corresponding page.

A neipage ID server 12 allocates document IDs 51 on demand, and provides load-balancing of page servers

via its JD allocation scheme,

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

50 into the network address of the netpage page server handling the cérresponding page instance.

A netpage application server 13 is a server which hosts interactive netpage applications. A netpage
publication server 14 is an application server which publishes netpage documnents 1o netpage printers. They are described

in detail in Section 2.

Netpage servers can be hosted on a variety of network server platforms from manufacturers such as 1BM,
Hewleut-Packard, and Sun. Multiple netpage servers can run concurrently on a single host, and a single server can be
distributed over a number of hosts. Scme or all of the funcrionality provided by netpage servers, and in particular the
functionality provided by the 1D server and the page server, can also be provided directly in a netpage appliance such as a

netpage priner, in a computer workstation, or on a local network.

1.5 THE NETPAGE PRINTER %
The netpage printer 601 is an appliance which is registered with the netpage system and prints neipage

documents on demand and via subscription. Each printer has a unique printer 1D 62, and is connected to the netpage

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

Apart from identity and security sertings in non-volatile memory, the netpage printer contains no persistent
storage. As far as a user is concerned, “the network is the computer™, Netpages function interactively across space and

time with the help of the disiributed netpage page servers 10, independentiy of panticular netpage printers.

The nempage printer receives subscribed netpage documents from netpage publication servers 14 Each
docurnent is distributed in two parts: the page layouts, and the actua! text and image objects which populate the pages.
Because of personaiization, page layouts are typically specific to a particutar subscriber and so are pointcast to the
subscriber’s printer via the appropriate page server. Text and image objects, on the other hand, are typically shared with

other subscribers, and so are multicast to all subscribers’ printers and the appropriate page servers,

The nerpage publication server optimizes the segmentation of document content into poinicasts and
multicasts. Afier receiving the poinicast of 2 document’s page layouts, the printer knows which multicasts, if any. to listen

fto.

Once the printer has received the compleie page layouts and objects thar define the document to be printed, it

can print the document,

The printer rasterizes and prints odd and even pages simultancously on both sides of the sheet. It contains

duplexed print engine controllers 760 and print engines utilizing Memjet™ printheads 350 for this purpose.

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

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




10

15

20

25

30

35

‘WO 0102977 PCT/IAUG00/00775

- 15 -

The duplexed print engine conmollers consist of custom processors which expand, dither and print page irnapes in real

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

Printers not enabled for IR printing have the option to print tags using IR-absorptive black ink, although this
Festricts tags to otherwise empry areas of the page. Although such pages have more kimited functionality than IR-printed

pages, they are still elassed as netpages.

PR — J—

A normal netpage printer prints netpages on sheets of paper. More specialised netpage printers may print onto
more specialised surfaces, such as globes. Each printer supparts at least one surface type, and supports at least one tag
tiing scheme, and hence tag map, for each surface type. The tag map 811 which describes the tag tiling scheme actually

used to print 2 document becomes associated with that document so that the document’s tags can be corrvectly interpreted.

Figure.2 shows the netpage printer class diagram, reflecting printer-related information maintained by a

registration server 11 on the netpage nerwork.

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

to Figures 1] 1o 16.

1.6 Memjet™ Printheads
The netpage system can operale using printers made with a wide range of digital printing technologies,

including thermal inkjet, piezoelectric inkjet, laser clectrophotographic, and others. However, for wide consumer

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

- photographic quality color printing .
. high quality text printing

. high reliability

. low printer cost

. low ink cost

. low paper cost

. simple operation

. nearly silent printing

. high printing speed

- simultaneous double sided printing
. compact form factor

. low power consumption

No commercially available printing techriology has all of these characteristics.

To enable ta production of printers with these characteristics, the present applicant has invented a new print
technology, referred o as Memjet™ technology. Memjet™ is a drop-on-demand inkjet technology that incorporates
pagewidth printheads fabricated using microelectromechanical systems (MEMS) technology. Figure 17 shows a single
printing element 300 of a Memjet™ printhead. The netpage waliprinter incorporates 168960 printing elements 300 1o

form a 1600 dpi pagewidth duplex printer. This printer simultaneous!y prints cyan, magenta, yellow, black, and infrared
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inks as well as paper conditioner and ink fixative.

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

shown).

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

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

beamn pair 309, the active actuator anchor 310, the passive actuator anchor 311, and the ink inlet 312

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

310, 311, and 319 form a cantilevered electrothermal bend actuator 320.

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

wafer 301.
Figures 19(a). 19(b) and 19(c) show the operating cycle of 2 Memjet™ printing element 300.

Figure 19{a) shows the quiescent position of the ink meniscus 316 prior to printing an ink droplet. Ink is
retained in the nozzle chamber by surface tension at the ink meniscus 316 and at the fluidic seal 305 formed berween the

nozzle chamber 304 and the ink channet rim 306.

While printing. the printhead CMOS circuitry distributes data from the pript engine controller to the correct
printing element, latches the data, and buffers the data 1o drive the electrodes 318 of the active actuator beam pair 308.
This causes an electrical current to pass through the beam pair 308 for about one microsecond, resulting in Joule heating.
The temperature increase resulting rom Joule heating causes the beam pair 308 1o expand. As the passive actuator beam
pair 309 is not heated, it does not expand, resulting in a stress difference between the two beam pairs. This stress
difference is panially resolved by the cantilevered end of the electrothermal bend actuator 320 bending towards the
substrate 301. The lever arm 307 transmits this movement to the nozzle chamber 304. The nozzle chamber 304 moves
about two microns to the position shown in Figure 19(b). This increases the ink pressure, forcing ink 321 out of the nozzle
302, and causing the ink meniscus 316 to bulge. The noZzzle rim 303 prevents the ink meniscus 316 from spreading across

the surface of the nozzle chamber 304.

As the temperature of the beam pairs 308 and 309 equalizes, the actuator 320 returns to its original position.
This aids in the break-off of the ink droplet 317 from the ink 321 in the nozzle chamber, as shown in Figure 19(c). The

nozzle chamber is refilled by the action of the surface tensian at the mentscus 316.

Figure 20 shows a segment of a printhead 350. In a netpage printer, the length of the printhead s the full
width of the paper (typically 210 mm) in the direction 351. The segment shown is 0.4 mm fong (about 0.2% of a complete
printhead). When printing, the paper is moved past the fixed printhead in the direction 352. The printhead has 6 rows of

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

To protect the fragile surface of the printhead during operation, a nozzle guard wafer 330 is attached to the
printhead substrate 301. For each nozzle 302 there is a corresponding nozzle guard hole 3231 through which the ink
droplets are fired. To prevent the nozzle guard holes 331 from becoming blocked by paper fibers or other debris, fitiered
air is pumped through the air inlets 332 and out of the nozzle guard holes during printing. To prevent ink 321 from drying,

the nozzle guard is scaled while the printer is idle.
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1.6 The Netpage Pen

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

with respect 1o the (known) page structure,

The preferred embodiment of the petpage pen operates both as a normal marking ink pen and as a non-
marking stylus. The marking zspect, however, is not necessary for using the netpage system as a browsing system, such as
when it is used ag an Internet interface. Each netpage pen is registered with the netpage system and has a unique pen 1D 61.
Figure 23 shows the nerpage pen class diagram, reflecting pen-related information maintained by a registration server 11

on the netpage nerwork.

When either nib is in contact with a netpage, the pen determines its position and orientation relative to the
page. The nib 1s zniached to a ferce sensor, and the force on the nib is interpreted relative to a threshold o tndicate
whether the pen is “up™ or “down”. This allows a interactive element or the page to be ‘clicked” by pressing with the pen
nib, in order to request, say, information from a network. Furthermore, the force is captured as a continuous value to

allow, say, the full dynamics of 2 signarture to be verified.

The pen determines the position and orientation of its nib on the netpage by imaging, in the infrared
spectrum, an area 193 of the pags in the vicinity of the nib. It decodes the nearest 1ag an‘d computes the position of the nib
relative to the 1ag from the observed perspective distortion on the imaged tag and the known geometry of the pen optics.
Although the position resolution of the tag may be low, because the tag density on the page is inversely proportional to
the tag size, the adjusted positon resolution is quite high, exceeding the minimum resolution required for accurate

handwriting recognition.

Pen actions relative to a netpage are captured as a series of strokes. A stroke consists of a sequence of time-
stamped pen positions on the page, initiated by a pen-down event and completed by the subsequent pen-up event. A stroke
is also tagged with the page ID 30 of the nerpage whenever the page 1D changes, which, under normal circumstances, is al

the commencement of the stroke.

Each netpage pen has a current sefection 826 associated with it, allowing the user 1o perform copy and paste
operations etc. The selection is timestamped to allow the system to discard it after a defined time period. The current
selection describes a regicn of a page instance. It consists of the most recent digital ink stroke céptured through the pen
reiative to the background area of the page. It is interpreted in an application-specific manner once it is submitred to an

application via 2 selection hyperlink activarion.

Each pen has a current nib £24. This is the nib last notified by the pen to the system. In the case of the default
netpage pen described zbove, either the marking black ink nib er the non-marking stylus nib is curreat. Each pen alsc has
a current nib style 825. This is the nib style last associated with the pen by an application, e.g. in response to the user
selecting a color from a paletie. The default nib style is the nib style associated with the currens nib. Strokes captured
through a pen are tagged with the current nib style. When the strokes are subsequently reproduced, they are reproduced in

the nib style with which they are ragged.

Whenever the pen is within rangz of a printer with which it can communicate, the pen slowly fiashes its

“online”™ LED. When the pen fails to decode 2 stroke relative to the page, it momentarily activaies its “ermor” LED. When
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the pen succeeds in decoding a stroke relative to the page, it mamentarily activates its “ok™ LED.

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

of drawings and handwriting, for enline recognition of handwriting. and for online verification of signatures.

The pen is wireless and transmits digital ink o the netpage printer via a short-range radio link. The
transmitted digital ink is encrypted for privacy and securiry and packetized for efficient transmission, but is always flushed

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

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

digital tnk.

A pen can be registered with any number af printers, bur because all state data resides in netpages both on

paper and on the netwark, it is largely immarerial which printer a pen is communicating with at any particular time.

A preferred embodiment of the pen is described in greater detail in Section G below, with reference to Figures

810 10.

1.7 NETPAGE INTERACTION
The nerpage printer 601 recejves data relating 10 a stroke from the pen 101 when the pen is used to interact

with a netpage 1. The coded datz 3 of the tags 4 15 read by the pen when it is used to execute a movement, such as 2
stroke. The data aliows the identity of the particular page and associated interactive element to be determined and an
indication of the relative positioning of the pen relative 1o the page 1o be cbrained. Thé} indicating data is transmiited to
the printer, where it resolves, via the DNS, the page ID 50 of the stroke into the nerwork address of the netpage page
server 10 which maintairns the comesponding page instance 830. It then transmits the stroke to the page server. If the page
was recently identified in an earlier stroke, then the printer may already have the address of the relevant page server in its
cache. Each netpage consists of a compact page layout maintained persistently by a netpage page server {see below). The

page layout refers to objects such as images, fonts and pieces of texi, typically stored elsewhere on the netpage nerwork.

When the page server recetves the stroke from the pen, it retrieves the page description 1o which the siroke
applies, and determines which element of the page deseription the stroke intersects. It is then abie 1o interpret the stroke in

the context of the type of the relevant element.

A “click” is 2 stroke where the distance and tme between the pen down position and the subsequent pen up
position are both less than sorme small maximum. An object which is activated by a click typically requires a click to be
activated, and accordingly, a longer stroke is ignored. The failure of a pen acticn, such as a “sioppy™ ¢lick, to register is

indicated by the lack of response from the pen’s “ok™ LED.

There are two kinds of input elernents in a netpage page descriprion: hyperlinks and form fields. Input

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

171 Hyperlinks
A hyperlink is a means of sending a message 10 a remote application, and typically elicits a printed response

in the netpage system.

A hyperlink element 844 identifies the application 71 which handles activation of the hyperkink, a link {D 54
which identifies the hyperlink to the application, an “alias required” flag 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




10

15

20

25

30

35

40

WO 01/02977 PCT/AUD0/00775

-20-
favorite or appears in the user’s history. The hyperlink element class diagram is shown in Figure 29.

When a hyperlink is activated, the page server sends a request to an application somewhere on the network,
Thle application is identified by an application ID 64, and the application ID is resolved in the normal way via the DNS.
There are three types of hyperlinks: general byperlinks 8463, form hyperlinks 865, and selection hyperfinks 864, as shown
in Figure 30. A general hyperlink can implement a request for a linked document, or may simply fignal a preference to a
server. A form hyperlink submits the corresponding form to the application. A selection h)'fper]ink submits the current
selection to the application. If the current selection contains a single-word piece of text, for example, the application may
return a single-page document giving the word’s meaning within the context in which it appears, or a transtation into a

different language. Each hyperlink type is characterized by what infermation is submitted to the application.

The corresponding hyperlink instance 862 records a transaction 1D 55 which can be specific to the page
instance on which the hyperlink instance appears. The transaction ID can identify user-specific data to the application, for

exarnple a “shopping ¢ant” of pending purchases maintained by a purchasing application on behalf of the user.

The system includes the pen’s current selection 826 in a selection hyperlink activation, The system includes
the content of the associated form instance 868 in a form hypertink activation, although if the hyperhink has its *submit
delta” arribute set, only input since the last form submission is included. The system includes an effective return path in

all hyperlink activations.

A hyperlinked group 866 is 2 group element 838 which has an associated hyperlink, as shown in Figure 31.
When input occurs through any field element in the group, the hyperlink 844 associated with the group is zctivated. A
hyperlinked group can be used to associate hyperlink behavior with a field such as aheckbox. It can also be used, in
conjunction with the “submit delta” antribute of a form hyperlink, to provide continuous input 10 an application. It can
therefore be used 1o support a “blackboard™ interaction model, i.e. where input is captured and therefore shared as soen as

11 DCCurs,

1.7.2 Forms
A form defines a collection of related mput fields used to capture a related set of inpurs through a printed

netpage. A form allows a user to submit ong or more parameters to an application software program running on a server.

A form 867 is a group element 838 in the document hierarchy. It vitimately contains a set of terminal field
elements 839. A form insiznce 868 represents a printed instance of a form. [t consists of a set of field instances 8§70 which
correspond to the field elements 845 of the form. Each field instance has an asseciated value 871, whose type depends on
the type of the corresponding field element. Each field value records input through a particular printed form instance, i.e.

through one or more printed netpages. The form ¢lass diagram is shown in Figure 32.

Each forrn instance has a status 872 which indicates whether the form is active, frozen, submitted, void or
expired. A form is active when first prinzed. A farm becomes frozen once it is signed or once its freeze time is reached. A
form becomes submitted once one of its submission hypertinks has been activated, unless the hyperlink has its “submit
delta” auribute ser. A form becomes void when the user invokes a void form, reset form or duplicate form p;ige cornmand.
A form expires when its specified expiry time is reached, i e. when the time the form has been active exceeds the form's
specified lifetime. While the form is active, form input is allowed. Input through a form which is not active is instead
captured in the background field 833 of the relevant page instance. When the form is active or frozen, form submission is
allowed. Any artempt to submit a form when the form is not active or frozen is rejected, and instead elicits an form status

report.

Each form instance is associated (at 59) with any form instances derived from it, thus providing a version
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history. This aliows all but the latest version of 2 form in a particular time period to be excluded from a search.

Al} input is captured as digital ink. Digital ink 873 consists of a set of timestamped stroke groups 874, each of
which consists of a set of styled strokes §75. Each stroke consists of a set of timestamped pen positions 876, each of

which also includes pen orientation and nib force. The digital ink class diagram is shown in Figure 33.

A field element 845 can be a checkbox field 77, a text field 878, a drawing field 879, or 2 signature field
880. The ficld element class diagram is shown in Figure 34, Any digital ink captured in a field’s zone 58 is assigned to the

field.

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

stroke, a fill zigzag, etc.) captured in 2 checkbox field's zone causes a true value to be assigned (o the field’s value.

A _textlﬁeld has an associated text value 882, as shown in Figure 36. Any digital ink captured in a text field’s
zone is automatically converted to text via online handwriting recognition, and the text is assigned to the field’s value.
Online handwriting recognition is well-understood (see, for example, Tappert, C..C.Y. Suen and T. Wakahara, *“The State
of the Art in On-Line Handwriting Recognition”, {EEE Transactions on Pattern Analysis and Machine Intelligence,

Vol.12, No.8, August 1990, the cantents of which are herein incorporated by ¢ross-reference).

A signature field has an associated digital signature value 883, as shown in Figure 37. Any digital ink
captured in a signature field's zone is automatically verified with respect to the identity of the owner of the pen, and a
digital signature of the content of the form of which the field is part is generated and assigned to the field’s value. The
digital signature is generated using the pen user's private signature key specific to the application which owns the form.
Online signature verification is well-understood (see, for exampte, Plamondon, R. and G Lorette, “Automatic Signature
Verification and Writer identification — The State of the Ar”, Pattern Recognition, Vol.22, No.2, 1989, the contents of

which are herein incorperated by cross-reference).

A fietd elemen: is hidden if its “hidden™ atrribute is set. A hidden field element does not have an jnput zone
on a page and does not accept input. It can have an associated field value which is included in the form data when the

form cortaining the field is submitred.
“Editing™ commands, such as strike-throughs indicating deletion, can also be recognized in form fields.

Because the handwriting recognition algorithm works “online” (i.e. with access to the dynamics of the pen
movermnent}, rather than “offline” {i.e. with access anly 16 2 bitmap of pen markings), it can recognize run-cn discretely-
written characters with relatively high accuracy, without a writer-dependens training phase. A writer-dependent mode} of

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

Digital ink, as already stated, consists of a ssquence of strokes. Any stroke which starts in a particular
element’s zone is appended to that element’s digital ink stream, ready for interpretation. Any stroke not appended to an

object’s digital ink stream is appended 10 the background field’s digital ink stream.

Digital ink captured in the background field is interpreted as a selection gesture. Circumnscription of one or
more objects is generally interpreted as a selectian of the circumscribed objects, although the actual interpreration is

application-specific,

Table 2 summarises these various pen interactions with a netpage.

Table 2 - Summary of pen interactions with a netpage
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Object Type Pen input Action
Hyperlink General Click Submit action to application
Form Click Submit form to application
ISelection IClick ISubmit selection 1o application
Forem field Checkbox ANy mark lAssign true to field
IText Handwriting Convert digital ink to text; assign text to field
Drawing Digital ink IAssign digital ink to field
Signature Signature Nerify digital ink signature; generate digital |
signature of form; assign digital signature to
field
None - Circumscriplion IAssign 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 afier an inactivity timeout to ensure predictable behavior.

The raw digital ink captured in every field is retained on the netpage page server and is optionally transmitted
with the form data when the form is submirted to the application. This allows the application to interrogate the raw digital
ink should it suspect the original conversion, such as the conversion of handwntten text. This can, for example, involve
human intervention at the application level for forms which fail cerrain application-specific consistency checks. As an
extension to this, 1the entire background area of a form can be designated as a drawing field. The application can then
decide, on the basis of the presence of digital ink owmside the explicit fields of the form, to route the form to a human

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

Figure 38 shows a flowchart of the process of handling pen input relative to a netpage. The process consists
of receiving (at 884) a stroke from the pen; identifying {at BE5) the page instance 83 to which the page D 50 in the
stroke refers; retrieving (al 886) the page description 5; identifying (ar 887) 2 formarted element 839 whose zone 58 the
stroke intersects; determining (at 888) whether the formaned element corresponds to a field element, and if so appending
{at 892) the received swroke to the digital ink of the field value 871, interpreting {at 893) the accumulated digita! ink of the
field, and determining (at §94) whether the field is part of a hyperlinked group 866 and if so activating (at 895) the

associated hyperiink: alternatively determining (at 889) whether the formatted element cerresponds 1o a hyperlink element

and if so activating {at 895) 1he corresponding hyperlink; alternatively, in the absence of an input field or hyperlink,
appending (at 890} the received stroke to the digital ink of the background field 833; and copying (at 891) the received

stroke 1o the current selection 826 of the current pen, as maintained by the registration server.

Figure 38a shows a detailed flowchar of step 893 in the process showr in Figure 38, where the accumulated
digital ink of a field is interpreted according to the type of the field. The process consists of determining (at 896) whether
the field is a checkbox and (at 897) whether the digital ink represents a checkmark, and if so assigning {at 898) a true
value to the field value; aliernatively determining (at 809) whether the field is a text field and if 50 converting (at 900) the
digital ink to computer text, with the help of the appropriate registration server, and assigning {at 901) the converted
computer text to the field value; alternatively determining (at 902) whether the field is a signature field and if so verifying
(at 903} the digital ink as the signature of the pen’s owner, with the help of the appropriate registraticn server, creating (at
904) a digital signature of the contents of the corresponding form, also with the help of the registration server-and using -
the pen owner’s private signature key relating to the co;-rcsponding application, and assigning {at 903) the digital

signature to the field value.

1.7.3 Page Server Commands
A page server command is a command which is handied locally by the page server. It operates directly on

form, page and document instances.
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A page server command 907 ¢an be 2 void form command 908, a duplicate form command 909, a reset form
command 910, a get form status command 211, a duplicate page command 912, a reset page command 213, a get page
status cormmand 914, a duplicate decument command 915, a reset document command 916, or a get docurnent status

command 917, as shown in Figure 39.

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

the form status of the form instance.

Since a form hyperlink instance contains a transaction 1D, the application has to be involved in producing a

new form instance. A button requesting 2 new form instance is therefore typically implemented as a hyperlink.

A duplicate pags command produces a printed copy of the corresponding page instance with the background
field value preserved. If the page contains a form or is part of a form, then the duplicate page command is interpreted as a
duplicate form command. A reset page command produces a printed copy of the corresponding page instance with the
background field value discarded. If the page contains a form or is part of a form, then the reset page command is
interpreted as a reset form command. A get page status command produces a printed report on the status of the
correspending page instance, including who published it, when it was printed, for whom it was printed, and the status of

any forms it contains ot is part of. <
The netpage Ingo which appears on every netpage is usually associated with a duplicate page element.

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

verification.

A duphicate document command produces a printed copy of the corresponding document instance with
background field values preserved. If the document contains any forms, then the duplicate document command duplicates
the forms in the same way a duplicate form command does. A reser document command produces a printed copy of the
corresponding document instance with background field values discarded. 1f the document contains any forms. then the
reset document command resets the forms in the same way a reset form command dees. A get document status command
produces a printed report on the starus of the corresponding document instance, including who pli'blish:d it, when it was

printed, for whom it was prinied, and the starus of any forms it contains.

If the page server command’s “on selected” attribute is set, then the command operates on the page identified
by the pen’s current seleciion rather than on the page containing the command. This aliows a menu of page server
commands to be printed. If the target page doesn’t contain a page server command element for the designated page server

command, then the command is ignored.

An application can provide application-specific handling by embedding the relevant page server command
element in a hyperlinked group. The page server activates the hyperlink assoctated with the hyperlinked group rather than

cxecuting the page server command.

A page server command element is hidden if its “hidden™ attribute is set. A hidden command element does
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not have an input zone on 2 page and so cannot be activated directly by a user. It can, however, be activated via a page

server command embedded in a different page, if that page server command has its “on selected” attribute set.

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

netpage and therefore has interactive propenies. The loge also acts as & copy button.. In most-cases pressing the logo
produces a copy of the page. In the case of a form, the button produces a copy of the 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.

The default single-page copy function is handled directly by the reievant netpage page server. Special copy

functions are handled by linking the logo button te an application.

1.9 USER HELP SYSTEM
In a preferred embodiment, the netpage printer has a single button labelled “Help”™. When pressed it elicits 2

single help page 46 of informaticn, inctuding:

. slatus of printer connection
. status of printer consumables
. top-level help menu
. document function menu
W
. top-lzvel netpage network dirscrory

The help menu provides a hierarchical manual on how 1o use the netpage system.

The document function menu includes the following functions:

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

A document functicn is inftiated by selecting the document and then pressing the button. The status of a
document indicates who published it and when, to whom it was delivered, and 10 whom and when it was subsequently

submitted as a form.

The help page is obviously unavailable if the printer is unable to print. In this case the “esvor” light is lir and

the user can request remote diagnosis over the network.

2 PERSONALIZED PUBLICATION MODEL
In the followmg description, news is used as a canonical publication example to illustrate personaiization
mechamisms in the netpage system. Althcugh news is often used in the limited sense of newspaper and newsmagazine

news, the intended scope in the prasent context is wider.

in the nerpage system. the editorial content and the advertising content of a news publication are personalized
using different mechanisms. The editorial content is personalized according to the reader’s explicitly stated and implicitly

captured interest profile. The advertising content is personalized according to the reader’s focatity and demographic.
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2.1 EDpiToriAL PERSONALIZATION o
A subscriber can draw on two kinds of news sources: those that deliver news publications, and those that
deliver news sireams. While news publications are aggregated and edited by the publisher, news streams are aggregated

either by 2 news publisher or by a specialized news aggregator. News publications typically correspond to traditional

i i aried: a ¥ ™ ws servi
newspapers and newsmagazines, while news streams can be many and varied: a “raw” news feed from a news service, a

cartoon strip, a freelance writer's column, a friend’s bulletin board, or the reader’s own e_—pj__n_ll: . o

The nempage publication server supports the publication of edited news publications as well as the
aggregation of mukiple news streams. By handling the aggregation and hence the formatting of news streams selected

directiy by the reader, the server is able 10 place advertising on pages cver which it otherwise has no editorial control.

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

daily publications and then custemizing them.

For each publicatian. the reader optionally selects specific sections. Some sections appear daily, while others
appear weekly. The daily ssctions available from The New York Ttmes online, for example, include “Page One Plus™,
“Natianal”, “Intemational”. “Opinion™, “Business”, “AnsfLiving”, “Technology”, and “Sperts”. 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 on ary number of
news streams. Custom sections might be created for e-mail and friends' announcements (“Personal™), or for monitoring
-

news feeds for speciiic topics (“Alerts™ or “Clippings™).

For each section. the reader optionally specifies its size, either gualitatively (e.g. short, medium, or long), or
numerically {i.e, as z limit on fts number of pages), and the desired proportion of advertising. either qualitatively (e.g.

high, normal. low, nene). or numerically (i.e. as a percentage).

The reacer also optionally expresses a praference for a large number of shorter articles or a small nurnber of

longer articles. Each zrticle 15 idealv writien (or edited} in both short and long forms to suppert this preference.

An artici= may also be wrinen (or edited) in different versions to match the expected sophistication of the
reader, for example ro provide children's and adults’ versions. The appropriate version is seiected according to the

reader’s age. The reader can specify a “reading age” which takes precedence over their biological age.

The articles which make up each section are selected and prioritized by the editors, and each is assigned a
usefu] lifetime, By default they are delivered to ail retevant subscribers, in priority order, subject’to space constraints in

the subscribers” editions.

In sections where it is appropriate, the reader may optionally enable collaborative filiering. This is then
applied to articles which have a sufficienily long liferime. Each article which qualifies for collaborative filtering is printed
with rating buttons ar the end of the article. The buttons can provide an easy choice (e.g. “liked™ and “disliked"), making it

more likely that readers wili bother to rate the article

Articies with high priorities and shon lifetimes are therefore effectively considered essentiaf reading by the

editors and are delivered to most relevant subscribers.

The reader optionally specifies a serendipity factor, either qualitatively {e.g. do or don’t surprise me), or

numerically. A high serendipity factar lowers the threshold used for matching during collaborative filtering. A high factor
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makes it more likely that the comresponding section witl be filled to the reader’s specified capacity. A different serendipity

factor can be specified for different days of the week.

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

priorities assigned by the editors.

The speed of the reader’s Internet connection affects the quality at which images can be delivered. The reader
optionally specifies a preference for fewer images or smaller images or both. If the number or size of images is not

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

At a global level, the reader specifies how guantities, dates, times and monetary values are localized. This
involves specifving whether units are imperial or meric, a local timezone and time format, and a local currency, and
whether the localization consisc of in site translation or annotation. These preferences are derived from the reader’s

locality by defaull.

To reduce reading difficulties caused by poor eyesight, the reader optionally specifies a global preference for

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

The language in which a news publication is published, and 1is corresponding text encoding, is & property of
the publication and not a preference expressed by the user. However, the netpage system can be configured 1o provide

automatic transiation services in various guises.

2.2 ADVERTISING LOCALIZATION AND TARGETING ]
The personalization of the editorial content directly affects the adventisiig content, because adverising is

typically placed to exploit the editorial context. Travel ads, for example, are more likely to appear in a travel section than
elsewhere. The value of the editorial content to an adveniser {and therefare to the publisher) lies in its ability to atrract

iarge numbers of readers with the right demographics.

Effective advertising is placed on the basis of locality and demographics. Locality determines proximity to
particular services. rerailers ete., and particular interests and concerns associated with the local community and

environment. Demographics determine general interests and precccupations as weli as likely spending patterns.

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

for advertising.

in the neipage systern, the netpage publication server comipules the approximate multi-dimensianal size of a
publication’s saleable advertising Space on a per-section basis, taking into 2ccount the publication’s geographic coverage,
the section’s readership, the size ¢f each reader's section edition, each reader’s adveriising proportion, and each reader’s

demographic.

In comparison with other media, the netpage System allows the advertising space to be defined in greater

detail, and allows smaller pieces of it to be sold separately. It therefore allows it to be sold at closer to its true value.

For example. the same advertising “slot™ can be sold in varying proportions to several adveniisers, with
individual readers’ pages randomly receiving the advertisement of one advertiser or another, overall preserving the

propertion of space sold 1o each advertiser.

The netpage system allows advertising to be linked directly to detailed product information and online

purchasing. It therefore raises the inmrinsic value of the advertising space.
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Because personalization and localization are handled automatically by netpage publication servers, an
adventising aggregator can provide arbitrarily broad coverage of both geography and demographics. The subsequent
disaggregation is efficient because it is automatic. This makes it more cost-effective for publishers to deal with 2dvertising
ageregators than 10 directly capture advertising. Even though the advertising aggregator is taking a proportion of
advertising revenue, publishers may fird the change profit-neutra] because of the greater efficiency of aggregation. The
advertising aggregator acts as an intermedsary between advertisers and publishers, and may place the same adyertisement

in multiple publications.

It is worth noting that ad placement in a netpage publication can be more complex than ad placement in the
publication's traditiona) counterpart, because the publication®s advertising space is more complex. White ignoring the full
complexities of negotiations berween advertisers, advertising aggregators and publishers, the preferred form of the netpage
system provides some automnated support for these negotiations, including support for automated aucttons of advenising
space. Automation is particularly desirable for the placemnent of advertisements which generate small amounts of income,

such as small or highly localized advertisements.

Once placement has been negotiated, the aggrepator captures and edits the adveriisement and records it on 2
netpage ad server. Correspondingly, the publisher records the ad placement on the relevant netpage publication server.
When the netpage publication server lays out each user's personalized publication, it picks the relevant adverisemens

from the netpage ad server.

23 Usgr PROFILES

2.3.1 Information Fittering
The personalization of news and other publications relies on an assortment of uvser-specific profile

infermation, including:

. publication customizations
collaberative filtering vectors
. contact details |
v presentation preferences

The customization of a publication is typically publication-specific, and so the customization information is

maintained by the relevant netpage publication server.

A collaborative filtering vector consists of the user’s ratings of a number of news items. it is used 1o correlate
different users’ interests for the purposes of making recommendations. Although there are benefits to maintaining a single
collaborative filtering vector independently of any panticular publication, there are two reasons why it is more practica! to
maintain a separare vector for each publication: there is likely to be more overlap berween the vectors of subseribers 1o the
sarne publication than between thase of subscribers to different publications; and a publication is likely to want to presant
its users’ collabarative filtering vectors as part of the value of its brand, not to be found elsewhere. Collaborative filtering

vectors are therefore also maintained by the relevant netpage publication server,

Contact details, inciuding name, street address, ZIP Code, state, country, tclephone numbers, are global by

nature, and are mainiained by a netpage registration server.

Presentation preferences, including those for guantities, dates and times, are likewise global-and maintained

tn the same way.
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The localization of advertising relies on the locality indicated in the user’s contact details, while the targeting
of advertising relies on personal information such as date of birth, gender, mariial status, income, profession, education, or

qualitative derivatives such as age range and income tange.

For those users who choose o teveal personal information for advertising purposes, the information is

maintained by the relevant netpage registration server. In the absence of such information, advertising ¢an be targeted on

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

Each user, pen, printer, application provider and application is assigned its own unique identifier, and the
nerpage registration server maintaing the relationships berween them, as shown in Figures 21, 22, 23 and 24. For
registration purposes, a publisher is a special kind of application provider, and a publication is a special kind of

application.

Each user 800 may be authorized to use any number of printers 802, and each printer may aflow any number
of users to use it. Each user has a single default printer (at 66), to which periodical publications are delivered by default,
whilst pages printed on der;qand are delivered to the printer through which the user is intcracting. The server kecps track of
which publishers a user has authorized to print to the user’s default printer. A publisher does not record the 1D of any
particular printer, but instead resolves me JD when it is required. The user may also be designated as having
administative privileges 69 on the printer. allowing the user to authorize other users to use the printer, This only has

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

When a user subscribes 808 10 a publication 807, the publisher 806 (i.e. application provider 803) is
authorized to print to a specified printer or the user’s default printer. This authorization can be revoked at any time by the
user. Each user may have several pens 801, but a pen is specific to a single user. If & user is suthorized to use a particular

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

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

server, via the DNS in the usual way.

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

netpage documents encountered during Web browsing to be conveniently printed on the nearest netpage printer.

The netpage system can collect. on behalf of a printer provider, fees and commissions on income earned
through pubtlications printed en the provider's printers. Such income ean include advertising fees, click-through fees, e-

coimmerce commissions, and transaction fees. |f the printer is owned by the user, then the user is the printer provider.

Each user also has a netpage account 820 which is used to accumuiate micro-debits and credits (such as those
described in the preceding paragraph); comtact details 815, including name, address and telept‘mne numbers; global
preferences 816, including privacy, delivery znd localization settings; any number of biometric records 817, containing
the user’s encoded signature 818, fingerprint 819 etc; a handwriting model 819 automatically maintained by the system;

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

In addition 10 the user-specific netpage account, each user also has a netpage account 936 specific 1o each
printer the user is authorized to use. Each printer-specific account is used to accumulate micro-debits and credits related to

the user’s activities on that printer. The user is billed on a regular basis for any outstanding debit balances.

A user optionally appears in the netpage user directory 823, allowing other users to locate and direct e-mail

(etc.) to the user.
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2.4 INTELLIGENT PAGE LAYOUT . o
The netpage publication server automatically lays out the pages of cach user’s personalized publication on a

section-by-section basis. Since mest advertisements are in the form of pre-formatted rectangles, they are placed on the
page before the editorial content.

The advertising ratio for a section can be achieved with wildly varying advertising ratios on individuat pages
within the section, and the ad layout algorithm exploits this. The algorithm is configured 16 attempt to co-lo&ate closely
tied editorial and advertising content, such as placing ads for roofing material specifically within the publication because

of a special feature on do-it-yourself roofing repairs.

The editoriat content selected for the user, including text and associated jmages and graphics, is then laid out

according to various aesthetic rules.

The entire process, including the selection of ads and the selection of editorial content, must be iterated once
the layout has converged, 1o attempt to more closely achieve the user’s stated section size preference. The section size

preference can, however, be matched on average over time, allowing significant day-to-day variations.

2.5 DocuMenT FORMAT
Once the document is laid out, it is encoded for efficient distribution and persistent storage on the netpage

nerwork.

The primary efficiency mechanism is the separation of information specific to a singte user’s edition and
information shared between multiple users® editions. The specific information consists gf the page layout. The shared
N

information consists of the objects to which the page layout refers, including images, graphics, and pieces of text.

A text object contains fully-formarted text represented in the Extensible Markup Language (XML} using the
Extensible Stylesheet Language (XSL). XSL. provides precise control over text formatting independently of the region
into which the text is being set, which in this case is being provided by the layout. The text object contains embedded

language codes 1o enable automaric wranslation, and embedded hyphenation hints to aid with paragraph formatting.

An image object encodes an image in the JPEG 2000 wavelet-based compressed image format. A graphic

object encodes a 2D graphic in Scalable Vector Graphics {SVG) format.

The lavout itself consists of a series of placed image and graphic objects, linked textflow objects lhrough-
which fext objects flow, hyperlinks and input fields as deseribed above, and watermark regions. These layout objects are

summarized in Table 3. The layout uses a compact format suitable for efficient distribution and storage.

Table 3 - netpage layout objects

Layout Attribute Format of
object finked object
Image Position r
Image object ID JPEG 2000
Graphic Position -
IGraphic object ID ISVG
Textflow [Textflow |D u
Zone L
Optionat text object 1D XMUL/XSL
Hyperlink Type 5
Zone -
Application |D, elc. -
Field Type F
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26 DOCUMENT DISTRIBUTION

As described above, for purposes of efficient distribution and persistent storage on-the neipagenerwork, a

user-specific page layout is separated from the shared objects 1o which it refers.

When a subscribed publication is ready to be distributed, the netpage publication server allocates, with the

help of the netpage ID server 12, 2 unique ID for each page, page instance, document, and document instance.

The server computes a set of optimized subsets of the shared coment and creates a multicast channel for each
subset, and thén .tags each user-specific layout with the names of the multicast channels which will carry the shared
content used by thar layout. The server then pointcasts each user’s layouts to that user’s printer via the approprizte page
server, and when the pointcasting is complete, multicasts the shared content on the specified channels. After receiving its
pointcast, each page server and printer subscribes to the multicast channels specified in the page layouts. During the
multicasts, each page server and printer extracts from the multicast streams those objects referred to by its page layouts.

The page servers persistently archive the received page layouts and shared content,

Once a printer has received all the objects to which its page layouts refer, the printer re~creates the fully-

populated layout and then rasterizes and prints it

Under normal circumstances, the printer prints pages faster than they can bedelivered. Assuming a quarter of
each page is covered with irnages, the average page has a size of less than 400KB. The printer can therefore hald in excess
of 100 such pages in its intemal 64MB memory, 2llowing for temporary buffers etc. The printer prints at 2 rate of one
page per second. This is equivalent to 400KB or about 3Mbit of page data per second, which ts similar to the highest

expected rate of page data delivery over a broadband nerwork.

Even under abnormal circumstances, such as when the printer runs out of paper, it is likely that the user will

be able to replenish the paper supply before the printer’s 100-page internal storage capacity is exhausted.

However, if the printer's internal memory does fill up, then the printer will be unable to make use of a
multicast when it first occurs. The netpage publication server therefore allows printers to submit requests for re-muiticasts.
When a critical number of requests is received or a timeout oceurs, the server re-multicasts the ¢orresponding shared

objects.

Once a decument is printed, a printer can produce an ¢xact duplicate at any time by retrieving its page layouts

and contents from the relevant page server.

27 ON-DEMAND DOCUMENTS
When a netpage document is requested on demand, it can be personalized and delivered in much the same
way as a periodical. However, since there is no shared content, delivery is made directly 1o the requesting printer without

the use of multicast.

When a non-netpage document is requested on demand, it is not personalized, and it is delivered via a
designated netpage formatting server which reformats it as a netpage document. A netpage formaning server is a special
instance of a netpage publication server. The netpage formatting server has knowledge of various Intemnet document

formats, including Adobe’s Portable Document Format (PDF), and Hypertext Markup Language (HTML). In the case of
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HTML. it can make use of the higher resolution of the printed page to present Web pages in a multi-column format. with a
able of contents. It can automatically include all Web pages directly linked to the requested page. The user can tune this

behavior via a preference.
The netpage formatting server makes standard netpage behavior, including interactivity and persistence,
available on any [niemet document, no matter what its origin and format. 1t hides knowledge of different document

forrats from both the netpage printer and the netpage page server, and hides knowledee 6f the netpage systeri from Web

servers.
3 SECURITY
341 CRYPTOGRAPHY

Cryptography is used to protect sensitive information, both in siorage and in transit, and to authenticate
parties 16 a transaction. There zre two claszes of cryptography in widespread use: secret-key cryptography and public-key

cryptography. The netpage nerwork uses both classes of cryplography.

Secret-key cryptography, also referred to as symmetric cryptography, uses the same key 10 encrypt and

decrypt a message. Two parties wishing to exchange messages must first arrange to securely exchange the secret key.

Public-key cryptography, also referred to as asymmetric cryptography, uses two encryption keys. The two
keys are mathemarically related in such a way that any message encrypted using one key can only be decrypted using the
other key. One of these keys is then published, while the other is kept private. The public key is used to encrypt any
message intended for the holder of the private key. Once encrypted using the public key, 'message can anly be decrypted
using the private key. Thus nwe parties can securely exchange messages without first having to exchange a secret key. To

ensure that the private key is secure, it is normal for the holder of the private key to generate the key pair.

Public-key cryptography can be used to create a digital signature. The holder of the private key ean create a
known hash of a message and then encrypt the hash using the private key. Anyone can then verify that the encrypted hash
constitutes the “signature™ of the holder of the private key with respect to that particular message by decrypting the
encrypled 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 messag'c can verify both that the message is genuine and that it has not been altcred in

fransit.

To make public-key cryptography work, there has to be z way to distribute public keys which prevents
impersonation. This is normally done using certificates and certificate avthorities. A certificate authority is a trusted third
party which authenticates the connection berween a public key and someone’s identity. The centificate autherity verifies
the person’s identity by examining identity documents, and then creates and signs a digital certificate containing the
person’s identity derails and public key. Anyone who trusts the cerificate autharity can use the public key in the
certificate with a high degree of cerainty that it is genuine. They just have 1o verify that the certificatc has indeed been

signed by the centificate authority, whose public key is well-known.

In most transaction environments, public-key cryptography is only used 10 create digital signatures and to

securely exchange secret session keys. Secret-key cryptography is used for all other purposes. .

In the following discussion, when reference is made to the secure trarsmission of information berween a
netpage printer and a server. what actually happens is that the printer obtains the server’s certificate, authenticates it with
reference to the certificate authority. uses the public key-exchange key in the certificate to exchange a sccret session key

with the server, and then uses the secret session key to encrypt the message data. A session key, by definition, can have an
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arbitrarily short lifetime.

3.2 NETPAGE PRINTER SECURITY
Each netpage printer is assigned a pair of unique identifters at time of manufacture which are stored in read-

only memory in the printer and in the netpage registration server database. The first 1D 62 i3 public and uniquely identifies

the printer on the netpage network. The second 19 is secret and is used when the printer is.first registered on the-network.

When the printer connects 10 the netpage network for the first time after installation, it creates a signature
public/private key patr. It transmits the secret 1D and the public key securely to the netpage registration server: The server
compares the secret 1D against the printer’s secret 1D recorded in its database, and accepts the registration if the IDs
match. It then creares and signs a centificate containing the printer's public 1D and public signature key, and stores the

certificate in the registration database.

The netpage registration server acts as a certificate authority for netpage printers, since it has access to secret

information allowing it to verify printer identity.

When a user subscribes to a publication, a record is created in the netpage registration server darabase
authorizing the publisher to print the pubiication to the user's default printer or a specified printer. Every document sent
to a printer via a page server is addressed to 2 particular user and is signed by the publisher using the publisher’s private
signature key. The page server verifies, via the registration database, that the publisher is authorized to deli;;er the
publication to the specified user. The page server verifies the signature using the publisher’s public key, obtained from the

publisher’s certificate stored in the registration dajabase. _
\\
The netpage registration server accepts requests to add printing authorizations to the database, so long as

those requests are initiated via a pen registered to the printer.

3.3 NETPAGE PEN SECURITY

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

network.

A netpage pen can “know" a number of netpage printers, and a printer can “know™ a numnber of pens. A pen
communicates with a printer via a radio frequency signal whenever it is within range of the printer. Once a pen and printer
are tegistered, they regularly exchange session keys. Whenever the pen transmits digital ink to the printer, the digital ink

is always encrypted using the apprapriate session key. Digital ink is never transmitted in the clear.

A pen stores a session key for every printer it knows, indexed by printer ID, and a printer stores a session key
for every pen it knows, indexed by pen 1D. Both have a large but finite storage capacity for session keys, and will forget a

session key on a feast-recently-used basis if necessary.

When a pen comes within range of @ printer, the pen and printer discover whether they know each other. If
they don't know each other, then the printer determines whether it is supposed to know the pen. This migl';l be, fér
example, because the pen belongs to a user who is registered to use the printer. If the printer is meant to know the pen but
doesn't, then it initiates the automatic pen registration procedure. If the printer isn’t meant to know the pen, then i agrees

with the pen 1o ignore it until the pen is placed in a charging cup, at which time it initiates the registration procedure.

In addition to its public ID, the pen contains a secret key-exchange key. The ‘key-exchange key is also

recorded in the netpage registration server database at time of manufacture, During registration, the pen transmits its pen
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ID to the printer, and the printer transmits the pen [D to the netpage registration server. The server generates a session key
for the printer and pen to use, and securely transmits the session key to the printer. It also transmits a copy of the session
key encrypted with the pen's key-exchange key. The printer stores the session key internatly, indexed by the pen ID, and

transmits the encrypted session key to the pen. The pen stares the session key internally, indexcd by the printer ID.

Although a fake pen can impersonate 2 pen in the pen regisiration protocol, only a real pen can decrypt the

session key transmitted by the printer.

When a previously unregistered pen is first registered, it is of limited use until it is linked to a user. A
registered but “un-owned” pen is only allowed to be used to request and fill in netpage user and pen registration fonms, to

register a new user to which the new pen is automatically linked, or to add a new pen to an existing user.

The pen uses secrel-key rather than pubtic-key encryption because of hardware performance constraints in the

pen.

3.4 SECURE DOCUMENTS
The netpage system supports the delivery of secure documents such as tickets and coupons. The netpage

printer includes a facility to print watermarks, but witl only do so on request from publishers who are suitably authorized.

The publisher indicates its authority 10 print watermarks in its certificate, which the printer is able to authenricate.

The “watermark™ printing process uses an alternative dither matrix in specified “watermark™ regions of the
page. Back-to-back pages contain mirror-image watermark regions which coincide when printed. The dither matrices used
in odd and even pages® watermark regions are designed 1o produce an interference effect when the regions are viewed

together, achieved by looking through the printed sheet.

The effect is simnilar to a watermark in that it is not visible when Jooking at only one side of the page, and is

lost when the page is copied by normal means.

Pages of secure documents cannot be copied using the built-in netpage copy mechanism described in Section

1.9 above. This extends 1o copying netpages on nerpage-aware photocopiers.

Secure documenis are typically generated as part of e-comnmerce transactions. They can therefore include the
user’s photograph which was captured when the user registered biometric information with the netpage registration server,

as described in Section 2.

When presented with a secure netpage document, the recipient can verify its authenticity by requesting irs
status in the usual way. The unigue ID of a secure document is only valid for the lifetime of the document, and secure
document IDs are zllocated non-cortiguously to prevent their prediction by epportunistic forgers. A secure document
verification pen can be deveioped with buili-in feedback on verification failure, 10 support easy point-of-presentation

document verification.

Clearly neither the watermark nor the user's photograph are secure in a cryptographic sense. They simply
provide a significant obstacle to casual forgery. Cniine document verification, particularly using a verification pen,

provides an added level of securiiy where it is needed, but is stit! not entirely immune to fargeries.

3.5 NON-REPUDIATION )
In the netpage system, forms submitted by users are delivered reliably to forms handlers and are persistently

archived on nerpage page servers. It is therefore impossible for recipients to repudiate delivery.

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




10

15

20

25

30

35

WO 01/02977 PCT/AU00/00775

to repudiaie.

4 EcLecTrRONIC COMMERCE MODEL

4.1 SECURE ELECTRONIC TRANSACTION {(SET)
The netpage system uses the Secure Electronic Transaction {SET) system as one of its payment systems. SET,

having been developed by MasterCard and Visa, is organized around payment cards and this is reflected -in the

terminology. However, much of the system is independent of the type of accounts being used.

In SET, cardholders and merchants register with a certificate authority and are issued with certificates
containing their public signature keys. The certificate authority verifies a cardholder’s registration details with the card
issuer as appropriate, and verifizs 2 merchant’s registration details with the acquirer as appropriate. Carcholders and
merchants store their respective private signature keys securely on their computers. During the payment process, these
certificates are used to mutually acthenticate a merchant and cardholder, and to authenticate them both to the payment

gateway.

SET has not yet been adopted widely, partly because cardholder maintenance of keys and certificates is
considered burdensome. Tntertm solutions which maintain cardholder keys and certificates on a server and give the

cargholder access via a password have met with some success.

/.2 SET PaYMENTS
in the netpage system the netpage registration server acts as a proxy for the netpage user (i.e. the cardholder)

in SET payment ransactions.

The netpage systern uses biometrics to authenticate the user and authorize SET payments. Because the system
is pen-based, the biometric used is the user’s on-line signature, consisting of time-varying pen position and pressure. A
fingerprint biometric can also be used by designing a fingerprint sensor into the pen, although at a higher cost. The type of

biometric used only affects the capture of the biometric, not the authorization aspects of the system.

The first step to being able to make SET payments is to register the user’s biometric with the netpage
registration server. This is done in 2 contrelied environment, for example a bank, where the biometric ¢an be captured at
the sarme time as the user's identity is verified. The biometric is captured and stored in the registration database, linked to
the user’s record. The user’s photograph is also optionally captured ard linked to the record. The SET cardhiolder
registration process is completed, and the resulting private signature key and certificate are stored in the database. The
user’s payment card information is also stored, giving the netpage registration server enough information to act as the

user's proxy in any SET pavment transaction.

When the user eventualiy supplies the biometric to complete a payment, for example by signing a netpage
order form, the printer securely transmits the order information, the pen |D and the biometric data to the netpage
regiswration server. The server verifies the biometric with respect to the user identified by the pen ID, and from then on

acts as the user’s proxy in completing the SET payment transaction.

4.3 MICRO-PAYMENTS :

The netpage system includes a mechanism for micro-payments, to allow the user to be conventently charged
for printing low-cost documents on demand and for copying copyright documents, and possibly also to allow the user to
be reimbursed for expenses incurred in printing advertising material. The latier depends on the level of subsidy aiready

provided to the user.
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When the user registers for e-commerce, a network account is established which aggregates micro-payments.
The user receives 2 statement on a regular basis, and can setlle any outstanding debit balance using the standard payment

mechanism.

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

otherwise be presented 1o the user in the form of individual statements.

4.4 TRANSACTIONS ,
When 2 user requests a netpage in 2 particular application context, the application js able to embed a user-

specific transaction 1D 55 in the page. Subsequent input through the page is tagged with the transaction 1D, and the

application is thereby able to establish an appropriate context for the user’s inpul.

When input occurs through a page which is not user-specific, however, the application must use the user’s
unique identity to esiablish a context. A typical example involves adding items from a pre-printed catalog page to the
user’s virtual “shopping cart™. To protect the user’s privacy, however, the unigue user 1D 60 known to the netpage system
is not divulged to applications. This is 10 prevent different application providers from easily comelating independently

accumulated behavicral data.

The nerpage regismation server instead maintains an anonymous relationship berween a user and an
application via a unique alias 1D 65, as shown in Figure 24. Whenever the user activates a hyperlink tagged with the
“registered” attribute, the netpage page server asks the netpage registration server to translate the associated application

ID 64, together with the pen 1D 61, into an alias ID) 65. The alias 1D is then submirted to the hypertink’s application.

The application maintains state information indexed by alias 1D, and is able to retrieve user-specific state

information without knowledge of the glabal identity of the user.

The systern also maintains an independent centificate and private signature key for each of a user's

applications, to allow it to sign application transactions on behalf of the user using only application-specific information.

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

application on behalf of the user for any number of preduct types.

Each application is associated with an application provider, and the systerm maintains an account on behalf of

each application provider, to allow it to credit and debir the provider for click-through fees etc.

An application provider can be a publisher of periodical subscribed content. The systern records the user’s

willingness to receive the subscribed publication, as wel! as the expected frequency of publication.

5 COMMUNICATIONS PROTOCOLS
A communrications protocol defines an ordered exchange of messages between entitigs. In the netpage system,

entities such as pens, printers and servers utilise a set of defined protacols to cooperatively handle user interaction with

the netpage systemn.

Each protocol is illusirated by way of a sequence diagram in which the horizontal dimension is used to
represent message flow and the vertical dimension is used to represent time. Each entity is represented by a rectangle
containing the name of the entity and a vertical column representing the lifeline of the entity. During the time an entity
exists, the lifeline is shown as a dashed line. During the time an entity is active, the lifeline is shown as a double line,
Because the protocols considered here do naot create or destroy enmtities, lifelines are generally cut short as soon as an

entity ceases to participate in a protocol.
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5.1 SuescrIPTION DELIVERY PROTOCOL
A preferred embodiment of a subscription delivery pratoeol is shown in Figure 40.

A large number of users may subscribe to a periodical publication. Each user’s edition may be laid out
differently, but many users’ cditions will share common content such 2s text objects and image objects. The subscription
delivery protacol therefore delivers document structures to individuat printers via pointeast, but delivers shared content

PO i m—

objects via multicast.

The application {i.e. publisher} first obtains a decument 1D 51 for each document from an ID server 12. It
then sends each document structure, including its document 1D and page descriptions, to the page server 1 respensible
for the documert’s newly allocated ID. Jt includes its own application 1D 64, the subscriber’s alias 1D 65, and the relevant

set of multicast channel names. It signs the message using its private signature key.

The page server uses the appiication 1D and alias ID to obizin from the registration server the cermesponding
user 1D GO, the user’s selected printer ID 62 {which may be explicitly sclected for the application, or may be the user’s

default printer), and the application’s cemificate.

The apglication’s certificate aliows the page server to verify the message signature. The page server’s request

to the registration server fails if the application 1D and alias 1D don't together identify 2 subscription 808,

The pzge server then allocates document and page instance [Ds and forwards the page descriptions, including

page IDs 30, ro the orinter. 1t includes the relevant set of multicast channel names for the printer to listen to.
It then retums the newty allocated page 1Ds to the application for future reference.
W

QOnce tne application has dismibuted all of the document structures to the subscribers” selected printers via the
relevant page servers, it multicasts the various subsets of the shared objects on the previously selected multicast channels.
Bath page servers and printers monitor the appropriate mulicast channels and receive their required content objects. They
are then able to populate the previously pointcast document structures. This allows the page servers to add complete

decuments to their Jatabases, and it allows the printers to print the documents.

5.2 HYPEARLINK ACTIVATION PROTOCOL
A prefzrred embodiment of a hyperlink activation protocol is shown in Figure 42.

When a user clicks on a netpage with a neipage pen. the pen communicates the click to the nearest netpage
printer 6C1. The click identifies the page and a location on the page. The printer already knows the 1D 61 of the pen from

the pen connectior protocol.

The printer detenmines, via the DNS, the network address of the page server 10a handling the particular 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 D). its own printer [D 62, the page ID and click Iocation to the page server.

The page server loads the page description 5 identified by the page 1D and determines which input element’s
zone 38, if any, the click lies in. Assuming the refevant input element is a hyperlink element 844, the page server then
obtains the associated application 1D 64 and link ID 34, and determines, via the DNS, the network address of the

application server hosting the application 71.

The page server uses the pen ID 61 to obtain the corresponding user ID 60 from the registration server )1,
and then allocates a globally unigque hyperlink request 1D 52 and builds a hyperlink request 934. The hyperlink request

ciass diagram is shown in Figure 41. The hyperlink request records the tDs of the requesting user and printer, and
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identifies the clicked hyperlink instance 862. The page server then sends jts own server 1D 33, the hyperlink request 1D,
and the link 1D to the application.

The application produces a response document according to application-specific logic, and obtains a
document ID 51 from an ID server 12. 1t then sends the docurnent to the page server 10b responsible for the documnent’s

newly altocated ID, together with the requesting page server’s ID and the hyperlink request ID.

PRI - - ——

The second page server sends the hyperlink request ID and application 1D to the first page server to obtain the
corresponding user ID and printer ID G2. The first page server rejects the request if the hyperlink request has expired or is

for a different application.

The second page server allocates document instance and page [Ds 50, retums the newly allocated page IDs to
the application, adds the complete document to its own datzbase, and finally sends the page descriptions to the requesting

printer.

The hyperlink,instance may include a meaningful transaction ID 53, in which case the first page server
includes the transaction ID in the message sent to the application. This allows the application to establish 2 transaction-

spectfic context for the hyperlink activation.

If the hyperlink requires a user alias, i.e. its “alias required” attribule is set, then the first page server sends
both the pen ID 61 and the hyperlink's application ID 64 to the registration server 11 to obtain not just the user 1D
corresponding to the pen ID but also the alias I 65 corresponding to the application 1D and the user 1D. It includes the
alias ID in the message sent to the application, allowing the application to establish a user-specific context for the

R
o

hyperlink activation.

5.3 HANDWRITING RECOGNITION PROTOEOL
When a user draws a stroke on a netpage with a netpage pen, the pen communicates the stroke 1o the nearest

nerpage printer, The stroke identifies the page and a path on the page.

The printer forwards the pen ID 61, its own printer 1D 62, the page ID 50 and stroke path to the page server

0 in the usual way.

The page server loads the page description 5 identified by the page ID and determines which input element’s
zone 58, if any, the stroke intersects. Assuming the relevant input element is a text field 878, the page server appends 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 ID and the pending
strokes to the registration server 11 for interpretation. The registration server identifies the user cor‘résponding to the pen,
and uses the user’s accumulated bandwriting mode! 822 to interpret the strokes as handwritten text. Once it has converted
the strokes to text, the registration server returns the text o the requesting page server. The page server appends the text to

the text vaiue of the text field.

5.4 SIGNATURE VERIFICATION PROTOCOL
Assuming the input element whose zone the stroke intersects is a signature fisld 880, the page server 10

appends the stroke to the signawre field's digital ink.

After a period of inactivity in the zone of the signature field, the page server sends the pen ID 61 and the
pending strokes to the registration server 11 for verification. It also sends ihe application 1T 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
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server identifies the user coresponding to the pen, and uses the user’s dynamic signature biometric 818 1o verify the
strokes as the user's signarure. Once it has verified the signature, the registration server uses the application 1D 64 and
user 1D 60 to identify the user’s application-specific private signature key. It then uses the key to generate a digital
signature of the form data, and returns the digital signature to the requesting page server. The page server assigns the

digital signature to the signature field and sets the associated form’s status 1o frozen.

The digital signature includes the alias ID 65 of the corresponding user. This allows &single fortf to capture

multiple users’ signatures,

5.5 Form SusmISSION PROTOCOL
A preferred embediment of a form submission protoco! is shown in Figure 43.

Form submission eccurs via 2 form hyperlink activation. It thus follows the protocol defined in Section 5.2,

with some form-specific additions.

In the case of a form hyperlink, the hyperlink activation message sent by the page server 10 to the application
71 also contains the form ID 36 and the current data content of the form. If the form contains any signature fields, then the
application verifies each one by extracting the alias ID 65 associated with the corresponding digital signature and

obtaining the cormresponding certificate fram the registration server 11,

6 NETPAGE PEN DESCRIPTION

6.1 PEN MECHANICS &
Referring 10 Figures 8 and 9, the pen, generally designated by reference nurneral 101, includes a housing 102

in the form of a plastics moulding having walls 103 defiaing an interior space 104 for mounting the pen components. The
pen top 105 is in operation rotatably mounted at one end 106 of the housing 102. A semni-transparent cover 107 is secured
to the opposite end 108 of the housing 102. The cover 107 is also of moulded piastics, and is formed from semi-
rransparent material in order to enable the user ta view the status of the LED mounted within the housing 102. The cover
107 includes a masn part 109 which substantially surrounds the end 108 of the housing 102 and a projecting portion 10
which projects back from the main part 109 and fuis within a correspanding slot 11§ formed in the walls 103 of the
housing 102. A radio antenna 112 is mounted behind the projecting portion 10, within the housing 102. Screw threads
113 surrounding an aperture 113A on the cover 107 are arranged to receive 2 metal end piece 114, includir{g

corresponding screw threads 115. The metal end piece 114 is removable to enable ink cantridge replacement.

Also mounted within the cover 107 is a tri-color status LED 116 on a fiex PCB 117. The antenna 112 is also

maunted on the flex PCB 117. The status LED 116 1s mounted at the top of the pen 10} for good a!i-around visibility,

The pen can operate both as 2 normal marking ink pen and as a non-marking stylus. An ink pen cartridge 118
with nib 119 and 2 stylus 120 with stylus nib 121 are mounted side by side within the housing 102. Either the ink
cartridge nib 119 or the stylus nib 121 can be brought forward through open end 122 of the metal end piece |14, by
rotation of the pen top 105, Respective stider blocks 123 and 124 are mounted to the ink cariridge 118 and stylus 120,
respectively. A rotatable cam barrel 125 is secured to the pen top 105 in operation and arranged 1o rotate therewith, The
cam barrel 123 inciudes a cam 126 in the form of a slot within the walls 18! of the cam barrel. Cam followers 127 and
128 projecting from shider blocks 123 and 124 fit within the cam slot 126. On rotation of the cam barrel 125, the slider
blocks 123 or 124 move relative 10 each ather o project either the pen nib 119 ar stylus nib 121 out through the hole 122
in the metal end piece 114. The pen 101 has three states of operation. By turning the top 105 through 90° steps, the three

states are:
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. Stylus 120 nib 121 out;
. Ink cartridge 118 nib 119 out; and
. Neither ink cartridge 118 nib 119 out nor stylus 120 nib 121 out.

A second flex PCB 129, is mounted on an electronics chassis 130 which sits within the housing 102. The
second flex PCB 129 mounts an infrared LED 131 for providing infrared radiation for pfdjection onto the Surface. An
image sensor 132 is provided mounted on the second flex PCB 129 for receiving reflected radiation from the surface, The
second flex PCB 129 also mounts a radio frequency chip 133, which includes an RF transmitter and RF receiver, and 2
controller chip 134 for controlling operation of the pen 101. An optics block 135 (formed from moulded clear plastics)
sits within the cover 107 and projects an infrared beam onto the surface and receives timages onto the image sensor 132.
Power supply wires 136 connect the compenents on the second flex PCB 129 to battery contacts 137 which are mounted
within the cam ‘barrel 125. A terminal 13§ connects to the battery contacts 137 and the cam barrel 125. A three volt
rechargeable battery 139 sits within the cam barre! 125 in contact with the battery contacts. An induction charging coil
140 is mounted about the second flex PCB 129 to enable recharging of the battery 139 via induction. The second flex
PCB 129 also mounts an infrared LED 143 and infrared photodiode 144 for detecting displacement in the carn barre! 125
when either the stvlus 120 or the ink cartridge 118 is used for writing, in order 1o enable a determination of the force
being applied 10 the surface by the pen nib 119 or stylus nin 121. The IR photodiode 144 detects light from the 1R LED

143 via reflectors {not shown) mounted on the slider blocks 123 and 124,

Rubber grip pads 141 and 142 are provided towards the end 108 of the housing 102 to assist gripping the pen
101, and top 105 zlso inchudes a clip 142 for clipping the pen 101 1o a pocket. \

6.2 PEN CONTROLLER
The pen 101 is arranged ta determine the position of its nib {stylus nib 121 or ink cartridge nib 119} by

imaging, in the infrared spectrum, an area of the surface in the vicimty of the nib. It records the location data from the
nearest location tag, and is arranged 1o calculate 1he distance of the nib 121 or 119 from the location tab utilising optics
135 and controtier chip 134. Tne controlier chip 134 calculates the orientation of the pen and the nib-to-tag distance from

the perspective disiortion observed on the Imaged iag

Utlising the RF chip 133 and antenna 112 the pen 101 can transmir the digital ink data (which is encrypted -

for security and packaged for efficient transmission) to the cornpuung system,

When the pen is in range of a recejver, the digital ink data is transmitted as it is formed. When the pen {0}
rmoves out of range. digual ink data is buffered 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.

The controller chip 134 is mounted on the second Tiex PCB 129 in the pen 101. Figure 10 is a block diagram
illustrating in more detail the architecture of the controlier chip 134. Figure 10 also shows representations of the RF chip
133, the image sensor 132, the mi-color status LED 116, the IR itlumination LED 131, the [R force sensor LED 143 and

the force sensor photodiode 144

The pen controller thip 134 includes a controlling processor 145, Bus 146 enables the exchangc of data
between components of the controller chip 134. Flash memory {47 and a 512 KB DRAM 148 are also included. An
analog-to-digital converter 149 s aranged to convert the znalog signal from the force sensor photediode 144 to a digital

signal.

An image sensor interface 152 interfaces with the image sensor 132. A transceiver controller 153 and base
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band circuit |34 are atso included 10 interface with the RF chip 133 which includes an RF circuit 155 and RF resonators

and inductors 156 connected to the antenna 112.

The controlling processor 145 captures and decodes location data from tags from the surface via the image
sensor 132, manitors the force sensor photodiode 144, controls the LEDs 116, 131 and 143, and handles short-range radio

commaunication via the radio transceiver 153. It is a medium-performance (~40MHz) general-purpose RISC processor.

The processor 143, digital transceiver components (transceiver controller 153 and baseband circuit 154),
image sensor interface 152, flash memory 147 and 512KB DRAM 148 are integrated in a single controller ASIC. Analog

RF components (RF circuit 133 and RF resonators and inductors 156) are provided in the separate RF chip.

The image sensor is a 215x215 pixel CCD (such a sensor is produced by Matsushita Electronic Corporation,
and is described in"a paper by ltakura, K T Nobusada, N Okusenya, R Nagayoshi, and M Ozaki, "A Imm 50k-Pixel IT
CCD Jmage Sénsor for Miniature Camera System™, JEEE Transactions on Electronic Devices, Volt 47, number 1, January

2000, which is incerporated herein by reference) with an IR filter,

The controller ASIC 134 enters a quieseent state after a period of inactivity when the pen 101 is not in
contact with a surface. It incorporates a dedicated circuit 150 which monitors the force sensor photodiode 144 and wakes

up the controller 134 via the power manager 151 on a pen-down event.

The radio transceiver communicates in the unlicensed 900MHz band normally used by cordless tefephones,
or altematively in the unlicensed 2.4GHz industrial, scientific and medical (ISM) band, and uses frequency hopping and

collision detection to provide interference-free communication.
X

In an altemnative embodiment, the pen incorporates an Infrared Data Association {(IrD A} mterface for short-

range communication with a base station or netpage printer.

In a further embodiment, the pen 101 includes a pair of orthogonal accelerometers mounted in the pormal

plane of the pen 101 axis. The accelerometers 190 are shown in Figures 9 and 10 in ghost outline.

The provision of the accelerometers enables this embodiment of the pen 101 to sense motion without
reference to surface locarion tags, allowing the lacanon 1ags to be sampled at a lower rate. Each location tag 1D can then
identify an object of interest rather thar a position on the surface. For example, if the object is a user interface input
element (e.g. a command button), then the tag 1D of each location 1ag withia the area of the input elerment can directly

identify the input efement.

The acceleration measured by the accelerometers in each of the x and y directions is integrated with respect to

time to produce an instantaneous velocity and position.

Sinee the starting position of the stroke 15 not known, only relative positions within a siroke are calcuiated.
Although position integrazion accumulates errors in the sensed acceleration, accelerometers typically have high resolution,

and the time duration of 2 stroke, over which errors accumulate, is short.

7 NETPAGE PRINTER DESCRIPTION

7.1 PRINTER MECHANICS

The vertically-mounted netpage wallprinter 601 is shown fully assembled in Figure 11. It prints netpages on
Letter/A4 sized media using duplexed 8'4" Memjet™ print engines 602 and 603, as shown in Figures 12 and 12a ltuses a
straight paper path with the paper 604 passing through the duplexed print engines 602 and 603 which print both sides of a
sheet simultancously, in full color and with full bleed.
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An integral binding assembly 6G5 applies a sirip of glue along one edge of each printed sheet, aliowing it to

adherz to the previous sheet when pressed against it. This creates a final bound documnent 618 which can range in

thickness from one sheet to severai hundred sheets.

The replaceable ink canridge 627, shown in Figure 13 coupled with the duplexed print engines., has bladders
or chambers for storing fixative, adhesive, and cyan. magenta, yclow, black and infrared inks. The cartridge also contains
a micro air filter in a base molding. The micro air filter interfaces with an air pump 638 inside the printer via'd hose 639.
This provides filtered air to she printheads to prevent ingress of micro particles into the Mermjet™ printheads 350 which
might otherwise clog the printhead nozzies. By incorporating the air filter within the carridge. the operation’al life of the
filter is effectively linked to the life of the cartridge. The ink carridge is a fully recyclable product with a capacity for

printing and gluing 3000 pages (1500 sheets).

Referring 1o Figure 12, the motorized media pick-up roller assembly 626 pushes the top sheet directly from
the media tray past a paper sensor on the first print engine 602 into the duplexed Memjet™ printhead assembly. The two
Memjet™ print engines 602 and 603 are mounted in an opposing in-line sequential configuration along the straight paper
path. The paper 604 is drawn into the first print engine 602 by integral, powered pick-up rollers 626. The position and
size of the paper 604 is sensed and full bleed printing commences. Fixative is printed simultanecusly to aid drying in the

shoriest possible time.

The paper exits the first Memjet™ print engine 602 through a set of powered exit spike wheels (aligned along
the straight paper path), which act against a rubberized roller. These spike wheels contact the ‘wet’ printed surface and

continue 10 feed the sheer 604 into the second Mermjet™ print engire 603.

Referring to Figures 12 and 12a, the paper 604 passes from the duplexed print engines 602 and 603 into the
binder assembly 605. The printed page passes berween a pewered spike wheel axle 670 with a fibrous support roller and
another movable axle with spike wheels and a momentary action glue wheel. The movable axie/glue assembly 673 is
mounted 10 a metal support bracket and it is transported forward 1o interface with the powered axle 670 via gears by

action of a camshafl. A separate motor powers this camshaft.

The glue whee! assembly 673 consists of a partially hollow axle 679 with a rotating coupling for the glue
supply hose 641 from the ink cartridge 627, This axle 679 connects 1o a glue wheel, which absorbs adhesive by capillary
actien through radial holes. A molded hausing 682 surrounds the glue wheel, with an opening at the front. Pivoting side-
moldings and sprung outer doors are attached 1o 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 malded housing 682. Tension springs

close the assembly and effectively cap the giue wheel during periods of inactivity.

As the sheet 604 passes into the glue wheel assembly 673, adhesive is applied fo one vertical edge on the

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

7.2 PRINTER CONTROLLER ARCHITECTURE

The netpage printer controlier consists of a controliing processor 730, a factory-installed or ﬁcld-i.nstaf]ed |
network interface module 623, a radio transceiver (transceiver controller 753, baseband circuit 754, RF circuit 755, and
RF resonators and inductors 756), dual raster image processor (RIP) DSPs 757, duplexed print engine controliers 760a

and 7600, flash memory 658. and 64MB of DRAM 657, as illustrated in Figure 14.

The controlling processor handles communication with the network 19 and with local wireless netpage pens

101, senses the help button 617, controls the user interface LEDs 613-616, and feeds and synchronizes the RIP DSPs 757
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and prini engine controllers 760. [t consists of 2 medium-performance general-purpose microprocessor. The controlling

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

The RIP DSPs rasterize and compress page descriptions 1o the netpage printer’s compressed page format.
Each print engine controlier expands, dithers and prints page images to its associated Memjet™ printhead 350 in real time

(i.e. at over 30 pages per minute). The duplexed print engine controllers print both sides of a sheet simultaneously.

“ioa S —

The master print enginc controller 760a controls the paper transport and monitors ink usage in conjunction

with the master QA chip 665 and the ink cartridge QA chip 761.

The printer controlter’s flash memory 658 holds the software for both the processor 750 and the DSPs 757, as

well as configuration data. This is copied to main memory 657 at boot time.

The pféccssor 750, DSPs 757, and digital transceiver components (transceiver controller 753 and baseband
circuit 754) are integrated in 2 single controller ASIC 656, Analog RF components (RF circuit 753 and RF resonators and
inductors 756} are provided in a separate RF chip 762. The network interface module 625 is separate, since netpage
printers allow the nenwork connection to be factory-selected or field-selected. Flash memory 658 and the 2x256Mbit

(64MB) DRAM 657 is also off-chip. The print engine controllers 760 are provided in separate ASICs.

A variety of nerwork interface modules 623 are provided, each providing a netpage network interface 751 and
optionally 2 locat computer or network interface 752. Netpage network Internet interfaces include POTS modems, Hybrid
Fiber-Coax (HFC) cable modems, ISDN modems, DSL modems, satellite wansceivers, cument and next-generation
celluiar telephone transceivers, and wireless local loop (WLL) transceivers. Local interfaces include [EEE 1284 (paraliel
port), 10Base-T and 100Base-T Ethermnet, USB and USB 2.0, IEEE 1394 (Firewirg), and various emerging home
nenworking interfaces. If an Intemnet connection is available on the local network. then the local network interface can be

used as the netpage nerwork interface.

The radio transceiver 753 communicates in the unlicensed 900MHz band normally used by cordless
telephones, or alternativeiy in the unlicensed 2.4GHz industrial, scientific and medical {ISM) band, and uscs frequency

hopping and coliision detection to provide interference-free communication.

The printer contraller optionally incorporates an Infrared Data Association {IeDA) interface for receiving data
“squirted” from devices such as netpage cameras. In an alternative embodiment, the printer uses the IrDA interface for

shori-range communrication with suitably configured netpage pens.

7.2.1 RASTERIZATION AND PRINTING ,
Cince the main processor 750 has received and verified the document’s page layouts and page objects, it runs

the appropriaze RIP sofrware on the DSPs 757.

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

be stored in memory. This strategy only leads to potentiatly poor DSP utilization when rasterizing short documents.

Watermark regions in the page description are rasterized to a contone-resolution bi-level bitmap which is

losslessty compressed to negligible size and which forms part of the compressed page image.

The infrared (IR) layer of the printed page contains coded netpage tags at a density of about six per inch.

Each tag encodss the page 1D, tag ID, and control bits, and the data content of each tag is generated during rasterization
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and stored in the compressed page image.

The main processor 750 passes back-io-back page images 10 the duplexed print engine controliers 760, Each
print engine conrroller 760 stores the compressed page image in its local memory. and starts the page expansion and

printing pipelihc. Page expansion and printing is pipelined because it Is impractical 1o store an entire | 14MB bi-level

CMYK+IR page image in memory.

7.2.2 PRINT ENGINE CONTROLLER ]
The page expansion and printing pipeline of the print engine controller 760 consists of a high speed |EEE

1394 serial interface 659, z standard JPEG decoder 763, a2 standard Group 4 Fax decoder 764, a custom
halftoner/compositor unit 763, a custom tag encoder 766, a line loader/formatter unit 767, and a custom interface 768 to

the Memjet™ printhead 350.

The print engine controller 360 operates in a double buffercd manner. While one page is loaded into DRAM
769 via the high speed serial interface 659, the previausly loaded page is read from DRAM 769 and passed through the
print engine controiler pinetine, Once the page has finished printing. the page just loaded is printed while another page is

loaded.

The first stage of the pipeline expands (at 763) the JPEG-compressed contonc CMYK layer, expands (at 764)
thé Group 4 Fax-compressed bi-level biack layer, and renders (at 766) the bi-level netpage tag layer according to the tag
format defined in section 1.2, all in parallel. The sccond stage dithers {at 765) the contone CMYK layer and composites
(at 765) the bi-level black layer over the resulting bi-level CMYK layer. The rcsultant»,l_:i-lcvcl CMYK+IR dot data is
buffered and formarted (at 767) for printing on the Memjet™ printhead 350 via a set of‘line buffers. Most of these line
buffers are stored in the off-chip DRAM. The final stage prints the six channels of bi-level dot data (including fixative) to

the Memjer™ printhead 330 via the printhead interface 768.

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

generates the line syne signal 770 onto the shared line.

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

In the 847 versions of the netpage printer, the two print engines each prints 30 Letter pages per minute along
the long dimension of the page (117}, giving a line rate of 8.8 kHz at 1600 dpi. In the 12" versions of the netpage printer,
the two print engines each prints 45 Letter pages per minute along the short dimension of the page (8'4™), giving a line
rate of }0.2 kHz. These line rates are well within the operating frequency of the Memjet™ printhead, which in the current

design exceeds 30 kHz.

8 ONLINE CLASSIFIEDS

The netpage svstem provides an online classifieds application which atlows advertisers to list classified

advertisemnents, and allows users to search the classified listings.

81 USER INTERFACE DiaGRAM NOTATION

Each application user interface flow is illustrated as a collection of documents linked by command arrows. A

command arrow indicates that the 1arget document is printed as 2 result of the user pressing the corresponding command
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button on the source page. Some command arrows are labelled with multiple commands separated by slashes {/’s),
indicating that any one of the specified commands causes the target document to be printed. Although multiple commands

may label the same command arrow, they typically have differemi side-effects.

In application terms, it is imponant to distinguish between netpage documents and netpage forms. Documents
contain printed information, as welf as command buttons which can be pressed by the user to request further information
or some other action. Forms, in addition to behaving like normal documents, also containitiput fiélds which@an be filled
in by the user. Thev provide the system with a data input mechanism. 1t is also useful to distinguish betwesn documents
which contain generic information and documents which contain information specific to a particular interaction between
the user and an application. Generic documents may be pre-printed publications such as magazines sold at news stands or
advertising posters encountered in public places. Forms may also be pre-printed, including, for example, subscription
forms encountered in pre-printed publications. They may, of course, also be generated on-the-fly by a netpage printer in
response 1o user rezuests. User-specific dacuments and fonms are normally generated on the fly by a netpage printer in
Tesponse to User reguests. Figure 44 shows a generic document 990, a generic form 991, a user-specific document 992,

and a user-specific Torm 993.

Netpagas which participate in a user imterface flow are further descitbed by absivact page layouts. A page
layout may contain arious kinds of elements, each of which has 2 unique style to differentiate it from the others. As
shown in Figure 83, these include fixed information 994, variable information 995, input fields 996, command burttons
997, draggable commands 998, and text hyperlinks or hypertext links 999.

When & user interface flow s broken up into multiple diagrams, any document which is duplicated is shown

with dashed outlines in zll but the main diagram which defines it.

8.2 OnLINE CLASSIFIEDS OBJECT MODEL
The Clzssifieds object mede! revolves around categories and classified listings.

The nerpage classifieds are made up of a hierarchy of categeries and subcaregories. Each category 501

contains a set of sut zz2tegortes and-or a set of classified listings 504. The classifieds class diagram is shown in Figure 46.

The clzssifieds provider 500 has registered cusiomers 505 (i.e. advertisers), each with a unique identifier 65.
The name and descripiion of a customer derive from the details of the corresponding netpage user. Each advertiser 305
has an account 50¢ with the ¢lassifieds provider 500, with a running balance. Account payments 507 are associated

directly with the customer account 506. The payments class diagram is shown in Figure 47.

The mest common payment methods are shown in Figure 47, The set of payment methods supported by a
particular provider vill be specific to that provider, and may be different for different customers depending on their credit

Tatings etc,

When the netpage account payment methed 509 is used, the user's netpage account §20 js debited, and the

transaction appears on the user’s netpage account statement.
When the customer account payment method 510 is used, the user is invoiced for paymen,

When the SET payment method 512 is used, the corresponding SET payment card 821 linked to the user is

used to make paymen: according to the normal SET protocol.

When the payment card payment method 511 is used, the specified payment card is used to make payment

according to the normal protocol berween the provider and their zequiring bank or institution which handles the particular

payment card type.
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Adventisers ean place listings under onc or more classified categories. Each listing 504 has a unique listing
number 514, the date and time the listing was placed, a start and end date for the appearance of the listing in the
classifieds, a brief description, the full listing text and a listing fee. The listing fee is added to the user’s advertiser account

balance.

Any netpage user can browse and search through classified listings without being registered with the

provider, but only registered users can place listings.

3.3 ONUNE CLASSIFIEDS USER INTERFACE
The user may obtain the netpage Classifieds main page from a variety of links including:

« . ‘the netpage directory
* . the netpage user's own bogkmark
. an advertisement

The nerpage Classifieds user interface flow is shown in Figure 48.

8.3.1 Classifieds Main Page
The classifieds Main Page 515, as shown in Figure 50, displays the major classifieds categories.

Te view the subcalegories and listings under a category the user clicks on the category name. A page 516 is

printed showing the subcategories and listings for this category, as shown in Figure 51.

The user can carry out a basic search of the classifieds from the main page. The user enters keywords or
phrases in the search field. To specify a multi-word phrase, the user encloses the phrase in quotes. To specify that a word
must be included in the search, the user writes a plus sign (+) immediately before the word. To exclude a word from the
search the user writes a minus sign (-) immediately before the word. The user can carry out a wild card search by typing an
asterisk {*) at the end of a word. For example, if the user searches for “small™” this will match on “small”, “smaller”,

“smallest”™ etc.

The user may specify the number of matches to be returned by the search by checking the appropriate box

under the search field.

When all the desired words or phrases have been specified the user clicks the <Search> button. The classified
listings matching the search criteria are printed on one or more Search Results pages 518, shown in Figure 52. The user

can prirt the details of a particular listing 517 {not shown) by ¢licking o the listing description.

The user can register with the classifieds provider by ¢licking on the <Register> button. A User Registration
form 519 {not shawn) is printed. When a user registers, an account is created for the user and the user is then permitted to

place listings in the classifieds.

The user can view their account details by clicking the <View Account> button. An Account Details page
522 (not shown) is printed giving details of the charges and payments, and the outstanding balance for the account. The

user can select to make a payment to their account from this page using the payment card method or the SET payment

card method.

The user can place a listing with the classifieds provider by clicking the <Place Listing> button. A Place

Listing Step | form 520 is printed, as shown in Figure 53.
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The user can view all their current classified listings by clicking the <My Listings> button. A View/Modify
Listings page 521 {not shown) is printed. From this page the user has the ability to view full details of a listing, change the

histing end date, or remove the listing from the classifieds.

The user can click the <Biank Form> bution at the bortom of the main page to print a blank nretpage

Classifieds main page 515.

8.3.2 Viewing Subcategories and Listings
When the user sefects a category from the netpage Classifieds main page 515, the Subcategory dnd Listings

page 516 is printed, as shown in Figure 51. Each category may contain more subcategories, classified listings, or both.
Next to each subcategory name a number is shown in parentheses. This is a count of the listings that appear under that
subcategory. The uSér can continue to move through the classifieds by clicking on another subcaiegory, or can print the

derails for a panticular listing by clicking on the listing description.

The user can also perform a basic text search from this page. The user can specify to search all categories, or
only search the current category, by checking the appropriate box on the form. The user writes the query in the Search For
field. and clicks the <Search> bution. The classified listings matching the search criteria are printed on one or more

Search Results pages 518, shown in Figure 52.
The user can print the details of a particular listing by clicking on the listing description.

Only two pages of results are printed at a time. [ there are more results availdble, the user clicks the <Next>

bution to print the next nwo pages of results. ES

8.3.3 Placing A Listing .
A user can place a listing by first clicking <Place A Listing> from the classifieds main page. If the user is

registered with the classifieds provider a Place Listing - Step | form 520 is printed. If the user is not already registered

with the classifieds provider a User Registration form 519 {not shown) is printed.

The user enters the start date and end date for the classified listing, a brief deseription of the listing, and the
details of the listing in the form fields. Optiorally the user could include a picture or drawing with the listing. The user

clicks <Continue> 10 go 1o the next siep. A Place Listing - Step 2 form 523 is printed, shown in Figure 54,

The Place Listing function is a multi-page transaction. To assist the user in keeping track of the pages
relevant to a single listing search transaction, the transaction number ang the current date and time are printed at the top of
the Place Listing pages. The user can click the <Reset Form> button at the bottom of the page to invalidate the current

form and print a fresh form as part of the current transaction.

On the Place Listing - Step 2 form 523 the user selects one or more categories under which the listing will
appear. Once complete the user clicks the <Continue> button te go to the next step. A Place Listing - Step 3 form 524 is

printed, shown in Figure 33.

The Place Listing - Step 3 form 524 shows the categoties chosen, the start and end date for the [isting, the
brief and full description of the listing, and the listing fee. If the listing details are correct the user signs the form and

clicks the <Press & Charge> bunon to finalize the listing. The signature is verified from netpage records.

A Listing Cenfirmation page 525, shown in Figure 56, is printed, showing the full details of the listing, and

the new balance of the user’s account.

The user interface flow for placing a fisting is shown in Figure 49.
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CONCLUSION

The preseat invention has been described with reference 10 a prefemred embodiment and number of specific
alternative embodiments. However, it will be appreciated by those skilled in the relevant fields that a number of other
embediments, differing from those specifically described, will also fall wilhin the spirit and scope of the present
invention. Accordingly, it will be understood that the invention is not intended to be limited to the specific embodiments
described in the present specification, including documents incorporated by cross-reference as appropriate. The scope of

the invention is only limited by the attached claims.
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CLAIMS
1. A method of enabling searching of classified advertising, the method including the steps of:

providing a user with a form containing information relating to a listing search transaction, the form inciuding

coded data indicative of an identity of the form and of at least one reference point of the form;

receiving, in a computer systern, indicating data from a sensing device regarding the identity of theform and 2
position of the sensing device relative to the form, the sensing device, when placed in an aperative position relative to the

form, sensing the indicating data using at least some of the coded data; and

identifying, in the computer system and from the indicating data, at least one parameter relating 1o the histing

search transaction.

2’ The method of claim | in which said at least one parameter relating to the listing search transaction is
associated with at Jeast one zone of the form and in which the method includes identifying, in the computer system and

from the zone relative to which the sensing device is located, said at least one parameter.
3 The method of claim 2 which includes

receiving, in the computer svstemn, data regarding movement of the sensing device relative to the form, the

sensing device sensing ils movement relative to the form using at least some of the coded data; and

identifying, in the computer system and from said movement being at least partiafly within said at least one

zone, said at least one parameter of the listing search transaction.
LN

4, A method of enabling searching of classified advertising, the method including the steps of:

providing a user with a form containing information relating to a listing search transaction, the form including

caded data indicative of at least one pzrameter of the listing search transaction;

receiving, in a computer system, data from a sensing device regarding said a1 least one parameter and
regarding movement of the sensing device relative to the form, the sensing device, when moved relative to the form,
sensing the dara regarding said at least one paramcter using at least some of the coded data and generating the data

regarding its pwn movement relative to the form; and

inierpreting, in the computer systern, said movement of the sensing device as it relates to said at least one

pararmeter.
S. A method of enabling searching of classified advertising, the method including the steps of:
providing a user with a form including coded data indicative of an identiry of the form;

receiving, in a computer systemn, data from a sensing device regarding an identity of the user and regarding the
identity of the form, the sensing device containing the data regarding the identity of the user and sensing the data

regarding the identity of the form using at least some of the coded data; and

identifying, in the computer system and from the data regarding the identity of the user and the identity of the

formn, a listing search transaction.

6. The method of claim 3 in which the coded data is also indicative of at least one parameter of the
listing search transaction, and the ‘method inchydes receiving, in the computer system, indicating data from the sensing
device regarding said at least ene parameter of the listing search transaction, the sensing device sensing the indicating data

using at least some of the coded data.
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7. The method of claim 6 which includes receiving, in the computer system, data from the sensing device
regarding movement of the sensing device 1elative to the form, the sensing device generating data regarding its qwn

movement relative 1o the form.

8. The method of any one of claims 2, 4 or 6 in which the parameter is an action parameter of the listing

search transaction, the methed including effecting, in the computer system, an operation in respect of the aciion

PO - Py

parameter.

9. The method of claim & in which the action parameter of the listing search transaction is'sgiected from

the group comprising:
a cartegory,
a search request, and
a request for more search results.

1C. The method of any one of claims 3, 4 ¢r 7 in which the parameter is an option parameter of the listing
search ransaction, the method including identifying. in the computer system, that the user has entered a hand-drawn mark

by means of the sensing device and effecting. in the compuier system, an aperation associated with the option parameter.
11 The methed ef ¢laim 10 in which the oplion parameter is associated with at least one of:
a caregory,
a search request,
a request for more search results, and
a number of search results 1o be returned.

12 The method of any one of claims 3, 4 or 7 in which the parameter is 2 text parameter of the listing
search transaction, the method including identifying. in the computer systam, that the user has entered handwritten 1ext
data by means of the sensing device and effecting. in the computer sysiem, an operation associated with the text

parameter.

13. The method of claim 12 which includes converting, in the computer systerm, the handwritten text dala

1o computer text.
14, The method of claim 13 in which the text parameter is associated with 21 feast oné of:
a search term.

15, The meshod of any one of claims 3, 4 or 7 in which the parameter is an authorization parameter of the
listing search transaction, the method including identifying, in the computer system, that the user has entered a
handwritten signature by means of the sensing device and ¢ffecting, in the computer system, an operation assaciated with

the authorization parameter.

16. The method of claim 15 which includes verifying, in the computer system, that the signature is that of

the user.

17. The method of claim 16 in which the guthorization parameter is associated with suthorization for at

least one of:
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access to account information, and
account payment.
i8. The method of any one of claims 3, 4 or 7 in which the parameter is a picture parameter of the listing

search transaction, the method including identifying, in the computer systern, that the user has entered a hand-drawn

picture by means of the sensing device and effecting, in the computer system, an operation assogjated with, the picture

parameter,

19. The method of claim 18 in which the picture parameter is associated with a picture of the item being
advertised.

20. The method of any one of claims 1, 4 or 5 in which the form: contains information relating to at jeast
one of: '

listing categories,

a listing search;

listing search results, and

listing details.

2]. The method of any one of claims [, 4 or 5 which includes printing the form on demand.

22 The method of claim 21 which includes printing the form on a surface of a surface-defining means

and, at the same time that the form is printed, printing the coded data on the surface.

23 The method of claim 22 which includes printing the coded data to be substantially invisible in the

visible spectrum.

24. The method of claim 1 or § which includes retaining a retrievable record of each form generated, the

form being retrievabie using its identity as contained in its coded data.

23. The method of any one of claims 1, 4 or 5 which includes distributing a plurality of forms using a

mixture of multicast and pointcast communications protocols.

26. The method of claim | or 4 in which the sensing device contains an identification means which
imparts a unique identity to the sensing device and identifies it as being associated with a paniicular user and in which the

method includes monitoring, in the computer system, said identity.

27. The method of any one of claims 1, 4 or 5 which includes providing all requiréd information relating

to the listing search transaction in the form to eliminate the need for a separate display device,

28. The method of any one of claims I, 4 or 5 in which the form is printed on multiple pages and in which

the methed includes binding the pages.
29, A systern for enabling searching of classified advertising, the system including

a form containing information relating 10 a listing search transaction, the form including coded data indicative

of an identity of the form and of at least one reference point of the form; and

a computer system for receiving indicating data from a sensing device for identifying at least one parameter
relating 1o the listing search transaction, the indicating data being indicative of the identity of the form and a position of

the sensing device relative to the form, the sensing device sensing the indicating data using at least some of the coded
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data.
30. The systemn of clairn 29 in which said at least one parameter relating to the listing search transaction is
associated with at least one zone of the form.

31. The system of claim 29 which includes the sensing device, the sensing device sensing its movement

relative 1o the form using at least some of the coded data.

N — —

32, A system for enabling searching of classified advertising, the system including:

a form containing infermation relating to a listing search transaction, the form including coded data indicative

of at least gne parameter of the histing szarch transaction; and

a compuler system for receiving data from a sensing device regarding said at least onc parameter and
regarding movefﬁen; of the sensing device relative to the form, and for interpreting said movement of the sensing device
as it relates to said at least one parameter, the sensing device, when moved relative to the form, sensing the data regarding
said at Jeast one parameter using at Jeast some of the coded data and generating the data regarding its own movement

relative to the form.
33. A systemn for enabling searching of classified advertising, the system including:
& form including coded data indicative of an identity of the form; and

a comnputer system for receiving from a sensing device data regarding an identity of a user and the identity of
the form, and for identifying, from said received data, a listing search transaction, the sensing device containing the data
regarding the identity of the user and sensing the data regarding the identity of the form dsing at least some of the coded

data.

34. The sysiem of claim 33 in which the coded daia is also indicative of at least one parameter of the
listing search transaction, the computer system receiving indicating data from the sensing device regarding said at least
one parameter of the listing s¢arch transaction, and the sensing device sensing the indicating data using at least some of

the coded data.

3s. The system of claim 33 which includes the sensing device, the sensing device sensing its movement

relative to the form.

36. The system of any one of claims 29, 32 or 34 in which said at least one parameter of the listing search
transaction is selected from the group comprising an action parameter of the listing search transaction, an option
parameter of the lisiing search transaction, a text parameter of the listing search transaction, an authorization parameter of

the listing scarch fransaction, and a picture parameter of the listing search transaction.

37. The system of claim 36 in which the action parameter of the listing search transaction is selected from

the group comprising:
a category,
a search request, and
a request for more search results.
38. The system of ¢laim 36 in which the option parameter js associated with at lzast one of:
a category,

a search request,
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a request for more search results, and

a number of search results 1o be returned.

39. The system of ¢claim 36 in which the text parameter is associated with at least one of:

a search term.

40. The system of claim 36 in which the autharization parameter is associated with authorization for at
least one of:

access to account information, and

account payment.

41,7 ;i;hc system of claim 36 in which the picture parameter is associated with a picture of the item being
advertised.

43, The system of any one of claims 31, 32 or 35 in which the sensing device includes a marking nib.

43. The system of claim 31 or 32 in which the sensing device contains an identification means which

imparts a unique identity to the sensing device and identifies it as belonging to a particular user.

44, Tne system of any one of claims 29, 32 or 33 in which the form is printed on a surface of a surface-

defining means and in which the systern includes a printer for printing the form on demand.

45, The system of claim 44 in which the printer prints the coded data at the same time as printing the form

N

on the surface-defining means.

46. The system of any one of claims 29, 32 or 33 in which the coded data is substantially invisible in the

visible spectrum.

47. The systemn of claim 29 or 33 which includes a database for keeping a retrievable record of each form

generated, cach form being retrievable by using its identity as included in its coded data.

48, The systemn of claim 44 in which, to cater for 2 form printed on multiple pages, the printer includes a

binding means for binding the pages,
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B# 3R B R S fp U R AR % R AT A X sb i s

ATEFRAZBREMGITEM, KXPFECEEHT A Hdr
PEAR, #HAE Memjet™ TP K. Memjet™ ZAREE 2wt AHELH
RENGPER, RIPkRESKEME, HEZEMBHETFIRKE
% (MEMS) EARkH¥EN., B 17 2577 A—A Memjet™ F18 L4069
—H AT IR 300, AN AR EEIPHEIET 168960 A3
300 KGR —A 1600dpi R R EITEPM. XAITHEILE IR
BéE, e, K&, L&, Pt BRBREFERATHNE ZKETH.

EAATEP3R4F 300 K &% 110 R K, 32 #ORE. X sbidrip 3 s
AWM BE—~AEEA K 301 £, IABTAREHE CMOS BH L3, i
ik, ey, PEHEE (ZAEF).

AT 304 300 69 L2542 K 302, KB 303, KK 304,
AR 305, ERFHELES 306, FAF 307, A BAAShILME 308,
LB MMES 309, AEEINAEALE 310, LEEFHWHEZE
311, #RKEAD 312,

XA BRAES P E 308 R B HRGF XEHEE 319 FFHF
L BAE b Eat 309, EABAREANHAE XA CNIBEGEZE 310+
311. R4 308, 309, 310, 311 # 319 AAE—RBKR T —AEE
b, T il S 320, |

B 18 B T —A4op44F 300 BFl0 —A RS, B —AdTH
# 300 85— A ERY 315. BAEMEGHS IS HEFTHEA EK,
AFEE B3GR 301 HEABREAT 312,

B 19 (a), 19(b), # 19(c)2F T —A Memjet™ F1 P 3r4F 300 &5
T AR .

B 19a)B = T £ —ABRBH AT, EXTRE 316 L4
. BXAEBEARTREG 316 AR EHEREREA, FAALERE
7 BAE KR E 304 Fo BRE HE 3 306 Z ) 69 A H 305 .
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AT, 48Pk CMOS S B HHIEMRFTir ) R BH 4 5
EAE TR, A XA, FEEHAIARE, AEHXALE
EFHA B 308 65 318, AL — AR REFT XA R 2 308 b
ROFEHNKLGA 1| #E, BRPETETRHD, BIRFBHT
&6 iR E S AR BT 308 HATIM. BAEA KBS R 300
ARHIm#, HACRRETABR, ZIRAXHARNZRELA
BHER. ZARNEZRFSBZBRIRETHHBE 320 HEF L
K 301 AT EMAHER. IAEEE 307 FXAEHAE I
B 304, RERE 304 B KLY 2 AKER B 190 BFHEALE.
KT BANER, BEEK 321 FHEFE 302, FEREIKNTR
# 316 W . HE%L 303 BLFATRE 316 FRITRE 304 9k
&.

L2 308 A= 309 (9 R EMFH, BMHE 320 AW LB E, X
BT EREE 317 5AREETGEKR 320 B, B 19c)FHEF
8. EARHBELTRE 316 G ARKIGER R ENHIER.

B 20 277 A48k 350 W—8&. E—ARAITHEHT, IrHk
R ERgKEFE 351 LedHEE (RARE 210mm) . FFEFHE
Z 0.4mm R(—ATLIrF L k4 02%). SRATdrepn, I ALK
EFE 352 LitABsh it AAE RNk, AP LEAE 6 X
B HEF] G AT AP SR 300, ATH W B KEA T 312 FTRAEE 6 A E K 2
# 6 MERGEK,

AT EIRAEF I RNREER, —ATERFER 330 ##
BB XAATH KKK 301 sHE—ARE 302 R, A—AABEARER
F 3L 331, BiLEA, BAREMFBEASH L. A TELRERY I 331
MK R F L CHRNTAE, ERTareedn, HEdRgTaad
FHREND 332 HEHRBRIIFAMBIAGAHEREE L, ATHELE
K321 £, SHPMETERREM, Gy X EAtfr e

1.6 I RE
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BEAMR RGO RENELAENE AL 101, SHEAL TS
AHEHNE 134 RAT N RAZHEEBA—A T AOHEAFBD IR S EHRF
e, EABZHEEBER-ABKES, FREE - ACENERBRA
AR L shE K. e TEHEF ML, IARLAESENDESL
S5X G EM FABALERS U -ABeE Eirio TR kHk
AFE&F (Fp, % 200dpi &£ &, % 100Hz 2.5 £4e) . IALH
WHRGZERETHRA, FEEALESF XK RRZA IR (KA
E3E), EAPIRFEEEEA (i) T &2 H k2R ARIE.

AW RENKEFTHF RARTAE A LA irie B KL A,
BT A H — AR ALE A, R, MR ERMSEA—
AR AZEHFALZEERAFTRLEY, Pod A AT ERE
i, F-ARALEREMIAZIARRERASE T, FRLEA AL D
61. B 23 S 7 TEARMAELE, RBETIAMARE E—A MBS
1N ELmEiNEE.

BELE-ARARTEEY, ISALAZIATEATGHEES
R, BALELERERIN-ANIHERE, HFBEEIALEL LS hamti
FIRAERZ ‘R XEFRZ ‘BT §—ABMARRTER. XA
#iBiE AL L REFABER “5&” IATEH LG AT EXH4,
AM—AFEF R, P, 2E&. A% BAIBHEI-AEBMARGE
78R M A S HH do— A8 45 S HEAUE R,

FEBIELaSMEFSE LARMAGRIKR 193 HTRE, kAR
AELEZINARRILGEEPFH., EBAREHEL, FRRELEX
AERARIE L ERBERG T FXANLENH Sl FILTEN R FX
AMEXFFRGEE. RREIAMLHEESFRTRILEK, B
N LAt S ESFLRPbERRL, RIHBAYTEHEESHERR
5, BATAATBRANFESSRISHE,

EHRA T EREA—LRALEERMHEY. —ANAED0E
EEAR G LG — 2R THRGERSE, XZH-AEBETHFH
s, FRERMEBEN~AMERENTFHEAER. LRTHEARH D
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KHER, EEFHHRHET, A0 ID HERERE—~ALESGITHE. —AL
& AR ARIS T EXAM WA & ID 50.

HF—ARAEASEMESG AL TS 826, XAFIAM RS
BATH WA b8, %, IAEEFRRRLETHE, RAKEANE
RS E—MANREEFEN LS, SNABHET ARG LAY
—ARE., COEEIEMNEAT BT IERABENRAERTE
AKES, —LPLEHEN - N EFREAERERRLIE A LA,
A A — A5 B AL 6 F AT E R,

f— ANERR-AEHEER 824, XRAEEE—RBELBINEE
MEE, ALEMMEANEERTENEET, REZFICEERES
ZEHFRECBALZINHEL, B A ELAFA - NMEFTHELRE
825. XA ABRARERLEEMLY—AEERE, Hlde, sTHPNR
— AR T HRB-ABREAENHE., IARLELREALESTE
EMEGELRE, G- EAREERGEBHAFLLET S WNEL
R, 2L£5MEHBTHEN, SNARFTH L L& L L M4kt
1T HAE.

AT EALE AAABEG—AMTANGERAN, IALEER
AR “BEM” LED. SZALFREBHAIAT O —ALHITH
e, CALEEEL 4957 LED. ¥ XAMAERDMAE XA T GRS
—ANE &N, CAFEERL “OK” LED.

— Rk HEBRAMEETEK, BFEABRTLEFRFEY
HERBES BATSFERFTEMNEINGLR, FAEBATHE
£ S ATBEDUIE oG R R,

BALEAAEBEFX, FLAS - ANEESLEABHFRFELR
ZABXARTIEMN. REZGRFEREAT T AR RRA LS
B4, FBERBMITIONRTHERG AR, ELIEAE-ANEBRATE
HE A ERBEER I, RARENPRT BT R NLE,

EZIANERT —ApnedEmly, cHEFERELFLEANAHEE
b ARERBHNETHREES 10 24358 TFE. BAAEILT—
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MATEPALE T B A B, SR BB ANEFEK,
—AETREMBFEATEE §3repd, REZEAMAGRARREEG
ARG M A PAERSGHT Y, AMAEETHEZN N AL E5H—
AT AT BAZ R R AR E 2,
FTaEieRa 6 F, £2FE 8 3 10 kifFwmiEREANAEN — Akt L8k
F A

1TARAXE

M RATEA 601 K ETE 101 H— AL B3I, SIALHAT
5 AR 1 X EXBEE. FiE 4 ORBERE 3 REALHE
B, SEHRATRF—AED, Pl ALE8H, BAREAABRLR
BHHRNFLABEGREIFHRAT SR, FLAFEFIALM
MER GAMTEEGAF. EAAAFREMAEB e, LA
AT, CEd DNSHESNTH ID 50 B ALF THAN T @ L4
830 MM A HERSFR 10 M. RE, CTREIALELEHT B
BEE. wERAANONLESTRNETEAAE, RE, X4 4P
WEAEREABRTARERARSFBAERL., F—ARATaEH A
MARGHRSE (LTH) HFAALHO-AREAGHE. ZARE
AEFENE, FwBE FTALAREE BRARFIRAFLMTRS
AT B

EXANATAEHRESBAXALREBNLE BN, SHEBIESRAAL
Lo AR GEE, FEAELIALES T BHRGF—~ N F4E.
B, CHRSBEEMERGGET AR ARRIEE S,

A CE R RARTELERTHAERME LLRGEE LY
RGN RGEANEREREPHES, H—ANEFREN A
BB EBME-ANEE, I, REBT—ARBLEE —ALSD
15, Hlim—A “EE" @EERRSRTEMTRBLEEZEY “OK
LED #)°h Bt fa 7 B k.

E—ARARGR#EPHHERARS: BEBEAFERTR, AT
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‘‘‘‘‘‘

— A F TR AT B AL T s — A £ AR A 65 8

1.7.1 REHEE

—ARBBEERN-AEZREREAEREN TR, AV RART LS
5| —AdTEp e R

— A RBIB AR 844 AR B A ERAKENMIEGE A 71, FinE
BEMERORBBREN—ANERID 54, EREAGABBEERETS
FERPHERNE ID6SH—A “MTEENE” 47id, pERBEEBHAE
H—AKERA ML FEEERER P YA TREFT o #&E A G — A5
#H, IMBAEERFEHETFER 29 T.

LA BABRERMEN, IMATARFERAE AN FLIBIARES
FEAWG L —ABR. ZAEAR—AER D64 kIATHE, R
A KA ID#38E DNS, A —AEEGF kTR, A3 E88
i —AOREEE 863, ARBUBIE 865 MRBELHEE 864,
B 30 PAETH. —A—BBBEETALHX T A E T
HER, A TUARERG—ARFBLE-AKZA. — MR ERHE
BRHRENEARRILBINAER, A EERERBR I THRAERR
BREARRA. R EWHEFOE—ENMINLE, P, EABRRAT
LB E —EATEELE, RLHIANFEAW LT FXAFH
ATHEE, RFREHEAN - AXRANEET. A BL4BLY
HEEAETEHRILBEASANEE.

AMEHRBBBETH 862 LET —AXSH ID S5, IARSIDSS £
ATRABERELPTEGT @ EF., ZIALSH ID TR EH & A
BERe., 5ERPRLEQEE, Hlodh A AUBERAAXAR P YHEF
AL R TN “BRE”

BAREAE— A SBBRUBABRETOLELEG L WEE 826. A%
GE-NHBEPEEREPOLEMIEB LY 868 AL, ZRAPR
RAMBEEBAL “BERR” BHES NWEE—REARRRIZE
A O, BARGEMAORBBEBENETOE - M ARWER
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1%,

—ARBBEE 866 L AF —MAX BRI —HFH 838, A 31
FrEaey. SE3EAATHEMTFEFRERTRAN, 5 ami
MR ER 844 MBE. —AREBEATUR A TFEREBEEADE
—AFE, Fll—MEFERTHRR. CLTRE - AR BB BEEYH
“ERI” BR—R, ATHE—AERREZEGHA. i, S
TAMA T XA “BRX" LEZXBED, o, By i+
BAARFE —KER TR LE.

1.7.2 #4&

—AEBEILTRATRAL AR R EFE AR ERAEEGAR
LBANFERES., —AEBAHF—ARPHE~AMRSBLEAG—A
BERARHRAFRX—ARET A58

— A H 867 REXBERLEH T~ 44 838, vR&LaE—4A
Hogh S RAE 839, — AR LA 868 BT T — AR — AT 4.
G OIEL AN RN FEAS 845 RGBT R EH] 870, H—AFE
S BAH A 871, EMXANERBGETRAEFRFMFGER,
F-AFEMARFTRLS —FENPEEEHGRA, B, B4
HFEATHRAGRA., BAEEERBREFER 32 T,

A F R TH R —AKE 872, BKA 872 A FEAABERL
BEN, A%d, LRI, LAMIEEHG. S REEG RPN,
CRAMEY., ~BEIAZRBRELTHE, RE—2IACehELEwHE,
BRANFRTGHAELET. — ARG~ ARIBRBBEC2HBE, AN
EHBRTAHCHRIY, BREINMBEAREN “HERI BHOHEE.
LAFRAAT—ALRER, TEARIAZINARRGRLE, EIA
ERFTEDLMG., BXNERCHAB AR, o, BEBHK
MAEMNRLEEE TEARBORNEAGIA, ETAEEHE TS
ey, HEXARBLETEERSN, AFFEARASTHEA. B
AMEG A ERAORTERABFAALREAREANE TFEK 833
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FHAER., BEIARBATHERZALRAN, AFRIEAK. %1
MEBETHARERE ALK ENM, &ﬁﬁiiﬁ%*ﬁ%ﬁﬁ%
PRz 258 —rERRERS.

FF—AFA RSB GET RS ZHRE (E 59), X#,
FPT — A, BAFRT RFG-AEBIRES T H ik
A4 AR T ABMEFIHRE £,

I AMAZEABTERDHHEN., HFER 873 i —aA i
AL EBH 872, HALEBMOEBEFENER 875. H—ALE
CLAE— AW W IR EALE 876, F—AEAE 876 AL T EPL
koG, BABFEAREBREFER 33 T

—AFEHH 845 TE—ANEFEFR 877, —AXLAFE 878,
— A B FE 879, RA—ABLFK 880, BAFEFHLA#KEFE
A 34 F. A—AFERREE S8 PHH KGR FEARM 5 B XA F
K.

— AN EBEFRAF —AMXGH RIE 881, B 35 FHRT&. £
— A REFBEFHERRFHFRAEMFRE (—AFF, AL, —4+4
A, —AZFH, FF) T —A LAHE SR XA FRAM.

—AXARFEREA ARG CA{L 882, 4 H 36 P EFH. £—
XA FEERTHBERGETHF B ALENTBRF B3R
AR, FBLBIAXSBESRBZAFEGM. BT BRA L%
Z T (L, ¥4, Tappert, C., C. Y., Suen #= T. Wakahara E#) “The
state of the Art in On-line Handwriting Recognition”, IEEE Transactions
on Pattern Analysis and Machine Intelligence,Vol. 12, No.8, 1990 5 8
A, AASZEZFTHAEIIELES) .

—ABELFREA-AMEGE TS L4 883, B 37 FPHETH.
A—AZLZFEARBVTRBEGENRTFERBRBLESNA LSS
B BAATEE, HFAGERFENEEGARYG—MFELHTEF
B SRBBZAFTEGE, RAZAZERFERATHAIAERRGER
MRHELEARTEZARESL, BWELEERMT S HFERY
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(X, #)%=, Plamondon, R. # G. Lorette 5% “Automatic Signature
Verification and Writer ldentification-The State of the Art”, Pattern
Recognition, Vol.22, No.2, 1989, XA E AKX EHBHAETLLE) .

—AFEFRERIEE, R CRE BHERE. —AMBRGF
BHFFARGERAEA—ARARR, FARPMHEA. ETREH—
AMXFRA, FEYOHEINFTFRGERBBERIE, IMETRAHRE
HAERBRET.

“Goif” 4, PR TRBGOMRE, LT AEAEFE RN
k.

BAFERNA AN AES (Bp, R TESSNZHE4HH),
MmARE “BE” & (B, RERERTHEE) , e TALAMA
BREWERAERNEELEEE, FFEOFH, ARELL 35 HAL
H—ANEHER. ERAZN-BRENEG, 8325 AHFHMX
HF B, FAERLE6E, TUMAELE.

o EBHENRFER, OE—RANLES, EME—HTHEYF GER
T E BB R ME ZAFS4GHFTEKRKR, FAAATHER, H£TKR
HHEW B — A EGEFEREGEDSTAE R B ZAFFFRS
B FEAA.

EBEFFETHBEGBRFERTAREH Y —AHFHE. BEH
BRH—AREZANERRAE-~RBFRIBRARG T XA ERE
Mg, RRERGEBRLIS SRS,

F22BELETE-AMHRHATGEFERLLLERE,
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2 H-AMAHATREXARZH LG

A5 (R @A ki
R —A &k HHERTLE A
24 Bk WARBRELEA
% Sk KAERILER
ERFE I AT AR SERAMBTE
A F5 HHRFEAREALR; S8
A3 FHR
& & HFEK SEHFEXAITR
%% x4 HEEBTFEIRESL, FLEERY
KFEL, SREFELIFR
X - g FEBFEAI S Nk

BEARAERERHEANEG—ASHER. AN RERELRLOELTE
FEVTREXBEGELES. A BETEE, XA AREFRFR, &
AT 69473

BHE-AFEFTHBEGRERFEREARGEIANARAMRS B L,
HFHEEANAERBREILEANH S ZERE-RTRIBHEATHEZE, X
RFEA B ARG HF BB FER, SO E A6 5Ra R,
FlhoF B LR HER, Fl, ETUROELSAEESEABTIHZH.
5 R RAAENS SRR EGEELTAN TR, HHAZIASMG—AF AR,
—AFRHEATEFEBRTUARBEZ A AL BFE. RE, EAER
T AR 8 A F ARG U 5 5RO 8 B 4G B Bk e R A F O E)
—AATEHER, BEZIARP THROLUZEXBTEIIRE THLER
Ay SR
A 38 ERTRAMAT—AFMRAGERANITRG—ARE. XA
BOAZALEEK (£ 884) —ALS; iR (£ 885) £& JaHiXA
& ID 50 AriF A6 R d 54 830, &% (4 886) AR @HAE 5 7
i ({2 887) AL B EARE 58 A XL — M XALHE 839; Hli
(£ 888) EANMANFHAT L —AFEFAME, F AR ZREH
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B OG5 W A 892) Bl X AFBL4E 871 (9B FEK L, FE(F893)
P R IAFEGRFEKR, FRAMN (F 894) IAFEREZEL A
BRI 866 65— 4, HBwRE, SBFE (F 895) MENMRBEE
B BARHE, R (£ 889) AKX ZEL —ARBEAEIN44
R, ef X, s#E (£ 895) MEMBAEE; $41M%, AL—AHA
FERBERPHEBEGERT, HABKGESHM (K 890) AFZFE
833 M FEARL;, PR BRKGESEN (K 891) B HWEM L WH
B 826, Xk EMIRFBATANE.

K 38 BFTARE 38 B FdB T V% 893 9—AMitmAl, £
F—AFEHBEKERFERABRFEINGFEGRD HBTEM. E4
ARAEAY (£ 896) IAFBRAEFZ-MEEER (£ 897) I
FEXETEF—ARERS, FEpER, HF—ASAMELE (£ 898)
B XA FEAE;, B, P (F 899) BAFEATR -ALLFE,
B4R R, HABAENEMRS BHIARFEAMAESE (£ 900) H
HHMLE, HFEFEIABERGT AL o8 (F 901) BEAFR
i, BRb, g (F 902) IAFERER—NMZLFH, PRE &
B S EMRFBIEE (£ 903) AZAERALZTHELHEFE
K, BEEABEANAEZRBRSBHFBEEAXANLENAELTEANREL
AR ELEH, £7545 (£ 904) £ THAERSAES -ARFE
%, FBRRAHKFSL58 (f£905) BXAFHEAE.

1.7.3 A @REB44S _

— AR RS B RBEATARFERITALERG— AT 4
T HBS AN, AR, X8 EATRAE

— AR BREBHA 907 TRE—A L& EEA4 908, —AHH
0 A A A 909, —AH RS 010, — M ERFERREHS4 11,
—AEHA @A M2, —ALEREGFS 913, —AEKBRABRAENS
4 914, —AFH A4S 915, —AEELHHS 916, R E-AEF
TP AEGRS 917, B 39 PR FM.
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— A X EREG S EME AR TH L. —A LR ARGt
By A W R, HERERABELEGFEME T LS FEE THY
—AMEIGHEN. BN LSRR EFAARAGERAETS D,
HFES—ABERAERH, RARBERBEABHEING. —AEEAKS
SRR AR AR, HASEZIANMERBRETH G AREGITPRE
N, WAFFRME —ARFEARKESGASTLEXTEIAEELER LA
kA —AIrpRE, GREBRRTE, Aedirepey, LAHTy
8, FeiX A fAs 0 AR A,

BA A ERBEEBENOE—ATH D, IARAKRRFRTE
—AF R TS, TR, RE-AFHRR LG A Bt AR
£ A —A- BB MR ERY.

—AELH A AT ERARENRFFRALEME R G EHG—A
WHRFER. PREIATNHLE—AERIE —AZBO—KS, RE,
EAELH A B SARERY ML ERSS. —AHLER G
2B AN B EHG—ATPHERL, GEFFFREEMREF. REIASAT
& O AEBRE-AEBN KRS, RE, BAELETAF4LHE
BERA—AREEBGS. —ARFABREGPSFELTEAEE
NEEFHKREN—ATPRS, aEBERTE, MrHdree, £
HEITHE, P ARENEMERREZ LRSS E2RGRE.

HAAEF AR ELGEAF A EAFEFTES -ANELH A BHRAARL,

Y —AREEFHEIRAFLFRAMFEAY, FRASAECINRED
T XM ATep, B, —ASFRIFAEI AMRpRELTEBABA,
HFAEXAEATRIAHEA. WARELRALRBBA R HRY,
B AE LA AR, A FRARALT ELIELGEY.

— AR H LS ARBRAGE F TR ET S LA
— AT EN., R FEAALEOEEMER, RE, ENMLHLESGTS
HERE AN AR ERGFOBANG T LI ANE. — AL EIBFS
FEMBEXEEAG—AHOEN, GLEFFEEAHER. REA
LA OAEAEAT A, BB, BALELHGSRERAE A LRGP
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ARG ST EREAESE, —AERFIRKEGGFSTTLELETIARE
LA EF RSN AT RE, AFEBEERTE, A#iirey, 2
AT 6, Fo'€ OIEMGETEAGRKE.

PRBEATARFBFLSE “EREFE BHRMZET, &5, &
A bsf i £ U WAEMFRG A GHAHE, OREF O, P
AR BATEE. BAF--AROBRSFESSINELRBHTT.
FEAARAOROELTEABEIN GRS BZFAG AT ORES
A3, RE, EATLSHLY.

Mt AAEAN R OB BGSTMARANE-ARBEEREEY, —AR
ATOREE ERAMAGREE, IATERSFBRUES XN BLEAE
AR X 6 BB AR R R R RAEAT GRF B4

— AT ERS BRSO ARER, L BE BRREET. —
ARBERYGEFHEEBAAGLEEZA -ABRARR, TUAREBER
B—ARPHEE. 2R, ETABERALE-ARRAT@FH—AR
FRFG BRSO E, RIS RAREETSG “EHATE B
HAEEET.

1.8 Pl T 89 47 e 4 4E

FEIARENF P, F-ARATAGEFYIGFT ISR T B, A
AFCA—AMRABLFAABAXEXBIEGHE. XABIFLAE—
ABNkdn, ARXEBERT, BETEABEKEEATIANAT @G A
BN, A—AEZBHAEHT, EABERTALAZANAEBG AN, F1
B—AEEIBAKHT, H—AZREWHA A EE5E A
PhRAE S EHE.

BASEETOENRBAEHMXOR AN GRS ZBFLE, F
#og N A A B aa g — A8 R aitir a2,

198 P8 A% |
B— Akt g, IARRTITFREA —A#HIFEH “F™
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Nphehddn, LETEABREN, ®RIE-ALBROBB A G 46 GEE,

L35

© ATHALR KRS

C TR GRS

- MAKFBHEE

- X AhieE R

- TREMR MR ER
BAFRDELEET AT MEAZIANA A4 EABESF

XA e EE Q6T & 63 ak
o AT AT —HE N
C IR AREER
COA AR

B HB LS AREEETESE, KBTI, CEHENKREEL
FRERTE, AREFLAEE. ARELETEHEH, RAEEREH A
BE I, E IR T A R AR I U

Je R PR T drdy, RERAREEFIAFY NG, AXH
BT, @4 st i ®, JFEA P TEE R F KT 27,

2 AMpEAEG ) iR AR

AT@RGRET, FHMEA—MRAEGERTHHA TERIART
Ry P eg AL . R R R ZF AR T3 U b o B i) 4R 45 B &
AW, BREAZBETFTOPENERLE.

EEAMT L% T, AT FR GRS R —AHEBIRTIRER
A ERERAFTARLLE, IARRASZRELE SR AR
AR ER G LR TR GETT AR, FEARTRERELY
Mo G A A ot d it AT T AL

2.1 i A AL B
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—ARPFTORABEHTHTR: FLLEHRABRDOFALE,
AL R XHRMAGTR. RAFHERIRHEBRE AL ARTS
HH, AHAAXETAR—AFHERENBE, LTI,
FL IR EFAHE., BN, HEEREEAGHARK IS
EME, OFHERETARBEFATURRLE: £ —AHHKRSH—
A CREET HE, —A-F# R (cartoon strip), — A B HEEHEE, —
MREG A ER, RAEE G T TR,

AP R HRRAE IR GG ITMBRB RS A MY
R4, s AEREEARGHHART RS L2 G ETHEX
ibsE, IARFERBE S LR EEAREETNEARERFAG T AL,

AR B AT -ART SARMSHAGE R, FRAFGAF
A AAMALAHBRE, RTAFI AN AR, L6 B RIRAR
AL —REFER —FAFRARET. A KEGEAR T R2E®
Wit BT ARG ARBRBFAEESCNETZH, REXAEINRE
89 AR fe ek,

s AR, BARETHRBRBRFTGNS, EBFHEHER
hAe), A CEERBAY, R HASHRELGE X BIHHIR,
Bidm, €3 “KE&k S (page-one-plus)” , “HE” , “HIF#H”, “HA
E7, ‘B, “ERBEFE, “BK, f “BFH” . THRHEY
Foeh ot —A B, X8 R0-TE.

BAEETARSE A ZHMES AT EHHAR, F-A2HHESHE
AALATH B M. TH L TRAEANEF oA BAGFELE ( “A
ML ) m A, RFHERFAATERATRLIABSGHRE ( “R
B XA “HH ).

s F— AN R, EASETHRBRZE KD, HFZHG (S,
4y, FEW, REKY), REREFAETY (F, EASREGES
AT, PAFEHT LRSS, AHATMY (Hl4e, &, £,
%, &), XEREFEFG (B, A-ALETH510) .
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WA, BRAERRSFBREL-AE—055 ID 65 ARHE—ARAFHF
—ApRZEAH—-AELXE B 24 PHEFH. LRMHIAMP
BIETEA “HEMG” BHA-ARELEE, IARARERFER
FEABRERBRSBEFEIAMLGEAID 64, #£ 1D 61 FFEX—A
3.8 ID65. EAFEL ID REHRXLEXABBERGENA.

BARREAHNSL ID Ak kA48, HELESKEES5AAM
£k AL, RREZEEIAA P OLRLH.

EANRAELA—ARPEPAFE—ARAEA A RIHERRASL
4, AAKCHRSNERLEARMENIELE, HERAZARNPFEA
XHHFITEE.

A THBEGNFREHRS (UPC) “REEL” WERTBE, X
MEGREBZAR P ANEAHBSGFHRERRET —AMEENHER.

F—AIERE—ARBREgEERL FAIAREREE - PBEAR
BEEET AT, RAFCHEEFAFFRAIANARELAEPD
BN

—AFRAREETRARERAZITHAEG—AERE, EIARKLE
T A & FRBEGXAT 4 R AR, AR AT 0GR &,

5 d@4EHL
—ABEBRELTEERZAIRG~AEFFHRLE. EEXANT
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RGP, £4, HeE H9FBREE AAT Az LHliks
YR AEEHFE5XART REH XL XH4E.

AP — AP B RHE, EPREFORATETHLA
AT ARATEATHE, A EEROREZTRGLEFTHEFR
AERAE ARG~ AFARN AT, E—AERELEGHAA,
EHBBEETFTAHARL A AR TREGHRA, 2488 T FH
W, BAXRLHREENBNRFERTERELR, Al —E2— A2k
Bk 25 B A, R — s 4.

5.1 77 B B & il

— AT D K LG — A Rk XA R R 40 P,

REBFAM P THRSITH AR EBRS. AR P HBATH
LRBTRAGEN, AERSAP ARARAFLERAMAL, HX
Aol g, R, BMTHAZH AL I BB IBLEHEER
B —Adrip b, RRBY S/ RAELFHATNE.

HARA (B, HE) TAA-AID BFS 12 EFETFHE-AX
M —ALA ID 51. RS, BNEXALBHLRY ID HHAR, ¥
— AL REY, AELIIE DHIAAOHELARIIATGRSE 10. ©
OEXLOTHEMAID 64, IARAFHIE ID 65, FiaXt) Iz H 4
FEA. CHRAARAZLEANEIANBLERES.

BANGRFBEAIAEA ID #5018 ID RMBEAEZMRSER
HFAEWGA P ID 60, EIARPREGITANG ID 62 (XL HHM
Hiz BRI, RETUAEIANRPESEIrgNn), s
LR .

IABRBHERAFIARBRSSIEXEIAFEGEL. pREAH
EA ID #84 ID —RABERIR—AITH 808, XA T HRFZ3E
T AR55- B %936 K S M.

RE, EARGORFBSH/EIBHTTHEY ID, FEELAZIATGH
#H, GERABD ID S0, XA CEFEXMTHPNMATGE S
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BATHE L TS,

RE, CHHESEEAG DEDLIAMARA, AERRRBAELRE,

—BBEABR BT EOR GRS BT A H K 5%
AR P EFGITPN, CEATNORBEGEBEELERAENSEHEH
FE. AGRFEFRTFNYBASEN S BEEFLBRAENEEY
AENE. RE, ANESETHERGIBEHEA LS, BAHFR
ERFBRGHETLOIEE A TNOREEY, FALEALFITI
Al drep SX A A,

5.2 BB EBEEENL

—ABBBABEHEHG A ALZEFTIAHEFER 42 P.

L —~ARPFERA-AMAREALA-AFA LT E &, XALHFIA
BB RN AITHMN 601, EAEHFFREZIATGREXIAR
b — AL E, EATPMEOZANEZEH NP TEN ID6].

IXAATRP LA DNS S & BHFE N & ID 50 89 0 @R F 2 10a 55
Bk, BARBETRLEAXEZNRETY, PREAANAFRESHAN
NEAETRERAGE. RE, IATPHEEL ID, £ E Teirdgd ID
62, W& ID A EEEEHABIANAARTRSS.

BARBHRFBEAZAT G ID ARG R G4 5, JF B84
B R TR ABNTF G R 58 F, R HoE. B X NGB
R —ARBAABHRM 844, K5, AR GRS ZEFAAEG LA ID 64
Foid B 1D 54, HHEE DNSEFHEETXABA NI HERRSZNGH
W ht,

BAREORSBHEALE ID 61 RN EMRSFE 11 FEFBAHA L ID
60, St BEE RN E-RBERIFT K IDS2 AR —ARBA
HEF R 834, BAMBERFLALAMEFTAEE 41 F. IfARHREHE
WRIETHTHRKGA P P ID, FAAREEEHEEEE
ZH] 862, EAMEMMSFBRAERLBLHRFZE ID 53, BBBEFK
ID, #A&HBIDEZHEIMRA.
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EA-BARES EAMXGERE >4 A ABH, FEA—A ID
A8 S2EMA—AXHBID S RE, BHEALHHHES D ELH
B, FEALY, FRAEEYTOREE ID A REAEFL ID 42
XA ®IRS-B 10D,

FoAWmBRSERREARFER ID FEA ID XREANF-ABORS
B, AXFMAEGAF ID firid ID 62. F— R GRFBIELZIAFE
K, wRIAARZEBERRXCZEPTRERLT - ARXEHAAS,

B_NEORFBIRISENARTEH ID 50, FHIEOT & ID &
WAXARA, FAFTEGIAE ML THRELET, REHX
AT E i AR B AT RS dr A,

BEARBBBEEATHROE-ABELNXS ID 55, EXAHEHT,
F-—REBRSFBAEAZINIABATEEL T QEIAZS ID. ALK
BEARRRGABBARREET - ML HMAH LT,

R BAREBEFLZ AR L, B, £ “FE3L8” 4R
#HIEET, RE, AF-AORFERLED6 PpREZLESA D64 X
#E XA EMBES 11, ARREFLHEINAEL ID AEQGAF ID. AE
BEFEXANARAIDFA P IDAMEGHE ID6S, CHEKEF ISR
MEAETRIEEIANE ID, BAFRARNEGAREEERERLLY
RpRALe—ALTX.

5.3 F Bir M HiL

B—ARAPE-~AMALEA-ARALELRE AL, XA LR
BAESHEEBIAREGH AP, IAZLEHRTEIN AT GEFE
AT @ g —ABIB.

EAFTPAAE AR 5%, BEID 61, X i THdreedn ID 62,
& ID S0 #o 4 B %5 LKA R BRFE 10

BEARN GRS BEAZXAREG ID AR R EHE 5, FRAZIAN
2 85— AN KK 58 #AAAT, wRANE. HEAREBA
FHE—ALEKFE 878, BARHRFBFEIANLES KB X AFRELY
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KFEARL,

BBIAXEFRARBRFTEAXAEAEDIN —EHHE, AR GRS
BRELEDHELYEHEEININMEZMES R 11, DHTRE, EA
MRS ERREINERMENRFE, FEEARFHERTEHY 822
(kEMUEAFELLAGES., e 8FRABEHESHH LA, TA
AMBRHSBHEIAXAEGBETF RO TGRS E. EARNGRESE
P A LR B A FH MR E,

5.4 % 4 ¥ 5 B

BHEAAELE S AR BALGRAFEZ —ABEFHE 880, IAA
HBRESE I0FBZALEN IS L FEARFELRL,

ERAELFEORERRFEAALAEFG—ERTRAE, EARBRSE
BHE D 61l PHELNESAXAINIMEMRSE 11, A#HfFEE. €
CEEEZAELRA L —FRLSNERBLGEN ID 64, P54 ID 56
BARBHLSHBEARAE. BEMNERRFERAREZIALEREGR P,
HAFRABIAAFOHEELERERL 818 RIEZHAHAEXANAAPFHEL
HES, —BCLBRETEAEL, ZAEMBSEEALA ID 64 f
AP IDGORIFIREARPEN. 5EAMXGMBELZLEN. RE, R
ARAERRFEIAEIRBEG-MFEL, FALEIARTES
BELFTEENBIARARSFE. SANGRSFBRZIARFTELS
LB L TR, TR AAGERREREAEKE.

MABFELOEAMBRAFGENE ID 65. BAF—FARMESH
kEARPHEL.

5.5 R A LWL
— A FEBRE BB MR LT XERTEE 43 .
EARPERXABT—AEARBERBEFRL LS. IH, CHEBER
452 TR, JFERAA XL FEMX GRS,
i BB REAREGETLT, #REARAGRSFBLEINXIAEA 71

60




----------

HRARBBEEREFALLOLEER DS FpBIAERGETREAL.
PRI EZROEEMBLFE, RE, BARBIRREBEHFE
ZAXMHFE ID 65 HFEMEMBREE 11 RFHIGERHTIES
F-AE2LFHE.

6 M EME
6.1 £ eG54

SEEH 8 M 9, RAL—BHMAKET 101 245, FHLAKE-APH
HHEM R —AshE 102, EASE 12 BARLT AT REEHRM4H—
A3 9E ) 104 #55E 103. LT 105 2 T i i A4 102 64
—3% 106 89, —A-FERHE 107 HELBZEINIANNE 102 95—
3% 108. 7% 107 42 AGHERAAE, JF XA B0, ks
R AEBHETEASE 102 F45 LED 8HKE. & 107 QEEAK AL
sh % 102 8 K% 108 85— A HHSH 109 AKX L RHY 109 £
&8 I BT A RSN 102 69358 103 A RN — AR A4 111
Frag— AL RS 110 ~AMEEXE IR BELEEL NS 110 66T,
FRASE 102 A, BLEER 107 EH—A 113A 638543858 112 %%
HBLE A2 BEBE 114 %S, EARERS N GKnEHEEEs
115. &K% A 114 2 TAEHF Y, dAFTAHBIERE,

% 9h, WMEFET 107 AKRE—~ATH PCB 117 LA Z&RE
LED 116. A XK 112 LK S HEEXAE Y PCB117 L. K& LED 116
A E AL 101 R LREIFHLERA.

BALLRBHES AL EHIRC LR, FWLEsEd—4EHF
HRAL., BAZR 19— A B REELE 18 AFHALLEL 121
8 — A NE 120 MR RS T 102 A, BidaHEE L 105 XAER
EAREEEL 119 RERMALESL 121 Tk #HINETLE LR R
114§ F o 122, MENEDR 1235 124 HSHNEEEEKREL 118 F»
WAL 120 7. —ADTRBGOLRM 125 B2 RXFE K 105, FE
AT ISR —-REH, AR 125 A ENBENEE 181
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Ry — A XA IEE 126, WESI3 123 6 124 F b R ey it iah B
127 #= 128 kA4 W 304E 126 7. & Wi SR, XAF S 123
KA 124 BT HEH, APFIALEE 119 XEFHALLEL 121 B
HBE2BEABNA 114 TR 122, £101 BA I A CHKS. B
£k 105 24 9024 B Kb AT sy, X 3IAKRER:

BNE 120 £ 121 8 %

EAREBENSEL 1198 % &

BAZ 102X 21 HERER 118EX 119 R k.

—& %% PCB 129 #EZEEGTIE 102 A —ALFIE 130
E. XFE-F ¢ PCB 129 M TR A G856 — A4 LED
131 £ EBZARGLE —AREAES 2HEELAZE =T W PCBI129
b, wEKE@mEGRSaEH. £ PCB 129 b EE T o~
A RF X#E 86 RFBREG-ALEMELY 133, A TEHELE 101
B LG —AERNELH 134, —AAFEE 135 (A4S THERK
#)ETH 107 A, FEF-ALIERARB XM E®, FLFEE
BERAEZHBEARE 132. BERZK 136 ¥ 2 =% PCB129 L3R4
BA A gk 5 137, Bk sk A LR 125 k. — A3 138
BB ks 137 o M 1252 EA R, —AVEEATAEEM 139
T LA 125 A e EfidE —AEEAEEE 140 HE
ZAEFZ T H PCB A 12008 H, Bl ARk 139 H445%. &
AEZPCB 129 &5 % T —A&4h4 LED 143 fo— A0t & 00 —F
144 AR AT 125 PHBF, HRAL 120 B AREE 1IS#EA
THEH, AHHELE 119 /AL LEL 121 #EmB| XA RTLEH
HE. . IRESL BT MABEIRETELERTHR 1235 124 EHEAHE (R
A BT REBEEH IRLED 143 6 £,

B T4 141 o 142 AL F ML 102 H K35 108, AFp 2EE
101, FBTH3R 105 LEHE AT 142 RBFEANE 101 23 —-Aaf L,

6.2 £HHE
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£ 101 HEHRLELELNEEPHELRENSEZGRBATEE
AR FELSGEE (BALELEE 21 RFEAEELE L 119) . ik
kBRI T LHGEEEIE, AT KPS 135 i)
ENH 134 HFEL 121 2 119 BLERLGEE, BHBELE 134
AR AF L LA E B ERF T R A ZA LS FT GRE L5
iU R,

FREA RF GH 133 X8k 112, £ 101 7oA H#FE2AHE (€
HEFTMEDHFRES, FBHRRFSBRLARTH SR ) X EF
EAH H 4.

EREAEE-ABRBEOCEAN, BASKHEEREL LR A
Ai#%. %% 101 BHE TRHLEN, BFEREEREHFEL 101 ¥
# (2 101 LB OIEHEHEESRALEABIAN LT B XY 12 54
BRFERBBO—AZFE), FETUARBRE W R E,

FHBLR 1I4#BEELAL 10195 -FEwPCB 129 L. B10AR
FEHEBELHN B4 4HHaF G — AR B 10L2FT RFSH 133,
AESAR 132, =EKRSLED 116, IRAS LED 131, IR A 3H AR
LED 143 Fo 1 EH4 B B HE R EF 144 654+,

EERFEEH 134 O —AEHLEE 145. L4 146 HAEHB Y
F 134 89342 R X HIER A THE. RA 147 Fo— A~ 512KB DRAM 148
PEOFEELT., —AERBRFHRE 149 HEHRAK RO EHE
BALHE 14 GBRETHRH - HFE5.

—ABEERSED 152 5XABAEHAES 132 #fTE vl —4
KEBEHR 153 50 15304 adEks REGH 133 #4780i@
£, RF &K 133 64— A RF £% 1554 RF #&3% Bk # 2 5] X £ 112
4 &, 2% 156.

AP ARE 145 P BAALEEERE 132 AXA L BEIE
kG ERE, BN EHEBAL MY 144, #4) LED 116, 131
Fo 143, FHBRIAEULS 13 LAEHEELLBIE, CA-ATEH
& ( ~ 40MHz) %388 RISCRHEE,
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BARLEE 145, BFREAEHRMHF (KAZEHE 153 A e
154) , HEHABHE T 152, W# 147 % 512KB DRAM 148 # LK/
—FAHFE ASIC . ¥ RF 34 (RF &% 155 F= RF 5% Eh g
B 156) #BRMEB I RFSH .

EARFFARELF A IR BEBW—A 215% 215 £ CCD (4
4=, ¥ Matsushita Electronic Corporation ff & F* 45— A AR B, ETH
# £ Ttakura, K T Nobusada , Nokusenya, R Nagayoshi, and M Ozaki
FEH—BXE, “almm50k-Pixel IT CCD Image Sensor for Miniature
Camera System” , IEEE Transactions on Electronic Devices, Vol. 47,
number 1, January 2000, © EiX 2R AHELRA) |

HE 101 A5 G#TERBG—BEESIHRE, EHE ASIC 134
AN —AFHIERES., CAE—AFTRLE 150 £ EASEHAEBLE S
B 144 FBE~AEHETHEHREERBET L EETHEE 151 248
EHE 134.

K BB R B E R AR E AT A6 4E3F T 900MHz HiF A#EAT
BAE, RABKN, EEHFT 24GHz Tk, HFHEH (ISM) HFA
HATIHRAE, HFHAE AR N B A KR L T HeGELE,

A—ABRRYL&F X P, LOIET A0 LZEE TS @DAED
RE—ARERA W AT Mt AT 458 B8 43,

EA—AEHRFXT, £ 101 QFE—ERX Wik, eNkkits
£ 101 S EEFEE. X miEit 190 AR EEHEFAER 9
F2 10 F.

RAAET Wik ETUREE 101 HEAEZASFIEKAHES, AAEER
KA E T4 B4R, EAF T BEAN SR Rk EBAA BT,
RE, BH—AELEHRFE ID TRARR—AELERGMNE, AL R L
— ALK, Hide, REANRERZ AR EORARHE (A, —4
ahEA) , RE, BEABRARFORBRANGE —AMeEAFRGEAN
#73% ID 7T 2 A AT R AR SR

FAF—A x Fo y 5 L6 hoik st BT F 69 Aeid B ST 2L Y o ] —e kb
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— MR R R R,
HALSGTHRALER RwBEH, AT E AL 8 R

E., BERAEERERTAFEMN R EGEE, 22 EM, Mikit

ARG #E, FARRERG—ALEH LN R EE,

7 W RATERALPEE
7.1 37 6p BLALR £ A4

FHERHMARELITAM 601 £8 11 FEFHELERKS.
CHMRE 8 1/2” Memjet™ $187 7] % 602 #= 603, 4o 12 4o 122 FAT
B 78, & Letter/A4 KSR LHHMAR. BEA—AEHRTESE,
3 B4 604 T XA HITH I H 602 A 603, XAATHFNEEALE
Aot E R F A - AKKEOHERATIP.

—AERRREITERSH 605 TH AT HR KA — AR A —
Mg, BHREETAHACHSELHT KK, XFET AR
MG FEITH A 618, HBET AR —IKIKE] L g KK,

THBEGERKEES 627 £H 13 YHEF, ©HRSire i ¥k,
FEBEHERTRAEBEZN, H&H, #FE, b, k6, Léepba
SFERGEEREIE., BARELAERREHN G P OE—ABB TSR
HES, IAMMETAERBEI—ME 639 HEAITHPMAY—A
TR %E 638 #ATHLE., THRIES TS ITp K, B FFAB
BB A Memjet™ 35 % 350, FRBEFREIipLaig. &
HEFARAEBOREAREY, SRR IHAFFTAAZREEELEY
BEREGRLE R, BABERELTHLENS, HALESTTUR
T irepfedhet 3000 Wi (1500 74K ) .

HARE 12, AR LHWFHGRRARITBTERSY 26 HE LD
BB ABRMBR R RRDBLF I3 %F 602 Loy~ REFAEE,
JF B 3| R &8 Memjet™ 4787 k EBHFH4. XHA Memjet™ drép3| ¥
602 Ao 603 M EE E T ERKEBBZ LG, jaded, A& LRI GEH
P X AR 604 Bt R bR BIRTF 626 HIEA T — I 5] ¥ 602.
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BIK 604 M E R BN, SBRTLAENY. B MNRE R
AR B TARE TR A AETF.

IXRAKE G —~ AR BB R T4 T (B AGRERBHER) B E—
Memjet™ 379751 5 602, X4 EhF4rieFHME— A LB RT
k. REFAGRTER “Be” RITPR®, FHLESHXKE 604
FEAE] E = Memjet™ 31¢p 5] % 603.

HEE 12 47 12a, 4K 604 M EH 379031 % 602 $= 603 B AJmIE
IRESRH 605. BAPH A DELF M FEIBRTFH-A DT
T4 670 FRAFHARTo—ABREHERRE TFHS —ATHDR
Z )M E N, EXTHFHGE/BERES 673 HEEH—ALEIHRE
L, FREHE-ADRBHEAT, B EeaitEsssaH 670
Bk, — ALk A B FAUE I A A A,

JRA R R 673 AHE—AHS T EWkHE 679, ERH 679 A —
Mok B BKEE 627 WA E 641 BRENFHRPEE. A 5
o679 #EFATRAGILG La TR RERBEN GRS, —
MER I 682 BEEIAMKYE, FRAWNEA —AFo. ZHEHESD
SRR AR L BE LA RE RN AL BIE, FREL
AFEEARF 673 HEAAFS AT B3] 0. EAFHFE LB
Shit 682 MW EEZERKE., KABRFAAEA FRRMHF LAFES
B0 8] 1A B 55 S AR A

H 4T 604 A XIAMRE LR 673 T rF, HE M B AR
Ey—AEHBG (RT—ALHEGE KK, BEHOTHEIR
B8 BT F AR 605 Y.

7.2 Frep ALt 4 B L4

BARAArfp s f B ol —AHHNLEE 750, — I KRS
REEBIRFENRABE TR 625, ~NMAEREE (KABEHAES
753, X W& 754, RF €3 755, # RF 5 Efd & 756) , LM
A% 42 E (RIP) DSP 757, @416 7| 85 E 760a # 760b, WA
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658, F+ 64MB DRAM 657, 4 14 ¥ Hf 764,

IAEHNAEELEERE 19 PEARLEAREL 101 94, &K
A 8 Beda 617, 34 B FE 0 LED 613 - 616, 3+ B4k#% 40 % RIP DSP
757 FadTER | R HE 760. CAHE—AMTFHEGERBAER, X4
FRALEE 750 AL —AFHERETEE 659 HAAIPF EHHE 760
#ATEAE.

RIP DSP s R @i St R A B AW R A M R E
GREHX., F-AUPIERHNBLIHRBES, HhirdRaR
% %) 348 £ 69 Memjet™ 3¢9 3k 350 ( Bp, AH-4-4pA8id 30 Weg k) .
ARG e 5| A B TR E - AMRKSG A G,

I EEHE 760a 5E QA GH 665 FEREE QA LK 761
— A3 ) Tk 8 A K e AL B R 654 F AL

BEAHGNEHNBEG NG S8EAET X THAESE 750 72 DSP 757 694k
#, FERGTREHE. XERHHNBE AL LH5RE 657,

LWE 750, DSP 757, FosFREABEHF4 (KEABERE 753 4
FoB 754) HEREFEANHEHE ASIC 656 F. BB RF 54k (RF
¥, % 755 #» RF %% BF 8 & 756) BEHAE AR 30§ RF 5N 762 F.
AR E o HEYE 625 244, AAMTITAMAFIPREERET
AT %45, L TRERBHTHE, NA 658 F» 2 x 256 Mbit ik

( 64MB) DRAM 657 & — AR 85 H. AR5 EEHR 760 4
PR L6 ASIC P,

TR S ARG RLE ok 625, FAE-ARBE-ARAAR
B 751 Fo T A — A A A A NERE T 752, MAMSE
BMED 6 POTS A MAEE, BALSRSEE (HFC) AHHA
%, ISDNAHMAAS, DSLANHAR TERAER LH89HFT—K
T B KR, PAREARTE (WLL) KA B, Ko .4 IEEE
1284 ( 347w ), 10Base-T #= 100Base-T ¥A A M, USB # USB 2.0 o,
IEEE 1394 ( X ¥ &), PEHRAHRAGETERSE D, R ALK
MFEZETUAE-AREAE LEF, K5, IAXRMERE o TAHM
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YRR s,

REMEE 753 ABF AL G EIER AT 900MHz 5T R
#ATHEAZ, REHKE, EEAT 24GHz Tk, HEHER (ISM) #
W RATHAE, I DA RSk A s B A B A AR L TG B4

RAATPAFER BT R OB — NS R REN 2 ODAE £ A T
BBOAE S, FlheR BART S 8T E—ARKRGLES
AT, BAIHHER DA BEo k5480 E4MALERAETEER
1.

7.2.1 LAt ey ép

—HXANELAE 750 CEFBKE| I AR L T B W & A Bk it
Fo R d 2t §, ©HA DSP 757 LiEFTAIE N RIP B 4F.

DSP 757 st#— AN GHERT ML, FELEER MG TAEE
R, TIAFRKE-ARERSAOBAELRALELBEY, %A DSP
HATR K FEHGRA LS EZLHE A DSP 3 — A8k 7.0 W @347 EW
. XA DSP EAMRNE, BA—EHR, —AMEERBSGHEMILT &
THREFFLEABRB T, RESEG CEHTLMLE, XA f & -4
R4k 4o .5 30 DSP A B RIRAK.

EEATHHEFTSRPRBREEMLY A EGEBIHAEY
(contone-resolution)d s, F o4k B, XA tb4F B4 140 Mo 5 5% 3] 5T Bwb- 49
R BBRT RSB EG—HL,

#ATP A mES 4t (IR) EOREHEAFARIFE, RFELHETL
2 6 MFit. HF—AFRASEARG ID, 418 ID, fodfl i stitsa,
B —AARIE e AR AT M E R R T A AR SRR
REEE T,

WAZ AR E 750 FF T H W & B f AR B XA G drep 5] 44
B 760. H—AAT5ERHNE 760 FHERE A GEERAFALAREH
BY, FAFBABEATGRABEERTPALELE, TOMESEH
TP R AARELA Y, HAKEA 114dMB REe-F CMYK+ IR R @B £
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RAEFRS F LT LR,

722 WEFIEEHME

TSI EEMNE 760 SR ERESERITFAREAHOIE A FEY
IEEE1394 $4TH 2 659, —AdAM JPEG BB E 763, —AWANGE
4 R AMEE 764, —AMEFFERBBFNET 765, — MRS
HAEE 766, —MMTRAERBANE LT 767, F2 XA Memjet™ 4767
3k 350 65— A E B Ea,

BAITH I EEFSR 360 A AREABHF AT ZR—
AR @il FHid $TE 0 659 MBANZE DRAM 769 F, W @#EBANR
@A DRAM 769 ¢ B ke, FEAIH I EEHNBAREL
H, —BXANHOLEMITFFPERT, AIARSAG A BRI, &
F— AR @ N, .

BARKRELBGE —BREE (&£ 763) JPEG - E% 64 467
 CMYK B, #BE% (£ 764) % 4 AR AERER G LEEE, FHMBRE
A 12 PHELAFREIRAR (& 766) L8-F R ALk
iKW AT B, BB (£ 765) 468 CMYK EffAf
FEMREFE CMYK B4R (£ 765) Re-FE26E. FiFrasdF
CMYK+ IR EEBEBEAPHATEIXL ( £ 767) MBS -AHEHE
/£ Memjet™ 4787 % 350 Litfrdrep, REAEFB PR S HMEH
SN 56 DRAM ¥, &G —Ri#iddrip ko 768 4§ 6 MEEeM &
F R (AERAZA) fr 8 Memjet™ 3767 3% 350.

HIUAITEP S EEH B 760 HB-RE AN, Fll—AGLeHT,
CAEE AL FERITRFESF 770 TR, R—Amid R/ ME
By 771 m A e drep 1 760 FASTRF S 70 B XA L FE L,

IS EEFE 760 IE—MRELRE 772, ENKELEER 772
ATHAOBREERBFRAKELERITAY, A TFET-ARESH
Bk 773 BLE X AT 3 350, JAEHVHEM 675 676.

AHEKDA SV M APy, XHANPIIETHE AL
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REeyKEF® (117) 454039 30 K&, EATEE 1600dpi T #
8.8kHz. FEHAIKI DA 1278 W RATiPIF, X/ APIIE T HHE—A
ER@OEEA W (8127) 44416 45 Kk, A 102KHz, &
ATRRIFHE L Memjet™ Irép ke THBMEREA, £8 %
XY T 30kHz.

8 A&LSE
MRAERBT —HELESEBRARE, AHSEHABSTE£S 4
FARPERES £ L.

8.1 HAEFLEGFE

HF—BERBAORAPECASBREATAGRAITEIREE AL
BHES, —AGANEEATEARIBHAIRPFERRA G LEEBAED
o — AR Rikdrie., RhaS T AR b (/) BN SR
BAKIL, TR RS E AL T OAAT— FA G T 8 B A7 SO AT
Bp %ﬁﬁﬁéﬂTum*ﬁmﬁﬂﬁﬁﬁ%% PEEMNRRBLA
FRSIER.
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