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10
plumluy ofrefmme pomu of the bill, ths tosthod mcludmg the steps of
.mce]vmg‘m acouputa-systmarequut fm*llwhall
'causmg,inmsponscto therequest, thebﬂ!tobcpnntedontodlemrflce.
reoemng, in the computer system, mdncaung ﬂatx from a sensmg dev:cc, thc indicating
15  data indicative of both an identity of the bill and a posmon of the sensing device relative to the bill,
the scnsmg de\!we, when placed operatively relitive to the bill, generaungdle indicanng data based
at jeast partmlly on’ sensing at least some of the coded data in the vlcmxty of the positmn and
ying mthecomputarsystemmd&omthe mdlcaungdatn.atleanonepammtcr

relating to thetequcsted payment, the at least oné paramcterselecwd from the £roup coinprising an
20  action paranwwr and a'variable parattieter. i .
Preferably; at least one parameter relating to the requested payment is associated with at
least one zone of the bill 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.
Preferably the method further includes receiving, in the computer system, data regarding
25  movement of the sensing device relative to the bill, the sensing device sensing its movement
relative to the bill using at least some of the coded data Preferably also the method includes
identifying, in the computer system and from the movement being at Ieast partially within at least
one zone, it, least one parameter of the requested payment.
In a third aspect, the imvention provides a method to enable 2 person (o make a requested
30  payment utlllz.lng a bill printed onto a surface, the bill mclndmg mformnhon relating to the
requested payment, the surface having coded data indicative of at least one pmmeter of the

requested payment, the at least one paramcter sclected from the group comprising an action
parameter and a vuiablg parameter, the method including the steps of:
causing the bill and the coded data to be printed onto smface substantially
35  simultaneously;

| AMENDD SHEE
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movement relat:vc m the bzll md

mtzrpretmg mdlecmnpuwrsystemsudmomtofthc sensmgdeuceasltmhtesto

saldatleastonepanmber -
Inafmmhmmemmumpmdcumcthodwcnablcamtomkza

mqucstcdpaymtuulmmgubﬂlpmtedmtoumfacc. the bill mcludmgmfommion relating to
the requested payment.the surface h!vingcoded data indicative of at least one parameter of the
requested payment, the at least one parameter selected from the group comprising an action
parameter and a vumbie parameter, the method including the steps of

receiving, in a computer system, a request for the bill;

causing, in response to the request, the bill to be printed onto the surface;

recelving, in the computer sysfcm. data from a sensing device regarding said at least one
parameter and regarding movement of the scnsing device relative to the bill, the sensing device,
when moved relative to the bill, generating the data regarding said at least one parameter using at

- least some of the coded data and substantially simultancously generating the data regarding its own

movement relative to the bill; and
interpreﬁng, in the computer system, said.movement of the sensing device as it relates 10
said at least one parameter.

In a fifth agpect, the invention provides a method to cnable a person to make a requested
payment utilizing a physical object including a bill and coded data, the bill including information
relating to the requested payment, the coded data indicative of an identity of the bill, the method
including the steps of:

providing the person with the bill;

moelvmg.macemputasy:tm,dataﬁomawmmgdmcemgudmgmxdenmy of the
person and rcgudingthe identity oftheblll, the sensing device containing the data regarding the
identity of the person and generating the data regarding; the identity of the bill using at least some
of the coded data; and '

e . syﬁfeh and front the ddta regarding the idexitity of the person
and the identity of the bill, the requested payment
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memblythecodeddahxsalaoindluﬁveofat[mstouemmwrofthemquested
payment.andthemethodmcmclcs tecewmg.mdlecomputcrsyswm.mdlcanngdmﬁomthe
sensing device regarding said at least one paramemr of the requested payment, the sensing device
sensing the indicating data using at lelst :ome of tl:e coded data. Preferably also, the method
5 includes receiving, in the computer systcm, dm from the sensing device regarding movement of
the sensing device relative to the bill, the wmmg device generating data regarding its own
movement relative to the bill.
Prcfcrably, 1 any of these aspects, thoparmwtcr is anacuon paramieter of the requested
payment, the method including effocting, in the compuwr system, an aperation in respect of the
10 action parameter. Preferably the action parameter of the requested -payment is selected from the
group comprising requesting that payment be made, specifying a payment amount or resetting the
bill to an original state.
In a sixth aspect, the invention provides a system to enable a person to make a requested
payment utilizing a bill printed onto a surface, the bill including information relating to the
requested payment, the surface having coded data indicative of an identity of the bill and of a
plurality of reference points of the bill, the system including
a computer system which:
-causes the bill and the coded data to be printed onto the surface substuntially
simultaneously; |
20 receives indicating data from a sensing device, the indicating data indicative of
both an identity of the bill and a position of the sensing device relative to the bill, the
senging device when placed operatively relative to the bill, generating the indicating data
bascd at least partially on sensing at least some of the coded data in the vicinity of the
position; and |
25 identifies, from the indicating data, at least one parameter relating to the requested
payment, the at least one parameter selected from the group comprising an action
parameter and a variable parameter. |
Inmeevmth aspect, the invention provides uymmtombloapmon to make a
requested pa}'mcnt utilizing a bill printed onto a- mrfaoe. the bill mclefomnuon refating to
30  the requested payment, the surface having coded: dm mdncative of an idetitity of the bill and of a
plurality of reférence points of the bill, the system inclndmg |
a computr.r system which:
receives a request for the bill;
causes, in response to the request, the bill to be printed onto the surface;
35 receives indicating data from a sensing device, the indicating data indicative of both
an ideatity of the bill and a position of the sensing device relative to the bill, the sensing

15
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' de\nce, when placed Opemtwely relative to thehll. '_" thamdica.ung data based at
least parmllly on sensing at least some of the coded datt in  the m:mty of the position; and
identifies, from the indicating dxtu; at leaSt om paramerer relating to the requested
payment, the at least one parameter selected ﬁ'omﬁ\egroup comprising an action parameter

5 and a vmablc paramster.

requested plgmt utilmng 4 bill printed onto & surfacs, the dini
thewqucstedpaymnt.thcsmface haungcodeddaumdlcauvcofntleastmc parameter of the
mqmwdpam&eatMmepmmBebMﬁomthegmupwmpnsmgmwum .
10  parameter and & variable parameter, the system inchiding
' a computer system which:
causes the bill and the coded data to be printed onto the surface substantially
simultancously;
receives indicating data from a sensing device regarding said at least one parameter and
15 regarding movement of the sensing device relative to the bill, the sensing device, when moved
relative to the bill, generating the indicating data; and
Interprets said movement of the sensing device as it relates to said at least one parameter.
In a‘ninth aspect, the inventioﬁ provide's‘ system to enable a person to make a
requested payment utilizing a bill printed onto a surfacs, the bill including information relating to
20  the requested payment, the surface having coded data indicative of at least one parameter of the
requested payment, the at least one parameter selected from the group comprising an action
parameter and a variable parameter, the system including

a computer system which:
receives a request for the bill;
25 causes, in response to the request, the bill to be printed onto the surface;

receives indicating data from a sensing device regarding sald at least one parameter
and rogarding movement of the scnsing device relative to the bill, the sensing device, when
movedrelanvetothe bill, generating the mdtcmngd:m,

“and interprets said movement of the sefising dévice as xtmlates to said at least one

30 paramer.
In & teith ‘sxpect, the invention provides a systéri to enable & perlon to niake a requested
payment utilizing a physical object including a bill audcodeddm.lhebillimludingmfmmﬁon
relating to a requested payment and the coded data, indicative of an ndentity of the bill, the system
including

35 a conmuter system for receiving from a sensing device data. wganllng an identity of the
person and thc ldennty of the bill, and for mmufymg. from said mcelved dnta., the requested

-----
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payment, the sensmgdcmcoumnmgthedammgxrdmgﬂw identity of the person and sensing the
data regarding the ldc.ntxty of the bill using at feast some of the coded data.

Accordingly, the--pment invention provides a system and a method which utilizes one or
more forms capable of mtcuctmg with a computer system. Whilst the novel method and system of

S the present invention may be used in canjuncuon with a single computer system, in a particularly
preferred form it is dealgned to Operate over a computer network, such as the Internet.

Physically, the fornx is disposed on & surface medium of any suitable structure. However,
in a preferved arrangement; the form is disposed on sheet material such as paper or the like which
has the coded data printed o6 it and which allows interaction with the computer system. The coded

10 data is detectable prefaaﬂj?& but not exclusively, outside the visible spectrumn, thereby enabling it
to be machine-readable but substantially invisible to the human eye. The form may also include
visible material which providés information to a user, such as the application or purpose of the
form, and which visible information may be registered or correlate in position with the relevant
hidden coded data.

15 The system also includes a sensing device to convey data from the form to the computer
system, and m 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 1o be able to physically
mark the form as well as to selectively enable the coded data from the form to be read and

20 transmitted to the computer system. The coded data then provides control information, configured
such that designation thercof by a uscr causes instructions to be applied to the software running on
the computer system or network.

The nature of the interaction between the form and the sensing device and the data that
cach contributes to the computer system may vary. In one arrangement, the coded data on the fofm

25 1s indicative of the identity of the form and of at least one reference point on that form. In another
embodiment, the form includes coded data which is indicative of a parameter of the form, whereas
the sensing device 18 operative to provide data regarding its own movement relative to that form to
the computcr system together with coded data from the form. In yet another arrangement, the form
includes the coded data whick at least identifies the form, and the sensing device is designed to

30 provide, to the computer system, dats based on the form coded data, and also on data which
identifies the user of the device.

In a preferred arrangement, the system and method also employs specially designed

pnnters to print the
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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 system and method of the invention is ideally suited to operate over a network.
In this arrangement, 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, 1n 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 advantage of paper 1s that 1t 1s widely used to display and record information. Further, printed information is easier
to read than mformation 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 1s portable and disposable. Furthermore, the system allows
for hand-drawing and hand-writing to be captured which affords greater richness of expression than input via a computer
keyboard and mouse.

The present mnvention therefore provides a novel system and method for enabling the payment of a bill
online making use of novel surface imnterfaces.
BRIEF DESCRIPTION OF DRAWINGS

Preferred and other embodiments of the mvention will now be described, by way of non-limiting example

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

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

Figure 2 1s a schematic view of a interaction between a netpage pen, a netpage printer, a netpage page server, and a
netpage application server;

Figure 3 1llustrates a collection of netpage servers and printers interconnected via a network:

Figure 4 1s a schematic view of a high-level structure of a printed netpage and its online page description;

Figure 5 1s a plan view showing a structure of a netpage tag;

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

Figure 7 1s a flowchart of a tag image processing and decoding algorithm;

Figure 8 1s a perspective view of a netpage pen and its associated tag-sensing field-of-view cone;

Figure 9 1s a perspective exploded view of the netpage pen shown in Figure §;

Figure 10 1s a schematic block diagram of a pen controller for the netpage pen shown in Figures 8 and 9;

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

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

Figure 12a 1s an enlarged portion of Figure 12 showing a section of the duplexed print engines and glue wheel assembly;
Figure 13 is a detailed view of the ink cartridge, ink, air and glue paths, and print engines of the netpage printer of
Figures 11 and 12;

Figure 14 1s a schematic block diagram of a printer controller for the netpage printer shown in Figures 11 and 12;

Figure 15 1s a schematic block diagram of duplexed print engine controllers and Memjet™ printheads associated with
the printer controller shown i Figure 14;

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

Figure 17 1s a perspective view of a single Memjet™ printing element, as used in, for example, the netpage printer of

Figures 10 to 12;
Figure 18 1s a perspective view of a small part of an array of Memjet™ printing elements:;

Figure 19 1s a series of perspective views illustrating the operating cycle of the Memjet™ printing element shown in

Figure 13;
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Figure 20 1s a perspective view of a short segment of a pagewidth Memjet™ printhead;
Figure 21 1s a schematic view of a user class diagram;

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

Figure 23 1s a schematic view of a pen class diagram;

Figure 24 1s a schematic view of an application class diagram;

Figure 25 1s a schematic view of a document and page description class diagram;
Figure 26 1s a schematic view of a document and page ownership class diagram;
Figure 27 1s a schematic view of a terminal element specialization class diagram;
Figure 28 1s a schematic view of a static element specialization class diagram;
Figure 29 1s a schematic view of a hyperlink element class diagram;

Figure 30 is a schematic view of a hyperlink element specialization class diagram;
Figure 31 1s a schematic view of a hyperlinked group class diagram;

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

Figure 33 1s a schematic view of a digital ink class diagram;

Figure 34 1s a schematic view of a field element specialization class diagram;
Figure 35 1s a schematic view of a checkbox field class diagram;

Figure 36 1s a schematic view of a text field class diagram;

Figure 37 1s a schematic view of a signature field class diagram;

Figure 38 1s a flowchart of an input processing algorithm;

Figure 38a 1s a detailed flowchart of one step of the flowchart of Figure 38;
Figure 39 is a schematic view of a page server command element class diagram;
Figure 40 1s a schematic view of a resource description class diagram;

Figure 41 1s a schematic view of a favorites list class diagram;

Figure 42 1s a schematic view of a history list class diagram:;

Figure 43 1s a schematic view of a subscription delivery protocol,

Figure 44 1s a schematic view of a hyperlink request class diagram;

Figure 45 1s a schematic view of a hyperlink activation protocol;

Figure 46 1s a schematic view of a form submission protocol;

Figure 47 1s a schematic view of a commission payment protocol;

Figure 48 1s a schematic view of a set of user interface flow document icons;
Figure 49 1s a schematic view of a set of user interface page layout element icons;
Figure 50 1s a schematic view of a bill payments class diagram;

Figure 51 1s a schematic view of a user interface flow for a bill payment;

Figure 52 1s a schematic view of a bill front page;

PCT/AU00/00518

Figure 53 is a schematic view of a bill payment method page being the back page of the document of figure 52; and

Figure 54 1s a schematic view of a bill payment receipt.

DETAILED DESCRIPTION OF PREFERRED AND OTHER EMBODIMENTS

Note: Memjet™ 1s a trade mark of Silverbrook Research Pty Ltd, Australia.

In the preferred embodiment, the invention is configured to work with the netpage networked computer

system, a detailed overview of which follows. It will be appreciated that not every implementation will necessarily

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

the system 1s described in its most complete form to reduce the need for external reference when attempting to
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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 surface, that 1s, a physical surface which contains references to a map of the surface maintained in a computer
system. The map references can be querted by an appropriate sensing device. Depending upon the specific
implementation, the map references may be encoded visibly or invisibly, and defined in such a way that a local query on
the mapped surface yields an unambiguous map reference both within the map and among different maps. The computer
system can contain information about features on the mapped surface, and such information can be retrieved based on
map references supplied by a sensing device used with the mapped surface. The information thus retrieved can take the
form of actions which are imtiated by the computer system on behalf of the operator in response to the operator’s
interaction with the surface features.

In 1ts preferred form, the netpage system relies on the production of, and human interaction with, netpages.
These are pages of text, graphics and images printed on ordinary paper, but which work like interactive web pages.
Information 1is encoded on each page using ink which 1s substantially invisible to the unaided human eye. The ink,
however, and thereby the coded data, can be sensed by an optically imaging pen and transmitted to the netpage system.

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

As 1llustrated m Figure 1, a printed netpage 1 can represent a interactive form which can be filled in by the
user both physically, on the printed page, and “electronically”, via communication between the pen and the netpage
system. The example shows a “Request” form containing name and address fields and a submit button. The netpage
consists of graphic data 2 printed using visible ink, and coded data 3 printed as a collection of tags 4 using invisible ink.
The corresponding page description 5, stored on the netpage network, describes the individual elements of the netpage.
In particular 1t describes the type and spatial extent (zone) of each interactive element (i.e. text field or button in the
example), to allow the netpage system to correctly interpret input via the netpage. The submit button 6, for example, has
a zone 7 which corresponds to the spatial extent of the corresponding graphic 8.

As 1llustrated 1n Figure 2, the netpage pen 101, a preferred form of which is shown in Figures 8 and 9 and
described in more detail below, works in conjunction with a netpage printer 601, an Internet-connected printing
appliance for home, office or mobile use. The pen is wireless and communicates securely with the netpage printer via a
short-range radio hink 9.

The netpage printer 601, a preferred form of which is shown in Figures 11 to 13 and described in more
detail below, 1s able to deliver, periodically or on demand, personalized newspapers, magazines, catalogs, brochures and
other publications, all printed at high quality as interactive netpages. Unlike a personal computer, the netpage printer is
an appliance which can be, for example, wall-mounted adjacent to an area where the morning news is first consumed,
such as in a user’s kitchen, near a breakfast table, or near the household’s point of departure for the day. It also comes in
tabletop, desktop, portable and 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 mteracts with the coded data on a printed netpage 1 and
communicates, via a short-range radio link 9, the interaction to a netpage printer. The printer 601 sends the interaction

to the relevant netpage page server 10 for interpretation. In appropriate circumstances, the page server sends a
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corresponding message to application computer software running on a netpage application server 13. The application |
server may in turn send a response which is printed on the originating printer.

The netpage system 1s 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
form of this technology, relatively high-speed and high-quality printing is made more affordable to consumers. In its
preferred form, a netpage publication has the physical characteristics of a traditional newsmagazine, such as a set of
letter-size glossy pages printed in full color on both sides, bound together for easy navigation and comfortable handling.

The netpage prninter exploits the growing availability of broadband Intemet access. Cable service is
available to 95% of households in the United States, and cable modem service offering broadband Internet access is
already available to 20% of these. The netpage printer can also operate with slower connections, but with longer
delivery times and lower image quality. Indeed, the netpage system can be enabled using existing consumer inkjet and
laser printers, although the system will operate more slowly and will therefore be less acceptable from a consumer’s
point of view. In other embodiments, the netpage system is hosted on a private intranet. In still other embodiments, the
netpage system 1s hosted on a single computer or computer-enabled device, such as a printer.

Netpage publication servers 14 on the netpage network are configured to deliver print-quality publications
to netpage printers. Periodical publications are delivered automatically to subscribing netpage printers via pointcasting
and multicasting 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 netpage pen can also be registered with a netpage registration server 11 and linked to one or more
payment card accounts. This allows e-commerce payments to be securely authorized using the netpage pen. The netpage
registration server compares the signature captured by the netpage pen with a previously registered signature, allowing it
to authenticate the user’s identity to 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 morning newspaper without user
intervention, 1t can be configured never to deliver unsolicited junk mail. In its preferred form, it only delivers periodicals
from subscribed or otherwise authorized sources. In this respect, the netpage printer is unlike a fax machine or e-mail
account which 1s visible to any junk mailer who knows the telephone number or email address.

1 NETPAGE SYSTEM ARCHITECTURE

Each object model in the system 1s described using a Unified Modeling Language (UML) class diagram. A
class diagram consists of a set of object classes connected by relationships, and two kinds of relationships are of interest
here: associations and generalizations. An association represents some kind of relationship between objects, i.e. between
nstances of classes. A generalization relates actual classes, and can be understood in the following way: if a class is
thought of as the set of all objects of that class, and class A is a generalization of class B, then B is simply a subset of A.
The UML does not directly support second-order modelling - i.e. classes of classes.

Each class 1s drawn as a rectangle labelled with the name of the class. It contains a list of the attributes of
the class, separated from the name by a horizontal line, and a list of the operations of the class, separated from the
attribute list by a horizontal line. In the class diagrams which follow, however, operations are never modelled.

An association 1s drawn as a line joining two classes, optionally labelled at either end with the multiplicity
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of the association. The default multiplicity 1s one. An asterisk (*) indicates a multiplicity of “many”, i.e. zero or more. |
Each association 1s optionally labelled with its name, and 1s also optionally labelled at either end with the role of the
corresponding class. An open diamond indicates an aggregation association (“is-part-of”), and 1s drawn at the aggregator
end of the association line.

A generalization relationship (“is-a”) 1s drawn as a solid line joiming two classes, with an arrow (in the form
of an open tnangle) at the generalization end.

When a class diagram 1s broken up into multiple diagrams, any class which 1s duplicated 1s shown with a
dashed outline in all but the main diagram which defines it. It 1s shown with attributes only where it is defined.

1.1 NETPAGES

Netpages are the foundation on which a netpage networtk 1s 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 tageged with references to an online
description of the page. The online page description 1s maintained persistently by a netpage page server. The page
description describes the visible layout and content of the page, including text, graphics and 1mages. It 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 simultaneously captured and processed by the netpage system.

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

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

Tags are printed i infrared-absorptive ink on any substrate which 1s infrared-reflective, such as ordinary
paper. Near-infrared wavelengths are invisible to the human eye but are easily sensed by a solid-state image sensor with
an appropriate filter.

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

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

The relationship between the page description, the page instance, and the printed netpage is shown in
Figure 4. The page instance 1s associated with both the netpage printer which printed it and, if known, the netpage user
who requested it.

1.2 NETPAGE TAGS
1.2.1 Tag Data Content

In a preferred form, each tag identifies the region in which 1t appears, and the location of that tag within the
region. A tag may also contain flags which relate to the region as a whole or to the tag. One or more flag bits may, for
example, signal a tag sensing device to provide feedback indicative of a function associated 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,
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illuminate an “active area” LED when in the zone of a hyperlink.

As will be more clearly explained below, 1n a preterred embodiment, each tag contains an easily recognized
invariant structure which aids mitial detection, and which assists in mintmizing 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 rehiably 1image at least one tag even on a single click on the page. It is important that the pen
recognize the page ID and position on every interaction with the page, since the interaction is stateless.

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

element.

Table 1 - Tag data

“ Precision (bits)
IS L

Each tag contains 120 bits of information, typically allocated as shown in Table 1. Assuming a maximum

tag density of 64 per square inch, a 16-bit tag ID supports a region size of up to 1024 square inches. Larger regions can
be mapped continuously without increasing the tag I precision simply by using abutting regions and maps. The 100-bit
region ID allows 2'® (~10"° or a million trillion trillion) different regions to be uniquely identified.

1.2.2 Tag Data Encoding

The 120 bits of tag data are redundantly encoded using a (15, 5) Reed-Solomon code. This yields 360
encoded bits consisting of 6 codewords of 15 4-bit symbols each. The (15, 5) code allows up to 5 symbol errors to be
corrected per codeword, 1.e. 1t 1s tolerant of a symbol error rate of up to 33% per codeword.

Each 4-bit symbol i1s represented in a spatially coherent way in the tag, and the symbols of the six
codewords are interleaved spatially within the tag. This ensures that a burst error (an error affecting multiple spatially
adjacent bits) damages a minimum<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>